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SUMMARY

Progress continued on development of a general predator-prey computer model, named
Predprey. The original model prototype was converted to Microsoft®Excel for Windows®95
from Lotus®1-2-3 for DOS®. Five submodels were arranged on individual Microsoft®Excel
worksheets to allow expansion of model functions. Microsoft®Visual Basic® programming
was used to create a user interface that simplifies model inputs and allows the user to
progressively increase complexity of simulations. Model vanables are entered by the user
through dialog boxes that use standard Windows®95 controls. Predprey is designed as a
self-tutorial program with an on-line user’s manual accessible from any submenu within the
model.

Predprey is a discrete-time model and the user can select either stochastic or deterministic
weather parameters. Model outputs include 2 tables and 14 charts depicting different aspects
of predator and prey population interactions. Model functions include calculation of predator
and prey population changes over a 20-year period, predation rates, predator functional
responses, stochastic weather effects on natural mortality, differential prey vulnerability,
effects of user selected harvests, wolf (Canis Iupus) numerical responses, and
density-dependent effects on ungulates. Predprey allows the user to store and recall all the
variables associated with a given simulation in a unique file with a user assigned name.

Key words: bears, computer model, density dependent, functional response, numerical
response, predator-prey, stochastic weather, ungulate, wolves.
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BACKGROUND

In 1991 a comprehensive wolf (Canis lupus) management planning process stimulated
increased public involvement in management of Alaska's big game species. Public requests to
intensively manage for sustained high harvests of moose (dlces alces), caribou (Rangifer
tarandus), and sheep (Ovis dalli) from manipulated predator-prey systems were countered by
public requests for lower, natural yields of big game from unmanipulated predator-prey
systems. Those conflicting public values placed additional responsibilities on managers to
more clearly predict consequences of proposed management programs.

Often managers have only rough estimates for population size, sex and age ratios, predator
numbers, and even harvest rates. Yet, they are required to make annual recommendations for
seasons and bag limits, must often respond to public or media inquiries about the effects of
predation versus hunting, and are routinely asked to defend their recommendations in front of




advisory committees or the Board of Game. The purpose of this model is to help managers do
those jobs more objectively with greater confidence and effectiveness.

In response to past controversy over predator-prey management, biologists in Alaska, other
northern states, and the Yukon conducted significant research on large ungulate-large
carnivore ecological systems. Advances in large prey-predator ecological research, and the
wide availability and use of personal computers, created an oppoﬁumty to develop additional
tools for management decisions.

THE USE OF MODELS

Starfield and Bleloch (1991) defined models and their use as, "... any representation or
abstraction of a system or process. We build models to (1) define our problems, (2) organize
our thoughts, (3) understand our data, (4) communicate and test that understanding, and (5)
make predictions."

In concept, building a predictive model for an Alaskan game population is simple. Changes in
population size follow imbalances between factors that cause the population to increase (birth
and immigration) and factors that cause the population to decrease (death and emigration). In
practice, measurement of those factors may be difficult or impossible; therefore, models are
always simplifications of reality. Starfield and Bleloch (1991) assert that, "The quality of a
model does not depend on how realistic it is, but on how well it performs in relation to the
purpose for which it is built."

Our inability to precisely measure some variables (e.g., natural mortality rates) is not reason
enough to exclude those variables from the model. "The initial structure of a model must be
determined by the objectives, not by the available data" (Starfield and Bleloch 1991). Real
world biological systems are infinitely complex, but the construction of a model is always
confined by space, funding, personnel, and information. Good models strike a compromise
that simulates the functional essence of the modeled system. Poor models can be overly
complex, ambiguous, or so simplistic that 51gn1ﬁcant functions of the system are ignored or
misrepresented.

For the manager, models can be categorized as either conceptual models or management
models. Conceptual models such as low-density dynamic equilibrium (Gasaway et al. 1992)
and multi-density equilibria models (Haber 1977) describe the long-term dynamics of systems
but tell the manager little about the allowable harvest in the coming year. Conversely,
management models such as those for estimating allowable yields of prey populations (Fuller
1989), or for estimating finite wolf population growth rates from an ungulate biomass index
(Keith 1983), can be used by managers to explore short-term consequences of management
actions or short-term biological responses in unmanipulated systems.

Management models that address population changes in a single species are termed
single-species models. Such models may incorporate the effects of predation, habitat, and
weather, but they do not explicitly model those interactions within the ecosystem.
Consequently, single-species models are limited in their ability to predict the effects of



manipulating populations of some species to benefit populations of other species. A system or
community model is required to model the effect of 1 species on another and/or the effects of
abiotic factors (i.e., environment) on the biotic parts of the ecosystem. System models are
inherently more complex than single-species models and during development can easily
become unwieldy and overly complex. To prevent this, the model builder must start with a
clear set of objectives and confine the model functions to meet those objectives.

There are abundant examples of models used to describe predator-prey-human interactions in
northern ecosystems (Keith 1983; Van Ballenberghe and Dart 1983; Ballard et al. 1986;
Bergerud and Elliot 1986; Ballard et al. 1987; Fuller 1989; Hayes et al. 1991; Schwartz and
Franzmann 1991; Gasaway et al. 1992). Each is based on empirical evidence of basic
relationships between components of the predator-prey system. As more studies are
completed, many of those basic relationships seem to be consistent and, therefore, somewhat
predictable. Models built to describe those relationships often relate to only a portion of the
system, e.g., maximum sustained yield of moose (Van Ballenberghe and Dart 1983) or
number of moose calves consumed by black bears (Ursus americanus) (Schwartz and
Franzmann 1991). Few are available to Alaskan managers in the form of easily used computer
models that combine the potential effects of weather, predation, harvest, density dependence,
prey vulnerability and population composition on allowable harvests.

