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Figure 1. Yield in number of fawns recruited in spring (Nt + I) plotted against the number of adults 
in the previous spring population (Nt) for five deer populations. 

it represents the line along which each plotted point should fall if recruitment was 
inversely related to population size (density-dependent). The solid line represents the 
actual linear relationship between recruitment and adult numbers observed for each 
area. 

Generally, correlations were low and insignificant for all areas and populations 

except for mule deer on Cherry Creek and lower Yellowstone whitetails. Despite 
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Figure 2. Relationship between the number of adults in spring (Nt) and per capita fawn recruitment 
(fawns:female two years and older) the next spring (Nt+ 1) for five deer populations. Dashed lines 
represent theoretical maximum linear density dependence; solid lines represent the actual relationship. 

the significant relationship for Cherry Creek mule deer, the coefficient of correlation 
(r) was relatively low ( - 0.636). The most significant relationships occurred where
fewest years of data were collected and/or conditions were most stable. However,
because the low per capita recruitment at high densities coincided with drought
conditions in the region, more years of data may be necessary to confirm whether
density was the determining factor. From a perspective of classical population theory,
this may be moot because other data indicated that recruitment was associated with
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density of mature females in summer. Moreover, the limitation was behavioral rather 
than through forage available per capita (Dusek et al. 1989). 

While we have presented data relating numbers of deer in residual/spring popu­
lations (Nt) to recruitment the following spring (Nt + 1) as most representative, we 
also examined relationships under various time-lag scenarios. Generally a one-year 
time lag strengthened correlations for all areas slightly, though not to the point of 
significance for the two areas with the longest data sets. For example, annual yield 
of fawns in the Missouri River Breaks with a one-year time lag (Nt + 2) still did not 
conform closely to that predicted by the logistic model and varied widely at all 
observed adult populations (Figure 3). 

Discussion 

Based on our data and experience, the academic possibility that density-dependent 
compensation may exist and contribute to understanding population ecology and 
regulation may have little meaning. Even irregular, intermittent or partial functioning 
of density-related compensation would not justify its application as a reliable ''prin­
ciple'' for management of the five populations we studied. To assume its general 
existence and operation in population dynamics could result in misinterpretation of 
management opportunities and constraints. 

In all populations monitored for any length of time, yield and per capita recruitment 
were extremely variable at all densities. The most nearly "traditional" relationship 
between density and recruitment occurred in populations followed for the shortest 
time and/or in the most stable environments. In western North America, environ-
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Figure 3. Yield in number of fawns recruited in spring (Nt + 2) plotted against the number of adults 
in the population two years prior to measured recruitment for Missouri River Breaks mule deer 
population. Dashed line represents the yield curve assuming maximum linear density dependence. 
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mental variation may be closer to the rule than the exception, even in what might 
be generally viewed as relatively stable habitats. 

The range of densities that we observed for each population represents the general 
range within which any factor should operate to be considered practical for most 
management purposes. Densities near and lower than the lows observed for each 
area were generally unacceptable to hunters; those in the high ranges were generally 
unacceptable to landowners, and sometimes to us as deer managers. Thus, the pos­
sibility that density-dependent processes and compensation might operate or operate 
more consistently at lower or higher densities than those we observed would seem 
to have little practical application. Similarly, it is unlikely that management would 
often want to reduce population size or density much below the lows we observed 
from any area for any length of time. Therefore, even the possibility that density­
dependence and compensation are more operational in pioneering populations [as 
suggested by Swenson (1985)] has little practicality for deer management. 

Low production and survival were seldom the effect of undemutrition resulting 
from density-dependent intraspecific competition for food, especially during winter. 
Thus, we could not necessarily rely on high production at low densities. Also, high 
production, especially high yield in numbers, can occur at high densities. The lack 
of relationship between production/yield and density was at least partially related to 
the fact that "carrying capacity" fluctuated independently of population density. 
However, in the Missouri River Breaks, where forage production was measured over 
11 years, fawn production/yield was also not related to relative deer density (forage 
per capita) (Hamlin and Mackie 1989). 

Management policies based on the general assumption that intraspecific compe­
tition for food and density-dependent processes, including compensation, always 
operated, in all populations at all levels, may have contributed to widespread declines 
in mule deer populations during the late 1960s and early 1970s. This certainly seems 
to have been the case in Montana. When fawn survival dropped, we assumed that 
population reductions were necessary to increase forage per capita and nutritional 
level of deer on winter-spring range. Heavy harvest continued, fawn survival re­
mained low, and populations continued to decline. In hindsight, it seems apparent 
that low fawn survival was not the result of density-related undemutrition. Therefore 
continued reduction of populations by hunting did not result in compensatory increases 
in survival and reproduction, but rather in continued population declines. 

All of this indicates that deer management, especially in variable environments, 
must employ a strategy of annually monitoring population size and performance, as 
Caughley ( 1977) suggested, rather than relying on the predictive capability of classical 
theory. The alternative would be to employ relatively conservative harvest strategies, 
particularly when populations appear to be low and/or declining. 
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Testing for Compensatory Responses 
to Removals from Wildlife Populations 

J. Edward Kautz
New York State Department of Environmental Conservation
Latham 

Introduction 

Sustained exploitation of wildlife populations depends upon the ability of those 
populations to compensate for exploitation losses. Unless an unexploited population 
normally has a finite rate of increase greater than 1, other loss rates and/or recruitment 
rates must change for compensation to occur. Completely compensatory mortality 
has been defined as a process whereby exploitation below a certain level (the threshold 
point) does not decrease the annual survival rate of the exploited population (Anderson 
and Burnham 1976). Survival remains constant through a decrease in other forms of 
mortality. In contrast, additive mortality implies that exploitation adds to natural 
mortality, causing the annual survival rate to decrease. 

I begin this paper by describing a study designed to test for compensatory responses. 
The design failed because a critical assumption was false. I then suggest ways to 
improve on that design, and discuss other possible designs for studying compensatory 
responses in survival and reproduction to removals from wildlife populations. 

Rock Dove Study 

In 1981-1983, we conducted a field experimental study on feral rock doves ( or 
pigeons, Columba Livia) in rural areas near Ithaca, New York. Four populations were 
studied: a control and populations harvested at low, medium and high rates. We 
trapped and marked a portion of the pigeons in each study area with patagium tags. 
We counted the pigeons once a month, recording the number of birds and the tag 
numbers of tagged birds. Using these data we computed mark-recapture (Seber 
1982:204) estimates of survival, population size and number joining the population. 
We also monitored a portion of the nests in each study area and estimated egg and 
nestling survival using Mayfield-type estimators (Bart and Robson 1982). This design 
was intended to allow testing two hypotheses about differences among the four 
populations: (I) survival rates of adults remaining in the populations after harvest 
were not different and (2) egg and nestling survival rates were not different. Rejection 
of hypothesis (1) could imply compensatory mortality and rejection of hypothesis 
(2) would imply density-dependent nest success (Kautz 1985). Original plans called
for replicates of each population, but we dropped them because of cost. We estimated
the number of tagged birds needed in each population for adequate precision of
parameter estimates, and we tried to maintain at least that many tagged birds in each
population.

Unfortunately, there were significant pre-harvest differences among the four study 
areas in survival of eggs and nestlings and survival of adults. We didn't anticipate 
these differences, and our study design assumed that all four populations had similar 
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survival rates and nest success in the absence of any harvest. Perhaps the populations 
were at different densities relative to food and cover. This problem caused me to 
examine the testability of the compensatory mortality hypothesis. 

Problems with the Compensatory Mortality Hypothesis 

One problem with the compensatory mortality hypothesis as formulated by An­

derson and Burnham (l 976) is that it is divorced from a mechanism of compensation. 
The only reasonable mechanism I know of to explain compensatory mortality is 
density-dependent mortality (Anderson and Burnham 1976). If density-dependent 
mortality is the mechanism, the compensatory mortality hypothesis (Anderson and 
Burnham l 976) assumes that nonharvest mortality rate is a strictly increasing function 
of density (Figure l ,  lina A). If this assumption is valid, testing for differences in 
survival rates between populations undergoing different harvest treatments is difficult 
without information about pretreatment and post-treatment population densities. If 
these assumptions are valid, most recent waterfowl studies on compensatory mortality 
(Nichols et al. l 984) implicitly assumed that pre-hunting season populations were 
at similar densities relative to resources important to mortality. While this may be 

B 

POPULATION DENSITY 

Figure 1. Hypothetical functional relationships between nonharvest mortality rate and population 
density (after Murray 1982:370). 
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a reasonable assumption for studies on large populations, it may not be reasonable 
for studies on small localized populations. 

Further complications arise if nonhunting mortality rate is not a strictly increasing 
function of density. For example, Murray (1979, 1982) suggested that a line similar 
to B (Figure I) is a better representation of the functional response of mortality to 
increased density. Though his assumptions explaining this relationship were more 
restrictive, a response of this form is reasonable if we assume that animals survive 
at some constant maximal rate at intermediate densities (where all habitat needs are 
met), and that mortality probability is higher at higher densities (where access to 
resources is more restricted). In some species, mortality rate might also increase at 
very low densities due to loss of social advantages in obtaining food or avoiding 
predation. If curve B (Figure 1) applies to a species, we would expect mortality to 
be compensatory only above some upper critical density. 

Another complicating factor is that decreased density in a population with density­
dependent birth rates will result in a changed age structure. If mortality rates in such 
a species are age-specific, overall mortality rates following exploitation might change 
without any changes in age-specific rates. 

Considerations such as these suggest that the concept of compensatory mortality 
is useful only if it includes more explicit consideration of the mechanism involved. 
We should estimate age-specific mortality rates, and, unless precise control of density 
is possible, we should be testing for density dependence in these mortality rates. 

Study Designs 

Design Considerations 

Variable measurement. To study density-dependent mortality or recruitment, one 
must measure population density. This requires some measurement of population 
size and relevant habitat resources. It will not usually suffice to measure just the 
area occupied by a population because habitat components per unit area may vary 
between areas and over time in the same area. This is what made population density 
calculations unwise in our pigeon study. I knew the approximate area occupied by 
each population we studied, but I was pretty sure the density of food, nesting and 
roosting resources were not similar in each study area. Since we made no measure­
ments of pigeon food, nesting or roosting resources, I didn't calculate population 
density. 

Selection of habitat variables to measure is critical. They should be variables 
known (or thought) to influence the dependent variable studied. Since some variables 
likely to influence reproductive success (e.g., availability of nest sites) may not also 
influence mortality, one may need to measure different habitat variables to study 
density-dependent mortality than to study density-dependent reproduction (J. D. Ni­
chols pers. comm. 1990). 

Because population density is a ratio between two variables each estimated with 
some variance, it is statistically less tractable than a population size estimate by 
itself. Ratios usually are more variable than the parameters used to compute the ratio, 
ratios are rarely distributed normally, and a ratio of two unbiased estimates may be 
a biased estimate of the ratio (Green 1979). This complicates testing. However, the 
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advantage gained in potential understanding of biological mechanisms makes use of 
the ratio worthwhile. 

To study density dependence, it is also necessary to measure population losses 
and gains. Though some studies simply track changes in population density or size, 
evaluation of hypotheses such as density-dependent mortality and recruitment require 
separation of the death process from the birth process and measurement of survival 
and/or production (Anderson and Burnham 1976, Conley and Nichols 1978, Nichols 
et al 1984). If studying the response of wildlife populations to exploitation, it is 
desirable to measure exploitation rate. 

The timing of variable estimates is also important. To study the effects of removals 
due to exploitation on survival, density should be measured just after harvest (or just 
before harvest, if harvest is measured or used to achieve a certain density), and 
survival following harvest should be estimated (Nichols et al. 1984). To predict 
harvest effects on reproduction, density should also be measured just after harvest, 
though density estimates at the start of reproduction might give better prediction. 

Potential study designs. Experimental manipulation with controls, replication and 
randomization is probably the best design (Nichols and Johnson 1989), but may not 
be accomplished easily. This was the design attempted in our feral pigeon study, 
but we failed to replicate, and the populations studied weren't similar before treat­
ment. Replication allows estimation of variability between different populations under 
similar conditions, and is a requirement for some statistical methods (e.g., analysis 
of variance). In studies of density dependence, true replication may be difficult 
because density is seldom under precise control of an experimenter. Replication of 
exploitation levels may be possible, but any density-dependent response of the pop­
ulation is a function of both pretreatment density and exploitation rate. 

Other designs which are more constrained may be necessary when it's not possible 
to do manipulative experiments (Nichols and Johnson 1989). Before-after comparison 
of relative changes between a control and treatments (Green 1979) is the design I 
had to use for our feral pigeon study. We assumed the relative change in the control 
area in adult survival from pre-harvest to post-harvest was the predicted change in 
other study areas under the null hypothesis. This approach assumes that the same 
year-to-year changes in environmental variables occur in all study areas. If we had 
measured density, this approach should not have been necessary. 

A worse potential design is a constrained study within one population in which 
different treatments are applied to the same population at different times, and there 
is no control area (Green 1979). This design assumes that year-to-year treatment 
effects are independent of other factors causing year-to-year differences in survival 
or recruitment. If only one population is studied, extrapolation to other areas is not 
statistically justified. This design can be improved greatly by long-term studies on 
several populations at once, with control and treatment alternated in each population. 
Such a long-term study in replicate populations with balanced treatments may be the 
best design (K. P. Burnham pers. comm. 1990). 

Short-term Experiments on Small Populations with Replication 

One of the best designs is several experimentally manipulated small populations 
(including a control) with replicates of each manipulation. The populations should 
live in similar environments so they are as similar as possible except for treatments. 
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Population parameters for one year can then be compared among those populations. 
It is necessary to estimate habitat and population size and express population density 
as a ratio between the two. One can then test for a relationship between post-harvest 
density and post-harvest survival. If a relationship is found, one can conclude there 
are density-dependent effects. By examining graphs of post-harvest mortality versus 
post-harvest density, one may be able to determine the shape of the relationship. 
Similar tests can be performed for a relationship between population density and 
some measure of production. Regression can be used for testing if independent 
estimates of population density, survival and production can be obtained. If there 
are several discrete density levels, contrasts using the methods of Sauer and Williams 
(1989, Hines and Sauer 1989) can also be performed. In a capture-recapture study 
such as our feral pigeon study, covariances between population size and survival 
rate estimates will complicate the analysis. The methods of Pollock (1982) overcome 
this problem (Nichols et al. 1984). An advantage of this design is having results in 
a relatively short time. 

Long-term Studies on Replicate Populations 

Another best design suggested by K. P. Burnham (pers. comm. 1990) is long­
term studies on many populations, where control is alternated with treatment in each 
population. He recommends randomization and balance in the assignment of control 
and treatment years to the populations. One way to achieve that would be to use the 
same sequence of treatment and control years in each population (e.g., three years 
of control, three years of treatment, three years of control, etc.), but randomly assign 
populations to start the first year of study on a different year of the treatment sequence. 
As above, the populations should live in similar environments, and similar statistical 
methods can be used for testing. In addition, it may be possible to evaluate year 
effects using appropriate multivariate models for testing. This design has the advan­
tage of evaluating how populations respond to varying conditions over a number of 
years, but it has the disadvantage of requiring a long time to get results. If enough 
areas are involved so replicates of all treatments are performed in each year, this 
design in the first few years will be the same as the previous one, and partial results 
can be had in a short time. 

Survival Estimation Models with Survival a Function of Density 

A number of computer programs for estimating survival rate allow some user 
control in specifying the model for estimating survival. One can make survival a 
function of an independent estimate of population density in these models. By testing 
against models which don't make survival a function of population density (using 
goodness-of-fit and likelihood ratio tests), one can test for density-dependent effects. 

The first possibility involves capture-recapture studies. In this design a population 
is studied for many years using capture-recapture to estimate survival. An independent 
method is used to estimate population density. By comparing survival estimation 
models with and without a population density term, one can test for density-dependent 
survival (Clobert et al. 1987, Brownie 1987). To be a good study, population density 
needs to vary among years. This can be achieved by experimental manipulation of 
the population. Disadvantages of this approach are that many years of data are required 
and no between-population variability is present. Simultaneously studying several 
replicate populations will overcome the lack of between-population variability. This 
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approach can be extended to use mark-recapture estimates of population density 
(Brownie 1987). 

A second possibility involves the estimation of survival using radio-tagged animals. 
The same approach is used, except survival is estimated using data from radio-tagged 
animals and the estimation methods of White (1983). 

A third possibility involves the estimation of survival using band recovery data. 
Again the same general approach is used, but survival is estimated using the methods 
of White (1983) or Conroy and Williams (1984). This approach can be used with 
waterfowl, with estimates of population density coming from the May Aerial Breeding 
Ground Survey (Nichols et al. 1984), though a more mechanistic evaluation would 
use an estimate of post-harvest density. However, definition of populations and 
implementation of consistent regulations throughout those populations would be 
difficult (Nichols and Johnson 1989). 

Difference Equation Models with Density Dependence 

Eberhardt (1988) suggests using difference equation models to test hypotheses. 
He suggests including herbivore population size and its vegetational food supply. 
One suggested model makes reproduction density-dependent, and another has density­
dependent rate of population change. He suggests retrospective studies of ungulate 
populations to evaluate potential models for future hypotheses testing. Perhaps models 
such as these can be used to test density-dependence hypotheses. This approach 
requires absolute population, vegetation and removal estimates, and population den­
sity needs to vary among years. As above, many years of data are needed, and no 
between population variability is present. 
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Detecting Density Dependence: 
Filtering the Baby from the Bathwater 

Dale R. McCullough 
Department of Forestry and Resource Management and 
Museum of Vertebrate Zoology 
University of California, Berkeley 

Introduction 

There is debate about the importance of density dependence (DD) in the real world. 
Although there are many studies where change in a given parameter (e.g., embryo 
rates or age at sexual maturity), follows reduction in population density, unambiguous 
demonstrations of DD as measured by population growth rate are few, and there are 
many contradictory results. Debate about DD is healthy, but I am concerned about 
the narrow context in which it is being addressed. I fear that the baby may be 
discarded with the bathwater. 

In this paper I will make three major points. First, excessively broad inferences 
are being made because our concepts of DD and density independence (DI) are too 
imprecise. This is not a new problem and many efforts have been made to clarify 
the concepts (Macfadyen 1963:153-157; Hom 1968). Nevertheless, reading the 
wildlife literature and recent conversations with colleagues convinces me that there 
still are many different interpretations of these concepts. Second, the operational test 
of the null hypothesis, i.e., that the population is DI, results in a disproportionate 
likelihood of failing to reject the null hypothesis (type II error) in cases where DD 
may be present. Third, valid testing of the null hypothesis forces a choice between 
mutually exclusive alternatives (i.e., concluding either DI or DD), whereas real 
populations contain elements of both DD and DI that are expressed in various pro­
portions depending upon life history characteristics, density, heterogeneity and var­
iability of the environment, and time lags. Finally, I will review the population and 
environmental circumstances that influence the outcome of the test of DD and DI. 

It is my thesis that all vertebrate populations, when considered over longer eco­
logical scales of time and space, show episodes that are predominantly DD, others 
that are predominantly DI, and intermixing of the two. Thus, tests of DD done over 
small time or spatial scales may reflect episodes in a population's history that easily 
may be misconstrued with reference to population behavior over more inclusive 
ecological scales. 

Definitions 

In this paper, I define DD as a negative relationship between the population growth 
rate (r) and population size (N). As used here, r is a per-capita rate of population 
change. It is not the constant r of the logistical model, often called r

max · In logistical 
model notation, the r used here would equal dN/dt!N. The conventional term, "pop­
ulation growth rate," is used despite growth being a misnomer because r can be 
zero or negative. I define DI as either a constant or a random relationship of r over 
the range of N. I define inverse DD as a positive relationship of r on N. Most cases 
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of inverse DD are short-term phenomena involving predator avoidance and they will 
not be considered further here. 

Population growth rate integrates the three major variables that determine popu­
lation change-birth, death, and movements (immigration or emigration), which in 
turn encompass numerous lower order parameters (age at sexual maturity, litter size, 
etc.). In this usage, r is the net, or bottom line rate of change and this net rate 
determines whether a population response to changes in N is DD or DI. 

I define compensation as a change in any population parameter that is consistent 
with a DD response. Thus, if N were reduced and the age at sexual maturity sub­
sequently declined, this would be considered compensatory. It would be consistent 
with DD, but not sufficient proof of DD unless all other things were equal (i.e., 
controls would be necessary to establish that other parameters remained unchanged). 
Compensation is comparatively easily documented, whereas the associated net change 
in r necessary to document DD is more difficult. 

Conceptual Considerations 

Source of the Behavior: Population or Environment? 

Some of the confusion about DD arises from a failure to sort out attributes of the 
population from those of the environment. We must recall that the population, as an 
entity, has genetics, behavior, mobility, etc., that have evolved over eons. The 
environment is a separate entity with its array of separate populations of plants and 
animals, and its abiotic components of geology and climate. 

If these two entities are not separated conceptually, empirical tests of DD will be 
plagued by faulty logic in which results are attributed to characteristics of the pop­
ulation when actually they are attributable to the environment. DD and DI are 
population responses to the environment, but they are characteristics of the population 
as expressed through physiology and behavior. 

A better construct is to consider the logic of DD in two steps. In the first step the 
environment is held constant in order to isolate the behavior of the population over 
the scale of N from zero to maximum carrying capacity based upon resources (KCC) 
in the absence of environmental variation. Laboratory experiments with small or­
ganisms in bottles or aquaria (e.g., Pearl 1927, Smith 1963) and perhaps field 
experiments such as the George Reserve deer (Odocoileus virginianus) studies 
(McCullough 1979) are of this kind. Laboratory experiments literally hold the en­
vironment constant, whereas in field experiments, environmental parameters are only 
approximately constant, and seasonality is included. 

Once the behavior of the population in a non-varying environment is established, 
then the impact of environmental variation can be addressed. A DD response of a 
population is more easily detected in an environment with variation that is small or 
moderate. Clearly the DD response of a population can be overwhelmed by wide 
fluctuations in the environment. One could say that a population in such an envi­
ronment behaves in a DI manner, but it is more instructive to know that such a 
population is behaving in a DD manner, and that environmental variation is over­
whelming those efforts. This population behavior was referred to as "centripitality" 
by Caughley (1987). 
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Alpha (Population) versus Beta (Environment) and Gamma 
(Measurement Error) Noise 

Consider the DD versus DI question as a signal-noise problem. The only source 
of signal is the DD response of the population when in a constant environment. But 

no population performs perfectly. Even in the laboratory, each replication of the 
growth experiment will have a unique, albeit similar, result. Thus there is both signal 
and noise in the population in a constant environment, and this noise might be termed 
alpha noise to indicate that it arises from the population. The environment is the 
source of no signal, but is the source of a second noise, beta noise. A third, and 
often unacknowledged, source of noise is measurement error (gamma noise). Mea­
surement error is seldom explicitly acknowledged, but in the field, both r and N are 
usually estimated because they cannot be measured accurately. If beta and gamma 
noise are not identified, variance due to beta and gamma noise is attributed to the 
population. 

Whether or not an empirical test of DD will return a result of DD depends upon 
whether the signal > alpha noise + beta noise + gamma noise. If so, we conclude 
that the population is DD and if not we conclude DI. But the conclusion of DI that 

fails to distinguish alpha from beta and gamma noise leads to misleading interpre­
tations of how such a system works, and forecloses thinking about management 
strategies for dealing with beta noise (Shepherd and Cauthley 1987, McCullough 
1988). 

An Artificial Dichotomy 

The desirable recent emphasis upon strong inference in research (Popper 1962, 
Platt 1964, Romesburg 1981) unfortunately also has fostered the DD versus DI 
dichotomy. DD and DI are considered as mutually exclusive alternatives, and if one 
can conduct a valid hypothesis test, the correct alternative can be established. 

Without denigrating the value of the strong inference approach, I would like to 

suggest that this dichotomy is artificial. I suggest that the relationship of r on N is 
at times predominantly DI and at other times DD, and often a confusing mix of the 
two. Consequently, even a valid hypothesis test may give a result that is divorced 
from a larger ecological context. This is sometimes referred to as a type III error, 
asking the question in the wrong way. 

It is my view that all vertebrate population show both DD and DI relationships. 
This can be deduced from two first order principles. First, resources required for life 
are in finite supply. This means that r for all populations is limited at some point. 
The shape of the function between r and N can vary (see below), but that r will 
decline to zero or become negative at some value of N is axiomatic. 

By the same token, no real environment is totally stable and beta noise will 
inevitably be introduced to the relationship of r on N. If beta noise is small, the DD 
function will be discernible. If beta noise is large, DD can be obscured or completely 
swamped. 

It is my view that treating DD and DI as a dichotomy is diverting our attention 

from the more important task of understanding how populations response to change 
in size under a variety of circumstances from naturally stable environments to those 
with high beta noise. Both DI and DD are necessary to understand long-term trends, 
even for populations in highly variable environments, much as Caughley (1987) has 
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shown for kangaroos. Management strategies are possible to use DD responses for 
exploitation or translocation at high populations, and to dampen the amplitude of 
population fluctuations (McCullough 1988), particularly if environmental variation 
shows trends. Protection of a population that is above carrying capacity is not going 
to prevent a decline, and one should remember the analogy of steering a car in the 
direction of a skid. It may well be possible to decrease the amplitude of population 
fluctuations by reductions in density. 

Statistical Considerations 

Influence of Beta and Gamma Noise on Hypothesis Tests 

Assume that we are observing a population that does show strong DD (i.e., strong 
signal). If the beta and gamma noise are small, then the ratio of signal to noise is 
high, and small changes in N will be sufficient to demonstrate DD. However, if beta 
and gamma noise are great, a much greater range in N wil be necessary to detect 
the signal. Combinations of a weak signal and strong noise defy demonstration of 
DD. If we know nothing about sources of noise, and objectively test the null hy­
pothesis, in most cases we will fail to reject the null hypothesis because the typically
used alpha level (0.05) puts an enormous burden of proof on DD in the face of noise.
Thus, this procedure leads to a high probability of failing to reject the null hypothesis,
and accepting a false null hypothesis (Type II error). We will conclude that this
population was DI, when in fact, the population is DD, but beta and gamma noise
are obscuring that fact.

Furthermore, the regression model assumes that N is measured without error, only 
r being estimated with error. Thus, if data for which N has error is treated by standard 
regression, probabilities of the hypothesis test are biased. If the data are treated by 
Type II regression (Sokal and Rohlf 1969), there is a loss of power, which also 
reduces the likelihood of rejecting the null hypothesis. 

Appropriate Null Hypothesis 

This raises a philosophical question. Is the null hypothesis of no relationship 
between rand N the appropriate null model? Or should the hypothesis tested be DD 
according to predominant theory of the field (Pearl 1927, Leopold 1933 )? Therefore, 
rather than r not different from 0, should the test be r not different from the negative 
slope appropriate to the case being tested? Note that the latter would tum the tables 
on burden of proof, and make it extremely difficult to reject DD. 

