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The Lindsay Young Beneficial Insects Laboratory (LYBIL) at the University of Tennessee currently rears two 
predators of the hemlock woolly adelgid (HWA): Laricobius nigrinus and Laricobius osakensis. L. nigrinus has 
been reared at LYBIL since 2005. L. osakensis was reared at LYBIL in 2011, and from 2013 to the present. A 
third predator, Sasajiscymnus tsugae, was reared at LYBIL from 2003-2018, but production ceased in 2019 to 
better focus our time and resources on rearing and releasing Laricobius.      
 
 
Laricobius nigrinus 
Five oviposition jars were initially setup on 1/24 using 18 beetles per jar. Originally, beetles used were from the 
lab colony with about 590 adults available for rearing at the onset. In late February, 194 L. nigrinus collected in 
western NC were sent by Margot Wallston (Hemlock Restoration Initiative) and were used for rearing. (All 
beetles received appeared to be L. nigrinus, but some could have been Ln/Lr hybrids.) In early March, Ms. 
Wallston sent 224 L. nigrinus, collected near Seattle, for rearing. By mid-March, we were using 12 oviposition 
jars holding 18 beetles each. But by late April we were down to 6 oviposition jars, due, in part, to substantial  
mortality of beetles in storage and oviposition jars, and removal of suspected hybrids. Jars were reset weekly 
until 6/27. Mature larvae (n = 7255) were harvested and put into soil boxes from 3/7 to 7/24. Adults began 
emerging from soil boxes on 8/12, with 3398 emerging as of 1/19/20 (47% survival). Releases, made from 8/29 
to 12/18, are detailed below. 

 
Site No. of releases Total no. released 

Great Smoky Mtns NP 1   535 
Cumberland Gap National Historic Park 1   587 
Catoosa Wildlife Mgmt Area 1     284* 
Pickett State Forest 1        53* 
Hemlock Restoration Initiative (in NC) 
*supplemental releases 

2    883 
 

 

 
Laricobius osakensis 
Five oviposition jars were initially setup on 1/14 using 18 beetles per jar. On 1/21, five additional jars were set 
up with 18 beetles per jar. Approximately 1100 adults were available for rearing at the onset. Due to 
substantial mortality in storage and oviposition jars and removal of suspected hybrids, only 3 jars were being 
used for oviposition by the end of March. Jars were reset weekly until 6/13. Mature larvae (n=6112) were 
harvested and put into soil boxes from 2/20 to 7/5. Adults began emerging from soil boxes on 8/27, with 3337 
emerging as of 1/19/20 (55% survival). Releases, made from 9/26 to 12/17, are detailed below. 

 
Site No. of releases Total no. released 

Kentucky Division of Forestry 2    948 
USFS lands in NC 2    831 
Foothills Pkwy (NPS) 1                128* 
Pickett State Forest 1                363* 
*supplemental releases   

 



   

 
Numbers reared, 2007-2019. 

Year S. tsugae L. nigrinus L. osakensis 

2007 213341         8340  

2008 120015         2306  

2009 166252         3534  

2010 119603 11138  

2011        82216         7468  

2012 108090 18880  

2013 118837 13134 1758 

2014       60549         4496 3712 

2015       40548         7395 8968 

2016       37805        7874 12853 

2017 29704 6306 14562 

2018 5496 6238 6605 

2019 0 3398 3337 
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2019 Virginia Tech Mass Rearing Production  
Two major factors created significant challenges for mass rearing of Laricobius spp. at Virginia Tech in 2019.  The first was a widespread 
decline of HWA populations in Virginia.  This made it difficult to obtain high quality HWA at densities necessary for successful lab rearing.  
The presence of field collected larvae in lab colonies was again an issue in 2019.  Field collected larvae are a source of significant competition 
for lab reared Laricobius spp. as they are already established and actively feeding on the HWA ovisacs provided to the colony.  As a result 
of decreased HWA densities and the presence of field collected larvae in colonies, production numbers were generally low (Table 1).   
 
Table 1.  Rearing data for L. nigrinus (Interior), L. osakensis, and Laricobius spp. (Field Collected) at Virginia Tech in 2019. 