AVAILABILITY OF REQUIRED INFORMATION

Model construction requires estimates of production and survival of young, estimates of
mortality rates, differences between immigration and emigration, harvest levels, and estimates
of population size and composition. Production and survival of young among caribou, moose,
and sheep are estimated annually through routine survey-and-inventory programs and are
reported in annual management reports (e.g., Morgan 1990). Estimates are expressed as
young:100 females or as percent young in the population. Estimates of the number of juvenile
recruits are derived by combining those composition ratios with total population estimates.
Total population estimates are based on stratified random sampling for moose (Gasaway et al.
1986), aerial photography for caribou (Davis et al. 1979), or total counts in key areas for
sheep (Heimer and Watson 1986; Whitten and Eagan 1995) and bison (Carbyn et al. 1993).
Deer (Odocoileus spp.) population estimates in heavily forested areas are based on pellet
group transects (Kirchoff 1990).

Causes of mortality are generally considered in 3 categories: 1) harvest by hunters, 2)
predator-caused mortality, and 3) other nonpredator natural mortality. Harvest is determined
annually from mandatory hunter reports and in some cases substantiated with check stations
(McNay 1992). Nonpredator-caused natural mortality is often related to severe weather
(Coady 1974; Gasaway et al. 1983), and qualitative estimates can be based on winter severity
indices. Site-specific intensive monitoring of moose and caribou populations provided
quantitative estimates of nonpredator natural mortality that may be generally applicable to
other areas with similar weather and habitat conditions (Bangs et al. 1989; Ballard et al. 1991;
Davis et al. 1991; Modafferi and Becker 1997).




Predation by wolves and bears is a large component of natural mortality in most northem
ecosystems. Estimates of predation rates require intensive radiotelemetry studies which are
rarely part of routine survey and inventory programs, but several intensive studies completed
in the United States and Canada provide a sufficient range of values to model potential effects
of predation.

Fuller (1989) reviewed 14 North American studies and found daily wolf consumption rates
ranged from 2.0 to 7.2 kg/wolf. Where small ungulates were the primary prey (deer and
sheep), consumption rates were lowest, ranging from 2.0 to 3.0 kg/wolf/day. Consumption
rates were 4.5 to 7.2 kg/wolf/day when large ungulates were the primary prey (moose, bison
[Bison bison], and elk [Cervus elaphus]). Estimates of annual kill rates range from 15 to 33
deer/wolf/year (Table 1), and from 1.9 to 15 animals/wolf/winter among a variety of larger
ungulate prey where winter wolf predation rates were measured (Table 2).

Table 1 Estimated annual kill rates by wolves on deer

Estimated annual kill

Location rate’ Reference
Minnesota 15-18 Mech and Kamns 1977
Vancouver Island 16-33 Hebert et al. 1982
Southeast Alaska 26 Persons et al. 1996
Minnesota 19 Fuller 1989
Minnesota, Ontario, and Manitoba 17° Keith 1983

“ Number of animals kilied per wolf per year.
® Includes deer and elk.

Table 2 Estimated winter (Oct-Apr) kill rates by wolves on moose, bison, and elk

Estimated winter

Location Species kill rate® Reference
Southcentral Alaska Moose and 7.2 Ballard et al. 1987:Table 14
Caribou
Interior Alaska Moose and 7.6 McNay 1990
Caribou
Kenai Peninsula, Moose 5.0 Peterson et al. 1984:Table S
Alaska
Northeast Alberta Moose 4.0 Fuller and Keith 1980:Table 6
Manitoba Elk <15 Carbyn 1983
Alberta and NWT Bison 3.0 Carbyn et al. 1993

* Estimated number of animals killed per wolf calculated from mean pack size and mean pack kill intervals,
unadjusted for prey size. Where kill rates were determined from short, mid, or late winter periods, or from
repeated sampling periods results were extrapolated to the 212-day period Oct-Apr.




Black bears on 2 study sites in Southcentral Alaska killed an estimated 34% and 35% of
neonatal moose calves (Schwartz and Franzmann 1991). Similarly, black bears killed an
estimated 40% of moose calves in an Interior Alaskan study (Osborne et al. 1991). Predation
by grizzly bears (Ursus arctos) on adult moose was documented in both Alaskan (Boertje et
al. 1988; Ballard et al. 1990) and Yukon (Larsen et al. 1989) studies. Boertje et al. (1988)
reported adult male grizzlies killed adult moose and caribou at a rate of approximately 1 kill
per 26 bear days in spring and Ballard et al. (1990) reported adult grizzlies killed adult moose
at arate of 1 kill per 43.7 bear days in spring. Larsen et al. (1989) reported grizzly bears killed
2% to 3% of collared adult female moose in each of 3 years 1983-1985. Kill rates by grizzlies
on moose calves were reported as 5.1, 5.4, and 5.3 calves per adult grizzly, respectively, in
Yukon (Larsen et al. 1989), Eastcentral Alaska (Boertje et al. 1988), and Southcentral Alaska
(Ballard et al. 1990). In Denali Park grizzly predation on neonatal caribou calves varied from
17% to 22% of calves produced between 1985 and 1987 (Adams et al. 1989).

As obligate carnivores, wolves prey upon ungulates at more consistent rates than do bears.
Using data from other Alaskan (Peterson et al. 1984), Canadian (Fuller and Keith 1980), and
their own studies, Ballard et al. (1987) described a relationship between pack size and kill
rates which recognized that a reduction in average pack size results in a proportionately
smaller reduction in wolf predation rates (Hayes et al. 1991). Fuller (1989) used results from
25 North American studies to propose a general relationship describing a theoretical carrying
capacity for wolves, and Keith (1983) described a general relationship from 7 North American
studies between the ungulate biomass index and the finite growth rate of wolf populations.

These relationships can be combined to model wolf and bear predation rates, wolf population
response to changing ungulate densities, and, conversely, ungulate population responses to
changing wolf and bear densities. Responses of ungulate populations to extreme weather can
be modeled using: 1) data describing thresholds of critical weather such as described for
moose by Coady (1974), or 2) studies that provide empirical effects of certain weather events
on specific ungulate populations (Bishop and Rausch 1974; Boertje et al. 1996; Modafferi and
Becker 1997). Historical weather records from a given locality can be used to simulate the
probability of a severe weather event.

