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Mountain Pine Beetle Cold Tolerance and Seasonality : Implications for Outbreak and
Spread in Canada’s Boreal Forest
K. Bleiker, G. Smith
Canadian Forest Service, Natural Resources Canada
Abstract
Given the presence of a suitable food source, temperature likely has the largest overall impact on
mountain pine beetle’s (MPB) distribution and population dynamics. Winter is usually the
largest single source of mortality even in benign climates like southern British Columbia.
Weather during the growing season affects development and MPB needs to maintain an adaptive
seasonality – a synchronous one- year life cycle with the most hardy life stage entering winter –
to be successful. This six-year project examines cold tolerance and seasonality (developmental
regulation) for mountain pine beetle populations in the historic and expanded ranges. Our
ultimate goals are to improve predictions of annual population trends based on annual weather;
and provide the necessary empirical data to improve climatic suitability and spread models to
identify areas regions at risk and the potential for eastward spread in Canada. Here, we report on
progress made in the year 2018-2019 on cold tolerance of adult beetles and early instar larvae.
Résumé
Pourvu qu’il y ait une source de nourriture propice, c’est probablement la température qui a la
plus grande incidence sur la répartition et la dynamique des populations de dendroctone du pin
ponderosa. L’hiver est habituellement la principale cause de mortalité, même dans les climats
plus doux comme ceux observés dans le sud de la Colombie-Britannique. La météo durant la
période de croissance affecte le développement et, pour réussir, le dendroctone du pin ponderosa
(DPP) a besoin de maintenir une saisonnalité adaptative – un cycle de vie synchrone d’un an, où
l’étape du cycle de vie la plus robuste se situe au début de l’hiver. Ce projet d’une durée de six
ans examine la tolérance au froid et la saisonnalité (régulation du développement) des
populations de DPP dans leurs aires de répartition historiques et nouvelles. Nous visons
ultimement à améliorer les prédictions des tendances annuelles des populations en nous fondant
sur la météo annuelle, et à fournir les données empiriques nécessaires pour améliorer les modèles
de viabilité climatique et de propagation permettant de déterminer les zones à risque et la
possibilité d’une propagation vers l’est du Canada. Nous faisons ici rapport sur les progrès
réalisés en 2018-2019 au sujet de la tolérance au froid des insectes adultes et des larves au
premier stade.
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Background
MPB is subjected to a different climate in its recently-expanded range east of the Rocky
Mountains in north-central Alberta. Temperature is a main factor limiting the beetle’s
distribution and influencing its population dynamics. In the short-term, weather affects annual
population trends and the likelihood of population increasing or declining. Over the long-term,
climate determines the suitability of Canada’s boreal and eastern pine forests and the potential
for outbreaks and continued spread east of the Rocky Mountains. Thus, we need to know the
impact of temperature on insect survival to determine annual population trends in currently
infested areas and to identify habitats that may be at risk to invasion in the future.
In its historic range west of the Rocky Mountains in British Columbia, MPB infestations
have been limited by cold winter temperatures (e.g., -40 °C isotherm) and cool summers where
degree days are inadequate for the life cycle to be completed in one year (<833 degree days
above 5.6 °C, Safranyik and Carroll 2006). Even in benign winter climates like southern British
Columbia, winter mortality is often the single largest source of mortality. Although we know the
“-40 °C for 2 weeks will kill them” rule of thumb, there are significant knowledge gaps on the
lethal temperature thresholds for different life stages and the effect of cold severity and the
duration of exposure. We also know little about the conditions that trigger the gain and loss of
cold tolerance (acclimation and de-acclimation), which is necessary to predict early and late
season mortality associated with extreme fall/spring weather events (Safranyik and Linton 1998).
There is a population model for MPB, but it needs to be parameterized for Canada; for e.g.,
currently there is no difference in the overwinter survivorship of early versus late instar larvae in
the model (Logan and Bentz 1999; Régnière et al. 2012). Our field observations to date indicate
that only late instar larvae could survive most winters in central Alberta, Saskatchewan and
Manitoba, while a number of life stages can successfully overwinter in southern British
Columbia.
Temperatures during the growing season are also important because MPB needs to
maintain an adaptive seasonality to be successful – specifically, MPB needs to maintain a
synchronous, one-year life cycle with the most cold tolerant life stage entering winter. We tend
to think of central Alberta, Saskatchewan, Manitoba and north-western Ontario as being cold,
and they are in the winter; however, temperatures during the growing season in these provinces
are warm compared to the beetle’s traditional range in British Columbia. We have observed
phenology to be advanced in the recently- invaded range in central Alberta compared to British
Columbia. In some years, we found that MPB received 40 % more thermal sums (degree days) in
a year than it needed for a one-year life cycle – this could be potentially devastating to the beetle
if they develop “too far” and pupate before winter. However, most insects maintained an
adaptive seasonality, staying in the fourth instar larval stage and entering the winter in a cold
hardy stage. We discovered a previously unknown cold-associated diapause that affects time to
pupation for MPB. This control on development has significant implications for MPB success in
regions like central Alberta and the southern boreal forest across Saskatchewan and Manitoba
and north-western Ontario, which have more degree days than needed for a one-year life cycle
and are also expected to warm significantly between 1971-2000 and 2010-2039 (Agriculture
Canada). In fact, areas of eastern Manitoba and much of north-western Ontario currently receive
twice the number of degree days MPB requires for a one-year life cycle (Agriculture Canada).
Understanding the factor(s) that regulate MPB’s development, and ultimately determine the life
stage that overwinters, is crucial to predicting the climatic suitability of a region for MPB.
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To estimate annual beetle population trends and regions potentially at risk to invasion in
the future in Canada, we need to know how beetle success varies with both winter and growingseason temperatures.
For this report, we focus on the following objectives that have not been reported in previous
years’ reports:
1) Determine cold tolerance of new brood adults;
2) Determine cold tolerance of early instar larvae (preliminary Results presented here and
compared to late instar larvae that were presented in previo us year’s report).
Materials and Methods
Experiment 1: Exposure of Brood Adults to Low Temperatures
On 12 March 2014, we felled two lodgepole pine trees attacked by MPB in the summer
of 2013 at a site 70 km south of Grande Prairie, Alberta (Musreau Lake 54.56o N, 118.66o W,
953 m). Most insects were late instar larvae at this time. The infested portion of the bole of each
tree was cut into logs approximately one meter long and transported to the Pacific Forestry
Centre in Victoria, British Columbia. The logs were and cut into pieces ~25 cm long (bolts) and
there were a total of 20 bolts per tree. We sealed the ends with hot paraffin wax to reduce
desiccation. Bolts were held in a room with a mean (SD) temperature of 22 o C (0.5) for 30 d and
then a growth chamber with a mean (SD) temperature of 15 o C (0.5) for an additional five days.
On 22 April 2014 when most insects were fully sclerotized new adults, the bolts were
given a cooling treatment in one of two environmental chambers (Envirotronics ENDH1000 990litre temperature test chamber, Grand Rapids, MI). The average air temperature in each chamber
was decreased 2 °C a day from 15 °C to -5 °C inclusive over 12 days. We used a diurnal pattern,
such that the temperature changed at a constant rate between a daily high and low that were ±7
ºC about the mean. On 6 May 2014, following the cooling period, insects were subjected to one
of four test cold temperatures using the methods of Bleiker et al. (2017); brood adults were either
exposed on Petri dishes, or in situ, under the bark in bolts (see below). The test cold temperatures
were -13, -15, -17 and -19.0 o C and the environmental chambers were within 0.2 o C of the test
temperature.
The experiment was repeated twice: half of the bolts from each tree were randomly
selected and assigned to run 1, which was initiated after the cooling treatment on 6 May 2014,
and the remaining bolts were assigned to run 2, which was initiated 6 d later on 12 May 2014
(see below). To control for mortality during the cooling treatment (i.e., at the start of run 1),
mortality was determined for 97 and 48 insects removed from under the bark of one randomly
selected bolt from trees 1 and 2, respectively. Insects were excised from under the bark using a
mallet and chisel and placed on dry filter paper in Petri dishes sealed with parafilm at 22 o C for 1
h. After 1 h, we were able to classify all insects as either: (i) dead, not moving and legs curled in
a position indicating death, or abnormal movement with death imminent; or (ii) alive, vigorous
normal movement.
Brood adults in the exposed treatment were excised from each tree and placed on dry
filter paper in Petri dishes sealed with parafilm in a walk- in freezer at -2 o C to prevent changes in
body chemistry that could occur with warming. Petri dishes were immediately placed in an
environmental chamber running at one of the test cold temperatures for 1 h. Following the 1 h
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cold exposure, Petri dishes were placed at 22 o C and mortality was assessed as described above.
There were no insects tested from tree 2 in run 1 due to a shortage of insects in this tree. There
was no effect of run on mortality (see Results), and beetles were pooled across runs. As a result
the number of brood adults from each tree subjected to each test temperature ranged between 173
and 202, except for -19 o C, which had 75 insects.
Cold temperatures were tested on beetles in the exposed treatment over two to three days,
which was 6 to 7 May 2014 for run 1 and 12 to 14 May 2014 for run 2. Bolts used to source
insects for run 2 were held in a walk- in freezer at -7 o C for the 6 d period between 6 and 12 May
2014. To control for mortality at the start of run 2 on 12 May 2014, mortality was determined for
77 and 44 insects removed from under the bark of one randomly selected bolt from trees 1 and 2,
respectively, as described above.
To expose brood adults in the in situ habitat to cold temperatures, one randomly selected
bolt from each tree was placed in an environmental chamber running at one of the four test
temperatures listed above for 24 h. Bolts were then moved to 22 o C where adults were excised
and mortality was assessed as described above. HOBO Pro v2 temperature data loggers (Onset
Computer Corporation, Bourne, MA) were used to record the temperature the under bark every 5
min. For run 1, bolts were subjected to test temperatures starting on 8 May 2014 and all test
temperatures were completed within a 2 d period. Between 6 May 2016 and when bolts received
the test cold temperature they were held in a walk-in freezer at -7 o C. For run 2, bolts were
subjected to test temperatures starting on 14 May 2014 and all test temperatures were completed
within a 3 d period. All run 2 bolts, including those used to source insects for the exposed habitat
treatment, were stored at -7 o C. The number of in situ beetles subjected to each temperature
pooled across both runs (see Results) ranged between 124 and 245 for tree 1 and 38 to 219 for
tree 2.
Analyses. We used a logistic regression to test for the effect of run and tree on brood
adult mortalities that were sampled on 6 and 12 May 2014 to control for the effect of cooling
period and the additional exposure to -7 o C for 6 d, respectively. A second logistic regression was
used to test for the effects of test cold temperature and exposure treatment (exposed, in situ) on
brood adult mortality pooled across runs and trees; neither variable had a significant effect on
mortality (see Results). We also generated the lethal temperature for 50% and 90% mortality for
all brood adults pooled across exposure treatments (exposed, in situ); although exposure
treatment was significant, the difference in temperature was minimal (see Results), using a
logistic regression with cold test temperature as the only independent variable. Log likelihood
chi-squares are reported. Significance was set at P = 0.05 for all tests, and analyses were
conducted using JMP version 13 (SAS Institute, Cary, NC).

Experiment 2: Effect of Prolonged Chilling on Cold Tolerance of Brood Adults
We cut three MPB- infested lodgepole pine trees on 20 September 2017 near Hinton,
Alberta (53.32o N, 117.65o W, 1170 m). Similar to above, trees were cut into bolts ~30 cm in
length and transported to Victoria, British Columbia where the ends of each bolt were waxed to
prevent desiccation. Seven bolts from trees 1 and 2 and 12 bolts from tree 3 were stored in a
room with a mean (SD) temperature of 22 o C (0.5) for six weeks to allow for beetle maturation.
The bolts were then moved to a growth chamber with a mean (SD) temperature of 15 o C (0.5) to
allow most beetles to fully sclerotize, and delay emergence of any progressed individuals.
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Super-cooling points. On 20 November 2017 (day 0), logs were moved to a walk- in cold
room with a mean (SD) temperature of 0.3 o C (0.6) for an extended chilling period. (Research
that we presented in previous years’ reports found that late instar larvae acclimate over time at 0
o
C). Super-cooling points were determined using the method of Bleiker et al. (2017) for 16 brood
adults excised from under the bark of one randomly selected log from each tree after 0, 30, 45,
59, 70, 134 and 197 d at 0.3C. The exceptions were: tree 2, on sample days 134 and 197, 14 and
11 insects were sampled, respectively; and no insects were sample on day 197 from trees 1 and
3. Brood adults were excised from under the bark as described previously and held on ice for up
to 1 h before their super-cooling points were determined.
Mortality. On days 0 (20 November 2017) and 70 (1 February 2018), 200 adults from
tree 3 were excised and placed in wax cells in Petri dishes with a lightly moistened piece of filter
paper affixed to the inside of the lid. The Petri dish was sealed with parafilm and held on ice for
up to 1 h. Petri dishes were placed in an environmental chamber (Envirotronics ENDH1000
990-litre temperature test chamber, Grand Rapids, MI) that was running at either the median
super-cooling point determined for the respective sample day (day 0, 70), or the median plus two
degrees, for 1 h. After exposure, brood adults were classified as e ither dead or alive as described
above.
Results
Experiment 1: Exposure of Brood Adults to Low Temperatures
The controls for mortality after the cooling treatment on 6 May 2014 were 4 % and 2 %
for trees 1 and 2, respectively. The controls for mortality following an additional 6 d at -7 o C on
12 May 2014 were 1 % and 11 %, respectively. Given the generally low levels of mortalities, we
did not adjust experimental mortalities; instead control mortalities are reported in the footers of
Table 1 and Figure 1. Neither tree nor run had an effect on mortality and insects were pooled
across these variables in subsequent analyses (run: χ2 = 0.3, df = 1, P = 0.57; tree χ2 = 1.9, df = 1,
P = 0.17).
Temperature had a significant effect on brood adult mortality (χ2 = 1154.4, df = 1, P <
0.0001) as did exposure treatment (exposed, in situ) (χ2 = 10.1, df = 1, P = 0.002). Brood adult
mortality following exposure to -13 o C was 18 % and 26 % for exposed and in situ brood adults,
respectively, but quickly increased as temperature decreased and was at, or near, 100 % at –19 o C
(Table 1). The LT50 (95 % confidence limit) for exposed and in situ brood adults were -14.1 o C (14.2, -13.9) and -13.7 o C (-13.9, -13.6), respectively. The tendency of in situ brood adults to have
slightly higher mortality was likely because they had a longer exposure to the cold test
temperature than exposed adults due to the methods; however, the LT50 varied by less half a
degree. Thus, we pooled across exposure treatments to generate overall LT50 and LT90 estimates
of -13.9 o C (-14.0, -13.8) and -15.6 o C (-15.7, -15.4) for brood adults, respectively (temperature:
χ2 = 1144.4, df = 1, P < 0.0001).
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Table 1. The percent mortality of brood mountain pine beetle adults from north-central Alberta
exposed to various test cold temperatures for a short duration of time. Brood adults were
gradually cooled to -5 o C under the bark in logs over a 12 d period, stored briefly at -7 o C (see
text), and then exposed to cold test temperature exposed on Petri dishes for 1 h, or for a slightly
longer duration under the bark of logs (see text).

Test cold temperature
Control, prior to cold exposure
-13 oC
-15 oC
-17 oC
-19 oC

Brood adult mortality (%; nos. of beetles tested)
Exposed brood adults
In situ brood adults
-4 (266)
18 (232)
26 (427)
80 (274)
85 (333)
96 (277)
99 (303)
100 (75)
99 (162)

Figure 1. Relationship between brood adult mortality and a short exposure to cold temperature.
The black line is the specified probability of mortality and corresponding predicted temperature
generated using inverse prediction. The black circles mark the temperature at which 10, 50, and
90 % mortality of brood adults is predicted to occur.
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Experiment 2: Effect of Prolonged Chilling on Cold Tolerance of Brood Adults
Preliminary results (data analysis not completed).
Prolonged chilling at 0 o C reduced the mean (SE) super-cooling point from approximately
-15.3 C (0.4) to -18.2 o C (0.2) over 70 days; there was little additional gain in cold hardening
after day 70 (Figure 2). Median super-cooling point was always within one degree of the mea n.
The mortality test shown in Figure 3 after 70 d at 0 o C supports that the LT50 is approximately
-17 or -18 o C for brood adults.
o

Figure 2. Mean (SE) super-cooling
points for MPB brood adults from
western Alberta with prolonged
chilling at 0 o C.

Figure 3. Percent mortality of MPB
brood adults from Hinton, Alberta
after 1 h exposure to cold test
temperatures. Brood adults were
subjected to cold test temperatures at
the start of the experiment (day 0) and
after 70 d at 0C to test for an effect of
prolonged chilling on cold tolerance.
The test temperatures were the median
super-cooling point, and the median
plus two degrees, on day 0 and day 70
(see text).
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Preliminary Results – Early Instar Larvae
In our 2017-2018 report, we provided the detailed methods and results for cold tolerance in late
instar larvae. Figure 4 shows how late instar larvae were able to acclimate at 0 o C, reaching a
minimum LT50 close to -30 oC after 70 d. In 2018, we repeated the experiment with early instar
larvae and provide the results below for comparison. Figure 5 shows that with the same
treatment, early instar larvae only achieved a minimum LT50 of -18 o C at 0 o C. Implications are
stated in bullets at the end of this report.

Figure 4. Median super-cooling points (SCPs) of MPB late instar larvae from north-central
Alberta. The blue line shows the lethal temperature for 50% of the population (LT50 ). Larvae
quickly acquire cold tolerance at 0 o C, reaching maximum cold hardiness after acclimating for
approximately 60-70 days, before they begin to lose it. (They lose it rapidly because they are at 0
o
C; they would retain their cold tolerance if they were at a colder temperature. See 2017-2018
report).
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Figure 5. Median super-cooling points (SCPs) of MPB early instar larvae from north-central
Alberta. The orange line shows the lethal temperature for 50 % of the population (LT50 ).

Implications for Brood Adults
 Prolonged chilling improves the cold tolerance of brood adults by approximately 4
degrees Celsius
 Even the lowest LT50 estimate of -18 o C, suggests that most brood adults are unlikely to
survive an average winter east of the Rocky Mountains
Implications for Early Instar Larvae
 Prolonged chilling improves the cold tolerance of early instar larvae by close to 4 degrees
Celsius
 Early instar larvae are not nearly as cold tolerance as late instar larvae: the LT50 for
acclimated early and late instar larvae are -18 and -30 o C, respectively
 The current winter survival model could be improved with differential survival rates for
early and late instar larvae
 Mortality of early instar larvae will be extremely high during an average winter east of
the Rocky Mountains (data analysis pending)
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Improving monitoring tools to detect mountain pine beetle at low and high densities in
novel habitats
Nadir Erbilgin1, Jennifer Klutsch1
1

Department of Renewable Resources, University of Alberta, Edmonton. Alberta, Canada

Abstract
Mountain pine beetle (MPB) is an economically important bark beetle species that is currently
expanding east into the boreal forest in Alberta. Pheromones are important in bark beetle
management and in combination with tree volatiles can be used to attract beetles into traps.
However, MPB attraction to traps baited with lures shows large variations depending on in part
beetle densities in the field. Currently, a single type of lure (two beetle pheromones, transverbenol, exo-brevicomin, and one host tree compound, terpinolene) is used to attract MPB to
traps, regardless of beetle densities. In 2014, we tested various combinations of beetle
pheromones and host tree volatiles in the field in Alberta and found that a four-component lure
(trans-verbenol, exo-brevicomin, terpinolene, and myrcene) caught the most number of beetles in
low beetle densities. However, MPB exhibits dose-dependent response to the female aggregation
pheromone in areas with low population numbers. In areas with high MPB population levels, the
response is directly proportional to release rates of pheromones and host tree chemicals,
suggesting that pheromones and host volatile chemicals have different functions in MPB
attraction during host colonization, depending on its population levels. Having effective lures can
be highly useful for predicting MPB population levels as tree mortality is driven by the number
of beetles. In 2017, we tested various release rates of pheromones and tree compounds to
monitor MPB activities in both low- and high-density beetle populations in Alberta and found
preliminary evidence of differential attraction of beetles depending on their population densities.
Therefore, in 2018 we conducted another year of trapping and continued our test of various
release rates of pheromones and tree compounds at different beetle population densities. The lure
with the lower release rates of both trans-verbenol and tree compounds caught greater number of
beetles than lures with higher release rates in high-density sites. In contrast, MPB showed
preference to high release rates of pheromone plus the lower release rate of tree compounds in
low-density sites. No differences were observed in attraction between sexes among treatments in
either site density. These results provide evidence that MPB has a density dependent response to
lures and demonstrate that beetles assess available cues to ensure successful host colonization
depending on their density. Overall, this study improves the efficacy of current monitoring tools,
which are essential to implementing informed mitigation strategies for MPB in the expanded
distribution.
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Résumé
Le dendroctone du pin ponderosa (DPP) est un scolyte d’une incidence économique importante
qui connaît actuellement une expansion vers l’est dans la forêt boréale de l’Alberta. Les
phéromones jouent un grand rôle dans la gestion des scolytes et peuvent être utilisées, en
combinaison avec des volatiles d’arbres, pour attirer les DPP dans des pièges. Cependant, on
constate de grandes variations dans l’attraction exercée sur le DPP par les pièges appâtés,
variations qui dépendent en partie de la densité des scolytes sur le terrain. À l’heure actuelle, un
seul type d’appât (deux phéromones de scolytes, trans-verbenol, exo-brevicomine, et un
composé de l’arbre hôte, le terpinolène) est utilisé pour attirer le DPP dans les pièges, peu
importe la densité des scolytes. En 2014, nous avions mis à l’essai sur le terrain en Alberta
différentes combinaisons de phéromones et de substances volatiles des arbres hôtes et observé
que c’était un appât contenant quatre composants (trans-verbenol, exo-brevicomine, terpinolène
et myrcène) qui avait capturé le plus grand nombre de scolytes là où leur densité était faible. Par
contre, le DPP manifeste une réaction qui dépend de la dose à des phéromones d’agrégation
femelles dans les endroits où la population est peu nombreuse. Dans les régions ayant des
concentrations élevées de populations de DPP, la réaction est directement proportionnelle aux
taux de libération des phéromones et des substances chimiques de l’arbre hôte, ce qui laisse
entendre que les phéromones et les substances chimiques volatiles de l’hôte ont des fonctions
différentes dans l’attraction exercée sur le DPP durant la colonisation de l’hôte, dépendant du
niveau de population. Le fait d’avoir des appâts efficaces peut s’avérer extrêmement utile pour
prédire les niveaux de populations du DPP, car la mortalité des arbres est reliée au nombre de
scolytes. En 2017, nous avons mis à l’essai divers taux de libération de phéromones et de
composés de l’arbre pour surveiller les activités du DPP dans les populations de faible et de forte
densité en Alberta et recueilli des preuves préliminaires d’une attraction différentielle des
scolytes selon leur densité de population. Par conséquent, en 2018, nous poursuivi le piégeage et
notre essai de divers taux de libération de phéromones et de composés de l’arbre avec différentes
densités de population de scolytes. Les appâts ayant des taux de libération plus lents de transverbenol et de composés de l’arbre ont permis de capturer un plus grand nombre de scolytes que
les appâts ayant des taux de libération plus élevés dans les sites à forte densité. Au contraire, le
DPP a montré une préférence pour les taux de libération élevés de phéromone plus un taux de
libération plus faible de composés de l’arbre dans les sites à faible densité. Aucune différence n’a
été observée dans l’attraction entre les sexes parmi les traitements selon que la densité du site
était faible ou forte. Ces résultats semblent prouver que le DPP a une réponse aux appâts qui
dépend de la densité et démontrent que les scolytes évaluent les indices pour assurer le succès de
la colonisation de l’hôte selon leur densité. Dans l’ensemble, l’étude améliore l’efficacité des
outils de surveillance actuels, qui sont essentiels pour mettre en œuvre des stratégies
d’atténuation du DPP dans son territoire élargi.
Introduction
Recent mountain pine beetle (MPB) Dendroctonus ponderosae Hopkins (Col: Curculionidae,
Scolytinae) outbreaks have killed millions of hectares of mature pine trees, primarily lodgepole
pine (Pinus contorta Douglas var. latifolia [Engelm.] Critchfield ) in western North America
(Safranyik et al. 2010). In western Canada, MPB outbreaks began in central British Columbia
and expanded into the eastern edge of the lodgepole pine forests in western Alberta in 2006
(Erbilgin et al. 2014). While MPB has successfully attacked and killed lodgepole pine in the
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eastern edge of its expanded distribution, population levels are at a sub-epidemic stage
(Government of Alberta 2018).
The life history of MPB consists of dispersal, colonization, and development phases. Adult
beetles emerge from dead brood trees, undertake a dispersal flight, and locate new hosts. The
colonization phase, during which the beetles bore into the bark of selected trees, is characterized
by rapid infestation triggered by aggregation pheromones. Due to the importance of pheromones
in MPB biology, pheromones of MPB are known (Wood 1982; Seybold et al. 2006; Borden et al.
2008). However, we currently do not know whether lures currently used to monitor MPB
populations in its historical range are effective for catching MPB in novel habitats, suggesting an
urgent need for the development and efficacy of such lures.
Mountain pine beetle elicits a mass attack on a host tree by responding to a combination of
pheromones and host tree volatiles, thereby overwhelming host defenses (Safranyik et al. 2010;
Erbilgin et al. 2017). However, MPB exhibits an optimal attack density during host colonization,
which is mediated by the production of aggregation and anti-aggregation pheromones (Borden et
al. 2008). Specifically, upon arrival to a new host, female MPB produces trans-verbenol, which
preferentially attracts males (Billings et al. 1976). Males produce exo-brevicomin, which is
attractive to females (Pureswaran et al. 2000). The mixture of both female and male pheromones
serves as a powerful aggregation pheromone, which usually results in mass aggregation on the
host trees (Borden et al. 1987). During this stage of host colonization, host tree volatiles, mainly
monoterpenes such as myrcene and terpinolene can synergize MPB aggregation pheromones in
both historical and expanded ranges (Borden et al. 2008; Klutsch et al. 2017). Upon reaching an
optimal attack density, female and male beetles reduce trans-verbenol and exo-brevicomin
production and both sexes produce anti-aggregation pheromones, which prevent MPB exceeding
the optimal attack density (Pureswaran et al. 2000). This aggregation process is required for
depletion of host defenses, successful host colonization and reproduction (Safranyik et al. 2010).
Our original project supported by both fRI-Research and SERG-I consisted of two phases.
Phase 1 focused on the improvement of commercially available MPB lures. We completed this
phase in 2014 and showed that traps baited with a four-component lure (trans-verbenol + exobrevicomin + terpinolene + myrcene) caught roughly 2.5 times more beetles than the same
combination without myrcene (Klutsch et al. 2017). Based on these results, we conducted a large
scale field experiments in 2015 and 2016 and baited trees with the four-component lure to
monitor MPB activities in the Phase 2 of the project. We determined the optimum density and
formation of bait sites required to detect and monitor low MPB populations on the landscape was
a square (baited trees spaced 50 m apart arranged in a square formation) at 8 km distance. The
number of mass attacked baited trees was relatively higher in the square formation than the other
formations (triangle of 3 traps and rectangle of 6 traps). Furthermore, the square formation at 8
km distance treatment had the least spill-over attacks on neighboring unbaited trees. These
results suggest that this formation is highly effective at concentrating beetle attacks in a
relatively small area. In 2016, we conducted a similar field experiment only with the square traptree formation with 8 and 12 km distances. Our results indicated that there were no statistical
differences between 8 km and 12 km distances in terms of beetle colonization on baited and
neighboring unbaited trees, suggesting that trap-trees can be set up 12 km away from one another
to monitor MPB activities (Klutsch et al. 2017).
Since our results in the first Phase of our project were really promising, (adding an
additional host monoterpene myrcene increased beetle catch), we continued this aspect of our
project in 2017 and 2018, where we varied release rates of beetle pheromones and host chemicals

SERG International 2019 Workshop Proceedings

14

in a trapping study. It has commonly been reported that emissions of host tree monoterpenes can
enhance beetle response to their pheromones (Borden et al. 1983; Byers 1989; Erbilgin et al.
2003, 2007). For example, myrcene in lodgepole pine is a potent synergist of trans-verbenol and
exo-brevicomin (Borden et al. 1983; Conn et al. 1983). However, it has also been shown that
increased release rates of some host volatiles can inhibit attraction of bark beetles to their
pheromones in other study systems (Erbilgin et al. 2003, 2007).
Earlier work in BC clearly showed that increasing release rates of pheromones and host
monoterpenes can improve MPB attraction (Miller and Borden 2000; Miller et al. 2005; Borden
et al. 2008). These studies reported that (1) MPB exhibited dose-dependent response to cis- and
trans-verbenol in areas with low population numbers. Increasing release rates of male
aggregation pheromone exo-brevicomin had no effect on MPB attraction. In an area with a high
population level of MPB, the response was directly proportional to release rates, suggesting that
beetle attraction to its aggregation pheromone and host chemicals vary depending on its
population size. (2) Increasing release rates of myrcene and terpinolene had synergistic effect on
MPB attraction to its aggregation pheromone. In the field in 2017, we manipulated the release
rates of MPB aggregation pheromones and host monoterpenes. Our aim was to determine which
formulation attracts the most number of beetles at low and high densities of MPB populations in
novel habitats.
In the first year of trapping in the 2017, we selected six trapping sites (three in each of high
and low beetle density areas) with each containing two blocks (i.e., transects) spaced 50 m apart.
We tested the efficacy of four different lures, each randomly assigned to a trap in each transect
within a site: (1) standard lure consisting of standard release rate (1x) of MPB pheromones,
trans-verbenol and exo-brevicomin, plus 1x host monoterpenes, terpinolene and myrcene (STD);
(2) high trans-verbenol release lure consisting of double (2x) trans-verbenol and 1x for exobrevicomin and both host monoterpenes (2MPB); (3) high tree volatiles lure consisting of 2x
host monoterpenes and 1x MPB pheromones (2TREE); and (4) high release rate (2x) of both
trans-verbenol and host monoterpenes plus 1x exo-brevicomin (2BOTH). Every week beetles
were collected and traps rotated clock-wise within block.
A total of 984 MPB were caught over the entire sampling period of 2017, with 86% of those
being from the high-density sites. There was high variation in beetle catches so beetle catches did
not vary statistically with lure treatment in high- or low-density sites. While heavy precipitation
likely reduced trap catches for a few of the trapping weeks, the second trapping week (31 July
2017) had more days without precipitation (total of 4 days compared to 2 and 0 days for the
preceding and following weeks, respectively) and also caught over 50% of the total beetles. In
this second trapping week, we found a pattern where the combination of higher release rates of
both trans-verbenol and host volatiles (2BOTH) had the lowest number of beetles caught (20%
of total catch). While the high trans-verbenol lure (2MPB) had the highest catch average in lowdensity sites, the Tukey test results showed no difference (p>0.05) among lure treatments.
Our primary objective in 2018 is contribute to 2017 trap data to develop two types of lures
to monitor MPB activities at low and high density populations in novel habitats. Our research
will answer the following four critical questions. (1) Do beetle responses to traps baited with a
combination of beetle pheromones and host volatile chemicals vary with beetle density? (2) Do
increasing release rates of pheromones or host volatiles increase beetle attraction to traps? (3) Do
increasing release rates of both pheromones and host tree volatile chemicals increase beetle
attraction to traps? (4) Can changes in release rates of lures affect attraction of beetles depending
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on their density? A manuscript that reports the 2017 and 2018 results has been submitted to
Journal of Chemical Ecology and below we present the 2018 results.
Methodology
As with 2017, in 2018 we tested the efficacy of four different lures, each randomly assigned to a
trap in the single transect within a site: (1) standard lure consisting of standard release rate (1x)
of MPB pheromones, trans-verbenol and exo-brevicomin, plus 1x host monoterpenes,
terpinolene and myrcene (STD); (2) high trans-verbenol release lure consisting of double (2x)
trans-verbenol and 1x for exo-brevicomin and both host monoterpenes (2MPB); (3) high tree
volatiles lure consisting of 2x host monoterpenes and 1x MPB pheromones (2TREE); and (4)
high release rate (2x) of both trans-verbenol and host monoterpenes plus 1x exo-brevicomin
(2BOTH). In treatments 2-4, release rates of trans-verbenol and/or host monoterpenes were
doubled (2x). Flight intercept traps baited with one of the four treatments were tested at both
high and low density MPB populations in the Whitecourt and Swan Hills, Alberta area.
Population density was determined from 2017 aerial detection survey data and confirmed by sum
of beetle catches per week. Eleven sites were established (five in the high and six in the low
beetle density areas) with each containing one transect. Traps were spaced 15 m apart within
each transect and set up 2 m from the ground with collection cups containing dichlorvos (19.2%)
imbedded insecticide strips. Captured beetles were removed every seven days and traps were
rotated at each collection. We did not include any blank control treatment in our experimental
design as we previously demonstrated that traps without any lures did not attract any beetle.
Results
In 2018, a total of 3,066 beetles were caught over the six sampling weeks. Catches peaked on the
5th week (15 August 2018), which accounted for 75% of the total beetles caught (Fig. 1). The
number of beetles caught differed by lure treatment in both high- and low-density sites when
testing the first three weeks of trapping (Fig. 2). The standard lure (STD) caught 52% of the total
catch and had 3.3 times more MPB than the other lure treatments in high-density sites (Fig. 2;
lure type III test F=86.0, p<0.001). In low-density sites, the high trans-verbenol lure (2MPB)
caught the most beetles (46% of the total catch) and had 3.5 times more MPB than the standard
lure (STD) and 6.6 times more MPB than the lure with the combination of high trans-verbenol
and tree volatiles (2BOTH) (Fig. 2; lure type III test F=8.65, p=0.0001). We also examined the
impact of lure treatment on beetle catches in the peak catch week (15 August 2018) and found no
impact of lures in either high- or low-density sites (p>0.05). The greater number of beetles
caught during this peak catch week was a result of a large inflight from the current outbreak in
Jasper National Park more than 200 km southwest of our nearest study sites. The high wind
speed and southwesterly direction measured by weather stations in the region of the MPB
outbreak for 14 August 2018 suggest the source of the exceptionally large beetle catches from 15
August 2018 were not local populations but instead from the large outbreak nearby
(https://agriculture.alberta.ca/acis).
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Figure 1. Weekly average trap catches of Dendroctonus ponderosae (MPB) to treatments in 2018
in high and low population densities. The release ratios based on commercially available release
rates for beetle pheromones trans-verbenol, exo-brevicomin and host monoterpenes in lures are:
1:1:1 for standard (STD), 2:1:1 for high trans-verbenol (2MPB), 1:1:2 for high tree
monoterpenes (2TREE), and 2:1:2 for high trans-verbenol and tree monoterpenes (2BOTH).
Error bars are SE.
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Figure 2. Differences in the number of Dendroctonus ponderosae (MPB) caught per trap among
treatments in two population densities during 2018 in northern Alberta. Back-transformed means
(SE) of beetles collected for 18 July – 1 August 2018 are presented for high and low population
densities. The release ratios based on commercially available release rates for beetle pheromones
trans-verbenol, exo-brevicomin and host monoterpenes in lures are: 1:1:1 for standard (STD),
2:1:1 for high trans-verbenol (2MPB), 1:1:2 for high tree monoterpenes (2TREE), and 2:1:2 for
high trans-verbenol and tree monoterpenes (2BOTH). Different lower-case letters denote
significance at α=0.05.
We sexed 425 females and 329 males from the first three weeks of trap catches (damage
precluding sex determination of three). Traps in low-density sites had a greater proportion of
females caught (0.64) than high density sites (0.54) (Χ2(1, 754)=6.51, p=0.011). There was not an
effect of lure treatment on the sex ratio for sites in either high- (Χ2(3, 566)=2.25, p=0.523) or lowdensity sites (Χ2(3, 188)=3.79, p=0.284).
Conclusions
Overall, the difference in attraction behavior observed in the high- and low-density sites could
reflect the potential switch of density-dependent selective pressures experienced by MPB in
population levels that are below epidemic (Raffa and Berryman 1987; Birgersson et al. 1988). In
low populations, MPB showed greater attraction to high release rates of trans-verbenol (0.24
mg/day) as a way to avoid the Allee effect (Liebhold and Tobin 2008), where overcoming host
tree defenses would likely be more difficult to achieve without attracting a mass number of
conspecifics. However, to maintain optimal attack densities as populations increase, there was a
shift in the discriminating behavior of individuals towards increased attraction to low release rate
of trans-verbenol (0.12 mg/day), which represents an avoidance to intraspecific competition.
Therefore, beetles in different population phases may have different optimality curves for
attraction to aggregation pheromones. These results align with the optimal attack density
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hypothesis, where the response to the pheromone concentration is a mechanism that mediates
beetle attack densities to maximize fitness through balancing beetle attraction needed to
overcome tree defenses with the need to minimize intraspecific competition within a host tree
(Raffa and Berryman 1983). Furthermore, the large proportion of females in low-density sites
reflect the host searching behavior and shows that the sex ratios varies with population density.
Therefore, selection of lures based on MPB density would be advantageous for
monitoring and detection purposes. For example, using lures with a range of release rates of
trans-verbenol could be used to monitor emerging incipient epidemic populations. Furthermore,
for the optimal detection of MPB in areas with populations below epidemic levels, we
recommend the standard lure at high-density sites and a combination of higher release of transverbenol plus standard host volatiles at low-density sites. Therefore, manipulating the release
rate of trans-verbenol can be useful to meet a number of different management objectives.
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efficacy of controlled burns as a management tool
Alex M Chubaty1, Eliot J B McIntire2 , Barry J Cooke3
1 fRI Research ( achubaty@friresearch.ca )
2 Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre (
eliot.mcintire@canada.ca )
3 Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry
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Abstract
Understanding the eruptive dynamics of Mountain pine beetle ( Dendroctonus ponderosae opk.;
MPB) and its continued eastward spread from British Columbia through Alberta and into
Saskatchewan, requires modeling both the fast dynamics of invasive eruption, and the slow
dynamics of forest and insect population collapse and forest regrowth. The point at which MPB
populations in the endemic niche (comprised of suppressed trees) are willing and able to
successfully mass attack trees in the epidemic niche (comprised of healthy, vigorous trees) is the
most critical threshold influencing these dynamics. Also important are the distribution and
availability of trees in each niche across the landscape, as these directly impact the movement of
beetles. Areas with high densities of susceptible host trees provide resistance against MPB
spread because of increased patch residence times. Conversely, MPB spread rates are higher in
areas of low susceptible host density, as beetles skip over these areas in search of more abundant
suitable hosts.
Fire plays an especially important role in these boreal landscapes, particularly for the short-term
dynamics of beetle populations. As a disturbance agent, fire contributes to the creation of forest
gaps, which may facilitate increased spread rate of MPB as beetles fly over these gaps.
Additionally, fires may serve to suppress beetle populations by removing beetle infested trees
from the landscape. Fire also plays a role in the long-term dynamics of these boreal systems, as
jack pine, the primary MPB host as it moves eastward, has serotinous cones that require fire for
regeneration of stands. Effective MPB control policy requires explicit consideration of of the
complexities of these insect-vegetation-fire interactions.
Here we integrate several previously developed spatial simulation modules of MPB eruptive
dynamics, vegetation succession dynamics, and forest fires, to address questions related to the
effective control/suppression of MPB eruptions along the leading edge of the current outbreak.
We implemented a redtop spread model of MPB-infested pine within a simulated boreal
landscape, described by vegetation growth, mortality, and seed dispersal processes. We
simulated fire ignition and spread based on historical fire size and frequency data and evaluate
how fire-created gaps influence MPB spread to uninfested areas, and how fire might suppress
beetle populations in infested areas.
Preliminary results suggest that large fires facilitate longer distances but more spread out
dispersal events, resulting in new attacked trees in more places, but also low beetle population
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densities in previously uninfested areas. This in turn results in lower establishment of new, viable
populations due to low attack densities. We explore the consequences of these initial findings by
examining the impacts of augmented fire regimes on MPB population dynamics.
Without realistic fire forecasts (including the rare, very large fire events) and subsequent
vegetation dynamics, forecasted beetle risk is dramatically different compared to forecasting
over a static “current landscape”. Future work aims to integrate climate sensitive fires and
vegetation dynamics, which are expected to further alter forecasts of beetle risk.
Résumé
Comprendre la dynamique éruptive du dendroctone du pin ponderosa (Dendroctonus ponderosae
Hopk .; DPP) et sa propagation continue vers l'est depuis la Colombie-Britannique jusqu'en
Alberta, en passant par la Saskatchewan, nécessite de modéliser à la fois la dynamique rapide de
l'éruption invasive et la lente dynamique de l'effondrement des populations forestières et
d'insectes. et repousse forestière. Le point auquel les populations de DPP dans la niche
endémique (comprenant des arbres supprimés) sont désireuses et capables de réussir à attaquer
en masse les arbres dans la niche épidémique (comprenant des arbres sains et vigoureux) est le
seuil le plus critique influant sur cette dynamique. La distribution et la disponibilité des arbres
dans chaque niche de l’écosystème sont également importantes, car elles ont un impact direct sur
le mouvement des coléoptères. Les zones à forte densité d'arbres hôtes sensible offrent une
résistance à la propagation du dendroctone du pin par l'augmentation des temps de residence des
parcelles. Inversement, les taux de propagation du dendroctone du pin ponderosa sont plus élevés
dans les zones à faible densité d’hôtes sensibles, car les coléoptères les survolent à la recherche
d’hôtes appropriés plus abondants.
Les feux de forêt jouent un rôle particulièrement important dans ces écosystèmes boréaux, en
particulier pour la dynamique à court terme des populations de dendroctones. En tant qu’agent de
perturbation, le feu contribue à la création de brèches dans la forêt, ce qui peut faciliter une
augmentation du taux de propagation du dendroctone du pin ponderosa lorsque les dendroctones
la survolent. De plus, les incendies peuvent servir à supprimer les populations de dendroctones
en retirant les arbres infestés de dendroctones du écosystèmes. Le feu joue également un rôle
dans la dynamique à long terme de ces systèmes boréaux, car le pin gris, principal hôte du DPP
lorsqu'il se déplace vers l'est, possède des cônes sérotineux nécessitant un feu pour régénérer les
peuplements. Une politique de contrôle efficace du dendroctone du saumon exige que l’on tienne
compte explicitement de la complexité de ces interactions insecte-végétation-feu.
Nous intégrons ici plusieurs modules de simulation spatiale de la dynamique éruptive du MPB,
de la succession de la végétation et des incendies de forêt, développés précédemment, afin de
traiter des questions liées au contrôle / suppression efficace des éruptions de DPP le long du
foyer du foyer actuel. Nous avons créé un modèle de propagation « Redtop » pour les arbres
infestés par le DPP dans un écosystème boréal simulé, décrit par les processus de croissance de
la végétation, de mortalité et de dispersion des graines. Nous avons simulé l'allumage et la
propagation du feu en nous basant sur des données historiques sur la taille et la fréquence des
incendies et avons évalué l'incidence des lacunes créées par le feu sur la propagation du DPP
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dans des zones non infestées et la manière dont un feu de forêt pouvait supprimer les populations
de dendroctones dans les zones infestées.
Les résultats préliminaires suggèrent que les grands feux de forêt facilitent des distances plus
longues mais une dispersion plus étendue, ce qui entraîne de nouveaux arbres attaqués dans plus
d'endroits, mais aussi de faibles densités de populations de dendroctones dans des zones jusquelà non infestées. Cela se traduit à son tour par un moindre établissement de nouvelles populations
viables en raison de la faible densité d'attaque. Nous explorons les conséquences de ces premiers
résultats en examinant les effets des régimes de feux renforcés sur la dynamique des populations
de dendroctones du pin ponderosa. Sans prévisions de feu réalistes (y compris les événements
très rares de feux énormes) et la dynamique de la végétation qui suit, le risque prévu pour le
dendroctone est différent de la prévision sur un «écosystème actuel» statique. Les travaux futurs
visent à intégrer les incendies sensibles au climat et la dynamique de la végétation, qui devraient
modifier davantage les prévisions concernant le risqué d'infestation.
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Temperature Regulation of Spruce Beetle’s Life Cycle and its Potential Role in Outbreaks
K. Bleiker1 , V. Rezendes2 , D. Huber2 , J. Robert 3
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Canadian Forest Service, Natural Resources Canada
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Abstract
Spruce beetle has a two- year life cycle throughout much of its range. However, one generation
may be produced per year in areas or years with warmer growing-seasons potentially doubling
the rate of population increase. In fact, there may be a mix of semivoltine (two-year life cycle)
and univoltine (one- year life cycle) insects in the same stand and even within the same tree.
Voltinism is controlled by inner bark temperatures, although genetic variation in spruce beetle
diapause has not been studied. The few studies that have investigated the impact of temperature
on the life cycle of spruce beetle have had variable and somewhat contradictory results,
including whether there is a true diapause and the life stages sensitive to the environmental cue.
This study examines the interaction between temperature and development in the spruce beetle.
Our ultimate goal is to improve predictions of spruce beetle populations trends associated with
shifts in voltinism in current forests and under climate change. Here, we report on progress in
year two of the three- year study.
Résumé
Le cycle de vie du dendroctone de l’épinette est de deux ans presque partout dans son aire de
répartition. Toutefois, une génération par année peut être produite dans certaines régions, et des
années de saisons de croissance plus chaudes peuvent éventuellement doubler le taux
d’augmentation. En fait, il pourrait y avoir un mélange d’insectes semivoltins (cycle de vie de
plus d’un an) et univoltins (cycle de vie d’un an) dans le même peuplement, voire dans le même
arbre. La température interne de l’écorce a une influence sur le voltinisme, bien que les
variations génétiques dans la diapause du dendroctone de l’épinette n’aient pas été étudiées. Les
quelques études qui ont exploré les répercussions de la température sur le cycle de vie du
dendroctone de l’épinette ont obtenu des résultats variables et quelque peu contradictoires, y
compris à savoir s’il se produit ou nom une véritable diapause et les stades de vie qui sont
sensibles à un signal environnemental. La présente étude examine l’interaction entre la
température et le voltinisme chez le dendroctone de l’épinette. Notre objectif ultime est de mieux
prédire les tendances des populations de dendroctone de l’épinette associées aux changements
dans le voltinisme dans les forêts actuelles et en regard des changements climatiques. Nous
faisons ici rapport sur les progrès réalisés durant la deuxième année de cette étude de trois ans.
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Definitions of terms:
Voltinism - number of generations in a year. Univoltine: 1 generation per year; semivoltine: 1
generation every two years
Diapause - a genetically-controlled dormancy, which is initiated and terminated by specific
stimuli or conditions
Main intended outcome of research
Improve predictions of spruce beetle populations trends associated with shifts in voltinism in
current forests and under climate change.
Introduction
Spruce beetle (Dendroctonus rufipennis) is native to spruce forests across North America.
Beetles preferentially attack large-diameter, freshly downed or stressed spruce trees, which have
reduced defensive capacity. Outbreaks, such as the Bowron outbreak in the 1970s in central
British Columbia, are often triggered by discrete stress events that provide a sudden increase in
ideal hosts (i.e. wind throw). Beetle populations can increase rapidly in downed trees and then
attack standing susceptible trees once the preferred host material has been exhausted. Climatic
stress, such as drought, may also contribute to outbreaks by increasing the susceptibility of
standing trees (Schmid and Frye 1977).
Voltinism has implications for population growth rates and the potential for outbreaks. A
two-year life cycle is common throughout much of spruce beetle’s range. However, one
generation may be produced per year in areas or years with warmer growing-seasons potentially
doubling the rate of increase. In fact, there may be a mix of semivoltine (two-year life cycle) and
univoltine (one-year life cycle) insects in the same stand and even within the same tree.
Voltinism is thought to be controlled by inner bark temperatures, although genetic variation in
spruce beetle diapause has not been studied. Spruce beetle adults typically disperse in late May
or June and attack new host trees. Female beetles la y eggs in the inner bark where the larvae
mine, passing through four instars before pupating and eclosing to new adult beetles. In the
typical two-year life cycle, insects overwinter as larvae in year one and as brood adults in year
two. In the one-year life cycle, insects overwinter as brood adults. It is generally accepted that
brood adults must overwinter to become sexually mature and emerge : that is adult diapause is
obligate so new adults must overwinter to complete development. Temperature conditions during
insect development determines whether larvae also overwinter meaning larval diapause is
facultative and only occurs under certain conditions or in response to a specific cue. A shift from
semi- to uni-voltinism can facilitate population increases and the potential for spruce beetle
outbreaks increases as the length of the life cycle shifts from two years to one year.
Studies attempting to identify conditions resulting in either a one-year or a two-year life
cycle have had variable and somewhat co ntradictory results with respect to the temperature
conditions triggering diapause and the larval instar(s) sensitive to the induction cue (Dyer 1969;
Dyer 1970; Dyer and Hall 1977; Hansen et al. 2001a, 2001b; Hansen et al. 2011). Interestingly,
these studies were conducted on two geographically distant populations (Dyer worked in British
Columbia and Hansen worked in Utah). Phylogenetic work has revealed substantial geographic
variation in the genetic population structure of spruce beetle. Insects from Uta h and southern
British Columbia cluster together in a Rocky Mountain clade being distinct from beetles from
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two other clades that span northern Canada; however, Utah and British Columbia beetles group
separately from each other within the Rocky Mountain clade (Maroja et al. 2007). Populations
could adapt to regional climate over time so any predictive system should account for both
geographic variation and the potential impact of climate change on spruce beetle population
dynamics (Jenkins et al. 2014).
This project examines the impact of temperature on spruce beetle population dynamics by
examining the role of temperature in controlling the length of the life cycle through larval
diapause. Our ultimate goal is to provide the biological parameters necessar y to improve
predictions of spruce beetle population trends now, and in the future under climate change.
Specific Objectives
1. Elucidate temperature conditions influencing one- and two- year life cycle in spruce
beetles (i.e., non-diapausing versus diapausing larvae);
2. Identify the larval instar(s) sensitive to the thermal conditions that induce diapause; and
3. Analyze the historical associations between temperature and spruce beetle outbreaks in
western Canada.
Progress in 2018-2019
The focus in 2018-2019 was on processing samples from two laboratory and one field rearing
experiments collected in year 1 (90% completed). A third experiment to assess fitness of oneyear versus two-year cycle brood was also completed in 2018; samples from this experiment will
be process in the spring and summer of 2019. Preliminary results from one laboratory
experiment are presented below.

Preliminary Results 2018-2019: Rearing Spruce Beetle at Constant Temperatures
Newly infested logs were collected from three distant sites (southern BC, northern BC,
northern Alberta) at the stage when adults were creating galleries and actively laying eggs. The
logs were transported to the Pacific Forestry Centre and placed in growth chambers at 21, 15 or
12 ⁰ C to identify: (i) temperature threshold associated with a shift in voltinism; and (ii) potential
differences in developmental rates among populations. The figure below indicates that all
populations are one- year life cycle at 21 ⁰ C. The 15 ⁰ C treatment triggered diapause (two- year
cycle) in a proportion of each population; however, it ranged from ~30 to 60 % depending on the
population.
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Effects of manual defoliation treatments and site type on balsam fir, black spruce and
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Le degré de défoliation et le type de site ont été avancés comme
facteurs importants dans la réaction des arbres durant les
infestations de tordeuse des bourgeons de l’épinette. Nous avons
effectué quatre traitements de défoliation manuels (enlèvement
de 0 % du feuillage actuel, et enlèvement de 50 %, 100 % ou
100 % plus les bourgeons de toutes les pousses de l’arbre) sur
all shoots per tree) on 240 balsam fir, black spruce and white
240 sapins baumiers, épinettes noires et épinettes blanches dans
spruce trees, on four site quality classes (dry/poor, wet/poor,
des sites répartis selon quatre catégories de qualité (sec/pauvre,
dry/rich, moist/rich) to determine effects on foliage production
humide/pauvre, sec/riche, humide/riche) afin d’en déterminer les
effets sur la production de feuillage et la croissance de l’arbre.
and tree growth. The number of shoots, shoot lengths, needle
Le nombre de pousses, la longueur des pousses, la longueur des
lengths, and foliage weight of sampled branches were measured
aiguilles et le poids du feuillage des branches échantillonnées
for 3 treatment. The significant effects of defoliation severity and
ont été mesurés sur trois ans de traitement. Les effets importants
de l’intensité de la défoliation et de la qualité du site sur la
site quality on foliage growth of balsam fir, black spruce and
croissance du feuillage du sapin baumier, de l’épinette noire et
white spruce were dependent on the number of years of treatment. de l’épinette blanche dépendaient du nombre d’années de
Defoliation treatments had no significant effect on mean needle
traitement. Les traitements de défoliation n’ont eu aucun effet
important sur la longueur moyenne des aiguilles, mais deux ou
length, but defoliation for 2 or 3 consecutive years increased the
trois années consécutives de défoliation avaient augmenté le
number of shoots for balsam fir, especially on the dry/rich site,
nombre de pousses, surtout dans le site sec/riche, par la
through epicormic shoot production. However, defoliation for 2production de pousses adventives. Cependant, trois années de
défoliation avaient aussi donné lieu à des pousses moins longues
3 years decreased shoot length of spruce but increased shoot
length of balsam fir. Trees on rich sites had 47% more shoots, 57% sur l’épinette, surtout dans les sites riches. Les arbres sur les
sites riches avaient 47 % de plus de pousses, les pousses étaient
longer shoots (fir and white spruce only), and 136% greater
plus longues de 39 % et le poids du feuillage était de 136 %
foliage weight than in poor sites after 2 and 3 years of treatment.
supérieur à celui des sites pauvres après deux ou trois années de
traitement. Le sapin baumier avait le moins de pousses et les
Balsam fir had the fewest shoots and longest needles. Black
aiguilles les plus longues, alors que l’épinette noire avait 27 %
spruce had 27% more shoots than white spruce on poor sites and
de plus de pousses que l’épinette blanche dans les sites pauvres
on the moist/rich site. Thus, site quality, determined by soil
et dans le site humide/riche. Donc, la qualité du site, déterminée
par les éléments nutritifs et l’humidité du sol, ont joué un rôle
nutrients and soil moisture, played an important role in the
important dans la production des pousses et des aiguilles ainsi
production of shoots and needles and the tree’s ability to
que la capacité de l’arbre de résister à la défoliation. Deux à
withstand defoliation. Defoliation for 2-3 years substantially
trois années de défoliation ont pour effet de réduire
decreased total foliage weight, by 34-63% after 3 years of
considérablement le poids total du feuillage, soit entre 34 % et
63 % après trois années de défoliation.
defoliation.
Defoliation level and site type have been suggested as important
factors influencing the response of trees during spruce budworm
outbreaks. We used four manual defoliation treatments (0%
removal of current foliage, 50%, 100%, 100%+bud removal for

Introduction
During outbreaks, spruce budworm (Choristoneura fumiferana (Clem.)) larvae repeatedly
consume current- year foliage of balsam fir (Abies balsamea (L.) Mill.) and spruce (Picea spp.),
leading to extensive host tree growth loss (Piene, 1980) and mortality (MacLean, 1980). Manual
defoliation has been used to simulate defoliation by insect herbivores in experiments and is
considered a good indication of a plant’s response to a given type of damage (Piene, 2003). We
used manual defoliation treatments on 240 fir and spruce trees over 3 years, to determine the
interacting effects of tree species, site type, and defoliation level on foliage production. Foliage
biomass per tree may be a better predictor of tree growth than defoliation level, which is used in
most defoliation-based stand growth models. This is because during the period of defoliation, not
only do trees lose foliage, but they also may compensate by retaining old foliage (Doran et al.,
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2017) and producing new foliage as a response to defoliation, both of which would affect tree
growth. Understanding foliage production response therefore is an important component of
models to predict tree growth response to defoliation.
Foliage is the tree’s photosynthetic factory that permits tree growth, but defoliating insect
attacks repeatedly remove foliage, strongly reducing photosynthetic capacity of host trees (Clark,
1961). Piene (1983) calculated an algorithm to estimate total foliage biomass per branch of 2530-year-old balsam fir, based on number of shoots, mean shoot length, mean needle length, and
percentage litterfall or defoliation per branch. These foliage parameters determine foliage
biomass, growth, and recovery of trees that survive defoliation (Ostaff and MacLean, 1995).
Host tree species strongly determine levels of defoliation and response to defoliation
(Régnière and Nealis, 2007; Hennigar et al., 2008), but site conditions have been inconsistently
shown to influence tree response (Dupont et al., 1991; MacKinnon and MacLean, 2003).
Susceptibility of host tree species declines in the order balsam fir, white spruce, red spruce, and
black spruce, with the three spruce species having about 72%, 41%, and 28%, respectively, as
much defoliation as balsam fir (Hennigar et al., 2008). Stands with higher moisture and better
nutrition suffered more severe defoliation, with balsam fir on moist/rich sites sustaining an
average of 19% higher defoliation than on wet/poor sites (MacKinnon and MacLean, 2003).
Dupont et al. (1991) found that subhygric fir stands had the lowest vulnerability, with 27%
mortality. MacKinnon and MacLean (2004) showed that specific volume increment was
significantly (p = 0.0299) related to mean defoliation for only one of eight species-site classes,
balsam fir on moist–rich sites in mixedwood forests; however, this was in a period of light
defoliation. (Chen et al. (2017) also failed to find strong influence s of site potential productivity
and topographic characteristics on mortality and ingrowth.
Based on previous results, defoliation level, species, and site were hypothesized to be the
main factors determining response of trees during spruce budworm outbreaks. The objective of
the study was to quantify effects of manual defoliation severity and site type on foliage
production of balsam fir, black spruce and white spruce. Specific goals were to determine
individual and interacting effects of defoliation level, site type, and tree species on number of
shoots, mean shoot length, mean needle length, and foliage weight. These results and a parallel
study assessing stem volume growth via stem analysis of the sample trees will permit calibration
of a foliage-based stand growth model (Baskerville and Kleinschmidt 1981).

Methods
Study area and plot establishment
The study area was located in southern New Brunswick, with twelve 30m x 30m plots
selected to represent balsam fir, white spruce, and black spruce, each on four site quality classes
(soil moisture and soil nutrient conditions: dry/poor, dry/rich, wet/poor, moist/rich) (Figure 1).
Site was determined using NB Forest Site Classification field guides (Zelazny et al., 1989). Site
Treatment Unit, a large-scale landscape unit with a relatively narrow range of soil drainage and
nutrient regime, was determined based on vegetation type (VT) and a soil type (ST). STs are
defined in terms of local site or soil profile characteristics and VTs are characterized by
dominant overstory species and dominant species (Zelazny et al., 1989).
Defoliation treatments
Defoliation treatments began in the summer of 1992 and were conducted for three years.
Using scissors, the specified amount of foliage was clipped off of every current shoot on 240
sample trees, in four treatments: 0% removal of current foliage (control), 50% of foliage clipped
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off, 100%, and 100%+bud. Random numbers were used to select 20 treatment trees (five trees
for each of four treatments) per plot and to assign treatments. When treatments began, sample
trees were 7-10 years old and averaged 1.9-3.1 m tall per plot.

Figure 1. Map of study area showing the location of 12 plots in southern New Brunswick.

Measurement of foliage parameters
One sample branch was randomly selected from every second whorl on each of the 240
sample trees for detailed shoot and needle measurements. Twenty shoots were selected from
each foliage age class and measured for shoot length to the nearest mm. The lengths of five
needles from the middle one-third (Piene, 1983) of each of the 20 randomly selected shoots from
each age class (1989-1996) were measured to the nearest mm. Number of current shoots per
branch was counted for every whorl and interwhorl branch each year. Mean shoot length and
mean needle length were calculated for each sample branch, and total number of shoots per
whorl and per tree were calculated by summing the shoots on each whorl and interwhorl branch.
When trees were destructively sampled (two trees per treatment per species in 1994, and the
remaining three trees per treatment in 1996 or early 1997), foliage was weighed fresh for all
branches per whorl, and sample branches were clipped into age classes, separated into needles
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and twigs by age class, dried at 65°C for 48 h, cooled in a desiccator and weighed to the nearest
0.01 g. Foliage weight per tree by year was calculated.
Data analysis
Linear mixed-effects models with repeated measures were used to test for effects of site,
defoliation treatment, species, and number of years of treatment on number of shoots, shoot
length, needle length, and foliage weight. Number of shoots, shoot length, needle length, and
foliage weight were continuous response variables and site, defoliation treatment, species, and
number of years of treatment were fixed factors (categorical explanatory variables). Trees nested
in treatments nested in sites were random factors. Our full models were
Number of shoots / Shoot length / Needle length / Foliage weight
= Site*Treatment*Species*Year + (1|Site/Treatment/Tree)
where Site*Treatment*Species*Year tested the H0 that effect of site depended on treatment,
species and the number of years of treatment. If the interaction terms (2-way, 3-way and 4-way
interactions) were not significant, then we dropped them from the model and re-ran the reduced
model. In addition, we compared models with the random terms (1|Site/Treatment/Tree) and
(1|Tree), and if there was no significant difference and the nested terms “Site” and “Treatment”
accounted for 0% of total random variance, we used the most parsimonious model (1|Tree).
Our null hypothesis was that no differences in number of shoots, shoot length, needle length,
and foliage weight would be detected (α = 0.05) between different site types, defoliation
treatments, species, and number of years of treatment. Post hoc Tukey’s HSD tests were used to
test for significant differences.

Results
Number of shoots
Significant interaction terms for Site * Species * Year (F = 8.99, p < 0.001) and Treatment *
Species * Year (F = 2.44, p = 0.014) (Table 1A) indicated that mean number of shoots per tree
differed among site types and among defoliation treatments, but both depended upon the number
of years of treatment and on tree species.
Post hoc HSD tests showed that after 2 years of treatment, the number of shoots was greater
than after 1 year for 7 out of 12 cases (orange letters in Figure 2A, C, D, E, G, K, L). Number of
shoots after 3 years of treatment was greater than after 2 years in only three cases (Figure 2F, G,
K). Specific significant differences in number of shoots among treatments for balsam fir included:
dry/poor site, number of shoots after 2 and 3 years of the 100% treatment > control (2500 versus
950 shoots/tree) (purple letters in Figure 2A); wet/poor site, after 3 years 100% treatment >
control (2500 versus 1350 shoots/tree; Figure 2B); dry/rich site, after 3 years 50% > control
(4450 versus 2350 shoots/tree; Figure 2C); and moist/rich site, after 1 year control > 100%
treatment (2010 versus 910 shoots/tree; Figure 2D). For black spruce: dry/rich site, after 2 years
50% > control and after 3 years 50% and 100% > control (202% more shoots than control;
Figure 2G). For white spruce: dry/poor site, after 3 years 50% treatment > control (107% more
shoots; Figure 2I); dry/rich site, after 2 years 100% > control (106% more shoots; Figure 2K);
moist/rich site, after 3 years 100% > 50% (115% more shoots; Figure 2L).
Overall, trees on rich sites had more shoots than in poor sites, especially on the dry/rich site
(Figure 2). Balsam fir had the fewest shoots (1900 shoots/tree), only about one-half that on black
spruce, which had 64% more shoots than white spruce except on the dry/rich site (Figure 2).
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Table 1. ANOVA o f effects of site, defoliation treatment (50%, 100% for number of shoots and shoot length, 50% for
needle length), and the number of years of years of treatment on A. mean number of shoots per tree, B. mean shoot
length per tree, and C. average needle length per tree for balsam fir, black spruce and white spruce.
A. Mean number of
shoots/tree
Source of vari ati on
Site
Treat ment
Species
Year
Site * Treat ment
Site * Species
Site * Year
Treat ment * Year
Treat ment * Species
Species * Year
Site * Treat ment * Species
Site * Treat ment * Year
Site * Species * Year
Treat ment * Species * Year
Site * Treat ment * Species * Year

df
3
2
2
2
6
6
6
4
4
4
12
12
12
8
24

F
9.01
7.81
52.93
92.47
0.70
3.67
35.29
45.87
0.31
34.71
1.64
1.65
8.99
2.44
0.90

p
< 0.001
< 0.001
< 0.001
< 0.001
0.649
0.002
< 0.001
< 0.001
0.869
< 0.001
0.087
0.077
< 0.001
0.014
0.600

B. Mean shoot length
/tree (mm)
df
3
2
2
2
6
6
6
4
4
4
12
12
12
8
24

F
35.53
3.04
4.15
18.50
1.70
8.16
5.32
2.23
13.26
21.48
0.70
1.45
4.50
1.49
1.04

p
< 0.001
0.051
0.018
< 0.001
0.125
< 0.001
< 0.001
0.069
< 0.001
< 0.001
0.752
0.141
< 0.001
0.159
0.418

C. Mean needle
length/tree (mm)
df
3
1
2
2
3
6
6
2
2
4
6
6
12
4
12

F
16.08
0.25
106.50
7.79
0.12
2.83
5.95
0.82
2.38
4.32
0.94
1.69
3.46
1.88
1.99

p
< 0.001
0.620
< 0.001
< 0.001
0.947
0.014
< 0.001
0.443
0.095
0.002
0.470
0.126
< 0.001
0.116
0.027

p values ≤ 0.05 are indicated in bold font.

Figure 2. Mean number of shoots for five trees in each of four site classes, three defoliation treatments, and three
species, by number of years o f treatment. Trees were manually defoliated by 50% or 100% each year from 1992 1994. Purple letters indicate significant differences (p < 0.05) among treatments within a given species, site, and
year; orange letters indicate significant differences among years for all treatments combined.
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Shoot length
A significant interaction term for Site * Species * Year (F = 4.50, p < 0.001; Table 1B)
indicated that mean current-year shoot length per tree differed among site types, depending upon
species and the number of years of treatment. A Treatment * Species interaction term was also
significant (F = 13.26, p < 0.001; Table 1B), which indicated that mean shoot length per tree
differed among treatments, depending upon species.
Overall, rich sites had longer shoots than poor sites (Figure 3). Post hoc HSD tests showed
that mean shoot length was shorter after 2 or 3 years of treatment than 1 year for 6 out of 12
cases (orange letters in Figure 3B, E, F, G, K, L), while shoot length increased after 2 or 3 years
only for balsam fir in three sites (Figure 3A, C, D). For balsam fir, after 2 years of treatment on
the dry/rich site, the 50% treatment had the longest mean shoot length at nearly 80 mm/shoot
(purple letters in Figure 3C). For black and white spruce on rich sites, mean shoot length
decreased by about 24 mm/shoot after 2 or 3 years of treatment (Figure 3G, K, L).

Figure 3. Mean shoot length (mm) of current-year shoots for five trees in each of four site classes, three defoliation
treatments, and three treatment years. Trees were manually defoliated by 50% or 100% each year. Purple letters
indicate significant differences (p < 0.05) in mean shoot length among treatments within a given species, site, and
year of treatment; orange letters indicate significant differences among years for all treatments combined.
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Needle length
Effects of site, defoliation treatment, species and number of years of treatment on mean
needle length per tree were analyzed only for the 0% and 50% treatments, because all needles
had been manually removed in the 100% and 100%+ treatments. Results showed that there was a
significant 4-way interaction between site, treatment, species, and the number of years of
treatment (F = 1.99, p = 0.027; Table 1C). Only one species x site combination had significant
differences among treatments: black spruce after 2 years of treatment on the dry/rich site, 50% <
control (purple letters in Figure 4G). In general, the mean needle length among three species was
balsam fir > white spruce > black spruce (Figure 4). Rich sites had longer needles than poor sites,
especially for balsam fir and white spruce (Figure 4).
Post hoc HSD tests indicated that for control trees, mean needle length was significantly
greater in year 2 or 3 than in year 1, for 5 out of 12 cases (pink letters in Figure 4B, C, D, H, K).
For treated trees, mean needle length was shorter after 2 or 3 years of treatment for balsam fir on
wet/poor and dry/rich sites (blue letters in Figure 4B, C), while needle length was 10% longer
after 3 years of treatment than 1 year for white spruce and balsam fir on rich sites (Figure 4D, K,
L).

Figure 4. Mean needle length (mm) of current-year shoots per tree for five trees for each of four site classes, two
defoliation treatments (control and 50%), and three treatment years. Purple letters indicate significant differences
(p < 0.05) in mean needle length among treatments within a given species, site, and year of treatment ; pink letters
indicate significant differences for control trees among years within a given species and site; blue letters indicate
significant differences for treated trees among years within a given species and site.
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Foliage weight
We analyzed effects of only the control versus 50% defoliation treatment on the foliage
weight per tree (Table 2). If the defoliation treatments were done precisely correctly, there
should have been 0 g foliage weight in both the 100% and 100%+ treatments, but small amounts
of needles (0-320 g/tree; Figure 5) were missed during treatments. Results showed that there was
a significant Site * Species * Age class interaction (F = 2.74, p = 0.002) (Table 2). This indicated
that the foliage weight per tree differed among site types, but it was dependent upon species and
age class, which was equivalent to the number of years of treatment (Table 2).
Overall, in all cases rich sites had greater needle weight per tree (on current year, 1-year-old,
and 2-year-old age classes) than poor sites (green letters in Figure 5). Trees on rich sites had 20289% greater foliage weight than on poor sites (Figure 5). On rich sites, foliage weight ranged
from 910-2430, 1130-2960, and 1090-2830 g/tree on black spruce, white spruce, and balsam fir,
respectively. For control trees, foliage weight was 1060-2430, 770-2960, and 770-2830 g/tree on
black spruce, white spruce, and balsam fir, respectively. After 3 years of treatments, the 50%
defoliated trees had 17-74% less needle weight in the three treated age classes. 1-year-old and
current year needles had 3-61% greater weight than 2-year-old needles in most cases (Figure 5).
On poor sites, black spruce had 41% greater needle weight than balsam fir and white spruce,
while on rich sites, white spruce had 24% greater needle weight than balsam fir and black spruce
(Figure 5).
Table 2. ANOVA of effects o f site, species, defoliation treatment, and foliage age-class on
mean foliage weight (g/tree) for 120 balsam fir, black spruce and white spruce trees.

Source of variation

df

F

Site
Treatment
Species
Age class
Site * Treatment
Site * Species
Site * Age class
Treatment * Species
Treatment * Age class
Species * Age class
Site * Treatment * Species
Site * Treatment * Age class
Site * Species * Age class
Treatment * Species * Age class
Site * Treatment * Species * Age class

3
1
2
2
3
6
6
2
2
4
6
6
12
4
12

27.45
46.19
0.96
72.15
0.23
2.37
1.49
0.26
0.78
1.32
0.24
0.78
2.74
0.85
0.33

p
< 0.001
< 0.001
0.386
< 0.001
0.877
0.035
0.182
0.774
0.460
0.264
0.962
0.584
0.002
0.497
0.983

p values ≤ 0.05 are indicated in bold font.

We also determined effects of site and the 50% defoliation treatment on the total foliage
weight/tree, using ANOVA on the combined three age classes (Table 3). Results showed that the
total foliage weight differed significantly between control and 50% defoliation treatments (F =
56.85, p < 0.001), and there was also a significant Site * Species interaction (F = 2.38, p = 0.035),
indicating differences between sites but that these were dependent upon species (Table 3).
Foliage weight in the 50% defoliation treatment was 34-63% of that in the control (Figure 5),
demonstrating the accuracy of the treatment, but it was not significant in 4 cases (purple letters
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Figure 5. Total needle weight (g/tree) per age class (current, 1- and 2- year old), for 240 trees in four defoliation
treatments (control, 50% defoliation, 100% defoliation and 100%+bud) on four different site types. Purple letters
indicate significant differences (p < 0.05) in total foliage weight between treatments within a given site and species,
and green letters indicate significant differences in total foliage weight among sites within a given species.

in Figure 5). On the dry/poor site, black spruce had 93-124% greater foliage weight than white
spruce and balsam fir (Figure 5A, E, I), but there were no significant differences on other three
sites.

Discussion
Effects of manual defoliation on foliage production
Number of shoots
Our results showed that after 2 years of treatment, the number of shoots was greater than
after 1 year for 7 out of 12 cases, and number of shoots after 3 years of treatment was greater
than after 2 years in only three cases. Several previous studies also showed that fir and spruce
responded to defoliation and destruction of terminal buds by producing epicormic shoots from
latent buds, thus increased shoots after defoliation (Piene and Percy, 1984; Piene, 1989; Piene
and Eveleigh, 1996). Specific significant differences in number of shoots after 2 or 3 years of
treatment included: 50% treatment > control on the dry/rich site for balsam fir and black spruce
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and on the dry/poor site for white spruce; 100% > control on the dry/poor site for balsam fir and
on the dry/rich site for white spruce; and 100% > 50% on the moist/rich site for white spruce.
Piene and MacLean (1984) found that number of shoots was significantly greater (p < 0.001)
in moderately defoliated than in severely defoliated plots. They explained that trees in severely
defoliated plots did not have sufficient carbohydrates, hormones, and nutrients. Most trees in the
severely defoliated plots ultimately died, indicating that with high spruce budworm populations
and defoliation, the stand could not recover to any operable level and can be considered
completely destroyed.
Table 3. A NOVA of effects of site, species, and defoliation treat ment (50%) on total fo liage
weight (g/tree) for 120 balsam fir, black spruce and white spruce trees.

Source of variation

df

F

p

Site
Treatment
Species
Site * Treatment
Site * Species
Treatment * Species
Site * Treatment * Species
Residuals

3
1
2
3
6
2
6
94

30.36
56.85
0.66
0.29
2.38
0.12
0.19

< 0.001
< 0.001
0.519
0.832
0.035
0.887
0.980

p values ≤ 0.05 are indicated in bold font.

Shoot length
Our results showed that 50% and 100% removal of current foliage significantly affected
mean shoot length but this depended upon tree species. Mean shoot length was shorter after 2 or
3 years of treatment than 1 year for 6 out of 12 cases, while shoot length increased after 2 or 3
years only for balsam fir on three sites. Results from Piene and MacLean (1999) showed that
shoot lengths were generally reduced by defoliation, from 3.9 cm to 2.2 cm between protected
spaced and defoliated spaced trees and from 4.0 cm to 2.2 cm between protected unspaced,
defoliated unspaced trees. Specific significant differences in mean shoot length after 2 or 3 years
of treatment in our study included: 50% < control on the dry/rich site for white spruce; 100% <
control on the dry/rich site for black spruce and on rich sites for white spruce; 100% < 50% on
the dry/rich site for balsam fir. Removal of needles (all buds were left in the 50% and 100%
treatments) could cause reductions in carbohydrates and hormones, resulting in decreased shoot
lengths.
Needle length
The 50% defoliation treatment had no significant effect on mean needle length in our study,
except for one case: black spruce after 2 years of treatment on the dry/rich site, 50% < control.
For treated trees, needle length increased after 3 years of treatment for white spruce on the rich
site, but decreased after 2 or 3 years of treatment for balsam fir on wet/poor and dry/rich sites.
This might relate to destruction of tree’s photosynthetic capacity, which provides nutrients for
the development of needles (Clark, 1961).
Piene and MacLean (1999) found that 3 years of severe defoliation resulted in unusually
long needles in 1979. They explained that the number of needle primordia, which could be
strongly influenced by the previous season's growing environment (Clements, 1970), was
probably reduced in 1978, and then reduced the needle density in 1979, resulting in the
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abnormally long needles in that year (Piene and Percy, 1984).
Foliage weight
Our results showed that defoliation for 2-3 years decreased total foliage weight per tree by
34-63%. The 1-year-old and current year age classes had 3-16% greater weight than 2-year-old
needles in most cases. Removing needles and leaving the buds deprived the source of
carbohydrates and other nutrients that were necessary for bud- forming processes. Thus, fewer
and smaller buds are formed, which may lead to a decreased production of foliage weight in the
following years (Piene and MacLean, 1999). In addition, remaining older foliage has lower
photosynthetic capacity than the current year foliage that was repeatedly removed (Clark, 1961).
Similar results have been observed for young balsam fir trees in other studies, either following
artificial early-season defoliation of current foliage for 3 years (defoliation versus control
treatment: means of 80 versus 180 g/tree) (Piene and Little, 1990) or during a spruce budworm
outbreak (mean decreases of 84% of that on trees in protected plots) (Piene et al., 2003).
Effects of site quality on foliage production
In this study, nutrition (soil richness) had a stronger influence than soil moisture on balsam
fir foliage growth. Trees on rich sites had 47% more shoots, 39% longer shoots, and 136%
greater foliage weight than on poor sites after 2 and 3 years of treatment.
Trees absorb nutrients and moisture from the soil to develop buds and withstand defoliation,
while trees on poor sites might be deprived of essential nutrients or have insufficient or excess
moisture, resulting in a decrease in production of needle primordia formed in the bud (Piene,
2003), and then fewer shoots, shorter shoots, and less foliage weight. Nitrogen, which could be
transformed through photosynthesis from nutrients by foliage, is very important for foliage
growth. Higher foliar nitrogen levels have previously been associated with increased
photosynthetic rates (Brix, 1971; Lavigne et al., 2001), which might explain our results. Because
balsam fir trees on the rich site plots were 3 years older than on poor sites, they had larger crown
and greater height, which also might contribute to more shoots.
Effects of species on foliage production
Balsam fir had the fewest shoots and longest needles, and black spruce had 27% more
shoots than white spruce on poor sites and on the moist/rich site. After 2 or 3 years of defoliation
treatment, mean shoot length of balsam fir increased while that of black spruce and white spruce
decreased. On poor sites, black spruce had 41% greater needle weight than balsam fir and white
spruce, while on rich sites, white spruce had 24% greater needle weight than balsam fir and black
spruce. Balsam fir had the fewest shoots, which meant the density of needles was fewest, thus
resulted in longest needles (Piene and Percy, 1984).