I believe it is best that we retain the null test of r significantly different from O
slope for three reasons. First, it is the appropriate statistical approach. Second, it 
does not require the all but impossible task of stating the appropriate negative value 
of r. And third, it places the burden of proof on DD and thus favors more conservative 
decisions about exploitation in cases of doubt. 

Interpretation of Accepting the Null Hypothesis 

Even the terminology "accept the null hypothesis" leads to mischief. It is com­
monly misinterpreted as meaning that DI holds. The recent emphasis on strong 
inference has been invaluable in emphasizing the need for hypothesis testing in 
wildlife research. The accompanying message, that knowledge is gained by disproof 
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(i.e., through elimination of competing alternatives), is less well understood. It is 
necessary to remind ourselves that failure to reject the null hypothesis does not prove 
the null hypothesis. It means that it must be retained as a possibility, and subjected 
to continuing attempts at disproof. 

Time Lags 

Consider the case where beta noise is not random, but instead shows trends, e.g., 
series of drought years alternating with series of good years. Timing of alternating 
patterns can complicate greatly the test of DD and give contrary conclusions. For 
example, if a density reduction experiment was coincident with the onset of a drought 
trend, a decline in r might be observed in a population that was DD. This problem 
occurred in Kucera's (1988) study of mule deer (Odocoileus hemionus) in eastern 
California. On two adjacent wintering deer populations, one was subjected to an 
experimental reduction by antlerless hunting, and the other was used as a control. 
It was hypothesized that the embryo rate of the reduced population would increase 
because of DD. A series of drought years occurred coincidentally with the study 
period and both populations declined. The reduced population did not show an 
increase in embryo rate, but the rate remained approximately constant, whereas the 
embryo rate of the control population declined significantly. Thus, there was com­
pensation. It is a useful result to know that the effects of drought can override DD. 
But is is also significant that the density reduction ameliorated the effects of drought, 
and this compensation suggests the existence of DD. Perhaps under even greater 
reduction the embryo rate of the reduced population might have increased. Note, 
also, that in the absence of a control, it would have been easy to conclude erroneously 
that the reduced population behaved in a DI manner. 

Similarly, time lags in predator-prey systems can result in out-of-phase relation­
ships between r and N that complicate detection of DD. Other lag problems relate 
to age structure in strongly K-selected species such as grizzly bears, elephants and 
whales. If density is reduced by removal of adults, there is a long lag in the response 
of r in these species due to delayed sexual maturity (McCullough 1986). Therefore, 
r observed immediately following the reduction invariably declines on a per capita 
basis. To be fair, the evaluation of DD in time-lagged systems must be lagged over 
at least one climatic or predator-prey cycle or the generation time of the population. 

Influence of Scale 

In the regression equation of r on N the Y intercept (a), varies relatively little 
because it is related to the physiological capability of the species. KCC, on the other 
hand, can vary greatly with size of the study area selected, and the greater KCC, 
the less the regression slope (b). Thus, assuming a = 1, if KCC = 100, b =

-0.01, whereas if KCC = 1000, b = -0.001. If r is not scaled relative to N, as
N becomes large, b differs so little from zero slope that even populations in envi­
ronments with little variance will result in failure to reject the null hypothesis. It is
not surprising, therefore, that most demonstrations of DD have been studies in
laboratory containers or exclosures (such as the George Reserve), where KCC was
small. To test the null hypothesis fairly, field studies must scale large values of N
by means such as using population density instead, or the unit of area used for study
must be selected carefully with reference to likely value of b.
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Alternative Functions of r on N 

The simplest case (e.g., the logistic model) is that r is linear on N. However, 
empirical work has shown that for many populations the relationship is nonlinear 
(Stubbs 1977, Fowler 198la, 198lb). Although most nonlinear functions of r on N 

probably become curvilinear gradually, Stubbs (1977) has pointed out cases where 
there is not a transition, but rather an abrupt threshold; these are best treated as two 
separate segments, each with a linear fit. For purposes of illustrating the likelihood 
of outcome of a DD test, the two segment case is clearest and, thus, is used in the 
figure here. Such a curve has a linear segment with constant r ("plateau") that 
would indicate DI, and a linear segment of constantly declining r ("ramp") that 
would indicate DD. What are some of the variables that influence the likelihood of 
plateau versus ramp? 

Scale 

The importance of scale was discussed previously with reference to the slope of 
r. Scale also can influence the shape of the function of r on N. Consider white-tailed
deer at the George Reserve where maximum (physiological) r was approximately
one. Because KCC was only 176 head, the observed function of r on N was nearly
linear (only slightly curvilinear) and entirely a ramp. Now consider if three identical
adjacent areas were available and included in the study area. KCC would be 528
head, three times what it was. In this case, one would likely observe a plateau of r
over some range of N, until resource limitations produced a ramp (Figure IA). The
scale of the George Reserve was too small for this plateau to be expressed, and only
the ramp was apparent. In larger areas, ranges of N on the plateau would suggest
DI. DD would be observed only at the higher N, where the ramp occurred, as opposed
to over the full range of Non the George Reserve.

Environmental Homogeneity 

Why, despite the small scale, did the George Reserve deer population not grow 
at a constant r until nearer KCC? The George Reserve is a heterogeneous area, and 
quality of possible deer home ranges declines rapidly in this small area where rel­
atively few home ranges are available. Dominant individuals occupy the best home 
ranges, and other individuals are forced to occupy lower quality home ranges. Thus, 
relatively small increments of N result in declining average home range quality, and 
declining r (Figure lB). 

Suppose that the George Reserve were a perfectly homogenous environment. The 
quality of all possible deer home ranges would be equal, so occupation of home 
ranges by dominant individuals would not adversely affect other individuals. Because 
home range quality would not change with increments of N, r would tend to remain 
constant until KCC was approached, at which point it would drop precipitously 
(Figure IB). Thus, the DD effect, rather than being a gradual reduction (a ramp) 
would be more of a cliff edge threshold. This DD effect is no less real or important, 
despite its abrupt transition. All empirical tests of DD, except those that included 
an N exceeding the threshold, would lead to the conclusion that the population was 
DI. Such a population would show catastrophic behavior, with all values of N below
KCC being within carrying capacity, but the increment that pushed N > KCC would
be accompanied by a crash in r.
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Figure 1. Some variables influencing the function of r on N and the likelihood of apparent DD 
(ramps) or DI (plateaus) in hypothesis tests over the range of N from zero to KCC. A. Scale: the 
right ramp assumes KCC of the left ramp was tripled for a population with a maximum r of 1.0. 
B. Heterogeneity of the environment. C. Life history: the upper curve is for a population with a 
high maximum rand the lower curve for a low maximum r. D. Refugia: the small refuge has little 
cover while the large refuge has greater cover, but both set limits below KCC. See text for furthe1 
explanation.
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The environment of no species is perfectly uniform, but some, such as grassland 
ungulates, tend to be more homogeneous than others. Populations in homogenous 
environments are likely to show constant r (and DI) over greater ranges of N than 
are those in heterogeneous environments. 

Life History 

A species with large physiological capacity to reproduce can show pronounced 
response to changes in density. Thus, perturbations of density, whether experimental 
or due to beta noise, evoke a strong response. Species with little physiological range 
(e.g., litter size constrained to one) show much more muted response. The null 
hypothesis is much more likely to be rejected in studies of the former species than 
the latter, noise being equal (Figure IC). 

The position of N relative to KCC can also influence the test for DD. Stubbs 
(1977) and Fowler et al. (1981a, 1981b) have presented theoretical arguments and 
literature reviews suggesting that K-selected species show the strongest density­
dependent response when N is near KCC, whereas r-selected species should show 
the strongest density-dependent response when N is low. Because of large birth 
weight and small litter size (often one), physiological and anatomical limitations 
exist on r for strongly K-selected species. Thus, once a stable age distribution has 
been achieved, growth from low N tends to be fairly constant for these species until 
KCC is neared, when decline in r occurs relatively rapidly. Conversely, strongly r­

selected species produce massive numbers of offspring, the survivorship of which 
varies enormously. Thus, N over time shows considerable variation. If this variation 
were literally random, extinction probability would be extremely high. Persistence 
of these populations is dependent upon survival not being random when N is low; 
i.e., DD tends to operate strongly at low density, and this offsets extinction prob­
ability.

However, it can be argued also that density effects may be stronger at the other 
extreme (i.e., K-selected species at low density and r-selected species at high density). 
Whereas resource limitations are strongest in K-selected species at high density, at 
low density, refuge effects and scarcity may well moderate the impacts of predators 
and diseases. And, r-selected species, thought not to be resource limited, may exhaust 
resources during outbreak phases. These considerations suggest that for both r- and 
K-selected species, DD is likely to be greater at high and low densities than at
moderate densities.

Behavior 

As noted earlier, social dominance in conjunction with environmental heterogeneity 
could influence the shape of the function of r on N. Territoriality by defense of area, 
rather than resources per se, can dampen the effects of environmental heterogeneity. 
Species with resource-based territories are often thought to fit the cliff edge model 
described above. If territories were of fixed size in homogeneous habitat, or if territory 
size increased to include required resources, only so many territories could be fit 
into a habitat. Over broad ranges of N, r would be constant. The population would 
show apparent DI right up to the threshold of carrying capacity based upon number 
of territories that could be fitted into the area. 

However, if territory quality varied, r would be expected to be DD over a range 
similar to that of a heterogeneous environment (Figure lB) for the same reasons. A 
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similar result would hold if territory size was compressible. Once the number of 
uncompressed territories was established, compressed territories would reduce the 
average quality of territories, and r would decline as a ramp, even if the environment 
were homogeneous. 

Predation 

Predators can hold prey populations below the limits of resources, and this can 
result in apparent DI in the prey. Conversely, predation rate may vary with N, and 
thus, contribute to DD in the prey population. Thus, predators can induce either DD 
or DI, depending on the situation. 

In addition, refugia can influence DD relationships in the prey. Refugia refer to 
the existence of escape or concealment cover that renders prey species invulnerable 
to predators (Errington 1934). Populations of prey that can be encompassed in the 
refugium suffer low predation rates (DI), whereas greater populations suffer high 
predation rates (DD). If there are qualitative aspects to cover, r beyond the threshold 
of security will be a ramp; if cover is all or nothing, then r beyond the threshold 
will be a cliff edge. Because cover usually varies in quality, a ramp is probably more 
common. 

The N that can be supported by cover may be a small fraction of, about equal to, 
or greater than N supported by resources. If cover is small compared to food resources, 
the plateau will be small relative to ramp, whereas if cover is more nearly equal to 
food resources, the plateau will be large relative to the ramp (Figure ID). 

Conclusions 

I suggest that determination of DD and DI in real populations involves a compli­
cated array of variables. The likely influence of some of these variables is predictable 
from theory. Simplified tests of DD may misrepresent this complexity and lead to 
conclusions that, although correct for the study circumstances, may be misleading 
about population behavior in a larger ecological context. Before the role of DD and 
DI can be assessed, studies of a population over a full range of densities are necessary 
to determine the function of r on N, and the possibility of time lags must be taken 
into account. Or, alternatively experimental approaches with multiple treatment levels 
spanning the function of r on N need to be pursued. 

Circumstances surrounding the testing of the null hypothesis and unidentified noise 
result in reduced probabilities of rejecting the null hypothesis, and acceptance of DI. 
Thus, there is a heavy burden of proof on DD, and a hazard of throwing out the 
baby with the bathwater. Simplistic concepts and narrow conclusions constrain the 
search for management strategies appropriate to variable environments. 
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I have the distinct honor of introducing one of the most unique and thought 
provoking sessions scheduled at this 55th North American Wildlife and National 
Resources Conference. I want to express my thanks to The Wildlife Society and 
particularly my co-chairman, Dr. Clait Braun, for asking me to chair this special 
session-Introductions and Reintroductions of Wildlife Populations. 

The last 100 + years of translocations have been bittersweet, as we have made 
some outstanding successes and some monumental blunders. As I look back over 
the last century, and particularly the last 30 years, it's apparent that we have made 
some of the same mistakes with different species throughout North America. 

One thing we did time and time again over the last century was to alter the habitat 
and wantonly chase the remaining few individuals of a species till they remained in 
isolated, inaccessible pockets. We remember from our basic conservation courses 
where timber stands covering entire states, such as Pennsylvania, were unmercifully 
attacked with the axe and saw to feed a nation's appetite for lumber. Some animal 
species, such as the passenger pigeon, retreated until there was no place to go and 
were lost. We lost, with this insatiable and ignorant attitude, the opportunity to ever 
bring back a species that once numbered in the billions. The white-tailed deer, the 
wild turkey and other species were much more fortunate. Before we examine these 
successes, we need to examine the problems associated with translocating a species, 
from both the human and the species perspective. 

First, we always seem to want a species we don't have because, as Durward Allen 
said in Our Wildlife Legacy, we have an appetite for the ''Greener Grass.'' It didn't 
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take the colonists long to get the urge for something new. Richard Bache, Ben 
Franklin's son-in-law, tried Chinese pheasants, via England, in New Jersey in 1790, 
the first of many such attempts. Later to follow were other species, including chukars 
and Hungarian partridge to the northern Great Plains. These successes whetted the 
human appetite to try other attempts using various species of birds and mammals. 

Another human dimension is to simplify the whole translocation process. One 
basic error has been to move new species into an ecological situation devoid of 
checks and balances. Small numbers of European rabbits introduced over a century 
ago into New Zealand and Australia rapidly turned to millions, causing problems 
such as overcrowding and lack of food. Ditto with the red deer and white-tailed deer 
when they were translocated in New Zealand. The artificial propagation and trans­
location of many of the bird species were shortcut methods to establish populations. 

Trap and translocation of some of our wildlife species also were welcomed by 
some people and became a dreaded nuisance to others. For example, the beaver's 
comeback following restocking in the 1950s in eastern North America has provided 
valuable wetland habitat for many species of waterfowl, herons, otters and muskrats. 
As timberland is lost and habitat flooded, some landowners wage a never-ending 
battle to eliminate beaver populations. The same is true with the introduced nutria, 
from South America, released in the coastal marshes of Louisiana. The value of 
nutria pelts amounts to millions of dollars to the economy, but what happens if fur 
prices reach low levels that make trapping unprofitable? Nutria overpopulations could 
have catastrophic effects on the coastal marshes of Louisiana. 

Some of the translocation successes since the 1950s in North America have been 
phenomenal. We have populations of white-tailed deer, elk, resident Canada geese, 
bighorn sheep, pronghorn, and wild turkeys that were not thought possible when I 
,began my career 30 years ago. It all happened because of improved capture tech­
niques, trapping and moving wild birds and mammals into suitable habitats, and 
providing adequate protection until populations were established. Telemetry tech­
niques in the last two decades gave us the opportunity to learn more about the biology 
of our wildlife species and how to manage them effectively. 

The wild turkey restoration efforts have mirrored the mistakes and unbelievable 
successes of the trap and relocation programs seen with other species. Wild turkeys 
numbered about 30,000 birds at the tum of the century and those numbers increased 
slowly as the small, row-crop farms of the Depression Era reverted back to stands 
of timber. The get-rich approach for mass producing pen-raised stock and releasing 
hundred of thousands of inferior stock followed World War IL This approach with 
the wild turkey failed miserably, with millions of dollars wasted, as it did with 
cotumix quail introductions. 

Along came the modification of the cannon net designed to trap waterfowl in the 
early 1950s, so birds could be trapped from existing populations by state agencies, 
and the slow restoration of suitable habitats began. In the 1960s, we were taught 
that wild turkeys needed 5,000-10,000 acres of unbroken habitat with a high per­
centage of that habitat in mast-producing trees. Obviously, the thriving population 
of 100,000+ wild turkeys seen today in Iowa, where only 4 percent of the state 
remains in timber, didn't go to the same school. The same occurred in the fragmented 
habitats from Pennsylvania to South Dakota. 

Just two weeks ago, at the Sixth National Wild Turkey Symposium, I reported 
that the wild turkey population in the United States was about 3 million more birds 
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than reported at the First National Wild Turkey Symposium, in 1959. The population 
has increased about 1 million over the last five years because of active state agency 
commitment to restore the birds to all suitable habitats. In fact, by the year 2000, 
the major restocking should be completed in the United States. Also note that we 
have wild turkeys now in every state except Alaska. This includes 10 states outside 
the species' ancestral range. Of the 49 states supporting wild turkeys, 47 have spring 
hunting seasons, with Delaware to join the ranks in 1991, leaving only Nevada 
without a spring season. This compares to only 20 states with hunting in 1959. The 
wild turkey is truly a modern conservation success story. 

What about the exotics? Remember all of the different types of pheasants, like 
the Reeves, that were buzzwords of the 1960s? Where are they now? Gone, as they 
generally came from pen-raised stock and/or weren't suited for the environments in 
which they were released. Have we learned our lesson? Apparently not! Michigan 
is spending over $1 million to stock the Sichuan pheasant from eggs shipped from 
China. I fear that elaborate measures to propagate the birds, which supposedly will 

replace or crossbreed with the ring-necked pheasant, are part of one more chapter 
in our attempt to provide sportsmen something that probably is unattainable because 

of habitat changes and the use of artificially propagated game farm stock. 
What about the sportsmen who take the trap and relocation situation into their 

own hands? We know that wild-trapped raccoons have illegally crossed state lines 
in the Southeast and that the coyote range is expanding at a rapid rate because animals 
are intentionally and illegally being moved to satisfy the whims of a few houndsmen. 

The short-term effects involve potential disease transmission, such as rabies, and in 
the long term, may displace fox populations, which might alter complex predator/ 
prey relationships developed over millions of years. 

The challenges of the coming decade are to put our native wildlife, both game 
and nongame, in all available habitats. The trick will be not to do it at the expense 
of existing wildlife species, but with sound biological and economical methods. 
Hopefully, we won't repeat our past mistakes and will not promise our sportsmen, 
who pay the bill, a panacea by stocking or translocating a species that has little or 
no chance of succeeding. 

Our session today will address some of the various specific aspects, from the 
genetics to the politics of the trap and translocation approach. I am confident that, 
before we are through today, we will better understand the role trapping and trans­

locating our wildlife species plays in the coming decade and the next century. 
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Introduction 

The reintroduction of wildlife to areas where they had existed has been a major 
concern of wildlife biologists and naturalists throughout this century. Typically, 
reintroduction (which can be quite costly) has occurred when special interest groups 
have organized public support and the effort becomes politically feasible. Only 
recently have these efforts been analyzed in economic terms; that is, assessing the 
benefits and costs in a decision-making context. Unfortunately, the complex eco­

logical-humen interrelationships that underlie wildlife viability do not lend themselves 
to analysis with traditional market-oriented measures. Market price is the conventional 
measure of value for private goods from shirts to sugar, but it often does not reflect 
the diverse public objectives for the management of common property resources such 
as wildlife. To help overcome some of the limitations, economists have devised 
elaborate techniques to infer market values indirectly for specific activities such as 
hunting. Less attention has been given to the value placed upon wildlife by people 
who are not direct users but who, nevertheless, have an interest in it. Current theory 
suggests wildlife values fall into two categories: (1) personal use values, including 
both current use and options to preserve the opportunity for future use, and (2) existence 
values, which take into consideration such motivations as altruism, including its 
intergenerational aspects, and intrinsic values (the ethical right of a species to exist 
apart from any benefit it offers man). In this paper, we examine these values and 
related attitudes for two species reintroduced to New England: the bald eagle (Hal­

iaeetus leucocephalus) and the wild turkey (Meleagris gallaavo silvestris). 

While biophysical interrelationships set limits of capability, managerial objectives 
for wildlife species also are determined by attitudes, perceptions and the economic 
value placed upon the species. Traditional measures of monetary value (market sales, 
economic impact and consumer surplus accruing to recreational users) may have 
validity in certain situations, but much of the economic value associated with wildlife 
originates with people who have limited personal contact with them. These values 
fall into the realm of extramarket values and include option and existence values. 
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Option values reflect the desire to retain the opportunity to use a resource in the 
future, although there is no plan for present consumption (Weisbrod 1964, Bishop 
1982). Option value includes consideration for uncertainty since a program may or 
may not be successful in retaining a resource for future use, and the subject may or 
may not take the opportunity to consume it in the future. 

Underlying motivations for existence values include the desire to assure the avail­
ability to certain resources for future generations (bequest values), to provide op­
portunities for others to benefit from them (altruistic values) and ethical concerns 
for the well-being of nonhuman elements in the ecosystem (intrinsic values) (Randall 
and Peterson 1984, Walsh et al. 1984). Since existence values do not involve the 

intent of personal consumption in the present, they are not included in demand curves 
and, thus, are not considered within the context of conventional economic valuation. 

Existence values sometimes are defined to include only resource nonusers, but 
similar motivations can exist among those using the resources in a specific time 
period. An individual conceivably can value a resource for current use, wish to retain 
the option for future use, and be concerned with its existence for the benefit of others 
in both the present and the future. 

While many wildlife reintroduction efforts have widespread public support, little 
information is available about the net benefits attributable to such efforts. Cost 
information is sometimes available but little has been done to determine the values 
associated with reintroduction. In many cases, traditional neoclassical economic 

analysis has not provided the basis to measure the magnitude and extent of public 
support. The bald eagle and wild turkey were chosen for the study since familiarity 
by the general population is helpful in securing the kinds of information desired, 
and both of these species are highly recognizable. 

Wildlife Decline and Recovery in New England 

Initially, it is helpful to examine reintroduction in New England within the broader 
context of wildlife depletion resulting from man's actions. When Europeans first 
settled New England, the region was almost entirely contiguous forest. Clearing and 
burning to establish farmsteads resulted in large-scale conversion of virgin forests 
into croplands and pasture. By the mid-1800s, about 70 percent of the original New 
England forest had been removed (Glass 1974). Obviously, this habitat change, as 
well as uncontrolled harvesting, and even persecution of some species, had a dele­
terious effect on many wildlife species (Allen 1942). 

Other human actions contributed to habitat loss causing severe reduction of other 
wildlife populations. Pollution and dam construction resulted in the loss of the Atlantic 
salmon (Salmo salar) over most of New England. Habitat deterioration, persecution 
and, later, pesticides eliminated or severely diminished the populations of several 
species of raptors including the bald eagle, osprey (Pandion haliaetus) and peregrine 
falcon (Falco peregrinus). 

With other regions of the nation enjoying a competitive advantage and the advent 
of many technological advances in agriculture that were better adapted to the West, 

area in farmland in New England began to decline in the 1800s. As abandoned 

farmland reverted to forest through natural vegetative succession, forest land became 
the primary land use and, once again, provided suitable habitat for many species of 
woodland wildlife that had diminished previously. In 1987, an estimated 81 percent 
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of the New England region was forested (Haynes 1989), despite more recent pressures 
brought about by industrialization and urbanization. 

With suitable habitat once again available and legal protection provided, many 
species that had been extirpated or reduced to low numbers began re-establishing 
themselves. Other species either have not re-established themselves naturally or are 
not repopulating as rapidly as desired, so publicly-financed reintroduction programs 
have provided assistance. 

Although the bald eagle and wild turkey were devastated by man's activities, they 
have benefited from major re-establishment efforts, although for somewhat different 
purposes. The bald eagle was declared the national symbol in 1782 and developed 
considerable recognition and support on that basis alone. Conversely, support for 
the restoration of the wild turkey was based primarily on the desire to establish a 
huntable population. 

Early decimation of the bald eagle resulted from both habitat deterioration and 
persecution. Although not abundant in New England, the bald eagle population was 
dwindling even before it was devasted by insecticide use, most notably dichloro 
diphenyl-trichloroethane (DDT), during the 1950s and 1960s. The pesticides tended 
to accumulate in the fatty tissues of the eagles and inhibited calcium release during 
eggshell formation, resulting in thin-shelled eggs that broke during incubation. In 
1978, the U.S. Department of the Interior classified the bald eagle as "endangered" 
in 43 states, including each of the New England states (Engel and Isaacs 1982). 

Restoration efforts for the bald eagle began with the placement of eagle eggs 
originating in Minnesota into nests of eagles in Maine, essentially the last New 
England state with a resident (although declining) eagle population. While these 
initial efforts had limited success, re-establishment efforts were initiated in nearby 
states. In New York, nestling eagles still unable to fly were imported from the Lake 
States and placed in hack towers (Nye 1983). The young eagles were released when 
able to fly. Success in terms of birds returning and ultimately nesting has been good. 
Restoration efforts within New England have concentrated primarily in Massachusetts 
and Maine, the latter relying on enhancement of its resident population. The costs, 
however, are high: the New York State Department of Environmental Conservation, 
for example, estimates their eagle restoration program has cost $500,000. Due to 
high costs and other factors, the remaining New England states hope to benefit from 
colonization from re-established populations in nearby states, but have no programs 
of their own. 

Largely, the bald eagle restoration efforts in the Northeast have been quite suc­
cessful and are within reach of recovery goals set for them (Nickerson 1988). As a 
result, no further reintroduction efforts are underway. It is believed that the popu­
lations established by the program will continue to expand until they reach the limits 
of available habitats. 

Historically, eastern wild turkey were abundant in each of the New England states, 
including the southern portions of Maine, New Hampshire and Vermont (Nenno 
1980). Massive land-use changes reduced habitat quality to the extent that wild 
turkeys were eliminated throughout the entire region by 1900. 

During the time since wild turkeys were extirpated in the New England region, 
numerous attempts have been made to establish viable populations by stocking game­
farm raised turkeys (Cardoza 1983). Although quite costly, these attempts have been 
largely unsuccessful. 
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While wild turkeys no longer existed in the New England area, remnants of the 
former population persisted in south-central Pennsylvania. This population began to 
expand in the early 1940s, and later in the decade wild turkeys were re-established 
in southwestern New York (Nenno 1980). From this naturally-expanding population, 
a trap-and-transfer program eventually was established that enabled the restoration 
of wild turkeys throughout most of the suitable range in New York and New England. 
In some states, wild turkeys now exist in areas beyond their original range. 

The success of the wild turkey trap-and-transfer program has been phenomenal. 
After years of frustration in establishing viable, self-sustaining populations by using 
gamefarm turkeys, relatively small plantings of trapped wild turkeys have resulted 
in population explosions. For example, an initial stocking of 31 wild turkeys, which 
had been livetrapped in New York and transferred to Vermont in 1969 and 1970, 
resulted, by 1973, in an estimated population of 500-600 wild turkeys in Vermont 
(Wallin 1977). The Vermont Fish and Wildlife Department records indicate the total 
cost over this five-year period was less than $75,000. By 1979, the Vermont wild 
turkey population was estimated at 8,000 (Bailey 1980). Moreover, this initial stock­
ing has also resulted in wild turkey populations being established in Washington and 
Rensselaer counties, New York, and northern Massachusetts. Currently, wild turkey 
populations have increased to the extent that each of the New England states permits 
hunting. 

Although wild turkeys likely would have expanded their range without a trap-and­
transfer program, it would have taken much longer. Pennsylvania studies indicate 
that wild turkeys expand their range naturally at a rate of about five miles (8 km) 
or less per year (Wunz 1973). Natural and man-made barriers, however, could 
seriously impede such natural programs. 