 L. nigrinus  
(Interior Strain) 

L. osakensis 
(Northern Strain) 

Laricobius spp. 
(Field Collected) 

Starting colony (adults) 26 365 N/A 
Larvae produced 661 15,243 804 
Adult emergence 309 (47%) 4,402 (29%) 621 (77%) 
Early emergence 139 (45%) 496 (11%) 12 (1%) 
Total mortality 30% 7% 7% 

 
Field Collected Laricobius spp. Larvae in Rearing Colonies 
Laricobius spp. larvae continue to enter the rearing lab on HWA infested branches cut from Virginia localities and used as a food source for 
rearing colonies.  As early instars, these larvae are undetectable due to their small size, however, later instars are often observable.  These 
larvae were frequently located during weekly adult feeding efforts and were subsequently removed from foliage and placed in a separate 
‘field collected’ colony.  Field collected larvae were also found during checks of the catch jars used in the larval rearing systems.  Normal 
larval development takes approximately 4-8 weeks from egg to mature 4th instar larvae.  When mature larvae were found in catch jars 
before the 4-week minimum development period, they were removed and placed into a separate ‘field collected’ colony.   
 
Early Season Food Storage 
Large quantities of HWA infested branches were collected from the field and stored in cold room facilities at 3°C prior to the Laricobius spp. 
oviposition period to decrease the potential for colony contamination by Laricobius spp. present in the field.  Proximal ends of individual 
branches were clipped bi-weekly to encourage water uptake and delay desiccation.  Although these reserves were useful, due to the large 
quantity of plant material necessary to maintain colonies in the lab, stored branches were quickly depleted.  Searches for new branch 
collection sites where Laricobius spp. are not present are actively ongoing. 
 
Morphology Identification Study 
The occurrence of high rates of L.n. and L.r. in our L.o. rearing colonies in 2018, was a motivating factor for the initiation of an ongoing novel 
study which will examine the effectiveness of identification techniques using morphological cues.  Current identification protocols involve 
the examination of adult Laricobius spp. pronota aided by dissecting microscope.  If posterior teeth are observed on the pronotum, 
individuals are identified as either L.n. or L.r.   If teeth are absent, individuals are identified as L.o.  In an effort to confirm the suitability and 
success of these morphological identification techniques, a study was initiated in 2019 using molecular analysis to confirm species and 
hybrids.  These molecular data will be compared to morphological identifications made using cataloged pronotum images to determine the 
accuracy of morphological identification.  Preliminary results indicate this is a viable method of identification, however, pronotal tooth 
morphology can vary greatly within species, making some individuals challenging to identify. 
 
2019 L. osakensis Colony Identification Using Morphology 
All 4,402 emerged adults were evaluated using a dissecting microscope to observe pronota.  A majority of individuals in the L.o. colony 
were L.n. (L.n.:  67%, L.o. 32%, L.r. 1%).  After separation by species, adults were released in the fall of 2019 (Table 2). 
 
Table 2.  Date, species, quantity, cooperator, and state where Virginia Tech lab-reared Laricobius spp. were released in 2019  

Date Species # Released Cooperator State 

11/13/19 L.o. 500 Tim Tomon PA 

11/20/19 L.o. 500 Colleen Teerling ME 

12/17/19 L.o. 300 Kate O’Brien ME 

10/30/19 L.n. 500 Lori Chamberlin VA 

11/6/19 L.n. 500 Tom Macy OH 

11/13/19 L.n. 500 Jim Esden  VT 

11/19/19 L.n. 500 Rolf Gubler VA 

11/20/19 L.n. 500 Jen Weimer NH 

11/25/19 *L.n. 500 Jim Esden VT 

 TOTAL 4,300   

*L.n. Interior and L.n. Coastal mix 
 



2019 Adjustments to Larval Rearing Temperatures 
In 2019, adjustments were made to larval rearing temperatures with the goal of delaying the speed of larval development and subsequent 
adult emergence timing in the fall.  Standard larval rearing protocols involve holding larvae at a constant temperature of 13°C with a 12:12 
L:D period.  In 2019 we mimicked local (Blacksburg, VA) outdoor temperature conditions in our larval rearing rooms.  An average mean 
weekly temperature was calculated and then implemented in the laboratory the following week (Table 3).    
 
Table 3.  Larval rearing temperatures and light:dark periods used by date at the Virginia Tech Insectary in 2019. 

