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The Adelgid Population Dynamics Tool

Developing a Spatially-Explicit Management Model

The Adelgid Population Dynamics Model (APDM)
is a stock-and-flow model (Stella® Architect) that
simulates hemlock woolly adelgid (Adelges tsugae)
population density for each of the nine sequential
life stages spanning the two generations observed
annually in North America (Elkinton et al, 2011;
Fig. 1). The goal of the APDM is to combine
individual life-stage specific density dependent
survival and fecundity estimates derived from field
data into a synthesis model to explore the
interactions between biotic and abiotic factors and
population dynamics. We investigated the potential
impacts of biological control, by adding external
mortality to the stages upon which different
biocontrol agents feed. The addition of simulated
predation suggests that feeding by Laricobius may
have brief and limited effects on overall HWA
density due to a compensatory increase in survival
of progrediens. Recent field studies evaluating L.
nigrinus impacts on adelgid population density have
supported this finding and support the development
of summer-feeding biocontrol agents such as
Leucotaraxis spp (Crandall et al.2020).
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Figure 1. Diagram of the basic structure of the APDM 2.0 flow model
built in Stella® Architect (v3.3) to simulate the population dynamics of
hemlock wooly adelgid in its invasive range in the eastern U.S.

The Management tool

The Adelgid Population Dynamics management
tool expands upon the original population dynamics
model by incorporating spatially-explicit gridded
climate data into HWA density calculations (Fig.
2A). By using gridded input and output, the model
is transformed into a management tool that can
incorporate location-specific environmental
conditions or management actions.
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Figure 2. Average sistens ovisac density resulting from simulations of
HWA population dynamics under the absolute minimum winter
temperatures of 1990-2022 with A) no predation pressure B) and 50%
predation by Laricobius and Leucotaraxis biocontrol predators.



Applications and Avenues for Future
Analyses

By including spatially-explicit environmental
conditions and management treatments, APDM may
be used to explore interactions between intrinsic
and extrinsic factors such as climate, stand
management practices, chemical control, biological
control (Fig. 2B), and tree health.

Example 1: Temperature tolerance models suggest
that northern spread by HWA may be restricted by
winter mortality under current climatic conditions.
Under these conditions, is biological control likely
to be effective? Are some species more likely to be
effective than others? Is there a tradeoff between the
expected costs and benefits for the application of
biological controls near the edges of the adelgid’s
range?

Example 2: As global climate changes, there may
be changes to the likelihood of spread at the edge of
the adelgid’s invasive range and whether biocontrol
may be a cost-effective management strategy.
APDM could be used to estimate changes in density
in years with a mild winter and provide guidance on
how to manage a sharp increase in adelgid density
resulting from low winter mortality of the sistens
generation.

Example 3: If a silvicultural treatment is known to
reduce sistens crawler survival by X% we can
integrate this information into the model to estimate
how long-term HWA density will respond to the
treatment. This can assist in deciding whether
additional management interventions such as
chemical and biological control are warranted and
likely to be cost-effective.

Recommendations for Field
Observations

We can improve the accuracy of model output by
adding additional empirical estimates and functions
derived from field studies and surveys. In general,
data must meet the following criteria for inclusion
in the APDM:

e Observations must include density (e.g.,
#adelgid per cm of branch space; Fig. 3)

o ldeally, surveys repeated over time should be
made on the same trees (or branches), but if
this is not feasible, the sample size needs to be
very large in order to average across tree-level
and microhabitat differences.

e Zero density observations are important.
Individual branchlet counts and measurements
are best, even if no adelgid/predators present.

Figure 3. lllustration of how we measure branchlet length for adelgid
density surveys. The length of each piece of new or old growth
inspected for adelgid is measured separately.

Growing the Model System
Please contact us if you have or are planning to

collect data that fits these criteria and are
interested in collaborating to improve this tool.
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