Conclusions
Our results demonstrated that both defoliation severity and site quality significantly affected
foliage growth of balsam fir, black spruce and white spruce, but the effects depended on the
number of years of treatment. Defoliation treatments had no significant effect on mean needle
length, but defoliation for 2 or 3 consecutive years increased the number of shoots especially on
the dry/rich site, through epicormic shoot production. However, defoliation for 3 years also
decreased shoot length of spruce especially on rich sites.
Trees on rich sites had 47% more shoots, 39% longer shoots, and 136% greater foliage
weight than on poor sites after 2 and 3 years of treatment. Balsam fir had the fewest shoots and
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longest needles. Black spruce had 27% more shoots than white spruce on poor sites and on the
moist/rich site. Thus, site quality, determined by soil nutrients and soil moisture, played an
important role in the production of shoots and needles and the tree’s ability to withstand
defoliation. It was evident that defoliation for 2-3 years substantially decreased total foliage
weight, by 34-63% after 3 years of defoliation. These data will permit calibration of a foliagebased stand growth model, since we also measured tree volume increment for 5 years via stem
analysis.
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Abstract
The mountain pine beetle, Dendroctonus ponderosae Hopkins, is an aggressive pest of
the genus Pinus that has expanded its historic range in Canada. The mountain pine beetle relies
on flight as a means of dispersal and exhibits variation in flight distance before host colonization.
This study aimed to determine if trade-offs occur between flight and host colonization. The
objectives were to determine if flight directly influences the propensity to enter a host and
initiate gallery construction and the ability to produce aggregation pheromone once in the host.
Computer-linked flight mills were used to fly beetles. Both flown and unflown beetles were
given the opportunity to initiate colonization of host tree bolts. Of those that entered, both flown
and unflown beetles were aerated to determine if the production of pheromone was influenced by
the flight period. Several major findings resulted from this study, including: (1) the percent of
beetle body weight lost during flight influences the likelihood of host colonization; (2) a tradeoff occurs between energy-loss during flight and host colonization; (3) beetle flight enhances
trans-verbenol production; (4) beetle flight decreases subsequent exo-brevicomin production.
This research suggests that flight has both direct and indirect effects on the host colonization
process by the mountain pine beetle. A trade-off exists between energy-use during flight, host
colonization and aggregation in the mountain pine beetle. These novel results give insight into
the polyphenic flight behaviour of the mountain pine beetle and how this behaviour may lead to
the successful population spread.
Résumé
Le dendroctone du pin ponderosa, Dendroctonus ponderosae Hopkins est un insecte
agressif du genre Pinus qui a élargi son aire de répartition historique au Canada. Le dendroctone
du pin ponderosa se disperse en volant, et sa distance de vol avant de coloniser l’hôte varie. La
présente étude vise à déterminer si des compromis ont lieu entre le vol et la colonisation de
l’hôte. Les objectifs étaient de déterminer si le vol influence directement la propension à entrer
dans un arbre hôte et à commencer à forer des galeries, ainsi que la capacité de produire des
phéromones d’agrégation une fois l’insecte entré dans l’hôte. Des tunnels de vols reliés à des
ordinateurs ont été utilisés pour faire voler des coléoptères. Puis, les coléoptères ayant volé et des
coléoptères n’ayant pas volé ont eu la possibilité d’amorcer la colonisation dans des blocs de
l’arbre hôte. Parmi ceux qui sont entrés, aussi bien les insectes ayant volé que ceux n’ayant pas
volé ont été aérés pour déterminer si la période de vol influençait la production de phéromones.
Plusieurs constatations importantes ont découlé de cette étude : 1) le pourcentage de poids
corporel perdu durant le vol influence la probabilité de colonisation de l’hôte; 2) un compromis a
lieu entre la perte d’énergie durant le vol et la colonisation de l’hôte; 3) le vol du coléoptère
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accroît la production de trans-verbenol; 4) le vol du coléoptère réduit la production subséquente
d’exo-brevicomin. Cette recherche semble indiquer que le vol a des effets directs et indirects sur
le processus de colonisation de l’hôte par le dendroctone du pin ponderosa. Un compromis a lieu
entre l’énergie utilisée durant le vol, la colonisation de l’hôte et l’agrégation du dendroctone du
pin ponderosa. Ces nouveaux résultats éclairent le comportement de vol polyphénique du
dendroctone du pin ponderosa et montrent comment ce comportement pourrait mener à une
expansion de la population.
Background
Most bark beetles are associated with dead or dying trees and have important roles in
ecosystem function as key contributors to nutrient recycling (Raffa et al. 2015). However,
aggressive tree-killing species like the mountain pine beetle (Dendroctonus ponderosae
Hopkins), can attack and kill live trees (Safranyik and Carroll 2006). During the most recent
population outbreak, the mountain pine beetle has crossed geographical barriers and expanded its
historical range to the north and east; the mountain pine beetle has recently become established
in North-Central Alberta (Safranyik et al. 2010). Successful spread of the mountain pine beetle is
dependent upon many factors that affect dispersal and host colonization.
Mountain pine beetle exhibit adaptive host colonization strategies that allow them to
attack and kill healthy trees. Successful attack of a host tree requires the production of
aggregation pheromones to attract conspecifics for the mass attack (Raffa et al. 2015). If not
enough beetles arrive at the tree, those that have already initiated colonisation will succumb to
host defenses. In the historic range of the mountain pine beetle, a minimum of 40 attacks/m2 is
needed to successfully overcome tree defenses (Raffa and Berryman 1983).
The female produced aggregation pheromone, trans-verbenol, is released upon initiation
of gallery construction and feeding (Pitman & Vité, 1969; Pureswaran et al. 2000). transVerbenol is produced through the oxidation of the monoterpene precursor α-pinene (Hughes
1975), obtained from the natal host and stored within the fat body (Chiu et al. 2018). Male
produced aggregation pheromone, exo-brevicomin, is released upon emergence from the natal
host (Song et al. 2014). Males release exo-brevicomin during flight and production of exobrevicomin declines when males join females in the nuptial gallery (Song et al. 2014; Nadeau et
al. 2017). De novo synthesis and storage of exo-brevicomin occurs within the fat body
(Vanderwel 1994; Song et al. 2014).
Previous mountain pine beetle dispersal studies have focused on energy use during flight
(Evenden et al. 2014; Wijerathna et al. 2018), the impact of energy stores on host colonization
propensity (Latty and Reid 2010; Chubaty et al. 2014), and energy use in host colonization (Pitt
et al. 2014) and pheromone production (Chiu et al. 2018). It is still unknown, however, how
energy use during flight directly affects the subsequent ability of mountain pine beetle to produce
aggregation pheromones to recruit conspecifics to colonize a host. As dispersal and host
colonization are key factors in mountain pine beetle spread, understanding the affects that
dispersal has on the host colonization process, is crucial for modeling future spread.
Objectives
1. To determine if flight influences host colonization propensity of female mountain pine
beetle.
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2. To determine if flight influences trans-verbenol production in female mountain pine
beetle and exo-brevicomin production in male mountain pine beetle.
Methods
Mountain pine beetle infested lodgepole pine was collected from three sites in Hinton,
AB and two sites in Slave Lake, AB. Uninfested lodgepole pine was collected in Hinton, AB.
Bolts from infested and uninfested lodgepole pine were brought back to the University of
Alberta, sealed with paraffin wax and stored at 4°C until use. After storage, infested bolts were
removed from cold storage and placed into emergence bins. Beetles were collected from
emergence bins daily and separated by sex. Beetles 3-5 days old were used in experiments.
Female mountain pine beetles were weighed (to the nearest 0.01 mg) and separated
randomly into two treatments – flown and control. Beetles in the flown treatment were tethered
using a 30-gauge wire and placed onto computer linked flight mills for 23 h. Computer linked
flight mills recorded the flight distance and duration of each individual beetle. Beetles in the
control treatment were placed into perforated 1.5 ml microcentrifuge tubes with a strip of paper
and left in the flight mill room for the 23 h assay. After the 23 h assay, beetles from both
treatments were weighed and given the opportunity to colonize uninfested lodgepole pine bolts.
To test the hypothesis that flight influences host colonization, beetles from both the flown
and control treatments were placed into 30 ml cups. The 30 ml cups containing a single beetle
were attached to an uninfested lodgepole pine bolt using flagging tape. Gaps between the cup
and the bolt were filled with a charcoal filter skirt. Beetle activity was monitored for 24-72 h
following placement into the cup.
To test the hypothesis that flight influences pheromone production, a subset of beetles
from both treatments that entered host material within the first 24 h were used for pheromone
aeration experiments. Aeration replicates were conducted on pairs of male and female beetles.
Male beetles were also separated into two treatments – flown and control – and underwent the
same flight mill assay 23 h after the female beetles. Males were introduced to the female
entrance hole 24 h after placement of females into the cup. Aerations began at 11 pm, 12 h after
placement of females into the cup, and were conducted at 12, 24, 36, 48, 72, 96, and 120 h for a
4 h duration. The 12 h timepoint was the only timepoint in which aerations were conducted on
females only. Aerations were conducted by tightly attaching a glass funnel with a charcoal filter
skirt around the female entrance hole. The funnel was connected to Teflon tubing, which was in
turn connected to a vacuum, set to pull air at 100 ml/min. A break in the Teflon tubing allowed
for the attachment of a Porapak Q tube containing adsorbent beads to collect the pheromone
released by the beetle pair. Post-aeration, Porapak Q tubes were wrapped in tinfoil and stored at 40°C. The pheromone collected in the adsorbent material of the Porapak Q tubes was extracted
and analyzed for the presence of trans-verbenol and exo-brevicomin using GC-MS.
Results and Discussion
Flight influences subsequent host colonization for female mountain pine beetle. Females
that lose more body weight during flight are less likely to initiate host colonization compared to
beetles that lose less body weight. Of beetles that enter hosts, however, beetles that the most
weight during flight are the first to initiate host colonization. These relationships between
energetic condition and host colonization are supported by previous findings in other host
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colonization experiments in which energetic condition is manipulated (Latty and Reid, 2010;
Chubaty et al. 2014). This suggests that energetic condition upon arrival at the reproductive host
will directly influence successful colonization and mass attack in this species. A trade-off occurs
between energy-use during the flight period and host colonization, thus suggesting a mechanism
for short distance dispersal to reproductive hosts near the natal host.
Flight also directly influences the production of pheromone in both male and female
mountain pine beetle. Female beetles produce higher levels of trans-verbenol with increased
flight distances. Additionally, a positive relationship occurs between percent weight lost during
flight and trans-verbenol production. Female beetles rely heavily on lipid stores to fuel flight
(Evenden et al. 2014), suggesting that the mechanism dictating this increase in trans-verbenol
production could be a result of lipid use during flight. It has been suggested that pioneering
beetles should produce higher levels of aggregation pheromone compared to joiner beetles
(Borden et al. 1986). The increased trans-verbenol production with increased flight distance
would be highly beneficial to mass attack, especially to pioneer beetles that need to attract
conspecifics to a distant host.
Flight has the opposite effect on male produced pheromone, exo-brevicomin. Males
exhibit a decrease in the production of exo-brevicomin with an increase in flight distance. The
differential effect of flight on pheromone production in males and females could be due to the
timing of pheromone production. Males release exo-brevicomin immediately upon emergence
from the natal host (Song et al. 2014), however, females only begin to produce trans-verbenol
upon entry into the reproductive host (Pitman & Vité, 1969; Pureswaran et al. 2000). Energy use
during flight could influence the release of exo-brevicomin from the fat body. Increased flight
periods could lead to a greater release of exo-brevicomin during flight which could explain the
decrease in exo-brevicomin production upon entry into a nuptial gallery (Song et al. 2014).
These novel results provide evidence for the mechanisms that drive the great variation in
flight distances exhibited by the mountain pine beetle. The trade-off that occurs between energy
use during flight and host colonization will support short dispersal distances, as beetles need
enough energy to successfully colonize a host. The relationship between greater trans-verbenol
production with increased flight distances will support greater flight dispersal. The interspecific
variation in dispersal strategies will promote an evolutionarily stable strategy for the mountain
pine beetle (Kautz et al. 2016). This variation in flight capacity will help the mountain pine
beetle react to a changing environment, thus promoting population stability.
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Can birds act as indicators of the progression of spruce budworm outbreaks?
Jeanne Moisan Perrier1, 2, Daniel Kneeshaw2, 3, Martin-Hugues St-Laurent1, 2 and Marc-André Villard2, 4
1

Département de biologie, chimie et géographie, Université du Québec à Rimouski, Rimouski (Québec),
Canada G5L 3A1, 2Centre d’étude de la forêt, 3Département des sciences biologiques, Université du
Québec à Montréal, Montréal (Québec), Canada H2X 1YA, 4 Department of Biology, Mount Allison
University, Sackville (New-Brunswick), Canada E4L 1E2

Outbreaks of eastern spruce budworm (hereinafter SBW) are a major natural disturbance in coniferous
forests of eastern North America that generate significant changes in forest bird communities. The Baybreasted warbler (Setophaga castanea), a budworm-linked warbler, is known to exhibit strong positive
numerical responses to SBW outbreaks. This response of the Bay-breasted warbler to the early SBW
outbreak stages may reflect movements of young birds (second year – SY), who might be able to track the
progression of an outbreak. Our main objective is to validate if changes in Bay-breasted warbler
abundances could be used to detect early stages of SBW outbreaks, and to improve our understanding of
the underlying mechanisms of this response. To do so, we estimated the abundances of Bay-breasted
warbler at the local scale along a spatial gradient of SBW density. We also used the age structure of Baybreasted warbler populations to test whether younger individuals are those mostly involved in the
detection of areas that may become epicenters. Our results suggest that the abundance of Bay-breasted
Warblers is positively influenced by SBW density, but that the response to SBW varies as a function of
bird age. Indeed, younger birds (SY) appeared to be associated with sites supporting a lower larval
density whereas more experienced (ASY) individuals occupied nesting territories containing a higher
density of SBW.
Les infestations de tordeuse des bourgeons de l’épinette (ci-après TBE) ont des effets particulièrement
dévastateurs dans les forêts de l’Est de l’Amérique du Nord et entraînent d’importantes modifications
dans les assemblages d’oiseaux forestiers. La paruline à poitrine baie, une espèce dite liée à la TBE a des
réponses numériques à la TBE particulièrement importantes, et ce, avant même que les premiers signes
de défoliation soient perceptibles par relevé aérien. L’association de la paruline à poitrine baie au stade
précoce d’épidémie pourrait s’expliquer par le suivi de la progression des épidémies par les jeunes
individus (second year-SY). Nous cherchons donc à déterminer si la détection des stades précoces des
épidémies de TBE pourrait se faire en observant les changements abrupts des abondances de paruline à
poitrine baie et nous cherchons également à mieux comprendre les mécanismes sous-jacents à la réponse
de cette espèce aux épidémies de TBE. Nous faisons donc un suivi des abondances des parulines à
poitrine baie à l’échelle locale selon un gradient spatial de densité larvaire de TBE. Nous utilisons
également la structure d’âge des populations de parulines de tordeuse pour comprendre si les jeunes
individus sont responsables du suivi de la progression des épidémies. Nos résultats montrent que la TBE
influence positivement l’abondance des parulines à poitrine baie, mais que la réponse à la TBE varie
selon l’âge des individus et que les jeunes individus (SY) semblent associés aux sites à plus faible densité
larvaire.
Introduction
Among all natural disturbances that impact the boreal forest, spruce budworm (Choristoneura
fumiferana) (hereinafter SBW) outbreaks are a major disturbance influencing forest dynamics (Kneeshaw
et al. 2015). The SBW is a native defoliator insect that periodically multiplies to such high densities that it
causes extensive mortality to the host tree species, balsam fir (Abies balsamea), white spruce (Picea
glauca), black spruce (Picea mariana) and red spruce (Picea rubens) (Morris 1963). SBW outbreaks are
recognized as an important natural stand renewal process that causes large financial losses for the timber
harvest industry. Although there is not yet a consensus about how SBW populations rise to epidemic
levels, early intervention has been identified as a solution to control SBW outbreaks (Pureswaran et al.
2016). Such early intervention could help to maintain SBW populations below a defoliation threshold that
could have an impact on tree growth and survival. However, detection of early stages of SBW outbreaks
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is important for the establishment of an early intervention strategy (Régnière et al. 2001). Despite all of
the tools available to detect population increases, early detection remains difficult when SBW abundance
is low and defoliation is almost undetectable (Pureswaran et al. 2016).
Some animal species are known for their association to early stages of SBW outbreaks, among
which some insectivorous bird species. In fact, the ecological interplay between insectivorous forest birds
and SBW has interested ecologists for decades, as these species are favored by the increased food supply
that SBW represents (Venier and Holmes 2010). Among the bird species that could benefit from high
SBW abundance, three are known to exhibit clear positive responses to locally increasing density of
SBW, namely the Bay-breasted warbler (Setophaga castanea), the Cape May warbler (Setophaga tigrina)
and the Tennessee warbler (Oreothlypis peregrina) (Venier and Holmes 2010). All budworm-linked
warblers (sensu (Venier and Holmes 2010) are known to be associated with the early stages of SBW
outbreaks, but Bay-breasted warblers seem to have a more intense and consistent response to SBW
outbreaks than other budworm-linked warblers (Holmes et al. 2009, Venier and Holmes 2010, Drever et
al. 2018). Consequently, a finer understanding of the numerical responses of Bay-breasted warblers to
early stages of SBW outbreaks might allow us to use this bird species as an ecological indicator of the
progression of an outbreak, both spatially and over time.
Several studies have shown that Bay-breasted warblers exhibit strong numerical responses to
outbreaks through local increases in abundance resulting from increased reproductive rates, but also
through immigration into SBW impacted areas (Holmes et al. 2009). For most passerine birds, the
dominant dispersive phase is during the first year of life (i.e. before the first breeding)(Greenwood 1980,
Greenwood and Harvey 1982) thus immigration is often made by young birds. Natal dispersal is far more
extensive than breeding dispersal, the dispersal movement between successively occupied breeding sites
(Tittler et al. 2009). Older birds (ASY) are generally faithful to their breeding site, whereas younger
individuals (SY) disperse far from their birth site to settle on a territory (Greenwood 1980). The
mechanism for an early response of Bay-breasted warbler to increasing SBW population may be that
younger individuals (second year – SY) might be able to follow the outbreak progression.
The objectives of our study were (1) to determine if a budworm-linked warbler, the Bay-breasted
warbler, could be used as an indicator of early stages of SBW outbreaks and (2) to better understand how
budworm-linked warblers detect early stages of SBW outbreaks. We hypothesized that (1) Bay-breasted
warbler abundance is influenced by increases of SBW larvae density but in a nonlinear way. Previous
studies have examined the dynamics of budworm-linked warbler abundances as the local density of SBW
vary over time (Venier and Holmes 2010) but, to our knowledge, no study has considered variations in
budworm-linked warbler abundances across a spatial gradient of SBW density. We then predicted that
bay-breasted warbler abundance will be mostly associated with early stages of SBW outbreaks and that
number of bay-breasted warbler might decline when SBW density is high. For the second objective (2), as
ASY birds are usually faithful to their breeding site and should return to previously used breeding sites,
we hypothesized that past nesting experience of birds will influence their selection of nesting sites of
good quality. We thus predicted that ASY birds would be associated with habitats of higher quality while
SY birds will occupy breeding site of poorer quality. In an SBW outbreak context, this prediction
translates into younger birds being associated with stands supporting lower densities of SBW while older
birds nest in stands containing higher densities of SBW.
Methods
Study area
The study was conducted in the Gaspésie and Bas-Saint-Laurent regions of eastern Québec, Canada.
Surveys were conducted in the balsam fir-yellow birch and the balsam fir-white birch domains (Saucier et
al. 2003). The forest is dominated by balsam fir (Abies balsamea L.) and white spruce (Picea glauca
(Moench) Voss), with white birch (Betula papyrifera Marsh) or yellow birch (Betula alleghaniensis) as
subdominant species. Since 2006, populations of SBW have increased steadily on the north shore of the
St. Lawrence River and north of Lac St-Jean. This outbreak, which started unusually far north, reached
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the southern shore of the St. Lawrence River in 2010 (Ministère des Forêts de la Faune et des Parcs
2017a). Because our project mainly focused on the early or rising stages of the SBW outbreak, we
surveyed regions where SBW densities were low but increasing in 2017. We selected 75 study plots based
on their stand composition and density of SBW larvae. We selected study plots varying in SBW density
in order to obtain a larval density gradient, from null to high values. Study sites were distributed as
clusters of three plots separated by a minimum distance of 250 m.
Bird surveys
From June 7 to July 4, 2017, we surveyed budworm-linked warblers using the point count method
(Bibby et al. 2000). Each of the 75 study plots was sampled once between sunrise and 10:00 a.m. Each
count lasted 10 min, split into two 5-min intervals (Ralph et al. 1993). The location of each Bay-breasted
warbler detected by sight or sound was mapped relative to the plot center (Thompson III et al. 2002). The
abundance of Bay-breasted warbler was then estimated as the maximum count recorded during any of the
two 5-min count periods (Bibby et al. 2000). Three observers performed point counts. When a bird was
detected, we used a 6-m mist net and playbacks of conspecific vocalizations to capture at least one male.
All captures were made between June 7 and July 16, 2017. The CCPA committee at Université du
Québec à Rimouski approved the capture protocol. In some cases, more than one bird was caught at the
same location (12 plots out of 75 with > 1 bird, i.e., ~15%). We divided birds into two age classes, i.e.
second-year (SY) and after second-year (ASY), according to molt patterns and corresponding feather
wear.
Stand characteristics and spruce budworm sampling
We characterized stand composition and structure using estimations of SBW host tree basal area
(balsam fir, white spruce and black spruce), percentage of basal area of deciduous trees, and canopy
depth, the latter corresponding to the distance between the first branch with foliage and the top of the tree.
To account for the influence of host tree density on SBW abundance (Bognounou et al. 2017), we
included SBW host tree basal area in each model (Table 2). The basal area of SBW host trees and the
percentage of deciduous trees were measured at four points within a 40-m radius buffer centered on the
middle of the sampling plot. Canopy depth was estimated at plot centers for three representative stems of
SBW host trees (i.e., balsam fir, white spruce or black spruce). We sampled SBW using extendable pole
pruners to remove two 45-cm branch tips from the mid-crown of three SBW host trees (i.e., balsam fir or
white spruce) following (Morris 1963). All branches sampled were bagged and taken to the laboratory,
where we examined them to count spruce budworm larvae from all developmental stages. Budworms
were sampled between June 14 and 28 2017. Branches were also used to determine defoliation history.
For each shoot, we estimated the percentage of needles removed by defoliation using Fette’s defoliation
categories (Fette 1950). The year of growth of each defoliated shoot was estimated. Percentage of
defoliation by year was then determined by averaging the midpoint of defoliation categories for each
shoot of a given year on a given branch (Dorais and Hardy 1976). We estimated the percentage of
cumulative defoliation by summing the percentage of defoliation of the three previous years (2016-20152014).
Landscape characteristics
We classified forest polygons as suitable environment and non-suitable environment for the Baybreasted warbler using 1: 20,000 digital ecoforest maps published by the MFFP. According to the
description of habitat preferences found in the literature for the Bay-breasted warbler, polygons were
classified as a function of cover type, stand height, and disturbances. The bay-breasted warbler is known
to be associated with stands dominated by balsam fir and spruces with a minimum canopy height of 7 m
(Venier et al. 2011). The amount of suitable environment was then calculated in buffers of varying radii;
we used Akaike’s information Criterion corrected for small sample size (AIC c ) (Burnham and Anderson
2002) to select the most appropriate buffer size independently for each dependent variable (Lesmerises et
al. 2018). The elevation (in m) of each plot was extracted from topographic maps. We used mean
elevation in a buffer zone of 500-m radius centered on the study plot. We tested for spatial autocorrelation
in response variables with Moran’s I. Because some spatial autocorrelation was detected, we used
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principal coordinates of neighbor matrices (PCNM) to account for the observed spatial structure (Dray et
al. 2006). When the PCNM had a significant independent effect on the dependent variables, they were
forced into all subsequent candidate models.
Table 1: Description of independent variables included in candidate models.
Variable
Abundance of
each species
Basal area of
SBW host tree
Proportion of
deciduous tree
Canopy depth
Log SBW
% of
cumulative
defoliation
Proportion of
suitable
environment

Elevation

Description
Abundance of species estimates by point count
Abundance of BBWA
Plot level basal area of SBW host tree (m2/ha)

Mean ± SD

Min-max

1.78 ± 1.52
39.93 ± 9.79

0-6
17 - 62.65

Proportion of basal area of deciduous trees

0.12 ± 0.12

0 - 0.44

Distance between the first branch with foliage and
the top of the tree (m)
Log(budworm larvae/ branch of 45 cm +1)
Percentage of cumulative of the past three years

9.44 ± 2.33

4.9 - 16.3

1.90 ±1.13
83.07 ±
61.81

0 - 3.99
17.09 211.01

0.70 ± 0.19
0.51 ± 0.15
0.77 ± 0.21
398.91 ±
96.81

0.31 - 1
0.22 - 0.76
0.28 - 1
230.70 566.69

Proportion of suitable environment in a buffer zone
of different radius size
Radius of 500 m
Radius of 5 km
Radius of 250 m
Mean elevation in a buffer zone of 500m radius (m)

Statistical analyses
Bay-breasted abundance
To determine whether SBW density has an important impact on bay-breasted warbler abundance,
we developed a set of candidate models with the independent variables described in Table 1. Because
breeding site selection can be influenced by many factors, we also tested for variables related to SBW but
also to stand structure and composition and to landscape structure. We used generalized additive models
(GAM) (gam function in R form mgcv package) to model the abundance of Bay-breasted warbler. GAMs
were prioritized because of the non-linear relationship between Bay-breasted warbler abundance and
SBW density but also between Bay-breasted warbler and basal area of SBW host trees. We tested for
quadratic terms but to allow model convergence GAMs were prioritized. This function allowed our
models to account for the observer who did the point count, which was included as a random factor. As
mentioned earlier, models were compared using the AICc (Burnham and Anderson 2002).
Age structure of Bay-breasted warbler populations
A set of candidate models was developed to test our hypothesis. To do so, we compared the set of
candidate models for each age class and ranked them using AICc. We modeled the probability of
occurrence of an ASY or an SY bird using logistic regression by contrasting sample plots where ASY (or
SY) were observed (presence, coded 1) with those where ASY (or SY) were not found (absence, coded
0). We tested for the influence of including or not multiple capture events as any effect was observed, all
captured birds were included into the final analysis. We also tested for quadratic terms because we
expected some nonlinear responses. We included a quadratic term in final models when this model
performed better, based on AIC c . We thus ended including a quadratic term for the percentage of
deciduous trees when assessing variation in the probability of occurrence of ASY Bay-breasted warblers,
of elevation when modeling the probability of occurrence of SY Bay-breasted warblers. We used the area
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under the ROC curve (AUC value) to assess model fit. We found no evidence of multicolinearity among
independent variables in each set of models (VIF < 3.43). All statistical analyses were performed using R
3.5.1 (R coreTeam 2018)
Results
Bay-Breasted warbler abundance
As predicted, SBW density favored abundance of Bay-breasted warblers during early stages of a
SBW outbreak. (Figure 1). Although the observer who made the point count as a significant influence as a
random effect (i.e. bay-breasted warbler detection is known to be difficult), SBW density has a significant
non-linear effect on Bay-breasted warbler abundance (Table 2). When SBW density was relatively low,
Bay-breasted warbler numbers tend to increase but when SBW density was associated with a moderate
level of defoliation, the abundance of Bay-breasted warbler declined.
Table 1: Summary of the most parsimonious GAM model for the abundance of Bay-breasted warbler.
Variables
Linear terms
PCNM X2
Nonlinear terms
Log SBW
Basal area of SBW host tree
Random effect
Observer

Estimates ± SE

P value

-0.086 ± 0.10

0.37

-

-

0.03*
0.09.

1.879
1.221

<0.001**

1.809

-

EDF

Deviance explained (%)
36%

Figure 2: Relationship (solid black line) between the abundance of Bay-breasted warbler and SBW
density as modeled by the most parsimonious GAM model. Gray lines represent 95% confidence interval
of predicted data.
Age structure of Bay-breasted warbler populations
We captured 49 males Bay-breasted warblers and 5 females. Of these, 25 were aged as ASY birds
and 29 as SY birds. The density of SBW larvae had a negative effect on the probability of occurrence of
SY birds (Table 3, Figure 2a) whereas cumulative defoliation had a positive effect (Table 3, Figure 2b).
The most parsimonious model indicated that SY birds occupied territories with either low SBW density or
a high cumulative defoliation (Figure 2). Nevertheless, the most parsimonious model explaining the
variation in the probability of occurrence of SY Bay-breasted warblers yielded moderate support (AUC
value = 0.704). For ASY Bay-breasted warblers, the most parsimonious model included an interaction
between SBW density and cumulative defoliation (an interaction that was marginally significant, see
Table 3), (Figure 3). The density of SBW larvae had a positive influence on the probability of occurrence
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of ASY only when cumulative defoliation was low or moderate (Figure 3). The most parsimonious model
for ASY Bay-breasted warblers was relatively robust with an AUC value of 0.782 (Table 3).
Table 3: Coefficients (β) and 95% confidence interval (CI) of each independent variable accompanied by
pseudo-R2 and AUC values of the most parsimonious models describing variation in the probability of
occurrence of each age class of each budworm warblers. Coefficients for which the 95% CI did not
overlap zero are shown in bold.
Age class

ASY

SY

Variables

β

95% CI (lower-upper)

Pseudo-R2

AUC
value

Log SBW
% of cumulative defoliation
Basal area of SBW host tree
% of suitable habitat – radius
of 5km
Elevation
Log SBW * % of cumulative
defoliation
Log SBW

1.196
0.013
0.046
-3.339

[0.151,2.242]
[-0.010,0.0345]
[-0.022,0.115]
[-8.486,1.809]

0.340

0.782

-1.023
-0.009

[-1.748,-0.298]
[-0.019,0.000]

-0.639

[-1.133,-0.145]

0.131

0.704

% of cumulative defoliation

0.009

[0.001,0.018]

Basal area of SBW host tree

0.015

[-0.037,0.067]

Figure 2: Probability of occurrence of a second year (SY) Bay-breasted warbler in relation with a) the
density of SBW and b) with the percentage of cumulative defoliation as modeled from the most
parsimonious model (see Table 3 for details). Gray lines represent the lower and upper bounds of the 95%
confidence interval for the predicted data.
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Figure 3: Probability of occurrence of an after second year (ASY) Bay-breasted warbler in relationship to
the SBW density and the cumulative defoliation as modeled from the most parsimonious model (see
Table 3 for details). Each dark line shows the relationships with a different value of percentage of
cumulative defoliation, solid lines show 5th quantile and dashed lines show the 95th quantile. Gray lines
represent the lower and upper bounds of the 95% confidence intervals for the predicted data.
Discussion
As with many other animal species, the Bay-breasted warbler is influences by the fluctuating
availability of SBW larva. Our results show that Bay-breasted warbler responded numerically to
increasing SBW density but in a nonlinear manner, as that the number of birds decreased above a
moderate level of defoliation. These results are consistent with those of previous studies that examined
the dynamics of bird abundance as budworm density varies over time (Holmes et al. 2009). Although our
sample design did not allow us to detect differences between endemic and epidemic landscapes (i.e., we
did not enough have enough plots with very low SBW density), we did observe that Bay-breasted warbler
responded even to low levels of SBW density (Figure 1). This can be explained by the feeding behaviour
that MacArthur qualified as “deliberate”(MacArthur 1958). Bay-breasted warblers spend more time
feeding on a specific branch than other species, which can lead to a better searching technique when
larvae are not superabundant. This more “deliberate” feeding behaviour can allow Bay-breasted warblers
to exploit low budworm densities. The slow build-up in the local abundance of the Bay-breasted warbler
following an increase of SBW larvae can be the result of an increased reproductive success (MacArthur
1958, Holmes et al. 2009), whereas the decrease in the number of Bay-breasted warblers that we observed
at high SBW densities can possibly reflect a redistribution of individuals across the landscape (MacArthur
1958). Increased numbers of birds due to increased reproductive success can result in higher levels of
intraspecific competition, forcing redistribution of individuals (Bayne and Hobson 2001)
When intraspecific competition forces a redistribution of individuals, it is often younger birds who
have to move (Fretwell and Lucas 1968). As predicted, older Bay-breasted warblers (i.e. ASY) were
found in territories of higher quality and young birds (i.e. SY) were found in territories of poorer quality.
For many passerine species, younger birds are often pushed to suboptimal habitats while older birds
monopolize sites of higher quality (Sherry and Holmes 1989, Bayne and Hobson 2001). During a SBW
outbreak, it is not surprising that areas supporting lower densities of SBW larvae were suboptimal habitat
but highly cumulative defoliation areas are suboptimal habitat due to a more complex mechanism.
Repeated defoliation leads to reduced growth and trees without needles (MacLean 1980) and therefore
reduced protective cover. Thus even before tree mortality, defoliation can increase nest predation rates
(Thurber et al. 1994). We did not have direct evidence that younger birds had to settle in poorer
environment as a result of despotic behavior by older birds, but older birds might have a greater ability to
assess habitat quality than birds breeding for the first time (Bayne and Hobson 2001). Moreover for some
species, older males are often the first to arrive on the breeding ground and those who acquire the best
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territories (Cooper et al. 2009). Thus, if experience gained during past breeding and arrival date favored
older bay-breasted warblers, because of intraspecific competitive exclusion, older birds could outcompete
younger birds in breeding site selection thus forcing them to settle in breeding sites with lower SBW
density or high cumulative defoliation.
Conclusion
Thus, our results further suggest that the abundance of Bay-breasted warblers is positively influences
by SBW density, but that the response to SBW varies as a function of bird age. Generally, bay-breasted
warblers are more abundant in areas supporting low to moderate SBW density and birds found in areas
with high SBW density seems to generally be older birds. Even though we were not able to clearly
identify the threshold value of budworm for which bay-breasted warbler number starts to increase, we
were able to consolidate the idea that bay-breasted warbler is associated with early stages of SBW
outbreaks more than others stage. These results provide important insight about the influence of SBW on
bay-breasted warbler population and provide basics to future research about the use of bay-breasted
warbler as an indicator of early stages of SBW outbreaks.
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Methodologies for priority removal of Dutch Elm Disease infected American elm (Ulmus
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rufipes)
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Abstract
Since its introduction into North America Dutch Elm Disease (DED) has spread throughout the
continent, including the natural range of American Elm (Ulmus americana). In North America
DED is caused by the fungus Ophiostoma novo-ulmi and transmitted by the smaller European
bark beetle (Scolytus multistriatus) and the Native elm bark beetle (NEBB) (Hylurgopinus
rufipes). North American elms are highly susceptible to DED with little natural resistance to O.
novo-ulmi. Elm populations exposed to DED in urban forests without effective disease
management programs experience up to 90% elm mortality within ten years. Properly
implemented integrated pest management programs can maintain annual losses below 5% and
maintain tree replacement rates to minimize the impact DED on the urban forest structure. DED
was introduced into Manitoba in 1975 which prompted development of a province wide
aggressive IPM program including provincial DED legislation to minimize the impact of the
disease in the province’s urban elm population within cities and towns. The current focus of the
IPM program in Manitoba is to maintain a yearly loss of elm trees at or below 2.5% by focusing
on a suite of methods including: timely removal of diseased trees, destruction of potential brood
material, elm bark beetle control, planting more resistant elm varieties, firewood removal, a
comprehensive survey and monitoring program, public education, fungicide injection and other
methods to reduce disease incidence. Preliminary research in Manitoba’s urban elm population
indicates that a significant amount of NEBB carrying DED fungal spores may originate from
relatively few infected elm trees in city neighbourhoods . Prioritized rapid removal of infected
elm trees with high NEBB densities could remove a large portion of the vector population before
the overwintering generation emerges from infected trees and spreads DED to healthy trees thus
resulting in a significant decrease in DED spread. To be effective these trees need to be
identified and removed soon after DED symptoms are detected and to date the are no methods to
accurately detect infected elm trees supporting high densities of NEBB without destructive
whole tree sampling which is expensive and extremely labour intensive. The project aims to test
and develop a reliable method to diagnose infected elm trees with high densities of DED
carrying NEBB during the summer season to facilitate their prioritized removal before NEBB
broods emerge from infected trees in the fall, and to investigate the link between various
external, measurable disease symptoms in infected elm trees and the level of beetle brood
development. The study will also examine links between high densities of NEBB and the
temporal and spatial spread rates of DED within various urban forest types based on tree
diversity and adjacency measures. The project will further assess if DED distribution and spread
throughout Winnipeg is driven by specific trees supporting high loads of NEBB. Results of this
research will provide the City of Winnipeg with an effective method to identify elm trees
containing high NEBB vector populations, allowing for their rapid removal resulting in a
decrease in DED incidence and spread rates.
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Résumé
Depuis son introduction en Amérique du Nord, la maladie hollandaise de l’orme s’est propagée
dans tout le continent, y compris dans l’aire de répartition naturelle de l’orme d’Amérique
(Ulmus americana). En Amérique du Nord, la maladie est causée par le champignon Ophiostoma
novo-ulmi et transmise par le petit scolyte européen de l’orme (Scolytus multistriatus) et le
scolyte de l’orme (Hylurgopinus rufipes). Les ormes de l’Amérique du Nord sont très
susceptibles à la maladie hollandaise de l’orme, ayant peu de résistance naturelle à O. novo-ulmi.
Les populations d’orme exposées à la maladie hollandaise de l’orme dans les forêts urbaines qui
ne font pas l’objet de programmes efficaces de gestion de la maladie connaissent un taux de
mortalité pouvant atteindre 90 % en une décennie. Des programmes de lutte antiparasitaire
correctement exécutés peuvent maintenir les pertes annuelles sous 5 % et maintenir les taux de
remplacement des arbres afin de minimiser l’incidence de la maladie sur la structure de la forêt
urbaine. La maladie hollandaise de l’orme a été introduite au Manitoba en 1975, ce qui a mené à
l’élaboration d’un programme de lutte antiparasitaire rigoureux à l’échelle de la province, y
compris des mesures législatives provinciales pour minimiser l’incidence de la maladie dans les
populations urbaines d’ormes dans les municipalités. Le programme antiparasitaire actuel du
Manitoba vise à maintenir la perte annuelle d’ormes à 2,5 % ou moins grâce à un ensemble de
méthodes, dont l’enlèvement en temps opportun des arbres malades, la destruction du matériel de
nidification potentiel, le contrôle du scolyte de l’orme, la plantation de variétés d’orme plus
résistantes, l’enlèvement du combustible ligneux, un programme complet de relevés et de
surveillance, l’éducation du public, l’injection de fongicide ainsi que d’autres méthodes visant à
réduire l’incidence de la maladie. Les résultats de recherche préliminaires sur la population
d’ormes urbains du Manitoba montrent qu’une quantité importante des scolytes de l’orme
porteurs de spores de la maladie pourrait provenir d’un nombre relativement restreint d’ormes
infectés dans les quartiers de la ville. L’enlèvement prioritaire rapide des ormes infectés qui
présentent des densités élevées de scolyte de l’orme pourrait éliminer une grande partie de la
population de vecteurs avant que la génération hivernale émerge des arbres infectés et propage la
maladie à des arbres en santé, donnant ainsi lieu à une réduction importante de la propagation de
la maladie. Pour que cette technique soit efficace, les arbres doivent être identifiés et enlevés peu
après la détection des symptômes de la maladie et, jusqu’à présent, il n’existe pas de méthode
pour détecter de façon précise les ormes infectés qui abritent des densités élevées de scolyte de
l’orme sans prélever des échantillons destructeurs d’arbres entiers, ce qui coûte cher et exige
beaucoup de main-d’œuvre. Le projet vise à élaborer et à mettre à l’essai une méthode fiable
pour diagnostiquer les ormes infectés abritant des densités élevées de scolytes de l’orme porteurs
de la maladie durant l’été afin de faciliter leur enlèvement prioritaire avant que la progéniture du
scolyte de l’orme émerge de l’arbre infecté à l’automne, ainsi qu’à étudier le lien entre divers
symptômes externes mesurables de la maladie dans les arbres infectés et le niveau de
développement de la progéniture du scolyte. L’étude examinera également les liens entre les
densités élevées de scolyte de l’orme et les taux de propagation temporels et spatiaux de la
maladie dans divers types de forêts urbaines en fonction de la diversité des arbres et de mesures
de proximité. Le projet évaluera plus en profondeur si la répartition et la propagation de la
maladie dans Winnipeg sont poussées par des arbres en particulier qui abritent de grandes
quantités de scolytes de l’orme. Grâce aux résultats de cette recherche, la ville de Winnipeg aura
à sa disposition une méthode efficace pour repérer les ormes qui contiennent d’importantes
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populations de vecteurs, permettant ainsi leur enlèvement rapide, ce qui devrait ralentir
l’incidence et la propagation de la maladie hollandaise de l’orme.
Introduction
Dutch elm disease (DED) is a wilt disease of elm trees, caused by three fungal species in
the Genus Ophiostoma. In northern North America the primary fungal strain is Ophiostoma
novo-ulmi which is spread mostly by the Native elm bark beetle (Hylurgopinus rufipes) (Pines
and Westwood 2008). Disease symptoms in elm normally occur in early to mid-summer
inducing sudden leaf wilting on one or more branches with leaves turning yellow which
eventually turn brown and fall off as premature leaf drop. In late summer infections, although
leaves shrivel and turn brown they may persist through winter (Hildahl 1977). Once the fungus is
introduced into the tree, the fungus spreads through the cells of the phloem and xylem,
surrounding them and inhibiting water and nutrient transport (Hiratsuka 1987). Fungal spread is
influenced by tree health, the virulence of the fungal strain, and the time of year of infection.
Elms succumb to the fungus readily when under environmental stress (Hubbes and Jeng 1981;
Hubbes 1988).
Elm bark beetles are able to mechanically transmit Ophiostoma spores to elm, with
NEBB being the primary vector in the northern areas of DED incidence in northern North
America including Manitoba (Swedenborg et al. 1988) athough other bark beetles transmit
Ophiostoma in other parts of its world-wide range (Webber 1990, Zhou et al. 2004, Romón et
al. 2007). Adult Native elm bark beetles mate and feed in twig crotches in the canopy during the
spring. After mating, female beetles construct brood galleries within the cambium, laying eggs in
galleries under the bark. Often brood galleries are formed in larger diameter branches of dying,
diseased trees (Katson 1939; Whitten 1964; Thompson and Matthysse 1972; Lanier 1982; Pines
and Westwood 1996, Swedenborg et al. 1998). Once larvae are fully developed they pupate
within individual chambers (Hiratsuka 1987). Later in the summer or fall newly emerged adults
move to new trees to feed or feed in the canopy of the infected tree they bred in. If the host tree
was infected with O. novo-ulmi they will often carry fungal spores (Kondo et al. 1981). Adults
will continue to feed in the canopy of infected or healthy trees, and in the late fall move to the
base of the infected tree or a new tree to overwinter under the bark. Adults have been recorded
overwintering in bases of both healthy elms and infected trees (Strobel and Lanier 1981;
Anderson and Holliday 2003). After emerging from overwintering at the tree base adults will
carry Ophiostoma spores, and during spring feeding and early gallery formation the inoculum
can be introduced into the phloem and xylem of healthy elms (Gardiner 1981).
There are 25 species of elm trees (Ulmus), six of which are found in Eurasia and North
America (Brasier 2001). The American elm (Ulmus americana) is the most susceptible of its
genus to Ophiostoma infection, with all other elms endemic to North America showing various
degrees of susceptibility (Gibbs 1978). Left untreated, almost all U. americana that come into
contact with Ophiostoma die within a few weeks to a few years. The susceptibility of the elm
genus arises from a lack of genetic resistance to Ophiostoma .
The spread of the DED epidemic was described by Gibbs (1978). DED first appeared in
north-west Europe at the end of World War 1, later moving to Britain by 1927. Through the
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movement of infected wood, DED was introduced to North America in the late 1920’s (May
1934). Scolytus vectors of DED (Chapman 1910) were discovered in shipments of elm logs to
North America from France in 1933 (Blackman 1934). The spread of the disease takes longer in
colder climates in comparison to more southern areas within the geographical distribution of
DED. In North America the disease reached the west coast (Oregon) by 1973.
In the 50 years after its introduction into North America the disease is estimated to have
killed 50 to 100 million elms (Ackerberg 1977). Increases in disease incidence in 1976 marked
the appearance of a new “aggressive” strain of Ophiostoma, Ophiostoma novo-ulmi. Outbreaks
of O. novo-ulmi are associated with significantly higher tree losses than O. ulmi infections.
Previous European elm strains that showed some resistance to O. ulmi showed very little
resistance to O. novo-ulmi (Martín et al. 2009). This new epidemic continued to cause massive
elm losses throughout North America, especially in unmanaged populations (Sinclair 1978).
Dutch elm disease reached Manitoba in 1975, with the first evidence of the disease found in the
towns of Selkirk and Brandon and the city of Winnipeg. From 1975 to 1980 the disease steadily
spread throughout the southern area of the province, throughout the 1980’s the disease spread
northward, and by 1990 had reached southeastern Saskatchewan (Westwood 1991). The current
distribution of Dutch elm disease has remained relatively stable in western Canada with no new
infections reported further west of Saskatchewan (Rioux 2003).
Control of Dutch elm disease is an expensive process due to the complex relationship
between pathogen, host, vector, and the environment. Successful integrated pest management
(IPM) of DED is based on reducing the probability of occurrence of the disease (Dreistadt et al.
1990). Due to the lethal nature of O. novo-ulmi infections IPM efforts to control DED must
primarily focus on reducing probability of disease incidence (Gibbs 1978). Control of vector
populations is an effective way to manage DED spread, however population eradication is not
feasible due to the large population of NEBB occupying areas with high numbers of elm (Lanier
and Epstein 1978).
Early measures in Winnipeg before the arrival of DED were to maintain healthy elms and
plant alternative tree species (Westwood 1991). After arrival in 1975, a province wide program
was implemented to aggressively control the disease (Hildahl 1977). The primary component to
manage DED in its initial stages is the development of a site-specific inventory of trees in control
areas, implementation of an elm sanitation program to remove infected elms and hazard elms
(elm with significant deadwood or in an unhealthy conditions), and to ensure infected trees are
removed promptly and disposed of in a manner to prevent further disease spread.
Recent research by Holliday (2016) indicated that NEBB bearing O. novo-ulmi spores
generally develop and disperse from symptomatic trees prior to November each year before most
diseased trees in the City of Winnipeg are typically removed. Furthermore, there are indications
that not all symptomatic trees contain large numbers of NEBB, and consequently a smaller
subset of infected elm trees could harbour large numbers of NEBB. This could mean that this
subset of diseased trees actually produces significant amounts of disease spreading beetles and if
these trees were removed before beetles emerged the spread of the disease could be decreased.
These trees have been referred to by some as “super-shedder” elms. Holliday (2016) was unable
to detect which external disease symptoms could be directly correlated with beetle density as the
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small number of trees in the study where actual breeding beetle numbers were estimated was
insufficient to predict which trees could produce high beetle numbers. Many of the trees in the
study were also of small diameter being much smaller than most Winnipeg boulevard trees
where the early detection of potential high beetle producing trees is required. This project was
designed to build on the findings of Holliday (2016) by studying a larger population of elms that
were more representative of a typical urban forest in the many Winnipeg neighbourhoods where
DED is found.
Objectives
The objectives for the study are to develop a reliable method to diagnose infected elm trees with
higher densities of Dutch elm disease carrying NEBB during the summer season to facilitate
their prioritized removal before NEBB broods emerge from infected trees in the fall. We also
plan to accomplish the following components:
1) To determine the most effective sampling method(s) for identifying elm trees infected
with Dutch Elm disease that harbour high densities of Native elm bark beetles
2) To investigate the link between various external, measurable disease symptoms in
infected elm trees and the level of beetle brood development
3) To assess the spatial incidence of infected elm trees within the study neighbourhoods
in City of Winnipeg in relation to elm trees with high densities of NEBB
4) To assess the influence of high beetle density elms may have on adjacent elm trees,
and if this significantly impacts the clustering and distribution of the disease.
5) To assess the spread of Dutch elm disease in study neighbourhoods historically, and
currently for distinguishable patterns of spread based on beetle density
Methods/Results
Tree selection and survey
In collaboration with the City of Winnipeg, 400 diseased elm trees were selected from
four neighborhoods in Winnipeg during the summers of 2018 and 2019. City of Winnipeg DED
management crews identified and tagged newly infected American elms on public property
(boulevards and parks). Once trees were identified as infected within the study area they were
monitored for DED disease progression each week throughout the summer (late June to early
September). The survey end date coincided with autumn coloration and leaf drop making disease
symptoms less obvious. At the initial visit, height and diameter at breast height (DBH) were both
recorded. On the first and subsequent visits the canopy cover was assessed allowing for
calculation of percent leaf cover. The levels of percent of canopy dead wood, dead leaves, yellow
leaves, and green leaves were also recorded. For each tree the progression of disease staining
beneath the bark was assessed by removing large areas of trunk bark and removing bark from
large canopy branches. The percent of phloem/xylem interface with DED fungal staining was
recorded.
Tree debarking and Tree canopy samples
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To estimate the number of NEBB brood galleries bark was removed from both the trunk
and from canopy branches. Trunk samples consist of removing a ring (band) of bark
approximately 60 cm in width encircling the tree at a position equivalent to DBH using an angle
grinder. In addition, some trees had a ring of bark removed from the base of the trunk to sample
for possible overwintering beetles in the fall. Most trunk bark samples were removed in late
summer or early fall to estimate the number of NEBB galleries in the trunk prior to beetles
emerging from infected trees. Some infected elms are allowed to stand through the winter and
then further bark samples removed from the trunk the following spring. At the time of bark
removal for beetle surveys, the amount of fungal staining was also recorded. Once bark was
removed to expose the phloem, where both beetle galleries of NEBB and fungal staining caused
by DED are present the number of beetle galleries are enumerated.
Elm trees identified with DED are eventually removed by either City of Winnipeg
employees or private contractors. Larger branches in the canopy were removed by removal crews
under the direction of University of Winnipeg staff. Canopy branch samples were approximately
60 cm in length and 15 cm in diameter (several branches from each cardinal direction for each
tree were sampled). Due to logistical challenges of coordinating with aerial bucket removal
crews not all trees had branch canopy samples collected taken. For each canopy sample, the
branch length and diameter was recorded and averaged and the percent of fungal staining and
the number of brood galleries created by NEBB recorded. The density of galleries per sample
was later calculated in the laboratory for branch and trunk samples.
Beetle trap survey
In early October 2018, a survey of beetle movement was carried in the neighbourhoods
with infected elm trees within the survey area (Minto, Riverview, Lord Roberts, and Wolsley
neighbourhoods). This survey was used to estimate the presence of NEBB moving from the
canopy of the tree to the base of the tree to overwinter or flying in the vicinity to overwinter on
healthy trees. Two sticky traps (BioQuip, 6x12”) were placed on each infected boulevard elm at
an approximate height of 2 meters in the study area with the traps parallel with the road. Traps
are also placed on adjacent elm trees whether or not they were infected. The traps were taken
down after the second hard frost in fall 2018 and the number of NEBB on each trap enumerated.
Weekly checks of the traps were done after placement to replace fallen traps, check for beetle
capture, and also to survey for entry holes/sawdust piles at the trunk base caused by migrating
NEBB seeking to overwinter (Gardiner 1981).
Results
With the conclusion of the 2018 field season the experimental variables were assessed
for meeting the criteria for linear regression, including logarithmic transformations of variables
as required. At this time only preliminary results are available and the analysis of the results
from the 2017/2018 experiments indicated that branch staining has considerable potential to be
an indicator of the presence of brood galleries in infected elm trees. Higher levels of canopy
branch staining correlated significantly (p<0.05) with increased densities of brood galleries.
Furthermore, percent dead branches in the tree canopy as well as percent yellow leaves in the
canopy related to the overall canopy openness of infected elm trees and density of brood
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galleries. Our results suggest that the presence of NEBB brood galleries is quite variable between
infected trees and is quite low in many infected tress. There exists a smaller subsample of trees
that contain higher levels of brood galleries and these trees appear to contain greater percentages
of phloem staining in comparison to infected trees with few beetles. Further analysis of the
variables will explore trends between time of disease progression and brood gallery formation as
well as identify measurable diagnostic methods to accurately predict which infected trees have
extensive brood galleries without the need to remove bark or canopy branches to confirm
infection levels.
Discussion and conclusion
Dependent on the success of this research to develop a successful diagnosis to identify
and then remove “super-shedder” elm trees before beetle emergence, the results could decrease
NEBB densities within urban forests. The next step once an accurate identification process is
developed is to determine the effectiveness of a rapid removal protocol in Winnipeg which will
hopefully decrease disease incidence and make DED IPM much more successful. Furthermore,
providing methods for identifying high density beetle carrying elm trees and understanding the
spatial relationships of DED spread into healthy elm trees will aid in more effective decision
making for priorizing DED control activities within particular neighbourhoods in in Winnipeg.
Currently the number of trees processed for our study has been limited to 400 due to the
logistical challenges of trunk and canopy branch sampling in a timely manner before the fall
season and time required to carry out a detailed disease progression survey within a fairly short
summer season. Further sampling in 2019 is planned to increase the reliability of the
observations. Also, in 2019 further experiments estimating the number of infected beetles
emerging from infected trees using fungal growth plating methods will be carried out to better
understand the spread of O. novo-ulmi within neighborhoods.
We expect that analysis of disease progression and symptoms, debarking information
from elm trunks and canopy, and adult NEBB sticky trap monitoring will help identify high
NEBB density elm trees by early fall within two to three months of initial infection. These trees
once identified can be targeted for rapid removal before infected NEBB emerge from trees to
infect healthy trees thus lowering the overall beetle density within neighbourhoods thus lowering
the spread of DED.
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Does ringbarking limit post-harvest starch content and Armillaria ostoyae colonization
within Pseudotsuga menziesii roots?
Daniel Sklar
University of Northern British Columbia (sklar@unbc.ca)
Abstract
Armillaria root disease, caused by the fungus Armillaria ostoyae, is an important agent of diversity
in the forests of British Columbia. Forest operations can disrupt co-evolved host-pathogen
balances, leaving behind a supply of sugar-rich defenseless stumps, allowing for a post-harvest
inoculum flush and disease spread. One management option is pre-harvest ringbarking, requiring
the removal of a strip of bark, phloem, and cambium around a tree, in an attempt to limit sugar
transportation to the roots. In theory, ringbarking may directly inhibit A. ostoyae’s growth and
reproduction, or may increase saprophytic competition and exclusion. We set out to determine if
ringbarking would influence post-harvest inoculum flush and disease spread by quantifying starch
content and A. ostoyae colonization within Pseudotsuga menziesii roots to compare ringbarked
versus control trees. Thirty-six plots were established across three sites, with ringbarking randomly
applied to eighteen plots. Sites were clearcut and sample stumps excavated. Starch content was
quantified in the lab using healthy root samples ground into powder. A. ostoyae colonization was
quantified extensively by scoring disease severity of roots and intensively by measuring percent
colonized root lengths. Mixed regression models found no statistically significant differences
between ringbarked and control plots for starch content or A. ostoyae colonization.
Résumé
La maladie des racines pourridié-agaric, causée par le champignon Armillaria ostoyae, est un
important agent de diversité dans les forêts de la Colombie-Britannique. Les activités forestières
peuvent perturber l’équilibre entre l’hôte et le pathogène qui ont évolué en parallèle, laissant
derrière des souches sans défense riches en sucre, et permettant ainsi une poussée d’inoculum et
la propagation de la maladie. Une des possibilités d’aménagement est de procéder à l’annelage
avant la récolte, ce qui nécessite l’enlèvement d’une bande d’écorce, de phloème et de cambium
autour de l’arbre afin de tenter de limiter le transport de sucre vers les racines. En théorie,
l’annelage pourrait directement inhiber la croissance et la reproduction d’A. ostoyae, ou pourrait
augmenter la concurrence ou l’exclusion saprophytique. Nous avons voulu déterminer si
l’annelage aurait une influence sur la poussée d’inoculum et la propagation de la maladie après la
récolte en quantifiant le contenu en amidon et la colonisation d’A. ostoyae dans les racines de
Pseudotsuga menziesii afin de comparer des arbres annelés et des arbres témoins. Au total,
36 parcelles ont été établies sur trois sites, et l’annelage a été effectué au hasard sur 18 parcelles.
Les sites ont ensuite été coupés à blanc, et les souches de l’échantillon ont été excavées. Le contenu
en amidon a été quantifié en laboratoire par l’utilisation d’échantillons de racines saines broyées
en poudre. La colonisation par A. ostoyae a été quantifiée en détail en attribuant des notes à la
gravité de la maladie dans les racines et de façon intensive en mesurant la longueur des racines
colonisées en pourcentage. Les modèles de régression multiples n’ont trouvé aucune différence
statistiquement significative entre les parcelles contenant des arbres annelés et les parcelles
témoins au niveau du contenu en amidon et de la colonisation par A. ostoyae.
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Does ringbarking limit post-harvest starch content and Armillaria ostoyae colonization
within Pseudotsuga menziesii roots?
Daniel Sklar
University of Northern British Columbia (sklar@unbc.ca)
Introduction
Armillaria root disease (Armillaria) is caused by a diverse array of species in the genus
Armillaria. Found widely distributed across the world, these pathogens are both vital agents of
natural diversity and aggressive pests to be managed (Van Der Kamp 1991, Lewis and Lindgren
2000). In the forests of southern British Columbia (BC), and in much of western North America,
Armillaria ostoyae, a relatively virulent species especially on Pseudotsuga menziesii, is the main
species of concern.
A. ostoyae contributes to long-term diversity in forest structure and composition,
succession, and habitat but it can also cause serious problems for commercial forestry operations.
Harvest of infected trees can disrupt co-evolved host-pathogen balances and controls, leaving
behind a ready supply of defenseless yet sugar-rich root systems for the fungus to colonize. This
can result in an aggressive post-disturbance flush of inoculum followed by rapid disease spread,
impeding reforestation efforts, and inhibiting the sustainability and productivity of forestry
operations through decreases in timber volume and quality (Peet et al. 1996, Cleary et al. 2008,
2012, Cruickshank et al. 2011, Cruickshank and Filipescu 2012).
Managing Armillaria in the forest can be challenging due to the inconspicuous
symptoms, and a very broad host range. Avoiding harvest of infested areas is often not viable
due to the high incidence of disease over large areas of forest. Current management options are
limited. Planting alternative tree species (to those most susceptible) is one option, but this is
restricted to tolerant or partially resistant species due to A. ostoyae’s wide host range (Chapman
and Xiao 2000, Chapman et al. 2004, Cleary et al. 2008, 2012). Inoculum removal during harvest
(push-falling with an excavator) or post-harvest (removal of stumps) can be effective but is
expensive and may lead to soil compaction and other problems (Chapman et al. 2011, Cleary et
al. 2012, Morrison et al. 2014). Biological controls have also been tested with inoculation of
hosts with antagonistic saprophytic fungi in an attempt to increase competition and exclusion,
but this has had very limited success (Chapman and Xiao 2000, Chapman et al. 2004).
Another option for Armillaria control may be pre-harvest ringbarking, involving the
removal of a strip of bark, phloem, and cambium around a tree in order to limit sugar
transportation and deplete starch storage prior to harvest. Such a method should restrict food
supply available to A. ostoyae, thereby directly limiting its growth and reproduction, and
indirectly inhibiting the pathogen via increases in saprophytic competition and exclusion. In
theory, ringbarking should subsequently limit the pathogen’s characteristic post-harvest flush of
inoculum and disease spread, allowing for productive forest regeneration and sustainable harvest
(Campbell 1934, Leach 1937, 1939, Chapman and Schellenberg 2015).
Ringbarking to control Armillaria was initially developed in Africa, being successfully
used to limit the disease as local coniferous forests were being cleared to make way for tea tree
plantations (Leach 1937, 1939). Less certain results were found in early attempts to use the
method in commercial forestry settings in Africa and Great Britain (Redfern 1968, 1978, Swift
1970, 1972). However, recent research in the managed forests of southern BC found
approximately 50% less mortality in treated versus control areas 15 years following harvest and
planting (Chapman and Schellenberg 2015).
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We set out to determine if ringbarking Armillaria infection centers prior to their harvest
would influence the flush of inoculum and disease spread often expressed by A. ostoyae
following disturbance. Our objectives are to quantify starch content and A. ostoyae colonization
within Pseudotsuga menziesii root systems of ringbarked and control trees.
Methods
Site selection was based on forest tenure and biogeoclimatic zone data, and information
from experts and licensees. Aerial imagery and LIDAR data were employed to identify areas of
discontinuous canopy cover suggesting forest health problems. Sites were visited to verify the
presence of A. ostoyae and to traverse disease centers. An effort was made to select locations
with similar site and disease characteristics, however due to limited availability of appropriate
areas, three research sites were chosen which vary in site and stand conditions.
Two sites in the Cariboo region of BC were selected, the first approximately 70 km
northeast of Williams Lake near Gavin Lake, was defined by a distinct large and continuous
Armillaria center. The second site was approximately 120 km northeast of Williams Lake near
Horsefly Lake and exhibited heavy dispersed infection and scattered mortality. The third
location, in the Thompson-Okanagan region, was approximately 60 km southeast of Kamloops
near Monte Lake, and had low Armillaria incidence and severity, characterized by small discrete
centers. Forest cover on all sites was dominated by Pseudotsuga menziesii.
Thirty-six circular plots were established, twelve per site, along the edges of Armillaria
centers. Plot centers were located between two or more dead standing Pseudotsuga menziesii
apparently killed by A. ostoyae as evidenced by the presence of white mycelial fans beneath the
bark. Each plot radius was extended to include 15 live mature Pseudotsuga menziesii greater
than 7.5 cm DBH (diameter at breast height, 1.3 m). Each sample tree was within 10 m of a
standing stem exhibiting A. ostoyae fans. A buffer was extended 5 m from each plot radius to
account for edge effects and root reach.
Pre-harvest measurements were taken at the tree, plot, and site level. Tree heights and
DBH were collected, and any signs or symptoms of Armillaria recorded for each sample tree.
Stem counts of all live and dead trees in each plot were carried out, along with basal area prism
sweeps. Information on vegetation (species, incidence), soils (texture, classification), and
topography (slope, aspect) was collected at each site.
Ringbarking was carried out in the summer of 2016 on half of the plots at each site,
randomly selected, for a total of 18 plots. All live trees greater than 7.5 cm DBH within the plot
and buffer areas were treated. An effort was made to minimize xylem contact, noted by changes
in sawdust colour and moisture, in order to restrict the flow of sugars down to the roots while not
inhibiting the transportation of water and nutrients upwards. Treatment at Monte Lake was
carried out using a chainsaw and the Log Wizard tool (Log Wizard 2016). This method was
found to provide little control over xylem contact and was challenging due to safety concerns.
The Gavin Lake and Horsefly Lake sites were subsequently treated using hand tools such as bow
saws, chisels, and hammers. All sites were clearcut during winter 2017 followed by stump and
root excavations fall 2017, removing as many sample stumps as possible within each plot.
Post-harvest sampling for starch content consisted of a set of healthy and infected roots
from treated and untreated trees. Sample roots between 5 – 15 cm in length were collected from
accessible and intact primary and secondary roots with ends measuring up to 5 cm in diameter.
These sections were taken to the lab and rotting or infected sections were removed before the
others were cut into pieces, ground into a powder, then frozen prior to analysis. An assay to
quantify percent dry weight of starch in the samples was developed based on Smith and Zeeman
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(2006) and Chow and Landhäusser (2018). Analyses have been done on a set of healthy roots,
and work continues on infected samples.
Sampling for A. ostoyae colonization consisted first of an extensive examination of all
roots in fall 2017 soon after excavation and in spring 2018, with each stump rated on a 0 – 6
scale of disease severity (0 = no disease, 6 = all roots colonized). An intensive examination was
subsequently carried out, subsampling up to 2 root systems in each of the 0 – 6 categories per
plot. This examination consisted of measuring the healthy and infected lengths of up to five
primary roots from each system, then averaged to provide percent colonization for each sample
stump.
Statistical analyses were carried out using STATA Version 14 (StataCorp 2015). Linear
mixed models were used to assess starch content, and both linear and logistic mixed models were
employed to examine the presence and severity of A. ostoyae colonization in ringbarked versus
control plots across each site and overall (all α = 0.05). Pre-harvest tree height, DBH, and signs
of disease were included as covariates to further inform the models.
Preliminary Results
Starch content in healthy roots was similar and at very low levels in all samples across
the trial (Figure 1). Values recorded were often negligible or below the detection limit of the
developed assay. No statistically significant differences were found in starch content of healthy
roots between the ringbarked and the control treatments at any of the sites or overall. Analysis of
infected roots and comparison by treatment is ongoing.
Spring 2018 disease severity ratings differed by site (Figure 2), although overall results
showed little difference among treatments and none of these trends were statistically significant.
Gavin Lake stumps had slightly lower Armillaria severity in the ringbarked treatment, Monte
Lake stumps had slightly higher disease severity in the ringbarked treatment, and results from
Horsefly Lake found little difference.
No statistically significant differences were found in A. ostoyae presence at any of the
sites or overall (Figure 3). Percent A. ostoyae colonization showed a pattern of elevated infection
in the ringbarked treatments across the trial, aside from Gavin lake results which found little
difference, although none of these differences were statistically significant (Figure 4).
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Figure 1 – Starch content by dry weight within sampled Pseudotsuga menziesii roots from the control versus
ringbarked treatments for the overall trial, and the Gavin Lake, Horsefly Lake, and Monte Lake sites in southern BC.
All P < 0.05, standard error bars shown.
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Figure 2 – Spring 2018 A. ostoyae disease severity ratings (0 = no disease, 6 = all roots colonized) for sampled
Pseudotsuga menziesii roots from the control and ringbarked treatments for the overall trial, and the Gavin Lake,
Horsefly Lake, and Monte Lake sites in southern BC. All P < 0.05, with standard error bars.
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Figure 3 – A. ostoyae presence on sampled Pseudotsuga menziesii roots from the control versus ringbarked
treatment for the overall trial, and the Gavin Lake, Horsefly Lake, and Monte Lake sites in southern BC. All P <
0.05, standard error bars shown.
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Discussion and Conclusion
Long-term monitoring of Armillaria-related mortality in the regenerating forests used in
this trial may provide useful results. Differences between our observations and those of Chapman
and Schellenberg (2015) could be explained by the response variables used. We chose to
examine stump-level starch content and A. ostoyae colonization to control for the variability of
disease across each site, however, measurements shortly after harvest may miss a treatment
effect that is later detectable as mortality in the regenerating stand
The influence of ringbarking to manage Armillaria is not clear, treatment could damage
trees and inhibit host defense systems, disturbing natural controls and causing a similar flush of
A. ostoyae inoculum and disease spread as exhibited post-harvest. It could be that such a
disturbance prior to harvest may deplete the energy-base available to A. ostoyae by the time of
planting, allowing for enhanced reforestation success (Redfern 1968, 1978, Swift 1970, 1972).
Starch content results were limited by sampling restrictions, and future research could
benefit from an expanded sampling protocol designed to capture the variability of different sugar
pools throughout root tissues. Assay limitations further restricted starch content results, and
different techniques, such as gas or high-performance liquid chromatography, could be employed
to accurately quantify small amounts of sugars in roots. Ongoing work involves starch content
analysis of infected roots to determine if infected roots showed any difference by treatment
compared to healthy roots.
Sampling protocols could be improved by reducing root and mycelial fan damage and
improving access to sample stumps during excavation but would probably cost more due to
additional time required. It was generally difficult to accurately assess complex and often broken
roots. Future work could benefit from both more intensive assessments in specific forest types
and studies across a range of forest ecosystems.
Further worth considering are limitations of this trial surrounding climate change.
Rapidly changing conditions in research areas are exerting increasing pressure on co-evolved
host-pathogen equilibriums. While conditions may become advantageous for A. ostoyae, with
increasing winter temperatures allowing for growth through longer periods of the year, host tree
susceptibility may also be enhanced due to the increasingly hot and dry summer conditions
(Harvell et al. 2002, Hanna et al. 2008, Dukes et al. 2009, Sturrock et al. 2011). Additional
research could benefit from quantifying and including climate change variables such as summer
and winter temperatures and precipitation as covariates to further inform statistical analyses.
Our results to date suggest that ringbarking Armillaria infection centers prior to their
harvest does not have a significant influence on the flush of inoculum and disease spread often
expressed by A. ostoyae following disturbance.
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Reaching new heights: Are the chemical signatures of lodgepole pine trees in higher elevations
and latitudes, different than conspecifics in lower systems?
Melanie Mullin (melanie.mullin@ualberta.ca)
Supervisor Nadir Erbilgin
Department of Renewable Resources, University of Alberta
Abstract
The lodgepole pine tree, Pinus contorta var. latifolia is Alberta’s provincial tree and is critical to
the forest industry. The species is also the main host tree for the mountain pine beetles
Dendroctonus ponderosae Hopkins (Coleoptera: Curculionidae, Scolytinae), which are currently
experiencing climate-changed induced range expansion. As of 2006 in Alberta, zones of
elevation previously unsuitable to mountain pine beetle survival were conquered. In addition,
these bark beetles recently reached the 60th parallel in the Northwest Territories. In light of this
range expansion, and likelihood of continued climate change, it is the critical time to predict
how lodgepole pine trees will fare in the future. High elevations and/or latitudes are commonly
used as references for “stable states” in climate change models, where these “higher” systems
are often perceived as the more intact reference systems, against which the more rapidlychanging “lower” systems are compared. One of P. contorta’s defense mechanisms against bark
beetles is the production of defense chemicals. When attacked, the lodgepole pine trees also
use non-structural carbohydrate reserves to support continued synthesis of defense chemicals.
However, there is a lack of information in the scientific literature regarding the impact of
elevation and/or latitude on the defense chemicals and/or non-structural carbohydrate
reserves of conifer trees. This invokes the research question: are the chemical signatures of
lodgepole pine trees occurring in higher elevation and latitudes different from those of
conspecifics in lower systems? To answer the research question, I collected phloem tissues,
increment cores, and stand growth measurements along (1) an elevational gain of 1251m, and
(2) a latitudinal gradient of 736 km. Samples are currently being analyzed for defense
chemicals, as well as for non-structural carbohydrate reserves. Next, I will investigate the
statistical differences within these groups of compounds, along the elevation and latitude
gradients sampled. My research findings will likely suggest geographic areas where lodgepole
pine trees are most vulnerable to attack from mountain pine beetles or any other phloem
feeding insects. This information is relevant in current and future forest management practices,
especially where insect outbreaks and climate change are concerned.
Résumٞé
Le pin tordu latifolié, Pinus contorta var. latifolia est l’arbre provincial de l’Alberta et est
essential à l’industrie forestière. Cette espèce est également l’hôte principale à dendroctone du
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pin ponderosa, Dendroctonus ponderosae Hopkins (Coleoptera: Curculionidae, Scolytinae). D.
ponderosae connaît actuellement une de son aire de répartition provoquée par les
changements climatiques. Depuis 2006, l’épidémie de D. ponderosae a attient l’Alberta, ou des
zones d’altitude historiquement invivable au D. ponderosae sont conquises. Aditionellement, D.
ponderosae ont récemment attient la 60ème parallèle aux Territoires du Nord-Ouest. En vue de
cette expansion, ainsi qu'à la haute probabilité que le changement climatique se poursuivent, il
est le temps critique pour comment le pin tordu latifolia s’en sortira. En situation de
modélisation de changement climatique, les hautes altitudes et/ou latitudes sont souvent
utilises comme référence, ou “état stable”, auxquels sont comparés les systèmes moins élevés,
qui sont en mutation rapide. Une des stratégies de défense pour P. contorta, contre D.
ponderosae, est la production de substances de défense biochimiques. En situation d’attaque,
P. contorta peuvent aussi continuer la production de ces défenses biochimiques, en
transformant leurs réserves de glucides non structuraux. Toutefois, cette production est
énergétiquement chère! En outre, il y a un manqué d’information scientifique en ce qui
concerne les impacts d’altitude et d’élévation sur 1) substances de défense, et 2) les réserves
de glucides non structuraux de pins tordus latifoliés. Ce manque d’information nous force à
poser la question: est-ce que la signature chimique des Pins tordu vivant aux altitudes et/ou
latitudes plus élevées, sont différentes des pins tordus vivant aux altitudes et/ou latitudes plus
bas? Afin de répondre à cette question, j’ai recueilli du tissu de phloème, des carottes à la
tarière, prélevé des mesures de la croissance du peuplement selon 1) une augmentation de
l’altitude de 1251 m et 2) un gradient latitudinal de 736 km. Les échantillons sont actuellement
en train d’être analysées pour les défenses biochimiques, ainsi que pour les réserves de
glucides non structuraux. Ensuite, j’examinerai les différences statistiques parmi ces groupes de
composés en fonction des gradients d’altitude et de latitude des échantillons. Les résultats de
mes investigations suggèreront probablement des endroits géographiques ou les pins tordus
seront plus sensible aux attaques de D. ponderosae. Cette information est essentielle pour les
pratiques de gestion forestières actuelles et futures, notamment en ce qui concerne les
invasions d’insecte et de changement climatique.
Background
Changes in biodiversity in high elevation and/or high latitude ecosystems are “sensitive
indicator[s]” of ecological responses to global climate change (Roots 1989, Pauli 2016). This
phenomenon has led to the development of hypotheses that predict how plants will respond to
the changing climate. While some hypotheses would predict that lower elevations and latitudes
bear plants with enhanced defenses and non-structural carbohydrate reserves as compared to
conspecifics at higher elevations and latitudes, other hypotheses would predict just the
opposite (Moles el al. 2011; Wiley and Helliker, 2012; Ferrenberg et al., 2017; Moreira et al.,
2014, 2018). Due to this opposition in ideas, it is unclear how the chemical signature of

SERG International 2019 Workshop Proceedings

76

lodgepole pine trees will vary along the tree’s elevational or latitudinal range. It is consequently
even more difficult to predict the success rate of attack on lodgepole pine trees by rangeexpanding bark beetles (Curculionidae, Scolytinae) along either of the two climate change proxy
gradients.
When any pine tree is under attack, one of the main phytochemical defense compounds
used are oleoresins (Phillips and Croteau, 1999). Specifically, oleoresins are composed of 50%
diterpenes and diterpene acids, and 50% monoterpenes and sesquiterpenes (Keeling and
Bohlmann, 2006). Between the terpenes found in phloem tissues, monoterpenes have the
strongest insecticidal abilities, and diterpenes have the strongest antifungal properties (Phillips
and Croteau, 1999; Keeling and Bohlmann, 2006; Boone et al., 2011; Raffa et al., 2005, 2017;
Reid et al.,2017; Erbilgin 2018).The lodgepole pine’s internal reserves will also impact success of
defence against herbivore attack (Goodsman et al., 2013). An individual tree’s plant reserves
are comprised of non-structural carbohydrates, which are constituted by the sugars and
starches arising from photosynthesis (Pallardy, 2008). These non-structural carbohydrates can
be mobilized and transformed into either other primary metabolites, or defense chemicals.
These transformations, however, are energetically costly; in theory, the plant converting it’s
reserves should do so in a manner which maximizes both growth and defense pathways (Raffa
et al., 2017). Thus, in order to ensure the survivorship of the lodgepole pine tree in Alberta, the
changes in (1) defense chemicals and (2) non-structural carbohydrate reserves must be
determined as a function of both elevation and latitude.
Methodology
Potential sampling sites were remotely predicted using ESRI ArcGIS software. Once the
selection criteria were input into the software, ArcGIS was used to randomly generate
coordinates for potential sample sites. This was done in order to reduce sampling bias in the
field, and to spread the sites as equally as possible over the desired sampling ranges. Over 1000
potential sites were generated in this way for each study.
Once in the field, and a site was verified to indeed fit the selection criteria, sampling was
conducted. I collected phloem tissues using a 1.9 cm leather punch tool from each of the 4
cardinal directions on the stem of the tree. I collected 5mm diameter increment cores from the
North- and South-facing sides of each sampled tree. Finally, I also collected stand growth
measurements (such as basal area and stand density). In the elevational study, a gain of 1251m
was sampled. In the latitudinal study, a gain of 736 km was sampled. In the elevational study,
latitude varied by only 1 degree. In the latitude study, elevation varied by only 607m. Between
the two experiments, 130 trees were sampled, where one tree represents one site. Phloem
samples were preserved in field using dry ice, and tree increment cores were preserved in the
field using straws to prevent cracking.
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In the laboratory, all samples are stored at -40C. Tree age, and growth rates were
determined using a microscope and WinDendro software. Monoterpenes were analyzed by gas
chromatograph/mass spectrometer (GC/MS). Diterpenes were analysed using ultra highperformance liquid chromatography (UPLC). Non-structural carbohydrate sugars and starches
will be analyzed UPLC-Evaporative Light Scattering Detector (ELSD).
Accomplishment
All samples have been collected. Processing of samples is underway and almost completed.
Data is being analysed. The manuscript is also in preparation, with an expected thesis defense
time of August 2019.
Expected Results
My research findings will likely suggest geographic areas where lodgepole pines are most
vulnerable to attack from mountain pine beetles. This information is relevant in current and
future forest pest management strategies, especially where insect outbreaks and climate
change are concerned.
The findings from my project would allow for forest managers to be able to improve
long-term management strategies related to mountain pine beetle, as well as to other forest
pests and pathogens which are encroaching into naïve lodgepole stands. For example, should
my project identify that there is indeed a difference in defence capacity between high and low
elevation (or between high and low latitude) lodgepole pine trees, then this information may be
directly used to prioritize the allocation of limited management resources.
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Synthesis of α-springene and 9-geranyl-4E-terpinolene as mixtures of isomers, and
synthesis of β-springene
P. D. Mayo, P. J. Silk
Natural Resources Canada, Canadian Forest Service - Atlantic Forestry Centre, Fredericton, New
Brunswick, Canada
Abstract
The beech leaf-mining weevil, Orchestes fagi (L.), also known as the beech flea weevil,
is a common and widespread pest of beech, Fagus sylvatica L., in its native Europe. It now
appears to be well established in Nova Scotia, Canada. Since 2015, research at AFC / CFS has
shed light on this insect’s interactions with its host (beech trees) via kairomones produced by the
host tree. These putative kairomones include 9-geranyl-p-cymene, 9-geranyl-α-terpinene, 9geranylterpinolene, and α- and β-springenes. The synthesis of these putative kairomones will be
briefly discussed, as well as their use in field trapping studies, and progress into determining the
structure of a pheromone of Orchestes will be discussed as well.
Résumé
Le charançon du hêtre, Orchestes fagi (L.), est un ravageur courant et répandu du hêtre
Fagus sylvatica L. en Europe, d’où il provient. Il semble maintenant bien établi en NouvelleÉcosse, au Canada. Depuis 2015, la recherche au CFA du SCF a permis d’éclairer les
interactions de l’insecte avec son hôte, le hêtre, au moyen des kairomones produites par l’arbre
hôte. Ces kairomones présumées sont les suivantes : 9-géranyl-p-cymène, 9-géranyl-α-terpinne,
9-géranylterpinolène, ainsi que α-springène et β-springène. La synthèse de ces kairomones
présumées ainsi que leur utilisation dans des études de piégeage sur le terrain seront brièvement
discutées, et il sera également discuté des progrès réalisés dans la détermination de la structure
d’une phéromone d’Orchestes.
Project Details
Interest in the semiochemistry of O. fagi has prompted us to synthesize a suite of
potential kairomones. In a previous report, 9-geranyl-α-terpinene 1 (IUPAC name: E-2,6dimethyl-10-(4-methyl-1,3-cyclohexadienyl)-2,6-undecadiene) and its two isomers, 9-geranyl-γterpinene 2 (IUPAC name: E-2,6-dimethyl-10-(4-methyl-1,4-cyclohexadienyl)-2,6-undecadiene)
and 9-geranyl-β-terpinene 3 (IUPAC name: E-2,6-dimethyl-10-(4-methylene-1-cyclohexenyl)2,6-undecadiene) were synthesized as an inseparable mixture (see Scheme 1).[1] Also, 9-geranylp-cymene 4 (IUPAC name: E-2,6-dimethyl-10-p-tolyl-2,6-undecadiene) was synthesized,[1] and
found to have kairomonal activity toward the beech weevil.[2] Although compound 4 was
behaviorally active toward the beech weevil, compound 1, or at least the mixture of 1–3, was not.
Also, it was noted that over time and exposure to atmospheric oxygen, all of compounds 1–3 are
converted to 9-geranyl-p-cymene 4. Compounds 1 as well as 4 were found in the volatiles from
eclosing beech buds by GC/MS,[2] which initially prompted our interest in their synthesis.
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As small amounts of other diterpenes (isomeric with 1–3, having molecular ions of m/z =
272) were also detected by GC/MS of beech bud volatiles, we decided to further this study by
synthesizing compounds 5a, 5b, 6, and 7a (see Scheme 2). This work has been published in June
of 2018.[3] To this end, all-trans-α-springene (E,E,E-3,7,11,15-tetramethyl-1,3,6,10,14hexadecapentaene) 5a, its 3Z-isomer 5b, and its double-bond positional isomer, all-trans-βspringene (E,E-7,11,15-trimethyl-3-methylene-1,6,10,14-hexadecatetraene) 6 were synthesized
as an inseparable mixture. Pure β-springene 6, and 9-geranyl-4E-terpinolene 7a (2,6-dimethyl10-(4-methyl-3-cyclohexene-1-ylid-4E-ene)-2,6E-undecadiene) as a mixture of isomers were
also synthesized.
Initial attempts to synthesize 5a were hampered by its apparent lack of stability, in that
pure product could not be isolated by any workup procedure when a standard POCl3 facilitated
dehydration was attempted. So a new synthesis of 5 (as a 1:1 mixture of 3E:3Z isomers, 5a and
5b, with 6 as 10% of the product, see Scheme 2), was undertaken. The synthesis of 5/6 reported
here (see Scheme 3) from commercially available geranylgeraniol 8 was adapted from a
synthesis of β-ocimene (3,7-dimethyl-1,3,6-octatriene) as a cis- and trans- mixture reported by
Majetich et al.[4] A similar synthesis of a mixture of 5a, 5b, and 6 involving palladium catalyzed
elimination of acetic acid from E,E-3-acetoxy-3,7,11,15-tetramethyl-1,6,10,14-hexadecatetraene
9 (see Scheme 4) was reported by Burger et al.,[5] who were able to isolate 5a and 6 by
preparative gas chromatography (GC). Interestingly, Burger et al. noted that both 5a and 5b are
readily autoxidized.[5] It was observed in our laboratory that a small sample of ~10 mg of a
mixture of 5a, 5b, and 6 completely decomposed into a resinous solid after exposure to air for 4
d. Our initial efforts to synthesize 5 by direct dehydration of geranylgeraniol 8 (see Scheme 5)
using POCl3 in pyridine resulted in no product 5a/b or 6 being isolated, either using a standard
aqueous workup to isolate the product, or direct column chromatography of the crude reaction
mixture on silica or alumina. Thin-layer chromatography (TLC) and GC/MS seemed to indicate
that the product mixture 5a/5b/6 was in fact present in the crude reaction mixture before workup. Also, a concise synthesis of pure β-springene 6[6] was discovered in the literature and
implemented (see Scheme 6). Another, somewhat more lengthy, synthesis of β-springene 6 has
been reported.[7] As well as the springenes, the synthesis of 9-geranyl-4E-terpinolene 7a was
attempted (see Scheme 7), as it is also an isomer of 1, 2, 3, and 5a/b and 6. To this end, a DielsAlder reaction between methyl vinyl ketone (MVK, 11) and isoprene 12 gave an inseparable
mixture of ketones 13a and 13b. The use of SnCl4ˑ5H2O as a Lewis acid catalyst in the DielsAlder reaction gave ketone 13a in 92% regioselectivity. Alkylation of the methyl group of 13a
was accomplished by using lithium diisopropylamide (LDA) to generate the kinetic enolate of
13a, then trapping it with geranyl bromide 14. Ketone 15, however, is unstable toward silica gel
chromatography, and thus the crude product 15 was treated with methylmagnesium iodide to
give the tertiary alcohol 16. Column chromatography of 16 and finally POCl3 dehydration gave
7a along with six other detectable isomers, six being identifiable (see Scheme 7, 7a-f) and the
seventh (7g, not shown) not identifiable, as an inseparable mixture.
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Scheme 1. 9-Geranyl-α-terpinene 1, 9-geranyl-γ-terpinene 2, 9-geranyl-β-terpinene 3 and 9geranyl-p-cymene 4.
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Scheme 2

5b

5a

6

7a

Scheme 2. E,E,E-α-springene 5a, 3Z,6E,10E-α-springene 5b, β-springene 6, 9-geranyl-4Eterpinolene 7a.
Scheme 3
a
5a + 5b + 6

OH
8

Scheme 3. (a) DCC, CuCl, THF, RT then 90 °C, 5a:5b:6 in 0.45:0.45:01 ratio, 87 % overall
yield.

Scheme 4

a

5a + 5b + 6

OAc
9
Scheme 4. (a) Pd(OAc)2, 5a:5b:6 in a 0.17:0.5:0.78 ratio, 70 % overall yield.
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Scheme 5

a
5a / 5b / 6

OH
8

Scheme 5. (a) POCl3, Pyridine, 0 °C – rt, no 5a, 5b or 6 formed.

Scheme 6
a
OH

OTHP

8

10
b

6

Scheme 6. (a) DHP, PPTS, CH2Cl2, 95 %. (b) KOtBu, 18-crown-6, THF, reflux, 53 %.
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Scheme 7
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Scheme 7. (a) SnCl4·5H2O, benzene, rt, 10 %; 13a:13b = 0.92:0.08. (b) (i) LDA, THF, -78 °C;
(ii) 14, -78 °C – rt, yield not determined. (c) MeMgI, Et2O, reflux, 18 % over 2 steps. (d) POCl3,
pyridine, 0 °C – rt, 7a (2,6-dimethyl-10-(4-methyl-3-cyclohexene-1-ylid-4E-ene)-2,6E-
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undecadiene) : 7b (2,6-dimethyl-10-(4-methyl-3-cyclohexene-1-ylid-4Z-ene)-2,6E-undecadiene)
: 7c (E,Z-2,6-dimethyl-10-(4-methyl-3-cyclohexenyl)-2,6,9-undecatriene) : 7d (E,E-2,6dimethyl-10-(4-methyl-3-cyclohexenyl)-2,6,9-undecatriene): 7e (E-6,10-dimethyl-2-(4-methyl3-cyclohexenyl)-1,5,9-undecatriene): 7f (E-6,10-dimethyl-2-(3-methyl-3-cyclohexenyl)-1,5,9undecatriene) : 7g (structure not determined) in a 0.12 : 0.12 : 0.04 : 0.41 : 0.23 : 0.02 : 0.06
ratio, 92 % overall yield.
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Effect of dosage and treatment frequency on efficacy of TreeAzin™ Systemic Insecticide
for protecting foliage from the beech leaf-mining weevil and preventing mortality of
American beech in high value urban environments.
Jon Sweeney1, Cory Hughes1, Tarryn Goble2, Joe Meating2, Ed Czerwinski3, Joel Goodwin4,
Garrett Brodersen, N. Kirk Hillier4, and Rob Johns1
1
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cory.hughes@canada.ca
2
BioForest, 59 Industrial Park Crescent, Unit 1, Sault Ste. Marie, ON P6B 5P3, Tel. 705-9425824 jmeating@bioforest.ca; tgoble@bioforest.ca
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Abstract
The beech leaf-mining weevil, Orchestes fagi, is an invasive pest from Europe that has caused
severe defoliation of American beech in its new range in Halifax, and Sydney, Nova Scotia,
since at least 2008. Our goal is to determine the efficacy of TreeAzin™ Systemic Insecticide
(PCP No. 30559) for protecting American beech from beech weevil defoliation. In previous field
trials we demonstrated that stem injection of TreeAzin™ in either the fall or early spring (prior
to bud burst), significantly reduced weevil survival and foliage damage and the Pest
Management Regulatory Agency granted emergency registration of TreeAzin from May-October
2018. In 2016, we began a trial comparing the efficacy of two doses (3 vs. 5 mls of TreeAzin per
cm dbh), applied every year (i.e., fall of 2016, 2017, 2018) vs. every second year (fall of 2016
and 2018 only); untreated trees served as controls. In 2018 we measured weevil damage and
survival on trees in all five treatments. TreeAzin injection significantly reduced the: 1)
percentage of leaves with leaf tip necrosis; 2) percentage of larvae that produced mines; 3) and
percentage of hatched eggs that survived to the pupal stage, regardless of dose or annual vs.
biennial treatment. However, annual injections were necessary to significantly reduce the: 1)
percentage of leaves with mines; 2) average length of larval mines; and 3) percentage of eggs
that hatched. In spite of significant reductions in weevil survival and foliage damage, even trees
treated every fall suffered damage from adults (97% of leaves with shot-holes and 25% of leaves
with tip necrosis) and larvae (47-60% of leaves with larval mines); no TreeAzin treatment
reduced the number of eggs laid per leaf. TreeAzin treatment did not reduce the proportion of
beech trees that died in 2018, suggesting that trees with crown health ratings of 4 or greater may
be too far gone to save by stem injection when beech weevil populations are high.
Résumé
L’orcheste du hêtre (Orchestes fagi), aussi appelé charançon du hêtre, est un ravageur
envahissant provenant d’Europe qui cause une grave défoliation chez le hêtre à grandes feuilles
dans sa nouvelle aire de répartition à Halifax et à Sydney, en Nouvelle-Écosse, depuis au moins
2008. Notre objectif est de déterminer l’efficacité de l’insecticide systémique TreeAzinMC
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(numéro d’homologation 30559) aux fins de protection des hêtres à grandes feuilles contre la
défoliation causée par l’orcheste du hêtre. Dans des essais antérieurs réalisés sur le terrain, nous
avons démontré que l’injection de TreeAzinMC dans le tronc à l’automne ou au début du
printemps (avant le débourrement) a réduit de façon significative le taux de survie des orchestes
et les dommages foliaires, de sorte que l’Agence de réglementation de la lutte antiparasitaire a
accordé au TreeAzinMC une homologation d’urgence pour la lutte contre l’orcheste du hêtre pour
la période de mai à octobre 2018. En 2016, nous avons entrepris un essai comparant l’efficacité
de deux doses (3 et 5 ml de TreeAzinMC par cm de dhp), administrées chaque année (soit aux
automnes 2016, 2017 et 2018) ou aux deux ans (automnes 2016 et 2018 seulement), des arbres
non traités ayant servi de témoins. En 2018, nous avons mesuré les dommages causés par les
orchestes et les taux de survie de ces derniers sur les arbres des cinq traitements. L’injection de
TreeAzinMC a significativement réduit 1) le pourcentage de feuilles atteintes de nécrose apicale,
2) le pourcentage de larves ayant produit des mines et 3) le pourcentage d’œufs éclos dont les
larves ont survécu jusqu’au stade de nymphe, et ce aux deux doses et dans les traitements aussi
bien annuels que biennaux. Cependant, des injections annuelles ont été nécessaires pour réduire
significativement 1) le pourcentage de feuilles minées, 2) la longueur moyenne des mines
larvaires et 3) le pourcentage d’œufs ayant éclos. Malgré les réductions significatives des taux de
survie des orchestes et des dommages foliaires, même les arbres traités chaque automne ont été
affectés par des adultes (97 % des feuilles présentant des criblures et 25 % une nécrose apicale)
et des larves (47-60 % des feuilles présentant des mines larvaires); aucun traitement au
TreeAzinMC n’a réduit le nombre d’œufs pondus par feuille. L’administration de TreeAzinMC n’a
pas réduit la proportion de hêtres qui sont morts en 2018, ce qui laisse penser que les arbres dont
la classe d’état de santé du houppier est de 4 ou plus pourraient être trop atteints pour être sauvés
par injection du produit dans leur tronc quand les populations d’orchestes du hêtre sont élevées.

Introduction
The beech leaf-mining weevil, Orchestes fagi, is an invasive pest from Europe that has caused
severe defoliation of American beech in its new range in Halifax, and Sydney, Nova Scotia,
since at least 2008 (Sweeney et al. 2015). In fixed radius sample plots at Sandy Lake, near
Bedford, NS, cumulative mortality of American beech increased from 20% in 2014 to 97% in
2016. In similar plots at Mount Uniacke, NS, the percentage of leave with beech weevil larval
mines climbed from 0% in 2014 to 80% in 2018, accompanied by doubling in beech tree
mortality (i.e., 20% mortality in 2014, due mainly to beech bark disease, and 40% mortality in
2018). On residential properties in Halifax, about 50% of American beech have died in the past
5 years, and have cost residents an average of $1934 for tree removal (Sweeney, Hughes et al.
unpublished data). American beech can live > 300 years and many trees show evidence of
resistance or tolerance to beech bark disease. However, heavy defoliation year after year by the
leaf mining weevil is weakening trees and making them more susceptible to root diseases and
other agents. Therefore, we need effective tools for protecting mature, high value, American
beech trees from defoliation and mortality.
The weevil also appears to be spreading quite rapidly. The beech weevil’s habit of overwintering
in large numbers in crevices on the trunks of trees (Morrison et al. 2016), combined with
growing numbers of dead beech in resident’s yards generates conditions for high risk of humanassisted spread of the weevil in logs and firewood. The weevil has already established satellite
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populations in Chester, Wolfville, Digby, and Cape Breton, likely through anthropogenic
movement, and is at risk of spreading rapidly to other parts of Canada that are home to American
beech.
Field trials with TreeAzin® Systemic Insecticide (PCP No. 30559) in 2013-2015 showed that
stem injection of beech in either fall or early spring killed most larvae and significantly reduced
foliar damage to foliage but did not reduce adult feeding. Further research was warranted to test
whether increasing the dosage (from 3 ml per cm dbh to 5 ml per cm dbh) would increase foliage
protection and prevent tree mortality. We also wanted to compare determine whether we could
protect trees by injecting only every second year so we compared the efficacy of annual vs.
biennial injections.
This proposal addresses the SERG-I research areas of development of new forest pest products
and forest pest management strategies. Although this is primarily an urban forest problem, the
importance of urban forestry and urban tree pest management has come to the forefront in recent
years, with eradication programmes against the Asian longhorned beetle in greater Toronto and
widespread mortality of ash trees by the emerald ash borer in many North American cities. This
study was supported by SERG-International partners, with $2,000 from NSDNR in each of
2016-17 and 2017-18, $2000 from OMNR in 2017-18, and $2000 from NSDNR in 2018-19.
Objective: Determine the effect of dosage and frequency of treatment on the efficacy of
TreeAzin for protecting foliage from the beech leaf-mining weevil and keeping American beech
trees alive.
Methods
We tested two dosages of TreeAzin per cm dbh (3 mls, 5 mls) and two treatment frequencies
(annual, biennial) for protecting American Beech from the beech leaf-mining weevil. This 2 x 2
factorial experiment was replicated on a total of 60 mature American beech trees (15 replicates
per treatment) with all trees injected 13 October 2016, thirty trees re-injected 18 October 2017,
and all trees again injected on 15 October 2018; fifteen untreated trees are serving as controls.
Crown condition was visually assessed and scored using the CFS forest health method prior to
treatment in 2016 and again in the summers of 2017 and 2018, and each tree was recorded as
alive or dead, based on presence/absence of live buds and foliage.
Data on weevil survival and foliage damage were collected from May-August 2017 and 2018, as
follows. One 30 cm-long branch tip was sampled from the mid-crown of each tree at the time of
bud-flush in spring 2017, and again at weekly or bi-weekly intervals until the end of July (when
the new generation of weevil adults had completed emergence), and 20 leaves were collected and
frozen at -10C until processed to record the following data per branch: 1) number (%) of leaves
with adult feeding damage; 2)number of leaves with >30% necrosis at the tip; and 3) number (%)
of leaves with leaf mines. The apical leaf from each branch sample was dissected under a
stereoscopic microscope to record the: 4) number of unhatched eggs, hatched eggs and
oviposition scars; 5) number of leaf mines; 6) length of larval mines; 7) number of beech weevil
larvae, pupae and adults inside mines; 8) width of head capsule of each larva; and 9) number of
empty pupal cells.
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Data analysis. Data were subject to analysis of variance using generalized linear models in SAS
(PROC GLIMMIX). Proportion data, e.g., number of leaves with mines per total number of
leaves sampled per tree, or the proportion of total eggs that hatched, were analyzed using a
binomial distribution with logit link. Count data, e.g., number of eggs per leaf, and data on the
length of larval mines or width of head capsules were analyzed using generalized linear models
that assumed either a normal, Poisson, or negative binomial distribution, and the goodness of fit
assessed using the value of the corrected Aikaike Information Criterion. We report the results
from the model that had the best fit (lowest AICc). Means were compared using the TukeyKramer test that controls the experiment-wise error rate. Contingency tables and the loglikelihood (G) test were used to compare treatments for proportion of trees that were in the same
or better crown condition in 2018 vs. 2016, and also the proportion of trees still alive in 2018.
Note: eight of our sample trees at Ashburn Golf Course were removed by golf course staff in
winter of 2017-18 so were presumed to have died or been near death.
Results
TreeAzin injection significantly reduced the: 1) percentage of leaves with >30% leaf tip necrosis
(“scorched tips”) (Fig. 1A); 2) percentage of larvae that produced mines (Fig. 2C); 3) and
percentage of hatched eggs that survived to the pupal stage (Fig. 2D), regardless of dose or
annual vs. biennial treatment. However, annual injections were necessary to significantly reduce
the: 1) percentage of leaves with mines (Fig. 1B); 2) percentage of eggs that hatched (Fig. 2A);
3) average length of larval mines (Fig. 2B); and 4) percentage of eggs that survived to the larval
stage. Most larvae did not survive past the first instar in trees annually injected with 5 mls
TreeAzin per cm dbh. In spite of significant reductions in weevil survival and foliage damage,
even the trees treated every fall suffered damage from adult feeding (97% of leaves with shotholes and 25% of leaves with tip necrosis) and the initiation of larval mines (47-60% of leaves
with larval mines). No treatment reduced the number of eggs laid (F 4,56 = 0.61, P = 0.66). The
proportion of trees that were dead in 2018 ranged from 13–30% and did not differ among
treatments (G=1.9, P=0.75). Results were similar for the proportion of trees in which the crown
health class declined from 2016 to 2018, i.e., this ranged from 19–40% with no difference among
treatments (G=2.1, P=0.72). All but one tree listed as dead in 2018 had an initial crown rating of
5 or greater in 2016, where 1=full, green healthy crown and 9=dead.
Conclusions
Stem injection of TreeAzin in October significantly reduced survival of the European beech leafmining weevil and the damage they caused to American beech foliage the following spring and
summer, regardless of dose or annual vs. biennial treatment. The difference in efficacy between
dosages was minimal. However, annual injections performed significantly better than biennial
injections at reducing both weevil survival and defoliation. These data will be used to support an
application to PMRA for minor use registration of TreeAzin for control of beech weevil.
TreeAzin treatment did not reduce the proportion of beech trees that died in 2018, suggesting
that trees with crown health ratings of 5 or greater may be too far gone to save by stem injection
when beech weevil populations are high. However, it should be noted that only 8% of our sample
trees fell into a healthy crown class (1–3) rating in 2016 as these study sites have experienced
high beech weevil populations since at least 2012. It would be prudent to conduct additional
efficacy trials at sites where the beech weevil was present but most beech trees were not as
heavily defoliated.
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Fig. 1. Effect of TreeAzin™ dose (3 vs. 5 mls per cm dbh) and treatment frequency (annual vs. biennial)
on: A) percentage of leaves mined by the beech leaf mining weevil; and B) percentage of leaves with
>30% necrosis on leaf tip. Foliage was collected every 2 weeks from 18 May to 23 August 2018. Trees
were injected on 13 October 2016 (annual and biennial) and 18 October 2017 (annual only). Within
graphs, means with different letters were significantly different (ANOVA and Tukey-Kramer test, P <
0.05, n=12 trees per treatment). CON=untreated control.
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Fig. 2 Effect of TreeAzin™ dose (3 vs. 5 mls per cm dbh) and treatment frequency (annual vs. biennial)
on: A) percentage of eggs that hatched; B) mean length of larval mines; C) percentage of larvae that
produced mines; and D) percentage survival of hatched eggs to the pupal stage. Foliage was collected
every 2 weeks from 18 May to 23 August 2018. Trees were injected on 13 October 2016 (annual and
biennial) and 18 October 2017 (annual only). Within graphs, means with different letters were
significantly different (ANOVA and Tukey-Kramer test, P < 0.05, n=12 trees per treatment).
CON=untreated control.
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Updated history of SERG International bibliography and related activities
Nelson Carter
Delta Forest Pest Management Ltd., 99 Cambridge Crescent, Fredericton, NB. E3B 4P1 [email:
efpmltd@gmail.com]

1.

SERG International: Its organizational evolution and accomplishments (update
2014 – 2018)

Preface
This document provides a 5-year update for the report originally compiled and prepared in 2013
under contract to SERG International who again graciously funded this project. There were no
significant changes to the organization’s structure or manner of operation in the interim. This
update, however, provides a synopsis of additional research accomplishments from 2014 – 2018
gathered from 174 reports obtained from Proceedings of the annual SERG-I Workshops (not
peer reviewed literature). Because this is an update, the text of the original document has been
retained and new text has been integrated where appropriate.
Préface
Document qui met à jour après cinq ans le rapport initialement produit en 2013 à la demande de
SERG International (SERG-I), qui a de nouveau généreusement financé le projet. Dans
l’intervalle, aucune modification importante n’a été apportée à la structure ou au mode de
fonctionnement. Cette mise à jour contient toutefois un synopsis des recherches additionnelles
menées de 2014 à 2018 tirées de 174 rapports découlant des délibérations des ateliers annuels de
SERG-I (autre que la littérature évaluée par un comité de lecture). Comme il s’agit d’une mise à
jour, le texte du document original a été retenu, et le nouveau texte a été inséré là où il était
approprié.

2.