Political Actions Supporting Reintroduction 

Public concern for restoration of depleted or extirpated species such as the bald 
eagle and wild turkey was manifested through political action rather than justified 
through any analysis of traditional measures of economic efficiency. Until quite 
recently, little effort has been made to justify wildlife enhancement through valuing 
extramarket payoffs to nonusers of the resource. 

As the national symbol, the bald eagle's plight was well publicized. The Bald 
Eagle Act of 1940 placed the species under federal protection. Although not directed 
specifically at the bald eagle, banning the use of DDT in 1972 permitted gradual 
environmental recovery to the extent that several endangered species of raptors could 
again reproduce naturally. The passage of the Endangered Species Act in 1973, and 
subsequent amendments, gave the bald eagle further protection. Individual states 
also passed laws protecting bald eagles and other raptors (D'loughly 1988). Mas­
sachusetts and Maine enacted publicly-financed eagle restoration efforts. The decision 
to carry forth these reintroduction programs was based on political sentiment rather 
than any rigorous economic efficiency analysis. 

With the wild turkey, re-establishment pressures appeared to have a quite different 
origin from those for the bald eagle. The wild turkey was a prized game bird, and 
considerable effort has been expended to repopulate the species in New England. 
The Endangered Species Act was not a factor since successful trap and transfer 
programs had already occurred in New England by the time it was enacted. State 
fish and game departments received cooperative funding for wild turkey restoration 
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through the Pittman-Robinson Act. The National Wild Turkey Federation, as well 
as other organizations, provided substantial support for re-establishment efforts. 
While the trap-and-transfer procedure was highly effective and relatively inexpensive, 
it did represent a payoff to a substantial body of research that enhanced the overall 
program. Instrumental in the effort was the Northeastern Wild Turkey Committee 
of The Wildlife Society, an organization of wildlife management professionals, which 
provided technical information on habitat suitability and other considerations needed 
to make the program successful (Nenno 1980). 

It appears that political action will continue to be the primary basis for judging 
the merits of future wildlife programs; while this may seem an anathema to some, 
it may be appropriate for controversies such as that involving the spotted own (Strix 

occidentalis) in the Pacific Northwest, to air conflicting views through the political 
system. At the same time, however, economic analysis is likely to play a much more 
important role in the future, especially where it can help broaden the context of 
valuation in a situation where budgets are tight and programs must compete for scarce 
funding. In this sense, we expect that economic analysis increasingly will be used 
to support political decisions, so it is important to understand the broader components 
of value as they relate to both socioeconomic and political concerns. 

Methods 

Information on public attitudes and extramarket values for the bald eagle and wild 
turkey was collected through a mail survey of 1,497 randomly selected New England 
residents drawn from telephone lists during winter 1989. A postcard reminder was 
mailed one week later. Two weeks after the postcard mailings, a follow-up letter 
urging participation was mailed with a second questionnaire. The questionnaire so­
licited information on attitudes about particular wildlife species, the monetary value 
placed on the existence of these species and the motivations underlying these values. 
Contingent valuation was used to estimate the amount of money individuals would 
spend to assure the continued existence of a given species. Those refusing to con­
tribute were asked their reasons. 

To collect the desired data for several species with a reasonably concise survey 
instrument, five different questionnaires were developed, only one of which was sent 
to each individual selected. The questionnaires were identical except for three ques­
tions directed at individual species. The three questions that were differentiated by 
species dealt with (1) knowledge of existence of the species in New England, 
(2) willingness to pay to preserve the species and (3) motivations underlying this
willingness to pay. The two questionnaires pertinent to this study involved the bald
eagle and the wild turkey.

Of the 1,497 questionnaires mailed, 237 were not deliverable. A total of 472 
questionnaires was returned, a response rate of 37 .5 percent. Twenty were not usable, 
so the number of valid responses was 452. There were 192 responses dealing spe­
cifically with the bald eagle (88) and the wild turkey (104). The remaining responses 
dealt with other species or combinations of species. 

Results 

Approximately 75 percent of the respondents were aware of the existence of both 
the bald eagle and wild turkey in New England. Only 28 percent, however, had ever 
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seen a bald eagle in the wild in New England, and only 25 percent had seen a wild 
turkey in the region. 

Despite limited contact, the existence of the species was viewed as quite important 
(Table I); 53 percent indicated the existence of the bald eagle in New England was 
very important and 41 percent felt the existence of the wild turkey was very important. 
In fact, 89 percent attached some importance to the existence of the bald eagle in 
New England; 82 percent had a similar view for the wild turkey. 

When asked why the bald eagle was important to them, 80 percent of the responses 
were classified as existence values (Table 2). Among the underlying motivations of 
existence values, intrinsic value was most frequently cited. Both bequest values and 
altruism were cited more frequently than concern for current or future use. Unfor­
tunately, similar information was not collected for the wild turkey. 

While an individual's attitudes toward wildlife are an important consideration, the 
extent of commitment to the well-being of a given species provides even stronger 
evidence of support for that species. Extent of commitment can be measured in part 
through willingness to pay in monetary terms. When asked if they would be willing 
to commit some of their personal funds to support programs to maintain wildlife, 
assuming the elimination of public funding, 38 percent were willing to make such 
a commitment. However, the majority, 62 percent, would not make such a donation 
for a number of reasons. 

The percentage of people who would commit themselves to an annual donation 
over a five-year period and the amount they were willing to give varied between the 
two species (Table 3). Forty-eight percent of the respondents to the bald eagle 
questionnaire indicated they would make an annual donation. The average willingness 
to pay for this group was $19 .28. For the wild turkey, 30 percent of those responding 
made a financial commitment; the mean willingness to pay was $11.86. 

The willingness-to-pay estimates are imposing (Table 4). When expanded to the 
New England population over 18 years of age, bald eagle and wild turkey protection 
and enhancement received total annual commitments of $69.6 million and $42.8 
million, respectively. An overwhelming proportion of this willingness to pay for the 
protection and enhancement of wildlife was attributed to existence values as opposed 
to option values. 

Motivations underlying commitment to contribute for the bald eagle and wild 
turkey also reflected concerns for the species' existence rather than any probable use 
on the part of respondents (Table 5). Even though the wild turkey has value as both 

Table 1. Importance for existence of bald eagle and wild turkey in New England. 

Bald eagle Wild turkey 

Importance Respondents Percentage Respondents Percentage 

Very 238 53.2 185 41.4 

Som what 159 35.6 181 40.5 

Not very 24 5.4 62 13.9 

Not very important 

at all 

No answer 

Totals 

15 3.4 17 3.8 

47 2.4 2 0.4 

447 100.0 447 100.0 
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Table 2. Reasons why existence of bald eagle was important 

Value 

Personal use 

Current use ( observation) 

Option value (chance for future observation) 

Subtotal 

Existence value 

Altruism 

Bequest 

Intrinsic 

Subtotal 

Not answered 

Total 

Percentage 

3.2 

8.8 

12.0 

16.0 

23.0 

41.0 

80.0 

8.0 

100 

a game bird and for observation, only 6 percent specified option-value motivations. 
For the bald eagle, option value motivated 10.5 percent of donations. Intrinsic 
motivations for committing funds exceeded all other categories of giving for both 
the bald eagle and wild turkey. For each species, bequest values were the second 
most frequently cited motivation. Altruism accounted for 12.8 percent for the bald 
eagle as compared to 7 .6 percent for the wild turkey. 

While 62 percent of the total respondents indicated they would not commit them­
selves to any personal payments to specific wildlife protection funds, the reasons 
given for not participating do not suggest opposition to these programs (Table 6). 
Forty-four percent of the respondents to the bald eagle questionnaire indicated they 
would not make a donation because "money should come from taxes and license 
fees instead of donations." With respect to the wild turkey, 37 percent held this 
view. Others indicated (24 percent for the wild turkey, 22 percent for the bald eagle) 
the species was important to them, but refused to place a monetary value on it. A 
substantial proportion of the respondents indicated other reasons for not contributing. 
A small percentage of the returns indicated the wild turkey was of no value to the 
respondent, while no one claimed the bald eagle was of no value. 

Discussion 

The successful efforts to re-establish viable populations of bald eagles and wild 
turkeys in New England appear to have strong public support. Furthermore, the 
overwhelming proportion of the respondents in the case of the bald eagle (similar 

Table 3. Amount of contribution per year (five-year period) to maintain bald eagle and wild turkey 
populations in New England. 

Species 

Bald eagle 

Wild turkey 

Would give 

Number 

38 

29 

Percentage 

48 

30 

Willingness to pay 

Would not give 

Number 

41 

68 

Percentage 

52 

70 

Total 
amount 

$1,523.50 

$1,150.00 
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Table 4. Estimated option and existence values per year over five-year period for bald eagle and 
wild turkey in New England 

Value 

Option 

Existence 

Total 

Inference to total New England population by species 

Estimated value (millions of dollars) 

Bald eagle Wild turkey 

7.3 

62.3 

69.6 

2.6 

40.2 

42.8 

data not collected for the wild turkey) indicated their reason for concern for the 
species related to other-than-current or future personal use. The highest percentage 
of respondents indicated a concern that the species had a right to exist on its own 
merits, regardless of its relationship to humans. 

While these expressions of concern for re-establishment provide some measure of 
public support, they do not weigh the depth of such support. Measures of existence 

and option values are a better indication of public commitment to such programs. 
Overall, thirty-eight percent were willing to make a financial commitment to maintain 
and enhance wildlife populations. The primary reasons given by those not willing 
to make donations did not infer opposition to re-establishment programs, but ques­
tioned the appropriateness of contributions to finance them and the validity of mon­
etary values for wildlife. Only a small proportion indicated the species were of no 
value to them. 

The magnitude of extramarket values associated with the bald eagle and wild 
turkey are impressive. The estimated total New England annual commitment of funds 
for the bald eagle was $69.6 million and $42.8 million for the wild turkey. Almost 
90 percent of this value was for existence values as opposed to option values for the 
bald eagle. In the case of the wild turkeys, a game species, the proportion of the 
total value for existence values was surprisingly higher than that for the bald eagle. 

Motivations underlying these values again demonstrated great support for the 
existence of wildlife on its own merit. Respondents to both questionnaires listed 
intrinsic values most often as the underlying motivation for committing funds to the 
preservation of a wildlife species. Bequest values were the second most frequent 
answer given. Altruism, the least frequently given motivation for existence values, 
still exceeded option values in both cases. 

These results should be interpreted with some caution. Willingness-to-pay as­
sessments are hypothetical, so there is some uncertainty about the commitment of 

Table 5. Motivations underlying donations for bald eagle and wild turkey protection in New England 
by percentage of respondents 

Species 

Bald eagle 

Wild turkey 

Percentage of donations 

Option Existence value 

value Altruism Bequest Intrinsic Total Total 

10.5 12.8 30.1 46.7 89.6 100.0 

6.1 7.6 37.6 48.7 93.9 100.0 
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Table 6. Reason respondents would not contribute for bald eagle and wild turkey protection. 

Species 

Bald eagle Wild turkey 

Reason for not contributing Number Percentage Number Percentage 

Money should come from taxes 

and license fees instead of 

donations 18 44.0 25 37.0 

Species is not worth anything 

to me 0 0.0 4 6.0 

Species is important but I refuse 

to place a dollar value on it 9 22.0 16 24.0 

Other 14 34.0 23 33.0 

respondents to follow through. Of course, this is a source of difficulty when the 
contingent valuation technique is used to collect data on extramarket values and there 
is considerable discussion of this matter in the literature. 

Another concern is possible sample bias; some evidence suggests the respondents 
were more affluent and better educated than average for New England. If this is true, 
it could cause misleading inferences regarding the views of the general population. 
Nevertheless, the overwhelming magnitude of responses finding the selected wildlife 
species important, the substantial amount of funds that they were willing to donate 
and the reasons given for not donating (which tended to be favorable to wildlife), 
indicate tremendous public support even if it may be somewhat overestimated because 
of possible sample bias. 

Traditional monetary measures reflect only a subset within the total valuation 
framework. By including extramarket values (existence and option values), we have 
expanded that portion of valuation that can be measured, but it still falls short of a 
total measure of value. Political actions continue to be the most significant means 
of gather support for programs and activities not effectively allocated through the 
market, but the measurement of existence and option values can add considerable 
support to the process. 
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The Role of Hand-reared Mallards 
in Breeding Waterfowl Conservation 

Bruce D. J. Batt and Jeffrey W. Nelson 
Ducks Unlimited, Inc. 
Long Grove, Illinois 

Introduction 

Waterfowl breeding in the mid-continent region of North America have undergone 
severe population declines during the last decade (U.S. Fish and Wildlife Service 
and Canadian Wildlife Service, 1989). A combination of drought and intensified 
land use is largely responsible for these declines (Nelson 1989). The overall duck 
population has also hovered near record lows since 1985. 

This situation has led to unprecedented actions by private citizens and public 
officials to design and implement new programs to reverse the decline. Among the 
most notable of these is the North American Waterfowl Management Plan (NAWMP) 
which was signed by the governments of Canada and the U.S. in May 1986 (U.S. 
Fish and Wildlife Service and Canadian Wildlife Service 1986). Since 1987, the 
proceedings of the North American Wildlife and Natural Resources Conference have 
heralded progress in implementing this ambitious plan. The most promising recent 
step by the U.S. government has been the signing of the North American Wetlands 
Conservation Act (S-804) by President George Bush on 13 December 1989, assuring 
significant financial support for implementation of the NA WMP across North Amer­
ica. 

As with any threatened public resource, professionals and private citizens have 
responsibility to explore every avenue that might be of some positive and practical 
benefit in providing a brighter future for waterfowl. Among possibilities is the use 
of hand-reared mallards (Anas platyrhynchos) to enhance the size of breeding pop­
ulations. This same possibility was seriously considered and studied during the last 
major decline of populations in the early 1960s. Burger (1975: 106) noted that although 
waterfowl propagation has been viewed by most professionals as "a peripheral tool 
in waterfowl management the emphasis we humans place on peripheral solutions 
varies with the degree of the problem." 

Our purpose in this paper is to analyze the information available on the use of 
hand-reared mallards in breeding population management and to evaluate the poten­
tials of this practice in the context of modem-day waterfowl and wetland conservation. 
We examine the potential for assisting, with hand-reared mallards, remnant wild 
populations in a recovery, given that habitat programs envisioned in the NA WMP 
are implemented successfully. Given the widespread support for the NA WMP, among 
politicians, professionals and the general public, we assume the need for quality 
habitat is understood and paramount. Can mallard populations recover, simply in 
response to improved habitat conditions, or do they require some assistance, via 
hand-reared bird releases, to re-establish their original distributions and abundance? 
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Our focus will be on the use of "pure" wild-strain mallards (less than two gen­
erations removed from the wild) because it has long been understood that semi­
domestic and game farm mallards have little potential for restoring breeding popu­
lations due to their low survival in the wild (e.g., Bednarik and Hansen 1965, Bailey 
1979, Burger 1984). Our analysis also specifically and intentionally excludes con­
sideration of information related to the value of birds raised and released locally in 
efforts to enhance nearby hunting opportunities. 

Previous Studies 

Most research on the potential of releasing hand-reared birds to enhance waterfowl 
management programs have used game farm or semi-domestic mallards (e.g., Bed­
narik and Hansen 1965, Burger 1975). However, several aspects of survival and 
breeding success of released wild-strain mallards were studied in Manitoba by Brak­
hage (1953), Sellers (1973), Bailey (1979), Gatti (1981) and, in North Dakota, by 
Lee and Kruse (1973). 

Brakhage (1953) compared patterns of migration and mortality between 6,623 
hand-reared birds [including mallards, pintails (Anas acuta), redheads (Aythya amer­

icana), and canvasbacks (Aythya valisineria)] and 6,284 wild-trapped birds of the 
same four species over a 21-year period (1932-51) on the Delta Marsh, Manitoba. 
Hand-reared and wild-trapped mallards comprised 2,007 and 2,930 individuals, re­
spectively. These comparisons were not well controlled as there was considerable 
variation in release techniques, age at release, numbers released each year and sex 
and age of birds banded each year. Nevertheless, the results provided the first 
indication that hand-reared birds of wild genetic stock migrated in a similar pattern 
to wild-trapped waterfowl and had a similar tendency to home back to the area from 
which they were released. 

However, hand-reared birds were dramatically more vulnerable to hunting mor­
tality, resulting in few birds returning the following spring to breed. Based on his 
analyses, Brakhage (1953:476) concluded that "the release of ducks hand-reared 
from wild eggs cannot be recommended as a practical management technique. '' 

Sellers (1973) reported on the largest, best controlled and most intensively studied 
release of hand-reared wild mallards. In 1969 and 1970, 1,474 female ducklings 
between four and five weeks of age were released in a 4-square-mile (10.36/km2) 

study area in the Canadian prairie pothole region near Minnedosa, Manitoba. This 
represented a minimum of 15 times more mallard ducklings than could have been 
produced by the mallard pair population originally present on the study area during 
the same years (Sellers' data: 16 pairs per square mile (6.18/km2), 20 percent nest 
success and fledged brood size of 6. 7 with a 50: 50 sex ratio). Sellers estimated the 
return of released birds to the study area to be between 20 and 25 percent. 

The release area mallard breeding population was elevated to 50 and 66 paris per 
square mile (19.3 and 24.5/km2) in 1970 and 71, respectively. During the two years 
following release, the proportion of all mallards in the experimental area producing 
broods was only between 9 and 12 percent despite better than average habitat con­
ditions for breeding waterfowl. Thus, while Sellers confirmed the ability of wild 
stock mallards to migrate and return to areas from which they were released, serious 
doubt was cast on the ability of such birds to reproduce and sustain themselves once 
their populations had been artifically elevated. 
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Sellers (1973) concluded the decline of the mallard breeding population from 36 
paris per square mile (13.9/km2) in 1952 (Dzubin 1955) to 16 (6.18/km2) in 1969 
and 1970 was a result of low nesting success which, in tum, indicated excessive 

predation. It was evident that if nesting success was not improved, populations in 

the release area would quickly return to the original densities more characteristic of 

the region. This was indeed the case. Macfarlane (1977), working on the release 
area in a subsequent study, estimated the mallard population had declined to 14.4 
pairs per square mile (5 .2/km2) by 1974, less than 25 percent of the number recorded 

three years earlier even though, during the six-year interval of those two studies, 

hunting also had been excluded. 
Bailey (1979) followed Sellers with releases, in 1970 and 1971, of 1,204 female 

and 214 male hand-reared wild stock mallards on the Delta Marsh. He proposed to 
test if breeding populations could be elevated on large marsh habitat. He observed 

high pre-fledging mortality. However, for those birds surviving, he observed homing 
rates of 26-28 percent by yearlings and 53 percent by two-year olds. On two study 

areas over the two years of analysis, Bailey (1979) estimated that only, 0, 0, 10.5, 
and 14.8 percent of the hand-reared mallards produced broods. He also observed 
considerable year-to-year variation in the size of the native population using the Delta 
Marsh area because of movements to and from other areas on the breeding grounds. 
Bailey (1979:61) concluded that "In view of the poor reproductive success of hand­

reared birds and the apparently high potential for natural immigration and production, 
mallard stocking is of questionable value on the Delta Marsh.'' 

The emphasis of hand-reared mallard studies next switched to developing release 
techniques designed to increase survival of young to fledging and through the post­
fledging period (Lee and Kruse 1973, Gatti 1981). Both of these studies showed that 
survival could be markedly improved by using a technique known as "gentle re­
lease." Neither study presented data on the comparative reproductive success of wild 
and hand-reared birds during subsequent years. 

Interestingly, Lee and Kruse (1973) observed a 79-percent increase in breeding 
pairs and a 93-percent increase of young produced on their study area during the 
year immediately following release. They cautioned these increases were only partly 
the result of the releases, as habitat management on the study area had improved 
conditions. Nevertheless, one year later the population decreased by 47 percent and 
numbers of young produced decreased by 58 percent, both to lower levels than had 
been observed prior to the releases. This sudden change was attributed to poor habitat 
conditions resulting from drought. 

These studies have allowed the development of techniques to maximize survival 
of released mallards, at least to fledging. Data are not available to evaluate survival 
to the following spring and homing rates compared to wild birds. Where data are 
available, there is a consistent pattern showing that surviving hand-reared birds 
experience markedly lower breeding success than their wild counterparts. No studies 
were discovered that demonstrated an improvement over time in the reproductive 

success of hand-reared hens. On both the Minnedosa and North Dakota release areas, 
breeding population improvements were short-lived after being artifically elevated 
by hand-reared mallard releases. 

It is certain that wild and hand-reared mallards are subjected to identical factors 
affecting reproductive success and survival. Hand-reared birds have been shown, in 

every recruitment and survival parameter measured, to be inferior to wild birds. 
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Thus, we see little evidence that use of hand-reared birds has much hope to reverse 
the decline of North American mallards, especially where even natural populations 
cannot sustain their levels. 

Rationalization for Using Hand-reared Mallards During the 1990s 

It is dangerous to conclude that previously established generalizations always, or 
never, apply to every situation. Thus, to insure this previously discarded practice is 
not overlook inappropriately, we have reviewed the potential role of hand-reared 
birds in rebuilding mallard breeding populations. We constructed the following scen­

ario to guide our assessment. 

Mallard numbers are near record low levels in the prairie pothole region where 
44 percent of the surveyed population breeds (Batt et al. 1989). Since many species 

of prairie ducks are known to home back to the area from which they were produced 
(Sowls 1955), we speculated that, during recent years, there may not have been 
enough birds available to occupy newly created or improved breeding habitat. When 
the NA WMP becomes fully implemented, along with the large acreages of retired 
cropland. there might be vastly more habitat than birds. A lack of birds might be 
expected to somehow limit the rate of population recovery. 

Hand-reared birds could be released into these areas to help "kick start" the 
recovery of wild mallard populations. Implicit in this scenario is (1) the hypothesis 
that mallard hens have such strong homing requirements that populations are not 
able to respond to the availability of improved habitat in areas apart from traditional 
nesting areas (Hypothesis Ia), and (2) that the rate of population growth can be helped 
significantly with released birds (Hypothesis lb). 

Second, the Canada goose (Branta canadensis) has been successfully reintroduced, 
using hand-reared birds, into essentially all of its former range in North America 
(e.g., Cooper 1978, Johnson 1983, Lee et al. 1984) and has been introduced into 
other parts of the world outside its former range (e.g., Owen 1977). These successes 
may provide guidance for using hand-reared mallards to bolster existing populations 
in portions of this species' range. To test this possibility, we examined the hypothesis 
that mallards and Canada geese are similar enough in the critical aspects of their 
natural history that introductions and reintroductions of geese are functionally equiv­
alent to adding hand-reared mallards to existing wild populations (Hypothesis II). 

Discussion 

Hypothesis Ia. If mallards, in fact, have a limited ability to pioneer into new areas, 
we would not expect to see large annual shifts in populations in response to presence 
or absence of good breeding habitat. The opposite has been observed ever since 
systematic surveys have been conducted. These patterns of movement into and out 
of the prairies in response to habitat quality has, perhaps most eloquently, been 
characterized in the writings of Lynch (1984). 

Johnson and Grier (1988) conducted a comprehensive analysis of the relationship 
of mallard breeding population density to the 50 U.S. Fish and Wildlife Service 
(USFWS) May survey strata (Martin et al. 1979). They concluded that mallards do 
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have a tendency to home to natal breeding areas, but they also opportunistically settle 
in improved and newly created habitats. Mallards are known to exhibit flexibility in 
drought years on the prairies when an increased proportion of the population settles 
in the northern strata. Clearly populations of mallards are not prevented, on a con­
tinental scale, from discovering and shifting into regions where good habitat has 
been created. 

Data from local breeding waterfowl studies on the prairies have also shown con­
sistent positive correlations between numbers of breeding mallards and spring ponds 
(e.g., Crissey 1969, Dzubin 1969). Krapu et al. (1983) concluded that variation in 
breeding habitat conditions, modified by previous year's recruitment and known 
homing rates, accounted for most of the variability observed in breeding densities 
on specific study sties. Lokemoen et al. (1990) showed that unsuccessful and yearling 
mallards hens were less likely to return the following year than were successful and 
older birds, indicating that settling patterns are influenced by breeding success during 
the previous year. Prairie waterfowl are thus capable of moving between regions of 
the breeding landscape in response to annual variations in habitat quality and past 
experience. 

To our knowledge, no one has documented a situation where mallard numbers on 
specific sites were limited by the availability of surviving, locally-produced birds. 
However, there are numerous case histories of dramatic increases in populations as 
a result of local improvements in habitat quality that could only be accounted for by 
rapid pioneering of birds into new habitat. 

Duebbert and Lokemoen (1980) demonstrated that dabbling duck nest densities as 
high as 631/100 ha (2.5 per acre) and nest success rates as high as 96 percent could 
be achieved in intensively managed nesting habitat in association with a high quality 

wetland base where mammalian predators had also been removed. Mallard pair 
densities increased from 23/8.3 km2 (7.2 per square mile) in the first year of study 
to 90, 59, and 137 respectively, for the next three years during which predators were 
controlled. During these four years, mallard nest success was sustained at high levels, 
of 79, 99, 95, and 90 percent respectively. They concluded their study illustrated a 
basic concept of wildlife management regarding the inherent rate of increase that 
can be accomplished in waterfowl populations when inhibiting factors are removed. 

Lokemoen et al. (1987) compared nest density and success between, (1) pairings 
(five in the first year, seven in year two) of controls to treated peninsulas on which 
electrical predator barrier fences (Lokemoen et al. 1982) were constructed and mam­
malian predators were removed and (2) pairings whereby predators were removed 
from nine islands in North Dakota wetlands one year after two years of baseline 
nesting data had been collected. 

After two years, treated peninsulas had 280 nests, with 60 percent nest success 
and 1,546 young birds produced. Control peninsulas had only 39 nests of which 8 
percent were successful and 29 young ducks were produced. On the islands, 52 nests 
were found during the two breeding seasons before predators were removed. Nest 
success was only 8 percent. The year after predators were removed, 851 nests were 
found of which 87 percent hatched. 

Numerous other studies have shown phenomenal concentrations of breeding wa­
terfowl on small patches of habitat where nest success was high (e.g., Duebbert et 
al. 1983). Clearly, there is strong evidence that waterfowl have great potential to 
occupy and reproduce in habitat where limiting factors have been removed or reduced. 
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Hypothesis lb. Even though mallard breeding populations are currently depressed, 
in the surveyed areas alone the USFWS estimates populations of about 6.5 million 
breeding birds. Growth in mallard numbers each year will be predicated on two 
factors, size of the spring population and rate of increase achieved for that population. 

In banking terms, these are analogous to size of the principal and rate of interest. 
Releasing hand-reared birds into wild populations is an effort to increase the size of 
the principal, i.e., "kick start" the population. As the studies reviewed indicate, 
this segment of the population will earn a lower rate of interest because released 
birds exhibit reproductive and survival rates inferior to wild mallards. 