Without radiotelemetry data, population estimates of large seclusive predators such as bears
and wolves have customarily been subject to skepticism. However, recent advances in census
techniques for bears (Miller et al. 1997) and wolves (Ballard et al. 1995; Becker et al., in
press) now provide opportunities for improved estimates of bear and wolf population size.

GOAL

To develop an easily used computer model to assist wildlife managers in making annual
management decisions regarding big game predator-prey systems by allowing biologists to
simulate potential consequences of different management actions in the presence of variable
environmental conditions.




OBJECTIVES

e Conduct a literature review of predator-prey studies to identify basic relationships of
Alaskan predator-prey systems.

e Construct a general predator-prey model using Microsoft®Excel for Windows®95
software.

e Write a manual describing model function and basis for model assumptions, including
guidelines for model use. The user’s manual will be included in the model as a Help file.

e Compile and analyze predator-prey data for western Unit 20B for the period 1984-1989.
Prepare a report describing predator-prey dynamics in western Unit 20B.

e Validate and reﬁne model functions to simulate known dynamics of 1nten51vely studied
predator-prey systems.

e Train area biologists in use of the model and application to current management problems.

e Write final report and prepare presentations for public and scientific meetings.

METHODS

DEVELOPMENT OF PREDATOR-PREY MANAGEMENT MODEL
Model Conversion and User Interface

The original model prototype written in Lotus®1-2-3 for DOS® was converted to
Microsoft®Excel for Windows"95. Submodels were arranged on individual Microsoft®Excel
worksheets to allow expansion of model functions. Using Visual Basic programming, a user
interface was developed that allows the user to move within the model with push buttons,
rather than scrolling and typing. Model variables are entered by the user through dialog boxes
that use standard Microsoft® forWindows®95 controls. Cells of worksheets are protected from
direct editing, and changes in variables are made only through dialog boxes; this approach
simplifies data entry, prevents inadvertent parameter changes, and allows a point and click
type of data manipulation that increases user speed and enhances interpretation of results.

Model Characteristics

Predprey is a linear, discrete-time model. The user has the option of selecting deterministic or
stochastic weather parameters. Weather severity affects mortality of all sex and age classes.
Therefore, when selected, stochastic weather is reflected in population responses throughout
the model. With the deterministic function, the user has 2 options: 1) no adverse weather
effects or 2) adverse weather events for selected years. Outputs from model calculations are
portrayed in both tabular and graphic formats for a 10-year period. Population for both
predators and prey are available with a push button option for a 20-year period.



The model simulates changes in population size, composition, allowable harvest, mortality,
and productivity of 1 ungulate population called the Current Population. Changes in
population size, determined by user selection of varying population growth rates (L) of up to 7
additional ungulate populations, are calculated and recorded in a separate submodel. Those
alternate prey populations simulate increased total ungulate biomass within the system.
Changes in total ungulate biomass affect wolf population growth rates, which in turn affect
the Current Prey Population.

Both predator and prey populations move through an annual cycle with discrete time points in
the cycle where populations are adjusted for mortality and production. For the prey
population, 2 annual cycles (harvest year cycle and the biological year cycle) are calculated
simultaneously in different submodels.

The harvest year cycle runs in the Current Population submodel, and begins on 1 November
of the entry year. Overwinter predator- and nonpredator-caused mortality among the prey
population are subtracted from the 1 November population on 1 May before production of
neonates. Then the previous year’s calf/fawn cohort, the previous year’s yearling cohort, and
the previous year’s 2-year-old cohort advance in age 1 year on 1 May. Production is then
added based on the number of females in the reproductively eligible cohorts. Autumn harvest
and summer natural mortality are subtracted simultaneously at the end of the harvest cycle
year, 31 October, to yield the starting population on 1 November for the next harvest year
cycle. The model does not contain a senescence function for either mortality or production; all
population members older than 3 years of age are considered adult.

Changes in the Current Population are also calculated and reported based on the biological
year 1 May to 30 April. The biological year cycle calculations enable calculation of mortality
distribution among all sex and age classes from the peak annual population that results from
calf/fawn production. The outputs from the biological year cycle are reported in bar and pie
charts accessed by the Mortality and Harvest Chart button in the main menu.

Model Parameters

The term parameters refers to the general structure of equations which define fixed model
functions. Parameter equations often were taken directly from published predator-prey studies
or were modified by adding more recent data to published data sets. In some cases, we
developed parameters to simulate functions for which there is general conceptual agreement,
but little quantitative documentation (e.g., functional response curve).

For most parameters, the user provides input values for 1 or more variables contained in the
parameter equations. Those input values modify the model output for a given model run.
Population composition, mortality rate, harvest level, and production rate variables are
examples of input values entered by the user.

Managing Model Complexity

Our goal is to provide a model that is sufficiently general to apply to a variety of large
ungulate predator-prey systems. However, that requires inputs to customize model parameters



for a variety of biological communities influenced by environmental variables. As user
options are created, model complexity increases. The model can be difficult to use without
considerable training.

We envisioned some users being interested only in the effects of harvest in a single-species
system, ignoring more complex effects such as stochastic weather, differential prey
vulnerability, multiple predators, alternate prey, and variable production. Other users will
want to progress from simple to more complex simulations. To allow maximum flexibility of
use while maintaining ease of operation, we compartmentalized user dialog boxes. With this
design the user can progress from simple to complex simulations and stop at the desired level
of complexity. For example, from the main menu users select either primary or advanced
parameters. From the primary parameters dialog box, users input basic population
characteristics with the option of selecting 1 to 6 additional dialog boxes for entry of variables
associated with more complex simulations. From the Advanced Parameters dialog box, 4 push
buttons allow access to more complex simulation variables. If the user does not select more
complex dialog boxes, the variables associated with those dialog boxes are default values, and
the effects of those variables are held constant.