Date Temperature Light:Dark 

1/28/19 3°C 12:12 

2/29/19 4°C 12:12 

3/22/19 7°C 12:12 

4/1/19 9°C 12:12 

4/8/19 13°C 12:12 

 
When 2019 L.o. emergence timing was compared to 2018, it appeared delayed, and although there was some early emergence prior to 
HWA aestivation break, overall numbers were low (Fig. 1).  When compared to prior years, however, results varied with some years having 
similar emergence timing to 2019.  It is unclear if newly implemented temperature regimes contributed to improved emergence timing in 
the L.o. colony in 2019.  There are likely several variables affecting differences in emergence timing observed each year.  This new 
temperature regime will be followed again in 2020.   
 

 
Figure 1.  The number of adult L. osakensis emerged by date in 2018 and 2019 at Virginia Tech 
 
2019 L.o. Collections in Japan 
Tom McAvoy and Carrie Jubb traveled to Central Honshu Island, Japan from October 27 – November 8, 2019 to collect L.o. (Northern Strain) 
for laboratory rearing.  They were guided by long-time colleague, Shigehiko Shiyake.  A total of 989 beetles were collected at five sites over 
two weeks (Table 4). 
 
Table 4.  Number of L. osakensis beetles collected and HWA densities per site collection site on Central Honshu Island, Japan in 2019 

Site HWA Density # of Beetles Collected 

Mt. Azuma Low 4  
Nikko Yumoto Low 54 
Maranuma Low 0  
Shiga Kogen High 931 
Mt. Fuji Low 0  

 TOTAL 989 

 
Colony Purification 
Due to the presence of cryptic species, Laricobius naganoensis, in the newly collected L.o. colony from Japan, colony purification protocols 
will be implemented during 2020 rearing.  All P1 adults will be placed into defined rearing groups and all offspring from these groups will 
remain separate from other rearing groups.  At the completion of the rearing season, all P1 adults will be identified to species.  If L. 
naganoensis is not present in a P1 rearing group, then all offspring from that group will be released.  If L. naganoensis is present, then 
offspring will be saved and reared to the F2 generation, a process which typically removes L. naganoensis from the colony due to the Allee 
effect. 
 
Redistribution Efforts 
Due to high populations of HWA and Laricobius spp. in both 2017 and 2018, several release sites in Virginia were identified as potential 
sources for beetle redistribution efforts.  Because of the regional decline of these populations in 2019, no Laricobius spp. collections were 
made.  Attempts to redistribute beetles to new locations will again be made in the fall of 2020.   



HWA biocontrol? – 2020 update for Canada 

Michael Stastny (Atlantic Forestry Centre / Canadian Forest Service) 

 

 

 

CFS is evaluating population regulation in the invaded regions to develop a comprehensive management 

framework, and to evaluate the feasibility of HWA biocontrol in Canada 

Baseline data: 

• HWA sampling across multiple sites to characterize natural enemy populations (abundance, 

diversity, phenology)  parallel surveys in NS and in ON 

• exclusion cage experiments to determine impact of natural enemies 

• review & surveys of candidate biocontrol agents, climatic matching  

Phenology monitoring from Nova Scotia (2019): 
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Hemlock Health Project 
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Contact Information: Email cep19@vt.edu, Mobile (585) 764-1924 

 

 

Key Points: 

 

1. Hemlock Health Main Objective: To assess whether Laricobius nigrinus predation on 

HWA impacts hemlock health. Hemlock health will only be measured at the branch level 

and measurements that will be used include the percentage of new shoot growth 

produced, the length of new shoot growth, xylem hydraulic conductivity, and 

photosynthesis.  

 

 

2. This project will consist of two studies:  

 

The Exclusion Study:  

 

To assess whether L. nigrinus predation impacts hemlock health by excluding 

predators.In fall 2019, three sites (1 VA, 1 MD, 1 NC) were set up and will be monitored 

until Aug 2020. This study will also be conducted the following year. There are four 

treatments (see table below). HWA densities on treatment branches range from moderate 

to heavy (2-3 HWA/cm) and treatment branches consist of two 20-30 cm separate 

branchlets marked “A” and “B”.  