With rates of increase that have been achieved with improvements to habitat quality 
and a common understanding of the impact of favorable interest rates (i.e. , population 
growth rate) on growth of investments (i.e., mallard numbers), we hypothesized the 
most cost-effective strategy to increasing mallard populations would be to improve 
recruitment rates. A simple model was constructed to test this idea. We used an 
estimate of population change ( C) cited by Cowardin and Johnson (1979) as an index 
of recruitment rate (R). For our purposes, we held S (adult hen annual survival rate) 
and Sb (yearling hen survival rate from fall to spring) constant in the following 
formula: 

C = S + RSb, where at zero population growth, C = 1.0. 

An initial mallard breeding population of 6.5 million birds was used and the 
population was allowed to grow over 15 years at some constant rate. 

Comparisons were then made between two basic methods of increasing population 
size. First, population growth rates, as an index to R, were increased to simulate 
improvements in habitat. Second, the recruitment rate was held constant, and different 
numbers of birds were released into the population. We assumed that once released 
birds survived to the following spring, they would survive and reproduce no differ­
ently than wild birds. This is an assumption we know to be liberal. Finally, we tried 
to simulate releases of birds into an improved habitat, comparing results to the 
scenario where only the. habitat was improved. 

Small changes in C can produce markedly different patterns of population change 
(Figure 1). A change in C from 0.95 to I.OS, probably within the range of normal 
variation, results in an population more than four times larger after 15 years. Thus, 
a small increase in recruitment rate can dramatically improve population status, even 
when survival rates are held constant. 

When a population is declining (C = 0.95 in our example), a substantial number 
of birds must be released to simply stabilize the population. Assuming 25 percent 
of the released birds survive to the following spring, nearly 1.4 million mallards 
would have to be released annually to stabilize the population (Figure 2). 

Releasing hand-reared birds into a wild population is expected to have little effect, 
whether the population is increasing or decreasing. Releasing 100,000 birds annually 
into a declining population (C = 0.95) for 15 years resulted in only 8 percent more 
birds than if no release had been undertaken, while the population had declined by 
47 percent (Figure 2). Conversely, if the same number of birds was released into an 
increasing population (C = 1.02) little added benefit resulted. Releases accounted 
for only an additional 5 percent gain, but the population had gained 39 percent 
(Figure 3). Clearly, populations receive little boost by releasing mallards into habitat 
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Figure 1. Predicted mallard population changes over 15 years resulting from four potential growth 
rates (C = 0.95, 1.01, 1.02 and 1.05). 

where recruitment rates have already been improved. The cost of adding enough 
hand-reared wild-strain birds to noticeably improve continental populations, even 
relative to today's low population, would undoubtedly be much higher than taking 
the approach of habitat improvement in an effort to bolster rates of population growth 
for existing wild birds. 

Hypothesis II. There are significant differences between the natural history traits 
of Canada geese and mallards, which explain why reintroductions, or establishing 
new populations of geese, are entirely different than enhancing existing populations 
of mallards with released birds. Canada goose release programs consist, fundamen­
tally, of placing birds into good habitat where entire populations were extirpated 
following settlement (Stewart 1975). Because of the more precise homing patterns 
of geese, new flocks are prevented from discovering these areas to re-establish 
breeding traditions. 

Goose programs are clearly rationalized on the availability of suitability empty 
habitat. In fact, prairie habitats may be more compatible for geese today than during 
prehistoric times and the early days of settlement. Today there are few predators 
large enough to challenge adult geese on nests or when they are tending their young. 

Spilled agricultural grains are now readily available throughout the continent as 
are fertilized crops, lawns and golf courses, all resources which geese readily exploit. 
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Figure 2. Predicted mallard population changes when growth rate = 0.95 and hand-reared birds 
are released into the population at three levels (100,000, 200,000 and 1,360,000/year) for 15 years. 

Given some protection from hunting during the early years of population establish­
ment, Canada goose populations can explode, and many case histories show that 
they can quickly become a nuisance. 

Releases of mallards into habitats that already have native breeding populations 
that are below historical levels represent a different situation. Quite plainly, these 
habitats are underpopulated because mortality is out of balance with recruitment 
which is currently inadequate to sustain, or allow growth, of populations. It is obvious 
that, without correcting the problems ·that caused the habitat to be underpopulated 
in the first place, little can be gained by releasing inferior, hand-reared birds to 
supplement wild populations. In terms of banking, if the best investments (wild birds) 
are earning O percent interest, adding more principal (hand-reared birds) with an 
even poorer return than the original investment would not be an advisable strategy. 
The more appropriate approach would be to improve the rate of return through 
investments in habitat. Throughout the prairie pothole breeding range, the great bulk 
of evidence collected over the last 30 years of research supports the view that 
recruitment is the single most important limiting factor (e.g., Nelson 1989). 
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Figure 3. Predicted mallard population changes when growth rate = 1.02 and 100,000 hand-reared 
birds are released each year for 15 years. 

Conclusions 

The use of hand-reared wild-strain mallards to restore breeding populations is not 
supported by the published literature. Studies have demonstrated inferior survival 

and reproductive capabilities of such birds released into the same environment that 
is incapable of maintaining wild populations. Clearly, the factors that caused these 
declines will even more relentlessly decimate the hand-reared stock. 

Wild mallards have demonstrated considerable flexibility in responding to changing 
habitat quality on continental, regional and local areas. Numerous case histories 
indicate that wild birds rapidly can discover and exploit improved habitat and that 

the recovery of wild populations is limited by habitat quality, not availability of 
breeding stock. 

Successes enjoyed by previous Canada goose restoration efforts do not rationalize 
the use of hand-reared mallards to accomplish the same goals because goose programs 
place birds into good habitat where the basic biology of the species precludes sig­
nificant pioneering. This is not the case with most prairie breeding ducks, including 
mallards. Canada goose restoration successes do, however, provide compelling sup-
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port for habitat restoration programs that can unleash the reproductive potential of 
wild birds. Geese have proven how quickly populations can grow when reproductive 
success and survival are high. 

While current conditions in the core of the breeding range have depressed duck 
populations for an extraordinary period of time, there is no evidence to support the 

hypothesis that wild populations cannot recover when factors inhibiting recruitment 

are relaxed. Mallard populations have a tremendous capacity for growth when re­
productive success is improved and can rapidly pioneer new habitats as they become 
available. The basic tenets of the NA WMP recognize this by focusing expenditures 
on programs that improve rates of recruitment, largely by raising nesting success, 
rather than expending funds on efforts to add hand-reared birds to an already troubled 

population. 
We offer the further observation that only hand-reared mallards have ever shown 

any potential in these types of programs. The success of waterfowl conservation will 
be judged on the recovery on the complete community of ducks and other wildlife 
that depend on healthy upland and wetland habitats. Hand-reared birds offer little 

hope of contributing to breeding mallard population conservation and have no po­

tential of contributing to the broader goals of waterfowl and wetlands conservation. 
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Introduction 

The release of wild-trapped or pen-reared game birds to establish populations in 
unoccupied habitat is a common wildlife management practice. Of the upland game 
birds of North America, the prairie grouse-prairie-chickens (Tympanuchus cupido 

pinnatus, T. c. attwateri, T. pallidicinctus), sharp-tailed grouse (T. phasianellus) 

and sage grouse (Centrocercus urophasianus)-have the poorest record when it 
comes to establishing populations. It is no coincidence that relatively sedentary 
species such as wild turkeys (Meleagris gallopavo), ruffed grouse (Bonasa umbellus), 

ring-necked pheasants (Phasianus colchicus) and gray partridge (Perdix perdix) have 
been the easiest to establish. In contrast, prairie grouse are mobile and make extensive 
seasonal movements, primarily by flying. This mobility makes it difficult to keep 
these birds in the vicinity of the release site. Lewis (1961) indicated that minimal 
movement away from release sites is the key to a successful translocation. Attempts 
to establish prairie grouse have been numerous but not well documented, and few 
results have been published. This paper summarizes information from the literature, 
unpublished progress reports and discussions with individuals involved with prairie 
grouse translocations. 

Historical Review 

Pre-1940. The earliest efforts occurred during the mid- to late 1800s, when large 
numbers of greater prairie-chickens were transplanted from the Midwest to the East 
Coast in unsuccessful attempts to re-establish heath hen (T. c. cupido) populations 
(Gross 1928, Phillips 1928). Numerous unsuccessful attempts involving large num­
bers of birds were also made during this period to establish sharp-tailed grouse on 
the East Coast and in New Zealand, and prairie-chickens in California, Washington, 
Hawaii and New Zealand; thousands of prairie-chickens were shipped to England 
and Europe in hopes of establishing the bird there (Phillips 1982). 

'Little Hoop Community College, Box 269, Ft. Totten, ND 58335. 
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1940-1970. In the 1940s, 1950s and 1960s the continued decline in numbers and 
distribution of prairie grouse (Hamerstrom and Hamerstrom 1961, Christisen 1969), 
resulted in renewed efforts to supplement or re-establish populations. During this 
period prairie-chickens were translocated in Illinois, Missouri, South Dakota, Wy­
oming, Texas and Oklahoma (Kruse 1973). Most of these efforts involved less than 
75 birds and met with little or no success. 

Oklahoma translocated over 1,000 greater prairie-chickens between 1956 and 1967. 
The largest releases, 314 birds in 4 years (Jacobs 1959), appeared to be successful 
as indicated by the presence of nests, broods and active booming grounds. However, 
Kruse (1973) reported most of these populations had disappeared by the early 1970s. 
Jacobs (1959) believed the lack of success was due to dispersal of birds away from 

release sites. 
Most translocations of sharp-tailed grouse during this period involved large num­

bers of winter-trapped birds and were generally attempts to supplement declining 
populations in the Lake States rather than re-establish populations. Returns and 
recoveries from banded birds in these studies indicated that translocated sharptails 
made large wandering movements while dispersing away from release sites (Ham­
erstrom and Hamerstrom 1951, Ammann 1957). 

The most successful efforts occurred where sharp-tailed grouse were established 
on two islands in Lake Michigan by translocating birds during winters 1939-41. 
Ammann (1957) believed the success of these efforts was due to restricted dispersal 
caused by insular conditions, which discouraged the bird's innate tendency to wander 
and disperse in all directions. 

There have been few attempts to re-establish lesser prairie chickens. A few were 
unsuccessfully translocated in Colorado in 1962 (Kruse 1973), and a few were 
apparently established on Niihau in the Hawaiian Islands around 1934 (Schwartz and 
Schwartz 1949). The present status of this population in unknown, and details on 
its establishment are sketchy. 

Sage grouse were unsuccessfully translocated during this period in Oregon (Bat­
terson and Morse 1948), New Mexico, British Columbia (Hamerstrom and Ham­
erstrom 1961), and Montana (Martin and Pyrah 1971). The largest effort was in 
Wyoming where Patterson (1952) translocated over 5,000 sage grouse that were 
feeding in alfalfa fields during summer. Many adults which were moved 20-40 miles 
(32-64 km) returned to the area of capture. Patterson concluded that translocating 
adult sage grouse to re-establish or supplement populations would not work because 
adults dispersed quickly from release sites. 

Because of these early efforts, the concept evolved that large numbers of prairie 
grouse had to be released to get enough birds to stay and establish a population. 
Large numbers of prairie grouse, however, are not readily available or are difficult 
to catch when populations are declining. 

1970-1990. As prairie grouse numbers and distributions declined through the 
1970s and 1980s (Miller and Graul 1980, Westemeier 1980) attempts to re-establish 
prairie grouse continued with limited success. Personnel from Illinois, Wisconsin, 
Minnesota, North and South Dakota, Iowa, Texas, Colorado and two national wildlife 
refuges, one each in Nebraska and North Dakota, attempted to re-establish prairie­
chickens. Interest in establishing sharptails also increased, and attempts were made 
in Minnesota, Kansas, South Dakota, Pennsylvania, Idaho and Montana. Idaho is 
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the only state that has seriously attempted to re-establish sage grouse. In making 
these attempts, many different approaches have been tried with varying success. 

Release Methodology 

Pen-reared birds. Kruse (1973) recommended that large numbers of pen-reared 
prairie-chickens be released to overcome the problem of dispersal from the release 
area. However, relatively few sage grouse and sharptails have been reared in captivity, 
and only then at considerable expense. 

An attempt to re-establish prairie-chickens in Minnesota in 1980-82 was made 
by gently releasing 94 pen-reared birds from a holding pen in September (35 in 1980, 
24 in 1981, 35 in 1982). Evaluation was limited, but a spring survey revealed only 
one bird in 1983. 

The largest group of pen-reared greater prairie-chickens (n = 804) was produced 
by the U.S. Fish and Wildlife Service (Kruse 1984), 456 of which were made 
available to Wisconsin for release. About half of these were "gently released" over 
a two-year period from a holding pen at Crex Meadows Wildlife Area in northwestern 
Wisconsin during October and April, 197 4-7 6. 

The releases at Crex Meadows were closely monitored using radio telemetry 
(Toepfer 1988). In contrast to translocated wild birds, all pen-reared birds remained 
within 1. 2 miles (2 km) of the release pen. Daily movements were limited and similar 
to those of wild birds in the summer. Pen-reared birds were nine times more ob­
servable than wild prairie-chickens, but also attracted raptors at a rate of four times 
greater than for wild prairie-chickens. None of 55 radio-marked pen-reared birds 
survived beyond 120 days; 90 percent were dead within 31 days. Mean survival time 
was 14.3 days, and annual survival was 0.5 percent. Predators were responsible for 
80 percent of the losses. Ten nests were found, only one hatched and none of the 
pen-reared hens fledged chicks. 

The limited movements and poor survival of pen-reared prairie-chickens were 
comparable to those reported in other studies of pen-reared birds (Hessler et al. 1970, 
Roseberry et al. 1987). These researchers attributed the high mortality to the "na­
iveness" of pen-reared birds which made them easy prey for predators. Toepfer 
(1988), however, found that selection inside the pen favored individuals that flew 
poorly or not at all. Behavioral comparisons with wild prairie-chickens indicated that 
pen-reared birds were capable of differentiating predators from non-predators (Toep­
fer 1988). However, because of pen-conditioning, they responded by running rather 
than taking flight like wild birds. The flushing and flight distances of pen-reared 
birds were half those of wild birds. Weights and breast circumferences of pen-reared 
birds were significantly less than those of wild birds and varied directly with the 
condition of flight feathers and their ability to fly. Consequently, pen-reared birds 
have to make both behavioral and physiological adjustments when released into the 
wild. 

Pen-held wild birds. Two releases have been made by temporarily holding wild 
prairie grouse in pens. In one unsuccessful effort in Illinois, prairie-chickens captured 
on display grounds were held in a pen for release during summer (Sparling 1979). 
The other occurred in Kansas, where over 500 sharptails were captured during winter 
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in Nebraska, North Dakota and South Dakota over a seven-year period, 1982-88 
(Rogers 1988). These birds were held in pens adjacent to the release site for one to 
three months and then released from boxes in the presence of decoys and recorded 
sounds of displaying male sharptails. Many cocks were attracted to and established 
territories on the artificial dancing ground. Limited monitoring in years following 
the releases revealed three dancing grounds with 25 cocks in 1988. However, in­
formation on establishment, movements and survival, especially of hens, is lacking. 

The temporary holding of prairie grouse in pens may have greater potential for 
sharptails because they appear to adjust to pens more readily than prairie-chickens. 
The latter have to be wing clipped to reduce mortality and prevent injuries. Penning 
of wild birds is expensive and leads to weight loss and muscle atrophy due to a lack 
of flight exercise (Toepfer 1988). 

Egg substitution. Eggs from pen-reared prairie-chickens were placed under in­
cubating wild sharp-tailed grouse hens in an attempt to re-establish prairie-chickens 
at Arrowwood National Wildlife Refuge, North Dakota during 1988-89. This effort 
was monitored by personnel from Montana State University. No male prairie-chickens 
were observed in spring 1989, and none of the radio-marked sharptail hens that 
received prairie-chicken eggs was known to have fledged chicks (H. R. Burt pers. 

comm.). 

Breeding season releases. Most attempts to re-establish prairie grouse during the 
past two decades have concentrated on translocating birds during the breeding season. 
Most of these efforts were poorly documented and provided limited information on 
establishment rates, survival, movements and behavior of translocated prairie grouse. 

Intensive studies on translocated prairie-chickens were conducted in Wisconsin in 
the mid-1970s (Toepfer 1976, 1988). Initially, 7 wild-trapped prairie-chickens (three 
cocks, 4 hens) were radio-marked and moved to a new location. This study showed 
that movements of translocated prairie grouse even when released in apparently good, 
occupied habitat were characterized by orientation periods of 5-28 days during which 
time the birds made large, wandering movements away from release sites. These 
movements suggest search behavior for previous breeding territories/nesting areas 
which are established before mating (Toepfer 1988). 

Resident prairie-chickens did not prevent translocated females from dispersing 
from release sites, but did appear to influence establishment of hens. Daily movements 
of translocated cocks after release were 2.5 times greater than those of radio-marked 
males. Daily movements of translocated hens were comparable to residents, but their 
home ranges were 1. 6 times larger. All translocated hens nested and hatched clutches, 
and translocated cocks established territories on existing booming grounds. The 
translocated prairie-chickens became established within 0.5-3.5 miles (0.8-5.6 km) 
of release sites. 

In 1976, 31 wild prairie-chickens (19 cocks, 12 hens) were released at Crex 
Meadows in Wisconsin in April along with 197 pen-reared birds. This population 
was supplemented with 20 wild hens in April and with 12 wild cocks during summer 
(Toepfer 1988). This study indicated different movement patterns and establishment 
rates for translocated cocks and hens. Fifteen of 19 wild cocks released in April 
established within 1 mile (1.6 km); 2 radio-marked cocks wandered 4.5-8.3 miles 
(7. 2-13 .4 km) from the release site for 9-27 days and then returned to the release 
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area. The high establishment rate for wild cocks appeared to be due to their attraction 
to pen-reared cocks and hens being held for release; 9 of 12 cocks displayed at the 
pen and 15 of 19 were observed within 1 mile (1.6 km) of the pen. 

Most released hens made extensive wandering movements away from the release 
site, and only 4 of 17 radio-marked hens established within 2 miles (3.2 km) of the 
release site. The remaining hens exhibited orientation periods of 8-55 days (i =

20.4) during which time they made extensive movements from the release site. The 
general pattern was to move through open agricultural areas surrounding Crex Mead­
ows until they were preyed upon or "settled" and established new home ranges with 
regular movements patterns. 

Daily movements of translocated hens averaged 2.6 miles (4.2 km) per day, nine 
times greater than those of resident hens during comparable periods. One hen moved 
64 miles (103 km) in 3 days, and it was not uncommon for a hen to move 10 miles 
(16 km) a day for several consecutive days. Three hens moved 5-7.5 miles (8-12 
km) from the release site, returned in 7-11 days, established territories, nested and 
fledged chicks. The presence of resident birds from the 1976 release did not prevent 
hens released in 1977 from leaving the area. 

Eleven surviving hens established 3.6-35.2 miles (5.8-56.8 km, i = 22.3 km) 
from the release site. Five of these 11 nested and 3 laid abnormally small clutches 
of infertile eggs; only 3 produced broods. These large wandering movements exhibited 
by hens are costly in terms of condition and survival. Three hens recaptured by night­
lighting during orientation lost 15-16.5 percent of their body weight in 17-24 days. 
Survival during orientation was 64.4 percent (78 percent for cocks, 59 percent for 
hens). Survival was higher for cocks because orientation periods were shorter and 
movements through unfamiliar areas much smaller. Survival for hens that left the 
release site was 33 percent. Annual survival of resident prairie chicken hens is 46 
percent (Hamerstrom and Hamerstrom 1973). 

The Crex Meadows reintroduction was initially successful as the population con­
tained 20 unhanded cocks in 1981, 4 years after the last birds were released. By 
1989, 12 years after the last birds were released, only two cocks remained. This 
decline may have been due to a 33 percent loss of grassland habitat to brush en­
croachment. This change in habitat appeared to favor sharptails, which increased 
from 14 to 81 cocks in 14 years. 

Colorado personnel translocated 36 (16 cocks, 20 hens) and 40 (15 cocks, 25 
hens) greater prairie-chickens in 1984 and 1985, respectively (Hoffman 1986), into 
an area where only 1 prairie-chicken was know to occur. Birds were released into 
an area where 3, 700 acres (1,497 ha) of grassland habitat had been restored. Thirteen 
birds were radio-marked; contact was lost with 5, and 3 were killed. Most of the 
radio-marked birds dispersed considerable distance from the release site (x = 3. 8 
miles, 6.1 km). In 1985, 20 cocks were seen on 5 booming grounds. This population 
has maintained itself, and present population estimates are 100-200 birds (C. E. 
Braun pers. comm.). 

Attempts were made to re-establish prairie-chickens in two areas in Iowa during 
the 1980s. The first in 1980 and 1982 consisted of 101 birds with 53 and 48 released 
during February 1980 and April 1982, respectively (Wooley 1985). Information form 
11 radio-marked birds indicated that predation was high and that birds dispersed 

rapidly from the release site. Several birds moved 3.0-6.5 miles (4.8-10.5 km) from 
the release site, and one cock established 39. 8 miles ( 64 km) away. In 1983, one 
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booming ground with four birds was located 7 miles (11.3 km) from the release site. 
Movement patterns of radio-marked birds and subsequent sightings indicated the 
birds preferred more open bottomlands adjacent to savannah habitat where they were 
released. A second attempt at re-establishing prairie-chickens in Iowa occurred from 
1986-1989, when 250 birds were released during the breeding season in the presence 
of tape recordings of displaying cocks. No birds were radio-marked, but most of 
these birds left the release site as only one display ground with 5-6 cocks was 
observed within 1 mile (1.6 km) of the release site. This dispersal may have been 
habitat related, as a booming ground of 7-8 birds developed in Missouri 9-10 miles 
(15 .5-16 km) distant in habitat more similar to that of their point of origin (M. Moe 
pers. comm.). 

Efforts to re-establish Columbian sharp-tailed grouse (T. p. columbianus) have 
been made in Idaho and Montana. The Idaho program in 1985 was unsuccessful, 
with radio-marked birds moving 10-15 miles (16-24 km) from the release site into 
Washington (J. Naderman pers. comm.). The Montana efforts were more supple­
mental than a re-establishment attempt, since a few resident birds were still associated 
with a small island of remaining habitat. However, some birds translocated from 
British Columbia did become established at the release site. 

A sage grouse reintroduction project was attempted in Idaho by translocating birds 
during the breeding season. Eighty-nine (66 cocks, 23 hens) and 107 (65 cocks, 42 
hens) birds were released in 1986 and 1987, respectively, in the Sawtooth Valley 
(Musil 1989). Forty-four birds (13 cocks, 31 hens) were radio-marked. Translocated 
sage grouse moved erratically from the release sites during the first 3-6 weeks. 
Mean and mean maximum distances from the release site were 3.3 (5.3 km) and 7 .1 
miles (11.4 km) for 10 hens, and 2 (3.2 km) and 5.4 miles (8.7 km) for 5 cocks. 
One radio-marked hen moved 22.7 miles (36.5 km) and returned after 10 days to 
within 1.9 miles (3 km) of her release site. Three small strutting grounds were 
established in 1987 and two in 1988. 

Summer releases. In contrast to birds translocated at other times of the year, 10 
radio-marked prairie-chickens in Wisconsin, recaptured by night-lighting and trans­
located in August during their molt, experienced higher survival from August to 
December (80 percent) than those translocated in the spring (33 percent). All remained 
within 2.5 miles (4 km) of the release sites and made daily movements comparable 
to resident birds (Toepfer 1976, 1988). 

Fredrickson ( 1987) reported similar results for radio-marked prairie-chickens trans­
located during summer in South Dakota. All radio-marked birds remained within 2 
miles (3.2 km) of the release site, and 12 of 29 translocated during August 1986 
were observed in the release area the following May; the 4 radio-marked birds 
wintered from 6-26.7 miles (9.7-43 km) away. After three years of summer releases, 
a population developed with at least 25 displaying cocks. 

Sharptails translocated during summer also remained near their release site. In 
1989, 25 sharptails (14 cocks, 11 hens) were translocated during July and August 
from northwestern to southcentral Minnesota. After one month, 6 of 7 radio-marked 
birds were within 1 mile (1.6 km) of the release site, 5 were within 0.16 miles (250 
m), and 16 of 25 were seen 20-40 days after release (J. E. Toepfer unpublished 
data). 
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Other known translocation efforts. An attempt was made to re-establish Columbian 
sharptails on the National Bison Range in Montana in 1980 by capturing and moving 
hens with young broods (Lockie et al. 1980). This effort was unsuccessful because 
the hens died enroute and the chicks were hand-reared and then released. 

There has apparently been only one attempt to translocate prairie grouse during 
late fall and early winter. This effort occurred in Texas where Attwater's prairie 
chickens were captured during October and December and moved 150 miles (240 
km) (Lawrence and Silvy 1987). This effort was unsuccessful as only 2 of 20 radio­
marked birds established in the vicinity of the release site. These birds also moved 
from the release site dispersing up to 4.5 miles (7.3 km) with up to 75 percent 
mortality within five to six months. 

A mixed approach was used at Crescent Lake National Wildlife Refuge in Nebraska 
where attempts were made to re-establish prairie-chickens by releasing 278 wild birds 
and placing 71 prairie-chicken eggs under incubating sharptail hens (Heisinger and 
Brennan 1987). Subsequent spring censuses found only one booming ground with 5 
cocks in 1987, which was inactive by 1989. Several banded birds from this release 
were shot 35-60 mile (56-97 km) from the release site. This area has a healthy 
sharp-tailed grouse population. 

Conclusions and Recommendations 

Since 1950 there have been at least 52 attempts to establish prairie grouse pop­
ulations, (greater prairie-chickens-26, sharptails-12, sage grouse-12, lesser prai­
rie-chickens-2). Most failed or succeeded only in establishing small temporary 
populations. It is difficult to ascertain why each failed because many were not well­
documented. The one primary reason for so many failures appears to be inadequate 
use of the available information on basic biology and ecology of the species in 
question. Notable deficiencies are suitable and necessary amount of habitat, species 
dispersal patterns, and documentation of results. 

The two projects that have had the greatest success were those where over 3,500 
acres (1,416 ha) of grassland habitat were recreated and managed for several years 
before prairie chickens were released. Thus, the amount of quality habitat is the 
ultimate factor that will determine whether a translocation effort will succeed or fail. 
Prairie grouse inhabit open areas that are in demand and frequently drastically altered 
by plowing, mowing or grazing. Most prairie grouse habitat used in reintroduction 
attempts has been actively restored or are isolated areas that have been maintained 
by management. 

The first objective of a reintroduction program should be to establish enough 
suitable habitat to meet the year-round needs of 200 birds or 100 displaying cocks. 
Historical evidence indicates that once isolated prairie grouse populations fall below 
100 cocks they will eventually disappear without habitat improvement or acquisition. 