Annotated bibliography of SERG research projects by Research Area (update 2014
– 2018)

Abstract
This document provides a 5-year update for the original report compiled and prepared in 2013
under contract to SERG International (SERG-I) who again graciously funded this project. This
version expands the original one as a source document to capture the main reports that were
created through research and work done under its aegis as well as its predecessors and principal
collaborators. This is not a bibliography of peer reviewed publications (with a few exceptions),
but is based on reports contained in Proceedings of the annual SERG-I Workshops (special
meetings, projects, etc.). As in the original document, citations were allocated using the same
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five Research Areas used by SERG-I. A total of 174 new citations have been incorporated from
SERG-I Workshop Proceedings from 2014 – 2018.
Résumé
Document qui met à jour après cinq ans le rapport initialement produit en 2013 à la demande de
SERG International (SERG-I), qui a de nouveau généreusement financé le projet. Cette version
ajoute de l’ampleur à l’original comme document source en intégrant les principaux rapports
créés à la suite des recherches et des travaux réalisés sous l’égide de SERG-I ainsi que de ses
prédécesseurs et de ses principaux collaborateurs. Il ne s’agit pas d’une bibliographie de
publications évaluées par un comité de lecture (avec quelques exceptions); le document se fonde
plutôt sur les rapports contenus dans les délibérations des ateliers annuels de SERG-I (réunions
extraordinaires, projets, etc.). Comme dans le document original, les citations ont été réparties
selon les mêmes cinq domaines de recherche utilisés par SERG-I. Au total, 174 nouvelles
citations tirées des délibérations des ateliers de SERG-I de 2014 à 2018 ont été ajoutées.

3.

Annotated chronology of SERG research projects by Research Area (update 2014 –
2018)

Abstract
This document provides a 5-year update for the annotated chronology originally compiled and
prepared in 2013 under contract to SERG International (SERG-I) who again funded this project.
Although SERG-I uses five main Research Areas, it is recognized that individual projects may
have multiple objectives or employ different (newer, modified, etc.) techniques or technology.
Consequently, to facilitate access to such information that might be overlooked, Sub-topics were
chosen and pertinent information was selected and put in the Sub-topics in a chronological order
to help those who might be interested in such details. Reports that were included were not based
on the ‘open’ published peer reviewed literature but focused on reports of work directly
produced under the aegis of SERG-I (i.e., special meetings, projects, annual Workshop
Proceedings, etc.) originating from its predecessors as initially deposited with the Canadian
Institute for Scientific and Technical Information (CISTI) (Irving 1997) augmented with those
found in the files and library retained by Forest Protection Limited in Fredericton, NB (one of
the founder organizations and continuous member since inception), supplemented by reports
found through Internet searches, and with assistance from several libraries and individuals. This
update incorporates information from 174 reports contained in SERG-I Workshop Proceedings
from 2014 – 2018.
Résumé
Document qui met à jour après cinq ans la chronologie annotée d’abord assemblée et préparée en
2013 à la demande de SERG International (SERG-I), qui a de nouveau financé le projet. Bien
que SERG-I utilise cinq domaines de recherche principaux, on reconnaît que chaque projet peut
comporter de multiples objectifs ou employer différentes (plus récentes, modifiées, etc.)
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techniques ou technologies. Par conséquent, pour faciliter l’accès à une telle information qui
peut parfois passer inaperçue, des sous-thèmes ont été choisis et de l’information pertinente a été
sélectionnée et ajoutée aux sous-thèmes en ordre chronologique pour aider les personnes que de
tels détails intéressent à la trouver. Les rapports qui en font partie ne sont pas fondés sur des
publications « accessibles » évaluées par un comité de lecture, mais sont plutôt centrés sur les
rapports de travaux produits directement sous l’égide de SERG-I (réunions extraordinaires,
projets, délibérations des ateliers annuels, etc.) découlant de ses prédécesseurs et déposés à
l’origine à l’Institut canadien de l’information scientifique et technique (ICIST) (Irving, 1997),
auxquels se sont ajoutés les rapports trouvés dans les dossiers et la bibliothèque de Forest
Protection Limited à Fredericton, au Nouveau-Brunswick (l’un des organismes fondateurs et
membre continu depuis la création de l’organisme), ainsi que les rapports dénichés par des
recherches sur Internet et avec l’aide de plusieurs bibliothèques et personnes. La mise à jour
intègre de l’information tirée des 174 rapports contenus dans les délibérations des ateliers de
SERG-I de 2013 à 2018.

4.

Bibliography of peer reviewed publications resulting from research based on
support provided under the aegis of SERG-International (2000–2018)

Abstract
The roots of the organization known as SERG International (SERG-I) can be traced back to the
mid-late 1970s but this name was adopted in 2004. Its Terms of Reference and methods of
operation can be found on its Web site (currently: http://www.serginternational.org). Its
formative years grew from concerns about perennial large-scale aerial spray programs against the
infamous spruce budworm, non-wanted environmental side effects, health concerns, and tackling
questions about spray droplet generation and accountability. Over the years the outbreak
declined and as membership evolved, priorities expanded; technology advanced, and although
the organization retained research on spray technology, its interests started to include additional
pest problems and associated questions of population dynamics, detection, monitoring,
forecasting, range expansion, influence of climate change, alien invasive species, and
management including greater use of emerging computer capacity and modelling capabilities.
SERG-I is not a funding agency per se, but provides a venue for collaborative funding (largely
provincial money; process outlined on its Web site) that can be used to help leverage additional
funding for research. Researchers who obtain funding through the aegis of SERG-I are obliged
to report their results at annual workshops and are also encouraged to publish in the open peerreviewed literature. This document, funded by SERG-I, is a bibliography of such publications
starting in 2000. It contains 294 citations.
Résumé
Les racines de l’organisation connue sous le nom de SERG International (SERG-I) remontent à
la deuxième moitié des années 1970, mais le nom actuel a été adopté en 2004. Ses attributions et
modes de fonctionnement sont publiés sur son site Web (adresse actuelle:
http://www.serginternational.org). Sa formation est issue des préoccupations suscitées par les
vastes programmes permanents d’arrosage aérien qui étaient alors menés contre la notoire
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tordeuse des bourgeons de l’épinette, les effets secondaires non voulus sur l’environnement, les
préoccupations relatives à la santé, et les questions entourant la génération des gouttelettes
pulvérisées et la reddition de comptes. Au fil des ans, l’infestation s’est affaiblie et, avec
l’élargissement des membres, les priorités ont évolué; la technologie a progressé et, bien que
l’organisation ait poursuivi la recherche sur la technologie de la pulvérisation, ses intérêts se sont
élargis pour inclure la lutte contre d’autres parasites et l’étude de questions connexes liées à la
dynamique, à la détection et à la surveillance des populations, aux prévisions, à l’expansion de
l’aire de distribution, à l’influence des changements climatiques, aux espèces exotiques
envahissantes et à la gestion, y compris une plus grande utilisation de la capacité informatique et
des capacités de modélisation dont nous disposons aujourd’hui. SERG-I n’est pas un organisme
de financement en soi, mais le groupe offre plutôt un cadre favorisant le financement en
collaboration (surtout des fonds provinciaux – le processus est décrit sur le site Web) qui peut
servir de levier pour obtenir des fonds additionnels destinés à la recherche. Les chercheurs qui
reçoivent des fonds sous l’égide de SERG-I ont l’obligation de présenter leurs résultats aux
ateliers annuels et sont encouragés à publier dans la littérature accessible évaluée par un comité
de lecture. Ce document, financé par SERG-I, est une bibliographie de telles publications à
partir de 2000. Il contient 294 citations.
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Efficacy, treatment optimization, and non-target impacts of Early Intervention
Strategy in Atlantic Canada (EIS 1.0)
V. Martel1 and R.C. Johns2
1

CFS-LFC, 1055 du PEPS, PO Box 10380, Stn Ste-Foy, Québec, QC, G1V 4C7 (418)
640-2625,
2
CFS-AFC, 1350 Regent St., Fredericton, NB, E3B 5P7 (506) 452-3785

Co-investigators: D. Pureswaran, S. Heard, E. Moise, J. Bowden, M. Stastny, P. James,
M. Cusson, A. Smith, E. Eveleigh, E. Owens, C. MacQuarrie, J. Delisle
Abstract
Early Intervention Strategy aims to control spruce budworm ‘hot spots’ along the leading
edge of outbreak to slow its southward spread through Atlantic Canada. After four years
of testing (final year results pending) we have had success suppressing populations in
areas treated with insecticide, even in instances where populations somewhat surpass the
tentative Allee threshold of ~7 L2 per branch. This project was designed to address
several knowledge gaps to be filled. Some of these gaps include: (1) An incomplete
understanding of the processes driving outbreak rise and spread (e.g., enhanced larval
survival vs. moth dispersal) and how effective EIS is at suppressing outbreak spread at a
regional scale. (2) A need to refine and improve treatment protocols (i.e., products,
treatment timing, application rates, forest composition targeted) to increase efficacy and
minimize impact on natural enemy communities. (3) Detailed information on budworm
and non-target impacts (especially on parasitoids) in treated and untreated areas that
would help us adjust protocols to maximize efficacy while also limiting non-target
impacts. This year’s results indicated substantial mortality in study sites, which resulted
in a nearly 90% reduction in populations in New Brunswick from 2018 to 2019.
Preliminary analyses suggest that an increased impact from natural enemies coupled with
relatively low levels of moth immigration from the Lower St. Lawrence may have been
responsible for this decline. Processing of the SBW larvae, found either dead or alive, to
detect the presence of parasitoids by molecular technique, is currently ongoing and will
help us confirm or refute this hypothesis. Processing of L2 branches is still ongoing.
Résumé
La stratégie d’intervention hâtive (SIH) vise à contrôler les foyers d’infestations de la
tordeuse des bourgeons de l’épinette (TBE) le long du front épidémique afin de ralentir sa
progression vers le sud au Canada atlantique. Après quatre années de tests (les résultats
de la dernière année sont en cours), nous avons réussi à réduire les populations des aires
traitées avec des insecticides, même dans les cas où les populations étaient au-delà du
seuil Allee provisoire de ~7 L2 par branche. Ce projet a été mis sur pied afin de combler
des lacunes dans les connaissances, incluant : (1) Une compréhension incomplète des
processus qui mènent au déclenchement et à la propagation des épidémies (p. ex.
l’augmentation de la survie larvaire vs. la dispersion des papillons) et l’efficacité de la
SIH pour empêcher la propagation des épidémies à l’échelle régionale. (2) Le besoin de
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raffiner et d’améliorer les protocoles de traitements (c.-à-d. les produits, le moment des
traitements, les taux d’application, la composition des forêts ciblées) afin d’augmenter
l’efficacité et minimiser les impacts sur les communautés d’ennemis naturels. (3) Une
information détaillée sur la TBE et les effets non-ciblés (particulièrement sur les
parasitoïdes) dans les aires traitées et non traitées qui nous aiderait à ajuster les protocoles
afin de maximiser l’efficacité en limitant les effets non-ciblés. Les résultats de 2018
indiquent une mortalité substantielle dans les sites d’études, qui résulte en presque 90%
de réduction des populations au Nouveau-Brunswick de 2018 à 2019. Les analyses
préliminaires suggèrent une augmentation de l’impact des ennemis naturels couplé avec
des niveaux d’immigration de papillons du Bas-St-Laurent relativement bas. Le
traitement des larves de TBE, trouvées mortes ou vivantes, afin de détecter la présence de
parasitoïdes de façon moléculaire est présentement en cours, et nous aidera à confirmer
ou infirmer cette hypothèse. Le traitement des branches de L2 est toujours en cours.
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Migration and population dynamics of spruce budworms: measurement and interpretation
Jacques Régnière and Vince Nealis
Natural Resources Canada, Canadian Forest Service
Abstract
In budworm ecology, the E/M ratio measures the apparent fecundity of populations, the result of
oviposition by local and immigrant moths. It offers a means to measure the relative importance
of fecundity and migration rates in the population dynamics of this highly mobile group of
insects. Using mathematical arguments, and backed by considerable amounts of data obtained
from the literature and from unpublished datasets, we develop here a formal context upon which
to base the measurement and interpretation of E/M ratios in the study of budworm population
dynamics. Our main conclusion is that under most circumstances, E/M ratios are very high in
low-density populations and very low in high-density populations, all relative to the regional
mean. Thus, low-density populations are nearly always migration sinks, and dense populations
nearly always sources. The slope of the relationship between Log(E/M) and Log(M) where E is
egg density and M is local moth density, varies between -1 and 0, and is negatively correlated
with migration rate. In addition, we have found strong evidence of density-dependent emigration
in the western spruce budworm. Therefore, moth migration is not simply a source of “noise” in
the high-order density-dependent stochastic process leading to budworm outbreaks. It is itself
highly density-dependent, in both the statistical and biological sense. Therefore, moth migration
is a synchronizing factor and a spread mechanism that is essential to understanding the
development and expansion of budworm outbreaks at wide landscape scale in the boreal forests
of North America.
Résumé
En écologie de la tordeuse des bourgeons de l’épinette, le rapport E/M (oeufs/papillons) mesure
la fécondité apparente des populations, le résultat final de l’oviposition par les papillons locaux
et immigrants. Il est un moyen de mesurer l’importance relative de la fécondité et la migration
dans la dynamique des populations de ce groupe d’insectes très mobiles. En nous basant sur des
arguments mathématiques, et avec le support de nombreux ensembles de données publiées et
inédites, nous développons ici un contexte formel pour la mesure et l’interprétation du rapport
E/M dans l’étude de la dynamique des populations de tordeuses. Notre conclusion principale est
que, dans la plupart des circonstances, le rapport E/M est très élevé dans les populations de faible
densité, et très faible dans les populations élevées, ceci par rapport à la population moyenne
régionale. Ainsi, les populations faibles sont presque toujours des puits migratoires (traduction
de migration sinks), et les populations denses presque toujours des sources migratoires. La pente
de la relation entre Log(E/M) et Log(M), où E est la densité des oeufs et M la densité des
papillons locaux, varie entre -1 et 0, et est corrélée négativement au taux de migration. De plus,
nous avons découvert une preuve convaincante que le taux de migration est densité-dépendant au
moins chez la tordeuse occidentale. Donc, la migration des papillons n’est pas une simple source
de “bruit” dans un processus aléatoire densité-dépendant d’ordre supérieur qui mènerait aux
épidémies de ces insectes. La migration est en fait hautement densité-dépendante, autant dans le
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sens statistique que biologique. Par conséquent, la migration est un facteur de synchronisation et
d’expansion qu’il est essentiel de comprendre pour expliquer et prévoir le développement et la
répartition de ces épidémies à l’échelle des grands paysages dans le forêts boréales d’Amérique
du Nord.
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Early intervention strategies against spruce budworm: modeling and DSS analyses in 2018
David A. MacLean1 , Chris Hennigar1,2 , Bo Zhang1 , Shawn Donovan1 ,
Eric Liu1 , Van Lantz1 , Luke Amos-Binks2 , and Drew Carleton2
1
2

Faculty of Forestry and Environmental Management, University of New Brunswick
NB Dept. of Energy and Resource Development, Fredericton, NB

Objectives in 2018-19 for Project 3.0 of the Early
Intervention Strategies (EIS) against spruce budworm
(SBW) project included: 1) work towards incorporating
effects of hardwood content in reducing SBW defoliation
of fir and spruce into the SBW Decision Support System
(DSS); 2) refining optimum operational blocking
heuristics and use in planning prioritization of EIS
treatment blocking for 2019; and 3) measuring
defoliation and tree response in a network of plots near
Amqui and Causapscal, QC, and use in developing
refined DSS impact relationships and evaluation of
satellite-based detection of defoliation. PhD student Bo
Zhang published 5-year results of study of a gradient of
hardwoods in balsam fir-hardwood stands near Amqui,
Quebec, which showed that average defoliation in
softwood stands and % hardwood content were the most
important predictor variables in predicting balsam fir
defoliation caused by SBW. MScF student Shawn
Donovan published a study using ground-based hemispherical canopy photographs to measure changes in
leaf-area index and canopy gap fraction with defoliation.
Methods to optimize operational blocking in insecticide
spray programs were refined and used to plan the 2019
SBW EIS spray program. As a result of dramatic
declines in SBW L2 levels in NB in 2018, the EIS SBW
treatment area will be much reduced to only 10,000ha in
2019, compared to 200,000ha in 2018. Study of
economic analyses of EIS against SBW by MSc student
Eric Liu was completed.

le cadre du projet de la stratégie d’intervention précoce
contre la tordeuse des bourgeons de l’épinette (TBE)
étaient les suivants : 1) tenter d’intégrer au système de
soutien à la décision pour la TBE (SSD) les effets du
contenu en feuillus sur la réduction de la défoliation du
sapin et de l’épinette par la TBE; 2) en 2019, raffiner
encore plus l’heuristique et l’utilisation des parcelles
opérationnelles dans l’établissement des priorités lors de
la planification des parcelles de traitement contre la
TBE; 3) évaluer la défoliation et les réactions de l’arbre
dans un réseau de parcelles situées près d’Amqui et de
Causapscal au Québec, et utiliser les données des
parcelles pour élaborer les relations de l’impact de la
TBE et évaluer la détection de la défoliation par
satellite. L’étudiant au doctorat Bo Zhang a publié les
résultats sur cinq ans d’une étude menée sur un gradient
de feuillus dans des peuplements de sapins baumiersfeuillus près d’Amqui, au Québec, qui montrent que la
défoliation moyenne dans les peuplements de résineux et
le contenu de feuillus en pourcentage étaient les
variables les plus importantes de prédiction de la
défoliation du sapin baumier causée par la TBE.
L’étudiant à la maîtrise en sciences forestières Shawn
Donovan a publié une étude qui s’est appuyée sur des
photographies hémisphéricales du couvert forestier à
partir du sol pour mesurer les changements dans l’indice
de surface foliaire et la fraction de trous du couvert
forestier présentant une défoliation. Les méthodes pour
optimiser les parcelles opérationnelles des programmes
de pulvérisation d’insecticides ont été raffinées et
appliquées à la planification du programme de
pulvérisation de 2019 de la stratégie contre la TBE. À la
lumière des baisses spectaculaires des niveaux de L2 de
la TBE au Nouveau-Brunswick en 2018, la zone de
traitement contre la TBE de la stratégie sera grandement
réduite pour toucher seulement 10 000 ha en 2019,
comparativement à 200 000 ha en 2018. L’étudiant à la
maîtrise Eric Liu a achevé l’étude des analyses
économiques de la stratégie d’intervention précoce
contre la TBE.

Les objectifs en 2018-2019 pour le Projet 3.0 mené dans

Eastern North America is undergoing another spruce budworm (SBW) outbreak, and we are
testing an early intervention s tr a te g y ( E I S ) to suppress SBW populations in New
Brunswick and prevent widespread damage. Government and Industry have been actively
involved in this project for 5 years, with years 1-4 funded by ACOA AIF and partners, and years
5-9 now funded by Natural Resources Canada and industry and provincial governments.
Strategies include short-term (applied control measures designed to suppress populations),

SERG International 2019 Workshop Proceedings

102

longer-term (understanding effects of natural enemies and factors affecting outbreak initiation,
and improving decision support capabilities to facilitate planning. More information about the
New Brunswick EIS-SBW project is available at www.healthyforestpartnership.ca
The SBW DSS is a computer system including stand and forest-level models and a GIS that
projects effects of SBW defoliation, and SBW management/ protection strategies, on tree and
stand growth, timber supply, economic indicators, and forest carbon (MacLean et al. 2001;
Hennigar et al. 2007, 2011, 2013). The most recent version of the SBW DSS is the Accuair
Forest Protection Optimization System (ForPRO) (McLeod et al. 2011). Ecological SBW
population data is being integrated into computer-based simulation models to develop an
optimized SBW management DSS, Accuair ForPRO II. The new optimized DSS will help
reduce social and regulatory barriers to the adoption of new pest-control products. The
livelihoods of many forest-resource based communities across Canada depend upon successful
suppression of SBW populations. The DSS analyses are being conducted in collaboration with
end-users. The DSS is currently the only tool available to permit users to integrate forest harvest
planning, protection using pesticides, and salvage, within a spatial optimization framework, to
reduce losses to SBW (Hennigar et al. 2007).
Objectives (for activities in 2018):
1. Evaluate the mechanism of observed hardwood effects in reducing SBW defoliation on
balsam fir and spruce (whether increased natural enemies and/or small larvae dispersal
losses) and incorporate into the SBW DSS.
2. Refine optimum operational blocking heuristics for use in planning annual insecticide spray
programs, and use for planning the SBW EIS 2019 blocking in New Brunswick.
3. Measure defoliation and tree response in a network of plots near Amqui and Causapscal, QC,
and use in developing refined DSS impact relationships and evaluation of satellite-based
detection of defoliation.
Results
1. Effects of hardwood content on balsam fir defoliation during the building phase of a
SBW outbreak
Results of this study were published in Zhang et al. (2018). Defoliation by SBW on balsam fir
has been shown to be more severe in fir than in mixed fir-hardwood stands. Previous studies
assumed that defoliation in fir-hardwood stands was reduced in proportion to percent hardwood
regardless of outbreak severity. We tested the influence of stand composition on defoliation
during the first 5 years of a SBW outbreak near Amqui, Quebec, by sampling 27 fir-hardwood
plots selected to represent three percent hardwood basal area classes (0%–25%, 40%–65%, and
75%–95%). Balsam fir defoliation was significantly lower (p < 0.001) as hardwood content
increased, but the relationship varied with overall defoliation severity each year. Annual plot
defoliation in fir- hardwood plots, estimated using: 1) defoliation in pure fir plots and the
assumption that defoliation in fir- hardwood plots was reduced in proportion to percent
hardwood; 2) a generalized linear mixed-effects model with defoliation in pure fir plots, percent
hardwood, and interaction as fixed-effects; and 3) Random Forests prediction incorporating 11
predictor variables, resulted in r = 0.77, 0.87, and 0.92 versus measured defoliation, respectively.
Average defoliation severity in softwood plots and percent hardwood content were the most
important variables in Random Forests analysis. Data on average defoliation level in softwood
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stands, as an indicator of overall outbreak severity, improves prediction of balsam fir defoliation
in mixed stands.
2. Quantification of forest canopy changes caused by SBW defoliation using digital
hemispherical imagery
Results of this study were published in Donovan et al. (2018). Detection of SBW defoliation is
critical for forest protection strategies aimed at minimizing losses in growth and mortality.
However current aerial and ground survey methods of detecting defoliation are imprecise and
subjective, limiting their usefulness. We evaluated the use of hemispherical crown canopy
images to quantify annual SBW defoliation, comparing images taken before and after defoliation
in each of two years in 75 sample plots in Québec, Canada. Gradient Boosting Machine analysis
identified gap fraction change from May-October, gap fraction after defoliation, insecticide
spraying, and % balsam fir basal area as important explanatory variables of defoliation. Logistic
Generalized Linear Model (GLM) and Random Forests (RF) models were trained on a random
two-thirds of sample plots combining both years, and defoliation predictio ns were validated on
the remaining one-third of plots. RF predictions consistently resulted in slightly higher
correlations and lower root mean squared errors (RMSEs) than GLM predictions. Defoliation
models including insecticide spraying, gap fraction change May-October, and % balsam fir basal
area had RMSEs of 14–22%, whereas models excluding insecticide spraying had higher RMSEs
of 18–24%. Model goodness-of-fit using two-sample Kolmogorov-Smirnov tests indicated that
predicted and measured annual defoliation had similar distributions, with the exception of GLM
and RF models excluding spray compared to ocular defoliation. Use of hemispherical images in
to quantify gap fraction change is a feasible, non-destructive, and objective method to assess
canopy foliage changes caused by SBW defoliation, applicable for use in sample plots.
Table 1. Current value output and net export ($ billion) impacts from SBW outbreak scenarios
(2010-2060) (from Liu 2018).
Impacts

Outbreak and protection scenarios
Moderate outbreak
Severe outbreak
Reactive
EIS
Reactive
EIS
strategy
strategy

Output ($billion):
Output loss
With 0% area protected
Output saving
With re-p lanning only
With re-p lanning and 5% area protected
With re-p lanning and 10% area p rotected
With re-p lanning and 20% area p rotected
With Early Intervention Strategy
Net Export ($billion):
Net Export loss
With 0% area protected
Net Export saving
With re-p lanning only
With re-p lanning and 5% area protected
With re-p lanning and 10% area p rotected
With re-p lanning and 20% area p rotected
With Early Intervention Strategy

-24.63

-35.31

21.71
23.14
23.65
24.10

9.58
18.10
22.88
31.24

24.63

35.31

-19.57

-27.79

17.80
18.80
19.14
19.42

7.75
14.45
18.22
25.04

19.57

27.79

Values are presented in current-value Canadian dollar terms.
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3. Economics of early intervention to suppress a potential SBW outbreak
Eric Liu completed his MScF project on this topic, supervised by Drs. Van Lantz and David
MacLean (Liu 2018). SBW outbreaks are the most important natural disturbance in eastern
Canada. Recently, an early intervention strategy (EIS) has been developed against SBW
outbreaks in New Brunswick. In this study, the SBW DSS was coupled with a Computable
General Equilibrium (CGE) model to assess the impacts of forest protection strategies in NB.
Results are summarized for moderate and severe SBW outbreak scena rios, reactive strategy
protecting 5%, 10%, or 20% of Crown land in NB, and an EIS approach in terms of present
value, benefit-cost ratios, and net present value over 50 years. The results demonstrated that a
future SBW outbreak would reduce up to $35.3 billion of NB current value total domestic output
(direct and indirect losses, based on $9.6 billion reductions over 50 years, discounted at 4%;
Table 1). Net present value (calculated with a 4% discount rate) if an EIS works exceeded that of
reactive foliage protection strategies, at $353 million (Table 2). Regarding the efficacy of forest
protection strategies, the EIS was predicted to be the most cost-effective and economically
efficient. Overall, these results support the continued use of EIS as the mos t preferred strategy on
economic grounds to protect against SBW outbreaks in NB.
Table 2. Benefits and costs of reactive and EIS SBW control programs on Crown land in NB over 50
years (from Liu 2018).

Outbreak scenarios and values

% of susceptible area protected
(‘000 ha)
Reactive foliage protection
& re-planning by % area
5%
10%
20%
(1,136)
(2,273)
(4,546)

EIS
works
(2,040)

Moderate Outbreak
PVe Market Benefit ($M)c
PV Market Costs ($M)d
PV Non-Market Benefits ($M)
PV BCRf of Protection [Market value]($/$)
PV BCR of Protection [Market & Non-Market values] ($/$)
NPVg of Protection [Market value]($M)
NPV of Protection [Market & Non-Market values]($M)

117.55
35.35
4.48
3.33
3.45
82.20
86.68

123.94
67.87
8.96
1.83
1.96
56.07
65.03

130.91
132.94
17.92
0.98
1.12
-2.03
15.90

161.79
65.50
89.63
2.47
3.84
96.29
185.92

Severe Outbreak
PVe Market Benefit ($M)c
PV Market Costs ($M)d
PV Non-Market Benefits ($M)
PV BCRf of Protection [Market value]($/$)
PV BCR of Protection [Market & Non-Market values] ($/$)
NPVg of Protection [Market value]($M)
NPV of Protection [Market & Non-Market values]($M)

147.07
43.26
4.94
3.40
3.51
103.81
108.75

173.77
83.41
9.89
2.08
2.20
90.35
100.24

209.84
163.67
19.77
1.28
1.40
46.17
65.94

319.33
65.50
98.87
4.88
6.39
253.84
352.71

a. Reactive foliage protection strategy assuming a potential moderate/Severe outbreak starts in 2015. And forest spraying
program starts in 2018.
b. The total SBW susceptible area is estimated at 2,840,860 ha in New Brunswick Crown Forest (Chang et al. 2012b).
c. M arket benefits are estimated by using the Crown stumpage revenue net of license management fees from the 2017 New
Brunswick Crown model.
d. M arket costs contains forest insecticide spraying program treatment cost s and monitoring costs.
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e. PV = present value.
f. BCR = benefit-cost ratio (i.e., BCR of protection = PV benefits / PV costs).
g. NPV = net present value (i.e., NPV of protection = (PV benefits-PV costs) / (1+ discount rate)n ).

4. Develop and use of an optimum operational spray blocking tool
An operational insecticide block planning tool developed by Dr. Chris Hennigar using heuristic
algorithms to implement EIS control strategies has been used by FPL and NB ERD in designing
the 2015-2019 EIS spray trials. The blocking tool uses 1 ha (100m x 100m) cells, and combines
an interpolated SBW L2 sample raster and a % spruce- fir layer, along with tests of alternative
desired flight directions, to produce optimal spray blocks.
The blocking tool process and initial results for 2019, conducted by Luke Amos-Binks of NB
ERD, are shown in Fig. 1. SBW L2 populations substantially declined in 2018 in NB, following
200,000ha of EIS treatments that year. SBW survival declined in both treated and untreated
areas, resulting in only 10 out of 1851 L2 sample points with ≥7 L2/branch that required
treatment in 2019 (Fig. 1A). This compares with 125 such L2 points in 2017, which were all
treated in 2018. The L2 spatial interpolation algorithm used was a combination of four
interpolation methods (Fig. 1B). Emphasis in the blocking algorithm was put on the SBW
population data: interpolated log L2 (scaled 1-100) + % spruce- fir (scaled 1-10) (Fig. 1C).

A

C

B

D
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Fig. 1. Results of a test of the blocking tool in planning the 2019 New Brunswick EIS spray
program. A. SBW L2 results in 2018. B. Interpolated SBW L2 layer. C. Spray priority layer = log
L2 (scaled 1-100) + %SPBF (scaled 1-10). D. Alternative treatment areas from 5,000ha35,000ha (purple to light mauve) in 5,000ha steps. The 10,000ha solution is planned for 2019.
Blocking tool solutions (Fig. 1D) were tested for 7 treatment areas (5,000-35,000ha in 5,000ha
steps), and a 2019 treatment area of 10,000ha was shown to result in coverage of all interpolated
L2 area with >7 and 4-7 L2/branch and all area with protection priority >20. The recommended
EIS spray program in 2019 in NB will be 10,000ha, compared with 200,000ha in 2018.
Conclusions
Following 5 years of EIS treatments of low but increasing SBW populations, L2 populations
across northern NB are considerably lower than adjacent SBW populations across the border in
QC. Populations in blocks treated with both Btk and tebufenozide are consistently reduced and
generally do not require treatment in the subsequent year. Unexpectedly, SBW populations
across northern NB, based on intensive L2 sampling, showed over 90% reductions in 2018. We
expect that SBW populations will probably rebound after this decline. Successful results from
2014-2018 resulted in the Healthy Forest Partnership EIS Tea m being approved for continued
federal (NRCan) and Atlantic Canada provincial governments for 2018-2022 funding.
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Best practices for application of insecticides in early intervention strategy
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Abstract
The early intervention strategy (EIS) for spruce budworm relies on targeting areas where
populations are on the rise (‘hot spots’) in an effort to reduce localised populations before they
become net moth emitters. As treatments continue to scale up both operational (aircraft) and
financial constraints will begin to limit the area that can be treated. Failure to treat all of the lowlevel populations in a given year due to cost or operational constraints could begin to put the EIS
at risk by allowing local populations to establish and continue to grow. The goals of this project
are to develop best management practices to reduce treatment cost per hectare so more hectares
can be treated and ensure that all treatments efficient and efficacious. Year one of this project
was focused on determining if differences in efficacy exist between: (1) the two tebufenozide
products (Limit and Mimic), (2) a single vs. double application of Btk, (3) the standard 1.5 L/ha
dose of Btk vs. a reduced dose of 1L/ha, and (4) treatments applied at different stages of larval
development (i.e. treatment timing). Preliminary analyses detected no differences in efficacy
between the two tebufenozide products, the number of applications (single vs. double), or doses
(1 vs. 1.5L/ha). However, it is difficult to make any strong conclusions about relative treatment
efficacy as mortality was exceptionally high across all sites in 2018 (including in untreated
controls). In 2018, there were no delays in treatment application (e.g. aircraft delays due to rain,
fog, wind etc.) and treatments were done in a relatively small window of time and as such,
questions of timing were not explicitly addressed this year.
Résumé
La stratégie d’intervention hâtive (SIH) contre la tordeuse des bourgeons de l’épinette doit cibler
des régions où les populations sont en croissance (des foyers d’infestation) afin de réduire les
populations locales avant qu’elles n’émettent des papillons. Alors que les traitements continuent
d’augmenter, les contraintes autant opérationnelles (aéronefs) que financières commenceront à
limiter les aires qui peuvent être traitées. Ne pas traiter toutes les régions de basses populations
lors d’une année donnée à cause des coûts ou des contraintes opérationnelles compromet le
succès de la SIH en permettant aux populations locales de s’établir et de continuer à croitre. Les
buts de ce projet sont de développer des meilleures pratiques de gestion afin de réduire les coûts
de traitement par hectare afin que plus d’hectares puissent être traités et de s’assurer que tous les
traitements sont efficients et efficaces. La première année du projet s’est concentrée à déterminer
si des différences d’efficacité existent entre : (1) les deux produits de tébufénozide (Limit et
Mimic), (2) l’application simple vs. double de Btk, (3) la dose standard de 1.5L/ha de Btk vs. une
dose réduite de 1L/ha, et (4) des traitements appliqués à différents stades de développement des
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larves (c.-à-d. le synchronisme des traitements). Les analyses préliminaires n’ont détecté aucune
différence dans l’efficacité entre les deux produits de tébufénozide, le nombre d’applications
(simple vs. double) ou les doses (1 vs. 1.5L/ha). Cependant, il est difficile de tirer des
conclusions fortes concernant l’efficacité relative des traitements puisque la mortalité était
exceptionnellement forte dans tous les sites en 2018 (incluant les sites témoins non traités). En
2018, il n’y a pas eu de délais dans les applications (p. ex. des délais au niveau des aéronefs à
cause de la pluie, de la brume ou du vent) et comme les traitements ont été faits dans une fenêtre
temporelle relativement courte, la question du synchronisme des traitements n’a pas été adressée
explicitement cette année.
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Tracking insect outbreaks: using the Budworm Tracker citizen science program to
study budworm dispersal and enhance public engagement
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Abstract
In many scientific fields, citizen science approaches are becoming an increasingly
attractive solution to the problem of acquiring insect data over large areas. For a program
to be successful, it generally requires: (1) a project design within the capabilities of
volunteers; (2) effective recruitment and retention approaches; (3) procedures to validate
collected data; and (4) well-defined scientific questions that can be answered with the
data. These features underlie the conundrum researchers often face when designing
citizen science programs – how does one satisfy the data needs of landscape-scale
scientific questions while also ensuring high data quality and sustained public
participation. It was with this conundrum in mind that we conceived the Budworm
Tracker Program (hereafter BTP), a contributory citizen science project to monitor a
major native forest defoliator, the spruce budworm (Choristoneura fumiferana Clemens).
We recently completed our 4th year of the BTP program and sample processing and
analyses are still underway. We kept participation (307 volunteers) lower than past years
to allow us to develop a new protocol that no longer uses ‘kill strips’ but plan to scale
back up to around 400-500 volunteers this upcoming year. Although results are still being
processed, preliminary results suggest declines in population densities in Atlantic Canada
with substantially fewer moths being captured compared to past years. Articles are in
prep or submitted and analyses are ongoing to assess regional differences in genetic
markers, which could help to identify the original sources of captured moths.
Résumé
Dans de nombreux domaines scientifiques, les approches de science citoyenne
deviennent une solution de plus en plus attirante au problème de l’acquisition de données
sur les insectes à large échelle. Pour qu’un programme fonctionne, cela demande
généralement : (1) un projet dans la limite des capacités des bénévoles; (2) des approches
efficaces de recrutement et de rétention; (3) des procédures pour valider les données
collectées; et (4) des questions scientifiques bien définies auxquelles on peut répondre
avec les données. Ces aspects sont sous-jacents aux défis auxquels les chercheurs font
face lors de la planification d’un programme de science citoyenne – comment s’assurer
de combler les besoins des questions scientifiques à l’échelle du paysage en s’assurant de
la grande qualité des données et de la participation maintenue du public. C’est avec ces
défis en tête que nous avons conçu le programme Pisteurs de tordeuses (PT), un projet de
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science citoyenne pour surveiller un défoliateur forestier indigène important, la tordeuse
des bourgeons de l’épinette (Choristoneura fumiferana Clemens). Nous avons récemment
complété notre 4e année du programme PT et le traitement des échantillons et les
analyses sont en cours. Nous avons gardé la participation à un niveau plus bas que dans
les dernières années (307 bénévoles) afin de développer un nouveau protocole qui
n’utilise plus de languettes insecticides, mais prévoyons retourner à 400-500 bénévoles
pour l’année qui vient. Bien que les résultats soient encore en traitement, les résultats
préliminaires suggèrent des déclins dans les densités de population au Canada atlantique,
résultant en un nombre considérablement réduit de papillons capturés comparé aux
dernières années. Des articles sont en préparation ou soumis, et les analyses sont en cours
afin d’évaluer les différences régionales dans les marqueurs génétiques qui pourraient
aider à identifier l’origine des papillons capturés.
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Monitoring and identifying spruce budworm mortality agents using molecular assays
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Abstract
Annual monitoring of mortality agents in the course of a spruce budworm (SBW) population
cycle is an essential component of any study aimed at identifying the factors governing the rise
and decline of outbreaks. To date, assessments of causes of SBW mortality have relied on
laboratory rearing of field-collected larvae, followed by visual identification of emerging
parasitoids and/or microscopic analysis of fungal pathogens in larval carcasses. Although this
approach has so far provided vital information on the abundance and identity of mortality agents,
the procedure is labour-intensive, costly, and shows limits in terms of accuracy. In an effort to
overcome these shortcomings, we undertook the development of a suite of molecular assays that
make use of real-time quantitative PCR (qPCR) and TaqMan technologies. The assays rely on
the identification of species-specific molecular variants (SNP markers) in mitochondrial (COI)
and nuclear (28S) genes, which are then targeted by qPCR primers and TaqMan probes. The
suite of assays works like an insect identification key, where molecular signatures substitute for
morphological characters. The tool we have developed has four modules that can be used in
combination or independently, depending on the level of diagnostic precision required.
Résumé
Le suivi annuel des agents biologiques de mortalité au cours d’un cycle des populations de la
tordeuse des bourgeons de l’épinette (TBE) est un élément essentiel à toute étude visant
l’identification des facteurs qui gouvernent le développement et le déclin des pullulations. À ce
jour, l’évaluation des causes de mortalité chez la TBE a nécessité l’élevage en laboratoire de
larves échantillonnées en forêt, suivi de l’identification visuelle des parasitoïdes qui en émergent
et/ou de l’analyse microscopique des pathogènes fongiques dans les carcasses de larves. Bien
que cette approche ait jusqu’ici fourni des informations vitales sur l’abondance et l’identité des
agents biologiques de mortalité, la procédure est exigeante en termes de main d’œuvre, elle est
coûteuse et elle présente des limites quant à son exactitude. Afin de pallier à ces lacunes, nous
avons entrepris de développer une suite d’essais moléculaires qui font usage de la PCR
quantitative (qPCR) et de la technologie TaqMan. Les essais sont axés sur l’identification
préalable de variants moléculaires (marqueurs SNP) spécifiques aux espèces visées, dans des
gènes mitochondriaux (COI) et nucléaires (28S), lesquels sont alors ciblés par des amorces de
qPCR et des sondes TaqMan. La suite d’essais fonctionne comme une clé dichotomique
d’identification d’insectes où les « signatures moléculaires » remplacent les caractéristiques
morphologiques diagnostiques. L’outil que nous avons développé est formé de quatre modules,
lesquels peuvent être utilisés en combinaison ou indépendamment, selon le niveau de précision
diagnostique requis.
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Spruce budworm (Choristoneura fumiferana Clemens, Lepidoptera: Tortricidae): Progress
in pheromone studies
Peter Silk, Lucas Roscoe, Glen Forbes, Rosanna Lamb, Martin Williams, Matt Brophy
Natural Resources Canada, Canadian Forest Service - Atlantic Forestry Centre, 1350 Regent
Street, Fredericton, NB, Canada E3B 5P7
Abstract
Spruce budworm (Choristoneura fumiferana Clemens, Lepidoptera: Tortricidae) is a
significant pest of fir and spruce in Eastern Canada and the northeastern United States. As part of
the ongoing research relating to Early Intervention Strategies, we undertook several projects
pertaining to direct management and population detection protocols. 1) In trapping experiments
conducted from May-July 2018 in northern New Brunswick, we compared the mean adult catch
of traps baited with either 2-component or 5-component synthetic female sex pheromone blends.
We observed no significant effect of lure treatment in mean trap catch, substantiating our
hypothesis that the additional compounds in the 5-component blend are not required for longrange male attraction, but rather for initiating close-range mating behaviors required for
successful courtship. 2) We also initiated development of an ‘attracticide’-based management
technique, whereby lures baited with both the 2-component synthetic female sex pheromone and
a lethal dose of a biopesticide would be used to eliminate males in the population. Adult
mortality was significantly higher in adults exposed to varying doses of Permethrin® than in
control groups. A reduction and/or complete elimination of courtship sequences and mating
success in survivors that had been exposed to either wet or dry Permethrin on pheromone flakes
was also observed. 3) Parallel experiments investigating the potential of utilizing Mimic® as a
potential attracticide component confirmed that non-target developmental stages including adults
and pupae were vulnerable when exposed to varying doses of this compound. Specifically, we
observed significantly higher amounts of adult mortality, adults emerging with deformities, and
pupal death in individuals exposed to Mimic® at varying developmental levels. 3) Lastly, we
positively identified maltol (3-hydroxy-2-methylpyran-4-one) and its glucoside in balsam fir
foliage using GC/MS and LC/MS-MS. Subsequent experiments where maltol was incorporated
into artificial diets and consumed by C. fumiferana larvae confirmed that ingestion resulted in
detrimental effects on insect fitness. These included significantly longer developmental times
and significantly lower pupal weights in individuals consuming maltol-supplemented diets.
These results illustrate potentially important management tools that may be useful in future
interventions strategies for C. fumiferana.
Résumé
La tordeuse des bourgeons de l'épinette (Choristoneura fumiferana Clemens,
Lepidoptera: Tortricidae) est un ravageur important des sapins et des épinettes dans l'est du
Canada et le nord-est des États-Unis. Dans le cadre de la recherche en cours sur les stratégies
d’intervention précoce, nous avons entrepris plusieurs projets reliés à la gestion directe et aux
protocoles de détection des populations. 1) Dans des expériences de piégeage menées de mai à
juillet 2018 dans le nord du Nouveau-Brunswick, nous avons comparé les captures moyennes
d'adultes appâté avec des mélanges de phéromones sexuelles féminines synthétiques à 2 ou 5

SERG International 2019 Workshop Proceedings

114

composantes. Nous avons observé aucun effet significatif du traitement au leurre sur la capture
moyenne au piège, corroborant notre hypothèse selon laquelle les composés supplémentaires du
mélange à 5 composants ne sont pas nécessaires pour attirer les mâles à longue distance, mais
plutôt pour initier les comportements d'accouplement à courte distance requis pour une cour
réussie. 2) Nous avons également lancé la mise au point d’une technique de gestion basée sur un
attracticide, dans laquelle des leurres appâtés avec la phéromone sexuelle synthétique à deux
composants ainsi qu’une dose mortelle d’un biopesticide seraient utilisés pour éliminer les mâles
de la population. Le taux de mortalité adulte observé était élevé chez des adultes exposés à
différentes doses de Perméthrine®. Une réduction et / ou une élimination complète des
séquences de cour ainsi que le succès d’accouplement chez les survivants exposés à la
Perméthrine® humide ou sèche sur des flocons de phéromone ont également été observés. 3) Des
expériences parallèles portant sur le potentiel d'utilisation de Mimic® en tant que composant
attracticide potentiel ont confirmé que les stades de développement non ciblés, y compris les
adultes et les pupes, étaient vulnérables lorsqu'ils étaient exposés à diverses doses de ce
composé. Plus précisément, nous avons observé des taux significativement plus élevés de
mortalité chez les adultes, de déformations chez les adultes et de décès de pupes chez des
individus exposés au Mimic® à différents stades de développement. 4) Enfin, nous avons
identifié positivement le maltol (3-hydroxy-2-méthylpyran-4-one) et son glucoside dans le
feuillage du sapin baumier à l'aide de GC / MS et de LC / MS-MS. Des expériences ultérieures
dans lesquelles du maltol était incorporé à des régimes artificiels et consommé par des larves de
C. fumiferana ont confirmé que leur ingestion avait eu des effets néfastes sur la santé des
insectes. Celles-ci comprenaient des périodes de développement significativement plus longues
et un poids des pupes significativement plus bas chez les individus consommant des régimes
contenant du maltol. Ces résultats illustrent des outils de gestion potentiellement importants qui
pourraient être utiles dans les futures stratégies d’intervention de C. fumiferana.
Project Details
Spruce budworm (SBW, Choristoneura fumiferana Clemens, Lepidoptera: Tortricidae) is
a significant pest of fir and spruce in Eastern Canada and the northeastern United States. As part
of the ongoing research relating to Early Intervention Strategies, we undertook several projects
pertaining to direct management and population detection protocols. These projects included
field testing of the recently identified 5-component female pheromone blend (Silk et al. 2017),
and quantification of the effects of maltol, a secondary metabolite found in balsam fir (Abies
balsamea L. Mill., Pinaceae) on immature SBW development. The results of these studies will
provide important information related to furthering the development of early intervention
strategies for SBW management in Atlantic Canada.
A. Background and Rationale
Spruce budworm is an eruptive defoliating pest of spruce (Picea sp., Pinaceae) and
balsam fir in Atlantic Canada and beyond. Outbreaks of this pest are cyclical, with large
outbreaks contributing to significant economic and ecological disruption due to tree mortality
and defoliation. Major research efforts related to the development and implementation of
effective management strategies have been underway for some time. A critical aspect of the
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overall strategy is research into the chemical ecology of this species, with the goal of exploiting
the pheromonal ecology of this species to aid in detection of SBW populations (Silk et al. 1980).
Adult females produce a long-range 2-component (95:5) blend of (E)- and (Z)-11-tetradecenal
that attracts adult males. Males fly upwind to the female source and initiate the courtship
sequence. Until recently, it was unclear if additional female-derived pheromones existed, and if
these compounds were important in the courtship sequence. Silk et al. (2017) identified three
additional pheormones, (Z)-11-hexadecenal, (Z)-5-tricosene and (Z,Z,Z)-3,6,9-tricosatriene,
which stimulate male courtship displays and copulation attempts. While the behavioral
importance of these additional compounds were demonstrated, it was unknown if trap catch was
affected by the addition of these compounds to standard 2-component blends of the
commercially-used SBW trap lure. Consequently, field tests comparing the mean catches of traps
baited with either the 2-component or the 5-component blend were necessary.
The role of secondary plant metabolites in plant defence are varied. They may include
direct defence against herbivory, or recruitment of natural enemies in the form of detectable
synomones. Several metabolites were observed in host trees undergoing herbivory by spruce
budworm. Among these metabolites was maltol, which was found only in balsam fir (LeClair et
al. 2013). Given the possibility of elevated amounts of maltol in herbivore-damaged foliage
being a potential defence response to SBW herbivory, we investigated the effect of maltolsupplementation on immature SBW survival, development time, and pupal weight.
B. Methods
Field trapping of SBW adults was completed near Miramichi, NB (47.115540, 65.321354). The trapping site contained a mix of balsam fir (approx. 10-15 years old) and
hardwood trees, and contained populations of SBW confirmed by 2nd-instar larval counts on
branch samples collected in January 2018. Traps were arranged in a randomized complete block
design, with 10 blocks containing one of each treatment. The following treatments were used: 1)
95:5 (E)- and (Z)-11-tetradecenal (100 µg); 2) 95:5 (100 µg) + Z-11-hexadecenal (5 µg) + Z5
tricosene (5 µg); 3) unbaited lure. Lures consisted of impregnated red rubber septa containing a
pheromone blend, while the traps were green plastic SBW pheromone traps commonly used in
SBW population surveys. Traps were hung in the lower canopy of a balsam fir tree by hand.
Trap were set on June 18 and were sampled weekly until August 7.
To determine if maltol (3-Hydroxy-2-methyl-4H-pyran) affects the survival, development
time, and pupal mass of SBW, second-instar larvae (L2) were reared on six different diets:
standard McMorran artificial diet (control) (McMorran, 1965); and standard McMorran diet
supplemented with maltol (99% pure, Sigma Aldrich, Inc. St. Louis, MO, USA) added at five
concentrations (0.5%, 1%, 2%, 3%, 4%) of the diet’s volume. L2 were obtained from the Insect
Production Services (IPS) of the Canadian Forest Service, Sault Ste. Marie, ON, Canada. The
experimental setup was similar to that described by MacKinnon et al. (2016). Briefly, McMorran
diet was placed in a glass beaker and heated in a 700 watt microwave oven for 5 min, stirred and
heated for another 3 min until liquified. For each treatment, the volume of diet was measured
and placed in an industrial blender, and maltol was added and thoroughly blended. In all
treatments, diet was poured into trays to a depth of ~ 1cm and refrigerated over night. Glass
vials (17 x 60 mm²; 2 dram) were plugged with diet by cutting the diet using the open end of the
vials and then pushing the plugs to the bottom of the vials with a plastic plunger. Strips of
cheesecloth containing the diapausing L2 larvae were placed in a glass bowl and misted with
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water twice daily until the L2 emerged from diapause. The L2 were randomly selected from the
colony, with one larvae placed into each of 100 vials per treatment (n = 100) using a small paint
brush. The order in which vials received larvae was randomized among the six treatments. The
vials were sealed with foam plugs and stored upside down in trays with the diet upward.
Mortality and the development time to reach 6th instar (L6), pupal stage, and adult eclosion were
monitored daily. The larval instar at death was determined by measuring head capsules
(McGugan, 1954). Pupae were weighed (g), sexed and placed in clean glass vials to eclose.
The experiment was conducted in a laboratory at a constant temperature of 22°C, ~ 40% RH and
a 16hrs:8hrs (day:night) photoperiod.
C. Results
Mean trap catches of adult male SBW were compared using a one-way Analysis of
Variance. While mean trap catches in traps baited with either the 2-component or multicomponent blend were significantly higher than mean trap catches in unbaited traps, there was
no significant difference between the two treatments.

Figure 1: Mortality of immature SBW fed artificial diets supplemented with 0.5, 1.0, 2.0, 3.0, or
4.0% maltol (D.V). An ‘*’ represents a significant difference between a mortality associated with
a treatment group versus mortality observed in the control group.
Maltol concentration in the diet did not significantly affect SBW larval and pupal mortality at
0.5%, 1% and 2% concentrations, but significant mortality occurred at 3% (87% mortality) and
4% (94% mortality) concentrations (Fig. 1).
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Figure 2. Mean developmental times of SBW (L2 to L6) fed one of several maltol-supplemented
diet treatments. An ‘*’ represents a significant difference between a mean developmental time
associated with a treatment group versus the mean developmental time in the control group
(Dunnett’s test, P < 0.05).
Development times from L2 to L6 were significantly longer at maltol concentrations > 0.5% for
male larvae, and at concentrations > 1% for female larvae (Fig. 2) as compared to developmental
times of larvae in the control group. Development times of male larvae from L6 to pupae were
significantly longer only at the two highest concentrations (2% and 3%), whereas the
development times of female larvae from L6 to pupae were significantly longer at all
concentrations, compared with their respective controls (P > 0.05). The development times of
both male and female pupae were not affected by any of the maltol concentrations tested (Males:
one way ANOVA, F4, 199 = 1.5, P=0.203; Females: one way ANOVA, F4, 162 = 0.88, P = 0.477
data not shown). Pupal mass (Fig. 3) was significantly lower at all maltol concentrations for both
males and females compared to controls (P > 0.05, data not shown).
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Figure 3: Mean pupal masses of SBW individuals reared on artificial diet supplemented with
varying concentrations of maltol. An ‘*’ represents a significant difference between the mean
pupal mass of a treatment (maltol-supplemented) group and the mean pupal mass of the control
group (One-way ANOVA, P < 0.05).
D. Discussion
The lack of significant difference between mean male trap catches on 2-componentbaited and multi-component-baited traps suggests that the addition of secondary components do
not contribute to long-range recruitment of males to the pheromone source. This is consistent
with Silk et al. (2017), who postulated that the additional components are necessary for
stimulating male courtship behaviors after arriving at the pheromone source, but not necessarily
for initiating upwind flight. Our results suggest that the addition of the three additional secondary
components to the primary blend are not required for improving trap catch as part of widespread
early intervention strategies. Their applicability in other roles within the management context are
currently being evaluated.
The supplementation of maltol to artificial diets resulted in significantly higher amounts
of mortality, increased larval developmental times, and lower pupal weights at one or more
concentration levels above 0%. While mortality was only significantly greater at concentrations
beyond what is found in natural balsam fir foliage (Williams et al., in prep), the sublethal effects
on developmental time and pupal weight suggest that lower levels more consistent with
concentrations found in balsam fir may fulfill a direct defence role in foliage protection. The
applicability of these results within a management context for SBW are not possible at present;
however, investigations into the possibility of induceability in threatened trees and the potential
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for tree rearing protocols that selects for increased maltol production are being studied. The exact
mechanism by which maltol affects SBW larvae is unknown, though current studies on the
biochemical pathway followed by ingested maltol within affected SBW larvae are underway.
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SBW pest management as a conservation tool for critical habitats and ecological integrity
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Abstract:
Targeted control strategies, such as the Early Intervention Strategy (EIS) against spruce
budworm (SBW) outbreaks, may help prevent or mitigate impacts of insect disturbances on
ecological goods and services provided by forests, including hydrological and ecosystem
function, and recreational opportunities. Yet, these broader ecological benefits of insect
management remain overlooked even in the face of public concern over large-scale aerial
applications. Sustained defoliation could lead to loss of canopy cover and even tree mortality,
altering watershed hydrology, and soil and water temperature and chemistry. We expect that
these cascading effects will negatively impact stream habitats and food webs essential for coldwater fishes including the Atlantic Salmon and Brook Trout, and critical habitat and community
structure of key bird species, such as the Canada Warbler. Using 12 conifer-dominated
watersheds (600-1000 ha each) in the Gaspésie region of Quebec, we will create a gradient of
defoliation by treating 6 watersheds with aerially-applied single- or double-application of BtK
(as per EIS application) while the other 6 watersheds will experience the active SBW outbreak
(no-intervention scenario). We will measure SBW densities and defoliation, canopy loss, needle
fall and frass, and forest hydrology within riparian forests and uplands. We will concurrently
characterize bird communities, stream water discharge, chemistry, and community responses
across the aquatic food web (from basal resources up to fishes) across the watersheds. We will
deploy under-canopy microclimate monitoring stations in 3 watersheds coupled with synoptic
measurements across the other 9 watersheds across the gradient to establish links between
defoliation and bird habitat, and to develop and calibrate process-based models that link changes
in discharge to defoliation. We use sophisticated tracers (including microbial response, organic
molecules, and isotopes) to connect food web and water quality responses to defoliation. This
empirical test of maintenance of the ecological integrity of critical habitats that support
communities of birds and fish – charismatic taxa with broad public interest and important socioeconomic value for recreation and tourism – represents a major opportunity to address the issue
of social license in the regional management of this important forest insect.
Résumé
Les stratégies de contrôle ciblées, comme la stratégie d’intervention précoce contre les
infestations de tordeuse des bourgeons de l’épinette (TBE), pourraient contribuer à prévenir ou à
atténuer les effets des perturbations dues aux insectes sur les biens et services écologiques
fournis par la forêt, y compris sa fonction hydrologique et écosystémique, et les possibilités
récréatives. Pourtant, ces bienfaits écologiques plus larges de la lutte antiparasitaire ne sont pas
souvent invoqués devant les préoccupations du public à l’égard des applications aériennes à
grande échelle. Une défoliation prolongée pourrait entraîner la perte de couvert forestier et même
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la mort d’arbres, ce qui altère l’hydrologie des bassins hydrographiques de même que la
température et la chimie du sol et de l’eau. Nous nous attendons à ce que ces effets en cascade
aient des effets néfastes sur les habitats dans les cours d’eau et les réseaux trophiques de poissons
d’eaux froides comme le saumon de l’Atlantique et la truite mouchetée, et de l’habitat critique et
de la composition de communautés d’espèces d’oiseaux importantes, comme la paruline du
Canada. Partant de 12 bassins hydrographiques dominés par les conifères (de 600 ha à 1000 ha
chacun) situés en Gaspésie, au Québec, nous allons créer un gradient de défoliation en traitant
six bassins hydrographiques au moyen d’une seule ou de deux applications aériennes de BtK (au
taux déterminé par la stratégie d’intervention précoce), tandis que les six autres bassins
hydrographiques connaîtront une infestation active de TBE (scénario sans intervention). Nous
mesurerons les densités de TBE et la défoliation, la perte de couvert forestier, la chute d’aiguilles
et la sciure, ainsi que l’hydrologie au sein des forêts et des hautes terres riveraines.
Simultanément, nous caractériserons les communautés d’oiseaux, l’écoulement et la chimie des
cours d’eau, et les réactions des communautés qui composent le réseau trophique aquatique (des
ressources de base aux poissons) dans les bassins hydrographiques. Nous allons déployer des
stations de surveillance du microclimat sous le couvert forestier dans trois bassins
hydrographiques, que nous combinerons à des mesures synoptiques dans les neuf autres bassins
hydrographiques à travers le gradient afin d’établir des liens entre la défoliation et l’habitat des
oiseaux et d’élaborer et étalonner des modèles fondés sur des processus qui relient les
changements dans l’écoulement à la défoliation. Nous utilisons des marqueurs sophistiqués (y
compris la réaction microbienne, des molécules organiques et des isotopes) pour relier les
réactions du réseau trophique et de la qualité de l’eau à la défoliation. Cet essai empirique sur le
maintien de l’intégrité écologique d’habitats critiques qui abritent des communautés d’oiseaux et
de poissons – taxons charismatiques qui suscitent un large intérêt public et ont une importante
valeur socio-économique pour les loisirs et le tourisme – représente une occasion propice
d’aborder la question de l’acceptabilité sociale de la gestion régionale de cet important insecte
des forêts.
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Forecasting for EIS in the context of climate change
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Abstract
The success of pest management programs, such as the Early Intervention Strategy (EIS) for
spruce budworm (SBW) outbreaks, depends on accurate and up-to-date forecasting of trends in
insect populations and development. Ongoing climate change may alter the response of SBW to
control treatments (i.e. efficacy), the synchrony of feeding and tree budburst (hence, performance
and exposure to treatments), or the effects of natural mortality factors. To improve the decisionmaking essential for the successful implementation of EIS under changing environmental
conditions, this project aims to enhance the forecasting of SBW 1) development (phenology),
and 2) survival and performance, in the context of EIS treatments.
A revised phenology model, parametrized and validated through a set of temperature regimes
under lab and field conditions for the Maritimes, will complement field sampling by providing
larval stage forecasts based on temperature forecasts. A SBW population sampled from the
Balmoral area in 2017 was reared at 7 constant temperatures. The phenology of this population
will be compared to other populations (QC, ON, NWT) and to BIOSIM predictions. The results
will be used to parametrize the new model. In addition, phenology models will inform the
forecasting of SBW moth dispersal that rely on estimates of the timing of adult emergence over
large geographic areas. In 2018, we ran a network of automatic pheromone traps in NB and QC
(north and south shore). The results of these traps (capture counts 4 times/day) are used for
different applications including validating the phenology model fitted with experimental data and
providing data to validate a dispersal model. SBW survival and performance, the key parameters
in SBW population dynamic models, will be investigated through manipulation of temperature
regimes and degrees of budburst phenology under lab (growth chamber) and field conditions
(using natural climatic gradients with sentinel larvae). To develop a larvae deployment schedule
for budworm-host asynchrony treatments, semi-weekly measurements were conducted to
establish a relationship between accumulated degree days and balsam fir bud development and
shoot elongation. Collectively, this work will help predict SBW population dynamics and
responses to treatments in the context of ongoing climate change during the current and future
outbreaks.
Résumé
Le succès des programmes de lutte antiparasitaire comme la stratégie d’intervention précoce
(SIP) contre les infestations de tordeuse des bourgeons de l’épinette (TBE) dépend de prévisions
exactes et à jour des tendances dans les populations d’insectes et leur développement. Les
changements climatiques en cours pourraient modifier la réaction de la TBE aux traitements de
contrôle (c.-à-d. leur efficacité), la synchronie de l’alimentation et de l’éclosion des bourgeons de
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l’arbre (et donc, la performance et l’exposition aux traitements) ou les effets des facteurs de
mortalité naturels. Afin d’améliorer la prise de décision, essentielle pour le succès de la mise en
œuvre de la SIP dans des conditions ambiantes changeantes, ce projet vise à améliorer les
prévisions 1) du développement (phénologie) de la TBE et 2) de la survie et de la performance
de la TBE, dans le contexte des traitements de la SIP.
Un modèle phénologique révisé, paramétré et validé au moyen d’un ensemble de régimes de
température en laboratoire et sur le terrain dans les Maritimes, s’ajoutera à l’échantillonnage sur
le terrain en fournissant des prévisions des stades larvaires fondées sur les prévisions de
température. Une population de TBE échantillonnée dans la région de Balmoral en 2017 a été
élevée à sept températures constantes. La phénologie de cette population sera comparée à celle
d’autres populations (Qué., Ont., T.-N.-O.) et aux prédictions de BIOSIM. Les résultats serviront
à paramétrer le nouveau modèle. De plus, des modèles phénologiques éclaireront les prévisions
de la dispersion des papillons de la TBE qui dépendent des estimations du moment où les adultes
émergent sur de larges régions géographiques. En 2018, nous avons établi un réseau de pièges à
phéromone automatiques au Nouveau-Brunswick et au Québec (côte nord et sud). Les résultats
de ces pièges (recensement des captures 4 fois par jour) sont utilisés à différentes fins, y compris
valider le modèle phénologique assorti de données expérimentales et fournir des données pour
valider un modèle de dispersion. La survie et la performance de la TBE, les paramètres clés des
modèles dynamiques de populations de TBE, seront étudiées en manipulant les régimes et les
degrés de température de la phénologie de l’éclosion des bourgeons en laboratoire (chambre de
croissance) et sur le terrain (en utilisant des gradients climatiques naturels avec des larves
sentinelles). Pour mettre au point un calendrier du déploiement des larves pour les traitements
visant l’asynchronie tordeuse des bourgeons-hôte, des mesures deux fois par semaine ont été
prises pour établir une relation entre les degrés-jours accumulés, et le développement des
bourgeons et l’allongement des pousses de sapin baumier. Pris ensemble, ces travaux
contribueront à prédire la dynamique des populations de TBE et leurs réactions aux traitements
dans le contexte des changements climatiques en cours durant l’infestation actuelle et les futures
infestations.
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Abstract
The ability to remotely detect insect infestation of forest stands at low levels of severity remains
crucial for monitoring and effective deployment of control measures. Confounding results were seen
in models built based on sensing from a single and/or higher platform impeding implementation at
operational scales. Exploiting the flexibility of advanced technologies in unrestricted viewing
anytime at close range for improved sensing and hence accuracies, like from a UAV (drone), in this
study we are integrating multi-sensor and multi-platform sensing to build a scale invariant
defoliation predictive model. In addition, tools are being developed to extract feature vectors
(radiometric, morphological, geometrical, textural, 3D, phenological) to create a library of tree
elements of major host species for adaptive learning through deep learning approach in continuously
improving model. The report presents progress to date and preliminary results.
Résumé
La capacité de détecter par télédétection les infestations d'insectes dans les peuplements forestiers à
de faibles niveaux de sévérité reste cruciale pour la surveillance et le déploiement efficace des
mesures de contrôle. Des résultats confondants ont été constatés dans les modèles construits sur la
base de la détection à partir d'une seule plateforme et / ou d'une plateforme spatiale empêchant la
mise en œuvre à des échelles opérationnelles. Exploitant la flexibilité des technologies avancées
comme celle des drones offrant une possibilité d’observation à tout moment et à portée de main pour
améliorer la précision de détection, nous intégrons dans cette étude la détection multi-capteurs et
multi-plateformes pour créer un modèle prédictif de défoliation ajustable à l'échelle de l’observation.
En outre, des outils sont en cours de développement pour extraire des vecteurs de caractéristiques
(radiométrique, morphologique, géométrique, texturale, 3D, phénologique) afin de créer une
bibliothèque d’éléments d’arbre des principales espèces hôtes pour un apprentissage adaptatif grâce
à une approche d’apprentissage profond dans un modèle en amélioration constante. Le rapport
présente les progrès réalisés à ce jour et les résultats préliminaires.
Background and Rationale
Insect epidemics, like spruce budworm (SBW) defoliator, affect more territory than fire or forest
harvesting in Europe and North America significantly impacting their ecology and economy. Hence
detection of the early signs of insect epidemics and integration of spatially explicit information of
their impacts into comprehensive forest management programs like SBWDSS can help in effective
planning of response strategies to control insect spread and minimize the impact on the forest
industry. Operationally available annual aerial surveys conducted by provinces in Canada, that DSS
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currently uses, is limited to a narrow temporal window and was found to be less accurate in
discriminating light from very light/nil defoliation.
Assuming insect defoliation as a general response of stress, remote sensing has demonstrated some
capabilities in assessing defoliation. Broad spectrum band satellite based defolitaion severity
predictive models were found acceptable for coarse severity classes, but poorly predicted finer levels
of low severity. Prediction of percent cumulative defoliation based on pure signatures gathered at
branch scales have shown excellent potential, but implementing these relationship to operational
scales was impeded by heavy spectral mixing in coarse spatial and spectral resolution available at
satellite platform, limited portability in a new region or time-window due to lack of suitable large
datasets for calibration. A time, vision, scale (spectral and spatial) invariant approach that has the
capacity to simulate required datasets could be more useful. In addition, machine learning approach
through adaptive learning from a library of tree elements will lead to an on-going and continuously
improved model.
Unrestricted viewing, multi-resolution with unprecedented details, swappable payloads and ease of
temporal acquisition makes UAV (1) an intermediate platform to build a pixel or object based
defoliation classification model as well as (2) serve as a source for data stream of defoliation at tree
and sub tree level that could be mined and adaptively trained in all possible conditions to create an
intelligent predictor from single view remote sensing data at any platform. Combined with the
strength of computer vision and artificial intelligence, we hypothesize that data in varying conditions
captured from UAV could be used to develop a robust autonomous defoliation predictor.
Using a multi-platform and multi sensor approach (Figure 1a), this project is initiated with the
following broad objectives:




To develop a generalised defoliation framework for assessing impact of any defoliator
through adaptive learning from optico-thermal data that is time, resolution, platform
invariant for implementing intervention (protection, salvaging) strategies.
Specifically, adapt the generalised scale-invariant model for SBW defoliation (current and
cumulative defoliation) and implement for a medium resolution publically available satellite
data.

To achieve these, the intended project timeline and progression is set to three years and phases as:
Yr 1:

2018-19

Learning and Framework Phase

Yr 2:

2019-20

Learning and Beta Tool Phase

Yr 3:

2020-21

Operationalisation and implementation Phase

Specific goals targetted for 2018-19, how these goals are being achieved and their progress so far is
briefly discussed in this report:





Produce a library of tree health features (300-400 trees)
Develop an implementable classification algorithm to identify healthy from current /
cumulative defoliated trees using simple RGB images
Produce a scale invariant predictive model of continuous cumulative defoliation
implementable at a UAV platform
Upscale the predictive model of continuous cumulative defoliation for a pseudo (simulated)
satellite data with 60-70% accuracy
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Test sites and in situ data
In situ data was collected during July (during reddening period) and October 2018 in tandem with
acquisition of remote sensing data. The defoliation estimates from the in situ data are based on the
shoot-count defoliation assessment made from branches pruned from top-crown of spruce budworm
affected host trees as well as on-site ocular (inocular) assessment with a single observer. The host
trees were selected from 5 different stands that are continuosly being surveyed for SBW assessments
by Dave Maclean & team from UNB, distributed near Causapscal in Quebec and 9 sites that are
currently being surveyed by Rob Johns & team from AFC north of Campbellton in New Brunswick
(Figure 1b). These stands covered the complete range of percent cumulative defoliation and
unaffected areas., and combination of current and cumulative defoliation. In each of the selected
stand, 5 – 10 ha area were selected for UAV data acquisition. Within the selected subarea atleast 2
circular plots of 11.28 m radius were laid out to ocularly assess 8 randomly selected matured host
(fir or spruce) trees and collect branch samples from top-of 4 of these trees (Figure 1C). All trees
were numbered, painted and tagged for future reference (Figure 2).

(a)

(b)

(c)

Figure 1. (a). Schematic showing multi-platform data that is being acquired (b)location of test site and
(c) UAV sub area , plot set up and sampled trees

Figure 2. Plot and tree marking on ground
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The plot centres and a few selected trees were visibly (from above and on the images) marked with
broad coloured ribbon and tagged with a pin (Figure 2). These were also RTK-GPSed with Trimble
GeoXH (better than decametric accuracy).
Sample branches were individually packed in bags, kept in controlled environment and shipped to
the lab for further processing. Between 150 – 200 current year (2018), 1 year (2017), 2 year (2016)
and other pooled year shoots of length 1 – 2 cm each and woody twigs were cut. Based on the
definition that defoliation is the loss of foliage (here, needles) due to insect infestation, percent
defoliation in the ith year (i = 2018, 2017, 2016) were estimated for each tree / branch as the
average loss of needles of the ith year shoots over the sample branch of the tree.
Reflectance pattern at branch level through hyperspectroscopy
A Lab Spec Pro (ASD inc., Boulder, USA) spectrometer equipped with 3 detectors: a visible detector
(350-1000 nm, VIS), a short range near infrared detector (1000-1830 nm, NIR) and a long range near
infrared detector (1830-2500 nm, SWIR) was used for capturing full spectrum reflectance of the
sampled branch / shoots (Figure 3). To determine net reflectance from each year’s shots based on
foliage mass on the branch we noted foliage physical dimensions - Total dimensions of the sampled
branch, total green weight , weight of each year’s shoots, and woody weight without needles were
noted.

Figure 3. Branch sample collection, shoot separation, needles and woody branch separation for biomass
measurements and hyperspectral scanning for capturing spectral pattern
Remote sensing data acquisition (aerial) and processing
Multispectral (MSS, Ultracam – 10cm resolution with 60% forward and 30% side lap) aerial stereo
image data was acquired during the peak of insect feeding (reddening, 22-26 July 2018) as a
guideline to identify suitable UAV sub area for tree level assessment in about 200km2 area (Figure
1). A total of 571 stereo pairs were photogrammetrically processed with 11 precisely geolocated
controls to derive orthomosaics (Figure 4) and digital surface models (DSM) with an overall
planimetric accuracy of 0.02m. Several vegetation indices were assessed to build a preliminary
percent cumulative defoliation map to help identify suitable UAV subarea.
UAVs that can carry multiple sensors needed for the experiment were acquired – Skyranger
(existing), DJI M210 RTK with dual payload and DJI M600 for heavier payload like hyperspectral
sensors (over 3kg). RGB (Xenmuse 4S), MSS (Micasense RedEdge), thermal (Xenmuse XT),
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(a)

(b)

(e)

(c)

(d)

Figure 4. Sample of acquired remote sensing data (a) Overview of Ultracam MSS in 100km2 of sites in
Causapscal QC (b) Enlarged Ultracam MSS data over CST2 site in Campbelton NB (c) – (e) UAV data
over CST2 site using MSS, RGB and Thermal sensors respectively
hyperspectral (Specim F10) sensors and all necessary controls were integrated with the UAVs at
FPInnovations and DroneVolt labs during July-Oct 2018 (Table 1). Test flights using Skyranger were
made during June for experimental setup on ground and in the air. To match aerial survey data, a
few sites in QC and NB were flown using Skyranger UAV during 22-26 July 2018. Several attempts
during Oct 15 – Nov 12, 2018 were made to gather multi-sensor data mounted on UAV in the selected
sites. Unexpected snow storms hindered acquisition of UAV data. However, test data in four sites of
Campbelton were gathered using RGB, MSS and thermal sensors (Figure 4) to standardise datasets
and build preliminary models. High humidity was not suitable to test hyperspectral sensor. Data on
all the sites will be gathered again during early spring (May-June 2019) in good weather conditions.
Table. 1 Acquired remote sensing data
Platform

Sensor/camera

Aerial –
manned
aircraft
UAV Skyranger
UAV Skyranger
UAV – DJI
M210RTK
UAV – DJI
M210RTK

MSS – Ultracam
xp (R,G,B,NIR)

UAV – DJI
M210RTK

Resolu
tion
10 cm

Period

Acq. Date

Causapsca
l sites
All

Campbellt
on sites
All

Total
area
200
km2

Red

July 24-26,
2018

RGB – EO SUNEX

1.1 cm

Pre- red

RGB – EO SUNEX

1.1 cm

Red

RGB – Xenmuse
X4s
RedEdge
Micasense- MSS
(R,G,B,RE’ NIR)
TIR – Xenmuse XT

2 cm

Post-red

June 11 -15,
2018
July 24-26,
2018
Nov 9, 2018

5

2

30 ha

4

3

30 ha

4

25 ha

4 cm

Post-red

Nov 9, 2018

4

25 ha

Post-red

Nov 9, 2018

4

25 ha

SERG International 2019 Workshop Proceedings

129

Standard photogrammetric workflow in Agisoft Photoscan (v1.4) software was used to process all
the UAV images acquired in nearly 135 ha with different sensors. Camera calibration parameters,
exterior orientation parameters, geo-coordinates of the image centre and geographical projection
parameters were used to align the photos. Further, the images were then matched through automatic
aero-triangulation and refined through bundle-adjustment to produce dense 3D point cloud
generation and orthomosaics (Figure 4).
Tree library: Single tree segmentation and vegetation indices
Tools to extract and a data structure to store and retrieve feature vectors (radiometric, geometrical,
textural, phenological, health / stress) for enabling deep learning is in progress. A total of 124
spectral ratios that corresponded to vegetation stress, specifically caused by an insect, pest,
defoliator or any disturbance, indicated change in chlorophyll or moisture content were enlisted.
Based on the available spectral bands, vegetation index images were generated. An in-house
developed individual tree delineation algorithm for lidar point clouds that is based on local maxima
search over a Gaussian smoothed raster CHM was modified and adapted to the image-based surface
models.

Figure 5. Inputs to the tree library – segmented trees, extracted individuals with different sensors and
orientation, spectral patterns generated for sampled branches, spectral vegetation and stress indices
etc.
Adaptive learning architecture and model (proposed)
Deep neural networks are proposed for image classification of trees based on the SBW defilation
level. To initiate, a pre-trained network (e.g. ImageNet) architecture will be used. Each segmented
image and automatically labelled individual trees, will be further augmented for various orientations.
In situ measurements will aid in identifying and labelling segments of various defoliation severity
levels. A convolutional neural network will be trained to classify images, eliminating non-image
features. Convolutional layers will be constructed and fine-tuned until they are fully connected and
concatenated to the output layers.
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Preliminary spatial predictive models
Classification of Healthy vs defoliation
Training of subtree elements – reddened, greyed and greened parts, as seen visually on UAV raw and
derived vegetation indexed images was used to perform image segmentation and object-based
classification to discriminate healthy from current and cumulative defoliation. at object level. A
visual assessment of these sub-tree objects on the images acquired in different sites and at various
random spots showed a good acceptance (Figure 6). This, however, will be suitably cumulated to a
tree level and further validated with in-situ ground data.

Figure 6 Sample window of UAV imagery (left) gathered during peak insect feeding (reddening) and
automated classification of segments of trees (right) that is currently defoliated (red) and cumulated
defoliation (greenish grey).
Continuous cumulative defoliation

Figure 7. Sample window showing MSS aerial image (left) spatial continuous percent defoliation
predictive map (right) against field ocularly assessed trees. Colour gradation from blue to red indicates
no defoliation (0%) to low medium (35%) cumulative defoliation
Based on various spectral features, combination of stress indices (those that are highly correlated
with budworm defoliation like NDRE, TGI, NDVIB)), training from visual assessment on the aerial
image elements, a continuous percent cumulative defoliation was spatially estimated (Figure 7).
Estimated mean percent defoliation of 1m circular buffer around the geo-positioned and ocularly
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assessed trees in 9 Campbellton sites (245 trees) ranging between no defoliation to low-medium
defoliation ( 0 to 35% cumulative defoliation) were spatially compared. This preliminary validation
assessment through simple confusion matrix showed an overall accuracy of 81.6% for low
defoliation classes. A 100% match for healthy (no defoliation), 80.5% accuracy for low (5-15%
defoliation) and 65% for low-medium (15-35% defoliation) was noted. The model mostly underestimated in unmatched tree buffers. Geo-positioning of trees on aerial images could be additional
source of error. An improved model will be downscaled to UAV platform.
Final remarks
Complete ocular, branch sample and hyperspectroscopic assessment of over 250 trees in 9 sites close
to Campbellton (NB) and 5 sites near Causapscal (QC) is completed. Aerial and UAV remote sensing
data from various sensors were collected in different time-windows to capture varying impacts of the
insect defoliation. UAV image acquisition of post-reddenning period could not be completed due to
unfavourable weather conditions (unexpected snow dump, high moisture and low light levels). This
will be re-initiated early spring. However, the limited data that was acquired during heavy snow
conditions using different sensors helped in standardising the experimental setup and acquisition
parameters, and build preliminary predictive models. We continue to improve the models and build
the tree library.
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Validation of a spruce budworm phenology model across environmental and genetic
gradients: applications for budworm control and climate change predictions
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Roe, Kala Studens, and Ashlyn Wardlaw
Canadian Forest Service, Great Lakes Forestry Centre, Sault Ste Marie, P6A 2E5, Ontario.

Abstract
This report presents the results of a series of experiments that consisted in rearing geographically
distinct populations of spruce budworm at 7 constant temperatures. Five wild populations were
sampled from the Northwest Territories to New Brunswick. The population from Alberta did not
survive the first generation due to high microsporidia loads. The remaining 4 populations were
successfully reared at the prescribed constant temperatures. A range of development
polymorphism was observed during the experiment, including extra molts, skipped instars and
second diapause. Temperature treatments and geographic locations had significant effects on the
prevalence of developmental polymorphism. The response of post-diapause development to
temperature was significantly different among wild populations and between wild populations
and the laboratory colony maintained at the Great Lakes Forestry Centre. Régnière’s budworm
phenology model was fitted to each wild population. The resulting “regional” models are all
significantly different from each other and from the model using the published parameters. All
the regional models predict a slower development than the published model whether applied to
constant or observed fluctuating temperatures.

Résumé
Ce rapport présente les résultats d’une série d’expériences qui consistaient à élever des
populations de tordeuse géographiquement distinctes a 7 températures constants. Cinq
populations ont été échantillonnées des Territoires du Nord-ouest au Nouveau Brunswick. La
population de l’Alberta n’a pas survécu à des taux élevés de microsporidia. Les 4 populations
restantes ont été élevées au 7 températures prescrites. Une variété de polymorphisme
développemental a été observé durant l’expérience, en particulier l’apparition de stades larvaires
sous- ou surnuméraires et une seconde diapause. The température de traitement et l’origine
géographique des populations semblent avoir un effet sur le taux de polymorphisme. La réponse
to développement post-diapause a la température apparaît significativement différente entre
populations d’origine géographique différentes et entre les populations sauvages et la colonie de
laboratoire conservée au Centre des Grands Lacs. The modèle phénologique de Régnière a été
paramétré pour chaque population sauvage. Les modèles régionaux ainsi obtenu sont tous
significativement différents entre eux et avec le modèle publié. Les modèles régionaux prédisent
un développement plus lent que le modèle publié, qu’ils soient utilisés avec des températures
fixes ou des températures variables observées.

Introduction
The ability to accurately predict spruce budworm phenology is important in many aspects of the
management of this insect. In control programs, the efficacy of all current spruce budworm IPM
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strategies hinges on the ability to target the right development stage. In predicting population
dynamics, a reliable model of adult emergence phenology is a key component in modeling
landscape-scale dispersal, a factor that is increasingly recognized as being critical in budworm
large-scale dynamics. In longer-term predictions, an accurate knowledge of budworm phenology,
intrinsically and in relation with its hosts’ phenology, is of particular importance in our ability to
predict the potential impacts of climate change on the distribution of this insect.
The most accurate model currently available to predict the phenology of spruce budworm over
large areas is BIOSIM’s Spruce Budworm Biology model (Régnière et al. 2014). This model has
been tested against field observations in several occasions. In most cases, it was able to predict
budworm phenology with exceptional accuracy. However, it is important to note that the data
used so far to develop and validate this model, have come from a fairly limited geographic range
(i.e., roughly between 45º-50ºN and 70º-90ºW). A comparison with the current distribution of
spruce budworm (between 43º-68ºN and 55º-133ºW) questions ultimately the limits of
applicability of the model. This project investigates the variability of spruce budworm
development rates for each larval stage across the geographic distribution of the insect. Particular
attention is given in detecting clinal variation in development rates related to environmental
and/or genetic gradients. Comparing the observed rates to Régnière’s model for a wide
distribution of locations will help better define the geographic limits of applicability of the model.

Variability of development rates across SBW geographical distribution
Material and methods
The first step in assessing the variability of post-diapause development rates was to sample wild
populations and establish laboratory colonies from these populations. The objective was to
sample a wide latitudinal and longitudinal gradient across spruce budworm’s geographical
distribution. We identified regions that had shown recent moderate to high levels of defoliation
thus increasing the chances of harvesting high numbers of diapausing L2s. Five populations were
sampled from the Northwest Territories to New Brunswick (Table1). Samples were collected on
branches during diapause (between September 2016 – May 2017) for all sites, with the exception
of NB1 collected in June 2016. The protocol followed as close as possible Morris (1955): 3
branches, 75-100 cm long each, were sampled from the crown of approximately 30 trees in each
location except for the Quebec population that was sampled in 18 locations along a transect from
Manic-5 to Fermont. Branches were separated by source tree and stored in canvas or plastic bags
for storage and shipping to the Great Lakes Forestry Centre (GLFC), Sault Ste Marie, Ontario,
Canada. Care was taken to maintain the branches as close as possible to outside temperatures
duringtransit. Upon arrival at GLFC, branches were stored at 4°C until flushing. NB1 larvae were
collected and placed directly on to artificial diet (McMorran 1965) before they were shipped to
GLFC to complete development.
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Table 1: Summary of sampling locations
Prov/T

Date

Location

Lat

Long

Host

Collector credit

NWT

02-05-2017

Inuvik

67.5

-133.7

Sw

Martin Callaghan (Gvt of NWT)

AB

05-04-2017

High Level

58.6

-118.2

Sw

R. Hermanutz (Gvt of Alberta)

ON

01-03-2017

Timmins

48.6

-82.1

Fb, Sb

G. Brand (CFS-GLFC)

QC

19-09-2016

Manic-5

50.7

-68.7

Fb, Sb

L. De Grandpré and his team (CFS-LFC)

NB1

28-06-2016

Campbelton

47.8

-66.4

Fb

R. Johns and his team (CFS-AFC)

NB2

07-03-2017

Balmoral

47.8

-66.7

Fb

R. Johns and his team (CFS-AFC)

Post-diapausing L2s were flushed using a method adapted from Weber and Volney (1999).
Branches were trimmed and bundled with wire into an approximately 40x20cm “cone”, wrapped
with wet paper towels and hung at room temperature over plastic trays containing tap water.
Larval emergence was monitored daily. Larvae found crawling on the surface of the water, on the
paper towel, or hanging from their webbing, were collected with a fine paint brush and
transferred to artificial diet. The larvae were reared for one generation in optimal conditions
(20ºC, 60-70%RH). The rearing protocol followed Ebling and Demidovich (2015) except that the
diet was supplemented with 4000ppm Fumagilin-B (Medivet, Alberta) and each larva was reared
in a separate cup to reduce microsporidia loads and limit the risk of cross-contamination. The
experiment started with the second generation (F1).
Each temperature experiment started with a large number of overwintering L2s that were kept at
25±3°C, 55±10%RH and 16L:8D, regardless of the experimental temperature treatment, until
emergence from diapause. From the emerged L2s, 250 larvae were sampled, placed in individual
cups with artificial diet (provided by IPU – Insect Production Unit – Great Lakes Forestry
Centre), and labeled for the experiment. All 250 cups were then placed in a growth chamber
(Conviron) at a set experimental temperature. We tested 7 temperature treatments: 5°C, 10°C,
15°C, 20°C, 25°C, 30°C, and 35°C, all ±1°C with 70±20%RH and 14L:10D. The temperature in
each chamber was recorded every minute with a data logger (Hobo). Out of the 250 larvae in each
chamber, 200 were monitored daily for molting, the remaining 50 was left untouched until
pupation and used as backup for mating and genetic analyses. Daily monitoring consisted in
checking the status (live/dead) and larval stage of each larva. Molting was positively identified by
the presence of a shed head capsule. When the development reached pupal stage, the sex of each
individual was assessed by counting the number of abdominal rings. Adults were mated shortly
after emergence. After harvesting, the eggs were hatched at 20°C regardless of the temperature
treatment. First stage larvae were reared at the same temperature to pre-diapause L2s. The prediapause L2s were then placed at 4°C for 24 weeks for diapause. The rearing protocol was
repeated for the second generation, the temperature treatment of each F1 was identical to the
treatment for its parent population. Extreme temperatures near development thresholds (high and
low) have detrimental effects on larval development and result in high rates of mortality.
Development rates at these temperatures have to be estimated using temperature transfers
(Régnière et al. 2012). This technique consists in rearing the larval stage at the extreme
temperature for a period of time long enough to measure development but not too long to induce
high levels of mortality, then transfer to a more favorable temperature to complete the stage
development, then repeat for the next larval stage. Temperature transfers were applied to the 5°C,
10°C, 30°C, and 35°C temperature treatments. All transfers were made to 20°C to complete stage
developments.
Developmental polymorphism has been recorded in several Choristoneura species (Schmidt and
Lauer, 1977). During our rearing experiments we observed infra- and supranumerary instars. We
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also documented developmental plasticity in the voltinism: we found that a portion of our
treatments enter into a second round of diapause (2D) at the L3-L4 stage. Harvey (1961)
previously described this 2D behaviour in SBW. He observed L3 larvae cease feeding, decrease
in size, turn brown in colouration, and spin a hibernaculum prior to molting into an L4. These
would remain in this suspended developmental state until the next spring, at which time they
would resume development. Harvey (1961) documented variation in the incidence of 2D among
populations and environmental cues. The rates of mortality and of each type of developmental
polymorphism were recorded for each population at each temperature treatment. The effects of
population and treatment on the rate of mortality and development polymorphism were tested
using Generalized Linear Models (GLM) with a correction described by Williams (1982) to
address over-dispersion in binomial models.
Pair-wise comparisons of populations phenology expressed as the time in stage at each
temperature were performed using the t-test method described by Murtaugh et al. (2012) for
individual larval stages and the global test based on Fisher’s meta-analysis method.

Results
The number of post-diapausing L2s flushed from the branch samples ranged from 648 (Inuvik) to
4466 (New Brunswick). The disease incidence was quite variable among populations: the rate of
microsporidia infections ranged from 0 (QC) to 36% (AB) and the rate of NPV infection ranged
from 9% (AB) to 41% (ON). The numbers of L2 flushed and the disease rates were sufficient to
produce a second generation for all the populations except AB. High loads of microsporidia in the
AB population lead to a colony crash despite the use of relatively high concentration of
Fumagilin-B in the diet and extreme care given to avoid cross-contamination. Consequently, the
remaining results will only apply to NWT, ON, QC, NB and the IPU laboratory colony.
Variability in mortality and development polymorphism
Acute mortality rates between L2 and pupation (Fig 1A) ranged from 14% (QC 30ºC) to 69%
(QC 15ºC). Mortality rates were not significantly different among our four wild populations or
between temperatures. Although survival to the pupal stage was not significantly lower at upper
temperature treatments (30-35°C), we observed additional fitness effects including: deformities in
pupae, failure in pupal eclosion, and deformities in adults. As a result, few matings were
successful at those temperatures and those that were either produced nonviable eggs or the
resulting larvae were unable to survive diapause. This delayed fitness effect impacted our ability
to produce a second generation in most 35°C treatments (with the exception of IN), and in the
30°C treatments for IPU and ON.
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Figure 1: Rate of mortality and developmental polymorphism during post-diapause
exposure to different constant temperatures. XMolts: extra molts (i.e. supranumerary
instars). XXDiapause: 2nd diapause.
The Inuvik population had significantly more “skippers” (i.e. individuals that accomplished larval
development with only 4 or 5 instars instead of 6) than the other populations (p<0.05), with a
slightly higher (but not significant) prevalence at higher temperatures (Fig 1). Conversely, some
individuals developed with extra molts and therefore had more than 6 instars. The NB population
had significantly more extra molts than the other populations (p<0.05). The 5°C treatment also
resulted in more extra molts than the other temperatures across all populations (p<0.05).
The occurrence of second diapause was observed among all wild populations (Fig 1).
Temperature had a significant (p<0.05) effect on the expression of second diapause: the 15°C and
25°C treatments had higher proportions than other treatments across all wild populations.
Variability in development times across populations
The development time, expressed as the cumulative number of days required to reach a particular
larval stage from the start of the post-diapausing L2 stage, varies with the treatment temperature
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(Fig. 2 and Appendix 1). At every larval stage, the optimal temperature for development was
found to be 30ºC, however fitness is considerably reduced at this temperature and above as
mentioned previously. The variability in development response intra- and across population was
found to be greater at extreme temperatures (5-10, and 30-35ºC) regardless of the larval stage
(Fig. 2 and Appendix 1).

Figure 2: Distributions of time to reach pupal stage from post-diapausing L2 for each
population at each temperature treatment. Distributions are represented by the
median and quartiles.
The comparison of development times of early to middle larval stages (L3-L5, Appendix 1)
revealed that: (1) the development of the IPU population is considerably faster than the wild
populations at almost all the temperature treatments, and (2) development times among wild
populations are different but the relative ranking of these populations is not consistent across
larval stages and temperature treatments.
A clearer segregation of wild populations appears after the development of the last larval stage
(i.e. development of L6 to pupal stage, Fig. 2). The Inuvik population exhibited the shortest times
from L2 to pupation at low temperatures (5-15ºC) and the longest times at high temperatures (3035ºC). The New Brunswick population seems to follow a similar although less distinctive pattern
while the Ontario and Quebec populations seem to be more similar to each other (except for 10ºC
for which the Ontario population is clearly slower than all the other populations).

SERG International 2019 Workshop Proceedings

139

Based on Murtaugh et al’s (2012) t-test approach, all pair-wise global P values were significant
(p<0.05) suggesting differences in phenology among all wild populations and between wild
populations and IPU.

Applicability of current phenology model
In the previous section we showed that there are significant differences in larval development
responses to temperature among geographically distinct populations. In this section we will
investigate if the current budworm phenology model (Régnière et al 2012) is general enough to
accommodate these variations.