 

Treatment   Cage Type Adelges tsugae 

1 None - 

2 Open + 

3 Long Term + 

4 Short Term + 

     + = presence, - = absence 

 

 

 

The Inclusion Study:  

 

To assess whether L. nigrinus predation at different densities on HWA will impact 

hemlock health. In fall 2019, one site in Virginia was set up and will be monitored until 

Aug. 2020. After this field season, the plan is to include more sites depending on HWA 

densities at potential field sites in fall 2020. There are four treatments (see table below). 

Each treatment branch is 60 cm of the terminal part of the branch. HWA densities on 

treatment branches range from moderate to heavy (2-3 HWA/cm). Laricobius nigrinus 

mailto:cep19@vt.edu


adults are placed on HWA infested branches and kept in the cages until Mid-May and the 

HWA population is monitored throughout.  

 

 

Treatment  # of Laricobius nigrinus adults Adelges tsugae 

1 0 - 

2 0 + 

3 2 + 

4 4 + 

                           + = presence, - = absence 

 

 

3. New Inclusion Study:  

 

To assess the impact of the predation of two predators on HWA populations and its 

impact to hemlock health. This study is currently being developed and will focus on the 

predation of two predators: Laricobius nigrinus and Leucopis spp. The study will be set 

up like the inclusion study previously mentioned. Five treatments are proposed (see table 

below). This will provide information on how hemlock health and how HWA populations 

are impacted when predators are present year-round throughout the geographic range of 

HWA in the eastern US. In addition, this will provide information on the impacts of these 

predators to hemlock health when only one predator is present in northeastern and 

southeastern geographic ranges of HWA. 

 

Treatment Laricobius nigrinus Leucopis spp. Adelges tsugae 

1 - - - 

2 - - + 

3 - + + 

4 + - + 

5 + + + 

     + = presence, - = absence 

 

 

 

 

 



Predator Exclusion Studies on HWA in the Pacific Northwest on Eastern and 
Western Hemlock

Ryan Crandall1, Jeffrey Lombardo2, and Joseph Elkinton1

1University of Massachusetts – Amherst
2St. Mary’s College of Maryland

In the Pacific Northwest, where hemlock woolly adelgid (HWA) is native, it is a non-pest and rarely occurs at high 
density. The purpose of this study was to better understand what keeps HWA from outbreaking. We explored two 
hypotheses 1) western hemlock may have natural resistance to HWA, and 2) native predators are keeping HWA populations 
below its carrying capacity. 

In 2015, a predator exclusion experiment was set up where trees were inoculated with HWA and predator exclusion bags 
were used to study branches side by side with and without predation. In June 2015 we checked on the sample branches and 
found that HWA was at very low densities across treatments. However, in November of 2016, when the bags were going to 
be removed, we found that HWA populations had increased dramatically inside the bags. These results suggest that 
predators are likely responsible for the regulation of HWA, however it doesn’t tell us whether summer-active or winter-
active (or a combination of the two) are what regulate HWA. (Figure 1 A&B). High density of HWA inside bags occurred in 
both eastern and western hemlock, discounting the hypothesis that western hemlock is resistant to HWA.

To better understand the dynamics between HWA and its associated predators, the experiment was repeated beginning in 

March 2017. Branches infested with HWA were collected and used to inoculate two pairs of branches on each of 10 eastern 

hemlock and 10 western hemlock in Washington Park Arboretum in Seattle, WA. In June of 2017, densities of progrediens

were recorded, and various predators were observed feeding on HWA. The most frequently found predators were larval 

stage Leucopis spp. (identified by Dr. Nathan Havill). A handful of other predators observed were much less abundant. 

Other predators included cecidomyiid and syrphid flies, lacewing nymphs, pirate bugs, and coccinellid larvae. By June 2017, 

substantial and significant differences were apparent in the adult progrediens stage, especially on western hemlock. Those 

differences became even more pronounced once sistens density counts were made in November. No predators were observed 

feeding on HWA at that time. Only summer active predators can account for these results.

Based on the results from the progrediens and sistens densities, we believe that summer predators are integral to 

regulating the populations of HWA in the Pacific Northwest. The data also suggest that tree resistance doesn’t play an 

important role in reducing HWA densities on western hemlock, and in fact the adelgid settle better on western hemlock as 

opposed to eastern hemlock. 

Figure 1. Mean (±SE) density of HWA life stages on bagged and unbagged branches Washington Park Arboretum in Seattle, Washington. 