The minimum size necessary for successful reintroduction will vary with quality 
of habitat. However, size of a prairie grouse management area for 100-125 cocks 
can be approximated by using half the mean distance between active display grounds 
in a well-established population (Bergerud 1988). This area multiplied by 100 and 
divided by the mean number of cocks per display ground in the well-established 
population will give a reasonable estimate of the minimum size of a release area-
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approximately 9. 7 square miles (25 km2) for prairie-chickens, l l .  6 square miles (30 

km2) for sharptails and 19 square miles (50 km2) for sage grouse. The amount of 
actual habitat-undisturbed grass for prairie chickens, undisturbed grass-shrub habitat 
for sharptails and sage brush (Artemisia spp.) for sage grouse-should make up as 
much of the area as possible, and no less than one-third for prairie-chickens and 

sharptails, and approximately two-thirds for sage grouse. 
The habitat from which birds are taken should be matched with the release area. 

Toepfer (1988) found that moving birds from Minnesota into the less-open habitat 
of northwestern Wisconsin increased movements and dispersal from the release area. 

Griffith et al. (1989), in a survey of over 700 recent translocations, also found 
that high-quality habitat was critical to a successful translocation. They also suggested 

that genetics of the translocation stock was important. Genetic variation and especially 
mixing of subspecies should be carefully considered when translocating small num­
bers of prairie grouse. 

Disease has not been considered a problem when translocating prairie grouse, but 
with the interstate movement of birds it could be a serious factor. All translocated 
birds, especially pen-reared birds, should be examined for disease and parasites. 

Pen-reared birds are much less mobile than wild birds, but they are costly, difficult 

to raise, and acquire behavioral and physical handicaps that make them susceptible 
to predators. Studholme (1948) and Griffith et al. (1989) indicated that wild-trapped 
animals are much more successful than captive-raised animals in re-establishing 
populations. If pen-reared prairie grouse are to be released, predator control should 
be conducted before and during the release; this practice is not necessary with wild 
prairie grouse. However, selective removal of trees that are used for hunting perches 

by raptors will limit their access to open areas (Toepfer 1988). 
The development of efficient methods of trapping prairie-chickens and sharptails 

on display grounds (Toepfer et al. 1988) has made releases during the breeding 
season more attractive. However, because translocation during this time have a low 
establishment rate, release methodology must reduce dispersal and mortality of trans­
located birds or compensate for these losses by releasing more birds. 

The recent successful establishment, within 2.5 miles (4 km) of release sites by 
sharptails and prairie-chickens translocated during summer in four release areas is 
encouraging in view of past failures. The rationale behind transplanting during sum­
mer is that birds are not sexually active, their mobility is reduced because they are 
molting, and survival is enhanced because food, cover and buffer prey species are 
abundant. Individuals are also able to adjust gradually to the new area as they complete 
their molt and increase movements in the fall. 

There are two major advantages to translocating birds during the summer. A smaller 
number of adults is required because of increased survival and establishment, and 
birds are translocated after nesting and brood rearing, which makes it politically and 
biologically more acceptable when removing birds from limited populations. 

The key to survival of translocated birds in unoccupied quality habitat is successful 
establishment of individuals, as extensive orientation movements represent responses 
of individuals, not groups, to being placed in an unfamiliar area. Thus, in a trans­
location venture, most principles of population dynamics are not operating, and the 
population will not be functional until the translocated individuals establish territories 
and reproduce. 
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Intraspecific behavior must be considered in a translocation effort. The presence 

of sharptails is likely to be a deterrent to establishment and maintenance of a prairie­
chicken population. This conclusion is based on observations of the two species, 
where sharptails dominated prairie-chickens in feeding areas over 90 percent of the 
time (Toepfer 1988). This dominance was also reported by Sharp (1957). Ammann 
(1957) reported that, once sharptails became more abundant than prairie-chickens, 
the latter usually disappeared in five to six years. We know of at least 12 isolated 
areas that had populations of both species that are now inhabited by only sharptails. 
High densities of pheasants can also cause problems by parasitizing prairie grouse 
nests (Vance and Westemeier l 979). A difference of two to three days in incubation 
periods causes prairie-chicken hens to leave their nests prematurely when pheasant 
eggs hatch. 

Another overlooked aspect of wildlife restoration projects is whether or not removal 
of individuals has negative effects on a population. This information will help agency 
personnel decide on whether or not they will provide birds for translocation projects. 
Toepfer (l 988) reported that unhunted prairie-chicken populations are capable of 
compensating for removal of 35 and 50 percent of the hens and cocks, respectively, 
from a single booming ground. 

The failure to document and thus learn from previous efforts is a hidden, but real 
cost of translocation projects and is documented by the continued use of unsuccessful 
procedures. Many failures that blame inadequate habitat may have been due to poor 
procedures or lack of knowledge about the animal and its needs. Although docu­
mentation is expensive and time-consuming, it is an indispensable part of a trans­
location effort. Documentation of release methodology, movements, habitat use, and 
survival should be obtained for each release until we develop the knowledge necessary 
to consistently re-establish prairie grouse populations. 

Lastly, agencies should be cautious about declaring a project a success. Leopold 
(1933) stated that success or failure cannot be determined until the addition of birds 
has stopped for at least three years. The re-established population at Crex Meadows 
remained at two to four cocks for nine years. Prematurely declaring a translocation 
project successful may serve only to encourage others to spend money on unsuccessful 
methodology. 
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Introduction 

We describe the process through which we integrated our research objectives with 
management objectives of the National Park Service (NPS) to reintroduce bobcats 
(F elis rufus) on Cumberland Island, Georgia. Specifically, this paper describes Fed­
eral environmental assessments conducted, public perceptions and concerns ex­
pressed, prerelease evaluations performed and preliminary results of our reintroduction 
effort. The major lesson we learned was that projects designed to reintroduce native 
wildlife species may not be publicly or politically acceptable in and of themselves. 
Wildlife biologists should devote significant effort to information and education 
programs during the early project planning stages to ensure public understanding, 
acceptance and approval of wildlife reintroduction projects. 

Cumberland Island, the NSP and Bobcats 

At more than 20,000 acres (8,100 ha), Cumberland Island is the largest in a series 
of barrier islands extending from Cape Hatteras, North Carolina to Talbot Island, 
Florida. The island contains at least 22 recognized vegetative types, ranging from 
dunes to maritime forests (Hillestad et al. 1975). European settlers have occupied 
the island since the 16th Century, and have altered the island's ecology by harvesting 
timber, planting agricultural crops and releasing hogs, cattle and horses (Hillestad 
et al. 1975). Several major plantations and private estates were established on the 
island in the 18th and 19th centuries and were actively cultivated until the early 20th 
Century (Hillestad et al. 1975). 

The National Park Foundation began purchasing land on the island in the late 
1960s. Congress established Cumberland Island National Seashore (CINS) in 1972 
(Public Law 92-536), and designated much of CINS as a wilderness area in 1982 
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(Public Law 97-250). Congressional directives to the NPS for management of CINS 
included providing for public outdoor recreational use of shoreline lands and waters 
and preserving related scenic, scientific and historic values, including the seashore's 
primitive state and its unique flora and fauna. The enabling legislation for CINS 
permitted hunting, fishing and trapping on the seashore. 

The Resources Management Plan for CINS (U.S. National Park Service 1983) 
specifically addressed preservation and management of numerous wildlife species. 
One specific project under the Plan was documentation of extirpated species and 
preparation of environmental impact statements for reintroduction (CUIS-N-5007). 
Among the mammalian species listed as probable former residents of the island, the 
Plan recommended the bobcat receive the highest priority for reintroduction because 
it would be less likely than other predators to conflict with visitors or island residents. 
Bobcats characteristically avoid humans and rarely constitute a threat to domestic 
animals (McCord and Cardoza 1982). Bobcats were last reported on the island around 
1907. According to Harper (1927:321), "Isaac F. Arnow stated that the species was 
common on Cumberland Island up to about 1907, when some disease exterminated 
it there." Subsistence hunting, deliberate persecution and disease probably caused 
extirpation of several species of mammals from Georgia's coastal islands (Johnson 
et al. 1974). 

Preparation for the Reintroduction Project 

The NPS planned to contract the reintroduction of extirpated species to university­
based researchers (U.S. National Park Service 1983). Funding was available only 
to achieve the management goal of reintroducing bobcats to CINS; however, the 
project afforded a unique opportunity to conduct research on predator ecology in a 
relatively isolated area where bobcat density could be controlled experimentally. 
Therefore, we developed a more complex research proposal that included joint fund­
ing from the University of Georgia, the U.S. Fish and Wildlife Service and the 
Georgia Department of Natural Resources (DNR). 

The proposal (Warren and Conroy 1987) included four research objectives: 
(1) evaluate the effectiveness of the reintroduction effort in terms of bobcat survival
and reproduction, (2) identify seasonal food habits and prey preferences of reintro­
duced bobcats, (3) ascertain their seasonal movements, habitat use and social or­
ganization and (4) evaluate the scent-station survey method of estimating bobcat
population abundance under known increases in bobcat density. We expected to
achieve the overall management goal of reintroducing bobcats to CINS in the process
of meeting these research objectives. Funding was approved early in 1988 and three
graduate students were recruited to conduct the research as part of their graduate
programs.

Environmental Ai,sessment 

The National Environmental Policy Act (NEPA) (Public Law 91-190) requ1res 
consideration of environmental effects from proposed Federal actions. Our proposed 
bobcat reintroduction project involved Federal funding and public lands. Therefore, 
prior to any reintroduction effort on CINS, we were required to prepare an Envi-
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ronmental Assessment (EA). Guideline NPS-12 (National Park Service 1982) defines 
an EA as the initial environmental document used in planning and decision-making 
to determine whether a proposed action may or will have a significant impact on the 
quality of the human environment, in which case an Environmental Impact Statement 

must be prepared to ensure NEPA compliance. The decision-making process usually 
includes formal public review and comment on the EA. In cases of no expected 
significant impacts from a proposed action, a Finding of No Significant Impact 
(FONSI) must be prepared subsequent to the EA and be made available for public 
review (U.S. National Park Service 1982). 

We prepared the EA for the CINS bobcat reintroduction project with input from 
NPS officials. We had to justify the proposed reintroduction effort and consider 
possible environmental effects even though we were proposing to restore a formerly 
native species to the island. We justified the proposed project from the standpoint 
of restoring ecological control over several species of native and exotic herbivores 
by restoring a native predator to the island's ecosystem. The EA cited habitat alter­
ations that were occurring on many areas of the island from heavy grazing and 
browsing pressures from white-tailed deer (Odocoileus virginianus), feral horses 
(Equus caballus) and feral hogs (Sus scrofa) (Hillestad et al. 1975, Ambrose et al. 
1983, Turner 1986). Among the alternatives to the proposed project we identified 
were a less desirable trapping and removal program and the required "no action" 
alternative. We considered each alternative for possible environmental impacts, in­
cluding effects to visitors and retained-rights residents on the island. 

We cited published literature to support our contention that bobcats could kill 
healthy, adult deer (McCord and Cardoza 1982, Anderson 1987). A study in coastal 
South Carolina habitats documented that "high predation rates of fawns, in addition 
to other important mortality factors, were an effective natural control on a dense, 
healthy, unhunted deer population, and probably contributed significantly to herd 
stability for the past 30 years" (Epstein et al. 1985:378). Of the four predators on 
that particular study area, the bobcat was the most important predator on deer fawns, 
accounting for 12 of 18 known predator-caused deaths (Epstein et al. 1983). We 
cited a food habits study from Florida (Maehr and Brady 1986) to consider other 
prey species consumed by bobcats in similar habitats. 

The EA briefly mentioned the possibility of bobcats preying on wild turkeys 
(Meleagris gallopavo), but discounted this because of the contention that predation 
is not a principal limiting factor of turkey populations (Markley 1967). The question 
of predation by bobcats on turkeys proved later to be one of the major sources of 
public opposition to the proposed reintroduction project. 

An unexpected concern occurred during our assessment of the likely environmental 
impacts of our proposed reintroduction. In our considerations of possible prey of 
bobcats, we included rodents and consulted the U.S. Fish and Wildlife Service's 
Endangered Species Office in Jacksonville, Florida. They advised us that the An­
astasia Island beach mouse (Peromyscus polionotis phasma), which was initially 
thought to occur on Cumberland Island, had been proposed for listing on the Federal 
Endangered Species List in November 1987 (D. J. Wesley pers. comm. 1988). We 
conducted, and included in the EA, a detailed literature review of the taxonomy and 
distribution of Peromyscus spp. in the vicinity of Cumberland Island. We were able 
to document that the Anastasia Island cotton mouse (P. gossypinus anastasae), and 
not the Anastasia Island beach mouse, was the more likely resident of Cumberland 
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Island. A recently published status survey for the Anastasia Island beach mouse 
indicated it did not occur farther north than St. Augustine, Florida (Humphrey et al. 
1987). Thus it would not likely be affected by our proposed reintroduction of bobcats 
on Cumberland Island. 

Hillestad et al. (1975) reported three bobcats were released on the island in 1972 
and 1973. Prior to our proposed reintroduction effort we had to ascertain whether 
or not any of these individuals or their progeny were still present on the island. Thus, 
with the aid of Georgia DNR forbearer biologists and local bobcat hunters, we 
surveyed the island for two days in April 1988. Surveys of roads and trails adjacent 
to favorable bobcat habitat on the island revealed no sign of bobcats (e.g., tracks, 
scats), and we concluded it was unlikely that bobcats were present on CINS at that 
time (Conroy and Warren 1988). Later pre-reintroduction s�ent-station surveys cor­
roborated this conclusion (Conroy et al. 1989). 

Public Review and Comment on EA 

Written Comments Received 

We worked closely with the superintendent of CINS during the 30-day public 
review and comment period (required by NPS-12). He gave public notification in 
August 1988 of the EA and solicited public comments on the proposed bobcat 
reintroduction project by distributing direct mailings and news releases. We also 
scheduled two public meetings in September 1988. Official news releases regarding 
the EA and the project also were promulgated by the Southeastern Regional Director 
of NPS. 

The NPS received 17 written comments regarding the project: one petition with 
51 signatures and two letters from individuals opposed to the reintroduction of bobcats 
and four letters from organizations, one letter from a state agency, one letter from 

a congressman and eight letters from individuals endorsing the proposal. 
The Wilderness Society supported the proposed project as described in our EA, 

but raised the question of sterilizing bobcats prior to release until their complete 
ecological effects on the island were determined (S. C. Whitney pers. comm. 1988). 
They further commented that the presence of bobcats within the natural system might 
enhance the wilderness experience for backcountry users of CINS. The knowledge 
of a native predator stalking the woods, whether actually seen or not, would provide 
an important psychological influence over the quality of the wilderness experience 
(S. C. Whitney pers. comm. 1988). In a survey of 1,083 visitors to Yellowstone 
National Park, McNaught (1987) similarly found that 74 percent felt the presence 
of reintroduced Rocky Mountain gray wolves (Canis lupus irremotus) would enhance 
their experience in the park. 

The Georgia Chapter of the Sierra Club also supported the project, but questioned 
the true focus of the EA as to whether the proposed action was designed to reintroduce 
bobcats specifically, restore CINS to a more natural state or to consider the best 
method of controlling exotic species on the island. This raised the broader question 
of whether native wildlife species should even be controlled on NPS areas (W. E. 
Mankin pers comm. 1988). The EA did not sufficiently convey the details described 
in the original research proposal (Warren and Conroy 1987). In retrospect, attaching 

Reintroduction of Bobcat + 583



the research proposal, or indicating it was available upon request, would have im­
proved the public review and comment stage of the project. 

Some residents on the island were opposed to the reintroduction because of fear 
of bobcats attacking pets or children (C. H. Candler, II pers. comm. 1988). Con­
versely, other individuals indicated that bobcats would "constitute no threat to camp­
ers, and only the luckiest and most observant (would be) likely to see one even if a 
considerable population of bobcats were developed" (B. S. Bullock pers. comm. 
1988). In his survey of Yellowstone National Park visitors, McNaught (1987) found 
fewer than 20 percent of those surveyed expressed concern that reintroduced wolves 
might threaten human safety. 

One source of major local objection to the project arose in letters from two 
individuals and in a petition signed by a group of 51 persons who opposed rein­
troduction of bobcats to the island for the purpose of deer population control. They 
advocated increased use of organized hunts and professional hunters as a more cost­
effective means of deer population control. Among the concerns expressed by the 
petitioners as to why bobcats should not be released on the island were: (1) the 

bobcats would "eat all the turkeys," (2) "campers will be scared of them," (3) "(we) 
soon (will) have a bobcat problem" and (4) "we can't eat bobcats." Regardless of 
the humor in some of these comments, this source of opposition to the project 
indicated that our initial justification (i.e., deer population control) was inappropriate. 
Indeed, if the primary objective of the proposed reintroduction was to control the 
deer herd on the island, it could conceivably have been achieved more cost effectively 
by other methods. Furthermore, the greater question, which had policy implications, 
was whether or not NPS should institute management programs to control populations 
of native wildlife species on lands it manages. The "deer control" issue was the 
primary aspect emphasized in much of the media coverage the project received and 
in the controversy generated during the public review and comment stage of the 
project. 

One totally unexpected source of opposition to the proposed project came from 
the six-member City Council of St. Mary's, Georgia. The Council voted four to one 
to send the Georgia DNR a resolution expressing opposition to the proposal. They 
were opposed to the project because they felt it was inhumane to place bobcats on 
the island, and that they would decimate the island's wild turkey population. Wild 
turkeys are native to Cumberland Island, but the species likely was extirpated and 
later replenished by releases from pen-raised stock of semi-domestic origins (Johnson 
et al. 1974, Hillestad et al. 1975). 

This aspect of the public review and comment stage of the project generated a 
great deal of controversy, perhaps because of the local political interests involved. 
In response to concern over turkeys and to put the controversy in proper perspective, 
we prepared and made available for public distribution by NPS a six-page literature 
review. It described sources of turkey mortality, effects of predation on turkey 
populations, the role of bobcats as turkey predators and the Cumberland Island turkey 
population. Biologists from Georgia DNR also assisted in alleviating public concerns 
by their comments to news media, stating that bobcats would not wipe out turkeys, 
and might even improve their gene pool as less wary individuals were removed from 
the population. 

In retrospect, we failed to anticipate the potential controversy associated with the 
proposed reintroduction project. We likely could have identified the public opposition 
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concerning control of deer and decimation of turkeys on the island prior to beginning 
the EA review. Had we done so, the public review and comment stage of the project 
likely would have been much less controversial. We should have contacted several 
local, influential persons early in the project planning stages to identify their concerns 

so they could have been addressed in the EA before it was sent out for public review. 

Public Meetings to Review the Proposed Project 

Most written comments were received before the official public meetings in St. 
Marys and Athens, Georgia. Based on written comments received, we realized our 

initial justification of the project from the standpoint of controlling herbivores (es­
pecially deer) on the island was a mistake. Official NPS statements also indicated 
emphasis on deer control in the initial EA was a mistake. In subsequent news releases 
and in the public meetings, we stated the major justification of the project was to 
reintroduce a formerly native species to restore biological diversity. Further, we 
emphasized that Congress requires NPS to manage park lands to maintain abundance, 

behavior, diversity and ecological integrity of native animal life in natural portions 
of parks (16 USC I, 2-4). 

We were present along with NPS officials at both public meetings. The meeting 
in St. Marys was uneventful and was largely unattended. The meeting in Athens was 
purposefully sited to be accessible to northern Georgians, especially those from 
Atlanta. We presented a brief slide discussion of the island, its habitats, and its 
wildlife, after which questions were answered. After having discussed bobcats, details 
of the proposed project and possible environmental concerns, most persons seemed 
to understand and appreciate the need for the project. 

Media Coverage 

Most news coverage the project received focused on our initial justification in the 
EA (i.e., deer control). Newspaper article titles such as "State to use bobcats to kill 
Cumberland deer" (Florida Times Union, Friday, 12 Aug. 1988, page Bl) and 
"Bobcats coming to Cumberland Island to thin deer herd" (Jacksonville Journal, 

Friday, 12 Aug. 1988, page 3A) helped focus most public attention on what we later 
realized was an incorrectly restrictive justification for the project. 

Later news coverage focused on the political controversy that developed involving 
the St. Marys' City Council. Newspapers want news, and conflict is an important 
human interest angle that can make even a generally unappealing topic into news 
(Fazio and Gilbert 1986). Newspaper article titles such as "St. Marys claws at 
Cumberland bobcat plan" (Florida Times-Union, Wednesday, 24 Aug. 1988, page 
BI) appeared to create a greater controversy than actually existed. This controversy 
even received television news coverage. At least one television station in Atlanta 
(WSB-TV2) aired a story on the nightly news detailing the proposed project and the 
controversy, in which the Chairman of the St. Marys' City Council and the Super­
intendent for CINS were interviewed. The newscast ended with the smugly humorous 
comment that there would likely be a "lot of growling" before the decision was 
made regarding the release of bobcats on CINS. 

The idea of a controversy surrounding the proposed project grew even greater as 
time neared for the public meetings. Several newspaper reporters were present at the 
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public meeting in Athens, and at least one indicated he had come to the meeting 
specifically because of the controversy (Steve Goldberg, pers comm., 1988). 

News coverage subsequent to the public meetings was more "balanced" and 
presented the proposed project in its complete context. Unlike in the earlier news 
coverage, we had direct input and often were interviewed personally in the later news 
articles. Newspaper articles such as "Bobcats to return to Cumberland Island" 
(Atlanta Journal, Friday, 30 Sep. 1988, page 15A) and "More bobcats freed on 
Cumberland" (Atlanta Journal, Friday, 4 Nov. 1988, page 10) de-emphasized the 
controversial aspects and emphasized the broader ecological significance of the pro­
ject. 

Project Approval and Preliminary Results 

We cooperated with NPS staff in preparing the agency's response to public com­
ments received. Ultimately, the regional director of NPS issued a FONSI in October 
1988 to allow the project to proceed and the first releases to occur. The FONS! 
clarified the EA by answering several specific questions that arose during public 
review: ( 1) What is the true focus of the EA? (2) Should native wildlife species be 
controlled? (3) What about previous reintroductions? (4) What are the details sur­
rounding the proposed reintroductions? (5) Will bobcats attack people, pets, or horses? 
The FONSI concluded the proposal did not constitute a major Federal action with 
significant effects on the human environment, and hence no EIS was required. 

Timing of project approval was critical. We began trapping bobcats along the 
Georgia coast in August 1988 in anticipation of project approval and had trapped a 
sufficient number of bobcats for the first scheduled release in October 1988. We 
became concerned that we might be required to delay the reintroduction when the 
project began receiving public opposition. Fortunately, the period for public review 
and project approval proceeded in a timely manner and did not delay the first year's 
releases. In retrospect, we should have prepared the EA sooner. A less hurried process 
would have allowed us more time to assess local public concerns and to implement 
appropriate information and education programs. 

Prior to the first release of bobcats, we prepared a three-page information release 
for use by NPS staff in their introductory orientation for visitors upon arrival at 
CINS. Included was general background information on bobcats, their natural history, 
the bobcat reintroduction project, and benefits. A common misconception of visitors 
and residents on CINS was the size of bobcats and their potential threat to humans. 
We have no objective measure of the extent to which this information release ben­
efitted the project, but we believe it helped. 

We released 14 wild trapped adult bobcats (3 males and 11 females) in 1988. Four 
were released on 13 October, 6 on 3 November, and 4 on 28 November to create 
known increases in bobcat density to evaluate the scent-station index. Prior to release, 
bobcats were quarantined, vaccinated with a modified, live virus for feline panleu­
kopenia, calicivirus and rhinotracheitis, and fitted with radio-telemetry collars. One 
female was found dead in January 1989. Necropsy revealed she died from injuries, 
possibly inflicted by a feral hog. In February 1989, one female swam to the mainland, 
a distance of 1-2 miles (1.6-3.2 km) of open water and salt marsh. All other bobcats 
released in 1988 survived and remained on the island. During summer and fall 1989, 
we retrapped three adult bobcats released in 1988 and recorded body weight gains 

586 + Trans. 55rh N. A. Wildt. & Nat. Res. Conj. (1990)



of 13-37 percent. We found IO kittens in four dens in April 1989; each female had 
2-3 kittens. We released 18 bobcats (12 males and 6 females) in 1989-6 on 5
October, 6 on 25 October and 6 on 4 December. One male released in an interdune
area swam into the Atlantic Ocean and apparently drowned. All other bobcats released
in 1989 have survived to date, thereby bringing the total number of adults on the
island to 29.

The project's goal of reintroducing a previously extirpated predator into its former 
habitat has been successful to date. A translocation is a success if it results in a self­
sustaining population (Griffith et al. 1989). Based on preliminary data, the bobcats 
reintroduced on CINS are surviving and reproducing well. Continued population 
monitoring, possibly to include genetic evaluations, will be needed to ascertain the 
long-term viability of this reintroduction. 

Epilogue 

Justifying reintroduction of bobcats to CINS based on controlling the deer pop­
ulation on the island continued to plague us long after the public review and comment 
period elapsed. In April 1989, an article was released by the Associated Press wire 
service entitled "Bobcats not reducing Cumberland deer level" (Athens Daily News, 

Friday, 7 Apr. 1989, page 7 A). The article stated that "14 bobcats released on 
Cumberland Island last fall have not reduced the deer population as expected .... '' 
despite the fact that bobcats had been on the island only about six months. 

This media misconception was further amplified when an article appeared in the 
October 1989 issue of Outdoor Life-"Georgia cat reintroduction projects fail" 
(Hunter 1989). In this article, Hunter (1989:10) stated "two wildlife projects that 
have greatly interested Georgians this year have been deemed failures .... " (S)ince 
the 14 bobcats were put on the island, they have done little to control the deer 
population .... " the article continued. 

Obviously, it is unreasonable to expect an immediate response of a prey population 
to a reintroduced predator. We are monitoring prey populations via seasonal surveys 
and estimating the occurrence of prey items in bobcat diets by analyzing scats. These 
data should enable us to infer effects of bobcat predation on prey species such as 
white-tailed deer. 

We learned several important biopolitical lessons during our efforts to reintroduce 
bobcats on CINS. We should not have placed ourselves in the position of defending 
the reintroduction as a means of controlling populations of herbivores. We erred by 
not emphasizing the original objective of restoring biodiversity, as outlined in NPS 
documents and our original research proposal. We underestimated public support for 
a reintroduction for its own sake (that of restoring a native predator) and oversold 
the idea of a predator as a controlling agent. Formal and informal surveys of public 
concerns should be incorporated early in the planning stages of reintroduction proj­
ects. These surveys can provide the basis for an information and education program 
that likely will lessen public opposition to, and expedite public approval of, wildlife 
reintroduction projects. Reintroduction efforts should be justified based on a straight­
forward, primary objective. In our case, bobcats had existed previously on Cum­
berland Island and should be reintroduced to restore one aspect of the island's original 
fauna. Auxiliary benefits, if any, should be de-emphasized so that failure to achieve 
them would not constitute a "failure" of the reintroduction. In the final analysis, 
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complete and correct information is critical to the public's understanding and support 
of any wildlife research or management program, including reintroductions. 
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Restoration of Lynx in New York: 
Biopolitical Lessons 

Rainer H. Brocke, Kent A. Gustafson and Andrew R. Major 
State University of New York, 
College of Environmental Science and Forestry 
Syracuse 

This paper describes the biopolitics of a predator restoration effort spanning a 
continent and two nations. Although the project is still in progress, we present this 
early report so the lessons we have learned may benefit others. The successful 
initiation of this effort owes much to its long gestation. From its inception, project 
activities were embedded in a complex political setting. 