Material and methods
Régnière et al.’s 2012 budworm phenology model is composed of 2 types of models: “mean”
models that relate temperature and mean development rate (one “mean” model per development
stage), and “variability” models that simulate individual variation from the mean development
rate estimated by the “mean” models (one “variability” model for each larval and egg stage).
We re-estimated the parameters of Régnière’s “mean” and “variability” models for each regional
dataset independently. The resulting 4 regional models and the original phenology model
published in Régnière et al. 2012, were compared graphically and statistically using Wald tests
(Diggle et al. 1994).
The variability of each regional model was assessed using a bootstrap procedure. For each
regional dataset, the procedure consisted in randomly sampling the dataset n times with
replacement (n being the number observations in the dataset), the parameters of the models
(“mean” and “variability”) were then re-estimated using the new dataset, and the mean duration
of each larval stage was calculated for n observations at a constant 20ºC temperature. The
procedure was repeated 1000 times thus giving a distribution of mean stage duration at 20ºC for
each regional model. Mean duration of each larval stage was cumulated to produce a phenology
of post-diapause development for each regional model.
Finally, we compared the predictions of the published phenology model to each regional model
for temperatures recorded in locations close to the original sampling locations. We downloaded
hourly temperature data from Environment Canada database for 2018 for Inuvik (NWT),
Timmins (ON), Baie Comeau (QC), and Fredericton (NB), and estimated the phenology of 250
individuals using the published phenology model and the regional model corresponding to each
temperature data location.

Results
The parameters of the “mean” and “variability” models of each regional model are shown in
Appendix 2. These parameters can be used with the equations of the model published in Régnière
et al. 2012 to produce predictions with the new regional models. Pair-wise Wald tests applied to
the regional and published “mean” and “variability” models reveal that all the regional models are
significantly different (p<0.05) from each other and from the published model. Regional models
fit better regional datasets than the published model as indicated by the lower residual sum of
squares of the former (Table 2).
The phenology of post-diapause development at 20ºC estimated by each regional model from the
bootstrap procedure described above (Fig. 3) shows clear differences among models. The Inuvik
model is clearly faster than the New Brunswick model from the L3 stage on. The Quebec model
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is closer to the New Brunswick model up to the L5 stage but shifts closer to the Ontario model
towards the pupal stage. At the pupal stage, the Inuvik model is the fastest, followed by Ontario,
Quebec and New Brunswick. Regardless of the larval stage, the Inuvik model appears to be the
most variable while the NB model appears to be the least. All the regional models are clearly
slower than the published model by up to 8 days in the L5-L6 stages.

Table 2: Residual sum of squares of published vs regional models for each
location*larval stage combination
Location
IN
IN
IN
IN
IN
IN
NB
NB
NB
NB
NB
NB
ON
ON
ON
ON
ON
ON
QC
QC
QC
QC
QC
QC

Stage
L2
L3
L4
L5
L6m
L6f
L2
L3
L4
L5
L6m
L6f
L2
L3
L4
L5
L6m
L6f
L2
L3
L4
L5
L6m
L6f

Published
Estimated
0.25241
0.00032
0.02256
0.00719
0.31014
0.00226
0.04040
0.00107
0.01712
0.00010
0.01174
0.00042
0.19804
0.00077
0.00777
0.00017
0.26355
0.00040
0.04961
0.00070
0.00810
0.00030
0.00855
0.00025
0.21311
0.00030
0.00793
0.00025
0.20109
0.00166
0.01611
0.00038
0.00561
0.00013
0.00361
0.00010
0.17067
0.00142
0.00790
0.00052
0.22452
0.00492
0.02797
0.00040
0.00288
0.00020
0.00393
0.00032

When applied to observed hourly temperatures in 2018, all the regional models predict a later
phenology than the published model (Fig. 4 and Appendix 3). In NB, hourly temperature data
were taken from Fredericton airport. Applied to these data, the regional model predicted a
phenology that was on average 8-10 days later than the published model for all the stages except
L2o (Fig. 4).
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Figure 3: Phenology of post-diapause larval development at 20ºC estimated by each
regional model and mean phenology estimated by Régnière's published model (dotted
line)
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Figure 4: Predictions of post-diapause larval phenology in 2018 using hourly
temperature data recorded at Fredericton (NB) airport applied to Régnière’s
phenology model and the NB regional model

Differences in predictions of post-diapause phenology for 2018 between the Inuvik, Ontario and
Quebec regional models and the published model were of the same magnitude as the differences
with the NB model, reaching up to almost 20 days for L2s in Quebec in 2018 (Appendix 3).

Population genomic variation
We extracted DNA from representative samples from each wild population and IPU to
characterize the genomic differences between populations. This year we submitted DNA
extractions to IBIS (Université Laval) for high throughput sequencing (GBS - Genotype-bySequencing) to generate genome-wide markers that will help assess the underlying genomic
difference among populations. Analysis of these data is currently underway. In collaboration
with colleagues at Laurentian Forestry Centre (M. Cusson, S. Picq), an allele in a gene linked to
diapause has been identified that varies in frequency across ON. Preliminary evidence suggests
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that this may be correlated with the expression of 2D within the populations. Further work is
underway.

Conclusion
The results of this study strongly suggest regional variations in the post-diapause developmental
response of spruce budworm larvae to temperature. Similar observations were made by Volney
and Cerezke (1992) who found that larvae in Northwestern Alberta emerged later and developed
faster than those in Eastern Canada. Similarly, Shepherd (1961) found differences in the
development rate of northern and eastern one-year cycle budworm populations.
While Régnière’s model accommodates a certain amount of variability in development rates, it is
not sufficient to address the variation observed across budworm’s geographic range. Regional
models fit significantly better regional populations thus providing more accurate estimates of the
response of these populations to constant temperatures. The differences in predictions between
the published model and regional models is moderate (8-10 days for constant temperatures), the
published model predicting larval stages consistently earlier than the regional models. Further
validation of the regional models for Ontario, Quebec and New Brunswick using recent field
observations is currently ongoing.

Aknowledgements
This work was carried-out with financial support from SERG-international members (NSDNR,
SOPFIM, AB-AAF, SK MOEs) and in-kind support from AB-AAF and NWT government. The
Great Lakes Forestry Centre of the Canadian Forest Service contributed significant financial and
in-kind support. We thank Stephane Bourassa (CFS-LFC), Gord Brand (CFS-GLFC), Roger Brett
(CFS-NoFC), Martin Callaghan (NWT Environment and Natural Resource), Louis De Grandpré
(CFS-LFC), Ryan Hermanutz (AB Agriculture and Forestry), Rob Johns (CFS-AFC), Greg Pohl
(CFS-NoFC), and Joris Wiersinga (FPL) for their help in sampling branches for this experiment.
Without them, this large-scale sampling would not have been possible.

References
Diggle, P.J., Liang, K.-Y., Zeger, S.L., 1994. Analysis of longitudinal data. Oxford, Clarendon
Press, 253 p.
Ebling, P.M.; Demidovich, M. 2015. Quality Control for diapause Choristoneura fumiferana.
Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre, Sault Ste.
Marie, Ontario. Insect Production Services. Standard Operating Procedure IPS/006/005 22p.
Murtaugh, P., S. Emerson, P. McEvoy, and K. Higgs. 2012. The statistical analysis of insect
phenology. Environmental Entomology 41 (2):355–61.
Régnière, J.; Saint-Amant, R.; Béchard. 2014. BioSIM 10 – User’s manual. A. Nat. Resour. Can.,
Can. For. Serv., Laurentian For. Cent., Québec (Quebec). Inf. Rep. LAU-X-137E
Régnière, J., St-Amant, R., & Duval, P. 2012. Predicting insect distributions under climate
change from physiological responses: spruce budworm as an example. Biological Invasions,
14(8), 1571–1586. http://doi.org/10.1007/s10530-010-9918-1

SERG International 2019 Workshop Proceedings

144

Schmidt, F. H., & Lauer, W. L. 1977. Developmental Polymorphism in Choristoneura spp.
(Lepidoptera: Tortricidae). Annals of the Entomological Society of America, 70(1), 112–118.
http://doi.org/10.1093/aesa/70.1.112
Shepherd, R. F. (1961). A Comparison of the Developmental Rates of One- and Two-Year Cycle
Spruce Budworm. The Canadian Entomologist, 93(9), 764–771. http://doi.org/10.4039/Ent937649
Volney, W.J.A, & Cerezke, H.F. 1992. The phenology of white spruce and the spruce budworm
in northern Alberta, Can. J. For. Res. 22(2), 198–205. http://doi.org/10.1139/x92-026
Weber, J. D., Volney, W. J. A., & Spence, J. R. 1999. Intrinsic development rate of spruce
budworm (Lepidoptera: Tortricidae) across a gradient of latitude. Environmental Entomology,
28(2), 224–232.
Williams, D. A. 1982. Extra-binomial variation in logistic linear models. Applied Statistics,
31,144–148.

SERG International 2019 Workshop Proceedings

145

APPENDIX 1
Distributions of time to reach larval stage from post-diapausing L2 for each population at each
temperature treatment. Distributions are represented by the median and quartiles.
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Appendix 2
Parameters of the Régnière’s phenology model estimated for each regional dataset.

Table 3: Inuvik
B1

B2

B3

B4

q

K

L2

0.82

3.71

5.71

0.20

4.09

31.87

L3

1.42

3.28

5.75

0.29

1.49

14.49

L4

0.30

2.87

9.87

0.05

0.01

7.04

L5

1.93

2.66

4.28

0.35

0.01

6.50

L6m 1.55

2.67

3.97

0.35

0.83

10.11

L6f

2.60

3.97

0.36

0.83

10.11

B1

B2

B3

B4

q

k

L2

0.42

2.89

4.69

0.04

0.36

8.32

L3

1.17

3.62

4.76

0.13

0.01

6.12

L4

1.72

3.94

4.39

0.09

0.64

7.00

L5

1.17

3.82

5.71

0.19

0.32

7.56

L6m 0.95

4.04

5.43

0.18

1.24

10.72

L6f

4.21

5.04

0.15

1.24

10.72

B1

B2

B3

B4

q

k

L2

2.00

5.02

4.96

0.06

1.21

11.98

L3

1.14

3.66

5.03

0.15

0.47

9.39

L4

0.51

2.85

5.55

0.04

0.01

6.85

L5

1.84

4.14

5.01

0.15

0.03

9.03

L6m 0.83

3.24

5.13

0.27

1.82

12.97

L6f

4.01

4.71

0.15

1.82

12.97

1.29

Table 4: Ontario

0.99

Table 5: Quebec

0.95
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Table 6: New Brunswick
B1

B2

B3

B4

q

k

L2

2.00

4.58

4.10

0.05

0.83

10.70

L3

1.17

3.78

5.32

0.16

2.83

18.94

L4

1.14

3.53

4.64

0.13

0.13

7.06

L5

2.00

4.03

4.29

0.12

1.93

15.76

L6m 1.43

3.62

4.78

0.24

1.15

12.42

L6f

4.29

4.46

0.12

1.15

12.42

1.19
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APPENDIX 3
Predictions of post-diapause larval phenology in 2018 using hourly temperature data recorded at
locations close to sampling locations (i.e. Inuvik (NWT), Timmins (ON), Baie Comeau (QC)
applied to Régnière’s phenology model (red) and the corresponding regional model (black)
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Testing new approaches for detecting and locating early increasing populations of the
Spruce Budworm for implementing an Early Intervention Strategy
Christian Hébert, Yves Dubuc, Olivier Jeffrey, Jean-Michel Béland and Georges Pelletier
Natural Resources Canada, Canadian Forest Service, 1055, du P.E.P.S., P.O. box 10380, Succ.
Sainte-Foy, Québec, QC, Canada, G1V 4C7
Abstract
We developed two new versions of the Luminoc® trap, a portable light trap, and show that they are as
efficient as the original version of the trap. The Luminoc 2.0 used 4 LEDs and was powered with 8-C
batteries while the Luminoc 3.0 trap used a single LED and was powered with 2-AA batteries. Traps were
more efficient when placed in the upper canopy for catching both SBW males and females. It was more
difficult to hang the Luminoc 2.0 in the upper canopy and this was the main reason to develop the lighter
Luminoc 3.0 trap. This lighter trap was tested, but unsuccessfully, with a solar panel for recharging a
small Lithium battery. Installing the Luminoc 3.0 trap in the upper canopy of balsam fir was easy and
rapid, using the BigShot technique. Contrary to other moth species, the addition of a pheromone to
Luminoc traps did not increased SBW moth catches, compared to a pheromone trap. As it increases
sorting time, there is no advantage to combine these attractants for monitoring the SBW. Moreover, it does
not improve the L2 forecasting capacity of the trap. Relationships between moth captures and L2
populations were better when traps (both light and pheromone) were placed in the upper canopy of trees.
Placing traps in the upper canopy of trees should be considered, particularly if dominant white spruces are
present, at least in a subset of surveyed stands in non-outbreak areas, in an early intervention strategy as
well as in moth dispersal studies. SBW male abundance in pheromone traps placed in trace or low
population density were similar, which is surprising as trace populations were located in a non-outbreak
area, the Laurentian Wildlife Reserve, while the low populations were located in the Lower St-Lawrence
region, at the south-western edge of the ongoing outbreak. However, light trap catches were better linked
with population density of these two regions. Light traps and pheromone traps may provide estimates at
different spatial scales and they could thus provide complementary information on spruce budworm
populations.
Résumé
Nous avons développé deux nouvelles versions du piège Luminoc®, un piège lumineux miniature, et
montré qu’ils étaient aussi efficaces que la version d’origine du piège. Le Luminoc 2.0 utilise 4 DELs qui
sont alimentés par 8 piles C alors que le Luminoc 3.0 n’utilise qu’un seul DEL alimenté par 2 piles AA.
Les pièges étaient plus efficaces lorsque placés dans la cime supérieure, tant pour capturer les femelles
que les mâles de la TBE. Il était plus difficile d’accrocher le Luminoc 2.0 dans la cime supérieure à cause
de son poids et c’était la principale raison de développer un piège plus léger, le Luminoc 3.0. Ce piège
plus léger a aussi été testé, mais sans succès, avec un panneau solaire pour recharger une petite pile au
Lithium. L’installation du piège Luminoc 3.0 dans la cime supérieure est facile et rapide à l’aide du
BigShot. Par ailleurs, contrairement à d’autres espèces de Lépidoptères, l’ajout d’une phéromone aux
pièges Luminoc n’a pas augmenté les captures de papillons de TBE, comparativement aux pièges à
phéromone. Comme ça augmente le temps requis pour trier les échantillons, il n’y a donc pas d’avantage à
ajouter une phéromone au piège lumineux pour surveiller la TBE. De plus, ça n’améliore pas la capacité
prévisionnelle des L2. Les relations entre les captures de papillons et les populations de L2 étaient
meilleures quand les pièges (lumineux où à phéromone) étaient placés dans la cime supérieure des arbres.
L’installation de pièges dans la cime supérieure devrait être considérée, particulièrement si des épinettes
blanches dominantes sont présentes, afin d’optimiser la détection hâtive des augmentations de populations
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de la TBE ainsi que pour étudier la dispersion des papillons. L’abondance des papillons de TBE dans les
pièges à phéromone placés dans des populations de niveau trace ou bas était similaire, ce qui est
surprenant compte tenu que les populations traces sont localisées dans une région qui n’est pas en
épidémie, la Réserve forestière des Laurentides, tandis que les populations faibles sont situées dans le Bas
St-Laurent, à la limite sud-ouest de l’épidémie actuelle. Toutefois, les captures dans les pièges lumineux
étaient plus représentatives des densités de populations de ces deux régions. Les pièges lumineux et à
phéromone fournissent possiblement des estimés représentatifs d’échelles spatiales différentes et
pourraient fournir des informations complémentaires sur les populations de TBE.

Introduction
A fundamental component of a successful Early Intervention Strategy (EIS) against the Spruce
Budworm (SBW) is the ability to rapidly and effectively locate early rising populations or
population hotspots, those released from endemic level or establishing after moth immigration.
However, this is notoriously difficult to achieve in endemic populations. Pheromone traps are
useful monitoring tools that were shown to be fairly good for predicting SBW L2 populations
(Rhainds et al. 2016). However, the predictive potential of pheromone traps (those placed at 2-m
high) varies from year to year and relationships between male moths and L2 populations, even if
they might be statistically significant, can be weak (R2 < 0.08) as seen in 2 out of 9 years of the
Rhainds et al. (2016) study. Pheromone traps capture only males while the next generation
depend on females. Captures with these traps may not always be closely linked with the extent of
female moth dispersal/migration. Moreover, their range of action is unknown and thus the spatial
scale at which pheromone trap data should be interpreted remains difficult to appraise.
New approaches using efficient and sensitive tools for detecting developing SBW hotspots may
help improving detection of early rising SBW populations. Light traps capture moths of both
sexes, even if they are much more efficient at catching males, and thus provide a sex ratio that is
useful to unravel the role of dispersal-migration on SBW population dynamics (Rhainds and
Kettela 2014). Moreover, light traps placed in the tree canopy provide accurate estimates of SBW
egg densities (Rhainds and Kettela 2014), and thus of the next generation. Light traps have been
used widely and are still being used worldwide to sample moths, the most well-known
monitoring network using the Rothamsted light trap in the UK (Williams 1948; Southwood et al.
2003; Conrad et al. 2004). Several researches have led to the development of other light traps,
such as the Pennsylvania light trap (Frost 1957) and the Robinson light trap (Robinson and
Robinson 1950), among many others. Recent experiments using mark-release recaptures showed
that the range of moth attraction of low-powered light traps remains most often within 10 m
(Truxa and Fiedler 2012). Light traps can thus provide population estimates at the stand level.
Light traps are also useful for studying moth dispersal and migration. In France, light traps were
instrumental for highlighting massive migrations of the green oak tortrix, Tortrix viridana (Du
Merle and Pinguet 1982). Light trapping used in Maine has also showed that SBW outbreaks
were detectable 4 to 7 years before defoliation occurs (Simmons and Elliott 1985). However,
light traps used in all these projects are large, heavy and are powered by large batteries that need
to be recharged regularly (usually every 2 nights). Such traps are particularly useful for working
in a low number of sampling sites with easy access. For example, studies of Du Merle and
Pinguet (1982) and Simmons and Elliott (1985) were done respectively with 4 and 10 traps.
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To widen the utilisation of light traps, we need lighter and more autonomous models that could
be used in numerous sites and in remote areas. The Luminoc® trap is a portable light trap (Jobin
and Coulombe 1992) that respond to these characteristics and that was shown to be efficient to
catch moths of various families, including the SBW. In 1994, when the SBW was at very low
levels in Quebec, we collected at least 1 SBW moth in 9 out of 16 balsam fir stands sampled
throughout the province. The highest catches (between 9 and 88 moths/stand) were recorded in
the southwestern part of the province, where small and scattered patches of SBW defoliation
(total of 2912 ha) were noticed. This indicates that the Luminoc® trap provide reliable estimates
of SBW populations, even at endemic level.
A portable light trap also allows developing other approaches for sampling insects. For instance,
the Luminoc® has proved to be a very efficient pit-light trap for sampling ground-dwelling
beetles (Hébert et al. 2001). Moreover, a pheromone has been added successfully to the
Luminoc® trap for sampling the Forest Tent Caterpillar (Malacosoma disstria), the Spruce
Budmoth (Zeiraphera canadensis) and the Hemlock Looper (Lambdina fiscellaria) (Jobin and
Coulombe 1992). The portable Luminoc® trap has been also combined to a foam strip (Hébert et
al. 2003) to improve detection capacity of endemic HL populations. Egg density estimates were
5-10 times higher with this trap than with the usual 1-m branch method. In endemic SBW
populations, the probability of finding eggs or L2s on a branch is extremely low. It may require
collecting tens or hundreds of 1-m branches to find a single egg or L2. In fact, the probability of
collecting eggs or L2s in endemic populations of the SBW would become much higher if the few
moths living in a stand could be attracted toward an appropriate egg-laying substrate.
A portable light trap such as the Luminoc® offers an interesting potential but the trap is no longer
produced commercially and thus, cannot fulfill our needs. We thus developed new versions of the
Luminoc® trap, the Luminoc 2.0 and 3.0, which uses LEDs as attractant rather than a 1.7 W
fluorescent light as in the original Luminoc®. LEDs have a much longer life and consume far
less energy than fluorescent tubes. Recently, LEDs have shown some potential when used in
large light traps, even if they caught significantly less moths than mercury vapor traps (White et
al. 2016). However, authors claim that the LED trap may be a viable alternative to the standard
mercury vapor trap because of its lower cost. We confirm that this green technology lower the
cost of the Luminoc® trap, which was a problem with the original version of the trap. Our
objectives were to:
1) test the new Luminoc traps and compare moth captures with those of the original trap.
2) determine how LED type, light intensity and height in the canopy influence trap efficacy.
3) determine if the addition of a pheromone to Luminoc traps increase SBW male moth
catches.
4) compare the predictive potential of L2 populations for Luminoc vs pheromone traps.
5) test a device for climbing traps in the upper canopy of trees.
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Materials and methods

Trap descriptions
The three traps used in our study can be seen in Figure 1. The original Luminoc® trap is made of
two parts: a 1-L collection container which has a 10 cm diameter at base and 13 cm diameter at
rim, and an upper container which houses a 6-V lantern alkaline battery and an electronic circuit
for controlling a 1.8-W miniature blue fluorescent tube (Figure 2). A 26.5 cm diameter plate is
fixed under the upper container to prevent rainwater from entering the collection container and
the overall height of the trap is 38 cm. A funnel with a 5 cm diameter opening at base is added to
increase trapping efficacy and prevent the escape of trapped specimens. The upper container is
made of PVC pipe, while the collection container, funnel and plate are made of UV-resistant
plastic. The container, funnel and plate are components of the MultiPHER® trap, which were
slightly modified for the Luminoc® (container windows and funnel were enlarged to allow better
light diffusion and catch of larger moths). Four removable baffles made from transparent plastic
were added around the light tube. A more complete description of the Luminoc® trap and of its
components can be found in Jobin and Coulombe (1988, 1992).
The Luminoc 2.0 and 3.0 traps were built while keeping in mind to lower their cost as much as
possible, while maintaining trap efficacy. As we targeted the SBW (a microlepidoptera), we used
the container, funnel and plate of the MultiPHER® trap without any modification and without
baffles. The upper container of the Luminoc 2.0 houses 8 C-alkaline batteries and an electronic
circuit for controlling 4 LEDs (Figure 3). The upper container is a simple white plastic recipient
of 12-cm diameter and 11-cm high; the overall trap height is 31 cm, and thus the Luminoc 2.0
trap is 7 cm shorter and 575 g lighter than the original version (Figure 1). The basis of the
Luminoc 3.0 trap is identical to the Luminoc 2.0 (MultiPHER® recipient) but the upper container
is much smaller (transparent plastic recipient of 9-cm diameter and 6-cm high). It weighs 650 g
less than the Luminoc 2.0 and 1225 g less than the original Luminoc® trap. It houses a smaller
electronic circuit on which a single LED is integrated (Figure 4). The circuit is glued at the center
of the bottom of the transparent recipient and thus, the light is directed downward through the
transparent recipient rather than around the trap. In order to avoid light diffusion through the
transparent recipient and maximize light attraction potential of the trap, we covered the sides of
the transparent recipient with black tape. We thought such design could attract local SBW
females present on surrounding branches below the trap. Using a single LED also allowed to
reduce trap weight and hang it more easily in the upper tree canopy. The electronic circuit was
sealed on the bottom of the plastic recipient and entirely protected from water and humidity. We
expected this should reduce problems with humidity interfering with electronic circuits that
occurred with previous versions of the Luminoc trap.

Comparing the efficacy of Luminoc traps
In 2015, we compared original Luminoc® traps with Luminoc 2.0 traps in stands studied for
determining if Mimic sprays had a detrimental effect on non-target Lepidoptera in northwestern
New Brunswick (ACOA project, Rob Johns and Véronique Martel). One Luminoc 2.0 trap and
one original Luminoc® trap, spaced by at least 50-m (to avoid interference between traps) were
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placed in each stand. A Vapor Tape II strip was added to each trap. Traps were placed at about 2m high, hanged on a low branch of a balsam fir tree. Samples were collected each week from
mid-June to late August 2015.
In 2016, we compared the Luminoc 3.0 with the two other versions of the trap (Luminoc 2.0 and
Luminoc®) as well as with a control (no light attractant) in a sugar maple stand located in StNicolas - Lévis, near Quebec City and a balsam fir stand located in St-Cyrille de Lessard in the
lower St. Lawrence region. Four traps of each model were placed in each stand, according to a
Latin square experimental design. Three 3-4 nights sampling periods were carried out in each
type of stand, between 30 June and 19 July in the sugar maple stand and between 15 July and 8
August in the balsam fir stand. The Luminoc 3.0 was then powered by a rechargeable Lithium
battery connected to a solar panel placed on trap’s head but unfortunately this design failed for
many traps (Hébert et al. 2017).
In 2017, we compared the Luminoc 3.0 with the two other versions of the trap (Luminoc 2.0 and
Luminoc®) as well as with a control (no light attractant) in a balsam fir stand located in Forêt
Montmorency, in the Laurentian Wildlife Reserve. The Luminoc 3.0 was then powered by 2 AA
batteries changed at 2 weeks intervals. Four traps of each model were placed in the stand,
according to a Latin square experimental design. Four 3-nights sampling periods were carried out
between 20 July and 14 August.
Samples were sorted in the lab and SBW moth were sexed and counted. Macrolepidopteran
moths were identified by Yves Dubuc, Olivier Jeffrey and Georges Pelletier. Georges also
identified Tortricidae, Pyralidae, Crambidae and Depressariidae, which contain potential alternate
hosts for SBW parasitoids, at the lowest taxonomic level possible. The overall abundance and
species richness of Lepidoptera, as well as SBW abundance, were compared using Anova.
Moreover, for the 2015 project, the Bray–Curtis dissimilarity was used to perform
PERMANOVA for comparing Lepidoptera communities of both traps, using the ADONIS
procedure of the vegan package (Oksanen et al., online) of R.

Influence of LED type, light intensity and trap height
In order to define the optimal trapping set up for sampling SBW moths, we compared the efficacy
of Luminoc 2.0 traps placed at 4 heights (3, 6, 9 and 12 m), using 2 types of LEDs (blue and
white wavelength; Figure 5 a, b) and 2 light intensity representing an average of twice or 5 times
higher than that of the original Luminoc® trap (Figure 5 c, d). Batteries lasted for up to 5 and 21/2
weeks respectively for these two light intensities. We selected 4 old balsam fir stands in
northwestern New Brunswick (near ACOA stands, for reducing costs) for running this
experiment in 2015. Thus, SBW populations were low as no defoliation was noticed. Each stand
was at least 2 km away from each other. One trap of each treatment was placed in each stand (16
traps / stand). Traps were set up in mid-June and operated for the entire SBW flight period (midJune to mid-August). Traps were visited once a week to collect samples. A Vapor Tape II strip
was added to each trap and batteries were changed at 2 and 5 weeks intervals. SBW moths of
each sex were counted in the lab and conserved.
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Combining light and pheromone attractants to improve detection
A first experiment in which light and pheromone were combined in the Luminoc 3.0 trap was
done in 2016 but with traps powered by rechargeable Lithium batteries and solar panels but this
approach failed for most traps. In 2017, we compared Multi-Pher® pheromone traps (model 1)
with two models of portable Luminoc traps (2.0 and 3.0 powered with 2 AA-batteries) or a
combination of the pheromone attractant with the light traps. The experiment was carried out in
36 mature balsam fir stands, 21 in the Lower St-Lawrence region and 15 in the Laurentian
Wildlife Reserve (Figure 6). Stands of the Lower St-Lawrence region were located in areas where
SBW populations were high, medium or low, according to the fall 2016 SBW L2 density maps
(Ministère des Forêts, de la Faune et des Parcs 2017). As a result, 6, 8 and 7 stands were located
respectively in high, medium and low density areas. Stands located in the Laurentian Wildlife
Reserve were considered at the trace level as no L2 was found in the area (Figure 7). Two tests
were carried out in parallel with the louder Luminoc 2.0 trap being hanged on lower balsam fir
branches (2-3 m high) and the lighter Luminoc 3.0 trap being placed in the upper tree canopy. We
used the Sherrill Tree BigShot system (Hughes et al. 2014) to hang a rope over a branch and
climb a trap in the upper canopy of balsam fir trees. Thus, in each stand, we placed one MultiPher® pheromone trap, one Luminoc 3.0 and one Luminoc 3.0 + SBW pheromone spaced by 50
m along a transect line and at least at 50 m from any road. On another transect 50 m apart, we
placed one Multi-Pher® pheromone trap, one Luminoc 2.0 trap and one Luminoc 2.0 + SBW
pheromone at 2-3 m above ground, hanged on balsam fir branches. A strip of Vapor Tape II was
placed in each trap. Samples were collected weekly between 29 June and 23 August to compare
SBW moth catches between various trap types. Anova was used to compare moth captures vs
trap type at various SBW density, for each transect (Luminoc 2.0 and Luminoc 3.0) separately.

Comparing forecasting potential of Luminoc traps vs pheromone traps
In 2015, one Luminoc 2.0 trap (hanged on a 2 m branch) was placed in each of 17 balsam fir
stands located in the Lower St Lawrence region (n=14) and in the Laurentian Wildlife Reserve
(n=3). These stands were selected among those used to survey SBW populations by the MFFP.
They used 3 pheromone traps (MultiPHER®) in each of these stands and they also collected
branches for estimating L2 density. Traps were installed in late June, before moth emergence, and
samples were collected in early September, when moth flight activity was completed. One Vapor
Tape II strip was added to each trap (both MultiPHER® and Luminoc 2.0) to kill moths.
In 2017, we used the 36 stands in which Luminoc 2.0 and 3.0 traps were used as well as
pheromone traps (see previous section) to test their forecasting L2 capacity. Therefore, in early
October, five 1-m balsam fir branches were collected from each site (1 branch/tree) to determine
L2 density. Unfortunately, it has not been possible to process L2 extraction in fall and thus,
branches were placed in cardboard tubes to force L2 emergence during winter 2018. Linear
regression were used to assess the strength of the relationships between SBW male moth
abundance in the various traps and L2 abundance.
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Results and discussion

Comparing the efficacy of Luminoc traps
We already showed that no significant difference was detected between the Luminoc 2.0 trap and
the original Luminoc® in the overall abundance of Lepidoptera, as well as for the SBW and in
species richness (Hébert et al. 2017). To avoid going into the effect of stand age and Mimic
treatment, we focused the community analysis on data collected in the mature and overmature
untreated stands (5498 moths representing 223 species). Again, we found no significant
difference between the two Luminoc traps in the overall abundance of Lepidoptera (Figure 8), as
well as for the SBW (Figure 8) or the species richness (Figure 8). A community analysis did not
detected significant difference between trap type (Figure 9). Thus, the Luminoc 2.0 appeared to
provide similar catching results to the original Luminoc trap.
In 2016, the Luminoc 2.0 and 3.0 traps and the original Luminoc® provided similar abundances
in the sugar maple stand when all traps worked well, i-e during the first week of sampling.
However, due to recharging failure, most traps did not work well and do not allow further trap
efficacy comparison. In 2017, the three Luminoc traps provided similar results (abundance and
richness) during 4 weeks in a balsam fir stand (Figure 10) and moth communities were also
similar (Figure 11). Our old original Luminoc traps did not always work well and moth catches
were significantly lower than in the Luminoc 2.0 (both abundance and species richness). The
Luminoc 2.0 trap caught the highest number of moths and species but these were not significantly
different to catches with Luminoc 3.0. It is important to remind that the Luminoc 2.0 uses 4
LEDs compared to a single LED in the Luminoc 3.0.

Influence of LED type, light intensity and trap height
SBW moths of both sexes were more abundant higher in the canopy than in the lower portion of
the forest (Tables 1 and 2; Figure 12). This is in agreement with Rhainds and Kettela (2014)
which obtained greater catches of SBW moths in light traps placed in tree canopies than in forest
clearings. This is consistent with a previous experiment carried out in 1993 in Gaspésie using the
original Luminoc® trap (Hébert et al. 2016). Light intensity had no effect on SBW catches
(Tables 1 and 2). Moreover, high light intensity decreases rapidly during the first week of
sampling before stabilizing for 1-2 weeks and then dropping rapidly (Hébert et al. 2016). The
lower light intensity is much more stable and lasts much longer than the high light intensity. This
appears to be a better choice for sampling moth fauna. The white LED was slightly less efficient
at sampling SBW females but not males. There was no difference for the overall Lepidoptera. As
few SBW females were caught, it would be careful to run additional tests before concluding that
the blue LED is more efficient than the white LED for sampling SBW females.

Addition of a pheromone attractant to light traps for improving detection
Our results clearly showed that pheromone traps were far more efficient than portable light traps
for catching SBW male moths, both in the upper canopy and at 2-3 m high (Figure 13). Our
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results also confirm previous results (Jobin and Bernier-Cardou 1988) that pheromone traps are
more efficient when placed in the upper tree canopy than at 2-3 m high. Moreover, adding SBW
pheromone to the light traps did not increase male moth catches, contrary to other moth species
(Jobin and Coulombe 1992). Therefore, there is no advantage in combining the two attractants as
the sorting time increases because the light source attract other moths, that are nearly absent in
pheromone traps. Few females were caught in light traps, particularly in Trace, Low and even in
Moderate population levels (Tables 3 and 4). Highest female abundances in light traps were
recorded in high population levels.

Comparing forecasting potential of the Luminoc traps vs pheromone trap
In 2015, the relationship between SBW moth abundance and L2 density was significant when
using the Luminoc 2.0 but not for the pheromone traps (Figure 14). However, in 2017,
pheromone traps placed in both the upper canopy and at 2-3 m high were significantly related to
L2 populations (Table 5). For unknown reasons, SBW L2 population estimates were very low in
all sites. Nevertheless, the R2 were very close to those reported by Rhainds et al (2016). Luminoc
trap catches were also significantly related to L2 populations, particularly the Luminoc 3.0 which
showed a relationship as strong as the pheromone trap. The relationship was weaker for the
Luminoc 2.0 (placed at 2-3 m high), but in the same range as in 2015. Combining pheromone to
the light trap did not improve the relationships.

Conclusion and future directions
Pheromone traps are tools aimed to detect impending outbreaks and thus, they are mainly useful
when used at the front edge of outbreak areas. However, our data suggest that catches in
pheromone traps are not always representative of local SBW populations. For instance,
abundance of male SBW moths in pheromone traps was similar in the Laurentian Wildlife
Reserve (LWR) and the Lower St-Lawrence regions where the SBW populations were
respectively at the trace and light levels. In fact, moths were even more abundant in the LWR,
whether traps were placed in the upper canopy or at 2-3 m high, showing that pheromone traps do
not allow discriminating local low-level populations. This pattern was not observed for Luminoc
traps, traps placed in the upper canopy and at 2-3 m high, catches being much lower in the LWR,
suggesting that light traps may provide more accurate local population estimates in areas of
generally low or very low populations. Light traps and pheromone traps may provide estimates at
different spatial scales and they could thus provide complementary information on SBW
populations.
To maximize their efficacy, traps should be placed in the upper tree canopy. We successfully
used using the BigShot technique to instal Multi-PHER® and Luminoc 3.0 traps in the upper
canopy of balsam fir trees, even if they have small branches. If dominant white spruce trees could
be present in a stand, it would allow hanging the Luminoc 2.0 with its louder C-batteries. It
would be interesting to place traps in the upper canopy of a small network of sites at the front
edge of the outbreak for several consecutive years to evaluate their potential to detect increasing
SBW populations and moth dispersal/migration.
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Luminoc®

701571570 g - 38 cm

Luminoc 2.0
995 g - 31 cm

Luminoc 3.0
345 g - 27cm

Figure 1: The original Luminoc® trap showed with the Luminoc 2.0 and 3.0 traps. Weight and
size are provided and illustrate trap recent evolution.

Figure 2: The original Luminoc® trap with enlarged windows on the MultiPHER recipient,
baffles, fluorescent light tube, electronic circuit and 6-V battery.
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Figure 3: The Luminoc 2.0 trap with unmodified MultiPHER® recipient, without baffles, with
four LEDs, electronic circuit and 8-C batteries.

Figure 4: The Luminoc 3.0 trap with unmodified MultiPHER® recipient, without baffles, a
single LED mounted on the electronic circuit and 2-AA batteries.
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A

B

C

D

Figure 5: Luminoc 2.0 trap with a white (A) and blue LED (B) and comparison of light intensity of the original
Luminoc® trap with that of the Luminoc 2.0 trap set at low (C) or high intensity (D).
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Figure 6: Stand locations in which pheromone, light and light-pheromone traps were installed
in 2017. The red dots were in an area of high SBW density, the orange dots were in a medium
SBW density, while the yellow and green dots were located respectively in areas of low and
trace SBW populations.
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Figure 7: The 2017 stand locations according to 2016 fall L2 density showing the Lower St-Lawrence low
SBW populations area (upper map) and the Laurentian Wildlife Reserve trace population area (lower
map). Black dots provide L2 data locations and density (from MFFP).
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Figure 8: Abundance of all Lepidoptera (A), of the Spruce budworm (B) and species richness of
macrolepidoptera in two models of the Luminoc trap used in untreated mature and overmature
balsam fir forests (n=6) of northwestern New Brunswick during summer 2015.
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Figure 9: PCoA ordination showing macrolepidoptera assemblages obtained with the Luminoc 2.0 trap
and the original Luminoc® trap in mature and overmature balsam fir forests (n=6) of northwestern New
Brunswick during summer 2015.
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Figure 10: Abundance (upper graph) and species richness (lower graph) of macrolepidoptera in
three models of the Luminoc trap (and a control) used in an overmature balsam fir forest in Forêt
Montmorency during summer 2017.
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Figure 11: PCoA ordination showing macrolepidoptera assemblages obtained from moth captures with
the three Luminoc traps and a control trap in a overmature balsam fir forest of Forêt Montmorency
during summer 2017.
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Figure 12: Abundance of female (A) and male (B) SBW moths in Luminoc 2.0 traps placed at
various trap height in balsam fir forests of northwestern New Brunswick during summer 2015.
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Figure 13: Spruce budworm male moths caught (A) in Luminoc 3.0 traps, pheromone traps and
Luminoc 3.0 + pheromone traps placed in the upper canopy according to previous year SBW L2
density, and (B) in Luminoc 2.0 traps, pheromone traps and Luminoc 2.0 + pheromone traps
placed at 2-3 m high according to previous year SBW L2 density.
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Figure 14: Relationship between SBW moths caught in pheromone traps and L 2 density on
branches (upper graph) and between SBW moths caught in Luminoc 2.0 trap and L 2 density on
branches (lower graph) in 2015.
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Table 1: Results of GLM model using a Poisson distribution comparing SBW female catches at
various heights, using two types of LEDs and two light intensities in balsam fir stands located in
northwestern New Brunswick in 2015.

.
*

Table 2: Results of GLM model using a negative binomial distribution comparing SBW male
catches at various heights, using two types of LEDs and two light intensities in balsam fir stands
located in northwestern New Brunswick in 2015.

***
*
*
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Table 3: SBW moth catches in pheromone baited (P), light baited (L) and pheromone + light baited (P +
L) traps in the upper canopy of balsam fir trees.

SBW L2
density

Females

Males
Pheromone

Luminoc 3.0

Luminoc 3.0 +
Pheromone

Pheromone

Luminoc 3.0

Luminoc3.0 +
Pheromone

High

4981.7 ± 640.6

267.0 ± 60.3

4092.7 ± 1035.7

1.7 ± 0.7

4.1 ± 1.0

4.7 ± 1.3

Moderate

1055.8 ± 163.7

92.2 ± 42.0

953.6 ± 228.0

0.3 ± 0.2

0.4 ± 0.3

0.4 ± 0.3

Low

131.0 ± 54.3

3.3 ± 1.7

114.0 ± 21.3

0.1 ± 0.1

0

0.1 ± 0.1

Trace

174.6 ± 36.7

0.4 ± 0.1

162.5 ± 38.3

0

0

0

Table 4: SBW moth catches in pheromone baited (P), light baited (L) and pheromone + light baited (P +
L) traps hanged on branches at 2-3 m high.

SBW L2
density

Females

Males
Pheromone

Luminoc 2.0

Luminoc 2.0 +
Pheromone

Pheromone

Luminoc 2.0

Luminoc 2.0 +
Pheromone

High

1561.2 ± 256.6

172.5 ± 68.2

1155.3 ± 199.2

0.8 ± 0.8

5.8 ± 2.1

0.8 ± 0.4

Moderate

330.1 ± 63.5

73.8 ± 15.7

300.0 ± 33.0

0.1 ± 0.1

0.4 ± 0.3

0.9 ± 0.5

Low

24.9 ± 9.8

9.3 ± 2.7

37.7 ± 18.3

0

0.7 ± 0.3

0

Trace

55.2 ± 11.9

0.5 ± 0.2

69.5 ± 24.5

0

0

0

Table 5 : R2 from significant relationships between SBW moth catches in pheromone traps,
light traps and pheromone-light traps vs L2 population estimates obtained from 5 branches
per site in 36 stands in 2017 in Quebec.

Upper canopy1

2-3 m high2

Pheromone Vs L2

0,56

0,51

Light Vs L2

0,55

0,3

Pheromone-Light Vs L2

0,29

0,46

1

Luminoc 3.0 were used in the upper canopy
2
Luminoc 2.0 were used at 2-3 m high
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Optimization of trapping parameters for spruce budworm sampling
C J K MacQuarrie1 , J Fidgen1 , J Allison1 , D Carleton2 , R. Johns3
1

NRCan Canadian Forest Service, Great Lakes Forestry Centre, Sault Ste. Marie, Ontario.

2

New Brunswick Energy and Resource Development

3

NRCan Canadian Forest Service, Atlantic Forestry Centre, Fredericton, New Brunswick.

Abstract:
This report presents the results of lab and field experiments on the effective trapping radius of
baited spruce budworm (SBW) traps, and the aging rate of SBW pheromone lures. From 2016 to
2018, we tested the correlation and effect of trap interference in trap catch using 4 × 4 trap arrays
with different inter-trap spacings replicated in Ontario and New Brunswick. These data show that
at intertrap spacings of > 50 m there is likely no interference between bucket traps baited with
PVC flex lures. We also found that low auto correlation among trap catch at moderate distances
(i.e., ca. 40-120 m). This is greater than other trapping designs where autocorrelation was found
at distances of up to 30 m. These results suggest that the overall sampling radius of SBW traps is
likely larger than that shown in earlier studies. We determined the relationship between lure
mass, time and temperature by aging lures under field and lab conditions. The small mass of
SBW lures made determining changes in weight to be difficult, even using a sensitive balance.
Lures also tended to increase in mass at times, often associated with high humidity. This
suggests that the lure matrix absorbs water during the period they are deployed. If so, this means
that in order to predict the aging rate of lures we would need to develop a model that both
accounts for weight change in the physical structure of the lure and a component that models the
loss of pheromone from the lure.

Résumé
Le rapport présente les résultats d’expériences menées en laboratoire et sur le terrain pour
déterminer le rayon de piégeage efficace de pièges appâtés pour attirer la tordeuse des bourgeons
de l’épinette (TBE), et le rythme auxquels vieillissent les appâts de phéromone de la TBE. De
2016 à 2018, nous avons étudié la corrélation et l’effet de l’interférence du piège dans les prises
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en positionnant des pièges selon un modèle 4 x 4 avec des distances différentes entre les pièges,
expérience que nous avons reproduite en Ontario et au Nouveau-Brunswick. Les données
montrent qu’à des distances de > 50 m entre les pièges, il n’y a probablement pas d’interférence
entre les pièges contenant des appâts flexibles en PVC. Nous avons également observé une faible
autocorrélation parmi les prises de chaque piège à des distances modestes (environ 40-120 m).
Voilà qui est beaucoup plus que pour d’autres dispositions de pièges où une autocorrélation a été
observée à des distances pouvant allant jusqu’à 30 m. Ces résultats semblent indiquer que le
rayon d’échantillonnage global des pièges de TBE est probablement plus grand que ne le
montraient les études antérieures. Nous avons déterminé le rapport entre la masse, la durée et la
température de l’appât en vieillissant les appâts sur le terrain et en laboratoire. La faible masse
des appâts de TBE a fait qu’il a été difficile de déterminer les changements dans le poids, même
à l’aide d’une balance très sensible. De plus, les appâts avaient parfois tendance à gonfler, par
exemple quand le taux d’humidité était très élevé, ce qui fait penser que la matrice de l’appât
absorbe de l’eau durant la période de déploiement. Si cela s’avère, il faudra donc, pour prédire le
taux de vieillissement des appâts, mettre au point un modèle qui tient compte à la fois du
changement de poids attribuable à la structure physique de l’appât et de la perte de phéromone de
l’appât.

Introduction
Present trapping guidelines for spruce budworm (e.g., Houseweart et al 1981, Sanders 1986,
1988) were developed using insect traps and lures that are no longer used in provincial
monitoring programs. Most provincial monitoring programs use the bucket-style non-saturating
pheromone trap (multi-Pher Trap or Uni-Trap) or provisioned with either a PVC ‘flex lure’ or a
rubber septa impregnated commercially produced budworm pheromone blends. However, the
guidelines for SBW trapping were developed using saturating sticky delta or wing traps and
pheromone lure blends baited with lures produced in a research laboratory. Trapping for adult
male budworm is sufficient to make reasonable predictions about the likely size of the following
year’s budworm population in a stand, and make relative comparisons among traps deployed by
the same agency. However, three issues have been identified by provincial agencies that do
spruce budworm trapping that, if resolved, would lead to improved utility of budworm traps.
These issues are:
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1) The quality and composition of lures used to trap SBW can vary among years and between
batches of lures.
2) Release rates of commercially produced lures, and change in attractiveness over time to attract
SBW has not been recently assessed.
3) The variability among lures can prevent quantitative year-over-year comparisons of trap catch.
To address these issues some budworm trapping programs perform calibration tests of lures from
different batches or years. In these tests, lures from different batches are deployed in a paired
design during the trapping season. Then by comparing the catch for both lure types a correction
factor can be computed to permit an ‘apples-to-apples’ comparison of trap catch among traps
baited with different lures. These field comparisons of lures are predicated on the assumption
that two traps, as long as they are hung far enough apart from each other, constitute independent
samples of the same population. However, it is known that insect traps baited with lures,
sometimes called “attractive traps”, can interfere with each other’s catch if placed too close
together. Associated with these questions are the effect of lure age on trap catch and how
environmental condition (e.g., temperature) influences the release rate of the lure, and thus how
many insects are collected.
Recently, methods have been developed to assess trap interference using statistical tools (Bacca
et al 2006; Suckling et al 2015). In these methods, grids of traps (e.g., 3x3, 3x4 or 4x4) are set
out in a replicated design with increasing distance among traps in the grid. By comparing either
the ratio of catch in traps in different places in the grid and among grids of different sizes
(Suckling et al 2015) or examining spatial auto-correlation of trap catch (Bacca et al 2006), the
intertrap distance at which trap interference occurs, or ceases to o ccur, can be determined. These
analyses can infer the optimal distance between traps that should be used when testing different
lure types or to quantify year over year differences among batches of lures.
Here, we used a 4 × 4 trapping grid of baited spruce budworm traps deployed in New Brunswick
(2016 & 2017) and in Ontario (2017 & 2018) to test the effect of inter-trap distance on
correlation and interference among adjacent traps. In related experiments under the same project,
we determined the relationship between lure weight and age for both lures aged in a controlled
environment chamber and under ambient outside conditions, these results are reported in
MacQuarrie et al (2018).
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Methods
Trap interference We selected two sites in Ontario and one site in New Brunswick within which
we installed several 4 × 4 grids of baited multi-Pher spruce budworm traps provisioned with
PVC flexlures. Each site had a homogenous composition of balsam fir and white spruce over the
area, which the traps were deployed and were situated adjacent to regions with moderate to high
spruce budworm density. Spruce budworm density was determined using provincial budworm
survey data (i.e., aerial survey data for Ontario, provincial L2 survey for New Brunswick). At
each site we establish five, 4 x 4 trap grids at 3 m, 10m, 20 m, 40 m and 60 m inter-trap spacing.
The traps were deployed before flight season (ca. mid-June) in each region and recovered in midAugust. The placement of each trap was determined using a handheld GPS unit or a tape (in the
case of the 3m grid in New Brunswick). In 2017, traps in New Brunswick were checked twice,
but catches were pooled over the entire season for our analyses (except for the variograms). In
2016 and 2017, the grids were installed along a linear transect (Fig. 1 A-C). The grid spacing
treatments were randomly placed along these transects with ca. 140 m spacing between adjacent
grids. In 2018, grid spacing treatments were installed within a large, 420 m x 420 m (super) grid.
The outermost traps, which ran the perimeter of the super grid, were set at 60 m spacing (28
traps). Grids for the 3, 10, 20 and 40 m inter-trap spacings were randomly located within the
super grid (Fig. 1D).
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A

C

B

D

Figure 1. Trapping grids used in New Brunswick (2016 [A], 2017 [B]) and Ontario (2017 [C],
2018 [D]). The 2018 grid was set up after Bacca et al. (2006). Size of circle represents catch of
male SBW moths. In New Brunswick in 2017, two moth collections occurred (early, late) so we
analyzed these data separately when computing variograms. Missing dots in the grids indicate
traps that experienced demonic intrusion during the sampling period.

Following methods in Bacca et al. (2006) and Suckling et al (2015) we completed the following
analyses using the season trap catch as the response variable:
1) We compared the ratio of trap catch between corner and edge traps; edge and centre traps and
corner and centre traps. Theory predicts that when traps are placed close together, corner traps
should catch more insects because of the combined effect of multiple, overlapping lures and thus
interfere with the catch of interior traps. By determining the inter-trap distance at which the ratio
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between catch in corner vs. inner traps is maximized we can predict the minimum trap spacing at
which traps should be deployed to minimize this interference (See Suckling et al 2015).
2) We computed a metric of trap disruption by comparing the catch in the centre four traps of the
largest grid (60 x 60 m spacing) to the catch in the centre of the other grids to determine a
relationship between disruption and inter-trap spacing. We fit a linear relationship to these data
to determine a predictive relationship between the trap disruption and spacing.
3) We determined the number of budworm males caught per unit area, assuming that the sampled
area of the trap was equal to the area of a circle centre on the trap with diameter equal to that of
the trap spacing. We fit a non- linear model to these data to determine the rate at which trap catch
per unit area stabilizes relative to the trap spacing.
4) We used variograms and fit spatial covariance models to assess the spatial autocorrelation
among all traps. In this analysis, the inter-trap distances with trap catch numbers that are highly
correlated have low semivariance. Semivariance measures the correlation of trap catch among all
pairs of traps at a given distance and is expected to be low where trap catch is highly correlated,
and increase to an a asymptote (the ‘sill’) at some intermediate distance. The location of the sill
is the range at which the trap catch in two adjacent traps is determined to be independent. When
fitting the variograms we also tested different models of spatial correlation among the traps to
account for lack of spatial independence.
For analyses 1 and 2, we used the relative position of each trap in the grid to determine its
position in space (i.e., edge, centre, corner). However, some traps were misplaced in the grid
owing to errors in reading the GPS unit and so were not used in these analyses. For analysis 4,
we used the absolute spatial coordinate of the trap (i.e., Universal Trans-Mercator (UTM)
position) and so all traps were used. However, in New Brunswick in 2017, for the 3, 10 and 20 m
grids, only corner traps were georeferenced. We interpolated the UTMs of the other 12 traps in
each array in Google Earth.
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Results
Analysis 1 – Ratio of trap catch by position
The ratio of catch between groups of traps in different positions in the grid showed the expected
pattern. There was a low ratio between corner and edge traps (Figure 2; left column) indicating
these traps were catching similar numbers of insects. The ratio increased as we compared edge to
centre (Figure 2; centre column) and corner to centre traps (Figure 2; right column) peaking
between 10 m and 40 m and 10 m to 20 m inter-trap spacing, respectively. This pattern was
consistent over the 2 years and 2 sites used to examine traps. In mass-trapping studies, to avoid
interference among traps, Suckling et al. propose the equation of 2.3×d, where d is the inter-trap
distance where the corner vs. centre ratio is at a maximum. Applying that equation here suggests
that trap interference (i.e., competition for catch) is diminished between 23 m and 46 m.
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Figure 2: Ratio among trap catch for various trap positions in the 4 × 4 grid. Trap interference
is predicted to be maximized in the corner-centre ratio (right column) and minimal in the
corner-edge ratio (left column). Note: ratio estimates for the 60 m spacing in Ontario in 2018
were not possible due to the grid design we used.

Analysis 2 – Disruption
Disruption is the difference in trap catch in a small grid experiencing trap competition compared
to a large grid where trap interference should not occur. Using the data from all sites and all
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years, we see the expected negative relationship between spacing and disruption (Figure 3). The
model predicts that disruption does not occur at spacings greater than 50 m. This is consistent
with the observation of low interference above 40 m inter-trap spacing.

Figure 3: Trap disruption decrease with increasing trap spacing. Disruption is computed as the
percent difference between the catch of the centre four traps in each 4 × 4 trapping grid when
compared to the catch in the largest grid. y = 78.25 – 1.57x, R2 = 76.5

Analysis 3 – Density vs. spacing
Traps that are closer together are predicted to catch more insects per unit sampling area. The
explanation being that many traps placed together act like a ‘super trap’ compared to those
farther apart. As traps are placed at increasing distances between them this effect drops off and
catch per unit area becomes more consistent. In our arrays, the number of budworm per sampled
area stabilized between the 10 and 20 m spacing (Figure 4). This observation is consistent with
the pattern seen in analyses 1 and 2 (Figures 2, 3).
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Figure 4: Number of adult male spruce budworm decreases exponentially with increasing
distance among traps in a 4 × 4 grid. Coefficients for the exponential models can be provided
upon request.
Analysis 4: Spatial autocorrelation
A preliminary analysis of the 2016 and 2017 data was previously reported (MacQuarrie et al
2018). We detected errors in that analysis associated with how the GPS data were encoded,
which influenced the autocorrelation results. We corrected this error, and we re-ran the previous
analyses.
In this revised analysis, we found that spherical and exponential covariance structures fit the
catch data from New Brunswick collected in 2016 and in 2017 (Figure 5A-C) and from Ontario
collected in 2017 and in 2018 (Figure 5D, E). We found that the sill of the spherical model to be
ca. 40 m to 120 m in New Brunswick and ca. 100 to 120 m in Ontario.
These results indicate that if traps are placed more than 100–120 m apart they can be considered
independent samples of the resident SBW population. Conversely, traps placed less than this
distance apart may not represent independent samples of the SBW moth populations in the area.
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E

Figure 5: Influence of trap distance on semivariance of trap captures in New Brunswick
(2016, 2017) and Ontario (2017, 2018). All trap catch data reasonably fit an exponential and
spherical spatial correlation structure. The spherical models plateaued between 40 m and 120
m, where trap captures began to be independent of each other.

Discussion
The analysis of the spatial trap capture data indicates that beyond 40 m to 120 m there is likely
no interference between bucket traps baited with PVC flex lures. Beyond this distance there
appears to be no appreciable effect on catch of adjacent traps. When we examine the correlations
among trap catch, we found that there exists low auto correlation beyond 120 m. This is greater
than other trapping designs where autocorrelation was found at distances of up to 30 m. Analyses
using ratios of trap catch between traps in different parts of the grid, those using estimates of
disruption, and those based on trap density would seem to indicate that the interference among
traps decreases at distances > 50 m. However, these estimates do not take into account the spatial
structure of the traps which may have influenced our results, and which the autocorrelation
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methods took into account. However, in those systems the traps being tested were deployed in
agroecosystems (field crops or nurseries). Forest ecosystems are more complex and therefore the
opportunity for forest structure to interfere with trap catch likely exists, as does perhaps the
opportunity for spatial effects to have more of an impact.
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Long term monitoring of northward range expansion, population dynamics and adaptation
of spruce budworm populations
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Abstract
We are sampling spruce budworm disturbance and ecosystem impacts in the northern limits of its
range. We are sampling a transect that runs 600 km north of Baie-Comeau, the northern most
parts of which extend beyond provincial aerial survey routes. In 2018, moth captures averaged
over 4500 at our northern- most site (km 568), however, there were no L2s nor L4s observed on
sampled branches. Defoliation was estimated to be below 10% on both spruce and fir. The
southern most sites (e.g. km 237) had medium defoliation on black spruce and high defoliation
on balsam fir with an average of 20 L4 per branch and 3300 moths captured in pheromone traps.
Moths are dispersing significantly north, but are not yet contributing significantly to population
growth nor defoliation.
Résumé
Nous échantionnons l’épidémie de la tordeuse des bourgeons d’épinette et les impacts sur
l’écosystème a sa limite nordique. Nous avons un transecte jusqu’à 600 km nord de BaieComeau, plus au nord que les routes des vols aérienne. En 2018, nous avons récolté 4500
papillons à km 568, mais pas de L2 ni de L4. Au sud, à km 237, la défoliation était moyenne sur
l’épinette noire et haute sur le sapin. Nous avons une moyenne de 20 L4 par branche et 3300
papillons capture. Les papillons dispersent au nord, mais il n’y a pas encore eu une croissance de
la population ni la défoliation.
Introduction. The spruce budworm population in Quebec has been rising since 2006 and current
outbreak centres have appeared in latitudes further north than epidemics in the past two centuries
(1). Recent research predicts that with increasing global temperatures spruce budworm will
expand its range at least 3° north of its current distribution (2). North of the 49th parallel, black
spruce is the dominant component of the boreal forest, yet its defoliation and subsequent
mortality are historically lower than that of balsam- fir and white spruce (3,4). Severe spruce
budworm disturbance in the boreal black spruce zone will be a novel (at least in recent centuries)
ecological phenomenon with potentially unforeseen ecosystem responses. Severity of the current
and future spruce budworm outbreaks depends largely on the susceptibility (defoliation levels) of
black spruce in the insect’s expanded range. In previous outbreaks, the relatively low
susceptibility of black spruce to defoliation was attributed to phenological escape from herbivory
due to a two-week delay in budburst compared to other hosts (3,5) and thus not providing new

SERG International 2019 Workshop Proceedings

191

foliage when overwintering second instar larvae emerge to feed. Susceptibility can, however, be
modified by the response of host trees, spruce budworm and natural enemies to temperatureinduced changes in phenology. Vulnerability of northern black spruce forests to defoliation by
spruce budworm in terms of growth loss, mortality and regeneration potential is therefore,
determined by factors that control budworm population growth such as 1) larval establishment
and survival in the spring, 2) spruce budworm performance on black spruce and balsam fir, and
3) mortality due to natural enemies.
Objectives. At the northern edge of the distribution of spruce budworm, we will
measure/document 1) range expansion and performance during the current outbreak, 2)
phenology and population dynamics on black spruce and balsam fir, and 3) dispersal of
populations to the northern- most range limits and time to successful establishment and
defoliation of host trees.
Methods and progress to date. We established transects along the latitudinal range expansion
gradient of the current outbreak spanning about 600 km between Baie-Comeau, QC and
Labrador City, NL. Trees are being sampled from pure black spruce, pure balsam- fir and mixed
stands every 20-30 km along this gradient. We have set up pheromone traps to monitor moth
flight. Each summer, we are performing fine-scale population sampling for eggs, L2, L4 and
pupae to determine whether populations establish following northward dispersal. Branches are
evaluated for defoliation and trees examined for signs of mortality. A subset of larvae and pupae
collected from these branches are reared to determine parasitism rates. To record variation in
phenology and possible shifts in synchrony between spruce budworm and its host trees, we have
installed time- lapse cameras and data loggers that measure temperature and incident radiation
along this latitudinal gradient in March each year.
Understanding responses of all three trophic levels i.e. host trees-spruce-budwormnatural enemies in a new disturbance zone under a warmer climate will facilitate predictions of
future disturbance regimes and implementation of management practices.
In 2018, moth captures averaged over 4500 at our northern- most site (km 568), however,
there were no L2s nor L4s observed on sampled branches. Defoliation was estimated to be below
10% on both spruce and fir. The southern most sites (e.g. km 237) had medium defoliation on
black spruce and high defoliation on balsam fir with an average of 20 L4 per branch and 3300
moths captured in pheromone traps. Moths are dispersing significantly north, but are not yet
contributing significantly to population growth nor defoliation.
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Figure 1. Defoliation in QC up to 600 km north of Baie -Comeau. EPN = black spruce, SAB = balsam fir.
0-1 = low, 1-2 = medium, 2-3 = high.

References.(1)http://www.mrnf.gouv.qc.ca/publications/forets/fimaq/insectes/tordeuse/TBE_20
09P.pdf. (2) Régnière et al. 2012. Biol. Invas. 14: 1571-1586. (3) Nealis & Régnière 2004. Can J.
For. Res. 34: 1870-1882. (4) Hennigar et al. 2008. For. Sci. 54: 158-166. (5) Blais 1957. For.
Chron. 33: 364-372.
Deliverables. Data and predictions on range expansion rate, establishment and defoliation of
spruce budworm populations in northern boreal forests. Time lag between dispersal, population
growth, defoliation and mortality of host trees. Results will feed into decision-support models to
inform spruce budworm spray programs and management practices. Results will be presented to
stake-holders, forest managers, at scientific forums and published in high-quality ecological
journals.
Support received from SERG-I for Year 1 in 2018-19. 2K from NLDNR; in-kind from
QMFFP. CFS O&M provided 8K.
Completion date. 2021. We propose a study lasting 5 years or longer, but are currently
requesting funds for three years.
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An analysis of historical data to identify the occurrence of meteorological conditions that
are considered favourable for the long-range flight
of spruce budworm moths to Newfoundland
Christopher M. Riley1 and William Richards2
1
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Agrifor Biotechnical Services Ltd., 219-151 Queen Street, Fredericton, New Brunswick.
W. Richards Climate Consulting, 6931 Route 102, Oak Point, New Brunswick.

Abstract
This report outlines some preliminary results of an on-going study to analyse historical
meteorological information and quantify the seasonal occurrence of meteorological conditions
that could be conducive to the long-distance migration of spruce budworm from mainland areas
in eastern Canada to the island of Newfoundland.
A review of the synoptic charts for 2018 has shown that seven cold fronts moved in an easterly
direction through Quebec / New Brunswick and ten cold fronts passed through Newfoundland
during the period July 1st to August 10th. Data for 2013 to 2017 and earlier years will be analysed
to the extent of project funding.
Forwards and backwards trajectory analysis of potential moth flight associated with frontal
systems and confirmed, or suspected, moth dispersal events is being carried out using the
HYSPLIT air dispersion model and weather radar imagery to track/predict potential trajectories
of moths under meteorological conditions associated with historical frontal systems.
Résumé
Ce rapport présente quelques résultats préliminaires d'une étude en cours pour analyser des
données météorologiques historiques et quantifier la présence saisonnière de conditions
météorologiques qui pourraient favoriser la migration à longue distance de la tordeuse des
bourgeons de l'épinette du Québec et du Nouveau-Brunswick vers l'île de Terre-Neuve.
Un examen des cartes synoptiques de 2018 a montré que sept fronts froids se déplaçaient vers
l'est traversant le Québec et le Nouveau-Brunswick et que dix fronts froids traversaient TerreNeuve du 1er juillet au 10 août. Les cartes synoptiques de 2013 à 2017 et des années précédentes
seront analysées en fonction des ressources financières disponibles.
L'analyse de trajectoire, en avant et en arrière, est en cours utilisant du modèle de dispersion
atmosphérique HYSPLIT et de l'imagerie radar météorologique pour suivre / prévoir les
trajectoires de vol potentielles des papillons de la tordeuse des bourgeons de l'épinette sous des
conditions météorologiques associés à des systèmes frontaux historiques.
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Background and Objectives
Flights of spruce budworm moths that give rise to spectacular mass landings such as those
observed in Dalhousie and Campbellton, New Brunswick in 2016 and Rimouski, Quebec, in
2013 have been documented in the scientific literature by researchers during previous outbreaks
and are considered to be a potentially important factor in budworm ecology, long-range dispersal
and the development of new infestations.
Numerous studies have been carried out over the last five decades to study moth migrations in
eastern Canada using entomological radar as a management tool to document moth migrations.
In the 1970’s and 1980’s work was carried out by researchers such as Greenbank, Scheafer, and
Rainey (1980), Dickison (1983, 1986) and others to investigate and identify the meteorological
conditions that are conducive to the migration of spruce budworm moths over long distances.
Operational monitoring of spruce budworm populations in eastern Canada is based on
pheromone traps and the sampling of over-wintering populations of second instar larvae.
Population monitoring on the island of Newfoundland is subject to practical limitations and not
all areas of the island can be monitored adequately. At this time there is no remote-sensing (i.e.
radar) system available for the routine monitoring of moth flights as a potential early warning
system for forest pest managers in Newfoundland. However, if forest pest managers are aware
that meteorological conditions in certain areas are, or have been, conducive to long distance
transport of budworm moths then they may be able to take measures to increase monitoring and
surveillance activities in the areas that are potentially affected.
The primary objective of this ongoing project is to document the occurrence and seasonal
frequency of meteorological conditions that could be conducive to the long-distance migration of
spruce budworm from mainland areas in eastern Canada to the island of Newfoundland over the
time period corresponding to the presence of moths (e.g. early-July to mid-August). A
supplementary objective, made possible by the expertise of former Environment Canada
Meteorologist, William Richards, is the forwards and backwards trajectory analysis of potential
moth flight associated with frontal systems and confirmed, or suspected, moth dispersal events.

Methodology
Copies of weather maps (synoptic charts) that are created by the Atlantic Storm Prediction
Centre at intervals of every six hours were obtained from Environment Canada for the months of
July and August for the last six years. The data are being reviewed and analysed on a year-byyear basis to document and characterize, meteorological conditions (i.e. frontal systems) similar
to those that have been identified in the scientific literature as being conducive to the long-range
transport of spruce budworm moths in eastern Canada. Data for earlier years will continue to be
procured and analysed subject to available resources.
Forward trajectory modelling from 11 locations in Quebec and 4 locations in NB is being carried
out using air dispersion models to track/predict potential trajectories of moths under
meteorological systems associated with historical frontal systems. Backward trajectory
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modelling is being carried out using one location in Labrador and six locations on the West
Coast and Northern Peninsula of Newfoundland where pheromone trap catches of spruce
budworm have been higher and populations of second instar larvae are increasing. Backward
trajectory modelling supplemented by weather radar imagery is also being carried out to identify
the potential trajectories of moths on dates when moth dispersal events were observed or
suspected.

Results to Date
The first synoptic charts in PDF format were obtained from Environment Canada at the end of
November, 2018. Analysis of the synoptic charts for the period July 1st to August 10th, 2018 is
well underway and additional charts for 2013 to 2017 have been obtained. During the late
summer of 2018 seven cold fronts passed through Quebec / New Brunswick and ten cold fronts
passed through Newfoundland. A time series of weather maps showing the passage of a cold
front through the area of interest during July 10th and 11th, 2018 is presented as an example in
Figures 1 and 2. A system for cataloguing and characterizing each system is being developed.
Some forward trajectory modelling as well as backward trajectory modelling of potential
immigration events has been carried out using the Hybrid Single-Particle Langrangian Integrated
Trajectory (HYSPLIT) model that can be accessed at the website of the National Oceanic and
Atmospheric Administration (NOAA), Air Resources Laboratory, U.S. Department of
Commerce. Examples of some plots that were obtained are presented in Figures 3 to 5.
Unfortunately, at the time of preparing this report the NOAA website is unavailable with service
suspended because of the partial U.S. Government shutdown. A similar Environment Canada
model, which used to be accessible through the Canadian Meteorological Centre, is no longer
being supported.
Work will continue into 2019 and final report documenting the results of the study will be
presented before October 31.
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10 July, 2018 06:00 Hrs

10 July, 2018 12:00 Hrs

10 July, 2018 18:00 Hrs

11 July, 2018 00:00 Hrs

Figure 1. Synoptic chart series showing passage of a cold front from 10th to 11th July, 2018.
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11 July, 2018 06:00 Hrs

11 July, 2018 12:00 Hrs

11 July, 2018 18:00 Hrs

12 July, 2018 00:00 Hrs

Figure 2. Synoptic chart series showing passage of a cold front from 11th to 12th July, 2018.
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Figure 3. Forward trajectory modelling for 6th July, 2018.
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Figure 4. Forward trajectory modelling for 7th July, 2018.
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Figure 5. Backward trajectory modelling using the NOAA HYSPLIT model
for a 48-hour period ending at 0000 UTC 8th July, 2018.
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Tracking spruce budworm immigration to the western coast of Newfoundland:
Toward the development of a numerical tool to infer immigration
Marc Rhainds
Natural Resources Canada, Canadian Forest Service, Atlantic Forestry Centre, PO Box 4000,
Fredericton, New Brunswick, E3C 2G6, Canada
Abstract
The abundance of adult spruce budworm on the wests coast of Newfoundland increased by about
two orders of magnitude (100 times) between 2017 and 2018. Based on backward particle
movement models, an immigration was detected between 31st July and 1st August between
Anticosti Island and Sally’s Cove, leading to a spike of abundance the following night (1 st to 2nd
August). As expected, larval populations were > 10 times higher in 2018 relative to 2017.
Résumé
L’abondance des adultes de tordeuses des bourgeons de l’épinette a augmentée sur la côte ouest
de Terre-Neuve par un facteur de 100 entre 2017 et 2018. Sur la base des modèles de dispersion
des particules, une immigration a eu lieu tard durant la nuit du 31 Juillet au 1er Août depuis l’Île
d’Anticosti jusqu’à Sally’s Cove jusqu’à Terre-Neuve; des milliers de tordeuses ont été capturées
dans les pièges lumineux la nuit suivante. Conséquement, les densités de larves ont augmentées
par un facteur > 10 fois.
Background and Objectives
Adult spruce budworms have been monitored along the west coast of Newfoundland during the
last five years (2014- 2018) to infer immigration events based on daily variation in abundance of
males and females at light traps. The geography of Newfoundland provides a natural laboratory
to study SBW immigrations (island isolated from mainland by > 500 km).
Based on the small amplitude of day to day variation in abundance between 2014 and 2016,
major immigration events (characterized by external deposition of budworms with large
numerical amplitude) are unlikely to have taken place during this interval [local population of
adults: residents >>> immigrations] (Rhainds et al., in press; ANNEX 1).
An early season spike in abundance of males and (in particular) females between the nights of 24
to 25 July 2017 strongly suggested an immigration from the Island of Anticosti (Fig. 1; JeanNoel Candau, personal information). Early season immigration is characterized by protogynous
patterns of abundance due to females being more likely than males to migrate (Fig. 1).
The population of adult budworms increased by two to three orders of magnitude between 2017
and 2018 (Fig. 1). Based on backward particle movement models, an immigration event likely
took place late at night between the 1 st to 2nd August (Fig. 2). Captures of budworms at light
traps spiked between the night of 1st to 2nd August; low bycatch at light traps during that night
supported the immigration hypothesis [> 90% of specimens at light traps were spruce budworms,
corresponding to a bycatch of only 10%; in a ‘normal’ night with predominantly resident
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budworms (few immigrants), the bycatch usually exceeds 80%]. The lack of balsam fir
defoliation also suggested that the moths could not have been resident of local origin.

Fig. 1. Abundance of spruce budworms captured at light traps located < 100 m from the coastline
at Sally’s Cove on the west coast of Newfoundland. The squares on the left of the plots are
proportional to the average number of males and females budworms per trap per day. The square
on the left depicts how high captures in 2018 ‘dwarf’ those observed during the previous 4 years.
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Fig. 2. Output of particle movement model for the night of 31 st July to 1 st August.

Caution is needed, however, as raw data versus log-transformed data reveal different trends. Raw
(untransformed) data reveal a peak of 4 consecutive nights with above-background visibly high
density of budworms, which are consistent with one single immigra tion event occurring on the
night of 1st to 2nd August 2018.
Temporal patterns of abundance expressed on a log scale, in contrast, reveal high densities for an
eight day period between the nights of 31 st July to 1st August – 7th to 8th August. Unless females
have a long residual longevity exceeding 7 days post- migration, the patterns expressed on a log
scale make sense only by assuming multiple immigration events over more than one night. The
high abundance of females on the night of 7 th to 8th August (sex ratio of 80% females – 20%
males, as opposed to opposite sex ratios for other nights) is particularly challenging to explain.
Spike in abundance of moths in 2018 was predictably associated with large increments of larval
populations (> tenfold increase between 2017 and 2018; Dan Lavigne, personal communication).
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Fig. 3. Daily abundance of male and female spruce budworms at light traps deployed at Rocky
Harbor in 2019. Lower plot: raw (untransformed) data. Upper plot: log-transformed data.
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Materials and Methods
Evaluating the response of adult SBW at light traps baited or not baited with incremental dose
of sex pheromone. The experiment was conducted at two locations along the western coast of
Newfoundland (Rocky Harbour, Sally’s Cove). Research objective at Rocky Harbour was to
evaluate the abundance of adults captured at light traps with or without sex pheromone baits (N =
two plots with each 2 light traps). The dose of pheromone (number of baits placed above light
traps) was increased sequentially over time, and treatment – control plots were rotated for each
increment in pheromone dose. Number of adults was recorded for each day by collecting moths
at light traps, and the sex of each specimen determined by examining abdomens under a
stereomicroscope.
Monitoring immigration events in 2018. The experiment was conducted at Sally’s Cove, less
than 100 m from the coast line; balsam fir was by far the dominant tree species at the forest site.
Six light traps were deployed 50 m within the forest site, with a distance of 75 to 100 m between
traps. The traps were set up on July 24 and revised every day until August 10.
For an interval of 8 days between 2 nd – 8th August, budworms were so abundant at light traps as
to make it impossible to count all specimens. For each trap and date during that interval, the total
fresh weight of specimens captured at light traps [(Ytotal, including spruce budworms and the
‘bycatch’ (insects other than budworms that were captured at light traps); a subsample of moths
including 4 ± 0.2 g spruce budworms (Ysbw) and the corresponding bycatch (with known weight
Ybycatch ) was used for abundance assessments. The number of males and females (N sub) in the 4 g
subsample was determined, and the total number of budworms per trap per day was estimated as:
Ntotal =

[ N sub / (Ysbw + Ybycatch ) ] * Ytotal
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Results
Evaluating the response of adult SBW at light traps baited or not baited with incremental dose
of sex pheromone. The multi- year experiment (initiated in 2015) revealed unexpected, counterintuitive results with complex interactions between sex and body size of budworms, pheromone
dose and presence / absence of visual stimuli. The results are not disclosed at that time, because
the experiments must be replicated to ensure that the observed trends are robust. If proven
correct, the observed results have important implications as a novel explanation as to why
mating disruption is NOT / NEVER expected to work in spruce budworm, and WHY. Pending
results obtained next year, the findings will be submitted in a peer-reviewed publication in the
Fall of 2019, and presented at the 2020 SERG meeting.
Detecting immigration events on the west coast of Newfoundland. A summary of results is
provided in Figs. 1 – 3.
Discussion
The data in 2017 and 2018 illustrate examples of immigration on the west coast of
Newfoundland. Large scale modelization of budworm movements MUST incorporate and
explain these empirical-based demonstrations of immigrations.
Funding
SERG-I

$ 15 000
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ANNEX 1. Entomol. Exp. Appl. (In Press) Temporal variation in abundance of male and female
spruce budworms (Lepidoptera: Tortricidae) at combinatory associations of light traps and
pheromone traps.
Marc Rhainds 1* , Dan Lavigne 2 , Troy Rideout 2 , and Jean-Noël Candau
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Natural Resources Canada, Canadian Forest Service - Atlantic Forestry Centre, P.O. Box 4000,
Fredericton, New Brunswick, E3B 5P7. 2 Ministry of Natural Resources, Government of
Newfoundland and Labrador, Herald Towers, P.O. Box 2006, Corner Brook, Newfoundland
3
Natural Resources Canada, Canadian Forest Service – Great Lake Forestry Centre, Sault Ste
Marie, Ontario, PCA 2E5
Abstract A three year study (2014 – 2016) was conducted at Rocky Harbor near the west coast
of Newfoundland to record the abundance and phenology of adult spruce budworms captured at
traps, using a factorial design (light traps and pheromone traps deployed contiguously or
segregated spatially). Budworms were most abundant and occurred seasonally earlier in 2014
than in 2015 – 2016; these findings held generally true for males and females. The geographic
setting of Newfoundland (large island isolated from the mainland by an oceanic barrier > 100 km
across) provides an ideal location to discriminate local flight from long-range immigrations; in
our study, however, immigrations cannot be ruled out for any single day of trapping in this study
due to broad overlap in emergence patterns at Rocky Harbor relative to forest stands with known
populations of budworms on the mainland. Based on moderate daily variation in adult
abundance, however, major immigration events (defined as external deposition of budworms
with large numerical amplitude) likely did not take place at Rocky Harbor between 2014 and
2016. Males were more abundant at light traps coupled with pheromone trap, whereas abundance
of males at pheromone traps was similar with or without a contiguous light traps; this outcome
may be mediated by lower range of attraction for light traps (usually < 100 m) and pheromone
traps (generally assumed to be several hundreds of m). Females were equally abundant at light
traps with or without pheromone traps. (3) As expected, males were captured earlier in the
season at pheromone traps than light traps, and females occurred later in the season due to
protandry. The onset of flight observed at light traps or pheromone traps in 2015 and 2016
occurred 10 to 15 days later than simulated predictions; caution is thus warranted as to
conclusions derived on software modelization of flight phenology.
Introduction
Spruce budworm, Choristoneura fumiferana Clemens (Lepidoptera: Tortricidae), is the most
severe defoliator of balsam fir (Abies balsamea (L.) Mill.) and spruces (Picea spp.) in Nearctic
boreal forest (Pureswaran et al., 2016, Bouchard et al., 2017). Univoltine adults emerge in late
June – July over a span of 10–14 d, with a level of protandry of about 2 d (Bergh et al., 1988;
Rhainds, 2015). Females attract conspecific males with sex pheromone and, upon mating, lay
half their eggs in the natal patch (Silk et al., 1980; Delisle & Hardy, 1997; Rhainds & Kettela,
2013). Thereafter, partly spent females either oviposit locally for the rest of their life or ascend
above tree canopies to migrate downwind (Greenbank et al., 1980; Boulanger et al., 2017), with
some evidence of density-dependent dispersal (van Hezewikjk et al., 2018; Moise et al., 2018).
Abundance of male budworms has been monitored for decades with light traps (Greenbank
et al., 1980; Simmons & Elliot, 1985; Rhainds & Heard, 2015) and pheromone traps
(Housewarth et al., 1981; Ramaswamy et al., 1983; Allen et al., 1986; Sanders, 1988; Rhainds et
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al. 2016), generally with the objective of correlating catches with future population abundance.
Few replicated studies have been carried out to document daily variation in budworm abundance
(Régnière et al., 2012; Rhainds & Kettela, 2014; Rhainds, 2015), none of them using both light
traps and pheromone traps. Factorial designs (light traps and pheromone traps deployed together
or segregated separately) have proven useful in the past to understand various aspects of moth
reproductive behavior: temporal variation in sex ratio, protandry, and late-season low response of
males to female-produced sex pheromone (Henneberry et al. 1967, Yushima et al. 1973,
Oloumi-Sadeghi et al. 1975, Delisle et al., 1998, Sambaraju and Phillips 2008).
Understanding the phenology of adult budworm activity is important to implement mating
disruption (Rhainds et al. 2012), recognize migration events (‘out of phase’ migrant moths;
Sturtevant et al. 2013), and predict the impact of climate change on future patterns of emergence
(Régnière et al. 2012). A phenology simulation model has been developed to forecast the life
history trajectory of individual budworms through successive developmental stages in relation to
local weather conditions (BioSIM; Régnière, 1996). The model has never been formally
validated for the adult stage, however, as it is intrinsically difficult to measure emergence time of
budworms in natural conditions: (1) time-consuming process of collecting large samples of
pupae in the field and rearing them in the laboratory until emergence; and (2) individual
variation in larval development rate and timing of pupation imply that multiple cohorts of pupae
need to be collected and reared at a given site to reflect ‘true’ timing of emergence of budworm.
The problem is most acute (near insoluble) in endemic, low density populations with few pupae
on tree branches (Régnière and Sanders 1983).
As with other moths (Riedl et al., 1976; Knight, 2007; Carlos et al., 2018), the phenology of
budworm emergence can be indirectly inferred by comparing captures of adults at traps with
physiological process-based phenology models (Régnière, 1983; Régnière et al., 2012).
Phenology simulations often yield broad windows of emergence relative to observed activity of
adult budworms (ca 40 and 20 days, respectively), and tend to exhibit early season bias i.e., onset
of flight tends to occur later than predictions (see in particular Fig. 6 in Régnière et al., 2012).
Phenology descriptors derived strictly from males captured at pheromone traps also exhibit
systematic truncation toward early flight seasonality. (1) Pheromone traps are effective at
trapping moths in early season but not so much in late season due to competition between
synthetic pheromone sources and actively calling conspecific females (Oloumi-Sadeghi et al.,
1975; McNeil, 1991; Delisle et al., 1998). (2) Estimates of phenology strictly based on males are
biased due to ubiquity of protandry in insects (late emergence of females relative to males)
(Morbey & Ydenberg, 2001). In this study, we evaluate variation in day-to-day abundance of
males and females at light traps and pheromone traps on the west coast of Newfoundland.
Materials and Methods
Experimental Procedure. The experiment was conducted at forest stands near Rocky Harbor
(49.57o N, 57.88o W) in 2014 (10 July – 01 August), 2015 (see below), and 2016 (10 July – 14
August); the stands consisted predominantly of balsam fir with few overwintering larvae (< 1
specimen / branch; Lavigne 2016). The experiment was set up on July 3 rd in 2015 but due to an
unusually cold summer, budworms did not fly until July 28th (Fig. 1); the experiment was
discontinued on August 8th .
Adult budworms were captured with stainless steel vane light traps (LT) [Leptraps,
Georgetown, KY] with a 15-W neon tube as light source. The LT were suspended on a rope 3-4
m above ground between the trunks of two firs. Each trap was wired to a 12 V marine battery for
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power, and batteries replaced every 4 – 6 days to prevent discharge. Males were also captured
using non-saturating Unitraps baited with 330 g of pheromone released from a PVC cylinder
(Flexlure, Synergy Semiochemicals Corp., Burnaby, British Columbia). Traps were deployed on
branches of fir 2.5 m above ground; the location of pheromone traps (PT) in relation to LT is
specified below. Moths attracted to LT or PT were killed using strips of Vapona® insecticide
(Vaportape II, Hercon Environmental, Emigsville, PA).
The study was conducted at the same three plots (spaced > 1 km apart) each year. Three
subplots were set up ca 50 m apart at each plot, using the same trees each year. At the onset of
experiment each year, a given subplot within a plot was randomly assigned to one of three
treatments [(1) LT alone; (2) LT and PT < 0.5 m apart; and (3) PT alone. Moths captured at LT –
PT were collected daily in 2014 – 2015, and at intervals of 2 – 4 d in 2016. For any collection
date, budworms were separated from other moth species (‘bycatch’), and the abdomen of each
specimen was observed under a stereomicroscope to distinguish males and females.
Phenology of budworm flight was simulated with the BioSIM software (Régnière, 1996) at
Rocky Harbor between 2014 and 2016, as well as three potential sources of migrants in the
province of QC: known forest stands with high densities of budworms near Gaspé (49.05 o N,
64.62o W), Baie-Comeau (49.25o N, 68.22o W), and Sept-Îles (50.32o N, 66.46o W). Daily estimates
of emerged adults were used as a proxy for predicted abundance.
Statistical Analyses. Statistical analyses were conducted with the SAS software (SAS Institute,
Cary, NC). The data set included two response variables: abundance of budworms [DENS = log
{(adult / trap / plot / d) + 1}, with day treated as a repeated measure] and phenology of flight
[TIME = average date of capture of adults per trap per plot].
The experimental design was unbalanced (PT capture males but not females); the analyses
were thus conducted separately along sex / trap lines. For males, the effects of plot, year, trap,
and treatment on DENS and TIME were evaluated with generalized linear model, including twoand three-way interactions between year, trap and treatment, residual mean squares were used as
error terms. The same procedure was used for comparison of males and females, with the
variable trap being replaced by sex.
Results
General Trends. Budworms were present in greater numbers and occurred seasonally earlier in
2014 than in 2015 – 2016 (Fig. 1); these findings held generally true for males and females at LT
and males at PT (Fig. 2). Simulated and observed patterns of flight at Rocky Harbor on the island
of Newfoundland broadly overlapped with the timing of flight at three locations on the mainland
(Gaspé, Baie Comeau, Sept-Îles) (Fig. 1). The phenological match between observed and
predicted temporal variation in adult abundance at Rocky Harbor was near perfect in 2014; in
2015 – 2016, in contrast, the onset of flight occurred 10 to 15 days later than predicted (Fig. 1).
Abundance and Phenology of Males Captured at Pheromone Traps (PT) and Light Traps
(LT). Males were more abundant at LT than PT (Ptrap < 0.0001), with variable trap effects
between years (Ptrap and Ptrap*year both < 0.0001): high ratio LT / PT in 2016 [N = 705 / 82 = 8.6],
intermediate ratio in 2014 [N = 3839 / 629 = 6.1), and low ratio in 2015 [N = 705 / 195 = 3.6]
(Table 1, Fig. 2).
Experimental treatment (LT and PT deployed together or separately) influenced male
abundance with variable effects between traps (Ptreatment = 0.0134; Ptrap*treatment = 0.0004) (Table
1). Separate analyses on a per trap basis indicated higher captures of males at LT coupled with
PT relative to LT alone (Ptreatment < 0.0001; Table 1), an effect that was consistent each year
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[♂LT (PT) / (♂LT(0) = 2427 / 1432 = 1.7 in 2014; 471 / 201 = 2.2 in 2015; 249 / 198 = 1.3 in 2016]
(Fig. 1). In contrast, presence / absence of LT near PT did not affect numbers of males captured
at PT (able 1, Fig. 2). Males occurred earlier at PT than LT (Ptrap = < 0.0001), an effect that was
consistent across years (Pyear*trap = 0.2216) and independent of experimental treatment (Table 1,
Fig. 2).
Abundance and Phenology of Males and Females Captured at Light Traps (PT) With or
Without Pheromone Traps. Males outnumbered females at LT to a variable extent between
years (Psex and Psex*year < 0.0001; Table 2): the percentage of females was low in 2015 (32 / 3573
= 5.6%) and intermediate in 2014 (706 / 4565 = 15.5%) and 2016 (150 / 855 = 17.5%) (Fig. 2).
Experimental treatment differentially affected abundance of males and females (Ptreat = 0.0297;
Psex*treat = 0.0106) (Table 1). As noted above, the presence of PT in the vicinity of LT increased
the abundance of males (Fig. 2). Separate model conducted for ♀ revealed no significant
treatment effect (Table 2, Fig. 2). Females flew later than males each year (Psex < 0.0001) with
a significant interaction term (Pyear*sex < 0.0001) that was due to inter-annual variation in extent
of protandry [TIME♀ - TIME♂ ]: 4.5 d in 2014, 1.2 d in 2015, and 3.5 d in 2016 (Fig. 3).
Discussion
Data obtained through this study shed light on several aspects related to spruce budworm adult
stage, including sex-specific behavioral response to visual and olfactory stimuli, phenology of
flight, and detection of immigration events.
Response of male spruce budworms to visual and olfactory stimuli. Male budworms exhibited
asymmetric synergistic responses to light traps and pheromone traps deployed in close vicinity to
each other or segregated spatially: males were more abundant at light traps ‘baited’ with a
pheromone trap, whereas abundance of males at pheromone traps was similar with or without a
contiguous light traps (Fig. 2). This outcome may be mediated, in part, by distinct range of
attraction for light traps (usually < 100 m; Baker and Sadovy 1978; Bucher and Braken 1979;
Truxa and Fiedler 2012) and pheromone traps (generally assumed to be several hundreds of m;
Wall and Perry 1987, Phelan 1997). In that context, pheromone sources may attract males from a
long distance, and some of these males end up at light traps (Fig. 2). On the oher hand, the traps
were deployed at a relatively short distance from each other in our experiment (50 m), thus
relative abundance of males at light traps and pheromone traps involve multi-scale integrative
neurophysiological responses to olfactory and visual stimuli (Nishino et al. 2018).
Synergistic interactions between light traps and pheromone sources have been demonstrated
for some insects (Henneberry et al. 1967, Yushima et al., 1973, McQuate, 2014), but in others
the effect is additive (Delisle et al. 1998, Sambaraju and Phillips, 2008). Based on recent reports
that artificial light interferes with mate location (Otálora- Luna and Dickens 2011; van Geffen et
al. 2015), antagonistic interactions between visual and olfactory are also expected to occur in
nature.
Response of female spruce budworms to visual and olfactory stimuli. The presence of
pheromone traps in the vicinity of light traps had no statistical effect on the abundance or
phenology of female budworms, which can be attributed (at least in part) to an inadequate
bioassay. Short distance between light traps and pheromone sources (50 m) may, for example,
have influenced the abundance of females independently of pheromone treatment. While this
hypothesis cannot be ruled out, it must be noted that sex-ratios of budworms at light traps in this
study were well within the range of past studies (Rhainds & Heard, 2015).
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Some level of behavioral response by female budworms to conspecific pheromone is
expected, considering that females are physiologically capable of auto-detection, and exposure to
conspecific pheromone alters behavior in laboratory conditions (Palaniswamy and Seabrook
1978, 1985, Palaniswamy et al. 1979, Sanders 1987; for a review of pheromone auto-detection in
moths, see Holdcraft et al. 2016). The development of a field bioassay to detect direct or indirect
response of female moths to their pheromone is much needed. In the absence of such a bioassay,
the significance of pheromone auto-detection in nature remains unclear, even with regard to the
directionality (attraction or repellency) of female response.
Phenology of spruce budworm emergence and flight. While limited in scope, the data provided
in this study suggests that phenology estimates derived from BioSIM exhibit early season bias
i.e., the observed onset of flight in both 2015 and 2016 occurred 10 to 15 d later than simulated
predictions (Fig. 1; see also Fig. 6 in Régnière et al., 2012). It is also important to consider
inherent ‘bias’ in phenology inference linked with sampling methodology. As documented in
other species (Oloumi-Sadeghi et al., 1975; McNeil, 1991; Delisle et al., 1998), male budworms
flew earlier at pheromone traps than light traps for each of three years (Fig. 2) as a result of lateseason competition between calling females and synthetic p heromone sources. As predicted,
female budworms flew later than males at light traps, emphasizing the importance of sex ratio of
adults captured at light traps when assessing temporal window of budworm flight activity.
Early-stage development of a mathematic tool to discriminate resident / immigrant budworms.
Radar observations and aerial collections of windborne budworms have been used to document
weather conditions conducive to migrations and sex ratios (males migrate but less frequently
than females) (Miller et al., 1978; Greenbank et al., 1980; Dickison et al., 1983; Rhainds &
Heard, 2015; Boulanger et al., 2017). One challenge in documenting immigration relates to the
vastness of forest habitats and consequent ‘homogeneous’ niche of budworms with inter- locked
populations, which make it difficult to to distinguish short-range flights of residents from longrange migrations. The geographic setting of Newfoundland (large island isolated from the
mainland by an oceanic barrier > 100 km across) provides an ideal location to discriminate local
flight from long-range immigrations. In our study, immigrations cannot be ruled out for any
single day of trapping in this study due to broad overlap in emergence patterns at Rocky Harbor
relative to forest stands with known populations of budworms on the mainland (Fig. 1).
Long-range immigration from the mainland to the west coast of Newfoundland are expected
to vary in intensity. Minor immigration events (those involving few individuals) are by nature
difficult to tract and lead to a teleological trap: assuming that minor immigrations occur
everywhere they become differentiable nowhere.
Immigration events are defined here as pulsed, external deposition of budworms with large
numerical amplitude for both males and females (2 to 3 order of magnitude in variation in moth
abundance from one day to the next) (Greenbank, 1957; Dickison et al., 1983; Rhainds, 2015).
Based on moderate daily variation in abundance of adult budworms at Rocky Harbor between
2014 and 2016, we assume that few immigrations took place during the course of the course of
the study (no. resident budworms >>> immigrants). Long-term monitoring of budworm flight on
the west coast of Newfoundland is needed to develop mathematical diagnostic tools to infer the
likelihood of immigration events based on temporal patterns of adult abundance.
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Figure 1. Upper graphs. Predicted phenology of spruce budworm flight as determined with
BioSIM at three potential sources of migrants: known forest stands with high densities of
budworms in the province of QC near Gaspé (49.05o N, 64.62o W), Baie Comeau (4925o N,
68.22o W), and Sept-Îles (50.32o N, 66.46o W). Bottom graphs. Total numbers of adult spruce
budworms captured at light traps and pheromone traps at Rocky Harbor along the west coast of
Newfoundland between 2014 and 2016; dashed lines for each year represent simulated patterns
of flight as determined with the BioSIM phenology software (Régnière 1996).
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Figure 2. Mean abundance of male and female spruce budworms (no. individuals / trap / d) at
light and pheromone traps either deployed alone or grouped together < 0.5 m apart. The
experiment was conducted at the same site on the west coast of Newfoundland (Rocky Harbor:
49.57o N, 57.88o W) between 2014 and 2016. Outcomes of statistical analyses are provided in
Tables 1 and 2.
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Figure 3. Cumulative abundance of male and female spruce budworms captured at light traps (M
– LT and F – LT) and males at pheromone traps (M - PT). The experiment was conducted at the
same site on the west coast of Newfoundland (Rocky Harbor: 49.57 o N, 57.88o W) between 2014
and 2016. The arrows in each plot corresponds to the median date of capture. Outcomes of
statistical analyses are provided in Tables 1 and 2.
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Table 1. Output of generalized linear model (glm procedure of SAS) evaluating multivariate
effects on two response variables [DENS: log {(adult / trap / plot / d) + 1}, with day treated as a
repeated measure; TIME: average date of capture of adults per trap per plot] for male spruce
budworms captured at light traps or pheromone traps (trap) at three locations (site) near Rocky
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Harbor on the west coast of Newfoundland over a three year period (year: 2014 – 2016).
Experimental treatment consisted of light traps and pheromone trap deployed contiguously or
segregated spatially. For the variable DENS, separate analyses on a per trap basis were
conducted due to significant trap x treatment interaction.
_____________________________________________________________________________________
Independent variables
Response variables
________________________________________________________
DENS
TIME
_____________________________
_____________________________
Type III SS df
F
P
Type III SS df
F
P
_____________________________________________________________________________________
Site
5.20
2
2.53
0.0804
3.61
2
1.50
0.2453
Year
106.91
2 52.05
0.0001
1752.83
2 696.03
0.0001
Trap
188.69
1 183.74
0.0001
30.01
1 24.91
0.0001
Treatment (Treat)
6.33
1
6.16
0.0134
0.09
1 0.07
0.7883
Year x Trap
26.49
2 12.90
0.0001
3.89
2 1.61
0.2216
Year x Treat
0.59
2
0.29
0.7516
0.34
2 0.14
0.8675
Trap x Treat
12.97
1 12.63
0.0004
0.36
1 0.30
0.5891
Year x Trap x Treat 1.89
2
0.92
0.3983
0.30
2 0.12
0.8850
26.51
22
Error term
540.17
526
Light trap
Site
13.26
Year
114.97
Treatment
18.71
Year x Treatment
0.30
Error Term
307.26

2
2
1
2
262

5.66
49.02
15.95
0.13

0.0039
0.0001
0.0001
0.8802

Pheromone trap
Site
0.94
2
0.55
0.5786
Year
18.42
2 10.78
0.0001
Treatment
0.59
1
0.69
0.4073
Year x Treatment
2.18
2
1.28
0.2808
Error Term
223.90
262
____________________________________________________________________________________
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Table 2. Output of generalized linear model (glm procedure of SAS) evaluating multivariate
effects on two response variables [DENS: log {(adult / trap / plot / d) + 1}, with day treated as a
repeated measure; TIME: average date of capture of adults per trap per plot] for male and
female spruce budworms (sex) captured at light traps at three locations (site) near Rocky Harbor
on the west coast of Newfoundland over a three year period (year: 2014 – 2016). Experimental
treatment consisted of light traps with or without a contiguous pheromone trap. The outcome of
separate models for males at light traps are included in Table 1.
_____________________________________________________________________________________
Independent variables
Response variables
DENS
TIME
_____________________________
_____________________________
Type III SS df
F
P
Type III SS df
F
P
_____________________________________________________________________________________
Site
7.92
Year
151.47
Sex
194.53
Treatment (Treat)
5.92
Year x Sex
10.87
Year x Treat
1.58
Sex x Treat
11.94
Year x Sex x Treat 1.23
Error term
490.02

2
3.96
2 75.73
1 194.93
1
5.92
2
5.43
2
0.79
1 11.94
2
0.61
490

0.0196
0.0001
0.0001
0.0154
0.0046
0.4547
0.0006
0.5412

1.70
1441.87
76.36
0.50
25.29
0.28
0.04
0.00

2
2.52
2 2138.18
1 226.47
1
1.47
2
37.51
2
0.42
1
0.11
2
0.00
7.42
22

0.1037
0.0001
0.0001
0.2376
0.0001
0.6631
0.7402
0.9981

Females
Site
1.79
Year
53.92
Treatment
2.54
Year x Treatment
2.30
Error Term
307.26

2
2
1
2
262

0.3176
0.0001
0.0266
0.2297

3.73
606.12
0.13
0.23

2
5.23
2 851.23
1
0.37
2
0.23
3.56
10

0.0279
0.0001
0.5591
0.8021

1.15
34.70
6.75
2.303

______________________________________________________________________________
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Abstract
Recent findings from studies conducted within the Canadian Forest Service (CFS)
indicated that promising results might be obtain if an aggressive early intervention strategy
(EIS) was to be deployed over areas where spruce budworm (SBW) populations begin to
increase. Such a strategy requires a better understanding of the migratory behaviour of
SBW moths with the ultimate objective being to develop a tool to accurately predict
landing areas of immigrant females as a warning signal for EIS. Au such, there is a need to
specifically collect migrants in order to properly assess the SBW migrating behaviour and
its impact on outbreak spread. During the 2018 SBW flight period, we used a 3m3 helikitetowed net for sampling dispersing spruce budworm moths over eastern Quebec. This
technique allows for the collecting individuals by means of a windsock-shaped net fixed to
the helikite using a 200 – 800 m flying line attached to a winch. Our objective during the
2018 summer was essentially to test the helikite materiel and fine-tuning the technique for
the upcoming years of sampling. Test sampling occurred between July 23rd and 26th.
Unfortunately, no SBW individual was collected throughout the sampling period because
of unfavorable weather conditions. As such, it is still difficult to assess the potential of this
method to collect mass migrating SBW. However, sampling for a longer time period over
a larger area should greatly increase the odds of avoiding unfavorable weather conditions
for collection.
Résumé
De récentes études menées au Service canadien des forêts démontrent que des résultats
prometteurs pourraient être obtenus si l’on déployait une stratégie agressive d’intervention
hâtive (SIH) dans les régions où les populations de tordeuse des bourgeons de l’épinette
(TBE) commencent à augmenter. Toutefois, cette stratégie nécessite de meilleures
connaissances du comportement de migration des papillons de la TBE afin de développer
des outils permettant de prédire de façon précise où les femelles migrantes aboutiront et
ainsi fournir un signal rapide pour une SIH. Pour ce faire, il est nécessaire de capturer les
migrants afin d’évaluer correctement le comportement de migration de la TBE ainsi que
l’impact de cette dispersion sur l’expansion des épidémies. Durant la saison de vol 2018,
nous avons utilisé un filet de collection attaché à un hélikite de 3m3 afin de capturer des
individus migrants de la TBE dans l’est du Québec. Cette technique permet la capture
d’individus à l’aide d’un filet conique attaché à un hélikite volant entre 200 et 800 m
d’altitude. Notre objectif durant la saison estivale 2018 était essentiellement de tester le
matériel de l’hélikite et parfaire la technique d’échantillonnage pour les saisons de terrain
à venir. Les tests se sont déroulés entre le 23 et le 26 juillet. Malheureusement, aucun
individu de TBE n’a été capturé lors de la période de test en raison des mauvaises
conditions météorologiques. Ainsi, il est toujours difficile d’évaluer le potentiel de cette
méthode afin de capturer des individus migrateurs de la TBE. Cependant, un
échantillonnage s’étalant sur une plus longue période et se déroulant sur un plus grand
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territoire pourrait augmenter grandement les probabilités d’éviter ces conditions
météorologiques défavorables aux captures de migrants.
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Introduction
Since ca. 2006, spruce budworm (SBW) populations are rapidly increasing within the
province of Quebec (MFFP Québec 2018). Populations and defoliation is rapidly
increasing in the Lower St. Lawrence and Gaspésie areas. First hypotheses suggest that
migrants from the North Shore might have largely contributed to the spread of the outbreak
in these southern areas. Further spread to adjacent regions, especially to the Atlantic, is to
be expected for the next coming years with rapidly increasing populations in eastern
Quebec.
Recent findings from studies conducted within the Canadian Forest Service (CFS)
indicated that promising results might be obtain if an aggressive early intervention strategy
(EIS) was to be deployed over areas where SBW populations begin to increase (Régnière
et al. 2013). Such a strategy requires a better understanding of the migratory behaviour of
SBW moths with the ultimate objective being to develop a tool to accurately predict
landing areas of immigrant females as a warning signal for EIS. Recent analyses using
weather surveillance radar (WSR) suggested that under suitable weather conditions, SBW
are capable of long-distance mass exodus flights during which several millions of
individuals disperse from severely defoliated areas over very large distances (Boulanger et
al. 2016). This technology allowed to assert that these dispersal events can occur almost on
a daily basis during the flight period. These dispersal events could initiate new epicenters
and contribute to the fast and large scale spread of SBW outbreaks (Boulanger et al. 2016).
Recently, Sturtevant et al. (2013) developed a SBW-ATM based on aerobiological
principles to examine the exodus flight patterns of SBW. This model is an agent-based
model of budworm flight, where each agent is representative of an insect or group of insects
with the same flight characteristics, assigned behavioral parameters based on probability
distribution functions corresponding to the timing of liftoff, relative flight strength, and
descent. First attempts to overlay WSR images with outputs from the SBW-ATM as it is
currently parameterized suggest that the model performs relatively well although many
improvements might be considered (Garcia et al. in prep). Notably, data regarding the sex
ratio, the altitude at which male and female are coasting and specimen wing load, are
essential in order to correctly parameterize the SBW-ATM (Régnière et al. in prep.).
It is generally acknowledged that most migrants are mated female carrying only a small (<
50%) portion of their original egg complement (Greenbank et al. 1980, Rhainds and Heard
2015). These assumptions are based on ground sampling as well as very few observations
from airborne sampling in the 1970’s with scattered information on morphometry and egg
load of migrant females. There is a need to specifically collect migrants in order to properly
assess the SBW migrating behaviour and its impact on outbreak spread.
Thorough specific sampling of migrants require sampling between ca 200 – 1500 m of
altitude (Boulanger et al. 2016). Such sampling can be performed using aircraft-towed nets.