Progrediens Rebound Following Predation on HWA Sistens Oviscas in the 
eastern United States

Ryan Crandall, Carrie Jubb, Scott Salom, Tom McAvoy, Bud Mayfield, Biff Thompson, Joseph Elkinton

Background Simulation models of HWA dynamics (Elkinton

et al. 2011), working on high HWA densities, showed that 

density-dependent survival during the progrediens generation 

almost completely compensates for any egg mortality in the 

overwintering sistens ovisacs caused by Laricobius nigrinus

feeding. High egg mortality in the model was followed by 

higher progrediens survival so that by the end of the 

progrediens generation, densities of HWA had largely returned 

to where they were before the egg mortality. Only when we 

added other sources of mortality (e.g., summer and fall 

predators) did natural enemies succeed in reducing HWA 

populations. 

Methods and Results Working with Carrie Jubb and other 

collaborators in the southern U.S. we established predator 

exclusion experiments in sites in the southern and mid-Atlantic 

states and were able to collect two years of data on sistens and 

progrediens density as well as overwintering mortality, ovisac 

disturbance by L.n. and one year of sistens fecundity. Using 

field-collected data from the sistens generation we 

parameterized the Elkinton et al. (2011) model to make 

predictions of progrediens density. In both years, we started 

with similar densities of sistens in both treatments (Figs 

1A&2A) and found significantly more predation on uncaged 

branches (Figs 1B&2B; Jubb et al., in press). However, even 

with significant predation by L.n. the model predicted minimal 

difference between treatments (Figs 1C&2C) and our field 

collected progrediens density validated our model predictions 

(Figs 1D&2D). We also found a density-dependent decline in 

progrediens survival with increasing sistens density (Fig. 3), 

which compenstated for significant rates of predation by L.n.

Conclusion: Our model was fit on high HWA densities, and 

our results could change if L.n. were working on lower 

densities. The field data largely confirm the prediction that 

density-dependent survival in the progrediens stage 

compensates for the effects of predation on sistens ovisacs. 

Adding mortality later in summer or fall, however, completely 

overcomes this effect and produces the large impact of 

predators on HWA density we have demonstrated in Seattle, 

WA. Our results suggest that the addition of a summer-active 

predator to the eastern U.S. working in tandem with L. n. could 

have a significant impact on HWA populations. 
Reference cited
Crandall, R.S., Jubb, C.S., Mayfield III, A.E., Thompson, B., McAvoy, T.J., Salom, S.M., 

Elkinton, J.S. Rebound of Adelges tsugae spring generation following predation on 

overwintering generation ovisacs by the introduced predator Laricobius nigrinus in the eastern 

United States. Biol. Control. (In review)

Elkinton, JS, R.T. Trotter, and A. F Paradis. 2012. Simulations of population dynamics of 

Hemlock Woolly Adelgid and Potential Impact of Biological Control Agents. Pp. 15-24.  In:

Implementation and Status of Biological Control of the Hemlock Woolly Adelgid. US Forest 

Service Publication FHTET-2011-04 (B. Onken and R. Reardon eds.)  230pp

Jubb, C.S., Heminger, A.R., Mayfield III, A.E., Elkinton, J.S., Wiggins, G.J., Grant, J.F., 

Lombardo, J.A., McAvoy, T.J., Crandall, R.S., Salom, S.M. Impact of the introduced 

predator, Laricobius nigrinus, on ovisacs of the overwintering generation of hemlock woolly 

adelgid in the eastern United States. Biol. Control. (In press).

Figure 1&2. Mean (±SE) observed and predicted HWA densities, and ovisac 

disturbance by treatment “Cage” and “No Cage.” A) Density estimated for sistens

generation. B) Percent ovisac disturbance by L. nigrinus. C) Model predictions of 

progrediens density based on the mean sistens density, overwintering mortality, ovisac 

disturbance, and fecundity by treatment and site. D) Observed density of the 

progrediens generation.

Figure 1

Figure 2

Figure 3. Survival of the progrediens to adult. A) Logistic regression of the proportion 

of progrediens surviving to adult by versus density of sistens surviving to adult by 

treatment across sites in 2018. Each point represents data from a single branch, the 

solid line represents the fit model and the grey shading show the 95% confidence 

interval. B) 2018 mean (±SE) proportion of progrediens surviving to adult by 

treatment, site and across sites

Figure 3
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