Project Gestation 

Restoration of lynx (Felis lynx) is currently underway in the northeast sector of 
New York's Adirondack Park, the High Peaks Region, a wooded mountainous area 
with more than 40 peaks exceeding 1,200 m elevation. Political protection of Adi­
rondack Park reached a threshold in 1971 with legislative creation of the Adirondack 
Park Agency (APA). This agency has the large task of regulating land use with 
zoning restrictions and protecting the Park from rampant development in an area of 
6 million acres (2.4 million ha), an area larger than the state of Massachusetts. Unlike 
other parks, almost 60 percent of Adirondack Park is in private ownership. Private 
lands and villages are scattered throughout and are interspersed with large blocks of 
publicly-owned Forest Preserve Lands (Figure 1). 

Political protection from development was first conferred on Forest Preserve Lands 
in 1855 by the "forever wild" provision of Article 14 of the New York State 
Constitution. The State's battle to acquire these lands in the Adirondack region and 
to restrict public use to wild land recreation has been long and politically acrimonious 
(Graham 1978). Urban political power blocks favoring restricted use and preservation 
were ranked against local residents opting for private land development and more 
intensive use of public Forest Preserve Lands. Even though Park residents over­
whelmingly opposed the legislative creation of APA in 1971, the political power of 
urban blocks prevailed. 

This experience left a large residue of resentment among Park residents, directed 
against urban "outsiders" they perceive to be anti-development preservationists. 
These negative feelings also tend to predispose local residents against predator res­
torations. They believe such projects are intrusions on their affairs and ''their'' natural 
resources. Creation of APA also kindled resentment in the early 1970s among profes­
sionals of the New York State Department of Environmental Conservation (DEC), 
legally entrusted with management and conservation of the State's natural resources. 
While these differences have since been resolved, the perception of DEC personnel 
at that time was that AP A was treading on their turf. 

In this somewhat hostile climate, the I ynx restoration project was born. In 1971 , 
C. H. D. Clarke (1974) proposed in his "Wildlife Technical Report for the Tern-
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Figure 1. The Adirondack Park is a patchwork of public (black) and private lands. 

porary Study Commission on the Future of the Adirondacks" (this comm1ss1on 
preceded the APA) that efforts should be made to restore extirpated Adirondack 
wildlife species. By the mid-1970s, however, there had been no movement to im­
plement Clarke's recommendations. In 1976, the senior author convened a group of 
university scientists, private conservationists, as well as key biologists and admin­
istrators of the DEC and APA. Naming itself the Adirondack Wilderness Fauna 
Program (AWFP), this group decided the time was ripe to initiate ecological studies 
on rare and declining wildlife species in the Park and to conduct feasibility studies 
on restoration of extirpated species. A WFP scientists produced a comprehensive 
proposal seeking funds for 15 studies (Brocke 1976). Most proposed research projects 
were eventually funded and completed, including feasibility studies to restore lynx 
(Brocke 1982b), mountain lion (Felis concolor) (Brocke 1981) and peregrine falcon 
(Falco peregrinus) (Loucks 1982). Also completed were ecological studies and sur-
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veys on common loon (Gavia immer) (Hicks and Allen 1979, Parker 1988), spruce 
grouse (Dendragapus canadensis) (Bouta and Chambers 1987), eastern coyote (Canis 
latrans) (Chambers 1987) and rock vole (Microtus chrotorrhinus) (French and Crow­
ell 1985). A study on the history of Adirondack wildlife was also completed (VanDruff 
et al. 1990). 

A WFP researchers had hoped for large-scale funding to support their holistic 
package of research projects. However, studies were funded piecemeal and by tra­
ditional sources, primarily through DEC's Pittman-Robertson and Endangered Spe­
cies Program funds, with some support from sportsman's organizations and an Audubon 
Club. A WFP participants met annually or biennially through the early 1980s. This 
meeting framework served admirably as a forum for communication. Yearly research 
progress reports galvanized the group. A WFP participants informed their respective 
agencies and organizations about ongoing research and discussions, opening lines of 
communication and building a climate of trust among this diverse group of scientists, 
wildlife managers, lay persons and administrators. 

With completion of most research projects, A WFP activities would down in the 
early 1980s. The DEC followed up with a successful peregrine falcon recovery 

program and loon surveys in Adirondack Park. However, the positive recommen­
dations of the lynx feasibility study (Brocke 1982a) awaited action. In 1984, the 
New York State Legislature, inspired by the former A WFP activities (Brocke 1982b ), 
contracted the State University of New York, College of Environmental Science and 
Forestry (ESF) to develop and implement a new program, the Adirondack Wildlife 
Program (A WP). The objectives of this program are: ( 1) continue Adirondack wildlife 
studies, including research associated with DEC-implemented wildlife restorations 
in the Adirondacks and (2) develop an educational program for New York schools 
using results of Adirondack wildlife studies to illustrate the scientific process. Launched 
in 1985 and funded primarily by the State Legislature, the A WP has been active to 
date. The program is implemented by seven ESF faculty, 12 graduate students, an 
educational coordinator and assistant, two co-directors and an advisory committee 
representing the general public, Audubon Society, National Wildlife Federation, 
sportsman's organizations, Adirondack organizations, the State Legislature, DEC 
and APA. The lynx restoration project is one of the 15 studies comprising AWP's 
research component. An annual two-day meeting brings the advisory committee in 
direct contact with researchers, graduate students and research activities. 

The launching of A WP in 1985 and simultaneous publicity surrounding release of 
the lynx feasibility study results did much to gain general public acceptance for lynx 
restoration in New York. However, strong opposition remained among hunter and 
trapper organizations and Adirondack residents. In 1985 the senior author convened 
a conference entitled: ''Man and Wildlife in the Adirondacks: Past, Present and 
Future," co-sponsored by ESF and DEC. This conference was well attended by 
professionals and representatives of several key interest groups. It marked a turning 
point and did much to dissipate remaining apprehensions among hunter and trapper 
organizations, some agency professionals and the public. Preparations for lynx res­
toration under DEC permit began in 1986. 

In retrospect, we gained in several ways from the long project gestation period, 
spanning almost 10 years. It was an unhurried period, allowing professionals and 
other participants to get to know each other on a collegial basis. It afforded time to 
conduct thorough feasibility studies and maintain a subdued but continuous dialogue 
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with the public through occasional lectures and seminars. Unlike the ill-fated gray 
wolf (Canis lupus) restoration attempt in Michigan (Weise et al. 1975), there would 
be no surprise predator restoration for the public, with negative consequences later. 
The comprehensive frameworks of both A WFP and A WP provided, in their diversity, 
something exciting for most public interest groups and participants, be they enthu­
siasts for loon, peregrine falcon, spruce grouse, mountain lion, wolf, coyote, lynx, 
bobcat (Felis rufus), white-tailed deer (Odocoileus virginianus), moose (Alces alces) 
or the Adirondack ecosystem. Through regular A WFP meetings, university scientists 
were exposed to management problems and perspectives of agency biologists. On 
their part, agency biologists had the opportunity to appreciate the value of university 
resources to conduct solid research, a point stressed by Temple et al. (1986). Finally, 
continuity of the A WFP and A WP frameworks projected a sense of serious com­
mitment to the public. 

Operations and Special Interest Groups 

Key findings of the feasibility study (Brocke l 982a) were: First, the bobcat, a 
resident of Adirondack Park, was a potential competitor of lynx. However, the 
Adirondack bobcat population was sparse (Fox and Brocke 1983) and bobcat activities 
were concentrated below 800 m. Second, the best potential colonization area in 
Adirondack park was the High Peaks region, an area with a mean elevation exceeding 
;800 m. This region was classified in the APA's "wilderness" land-use category 
and was penetrated only peripherally by roads. The estimated area suitable for lynx 
restoration was approximately 7, 170 km2 (670 square miles). Third, large tracts of 
conifer habitat with good snowshoe hare (Lepus americanus) populations [July hare 
density = 170 hares/km2 ( 440 hares per square mile)] were distributed throughout 
this area. We estimated that available habitat and prey would support approximately 
70 lynx. The plan was to acquire lynx directly from the wild from cooperating 
trappers, holding them for as short a time as possible before release in the Adiron­
dacks. 

Eighteen lynx were released in the High Peaks during winter 1988-89 with plans 
to release 30 + in winter 1989-90. Our source of lynx has been near Whitehorse, 
Yukon Territory, Canada. We have established an effective working relationship 
with the Yukon Department of Renewable Resources (YDRR) and local cooperating 
trappers, thanks to generous assistance and facilitation of YDRR biologists, admin­
istrators and the Minister of Renewable Resources. 

When we first approached the YDRR, we learned that export of live lynx was 
illegal, following a recently enacted legislation. This legislation had been supported 
by Yukon trapper organizations and native associations who feared that exported live 
lynx would be used to establish fur farms, thus compromising their economic returns 
from trapping, generally their livelihood. Thus, while the YDRR was willing to issue 
us a permit, this could not be done without the support of Yukon trappers to allow 
export. Two YDRR wildlife biologists were indispensable in opening lines of com­
munication between us and Yukon trappers. Through a series of meetings with 
trapping organization leaders and key trappers, as well as an article about our res­
toration program in the trapper newspaper, Yukon trappers agreed to support our 
program. This issue was crucial for Yukon trappers and some meetings were heated. 
A few trappers wished to export live lynx themselves to fur farms because of the 
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high rate of return (e.g., for live lynx, we pay 2-5 times the going rate for fur), 
and thus felt envious of "outsiders" from New York who might be granted a license. 
However, we received the needed trapper support and the export permit from YDRR. 
With the crucial assistance of the two YRDD wildlife biologists, local trappers were 
recruited as cooperators to capture live lynx for us. 

Among trapper organizations in New York State, we initially also encountered 
strong resistance to lynx restoration. The lynx had been classified as a game animal 
with a closed season by DEC, making it illegal to kill or take the species under any 
circumstances. This status was expected to be permanent by the DEC. Trappers felt 
that lynx restoration could be used as a legislative lever by anti-hunting, anti-trapping 
or preservationist groups to close the restoration area to trapping and hunting. We 
presented our case at several trapper meetings and eventually enlisted the support of 
New York trappers. A protocol was developed for releasing accidentally-trapped 
lynx and reporting lynx trappings or sightings to us. Illustrations of the lynx's iden­
tifying characteristics and a brief description of our restoration program were con­
tained in supplements of DEC's hunting and trapping guides. Knowing that lynx 
populations would not be managed by trapping in New York, the principal trapping 
organization in the state nevertheless made a substantial contribution to the lynx 
program, the first major donation by a public group. It also dedicated the 1988 annual 
meeting to the lynx, using a shoulder patch with a lynx logo for that year. The 
support of trappers has been crucial to the program, both for procurement in the 
Yukon and restoration in New York. Of all the publics, we have found that trappers 
are most knowledgeable about the appearance and habits of wildlife, a point supported 
by Kellert's (1986) survey of public attitudes towards the wolf. For us, sighting 
reports and other information contributed by trappers have been most useful. 

In the Yukon, a rented trappers cabin served as our base for lynx acquisition for 
two winters. One of us (A. R. Major) coordinated Yukon operations during winters 
1987-88 and 1988-89. At ESF's Adirondack Ecological Center (AEC) in the central 
Adirondacks, K. A. Gustrafson and R. H. Brocke supervise lynx restoration, re­
search and communication with the public. In the Yukon, trapped lynx are brought 
by snowmobile and truck to our Yukon base, where they are held for observation 
in a heated pen complex. Following inspection by a veterinarian and YDRR official, 
if the animal is in good health, the trapper is paid and the animal released for shipment. 
Lynx are shipped by air freight in kennels from Whitehorse to Toronto. They are 
again held for one or more weeks at our AEC pen complex before being moved to 
the release site. All lynx have radio collars with mortality mode and are radio-tracked 
by light plane. 

Publicity and Public Support 

Since the lynx restoration program began in 1985, we have made scores of pre­
sentations, including illustrated lectures, seminars and technical papers. We have 
communicated with lay audiences, service clubs, Audubon clubs, Adirondack village 
audiences, organizations dedicated to preserving the Adirondacks, hunter and trapper 
organizations, school groups, legislative staffers, the state fair, and TV audiences. 
Additionally, A WP educational staff and A WP researchers conducting other studies, 
briefly cover the lynx restoration program along with their own topics. While this 
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approach has been labor-intensive, we believe it is the most effective way to com­
municate with the public and make friends for a restoration project. Local residents 
should feel that they have a stake in the project. We believe this approach is effective 
because the public does not seem to perceive it as unfair progagandizing compared 
to canned TV programs. Our presentations are usually unhurried, the audience can 
ask questions and participate in discussion while the presenter is obliged to respond 
honestly, person to person. The lynx is far less controversial than most larger predators 
and most New York residents are delighted with the prospect of lynx restoration. 
However, some Adirondack residents worry about the safety of their children and 
pets. Farmers worry about livestock, and hunters are apprehensive about depressed 
hare or deer populations. Fortunately, there is little to fear from the lynx on any 
score. 

There is a current tendency among conservationists to trifle with human fears and 
reactions to predators (O'Gara 1982). It is claimed that negative feelings can be 
overcome by "education." Education, in this context, is often perceived to be a 
superficial exercise in videotape propaganda. These fears can be diminished quite 
readily in most of the world where large predators are found only in zoos. Residents 
of wild and remote restoration areas have to live with their fears, enhanced by the 
visual presence of predators and their kills. Perhaps our fear and admiration for 
predators is genetically ingrained through our long evolutionary relationship with 
them, a relationship that has left a rich legacy of human traditions, symbols and rites 
incorporating predators (Campbell 1983). 

In restoration of large predators, we firmly believe that human fear of predators, 

real or imagined, must be respected. Restoration should not begin without the sub­
stantial support of local residents. A hostile populace can vote directly with guns 
and traps against the predator being restored, as happened in Michigan (Weise et al. 
1975). 

A signal event was the release of the first five lynx on 11 January 1989. Until 
that time, there had been scattered newspaper articles and wire service reports about 
the project. We realized the first release would afford an unparalleled opportunity 
to accommodate the press and tell our story. Our A WP educational coordinator 
contacted all major newspaper editors in the State, inviting them to attend an illus­
trated presentation on the evening of 5 January, followed by dinner and overnight 
lodging at our expense. The following morning, reporters could take photos of lynx 
at the holding pens, prior to an auto trip to the trailhead. There they could ''send 
off'' the restoration party, carrying the lynx in portable cages to the High Peaks 
release area. The event exceeded our wildest expectations for success. All major 
newspapers, including the New York Times sent reporters to the event. In addition 
to their own notes and photos, each reporter was given an information package and 
stock photos. The evening dinner and talk provided an unhurried opportunity for 
reporters to interview project scientists. On the day of the release, agency and college 
administrators, the Speaker of the New York House of Representatives, a PBS-TV 
crew and students who volunteered to carry the lynx milled around happily at the 
trailhead. Reports were well satisfied with the many photo opportunities. 

The result was solid coverage by every major newspaper in the State. There was 
also good coverage in local newspapers as press packages had been sent to them 
announcing the release. An hour-long television production by PBS-TV, Schenec­
tady, featured lynx project operations in New York and the Yukon. The producer 
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made a special trip to the Yukon to shoot a lynx trapping sequence. This feature has 
been aired in the U.S. and Canada. 

Press coverage on the first lynx release triggered an avalanche of public support. 
Congratulatory mail arrived almost daily. Most letters contained donations, although 
none had been solicited. Donations from individuals ranged from 75 cents to $1,700. 
Foundations and organizations donated up to $10,000 individually. Roxboro Middle 
School in North Syracuse developed its annual school project around a fund drive 
for lynx restoration. Spearheaded by an enthusiastic teacher, the upper grades de­
veloped a library research project on lynx ecology, aided by the A WP educational 
staff. The students sold $27 ,000 worth of chocolates to the community and donated 
$8,500 in profits to the lynx project. Culminating their efforts, the students held a 
special assembly in honor of the lynx restoration program. Following an illustrated 
show on lynx ecology, the students sang their newly composed song: '' And the lynx 
came back!" A busload of students visited the state legislature to witness donation 
of their $11,000 check to the lynx project, while a local congressman and the House 
Speaker looked on. Again, more press coverage and good publicity. 

The importance of Information and Education programs has long been recognized 
(Leopold 1933, Gilbert 1971, Allen 1973, Case 1989). Yet, public support for wildlife 
management projects is often listless. As professionals, we know what to do but 
neglect to take advantage of our opportunities. As we watched events unfold, we 
were stunned by the high level of public support that this project generated. As a 
flagship project, it played a large part in generating strong public and sponsor support 
for the entire AWP research and education program. We were blessed with an 
appealing project and much good luck, to go along with the planning and hard work. 
We feel that the following procedures worked well for us and show promise for 
similar restorations: 
1. A thorough feasibility study buys valuable time to begin exposing the public to

a potential restoration. Dimensions of the public's reactions will become apparent
during this period. It should be clear to the public that restoration itself has not
begun, nor will it begin without strong public support, pending a positive rec­
ommendation of the feasibility study.

2. The A WFP and A WP frameworks were effective in several ways. Much can
be gained by including a predator restoration project within a complex of other
projects. Together, they should have broad appeal to many interest groups. One
project alone is an inviting target for negative political action.

3. The A WFP framework was particularly useful in opening lines of communication
between personnel of universities conducting research and the DEC, principal
wildlife agency entrusted with management. These missions are entirely com­
plimentary. An informal A WFP-type framework focused on a regional wildlife
issue can build collegial relationships and yield important dividends in coop­
eration.

4. The public is keenly interested in prominent wildlife species, whatever their
perceived values. Representatives of public interest groups, including organi­
zations for hunters, trappers, conservationists and preservationists should be
included early in the circle of communication. An A WFP type framework is 
useful for this purpose.

5. Advisory and technical committees are effective mechanisms for communication
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and direct cooperation. They help update representatives about progress of the 
restoration project. 

6. Legislators who have a personal interest in a particular restoration project are
powerful allies. Commonly, a layer of administrators is interposed between the
legislator and restoration activities in the field. A field meeting provides sub­
stantial opportunities for direct communication between the legislator and the
"troops," namely individual researchers, students and management biologists
actually conducting the work.

7. A thorough publicity program with input from both public relations experts and
project personnel is effective. However, we believe that continuous and direct
dialogue between project personnel and the public is the best form of publicity.
Communication through illustrated lectures, seminars and public meetings is a
two-way street. The public gains by learning directly from researchers or man­
agers with specific answers to its questions. The project professional gains by
directly sensing public thought and fine-tuning presentations to the audience.
The public may be convinced that it has a stake in the project and it can be
involved directly in some aspects. Most importantly, communication should be
honest, forthright and consistent. The politics of natural resource conservationists
have not infrequently created a perception among local residents that they have
been disenfranchised. In such cases, they are outvoted and cannot fight back
politically. But, a wildlife restoration tends to even the odds as residents can
vote directly against predators with traps and guns.
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Woodland caribou (Rangifer tarandus caribou) historically occupied the boreal 
coniferous forest zone across the entire North American continent. Overall distri­
bution and abundance of the species declined dramatically in the late 1800s and early 
1900s (Bergerud 1974). This trend continued into the 1980s. The decline prompted 
a review of the species status in several provinces (British Columbia [Stevenson and 
Hatler 1985], Alberta [Edmonds 1986], Manitoba [Shoesmith 1986], Ontario [Darby 
et al. 1989]). Populations have been restored to portions of Quebec (Bonefant 1974) 
and Newfoundland (Bergerud and Mercer 1989), while a remnant population along 
the British Columbia -Idaho border was supplemented recently (Servheen 1987). 
Woodland caribou were reintroduced to Maine in 1989 (M. McCollough, pers. comm. 
1990). 

Distribution and abundance of woodland caribou in Minnesota declined as part of 
the continent-wide trend and only three adult females were known to be in the state 
by 1937 (Manweiler 1941). This small group was supplemented with IO individuals 
from Saskatchewan in 1938 (Fashingbauer 1965). One male was released to join the 
remaining three free-ranging cows while the other nine animals were retained in a 
4 square-mile (10 km2) enclosure. The free-ranging group of 4 was not seen after 
1940. In 1942, the nine captive animals and their progeny (some 15-20 animals) 
were released from the enclosure. There are no confirmed reports of these animals 
following their release (Fashingbauer 1965). With the exceptions of sightings of at 
least two individuals in extreme northeastern Minnesota during winter 1981-1982 
(Peterson 1981, Mech et al. 1982), this was the last evidence of caribou in Minnesota. 

The range of woodland caribou in adjacent Ontario and Manitoba continued to 
retreat northward. By 1985, the continuous distribution of caribou extended to ap­
proximately 50°N in Ontario (Darby and Duquette 1986) and Manitoba (Shoesmith 
1986), with only remnant bands along the shoreline and islands of Lake Superior, 
Ontario (Darby and Duquette 1986). 
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Restoration of woodland caribou to Minnesota remains an attractive goal and 
challenge to sportmtln 's groups, environmentalists, and agency and university wildlife 
biologists. Considerable planning for an introduction was done between 1976 and 
1980 (Karns 1980). However, the impetus for an introduction was lost when funding 
was not provided by the Minnesota State Legislature. This paper reviews causes of 
the range reduction, the outcome of a previous planning effort, and describes an 
ongoing planning process. The latter may provide a structure for planning reintrod­
uctions of other mammalian species elsewhere. 

Causes of Range Reduction 

Hypotheses proposed for the decline in the distribution and abundance of woodland 
caribou (Bergerud 197 4) include: (1) habitat destruction by logging and catastrophic 
fire, (2) increased hunting and predation, due in part to an increase in gray wolf 
(Canis lupus) density with an increase in other prey species such as moose (Alces

alces) and white-tailed deer (Odocoileus virginianus), coupled with transmission of 
meningeal brainworm (Parelaphostrongylus tenuis) to woodland caribou from white­
tailed deer as the latter expanded its range north to colonize early successional forest 
stages caused by increased catastrophic fires and logging activities, or (3) a com­
bination of both. Bergerud and Mercer (1989) suggested the continent-wide range 
decline was due primarily to increased hunting pressure and natural predation. How­
ever, the recent disappearance of three localized woodland caribou herds in Ontario 
was associated with logging activities alone with no evidence of increased predation, 
hunting or exposure to white-tailed deer (Darby and Duquette 1986). 

Successful reintroduction of woodland caribou requires an understanding of: (l)

reasons for the original disappearance of the species, (2) habitat requirements, and 
(3) potential interactions with native or non-native species in the proposed release
area.

Early Planning Efforts 

Subsequent to the failure of the effort to augment the woodland caribou band at 
Red Lake in the early 1940s, no efforts were made to reestablish the species in 
Minnesota until the mid-1970s. At that time the Minnesota Chapter of Safari Club 
International approached the Minnesota Department of Natural Resources with an 
offer to fund an investigation of the potential for reintroducing woodland caribou. 
The offer resulted in formation of an interagency planning group of representatives 
of the Minnesota Department of Natural Resources, Superior National Forest, U.S. 
Fish and Wildlife Service, Department of Fisheries and Wildlife, University of 
Minnesota, St. Paul, and the Minnesota Zoo. 

The group identified a number of factors on which information was needed before 
a decision on the potential of reintroducing woodland caribou to Minnesota could 
be made. These included: (1) habitat availability, (2) presence of white-tailed deer 
and incidence of brainworm in these deer, and (3) potential for woodland caribou 
to transmit parasites and/or diseases to moose or deer at the relocation site. This 
initial planning effort was accompanied by considerable media publicity. The group 
contracted with two experienced woodland caribou biologists to survey sites in north-
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em Minnesota as potential release sites. These biologists independently identified 
four sites, including the Red Lake area, (site of the last woodland caribou in the 
state) as potential release sites (Karns 1980). Follow-up studies revealed high deer 
densities with a high level of brainworm at or immediately adjacent to three of these 
sites, leaving only the fourth site, Little Saganaga Lake as a potential reintroduction 
site (Karns 1980). Identification of the Little Saganaga site was based upon the 
presence of summer habitat immediately southwest of the lake and winter habitat 
some 30 miles (50 km) south (Karns 1980). 

The group proposed to secure adult caribou from Canada to develop two captive 
breeding herds with release of progeny from both herds to the wild. A funding request 
of $275,000 for the first 2 years of a 5 to IO-year project was submitted to the 
Minnesota State Legislature in 1980. This money was to establish facilities for the 
two captive herds. No funding was received from the State and the project was 
discontinued. Reasons for lack of funding, other than high cost, are not clear. 
However, concern was expressed that the public may have opposed another "en­
vironmental initiative" at a time Voyageurs National Park and the Boundary Waters 
Canoe Area Wilderness (BWCA W) of Superior National Forest had just been created 
(Karns 1980). 

Current Planning Effort 

Formation of Interagency Group 

The current planning phase began in 1988 when the National Park Service con­
tracted for an assessment of the ability of the 344 square-mile (890 km2) Voyageurs 
National Park to support a viable population of woodland caribou, given current 
habitat conditions within the Park and adjacent areas. A contract was granted to an 
internationally recognized expert on caribou to apply Habitat Evaluation Procedures 
(HEP) (U.S. Fish and Wildlife Service 1981) to develop a Habitat Suitability Index 
Model (HSI) for woodland caribou and apply it to the Park and adjacent lands. An 
HSI model was selected as a useful tool to summarize existing knowledge on wood­
land caribou habitat requirements and identify those habitat components which might 
limit growth of a reintroduced woodland caribou population at Voyageurs. The second 
phase of the contract required that, if habitat conditions were not suitable at this 
time, an estimate be made of whether successional trends in forest vegetation were 
likely to make reintroduction of woodland caribou a possibility sometime in the 
future. The Park simultaneously initiated studies on factors with the potential to affect 
woodland caribou survival, including density and distribution of white-tailed deer, 
incidence of brainworm in these deer and density of gray wolves. The Park com­
municated its actions to agencies with natural resource management responsibilities 
on adjacent lands, including Superior National Forest, Minnesota Department of 
Natural Resources, and Ontario Ministry of Natural Resources. The Superior National 
Forest expressed strong interest in cooperating in such an endeavor. 