Model States and Defaults

We expect most users will work with a given management or research simulation during
several work sessions. Rather than requiring the user to reenter the desired input values during
each work session, Predprey allows the user to store all the input values associated with a
given simulation in a unique file with a user assigned name. One such set of values is termed
a model state. Individual model states are saved and recalled using standard Windows®™95
dialogs that are accessed by push buttons in the main menu.

Initially, Predprey is loaded with a default model state that simulates a harvested moose-wolf
predator prey system at equilibrium in the absence of weather effects. Default model states
can be created, changed, deleted or recalled by push buttons in the Default Model State dialog
box. This feature is particularly useful for users who do not often create complex simulations.
By entering the default state and then making desired changes only in the Initial Model
Values dialog box, the user is assured that errors in entry for more complex variables will not
affect the simulation.

Help Menu

Predprey is designed as a self-tutorial program. The entire text of the user’s manual will be
available through a help menu accessible from any dialog box, chart, or table within the
model. When operating within any dialog box, users may select help to retrieve information
explaining functions controlled by that particular dialog box, chart, or table. In the main menu
choosing help retrieves an outline of the entire user’s manual. From that outline the user clicks
on the appropriate section to retrieve the desired information. This process is identical to
standard Windows® help functions.

A reference table provides samples of empirical values corresponding to model input
variables. The empirical data were extracted from published studies of North American



predator-prey systems. Users can access this reference table to bracket input values if they do
not have empirical data from their managed population.

RESULTS AND DISCUSSION

DEVELOPMENT OF PREDATOR-PREY MANAGEMENT MODEL
Model Conversion and User Interface 4
During this reporting period progress was made in expansion and refinement of model
parameters and in developing a user interface. The Lotus®1-2-3 for DOS® prototype

(0.34MB) was converted to Microsoft®Excel for Windows®. The current Microsoft®Excel
prototype (2.1MB) has the following system requirements:

Processor: Pentium 60mhz (minimum) 90mhz (recommended)
Video: Color VGA (minimum)

Hard drive: 10MB free space

Memory: 16MB RAM (minimum)

Operating software: Windows®95 or WindowsNT™ with Microsoft®Excel 5 or 7

The user enters the model in the main menu (Fig 1) which provides push button controls to
access 5 submodel worksheets and a prey weight reference table. The prey weight reference
table is used to adjust Predprey to the physical characteristics of a particular prey population
(Fig 2). For example, arctic caribou are smaller than Interior Alaskan caribou. Therefore,
when simulating arctic caribou population response, the model should be adjusted to
accurately reflect their smaller size because total ungulate biomass affects predation functions
by wolves.

Data entry is accomplished through the Initial Model Values dialog box (Fig 2). Spinners,
checkboxes, radio buttons, or push button controls are provided for input of 12 current prey
variables, 5 wolf predation variables, 5 harvest variables, 5 neonate predation variables, and 4
environmental variables. The user does not have to enter each variable for each run but may
recall (in the main menu [Fig 1]) a saved model state from a previous work session.

Model Characteristics

The model contains functions of varying complexity for zero to 5 predators, simultaneously.
Wolf population simulations contain functions for variable predation rate, population growth,
population structure, and harvest (Figs 3 and 4). Grizzly bear functions include a fixed
predation rate and population growth and population objective functions (Fig 5). Black bears
are treated only as predators of neonates. Other predators such as coyotes (Canis latrans),
wolverine (Gulo gulo), lynx (Lynx canadensis), etc. can be included only as predators of
neonates. The user may specify a fifth category of predator, the Optional Predator. Optional
predators are customized by the user for predation rates among different sex and age classes
of prey, for optional predator growth rates, and population objectives (Fig 6). Optional
predators take on the predation characteristics of any predator desired by the user (e.g.
mountain lions [Puma concolor], coastal brown bears, crippling loss by hunters, etc.).



Optional predator, grizzly bear, and wolf predation rates are further modified by default
functional responses that can be customized by the user through the advanced model
parameters dialog box (Fig 7). Each time a model recalculation occurs, the model outputs a
summary of the results to 2 Vital Statistics tables (1 for current prey and 1 for all predator
species, Figs 8 and 9, respectively). Each recalculation generates 14 charts, depicting different
aspects of predator-prey relationships (Table 3).

Table 3 List of charts created by Predprey during each recalculation

Chart Name Main menu access button Chart display

10-year population Pre Displays Current Prey population
Y
change for 10 years

20-year population Prey Displays Current Prey population
change for 20 years (Fig 10)

Sex/age ratios Prey Displays Current Prey population
composition for 20 years

Predator population  Predator Displays Predator and Prey Population
change over 20 years (Fig 11)

Consumption rate Predator Displays seasonal per wolf per day
consumption rates (Fig 12)

Prey density versus  Predator Displays predator functional response to
kill rate changes in total population density

(Fig 13)
Neonate density Predator Displays predator functional response to

changes in neonate density

Predation rate Predator Displays proportion of Current Prey
population killed by wolves as a
function of Current Prey density

Harvest Mortality and harvest Displays Sex composition of Harvest
(Fig 14)

Mortality Mortality and harvest Pie charts depicting distribution of

distribution Current Prey Mortality among all

mortality factors (Fig 15)
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Chart Name Main menu access button Chart display

Mortality Mortality and harvest Bar chart depicting annual distribution
of mortality over 10 years compared
with change in Current Prey spring
postcalving population

Yield curve Mortality and harvest Depicts theoretical yield available from
current prey as a function of Current
Prey density relative to carrying
capacity (Fig 16)

Model Parameters

Fixed model parameters control outputs of most model functions. Calculation of predation
rates, predator functional responses, weather effects on natural mortality, differential prey
vulnerability, harvest, wolf numerical responses, and density-dependent production and
mortality are all controlled by model parameters.