SERG International 2019 Workshop Proceedings

223

Airborne SBW sampling have been completed in New Brunswick during the last major
outbreak using Spillman nets carried by a DC3 or a Cessna 185 aircraft (Greenbank et al.
1980). These flights enabled the collection of at most a few tens of individuals per night,
for a total of a few hundreds of individuals during the whole season. These numbers might
be considered as rather low when compared to e.g., catches from light or pheromone traps
which can easily reach hundreds of individuals during one night. Low catches numbers can
be explained by the fact that flight sampling lines were not performed according to a largescale assessment of real-time mass SBW dispersal. Moreover, most of the catches were
heavily damaged considering the speed of the aircraft, impeding specimen identification
and morphological metric measurements. More efficient collections of migrants is thus
needed.
As opposed to what was mentioned in the funding proposal submitted to SERG-I in early
2018, we did not use helicopter-towed net to collect migrating SBW during the 2018 SBW
flight season as it would have been way more expensive considering granted funding.
Instead, we used a 3m3 helikite-towed net for sampling dispersing SBW moths over eastern
Quebec. This technique allows for the collecting of migrating SBW by means of a
windsock-shaped net fixed to the helikite at a 200 – 800 m of altitude at a much cheaper
cost than using helicopters. This system requires minimal handling and have been
successfully used in southern US and UK to sample airborne arthropods, including
migrating Noctuid moths (John Westbrook pers. Comm.). It allows for minimal alterations
of the specimens, an essential prerequisite in order to assess the sex, morphometric
parameters as well as female fecundity. Helikite can be easily deployed almost everywhere.
The used of helikite-towed nets in conjunction with the state-of-the-art technology of the
SBW-ATM and the WSR should thus allow for very efficient SBW airborne sampling.
As this technology has never been used before in Canada to collect migrating insects, our
objective during the 2018 summer was essentially to test for the helikite materiel and finetuning the technique for the upcoming years of sampling.

Material and Methods
Description of the helikite and sampling material
The helikite is a type of "kite balloon" (or "kytoon", see Figure 1). It combines a semi-rigid
helium balloon and a kite. The helikite exploits both wind and helium to rise into the
atmosphere. The balloon is oblong-spheroidal. The solid side members provide attachment
points for lifting payloads. The round, squat form allows for all-weather flying. In our case,
we used a 3 m3 Skyhook helikite, measuring 2.7m x 1.65m manufactured by Allsopp
Helikites LTD. Without winds, its lifting capacity are 1.5 kg but increase to 6 kg under 25
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km.h-1 winds. This helikite can fly at altitudes up to 4000 feet and is designed to remain
stable in relatively strong winds (up to 56 km.h-1).
We hauled the helikite on the ground using a 1000m 280-kg tension-resisting Dyneema
flying line attached to a 9500 lbs 12V electric winch fixed to the back of a pickup truck.
An insect collecting net was fixed approximately on the flying line, 2 m below the helikite
and in a way so that the aperture was always perpendicular to the ground. Net aperture was
1m. The net was built in two parts (Figure 2). The first part was a 2m collecting funnel,
attached to the net ring by means of heavy duty parachute nylon, with a 44 cm circular
opening This funnel was partly inserted (up to 15 cm) and fixed by a zipper to a 50 x 55
cm collecting bag.

Figure 1. Helikite with the insect collection net attached to the flying line. The first author
is in the foreground.
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Figure 2. Collection net to be attached to the helikite flying line.
Site location and sampling
Sites were located using aerial photography. For security reasons, sites have to be free of
electronic power lines or trees in a 300-m radius around the location where the helikite was
anchored. The great majority of sites were pastures or hay fields. Sites were searched in
the vicinity of regions already affected by severe SBW defoliation in the previous years.
Also, site location has to be first approved by NAV Canada and Transport Canada so that
the helikite deployment would not cause any hazard to any aircraft flying the area, or
approaching local airports. Considering these constrains, seven sites were selected (Figure
3).
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Figure 3. Location of the seven potential sampling sites to be used to fly the helikite-towed
net in order to collect mass migrating SBW moths.
We wished to sample migrating moths during peak emergence periods. As such, we
forecasted peak male emergence in three different regions where major outbreak foci were
located, i.e., Hébertville, Forestville, Manic3 and Sayabec. These peak emergence dates
were simulated using Régnière (1987) temperature-sensitive SBW phenological model ran
through BioSIM 10 (Régnière et al. 2014) using local weather data. Early July model runs
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were predicting peak male emergence between July 9th (Hebertville) and July 30th (Manic3)
(Figure 4). As such, we decided to sample potential migrating moths between July 23rd and
July 26th.

Figure.4. Predicted male mote density for four region where major outbreak foci are located
in eastern Quebec according to the Régnière (1987) temperature-sensitive SBW
phenological model. Using the latest available weather data and forecasts on July 26th. Our
sampling site was located within 10 km of the Sayabec area.
Sampling was performed daily during this period from 1900 to 2300 EDT during which
the helikite was lift up to 300 m above ground level. As we were still in a test phase, one
sampling site was selected each day at 1300 EDT in order to maximize potential SBW
catches by considering SBW flying path as modelled by the SBW-ATM using daily
updated weather forecasts. In our case, it appeared that the SBW-HelikiteLacMalcolm site
(see figure 3) was the least unfavorable site for sampling each evening of the sampling
period. Once on site, real-time monitoring of SBW flight was performed by accessing the
Val d’Irene XAM WSR radar data at a 10-minute interval on the ECCC website. Weather
conditions during sampling were retrieved from the Mont-Joli A weather station.
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Results and discussion
Weather conditions, SBW ATM daily predictions and WSR observation during sampling
General conditions at the Mont-Joli A weather station during sampling (Table 1) were
rather hot and muggy (dew points between 17.9°C and 22.2°C) with temperatures varying
between 20.4°C and 28.9°C between 1900 and 2300 EDT with July 24th and July 25th being
particularly warm (T°C > 26°C). Sky conditions were either mainly cloudy or clear with
rain falling on July 23rd after 2200 EDT. Consequently, sampling was stopped at 2200 EDT
on this evening. Winds at ground level were light (mostly below 10 km.h-1) on July 23rd
and July 26th whereas they picked up to 30-34 km.h-1 on July 24th and 25th. 10-m wind
direction during the sampling period was always S, SW.
From July 23rd to 25th, the SBW-ATM predicted that most individuals would originate from
the North Shore as well as from central Gaspe Peninsula. Trajectories would be mostly N,
NE according to lower level tropospheric winds (Figure 5). Winds shifted to the W on July
26th with most of the individuals originating from the North Shore and Gaspe Peninsula
being predicted to be transported to the east, towards the Gulf of St. Lawrence. As such,
very few individuals were predicted to fly above our sampling site during that time period.
Three-day forecasts (not shown) were showing the same wind patterns so no further
sampling was performed after July 26th.
WSR data processed for precipitation by ECCC showed possible SBW mass migration in
eastern Quebec for most nights between July 23rd and July 26th (see supplementary material
S1). On July 23rd, weak echoes (< 26 dbZ) appeared over the North Shore and east of the
Matapedia valley between 2130 and 2200 EDT before rain showers echoes overlapped
them, coming from the southwest. Similarly, weak echoes originating from central Gaspe
Peninsula, slightly drifting to the northeast, appeared between 2100 and 2200 EDT on both
July 24th and 25th. Probable SBW echoes were also detected on July 26th after 2200 EDT
but mostly originating from the North Shore and drifting to the NE. Consequently, very
few echoes were observed during the sampling period overlapping the sampling site.
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Table 1. Hourly weather conditions recorded at the Mont-Joli A ECCC weather station between 1800 and 2300 EDT on the 23rd, 24th,
25th and 26th of July 2018.Temp: Temperature, Rel Hum: Relative humidity; Wind Dir : Wind direction; Wind Spd: Wind speed; Stn
Press: Atmospheric pressure; NA: Not Available.
a) July 23rd
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b) July 24th
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c) July 25th
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d) July 26th
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a) July 23rd

b) July 24th
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c) July 25th

d) July 26th
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Figure 5. Daily predictions of SBW migratory behaviour according to the SBW ATM.
Predictions were made each day according to daily weather forecasts.

Moth collected
As a result, not a single SBW individual was collected throughout the sampling period.
Unfavorable weather conditions appear as the most likely explanation. Indeed, considering
the lower tropospheric wind direction during this period (generally S - SW), individuals
should have originated from southern Lower St. Lawrence or New Brunswick to be
collected by the helikite-towed net. Although some SBW outbreak foci are indeed located
in southern Lower St. Lawrence, it appears that the flight period for these populations was
already completed. Observations from nearby light traps (Candau et al. in prep.) revealed
that very few moths were collected after July 23rd in this area (réserve Duchénier).
Considering unfavorable weather and the lack of moth captures during the test period of
2018, it is still difficult to assess the potential of this method to collect mass migrating
SBW. However, helikites have been used with great success in Texas in order to collect
migrating pests. Sampling for a longer time period over a larger area should greatly
increase the odds of avoiding unfavorable weather conditions for collection. As such, next
summer, we plan to sample migrating moths for three weeks starting two weeks before
predicted peak male emergence date for the area. Moreover, we wished to add potential
sampling sites on the North Shore of the St. Lawrence estuary. Overall, this will give us
much more opportunities to sample migrating moths coming from either side of the St.
Lawrence River during various emergence periods. This should also allow us to sample
migrating moths of various physiological conditions which could depend on both area of
flight origin and the phenological time window.
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Supplementary material S1 – Animation of the XAM Weather surveillance radar
reflectivity (dbZ) for the July 23rd to July 26th 2018 night and flowing morning.
Available through *.gif files attached to the current report.
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Abstract
Recent studies have suggested that large-scale effects of forest management on landscape
structure have influenced the severity and duration of insect outbreaks as well as future
composition. The objectives of this project are to evaluate landscape- level effects of forest
management and forest composition on spruce budworm (SBW) outbreak severity and duration
for balsam fir and black spruce. Past studies have shown a composition effect at the stand scale
and thus we test whether this effect also occurs at the landscape scale. We also followed up on
early work on the spruce budworm to test forest tent caterpillar response to landscape
configuration. Following up on laboratory work on the influence of microbial communities on
SBW health we evaluated whether landscape effects were stronger than tree- level composition.
As early intervention strategies are being evaluated as a potential control technique for spruce
budworm we also evaluated whether warblers could be used as an effective early detection agent.
Finally we evaluate the carbon budget implications of spruce budworm outbreaks in forests with
different compositions with the ultimate goal of evaluating the influnce of spray operations on
carbon budgets during outbreaks.
Our results show that forest composition at the landscape level continues to influence the severity
of SBW outbreaks. Thus increasing black spruce content in a landscape will reduce the
vulnerability of fir whereas the opposite is also true (i.e. more fir in the landscape will increase
the vulnerability of black spruce). Our initial lab experiments did not yet lend much support for
the role of microbe communities on SBW health. A landscape level study of microbial
communities suggests however that there are large differences in microbial communities on tree
foliage between sites and this more so than between host species. This offers hope that site
differences may be linked to greater resistance or susceptibility. Our work also shows that the
bay-breasted warbler may be a good sentinel of increasing SBW populations, it increases 2 to 3
three years before defoliation is observed from aerial surveys. Finally, we have developed a
carbon model linked to insect dynamics and tested this in the SBW system. Despite hypotheses
that fir dominated stands would undergo the largest carbon losses, our results suggest that the
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younger age of fir stands in our study sites and their more rapid regrowth compared to black
spruce leads to lower long-term carbon losses. Stand age and growth as well as composition need
to be considered in carbon dynamics.
Résumé
Des études récentes ont suggéré que les effets à grande échelle de l’aménagement forestier sur le
paysage structurel influenceraient l’intensité et la durée des invasions d'insectes en plus d’affecter
la composition forestière du futur. Les objectifs du projet sont l’évaluation des effets à l'échelle
du paysage, de l’aménagement et de la composition forestière, sur l’intensité et la durée des
épidémies de la tordeuse des bourgeons de l'épinette (TBE) chez le sapin baumier et l'épinette
noire. Des études antérieures ont déjà montré les effets de la composition à l'échelle du
peuplement. Ce projet vérifiera ainsi si ces effets se produisent également à l'éche lle du paysage.
Des travaux préliminaires sur la tordeuse des bourgeons de l'épinette ont aussi été réalisés afin
d’étudier la réponse de la livrée des forêts (Malacosoma disstria) à la configuration du paysage.
De plus, un suivi des insectes en laboratoire a permis d’évaluer l’influence des communautés
microbiennes sur la santé de la TBE, en plus d’évaluer si les effets à l’échelle du paysage étaient
plus importants que ceux à l’échelle de l’arbre. Puisque des stratégies d'intervention préventive
sont considérées comme technique de contrôle des populations, nous avons étudié si les parulines
pourraient être utilisées comme des espèces sentinelles, soit un agent de détection efficace.
Finalement, afin d’évaluer l'influence des opérations de pulvérisations sur les bilans de carbone
lors des épidémies, nous avons évalué l’implication de la TBE dans le bilan de carbone lors des
épidémies dans des forêts à compositions différentes.
Les résultats obtenus montrent que la composition de la forêt à l’échelle du paysa ge influence
continuellement l’intensité des épidémies de TBE. Ainsi, l'augmentation des épinettes noires dans
le paysage réduira la vulnérabilité du sapin et l’augmentation de sapins dans le paysage
augmentera la vulnérabilité de l'épinette noire. Le suivi en laboratoire ne procure pas encore
assez d’évidences quant aux rôles des communautés microbiennes sur la santé des TBE.
Toutefois, l’étude à l’échelle du paysage suggère une grande différence de communautés
microbiennes des feuilles entre les sites à composition différentes, bien plus grande que celles
obtenus chez les différentes espèces d’arbres hôtes. Ce résultat amène que les différences dans le
paysage puissent être liées à une plus grande résistance des TBE, ou inversement, une plus
grande susceptibilité. Nos évaluations sur les techniques d’intervention préventive montrent que
la paruline à poitrine baie (Setophaga castanea) serait effectivement efficace en tant que
sentinelle, puisqu’elle peut détecter l’augmentation de la population de TBE, en augmentant deux
à trois ans avant qu’une défoliation ne soit observée à partir de relevés aériens. Finalement, nous
avons développé un modèle de carbone lié à la dynamique des insectes et l’avons testé dans le
système TBE. Malgré les hypothèses selon lesquelles les peuplements majoritairement composés
de sapins subiraient les plus grandes pertes de carbone, les résultats obtenus suggèrent que c’est
plutôt le jeune âge des peuplements de sapins sur les sites d’études, ainsi leur croissance,
nettement supérieure à l'épinette noire, qui amènera des pertes de carbone plus faibles à long
terme. L'âge et la croissance des peuplements ainsi que la composition forestière doivent donc
être considérés dans la dynamique du carbone.
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PROJECT OBJECTIVES:
Global : Evaluate the influence of landscape level forest composition and forest management
and microbes on risk of SBW outbreak damage while evaluating the role of warblers as
sentinels and the impact of outbreaks on carbon dynamics. Specifically,
● Assess whether landscape level composition of different host species influences SBW
●
●
●
●
●

outbreaks
Assess landscape configuration on forest tent caterpillar outbreaks
Evaluate the landscape level vs tree composition effect of microbes on SBW
Evaluate the use of warblers as early sentinels of rising SBW population
Determine the influence of insects on the carbon budget of forests with different
composition
Identify risk factors to use in designing pest management strategies.

BACKGROUND
Earlier work show the large footprint that humans leave on forested landscapes (Sanderson et al.
2002). Work from our group shows that changes in landscape structure, including forest
composition and configuration, have influenced insect outbreak characteristics (Robert et al.
2017,, Robert et al. 2012, Kneeshaw et al, Submitted). For example, different forest management
strategies across large landscapes have been shown to influence the duration, frequency and
severity of spruce budworm outbreaks in a forested region where host species occur but are not
dominant (Robert et al. 2012, 2017)). Thus the impact of forest management legacies on a severe
SBW outbreak in forests where fir is a more dominant species still needs to be elucidated. It has
also been suggested that large contiguous blocks of the most vulnerable host to the SBW (balsam
fir) would lead to more severe outbreaks (Baskerville 1975). Recently, we showed that at the
stand level that black spruce growing in stands mixed with fir were more vulnerable in terms of
defoliation and growth reductions that in stands dominated by spruce (Bognounou et al. 2017) At
the landscape level this still needs to be demonstrated. We hypothesized that outbreak severity
as measured by defoliation would increase as proportion of fir in large landscapes (100s to 1000s
km2) increases and that the oppotise would occur when black spruce dominated the landscapes.
We also followed up on earlier work by Robert et al. (2012, 2017) on the spruce budworm to look
at landscape configuration effects on the forest tent caterpillar around lake Superior. We predicted
that forest tent caterpillar outbreaks would exhibit greater synchrony and intensity within regions
of the landscape associated with higher abundance of host (i.e., aspen and other non-conifer
species, and that evaluation of hypotheses would be more robust by examining a comparatively
long time series containing several outbreak cycles.
Drought stress can predispose trees to attack by herbivores (Kolb et al. 2016) and thus we can
ask: Should we be more concerned about greater impacts of defoliation during dry years. Our
recent work suggests that the answer is not easy. Climate stress was found to increase tree
mortality when followed by insect outbreaks (DeGrandpre et al. 2018) but the interaction in
growth reductions in Alberta and Quebec was not observed in another study (Itter et al. 2018).
One suggestion is that the difference in observations is because studies of living trees have
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filtered out the most vulnerable individuals through mortality. We are thus now setting up a large
comparison of living and dead trees in both eastern and western Canada affected by multiple
insects. We hope to have results for 2020 assuming that funding is maintained.
Biotic relationships with other organisms found on trees could also play a role in differential
defoliation and survival. For example, endophytic fungi on spruce needles have been shown to
reduce budworm growth and survival (Calhoun et al. 1992). Spruce budworm ingest a large
quantity of bacteria and fungi in the leaves that they eat, leading to differences in microbes
present in the budworm gut. These microbes are likely to influence budworm health, and could
help explain the large differences in vigour amongst larvae, and potentially also why some trees
fare better than others in defoliated zones. Preliminary results from lab experiments show that
SBW do not have resident microbiomes in their guts and that all microbes are found in their food.
(Scwarz et al. Submitted). Plant-associated microbial communities change between host species
and environmental gradients. If we can identify how landscape configurations interact with the
bacteria and fungi that lead to reduced budworm vigour, then these microorganisms could
potentially be used as another biological agent to reduce budworm damage.
Being able to identify as early as possible, where SBW populations, are rising will be a key to the
success of current treatments (e.g. spraying of Btk or Mimic) or future bacterial agents. We have
been successful in using remote sensing to characterise SBW defoliation (Rahimzadeh-Bajgiran
et al. 2018), but early detection remains challenging. Using biological agents dependent on
insects for food as sentinels offers a possibility to improve or complement existing techniques.
Early work suggests that budworm- linked warblers could be such a tool. We will thus explore
this potential
Finally, insect outbreaks cause large carbon losses (Dymond et al. 2010), yet again little is known
about losses in different forest types. A recent paper, Fuentealba et al. (2019) suggests that
spraying will reduce forest losses more in fir forests than in mixed fir-spruce or pure spruce
forests. This however, looks only at growth losses and does not consider regrowth. Tools and
more work is thus needed to better understand forest responses.
In the following section we present the objective and then the methods and results for each of the
sections of our work
Landscape scale composition and outbreak severity measured by defoliation
Methods
To compare the relative impact of forest composition on defoliation caused by the spruce
budworm, we used the SIFORT geospatial database for the North Shore region of Québec. We
also used the annual defoliation surveys produces by the Quebec Ministry of Forests and Wildlife
for the period 2007 to 2016. For the analyses we used forest pixels from the SIFORT 3 and 4
data bases (approx 14 Ha). We then traced a 600m radius around each centroid (pixel) and
calculated the propotion of host species (fir or spruce) in each of the pixels. For example, given
eight adjacent pixels to each target pixel, if 6 were dominated by fir (more than 75% fir) and two
were dominanted by black spruce (more than 75% black spruce and the target pixel was spruce
dominated than the percentage of similarity was 25%. We used 9 classes of similarity 0%,
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12.5%, 25%, 37.5%, 50%, 62.5%, 75%, 87.5% et 100%. Using the defoliation data we then had
a defoliation class for the central pixel and a similarity index for currounding cells.
Results
The results show that when fir is dominates the target pixel that defoliation increases as the
similarity of neighbouring pixels increases and that it decreases as dissimilarity with surrounding
neighbours increases (Figure 1). The opposite tendancy is observed for black spruce dominated
stands, such that defoliation increases with neighbourhood dissimilarity and decreases when
surrounding stands are of the same species. In these analyses error bars overlap and thus the
observations are only a tendancy. Statistical analyses using regressions and x2 were not
significant. However, using only the most extreme similariy and dissimilarity classes we did
observe statistical differences (p less than 0.05).
There is thus support for an associational susceptibility and associational resistance effect at the
landscape scale. This is coherent with stand level observations. The effects are however
strongest when similarity or disimilarity it at its greatest.

Figure 1. Neighbourhood effects on SBW defoliation. Green represents fir trees and orognge spruce The
cumulative defoliation is over the 10 years followed. The figure on the left is for when fir dominates the target
pixel and the figure on the right is when spruce is the dominant species in the pix el.
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Forest tent caterpillar response to landscape modification
Methods
In a previous study (Robert et al. 2012) we evaluated the effect of landscape level patterns caused
by harvesting on spruce budworm outbreak characteristics. This study investigated response in
three landscapes in the Border Lakes area on the Ontario-Minnesota border: 1) a wilderness area
with no influence of industrial forest harvesting; 2) a landscape dominated by small scale (approx
10 Ha clear cuts) and 3) a landscape dominated by larger 100Ha clearcuts. In other words, an
unfragmented (by anthropogenic disturbance) landscape, a finely fragmented and a coarsely
fragmented landscape. We applied tree-ring analyses to define outbreak patterns from 1928-2006,
using a sampling design stratified by the divergent land management legacies described aboe and
primary climatic gradients (latitude and longitude). Both outbreak time series and statistical
properties of outbreak dynamics were related to landscape variables representing hos t abundance,
forest configuration, and climate using constrained ordination. Broad-scaled outbreak synchrony
was compared across the three primary land management zones using spatial nonparametric
covariance functions.

Results/Discussion
As predicted based on our focus on a single ecoregion containing strongly divergent land
management legacies, we found no evidence of climatic effects, but significant influence of
landscape structure, on outbreak dynamics. Variation in ordination of the outbreak time series
space was dominated by spatial motion of outbreaks across the study area, where correlations
with either host abundance or configuration varied depending on the specific outbreak pulse (Fig
2). Nonetheless, outbreaks were more synchronous and cyclic within managed zones with
greater relative abundance of aspen and other host tree species, relative to the more coniferdominated unmanaged wilderness.
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Figure 2. Cluster time-series exhibiting weak synchrony within the period 1957-84 (mean pairwise correlation
= 0.00) and strong s ynchrony outside this period (mean pairwise correlation = 0.30), 1928 -56 and 1985-2006.

Our study represents the most comprehensive analysis to date of the multiple effects of host
concentration and forest patch dispersion on the long-term dynamics of forest tent caterpillar
cycling. Consistent with published results for the spruce budworm (Choristoneura fumiferana,
Clemens) studied in the same system, wherever host forest was more abundant, outbreak cycles
were more strongly synchronized. Nonetheless, landscape associations that seemed strong
relative to individual outbreak pulses were not consistent through time, explaining in part the
apparent discrepancies among previous studies focused on only one or a few outbreaks

Evaluation of the impact of microbes on SBW survival and growth
METHODS:
At last year ’s meeting we presented preliminary results and analyses on microbial effects on
SBW health that there is no resident microbe community in SBW guts and that thus all of t he
bacteria come from their food sources. A laboratory study was not able to identify conclusive
differences between a diet of fir vs spruce trees.
To follow-up on the laboratory study we have also begun a field study. This is being done as
foliar microbe communities are known to change not only with tree species but also with
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geographic location. Foliage and larvae were collected from both black spruce and fir trees along
a gradient from New Brunswick to Labrador. All sample were stored in RNALater until the
could be moved to a -80C freezer where they were then stored until genetic analyses could be
performed.
Results/Discussion
Initial results from this landscape level work show that community diversity in microbe
communities differs more betwen the different sites than it does amongst the two host species
(Fig 3). Similarly results on microbe abundance also suggest greater differences between sites
than between tree species . Each site seems thus to have its own bacterial signature (Fig 4). As
well as using OTUs we were able to identify bacteria to their order, showing that even at this
taxonomic level there are differences between sites. Unfortunately we are not able to infer
further as within a given order there are helpful and detrimental bacter ia

Figure 3. Bacterial diversity between sites in the left panel and by tree species (fir and black spruce in the
right panel
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Figure
4. Bacterial abundance by order by sample sites

Future work will thus focus on assessing whether larval growth rates vary from one site to
another and whether these differences can be associated more with microbes than with climate.
Budworm linked warblers as early warning indicators
Methods
Several insectivorous birds show a strong numerical response to SBW outbreaks. Among them,
Tennessee Warbler, Cape May Warbler, and Bay-breasted Warbler have shown a consistently
strong, positive response and are referred to as budworm- linked warblers. In this study, we
hypothesized that budworm- linked warblers could be used as sentinels of future defoliation.
Unlike most of the previous studies documenting the numerical relationship between budwormlinked warblers and budworm density, we examined the temporal relationship between these
three warbler species and cumulative time-lagged SBW defoliation as a proxy for SBW
population density over multiple spatial scales in regions experiencing significant defoliation.
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Main results
The three species responded positively to SBW defoliation at each spatial scale investigated, but
the timing of their numerical response differed (Table 1). Maximum occurrence of Tennessee
Warbler and Cape May Warbler coincided with local defoliation, or provided a one year warning,
making them of little use to guide early interventions. In contrast, Bay-breasted Warbler
occurrence increased 3 to 4 years before defoliation was locally visible, making the species a
reliable indicator of future defoliation by SBW.
Evaluating L2 surveys graciously provided by the QMFW shows that L2 surveys have a 1 year
time lag i.e. they predict future defoliation by one year. They suggest that larval increase is a
strong mechanism for increases in birds. Unfortunately very few sites hae more than one year of
L2 sampling and thus we are not able to evaluate temporal d ynamics. However, we know that
BBWA are better foliage scavengers and thus may be able to find larva earlier than the other
warblers

Table 1. Model selection of the time lag between warbler occurrence and observed defoliation. TEWA =
Tenessee warbler, CMWA= CMWA, BBWA = Bay breasted warbler
Defoliation at t+1 signfies that the bird is observed during surveys one year before defoliation

Model
a) TEWA probability of occurrence
defoliation at t+1
defoliation at t
defoliation at t+4
defoliation at t+3
defoliation at t+2
Habitat-only model
b) CMWA probability of occurrence
defoliation at t+1
defoliation at t
defoliation at t+2
defoliation at t+3
defoliation at t+4
Habitat-only model
c) BBWA probability of occurrence
defoliation at t+4
defoliation at t+3
defoliation at t
defoliation at t+2
defoliation at t+1
Habitat-only model

K

LogLik

AIC

ΔAIC

5
5
5
5
5
4

-193.1
-193.7
-201.1
-204.3
-204.5
-229.30

402.3
403.3
418.3
424.5
425.1
472.6

0.0
1.0
16.0
22.2
22.8
70.3

5
5
5
5
5
4

-116.7
-117.4
-128.0
-130.9
-133.9
-141.4

247.3
248.7
269.9
275.7
281.7
282.9

0.0
1.4
22.6
28.4
34.4
35.6

5
5
5
5
5
4

-129.6
-130.4
-132.7
-135.3
-136.9
-144.9

277.1
278.8
283.3
288.6
291.8
305.8

0.0
1.7
6.2
11.5
14.7
28.7
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Recent findings suggest that the abundance of SBW and the duration and severity of outbreaks
are going to increase in eastern Canada in the near future. Efficient methods for early detection
are, therefore, critically needed. Our study is the first to investigate budworm- linked warblers at
multiple temporal and spatial scales simultaneously and to identify a promis ing potential early
warning sentinel of future defoliation, i.e. Bay-breasted warbler.

Carbon budget in different stand types following SBW outbreaks
Methods
We developed a new TRIPLEX-Insect sub-model to quantify the impacts of insect activity on
carbon (C) fluxes (Liu et al. 2018). We model process of SBW disturbance that refer to annual
defoliation, cumulative defoliation and tree mortality. The model was validated against observed
and published data for balsam fir stands in the North Shore region of QC and Cape Breton Island
in NS (Canada). The results suggest that the TRIPLEX-Insect model did a great job in capturing
stand dynamics following SBW outbreaks. The coefficients of determination (R2 ) between the
simulated results and field observations are 0.973 for basal area, 0.977 for tree mortality and
0.708 for current annual volume increment.
We used forest inventory plots and geospatial databases, monthly climate data, yearly spatially
explicit defoliation data and the TRIPLEX-Insect model to simulate C dynamics and changes
with and without SBW disturbances in boreal forest of Quebec.
Results/discussion
For both mature and immature forests, ecosystem response was stronger for NPP than GPP at the
same level of defoliation when tree mortality was low. In addition, growth release of surviving
trees can contribute to a fast recovery of annual NEP following spruce budworm outbreaks. And
thus the source period will not last long before stands again become sinks. Overall, the
TRIPLEX-Insect model is capable of simulating C dynamics for balsam fir under spruce
budworm disturbances and be applied as an efficient approach for forest insect management .

The results demonstrate that average net ecosystem productivity (NEP) was 123 g C m-2 year-1 on
65746 km2 defoliated areas of boreal forest in Quebec from 2007 to 2017. While there were
21,046 km2 defoliated areas converted from C sinks to sources in 2017. The average
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aboveground biomass (AGB) and belowground biomass (BGB) decreased 5.96% and 6.94% in
2017, respectively. At the same time, the soil C (SC) and total litter (TL) stocks increased about
13.39% and 10.89% respectively. This study provides the first quantitative analysis of the effect
of a SBW outbreak on carbon dynamics for three different boreal forest types (i.e. fir, fir-spruce,
and spruce) at a regional scale. Our simulated results also suggested that fir forests with younger
ages resulted in less C loss than both fir-spruce and spruce forests under SBW attacks during
2007~2017 in Quebec.

CONCLUSIONS

● Much earlier work on stand level influences on SBW outbreaks has led to changes in how

pest management practices are carried out to better manage the forest during SBW
outbreaks. Our landscape scale work is showing that there are landscape composit ion and
configuration modifies SBW outbreaks. Particularly landscape configuration and
composition can increase the vulnerability of black spruce forests
● As well as SBW, the forest tent caterpillar responds similarly to landscape modifications

with increases in severity and frequency as configuration changes
● Microbes affect the health of many organisms on which or in which they live. The SBW

has no resident microbial flora and gets its microbes from its food. Our results support
that there is a stronger site level than tree host signature to bacterial communities and
abundances. Future work will try to determine if site differences in outbreak severity are
influenced by microbes
● Warblers show strong numerical responses to increasing insect populations. Cape may

and Tenessee warblers seem to be at least as efficient as L2 surveys to forecast future
defoliation (i.e. a 1 year advance). The bay breasted warbler an efficient scavenger of
larva, may offer an even earlier indicator of defoliation (i.e. up to 3 to 4 years before
defoliation is observed aerially)
● We have developed a mechanistic carbon dynamics model (Triplex-Insect) that includes

many autotrophic responses. Simulations with this model suggest that younger fir stands
may rebound more quickly than mixed fir-spruce or older spruce stands to SBW induced
defoliation. Future work will evaluate the carbon advantages gained from aerial spraying
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Funding requested for next two years and funding received this year. Expenses are broken down by
category in the first part of the table and then by funding agency in the second part. Budget (1000s)
Item
Field work
Graduate student salaries
(2PhD)
Research professional
Bsc Student/Lab & Field work
Supplies
Total requested
Proposed sources
CFS – Forest Productivity /
Disturbance
NSERC
University graduate student
support
SERG-I Partners
Total

Requested 2018-19
15k
40k

2019-20
15k
40k

2020-21
15k
40k

10k
7k
2.5k
74.5k
Received
15k

10k
7k
2.5k
74.5k
Requested
15k

10k
7k
2.5k
74.5k
Requested
15k

25k
5k

25k
5k

25k
5k

11k
56k

29.5k
74.5k

29.5k
74.5k

Total requested from SERG-I partners for 2019-2020: $34.5k

(21 k promised, 11k received in 2018-2019)
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SERG-I Interim Report (Year 2 of 3)
Title: Understanding overwintering survival as a component of pest management strategies for
spruce budworm
Co-Principal Investigators and Agency (alphabetical order):
Dr. Joe Bowden 1
NRCan-CFS Research Scientist, Forest Entomology, joseph.bowden@canada.ca
Dr. Eric Moise (contact person) 1
NRCan-CFS Research Scientist, Forest Entomology, eric.moise@canada.ca, T: 709-637-4921
Dr. Michael Stastny 2
NRCan-CFS Research Scientist, Insect Forest Ecology, michael.stastny@canada.ca
Atlantic Forestry Centre – Corner Brook
26 University Drive, Corner Brook, Newfoundland and Labrador, A2H 6J3
2
Atlantic Forestry Centre – Fredericton
1

Collaborators
Dr. Rob Johns, NRCan-CFS (AFC), rob.johns@canada.ca
Dr. Véronique Martel, NRCan-CFS (LFC), veronique.martel@canada.ca
Funding:
Funding Estimates (x $1000)
Item
Lab/Field Supplies
Field work (mileage, per diems)
Student/Casual labour
Totals

2017-18
$7
$12
$22
$41

Proposed Funding Sources
2017-18
CFS PROMIS
$21
SERG request
$20
NL Dept. Fisheries & Land Resources (in-kind)
Total
$41

(Current Funding)
2018-19
$10
$12
$30
$52
2018-19
$25
$22
$5
$52

2019-20
$10
$10
$20
$40
2019-20
$15
$20
$5
$40

Funding request from SERG Partners: $25K (Years 1 and 2), $20K (Year 3).
Abstract: The Early Intervention Strategy aims to mitigate the current spruce budworm outbreak
by treating rising population “hotspots” to limit spread via moth dispersal. Identifying these
hotspots relies on fall forecasts of second instar (L2) spruce budworm densities, a process that
assumes overwintering mortality is equal across all sample sites. However, this sampling ignores
the potential for biotic and abiotic influences. This project aims to quantify how overwintering
mortality varies with tree-level differences in the quality of overwintering habitat (e.g. host
species), as well as stand (composition, age) and landscape-level environmental factors, such as
temperature (due to elevation, latitude).
Initial results for tree-level effects suggests that overwintering survival on translocated branches
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did not differ between spruce and fir as the L2 substrate. Furthermore, L2 mortality (averaging 28%) was similar across a range of elevation (spanning ~400 m, mean temperature difference of
~2ºC). To further quantify stand-level variation, experimental plots have been established in
Newfoundland to explore the effects of tree age and composition on overwintering mortality, with
initial results anticipated for spring 2019. In parallel, branches with L2 originating from the
outbreak zone in Gaspésie were translocated to 23 sites across a broad temperature gradient from
the coast of southern Nova Scotia to high-elevation forest near Amqui, QC. Ultimately, these data
will help 1) determine if sampling logistics affect the accuracy of L2 monitoring due to
interspecific variation in the strength of different mortality factors, and 2) identify stand
conditions that compromise larval survival, thereby delineating areas of low-risk for SBW
outbreaks, and reducing the size or number of necessary treatment blocks.
Résumé : La stratégie d’intervention précoce vise à atténuer l’infestation en cours de la tordeuse
des bourgeons de l’épinette en traitant les « points chauds », où les populations sont en
croissance, dans le but de limiter la propagation via la migration des papillons. Le repérage de ces
points chauds dépend des prévisions automnales des densités de stade larvaire L2 de la tordeuse
des bourgeons de l’épinette, processus qui suppose une mortalité hivernale égale dans tous les
sites d’échantillonnage. Or, ce processus ne tient pas compte d’éventuelles influences biotiques et
abiotiques. Ce projet examine la mesure dans laquelle la mortalité hivernale varie selon les
différences au niveau des arbres dans la qualité des zones d’hivernage (p. ex. : espèces hôtes) et
des peuplements (composition, âge), ainsi que les facteurs au niveau du paysage (élévation,
latitude). Les résultats initiaux concernant les effets au niveau des arbres semblent indiquer
qu’aussi bien la mortalité hivernale que le parasitisme sont plus élevés chez le sapin baumier que
chez l’épinette noire. Pour quantifier plus en détail le rôle des facteurs au niveau du peuplement
et du paysage, des gradients environnementaux ont été établis pour le Nouveau-Brunswick
(élévation, latitude) et Terre-Neuve (élévation); les premiers résultats sont attendus au printemps
2018. Au bout du compte, ces données contribueront : 1) à déterminer si la logistique de
l’échantillonnage a des effets sur l’exactitude du relevé L2 dus à la variation de la force de
différents facteurs de mortalité d’un arbre à l’autre, et 2) à déterminer les conditions d’un
peuplement qui compromettent la survie des larves, ce qui permettrait de délimiter les zones à
faible risque de connaître une infestation de TBE et de réduire la taille et le nombre de parcelles
qu’il est nécessaire de traiter.
Introduction: Spruce budworm (Choristoneura fumiferana Clem.) poses ecological and
economic threats to the spruce-fir forests of northeastern North America. As the current outbreak
continues to rise in Quebec and approach Atlantic Canada, there have been efforts to contain the
spread through managing so-called ‘hot spots’ at the leading edge of the outbreak (i.e., Early
Intervention Strategy). Early detection of hot spots has relied primarily on fall collections of
larvae (L2) prior to their overwintering. These L2 density estimates have been the basis of
locating and contouring hot spots for subsequent experimental treatments with insecticides, and
evaluating their success (e.g., comparisons of annual density estimates inside and outside of
treated areas).
Inherent to L2 monitoring is the assumption that overwintering survival of SBW is equal across
all sampled sites. However, larval mortality can vary greatly (15-48%)1, driven by abiotic (e.g.,
temperature) and biotic (e.g., energy stores, predation/parasitism) factors. These factors vary 1)
within trees2, 2) across environmental gradients (i.e., elevation/latitude)2 and 3) with stand
structure (composition and age)3, and may help explain discrepancies between L2 surveys and
subsequent densities and damage. Therefore, investigation of how tree-level, stand-level and
landscape-level variables influence L2 overwintering period (timing and duration)4 and survival is
necessary to improve the predictive value of L2 density estimates and optimize spray treatments.
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Our study is comprised of two components; 1) Quantify tree-level drivers of overwintering
survival (i.e. host species), and 2) Employ environmental gradients (i.e., elevation and latitude) in
combination with stand-level characteristics (i.e., composition and age structure) to evaluate
predictors of overwintering survival to identify stand conditions that create an increased risk of
higher budworm density and defoliation. Because aerial spray programs for SBW in eastern
Canada rely heavily on fall L2 collections to determine treatment blocks, our study aims to 1)
determine if sampling logistics affect the accuracy of L2 monitoring due to host species
differences in overwintering and 2) incorporate landscape and stand-level results into models
used for integrated pest management. In conjunction with other variables used in decisionmaking (e.g. stand commercial value, number of consecutive years with detectable populations),
this research will help identify stand conditions that compromise larval survival, thereby
delineating low-risk sites for SBW outbreaks, and leading to a reduction in the size or number of
necessary treatment blocks.
Methodology and progress update
1) Quantifying stand-level drivers of SBW overwintering mortality
Experiment 1 (in progress)
We have established a manipulative experiment over an elevation gradient in western
Newfoundland comprised of four stand types (Young Spruce, Young Fir, Mature Spruce, Mature
Fir) repeated at four different altitudes (~400 m range). Pre-diapause L2 spruce budworm were
placed in rearing chambers and provided cone bracts into which they spun hibernacula (average
23.4 budworm/bract; range 10-36). Chamber temperatures were lowered to acclimatize budworm
to ambient conditions, then in early December bracts were placed individually in organza bags
and affixed to the mid-bole of three trees in each stand. Temperature loggers were placed adjacent
to budworm packages in each stand replicate. The overwintering spruce budworm (packages) will
be collected in the Spring 2019, before emergence, and reared to adult to determine survival and
how survival differs between stand types and across elevation.
2) Quantifying effects of host tree and temperature on SBW overwintering mortality
Experiment 2 (completed):
To test the effect of the overwintering substrate (fir vs. spruce) and winter temperatures on L2
survival, we conducted a pilot translocation experiment along an elevation gradient (~400 m) in
central New Brunswick. At each of the four elevations (240, 410, 520, 625m), multiple mature
trees of each host species were chosen at random in mixed spruce-fir stands. Sentinel larvae in
hibernacula were translocated on cut branches from an intermediate-density (mean 17.3 L2 per
75cm branch) population in a spruce-fir stand near Campbellton, NB. In December 2017, one
branch of each host species was affixed in the lower crown of the selected trees in a paired design
(i.e. 2 branches per tree), and ibutton temperature dataloggers were placed in a similar position at
each site. To quantify overwintering mortality, the branches were collected in mid-May 2018,
prior to emergence, and larvae were reared out in the laboratory to trigger emergence. The
branches were then processed through an L2 wash to count any dead larvae (i.e. those that failed
to emerge); the observed variation in overwintering proportional mortality (i.e. [dead L2 / initial
L2], where initial = dead + emerged) was contrasted between the host substrate and among the
four elevations using generalized linear mixed-effects models in R
Experiment 3 (in progress):
To assess the role of host substrate and temperature in overwintering survival over a greater range
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of winter temperatures that encompass the southern historic range of SBW outbreaks, we are
repeating the translocation experiment in 2019, with some design modifications. A latitudinal
transect spanning ~500 km and a significant climatic gradient (at least 12ºC difference in mean
winter temperature) was established in mixed spruce-fir stands between the coastline of South
Shore of Nova Scotia (44.2º N, elevation 2 m) and the mountains of Bas-Saint-Laurent (48.4º N,
elevation 820 m) in Quebec (Fig 2). In November 2018, larvae at natural densities were collected
in an outbreak population in the Gaspésie region (Amqui, QC) on basal 50 cm sections of balsam
fir and black spruce branches from the mid and upper canopy. The branches were carefully placed
vertically in vermiculite to minimize any effect of long-distance transport that could damage the
larvae. In December 2018, using a regression design, 10 branches (5 fir, 5 spruce) were hung in 2
randomized sets on wire in the lower canopy of 1-2 spruce or fir trees in a conifer or mixed-wood
stand at each of 23 sites along the transect (Fig 3). A datalogger was placed nearby to measure
hourly temperature. To quantify overwintering mortality, branches will be collected in early to
mid-spring, prior to emergence, in a staggered design to accommodate SBW phenological
differences across the climatic gradient. Larvae will be allowed to emerge in the laboratory and
overwintering mortality will be assessed as described above.
Results
Experiment 2:
In the translocation experiment in New Brunswick, overwintering mortality of L2 was relatively
low (mean = 3.6%, sd = 5.5%); in fact, we observed 100% survival on 60% of the experimental
replicates. Even after accounting for the potential density dependence due to the variation in the
initial L2 densities per branch (mean = 18.1; sd = 10.3), mortality did not differ between the two
host substrates (fir vs. spruce; Fig 1A). Likewise, mortality was similar across the elevation
(temperature) gradient, with a slight (but non-significant) increase at the uppermost elevation (Fig
1B). This site was also considerably (~2ºC) colder over the 5-month course of the experiment,
while the other three elevations experienced relatively similar temperature regimes (see Fig 1A
for daily minima, means, and maxima).
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Figure Captions
Figure 1. Boxplots of proportional mortality of overwintering spruce budworm 2nd instar (L2)
larvae, using fir and spruce branches with natural densities of SBW translocated across an
elevation gradient. Left panel: comparison of mortality on fir and spruce as the overwintering
host substrate, pooling across all elevations. Right panel: comparison of mortality across four
elevations (pooling across the two host substrates), with daily minima, means and maxima over a
5-month period of winter and early spring. Note the strongly zero-inflated, nonparametric
distribution of data.
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Figure 2. Map of the sites (n = 23) included in Experiment 3 to expose translocated spruce
budworm larvae to a temperature gradient spanning at least a 12ºC variation in mean winter
temperatures.
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Figure 3. An example of the replicate setup in Experiment 3, with translocated 50 cm
sections of balsam fir and black spruce branches (randomized) suspended on wire in the
lower canopy of trees.
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Pheromones for Insect Pest Management: An improved Synthesis of the Spruce Budworm
Pheromone
Aya Elbrolosy, Raymond Arsenault and David I. MaGee
University of New Brunswick, Fredericton, NB, Canada, E3B 5A3
Abstract
Insect pheromones continue to be employed in integrated pest management (IPM) across
the globe to control insect population by either attract and kill, mass trapping or mating
disruption. Small amounts are required in application compared to insecticides; however, when
large quantities are required due to the area that must be covered, or sprayed, then the price for
synthesizing the active ingredient (AI) becomes critical if it is to be used as part of an IPM
strategy.
This study has focused on synthesis of the sex pheromone of the spruce budworm
(Choristoneura fumiferana Clem) an insect that destroys millions of hectares of spruce and fir
trees in Canada. The synthesis of pure trans-11-teradecenal and its stereoisomeric mixture of
E/Z-11-tetradecenal have been approached by developing a simple procedure for the
desymmetrization of a symmetrical , -alkane diol. Our efforts to effect this transformation and
its potential for the synthesis of a variety of insect pheromones will be presented.
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Résumé
On continue à utiliser des phéromones d’insectes dans la lutte antiparasitaire intégrée
partout dans le monde dans le but de maîtriser les populations d’insectes, que ce soit en les
attirant et en les tuant, en les piégeant massivement ou en perturbant leur comportement
reproducteur. De petites quantités sont nécessaires comparativement aux insecticides; cependant,
si de grandes quantités sont requises en raison de la superficie à traiter, alors le prix de la
synthétisation de l’ingrédient actif devient critique si l’on veut employer cette méthode dans le
cadre d’une stratégie de lutte intégrée.
Cette étude porte sur la synthèse de la phéromone sexuelle de la tordeuse des bourgeons
de l’épinette (Choristoneura fumiferana Clem.), un insecte qui détruit des millions d’hectares
d’épinettes et de sapins au Canada.Pour synthétiser le trans-11-tétradécénal pur et son mélange
stéréoisomérique de E/Z-11-tétradécénal, une simple procédure a été mise au point pour
-alcane. Nos efforts pour effectuer cette transformation
et la possibilité de synthétiser une variété de phéromones d’insectes seront présentés.

Mots clés : phéromone sexuelle, lutte antiparasitaire, tordeuse des bourgeons de l'épinette,
synthèse, 11-tétradécénal, désymétrisation.
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Introduction
Eastern spruce budworm (Choristoneura fumiferana Clem) continues to be a major insect
pest that endemically devastates millions of hectares of spruce and fir trees in Canada. Bacillus
thuringiensis kurstaki and tebufenozide, that mimics a growth regulator, are currently used to
control the population of spruce budworm though their effectiveness at higher insect populations
is unknown.

The spruce budworm pheromone has successfully been used to monitor insect

populations as an early warning instrument for forest managers. The pheromone may be an
additional tool for the effective early management on these insect populations by mating
disruption. Therefore there is an urgent need to develop more green and economical routes to the
pheromone such that it can play a bigger role in Integrated Pest Management (IPM).
The sex pheromone of the spruce budworm moth, 11-tetradecenal (1, Figure 1), was first
identified and synthesized by Weatherston.1 However, the effective attractant was shown to be a
mixture of E/Z-11-tetradecenal in a ratio 95:5.2 Syntheses of stereoisomeric mixtures of 1 were
achieved previously by two groups,3, 4 but they did not obtain the exact ratio of 95:5. In addition,
these syntheses either employed ozonolysis, toxic solvents, or sodium and liquid ammonia, thus
making these routes not very attractive for large-scale synthesis. A more recent synthesis by
Ishumuratov5 involved an SN2’ mechanism to introduce the E/Z geometry, however, the
stereoisomeric mixture of the product was not reported, and the overall yield was disappointingly
low. Fyles6 attempted a solid phase synthesis, but again very poor yield of E-11-tetradecenal was
obtained, and it clearly was not conducive for scale up. Given the drawbacks in the existing
routes, the development of a more economical synthesis of 1 with a view of applying it to an
IPM strategy is important.
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Figure 1: Spruce budworm moth and structure of its sex pheromone.

1
Our research group target was to synthesize the sex pheromone of the spruce budworm
through the use of Green chemistry approaches that hopefully will be more effective and
convenient than the conventional routes. We report on our progress towards the synthesis of 1
and its stereoisomeric mixture from inexpensive symmetrical diols as starting materials by
utilizing a novel desymmetrization strategy and a non-traditional Wittig reagent.

Results and Discussion
After reviewing literature syntheses of 1, it was envisaged that the molecule could be most
easily constructed from a symmetrical diol and some type of alkene forming reaction, Scheme 1.
The challenge in this approach, was twofold: First, how to efficiently desymmetrize the diol, and
second how to form the alkene with high levels of stereoselectivity.
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O

11-tetradecenal (1)

X

+

O

OR

HO

OR

3-C nucleophile

mono protected 1,11-undecanediol (2)

HO

OH

1,11-undecanediol (3)

Scheme 1: Retrosynthesis of SBW pheromone 1.

Desymmetrization reactions are interesting because they offer the possibility of
expanding the range of potential applications for a given starting material. In principle, a wide
range of renewable feedstocks, including glucose and other polysaccharides, such as starch,
could be processed to yield nonpetroleum—derived building blocks for application in
synthesis.7,8 This requires chemical differentiation between similar functionalities within a
molecule, which is not so easy. Traditionally, synthetic chemists approach this problem by
employing multistep protecting group strategies.9 Over the past 15 years, the number of
desymmetrization reactions has increased significantly. Successful strategies have been as
diverse as elegant catalysis,10-15 the application of selective enzymatic transformations,16
controlled extraction using mixed solvent systems,17,18 or super—critical dimethyl ether.19 While
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these advances are promising, for our purposes they were not applicable since either special
conditions or reagents were required.
ω-Bromo-1-alcohols have been used extensively as synthetic intermediates, particularly
in the synthesis of pheromones.20 The classic procedure for preparing such compounds is by
heating 1,ω-diols with aqueous HBr and petroleum ether (bp 100-120 °C) in a continuous
extraction apparatus.21 This method works reasonably well but can be inconvenient for largescale syntheses. Fortunately a report in 2000 provided an elegant and simple solution to this
problem.22 The simplicity and high selectivity of this method makes it very attractive,
consequently we were intrigued if a similar strategy could be used for the production of monoprotected symmetrical diols.
To this end, we began by investigating whether a simple acid catalyzed esterification
reaction could be effected. The study began by scanning the utility of several common organic
acids, Table 1. As observed, simple acids like formic and acetic proved to be somewhat
encouraging. As acetates are more robust than formates, it was decided that acetic acid was the
best choice to pursue.
Table 1: Organic acids investigated for monoesterification of symmetrical diols.
Diol

Solvent

Reagent

Catalyst

% yield

1,8-octanediol

Toluene

Formic acid

H2SO4

76

1,8-octanediol

Toluene

Benzoic acid

H2SO4

-

1,8-octanediol

Toluene

Isobutyric acid

H2SO4

-

1,8-octanediol

Toluene

Isovaleric acid

H2SO4

-

1,8-octanediol

Toluene

Pivalic acid

H2SO4

-

1,4-cyclohexanediol

Toluene

Acetic acid

H2SO4

42
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A series of experiments were then chosen to probe the affects of the various reaction
parameters, namely: acid catalyst, solvent, efficiency of stirring and bath temperature. The
results are presented in Tables 2-5. This examination of reaction parameters provided a “best” set
of conditions to use in order to probe the scope of this reaction.
Table 2: Catalysts investigated for monoesterification of symmetrical diols.
Diol

Solvent

Reagent

Catalyst

% yield

1,8-octanediol

Toluene

Acetic acid

H2SO4

85

1,8-octanediol

Toluene

Acetic acid

-

12

1,8-octanediol

Toluene

Acetic acid

HCl

77

1,8-octanediol

Toluene

Acetic acid

HNO3

80

1,4-cyclohexanediol

Toluene

Acetic acid

H2SO4

84

Table 3: Solvents investigated for monoesterification of symmetrical diols.
Diol

Solvent

Reagent

Catalyst

% yield

1,8-octanediol

Toluene

Acetic acid

H2SO4

85

1,8-octanediol

Cyclohexane

Acetic acid

H2SO4

68

1,8-octanediol

Hexane

Acetic acid

H2SO4

12

1,8-octanediol

Dichlormethane

Acetic acid

H2SO4

-
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Table 4: Efficiency of stirring investigated for monoesterification of symmetrical diols.
Diol

Solvent

Stirrer RPM

Reagent

Catalyst

% yield

1,8-octanediol

Toluene

125

Acetic acid

H2SO4

25

1,8-octanediol

Toluene

175

Acetic acid

H2SO4

37

1,8-octanediol

Toluene

225

Acetic acid

H2SO4

50

1,8-octanediol

Toluene

275

Acetic acid

H2SO4

85

1,8-octanediol

Toluene

325

Acetic Acid

H2SO4

82

Table 5: External bath temperature investigated for monoesterification of symmetrical diols.
Diol

Solvent

Bath Temp.

Reagent

Catalyst

% yield

1,8-octanediol

Toluene

80 °C

Acetic acid

H2SO4

15

1,8-octanediol

Toluene

90 °C

Acetic acid

H2SO4

37

1,8-octanediol

Toluene

95 °C

Acetic acid

H2SO4

40

1,8-octanediol

Toluene

100 °C

Acetic acid

H2SO4

65

1,8-octanediol

Toluene

110 °C

Acetic Acid

H2SO4

82

With a set of conditions identified, a quick scan of the scope of this reaction was
undertaken, Table 6. It is clear from Table 6 that this reaction appears to be applicable for the
desymmetrization of a variety of long chain diols. However, it should be noted that it shows that
the time required to effect maximum yield for each diol is different and will need to be
optimized. Regardless, it does demonstrate that excellent yields can be obtained.
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Table 6: Monoesterification of symmetrical diols.
Diol

Solvent

RPM

Reagent

Time (h)

Catalyst

% yield

1,8-octanediol

Toluene

280

Acetic acid

48

H2SO4

96

1,9-nonanediol

Toluene

280

Acetic acid

48

H2SO4

94

1,10-decanediol

Toluene

280

Acetic acid

3

H2SO4

75

1,11-undecanediol

Toluene

280

Acetic acid

4

H2SO4

86

With monoprotection accomplished, effort was directed towards introduction of the alkene,
first using the Julia-Kocienski reaction, Scheme 2. This sequence commenced with the formation
of the sulfide 5. A solution of 1-phenyl-1H-tetrazole-5-thiol (4) was added drop-wise to a cold
suspension of sodium hydride at 0 °C and stirred for 10 min. This was followed by drop-wise
addition of 1-bromopropane and the mixture was allowed to warm under stirring to room
temperature. The reaction was complete after 8 h as shown by TLC and NMR. The sulfide was
then oxidized to sulfone 6 using a short reaction time according to the procedure of Dilip.23 The
key coupling step was accessed by utilizing the bulky base KHDMS to generate the anion at -60
°C from the sulfone to couple with aldehyde 8, which was prepared by a recently reported
“green” protocol.24 The unsaturated ester was de-protected and oxidized to give a mixture of
E/Z-11-tetradecenal in a 83:17 ratio. Optimization of the E/Z ratio is ongoing, as the use of
different bases, temperature or sulfone (eg. tert. butylsulfone) need to be investigated.
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N
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N
N
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9
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N
Ph
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9
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d

e

O
8

3 R=H
7 R=Ac

f

d
9

9
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9

OR

E/Z-1

Reagents and conditions: a) NaH, THF, 0 °C, 10 min then 1-bromopropane, 0 °C – rt, 8 h, 82%;
b) 10% (NH4)6Mo7O24.4H2O, 30% H2O2, MeOH, 8 h, 93%; c) CuOTf, Bipy, TEMPO, NMI,
MeCN, rt, 8 h, 92%; e) KHDMS, THF, -78 °C, 2 h, 52%; f) KOH, EtOH, rt, 2 h, 92%.
Scheme 2: Synthesis of stereoisomeric mixture of SBW pheromone (1) via Julia olefination
coupling of C11 to C3 using sulfone (6).

There are a few reports in the literature that describe the synthesis of E-olefins using the
Wittig reaction.25,26 These reports claim that the forming double bond has preferentially Econfiguration

when

tetraalkylphosphonium

salts

are

used

as

opposed

to

alkyltriphenylphosphonium salts. To pursue this, tetrapropylphosphonium bromide was treated
with nBuLi at room temperature followed by addition of aldehyde 8 and after 30 minutes of
stirring ester 9 was formed inn 58% yield. The unsaturated ester was de-protected and oxidized
to give a mixture of E/Z-11-tetradecenal in the ratio 88:12. Optimization of the E/Z ratio is
ongoing, as the use of different bases and temperature or sulfone need to be investigated.
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Conclusions
A simple and cheap method for the desymmetrization of long-chain diols has been
developed. For the limited number of examples investigated the yields are excellent. Oxidation
of the alcohol followed by olefination leads to alkenyl-acetates in three simple steps. As there are
a large number of insect pheromones that have this general structure, this process provides a
rapid and efficient method for their synthesis. Also, we have shown that the 9-carbon acetate can
be converted to E-11-tetradecenal in 4 steps in 45% yield with an 88:12 mixture of
stereoisomers. To our knowledge, this is the first utilization of tetraalkylphosphonium salts for
the synthesis of the SBW pheromone.
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ABSTRACT
Large-scale aerial spraying operations against the spruce budworm (Choristoneura fumiferana Clem.)
with the biological insecticide Bacillus thuringiensis subsp. kurstaki (Btk), aims at maintaining trees alive
during outbreak episodes. This goal is currently achieved when ≥ 50% of current-year foliage is
preserved. However, it is unknown if this standard approach used in Quebec province is always
justified, or if less frequent interventions can provide similar results at a lower cost. We conducted
between 2010 and 2018 field experiments in Quebec's North Shore region to determine the efficacy of
five different protection scenarios in protecting balsam fir [Abies balsamea (L.) Mill.], white spruce
[Picea glauca (Moench) Voss], and black spruce [Picea mariana (Mill.) BSP] mixed stands. We
hypothesized that less frequent Btk applications can provide an adequate level of protection. After ten
years of defoliation, and eight years of intervention with Btk, our results show a clear effect of protection
scenarios on host tree species mortality caused by the spruce budworm. As the protection intensity
decreases, the volume of dead balsam fir increases (0% to 51%). Moreover, balsam fir mortality
remains higher then spruce trees. At this stage of the outbreak, our observations suggest that balsam
fir stands could be treated every 2 years, and white spruce every 3 years without significant mortality
level (4% and < 1%, respectively). Based on this study, it is possible to apply the required protection
level on a greater forested area at a comparable cost and optimize the benefits of Btk spraying
programs related to production objectives.

RÉSUMÉ
Les pulvérisations aériennes d'insecticide biologique (Bacillus thuringiensis var. kurstaki) sur de vastes
superficies infestées par la tordeuse des bourgeons de l'épinette (Choristoneura fumiferana Clem.),
visent à maintenir les arbres vivants jusqu'à la fin de l'épidémie. Cet objectif est normalement atteint
lorsque ≥ 50% du feuillage annuel est maintenu. Toutefois, on ignore si l’approche standard utilisée au
Québec demeure toujours justifiée ou si des interventions moins fréquentes permettent d'obtenir des
résultats similaires à moindre coût. Entre 2010 et 2018, nous avons réalisé une étude dans la région de
la Côte-Nord du Québec, afin de comparer l'efficacité de cinq différents scénarios de protection dans
des forêts composées de sapins baumiers [Abies balsamea (L.) Mill.], d'épinettes blanches [Picea
glauca (Moench) Voss], et d'épinettes noires [Picea mariana (Mill.) BSP]. L'hypothèse de départ stipule
que des applications moins fréquentes de Btk peuvent fournir un niveau de protection adéquat. Après
dix années de défoliation et huit ans d’intervention au Btk, les résultats démontrent un net effet des
scénarios de protection sur la mortalité des essences hôtes causée par l'insecte. À mesure que
l'intensité de la protection diminue, le volume de sapin mort augmente (0 à 51%). De plus, la mortalité
du sapin baumier demeure plus élevée que celle des épinettes. À ce stade de l'épidémie, nos
observations suggèrent que les peuplements de sapins baumiers peuvent être traités aux 2 ans, tandis
que les forêts d'épinettes blanches aux 3 ans sans subir une mortalité significative (4% et < 1%,
respectivement). D'après les résultats obtenus jusqu'à maintenant, il semble possible d'appliquer la
protection requise sur une plus vaste superficie à un coût similaire, tout en optimisant les retombées
des programmes de pulvérisations de Btk en fonction des objectifs de production.
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INTRODUCTION
During the previous spruce budworm outbreak (1967-1992), forest pest managers have adapted
their protection strategy according to the infestation spread, knowledge enhancement, and
resources availability. In the province of Quebec, aerial spraying programs involving insecticides
have been increasingly targeted between the 1970s and the late 1980s (Dorais 1992). Indeed,
approaches such as reducing the infestation intensity (1970-72), eradicating new epicenters
(1971), slowing the spread of the outbreak (1973-74), protecting the current shoots (1975-84), and
protecting the new foliage of the most vulnerable forests were implemented successively. The last
strategy is still applied against the spruce budworm in Quebec. The first spray is carried out after
one year of moderate to high defoliation level, to protect at least 50% of the annual foliage. The
achievement of this objective throughout the outbreak results in a low risk of balsam fir mortality
(Hardy and Dorais 1976).
However, this approach has major limitations and it also raises several issues. First, this strategy
constitutes a form of annual subscription to the same infested areas for the whole outbreak. This
allows limited room for additional areas of forest requiring protection, given the tight budgets. Thus,
the average of protected/infested forest ratio stays around 4% since the beginning of this SBW
outbreak. This is quite small regarding protection needs to maintain socioeconomic activities
related to various forest resources. Currently, only a portion of the forest lands dedicated to wood
production is included in spraying programs against the SBW in Quebec. According to the use of
forest lands, the type of production, and the host tree species affected by the insect, it is important
to determine if the protection target should always be 50% of the current foliage. Moreover, as
current wood products available on the market require high-quality fiber, lowering protection costs
would allow protecting larger areas with the same budget, thus reducing tree mortality and
increasing wood supply stability.
Considering the availability of financial resources dedicated to forest pest management, it is crucial
to use these funds the most efficiently as possible. The major challenge remains to do more
effective protection with the available financial resources. To achieve this, it becomes reasonable
to work on aerial spray programs optimization from the beginning of an outbreak and until the end.
Even if many authors have studied forest management and protection combinations in relation to
intervention priorities and economic concerns, the results associated with variable protection
regimes with Btk are not well known by forest pest managers. On the other hand, the current SBW
outbreak occurs in a forest multiple use context, within which protection objectives should be
established for other values than wood production.
In 2007, we initiated a long-term study in which we compare four spray scenarios, along with a
gradient of intensity, with unsprayed forest stands, in a region affected by a severe outbreak of the
spruce budworm in Quebec. Our main goal is to evaluate and compare the efficacy of these
protection scenarios against the SBW, using biological insecticide Bacillus thuringiensis var.
kurstaki (Btk) aerial applications. The studied scenarios are defined as follows:
1)
2)
3)
4)
5)

No protection or control
Btk treatment every 3 years
Btk treatment every 2 years)
Standard Btk protection
Btk intensive protection

The intensity of spraying interventions and associated costs are directly related to the protection
scenarios included in the study (table 1).
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TABLE 1

ANTICIPATED INTERVENTIONS AND TREATMENTS (NUMBER OF BTK APPLICATIONS)
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2019

2020

2021

Year

0

0

0

0

0

0

0

0

0

0

0

0

0

Scenario

No protection
Every 3 Years

1

Every 2 Years

1

Standard
Intensive

1

2
2

2
2

10

11

12

2

2

2

2

2

2

2

2

2

2

2

2

2

2

1

2

3

3

3

3

3

3

3

3

2

1

The study will be conducted along five major perspectives: efficacy of Btk treatments, timber
quality, wood losses (growth, mortality), effects on carbon balance, and required investments.
Using a benefit/cost analysis, the project will lead us to determine the more efficient scenario or
complementary scenarios, that can be considered as an optimal strategy to minimize the impact of
spruce budworm on susceptible forests.
The forest pest managers are interested in annual and long-term efficacy of Btk against the spruce
budworm. In practice, this biological insecticide has been operationally introduced at the end of the
previous outbreak. Therefore, several of them are speculating about its effectiveness in high SBW
population levels. This is a key issue in this research because when Btk treatments are not applied
every year, it is common to observe some SBW population buildup in untreated areas.
SBW impacts on softwood production are widely documented in unprotected forest stands, but in
protected forests, the literature is quite scarce. Regarding variable protection regimes against the
SBW, the assessments of growth losses and mortality levels remains non-existent. The timber
quality following a spruce budworm epidemic and woodboring insect attacks has become
increasingly important for the forest industry.
The carbon balance represents a new reality in forestry and in integrated forest pest management
(Hennigar and MacLean 2010; Dymond et al. 2010). Natural disturbances like SBW outbreaks can
create an additional carbon source, but forest protection with Btk could help to reduce CO2
emissions. If this hypothesis is founded, it becomes possible to obtain more support from the
environmental community as opposed to the use of biological pesticides.
INFESTATION PATTERN
Spruce budworm defoliation was first observed in 2006 on the Ste. Lawrence North Shore (table
2). From 2007 to the present, SOPFIM has carried out annual SBW population and damage
assessments in the 20 experimental units included in the project. In order to give an overview of
the infestation pattern observed in the study area, please refer to the history of male moth
captured in pheromone-baited traps (figure 1), young hibernating larvae or L2 counts (figure 2),
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spring larvae counts (L3) per 45-cm branch tips (figure 3), and current foliage defoliation caused
by the SBW (figure 4), in five untreated plots of 100 hectares.
FIGURE 1

ANNUAL SBW MOTH CAPTURE IN UNTREATED AREAS (MALE/TRAP).
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FIGURE 2

ANNUAL SBW HIBERNATING LARVAE COUNTS IN UNTREATED AREAS (L2/10M
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TABLE 2

AREA OF DEFOLIATION BY SBW IN QUEBEC’S NORTH SHORE REGION FROM 2006 TO
2018 (MFFP 2018).

Defoliation category (ha)
Year

Total

Light

Moderate

Severe

2006

1 780

435

104

2 319

2007

18 109

18 795

17 086

53 990

2008

20 550

30 729

40 311

91 590

2009

47 937

59 167

82 177

189 281

2010

140 346

189 915

206 081

532 342

2011

474 310

450 877

397 425

1 322 612

2012

567 999

592 261

585 054

1 745 314

2013

287 502

712 711

1 465 507

2 465 721

2014

457 193

937 419

1 551 744

2 946 357

2015

914 548

1 652 384

1 187 673

3 754 605

2016

1 375 034

1 550 427

825 414

3 750 875

2017

809 955

1 378 952

1 197 007

3 385 915

2018

969 804

1 769 538

849 920

3 589 262

MATERIALS AND METHODS
Study area
The study area is located in Quebec’s North Shore region, more specifically between Forestville
and Rivière-Pentecôte, where the SBW has affected softwood stands over the last 10 years. The
experimental design refers to 20 experimental units (100 ha each) established at least one year
prior to spruce budworm moderate defoliation in balsam fir-white spruce-black spruce mixed
forests, belonging to 30, 50 and 70-year old stands, and divided into five (5) protection scenarios
(figure 5).
Btk application and efficacy assessment
The insecticide applications were carried out on an operational basis using all the available
resources in terms of aircraft and registered Btk products. Foray 76BTM and Bioprotec HPTM are
Btk strain HD-1 commercial formulations at nominal potency of 20.0 billion international units per
liter (BIU/L) (Abbott Laboratories, Chicago, IL; on behalf of Valent Bio-Sciences Corporation,
Libertyville, IL, and AEF Global Inc, Lévis, QC, respectively). Both Btk formulations were applied to
the experimental blocks, which are described above. Over the years, many aircraft were used
(Cessna 188; Dromader M-18; Air Tractor 402, 502, 504, 602 and 802) with six or eight Micronair
atomizers (Micronair Sprayers Ltd, Bromyard, UK), respectively. Micronair atomizers, spinning at
3,195 g, were located within 75 % of the total wingspan. These aircraft were flown between 161
and 210 km/h, with 50, 80 or 100-m spray widths. Aerial treatment occurred early in the morning or
at dusk under good weather conditions (low wind speed, no rain). The flow rate through the
nozzles was calibrated to deliver 1.5 L/ha or 30 BIU/ha. Btk formulations were applied one to three
times to the sprayed plots according to protection goals of each scenario. The first aerial
application of Btk against the spruce budworm was targeted at third to early fourth-instar larvae
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(beginning to mid-June), whereas the second and third applications were carried out 5 and 10 later
respectively. Btk treatments were timed to coincide with early flushing of balsam fir shoots. This
timing provides optimal protection to balsam fir and does not reduce treatment efficacy in reducing
final defoliation in white spruce and black spruce (Cadogan and Scharbach 1993, Carisey et al.
2004).
FIGURE 5

LOCALIZATION OF EXPERIMENTAL UNITS

In each block, two 45-cm branch tips were collected from the upper mid crown of 15 balsam fir
trees selected along three transects perpendicular to the flight lines. The first sample was collected
24-48 hours before the spray (pre-spray assessment) and the second, at the end of the insect
feeding period (post spray at 85% pupae stage). For both samples, all the standard information
has been collected (shoot development index, insect development index, insect count by branch
and bud, current foliage defoliation).
Timber quality and growth losses
At the end of the outbreak, growth loss and timber quality assessments are planned on balsam fir,
white spruce and black spruce belonging to 30, 50 and 70 years old. A subsample among 135
trees per experimental unit (15 trees-per species and age classes) will be cut down for the
analysis.
Mortality of host species
In each block, three plots (r = 11,28 m) are measured every year in order to evaluate the volume of
mortality caused by the insect. The natural mortality is retrieved from the total amount of dead
trees.
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Carbon balance
All the information regarding defoliation, growth losses, and tree mortality will be collected for the
carbon balance evaluation. Available models and others in development by the scientific
community are susceptible to be used for this issue.
Benefit-cost analysis
Every year, spraying operation costs are calculated and reported in actual cash value. At the end
of the outbreak, the total investment for each protection scenario will be compared to the wood
volume saved by the interventions.

RESULTS
Btk impact on SBW populations
In general, spruce budworm larval density increase in most Btk spraying application scenarios
between 2007 and 2013 and suddenly decreased in 2014 and 2015 (figure 6). Spruce budworm
larval density increased in 2016 and 2017 before decreased again in 2018 in all Btk spraying
application scenarios. Analysis indicated that spruce budworm larval density on balsam fir
fluctuated annually (F11,229=69.11; p<0.0001) and aerial application of Btk on stand influenced
negatively larval density (F1,229=16.34; p<0.0001) at the local scale.
FIGURE 6

SPRUCE BUDWORM ANNUAL LARVAL DENSITY (MEAN ± SE) ACCORDING TO BTK
PROTECTION SCENARIOS
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Residual photosynthetic capacity
The efficacy of each spraying scenario in protecting balsam fir, white spruce and black spruce
against spruce budworm was compared according to the photosynthetic capacity retained by trees
affected by spruce budworm defoliation between 2010 and 2018. Residual photosynthetic capacity
(RPC) not only takes into consideration the impact of several years of defoliation (and, therefore,
tree capacity to recover after the end of outbreaks (Hardy and Dorais 1976)), it also seems to be
much less affected by spruce budworm population fluctuations as shown by low RPC fluctuation
among years (Fuentealba et al. 2019). The first Btk spray on a given experimental unit marked the
first year of the treatment in that particular plot. As treatment began in various years in each
experimental unit, scenario efficacy was assessed according to the number of years after the
beginning of the treatment of a given scenario rather than by the calendar year.
RPC (%) was estimated using the following formula based on the estimated contribution to total
photosynthetic capacity of foliage of different ages reported by Clark (1961) for balsam fir and
white spruce, and by Hom and Oechel (1983) for black spruce:
RPCn (%) = 100-((Dn × PCn) + (Dn-1 × PCn-1) + (Dn-2 × PCn-2) + (Dn-3 × PCn-3) +(Dn-4 × PCn-4) + (Dn-5 ×
PCn-5) + (Dn-6 × PCn-6))
where RPCn is the residual photosynthetic capacity in year n, Dn is the defoliation (%) in year n,
Dn−1 is the defoliation in year n−1, and so on. For further details of the specific formulae used for
each host species, we refer to Fuentealba et al. (2019).
Defoliation level during the 2010-2018 period varied significantly between host species as well as
among spraying scenarios and number of years after the first treatment. As expected, balsam fir
sustains greater defoliation than both spruce species (figure 7). In general, units assigned to
intensive spraying scenarios sustained less defoliation, but even these units sustained defoliation
rates over 50% in years where larval population densities were very high (figure 7). As for black
spruce, a defoliation level above 50% was occasionally observed in experimental units managed
according to light (Btk every 2 years), very light (Btk every 3 years) and no protection scenarios
whereas those units assigned to standard and intensive protection showed defoliation rates below
50% during the whole 2010-2018 period (figure 7).
Throughout the 2010-2018 period, white spruce maintained a greater RPC after spruce budworm
defoliation than balsam fir (figure 8). Standard and intensive Btk spraying scenarios (Btk
applications every year) were the most efficient in protecting RPC in both host trees. Btk
applications every 2 years maintained an interesting RPC (44% and 53% for balsam fir and white
spruce, respectively), nearly comparable to the standard scenario, especially in white spruce for 7
out of 8 years (figure 8). RPC fell to 31% and 39% in balsam fir and white spruce respectively in
the last year of the study period. For both host species, RPC decreased with the number of years
of moderate to severe defoliation. However, this response varied among spraying scenarios. RPC
decreased sharply in unprotected plots and, to a lower extent, in plots treated every 3 years. Even
though experimental units protected every 2 years showed a constant reduction in RPC through
the years, an increase was observed by the end of the study period in both host species. However,
this tendency was reversed the last year of the study period. Despite the negative impact of
defoliation on RPC, standard and very intensive scenarios succeeded in keeping RPC above the
50% target throughout the study period with the sole exception of the last year in which RPC fell
below this threshold in balsam fir (5%, 27%, 31%, 37% and 63% RPC for no protection, Btk every
3 years, Btk every 2 years, standard and intensive strategy respectively) (figure 8). Despite the
reduction in black spruce RPC observed with the number of years after the first treatment, RPC
remained above 50% in almost all plots regardless of the spraying scenario. The sole exception
occurred the last year of the study period when RPC fell to 42% in unprotected plots.
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FIGURE 7

SPRUCE BUDWORM ANNUAL DEFOLIATION ACCORDING TO BTK PROTECTION
ST
SCENARIOS OVER 8 YEARS AFTER THE 1 TREATMENT (LSMEAN ± SE).