Subsequently, the Duluth Safari Club (not affiliated in any way with Safari Club 
International) informed the staff wildlife biologist for Superior National Forest that 
the club was interested in re-establishment of woodland caribou in Minnesota. The 
club offered to allocate $25,000 toward developing and implementing an introduction 
plan and to help raise and donate additional funds as needed to complete the project. 
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A caveat was added that if restoration of woodland caribou was not feasible, the 
balance of monies would be directed toward some worthy conservation or hunter 
education project. 

Forest and Park biologists met with Duluth Safari Club members and agreed to 
form an interagency team to explore the possibilities of reintroducing woodland 
caribou to northern Minnesota. An interagency group consisting of five members of 
the Duluth Safari Club and six agency research and management biologists repre­
senting the National Park Service, U.S. Forest Service, Minnesota Department of 
Natural Resources, Ontario Ministry of Natural Resources and Manitoba Ministry 
of Natural Resources was formed. This group adopted the name, the North Central 
Caribou Corporation, and incorporated as a non-profit organization under state and 
federal laws. The Corporation created a technical advisory committee consisting of 
representatives of the U.S. Forest Service, U.S. Fish and Wildlife Service, Natural 
Resources Research Institute, University of Minnesota, Duluth, Department of Fish­
eries and Wildlife, University of Minnesota, St. Paul and Friends of the BWCAW. 
All agencies endorsed the planning process. The Minnesota Department of Natural 
Resources stipulated that it take the lead in making any formal request for woodland 
caribou to any provincial government. 

In reviewing the potential of reintroducing woodland caribou, the Corporation 
members found reason for optimism: (1) the Ontario Ministry of Natural Resources 
had identified a high-density woodland caribou population as a source stock for 
reintroduction and acquired the technical skill for capture and movement of animals 
(Gladstone 1987, Bergerud and Mercer 1989), (2) the on-going reintroduction pro­
gram in Maine would provide insight into the most expedient way to proceed, (3) 
the 1970s planning effort provided a logical starting point for this planning endeavor, 
and (4) creation of the BWCAW in the Superior National Forest, Minnesota, adjacent 
to Quetico Provincial Park, Ontario, and to a lesser extent Voyageurs National Park, 
Minnesota, provided large tracts of unlogged forest with the potential to support 
woodland caribou. 

Habitat 

The planning process now underway can be illustrated in a flow chart (Figure 1). 
The area of most suitable potential habitat remains the Little Saganaga Lake region. 
Woodland caribou summer habitat was identified in a 200 square-mile (520 km2) 

area southwest of the lake (Karns 1980). However, the only winter habitat identified 
is south of the BWCA W in an area identified for logging in the Superior National 
Forest Management Plan. The Forest has made a commitment with representatives 
of the Minnesota Timber Producers Association not to reintroduce woodland caribou 
outside the BWCAW (E. Lindquist pers. comm. 1989). The Corporation recognizes 
the need to evaluate habitat conditions beyond the target release site to assess the 
possibility of caribou moving into areas of potential conflict with current or proposes 
land use practices, or where they might encounter white-tailed deer. Recently, Ber­
gerud and Mercer ( 1989) defined the scope of the Corporation's assessment of habitat 
by recommending a minimum release area of greater than 2,510 square-miles (6,500 
km2). The reintroduction program in Maine is targeted at the 200 square-mile (518 
km2) Baxter State Park (M. McCollough pers. comm. 1990). The Corporation 
currently proposes to take the HEP results provided under contract for Voyageurs 
National Park and map these using a geographic information system for the 115 
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Figure l. Flow chart for planning woodland caribou reintroduction to Minnesota. 

Planning to Reintroduce Caribou • 603



square-mile (295 km2) portion of the Park for which a detailed vegetative cover map 
exists. The results are expected to provide an assessment of the abundance, heter­
ogeneity and distribution of seasonal habitat requirements. Should this pilot survey 
prove feasible, the Corporation will apply the methodology to the Little Saganaga 
Lake area, using less detailed vegetative cover information. The total costs of this 
phase of the study are estimated to be in excess of $70,000. This figure includes the 
Park's cost for development of the HEP, a U.S. Forest Service Challenge Grant 
Request, and donated time by the Natural Resources Research Institute, University 
of Minnesota, Duluth. 

Predation 

It appears that woodland caribou will not survive in areas where wolf density 
exceeds one per 40 square miles (104 km2) (Bergerud 1985). The wolf density in 
the vicinity of Little Saganaga Lake is approximately one per 20 square miles (52 
km2) (L.D. Mech pers. comm. 1989). The Corporation has provided a modest amount 
of money to facilitate more detailed studies of seasonal movements of wolves in the 
Little Saganaga Lake area. 

A number of successful reintroductions of woodland caribou were made to sites 
in Newfoundland where black bear (Ursus americanus) were potential predators 
(Bergerud and Mercer 1989). However, predation by black bear has been identified 
as an important cause of mortality in woodland caribou released in northern Maine 
in 1989 (M. McCollough, pers. comm. 1990). The Corporation has requested an 
estimate of black bear density in the vicinity of Little Saganaga Lake from a U.S. 
Forest Service biologist. 

Parasitism 

White-tailed deer are the normal definitive final host for the meningeal brainworm 
parasite. Infection of woodland caribou with this parasite is generally fatal (Anderson 
and Strelive 1968, Anderson 1971). Reintroductions of woodland caribou to areas 
occupied by white-tailed deer have frequently failed, and infection of caribou with 
brainworm has been identified or implicated as the cause of the failure (Bergerud 
and Mercer 1989). The high risk of infection of woodland caribou by this parasite 
resulted in rejection of three of four potential release sites for woodland caribou 
identified on the basis of habitat conditions (Karns 1980). A survey of the Little 
Saganaga Lake area in 1977 revealed an incidence of brain worm in deer fecal samples 
of 5.0 percent (Karns 1980). A second survey of a 50 square-mile (130 km2) area 
around Little Saganaga Lake in summer 1989, jointly funded by the North Central 
Caribou Corporation and the University of Minnesota, revealed none of the gastropod 
snails (intermediate hosts) and only one of four deer pellet groups located contained 
brainworm larvae (Jordan and Pitt 1989). Long-term studies of white-tailed deer in 
northern Minnesota show that deer concentrate at winter yards near the communities 
of Ely and Isabella, and in the Gunflint Region and range some 16 miles (26 km) 
from these yards in summer (M. E. Nelson pers. comm 1989). While the Little 
Saganaga Lake area is beyond the range of most deer using these yards, the summer 
distribution of white-tailed deer represents the limits of areas that might be reasonably 
expected to support woodland caribou. The frequency of brainworm in wintering 
whitetails in the Gunflint and Isabella yards was 44 and 60 percent, respectively 
(Jordan and Pitt 1989). 
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Free-ranging woodland caribou in Newfoundland have been infected with a Eur­
asian reindeer parasite, Elaphostronglylus cervi rangiferi, as the result of introduction 
of reindeer. Experimental infestations of moose with E. cervi caused pathological 
changes and paralysis (Lankester 1976). An E. cervi-like parasite had been tentatively 
identified in woodland caribou in Ontario (Lankester et al. 1976, Lankester and 
Northcott 1979, Gray and Samuel 1986). The reintroduction of woodland caribou 
infected with this parasite to northern Minnesota could have serious implications for 
the State's moose population. Recently, the E. cervi-like parasite has been positively 
identified as a muscle worm (Parelaphostronglylus andersoni) (Lankester and Hauta 
1989). It is common to white-tailed deer across North America (Anderson and 
Prestwood 1981, Pybus and Samuel 1984) and woodland caribou in Labrador and 
Ontario (Lankester and Hauta 1989) without apparent detriment to either ungulate 
species. 

Minimum Viable Population Size 

The minimum area of 2,510 square miles (6,500 km2) recommended by Bergerud 

and Mercer (1989) may be achieved in the Little Saganaga Lake region by identifying 
potential habitat within the BWCA W and Quetico Provincial Park. The density of 
woodland caribou in Ontario ranges from 0.016 per square mile (0.006/km2), (Cum­
ming and Beange 1987) to 0.05 per square mile (0.02/km2) (Darby et al. 1989). An 
area of 2,510 square miles (6,500 km2) may be expected to support between 40 and 
130 woodland caribou. A remnant, somewhat isolated group of 15-30 woodland 
caribou has occupied a three-mile (5 km) wide strip of Lake Superior shoreline at 
Pukaskwa National Park, Ontario, since 1972 (Bergerud 1985), indicating such 
populations may persist for some 20 years. Small populations may become extinct 
as the result of a number of stochastic population factors, including inbreeding 
depression, genetic drift or shifts in sex ratio (Gilpin and Soule 1986). A minimum 
effective population size of 50-500 individuals may be considered adequate to prevent 
a loss of population fitness due to inbreeding depression (Franklin 1980). It is possible 
to reduce concerns for inbreeding depression and genetic drift by introducing new 
individuals to the newly-established population once every five years (Sampson et 
al. 1985). 

Translocation Plan 

The translocation objective is to deliver as many animals with the greatest chance 

of survival to the release site. Three possible methods are being considered: (1) direct 
translocation of woodland caribou from Slate Islands Provincial Park, Ontario, (2) 
establishing a nursery herd from wild-caught or captive woodland caribou away from 
the release site and releasing the progency to the wild as they approach sexual maturity 
(two to three years old), or (3) hand-rearing calves at the release site through their 
first summer and releasing them to become free-ranging iii the fall. A combination 
of these alternatives may be used. Movement of animals across international or state 
boundaries will require permits from the USDA's Animal and Plant Health Inspection 
Service (APHIS), including tests for brucellosis and tuberculosis, along with permits 

from appropriate state agencies. 
The Ontario Ministry of Natural Resources has acquired considerable expertise in 

the capture and handling of woodland caribou. Ministry personnel have made five 
direct translocations to four sites in or adjacent to Lake Superior since 1982 (H. R. 
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Timmerman pers. comm. 1989). Optimal timing for a translocation of adults may 
be after the fall rut. Adult females are then in peak physical condition and have been 
recently impregnated. The good physical condition of females and subadult males, 
which did not participate in the rut, make them ideal candidates for translocation at 
that time (W. J. Dalton pers. comm. 1989). Translocations of woodland caribou 
directly to predicted winter habitat may favor the establishment of a winter aggre­

gation (Cumming and Beange 1985). 
The advantage of use of a nursery herd is that number of animals reintroduced 

may exceed by several fold the number taken from the wild. This method has been 
used extensively with woodland caribou (Bergerud and Mercer 1989). The woodland 
caribou released to Baxter State Park, Maine in 1989 were from a nursery herd (M. 

McCollough pers. comm.). Hand-reared barren ground caribou calves (R. t. granti) 

have been used to successfully establish a herd, although mortality among calves 
approached 70 percent (Jones 1966). 

Other Considerations 

The Corporation has yet to address many other facets of the planning exercise. It 
is envisioned that public involvement will be assured through review, including public 
hearings, of the Environmental Assessment that will be prepared prior to management 
actions on Federal lands. To date, the Corporation has not sought public attention 
or solicited funds from the public. It intends to initiate a fund-raising campaign 
coincident with publicity generated by the first translocation of woodland caribou to 
Minnesota. The Corporation will develop a detailed action plan which will cover the 
number and schedule of reintroductions and contingency plans to respond to unde­
sirable events, such as individual woodland caribou moving outside the envisioned 
release site. Criteria for evaluating the success of the program must also be set forth 
in detail. Finally, a reintroduction, such as that detailed here, provides an opportunity 
for experimental management (Sinclair 1979, Houston 1982) with the hypotheses to 
be tested and criteria under which the hypotheses are to be evaluated set forth before 
the reintroduction is initiated. Planning and budgeting for detailed follow-up study 
must be in place prior to releasing any animals to the wild. 

Summary 

The possibility of reintroducing woodland caribou to northern Minnesota has in­
trigued sportsman's groups, environmentalists and professional wildlife biologists 
since the species extirpation in the 1940s. A planning effort in the 1970s was not 
completed nor implemented because of lack of public funds. Planning was begun 
again in the late 1980s. This latter effort involves extensive interagency cooperation. 
It builds upon the work of the initial planning group. Many issues remain to be 
resolved before a reintroduction can be contemplated. 
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Genetic Considerations 
in the Design of Introduction Programs 

Paul L. Leberg 
Savannah River Ecology Laboratory 

Aiken, South Carolina 

Introduction 

Historically, little concern has been given to effects of introduction and reintrod­
uction programs on patterns and levels of genetic variation in wildlife species. How­
ever, genetic variation can influence the physical attributes of individuals, as well 
as the short- and long-term success of introduced populations. My objective is to 
discuss some of the genetic considerations in the design of introduction and rein­
troduction programs. These include: loss of genetic variation in introduced popula­
tions and ways to minimize this loss, selection of source populations, selection of 
individuals to be released, effects of mixing individuals from different populations 
and use of individuals from captive populations in introductions. I also suggest ways 
to use genetic variation to enhance the success of introduced populations. 

Loss of Genetic Variation in Introduced Populations 

There are two basic measures of genetic variation in natural populations (Allendorf 
and Ryman 1987, Meffe 1987). The most common measure is the average proportion 
of loci for which an individual is heterozygous (mean heterozygosity). An individual 
is heterozygous for a locus (or gene) when it has received a different allele from 
each of its parents. Heterozygosity decreases as individuals become more inbred. A 
second useful measure of genetic variation is the diversity of different alleles in the 
population. One index of allelic diversity is the mean number of alleles per locus. 
These two measures are related (two different alleles are needed to form a hetero­
zygous genotype), but have different management implications. 

We should be concerned about effects of management activities on loss of het­
erozygosity because it can affect the short-term success of introduced populations. 
A large body of literature suggests that individuals that have lost heterozygosity due 
to inbreeding have depressed growth, reproduction, and survival (i.e., Templeton 
and Read 1983, Ralls et al. 1988). Studies of wild populations also suggest that 
individuals heterozygous at one or more loci have higher growth, fecundity and 
survival rates than individuals that are less heterozygous for the same loci (i.e., 
Allendorf and Leary 1986). Furthermore, a laboratory experiment has shown that 
fish from a population with high mean heterozygosity had higher values of these 
same fitness traits than fish from populations with low levels of heterozygosity 
(Quattro and Vrijenhoek 1989). Although the mechanism responsible for the rela­
tionship between heterozygosity-fitness traits is currently being debated (Leberg et 
al. 1990), management implications of these studies are clear. Practices that result 
in decreased heterozygosity and increased inbreeding can affect growth, survival and 
fecundity of the individuals being managed. Because these fitness traits are related 
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directly to the success of populations, those comprised of genetically variable or 
outbred individuals are expected to have higher growth and lower extinction rates 
than populations comprised of less variable or more inbred individuals. Until studies 
of effects of genetic variation on the function of wildlife populations are conducted, 
it is prudent to assume that genetic variation is important to the short-term success 
of introduced populations (Meffe 1987). 

Physical attributes of wildlife species that are of interest to managers and sportsmen 
can also be affected by heterozygosity. Individuals that have lower levels of heter­
ozygosity may have lower growth rates and may not develop normally. In the white­
tailed deer (Odocoileus virginianus), less heterozygous individuals have smaller, less 
symmetric antlers than their more heterozygous counterparts (Scribner et al. 1989, 
Smith et al. in press). Similarly, weight, spur length and beard length of wild turkeys 
(Meleagris gallopavo) decrease with reduced heterozygosity (P. L. Leberg and P. 
W. Strange! unpublished data). If one objective of an introduction program is to
produce individuals of trophy quality, high levels of heterozygosity should be main­
tained.

Allelic diversity affects the ability of a population to adapt to new environmental 
conditions (Allendorf and Ryman 1987). Without genetic variation, in the form of 
different alleles, the ability of a population to respond to new selective pressures is 
limited. If the long-term success of a population is important, such as in the case of 
an endangered species, steps should be taken to prevent loss of allelic diveristy. 

Introduced populations will have reduced levels of genetic variation if they are 
established using individuals that do not contain most of the variation present in their 
original population. This loss, due to incomplete inclusion of the available genetic 
variation when the population is established, is random with regard to what genotypes 
and alleles are retained in the population. The loss of genetic variation within pop­
ulations increases differences among populations. Divergence occurs because dif­
ferent populations obtain different alleles from their respective founders. Both of 
these processes have probably occurred with the reintroduction of white-tailed deer 
and the wild turkey in the eastern United States (Hillestad 1970, Leberg submitted, 
Leberg in preparation). In both species, the'average number of loci for which in­
dividuals are heterozygous is 25-30 percent smaller in introduced populations than 
in native populations (but see Turk and Romano submitted). Furthermore, the amount 
of genetic divergence among native populations of turkeys is approximately four 
times less than the amount among introduced populations. 

If the number of founders is small, there is a high probability that matings between 
closely related individuals will occur in the first several generations after the intro­
duction. In the extreme case, if only one male and one female establish a new 
population, all individuals in the next generation would be siblings. Matings between 
siblings can result in severe inbreeding depression (Ralls and Ballou 1983). 

In many cases it may not be easy to distinguish causes from effects of relationships 
between genetic variability and success of populations. The rate of loss of genetic 
variation of new populations is affected by its growth rate. A slowly growing pop­
ulation loses more genetic variation than one that grows rapidly (Nei et al. 1975). 
Reduced genetic variation can potentially decrease growth rates of populations be­
cause inbreeding depresses both fecundity and survival rates. Higher growth rates 
of populations may also decrease extinction rates, decreasing losses of alleles which 
are unique to single populations. These relationships between genetic variation and 
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population growth rate suggest that most actions taken to increase either factor will 
affect both. With planning it should be possible to develop a management strategy 
that is compatible with both demographic and genetic considerations. 

Minimizing Losses of Variation in Introduced Populations 

The loss of genetic variation and the likelihood of close inbreeding is influenced 
by the number of released individuals that successfully reproduce (founders) and by 
their demographic and genetic composition. There is a direct relationship between 
the amount of genetic variation retained in a new population and the number of 
founders. An estimate of the proportion of heterozygosity of the original population 
(source from which the founders are obtained, H.) that is retained in the introduced 
population is: 

H. x [l - ] ; (1) 
2XN 

where N is the number of individuals founding the population (Wright 1969). When 
the number of founders is small, loss of heterozygosity is large; however, founding 
population sizes of 10 or more individuals can retain most (� 95 percent) of the 
heterozygosity found in the source population (Figure l). 
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Figure l .  Effects of the number of individuals founding a population on the percentage of original 
heterozygosity (solid line), and alleles retained (dashed lines) in the introduced population. The 
unevenly dashed line represents the percentage of five equally frequent (frequency of 0.20) alleles 
retained in the introduced population; the evenly dashed line in the percentage of 20 equally frequent 
(frequency of 0.05) alleles that is retained. 
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Reductions of heterozygosity as small as 6 percent have resulted in reductions in 
the performance of individuals (Ralls and Ballou 1983). This suggests that populations 
founded by fewer than 10 individuals might suffer from immediate negative effects 
of inbreeding depression and loss of heterozygosity. However, it is not easy to predict 
the minimum number of founders necessary to avoid inbreeding depression because 
species differ greatly in tolerance to inbreeding depression (Ralls et al. 1988). 

Estimates of losses of heterozygosity obtained in Equation 1 can be influenced by 
several factors (Wright 1969, Ryman et al. 1981). For instance, the number of 
founders is not necessarily the same as the number of individuals released. The latter 
might be much larger than the former because many individuals may migrate from 
the release site or die before they contribute offspring to the next generation. The 
number of individuals released must take into account post-release dispersal and 
mortality. 

The variance in the reproductive success of founding individuals can influence the 
amount of heterozygosity retained in the population. Because overlapping generations 
tend to reduce this variance, introductions of species with overlapping generations 
will lose slightly less heterozygosity than predicted by equation 1. If there is much 
variation in the success of founders in contributing offspring to the next generation, 
equation 1 will underestimate the loss of genetic variation. This can be important in 
polygamous species because only a few of the males in the population might suc­
cessfully father offspring. Genetic variation in the unsuccessful males is lost. A 
similar loss of genetic variation can occur when managers release more females than 
males. Data on releases of wild turkeys suggests that two to four hens are released 
for every male (National Wild Turkey Federation 1986). Given the same total number 
of founders, a population founded with equal numbers of both sexes will retain more 
genetic variation than one founded with more of one sex than the other. This loss 
occurs in a population with unequal sex ratios because the average genetic contribution 
of each member of the rarer sex to the next generation is larger than the average 
contribution of each member of the more common sex. Consider a population es­
tablished with one male and two females. One half of the next generation's genome 
is contributed by the male, where as each female contributes only 25 percent. 

Equation 1 can be modified to estimate the amount of genetic variation retained 
in an introduced population founded by unequal numbers of males and females 
(rearranged from Wright 1969). The proportion of heterozygosity in the source 
population (H,) that is retained in the introduced population is: 

H, x (1 - ) ; (2) 
8 X Nr X Nm 

where Nr is the number of females and Nm is the number of males that found the 
new population. The closer the sex ratio of the population's founders is to 1: 1, the 
lower the loss of heterozygosity (Figure 2). Losses due to unequal sex ratios are 
greatest when the number of founders is small. In general, when only a few individuals 
can be released, equal numbers of both sexes should be used. However, if the release 
of different numbers of each sex is unavoidable, or if it is desirable because the 
species is highly polygamous, the number of individuals released should be increased 
(i.e., a population founded by 3 males and 12 females loses the same amount of 
heterozygosity as one founded by 5 males and 5 females). 
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Figure 2. Effect of different sex ratios on percentage of heterozygosity retained in the introduced 
population. 

Relatedness among founders of a population can also have large effects on the 
amount of genetic variation that is lost. The higher the relatedness among founders, 
the higher the loss of genetic variation. Release of potentially related individuals has 
been encouraged in some restoration programs. For instance, release of turkeys from 
the same flock (Schorger 1966) was considered to be an effective way to reduce 
dispersal from the release site. However, release of related individuals results in the 
first generation of offspring in a new population being more inbred than if the 
population was established by unrelated individuals. Two half-siblings contain only 
87 .5 percent of the heterozygosity present in two unrelated individuals; siblings 
contain only 75 percent of the heterozygosity of unrelated individuals. The limited 
dispersal and social organization of most wildlife species leads to increased genetic 
similarity or relatedness among spatially proximate individuals (Smith et al. 1976). 
When possible, family groups or other potentially related individuals (such as those 
captured together or at the same site) should not be released together. If the release 
of related individuals is desirable or unavoidable, individuals representing several 
different families of trapping sites should be released and the number of founders 
should be increased. 

There are also formulas available to estimate the loss of alleles for different numbers 
of founders (Denniston 1978). These estimated loses of alleles are affected by all 
the factors affecting the loss of heterozygosity. For the simple case of a random 
mating population with equal sex ratios and nonoverlapping generations, the loss of 
allelic diversity can still be great for founder sizes large enough to retain most of 
the heterozygosity in the source population (Figure 1). Losses of alleles present in 
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low frequencies are considerably greater than those of more common alleles (Figure 
1). One approach to preserving allelic diversity is to use as many founders as possible 
to establish a new population. Allendorf and Ryman ( l  987) recommend that popu­
lations of fish be established with 50 founders to preserve allelic diversity. In many 
introduction programs, it may not be possible to establish populations with releases 
of this size. An alternative approach to the release of a large number of founders is 
to create many semi-isolated populations, each founded with only a few individuals 
(Chesser et al. 1980). Some alleles are lost within each population, but by creating 
a large number of populations it is likely that each allele is preserved in at least one 
or more of them. Although this strategy has several other benefits (e.g., it is unlikely 
that any one natural disaster would wipe out all of the populations), its success is 
based on the premise that most separate populations survive. Therefore, each pop­
ulation should still be founded by enough individuals to avoid effects of inbreeding 
and loss of heterozygosity on short-term viability. 

Selection of Populations as Sources of Founders 

Differences in physical or life-history traits are often observed among populations. 
If these differences have a genetic basis, selection of a source of founders can affect 
the appearance and ecology of individuals in the introduced populations. Sources of 
founders could be selected on the basis of the occurrence of specific traits. For 
example, white-tailed deer in the Midwest tend to have larger antler sizes than do 
deer in the Southeast. For antler size, deer from southeastern populations established 
with individuals from the Midwest were physically more similar to deer from the 
Midwest than to deer from native southeastern populations (Marchinton et al. in 
press). In laboratory studies, choice of source population has been shown to influence 
many ecological traits (i.e., Wade 1979). Therefore, it may be possible for managers 
to influence population-level traits in introduction programs. Unfortunately, it is 
usually not known if differences in physical or ecological performance of potential 
source populations are due to genetic differences or to differences in environmental 
conditions such as habitat quality (Marchinton et al. in press). 

It is likely that some genetic differences among populations are due to adaptations 
to local conditions. Therefore, caution should be used in the selection of source 
populations on the basis of specific traits because these traits might be maladaptive 
in the environment of the release site. Individuals released to found new populations 
should be obtained from habitat similar to that of the intended release site (Smith et 
al. 1976). 

The selection of a source population should also be based on its level of genetic 
variation. The level of genetic variation in an introduced population is influenced 
partially by the level of genetic variation in the source population. Protein electro­
phoresis is the most common method of measuring levels of genetic variation among 
field populations (Smith et al. 1976); however, other methods involving DNA re­
striction analyses are becoming available. In captive populations, breeding experi­
ments can be used to estimate genetic variation for quantitative traits such as body 
weight or antler size. All of these techniques have the disadvantage of estimating 
total genetic variation from variation present in only a few genes; however, this is 
usually the only type of information available. Historical data can also be used to 
estimate relative levels of genetic variation of potential source populations. For 
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example, the wild turkey population in the state of Kentucky was at one time reduced 
to seven individuals (R. D. Smith pers. comm. 1981). Because genetic variation was 
undoubtedly lost during this reduction in population size, populations of turkeys that 
remained large probably contain more genetic variation than the Kentucky population. 

There may be some disadvantages in choosing the most genetically variable pop­
ulations as the sources of individuals to be released in an introduction program. The 
history of the population from which released individuals are obtained can greatly 
influence their susceptibility to inbreeding depression. If a population has experienced 
high levels of inbreeding in the past, many deleterious alleles responsible for in­
breeding depression may have been lost due to selection (Templeton and Read 1983). 
Therefore, exposing this population to additional inbreeding would not result in 
serious inbreeding depression. Selection of a source population with higher levels 
of genetic variation would increase the level of genetic variation in the introduced 
population, but it might also result in high levels of inbreeding depression. This 
observation suggests that a population with low heterozygosity might be the best 
source of founders because they may be less susceptible to inbreeding depression. 
However, except in cases where inbreeding is expected to be very high (i.e., fewer 
than six founders are available), the long-term benefits of high levels of genetic 
variation probably outweigh any of the temporary effects of inbreeding depression. 

In the case of an endangered or threatened species, separate populations should 
probably be established with individuals from each native population that contain 
unique genetic material. If a native population goes extinct, its unique alleles are 
also lost. The establishment of several introduced populations, each founded with 
individuals from a different population, would preserve more genetic variation than 
if individuals from only one source were used to establish all of the introduced 
populations. 