Predation rates by wolves are based on mean pack size of the simulated wolf population.
Ballard et al. (1987) described the relationship, ¥ = 13.84-3.22 - In X (Fig 17), where Y =
adjusted days/kill and X = wolf pack size for 8 wolf packs from Alaska and Canada. Adjusted
days/kill refers to conversion of kill rates for all prey species to the equivalent kill rate of 1
adult moose.

Converting biomass of all wolf prey items to adult moose equivalents allows general use of
this function for all prey species in multi-prey systems. However, as noted before,
consumption rates (kg/wolf/day) vary according to the primary prey species of the system.
Calculation of rates determined solely by the theoretical consumption of adult moose
equivalents results in daily consumption rates that overestimate those observed in many wolf-
deer prey systems and in systems with low ungulate densities.

By adding an additional variable (Z) to Ballard’s et al. (1987) equation, we allow users to
simulate kill rates that result in consumption rates empirically derived from their own
predator-prey system. The consumption rates resulting from the modified equation, Y =
Z(13.84-3.22 In X), are depicted in the Consumption Rate Chart (Fig 12) and listed in the
Predator Vital Statistic Table (Fig 9). With those references the user can crosscheck and adjust
output consumption rates (and, thereby, kill rates) to simulate empirical data. The
consumption rate correction variable (Z) is entered as a Kill Factor, taking a value from zero
to 1, in the Initial Model Variables dialog box. The effect of changing the consumption rate
coefficient (Z) is illustrated in Figure 12.

Rarely, if ever, have predators caused the extirpation of their prey in large carnivore-ungulate,
predator-prey systems. Examples of possible exceptions are found: 1) on islands where
immigration and emigration are restricted (Klein 1995); 2) where population declines,
exacerbated by predation, cause changes in ungulate distribution and, consequently, the
localized absence of ungulates (Valkenburg et al. 1994); or 3) where alternate prey sustained
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high predator densities and predators continued to prey on the less abundant, declining prey
species (Seip 1992). More commonly, large declines in ungulate populations are followed by
a low density dynamic equilibrium (LDDE) where both ungulate and obligate predator
populations exist at varying but generally low densities (Gasaway et al. 1992).

The conversion from a state of high ungulate abundance to a LDDE state is mediated by
numerical and functional responses of predator populations to changes in prey abundance.
Because the numerical response of predators often lags behind the decline in ungulates, a
change in the per predator kill rate must occur to avoid extirpation of the prey. The conceptual
basis for wolf-ungulate functional responses was summarized by Seip (1995) and Messier
(1995). However, other studies failed to show a clear functional response by wolves to
changing prey densities, possibly because of rapid numerical responses (Dale et al. 1995).

The Predprey functional response is incorporated into predation calculations for wolves,
grizzly bears, and optional predators. The functional response equation was derived by
simulating predator-caused population declines in moose and deer. With the goal of
preventing prey population extirpation, and with the assumption that no single functional
response equation can be applied to the possible variety of predator-prey systems, we
developed the following equation to generate a general type II functional response coefficient
(FRC): Y= -2.5x2+4.3x-0.86, where Y = the FRC, and X = the ratio of current prey biomass, a
low density functional response threshold. Kill Rates are multiplied by the FRC to generate a
functional response curve that is depicted in the Prey Density versus Kill Rate chart (Fig 13).

The FRC is dependent upon a user entry of a functional response threshold. The threshold
value, which can be changed by the user, exists as a default value of 122,000 kg/1000 km’, a
biomass roughly equivalent to a moose density of 350 moose/1000 km’ (0.9 moose/miz).
When the current prey biomass falls below the threshold value, kill rates exhibit a ¥ =
-2.5x*+4.3x-0.86 functional response. Therefore, the user can change the steepness of the
functional response curve by changing the threshold value. At values above the threshold
value, the functional response coefficient is fixed at 1, creating a plateau in the functional
response curve, i.e., the kill rate is constant. If the user selects a functional response threshold
value of zero, the functional response coefficient defaults to 1, eliminating any functional
response from the simulation.

Keith (1983) reviewed the relationship between wolf population growth rates and ungulate
biomass among 7 North American wolf-ungulate systems. We added to that data set and
derived a logarithmic function to simulate maximum potential growth rates for wolf
populations in the presence of varying levels of ungulate biomass (Fig 18).

During each harvest year cycle within Predprey, wolf harvest is subtracted from the autumn
wolf population to estimate the late winter population. Predicted wolf population growth is
then calculated by the growth function (Fig 18) using an estimated mean winter population of
(W,+W,, )/2 where W, is the autumn wolf population and #,, is the late winter population. The
predicted increment is then added to the late winter population, simulating pup production and
summer survival. Immigration and emigration are assumed equal.
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Although ungulate biomass within a given predator-prey system may remain relatively
constant over a period of years, the availability of that biomass to wolves is a function of prey
vulnerability. Deep snow increases the vulnerability of ungulate prey to wolf predation
(Gasaway et al. 1983; Peterson et al. 1984; Adams et al. 1995; Mech et al. 1995; Boertje et al.
1996), and wolf populations may exhibit a rapid numerical response to the increased
availability of vulnerable prey following deep snow winters (Adams et al. 1995; Boertje et al.
1996). Predprey incorporates this increased wolf numerical response by randomly adding an
additional 4% to 10% to the predicted wolf population growth following simulated severe
winters. This stochastic parameter operates independent of the user’s selection of stochastic or
deterministic weather.

Help Menu

Work during the final reporting period of this project will primarily focus on completing the
on-line help menu. To complete the help manual, the original draft will be expanded to
include new model functions. Cell addresses that referred to the Lotus®1-2-3 for DOS®
prototype must be changed to reflect the different cell addresses used in the Microsoft®Excel
for Windows®95 version. Figure 19 illustrates the help menu outline.

ACKNOWLEDGMENTS

Study costs were supported by funds from Federal Aid in Wildlife Restoration and the state of
Alaska. JM Ver Hoef reviewed an earlier prototype of Predprey and conducted computer
simulations to validate use of the wolf predation parameter.