FIGURE 8

RESIDUAL PHOTOSYNTHETIC CAPACITY (RPC) ACCORDING TO BTK PROTECTION
ST
SCENARIOS OVER 8 YEARS AFTER THE 1 TREATMENT (LSMEAN ± SE).
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Host tree species mortality
The results of the previous section suggest that the risk of tree mortality increases with the length
of the spruce budworm outbreak as it lowers tree RPC. However, the observed reduction in tree
RPC has not yet resulted in high mortality rates in all protection scenarios and host species (figure
9). Balsam fir has sustained, as expected, higher mortality than spruce species. This is especially
clear in unprotected plots wherein average 51% of balsam fir volume has been lost due to tree
mortality so far as opposed to white spruce and black spruce volume losses (3% and 4%
respectively). Unlike unprotected plots, plots assigned to the other protecting scenarios exhibit
overall volume losses below 5% due to tree mortality (figure 9). The sole exception is observed in
plots protected every 3 years where 18% of balsam fir volume was lost due to tree mortality by the
eighth year of the study (figure 9).
FIGURE 9

SBW HOST TREE SPECIES CUMULATIVE MORTALITY (% VOLUME) ACCORDING TO BTK
PROTECTION SCENARIOS
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Most of the tree mortality in unprotected plots have occurred during the last two years of the study
period (figure 10) which suggest that tree mortality will likely increase in the following years. It is
noteworthy that balsam fir mortality starts after 5 years of severe defoliation (2016) (figure 10)
which concur with previous reports that shows that, for past outbreaks and a wide range of
locations, balsam fir mortality consistently began after 4 or 5 years of severe defoliation (Blais
1958, MacLean 1980, 2016). Now that we have passed the peak of the outbreak, tree mortality
should increase and last several years after the end of the outbreak. Indeed, previous studies
conducted during the previous outbreaks reported that tree mortality continues several years after
cessation of defoliation in individuals that have lost 75% or more of their foliage biomass (Blais,
1958, 1981).
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FIGURE 10

EVOLUTION OF SBW HOST TREE SPECIES CUMULATIVE MORTALITY (% VOLUME) IN
UNPROTECTED PLOTS
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CONCLUSION
This year, SBW host tree species mortality assessment shows a clear increase in wood volume
losses comparatively with 2017. Most of the insect impact remains on the most vulnerable species
(balsam fir). At this stage of the outbreak, mortality of the spruce trees is very low. After 10 years
of defoliation, we are entering in the most critical period of the outbreak because the mortality will
increase very rapidly in the untreated plots.
However, at the present stage of the outbreak, our results show that the mortality of host tree
species is related to the protection intensity represented by the different protection scenarios. At
this time, it seems possible to suggest that balsam fir stands could be treated every 2 years and
white spruce every 3 years without significant mortality levels.
In order to select the best protection scenario based on the benefit/cost analysis, it is important to
keep in mind that the total impact on the forest stands should be considered (mortality, growth
losses, wood quality), as the production objectives of the land manager. As far as we can see right
now, the selection of protection scenarios will be related to the tree species, the development
stage of the infested stands, and to the production objectives associated with the forest lands.
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Abstract
The emerald ash borer (EAB), Agrilus planipennis is a serious non-indigenous pest in
North America causing extremely high levels of mortality to ash trees (Fraxinus spp., Oleaceae)
in the USA and Canada. Knowledge of buprestid chemical ecology is sparse but the appearance
of EAB in North America and its devastating ecological and economic impacts have afforded an
opportunity to study the semiochemistry, biology and ecology of this buprestid in detail (Silk &
Ryall 2014). We provide the first evidence of a pheromone in the Buprestidae for EAB as the
female-produced lactone (3Z)-dodecen-12-olide (3Z-lactone) (Silk et al. 2011). Adding (3Z)lactone to green sticky prism traps baited with (3Z)-hexenol (host volatile) consistently increases
trap captures with an attractive range of at least 25m. Traps placed in exposed positions on the
south aspect of the tree canopy had highest trap captures and detection rates at very low insect
densities. We have also developed reliable sampling techniques to estimate incidence and density
of EAB by sampling branches and progressively shaving away layers to reveal larval tunnels
(Ryall et al. 2011; Turgeon et al. 2015). Positive correlation between trap capture and branch
larval density has been found. Both methods detect EAB at low densities. We recommend
integrating pheromone trapping and branch sampling, along with visual observations, to detect,
delimit and monitor EAB.
Résumé
L'agrile du frêne (EAB), Agrilus planipennis, est un ravageur non indigène grave en
Amérique du Nord causant des taux de mortalité extrêmement élevés chez les frênes (Fraxinus
spp., Oleaceae) aux États-Unis et au Canada. La connaissance de l'écologie chimique du
buprestide est rare, mais l'apparition de l'agrile du frêne en Amérique du Nord et ses impacts
écologiques et économiques dévastateurs ont été l'occasion d'étudier en détail la sémiochimie, la
biologie et l'écologie de ce buprestidé (Silk & Ryall 2014). Nous fournissons la première preuve
d'une phéromone chez les Buprestidae pour l'AF sous forme de lactone (3Z) -dodécén-12-olide
(3Z-lactone) produite par une femme (Silk et al. 2011). L'ajout de (3Z) -lactone à des pièges à
prisme collants verts munis d'un (3Z) -hexénol (hôte volatile) augmente de manière constante la
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capture de pièges avec une portée attractive d'au moins 25 m. Les pièges placés dans des
positions exposées sur la face sud de la canopée avaient les taux de capture et de détection les
plus élevés, à des densités d'insectes très faibles. Nous avons également mis au point des
techniques d'échantillonnage fiables pour estimer l'incidence et la densité de l'agrile du frêne en
échantillonnant des branches et en découpant progressivement les couches pour faire apparaître
des tunnels larvaires (Ryall et al. 2011; Turgeon et al. 2015). Une corrélation positive entre la
capture du piège et la densité larvaire des branches a été trouvée. Les deux méthodes détectent
l'agrile du frêne à de faibles densités. Nous recommandons d'intégrer le piégeage à la phéromone
et l'échantillonnage de branches, ainsi que les observations visuelles, pour détecter, délimiter et
surveiller l'EAB.
Project Details
The emerald ash borer (EAB), Agrilus planipennis is a serious non-indigenous pest in
North America causing extremely high levels of mortality to ash trees (Fraxinus spp., Oleaceae)
in the USA and Canada. Knowledge of buprestid chemical ecology is sparse but the appearance
of EAB in North America and its devastating ecological and economic impacts have afforded an
opportunity to study the semiochemistry, biology and ecology of this buprestid in detail (Silk &
Ryall 2015). We provide the first evidence of a pheromone in the Buprestidae for EAB as the
female-produced lactone (3Z)-dodecen-12-olide (3Z-lactone, 2) (Silk et al. 2011). Adding (3Z)lactone to green sticky prism traps baited with (3Z)-hexenol (1) (host volatile) consistently
increases trap captures and provides good detection rates at low insect densities. (Ryall et al.
2012). Here we show data indicating an estimate of the attractive range of the pheromone trap. In
addition we present data on the synthesis of fluoro-analogs (5-9) of the lactone as a prelude to
developing a molecular receptor probe(s) for EAB sex pheromone mimetics.
A. Background and Rationale
1. Objective:
To develop tools for early detection and possible mitigation and management of the
emerald ash borer, by chemically identifying, synthesizing, and field testing semiochemicals that
elicit sex-based mate location, including contact- and volatile (acting at a distance) sex
pheromones, and evaluation of their potential synergism with ash volatiles.
2. Background:
The emerald ash borer (EAB) Agrilus planipennis Fairmaire (Coleoptera: Buprestidae) is
an invasive beetle species originating from Asia that has killed millions of ash trees (Fraxinus
spp.) in the USA and Canada (Cappaert et al. 2005). It has now been established in 35 states and
5 provinces. Western Europe is also under threat with its recent emergence in Russia. Monitoring
of its rapid spread has proven very difficult because trees remain asymptomatic for some time
before EAB damage appears. Improved detection methods and tools are urgently required but
there is a paucity of information on the chemical ecology of this insect.
Development of a pheromone-based lure for EAB would aid urban foresters in
identifying incipient outbreaks, and delineating areas likely to experience ash damage. A system
to monitor density of adult beetles would give urban foresters and regulators advance notice of
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areas likely to experience infestation/damage and, thus, sufficient time to make management or
control option decisions. Therefore, semiochemicals represent a potentially effective method to
detect, monitor, and possibly mass-trap or effect mating disruption of emerald ash borer. To
date, our data are the first to demonstrate synergy in attraction of a sex pheromone and green leaf
volatile in a buprestid species (Silk et al. 2011).
In this study, we began a series of experiments to estimate the ”active space” of the
lactone baited trap system, This data is extremely useful in calculating trap densities for EAB
detection, Although the natural sex pheromone of EAB is the female-produced (3Z)-dodecen-12olide 2, similar biological activity is also found in the (3E)-stereoisomer 3 (Silk et al. 2011). In
this present work we now show that the saturated analog, dodecan-12-olide 4, also has biological
activity in terms of electrophysiological and olfactometer responses and trapping efficacy
indicating not only function but also plasticity in pheromone structure, perception and response
(Silk et al. 2015). The synthetic fluoro-analogs 5-9 were tested for EAG activity.
B. Methods
Fluoro-analogs: A series of five 12-dodecanolides have been synthesized containing CF2 groups
at C5 (5), C6 (6), C7 (7), C8 (8), and in one case, a double substitution at C5 & C8 (9), in order
to bias the conformational space accessed by these macrocycles, and to assess if the analogs may
act as mimetics for the natural 12-dodecenolide pheromones that are associated with the emerald
ash borer (Zhang et al. 2019).
Trapping Study: Ten pairs of green prism traps pre-coated with PestickTM (Synergy
Semiochemicals, Burnaby, BC, Canada) and were hung in the outer portion of the mid-crown (at
ca. 4-6m height) of healthy ash trees in Barrie, Ontario in 5 sites with low densities of EAB. A
south-westerly aspect was used in order to maximise sunlight on traps. This method was selected
for parity with previous fieldwork in this subject area resulting in successful capture of A.
planipennis in ultra-low population densities with no visible signs of infestation. All traps were
loaded with the green leaf volatile (3Z)-hexenol 1, with one trap per pair also baited with 3.0 mg
of the female produced pheromone (3Z)-lactone 2. A. planipennis were removed from the traps
at four fortnightly intervals.
C. Results and Discussion:
Synthesis of F-analogs and EAG data: Individual syntheses of 5,5-difluoro-, 8,8-difluoro-, 6,6difluoro-, 7,7-difluoro- and 5,5,8,8-tetrafluoro 12-decanolides (5-9) were achieved, and X-ray
structural data were obtained for three of these compounds (Fig 1; Zhang et al. 2019). The
structures show clearly that the CF2 groups occupy "corner" locations in the macrocycle
consistent with their ability to bias accessible conformations. The fluorinated 12-dodecanolides
all generated an electroantennogram response in female beetles (Fig. 2) and behavioral response
in trapping (all isomers; data not shown); the differences were not significant but we anticipate
using SSR (single sensillum recordings) to differentiate analogs.
Trapping Results: Although the baseline success rate of traps containing (3Z)-hexenol alone is
not significantly reduced compared with traps containing (3Z)-lactone, the overall trap
effectiveness is substantially increased where (3Z)-lactone is present (Fig. 3).
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Without transformation the data shows a large amount of variation. The t-stat is greater
than the critical value at the 0.05 level indicating that there is a linear relationship between intertrap distance and catch proportion (Fig. 4). The range of attraction of the combined (3Z)-lactone
and (3Z)-hexenol bait was studied by quantifying the interference of active traps, using traps
which do not have the pheromone as a baseline for evaluation (taking the place of a control). The
number of treatments and arrangement can skew results, and interference may obscure the true
treatment effect.
Adding (3Z)-lactone to green sticky prism traps baited with (3Z)-hexenol (host volatile)
consistently increases trap captures with an attractive range of at least 25m (Fig. 5); the data is
plotted in a Poisson model. Preliminary data from the other sites indicates a considerably longer
range (analysis in progress). Traps placed in exposed positions on the south aspect of the tree
canopy had highest trap captures and detection rates at very low insect densities.
We had previously developed reliable sampling techniques to estimate incidence and
density of EAB by sampling branches and progressively shaving away layers to reveal larval
tunnels (Ryall et al. 2011; Turgeon et al. 2015). Positive correlation between trap capture and
branch larval density has been found (Ryall et al. unpublished). Both methods detect EAB at low
densities. We recommend integrating pheromone trapping and branch sampling, along with
visual observations, to detect, delimit and monitor EAB.
E. References
Musolin, D.L., Selikhovkin, A.V., Shabunin, D.A., Zviagintsev, V.B. and Baranchikov, Y.N.
2017. Between ash dieback and EAB: two Asian invaders and the future of ash in
Europe. Baltic Forestry 23(1):316-333.
Cappaert, D., Mccullough, D.G., Poland, T.M. and Siegert N.W. 2005. Emerald ash borer in
North America: a research and regulatory challenge. Am Entomol 51: 152–165
Zhang, Q., Teschers, C., Cellejo, R., Yang, M., Wang, M., Silk, P.J., Ryall, K., Roscoe, L.E.,
Cordes, D., Slawin, A.M.Z. and O’Hagan, D. 2019. Synthesis of fluorinated 12dodecanolides as emerald ash borer pheromone mimetics, Tetrahedron, in review.
Ryall, K.L., Fidgen, J.G. and Turgeon, J.J. 2011. Detectability of the emerald ash borer
(Coleoptera: Buprestidae) in asymptomatic urban trees by using branch samples. Environ
Entomol 40(3): 679-688.
Ryall, K., Silk, P.J., Mayo, P., Crook, D., Khrimian, A., Cossé, A., Sweeney, J. and Scarr, T.
2012. Attraction of Agrilus planipennis (Coleoptera: Buprestidae) to a volatile
pheromone: Effects of release rate, host volatile and trap placement Environ. Entomol
41(3): 648-656.
Silk, P.J., Ryall, K., Mayo, P., Lemay, M., Grant, G., Crook, D., Cossé, A., Fraser, I., Sweeney,
J.D., Lyons, D.B., Pitt, D., Scarr, T. and Magee, D. 2011. Evidence for a volatile
pheromone in Agrilus planipennis Fairmaire (Coleoptera: Buprestidae) that increases
attraction to a host foliar volatile. Environ Entomol 40: 904–916.

SERG International 2019 Workshop Proceedings

292

Silk, P.J. and Ryall, K. 2015. The chemical ecology of the emerald ash borer, Agrilus
planipennis. A review. Can Entomol 147: 277-289.
Silk, P.J., Ryall, K., Mayo, P., MaGee, D.I., Leclair, G., Fidgen, J., Lavallée, R., Price, J. and
McConaghy, J. 2015. A biologically active analog of the sex pheromone of the emerald
ash borer, Agrilus planipennis Fairmaire. J Chem Ecol 43(3): 294-302.
Turgeon, J.J., Fidgen, J.G., Ryall, K.L., and Scarr, T.L. 2015. Estimates of emerald ash borer
(Coleoptera: Buprestidae) larval galleries in branch samples from asymptomatic urban
ash trees (Oleaceae). Can Entomol 148: 361-370.
F. Acknowledgements:
This project was funded with support from SERG International Funds with contributions from
CFS, FPL and also indirectly from the Atlantic Canada Opportunities Agency Atlantic
Innovation Fund (ACOA-AIF) “Integrated Research and Development and Commercialization
of Pheromones and other Semiochemical Products for Management of Insect Pests in Agriculture
and Forestry. We thank Matt Brophy, Gene Jones for technical help. We also thank the City of
Barrie, Ontario. All experiments reported here comply with the laws of Canada.
G. Funding: ACOA-AIF 27K; CFS 20K.

Fig. 1. Semiochemicals and F-analogs of sex pheromone
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Fig. 2. Electroantennogram-detection (EAD) analyses of 12-dodecanolides 5-9 of the antennae
of female A. planipennis beetles against hexane and the pheromone, 3Z-lactone 2.

Fig. 3. Trap Count data
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Fig. 4. Attractive range

Fig. 5. Distance analysis. Poisson model of distance data. 3Z-Hexenol EAB count =
exp(Intercept+ Slope* dist to nearest H+L)
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Validation of emerald ash borer branch sampling and estimation of 2 year life cycle in
northern populations.
C J K MacQuarrie, K Ryall, J Fidgen
NRCan Canadian Forest Service, Great Lakes Forestry Centre, Sault Ste. Marie, Ontario.

Abstract
This report presents the results of sampling to assess the frequency of two-year life cycle in new
infestations of emerald ash borer (EAB) in Canada, and an assessment of the accuracy of the
branch sampling method in northern EAB populations. An analysis of samples taken in late 2016
from Thunder Bay, Ontario validated the branch sampling method. To test these findings, in
2017 we sampled trees in Thunder Bay, Ontario, near Barrie, Ontario, and in Quebec City,
Quebec and in 2018 we obtained additional samples from Quebec City, as well as from new
detections in Edmundston, New Brunswick and Bedford, Nova Scotia. In our analysis we also
included achieved data collected near Dutton, Ontario in 2005, and from Oakville, Kitchner and
Pickering Ontario collected between 2010 and 2012. The analysis of these samples confirmed the
utility of branch sampling in detecting small and incipient populations of emerald ash borer
before symptoms are evident. There was large variation in the frequency of the two year life
cycle in the different populations. In general these did not appear to follow a latitudinal gradient
as expected.

Résumé
Ce rapport présente les résultats d’un échantillonnage effectué pour évaluer la fréquence d’un
cycle de vie de deux ans dans les nouvelles infestations d’agrile du frêne au Canada, ainsi qu’une
évaluation de l’exactitude de la méthode d’échantillonnage de branches dans les populations
nordiques d’agrile du frêne. Une analyse des échantillons recueillis à la fin de 2016 à Thunder
Bay (Ontario) a validé la méthode d’échantillonnage de branches. Pour vérifier les constatations,
nous avons échantillonné des arbres en 2017 à Thunder Bay (Ontario), près de Barrie (Ontario)
et à Québec (Québec) et, en 2018, nous avons obtenu d’autres échantillons de Québec, ainsi que
de nouvelles détections à Edmundston (Nouveau-Brunswick) et à Bedford (Nouvelle-Écosse).
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Nous avons inclus dans notre analyse des données recueillies près de Dutton (Ontario) en 2005,
et des données recueillies à Oakville, à Kitchner et à Pickering (Ontario) de 2010 à 2012.
L’analyse de ces échantillons a confirmé l’utilité de l’échantillonnage de branches pour détecter
les petites populations et les populations naissantes de l’agrile du frêne avant que les symptômes
soient apparents. Une grande variation a été observée dans la fréquence du cycle de vie de deux
ans dans les différentes populations. En règle générale, celles-ci ne semblaient pas suivre un
gradient latitudinal, contrairement à ce que nous attendions.

Introduction
Emerald ash borer was discovered in Thunder Bay Ontario in the summer of 2016, in Sherbrooke
Quebec, Quebec City, Quebec and Winnipeg, Manitoba in 2017 and in Edmundston, New
Brunswick and Bedford, Nova Scotia in 2018. Among these populations are those that have the
distinction of being the most northern (Winnipeg) and eastern (Bedford) in North America, and
the western-most population (Winnipeg) in Canada. At all sites estimates of the population age
suggest the insect has been present for at least 2-3 years, if not longer.
When it was first discovered, anecdotal reports indicate two potentially unique phenomena of the
Thunder Bay population. The first was that the insect may be infesting the trunk and bole of trees
sooner than in more southern populations (i.e., while populations are younger); and 2) that a
higher proportion of the population may be in a two year life cycle compared to southern
populations. If these anecdotal accounts are true then these phenomena would have the potential
to impact how EAB is managed in other northern populations. First, if EAB infests the trunk
earlier than it does in southern populations that behaviour would decrease the utility of branch
sampling (Ryall et al. 2011) to detect populations and may require an adjustment to the method.
Second, a higher frequency of a two-year life cycle would slow the growth rate of populations
and influence how fast populations spread and the rate at which trees die. Moreover, a slower
population growth rate could increase the frequency of overwintering mortality as a higher
percentage of insects spend the winter in unsuitable stages. Resolving these two issues is
imperative as it may influence the ability to detect and assess the risk of future invasions to ash
in western Canada, and uninvaded parts of Quebec and the Maritimes.
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In 2016 we undertook sampling to obtain samples of early stage EAB populations from Thunder
Bay. In 2017, we planned sampling to occur in Thunder Bay and at a new EAB infestations in
Ontario near Oro-Medonte. The detection of EAB in Quebec City in 2017 and in New
Brunswick and Nova Scotia in 2018 presented opportunities to obtain samples from these sites as
well, so we expanded our sampling to include trees from areas around the new detections. We
supplemented these new data with additional information from sites in Ontario collected between
2005 and 2012. These data were collected from new infestations in urban and rural trees.

Methods
Validate branch sampling
We collected branches and bole sections from infested or putatively infested ash at three sites
(Thunder Bay, Ontario; Quebec City, Quebec; Oro-Medonte township, Ontario) in 2016 and
2017. The Thunder Bay and Quebec City trees were city trees growing either in parks or along
boulevards. The trees from Oro Medonte township were planted in a woodlot. In 2018 we
obtained samples from Edmundston, New Brunswick and Bedford, Nova Scotia.
Each branch and bole section that we collected was cut to be ca. 1 m long when the samples were
taken. At least 1 bole section and multiple branches were taken from each tree. The trees at some
sites in Quebec City were particularly large and the landowner (Parks Canada) wished to retain
some of the wood for other purposes, so the bole sections were slabbed using a portable sawmill
and only the slabs were retained. Previous work (MacQuarrie et al, unpublished) has shown that
slabbing EAB-infested trees to a minimum depth of 10 cm captures >95% of the resident EAB.
All ash material was peeled using draw knives and the EAB were extracted. During sampling,
we recorded the stage of EAB collected (larvae, prepupae, pupae, adult) and the number of old
galleries and exit holes. We also recorded signs and symptoms of EAB attack (e.g., epicormic
branches, woodpecker feeding). All samples collected were retained in 80% EtOH for further
analysis (see below).
We augmented these new data with additional samples from 4 sites (Kitchener, Oakville,
Pickering and Sault Ste. Marie, Ontario ) where the branch and bole density of EAB had been
determined in the same way. These samples were collected from new infestations of EAB
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between 2010 and 2012.
Analysis The data were analysed using similar same methods as in Ryall et al. (2011). We used
the presence or absence of EAB in the bole section of a tree as the response variable and then
determined the probability of detecting an EAB in the bole as a function of the number of EAB
larvae collected in the branch sample. The model predicts the branch density at which EAB can
successfully be detected in both the branch and bole of the tree. Below this critical density is
where EAB is only detected in branches.
To determine if the model determined using the data from Ryall et al. (2011) was a good fit to
the new data sets, we first fit independent logistic regressions to data from each site and
examined the results of those models. On the basis of this analysis, we then pooled all the new
data sets into a single data set and compared it to the data from Ryall et al. (2011), by fitting a
logistic regression with ‘data origin’ as a main effect. We then tested for the statistical
significance of the main effect using an analysis of deviance.
Frequency of two-year life cycle
Samples collected during the sampling in the first study were measured to determine the age of
each larvae. However, in this study we only used data collected since 2016 since samples
collected prior to then were not retained and thus could not be aged. We augmented these data
with an existing large dataset of larval measurements collected in 2005 from a then-new
infestation in an ash plantation near Dutton, Ontario (Lyons, unpublished) and a dataset of larval
measurements from samples collected in Barrie, Ontario in 2018 (K Blain, unpublished).
The age of EAB larvae can be determined using the width of the head capsule and the
conformation of the larvae when it was collected (prepupae are J-shaped and located within a
pupal chamber). Based on both when the sample was collected and the age of the larvae we
determined if it was likely in a one year or two year life cycle using criteria from (2015) (i.e.,
third and fourth instar larvae, prepupae, pupae and adults collected before 15 August were
assigned to the previous years’ generation. All other insects were assumed to be from the current
generation; based on an assumed flight period of ca. mid May to mid July).
Analysis We analyzed the frequency of each life stage sampled since 2016 relative to the total
distribution of ages within in the population, using each sampling site as a replicate. If a two year
life cycle is more common we expect a higher proportion of the population to be at a stage
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consistent with taking two years to complete development.
Results
Experiment 1
The independent data we used to test the branch sampling model had branch densities that
ranged from 0 to 224 EAB larvae per m2 (Figure 1). The independent fits of the logistic
regression model to the data from each site showed the expected pattern of an increasing
probability of detecting EAB in the bole of the tree with increasing branch density (Figure 1).

Figure 1: Fit of logistic regression model to EAB branch density data from 13 sites in eastern
Canada. Plots in top 3 rows are new data sets collected for this study, or obtained
independently. Data from Toronto (bottom panel) are the data used to determine the branch
sampling model in Ryall et al. (2011). Note the variation in the range of the x-axis. Ssm =
Sault Ste. Marie.

However, while the model was generally a good fit to the data from most of the sample sites,
some were a poor fit. For instance, Bedford and Edmundston did not resolve the expected
pattern. However, at these sites, the minimum observed EAB densities were all > 40 EAB/m2
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which is well into the range where we expect 100% of branch samples to be positive for EAB.
The opposite pattern is seen in the Sault Ste. Marie data (Ssm in Figure 1), where only low
densities were observed and all trees were negative for EAB in the bole of the tree. The only
poor fit of the model to the data is for Thunder Bay where there was no apparent trend between
the probability of EAB being present in the bole and increasing branch density. However, here
the lack of a pattern seems to be, in part, being caused by two trees where very high densities
were observed in the branches, but where no EAB were collected in the bole. This is the opposite
pattern than was predicted by the anecdotal observations made in 2016.
The second analysis, where we compared the pooled data from the new data sets to that from
Ryall (2011), showed that there was no effect of data origin on the result (p = 0.20) (Figure 2).

Figure 2. Fit of logistic regression model (solid line; shaded area shows confidence interval) to
the data from Ryall et al (2011) (right panel) and new data from nine sites in eastern Canada (left
panel). There is no statistically significant difference between the two model fits.

Experiment 2
The frequency of 2 year life-cycle averaged around 25% but varied from >75% to <10% at
individual sites(Figure 3). Our hypothesis was there would be a gradient in the frequency of a 2
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year life cycle that tracked closely with latitude, with latitude being a proxy for colder climates.
However the farthest north site (Thunder Bay) had the lowest percentage of individuals in a 2year life cycle, while one of the southernmost sites (Oro Medonte) had the highest frequency.
This would suggest that in this case, if there is a relationship between the frequency of a 2-year
life cycle and climate, latitude is not acting as a good proxy.

Figure 3: Relative proportion of developmental stages of emerald ash borer from seven sites in
eastern Canada. Stages in brown tones are most likely in a 2-year life cycle when samples were
taken, those in blue tones in a 1-year life cycle. Season when sampling occurred given in below
each site name.

Discussion
Branch sampling has been successfully used to detect incipient populations of EAB and delineate
new infestations. These results support the contention that branch sampling detects EAB
populations in trees at very low densities (i.e., <10 EAB/m2), that are much lower than when the
insect can first be reliably detected in the bole of the tree (i.e., around 40 EAB/m2; Figures 1 &
2). We found little evidence to support the anecdotal observation that EAB populations were
found in the boles of trees before infesting branches in the Thunder Bay samples. If this was true,
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we would have expected the opposite shape to the regression analysis for that city (Figure 1).
Instead we see more-or-less the same pattern as in other sites, and the highest observed densities
were seen in branches of trees where there was no EAB found the in the bole of the tree.
The ability of branch sampling to detect EAB at very low densities has potentially interesting
consequences for sampling the dynamics of the insect. This data shows that branch sampling can
locate populations that have densities around 10 EAB/m2. Others have shown (Anulewicz et al.
2007; MacQuarrie and Scharbach 2015) that this is close to the incipient point of EAB
infestations where they transition from an endemic, low-density dynamics to epidemic (outbreak)
high-density dynamics. The ability to detect populations near this critical density suggests that
there is an opportunity to exploit the method for the timing of control activities that would
suppress small populations, and potentially limit outbreaks. Presently, insecticides are the only
tactic available that could be used to target this stage of the population; however, this theory
would also apply to novel methods. These findings also support recent work that shows the costeffectiveness of the branch sampling method over traps at delineating new infestations
(Yemshanov et al, unpublished).

Experiment 2
We found high variability in the frequency of two-year life cycle in newly-detected EAB
populations in Canada. Contrary to our prediction, this variability does not appear to correlate
well with latitude. This suggests that latitude here may not have been a good proxy for climate at
these sites and we will need to investigate better proxies for climate (e.g., growing degree days)
and/ or control for any tree-level effects on developmental rate. Alternately, it may be that other
factors govern the frequency of two-year life cycles in EAB populations. Other studies have
shown that the frequency can be influenced by host (Liu et al. 2007), health status of the tree
(Tluczek et al. 2011) or stage of the outbreak (Cappaert et al. 2005; Siegert et al. 2010). Ongoing
work to develop degree-day models in different host types (MacQuarrie et al 2019) may help
resolve some of these issues.
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Abstract:
This report presents work towards a study of development rates in emerald ash borer reared
under laboratory conditions. The goal of this study is to construct development rate models for
all emerald ash borer life stages for use in risk assessments and improving the timing of control
tactics against the insect. In 2017 intial rearing experiments began testing development rates at
27 C (constant temperature). A total of 305 eggs were collected and used to establish 29 ash
mini-bolts. A subsample of these mini-bolts were then dissected over the following weeks of the
experiment. Preliminary analysis of these data are ongoing.

Résumé
Le rapport présente des travaux effectués en vue d’étudier le rythme de développement de
l’agrile du frêne élevé en laboratoire. Le but de cette étude est de mettre au point des modèles du
rythme de développement à toutes les étapes de vie de l’agrile du frêne pour évaluer le risque et
améliorer le moment de la réalisation des tactiques de lutte contre l’insecte. En 2017, nous avons
commencé à vérifier les rythmes de développement à 27oC (température constante) avec les
expériences d’élevage initiales. Un total de 305 œufs ont été recueillis et utilisés pour établir
29 petits blocs de frêne. Un sous-échantillon de ces petits blocs a ensuite été disséqué au cours
des semaines suivant l’expérience. L’analyse préliminaire des données est en cours.

Introduction
The relationship between emerald ash borer (EAB) development and temperature remains
unclear. There are no published estimates for the developmental rates of EAB adults, larvae and
pupae. Developmental thresholds have been estimated to predict the timing of adult emergence,
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but these are based on a minimum temperature threshold of 10 °C that has not been verified.
Anecdotal evidence suggests that populations in northern sites (e.g., Sault Ste. Marie, Thunder
Bay) emerge later and develop slower than populations further south, suggesting that
development varies across the landscape. Populations have also been observed to have a certain
percentage of individuals that exhibit a 2 year life-cycle, and that these percentages are higher at
cooler locations (e.g., in Sault Ste. Marie).
With information about EAB’s developmental rates we can predict many important processes,
for instance: the timing of adult emergence; when vulnerable life stages are likely to be present
in the population (e.g., for the timing of control measures); the geographic range within which a
population can complete its life cycle and; the population dynamics and rate of increase of
populations.
Methods
Study 1 - Developmental rates
Adult EAB will be obtained as they emerge from infested ash trees collected in southern Ontario.
The beetles will be fed to maturation on ash foliage and then provided with an oviposition
substrate. Eggs will be collected and randomised, and then placed in petri dishes for rearing at a
range of temperatures (e.g., 7, 10, 13, 17, 21, 25 and 30 °C) and monitored until hatching. Newly
hatched larvae will be similarly reared across the same range of temperatures, but will be divided
into two further cohorts. One cohort will be fed on the bark of North American green ash
(Fraxinus pennsylvanica), a highly susceptible host, whereas the second cohort will be fed upon
European Ash (Fraxinus excelsior). The results will indicate how rates of development are
influenced by host species as well as temperature. Development will be monitored regularly at
each phase of the study. For larvae, this will include measurements of mass, length and transition
(moulting) between instars. The subsequent development of pre-pupal and pupal life stages will
be similarly monitored up to adult emergence.
Pilot study
Wild-caught, lab-reared EAB adults were collected from emergence cages used for egg
production. Beetle sexes were identified and placed in sex-specific ventilated rearing cups with
hardened-off tropical ash (Fraxinus uhdei) foliage. Following at least a week of maturation
feeding sets of two males and two females were put in mating cups with fresh tropical ash

SERG International 2019 Workshop Proceedings

307

foliage and provided coffee filter paper for oviposition. Filter paper was replaced daily for egg
collection and foliage every three days. Eggs were assessed 24 hours later for viability,
darkening from a yellow to brown colour. Viable eggs were cut from the filter paper for
development within a 27 °C growth chamber on green ash.
A total of 305 EAB eggs were used, 290 on 29 sections of green ash in groups of ten and 15 in a
Petri dish to mark when the first instar began. Eggs attached to 5 cm diameter, 18-20 cm long
sections of ash, hereafter referred to as mini-bolts. Eggs were evenly distributed along the bark at
the top of mini-bolts, held in place by Parafilm. Mini-bolts remained moist within the chambers
sitting in 2 cm of fresh water.
Petri Dish eggs were checked daily for hatching. Subsets of mini-bolts were debarked every
three days to track the development of larvae. Three mini-bolts were randomly drawn and larvae
were excavated from beneath the bark. The numbers of eggs were limited so, if the first two
mini-bolts had nine or more larvae, the third mini-bolt would be used in the following sampling
period. Larvae were measure for head capsule width to assess instar using a micrometer attached
to a dissecting microscope. Excavated larvae from the same mini-bolt were then placed into a
fresh mini bolt to continue development. A small notch, longer than the larvae being handled,
will be cut into the section of ash. Within this notch the vascular tissue closest to the bark is
shaved down and a groove on the tissue closest to the heartwood that is wider than the larvae,
which will be placed within, the bark of the notch, and covered with Parafilm to keep secure.
Following the developmental period, mini-bolts will be moved to 10 °C for two weeks prior to 4
°C for a diapause period. After a diapause period (fall 2018 through winter 2019) mini-bolts will
be set up in emergence cages/cups for EAB to complete their life cycle, progressing through
pupae to adult life stages. Emerging adult beetles will be collected, sexed, and measured for
weight and elytra length.
Study 2 – Modelling.
Data developed in Study 1 will be analysed to determine developmental threshold temperatures
for each life stage, and a measure of the accumulated heat required for each stage to complete
development (day-degrees). The effect of temperature on development rate will be determined
using nonlinear mixed modelling. The effect of host type (European vs. North American ash) on
development rate will also be determined, as well as any influence that diet may have on growth
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rate, mortality and final body mass. The data will also be used to model how development and
how life cycle length varies according to local temperatures and host species. In particular, we
will determine 1) how the shorter growing season and cooler climate of western Canada and the
Maritimes influences the growth and potential range of EAB; and 2) how the cooler summer
temperatures typical of the UK and a diet of Fraxinus excelsior may extend the life cycle and
reduce the projected rate of increase and spread of EAB.
Results
Female lab reared EAB produced 365 eggs, 305 of which were viable. Petri dish eggs began
hatching 12 days post-oviposition and ended the following day, with 86.6% and 93.3% hatching
respectively. An average of 2.97 larvae per mini-bolt ranging from 0-8 larvae recovered during
excavation. The first appearance of instars occurred at 6, 15, and 33 days after hatching for 2nd.
3rd, and 4th instars respectively (Figure 1). Only one 4th instar larva was sampled during the
excavation of developing EAB.
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Figure 1. Distribution of emerald ash borer larval instars at 27 °C sampled every three days.

Discussion
Egg viability, fertility, is a key component for population growth and invasive range expansion.
Fertility of the EAB used for egg production in this pilot study was greater at 83.6%, than
previous work by Rutledge and Kenna (2012) that had ranges of 52.2 to 65.0%. High egg
viability could cause a greater amount of the phloem to be consumed faster. Many of the
developing larvae will be removed by woodpecker predation and parasitism, although this may
not be as dramatic for the initial infestation of a tree. Tree defenses will be reduced prior to the
attack of species capitalizing on the larvae present.
Developmental patterns of egg hatching occurred on a similar timeline to the 27 °C ambient
temperature used by Duan et al (2013) which began 11 days post-ovipostion and ended on the
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17th. Duan et al (2013) had a larger sample size of 57 eggs compared to our 15 in the petri dish.
The expanding the current study in summer of 2019 will have a larger sample size across the
seven constant temperatures. The range of hatching times at lower temperatures will be greater
as shown by Duan et al (2013) with 20 °C beginning at 18 days post-oviposition and the last
eggs hatching at 28. At the northern extent of the invasive range in North America, when EAB
enters the first instar is crucial for determining the likelihood of a two-year life cycle. The colder
average temperatures will slow development and any delays in individual growth may result in
earlier instars overwintering.
Development of larvae being sampled every three days gives a more refined timeline of the
moulting into the next larval stage. Previous developmental work on EAB focused on warmer
temperatures (20-35 °C) for optimal production of EAB (Duan et al 2013). Production of EAB at
higher temperatures accelerates the process to get the suitable life stages for the various
parasitoids for classical biological control. The continuation of this developmental rate study in
the summer of 2019 will incorporate lower temperatures that will help determine the lower
growth threshold. Conclusively knowing when larval development is initiated in the spring will
allow more accurate predictions on when adults will emerge and potentially expand their local
infestation. Within a community that has a set budget for tree removal and monitoring, increased
accuracy through models created from this developmental work will allow for more costeffective preventative measures. These measures may come in the form of biological control
release optimally aligned with specific life stages present, removal of trees most dangerous to
citizens, and allow for planning of planting trees to replace those killed by EAB.
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Release of exotic parasitoids for biological control of the emerald ash bore r in Canada.
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Abstract
During 2018, we released Tetrastichus planipennisi Yang (Hymenopter: Eulophidae) at seven
locations established in 2017 as well as one new release site established in 2018 in Quebec. We
released over 26,000 Tetrastichus planipennisi at these sites. In addition, over 7,200 Oobius
agrili and 2,000 Spathius galinae were released. In total, there are now 20 sites where over 127,
000 T. planipennisi have been released over the past six years. In addition, over 48,000 O. agrili
have been released at 16 sites over the past four years and 2700 S. galinae over the past two
years. In fall 2018, we sampled trees from one of the completed sites to evaluate recovery of T.
planipennisi ; rearing of log bolts has begun as of December 2018 and will continue through
April 2019 to attempt to recover the parasitoid at this site. Sampling to recover O. agrili began in
spring of 2018 and processing of the samples will be conducted in 2019. Rearing of T.
planipennisi and O. agrili at the Insect Production and Quarantine Laboratory, Great Lakes
Forestry Centre has been ongoing since December 2016. As a result over 8000 “made in
Canada” Tetrastichus and 900 Oobius in total were released at two sites in 2017 and 2018. The
objective of this rearing initiative is to augment numbers provided by USDA-APHIS.
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Résumé
En 2018, nous avons relâché Tetrastichus planipennisi Yang (Hymenopter: Eulophidae) à sept
endroits établis en 2017 ainsi que dans un nouveau site établi en 2018 au Québec. Nous avons
relâché plus de 26 000 Tetrastichus planipennisi à ces sites. Plus de 7 200 Oobius agrili et 2 000
Spathius galinae ont également été relâchés. Au total, il y a maintenant 20 sites où 127 000 T.
planipennisi ont été relâchés au cours des six dernières années. Par ailleurs, plus de 48 000 O.
agrili ont été relâchés dans 16 sites depuis quatre ans, et 2 700 S. galinae depuis deux ans. À
l’automne 2018, nous avons échantillonné des arbres dans l’un des sites traités pour évaluer la
détection de T. planipennisi ; l’élevage dans des blocs de bois a commencé en décembre 2018 et
se poursuivra jusqu’en avril 2019 pour tenter de détecter le parasitoïde à ce site.
L’échantillonnage visant à détecter O. agrili a commencé au printemps 2018, et le traitement des
échantillons aura lieu en 2019. L’élevage de T. planipennisi et d’O. agrili au laboratoire de
production d’insectes et de quarantaine du Centre de foresterie des Grands Lacs est en cours
depuis décembre 2016, ce qui a permis de relâcher au total plus de 8 000 Tetrastichus et 900
Oobius « élevés au Canada » à deux sites en 2017 et en 2018. L’objectif de ce projet d’élevage
est de suppléer aux spécimens fournis par le USDA-APHIS.

Background:
The emerald ash borer (EAB), Agrilus planipennis (Coleoptera: Buprestidae), is a devastating
invasive beetle which has killed tens of millions of ash trees. Few management or control options
are available, particularly in natural forest habitats. The United States began a classical
biological control program against this devastating insect pest in 2007, by searc hing for effective
natural enemies in its home range (Bauer et al. 2015). Four species are currently being released
across the range of EAB in the U.S.
In 2013, three petitions were submitted to the Director of Plant Biosecurity and Forestry
Division, Canadian Food Inspection agency (CFIA) to begin releases of parasitoids within
Canada. Petitions were for: 1. Tetrastichus planipennisi Yang (Hymenoptera: Eulophidae); 2.
Spathius agrili Yang (Hymenoptera: Braconidae); and 3. Oobius agrili Zhang and Huang
(Hymenoptera: Encyrtidae). Permission to release T. planipennisi and S. agrili was granted, but

SERG International 2019 Workshop Proceedings

314

initially denied for O. agrili. Some members of the Biological Control Review Committee were
concerned that host specificity testing indicated that O. agrili might attack native species of
Agrilus that had eggs comparable in size to A. planipennis. A revised petition for release of O.
agrili was resubmitted to CFIA and approval was granted in 2015. Although some reviewers still
had reservations about host specificity, it was concluded that “the release of this species in the
United States means the encyrtid is likely to enter Canada on its own accord”. Additionally, the
United States Department of Agriculture, Animal and Plant Health Inspection Service (USDAAPHIS) was no longer recommending release of S. agrili north of 40° latitude excluding that
species for release in Canada. Finally, in 2017, a petition to release a fourth species, Spathius
galinae, was approved by CFIA.
Within Canada, releases of the three species of parasitoid are being conducted in an attempt to
establish populations of these wasps in the region infested with EAB. These wasps are originally
from China and Russia and are highly specific to EAB with high parasitism levels in their native
range. The first, T. planipennisi, is a larval parasitoid. Adults emerge in late May and produce
multiple generations per year. Females parasitize late instar EAB larvae, with up to 57 wasps
produced per EAB larva. This species has been reported to have parasitism rates up to 50% in
China. It has been released since 2013 in Canada. Next, O. agrili is an egg parasitoid, with two
generations per year. Up to 80 EAB eggs are attacked per female with one egg laid per EAB egg.
This species has up to 60% parasitism in its native range. It has been released since 2015. The
third species, Spathius galinae (Hymenoptera: Braconidae), is another larval parasitoid originally
found in Russia causing high levels of parasitism to EAB on green ash. All parasitoids are
generously provided by USDA-APHIS Biocontrol production laboratory in Brighton, Michigan
which has been in full-time production since January 2009.

Methods
Site Selection
Site selection criteria are specified in the USDA-APHIS Emerald Ash Borer Biological Control
Release and Recovery Guidelines. Release sites should be naturally forested areas at least 40
acres (16.2 ha) in area, or if smaller than 40 acres the sites should contain a high ash density and
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ash corridors to other wooded areas. Ideally the site should contain a high healthy ash component
(>25%) over 4 cm DBH and distributed over a variety of size classes. The population density of
emerald ash borer should be low to moderate, and must be confirmed at each site by removing
sections of bark. Sites should have easy access and permission must be obtained from the
landowner. An agreement must be negotiated that the sites will not be harvested or developed for
5 years. The release point must be >100 m from the forest edge and human activity (e.g.,
insecticide treatments) should be avoided.
The number of sites has increased from three in 2013 to a total of 20 in 2018. In 2013, two sites
within a contiguous forest called Hay Swamp in Huron Co. and owned by the Ausable Bayfield
Conservation Authority (ABCA) were selected for release of T. planipennisi (Tract 1 - Hay
Swamp and Tract 6 - Ausable Line; Table 1). The third site was an ash plantation on private
property (owner Robert Haig) on Brooke Line, Lambton County. In 2014, it was our intention to
secure six additional release sites distributed across southern Ontario and Quebec. Unfortunately,
sites in southcentral Ontario (Peterborough to Kingston area) that met the selection criteria were
difficult to find at that time due to low/absent EAB populations. Thus, in 2014, four sites (Table
1) were selected for release of T. planipennisi: 1) Silver Creek Conservation Authority (Credit
Valley Conservation Authority); 2) Middleton McConkey Tract (Long Point Region
Conservation Authority); 3) Gatineau Park (National Capital Commission); and 4) Conroy Road,
Ottawa (National Capital Commission). A fifth site, Wildwood Conservation Authority (Upper
Thames River Conservation Authority), consisting of an ash plantation was selected for the later
round of releases. Four new sites were selected in 2015 (Table 1): three in Montreal (Jardin
Botanique, Parc Nature Bois-de-Liesse and Bois Summit) and the fourth site was Metro Tract in
York Region. Forest inventory data was collected in each plot in each year as required by the
USDA-APHIS release guidelines. In 2016, no additional new sites were added; instead releases
were completed at all current sites to provide two consecutive years of releases. In 2017, eight
new sites were added; seven in Ontario and one in Quebec while in 2018 one additional site in
Quebec was added. The locations of all Canadian release sites are listed in Table 1.
Collaborators and Cooperators
USDA-APHIS generously provided us with parasitoids in each year from 2013-2018. The
Ontario Ministry of Natural Resources and Forestry assisted with the selection of release sites in
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Ontario. The Quebec Ministry of Natural Resources and Energy selected a release site in
Quebec, completing the plot assessment and assisting with the field releases. The Ausable
Bayfield Conservation Authority, Long Point Region Conservation Authority, Upper Thames
River Conservation Authority, and the Credit Valley Conservation Authority granted permission
for us to work on their properties. Releases in 2013 were also made on property owned by Mr.
Robert Haig. An additional two release sites were properties managed by the National Capital
Commission, one in Ottawa and one in Gatineau, Quebec. Since 2015, staff from the Ville de
Montréal, Environnement, have assisted with site selection and releases. In 2015, York region
assisted with site selection. In 2017, sites were selected on conservation authority properties,
private properties, municipalities, and a Parks Canada site. In 2018 the site selection and releases
were conducted by Laurentian CFS staff on city property.
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Table 1. Locations of parasitoid release sites in Ontario and Quebec in 2013 to 2018.
Site name

Site locati on

Provi nce

Owner

Ausable Line
Hay Swamp
Brooke Line
Middleton- McConkey Tract
Silver Creek CA
Wildwood CA
Conroy Road
Metro Tract
Gatineau Park
Jardin Botanique
Parc Nature Bois-de-Liesse
Bois Su mmit
Wilmot Creek
Baxter C.A.
Monkland
Iroquois/Two Creeks C.A.

Huron Co.
Huron Co.
Lambton Co.
Norfo lk Co.
Halton Hills
Oxford Co.
Ottawa
Yo rk Region
l’Outaouais region
l’île de Montréal
l’île de Montréal
l’île de Montréal
Aurora District
City of Ottawa
Stormont, Dundas & Glengarry Co.
Stormont, Dundas & Glengarry Co.

Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Ontario
Quebec
Quebec
Quebec
Quebec
Ontario
Ontario
Ontario
Ontario

ABCA 1
ABCA 1
Bob Haig
LPRCA 2
CVCA 3
UTRCA 4
NCC5
Yo rk Region
NCC5
Ville de Montréal
Ville de Montréal
Ville de Montréal
OMNR6
RVCA 7
SNC8
Private land/SNC8

Latitude

Longitude

Release year(s)

43.38295
-81.54295
2013
43.35646
-81.55526
2013
42.84389
-81.85438
2013
42.81081
-80.62296
2014-2016
43.68049
-79.97522
2014-2016
43.24619
-81.05774
2014-2016
45.34123
-75.60871
2014-2016
44.31144
-79.39548
2015-2017
45.63861
-75.95150
2014-2016
45.56271
-73.56406
2015-2016
45.50550
-73.76253
2015-2016
45.49130
-73.60575
2015-2016
43.91355
-78.61118
2017-2018
45.09381
-75.63126
2017-2018
45.24773
-74.92613
2017-2018
44.87007
-75.26279
2017-2018
44.86869
-75.27048
Renfrew
Renfrew
Ontario
Town of Renfrew
45.48478
-76.68911
2017-2018
Fort St. Joseph
Algoma District
Ontario
Parks Canada
46.06605
-83.94609
2017-2018
Barrie
Barrie
Ontario
City of Barrie
44.35766
-79.72049
2017
L’Assomption
L’Assomption Co.
Quebec
Private land
45.82047
-73.45377
2017-2018
Plaines d’Abraham
Plaines d’Abraham
Quebec
Ville de Quebec
46.78991
-71.23664
2018
Notes: 1 Ausable Bayfield Conservation Authority; 2 Long Point Region Conservation Authority; 3 Credit Valley Conservation Authority; 4 Upper Thames River
Conservation Authority ; 5 National Capital Co mmission ; 6 Ontario Ministry of Natural Resources and Forestry 7 Rideau Valley Conservation Authority; 8 South
Nation Conservation
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Releases
For each of the release periods in all six years, CFS staff drove to the USDA-APHIS parasitoid
rearing facility in Brighton, Michigan and picked up our prearranged allocation of T.
planipennisi, S. galinae, or O. agrili. The insects were provided as pre-emergent pupae/adults in
or on host larvae (T. planipennisi) in small bolts from ash trees in which the host larvae have
been reared, as live adults (S. galinae) or within host eggs (O. agrili is a solitary endoparasitoid).
The parasitoids will finish development and begin emergence soon after deplo yment in the field.
Over 127, 000 T. planipennisi have been released in total over the past six years. Over 48, 000 O.
agrili have been released since 2015. The estimated numbers of T. planipennisi and of O. agrili
released from 2013 through 2018 are listed in Table 2. Over 2700 S. galinae were released at six
sites since 2017. In 2018, parasitoids were shipped to co-operators to assist with timely releases.
Release dates for the three species in each year are listed in Table 3. Releases of T. planipennisi
were undertaken six times per year during 2013-2018. From 2013 to 2018, BioForest
Technologies Inc. graciously provided us with phenology forecast maps generated using
BioSIM, to estimate our phenological targets for release of T. planipennisi. Initial estimated
release dates were produced using historical temperature normals and were updated as real time
temperature data became available. The first target release phenological date was 167 degree
days above base 10°C (targeting the overwintering larvae). Two additional releases were made
two and four calendar weeks after this phenological date. The second target release phenological
date was at 1000 degree days above base 10°C (targeting the new generation larvae). Additional
releases were again made at 2 and 4 calendar weeks after this phenological date. The small ash
bolts containing the parasitoids were hung from some of the 12 release trees at each release date.
Releases of S. galinae occurred when there was availability from the USDA laboratory. Release
dates of O. agrili are also listed in Table 3. BioForest Technologies also provided us with
phenology maps predicting the target dates for release of O. agrili of 444 degree days above base
10°C which coincides with the appearance of eggs of EAB.
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Table 2. Estimated number of females of Tetrastichus planipennisi and Oobius agrili released at
the various sites in Ontario and Quebec from 2013-2018.
Tetrastichus planipennisi
Site name

Prov

2013

Ausable Line

ON

6240

Hay Swamp

ON

6070

Brooke Line

ON

2820

Wildwood CA
Middleton-

Oobius agrili

2014

2015

2016

ON

1436

2703

2581

ON

3164

Silver Creek CA

ON

Conroy Road

2017

2018

2015

2016

2017

2018

1500

1700

2703

1500

1700

3316

2703

1500

1700

ON

3551

2703

1500

1700

Gatineau Park

QC

3283

2703

1500

1700

Bois de Liesse

QC

2703

2379

1500

1700

Bois Su mmit

QC

1281

2385

1500

1700

Jarden Botanique

QC

2703

2486

1500

1700

Metro Tract

ON

1281

2516

Wilmot Creek

ON

4984

4073

1400

1200

Baxter C.A.

ON

4932

3904

1400

1100

Monkland

ON

5151

3749

1500

1100

Iroquois/Two

ON

2958

3889

Renfrew

ON

5050

2798

1400

600

Fort St. Joseph

ON

3516

3104

1400

1260

Barrie

ON

L’Assomption

QC

Quebec City

QC

McConkey Tract

5069

1700

1500

1000

Creeks

3500
5030

3888

1500

1000

1500
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Table 3. Release dates Tetrastichus planipennisi, Oobius agrili and Spathius galinae.
season

2013

2014

2015

2016

2017

2018

Tetrastichus planipennisi
Spring

4 June

3-5 June

26-28 May

25-26 May

30 May-1 June

7-14 June1

spring

18 June

17-19 June

9-11 June

7-8 June

12-15 June

21-27 June

Spring

3 July

1-3 July

23-25 June

21-23 June

27-29 June

3-12 July

Summer

20 Aug

19-21 Aug

18-20 Aug

16-19 Aug

22-24 Aug

22-23 Aug

Summer

4 Sept

3-5 Sept

1-3 Sept

31 Aug-2 Sept

7-11 Sept

6-7 Sept

Summer

18 Sept

16-18 Sept

15-17 Sept

7-8 Sept

19-21 Sept

19-20 Sept

Summer

21-23 July

28-30 June

4-7 July

3-5 July

Summer

28-30 July

12-14 July

18-21 July

19-23 July

summer

5-7 Aug

26-28 July

1-3 Aug

1-2 Aug

Oobius agrili

Spathius galinae
Summer

7-11 Sept

Summer

19-21 Sept

19-20 Sept

Plot Assessments
Following site selection, a group of EAB infested ash trees a minimum of 100 m from road ways
was chosen as the site centre. A single ash tree in the group was designated the site epicentre and
was marked accordingly. Three ash trees > 4 cm DBH in each of the four cardinal directions
around the epicentre were selected as the 12 release trees. These trees were numbered with
aluminum tree tags, and their crown class, DBH and GPS coordinates were recorded. Signs and
symptoms of EAB attack were also recorded for these trees. A 200 by 200 m grid, with 50 by 50
m grid cells was set up around the site epicentre. Within each of the 16 grid cells, a tree
inventory was conducted in a 10 by 10 m subsample plot. Data on all trees over 4 cm DBH was
collected including species, DBH, and crown position. For Fraxinus spp., EAB signs and
symptoms were also noted (i.e., woodpecker feeding holes, bark deformities, epicormic shoots,
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EAB exit holes). All data to date has been uploaded to EAB Parasitoid Release and Recovery
Database (www.mapbiocontrol.org) to make it available for analysis in the future to determine
optimum release strategies.
Release methods
a.

b.

Figure 1. The Oobius agrili release device (a) and the mini-bolts containing Tetrastichus
planipennisi (b) deployed on an ash tree. Spathius galinae were deployed as live adults rather
than emerging from mini bolts

Post-Release Assessment
Following release of the parasitoids, overwintering survival and establishment must be assessed.
The USDA-APHIS Emerald Ash Borer Biological Control Release and Recovery Guidelines
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provides techniques to evaluate parasitoid establishment. One technique and the one most highly
recommended required the felling of a number of ash trees within the release area and the
subsequent dissection (i.e., bark removal) of the trees or the placement of log bolts from the trees
into rearing containers to observe parasitoid emergence.
Assessment to evaluate recovery of the released parasitoids was generally conducted one- year
following the last release, or at least after a winter season has occurred. Sampling for recovery
began in spring 2014 with eight trees sampled at Brooke Line (Table 4). In fall 2014, four more
trees were sampled from Brooke Line and four trees were sampled from Ausable Line (Table 4).
Next, four trees were harvested from the Wildwood site in spring 2015. In fall 2015, four trees
were felled at the Middleton-McConkey Tract, five trees were felled at the Gatineau Park site,
and four trees were felled at the Conroy Road site. In spring 2016, four trees were cut from
Wildwood CA. In fall 2016, an additional four trees were cut at Wildwood CA, MiddletonMcConkey Tract, and Conroy Road. In fall 2017, four trees were harvested at Bois Summit and
Jardin Botanique and 5 trees at Bois-de-Liesse and finally in the fall 2018 four trees were
harvested from Metro Tract. Rearing to recover parasitoids from these trees has begun as of
December 2018. Due to the difficulty of harvesting full sized trees from Silver Creek, on site
peeling of 6 saplings was conducted in the spring 2018.
Trees were cut into 40-cm long bolts and transported to SSM. Logs collected in spring were
placed into rearing shortly after collection; logs cut in fall were stored at cold temperatures for
several months prior to being brought into the laboratory and placed in rearing chambers. In the
laboratory, log bolts were placed in 1.3 m- high by 40 cm diameter -wide fibre drum with a
sealed top and a modified funnel emptying into a capture container. Ash bolts from a given tree
were haphazardly placed in drums to maximize the use of internal space (for 2014-2016). In
2017 bolts were placed sequentially (base to branches) in the tubes. Each drum could fit between
2-16 bolts depending on their diameters. Complete tree rearing required anywhere from 1 to 15
drums. Drums were placed horizontally on shelves in a well- lit rearing room with a temperature
of 24-26°C, RH of 40-50% and a photoperiod of L:D 16:8 h. The rearing containers were
examined daily for insect emergence.
The second recommended technique involves the placement of yellow pan traps on the release
ash trees or nearby ash trees. Yellow pan traps as described in the Emerald Ash Borer Biological
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Control Release and Recovery Guidelines were deployed on the 12 release trees on 18 August
2014 at Ausable Line and Brooke Line. Only 5 traps were deployed at Hay Swamp due to the
high ash tree mortality at the release epicentre. Traps were sampled on 3, 16 September and 1
October 2014. This method was discontinued after 2014.
Recovery results
Recovery of adult T. planipennisi has been highly successful: 80% of sites (eight of ten) where
sampling has been completed. Emergence of adult T. planipennisi occurred from trees collected
from Ausable Line, Brooke Line, Wildwood CA, Gatineau Park, Middleton-McConkey Tract,
Conroy Road, Bois de Liesse, and Bois Summit (Table 4). In 2014, initially only 10 bolts per
tree were reared from the harvested trees at Brooke Line; however an additional ten bolts total
from the 8 trees were also dissected by bark peeling, and did not reveal any evidence of T.
planipennisi. The approx. mean number of adult T. planipennisi reared per tree has ranged from
a low of 4.5 adults (18 individuals from four trees at Middleton) to a high of 187.4 adults (937
individuals from five trees at Gatineau) (Table 4). The percentage of trees per site from which
adult T. planipennisi were detected ranged from 40 to 100%, with an average of 62.9% of trees
producing at least one adult T. planipennisi. This is based on rearing that has been completed todate (i.e., not included trees collected fall 2018). The sex ratio has ranged from 0-7 females per 1
male (Table 4).
The number of EAB per tree ranged from only 1 to over 600 (for eventual analysis, this mean
number per tree needs to be adjusted by tree size to estimate # EAB per square metre of bark
surface area). Based on results from rearing alone, it is not possible to calculate a precise
estimate of percentage parasitism because the number of T. planipennisi adults per EAB larva
ranges considerably. For example, Wang et al. (2015) estimated brood size to be approx. 33, 42
or 48 T. planipennisi wasps per EAB larva in three separate experiments; similarly, Ulyshen et
al. (2010) reported 32-91 T. planipennisi progeny per EAB larva, whereas Ulyshen (unpublished
data) suggested a wider range between 4 to 172 wasps emerging per EAB larva. Next, Yang et
al. (2013) reported between 18.9-31.2 T. planipennisi progeny per EAB larva. Finally, based on
the information provided by USDA-APHIS regarding emergence of wasps from the mini-bolts,
an estimated range of 6-45 T. planipennisi emerge per EAB larva. Based on these previous
results, if we assume a minimum of 25 T. planipennisi wasps emerging per EAB larva, then the
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estimated percentage parasitism level can be calculated to range from 0 to 68% per tree
(calculated as number of EAB larvae estimated to be parasitized / (sum number of EAB larvae
estimated to be parasitized + number of EAB adults emerging) times 100). At the site level,
parasitism ranged from 0 to 15.7%. Again, these are preliminary data estimating percentage
parasitism and these values should be interpreted with caution as the exact number of adult
wasps per EAB larva are currently unknown and are estimated from previous research.
There was a negative relationship between tree DBH and perce ntage parasitism (Figure 2).
Again, these are preliminary data regarding percentage parasitism and these values should be
interpreted with caution; regardless lower parasitism levels would still be associated with larger
trees.
Finally, no T. planipennisi adults were recovered from any of the yellow-pan traps, so this
method was not continued.
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Figure 2 Percentage parasitism by Tetrastichus planipennisi of emerald ash borer larvae by
tree DBH. (N= 54 trees)
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Table 4. Recovery of Tetrastichus planipennisi: number and timing of trees sampled, number of
years post-release trees were sampled, percentage of trees infested, total number of females:
males reared per site, and estimated percentage parasitism levels; updated Dec 31 2018
Site name

# trees/season / year

Mean tree Mean no. EAB / % trees
dbh

Ausable Line

tree

with TP

F:M

Est. %
parasitism

4 / fall /2014

16.3

158.8

50

332 : 164

3.0

8 /spring / 2014

12.8

0.1

0

0

0.0

4 / fall / 2014

12.9

37.5

50

23: 17

1.1

4 / spring / 2015

11.5

29.0

0

0

0.0

4 / spring / 2016

14.3

28.5

100

17: 36

1.8

4 / fall / 2016

15.8

174.5

75

366:52

2.3

4 / fall / 2015

19.8

401.5

75

13: 13

0.06

4 / fall / 2016

22.1

450.3

100

0:18

0.04

4 / fall / 2015

16.0

377.0

75

28: 14

0.11

4 / fall / 2016

18.5

380.5

100

130:35

0.4

Gatineau Park

5 / fall / 2015

9.5

82.4

100

713: 224

8.4

Bois de Liesse

5 / fall / 2017

15.7

2.4

40

18:38

15.7

Bois Summit

4 / fall / 2017

18.2

85.3

50

30:115

1.7

Jarden Botanique

4 / fall / 2017

21.0

69.0

0

0

0.0

Sliver Creek2

6 / spring / 2018

10.5

M etro Tract

4 / fall / 2018

Hay Swamp 1
Brooke line

Wildwood

M iddleton

Conroy Road

0.0
TBD

Notes: 1ash mortality too high at this site to conduct follow-up sampling to recover T. planipennisi; 2 ash saplings were peeled
rather than reared from this site
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Discussion
The USDA-APHIS has generously provided parasitoids for release against EAB in Canada since
2013. To date, over 127, 000 T. planipennisi have been released in total over the past six years
and over 48, 000 O. agrili have been released since 2015. Since 2017 over 2700 Spathius galinae
have been released. These three parasitoids have been released at 20, 15 and 6 sites, respectively,
to date, across southern Ontario and Quebec. It is still very early in the development of the
biological control program for EAB in Canada; no results on any potential impact of the
parasitoids are yet available. Initial follow-up sampling to evaluate if the parasitoids can be
recovered has been conducted in ten sites so far. Early establishment of T. planipennisi appears
to be quite high (eight of ten sites sampled to date). In the U.S., reports show that T. planipennisi
has established permanently in at least 50% of all release sites (Mapbiocontrol 2014). Jennings et
al. (2016) also reported that establishment and dispersal of this parasitoid was generally quite
successful in Maryland, US. Initial sampling to recover the egg parasitoid, O. agrili commenced
in the spring of 2018 and processing of the samples will begin in 2019. However, established
populations of the egg parasitoid have also been detected in >50% of sites in the U.S.
(Mapbiocontrol 2014).
The numbers of adult parasitoids recovered appears to be low, considering the large numbers that
were released. Similarly, however, in one published report, over 191 506 T. planipennisi were
released at 32 sites, and only 1856 were recovered from 12 release sites and seven control sites
(Jennings et al. 2016). This involved sampling of over 400 trees. Most of these recovered
parasitoids (1796) were collected through peeling of the bark from sample trees, with only 60
collected from rearing. This suggests that rearing of log bolts may be adequate for detection per
se of the adult parasitoids, but maybe does not give a sufficiently accurate estimate of number of
parasitoids. Additional sampling of trees infested with EAB will be necessary over the next
several years to determine if the parasitoids have become permanently established (typically
requiring at least three consecutive years of recovery following releases).
Of those trees sampled, approx. 63% contained at least one brood of T. planipennisi, indicating
that the wasps are dispersing throughout the site and locating additional trees infested by EAB.
In the first year, the trees cut for rearing were the release trees; in subsequent years, harvested
trees were typically within 40 m of the epicentre of the release trees. Duan et al. (2013) reported

SERG International 2019 Workshop Proceedings

327

over 90% of infested trees to have one or more brood of T. planipennisi within four years
following releases conducted in Michigan. In Maryland, Jennings et al. (2016) reported approx.
20% of trees to have at least one brood in the second and third year, increasing to over 40% in
year four following releases. Their study had a much larger sample size than ours, with over 450
trees sampled from 27 sites. In another study, Duan et al. (2015) reported that parasitism levels
by T. planipennisi were the same in both their release and ‘control’ plots, within the first 2-4
years following releases. Given that their control plots were 1-6 km from the release points, this
suggests that the wasps are capable of dispersing at least 1.5 km per year. Similarly, Jennings et
al. (2016) recovered adult parasitoids from seven control plots up to 5 km away from the releases
within the first few years following release. Laboratory bioassays have demonstrated that T.
planipennisi can disperse up to 7 km (Fahrner et al. 2014). Additional sampling of trees at
greater distances from the epicentre in the focal release stand and in neighboring stands is
necessary to evaluate dispersal distances by the parasitoids over time throughout the current
release range in southern Ontario and Quebec.
Parasitism levels by T. planipennisi can only be estimated at this point, given that we only
conducted rearing of log bolts and that there is considerable variability in number of wasps
emerging from an individual EAB larva (see details in methods). Conservative estimates of 25
wasps per larva were used in the current calculations, resulting in estimates of parasitism under
16% at the site- level. This is similar to reports of parasitism levels in the first couple of years
following releases (Duan et al. 2013), but again, values estimated from the current study must be
interpreted with caution. Duan et al. (2013) reported increases in parasitism levels by T.
planipennisi from an initial 1-5% to 12-21% over four years following releases at the same study
sites. In another study, Duan et al. (2014 and 2015) reported that native North American
parasitoids and the introduced T. planipennisi caused significant decreases in the rate of
population growth of EAB in Michigan. While EAB populations were still increasing in their
study, they hypothesized that continued release and establishment of exotic parasitoids would
increase mortality levels over time, leading to a reduction in the growth rate of EAB earlier in the
outbreak cycle. Jennings et al. (2016) also reported parasitism levels to increase from <1% to
over 11% during the 1 to 4 years following releases. Additional sampling will be conducted in
future years, including peeling of bark to provide more precise proportions of parasitized vs nonparasitized EAB. It is also possible that brood sizes vary depending on parasitoid:host ratios
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(Wang et al. 2015); thus further detailed data collection is necessary. To-date, the objective of
the research was to evaluate establishment and recovery, hence this additional time-consuming
sampling was not previously conducted.
Based on data from 54 trees reared to date, there appeared to be a negative relationship between
percent parasitism and tree diameter at breast height. This is very similar to that reported by Abel
et al. (2012) and Johnson et al. (in press), who reported that the success of T. planipennisi at
parasitizing EAB larvae is significantly reduced when trees are >12 cm DBH. Similarly,
Jennings et al. (2016) reported >95% of parasitized EAB larvae were detected in trees with
<16cm DBH. Thicker bark and larger log size also negatively affected T. planipennisi parasitism
rates in Wang et al. (2015). These data suggest that releases should be directed towards sites with
smaller tree sizes and sampling efforts to recover adult parasitoids could possibly be focused
towards smaller diameter logs (<16cm). More specific data on preferred tree and log diameter
needs to be collected for this species to enable researchers to develop a sub-sampling technique
to minimize rearing of log while maximizing detection rates of the parasitoid.
Further research is necessary to continue to evaluate initial and permanent establishment of o ne
or both parasitoids, to quantify percent parasitism levels and how they may increase over time, to
quantify dispersal of parasitoids from the initial release plots, and to evaluate site requirements
for maximizing establishment rates Finally, a rearing initiative has been started with the Insect
Production and Quarantine Laboratory at the Great Lakes Forestry Centre, in collaboration with
Dr. Amanda Roe and John Dedes as well as the USDA-APHIS rearing facility in Brighton,
Michigan. Rearing of T. planipennisi (Dec 2016) and O. agrili (May 2018) to attempt to augment
numbers of parasitoids available for release within Canada; this initiative led to the release of
over 8000 “made in Canada” T. planipennisi and 900 O. agrili at two site since 2017.
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FraxiProtec™ a new biological way to control EAB populations
Mark Ardis, Richard Trudel
GDG Environment, 430 Saint-Laurent Street, Trois-Rivières, Québec G8T 6H3

Introduction
FraxiProtec™ solution is a new biological way of controlling EAB populations. The
system uses an autodissemination device to release a pathogenic fungus into the adult
EAB population. We will present the new technology along with the preliminary results
of the 2017 and 2018 research projects conducted in 17 municipalities located in Quebec,
Ontario, Illinois, Pennsylvania and Minnesota. These research projects are part of the
PMRA and EPA registration process. The research will be carried over three years and
will lead to the most efficient methodology which will be used for the directions on the
pesticide label.
The FraxiProtec™ solution
The solution is deployed through an assisted autodissemination device comprised of a
fungal coated pouch of the active ingredient which is placed in a contamination chamber
high up in an infected tree. During the EAB flight period, adults get attracted by the
control device and become infected by the fungus. Contaminated males and females
circulate in the surrounding trees and become vectors of the deadly fungal disease.
Efficacy
Both laboratory and field studies have demonstrated that FraxiProtec™ is an effective
solution in controlling EAB adults. EAB adults that come into contact with the conidia
(asexual, non-motile spore of a fungus) at the pouch surface were successfully
contaminated, resulting in a mortality rate of up to 100% within 5 days. Current research
has also demonstrated promising results of horizontal transmission of the pathogen from
male to female during the mating period. One of the major aspects of the effectiveness of
FraxiProtec™ is that it contributes to a significant reduction in oviposition in the
surrounding area where the device is deployed. These aspects make FraxiProtec™ a very
promising control tool since it directly impacts the adult EAB population where it is set
up and indirectly allows the ash trees to better resist larvae invasion on an ongoing basis.
Safety information
The FraxiProtec™ active ingredient is a fungus, Beauveria bassiana, isolate CFL-A.
After many lab tests, the efficacy of that isolate against EAB has been demonstrated.
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Furthermore, the fungus does not represent a threat to other insects since the active
ingredient is hidden in the contamination chamber and not sprayed in the environment.
There is no impact on Hymenoptera (bees and other insects of that order). Lab
experiments have been conducted to document its safety. The safe use of B. bassiana is
widely known and accepted in organic farming with documentation supporting the safety
of its use. There is extensive literature demonstrating how it poses no harm to mammals,
fish, humans and other elements of the environment. Pertinent literatures and
commentary on these aspects can be provided upon request. FraxiProtec™ is currently
undergoing an EPA registration process and no issues have been raised so far.
Research project
The purpose of the research project is to generate additional information on the
effectiveness of the FraxiProtec™ solution in different environmental conditions. It will
also provide potential users with the appropriate information related to the deployment
site distribution pattern required for obtaining optimal effectiveness in EAB population
reduction.
Proposed protocol
The actual protocol that has been set for all participating municipalities are the following:
1-Parks or street alignment. At least 30 trees are required in a park to show appropriate
results. The ash trees must have a DBH of at least 15 cm. Street scape trees also require
more than 30 ash trees with similar characteristics as those in the park scenario. Every
ash tree in the sample is georeferenced and characterised using different physical traits.
Any available information on EAB trapping results or branch sampling is helpful in
selecting potential trial sites and designing the control device network. The final selection
of trees for the test(s) are done on site in collaboration with the relevant operation
managers.
2-Assisted autodissemination device and prism sticky traps. The deployment requires
a network of 15 infected ash trees being on the test site. Each deployment site will have
15 green sticky traps. The installation of the control device network would start at the
beginning of the EAB flight period. Under your regional weather conditions, it would
most likely be between mid-May to early July. Fungal coated-pouches will be changed
after 2 weeks. This procedure will assure a maximum efficacy of the assisted
autodissemination device. During the peak flight period, EAB adults on the green sticky
traps will be collected at the same time. Communities can deploy more than one control
device network for testing.
Analysis is performed on all collected EAB. A molecular analysis will also be applied to
establish a causative relationship between the fungus CFL-A and the EAB disease
observed on collected samples. Progress reports are part of the information available to
the participating municipalities.
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Results:
Season 2018 is the second of three year experiment
-FraxiProtec™ shows an average of 35% contamination of the EAB that had contact with
the fungi
-Contamination has been observed as far as 150 meters from the network protocol.
-Contamination is effective in low EAB population as well as in very high.
-Preliminary EAB survival table analysis show that FraxiProtec™ has a real potential for
significant oviposition reduction.
Participating municipalities;
Boucherville, Contrecoeur, Repentigny, Granby, Québec City, National Parks
Commission, Montreal Sud-Ouest, Mont-Royal Park, Beaconsfield, Pointe-Claire, Laval,
Rosemère, City of Toronto, Carbondale IL, Quincy IL, West Chester PA and Eagen MN .

FraxiProtecMC : un nouveau système de lutte biologique contre l’agrile du frêne
Introduction
FraxiProtecMC est un nouveau système de lutte biologique contre l’agrile du frêne. Grâce
à un dispositif d’autodissémination, il répand un champignon pathogène parmi les agriles
adultes. Nous présenterons aujourd’hui cette nouvelle technologie ainsi que les résultats
préliminaires de projets pilotes réalisés en 2017 et 2018 dans 17 municipalités aux
Canada et aux États-Unis. Ces projets de recherche sur trois ans, qui s’inscrivent dans le
processus d’homologation de l’ARLA, permettront d’établir la méthodologie la plus
efficiente, qui servira de prescription pour l’étiquette du pesticide.
Fonctionnement de FraxiProtecMC
Le système repose sur un dispositif d’autodissémination assistée comprenant une pochette
imprégnée d’un champignon qui agit comme ingrédient actif, qui est placée dans une
chambre de contamination près de la cime de l’arbre contaminé. Ce dispositif attire les
agriles adultes en période de vol, qui sont alors contaminés par le champignon. Les
femelles et les mâles contaminés deviennent ainsi, en circulant dans les arbres voisins, les
vecteurs d’une maladie fongique mortelle.
Efficacité
Des études en laboratoire et sur le terrain ont démontré l’efficacité de FraxiProtecMC
comme système de lutte contre l’agrile du frêne adulte. En effet, les agriles adultes en
contact avec les conidies (spores non mobiles assurant la reproduction asexuée du
champignon) à la surface du sachet sont bel et bien contaminés : le taux de mortalité
après cinq jours peut même atteindre 100 %. Les travaux en cours ont par ailleurs produit
des résultats encourageants quant à la transmission horizontale du champignon pathogène
du mâle à la femelle pendant l’accouplement. L’efficacité de FraxiProtecMC réside
notamment dans la réduction considérable de l’oviposition observée dans les environs du
dispositif. FraxiProtecMC semble donc très prometteur, puisqu’il agit directement sur la
population d’agriles adultes près du système et améliore indirectement la résistance des
frênes aux infestations de larves.
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Innocuité
L’ingrédient actif de FraxiProtecMC est l’isolat CFL-A du champignon Beauveria
bassiana, dont l’efficacité contre l’agrile du frêne a été démontrée lors de nombreux
essais en laboratoire. Par ailleurs, le champignon ne pose aucun danger pour les autres
insectes, puisque l’ingrédient actif est dissimulé dans une chambre de contamination au
lieu d’être pulvérisé dans l’environnement. Les hyménoptères (abeilles et autres insectes
du même ordre) ne sont donc aucunement touchés. L’innocuité de B. bassiana a été
démontrée en laboratoire, et plusieurs sources confirment que ce champignon peut être
utilisé sans risque dans les cultures biologiques, où il est très répandu. De nombreuses
études montrent qu’il est sans danger pour les mammifères, les poissons, les humains et
d’autres éléments de l’environnement. Des documents et des analyses à cet effet peuvent
être fournis sur demande. FraxiProtecMC est en cours d’homologation par l’Agence
américaine de protection de l’environnement (EPA), qui n’a signalé aucun problème à ce
jour.
Projets pilotes
Les projets pilotes servent à générer des données supplémentaires sur l’efficacité de
FraxiProtecMC dans différentes conditions ambiantes. Ils aideront également les
utilisateurs potentiels à déterminer le meilleur endroit où installer les dispositifs sur le site
visé pour obtenir une réduction optimale de la population d’agriles du frêne.
Protocole proposé
Voici le protocole établi pour toutes les municipalités participantes :
1) Parcs ou bordures de rue. Pour obtenir des résultats satisfaisants dans un parc, il faut
au moins 30 frênes ayant un diamètre à hauteur de poitrine d’au moins 15 cm. Un
minimum de 30 frênes présentant un diamètre comparable est également nécessaire pour
les aménagements en bordure de rue. Chaque frêne de l’échantillon est géoréférencé et
caractérisé selon différents traits physiques. Toute donnée existante issue de pièges à
agriles ou d’échantillons de branches est prise en compte dans le choix des sites
potentiels et la conception du réseau de dispositifs. Le choix des arbres qui serviront au
projet est arrêté sur place, de concert avec les responsables concernés.
2) Dispositif d’autodissémination assistée et pièges prismes collants. Le projet pilote
doit être déployé dans un endroit comportant au moins 15 frênes contaminés. Chaque site
de déploiement reçoit 15 pièges collants verts. L’installation du réseau de dispositifs
débute lorsque les agriles commencent à voler, généralement entre la mi-mai et le début
de juillet selon les conditions météorologiques locales. Les sachets enduits du
champignon sont remplacés après deux semaines pour maximiser l’efficacité du dispositif
d’autodissémination assistée. Au plus fort de la période de vol, les agriles adultes
capturés sur les pièges collants verts sont recueillis. Une même municipalité peut
déployer plusieurs réseaux de dispositifs dans le cadre du projet.
Tous les agriles recueillis sont analysés. Une analyse moléculaire est également effectuée
pour établir une causalité entre le champignon CFL-A et la maladie observée chez les
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insectes recueillis. Les municipalités participantes reçoivent entre autres des rapports
périodiques.
Résultats
La saison 2018 était la deuxième de l’expérience sur trois ans.
– FraxiProtecMC produit un taux de contamination moyen de 35 % chez les agriles adultes
en contact avec le champignon.
– Des agriles contaminés ont été observés jusqu’à 150 mètres du réseau de dispositifs.
– La contamination est efficace autant dans les petites populations d’agriles que dans les
très grandes.
– L’analyse préliminaire de la table de survie de l’agrile montre que FraxiProtecMC
présente un potentiel réel de réduction considérable de l’oviposition.
Municipalités et organisations participantes
Boucherville, Contrecœur, Repentigny, Granby, Québec, Commission des champs de
bataille nationaux, Montréal – arrondissement du Sud-Ouest, parc du Mont-Royal,
Beaconsfield, Pointe-Claire, Laval, Rosemère, Toronto, Carbondale IL, Quincy IL, WestChester PA et Eagen MN.
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The role of tree stress in the impacts of the hemlock wooly adelgid in Nova Scotia: a
forecasting framework and silvicultural mitigation.
Michael Stastny
Atlantic Forestry Centre, 1350 Regent Street, Fredericton, NB, E3B 5P7
NRCan-CFS Research Scientist, Forest Insect Ecology, 506-452-3026;
michael.stastny@canada.ca
Collaborators:
Dr. Chris MacQuarrie, NRCan-CFS (GLFC), Christian.MacQuarrie@canada.ca
Dr. Jon Sweeney, NRCan-CFS (AFC-Fredericton), jon.sweeney@canada.ca
Abstract
An aphid-like invasive alien pest of eastern hemlock, hemlock wooly adelgid (Adelges tsugae;
HWA) has been decimating hemlock stands across much of the eastern United States over the
recent decades, and since 2017 widespread HWA populations and hemlock mortality have been
detected in southwest Nova Scotia. Spread by wind, birds, and human transport, and without
native natural enemies, HWA infestations lead to gradual crown thinning and eventual tree
mortality, and pose a significant threat to hemlock and the associated unique habitats in eastern
Canada. While all hemlock is considered susceptible, the rate of stand decline can vary due to a
number of factors (including drought stress), and may respond to some pest management
strategies that remain to be tested in the Canadian context. The first objective of this project is to
assess the relative vulnerability of hemlock stands in southwest NS, by identifying stand- or sitelevel predictors of hemlock capacity to tolerate HWA infestations. In 2018, we have begun
surveying tree condition and infestation levels across a range of hemlock stands, coupled with
dendrochronology and forest inventory data to evaluate the past and current tree growth and
responses to stress. This work is producing the baseline for continued monitoring of hemlock
under the ongoing, patchy spread of HWA, and towards the development of the regional
framework for stand vulnerability forecasting and management prioritization. To mitigate the
impacts of HWA on tree health, the second objective of the project focuses on stand thinning
(~30% basal area removal) as a silvicultural approach to facilitate reallocation of resources to the
remaining trees under the stress of HWA infestation. We have begun stand selection in the
HWA-infested areas for operationally relevant field trials (~10 ha) of partial harvesting,
including shelterwood cuts, strip cuts, and patch cuts, with operations planned for 2019. We are
also identifying stands containing hemlock that have undergone such harvests in the recent past.
In both types of replicated thinned stands, we will assess the level of HWA infestation and tree
condition, and begin monitoring tree responses to HWA under different thinning treatments.
Collectively, the examination of factors that explain HWA impacts on hemlock, and potential
silvicultural mitigation of these impacts, will help in developing management plans and priorities
for HWA in eastern Canada.
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Résumé
Ravageur exotique invasif de la pruche du Canada, le puceron lanigère de la pruche (Adelges
tsugae; PLP) décime les peuplements de pruche un peu partout dans l’est des États-Unis depuis
quelques décennies et, depuis 2017, des populations étendues de PLP avec mortalité de pruches
ont été détectées dans le sud-ouest de la Nouvelle-Écosse. Le PLP est propagé par le vent, les
oiseaux et le transport par l’humain et n’a pas d’ennemis naturels indigènes; les infestations
mènent à un éclaircissement graduel de la couronne et finalement à la mort de l’arbre, et elles
posent un risque important pour la pruche et les habitats uniques qui y sont associés dans l’est du
Canada. Bien que toutes les pruches soient considérées comme susceptibles, le taux de déclin des
peuplements peut varier en fonction d’un certain nombre de facteurs (y compris le stress dû à la
sécheresse), et les peuplements pourraient réagir à des stratégies de lutte antiparasitaire qu’il
reste à mettre à l’essai dans le contexte canadien. Le premier objectif de ce projet est d’évaluer la
vulnérabilité relative des peuplements de pruche dans le sud-ouest de la N.-É. en déterminant les
prédicteurs, au niveau du peuplement ou du site, de la capacité de l’arbre de tolérer les
infestations de PLP. En 2018, nous avons commencé à prendre des relevés de l’état des arbres et
des niveaux d’infestation dans plusieurs peuplements de pruche, que nous combinons à des
données de dendrochronologie et d’inventaire de la forêt pour évaluer la croissance passée et
actuelle et les réactions au stress. Ces travaux établissent une base de référence pour poursuivre
la surveillance de la pruche devant la propagation inégale du PLP qui se poursuit, et en vue de
l’élaboration d’un cadre régional pour prédire la vulnérabilité des peuplements et établir les
priorités de gestion. Pour atténuer les impacts du PLP sur la santé des arbres, le deuxième
objectif du projet porte sur l’éclaircissement des peuplements (enlèvement de ~30 % de la
surface terrière) comme approche sylvicole pour faciliter la réaffectation de ressources aux
arbres restants qui subissent le stress d’une infestation de PLP. Nous avons commencé la
sélection des peuplements dans les zones infestées par le PLP pour effectuer des essais sur le
terrain de récolte partielle pertinents sur le plan opérationnel (~10 ha), y compris des coupes
progressives, des coupes par bandes et des coupes par trouées – des activités sont prévues en
2019. Nous repérons également des peuplements contenant de la pruche qui ont fait l’objet de
telles récoltes dans un passé récent. Dans les deux types de peuplements éclaircis reproduits,
nous évaluerons le niveau infestation par le PLP et l’état des arbres, et nous commencerons à
surveiller les réactions de l’arbre au PLP sous différents traitements d’éclaircissement. Pris
collectivement, les résultats de l’examen des facteurs qui expliquent les impacts du PLP sur la
pruche et l’atténuation possible de ces impacts par des techniques sylvicoles aideront à
l’élaboration de plans et de priorités d’aménagement en regard du PLP dans l’est du Canada.
Background
Hemlock wooly adelgid (Adelges tsugae; HWA) is a non-native, aphid-like pest on eastern
hemlock (Tsuga canadensis), responsible for widespread mortality of hemlock stands in the
eastern USA1. HWA feeds on the xylem tissue of needles, causing foliage loss leading to branch
dieback and eventual tree mortality. Nymphs can disperse long distances by birds, wind,
movement of wood and nursery stock, and start new populations asexually. Regulation by native
natural enemies is weak2. While cold temperatures can suppress infestations, densities rebound
quickly3 and HWA also appears to be evolving cold tolerance4. Hemlock mortality due to HWA
increases light penetration into stands, resulting in shifts in understory vegetation5 (including
plant invasions), altering biogeochemical cycling and hydrology of riparian ecosystems6, and
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posing threats to species dependent on the critical habitat supported by this foundation tree
species. Eastern hemlock has shown little resistance to HWA, although the rate at which HWA
infestations cause eventual mortality is highly variable (2 to 15 years) and often poorly predicted
by HWA densities7. This variation in HWA impacts appears, in part, due to other influences on
stand health that compromise the ability of hemlock to tolerate HWA8. Therefore, examination
of site determinants of tree stress (or, conversely, tree vigour) may be necessary in forecasting
stand vulnerability to HWA, and predicting the rate of ecosystem consequences of hemlock
mortality9.
Since its discovery in southwest Nova Scotia in 2017, surveys across the five affected
counties have shown HWA to be widespread albeit patchy, with high variability in its densities
and tree impacts. Tree mortality is occurring in some sites, and at least 17,000 ha of forest show
symptoms of hemlock decline in aerial surveys10. A significant portion of the province is at high
risk of HWA expansion and hemlock mortality; therefore, development of region-specific
management tactics against HWA is critical. This proposal addresses key recommendations from
the HWA management plan for Canadian regions at risk – research on predictors of HWA
outbreaks and impacts, and empirical tests of potential Integrated Pest Management (IPM)
strategies11 – through the following two complementary angles:
(Objective I) Local determinants of stand vulnerability to HWA:
Site and stand characteristics have been shown to influence HWA densities and especially the
rate of tree health decline. Water stress, in particular, is the key predictor of infestation impacts8,
and drought may have accelerated hemlock mortality observed in NS. A forecasting framework
of HWA impacts in southwest NS, based on stand/site characteristics and tree stress, would aid
in risk assessment, harvest planning, tracking HWA population dynamics and spread, and
informing management priorities for hemlock stands and the associated habitats and biota.
(Objective II) Silvicultural mitigation:
With limited control options through insecticides or biological control, tactics to mitigate
damage to hemlock are critical. Selective thinning of hemlock stands may offer a silvicultural
component to IPM of HWA: elevated light may reduce HWA survival while enhancing tree
growth by countering carbon starvation and water stress associated with HWA feeding12. Smallscale field trials have been underway in the US13, but the technique requires further testing at
operational scales and under NS conditions.
Approach and Progress Report
Objective I (timeframe 2018-2020)
To examine the role of local determinants of tree stress in the context of HWA
infestations and tree decline, we have begun surveys of infested stands in southwest NS across a
range of site conditions and stand composition. In the proximity of each stand, we have also
attempted to find a similar but uninfested stand whenever possible to assess hemlock condition in
the absence of HWA (due to the patchiness of the hemlock stands and the near ubiquitous HWA
occurrence in parts of the region, this has not always been possible). Over three years, we will
record HWA densities and tree condition (e.g., shoot production and live crown ratio) on a
randomly selected subsample of trees. Beginning in 2019, we will also assess tree physiological
stress (using chlorophyll fluorescence) or water stress (using a pressure bomb). At a small subset
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of sites (n = 5), we have taken tree core samples from 7-8 randomly selected mature hemlock per
site to help assess the past rates of tree growth before HWA infestation (the timing of which
remains unknown at sites with most advanced infestations); this dendrochronology work will
continue at additional sites in 2019. We will combine these empirical measurements, including
site-level variables such as soil moisture, with spatial data from forest inventory and aerial
surveys (Fig 1) to elucidate whether stand characteristics (e.g., hemlock content, co-occurring
tree species) help explain impacts of HWA on tree condition.
While HWA detections (documented by Canadian Food Inspection Agency) are far from
comprehensive or systematic, as HWA is notoriously difficult to detect at low densities, we are
using this continuously growing list to guide our stand selection for the assessment of HWA
impact levels and characterizing the stands using forest inventory data. The majority of known
infestations are in stands with low hemlock content and/or in stands under 10 ha (Fig 2), likely
due to a variety of factors (host patchiness, pathways of spread, origin of infestations, stand
accessibility, etc.). This pattern complicates our inference about hemlock vulnerability as a
function of stand characteristics; however, the pest is increasingly spreading into areas with more
contiguous distribution of hemlock in central southwest NS, including Kejimkujik National Park.
Our analysis of the results of aerial surveys conducted in 2018 (NS Dept. of Lands &
Forestry) indicate that polygons delineated under different levels of active damage intensity (i.e.
crown dieback: light, moderate, severe) contain stands of similar hemlock content, generally
under 10% (Fig 3A). This observation further illustrates the patchy hemlock distribution even in
areas that show the more significant (i.e. detectable) impacts of HWA. The majority of hemlock
stands with the occurrence of dead trees fall in the category of <10% mortality, and,
interestingly, even stands with significant (>30%) mortality tend to be in polygons with
relatively low mean hemlock content. We are currently combining the results of aerial surveys,
forest inventory, and estimates of HWA infestations to aid in the selection of stands for further
monitoring in 2019, as well as those suitable for thinning treatments (see below). The fact that
many known infestations do not coincide with damage polygons, and vice versa, where damage
polygons do not contain recorded positive detections of HWA (Fig 1), illustrates some of the
challenges of the current spatial data on HWA.
Objective II (updated timeframe 2019-2020)
To test stand thinning as a management tactic to mitigate impacts of HWA infestations, we are in
the process of selecting replicate stands with sufficient hemlock content (>20%) and light to
moderate levels of HWA densities for partial harvest treatments. In portions of each stand,
selective harvesting in spring/summer 2019 will increase light penetration to extant hemlock
trees by removing approx. 30% of the basal area, with 0% removal in adjacent control plots.
Prior to and following the thinning, we will assess HWA densities and tree condition (details
above) on a random subset of trees in several age cohorts (where possible), and measure soil
moisture and temperature in each stand. In order to test this management tactic at a scale that is
operationally meaningful and feasible (also considering the in-kind contributions to implement
this treatment), in fall 2018 and winter 2019 we have begun selecting stands of approx. 10ha, to
accommodate two control plots and two types of thinning treatments (shelterwood, strip cut).
In parallel, we have begun selecting stands (> 20% hemlock, within or close to known
infestation areas) that have been partially harvested in the last 1-5 years, using NS DLF
inventory of treatments. While not as standardized as the thinning treatments described above,
this complementary approach allows us a more immediate assessment of whether thinning may
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offer a management strategy to mitigate the impacts of HWA, as the stands have already adjusted
to the post-harvest conditions. HWA infestations and tree condition will be monitored on
randomly selected thinned and unthinned trees as described above.
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Figure 1. A map of southwest Nova Scotia showing polygons delineated in aerial surveys (2018)
of the impacts of hemlock wooly adelgid on hemlock stands (colour-coded for 4 levels of active
damage intensity), and known detections of HWA (points). (Source: CFIA, NS DLF)
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Figure 2. Number of documented detections of hemlock wooly adelgid in southwest Nova
Scotia as a function of hemlock content (left) and stand area (right). (Source: CFIA, CFS)

Figure 3. Mean hemlock content calculated from forest inventory for stands contained within
polygons delineated in aerial surveys (2018) of impacts of hemlock wooly in southwest Nova
Scotia. A) boxplot showing mean % hemlock content for stands contained within levels 2 (light:
6-30%), 3 (moderate: 31-70%) and 4 (severe: >70%) of active damage intensity. B) proportion
of grey (dead/dying) hemlock as a function of mean % hemlock content. (Source: NS DLF)
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Factors affecting capture of winged Adelges tsugae Annand (Hemiptera: Adelgidae) on
yellow traps in Nova Scotia
Lucas E. Roscoe, Peter J. Silk
Natural Resources Canada, Canadian Forest Service - Atlantic Forestry Centre, 1350 Regent
Street, Fredericton, NB, Canada E3B 5P7.
Abstract
Hemlock Wooly Adelgid (Adgeles tsugae Annand, Hemiptera: Adelgidae, HWA) is a
significant defoliating pest of hemlock (Tsugae sp.) in North America. Though the native range
of HWA includes Japan (McClure 1995), it has been an important pest in the Northeastern
United States since its first discovery in Virginia in 1952 (Gouger 1971). Very recently, HWA
was discovered in Nova Scotia and its presence represents a serious threat to hemlock throughout
Atlantic Canada and beyond. HWA possesses a polymorphic lifecycle whereby the nymph
cohort on hemlock includes wingless ‘crawlers’ and winged sexuparae which migrate to spruce
(Picea sp.). While HWA is able to colonize spruce via winged sexuparae in its native range,
there is no evidence of such in North America (McClure and Cheah 1999). The means by which
this winged cohort is able to locate spruce in complex forest environments is unknown; however,
such preferential host selection has often been observed to rely upon chemotaxis by the insect to
the semiochemical mosaic produced by the host. The goal of our study was to explore the role of
spruce semiochemicals in winged adult host selection and use this information for the
development of an effective semiochemical-based trap for monitoring HWA populations in
vulnerable hemlock stands. Using four lure/trap combinations, we sampled HWA populations in
the canopies of infested hemlock trees from May to July in two sites in Southern Nova Scotia.
Both winged and crawler forms of HWA were collected, however, there were no significant
effects of trap or lure treatments on mean HWA/cm2. Choice bioassays where HWA nymphs
were presented with extracts of spruce and/or hemlock were generally inconclusive with very
few insects moving from contaminated foliage to the odour sources. Though no treatment
effects were observed, the use of canopy sticky traps for the sampling of HWA winged forms
represents a potentially useful addition to current detection methods of HWA in Canada and
elsewhere.
Résumé
Le puceron lanigère (Adgeles tsugae Annand, Hemiptera: Adelgidae) est un important
ravageur défoliateur de la pruche (Tsugae sp.) en Amérique du Nord. Bien que son aire de
répartition indigène englobe le Japon (McClure 1995), il constitue un ravageur important dans le
nord-est des États-Unis depuis sa première découverte en Virginie en 1952 (Gouger 1971). Tout
récemment, le puceron lanigère a été découvert en Nouvelle-Écosse et sa présence représente une
menace sérieuse pour la pruche dans le Canada atlantique et au-delà. Le puceron lanigère
possède un cycle de vie polymorphe dans lequel la cohorte de nymphes sur pruche comprend des
larves sans ailes et des sexupares ailés qui s’envolent vers une espèce d’épinette (Picea sp.).
Dans son aire de répartition d’origine le puceron lanigère est capable de coloniser des épinettes
via des sexupares ailés. Aucune preuve de colonisation des épinettes existe en Amérique du Nord
(McClure and Cheah 1999). Les moyens par lesquels cette cohorte ailée est capable de localiser
l'épinette dans des environnements forestiers complexes sont inconnus; cependant, il a souvent
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été observé qu'une telle sélection préférentielle de l'hôte reposait sur la chimiotaxie de l'insecte
sur la mosaïque sémiochimique produite par l'hôte. Le but de notre étude était d’explorer le rôle
des substances sémiochimiques de l’épinette dans la sélection d’hôtes adultes ailés et d’utiliser
ces informations afin de développer un piège à base sémiochimique efficace pour la surveillance
des populations de pucerons lanigères dans des peuplements de pruches vulnérables. En utilisant
quatre combinaisons leurre / piège, nous avons échantillonné des populations de pucerons
lanigères dans la canopée de pruches infestées de mai à juillet dans deux sites du sud de la
Nouvelle-Écosse. Les deux formes de pucerons lanigères (ailés et larves) ont été collectées,
cependant, aucun traitements ont eu d’effets significatif sur la moyenne puceron lanigère / cm2.
Les essais biologiques de choix où des nymphes du puceron lanigère étaient présentées avec des
extraits d’épinette et / ou de pruche étaient généralement peu concluants avec très peu d’insectes
passant du feuillage contaminé aux sources d’odeur. Bien qu'aucun effet de traitement n'ait été
observé, l'utilisation de pièges collants pour la canopée pour l'échantillonnage de formes ailés
des puceron lanigères représente un complément potentiellement utile aux méthodes de détection
actuelles des pucerons lanigères au Canada et ailleurs.
3. Project Details
A. Background and Rationale
An effective monitoring protocol is essential for the success of any pest management
program. Monitoring tools are necessary for delineating ranges of the target pest so that effective
management can be applied, and for monitoring populations after treatment to that the effects on
the target pest can be quantified. Monitoring tools can involve a wide variety of methods that are
often dictated by the target species. For winged insects, a widely used template is a trap baited
with a semiochemical that stimulated upwind flight (Kennedy 1981). Depending on the species
being monitored, attributes of this trap template can be manipulated based on exploitable host
location cues possessed by the target species. For example, pheromones and kairomones
associated with host location may utilized as lures within a target-specific trap (Silk et al. 1980,
Allison et al. 2001, Schlyter et al. 2001). Additionally, trap shape may be modified to encourage
to collection of some species over others (Miller and Crowe 2011). For aphids, adelgids, and
other members of the suborder Sternorrhyncha, an effective and commercially-available trap
system is the yellow-panel trap (Kirk 1984). Yellow panel traps are used for a wide variety of
these insects, with effectiveness being further increased by the addition of attractive
semiochemicals (Döring and Chittka 2007, Straw et al. 2011). Given the variation in trap
efficacy as dictated by target species preference, sufficient experimentation of various trap
templates is critical to developing a sensitive and effective means of monitoring a target species.
Adelges tsugae Annand (Hemiptera: Adelgidae, Hemlock Wooly Adelgid, HWA) is an
invasive insect pest of native Tsugae sp. in North America. HWA was first discovered in eastern
North America in Virginia in 1952 (Gouger 1971), and though the spread of its range through the
northeastern states was, at first, relatively slow, combinations of abiotic and biotic factors lead to
a rapid range expansion in the 1980’s. Until 2016, the range of HWA included most of the
northeastern United States; however, in 2017, HWA was found for the first time in southwestern
Nova Scotia (CFIA 2017). While relatively innocuous as a defoliating pest in its native range of
Japan, Taiwan, and China, HWA readily attacks and eventually kills T. canadensis (L.) Carrière
(Eastern hemlock) and T. caroliniana Engelm. in eastern North America (McClure 1995). The
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ecological consequences of widespread hemlock loss are significant. Eastern hemlock is shadetolerant and long-lived species that is a major component of mature forests in Canada and the
United States. Several unique abiotic attributes are associated with eastern hemlock stands,
including deep shade, acidic litter characteristics, low light availability, and cool, damp
microclimates (Orwig et al. 2002). This ecological combination provides a unique environment
upon which many birds, mammals, reptiles and insects reside. The loss of hemlock thus
represents a major threat to these specialized environments and to the organisms which rely upon
them.
Detection of HWA populations in North America relies primarily upon visual surveys
from the forest floor (Costa and Onken 2006). While such methods are effective in ascertaining
infestation levels on both stand and landscape levels, the threat of small numbers of HWA
initiating large outbreaks demands that more sensitive monitoring tools are developed. In North
America, HWA is parthenogenic (McClure and Cheah 1999). Thus, a single adult female could
potentially initiate an infestation. The means of detecting HWA at extremely low densities is
therefore essential if HWA populations are to be monitored. Though HWA is largely sessile,
with nymphs and adults remaining largely immobile while attached to base of a hemlock needle,
a winged cohort of progrediens does occur during the sisten generation. Phenological studies
have indicated that this cohort is present from late-spring to mid summer, and, interestingly,
leaves hemlock trees in search of spruce (Picea sp.). In their native range, this winged cohort
uses spruce as an additional host upon which the oviposit and initiate another generation. In
Eastern North America, this winged cohort HWA cannot complete development on spruce;
however, winged individuals fly preferentially to several spruce species over hemlock (McClure
1995). This preferential movement suggests that spruce volatiles are critical in host location.
Given the commercially availability of yellow panel traps and their documented effectiveness in
detecting aphids and related sap- sucking hemipterans, we wished to test the effects of trap shape
and lure presence with the template of the yellow panel trap system on detection of HWA in
infested hemlock stands in Nova Scotia, Canada. The results of this study will provide important
information as to the effectiveness of currently available technologies for monitoring HWA in
highly infested hemlock stands.
B. Methods:
Trapping of HWA was carried out in Southwestern Nova Scotia from 2019 May 14 to
2019 July 18. Two sites (‘Powerline’ site: 44.431274, -65.892307; ‘Lake’ site: 44.418631, 65.852380) were used. Sites were selected in early-May 2019, and possessed established
populations of HWA. These populations, indicated by the presence of HWA egg sacs on the
undersides of branches, were confirmed via sampling of low- to mid-crowns of hemlock trees
using pole-pruners. Both sites were largely hemlock-dominated with some pine, spruce and
deciduous trees present. The following yellow-trap treatments were used: 1) yellow panel (30.5
cm x 15 cm, Bioquip Products Inc., Rancho Dominguez, USA); 2) yellow panel + ‘Red Spruce’
UHR terpene blend lure (Synergy Semiochemicals Corporation, Burnaby, Canada); 3) yellow
‘prism’ trap; and 4) yellow ‘prism’ trap + ‘Red Spruce’ UHR terpene blend lure. ‘Prism’ traps
were constructed at CFS Fredericton, Canada based on a design by Sweeney and Hughes
(unpublished). Traps consisted of a 38.5 cm x 18 cm sheet of corrugated yellow plastic (Polymer
Shapes, Dartmouth, Canada) folded into a three-sided prism and secured using two butterfly
clips. A 38.5 cm x 15 cm sheet of sticky clear plastic roll trap (Alpha Scents, Inc., West Linn,
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USA) was stapled to the outside of the prism. For panel traps, lures were affixed to one side of
the trap. In baited prism traps, lures were suspended inside the prism using small-gauge twist-tie
wire. ‘Red Spruce’ lures were used as they contained three (α-pinene, β-pinene, 3-carene) of the
major terpenes found in Picea sp. native to the study area.
For each site, 12 randomized complete blocks containing each of the four treatment
combinations were hung in 48 infested hemlock trees. Treatments were randomly assigned to
infested trees, and traps were hung using polypropylene rope in the low- to mid-canopy of each
trees. The rope with the trap attached to it was tied off to the main stem of the tree where
possible, or to a nearby tree, so that the trap could be lowered and raised. Traps were set up on
May 14, and were sampled weekly until June 20. Two more sampling events were carried out on
July 5 and July 18. During trap check, panel traps were replaced with a fresh panel, with the old
trap being covered in clear plastic wrap to prevent damage to caught insects. For prism traps, the
clear plastic on the exterior of the prism was replaced with a fresh clear plastic sheet. The
saturated plastic sheet was then covered with a wax paper sheet to prevent damage. Lures
released terpenes at approximately 1-3 g/day. Traps were placed in a cooler for transport back to
AFC-CFS Fredericton. The total number of winged progredien HWA was counted for each trap
under a dissecting microscope. The density of winged progredien HWA per cm2 was calculated
for each trap.
A factorial ANOVA that evaluated a) trap shape, b) lure presentation, and c) interaction
of shape and lure presence was used to determine if mean winged progredien density was
significantly different between treatments. Mean density of winged progrediens was also
calculated for each sampling date to determine the temporal distribution of winged progrediens
in each site over the sampling period. Statistics were analyzed using R x64 3.4.0.