LITERATURE CITED

ADAMS LG , BW DALE, AND LD MECH. 1995. Wolf Predation on Caribou Calves in Denali
National Park, Alaska. Pages 245-260 in LN Carbyn, SH Fritts, and DR Seip, eds.
Ecology and conservation of wolves in a changing world. Can Circumpolar Inst,
Occas Publ No. 35. 642pp.

——, BW DALE, AND B SHULTS. 1989. Population status and calf mortality of the Denali
caribou herd, Denali National Park and Preserve, Alaska. Nat Res Prog Rep AR-89/13.
Natl Park Serv, Anchorage, Alas. 131pp.

BALLARD WB, ME MCNAY, CL GARDNER, AND DJ REED. 1995. Use of line-intercept track
sampling for estimating wolf densities. Pages 469-480 in LN Carbyn, SH Fritts, and
DR Seip, eds. Ecology and conservation -of wolves in a changing world. Can
Circumpolar Inst., Occas Publ No. 35. 642pp.

——, SM MILLER, AND JS WHITMAN. 1986. Modeling a Southcentral Alaskan moose
population. Alces 22:201-243.

, AND . 1990. Brown and black bear predation on moose in southcentral
Alaska. Alces 27: 1-8.

13



——, JS WHITMAN, AND CL GARDNER. 1987. Ecology of an exploited wolf population in
South-central Alaska. Wildl Monogr 98. 54pp.

——, JS WHITMAN, AND DJ REED. 1991. Population dynamics of moose in south-central
Alaska. Wildl Monogr 114. 49pp.

BANGS EE, TN BAILEY, AND MF PORTNER. 1989. Survival rates of adult female moose on the
Kenai Peninsula, Alaska. J Wildl Manage 53(3):557-563.

BECKER EF, MA SPINDLER, AND TO OSBORNE. In Press. A population estimator based on
network sampling of tracks in snow. J Wildl Manage.

BERGERUD AT AND JP ELLIOT. 1986. Dynamics of caribou and wolves in northern British
Columbia. Can J Zool 64:1515-1529.

BisHOP RH AND RA RAUSCH. 1974. Moose population fluctuations in Alaska, 1950-1972. Nat
Can 101:559-593.

BOERTIJE RD, WC GASAWAY, DV GRANGAARD, AND DG KELLEYHOUSE. 1988. Predation on
moose and caribou by radio-collared grizzly bears in east central Alaska. Can J Zool
66:2492-2499.

, P VALKENBURG, AND ME MCNAY. 1996. Increases in moose, caribou and wolves
following wolf control in Alaska. J Wildl Manage 60(3):474-489.

CARBYN LN. 1983. Wolf predation on elk in Riding Mountain National Park, Manitoba.
J Wildl Manage 47(4):963-976.

——, SM OOSENBERG, AND DW ANIONS. 1993. Wolves, bison, and the dynamics related to
the Peace-Athabasca Delta in Canada’s Wood Buffalo National Park. Can
Circumpolar Inst. Res Series No. 4, Univ Alberta, Edmonton. 270pp.

CoADY JW. 1974. Influence of snow on behavior of moose. Nat Can 101:417-436.

DALE BW, LG ADAMS, AND RT BOWYER. 1995. Winter wolf predation in a multiple ungulate
prey system, Gates of the Arctic National Park, Alaska. Pages 223-244 in LN Carbyn,
SH Fritts, and DR Seip, eds. Ecology and conservation of wolves in a changing world.
Can Circumpolar Inst, Occas Publ No. 35, 642pp.

DAVIS JL, P VALKENBURG, AND SJ HARBO. 1979. Réﬁnement of the aerial photo-direct count
extrapolation caribou census technique. Alaska Dep Fish and Game. Fed Aid Wildl
Restor. Final Rep. Proj W-17-11, Job 3.25R. Juneau. 23pp.

, , ME MCNAY, RM BEASLEY, AND VL TUTTERROW. 1991. Demography of the
Delta caribou herd under varying conditions of natural mortality and human harvest
and assessment of field techniques of acquiring demographic data. Alaska Dep Fish

14



and Game. Fed Aid Wildl Restor. Final Rep. Proj W-22-5 through W-23-3, Study
3.33. Juneau. 112pp.

FULLER TK. 1989. Population dynamics of wolves in north-central Minnesota. Wildl Monogr
105. 41pp.

—— AND LB KEITH. 1980. Wolf population dynamics and prey relationships in northeastern
Alberta. J Wildl Manage 44:583-602.

GASAWAY WC, RD BOERTJE, DV GRANGAARD, DG KELLEYHOUSE, RO STEPHENSON, AND
DG LARSEN. 1992. The role of predation in limiting moose at low densities in Alaska
and Yukon and implications for conservation. Wildl Monogr 120. 59pp.

——, SD DuBoi1s, DJ REED, AND SJ HARBO. 1986. Estimating moose population parameters
from aerial surveys. Biol Pap 22, Univ Alaska, Fairbanks. 108pp.

———, RO STEPHENSON, JL DAvVIS, PEK SHEPHERD, AND OE BURRIS. 1983. Interrelationships
of wolves, prey, and man in Interior Alaska. Wildl Monogr 84. 50pp. ~

HABER GC. 1977. Socio-ecological dynamics of wolves and prey in a subarctic ecosystem.
PhD Thesis. Univ British Columbia, Vancouver. 817pp.

HAYES RD, AM BAER, AND DG LARSEN. 1991. Population dynamics and prey relationships
of an exploited and recovering wolf population in the southern Yukon. Yukon Dep
Renewable Resour. Final Rep. Whitehorse. 67pp.

HEBERT DM, J Youps, R DAVIES, H LANGIN, D JANZ, AND GW SMITH. 1982. Preliminary
Investigation of the Vancouver Island wolf (Canis Ilupus crassodon) prey
relationships. Pages 54-68 in FH Harrington and PC Paquet, eds. Wolves of the world,
perspectives of behavior, ecology and conservation. Noyes Publ Park Ridge, NJ.
474pp.

HEIMER WE AND SM WATSON. 1986. Comparative dynamics of dissimilar Dall sheep
populations. Alaska Dep Fish and Game. Fed Aid Wildl Restor. Final Rep. Proj W-22-
1-5. Job 6.9R. Juneau. 101pp.

KEITH LB. 1983. Population dynamics of wolves. Pages 66-77 in LN Carbyn, ed. Wolves in
Canada and Alaska: their status, biology, and management. Can Wildl Serv. Rep Ser
45. Ottawa.

KIRCHOFF MD. 1990. Evaluation of methods for assessing deer population trends in southeast
Alaska. Alaska Dep Fish and Game. Fed Aid Wildl Restor. Final Rep. Proj W-22-1
through W-22-6 and W-23-1 through W-23-3. Study IIB-2.9. Juneau. 35pp.

KLEIN DR. 1995. The introduction, increase, and demise of wolves on Coronation Island,
Alaska. Pages 275-280 in LN Carbyn, SH Fritts, and DR Seip, eds. Ecology and

15



conservation of wolves in a changing world. Can Circumpolar Inst, Occas Publ No.
35. Univ Alberta, Edmonton, Canada. 620pp.

LARSEN DG, DA GAUTHIER, AND RL MARKEL. 1989. Causes and rate of moose mortality in
the southwest Yukon. J Wildl Manage 53:548-557.

MCNAY ME. 1990. Moose management Report, Subunit 20A. Pages 215-238 in SO Morgan,
ed. Survey-Inventory Manage Rep. Alaska Dep Fish and Game. Fed Aid in Wildl
Restor. Proj W-23-2. Juneau.

——. 1992. Caribou management Report, Subunit 20A. Pages 89-103 in SM Abbott, ed.
Survey-Inventory Manage Rep. Alaska Dep Fish and Game. Fed Aid Wildl Restor.
Proj W-23-3 and W-23-4. Juneau. 198pp.

MECH LD AND PD KARNS. 1977. Role of the wolf in a deer decline in the Superior National
Forest. US Dep Agric For Serv. Res Pap NC-148, North Cent For Exp Stn. St Paul,
Minn. 23pp.

——, TJ MEIR, JW BURCH, AND LG ADAMS. 1995. Patterns of prey selection by wolves in
Denali National Park, Alaska. Pages 231-244 in LN Carbyn, SH Fritts, and DR Seip,
eds. Ecology and conservation of wolves in a changing world. Can Circumpolar Inst.
Occas Publ No. 35. Univ Alberta, Edmonton, Canada. 620pp. '

MESSIER F. 1995. On the functional and numerical responses of wolves to changing prey
density. Pages 187-198 in LN Carbyn, SH Fritts, and DR Seip, eds. Ecology and
conservation of wolves in a changing world. Can Circumpolar Inst, Occas Publ No.
35. Univ Alberta, Edmonton, Canada. 620pp.

MILLER SD, GC WHITE, RA SELLERS, HV REYNOLDS, JW SCHOEN, K TITUS, VG BARNES,
JR, RB SMITH, RR NELSON, WB BALLARD, AND CC SCHWARTZ. 1997. Brown and
black bear density estimation in Alaska using radiotelemetry and replicated mark-
resight techniques. Wildl Monogr 133. 55pp.

MODAFFERI RD AND EF BECKER. 1997. Survival of radiocollared adult moose in lower
Susitna River Valley, Southcentral Alaska. J Wildl Manage 61(2):540-549.

MORGAN SO, ED. 1990. Moose survey-inventory progress report. Annual report of survey-
inventory activities. Vol 20. Part VIII. Alaska Dep Fish and Game. Fed Aid Wildl
Restor. Job Prog Rep. Proj W-23-2. 428pp.

OsBORNE TO, TF PARAGI, JL BODKIN, AJ LORANGER, AND WN JOHNSON. 1991. Extent,
cause, and timing of moose calf mortality in western interior Alaska. Alces 27:24-30.

PERSONS DK, M KIRCHOFF, V VAN BALLENBERGHE, GC IVERSON, AND E GROSSMAN. 1996.
The Alexander Archipelago Wolf: A conservation assessment. US Dep Agric For
Serv Pac Northwest Res Stn. Gen Tech Rep PNW-GTR-384. Portland. 42pp.

16



PETERSON RO, JD WOOLINGTON, AND TN BAILEY. 1984. Wolves of the Kenai Peninsula,
Alaska. Wildl Monogr 88. 52pp.

SCHWARTZ CC AND AW FRANZMANN. 1991. Interrelationship of black bears to moose and
forest succession in the northern coniferous forest. Wildl Monogr 113. 58pp.

SEIp DR. 1992. Factors limiting woodland caribou populations and their interrelationships
with wolves and moose in southeastern British Columbia. Can J Zool 70:1494-1503.

——. 1995. Introduction to wolf-prey interactions. Pages 179-186 in LN Carbyn, SH Fritts,
and DR Seip, eds. Ecology and conservation of wolves in a changing world. Can
Circumpolar Inst, Occas Publ No. 35. Univ Alberta, Edmonton, Canada. 620pp.

STARFIELD AM AND AL BLELOCH. 1991. Building models for conservation and wildlife
management. Burgess Int Group, Inc. Edina, Minn. 253pp.

VALKENBURG P, DG KELLEYHOUSE, JL DAVIS, AND JM VER HOEF. 1994. Case history of the
Fortymile caribou herd, 1920-1990. Rangifer 14:11-22.

VAN BALLENBERGHE V AND J DART. 1983. Harvest yields from moose populations subject to
wolf and bear predation. Alces 18:258-275.

WHITTEN KR AND RM EAGAN. 1995. Estimating population size and composition of Dall
sheep in Alaska: assessment of previously used methods and experimental
implementation of new techniques. Alaska Dep Fish and Game. Fed Aid in Wildl
Restor. Prog Rep. Proj W-24-3. Juneau. 9pp.