C. Results:

Figure 1: Temporal distribution of winged progredien HWA in two separate infested
hemlock stands in Nova Scotia.
The temporal distribution of winged progredien HWA can be found in Fig. 1. No winged
progrediens were detected on any traps until June 13 at ‘Powerline’, where one individual was
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found. An additional winged progredien was found on June 20 at ‘Lake’. Peak densities for both
sites were observed on July 4. The total number of winged progrediens caught on July 4 at
‘Powerline’ was 3541 individuals (n = 48 traps), while 2836 individuals (n = 47 traps) at ‘Lake’.
Total and mean trap densities were slightly less on July 18 (‘Powerline’ = 2158 individuals,
‘Lake’ = 2334 individuals, n = 48 traps per site).

Figure 2. Mean (+/- SE) number of winged progredien HWA/cm2 per trap on baited and
unbaited prism and panel traps in two sites in Nova Scotia, Canada, July 2019.
The mean (+/- SE) numbers of winged progredien HWA/cm2 per trap are presented in
Figure 2. There was no significant effect of trap shape or lure presentation on mean trap density
at either site.
D. Discussion
An analysis of factors that may influence winged progredien HWA trap catch density
within a yellow-panel trap system determined that neither shape nor the presence of a
commercially available monoterpene lure had a significant effect on mean trap catch density.
While the spruce lure contained several monoterpenes produced by foliage of intact and
herbivore-damaged Picea sp. foliage, there was no increase in mean trap density. Headspace
analysis of Picea sp. foliage shows many additional monoterpenes and other aromatic
compounds that may not be present in commercially available lures. It is likely that if winged
progredien HWA rely upon Picea sp. volatiles to locate trees within complex coniferous
environments, then it is likely that they rely upon one or more minor components that may not be
present in a commercial blend.
There was no significant difference in the mean density of winged progredien HWA
caught on prism traps versus panel traps. Panel traps are commonly used for sampling
Sternorrhyncha, while prism traps are known primarily for sampling buprestids such Agrilus
planipennis Fairmaire (Coleoptera: Buprestidae) (Crook and Mastro 2010). While there was no
difference observed in mean catch, estimates of the cost associated with each trap, such as
purchasing commercial sticky traps and the combined cost of materials required for building
prism traps should be calculated. If estimated suggested that one trap was significantly less
expensive than the other to produce while generating equal detection results, then that trap may
be more useful in a management program with a limited budget. We did not compare directly
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with other detection methods, as this preliminary study was an evaluation of known technologies
associated with Sternorrhyncha sampling. A comparison of sticky trap detection rates and mean
trap captures with other procedures such as branch sampling, or crawler sampling is required to
determine the role sticky traps have in a management context for HWA.
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Development of ball sampling for detecting wool of the hemlock woolly adelgid
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Abstract
To detect infestations of the hemlock woolly adelgid (HWA) early, it will be important to
develop sampling techniques that access foliage in the entire hemlock crown, but particularly the
upper crown. This report covers the results of lab and field experiments, carried out in 2015 and
2016, using a Velcro-covered racquetball to detect HWA wool. This technique can sample for
wool in any part of the tree’s crown. We tested different surface areas of Velcro on the ball and
whether or not adding weight to the centre of the ball improved performance. We found that the
two surface areas of Velcro tested (e.g., 25 and 50 cm2) did not significantly influence
detectability of HWA wool. Adding weight to the ball reduced deflections and bounces during
flight and landing, which improved contact with targeted hemlock foliage and recovery rate of
the ball after landing. Balls were most likely to trap wool as they flew up through hemlock
branch tips as compared to descending down through hemlock branches or rolling across the
forest floor. Balls were also more likely to snag wool with increasing abundance and size of
HWA ovisacs on branch tips. The Velcro usually retained wool whereas wool was often lost if
trapped on the bare surface of the ball. We compared ball sampling to two other detection
techniques. Ball sampling detected as many infested trees as twig sampling and both detected 5-6
times more infested trees than visual sampling. We intensively sampled hemlock trees with a
range of HWA infestation levels to evaluate detectability of HWA wool with increasing number
of samples per tree. We found that 20 ball samples per tree was sufficient to detect 70% or more
of the HWA-infested trees. Additional sampling is required if trees have very low (e.g.,
establishing) infestations. We found that ball and bark sampling were the two most efficient
sampling techniques as compared to visual, ground and twig sampling. These results suggest that
ball and bark sampling are suitable HWA detection tools.
Résumé
Pour détecter précocement les infestations du puceron lanigère de la pruche (PLP), il sera
important de mettre au point des techniques d’échantillonnage qui permettent d’accéder au
feuillage de toute la couronne de la pruche, et en particulier la partie supérieure. Ce rapport
contient les résultats d’expériences menées en laboratoire et sur le terrain en 2015 et en 2016 au
moyen d’une balle de racquetball recouverte de Velcro utilisée pour détecter la laine de PLP.
Cette technique permet de prélever des échantillons de laine dans n’importe quelle partie de la
couronne de l’arbre. Nous avons mis à l’essai différentes superficies de Velcro sur la balle et
vérifié si l’ajout de poids au centre de la balle améliorait le rendement. Nous avons constaté que
les deux superficies de Velcro mises à l’essai (25 et 50 cm2) n’avaient pas d’incidence
importante sur la détectabilité de la laine de PLP. L’ajout de poids dans la balle a diminué les
déviations et les rebonds de la balle durant son vol et son retour au sol, ce qui a amélioré le
contact avec le feuillage de pruche visée et le taux de récupération de la balle quand elle
retombait. Les balles étaient plus susceptibles de capturer de la laine durant leur montée à travers
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les extrémités des branches de pruche que lorsqu’elles descendaient à travers les branches ou
qu’elles roulaient à terre sur la couverture morte. Les balles étaient également plus susceptibles
d’attraper plus de laine et des ovisacs de PLP plus grands sur les extrémités des branches.
Habituellement, le Velcro retenait la laine, alors que la laine attrapée sur la surface nue de la
balle était souvent perdue. Nous avons comparé l’échantillonnage par balle à deux autres
techniques de détection. L’échantillonnage par balle a permis de détecter autant d’arbres infestés
que l’échantillonnage de brindilles, et les deux techniques ont détecté de cinq à six fois plus
d’arbres infestés que l’échantillonnage visuel. Nous avons pris de nombreux échantillons sur des
pruches à divers degrés d’infestation de PLP afin d’évaluer la détectabilité de la laine de PLP
avec un nombre d’échantillons croissant par arbre. Nous avons constaté que 20 échantillons par
balle par arbre suffisaient pour détecter au moins 70 % des arbres infestés de PLP. Un
échantillonnage plus intense est requis si l’infestation est très faible (c.-à-d. encore au stade de
l’établissement dans l’arbre). Nous avons constaté que l’échantillonnage par balle et l’écorce
étaient les techniques d’échantillonnage les plus efficace comparativement à l’observation
visuelle, au prélèvement d’échantillons sur la couverture morte ou à l’échantillonnage de
brindilles. Ces résultats semblent indiquer que l’échantillonnage par balle et l’écorce sont les
outils de détection qui convient pour le PLP.
Introduction
The hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae) (HWA), is
a non-native, invasive insect pest of eastern and Carolina hemlocks in eastern North America.
The HWA is widespread in the United States of America and, in 2017, HWA was found in
southwestern Nova Scotia. The most noticeable sign of HWA on a tree is ovisacs: these are
woolly structures (produced by HWA) that shelter nymphs, adults, and their egg masses. Ovisacs
mostly occur on the underside of branch tips (e.g., distal 60 cm) on 1-yr-old twigs. There is some
evidence that HWA infestations are more abundant in the upper crown of hemlock when present
in low densities (Evans and Gregoire 2007, Joseph et al. 2011), suggesting perhaps that many
infestations begin in the upper crown.
Detection surveys for HWA involve the examination of a pair of lowest crown branches
(e.g., within 3 m of the ground) per tree and a tree is sampled at regular intervals along a semirandom path in hemlock stands (see Costa and Onken 2006) (hereafter visual sampling).
However, if HWA infestations occur higher in the crown they will be missed during visual
sampling. To improve early detection of nascent HWA infestations, it will be important to
develop tools that can sample the entire crown (specifically the upper crown) rather than just a
small portion of the lower crown. One technique, called ball sampling, can sample from
anywhere in the hemlock crown. This technique involves shooting Velcro covered racquetballs
up through the hemlock crown to detect HWA wool (Fidgen et al. 2016).
During the early work with this ball, we noticed limitations to the design. A sampling
method using this technique also does not exist. Here, we report an evaluation of the ballistic
performance of new ball designs, the ability of these balls to trap and hold HWA wool and the
detection rate of ball sampling compared to other detection techniques. We recently reported
these findings in Fidgen et al. (2019). We also intensively sampled trees with a range of HWA
infestation levels to see how detectability increases with increasing number of ball samples per
tree. Lastly, we compared the relative net precision (RNP) (Ruesink 1980) of ball sampling to
that of other detection techniques.
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Methods
We carried out field experiments in eastern hemlock stands within a 50 km radius of
Ithaca, New York in 2015 and 2016. We carried out the laboratory experiments at the Great
Lakes Forestry Centre, in Sault Ste. Marie, Ontario. Unless otherwise stated, we shot balls at
hemlock crowns with a hand held slingshot (Hyperdog; Hyper Pet, Wichita, KS).
Ball design
In 2014, we assessed a prototype ball design as proof of concept of ball sampling (Fidgen
et al. 2016). This design consisted of a racquetball to which we glued 5-6 square patches of selfadhesive Velcro hooks over the surface of the ball (31-38 cm2 Velcro patches, Fig. 1A). The
remainder of the ball was bare. We noticed limitations to this design. Specifically, the Velcro
patches lifted during use and required frequent repair. The light weight of the ball resulted in
frequent deflections during contact with foliage and when hitting other obstacles during flight
and landing. We also noticed that the ball sometimes stayed in the crown. Balls would curve
away from targeted foliage during flight and bounced considerably during landing (becoming
lost). When any of these events happened, we had to repeat the sampling attempt. We improved
ball performance by changing the configuration of Velcro on the ball and by adding weight
(wooden beads) to the centre of the ball (Fig. 1B) (but see Fidgen et al. 2019 for details on
construction of the modified ball).

A

B

Fig. 1. A. Original ball design. B. Modification of Velcro patches (25 and 50 cm2 Velcro patches) on weighted balls.

Ballistic performance
To examine the effect of Velcro and fill on the ballistic performance of the balls, we set
up a factorial experiment. This involved the creation of 60 balls, 20 each modified with 0, 25 and
50 cm2 of Velcro hooks (V0, 25 or 50). We also filled (F) half of the balls with wooden beads in
each of the Velcro treatments (V0 [control], V25, V50, FV0, FV25, FV50). We weighed all balls
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prior to testing. We examined the effect of the Velcro and fill treatments on two response
variables: velocity and bounce height. We used velocity to estimate the flight height of the ball
whereas bounce height estimated their deflection potential. To measure velocity, we shot each
ball three times over a chronograph using a hand held slingshot (draw length of 72 cm). To
measure bounce height, we dropped each ball three times from a height of 190 cm and videoed
the apex height (cm) of the first bounce. We assessed performance of the balls when sampling
hemlock crowns qualitatively in the field. Specifically, we considered the number of branch tips
(distal 60 cm is where most HWA ovisacs are located) hit by the ball before the ball deflected
away, the propensity of the ball to curve during flight and the approximate the distance balls
traveled during landing.
Wool trapping and holding potential of the balls
During a sample, the ball ascends through the underside of branch tips until it reaches its
apex and then descends the interior of the hemlock crown, exits the crown and then bounces and
rolls across the forest floor. Alternatively, the ball could ascend through the underside of branch
tips, exit the crown during ascent or descent, and fall through open air or the crown of another
tree species and then bounce and roll across the forest floor. At any time during flight and
landing, the ball could trap HWA wool. It was unclear which part of ball flight most often
trapped wool. The density and size of ovisacs in the hemlock tree and the surface area of Velcro
on the ball could also affect the probability of the ball trapping wool. We considered the
interaction of these factors on the probability of the ball trapping wool.
To do this, we simulated ball flight through an infested hemlock tree using a suspended
ball hit by a moving branch (called swatting). To simulate ball ascent, a cut branch tip was held
at a natural orientation, as seen on hemlock trees (approximately 20° downward angle from the
horizontal plane), and rapidly swatted in a downward motion over the top of the ball. To simulate
descent, we held branch tips with the same orientation but we swatted the tip upwards from the
bottom to top of the ball. To evaluate the effect of ovisac size, we collected branch tips with
ovisacs in early and late spring when ovisac diameter averaged 1.5 and 3.5 mm, respectively. To
evaluate the effect of ovisac density on probability of the ball trapping wool, we selected branch
tips with a range of ovisac density from very low to moderately high in each of the collections.
Swatting was replicated 8-12 times for each combination of flight phase, ovisac diameter, ovisac
density and amount of Velcro (V25 and V50 versions) on the ball (n = 732 swats).
Hemlock branch tips often break during storms and high winds, eventually landing on the
forest floor. If the twigs contain ovisacs, the ball could trap wool during landing. To simulate
landing on the probability of the balls trapping wool, we rolled balls over HWA infested branch
tips found on the forest floor. To do this, we set up 24, 2 × 10 m patches of forest floor that had a
range of density of HWA infested twigs present. The amount of Velcro on the ball could also
influence the probability of the ball trapping wool during landing, so we assessed the FV25 and
FV50 versions of the ball. We considered the interaction of these two factors on the probability of
the ball trapping wool during landing.
To roll balls, two observers were stationed in a patch. Then a ball was thrown at the
forest floor by the first observer towards the second observer. The ball rolled along the forest
floor as it would during landing, eventually stopping within the patch. The second observer then
retrieved the ball, examined it for wool, cleaned it and then rolled it back to the first observer.
This back and forth procedure was repeated five times per patch for the FV25 and FV50 versions
of the ball.
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Balls with trapped wool could lose it at any time during flight and landing, depending on
what they hit during flight and landing. The probability of retaining wool on the ball could also
be influenced by the amount and location (e.g., Velcro or bare areas) of wool trapped on the ball
and the amount of Velcro on the ball. We considered the interaction of these factors on the
probability of the ball retaining trapped wool.
To do this, we placed wool in pre-marked areas (bare and Velcro surfaces) on the balls
(FV25 and FV50 versions) and launched the balls at various surfaces found during sampling. First,
we placed 1/3 of the wool of a 3.5 mm ovisac or the full ovisac in one of the pre-marked areas on
the ball. Then we launched the ball by hand (h) or with the slingshot at a test surface, recovered
it once it came to rest and then examined it for wool. We tested the following surfaces: redcedar
foliage, asphalt (h), gravel (h), forest floor and water (h). We replicated the combinations of
landing surface, Velcro surface area and amount and location of wool placed on the ball 10 times
(n = 400).
Influence of Velcro surface area on detection of wool: field sampling
To test the effect of Velcro surface area on detection of HWA wool, we intensively
sampled 32 trees near Ithaca. HWA populations on these trees were very light to light. We took
thirty samples per tree for 21 trees. We sampled the other 11 trees until the ball trapped wool for
a maximum of 30 samples per tree.
Comparison of sampling techniques
We compared the detection rate of ball sampling with visual sampling and twig sampling.
Twig sampling involved removing 30-cm-long branch tips from the tree with a cutting head
attached to sectional poles (maximum reach = 8.5 m). We examined the branch tips for the
presence of ovisacs.
We compared the three techniques by sampling 124 trees near Ithaca in 2015 and 2016.
For each tree, we examined lower crown branch tips until an ovisac(s) was found for a maximum
of one minute per tree (two observers). We then removed branch tips from the lower and middle
crown until an ovisac(s) was seen on a tip for a minimum of five up to a maximum of 20 tips per
tree. Finally, we ball sampled each tree until HWA wool was observed on the ball (FV 50 version
only) for a maximum of 30 samples per tree.
Within-crown detectability
To determine whether detectability varied within regions of the tree’s crown, we divided
visually the live crown of each of 16 trees at three sites near Ithaca, New York in 2015 into a
lower and upper half and a north and south facing half; resulting in four quadrants (upper-north
(UN), upper-south (US), lower-north (LN), lower-south (LS)). We ball sampled each quadrant
10 times. However, when we ball sampled the upper crown quadrants about half of the samples
fell through the interior of the lower crown before landing on the ground. We considered such
samples as a posteriori acceptable for our analysis (but see results for wool trapping during flight
of the ball).
Cumulative Distribution Function
A CDF is the probability (y) that a variable takes a value less than or equal to x. We
developed a CDF to describe the probability of detecting an HWA infested tree with increasing
number of ball samples per tree. The CDF was developed from the data collected in the previous
section while ball sampling 124 hemlock trees.
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To calculate the CDF, we computed the probability of detecting an HWA infested tree
after each ball sample up to a maximum of 30 samples per tree for the 124 trees. The abundance
of ovisacs on a tree likely influences the probability of detecting wool on the ball. So, when twig
sampling, we recorded the incidence (proportion of 1-yr-old twigs with at least 1 ovisac) and
density of ovisacs (number of ovisacs per 10 cm of 1-yr-old twig) on each branch tip and
averaged these amongst the branch tips collected for each tree. As a result, we were able to
develop several CDFs. Here, we developed three CDFs: one representing the entire data set and
two others representing trees with up to 5% of twigs infested by HWA and trees with up to 2.5%
of twigs infested to see if the CDFs changed significantly with decreasing incidence of HWA on
the tree.
Sampling Efficiency
Sampling efficiency can be assessed using relative net precision (RNP) (Ruesink 1980).
This calculation considers the detectability of a sampling method relative to its cost (e.g., labour
of performing the method), compared to an absolute estimate. When we sampled hemlock trees
we observed that visual sampling took considerably less time per tree than ball or twig sampling,
but the detectability rate of each technique when used under ‘operational’ conditions was
unclear. When sampling stands in 2014 and 2015 we also noticed that branch tips containing
ovisacs were found on the forest floor and that HWA wool could be seen on hemlock bark near
ground level (Fig. 2). Presumably, this wool dislodged from the canopy and landed on these
surfaces. In 2016, we decided to develop sampling techniques to assess the forest floor and
hemlock bark for HWA wool; and compare these with visual, twig, and ball sampling.

A

B

Fig. 2. A: snapped branch tip with HWA ovisacs that fell on the forest floor; B: HWA wool on bark of an eastern
hemlock tree.

To do this, we sampled 11 hemlock stands (Table 1) near Ithaca. For each technique, we
recorded the detectability, standard error and time needed to complete the assessments. Then, we
used the data to compute RNP. In each stand, we sampled from 10 to 27 hemlock trees along a
path with 25 m spacing between sample trees. Only 10 and 18 trees were sampled at Monkey
Run and Skaneateles Lake due to small area of these stands. It was not always possible to sample
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each tree with visual sampling due to access to foliage and with ball sampling due to steep slope
or small crowns.
One person did the visual sampling. This person examined the underside of the lowest
lower crown branch tips (distal 1-m-long portion of branch) for ovisacs until wool was found for
a maximum of 1 min per tree. We found that one person could look at 10, 1-m-long branch tips
in the allotted time. Two people performed twig sampling. One person would pole prune lower
crown branch tips (reach up to 8.5 m above ground) and the other person would assist the pole
pruner and assess cut branch tips for ovisacs. Only 10 randomly selected trees out of the total
number of trees sampled in each stand were pole pruned to save time. Twig sampling stopped
when an ovisac(s) was observed on a branch tip for a maximum of five branch tips per tree. Two
people performed ball sampling, which targeted the middle and upper crown of hemlock trees
with the FV50 version of the ball. Here, two people shot balls at the tree crown by standing
opposite each other with the tree in-between. The ball shot by one person was retrieved and
examined for HWA wool by the other person, and vice versa. Ball sampling stopped when wool
was found on a ball for up to 15 acceptable shots per tree. One person performed forest floor
sampling. This person would scan the forest floor for hemlock twigs containing HWA ovisacs
until wool was found, for up to one minute. One person could scan 6-9 m2 of forest floor in the
allotted time.
Table 1. Stands in upper New York State used to evaluate five sampling techniques for detection of Adelges tsugae
wool on Tsuga canadensis.
Stand

Sample
locations

Percent
hemlock
basal area*
50

Hemlock
DBH (cm)

Hemlock
height (m)

% twigs
with wool

Associated
tree species†

25

Hemlock
basal area
(m2/ha)
18

Coy Glen

45

27

33

Ellis Hollow

27

16

57

38

26

3

Fall Creek
Hencoop Creek
Monkey Run
Ravine Loop Trail

25
25
10
25

NA
NA
14
16

40
55
39
35

53
44
37
28

25
24
26
18

0.05
15
0
11

Skaneateles Lake
Springbrook
Stephenson Forest

18
25
25

28
NA
36

74
60
72

41
37
41

29
22
27

5
0
11

Taughannock Trail

25

20

44

46

30

23

Texas Hollow

25

NA

70

38

23

10

sM, H, tuPO,
rO, wO
yB, Be, sM,
rO
NA
NA
rO, sM, wA
rO, wP, SP,
rM, wO
sM
NA
sM, rO, wP,
chB, shHK
rO, sM, wO,
wP, tuPO,
wA, shHK,
rM, I, blCH
NA

† species codes: wA (white ash), Be (American beech), chB (cherry birch), yB (yellow birch), blCH (black cherry), H
(hackberry), shHK (shagbark hickory), I (ironwood), sM (sugar maple), rM (red maple), rO (red oak), wO (white oak),
wP (white pine), tuPO (tulip poplar), SP (spruce)
*

prism plots were not done in Fall Creek, Hencoop Creek, Springbrook or Texas Hollow but basal area of hemlock and tree species composition
were consistent with the other seven stands. Percent basal area was guessed.
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One person also performed bark sampling. This person examined the lowest 2 m portion
of the tree’s bole until wool was found for a maximum of one minute. The bark was scanned first
at eye level (1.5-2 m) and, if no wool was found, the surveyor scanned down the bole of the tree
to the root collar around the tree’s circumference.
For each sampling method, we calculated RNP using the formula:
.
[1]
Cs is the cost to complete sampling and RV is relative variation, which was calculated by:
,
[2]
where SE = standard error (when at least one of the three methods found wool) and m = mean
detectability (of each sampling technique). Costs (Cs) were based on a per person salary of
CAD$25 per hour. Fixed costs were not considered. The highest RNP indicates the most efficient
sampling technique. Furthermore, an RV of 30% or less is suitable for management decisionmaking. Therefore, we considered sampling techniques with highest RNP and RV < 30 percent
as most effective.
Statistical analyses
Unless otherwise stated, we performed analyses in the R statistical computing
environment version 3.4.2 (R Core Team 2017). We fit linear or generalized linear models (F,
Deviance or Log Ratio tests) to the response variables (flight height, bounce height, probability
of trapping and retaining wool, detectability) using Velcro surface area, flight phase, ovisac
diameter, ovisac density or abundance of woolly twigs on forest floor, as appropriate, as
predictor variables. The linear mixed effect model was fit using functions in the ‘lme4’ package
(Bates et al. 2015). LMs and GLMs were fit using functions in the ‘stats’ package (R Core Team
2017). Differences among levels of the main effects were examined using functions in the
‘emmeans’ package or the ‘stats’ package (Lenth 2017, R Core Team 2017). Results were
considered significant at P ≤ 0.05.
Results & Discussion
Ballistic performance
We found that Velcro surface area and fill significantly influenced the flight and bounce
height of the balls (Table 2). When dropped, the FV50 version bounced ca. 49% less high than the
V0 version (unmodified balls). Velcro did not significantly reduce the bounce height for filled
balls like it did for unfilled balls, resulting in a significant interaction between both factors (twoway analysis of variance: F (2,54) = 13.66, P < 0.0001). When shot, filled balls flew ca. 25%
less high than unfilled balls. The V25 version flew less high than either the V0 or V50 versions,
resulting in a significant interaction between both factors for each launch angle (two-way
analyses of variance, θ= 90°: F (2, 54)=7.04, P=0.002; θ=75°: F (2, 54)=7.06, P=0.002).
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Table 2. Selected ballistics (± standard error) of balls with Velcro (0, 25, or 50 cm2) and fill (none or wooden
beads). Different letters within a column indicate significant differences among means (Tukey’s honest significance
test).

Model

Velcro
(cm2)

Fill

n

Weight
(g)

Bounce
(cm)*

Velocity
(m/s)

90º flight
height(m)*

75º flight height
(m)*

V0

0

No

10

42.1  0.2

150.3  0.8d

25.5 ± 0.1

33.2 ± 0.3d

31.0 ± 0.3d

FV0

0

Yes

10

56.2  0.3

84.2  1.5a

23.3 ± 0.1

27.7 ± 0.2b

25.8 ± 0.2b

V25

25

No

10

43.2 ± 0.2

140.9 ± 1.4c

24.6 ± 0.2

30.9 ± 0.4c

28.8 ± 0.4c

FV25

25

Yes

10

58.7 ± 0.2

83.7 ± 2.4a

22.1 ± 0.1

25.0 ± 0.3a

23.3 ± 0.2a

V50

50

No

10

44.4  0.3

124.5  1.5b

25.2 ± 0.1

32.4 ± 0.3d

30.2 ± 0.3d

FV50

50

Yes

10

58.6  0.3

77.2  2.5a

22.0 ± 0.1

24.8 ± 0.2a

23.1 ± 0.2a

The new ball modifications improved performance in the field (FV25 and FV50 versions).
The new balls hit approximately twice as many branch tips before deflecting away as compared
to the original design. With good shooting technique, neither ball curved away from targeted
foliage like the original design. During landing, the filled versions traveled approximately 3 m on
average as compared to approximately 10 m with the original design. A downside to using filled
balls was not being able to reach the top of trees taller than 23 m during our testing. To increase
flight height, it will be necessary to increase the power of the slingshot. We recommend
increasing the draw length or shortening the bands of the slingshot, or using a more powerful
slingshot. The new design is very durable if constructed and maintained as described in Fidgen et
al. (2019).
Wool trapping and holding potential of the balls
Trapping wool during ‘flight’. We found that the probability of the ball trapping wool when
swatted with HWA infested branch tips increased faster with increasing ovisac density when the
ball ascended as compared to descended through the crown, resulting in a significant interaction
(Fig. 3). We also found that the probability of trapping wool on the ball was significantly higher
when we swatted twigs with mature as compared to immature ovisacs over the stationary balls
(Fig. 4). Because most HWA ovisacs occur on the underside of branch tips, it makes sense that
the probability of trapping wool on the ball was higher during ascent through the crown rather
than descent. Because the ball travels 4-5 times faster from the slingshot than the branch tips did
during swatting, we suspect the probabilities of trapping wool are underestimated. In contrast, we
suspect the probability of trapping wool during descent through the crown is a gross
overestimate. This is because during an actual sample, the ball usually travels through the
interior of the crown during descent or exits the crown before the descent phase, not through
branch tips as we simulated. These data also suggest that sampling effort will decrease when
sampling denser and larger diameter HWA ovisacs (i.e., when the first generation of HWA
begins oviposition in early spring).
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Fig. 3. Influence of flight phase and density of HWA ovisacs (number of ovisacs per 10 cm of twig) on twigs on the
probability (± SE) of trapping wool on the ball during swatting with hemlock branch tips. The interaction of flight
phase (ascent vs. descent) and ovisac density was significant (two-way interaction: D (2, 719) = 10.17, P = 0.001).

Fig. 4. Influence of ovisac diameter (e.g., immature ~ 1.5 mm; mature ~ 3.5 mm) on the probability of trapping
HWA wool (±SE) on the ball. Different letters above error bars denote significantly different means (D (1, 728) =
12.45, P = 0.0004).

Trapping wool during landing. The surface area of Velcro on the ball did not influence the
probability of trapping wool on the ball during a landing (D (1, 299) = 0.24, P = 0.63). However,
the probability of trapping wool on the ball increased with increasing abundance of woolly twigs
on the forest floor (Fig. 5). However, the data suggest that this method is likely to be inefficient
when used to sample under trees with nascent to very light HWA infestations. In these situations,
we have found few, if any, woolly twigs on the forest floor.
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Fig. 5. Relationship between the probability of the ball trapping Adelges tsugae wool when rolled in a patch and the
average number of woolly twigs per 0.25 m2 of forest floor (r2= 0.53; P < 0.0001; y = 0.002 + 0.056x). Shaded area
is the predicted standard error of the relationship.

Wool retention. The probability of retaining wool on the ball varied with the amount of wool
loaded in the Velcro whereas the probability of retaining wool on the bare surface was the same
for each amount of wool placed there, resulting in an interaction between both factors (Fig. 6).
The probability of retaining wool on the ball varied depending on the landing surface tested and
the surface area of Velcro on the ball. In some tests, balls with larger surface area of Velcro had
a lower probability of retention, while in others, it was the same, or higher, resulting in an
interaction between both factors (Fig. 7). When we put wool in the Velcro, the ball usually
retained it during simulated flight and landing. However, when the ball embedded itself in the
forest floor, leaves or other debris sometimes obscured the wool we placed on the ball, or the
wool was clarified when the ball landed in water (though only until the ball dried). We did not
test balls after submersing in mud, but this substrate will obscure any wool on the ball. We
suggest examining the unaffected portion of the ball for wool and if no wool is found the sample
should be repeated. Thoroughly clean the ball before reuse as debris may reduce the wool
trapping potential of the ball.

Fig. 6. Influence of the location and amount of Adelges tsugae wool loaded on the ball on the probability of a ball
retaining wool (± SE) after it had landed on various surfaces (two-way interaction: D (1, 377) = 4.31, P = 0.04).
Asterisks indicate significance in the probability of retaining wool between the two surfaces (bare, Velcro) on the
ball. Different letters above error bars denote significantly different means.
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Fig. 7. Influence of the Velcro surface area on the ball and landing surface on the probability of the ball retaining
Adelges tsugae wool (±SE) (two-way interaction: D (4, 388) = 18.17, P = 0.001). Different letters above error bars
denote significantly different means.

Influence of Velcro surface area on detection of wool
Detectability of HWA wool on individual trees was not influenced by Velcro surface area
on the ball (D (1, 1109) = 0.95, P = 0.33). Likewise, the number of positive samples out of 30
per tree (LR (1, 38) =0.82, P=0.36) and the number of samples until first positive (LR (1, 60)
=0.71, P=0.40) were not influenced by Velcro surface area on the ball. We did not record the
number of wool globs found on each version of the ball tested (i.e., FV25 and FV50), but we
suspect that a larger Velcro surface area will trap and retain more wool globs. This needs more
work.
Comparison of sampling techniques
We found HWA wool on 105 of the 124 trees using at least one of the three sampling
techniques. We also climbed 11 of the 124 trees and found wool on one tree when the other
sampling techniques missed it. Therefore, we detected wool on 106 of the 124 trees.
Interestingly, five of the 11 climbed trees had infestations detected by ball and/ or twig sampling
but these infestation were not detected when climbing. Visual, twig and ball sampling found
wool on 19, 92, and 90 of the 106 positive trees; alternatively, these methods failed to detect
wool on 87, 14, and 16 of the 106 positive trees. Detectability of twig sampling and ball
sampling were similar, but both techniques detected wool on significantly more trees than visual
sampling (D (2, 371) =119.78, P < 0.0001). These results suggest that ball and twig sampling are
more sensitive HWA detection tools than visual sampling. Because carrying a set of pole pruners
for twig sampling is laborious, we prefer ball sampling. The slingshot and balls are light-weight
and easy-to-carry.
Within-crown distribution
Detectability of wool with the ball did not differ significantly among the four crown
quadrants tested (D (3, 636) = 0.75, P = 0.86). Based on this finding, we see no reason to adopt
stratified sampling technique for ball sampling. However, a practical strategy would be to sample
as many different regions of the middle and upper crown as possible, as the location, extent and
severity of the HWA infestation will be unknown at the time of sampling.
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Cumulative Distribution Function
The probability of detecting wool with ball sampling increased quickly with increasing
number of ball samples per tree but began to flatten out after ca. 20 ball subsamples per tree (Fig.
8). It took 27, 24 and 17 subsamples per tree to detect an infested tree 75% of the time for trees
whose mean proportion of twigs infested was 0.007, 0.013 and 0.087, respectively (Fig. 8A-C).
The curves 8A and 8B did not differ significantly, but both were significantly lower than curve
8C (D (2, 87) = 0.25; P = 0.03). These data could be used to develop stand level sampling plans
for HWA. For example, Legg et al. (2014) reported a resampling simulator that uses fieldcollected detectability data to estimate the number of hosts to sample to detect low-level insect
infestations on the landscape.

Fig 8. Relationship between the number of ball subsamples per tree and detectability of Adelges tsugae wool for (A)
Tsuga canadensis trees with mean proportion of 0.007 infested twigs (n = 49 trees, range: 0.000 – 0.025); (B) trees
with mean proportion of 0.013 infested twigs (n = 61 trees, range: 0.00 – 0.05); and trees with mean proportion of
0.087 infested twigs (all trees, n = 106, range: 0.0 to 0.6) sampled in 2015 and 2016 near Ithaca, New York. The
relationships (A) and (B) were selected to assess how detectability changes with decreasing incidence of adelgids on
trees. Note: the equation of the cumulative distribution function can be provided upon request.

Sampling Efficiency
Our small scale ‘operational’ test of five sampling methods showed that ball and bark sampling
were the two most efficient techniques in all stands and in stands with low incidence of A. tsugae
wool (Fig. 9). In contrast, twig and visual sampling were the least efficient sampling techniques
tested. Only bark, ball and twig sampling had RVs less than 30% when used to sample all stands.
However, no detection technique had a relative variation less than 30% when used in stands with
low incidence of adelgid wool. Here, a combined survey may reduce the relative variation to
acceptable levels. For example, when bark and ball sampling were done in a combined survey,
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the RV was less than 30% (i.e., 23.7). Based on our findings, we argue that more sensitive and
efficient detection techniques are available for detecting nascent A. tsugae infestations. We
recommend additional sampling in stands with low incidence of wool to confirm our
observations.

Fig. 9. Relative net precision (RNP) of each sampling technique used to detect A. tsugae wool in T. canadensis
when used in all 11 hemlock stands (left) and in stands with low HWA incidence (right) near Ithaca, New York in
2016.
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Efficacy of TreeAzin trunk injection for protection of eastern hemlock from hemlock
woolly adelgid.
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Abstract The hemlock woolly adelgid (HWA), an invasive forest insect that has killed eastern
hemlock over large areas of the eastern United States, was discovered in southern Nova Scotia in
June 2017. The systemic insecticides, imidacloprid and dinotefuron provide good control of
HWA on hemlock in the US but are not available for use in Canada. We are testing TreeAzin™
stem injection at two dosages for its efficacy to kill HWA and protect high value mature hemlock
trees (in Parks and urban areas) from HWA-induced mortality. Thirty-four mature eastern
hemlock were injected with either 3 mls or 5 mls of TreeAzin™ per cm dbh (17 trees per dose,
plus 17 uninjected trees to serve as controls) at a site near Meteghan, Nova Scotia on 16 October
2018. Densities of live HWA sistens on the 51 sample trees ranged from 0.23 to 14.5 per cm of
2018 growth, with a mean of 5.9. There was a mix of first- (35%) and second-instar (65%)
sistens nymphs present on the sample branches, indicating most HWA at the date of
injection/sampling. The same trees will be sampled to estimate densities of live and dead HWA
and mean fecundity in: 1) mid-late March 2019, targeting live mature sistens and egg masses; 2)
mid-late June 2019, targeting adult progrediens; 3) October 2019, targeting sistens nymphs; and
4) mid-late March 2020, targeting mature sistens and egg masses (Fig. 2). The October 2019
sample will measure potential carry over effects of TreeAzin treatment more than one year after
treatment.
Introduction. The hemlock woolly adelgid, Adelges tsugae (HWA) is an invasive forest insect
that has killed eastern hemlock, Tsuga canadensis, over thousands of hectares in eastern North
America since its accidental introduction to the US from Japan in the early 1950’s. The tiny
(<1.5 mm), aphid-like insect feeds in the xylem at the base of needles of eastern hemlock,
causing loss of needles and new shoots and eventually tree death. Tree mortality can occur as
soon as 2 years or take > 10 years after stands become infested, depending on site conditions and
other stressors like drought. Infested stands often suffer complete mortality, resulting in loss of
critical habitat for many wildlife species, and reduced stream flow and water quality. The most
significant natural mortality factor affecting HWA appears to be cold winter temperatures and
sudden temperature fluctuations, especially in late winter when the insect is less “frost hardy”.
Susceptibility to freezing temperatures (e.g., -25C) may explain why hemlock mortality from
HWA has occurred more slowly in northern latitudes. However, HWA populations in northern
latitudes are more tolerant of cold temperatures than those in the south and climate change
models predict an increase in mean winter temperatures in the future, so further northward
expansion of HWA is likely.
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In June 2017, HWA was discovered in southwest Nova Scotia. Subsequent aerial and ground
surveys by the Canadian Food Inspection Agency (CFIA) and the Nova Scotia Department of
Natural Resources (NSDNR) has confirmed HWA infestations and tree mortality in five Nova
Scotia counties, suggesting it has been present there for > 10 years. The only other HWA
detections in Canada occurred in southern Ontario near Etobicoke and the Niagara Gorge, in
2012 and 2013, respectively; at both sites, the infested trees were removed and HWA has not yet
been recorded in subsequent annual surveys. The infestation in Nova Scotia is far too extensive
to be eradicated but actions should be taken to slow its spread and manage its impact on forest
resources. The HWA Technical Advisory Committee (comprised of representatives from CFIA,
NRCan-CFS, the Invasive Species Centre, Ontario Ministry of Natural Resources, NSDNR,
USDA Forest Service, Cornell University, University of Toronto, and Silvecon) has drafted an
HWA management and research plan. Management options include biological control, protection
of high value hemlock trees with systemic insecticides, and collection of hemlock seed for gene
conservation, among others.
The systemic insecticide, imidacloprid (Confidor), is registered in Canada for control of HWA
by trunk injection but Bayer no longer sells that product in Canada so it is essentially unavailable
for use. Ima-Jet, another stem-injected imidacloprid formulation (ArborJet) is currently under
review by PMRA and may be registered for protection of hemlocks from HWA next year.
However, we think we should have more than one tool for protecting high value hemlock from
HWA in the event that public opinion, concern for negative impacts on non-target organisms, or
other factors prevent the use of imidacloprid. Kreutzwiser et al. (2008) showed that consumption
of leaf litter from imidacloprid-injected sugar maple had sub-lethal effects on non-target
decomposer invertebrates and rate of litter decomposition, suggesting the need for alternative
methods. This may be especially important for eastern hemlock because it commonly grows in
riparian zones.
This 2-year study (2018-20) addresses SERG-I research areas of development of new forest pest
products and forest pest management strategies, and is targeted at protection of high value trees
in urban areas and parks. We received $6K from SERG-I partners ($3K NSDNR; $2K OMNR;
$1K USFS) and $5360 in-kind from BioForest ($2K for Applicator and Expenses, 6 litres of
TreeAzin x $560/litre) for this project in 2018-19.
Objective: Determine the efficacy of TreeAzin for reducing densities of hemlock woolly
adelgid, Adelges tsugae, and protecting high value eastern hemlock trees from HWA-induced
mortality.
Methods. We injected 34 mature eastern hemlock on a site near Meteghan, N.S. on 16 October
2018: 17 trees per dose x 2 doses (3 mls- and 5 mls per cm DBH); 17 untreated hemlock on the
same site serve as controls (Fig. 1). At the same time we collected two mid-crown branches from
each treated tree and brought these back to the CFS-AFC containment facility. The branches
were stored at +5C until processed to estimate pre-treatment densities of live HWA sistens
nymphs per cm of new growth. We examined 1-2 new growth twigs per branch, depending on
adelgid densities, and completed the samples 30 October. We will measure treatment efficacy by
comparing mean density, survival and fecundity of HWA on treated vs. control trees, sampled at
four dates post-treatment. The same trees will be sampled to estimate densities of live and dead

SERG International 2019 Workshop Proceedings

367

HWA and mean fecundity in: 1) mid-late March 2019, targeting live mature sistens and egg
masses; 2) mid-late June 2019, targeting adult progrediens; 3) October 2019, targeting sistens
nymphs; and 4) mid-late March 2020, targeting mature sistens and egg masses (Fig. 2). The
October 2019 sample will measure potential carry over effects of TreeAzin treatment more than
one year after treatment.
Count data will be analyzed using generalized linear models in SAS (PROC GLIMMIX) using
both the Poisson and negative binomial distribution and results reported for the distribution with
the best fit, as determined by the lowest value of Aikaike’s Information Criterion, corrected for
small sample sizes. We will compare the relative change in adelgid densities, e.g., from sistens
nymphs to adults, between each treatment dose and untreated controls.
Results. Densities of live HWA sistens ranged from 0.23 to 14.5 per cm on the 2018 growth,
with a mean of 5.9. There was a mix of first- (35%) and second-instar (65%) sistens nymphs
present on the sample branches, indicating most HWA at the site had broken diapause by 16
October (Fig. 3). Second instar nymphs tended to be more prevalent near the base of the current
year growth and first instars near the tip. Mortality averaged 24% and appeared to be greater near
the tip of shoots. So long as overwintering mortality is not too severe, we will be able to
determine the effect of TreeAzin on sistens survival in the March 2019 sample.
References
Kreutzwiser DP, Thompson DGH, Scarr TA (2008) Imidacloprid in leaves from systemically
treated trees may inhibit litter breakdown by non-target invertebrates. Ecotoxicology and
Environmental Safety 72: 1053–1057.
Ward JS, Montgomery ME, Cheah CA, Onken BP, Cowles RS (2004) Eastern hemlock forests:
Guidelines to minimize the impacts of hemlock woolly adelgid. USDA Forest Service.
Northeastern Area State & Private Forestry. Morgantown, WV. NA-TP-02-04.
Acknowledgments. We thank SERGI partners, Nova Scotia Ministry of Natural Resources,
Ontario Ministry of Natural Resources, USDA Forest Service, and Canadian Forest Service, for
funding this research, BioForest for substantial in-kind support, and J. & R. Comeau for
permission to conduct the research on their property.

SERG International 2019 Workshop Proceedings

368

Fig. 1 Ed Czerwinski injecting eastern hemlock trees with TreeAzin™, 16 October 2018, near Meteghan,
Nova Scotia (Photos: J. Sweeney).
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Fig. 2. Life cycle of hemlock woolly adelgid (from Ward et al. 2004)

Fig. 3. Hemlock woolly adelgid sistens on current growth branch tips of eastern hemlock sampled 18
October 2018, Meteghan, NS. Left: 2nd instar visible in center of photo; right: mix of 1st and 2nd instars
and exuviae of 1st instar nymphs.
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Forest Pest Update for Newfoundland and Labrador
Prepared for SERG International Workshop - February 2019
The following is a brief summary of the status of forest pests and results of monitoring and control activities
conducted in the Province of Newfoundland and Labrador (NL) in 2018.
Please Note – these are interim results - final results will be made available in the Provinces annual forest pest status report.

Invasive Forest Pests
In the Province of NL invasive forest pests are primarily monitored by the Canadian Food Inspection Agency
(CFIA). Pests monitored by the CFIA in NL in 2018 included: gypsy moth, brown spruce longhorn beetle (BSLB),
emerald ash borer, Asian long-horned beetle, Japanese beetle and monitoring of other wood boring insect through
the IAS forest pest survey. Results of monitoring conducted for these invasive pests can be obtained from Ron
Neville, Plant Health Survey Biologist, CFIA, Atlantic Canada (ron.neville@inspection.gc.ca).
Presently the Province only monitors European Scleroderris Canker and Balsam Woolly Adelgid - two invasive
species that are well established in the Province.
European Scleroderris Canker
The European strain of Sclerroderris Canker was
first found in the St. John’s area in 1979. This
introduced disease is a threat to both indigenous
red pine of ecological significance and planted
red pine. Following its discovery on the island,
efforts were made to contain this disease through
sanitation and the use of quarantine zones to
restrict the movement of infected material. This
was successful for approximately 25-years;
however, in 2007 the disease was found 150-km
outside the quarantine zone in the Berry Hill
area. This site was sanitized in 2008, however,
despite these efforts an additional three sites
were detected in 2011. One of these sites was
only 3 km north of the site detected in 2007. In
2012, survey efforts detected an additional four
sites outside the quarantine area. Two more
sites were detected in 2016. No new sites were
detected in 2017. There are currently a total of
nine sites outside the quarantine zone confirmed
to have this disease (see map).
Prohibitions of movement are currently issued by
the CFIA to restrict the movement of living pine
within a 1 km radius of these sites. In 2014, an
application to sanitize these sites was submitted
and
approved
under
the
Provinces
Environmental Protection Act. To date, only one
of the seven sites (Cold Brook) has been
sanitized. To date, the high costs for sanitation
have prohibited control efforts at the remaining
sites. Within the last 5-6 years, the levels of
infection and mortality observed in a number of
these sites has increased significantly. Unlike the
scattered pockets of mortality initially observed,
mortality is now widespread in these plantations.

European Scleroderris Canker mortality ‐ Berry Hill Pond

Balsam Woolly Adelgid
Information on the incidence and levels of
balsam woolly adelgid (BWA) damage observed
in the Province are collected during surveillance
of forest pests in silvicultural areas (i.e.
plantations and thinnings). Information on observed BWA damage is also provided by District silvicultural staff.
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To date, results indicate a higher incidence of BWA attack and damage in southwestern and central portions of
Province (see map) with crown and twig attack (see images) the most common. Historically, the incidence and
levels of damage found at higher latitudes and higher elevation sites has been lower or absent – this is directly
related to climate where colder winter temperatures reduce the overwintering survival of this insect. Some reports
of failed pre-commercial thinnings due to high levels of BWA damage were received from District staff in 2015.
District staff are also reporting an increase in BWA incidence and damage at higher latitudes and elevations. With
climate change and warming temperatures there are concerns that damage from this pest will continue to increase
in the future.

Note: Brown Spruce Longhorn Beetle
On the island over 85% of the growing stock is
softwood with spruce representing ca. 35%.
Spruce is an important species to both the
sawmilling industry and to the pulping process
utilized by Corner Brook Pulp and Paper (i.e.
certain composition of spruce required).
Concerns regarding the spread of BSLB to the
island of Newfoundland were heightened in 2015
with the deregulation of BSLB in Nova Scotia.
Numerous discussions have been held with CFIA
and NL Forestry officials regarding the
introduction of measures at the Ferry Terminal in
North Sydney to reduce the risk of spread of
BSLB. This site has the potential to be a choke
point to prevent entry of this pest into NL (see
map). To date no measures have been put in
place at this site.
With the detection and spread of BSLB into a number of locations (i.e. Kouchibouguac National Park,
Memramcook) in southern NB over the last 5-6 years, and the potential link to the movement of firewood from
known areas where this insect is established in NS – the Province of NL would still like to see measures put in
place to prevent the entry of this IAS into NL through this pathway. Fortunately, CFIA trapping results for BSLB
on the island including traps in Gros Morne and Terra Nova National parks were all negative again in 2018.
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Indigenous Pests – Major Forest Insects
Major native forest insect pests are monitored annually by the Province. They include the eastern spruce budworm
(SBW), eastern hemlock looper (HL), balsam fir sawfly (BFS), as well as, other minor pests. Control programs
are also conducted as needed to protect the forest resources of the Province.
Control Program in 2018
In the fall of 2017, a small localized area north of
Roddickton on the Northern Peninsula was forecast as
having populations capable of causing severe defoliation
in 2018. The area was approximately 72 ha in size and
was predominantly mature balsam fir. Given the area
was ready for harvest, the decision was made to cut the
area during the summer of 2018, rather than treat it
aerially.

Legend
2018 cut block

No other controls were conducted in 2018.
2018 Monitoring Results
Eastern Spruce Budworm
Aerial Defoliation Survey Results – As forecasted,
population and damage levels continued to decline in the
Happy Valley Goose Bay area in Labrador in 2018. This
Defoliation/Damage
Moderate (0 ha)
Severe (0 ha)
Severe+Dead Trees (0 ha)
Previous area with severe+dead trees (41289 ha)

is 5th consecutive year where decreases in the amount
of M-S defoliation have been observed with no areas
detected in 2018 compared to only 499 ha in 2017,
34,520 ha in 2016, 36352 ha in 2015, and 50767 ha in
2014. In 2013, at the peak of the outbreak, there was
82231 ha of M-S defoliation. An area of ca. 41,289 ha
with mortality caused by cumulative defoliation from
previous years is still very evident particularly along the
Kenamu River and Carter Basin, and south of the
Churchill River below Muskrat Falls. The outbreak in
the Happy Valley Goose Bay area of Labrador which
began in 2007 appears to have collapsed after eleven
years.

On the island of Newfoundland, despite there being a
number of locations with higher pheromone trap
catches and a high numbers of moths being caught in light traps north of Sally’s Cove on the Northern Peninsula,
there was no was visible from SBW observed from the air or from the ground.
Pheromone Trapping Results – In response to rising SBW populations in the Province of Quebec, NL has
increased the number of pheromone traps used in its pheromone trapping network in the last seven years. From
2000 to 2011 there were only 50 trapping locations across the island. This trapping network was increased with
100, 108, 110, 148, 267, 260, and 251 locations across the island over the last seven years. Since 2012, two
Unitrap ® non-saturating traps have been placed 40 meters apart at each location. Each trap has one Synergy
330 µg SBW flex lure and one Vaportape killing strip. In 2018, on the island there was a small decrease in the
average number of moths observed per trap, however, the highest trap catches continue to occur along the leading
edge (i.e. west coast and northern peninsula) closest to outbreak populations in the Province of Quebec. The
increase in trap catches noted in 2017 and small decrease in 2018 was preceded by a three year period were the
average number of moths per trap had declined (2013 – 86.3 moths/trap; 2014 – 32.2 moths/trap; 2015 – 15.4
moths/trap; 2016 – 4.6 moths/trap; 2017 – 43.3 moths/trap; 2018 – 29.5). In Labrador, pheromone trap catches
continue to decline in the Happy Valley Goose, however, there has been an increase in the trap catches observed
in eastern Labrador in the Cartwright and Port Hope Simpson areas.
As already indicated light trapping being conducted by Dr. Marc Rhainds under a SERG-I research project on the
Northern Peninsula identified potential immigration events in late July and early August. Using this information,
backward tracks are being conducted to identify potential sources. Although this work is still on-going some initial
results indicate a pathway between Anticosti Island in Quebec and the Sally’s Cove area in Newfoundland. Once
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again this raises the question about the role that migration and immigration of adult moths plays in the spread and
increase of SBW populations elsewhere.

n=36

n=35

2017

Spruce Budworm
Pheromone Trapping

2018

n=260

n=251

Forecast/Outlook for 2018 – To forecast SBW populations and damage levels expected in 2019, branch samples
were collected and processed for overwintering 2nd instar (L2) larvae. A total of 49 locations in Labrador and 156
locations in Newfoundland were assessed. Five midcrown 75cm branch samples were collected from each
location and sent to the Provincial Forest Insect and Disease Lab in Corner Brook for processing. This lab has
the capacity to process all branch samples collected to forecast populations of the three major forest pests found
in NL. In 2018, L2 results indicate a continued decline and collapse in SBW populations and damage levels in
the Happy Valley Goose Bay area in Labrador. With the exception of one location in the Cartwright area, SBW
populations also remain at low levels (< 2 L2/branch) in eastern Labrador. In Newfoundland, SBW L2 population
levels still remain at low levels over most of the island, however, there were a number of locations within Gros
Morne National Park and in the Batteaux Barrens area on the Northern Peninsula, and northwest of Stephenville
on the West Coast were rising SBW populations were note at a threshold of 7 or more L2/branch. Supplementary
sampling is currently being done in these areas to better delineate the forest stands where treatments could
potentially be conducted under an early intervention strategy to reduce populations in 2019.
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Spruce Budworm – L2 Results - Island
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Eastern Hemlock Looper
Aerial Defoliation Survey Results – In 2018, a total of 343 ha of
severe defoliation with mortality caused by HL was found in
localized areas around the Pistolet Bay area on the Northern
Peninsula. Mortality in these areas is a result of cumulative from
defoliation in the last 2-3 years.
Pheromone Trapping Results – Given the low HL populations
observed over much of the Province over the last seven years, a
pheromone trapping network was established to monitor low
density populations and assess annual population changes. This
network was established in 2011 and has increased from 100
locations in 2012 to around 250 locations. In 2018, 251 trapping
locations were assessed on the island while the trapping network
in Labrador that was expanded in 2014 to include the Cartwright
and Port Hope Simpson areas was maintained again in 2018. At
each location two Unitrap ® non-saturating traps were placed 40
meters apart. In each trap, one 10 µg HL septa lure from Sylvar
Technologies Inc. and one Vaportape killing strip were placed.
In 2018, trap catches were lower than observed in 2017 indicating
that HL populations remain low across the island, as well as, in
Labrador. Areas (Pistolet Bay, Roddickton, and Main River) on
the island with higher trap catches in 2017 also decreased in 2018.

n=37

n=35

2017

Hemlock Looper
Pheromone Trapping

n=36

2018

n=260

n=251

Forecast/Outlook for 2019 – To forecast HL populations and damage levels expected in 2019, branch samples
were collected and processed for overwintering eggs. Aerial defoliation and pheromone trapping results were
used to identify areas where higher levels of fall forecast sampling where needed. Elsewhere sampling levels
were reduced. A total of 536 locations were assessed on the island and 49 locations assessed in Labrador. At
each location three 100cm mid to lower crown branches are sampled. Branches were subsequently processed
at the Provincial Insect & Disease Lab in Corner Brook.
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On the island HL egg densities were Nil to Low and populations/damage are forecast to be low in 2019.
Populations within the areas (Roddickton and Pistolet Bay) forecast to have M-S defoliation in 2018 also
decreased and are forecast to be low in 2019. In Labrador, HL populations are extremely low. No HL eggs were
found at any of the 49 locations sampled.

Egg Count Ranges/Defoliation Thresholds:

n= 55

E

0 (Nil)
1 - 2 (Trace)
3 - 9 (Light)
Not processed

10 - 19 (Low Mod.)
20 - 29 (High Mod.)
30 + (Severe)

Forested Areas

National Parks

n=
n= 49
49

Management Districts

2017

2018

n= 543

n= 536

Hemlock Looper – Egg Survey Results
Balsam Fir Sawfly
Aerial Defoliation Survey Results – In 2018, no damage
from BFS was detected – this is fourth consecutive year
that no defoliation from this insect pest has been
observed on the island.
Pheromone Trapping Results – Despite efforts through
SERG-I to try to develop a pheromone lure for
monitoring BFS populations, no successful lure has
been developed to date.
Forecast/Outlook for 2018 – To forecast BFS
populations and damage levels expected in 2019,
branch samples were collected and examined for
overwintering eggs.
Forty-three locations were
assessed with a total of five 45cm midcrown branches
collected per location. No BFS eggs were found on any
of the branch samples collected from the locations
assessed. No BFS populations or damage are forecast
for 2019 on the west coast or on the south coast in the
St. Alban’s and Connaigre Peninsula areas.

Balsam Fir Sawfly – Egg Survey
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Other Minor Indigenous Forest Pests Observed in 2018
Rusty tussock moth – 278 ha of moderate and
29 ha of severe defoliation observed in localized
areas along the Roddickton Highway on the
Northern Peninsula.
Birch shield bug – large numbers of nymphs
found on white birch at localized locations on the
east coast of the island.
Larch sawfly – localized stands of larch with
severe defoliation observed at a number of
locations on the east coast of the island.
Yellowheaded spruce sawfly – moderate to
severe defoliation noted on young spruce in
localized areas in central Newfoundland.
Fall webworm – webbing and defoliation
observed on roadside trees in central and
western portions of the island.

Dan Lavigne – Supervisor, Forest Insect & Disease and Wildland Fire Management
Forest Engineering & Industry Services Division
Department of Fisheries and Land Resources
January 19, 2019
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Forest Health Monitoring in Nova Scotia 2018
Prepared by Nova Scotia Department of Lands and Forestry, Forest Protection Division, Risk
Services, P.O. Box 130, Shubenacadie, N.S. B0N 2H0

Native pests
The last Eastern Blackheaded Budworm (Acleris variana (Fernie)) outbreak erupted in 2004;
covering approximately 114,000 ha, in the Cape Breton Highlands. The following year a spray
trial was conducted by the Canadian Forest Service (CFS) and in 2006, the population collapsed.
In addition to our annual overwintering egg survey, Forest Health began using pheromone traps
to monitor populations in 2013. In 2018, 42 traps were deployed throughout the Cape Breton
Highlands and Nova Scotia Uplands ecoregions. The percentage of positive traps was 92.9%,
down from 100% in 2017. The maximum trap catch was 70 moths, down from 316 in 2017.
The Spruce Budworm (Choristoneura fumiferana (Clemens)) has caused more damage to
Nova Scotian softwood forests than any other insect. The last spruce budworm outbreak in Nova
Scotia began in the early 1970’s and at its peak, caused moderate to severe defoliation over
1,220,000 hectares on Cape Breton Island and in pockets on northern mainland counties. By the
end of the outbreak, the total area affected was over 2 million ha. Forest Health monitors eastern
spruce budworm populations using a combination of pheromone traps and branch samples to
collect overwintering second instar larvae (L2s). In 2018, 150 pheromone traps were deployed
province-wide, of which 58.1% were positive, down from 99.3% in 2017. The maximum trap
catch was 52 moths, down from 313 in 2017. In 2018, 318 sites were sampled for overwintering
larvae. Samples are currently being processed (90% complete), with only 2 L2s detected at one
site, down, from 69 L2s detected at 33 sites in 2017. The first L2s detected in Nova Scotia since
1994 were detected in 2013.
Jack Pine Budworm (Choristoneura pinus (Freeman)) has been a pest of concern in Nova
Scotia since 2005 when it was found feeding on mature white pine in the Western Region.
Defoliation was last detected in this region in 2009. Forest Health began using pheromone traps
to monitor populations in 2006. In 2018, 51 traps were deployed in the Western and Central
regions, of which 51.2% were positive, down from 62.5% in 2017. Maximum trap catch was 23
moths, up from 14 in 2017. An overwintering L2 survey was conducted in one site due to the
higher moth catch. Data is pending.
Control programs for He mlock Looper (Lambdina fiscellaria (Guenée)) were conducted in the
Cape Breton Highlands in 1996 and 1997. Defoliation was last detected in 2006 in the Cape
Breton Highlands National Park. Since that time, hemlock looper numbers have remained at low
levels. In 2018, 149 traps were deployed province-wide, of which 92.1% were positive, down
from 95.1% in 2017. In 2018, maximum trap catch was 60 moths, down from 122 in 2017.
The last Whitemarked Tussock Moth (Orgyia leucostigma (J.E Smith)) outbreak occurred in
1998 covering 1.4 million hectares in Central and Northern Nova Scotia; 60,000 ha were treated
at a cost of approximately six million dollars making it our largest treatment program to date.
Since that time, two minor population eruptions have occurred: Cape Breton in 2005 and
Guysborough in 2007. We monitor whitemarked tussock moth populations using an
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overwintering egg mass survey. In 2018, 325 sites were sampled province-wide and are being
processed. Preliminary data indicate numbers will be down from 2017, in which 17.9% sites
were positive and trace to low populations were detected throughout the province.
The balsam fir sawfly (Neodiprion abietis (Harris)) was first recorded in North America in
1910 and is now found throughout Nova Scotia. Recorded outbreaks in Nova Scotia date back to
1942 and tend to last three to four years with a varying number of years in between. Its principal
host is balsam fir but it can also be found on white, black, and red spruce. Forest Health monitors
balsam fir sawfly populations using an overwintering egg survey. In 2018, 116 sites were
surveyed in the Eastern and Central regions. Data is pending. In 2017, 17.2% of the sites were
positive and the maximum egg niches / 100 cm branch was 2.2.
Balsam twig aphid (Mindarus abietinus (Koch)) in Nova Scotia feeds primarily on balsam fir
but may also attack Fraser fir, white fir and spruces. It is a major pest of firs grown for Christmas
trees but is considered a secondary forest pest as it does not cause tree mortality. Outbreaks are
generally short in duration because populations tend to quickly build and fall. Balsam twig aphid
populations are monitored in a general way by assessing their presence on balsam fir branch
samples collected for the balsam fir sawfly survey. This survey is not predictive, but simply
quantifies the damage that occurred the previous season. In 2018, 116 sites were sampled. Data
is pending. In 2017, 22.4% of the sites sampled were positive.
Balsam gall midge Paradiplosis tumifex (Gagné) was first recorded in eastern Canada in 1938
and have since been reported regularly. It is not considered a significant forest pest in Nova
Scotia but is one of the most serious pests of balsam fir in Christmas tree stands. Infestations are
generally of short duration, lasting approximately three years. Repeated severe infestations can
cause tree growth loss but does not result in mortality. If infested Christmas trees are not to be
harvested for another three to four years, they may outgrow the damage. Balsam gall midge
populations are monitored in a general way by assessing their prese nce on balsam fir branch
samples collected for the balsam fir sawfly survey. This survey is not predictive; it simply
quantifies the damage that occurred the previous summer. In 2018, 116 sites were sampled. Data
is pending. In 2017, 20.7% of the sites sampled were positive.

Non-native pests
The Balsam Woolly Adelgid (Adelges piceae (Ratzeburg)) was first reported in Canada in
1910, in southern Nova Scotia. More than 100 years after its introduction, symptoms of feeding
on balsam fir can be found throughout the province. Forest Health monitors balsam wooly
adelgid populations by inspecting the branches collected for the balsam fir sawfly survey for
dormant overwintering nymphs in buds and balsam woolly adelgid damage, i.e. gouting. In 2018,
branches were collected from 116 sites. Data is pending. In 2017, the percentage of sites with
overwintering nymphs was 10.6%, and those with gouted branches was 9.5%. Forest Health also
conducts routine monitoring in a series of permanent plots within the nine provincial ecoregions
of Nova Scotia, assessing the annual change in the number of balsam woolly adelgid adults and
gout assesses the levels found in each plot. This survey was not conducted in 2018 due to time
constraints. In the spring of 2017, populations had increased at 7 plots, decreased at 3 sites, and 7
had no change. Three plots were added in 2017 raising the total of permanent plots to 20.
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Gypsy Moth (Lymantria dispar (Linnaeus)) has been present in Nova Scotia since 1981. As a
quarantine pest, the gypsy moth is under the jurisdiction of the Canadian Food Inspection
Agency (CFIA). The regulated area currently includes the Western and Central regions of Nova
Scotia where established populations have been identified. Cape Breton County was added to the
regulated zone in 2017. Gypsy moth defoliation was last detected in Kentville in 2002. Forest
Health uses a pheromone monitoring system to detect gypsy moth in Nova Scotia. This survey is
conducted in two parts. Multipher traps are deployed at designated sites province-wide to
monitor population trends, while delta traps are placed in towns throughout the non-regulated
area to determine if the population is spreading into new areas. The Multipher trap survey was
not conducted in 2018 due to pesticide classification issues. This survey will resume in 2019. In
2018, 10 delta traps were deployed in each of eight towns outside of the CFIA regulated area.
Cheticamp was the only town in which moth catches increased with 17 moths total, up from 2 in
2017.
Hemlock Woolly Adelgid (Adelges tsugae (Annand)) is native to Asia and was first detected in
Eastern North America in 1951. Since its initial introduction, it has quickly spread to over half of
the native range of eastern hemlock in the United States, devastating hemlock forests throughout
its range. It was detected in isolated locations in Ontario in 2012 and 2013 but are considered
eradicated. In August 2017, the hemlock woolly adelgid was detected in Nova Scotia for the first
time in Digby County. Intensive surveying in the Western region by the CFIA, and in
cooperation with the NS DNR, resulted in the detection of hemlock wooly adelgid in 5 counties:
Digby, Yarmouth, Shelburne, Annapolis, and Queens. The CFIA declared these counties
regulated zones and a Ministerial Order was issued 15 December 2017 restricting movement of
susceptible wood products, e.g. hemlock, yeddo spruce, tiger-tail spruce and all species of
firewood, out of the regulated zone by unauthorized persons. As a quarantine pest, the hemlock
woolly adelgid is under the jurisdiction of the CFIA. Forest Health staff also conduct annual
visual detection surveys for hemlock woolly adelgid in 11 remote hemlock stands in the Western
Region, targeting stands with greater than 40% hemlock. At each stand two lower crown
branches from 15 trees were assessed for life stages or damage. No hemlock woolly adelgid were
detected in these stands.
Emerald Ash Borer (Agrilus planipennis (Fairmaire)): This beetle, native to Asia, was first
discovered in North America in 2002. It has proven to be highly destructive in its new range,
killing tens of millions of ash trees throughout Ontario, Quebec and the United States. It poses a
significant economic and ecological threat to urban and forested areas and can be spread to new
areas by the movement of firewood. In September 2018, EAB was detected in Bedford, Nova
Scotia. In cooperation with the CFIA and their survey efforts, Forest Health assisted in visual
surveys in designated areas to delineate the infested area. They also conducted detection surveys
for emerald ash borer adults, deploying green prism intercept traps at 15 sites throughout the
province. No adult beetles were detected.
Beech Leaf-mining Weevil (Orchestes fagi (Linneaus)): This beetle, native to Europe, was first
discovered in Halifax and Cape Breton counties in 2002. Its primary host is America beech.
Adults feed on newly expanding leaves in the spring giving them a shot- hole appearance. Larvae
mine the leaves creating narrow mines from the midrib to the leaf edge, ending in a small brown
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spot. This invasive species is not regulated and there is no formal survey. In 2018, an aerial
survey was conducted for Cape Breton county due to reports of high mortality. Over 10 190 ha
were surveyed and almost 110 ha of beech mortality due to this beetle was recorded.
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Overview
This report provides an overview on the status of forest insect and diseases conditions in
New Brunswick (NB) for 2018; it highlights many of the activities carried out by the NB
Department of Energy and Resource Development (here after “the Department”), Forest
Pest Management Group (FPMG), but it is not intended to itemize all details for each
survey conducted. The reader may contact the FPMG for more information as needed.
Monitoring for insect and disease pests occurs in many ways and numerous reports are
received each year identifying potential pest concerns. This report covers pests
considered to be a risk to NB forest values, timber or otherwise; this includes invasive
alien species that have been detected in, or close to NB. The Miscellaneous
Observations section, as well as the Forest Disturbance Reporting System (FDRS)
section of this report present some incidental reports and a summary list of the FDRS.

Introduction
Under the authority of the Minister of Energy and Resource Development in the NB
Crown Lands and Forest Act, the Forest Pest Management Group has the mandate of
protecting New Brunswick's forests from native insect and disease pests. For regulated,
non-native pests, the Department works with the Canadian Food Inspection Agency
(CFIA). Under the Federal Plant Protection Act, the CFIA is responsible for preventing
the introduction of non-native pests into Canada, as well as preventing their spread
within and from Canada.
Annual monitoring and forecast surveys are conducted for only a limited number of
targeted pests. An effective forest pest management program requires both efficient
monitoring and the ability to accurately forecast future conditions of both forest and pest.
Numerous techniques may be employed to accomplish these tasks. Both technique and
survey intensity are reflective of the Department’s objectives and assessed level of risk
associated with the particular pest at that time. For example, some insects that have had
severe, broad-scale impacts on forest values in the past—such as spruce budworm
(Choristoneura fumiferana) or hemlock looper (Lambdina fiscellaria)—are more
intensively monitored than insects less likely to cause significant damage in our region
(e.g., jack pine budworm, Choristoneura pinus). For some pests, monitoring programs
are well established and repeated annually with only minor changes in intensity or
technology; for others (e.g., novel pests), survey approaches are typically unrefined and
conducted at a coarser level (e.g., aerial surveys, public reports). General surveillance of
forest conditions is done in collaboration with the Department’s regional staff, members
of forest industry, and the general public; incidental observations are often reported
through the Department’s Forest Disturbance Reporting System which can be found
online at: http://dnr-mrn.gnb.ca/ForestHealth/MaintainReportData/Details.aspx.
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Softwood Pathogens
Sudden fir mortality/Stillwell’s Syndrome: In early to mid-spring, FPMG began noticing
individual and small patches of balsam fir (Abies balsamea) suddenly turning red and
dying. In an effort to establish a baseline distribution, affected trees were recorded during
a targeted roadside survey in June, and during the annual aerial survey; additional
observations and reports were submitted by members of the public, the Department’s
regional staff, industry, and other government bodies (Figure 1). Below average rainfall
during the 2017 growing season, followed by rapid snow melt and high spring wind
conditions in 2018 is believed to have been the primary stressor for these trees. A close
inspection of individuals revealed no definitive cause of mortality, however some
secondary pests and stressors were observed (e.g., bark beetles, Armillaria spp.). It is
believed that the drought-like conditions may have amplified the prevalence and effects of
secondary stressors, the combination of which ultimately leading to rapid decline and
death. Similar observations were reported in the early 1980s, which also resulted in many
dead fir trees across Central and Eastern Canada; at the time, the phenomenon was
given the label “sudden fir mortality”, or “Stillwell’s syndrome”. FPMG, in collaboration with
colleagues at the University of New Brunswick and the Canadian Forest Service, has
begun exploring potential causes and susceptibility factors of affected stands.

Figure 1. Reports and observations attributed to sudden fir mortality, 2018.
SERG International 2019 Workshop Proceedings

387

Insect Pests of Softwoods
Hemlock Looper: After three years of testing, this was the first year FPMG trapped for
hemlock looper using exclusively Sylvar pheromone lures. The trapping network
established was comprised of 99 traps distributed throughout the province (Figure 2).
Resulting moth counts were lower than in 2017, and an endemic (baseline) level
population is anticipated for 2019. Despite low numbers, we will continue to monitor
populations through trapping next year as this pest has the potential to kill trees in a
single season.

Figure 2. FPMG Hemlock looper pheromone trapping results, 2018.

Hemlock Woolly Adelgid (Adelges tsugae): The invasive hemlock woolly adelgid (HWA)
is a sap sucking member of the order Hemiptera. These small insects have the potential to
kill native eastern hemlock (Tsuga canadensis) in as little as 4 years. Although HWA has
not been documented in New Brunswick, it has been found in southern Nova Scotia and in
Maine. Due to its proximity to the province and the potential damage it can cause, FPMG
surveyed 23 hemlock stands in 2018. No signs or symptoms of HWA were observed.
FPMG will continue to survey for HWA in 2019 and will work closely with CFIA should
HWA be detected in the province.
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Spruce Beetle (Dendroctonus rufipennis): Clumps of dead and dying large diameter
spruce (Picea sp.) were reported along the Fundy coastline this year. A follow-up survey
by FPMG determined the damage was caused by the native spruce beetle (Figure 3).
Damage attributed to the spruce beetle is not new in this area, and has been recorded
intermittently by FPMG in recent years—mainly in protected areas such as Fundy National
Park. FPMG will continue to monitor for spruce beetle along the Fundy coast and will be
discussing new reporting options and strategies with stakeholders in the area.

Figure 3. One of numerous adult spruce beetles (Dendroctonus rufipennis) recovered from a dead spruce tree
(Picea sp.) during a follow-up survey along the Fundy coast, New Brunswick, August 2018. The beetle is about
6mm in length.

Spruce Budworm: 2018 was the fifth year that FPMG was involved in the Early
Intervention Strategy (EIS) research program aimed at testing early intervention strategies to
prevent or impede an outbreak of spruce budworm (SBW). The Healthy Forest
Partnership, comprised of Federal and Provincial agencies, industry partners, and
educational institutes, was formed to address these research issues. Some FPMG
contributions to this program are highlighted hereunder. For more information on the
Healthy Forest Partnership, please visit www.healthyforestpartnership.ca.
A pheromone trapping array consisting of 98 sites was established across the province. At
each site, 3 traps were placed at least 40 metres apart. The average moth count per site is
used, in part, to evaluate population trends (Figure 4). Overall counts were down from
2017, a trend also observed by industry and other government agencies monitoring within
the province.
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Figure 4. FPMG Spruce budworm pheromone trapping results, 2018. Locations show the average moth count
from three traps. Where traps were compromised, the plot is marked with an asterisk and the number of traps
averaged.

This year’s aerial defoliation survey (Figure 5) revealed less overall area (~440 hectares),
and lower severity of SBW defoliation than in 2017, despite similar sampling intensity. All
observed defoliation was within the northern half of the province, particularly in the
northwest corner. Similarly, defoliation recorded during a simultaneous ground (roadside)
survey was also lower than in 2017, as were defoliation estimates recorded during branch
sampling for overwintering second instar larvae (L2) later in the season. There were,
however, a few scattered ‘hotspots’ where current year defoliation observed on L2 branch
samples was moderate to high (i.e., >40%).
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Figure 5. FPMG Aerial survey results, July 2018.

In collaboration with industry partners (Acadian Timber, AV Group, Fornebu Lumber
Company Inc., J.D. Irving Limited, and Twin Rivers Paper Co.), Kouchebouguac National
Park, and the Department’s regional staff, 1851 plots were sampled (3 branches per plot)
and processed as part of the 2018 L2 survey (Figure 5). The total number of plots sampled
was less than in 2017; there were fewer primary plots with counts at or above treatment
threshold level (average of 7 L2 per branch), so there was less supplementary sampling
required to delineate ‘hot spots’. A total of 7 (<1%) primary plots and 3 (4%)
supplementary plots met or exceeded the treatment threshold in 2018, compared to 83
(5%) and 29 (9%) respectively in 2017.
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Figure 6. Spruce budworm second instar (L2) survey results, 2018. Each plot value (n=1851) represents the
average number of L2 found on three 75 cm long, mid-crown branches of either balsam fir or spruce species.

As part of the EIS program, ~200,000 hectares of spruce and balsam fir forest were treated
for SBW (Figure 7). The treatment block sizes and locations were determined using the
results of the 2017 L2 sampling efforts. Based on the decrease in threshold plots in 2018,
the total treatment area for 2019 will be greatly reduced.
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Figure 7. Treatment areas for spruce budworm, 2018. Areas were determined based off of larval sampling
results from 2017.

Hardwood Pathogens
No major cases of hardwood pathogens were reported or observed this year; some
incidental observations may be found in the FDRS section.

Insect Pests of Hardwoods
Emerald Ash Borer (Agrilus planipennis): Originating from Asia, this highly destructive
beetle was first detected in North America in Ontario, 2002. It has since spread across the
continent, killing millions of ash trees (Fraxinus spp.). On May 17, 2018 CFIA officially
confirmed that emerald ash borer (EAB) were detected in New Brunswick for the first time.
The initial detection site was comprised of several urban ash trees on private property in
Edmundston. FPMG and other partners assisted CFIA in conducting a survey throughout
the Edmundston area to better determine the geographical spread of this population. More
evidence of EAB was found outside the initial detection site during this survey, and a later
survey conducted by the Maine Forest Service also revealed EAB just over the border
from Edmundston in Aroostook County. In an effort to stop the spread of EAB, CFIA has
regulated Madawaska County (excluding Grand Falls).
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FPMG has since inspected approximately 70 additional stands in and around the Saint
John River Valley (Figure 7); no further detections of EAB have been recorded in the
province. FPMG will increase survey efforts in 2019, and will continue to work with CFIA
and other organizations to help detect and stop the spread of EAB.

Figure 8. Additional ash stands surveyed by FPMG for emerald ash borer (Agrilus planipennis), 2018. No
additional signs or symptoms of emerald ash borer were found.

Forest Tent Caterpillar (Malacosoma disstria): Continuing the trend of recent years, small
areas (~550 ha total) of defoliated aspen (Populus sp.) in the northeast of the province
were attributed to this native pest (Figure 5). Except in extreme cases, defoliated trees
suffer no long lasting effects or mortality, and can often produce a secondary leaf flush after
any severe defoliation; control options are often unnessesary.
Gypsy Moth (Lymantria dispar): A small (~25 ha) patch of defoliation observed in the
Miramichi area during the aerial survey (Figure 5) was found to be caused by gypsy
moth after an on-site verification. The observed area of defoliation fell within a zone
already regulated by CFIA and no other significant gypsy moth populations were
reported or observed this year by FPMG; however, CFIA has confirmed gypsy moth
lifestages were found in non-regulated areas this year and an update to the provincial
regulated areas map should follow in 2019.
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Miscellaneous Observations
Browntail Moth (Euproctis chrysorrhea): A single browntail moth was observed and
photographed in 2018 in the Cormierville area. This unwelcomed exotic moth can cause
serious defoliation of a wide variety of hardwood trees including oaks (Quercus spp.),
apples (Malus spp.), and cherries (Prunus spp.). Equally disconcerning is the potential
health risk; the hairs from this moth (especially the caterpillar stage) may become airborne
and result in severe rashes and troubled breathing. The closest confirmed population to
New Brunswick is in southern Maine.

Forest Disturbance Reporting System
The Forest Disturbance Reporting System is an important monitoring tool used to identify
emerging and potential threats to New Brunswick’s forest resources. The system is made
up
of
two
components:
an
online
public
website
http://dnrmrn.gnb.ca/ForestHealth/MaintainReportData/Details.aspx, and an internal ERD
reporting system. The internal ERD system is Table 1. Forest Disturbance Reporting
managed by FPMG staff in Fredericton in cooperation System reports by region, 2018.
with regional coordinators. Reports are completed
digitally by regional ERD staff, using the Forest Health
form within the Forest Ranger mobile app (an
internally-developed mobile application), or using an
internal website.
As of November 16, a total of 1178 reports were
completed by 97 reporting officers, 2 industry
personnel, and 8 members of the public. This
represents more than a 40% increase in the number of
individuals involved in the program compared to 2017
(Table 1). In 2018, the majority of reports were
completed between June and October (Figure 8).
Geographic distribution
improved considerably
compared to the 2017 season, with better
representation from each region (Table 1; Figure 9).
The majority of reports were of healthy stands (Table
2). The most commonly reported insect pests were
spruce budworm (38 reports), and white pine weevil
(Pissodes strobi; 24 reports). Reports of spruce
budworm defoliation increased significantly from 2017,
and were generally concentrated in the northeast,
though most were of trace to light defoliation. White
pine weevil is reported frequently each year, mainly
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because it is widespread and causes distinctive, highly visible damage. Although it can
stunt the growth of pine (Pinus sp.) and Norway spruce (Picea abies), it is typically not
treated. In addition to various reports of foliage discolouration, there were many reports of
balsam fir and other softwoods suddenly turning red and dying which was attributed to
“Stillwell’s Syndrome”. Some other pathogens reported frequently included beech bark
disease (Neonectria faginata; 8 reports), and Sirococcus shoot blight (Sirococcus sp.; 6
reports) of red pine (Pinus resinosa) and white spruce (Picea glauca).

Figure 9. Forest Disturbance Reporting System reports month, 2017 and 2018.
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Figure 10. Distribution of Forest Disturbance Reporting System reports, 2018.
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Table 2. Forest Disturbance Reporting System reports by disturbance agent (condensed), 2018.

AGENT

Trace

Healthy Stand
Vertebrate
Abiotic
Spruce Budworm
Stillwell's Syndrome
White Pine Weevil
Leaf Fungi/Miners/Galls
Misc./Unidentified Insects
Discolouration/Dieback
Beech Bark Disease
Human
Sirococcus
Unknown
Eastern Spruce Gall Adelgid
Borers/Bark Beetles
Discolouration/Dieback
Conks/Cankers/Stem Rot
Forest Tent Caterpillar
Pitch Nodule Maker
Gall/Broom/Needle Rusts
Balsam Twig Aphid
Black Knot
Emerald Ash Borer
Spruce Beetle
Balsam Woolly Adelgid
Herbicide
Fall Webworm
GRAND TOTAL

24
10
17
5
7
12
8
4
5
1
4
4
2
2
2
2
1
2

Light
20
13
10
6
7
4
2
3
2
2
1

Severity
Moderate Severe Mortality
6
8
11
3
10
5
3
1
2
1
2

1
5

4
6

4

18

2
4

2

2
1

1
2
2
1
1
1
1
2

2
1
1

1
1

1

2
1
1

1

113

77

1
2

1
1
1
63

21

38

Total
952
55
42
38
36
24
21
13
12
8
8
6
5
5
5
5
4
4
4
3
3
3
3
2
1
1
1
1264
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Bilan des principaux ravageurs forestiers au Québec en 2018
Ministère des Forêts, de la Faune et des Parcs
Service de la gestion des ravageurs forestiers
Ce bilan présente une synthèse des principaux problèmes entomologiques et pathologiques qui ont
touché les forêts, les plantations et les pépinières forestières québécoises en 2018. Les données
présentées sont générales et ne portent que sur les cas jugés les plus significatifs. Un bilan plus complet
sera publié à la fin de l'année budgétaire dans le document Insectes, maladies et feux dans les forêts
québécoises.

Surveillance des forêts naturelles et des plantations
Tordeuse des bourgeons de l'épinette, Choristoneura fumiferana
La progression de l'épidémie de la tordeuse des bourgeons de l'épinette se poursuit en 2018 avec
8 180 770 d’hectares touchées. Elles étaient de 7,1 millions d'hectares en 2017. La progression est
particulièrement forte dans les régions du Saguenay–Lac-Saint-Jean, de la Gaspésie–Îles-de-la-Madeleine
et de l'Abitibi-Témiscamingue. Le rapport des résultats complets du relevé aérien de 2018 est inclus à la
fin de ce bilan et peut être consulté en ligne à l’adresse suivante :
https://mffp.gouv.qc.ca/publications/forets/fimaq/insectes/tordeuse/TBE_2018_P.pdf
Livrée des forêts, Malacosoma disstria
La livrée des forêts a causé des dommages sur 389 030 ha en 2018, comparativement à 305 655 ha en
2017. La région des Laurentides et de l’Outaouais étaient les plus touchées, mais des dommages ont aussi
été vus dans Lanaudière, l’Estrie, la Montérégie et au Saguenay-Lac-Saint-Jean. Une mortalité inhabituelle
d’érables en apparence sains a été observée dans plusieurs régions. Le rapport des résultats complets du
relevé aérien de 2018 est inclus à la fin de ce bilan et peut être consulté en ligne à l’adresse suivante :
https://mffp.gouv.qc.ca/publications/forets/fimaq/insectes/livree/Liv_2018_P.pdf
Maladies du feuillage, des pousses et des branches
Des dommages importants sur les aiguilles de pin blanc ont été observés en Outaouais. Ces dommages
sont causés par un complexe de quatre champignons : Lecanosticta acicola (auparavant Mycosphaerella
dearnessii), Lophophacidium dooksii (auparavant Canavirgella banfieldii), Bifusella linearis and
Septorioides strobe. Un dépérissement des pins rouges a été noté en Outaouais, au Centre-du-Québec et
dans Chaudière-Appalaches. Ces symptômes sont corants depuis 2012, année où une sécheresse
importante a affaiblie les arbres et a permis à Armilaria ostoyae de prendre le dessus sur les arbres
affaiblis. Un peu partout au Québec, de nombreux cas de brûlures sur aiguilles et pousses des résineux
ont été notés, de même que des rouilles des aiguilles sur l’épinette blanche et l’épinette noire, de la
rouille vésiculeuse du pin blanc et de la rouille tumeur globuleuse sur pin gris.

Surveillance des productions de plants
Dans le contexte de la certification phytosanitaire des plants produits dans les pépinières forestières, des
inspecteurs ont visité 19 pépinières réparties dans 10 régions administratives. Ils ont inspecté 152,8
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millions de plants et émis 747 certificats. Les moisissures et la rouille-tumeur autonome étaient les
principaux problèmes rencontrés, mais ils touchaient une très faible proportion des plants observés.
Ravageurs à caractère épidémique
Les efforts de détection du chancre scléroderrien sur l'ensemble des lots de pins sensibles à la maladie et
produits en récipients se sont poursuivis en 2018, parallèlement aux opérations habituelles de
certification. Ces efforts combinés ont permis de confirmer que Gremmeniella abietina var. abietina se
trouvait dans seulement 1 lot de pins gris. Ce lot a fait l'objet d'un triage et d'une pulvérisation préventive
d'un fongicide avant d'être livré aux reboiseurs.
Aucune contamination par la rouille vésiculeuse du pin blanc, Cronartium ribicola, n'a été diagnostiquée.
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Introduction
Les forêts sont essentielles au bien-être des Québécois. Le gouvernement est donc soucieux de
les mettre en valeur et de les protéger, notamment pour limiter certains effets négatifs causés par
les insectes et les maladies. Avec la Stratégie d’aménagement durable des forêts, le
Gouvernement du Québec prend en compte les effets de la tordeuse des bourgeons de
l’épinette (TBE) dans sa gestion forestière. Des mesures de prévention sont alors intégrées à la
planification de l’aménagement forestier. Dans les forêts vulnérables, la lutte directe avec un
insecticide biologique, le Bacillus thuringiensis var. kurstaki (Btk), est parfois utilisée en
complémentarité avec la récolte des peuplements touchés par la TBE afin d’atténuer les
conséquences socioéconomiques des épidémies. Finalement, en fonction de l’évolution de
l’épidémie et des impacts appréhendés, la récolte des arbres moribonds ou morts depuis peu
réduit les pertes de matière ligneuse. Pour être en mesure d’appliquer les approches de la
Stratégie, il est primordial de connaître la localisation et l’étendue des superficies touchées par
l’insecte en faisant des relevés terrestres et aériens.
Un relevé aérien est réalisé annuellement par la Direction de la protection des forêts du ministère
des Forêts, de la Faune et des Parcs (MFFP) depuis 1967. Il permet d’évaluer l’étendue et la
gravité des dommages causés par les principaux ravageurs forestiers. Il est également utilisé à
d’autres fins comme la délimitation des superficies touchées par différentes perturbations
naturelles (feux de forêt, chablis, verglas, etc.), l’évaluation de l’efficacité des traitements aériens
d’insecticides biologiques et le suivi du dépérissement des érablières.
Afin d’optimiser la saisie et le traitement de l’information, l’inventaire aérien est réalisé, depuis
2003, au moyen d’un ordinateur à écran tactile équipé du logiciel PC-Mapper. Cette méthode
permet de numériser en temps réel les dommages observés du haut des airs. Le tracé numérique
des observations est directement inscrit sur l’écran tactile avec un stylet. Pour faciliter le travail
de l’observateur, une carte topographique qui reproduit l’itinéraire de l’avion est affichée en fond
d’écran. Les données géoréférencées recueillies sont ensuite traitées et analysées à l’aide d’un
logiciel de système d’information géographique (SIG).
Les secteurs qui font l’objet d’un relevé aérien sont déterminés par les dommages causés par
l’insecte l’année précédente et les résultats des inventaires de prévision des populations. Lors du
relevé, l’avion vole à une altitude d’environ 240 m, à une vitesse de 180 km/h, en gardant une
distance de 4,5 km entre les lignes de vol. La précision des résultats est influencée par différents
facteurs, dont les paramètres de vol et les conditions climatiques.
La défoliation annuelle causée par la TBE se divise en trois classes1 :
•
•
•

légère = perte de feuillage dans le tiers supérieur du houppier de quelques arbres2;
modérée = perte de feuillage dans la moitié supérieure du houppier de la majorité des
arbres;
grave = perte de feuillage sur toute la longueur du houppier de la majorité des arbres.

1. Les classes de défoliation correspondent à la perte de feuillage annuel dans le houppier des essences vulnérables à la TBE (sapin baumier, épinette
blanche et épinette noire).
2. Le niveau de dommage correspond à la proportion des aiguilles perdues sur la pousse annuelle.

1
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Faits saillants 2018
•

Une augmentation du nombre d’hectares touchés par la tordeuse des bourgeons de
l’épinette (TBE) a été observée dans toutes les régions du Québec, à l’exception du
Bas-Saint-Laurent où les superficies touchées ont diminué comparativement à celles
de 2017. Il est important de noter que les superficies dont l’intensité de la défoliation
est de niveau « grave » ont diminué de 18 %, passant 2 348 015 ha en 2017 à 1
933 256 ha en 2018 à l’échelle du Québec.

Les faits marquants dans les régions les plus touchées sont les suivants :
•

Dans le Bas-Saint-Laurent, les superficies touchées ont diminué de 6 %, passant de
1 268 137 ha en 2017 à 1 197 034 ha en 2018. La défoliation est surtout de niveaux
« léger » et « modéré ». Toutefois, les dommages se sont intensifiés dans l’est de la
région.

•

Au Saguenay−Lac-Saint-Jean, les aires défoliées ont augmenté de 22 %. Dans la
partie sud et nord du Saguenay, la défoliation s’est étendue et intensifiée de sorte
qu’elle a presque rejoint les niveaux de défoliation observés en 2016. Le foyer de
défoliation au nord du lac Saint-Jean est toujours actif et on y trouve plusieurs dizaines
de milliers d’hectares de défoliation de niveau « grave ».

•

En Abitibi-Témiscamingue, la superficie touchée a fortement augmenté vers l’est,
passant de 584 537 ha à 848 659 ha, ce qui représente une hausse de 45 %.
L’intensité des dégâts a aussi augmenté.

•

Sur la Côte-Nord, les superficies touchées ont augmenté de 6 %. L’intensité des
dommages est en diminution au nord de Baie-Comeau. On note une augmentation
des superficies affectées à l’est dans les secteurs de Port-Cartier et de Sept-Îles
jusqu’à Havre-Saint-Pierre.

•

Dans la région de la Gaspésie–Îles-de-la-Madeleine, les superficies touchées ont
augmenté de 43 % en 2018 comparativement à 2017. Les nouvelles superficies
montrent principalement de la défoliation « légère » et « modérée ».

•

L’extension marquée de la défoliation en Abitibi-Témiscamingue a aussi atteint
l’Outaouais où quelque 1000 ha de défoliation « légère » ont été cartographiés.

2
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Tableau 1.

Superficies infestées (ha) par la TBE au Québec depuis le début de l’épidémie en
1992
Classe de défoliationa

Année

Total
Légère

Modérée

Grave

1992

25 545

16 632

4 101

46 278

1993

103

172

202

477

1994

936

1 148

828

2 912

1995

320

682

3 701

4 703

1996

663

793

3 778

5 234

1997

800

815

3 547

5 162

1998

1 205

2 249

7 248

10 702

1999

2 632

3 838

16 496

22 966

2000

2 681

1 828

6 211

10 720

2001

677

2 491

15 734

18 902

2002

1 678

1 081

2 063

4 822

2003

380

873

1 388

2 641

2004

2 848

4 445

26 450

33 743

2005

3 662

11 902

27 701

43 265

2006

10 811

14 429

25 258

50 498

2007

33 168

35 341

42 234

110 743

2008

27 573

49 819

56 211

133 603

2009

67 650

105 776

147 720

321 146

2010

205 098

249 256

311 386

765 740

2011

585 280

563 469

494 208

1 642 957

2012

688 558

758 057

779 480

2 226 095

2013

584 504

967 034

1 654 486

3 206 024

2014

893 236

1 424 226

1 957 603

4 275 065

2015

1 490 315

2 691 679

2 133 268

6 315 262

2016

2 353 629

2 779 227

1 885 431

7 018 287

2017

2 055 255

2 757 870

2 348 015

7 161 141

2018

2 747 468

3 500 046

1 933 256

8 180 770

a. Lors de l’épidémie précédente, le maximum de défoliation a été observé en 1975 (32 300 722 ha).
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Tableau 2.

Superficies (ha) touchées par la tordeuse des bourgeons de l'épinette au Québec
en 2018 par région administrative
Classe de défoliation

Région administrative

Total
Légère

Modérée

Grave

575 252

390 131

231 651

1 197 034

(410 835) a

(422 708)

(434 595)

(1 268 137)

506 893

478 636

215 891

1 201 421

(418 075)

(380 395)

(189 950)

(988 419)

17 994

9 579

2 278

29 851

(11 902)

(6 381)

(2)

(18 285)

13

64

0

77

(40)

(0)

(17)

(56)

1 091

0

0

1091

(-)

(-)

(-)

(-)

177 368

406 258

265 033

848 659

(172 529)

(269 040)

(142 969)

(584 537)

969 804

1 769 538

849 920

3 589 262

(809 955)

(1 378 952)

(1 197 007)

(3 385 915)

498 721

445 598

368 299

1 312 618

(231 551)

(300 284)

(383 472)

(915 307)

332

242

184

758

(369)

(110)

(6)

(485)

2 747 468

3 500 046

1 933 256

8 180 770

(2 055 255)

(2 757 870)

(2 347 015)

(7 161 141)

Bas-Saint-Laurent

Saguenay–Lac-Saint-Jean

Capitale-Nationale

Mauricie

Outaouais

Abitibi-Témiscamingue

Côte-Nord

Gaspésie–Îles-de-la-Madeleine

Laurentides

Total provincial

a. Les chiffres entre parenthèses correspondent aux superficies touchées en 2017.
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Figure 1. Superficies annuelles totales touchées par la tordeuse des bourgeons de l'épinette
depuis les 10 dernières années
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Section cartographique
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Carte 1. Relevés aériens réalisés en 2018
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Carte 2. Défoliation causée par la tordeuse des bourgeons de l’épinette au Québec en 2018
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Carte 3. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative du Bas-Saint-Laurent
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Carte 4. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative du
Saguenay−Lac-Saint-Jean
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Carte 5. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de la
Capitale-Nationale
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Carte 6. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de la
Mauricie.
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Carte 7. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de
l’Outaouais.
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Carte 8. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de l’AbitibiTémiscamingue.
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Carte 9. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de la Côte-Nord.
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Carte 10. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative de la Gaspésie-Îles-de-la-Madeleine.
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Carte 11. Défoliation causée par la tordeuse des bourgeons de l’épinette dans la région administrative des
Laurentides.
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Introduction
Les forêts sont essentielles au bien-être des Québécois. Le gouvernement est donc soucieux de
les mettre en valeur et de les protéger en adoptant des approches stratégiques (prévention, lutte
directe, récupération) afin de limiter certains effets négatifs causés par les insectes et les maladies.
Pour être en mesure d’appliquer ces approches, il est primordial de suivre l’évolution des
dommages causés par certains ravageurs en effectuant des relevés terrestres et aériens.
Depuis 1967, la Direction de la protection des forêts du ministère des Forêts, de la Faune et des
Parcs (MFFP) réalise annuellement un relevé aérien qui permet d’évaluer l’étendue et la gravité
des dommages causés par les principaux ravageurs forestiers observés durant l’année. Ces
relevés sont aussi réalisés dans le but de répertorier des superficies touchées par différentes
perturbations naturelles (incendies de forêt, chablis, verglas, etc.), d’évaluer l’efficacité des
traitements aériens d’insecticides biologiques et de suivre le dépérissement des érablières.

Méthodologie
Le choix des secteurs qui font l’objet d’un relevé aérien est déterminé par la localisation et l’étendue
des dommages causés par l’insecte l’année précédente, par les résultats des inventaires de
prévision des populations et par les observations d’occurrence sur le territoire reçues avant le
début des survols.
Les survols sont réalisés à une altitude d’environ 240 m, à une vitesse moyenne de 180 km/h, en
gardant une distance de 4,5 km entre les lignes de vol. La précision des résultats est influencée
par différents facteurs, dont les paramètres de vol et les conditions climatiques.
Le contour et l’intensité des dommages sont saisis en temps réel à l’aide d’un ordinateur à écran
tactile équipé du logiciel PC-Mapper. Pour faciliter le travail de l’observateur, des cartes
thématiques (carte topographique, carte de vulnérabilité des peuplements forestiers, carte des
lignes de vol) sont affichées en fond d’écran. Les données géoréférencées recueillies sont ensuite
traitées et analysées à l’aide d’un logiciel de système d’information géographique (SIG).
Pour la livrée des forêts, l’évaluation des dommages est effectuée sur l’ensemble du houppier et
trois classes de dommages sont notées :
1. Légère = perte de feuillage dans la partie supérieure du houppier de quelques arbres;
2. Modérée = perte de feuillage dans les deux tiers supérieurs du houppier de la majorité
des arbres;
3. Grave = perte de feuillage sur toute la longueur du houppier de la majorité des arbres.
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Résultats
Une augmentation des superficies défoliées par la livrée des forêts a été observée, lesquelles sont
passées de 305 655 ha en 2017 à 389 030 ha en 2018. Ces superficies sont sous-estimées, car il
a été impossible de survoler systématiquement tous les territoires touchés par la livrée des forêts.
C’est le cas de la région de l’Abitibi-Témiscamingue où des observations visuelles en avion ont été
faites, mais n’ont pas été cartographiées. Ces observations ont eu lieu pendant les travaux de
détection d’un autre insecte, la tordeuse des bourgeons de l’épinette. Toutefois, les observateurs
ont noté une baisse marquée de la livrée des forêts dans toute cette région.
L’épidémie touche sept régions administratives : l’Estrie, l’Outaouais, l’Abitibi-Témiscamingue,
Lanaudière, les Laurentides, la Montérégie et le Centre-du-Québec (cartes 2 à 8 et tableau 2).
Tableau 1.

Superficies (ha) touchées par la livrée des forêts au Québec
depuis 1985*
Classe de défoliation

Année

Total
Légère

Modérée

Grave

1985

8 281

19 688

162 656

190 625

1986

91 563

88 282

390 938

570 783

1987

346 682

441 688

119 843

908 213

1988

512 045

480 383

101 314

1 093 742

1989

477 514

320 184

51 854

849 552

1990

356 677

65 963

26 127

448 767

1991

2 550

502

19

3 071

1992

2 621

23 524

13 500

39 645

1993

5 368

28 431

11 432

45 231

1994

19 011

3 567

0

22 578

1995

3 677

928

89

4 694

1996

189

509

0

698

1999

74 702

85 293

9 263

169 258

2000

26 794

49 461

422 634

498 889

2001

255 804

765 103

229 291

1 250 198

2002

82 248

75 762

157 843

315 853

2008

2

0

188

190

2009

558

810

2 732

4 100

2010

4 584

3 218

983

8 785

2014

1 754

914

4

2 672

2015

4 708

3 440

17 528

25 676

2016

9 890

42 167

26 360

78 417

2017

93 586

140 389

71 680

305 655*

2018

270 539

115 209

3 282

389 030*

*Les superficies annuelles touchées ne sont pas l’étendue exacte de l’épidémie. Les superficies touchées sont celles à
l’intérieur des programmes de détection réalisés. La carte 1 montre les superficies survolées en 2018 dans le cadre du
programme de détection de la livrée des forêts 2018. Les couches géomatiques et les superficies survolées par année sont
disponibles sur demande.
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Tableau 2. Superficies (ha) touchées par la livrée des forêts au Québec en 2018 par région
administrative
Classe de défoliation
Région administrative

Total
Légère

Modérée

Grave

664

671

21

1 356

Estrie

9 315

2 028

0

11 343

Outaouais

83 751

46 267

739

130 757

Lanaudière

4 508

1 267

1 713

7 488

Laurentides

167 456

63 989

776

232 221

Montérégie

4 845

987

33

5 865

270 539

115 209

3 282

389 030

Saguenay−Lac-Saint-Jean

Total provincial*

* La carte 1 montre les superficies survolées en 2018 dans le cadre du programme de détection de la livrée des forêts 2018.
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Section cartographique
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Carte 1. Relevés aériens réalisés en 2018
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Carte 2. Défoliation causée par la livrée des forêts au Québec en 2018
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Carte 3. Défoliation causée par la livrée des forêts dans la région administrative du Saguenay−Lac-Saint-Jean
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Carte 4. Défoliation causée par la livrée des forêts dans la région administrative de l’Estrie
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Carte 5. Défoliation causée par la livrée des forêts dans la région administrative de l’Outaouais
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Carte 6. Défoliation causée par la livrée des forêts dans la région administrative de Lanaudière
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Carte 7. Défoliation causée par la livrée des forêts dans la région administrative des Laurentides
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Carte 8. Défoliation causée par la livrée des forêts dans la région administrative de la Montérégie
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Forest Health
Monitoring Interim
Update
2018

Introduction/Summary
Currently the forest health monitoring program is continuing to compile field data collected
during the 2018 core field season. This interim report will provide an update and will be
documented in a more formalized document (2018 Forest Health Conditions Report) later in
the winter which will include final areas, forecasts and incidental pests.
This season the forest health monitoring program within the biodiversity and monitoring
section (BAMS) consisted of twelve field personal and one program lead coordinator. The
2018 field program consisted of the evaluation of a permanent sample plot network to
monitor the health of jack pine and spruce fir mixed stands in the province. Pheromone
trapping for jack pine and spruce budworm and mountain pine beetle was also conducted and
serves as an early detection tool. Trapping for the invasive walnut twig beetle, the known
vector for thousand canker disease was carried out in southern region at a number of
predetermined locations. Surveys for the invasive emerald ash borer continued throughout
the northern reaches of the province where the pest currently is not known to exist. Aerial
surveys were carried out to delineate major forest disturbances. In 2018 forest health staff
logged approximately 125 aircraft hours and delineated nearly 2,000,000 hectares of
damaged forest. The bulk of that area made up of the ongoing forest tent caterpillar and jack
pine budworm outbreak in the north and now southern regions. The forest health monitoring
section within BAMS was supported by entomology and pathology diagnostic support that
ensures our data is both verified and credible. The following series of maps captures the
major forest disturbances detected in Ontario in 2018 but is by no means an exhaustive list
and only serves as an update.
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Aerial Surveys (Major disturbance delineation)
Aerial surveys were carried out across all regions in 2018. Approximately 125 aircraft hours
were logged by staff to delineate approximately 2,000,000 hectares of damaged forest. Upon
completion of the aerial surveys ground verification was carried out to confirm the
disturbances observed from the air. Shape files have been submitted to our GIS support staff
and final products along with disturbance areas have been completed for all disturbances.
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SUMMARY OF FOREST PEST CONDITIONS IN SASKATCHEWAN 2018
Rory McIntosh, Brian Poniatowski and Colin Arndt.
Saskatchewan Ministry of Environment, Forest Service Branch
Prince Albert, Saskatchewan

ENTOMOLOGY
SOFTWOOD DEFOLIATORS
Spruce budworm Choristoneura fumiferana
•
•
•

In 2018 no spruce budworm defoliation was detected during annual aerial surveys.
The ministry continued to monitor using a network of pheromone monitoring sites (50) across the
provincial forest. Data shows very low moth counts right across the province.
No overwintering larval (L2) surveys were conducted.

Jack pine budworm Choristoneura pinus pinus
•

•
•

Last outbreak on record ran from 1984 to 1988 reaching a peak in 1986. For
the first time since the 1980’s severe defoliation has been detected during
aerial surveys. In 2016, 2,012 net ha of moderate and severe defoliation was
mapped in the Torch Island Forest. In 2017 this area increased to 11,068 ha,
including areas within the forest fringe. In 2018, jack pine budworm continued
to defoliate pines in the Torch Island Forest and along the
Saskatchewan/Manitoba border northeast of Cumberland House. The mapped
area of moderate to severe defoliation declined to 7,436 ha (Figure 1),
however actual total area would be similar to 2017, as we are aware of more
damage than was mapped during the aerial survey.
Overwintering Larval (L2) surveys will be conducted in 35 sites throughout the
Boreal Lowland Ecoregion. Results will be used to predict defoliation for 2019.
In 2018 the ministry continued to monitor using a network of pheromone
monitoring sites (35) across the provincial forest.

Figure 1. Distribution of Jack pine budworm defoliation in Saskatchewan, 2018.
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HARDWOOD DEFOLIATORS
Forest Tent Caterpillar Malacosoma disstria and Large
Aspen Tortrix Choristoneura conflictana
•

•

•
•

The annual area of hardwood defoliation has been
approximately doubling since 2010. In 2014, the net area
tripled to 365,953 ha and in 2015 almost doubled again to
451,033 ha. In 2015 aerial surveys were restricted due to
the severe fires that were burning in the province. Based
on observations, it was estimated that approximately an
additional 500,000 ha was actually defoliated. (See graph
inset in Figure 2).
In 2017, 650,121 hectares of severe hardwood defoliation (almost exclusively Forest Tent
Caterpillar) were mapped in the western forest fringe. In 2018, the area of moderate to severe
hardwood defoliation was down to 168,259 hectares. Again the activity was mostly in the
southwestern part of the forest in and around Lloydminster, Speers and Meadow Lake. Although still
active in the Cypress Hills most of the defoliation is in the Centre block (small map inset).
Forest Tent caterpillar continues to defoliate some pockets in the Aspen Parkland and Prairie
Grassland Ecozones and in some urban areas to the south of the forest fringe.
SK MoE continues to monitor populations using pheromone monitoring traps at 40 sites across the
provincial forest.

Figure 2. . Distribution of areas of severe defoliation caused by forest tent caterpillar, in 2018. Note in the inset
graph, the stacked bar in 2015 reflects an estimate of severe defoliation suggesting that a significantly greater
area was actually defoliated - possibly double the area. These estimates are based on ground observations
because air surveys were constrained by active fires in the North in 2015.
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Mountain Pine Beetle Dendroctonus ponderosae
Mountain Pine beetle remains the highest
priority pest threat to Saskatchewan forests.
•
The governments of Alberta and
Saskatchewan have worked together and
shared forest insect and disease
information for many years. In January
2012, the government of Saskatchewan
signed a multi-year memorandum of
agreement with the government of
Alberta to implement a collaborative
coordinated control program to slow the
spread of MPB in the Marten and Swan
Hills areas of east central Alberta.
•
This partnership agreement has been
renewed twice to date and the renewal of
the agreement signed in 2017-2018 will
terminate in March 2020.
•
MPB is currently invading pure Jack pine
stands in east Central AB.
•
A network of pheromone baited trees has
been established in Alberta to monitor
leading edge and detect eastward spread
of MPB. This detection system has also
been established on the SK side of the
border
•
In 2018, Alberta Forest Health Officers
found no MPB hits on baited trees
monitored in the Athabasca Forest Region
of the leading edge including inside the
Cold Lake Air Weapons Range.
•
Again in 2018, SK deployed tree baits at 57
locations in the northwest, including
seven locations inside the weapons range
Figure 3. Map shows the distribution of tree bait network deployed in
in SK (Figure 3).

susceptible pine sites in western SK. 2018 baited trees were deployed in
57 townships (red dots). White dots represent currently inactive sites.
Note baited sites deployed inside CLAWR (orange polygon) in 2018.

•
•

•
•
•

SK MoE continued to conduct systematic surveys in the Cypress Hills Inter-Provincial Park (CHIPP)
(under a Memorandum of Agreement signed with the Ministry of Parks Culture and Sport (PCS).
After reaching a peak in 2013, the outbreak has been declining over the last four years. However, in
2018, the number of trees marked for removal increased to 200, although only 187 will be removed
to leave 13 trees for overwintering survival measures. This number is UP from 120 in 2017 although
it appears less widely distributed than in previous years (see Figures 4 and 5).
Restriction/Regulation on import transport and storage of pine forest products with bark attached
was implemented in 2002. The order, amended in 2008, remains in place today.
SK MoE implements an early detection strategy followed by rapid aggressive response to remove all
MPB infested trees detected on crown lands.
SK MoE continues to work with other jurisdictions through the National Forest Pest Strategy.
TO DATE NO MOUNTAIN PINE BEETLES HAVE BEEN FOUND IN THE BOREAL FOREST IN SK.
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Figure 5. Total number of trees controlled in the
Cypress Hills Interprovincial Park 2006 to 2018.

Figure 4. Location of trees marked for control in 2018 in
the West Block of Cypress Hills Interprovincial Park
(CHIPP).

Other Insects of Interest
•
Pine sawyer beetle Monochamus spp
High water table resulted in stressed pine trees. Logging in stand increased populations of
Monochamus (likely scutellatus)
•
•

Eastern Larch Beetle Dendroctonus simplex. Aerial surveys continue to detect areas of trees
attacked by the Eastern Larch beetle throughout the forest.
Yellow headed spruce sawfly Pikonema alaskensis is still occurring in
2018.

ABIOTIC
•
•
•
•

24,640 ha Flooding detected during aerial surveys.
19,555 hectares of forest was affected by drought
Wind damage was recorded around Morin Lake and southwest of
Candle Lake. 1,191 hectares of wind damage were mapped.
Many calls from the public concerning Spruce failure due to a
combinations of drought, flooding and needle diseases.

DISEASES
Lodgepole pine dwarf mistletoe Arceuthobium americanum

In 2016, SK initiated a project to re-survey Dwarf mistletoe (DMT). The most comprehensive systematic
survey was conducted in 1998 by Canadian Forestry Service 1. An additional survey was conducted by
BioForest in 2005. However, since DMT grows and spreads very slowly there is no need to conduct an
annual survey. DMT affected area will be surveyed over the course of 2-3 years to provide a provincial
overview of severe DMT extent which is sufficient for provincial purposes. In 2017 and 2018, aerial
surveyors mapped 66,520 and 37,409 hectares of severe DMT, respectively. The total area will decline
over time because areas are burned and it is controlled through harvesting and sanitation activities.
Changes in area can be revised using area depletions reported by Wildfire Management Branch and
forest industry.
Brandt, J.P., R.D Brett, K.R. Knowles, and A Sproule. 1998. Distribution of Severe dwarf mistletoe damage in west
central Canada. Nat. Resour. Can., For. Serv. North For. Cent., Special Report 13, Edmonton Alberta.
1
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EXOTICS/ALIEN INVASIVES
Dutch elm disease Ophiostoma novo ulmi
•
•

•
•
•

DED is spreading rapidly in parts of Saskatchewan.
According to the provincial crop protection laboratory, in 2018 there was one community (Watrous)
with their first confirmed case of DED. Overall the laboratory tested 304 samples for DED. Of these
59% were positive.
The number of infected trees removed in the ministry’s rural management (buffer) zones in 2017
(253) increased more than two-fold to 544 in 2018.
The number of trees removed from provincial parks in 2018 declined slightly. In 2017 a total of 117
trees were removed as compared to 109 in 2018.
Provincially, the affected rural area is expected to continue to expand. For now, the west side of the
province remains DED free.

CFIA Monitoring Activities 2
European Gypsy moth Lymantria dispar
•

•

In 2018, the Canadian Food Inspection Agency (CFIA) continued ongoing monitoring European Gypsy
moth Lymantria dispar in SK. In 2018 500 Tréce Delta II Green Traps baited with Disparlure Flex lure
were deployed in five main areas: Regina/Moosejaw (185); Saskatoon (180); Yorkton (50); North
Battleford (40) and Nipawin (45). All traps were negative.
IN 2018, NO GYPSY MOTH DETECTED IN SASKATCHEWAN.

Emerald Ash Borer Agrilus planipennis
•

•

•
•

•
•

CFIA continued Emerald Ash Borer Agrilus planipennis trapping and visual surveillance. As a result of
the positive find in Winnipeg in December 2017 there was a significant increase in surveillance and
early detection activity.
In January 2018, the Government of Saskatchewan issued a Ministers Order restricting the import,
transport and storage of Ash materials originating in Quebec, Ontario, Manitoba and the United
states. This step is in support of the Federal legislation (Pest Control Act) and provides powers of
restriction in areas outside federally regulated zones.
In June the Ministry of Environment, CFIA and the International Society of Arborists (ISA) Prairie
Chapter held the first joint Emerald Ash borer workshop in Saskatoon on June 12, 2018.
Following the workshop there was an increase in participation/collaboration in municipal trapping
and monitoring effort. In addition to the 15 traps CFIA deployed the following municipalities
initiated their own detection program:
 CFIA – 15 traps (Saskatoon, Regina area and Swift Current)
 Saskatoon – 20 traps
 Regina – 25 traps
 Wascana (In Regina) – 10 traps
 Yorkton – 10 traps
 Moose Jaw – 5 traps
All communities shared their data with the CFIA.
IN 2018 NO EMERALD ASH BORERS WERE FOUND IN ANY OF THE TRAPS OR SURVEYS IN
SASKATCHEWAN.

Asian long horned beetle Anoplophora glabripennis
•
•

2

In the fall, CFIA conducted visual surveys for Asian long horned beetle Anoplophora glabripennis
(ALB) at 10 sites (5 in the city of Regina and 5 in city of Saskatoon). No signs of ALB were found.
IN 2018 NO ASIAN LONGHORNED BEETLES WERE FOUND IN ANY OF THE TRAPS OR SURVEYS IN
SASKATCHEWAN.

CFIA Data provided by Caley Letkeman, Acting District Program Officer, Plant Protection, Saskatchewan Section.
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Alberta 2018 forest pest status update – SERG International 2019
Prepared by Caroline Whitehouse, Forest Health Specialist – Alberta Agriculture and Forestry
Introduction
Each year Forest Health and Adaptation (FHA) staff collect data on forest disturbances, excluding
wildfire, that occur on forested public land (Fig. 1 and Table 1). Aircraft are used to efficiently and
economically conduct these aerial overview surveys (AOS) over such a large area. Observers map various
types of defoliation, tree disease and mortality, in addition to damage from abiotic events such as hail
and wind storms. Mountain pine beetle (MPB) populations are monitored using ground surveys in
addition to aerial surveys that span the region of the province where this beetle is actively managed.
Defoliators
Aspen defoliators were responsible for 35 per
cent of the total damage mapped during AOS
in 2018. Large aspen tortrix populations
expanded again this year, up 73 per cent.
Bruce spanworm defoliation was mixed in with
large aspen tortrix - the damage signature
created by these species is difficult to
separate. A localized forest tent caterpillar
outbreak occurred in the southern region of
Lac La Biche Forest Area but provincially, the
area defoliated was reduced by 30 per cent
compared to 2017.
Spruce budworm defoliation increased for the
first time since 2014 but remained moderate
in severity and continued to be restricted to
the High Level Forest Area. Potential Jack pine
budworm defoliation was observed just south
of Wood Buffalo National Park. Once
confirmed, this observation will be notable for
two reasons: 1) defoliation has not been
detected in Alberta since 1986; and 2) this is
the farthest north Jack pine budworm has
been observed in Alberta (Roger Brett, pers.
com.). Since this observation might represent
a range expansion, FHA staff, in collaboration
with the Canadian Forest Service, will ground
truth these sites in 2019.

Figure 1. Damage agents and symptoms detected
during aerial overview surveys in 2018.
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Forest pathogens
Overall the occurrence of forest tree pathogens decreased between 2017 and 2018. Pine needle cast
was again widespread in the province although the number of hectares observed decreased by 34 per
cent. A large amount of innoculum is present which may support overall higher-than-normal pine needle
cast infection rates given local moisture levels. Close to 19,680 hectares of dwarf mistletoe were
mapped this summer. This is a difficult pathogen to delineate spatially but FHA staff are sharpening their
skills and it is likely that the number of hectares mapped will increase in the future.
Mortality
The amount of tree mortality mapped in 2018 increased substantially from 2017 and was primarily due
to dying aspen stands located along the Peace River valley in the Grande Prairie Forest Area. These
stands have been declining in recent years due to repeated defoliation by forest tent caterpillar and
several years of drought. Research conducted by the Canadian Forest Service on the impact of climate
change on aspen health has revealed that defoliation and drought act together to cause more damage
than either agent alone. Additional mortality is expected to occur in the coming years. FHA staff will
collect on-the-ground mortality data in 2019 in order to better understand the impact of this mortality
on stand function.
Bark beetles
Conifer mortality due to bark beetles, excluding mountain pine beetle, increased by 55 per cent
between 2017 and 2018. Provincially, spruce beetle activity has remained low but eastern larch beetle
(ELB) populations expanded, particularly in the Rocky Mountain House Forest Area. An increase in the
activity of ELB in Alberta may suggest that the vigour of these stands is being challenged and/or climate
is altering their population dynamics; FHA will continue to monitor these populations closely.
Mountain pine beetle
Aggregation pheromones are used to monitor the presence or absence of MPB along the eastern slopes
of the Rocky Mountains and the Saskatchewan border. In 2018, 257 sites were monitored and 1/3rd of
these were located in the Lac La Biche and Fort McMurray Forest Areas - MPB was absent at all of these
sites. The most notable change in activity was observed in the Rocky Mountain House Forest Area where
MPB mass-attacked trees at 60 per cent of the baited sites, up from just 3 per cent of sites in 2017. The
bait program in the Edson Forest Area was reduced in 2018 due to the high population density already
known to exist in the region and will instead focus on the southern region of the Forest Area that
borders the Rocky Mountain House Forest Area.
Aerial surveys were conducted in late summer and early fall, to detect groups of three or more redcrowned pine trees - an indicator of successful attack by MPB. FHA detected 168,266 red trees spread
across 26,974 sites, which was an increase from 2017 counts (89,505 trees at 17,666 sites) (Fig. 2). Of
the red trees mapped, 87 per cent were located within the Leading Edge zone of the Edson Forest Area.
MPB populations in this area are increasing (14,738 red-attack trees in 2017 compared to 137,608 in
2018) due to high population densities to the west. Red tree counts increased slightly in the Calgary,
Rocky Mountain House, and Whitecourt Forest Areas but decreased in Grande Prairie and Slave Lake.
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Red tree locations recorded during aerial surveys are used to inform where concentric ground surveys
will be conducted. Green-attack trees are assessed for treatment during ground surveys in late fall and
early winter. Subsequent to ground surveys, MPB-infested trees are removed from the landscape during
single tree cut-and-burn control operations conducted in the winter. In 2017, FHA controlled 92,230
trees and the current estimate for 2018 is 100,000 trees. Since 2006, FHA has controlled approximately
1.5 million MPB-infested pine trees.

Figure 2. Locations of red-crowned pines detected
during mountain pine beetle aerial surveys in 2018.

SERG International 2019 Workshop Proceedings

455

Table 1. Highlights (in hectares) from Forest Health and Adaptation
aerial overview surveys.
2017
2018
Bark beetles
Douglas-fir beetle
-785
Eastern larch beetle
2,927
6,452
Spruce beetle
3,139
2,145
Total bark beetles

6,066

9,382

Defoliators
Aspen serpentine leafminer
Forest tent caterpillar
Jack pine budworm
Large aspen tortrix
Linden looper
Spruce budworm
Unknown/other
Willow leafminer

1,277
394,286
-294,123
25,504
17,337
8,321
118,539

1,443
274,751
1,217
508,814
23,649
30,470
17,545
162,160

Total Defoliators

859,387

1,020,049

Armillaria root disease
Dwarf mistletoe
Spruce needle rust
Pine needle cast
Other

11,665
7,195
-354,898
3,224

30,273
19,680
16,629
234,483
1,823

Total diseases

376,982

302,888

Dieback
Flooding
Foliar damage
Hail
Mechanical
Mortality
Windthrow/blowdown
Total Other

350,158
9,075
38,640
11,416
1,869
130,631
2,376
544,165

33,078
12,528
5,004
6,713
4,797
674,638
3,513
740,271

Total Disturbance

1,786,600

2,072,590

Diseases

Other
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SUMMARY OF FOREST PEST CONDITIONS IN BRITISH COLIUMBIA 2018
Tim Ebata1, Babita Bains2
1

Forest Health Officer, BC Ministry of Forests, Lands Natural Resource Operations & Rural
Development
2
Provincial Forest Entomologist, BC Ministry of Forests, Lands Natural Resource Operations &
Rural Development

This report summarizes the results of the 2018 Provincial Aerial Overview Survey
(AOS). The full summary will be available in the annual publication 2018 Summary of
Forest Health Conditions in British Columbia (B.C.) that will be available on-line in April
2019.
Similar to last year, most of B.C. experienced very hot and dry summer conditions
which led to another record-breaking wildfire year that caused serious smoke issues
between July and September. Despite the limitations due to wildfire smoke and
weather, approximately 84% of the province was flown between July 3rd and October
21st in 2018, by 21 surveyors and ten aircraft companies. Total survey flight time was
701 hours over 130 flight days. A total of 7.89 million hectares (ha) of damage caused by
at least forty-five damaging agents was mapped on many different commercial tree
species of various ages. This only included damage visible at the time and height that
the AOS is flown, which is known to under-represent some damaging agents,
particularly diseases.

Bark beetles continued to damage the most area, with 4.2 million hectares of mortality
detected. Mainly trace to light intensity western balsam bark beetle infestations affected
3.7 million hectares, with the largest disturbances located in the northern part of the
province. Spruce beetle damage declined from last year with 340,245 ha of mortality,
with the majority of the attack continuing to occur in the Omineca Region. Douglas-fir
beetle impacts were similar to last year with 103,717 ha, where most of the mortality
occurred in central BC. For the ninth consecutive year, mountain pine beetle attack
declined to 113,781 ha which was primarily located in localized infestations at higher
elevations.
Abiotic damage increased more than five-fold since 2016 to 1.6 million ha. A record
wildfire year was responsible for this increase with 1.35 million hectares burned;
however, post-wildfire damage diminished to 17,862 ha, primarily located in the north.
With the dry and hot summer conditions throughout most of B.C., drought related
mortality impacted 118,798 ha, with the greatest extent mapped in the south and
southeast of the province. Yellow-cedar decline damage has persisted along coastal
B.C. with 26,978 ha delineated.
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Defoliation damage increased to 2 million ha of damage. Two-year-cycle budworm was
the most significant conifer defoliator with 414,319 ha, where most of the damage was
mapped the north. Deciduous trees (in particular trembling aspen) continued to also be
affected. Satin moth defoliated a record 209,932 ha, also mainly in the northern B.C.
interior.
Damage caused by diseases that were visible during the AOS drastically decreased to
49,913 ha. Young lodgepole pine stands were most affected with 22,944 ha of
Dothistroma needle blight. White pine blister rust damaged a record 12,561 ha,
primarily on the coast, and venturia blight damage declined to 5,225 ha, with the
greatest extent mapped in the northern part of the province.
Localized damage due to agents such as bear, slides, birch leaf miner and root disease
were observed in small, scattered disturbances across the province as well.
Aerial overview reports and other information related to B.C.’s Forest Health program
are available at:
https://www2.qa.gov.bc.ca/gov/content/industry/forestry/managing-our-forestresources/forest-health
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2018/19 SERG International Work Plan
(organized to correspond with Workshop Program)

Mountain Pine Beetle
2010/07‐2018-782
Mountain Pine Beetle Cold Tolerance and Seasonality: Implications for Population
Dynamics and Range Expansion in Canada
Investigators: K. Bleiker, G. Smith
Objectives:
1. Determine lethal cold temperature thresholds for different life stages of MPB;
2. Examine the potential for host tree species (pure jack versus lodgepole pine) to
affect the cold tolerance of MPB larvae (added in 2015);
3.
a) Define conditions (i.e., cooling rate, diurnal temperature variation) required for
cold acclimation in the fall and if de-acclimation in the spring is reversible;
b) Determine if a “chilling period” is required for the acquisition of maximum
cold hardiness and the length of time that maximum cold hardiness can be
maintained (added in 2015);
4. Determine mortality or sub-lethal fitness costs associated with cold events that
vary in severity, duration and number of exposures;
5. Quantify MPB winter survival in the field and associated under-bark temperature
regimes and tree moisture;
6. Identify critical factor(s) regulating MPB development and phenology that will
determine the beetle’s ability to maintain an adaptive seasonality in new habitats
and climates
Funding:
Financial
Total

MB-SD $2.5K, SK MOE $5K, AB-AAF $4K, Foothills Research Institute $10K,
NRCan/CFS $10K
$ 31.5K
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2014/02-2018-830
Improving monitoring tools to detect mountain pine beetle at low and high densities in
novel habitats
Investigators: Nadir Erbilgin, Jennifer Klutsch
Objectives:

Funding:
Financial
Total

Develop two types of lures to monitor mountain pine beetle activities at low and
high density beetle populations in novel habitats.

MB-SD $2.5K, SK MOE $4K, AB-AAF $4K, fRI Research $36.85K
$ 47.35K

2018/09-2018-146
Integrating fire disturbance with models of mountain pine beetle spread to evaluate
efficacy of controlled burns as a management tool
Investigators: Alex M Chubaty, Eliot J B McIntire , Barry J Cooke

Objectives:
1. Develop an integrated model of boreal fire and MPB spread;
2. Evaluate the impacts of MPB eruptive spread under different fire scenarios:
a) no fire;
b) natural fire regime;
c) “augmented” fire regime (natural and controlled burns);
d) suppressed fire regime.
Funding:
Financial
Total

SK MOE $10K
$ 10K
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Spruce Beetle
2017/08-2018-128
Temperature Regulation of Spruce Beetle’s Life Cycle and its Potential Role in Outbreaks
Investigators: K. Bleiker, V. Rezendes, D. Huber, J. Robert
Objectives:
1. Elucidate temperature conditions influencing one- and two-year life cycle in
spruce beetles (i.e., non-diapausing versus diapausing larvae);
2. Identify the larval instar(s) sensitive to the thermal conditions that induce diapause;
and
3. Analyze the association between temperature and occurrence of spruce beetle
outbreaks in western Canada
Funding:
Financial
Total

AB-AAF $7K, BC FLNRO $19.35K, NRCan/CFS $11.65K
$ 38K

2017/01-2018-121
Formulations of emamectin benzoate (TREE-äge® and TREE-äge® G4) and propiconazole
(Propizol®) for protecting Engelmann spruce from mortality attributed to spruce beetle
and associated fungi
Investigators: Christopher J. Fettig, Darren C. Blackford
Objectives:
To determine the efficacy of TREE-äge® and TREE-äge® G4 each alone or
combined with Propizol® for protecting Engelmann spruce from mortality
attributed to spruce beetle and associated fungi
Funding:
Financial
Total

BCFLNRO $9K, USFS $1K
$ 10K

SERG International 2019 Workshop Proceedings

461

Dutch Elm Disease
2018/03-2018-139
Methodologies for priority removal of Dutch Elm Disease infected American elm (Ulmus
americana) harbouring large breeding populations of Native elm bark beetle (Hylurgopinus
rufipes)

Investigators: Matthew Russell, Richard Westwood
Objective:
1. To optimize bark sampling techniques for identifying Dutch elm disease (DED) brood
trees prior to September in affected communities,
2. To investigate possible links between canopy assessment for DED, disease progression,
tree age and level of brood production,
3. To assess the efficacy of prioritized rapid removals on the DED incidence in an
operational setting within an integrated DED community management program..
Funding:
Financial
Total

MB-SD $13K
$ 13K
Beech Weevil

2018/12-2018-150
Synthesis of α-springene and 9-geranyl-4E-terpinolene as mixtures of isomers, and
synthesis of β-springene
Investigators: P. D. Mayo, P. J. Silk

Objective:
1.
2.

Funding:
Financial
Total

provide increased understanding of pheromone ecology of this invasive insect and
related weevils
development of a new lure to monitor the spread of Beech leaf mining weevil .

SERG-I $0K
$ 0K
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2016/03-2018-107
Effect of dosage and treatment frequency on efficacy of TreeAzin® Systemic Insecticide for
protecting foliage from the beech leaf-mining weevil and preventing mortality of American
beech in high value urban environments.

Investigators: Jon Sweeney, Cory Hughes, Tarryn Goble, Joe Meating, Ed Czerwinski, Joel
Goodwin, Simon Pawlowski, N. Kirk Hillier, Rob Johns
Objective:
1.

Funding:
Financial
Total

Determine the effect of dosage and frequency of treatment on the efficacy of
TreeAzin for protecting foliage from the beech leaf-mining weevil and preventing
tree mortality.

NSDNR $2K
$ 2K
Technology Transfer

2018/13-2018-153
Updated history of SERG International bibliography and related activities
Investigators: Nelson Carter
Objective:
To produce
a) an updated addendum to the SERG-International annotated bibliography, and
b) a compilation of selected elements from (and subsequent to) the SERG-I
history previously completed by Carter (2013a) such as:
 Work Plan Funding by research area;
 separate bibliography of peer-reviewed publications;
 updated table of Workshop Locations; and
 other elements that might be decided.
Funding:
Financial
Total

SERG-I $52.5K
$ 52.5K
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Early Intervention Strategies To Suppress A Spruce Budworm Outbreak
2014/05-2018-100
Early Intervention Strategy to Suppress a Spruce Budworm Outbreak
Phase II
Principal Agency: Forest Protection Limited
Objective:
Implementing an EIS to cope with the impending SBW outbreak in NB. The
ultimate goal is to prevent or limit the spread of SBW in NB and mitigate the negative socioeconomic effects from a reduced forest sector within the Province.
Components
3: Early intervention strategies against spruce budworm: modeling and DSS analyses in
2018
Investigators: David A. MacLean, Chris Hennigar, Bo Zhang, Shawn Donovan,Eric Liu, Van
Lantz, Luke Amos-Binks, and Drew Carleton
Objective: .
1.

Funding:
Financial

Refine the SBW DSS to improve SBW and EIS projections and operational
planning of EIS treatment blocking

NRCan G&C $170K

4: Best practices for application of insecticides in early intervention strategy
Investigators: S. Edwards, G. Cormier and A. Willett
Objective: .
1.

Funding:
Financial

To conduct pesticide (Btk and tebufenozide) and pheromone trials to determine
best practices for application of insecticides to lower costs and increase available
sessions for insecticide application
NRCan G&C $196.7K

10: Developing an adaptive and intelligent SBW defoliation detector
Investigators: Udaya Vepakomma, Denis Cormier, Dave MacLean, Rob Johns, Dan Kneeshaw
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Objective:
1.

Funding:
Financial

To develop a generalised defoliation detection method using medium resolution
publicly available satellite data

NRCan G&C $175K

2016/06-2018-114
Validation of a spruce budworm phenology model across environmental and genetic
gradients: applications for budworm control and climate change predictions
Investigators: Jean-Noel Candau, John Dedes, Ashley Lovelace, Chris MacQuarrie, Kerry
Perrault, Amanda Roe, Kala Studens, and Ashlyn Wardlaw
Objectives:
1. Quantify the variability of spruce budworm development rates across its
distribution.
2. Relate the variability in development rates to environmental and/or genetic
gradients.
3. Validate Régnière phenology model across budworm distribution
Funding:
Financial
Total

NSDNR $4K, SOPFIM $2K, SK MOE $2K, AB-AAF $5K
$13K

2015/11-2017-910
Testing new approaches for detecting and locating early increasing populations of the
Spruce Budworm for implementing an Early Intervention Strategy
Investigators: Christian Hébert, Yves Dubuc, Olivier Jeffrey, Jean-Michel Béland and Georges
Pelletier
Objectives:
1. test new versions of the Luminoc® trap for sampling the SBW and detect early
population increases and moth immigration;
2. identify areas with highest probabilities to show SBW population increases to
optimally deploy the new trap..
Funding:
Financial
Total

NLDNR $3K, NSDNR $6K, SOPFIM $7K, iFOR $7K, CFS $12K
$ 35K (2016-17)
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2017/07-2018-127
Optimization of trapping parameters for spruce budworm sampling
Investigators: C J K MacQuarrie, J Fidgen, J Allison, D Carleton, R. Johns
Objectives:
1.
2.
3.
4.

Quantify trap interference for SBW lures in bucket-style traps
Determine release rates for SBW lures
Quantify the effect of lure age on trap catch
Determine a sampling design for year-over-year trap calibration

Funding:
Financial
Total

NSDNR $1K, SK MOE $1K, AB-AAF $1K
$ 3K

2018/08-2018-145
Long term monitoring of northward range expansion population dynamics and adaptation
of spruce budworm populations
Investigators: Deepa Pureswaran, Louis De Grandpré, Stéphane Bourassa

Objectives:
Measure/document
1. range expansion and performance during the current outbreak
2. phenology and population dynamics on black spruce and balsam fir, and
3. dispersal of populations to the northern-most range limits and time to successful
establishment and defoliation of host trees.
Funding:
Financial
Total

NLDNR $2K, CFS O&M $8K
$ 10K
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2018/04-2018-140
An analysis of historical data to identify the occurrence of meteorological conditions that
are considered favourable for the long range flight of spruce budworm moths to
Newfoundland
Investigators: Christopher M. Riley and William Richards
Objectives:
to compile and analyse historical data to identify the seasonal occurrence and
probability of encountering meteorological conditions that are conducive to the
long distance transport of spruce budworm from the Canadian mainland to the
island of Newfoundland.
Funding:
Financial
Total

NLDNR $16K, USFS $2K
$ 18K

2015/13-2017-912
Tracking spruce budworm immigration to the western coast of Newfoundland:
Toward the development of a numerical tool to infer immigration
Investigators: Marc Rhainds
Objectives:

Improve the monitoring of budworm migrations to facilitate early detection

Funding:
Financial
Total

NLDNR $12K, SOPFIM $7K
$ 19K

2018/07-2018-143
The use of large helicopter-towed nets to sample mass-dispersing spruce budworm moths
Investigators: Yan Boulanger, Johanne Delisle, Marc Rhainds, Rémi Saint-Amant, Jacques
Régnière, Ariane Béchard
Objectives:
Airborne spruce budworm (SBW) data will
a) help provide better inputs to the spruce budworm atmospheric transport model
(SBW-ATM) regarding “who” is migrating “where” and in “which condition”
in order to further improve the model. When analyzed in conjunction with the
ground-based sampling network already in place, these data will help
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b) document differences observed between ground-based sampling and airborne
collection techniques.
c) help assess the proportion of biological echoes observed by weather
surveillance radar (WSR) that is directly attributable to SBW by analysing
airborne catch content
Funding:
Financial
Total

USFS $2K
$ 2K

2015/09-2018-908
Assessing effects of landscape level forest management and biotic interaction on spruce
budworm outbreaks and subsequent carbon dynamics
Investigators: Dan Kneeshaw, Louis De Grandpré, Deepa Pureswaran, Patrick James, Steven
Kembel, Changhui Peng
Objectives:
1. Evaluate interactions between climate and forest management on SBW outbreaks.
2. Identify landscape scale risk factors to use in designing pest management
strategies.
3. Identify factors influencing plant- and budworm-associated microbial
communities and their effect on vigour across different forest landscapes
Funding:
Financial
Total

NSDNR $5K, SOPFIM $2K, AB-AAF $5K, CFS – Forest Productivity /
Disturbance $15K, NSERC $25K, University graduate student support $5K
$ 57K

2017/03-2018-123
Understanding overwintering survival as a component of pest management strategies for
spruce budworm
Investigators: Joe Bowden, Eric Moise , Michael Stastny
Objectives:
1. To identify landscape- and stand-level variables that influence overwintering
survival in eastern spruce budworm.
2. To use these variables to refine density-defoliation relationships.
3. To integrate our findings into risk management models via consultation with pest
management groups.

SERG International 2019 Workshop Proceedings

468

Funding:
Financial
Total

NLDNR $15K, SOPFIM $7K, CFS PROMIS $25K
$ 47K

2018/14-2018-158
Pheromones for Insect Pest Management: An improved Synthesis of the Spruce Budworm
Pheromone
Investigators: Aya Elbrolosy, Raymond Arsenault and David I. MaGee
Objectives:
1. look at a number of different synthetic routes for the synthesis of the SBW
pheromone with a specific goal of identifying a cost efficient process to allow for
its use in population suppression of the SBW
Funding:
Financial
Total

NLDNR $2K, Atlantic Innovation Fund $10.275K, UNB $10.7K
$ 22.975K

2012/09-2018-806
Comparisons of Btk aerial spraying strategies against the eastern spruce budworm based
on protection timing and intensity during a complete outbreak episode
Investigators: Alain Dupont, Éric Bauce, Alvaro Fuentealba Morales, Christian Hébert and
Richard Berthiaume
Objectives:

Funding:
Financial
Total

To assess / compare forest protection scenarios (strategies) regarding wood losses
(growth, mortality, and forest yield), wood quality, carbon balance and aerial
spray investments. Using a benefit / cost analysis, the project will lead us to
determine the more efficient strategy or complementary strategies relevant to
different field situations and / or protection objectives (wood production areas,
wildlife habitats, seed orchards, thinned stands, plantations, forest aesthetic
values, etc).
Compare with early intervention strategy developed in New Brunswick regarding
results, costs and operational feasibility.

NLDNR $3K, FPL $10K, USFS $1K
$ 14K
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Emerald Ash Borer
2008/06-2018-707
Investigations into the chemical ecology of the emerald ash borer, Agrilus planipennis:
Fluoro-analogs and estimating trap activation space
Investigators: Peter J. Silk, Krista L. Ryall, David O’Hagan , Lucas E. Roscoe, Gaetan LeClair,
Peter Mayo, Katie Blain, Brian Aukema
Objectives:
To develop and improve tools for early detection and management of the emerald ash
borer, by chemically identifying, synthesizing, and field testing semiochemicals that
elicit sex-based mate location.
1. Further optimize the synthetic lactone analogs for use as a lure in early detection
surveys;
2. Determine the feasibility of slowing the spread of EAB through the application of
semiochemical-based strategies, such as
 a ‘push-pull’ strategy.
 non-host volatiles for efficacy in disrupting orientation of EAB to traps
and ash trees.
3. Integrate these tools with others (e.g., stem-injected insecticides) in the context of
an IPM strategy.
Funding:
Financial
Total

NSDNR $2K, MB-SD $3K, SK MOE $3K, AB-AAF $5K, USFS $2K
$ 15K

2017/05-2018-125
Validation of emerald ash borer branch sampling and estimation of 2 year life cycle in
northern populations
Investigators: C J K MacQuarrie, K Ryall, J Fidgen
.
Objectives:
1. Assess and validate the EAB branch sampling method in a new infestation.
2. Quantify the frequency of the two year life cycle in emerald ash borer.
Funding:
Financial
Total

MB-SD $2K, SK MOE $1K
$ 3K
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2017/06-2018-126
Modelling the development of emerald ash borer in its expanding range
Investigators: C J K MacQuarrie, D Inward, N Straw, S Smith, K Dearborn
Objectives:
1. Determine developmental rates for EAB and BBB eggs, larvae and pupae under
controlled rearing condition
2. Develop predictive models for EAB population development for regions outside
the invaded range, and for BBB in potentially invaded areas in the UK
Funding:
Financial
Total

MB-SD $3K, SK MOE $2K, USFS $2K, DEFRA $38K, University of Toronto
$15K, Forest Research (UK) $9.7K, NRCan CFS $3K
$ 72.7K

2015/05-2018-903
Release of exotic parasitoids for biological control of the emerald ash borer in Canada
Investigators: K. Ryall, G Jones, A D Roe, C J K MacQuarrie
Objectives:
1. Parasitoid releases in 2018 will be completed at new release sites established in
2017.
2. New release sites will be established to increase the geographic distribution of the
parasitoids within the infested region in Canada; efforts will be made to conduct
releases in the eastern-most (Quebec City) and northern-most locations (Thunder
Bay), if suitable sites can be found.
3. Release sites will also be selected to evaluate the effect of landscape type on
successful establishment of the parasitoids, including forested, agricultural, and
urban landscapes.
4. Release data will be uploaded into the mapBioControl.org database.
5. Post-release assessment of parasitoid establishment for the original 2013-2016
release sites will continue in the fall of 2018, as required. Assessments will
involve tree removals, rearing and dissections.
6. Research evaluating the impact of the parasitoids on EAB populations will be
initiated in 2018 using two different methodologies: 1. peeling of infested trees to
enable a regional comparison with U.S. findings and 2. an experimental cageexclusion approach
7. The development of rearing technology and techniques for T. planipennisi will
continue, in collaboration with the Insect Production and Quarantine Laboratory
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(IPQL) at the Great Lakes Forestry Centre, Sault Ste. Marie, Ontario to provide a
source for parasitoids for releases in Canada.
8. A colony of the egg parasitoid, O. agrili, will be initiated at the IPQL to provide
parasitoids for releases for experimental purposes.
9. An experiment testing the feasability for O. agrili to be released onto urban street
trees will be conducted in 2018. A preliminary study in 2017 demonstrated
parasitism of EAB eggs by O. agrili both on release trees as well as ‘control’ trees
up to 20m away.
Funding:
Financial
Total

MB-SD $4K, SK MOE $2K, AB-AAF $1K, USFS $2K, NRCan CFS $82K
$ 91K
Hemlock Woolly Adelgid

2018/10-2018-147
The role of tree stress in the dynamics and impacts of the hemlock wooly adelgid in Nova
Scotia: a forecasting framework and silvicultural mitigation
Investigators: Michael Stastny, Chris MacQuarrie, Jon Sweeney
Objectives:
1. Identification of site predictors of hemlock decline due to hemlock wooly adelgid
as a function of tree stress.
2. An empirical test of stand thinning as a management tool to reduce tree decline
and mortality.
Funding:
Financial
Total

NSDNR $7K, USFS $2K, CFS / FIAS $9.5K
$ 18.5K
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2018/01-2018-136
Factors affecting capture of winged Adelges tsugae Annand (Hemiptera: Adelgidae) on
yellow traps in Nova Scotia
Investigators: Lucas E. Roscoe, Peter J. Silk
Objectives:
1. To determine if winged adult HWA use tree volatiles to locate a suitable host.
2. To develop an effective trap to capture winged adults for early detection of HWA
populations in hemlock stands.
Funding:
Financial
Total

NSDNR $2K
$ 2K

2015/07-2016-906
Development of ball sampling for detecting wool of the hemlock woolly adelgid
Investigators: J. Fidgen, R. Fournier, C.J.K. MacQuarrie, M. Whitmore and J. Turgeon
Objectives:
To assess the sensitivity of a ball- or wool- sampling technique at early detection of
hemlock woolly adelgid, Adelges tsugae Annand (Hemiptera: Adelgidae) (HWA),
infestations. This project will address the following objectives:
1. to complete the dataset on detectability of infestations with wool sampling of
individual trees;
2. to develop a stand level survey using wool sampling; and
3. compare the logistics (resources and time needed) of wool sampling, pole pruning
and visual survey in stands with very low level HWA infestations.
Funding:
Financial
Total

NSDNR $1K, OMNRF $13K, NRCan CFS $42K, Invasive Species Centre $25K
$ 81K (2015-16)
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2018/02-2018-137
Efficacy of TreeAzin trunk injection for protection of eastern hemlock from hemlock
woolly adelgid
Investigators: Jon Sweeney, Cory Hughes, Kate Van Rooyen, Tarryn Goble and Ed Czerwinski
Objectives:
1. Determine the efficacy of TreeAzin for reducing densities of hemlock woolly
adelgid, Adelges tsugae, and protecting high value eastern hemlock trees from
HWA-induced mortality
Funding:
Financial
Total

NSDNR $2K
$ 2K

Total Funding

$1272.2K ( $319.85 SERG-I Members)

SERG International 2019 Workshop Proceedings

474

SERG International
TERMS OF REFERENCE
Preamble
SERG International (SERG-I) is an association of forest management, regulatory and
research agencies, and pesticide suppliers, interested in forest pest management. The
primary aim of SERG-I is to improve application technology and pest management
methods associated with the use of pest control products in the context of integrated forest
pest management. SERG-I facilitates efficient use of resources for collaborative research
to meet the needs and priorities of pest managers.
SERG-I is not a funding agency. Rather, SERG-I provides a means for the members to
work cooperatively on research projects through the sharing of expertise, financial
resources, in-kind resources, staff, and the results to achieve common goals in the areas
of spray efficacy and pest management methods.
Through this co-ordinated approach, members of SERG-I are able to pool their resources,
leverage other sources of funding, and work cooperatively to conduct research and share
results amongst the members.
General Areas of Research that are coordinated by SERG-I
1. Forest Pest Management Products:
Product efficacy - including conventionally applied products as well as the
development of alternative products such as viruses, nematodes, pheromones
and biological herbicides, etc.
2.

Improvement of Application Technology and Techniques:
Application technology - including aerial and ground based application
techniques which provide improvements in environmental and efficiency goals.

3.

Environmental Impact and Benefit to Forest Pest Management:
Fate of applied products in terms of deposit, drift, impact and behaviour in the
environment including impacts on biodiversity and ecological processes.

4.

Developing Forest Pest Management Strategies:
Develop working strategies for the management of forest pests.

5.

Technology and Information Transfer:
Transferring results of SERG-I supported research to forest managers through
annual workshops, the SERG-I web site and stakeholders meetings.
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STEERING COMMITTEE
The SERG International Steering Committee consists of Executive and Associate
Committee members.
Membership:
Executive Members
Provincial representatives, along with the SERG-I Executive Director and a
Director-level representative of CFS and the USDA-FS shall form the Executive.
Membership fees for Executive members are set at $6000/year.
Executive Members presently include:
Province of Alberta (Alberta Sustainable Resource Development)
Province of British Columbia (Ministry of Forests, Lands and Natural Resource Operations)
Province of Manitoba (Department of Conservation and Water Stewardship)
Province of New Brunswick (Forest Protection Limited)
Province of Newfoundland and Labrador (Department of Natural Resources)
Province of Nova Scotia (Department of Natural Resources)
Province of Ontario (Ministry of Natural Resources)
Province of Quebec (SOPFIM 1)
Province of Quebec (MRNFQ 2)
Province of Saskatchewan (Saskatchewan Ministry of Environment)
Canadian Forest Service (Director)
USDA-Forest Service
1
2

Société de protection des forêts contre les insectes et maladies
Ministère des Ressources naturelles et de la Faune du Québec

Executive Members will contribute equally to the cost of maintaining the SERG-I
Executive Director and the administrative expenses to run SERG-I. Executive Members
have voting privileges on the Steering Committee. In addition, they set the strategic
direction for SERG-I and participate in the annual prioritisation of work areas.
Associate Members
Associate Members of the Steering Committee shall include representatives of
organisations able to conduct, benefit from or support pest management research and
interested in co-ordinating their efforts. Associate Members neither have voting
privileges, nor do they participate in establishing either the strategic direction or research
priorities of SERG-I. They do, however, participate in the evaluation of SERG-I
Proposals and may provide funds according to their individual interests.
Associate Members do not contribute to the cost of administering SERG-I but are
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encouraged to sponsor research projects
Associate Members presently include:
AEF Global
BioForest Technologies Inc.
Canadian Aerial Applicators Association
Canadian Food Inspection Agency
Canadian Forest Service – Atlantic Forestry Centre
Canadian Forest Service - Great Lakes Forestry Centre
Canadian Forest Service – Laurentian Forestry Centre
Canadian Forest Service - Northern Forestry Centre
Canadian Forest Service – Pacific Forestry Centre
Dow AgroSciences Canada Inc.
Micron Sprayers Limited
Monsanto Canada Inc.
Pest Management Regulatory Agency
Sylvar Technologies Inc.
USDA-ARS (College Station)
Valent BioSciences Corp.
Winfield Solutions
Other organisations may be invited by the Executive to participate as appropriate.
Steering Committee
The Executive Director of SERG-I will be the Chair of the Steering Committee.
SERG International activities are directed by a Steering Committee which will:
1.
2.
3.

4.
5.
6.

7.

Develop and maintain the SERG-I Long-Term Plan.
Identify and prioritise research, development and technology transfer on an
annual basis.
Identify and develop potential partnerships for SERG-I particularly in the areas
of pest management, regulation, economic benefit, communications, new
technology, and stakeholder needs (e.g. forest industry).
Request and review proposals (Appendix A,B) and funding for project priorities.
Co-ordinate application technology and efficacy research
Promote outreach activities such as workshops, a SERG-I website and
distribution of research reports to interchange information amongst SERG-I,
researchers, user groups and participating organisations.
Provide advice and recommendations to various organisations which either
participate in or have an interest in SERG-I activities.

Each organisation shall have one representative (or its designated alternate) on the
Steering Committee. Additional representatives may attend as observers and to provide
expertise as needed. Additions can be made to the member organisations of the Steering
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Committee subject to approval by the majority of the Executive. Additional individuals
or organisations may be associated with SERG-I (without becoming Executive (voting)
Members or Associate Members of the Steering Committee) by writing to the Executive
Director with a request to be included on the SERG-I mailing list. All those included on
the mailing list will be notified of the Annual Workshop and will receive the updated
SERG-I publication list and the annually updated Long-Term Plan and Research
Priorities.
Overhead and Administration Expenses:
Overhead costs for SERG-I, including the fees for the Executive Director, the Executive
Director's travel expenses and administrative costs, will be shared equally by the
Executive Members of the Steering Committee. The budget for the coming year will be
established by the Executive previous to March 31 of the current year.
Disbursement of Surplus Funds:
1.
2.

3.

A majority approval by the SERG-I Executive Committee members (see Note 3
for exception) is required for SERG-I surplus funds to be disbursed.
Any proposal by an Executive Committee member for use of SERG-I funds must
be circulated to the Executive Committee and the Executive Director at least two
weeks prior to the SERG-I meeting at which it is to be tabled. Members who will
not be present at the meeting will have up to one week prior to the meeting to
submit their votes to the Executive Director.
Any absentee Executive Committee member who does not submit a vote by the
due date, will lose his/her voting right on the proposed motion. Majority approval
will then be based on the remaining voting membership. In the event of a tie, the
Executive Director may cast the tie-breaking vote.

Meetings:
Meetings of the Steering Committee shall be called by the Executive Director, after
consultation with the Executive, and shall be held at least twice per year. Special Issue
conference calls may be held at the request of an Executive Member.
1.

2.

Each year, $2500 of each Executive Member's annual SERG-I fee will be set
aside for that Member to use for SERG-I travel to any Steering Committee
meeting including project evaluation meetings. Travel to attend the SERG-I
project evaluation meeting (Feb) shall take precedence over attending other
meetings.
Each member’s travel funds will be carried to a maximum of 2 years to a total of
$5,000.00. Any surplus will be transferred to SERG-I general revenues.

The agenda for meetings shall be determined by the Executive Director, in consultation
with Steering Committee members.

SERG International Terms of Reference
SERG International 2019 Workshop Proceedings

December 2, 2013
478

Minutes shall be taken of all meetings and distributed by the Executive Director to all
members of the Steering Committee.

Workshop:
A formal SERG-I Workshop will be held annually. The Annual Workshop will normally
be scheduled in early February. Final or interim written reports will be submitted to the
Executive Director prior to the Workshop (mid January). An oral presentation delivered
in person preferably by the Principal Investigator on the current year's research will be
made at the Workshop. Immediately following the Workshop, research proposals for the
upcoming year will be evaluated for member’s acceptance and support.
The Executive Committee will meet to update the SERG-I Long-Term Plan.
The location of the Workshop will rotate amongst the member provinces/and or agencies
(i.e. the Executive). The host province or agency will co-ordinate the Workshop
including the provision of secretarial and related services (such as registration desk and
temporary custody of registration fees).
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APPENDIX A
Proposal Format Specifications
Concept Proposal
A concept proposal should be no longer than 2 pages using font sizes no smaller than 10.
Multi-year projects require a concept proposal each year.
General: 1.
2.
3.
4.
5.

Title:
Principle Investigator or Agency:
Contact Person:
Telephone Number:
Address:

Executive Summary
- SERG-I general area of research addressed as stated in the Terms of Reference
- Objectives of study
- Completion date for study
Objective:
Clear and concise statement of objective (s).
Financial:
Budget requirements clearly identifying funding sought from SERG-I and other potential
funding sources. Forecast budget requirements for future years (where applicable)
including level of investment by all participants (to the extent possible).

Funding details should include potential funding sources and funding level
Provide details for Year 1* (and future years of multi-year proposals)
Funding runs from April 1 to March 31

Proposed Funding Sources
Year 1
(ie2010/11)
Identify all potential and secured
funding sources including in-kind
level of funding

Year 2
2011/12

etc

etc

and
SERG-I
*

funding sought

Total
For new projects, Y1 starts the year when the full proposal is accepted.
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Final Proposal
Final Proposals should be no longer than 4 pages using font sizes no smaller than 10
Multi-year projects require a final proposal each year.

General: 1.
2.
3.
4.
5.

Title:
Principle Investigator or Agency:
Contact Person:
Telephone Number:
Address:

Executive Summary
- SERG-I general area of research addressed as stated in the Terms of Reference
- Objectives of study
- Completion date for study
- Names of suggested reviewers from outside the proponent's agency
Objective:
Clear and concise statement of objective (s).
Financial:
Budget requirements (by year for multi-year projects) clearly identifying funding sought
from SERG-I and other potential funding sources.
(a) Provide details of expected expenditures, i.e. casual/student salaries, related travel,
materials, printing, etc. for current year using budget template below.
(b) Identify committed funding and in-kind contributions from all sources.
(c) Forecast budget requirements for future years (where applicable) including level of
investment by each participant (to the extent possible).
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Funding details should include potential funding sources and funding level
Provide details for Year 1* (and future years of multi-year proposals)
Funding runs from April 1 to March 31

Proposed Funding Sources
Year 1
(ie2010/11)
Identify all potential and secured
funding sources including in-kind
level of funding

Year 2
2011/12

etc

etc

and
funding sought

SERG-I
*

Total
For new projects, Y1 starts the year when the full proposal is accepted.

Include funding details for Current Year

Funding Details
Casual employee/ student salaries
Field Trials
Vehicles
Field equipment supplies
Travel, meals, lodging
Lab
Materials and Supplies
etc
etc
Total
Note: Full-time employee salaries/travel and administration fees will not be funded by SERG-I
but can be noted as in-kind contributions.
Background:
Identify the problem/opportunity of concern and how it relates to SERG-I’s Areas of
Research in its Terms of Reference. Outline the magnitude of the impact of the project if
successful and if not undertaken. Identify the specific solution required. Identify any
previous funding received and progress to date.
Participants/Co-operators:
Identify the roles of researchers and user agencies involved in the project as well as the
level of support and participation throughout the project.
Methodology:
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Identify all relevant details including method of implementation, number of personnel
involved, location, anticipated completion date, etc.
Deliverables including Timing and Reporting Milestones
Identify measurable outputs to be produced by which the success of the project may be
evaluated and the manner in which these will be presented. Note: Reporting
requirements include a final SERG-I report due by mid-January of the year
following acceptance of the proposal and an oral presentation preferably by the
Principal Investigator at the annual SERG-I workshop.
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APPENDIX "B"
SERG International Proposal Review Procedures
The Executive will review the SERG-I Long-Term plan annually, update it as required, and set
research priorities for the following year. Specific priorities, and the level of funding anticipated
for each, will be identified whenever possible. The updated Long-Term Plan and Research
Priorities will be distributed normally by early October, at the time of the call for SERG-I
Concept Proposals. Specific agencies or individuals may be asked to submit proposals for certain
projects or an open public call for proposals may be used for other work areas.
Call for Proposals
Concept and final proposals (in the formats detailed in Appendix A) will be accepted up to the
date set by the Executive Director in his call letter. The research proponent may be invited at the
discretion of the Executive to be available either in person or via telephone when a particular
proposal is being reviewed.
Stage I Review
Members of the Steering Committee will review the executive summaries of the Concept
Proposals to determine the proposal's compliance with the Long-Term Plan and Research
Priorities, and to identify the funding potential for the proposed research. This review will be
completed no later than the end of the National Forest Pest Management Forum week (usually
first week in December). Only Concept Proposals approved at this stage will receive further
consideration at Stage II.
Stage II Review and Funding
The Executive Director may obtain at least two reviews of each Proposal – one from a scientist
and one from a user. The final proposals and the reviewers' comments are then provided to the
Steering Committee to determine which projects will receive support for funding in the
upcoming year
Conflict of Interest Guidelines
Recognizing that members of the SERG-I Steering Committee may also be participants on
SERG-I-supported projects, the following rules will apply:
1.

2.

Said members will declare themselves in conflict when evaluating SERG-I proposals
(Stage II – Terms of Reference) of which they are collaborators or which have the same
scientific goals as SERG-I proposals/ projects of which they are a collaborator.
Project-team members will be excluded from the Stage II evaluation of their SERG-I
project.
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Rules for SERG-I Stage II Evaluation
1.
2.
3.
4.

Prior to the Stage II evaluation meeting, principal investigators will be notified of the
date – time for the SERG-I review.
Principal investigators will avail themselves, either in person or by telephone, for
questions that may arise during the Stage II review.
Attendance to the full review meeting will be restricted to the SERG-I Steering
Committee, their alternates and invitees.
The Stage II review meeting may also have an open format during which specific
questions relating to project proposals will be discussed.

SERG-I is not a funding agency with an allotment of money to be awarded through a
competitive-process. Rather, SERG-I provides a means for the members to work cooperatively
on research projects through the sharing of expertise, financial resources, in-kind resources, staff,
and the results to achieve common goals consistent with specified SERG-I General Areas of
Research.
At Stage II, the Steering Committee will review the final proposals and the comments of the
reviewers in considering the proposals for funding by the members. Each member will decide
which specific proposals to support, and what type (e.g., financial, in-kind, coordination,
advisory) and amount of support will be provided. Opportunities for cooperation and efficiencies
will be explored and encouraged by the Steering Committee.
Proposal Endorsement and Conditions
The Executive Director will inform each proponent in writing of the status of the Proposal (e.g.
approved, not approved, approved with conditions, or revise and re-submit). Proposals approved
at Stage II will be assigned a Project Number.
SERG-I research projects will be completed according to SERG-I Field Guidelines available on
the SERG-I website (www.sergreport.net).
For most projects, SERG-I will arrange for a holdback of at least 10% of funds. This holdback
will be released upon receipt and acceptance by the funding agencies of the final or interim
report and a presentation preferably by the Principal Investigator at the SERG-I Workshop.
Proponents are expected to manage their finances by taking this 10% holdback into
consideration. Each year, a project report must be received and accepted by the funding
agencies before funding will be granted for subsequent years.
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APPENDIX C
Reporting Policy for SERG-I
1.

Introduction

SERG International (SERG-I) has an excellent reputation for supporting applied research and
technology for use in forest pest management and other related fields. As a service to the
technical community, SERG-I maintains on-line access to reports produced through the SERG-I
process and distributes these as PDF files upon request. Typically, SERG-I facilitates some 30
research and development projects annually.
2.

SERG International Reporting Requirements

As part of the agreement with a Principal Investigator (PI) who participates in the SERG-I
process, a final report (and yearly interim reports in the case of multi-year funding) is required
by mid-January of year following acceptance of proposal and an oral presentation at the annual
Workshop. Final acceptance of report submissions is the responsibility of SERG-I funding
members.
Final Reports


SERG-I Report
A detailed project report is acceptable as a final report. This report should follow a classic
scientific format with abstract, introduction, objectives etc. through to results and
conclusions. It should be written in plain, understandable language and terminology.
The report must include a bilingual executive summary; translation is the responsibility
of the Principal Investigator. It will be the PI’s responsibility to identify any disclaimers
on the front page of the report (e.g. do not cite, do not copy, refer all questions to author,
etc.). The report should be signed-off by the PI’s manager. The funding members of the
project will arrange for a review of the final report.
Only FINAL SERG-I reports will be bound in SERG-I covers and be submitted to the
Canada Institute for Scientific and Technical Information (CISTI).



Peer review article
Principal Investigators receiving funding are encouraged to produce peer reviewed
articles. SERG International should be acknowledged.
Peer reviewed journal articles will be accepted as final reports if the funding members
agree the subject matter is relevant. A suggested format to fulfil SERG-I reporting
requirements is a bilingual executive summary of the project and a brief (one page)
introduction explaining how the peer review article resulted from the original project.
These cover pages should be bound with a reprint of the article between SERG-I covers
and submitted to the SERG-I Executive. (For electronic distribution, a link or web page
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address can be used to link the interested party to the publishing society to obtain the
article.)
Peer review requirements are often external to SERG-I (e.g., academic employers or
federal research managers, etc.) Anonymous peer review is the best way to insure that
results are correct and of high quality. However, it is recognized that the time frame
surrounding peer review publications can legitimately take two years from submission to
publication. This time frame will be considered in the proposal evaluation process. At
the time a submission is made for journal publication, the draft manuscript should be
forwarded to the Executive Director. If this is unacceptable, this needs to be explored up
front between funding members and the Principal Investigator involved. One option in
some circumstances is for funding members to hold and use data internally while treating
it as proprietary to the Principal Investigator.
Failed or abandoned peer review. Peer review publications may be turned down for
many reasons. Failed or abandoned peer review projects should be reformatted into
Project reports and evaluated for suitability as Final reports.
Copies of final reports will be distributed by the PI in the following manner:
1. All Executive Committee members and funding agencies will receive one hard copy each
(names and addresses of members can be obtained from the Executive Director) bound
between SERG-I covers.
2. The SERG-I Executive Director will receive 2 bound copies and a PDF version. A copy
of the report will be filed with CISTI and distributed (PDF version) upon request.
Interim Reports
All formats discussed above (with a bilingual abstract) are appropriate for interim reporting. It is
suggested further that reporting requirements be discussed in the proposal and upon funding. As
a minimum reporting requirement, an interim report will be required every year. Interim reports
include


Data Report
Unless otherwise stated, data generated in a specific project are the property of the
funding members. The final report may be a data report if the funding members agree.
This report must include a restatement of objectives, an executive summary and a
methods section. Raw data should be included as an Appendix.



Conference/Workshop Proceedings
Proceedings reports can fulfil interim reporting requirements. Proceeding papers that
undergo anonymous peer review and meet the requirements for such may be simply
formatted into a Final Report as described above if this is acceptable to the funding
members.
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Other agency reports
Other agency reports may be accepted as interim reports. Reformatting may be required
to meet SERG-I reporting requirements to be considered as final reports. Since most
reports follow some semblance of a classic scientific outline, this should not be an
egregious requirement.

Proprietary Research
Proprietary industrial projects (as opposed to proprietary academic rights in order to protect
publication potential) will be handled as a separate entity. In this case, an explicit contract will
be entered into between funding members and Principal Investigator and the deliverables will be
stated. This is the only case where a final report may not be required based on the specific
contract.
3.

Acceptance of SERG-I Reports

For most Projects, SERG-I will hold back a minimum 10% of allocated funds. These will be
released upon acceptance of reporting requirements. Ultimately, acceptance of all SERG-I
reports rests with the funding members. If a majority of the funding members accept a Final
Report then the project is considered complete. If there is a dispute or in the unusual case of a
deadlock, the SERG-I Executive Director will cast the deciding vote. The balance of project
funds will be withheld and released only on report completion unless negotiated beforehand (i.e.
in the case of the prospect of a long peer review process, the letter of submission to a journal
would release the final balance of funds).
4.

Delinquency

It will be the responsibility of the Funding members working with the Executive Director to
obtain project reports. Reporting delinquency is a problem and can, in some cases, result in the
inability of a funding member to generate additional funds for contribution to SERG
International. Principal Investigators who don’t fulfil yearly interim or final reporting
requirements will not receive further funding from SERG-I until reporting requirements have
been completed.
In the event a delinquent report is not ‘in the works’ (i.e., actively being worked on by data
analyses and writing, and has a scheduled reporting date), or is not likely to be prepared as
acknowledged by the original PI, then that PI will be obliged to provide the raw data and
associated results that were collected, the objectives of the project, and as much detail as possible
about the material and methods that were used. This information may be made available to one
or more of the original funding members of the project and subsequently made available by them
to another researcher duly recognized by them and/or the SERG-I Executive who has interest in
further analyses and reporting, though not necessarily to the exclusion of the original PI.
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APPENDIX D
SERG-I Executive Director Responsibilities
Overall Responsibility
Under the authority of the Executive Members of SERG-I, the Executive Director has the
responsibility to plan, organize, manage and control all the activities defined in SERG-I's Terms
of Reference.
Specific Responsibilities
1.

Chairs the SERG-I Steering Committee: liaises with other research organisations/
networks; ensures that meetings of the Steering Committee are held as required,
workshops are held annually, research proposals are submitted for review either by
request or letter call, and research reports are submitted and distributed.

2.

Maintains milestones for all new research projects to ensure compliance to report
production schedules.

3.

Calls periodic meetings of the Steering Committee and sub-committees as required to
identify problems and opportunities, prepare research proposals, plan research activities,
and recommends priorities accordingly.

4.

Ensures distribution of research reports and facilitates communication and collaboration
among scientists, applicators, and forest managers.

5.

In consultation with the Steering Committee, assists the Executive in updating annually a
Long-Term plan which includes each activity area addressed by SERG-I, clearly
identifying individual studies and defining general and annual objectives.

6.

Maintains and circulates to the Steering Committee a status report on publications and
reports prepared or anticipated from studies supported by SERG-I.

7.

Represents SERG-I at meetings and submits reports to the Steering Committee.

8.

Ensures that minutes for Steering Committee Meetings are taken and distributed.

9.

Reviews progress on current research studies supported by SERG-I.

10.

Presents new research proposals recommended by the Steering Committee and distributes
them to the membership.

11.

Identifies potential sources of funding for research proposals and, where appropriate,
assists the Steering Committee in obtaining commitments from these sources
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12.

Relays the decisions and recommendations of the Steering Committee to the SERG-I
mailing list and proponents.

13.

Stimulates communication among the members to share resources.

14.

Produces an annual workshop proceedings summarizing SERG-I activities and distributes
it to SERG-I members and other stakeholders through the SERG-I web site.

15.

Maintains the SERG-I website.

16.

Prepares an annual Executive Director's operating budget for consideration by the
Steering Committee prior to the commencement of the next fiscal year.
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APPENDIX E
SERG International
Graduate Student Awards Fund (GSAF)
Context
SERG International (SERG-I) would like to honour the hard work and dedication of many
practitioners of forest pest management by establishing an annual Graduate Student Awards
Fund (GSAF) to support graduate students who are doing research directly related to SERG-I’s
areas of interest [www.serg-i.org]. The main purpose of the Fund is to support students early in
their careers by providing an opportunity to attend the annual SERG-I Workshop where they can
present their own research and interact with many of the key researchers and managers
responsible for forest pest management in Canada and the United States as well as some of the
leading manufacturers of pest control products and related services. The Annual Workshop is
hosted by different member agencies; hence, its location varies annually across Canada and
northern United States.
Terms of Reference
1.

Annual selection of GSAF Honourees
a. On or about October 1st of each year, the Executive Director of SERG-I will canvass by
email the Steering Committee Members and universities/colleges for nominations for the
GSAF. .
b. All GSAF applications received by the Executive Director by the November 15 th deadline
(as noted in 4e of the Application Process) will be forwarded within a week to Executive
Committee members for review. The Executive will evaluate all applications and make
their recommendation(s) known at the SERG-I Annual General Meeting, normally held
in the first week of December in conjunction with the annual Forest Pest Management
Forum.
c. The Executive Director will subsequently communicate with the successful student(s)
regarding their awards and the requirement to attend and participate at the SERG-I
Annual Workshop normally held in February of the ensuing year.

3.

Award Value
a. Annual awards of up to $2,000 each may be made available for up to 5 students (i.e.,
maximum of $10,000 annually subject to Executive approval). The Executive may
approve, subject to funds available and/or other relevant circumstances, additional awards
in years when there are more than 5 students who qualify based on recommendations by
the Selection Committee.
b. SERG-I reserves the right to modify the conditions of the GSAF or to discontinue the

SERG International Terms of Reference Appendix E
SERG International 2019 Workshop Proceedings

January, 2014
491

initiative entirely.
4.

Application Process
a. The availability of the SERG-I GSAF will be made known to potential applicants through
the Steering Committee members and university contacts and will be posted on the
SERG-I website.
b. Awards are open to post-graduate students who are engaged in research in one or more of
the four themes of research specified in the Terms of Reference for SERG-I. Students
may apply more than once during their degree program.

c. The major supervisor of the student applying for an award must provide a Letter of
Support outlining the merits of the nominee and this Letter must be included in the
application which is due by November 15th.
d. Each applicant must enclose, along with the Letter of Support, a Student Summary
Statement in which they discuss, in no more than two pages, their research interests,
enthusiasm and interest for attending and presenting at the SERG-I Workshop, and how
their project adheres to one or more of the SERG-I research themes.
e. Complete applications, including the Letter of Support and the Student Summary
Statement must be submitted by email to the Executive Director of SERG-I by November
15th in each award year. The Executive Director will forward applications to the
Executive Committee in advance of the SERG-I Annual General Meeting held in
conjunction with the annual Forest Pest Management Forum (usually the first week of
December). Successful GSAF winners will be notified by the SERG-I Executive
Director shortly thereafter as noted in 2c above.
f. Incomplete applications will not be considered.
5.

Award Conditions
a. Award to consist of $500 cash, waiver of SERG-I Workshop Registration Fee and up to
$1,500 towards reimbursement of expenses incurred for attending the Workshop
including: economy return air fare; hotel; taxi; and per diems (at federal rates). (Note: all
original receipts are required except for per diem items).
b. Each successful Award winner is required to attend the annual SERG-I Workshop and
make an oral presentation of their research work. Associated abstracts and summary
reports are to be provided for inclusion in the SERG-I Workshop Proceedings and may be
posted on the SERG-I website.
c. Awards will be presented at the SERG-I Annual Workshop.
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5.

Award Restrictions
a. A candidate can only receive a Graduate Student Award once during each graduate
degree.
b. A candidate receiving funding as PI for a SERG-I project can not apply for a Graduate
Student Award.

6.

Generalized Timeline

January

February

March

April

May

June

July

August

September

October

-------------- Student study & research period ------------Letter of Support & Student Summary Statement to be prepared with
Application to be submitted by deadline of November 15 th.
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