PREPARED BY: APPROVED BY:
Mark E McNay w M /ez J/K"‘)
Wildlife Biologist III Wayne L gelm Director

Divisibn of Wildlife Conservation

Robert A Delong
Analyst Programmer III

/Stven R Peterson, Senior Staff Biologist
Division of Wildlife Conservation

SUBMITTED BY:

Kenneth R Whitten
Research Coordinator




Aot
S

RTINS

p
R
AR

S

e

RIS

BSESSss
450

82

:
:
RRHRRRIRARIRE % SRR

Figure 1 Screen Print of Main Menu dialog box where the user first enters Predprey

18




o

A%

3
:
R

e
3

3
s
5

3%
3
A

X
3

e
Bt
B

X

s.g-g. 2
A

TR

s

e

S
S

o7

TR : S
S S
5

s

SRR

5
%5;
Reeees

R

RN
S

o
R
SRR
%
3
s,

SRSENTANS
:
S
5
:
-
PR

SRR

R

RNy

SRR

% S
BoRas

E

B
£

5
i

S
tﬁm{

i

4%

S
ERRRILS

3
S

5 5%
e aignann
S

s

s
S

2% R

:
““x.ﬁé&amﬁﬁ?
S
e

5
&

x .
i
SE

2ot
5

RNSNEe

SRR

S

G
z

\
L
S

3R

5

5

RS
g

SR

3
ESEAAR:
R

S
S

3

AR
R

R

&

08

SR

s
Sesss

5%

%

o

R
s

R

o2

i

S

o
:

B
prs

R
A
i

SR
SR

i
R

SRR

a5

2
S
SR
o
PR

%
Sy

SR

SEeseRea

7
7

R
4
3
s
R

5
A
VM

i
R
R

B
e

25
i

B
3

2
e o
St

e
S

ics of the

| characterist

1Ca

hys

mize p

allows user to custo

log box,

ht dia

12
ion

2 Prey We

Figure

lated populat

simu

19



Initial Mode! Parameters

PR
/}',&», S
o
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populations with that of current prey. Note: wolf numerical response time lag, 1996-2000
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Figure 12 Screen prints of Consumption Rate charts. Illustrates how changes in kill rate ;
variable in Initial Variables dialog box can be used to adjust consumption rates to fit
empirical rates. Top chart consumption rates average 5.5 kg/wolf/per day, Kill Rate

variable set at 1.0; Bottom chart consumption rates average about 2.75 kg/wolf/day, Kill
Rate variable set at 0.5.




Wolf Kill Rates vs Prey DQM
(excluding Neonates)

] T

e
-

e ]

-
b

o
o

«
b

g

Adult Equiv. Custent Prey Kiled / Wolt / Year
-
o

s

o
o

00 400
Current Prey Densly (Number /1000 km2)

‘Figure 13 Screen print of Prey Density versus Kill Rate chart compares predation with
changes in prey density. Current version uses second order polynomials to fit line to data
(curved line). Final version will use logarithmic or third order polynomial to improve fit.

30




1% Microsolt Excel - PREDP60 XLS

—~48- Yotal Current
Prey _

- # Bulls harvested
(ot Taetd
months)
~a~ # Cows Harvests

(ot Tuet
months)

Figure 14 Screen print of Harvest chart showing model population response in the
presence of slowly increasing wolf population. Harvest was generated by model to meet
user- specified population growth rates and bull:cow ratios in the presence of predation
by wolves and bears. Harvest scale on right y axis, total population scale on left y axis.
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Figure 15 Screen print of Mortality Distribution pie chart of the current prey population

for the biological year population beginning 1 May in year T and ending 30 April in year
T+1
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Figure 16 Screen print of Yield Curve. Depicts theotretical yield from simulated
population in the absence of predators and in the presence of density-dependent effects.
Current version of Predprey uses second order polynomial (curved line) to fit data points.
Final version will use third order polynomial for improved fit. Note: skewed peak of yield
to left of midpoint.
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Predicted Kill Rate by Wolves
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Figure 17 Original wolf predation function used in Predprey to predict kill rates by wolves
at various mean pack sizes (from Ballard 1987). Current version of Predprey uses slight
modification of this basic function. The modification incorporates a kill factor coeffecient
(z) to allow user to adjust consumption rates to match empirical values.
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Predicted Maximum Wolf Population Growth Rate as a Function ‘
of Ungulate Biomass
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Figure 18 Predprey wolf population growth parameter derived to predict wolf population
numerical response to changes in ungulate biomass (modified from Keith 1983). Note:
function yields negative wolf population growth rates (i.e., A < 1.0) at low ungulate
biomass values. ’
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Figure 19 Screen print of preliminary help menu outline

36



mailto:Pr~"iY!nilrf!~.@;y
http:esl'tC?.,Cli.il
http:b?~.:11:.tt

.

Alaska’s Game Management Units

/. 280

b'{

Fairbanks
208 Pt |

Bethel




The Federal Aid in Wildlife Restoration Program consists of funds from a
10% to 11% manufacturer's excise tax collected from the sales of hand-
guns, sporting rifles, shotguns, ammunition, and archery equipment.
The Federal Aid program allots funds back to states through a formula
based on each state's geographic area and number of paid hunting li-
cense holders. Alaska receives a maximum 5% of revenues collected each
year. TheAlaska Department of Fishand Game uses federal aid funds to
help restore, conserve, and manage wild birds and mammals to benefit the
public. These funds are also used to educate hunters to develop the skills, knowledge, and attitudes
for responsible hunting. Seventy-five percent of the funds for this report are from Federal Aid.




The Alaska Department of Fish and Game administers all programs and activities free from discrimination
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability.
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act
of 1964, Section 504 of the Rehabilitation Act of 1973, Title Il of the Americans with Disabilities Act of
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972.

If you believe you have been discriminated against in any program, activity, or facility, or if you desire
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S.
Department of the Interior, Washington DC 20240.

For information on alternative formats for this and other department publications, please contact the
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078.
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