Mixing of Different Populations 

An obvious way to increase genetic variation is to mate individuals from genetically 
different populations. Releasing individuals from several different populations to­
gether might result in a vigorous hybrid population with a high level of genetic 
variation. Experimental populations of fish founded from two sources had higher 
fecundity rates than populations founded from one source (Leberg unpublished data). 
Wild turkey populations founded by individuals from several populations have higher 
levels of heterozygosity than populations from which the founders were obtained 
(Turk and Ramano submitted). The release of individuals from a different population 
has also been used to enhance genetic variation within a native population of turkeys; 
the release apparently lead to increased reproductive performance (R. D. Smith pers. 
comm. 1981). However, this approach should be used with caution. Some crosses 
between genetically different populations produce offspring with reduced growth, 
survival and fecundity (Templeton 1986). This reduction in vigor, or "outbreeding 
depression," is believed to occur when combinations of genes that function well 
together in a population are disrupted due to matings with individuals from other 
populations without the same gene combinations. Much less is known about out­
breeding depression than inbreeding depression. It is very difficult to know what 
crosses will produce vigorous individuals, and which will hve undesirable effects. 
It is also believed that effects of outbreeding depression are temporary in terms of 
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evolutionary time. If the introduced population survives the first few generations of 
outbreeding depression, the effects are likely to disappear (Templeton 1986). 

Unless experiments examining fitness of offspring (and their offspring) resulting 
from matings of individuals from different populations have been conducted, it is 
prudent to avoid releasing individuals from populations with markedly different 
genetic backgrounds. If it is necessary or desirable to release individuals from dif­
ferent populations together, a large number of individuals should be released, so the 
population does not go extinct during the first several generations from the effects 
of outbreeding depression on reproduction or survival. A genetic survey of the species 
of interest using protein electrophoresis or one of the DNA restriction techniques 
may be useful in identifying populations with different genetic characteristics. In the 
absence of this information, it is probably best to avoid crossing populations that 
differ in morphology, such as many recognized subspecies. These differences may 
reflect the underlying genetic structure of the species (although this is not always 
the case). 

In addition to preventing outbreeding depression, there are other reasons to avoid 
crossing genetically different populations. Many populations have adaptions to local 
conditions. In the unlikely situation that the number of individuals released is large 
relative to the native population, these adaptions could be lost. More likely, the 
mixing of populations through introductions will tend to decrease genetic differences 
among them. Differences among populations, such as those observed among sub­
species, are valued by many individuals (sportsmen, bird watchers, biologists, etc.), 
and actions that would result in their loss should not be undertaken lightly. 

Selection of Individual Founders 

It is best not to select individuals as founders of a population based on specific 
traits, such as body weight or antler size. This type of choice represents a form of 
selection and could lead to loss of genetic variation at the loci affecting the trait of 
interest. Additional variation is lost at the many loci located on the chromosomes 
near the loci affecting the trait. A study of the effects of different criteria used to 
select individuals to establish a population of Guam rails (Rallus owstoni) suggested 
that selecting founders based on fecundity or even individual heterozygosity (as 
measured by electrophoresis) led to greater losses of genetic variation in the intro­
duced population than did random selection of founders (Haig et al. 1990). Reduction 
in genetic variation resulting from selection for the most heterozygous individuals 
to establish a population occurred because most rails with high allozyme heterozy­
gosity in the captive population were from the same family. 

If pedigree information is available for captive individuals, it can be used to help 
select individuals to found wild populations with the highest possible levels of genetic 
variation. To maximize genetic variation in the new population, approximately equal 
amounts of the genetic material of each of the original founders in the captive 
population should be present in individuals chosen to establish the new population 
[see Haig et al. (1990) for details]. 

Use of Founders from Captive Populations 

Use of individuals from game farms, hatcheries and other captive breeding facilities 
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in introduction programs is common for some species. All considerations concerning 
genetic variation in introduced wild populations apply to establishment of the captive 
populations. It is illogical to design introduction programs to maintain high levels 
of genetic variation if all genetic variation in the captive population supplying the 
founding individuals was lost when it was established. Captive populations should 
be established with as many unrelated individuals as possible. 

There are disadvantages in removing organisms from their natural environment 
and placing them into captivity where selective pressures are different. Genotypes 
that might do well in nature might fare poorly in captivity. Alternatively, genotypes 
that might normally not be viable, may prosper under human protection in captive 
rearing facilities. Traits associated with tameness are also selected for in captive 
populations. Individuals with adaptations to captivity may not fare well when released 
in the wild. For example, turkeys from game frms have been relatively unsuccessful 
in establishing wild populations (Schorger 1966). The best way to avoid effects of 
selection is to keep populations in captivity for the smallest number of generations 
possible. Additionally, individuals from wild populations should be introduced into 
the captive population at frequent intervals. 

Management and Research Recommendations 

Managers should design restoration programs to avoid loss of genetic variation in 
newly established populations. Prior to initiation of an introduction program, as much 
information as possible regarding the history, ecology and genetics of populations 
that are potential sources of founders should be obtained. Genetic variation within 
introduced populations is best maintained by releasing as many unrelated individuals 
of both sexes as is possible. Founders should be obtained from a population with a 
high level of genetic variation. Additional allelic variation can be preserved by 
establishing several introduced populations. Introduction strategies that select foun­
ders based on some trait, depend on the use of captive stock or result in mixing of 
different populations should be pursued cautiously. However, these recommendations 
are subject to modification to the specific management situation. Because differences 
in the biology of species affect the loss of genetic variation in founder events and 
the response to inbreeding and outbreeding, it is not possible to provide more specific 
recommendations. One approach to deal with this problem is to use a simulation 
model that incorporates important aspects of the species biology to evaluate the 
effects of different management practices on genetic variation and population per­
formance (for related examples see Ryman et al. 1981, Haig et al. 1990). 

Use of genetics in wildlife management is in its infancy and many important, basic 
questions need to be answered. How important are inbreeding, outbreeding and 
genetic variation to the short- and long-term success of wildlife populations? Are 
there optimal levels of inbreeding and outbreeding, and how do they differ between 
species? Can theoretical models from population genetics be modified to predict 
accurately the loss of genetic variation resulting from management practices? It is 
not clear which genetic issues are most important in the management of wild pop­
ulations because most work in this area has been done in agricultural and laboratory 
settings. Introduction programs could be designed as experiments to test hypotheses 
concerning management and genetics under field conditions, while still achieving 
specific managament objectives. It would serve both managers and researchers well 
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to work together to use introductions to answer questions important to both population 
biology and wildlife management. 
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Introduction 

The current abundance of many important species of wildlife in North America 
can be traced to successful programs of introduction and/or reintroduction. Outstand­
ing examples include Rocky Mountain elk (Cervus elephus nelsoni) ring-necked 

pheasants (Phasianus colchicus), and rainbow trout (Salmo gairdneri), species that 
collectively provide enormous recreational opportunity to the citizens of this conti­
nent. In retrospect, it is clear that benefits offered by these species have exceeded 

their environmental costs. However, in prospect, it is often uncertain whether the 
value gained by transplanting animals will outweigh the harm done. There are many 
examples of introductions gone bad, for example European starlings (Sturnus vul­

garis), common carp (Cyprinus carpio) and cheatgrass brome (Bromus tectorum). 
Remembering these failures underscores our obligation to examine carefully the 
potential impacts of adding a species to existing communities of plants and animals. 

Here, we consider ways that information can be focused on the problem of intro­
ducing animals into habitats from which they have been absent. In particular, we 
describe the use of simulation models to examine potential impacts of introductions 

on competitive interactions among species, and to plan actions to influence the 
outcomes of those interactions. Although we use ungulates as an example, our 
approach is substantially general and should provide application to a variety of birds 
and mammals. 

Problem Description 

There are many reasons to introduce a new species to an ecosystem. Introductions 
may improve human access to wildlife, increase the probability of survival of en­

dangered animals, enhance community diversity, or contribute to reduction of pests 
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through predation or competition. However, introducing an animal species to a new 
habitat does not occur without risk. Many ecologists believe animal communities 
exist at equilibrium with habitat resources limiting population growth of individual 
species (reviewed by Schoener 1982, 1983, but also Wiens 1977, Huston 1979, 
Connor and Simberloff 1986). It follows that adding species to an existing fauna 
may upset equilibria among animal populations and increase the likelihood of local 
extinctions via competition. To the extent that competition influences growth of 
animal populations, introductions may harm desirable species that suffer a competitive 
disadvantage with those that are introduced. In planning introductions, we must 
foresee the tradeoffs between benefits and costs of such actions and design man­
agement interventions to capitalize on their benefits while minimizing their costs. 

Example Application 

We recently used simulation modeling to evaluate the biological benefits and costs 
of translocating mountain goats (Oreamnos americanus) within Colorado, and to 
formulate criteria for deciding when such translocations would be appropriate. We 
believe our specific application illustrates a broadly useful approach in planning 
introductions. 

Policy Context 

It is not certain whether mountain goats were ever indigenous to Colorado. Some 
workers hypothesize that mountain goats ranged in the southern Rocky Mountains 
as recently as the Wisconsin glaciation and that their disappearance coincided with 
large-scale loss of alpine tundra habitats (Hibbard 1958, Hoffmann and Taber 1967). 
There are reports of mountain goats in Colorado as late as 1897, but these are 
questionable (Feltner 1972, Rutherford 1980). Regardless, it is fairly certain that 
mountain goats were absent from Colorado from the early 1900s until the period 
1948-1971, when they were successfully introduced (Rideout and Hoffmann 1975, 
Denney 1977). 

Over the last 15 years, policy of the Colorado Division of Wildlife has prevented 
additional translocations of mountain goats because it was widely believed they 
compete with native populations of mountain sheep (Ovis canadensis) for limited 
areas of suitable high elevation habitat. Mountain sheep populations have performed 
poorly in many areas of Colorado (Wakelyn 1987, Risenhoover et al. 1988), and 
hence it seemed wise to avoid actions that might further restrict their distribution 
and abundance. However, policy discouraging introductions of mountain goats may 
unduly limit choices for managing alpine ungulates. It may be possible to successfully 
manage introduced populations of mountain goats such that they do little or no harm 
to mountain sheep. 

Objectives 

We analyzed policy alternatives for managing sympatric populations of mountain 
goats and mountain sheep using a model simulating the dynamics of their populations 
in an alpine ecosystem. The objectives of our analyses included: (1) predicting the 
probable risks to mountain sheep populations resulting from reinitiating translocations 
of mountain goats, (2) developing translocation guidelines that would minimize those 
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risks, and (3) suggesting research and monitoring that would enhance future man­
agement capabilities. 

Model Context 

We examined the consequences of introducing mountain goats into alpine habitats 
occupied by mountain sheep. Although this is clearly not the only policy option for 
managing sheep and goats (for example, goat transplants could occur where sheep 
are not found currently), we believed it was the choice that had to be examined. 
This was the case because any introduction of mountain goats into Colorado, re­
gardless of its location, increases the likelihood that dispersing, introduced mountain 

goats will compete with resident, indigenous mountain sheep. Moreover, such in­
troductions also may limit future locations for mountain sheep transplants if the 
question of competition remains unresolved. Thus, although transplanting mountain 
goats to mountain sheep ranges represents an extreme management tactic, it also 
offers the strongest test of the viability of establishing new mountain goat populations 
in the state. We wanted to simulate "worst case" conditions. 

The model was constructed to represent interactions of mountain sheep and moun­
tain goat populations on alpine grasslands in the central Rocky Mountains. We 
assumed that modeled populations traversed 40 km2

, of which 20 km2 were used 
intensively. Within this area there were two distinct habitat types, cliffs and meadows. 
We chose to simulate a hypothetical area rather than an actual location to enhance 
the generality of our model, and to allow us to draw on data from different geographic 
locations. 

Model Description 

Our model was structured as Leslie matrix for two sexes and 12 annual cohorts 
of two populations (Figure l). Vectors for survivorship and natality were modified 
at a yearly time step in response to simulated environmental conditions. Model 
behavior was governed by several key assumptions. (The computer code imple­
menting these assumptions can be obtained by writing to the senior author). 

The model represented mountain sheep and mountain goat populations using alpine 
and subalpine habitats above 2,700 m. We assumed that sheep and goat populations 
used different alpine terrain: mountain goats reside most frequently on steep cliffs 
and ridges (Mcfetridge 1977, Thompson 1980, Schoen and Kirchoff 1981, Chadwick 
1983, D. F. Reed unpublished data), while mountain sheep use adjacent grasslands 
of lower slope (Geist 1971, D. F. Reed unpublished data). However, a pivotal 
assumption of the model was that mountain goats disperse into meadows as their 
populations increase in density, but that sheep will not use cliffs. It appears that in 
the absence of pressure from predators, distribution of mountain goats is not limited 
to steep terrain (Chadwick 1983:83). Thus, we assumed spatial mechanisms of eco­
logical separation seen in northern ranges were not strongly operative in Colorado. 
Moreover, we assumed that mountain sheep were sedentary and did not migrate to 
lower elevations to avoid competition with goats. 

We further assumed that competition between mountain goats and mountain sheep 
acts to depress growth of both populations. Population growth rates in the model 
were regulated by natality, natural mortality, harvest and dispersal. Interactions 
between simulated mountain goats and mountain sheep that impaired their ability to 
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Figure 1. Age-structured population dynamics model representing births and deaths of mountain 
sheep and mountain goats. Natality is indicated by flow from the lower box to the upper one. In 
both species, the number of animals added to the population is controlled by per capita availability 
of winter food and date of spring green-up. Mortality in mountain goats is controlled by starvation, 
dispersal and harvest; dispersal adds to effects of mortality on goat numbers. Mortality in mountain 
sheep is controlled by epidemic disease, parasitism, starvation and harvest. 

obtain high quality forage in sufficient amounts lowered their nutritional status. For 
both species, undemutrition reduced the number of surviving offspring produced in 
spring and elevated rates of over-winter mortality in juveniles and adults (Nichols 
1980, Jorgenson and Wishart 1986, Smith 1986). However, because mountain goats 
have food habits that are more catholic than those of mountain sheep (Adams and 
Bailey 1983, Dailey et al. 1984), we assumed that goats are less sensitive to declining 
food availability than are sheep. Vegetation growth in the model responded to random, 
annual variation in precipitation as well as to duration of the growing season, which 
also varied stochastically. Stocking rates of mountain sheep and goats on alpine 
ranges directly influenced nutrition of individuals by controlling the amount of forage 
available per capita. 

In addition to nutritional effects on recruitment, simulated mountain sheep pop­
ulations were regulated by infectious and parasitic diseases. We assumed that infec­
tious disease caused by Pasteurella spp. can occasionally cause precipitous die-offs 
resulting from pneumonia epidemics, and that lamb survival is drastically reduced 
for several years following pneumonia outbreaks (Demarchi 1972, Bailey 1986). We 
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further assumed the proportion of the population susceptible to pasteurellosis increases 
with increasing population density through recruitment of immunologically naive 
individuals and/or compromise of immunity in protected individuals (Anderson and 
May 1979, May and Anderson 1979, Anderson 1982, Dietz 1982, May 1983, Mol­
lison 1987). Thus, probability of a die-off in the model increased linearly with density 
above a density threshold. We derived parameters for epidemic mortality rates from 
those documented during pneumonia epizootics in Rocky Mountain sheep herds 
throughout North America (Demarchi 1972, Feuerstein et al. 1980, Wishart et al. 
1980, Onderka and Wishart 1984, Andryk and Irby 1986, Bailey 1986, Schwantje 

1986, Festa-Bianchet 1988). 
We also assumed that parasitic lungworm (Protostrongylus spp.) infections can 

cause high lamb mortality in mountain sheep populations (Woodard et al. 1974, 
Schmidt et al. 1979). Lamb mortality associated with lungworm infections increased 
as ewe density increased (Hudson and Stelfox 1976, Festa-Bianchet and Samson 
1984, Festa-Bianchet 1987, Robb 1987, Samson et al. 1987) and ewe condition 
declined (Stelfox 1974, Festa-Bianchet and Samson 1984, Festa-Bianchet 1987, Robb 
1987, Samson et al. 1987). 

Mountain goat populations are far less subject to disease than are mountain sheep, 
but their numbers tend to be regulated by dispersal of juveniles (Geist 1982, Stevens 
1983, Houston and Stevens 1988, J. A. Bailey unpublished data). We assumed that 
dispersal by juvenile mountain goats (age classes 1-5) reduced their survivorship at 
each time step. (We do not imply that all dispersing goats die, but the model accounts 
for dispersal and mortality in the same way.) Dispersal rates were 33 percent lower 
for females than for males (Stevens 1983) and were a constant fraction of cohort 
numbers. 

Harvest was used to regulate populations of both species in the model. Achieved 

harvests were influenced by population objectives. The difference between population 
objectives and estimates of current population size determined the harvest objective. 
The number of animals harvested was a function of harvest objective and hunter 
success rate, which varied stochastically. Accuracy and precision of population es­
timates were controlled by the level of resources invested in census. Higher invest­
ment resulted in greater accuracy and precision. 

Our model was written in FORTRAN 77 (Microsoft version 4.0l) for execution 
on IBM compatible microcomputers. We used the TIME-ZERO Integrated Modeling 
Environment (Quaternary Software, Fort Collins, Colo.) to facilitate model construc­
tion and analyses. 

Model Analyses 

We used the model to examine mechanisms of regulation in populations of moun­
tain goats and mountain sheep and to answer three questions: 
l. What is the impact of introduced mountain goat populations on established

populations of mountain sheep, and what ecological mechanisms are most im­
portant in controlling those impacts?

2. Do characteristics of alpine habitats (e.g., topography, primary production)
influence the outcome of competitive interactions?

3. Can harvest increase the likelihood of coexistence between mountain goats and
mountain sheep?
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To address question 1, we examined simulated dynamics of each species in the 
absence of the other, and in absence of any management interventions. In these 
initial simulations, we presumed all regulating factors except harvest (i.e., food, 
disease, dispersal, parasitism) were operative. 

We then structured a series of JOO-year simulations that included both mountain 
sheep and mountain goats. Mountain sheep were introduced at year O and mountain 
goats at year 50. To facilitate comparison between the two halves of the simulation 
(0-50 years versus 51-100 years), we reinitialized all stochastic processes 1 at the 
beginning of year 51. Thus, any difference in behavior of mountain sheep populations 
in the first and second half of simulation runs could be attributed to effects of mountain 
goats. We first assumed that food supply alone regulated growth of both species. 
We subsequently added effects of parasitism and disease as regulators of mountain 
sheep populations and examined differences in model outcomes. 

To address question 2, we examined effects of habitat variables on the outcome 
of competition. In separate model runs, we altered the percentage of habitat contained 
in cliffs and meadows and altered levels of annual net primary production. 

To address question 3, we examined the influence of harvest on population tra­
jectories with all natural regulators (food, competition, disease, parasitism) activated. 
We also examined two harvest regimes, "conservative" and "aggressive." The 
conservative approach included a minimal investment in census activity, a males­
only harvest for mountain sheep (larger than 1/2 curl), and either-sex harvest of 
mountain goats. The aggressive strategy included heavy investment in census, spec­
ified harvests of both ram and ewe mountain sheep and either-sex harvest of mountain 
goats. 

Results and Discussion 

The model portrayed distinct patterns of growth in naturally-regulated populations
of mountain sheep and mountain goats. In the absence of mountain goats, simulated
mountain sheep populations displayed episodes of exponential increase followed
sequentially by precipitous decline, temporary stasis and slow recovery (Figure 2A).
These disease-induced sequences repeated at approximately 20-year intervals, with
populations attaining peak densities of about 3 females/km2

• Similar patterns have
been observed in populations of mountain sheep throughout the Rocky Mountains
(Hudson and Stelfox 1976, Feuerstein et al. 1980, Hass 1989, Colorado Division of
Wildlife unpublished data). In the absence of mountain sheep, simulated mountain
goat populations displayed exponential growth followed by equilibrium (Figure 2B)
typical of ungulates introduced into new habitat (Caughley 1970). Equilibrium density
for mountain goats was about 4.6 females/km2

• During the first 10 years after in­
troduction, simulated instantaneous rates of increase (r) for mountain goats (r =
0.13, Figure 2B) exceeded those for mountain sheep (r = 0.11, Figure 2A). These
values resemble those calculated for growing populations of mountain goats (Hibbs
et al. 1969, Vaughan 1975, Stevens and Driver 1978, Youds et al. 1980) and mountain
sheep (Haas and Decker 1980, Jorgensen and Wishart 1986).

'The series of random numbers used for years 1-50 was identical to that used for years 51-100. 
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Figure 2. Simulated trajectories of ungulate populations introduced into alpine habitats in the absence 
of management. A-Population growth of mountain sheep regulated by intraspecific competition 
for food supply, epidemic disease and parasitism. B-Population growth of mountain goats regulated 
by intraspecific competition for food and dispersal. C-Effect of mountain goat introduction (solid 
line) on population performance of mountain sheep (dashed line), where mountain goats are regulated 
by food supply and dispersal and mountain sheep are regulated by food supply. D-Effect of mountain 
goat introduction (solid line) on population performance of mountain sheep (dashed line). Mountain 
sheep populations are limited by food supply, parasitism and epidemic disease. Mountain goat 
populations are regulated by food supply and dispersal. 

When goats were included in simulations representing an established population 
of mountain sheep, the resulting performance of mountain sheep depended strongly 
on which mechanisms regulated their population growth. When we formulated the 
model so that food supply alone regulated population growth, the two species even­
tually reached a stable equilibrium (Figure 2C). That equilibrium point shifted down­
ward in mountain sheep following introduction of mountain goats. Density-dependent 
effects on food supply acted to regulate population growth by reducing natality and 
increasing winter mortality in both populations. 

When mountain sheep populations were regulated initially by the combined effects 
of food supply, parasitism and epidemic disease, and mountain goats were added to 
the simulation, the mountain sheep population appeared to be stable or increasing 
for 27 years following goat introduction (years 50-77, Figure 2D). Thus, introduction 
of goats initially appeared to improve the performance of sheep populations by 
increasing stability in their numbers. However, during year 77, this apparent stability 
was interrupted by a disease epidemic. The simulated mountain sheep population 
did not recover from that die-off (Figure 2D). 

These patterns occurred because competition reduced natality in mountain sheep 
during years 50-77. This reduction in growth rate retarded the rate of increase in 
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mountain sheep density and delayed onset of density-dependent epidemic disease. 
However, competition with mountain goats ultimately prevented the mountain sheep 
population from recovering vigorously following the die-off. Comparing these results 
(Figure 2D versus Figure 2C) emphasizes the importance of disease in influencing 
competitive interactions between these two species and the importance of time lagged 
effects. 

Environmental conditions appeared to have little impact on the outcome of com­
petition. When we increased net primary production by 1,000 kg/ha over the original 
values (1,700 kg/ha), equilibrium densities of mountain goats increased from 4.5 to 
almost 8 females/km2

, but population trajectories of mountain sheep responded only 
slightly (Figure 3A). This suggests that disease regulates mountain sheep numbers 
at levels well below the food-based carrying capacity of the environment. 

In contrast, changing the proportion of habitat contributed by cliffs and meadows 
substantially influenced mountain sheep performance before introduction of goats 
and had moderate effects thereafter (Figure 38). Mountain sheep populations re­
sponded to changes in habitat area to a greater extent than changes in production 
because of the effects of area on population density, and hence, on probability of 
disease outbreaks. Simulated mountain goat populations did not respond to these 
changes in initial conditions for habitat area. These patterns depend on our assumption 
that mountain goat populations can expand into meadows without penalty in their 
reproductive rates. To the extent that these assumptions are correct, then landscape 
characteristics of alpine translocation sites in Colorado will have little or no impact 
on the eventual outcome of competition but remain important considerations in 
selecting sites for potential mountain sheep translocations. 

When we added hunting to the model, it was possible to achieve long-term equi­
librium between sheep and goats using an aggressive harvest strategy propelled by 
liberal investment in census (Figure 3D). Conservative harvest regimes failed to 
eliminate disease cycles in mountain sheep populations and allowed mountain goats 
to prevail in competition with sheep, even when both sexes of goats were harvested 
moderately. Thus, we surmise that although mountain goats can be potent competitors 
with mountain sheep in the absence of management (Figure 2D), applying an ap­
propriate harvest regime appears to allow coexistence of these species on alpine 
ranges at maximum sustainable densities (Figure 3C) because mountain sheep pop­
ulations were stabilized by maintaining their densities below a threshold critical for 
disease outbreak. 

Based on these simulations, we concluded that mountain goats can be potent 
competitors with mountain sheep and can significantly depress nonmigratory moun­
tain sheep populations on alpine ranges. Characteristics of release sites may be 
relatively unimportant criteria in planning mountain goat translocations to those 
ranges. This is the case because of the demonstrated dispersal ability of mountain 
goats (Stevens 1983), and their apparent ability to thrive in meadow habitats used 
by mountain sheep. Preventing competitive interactions will depend to a greater 
extent on criteria for managing populations after introductions than on choosing sites 
before they occur. We surmise the fundamental criterion for mountain goat trans­
locations Within Colorado is a commitment to an aggressive harvest regime for both 
species and investment in inventory needed to direct that regime. 

It is clear from our simulations that a "wait and see" approach to controlling 
mountain goat numbers involves substantial peril. Cyclic disease processes occur 
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Figure 3. Effects of population and habitat management on simulated trajectories of ungulate pop­
ulations introduced into alpine habitats. A-Effect of mountain goat introduction on population 
performance of mountain sheep, assuming two levels of net primary production in alpine habitats 
(1,700 and 2,700 kg/ha). Mountain sheep populations (dashed lines) are limited by food supply, 
epidemic disease and parasitism. Mountain goat populations (solid lines) are limited by food supply 
and dispersal. B-Effect of mountain goat introduction on population performance of mountain 
sheep, assuming different arrangements of cliffs and meadows in alpine habitats. Numbers by arrows 
give the proportion of the total area (cliffs + meadows) that is contributed by meadows. Mountain 
sheep populations (dashed lines) are limited by food supply, epidemic disease and parasitism. 
Mountain goat populations (solid lines) are limited by food supply and dispersal. C-Effect of 
mountain goat introduction (solid lines) on population performance of mountain sheep (dashed lines), 
assuming populations are harvested according to "aggressive" (thick lines) and "conservative" 
(thin lines) harvest regimes. 

628 • Trans. 55rh N. A. Wildt. & Nat. Res. Conj. (1990) 



over time scales that make changes in mountain sheep population numbers difficult 
to compare among locations. Effects of mountain goats on demography of mountain 
sheep populations may be impossible to detect, particularly if sheep herds in areas 
receiving goat introductions are compared to "control" herds elsewhere. If those 
"controls" happen to be in a static or declining phase in the disease cycle, such 
comparisons are likely to be misleading. Moreover, the model suggests that inferring 
goats have no effect on sheep based on observing no change in mountain sheep may 
be dangerous, even if those observations occur over relatively long time periods 
(e.g., 27 years!). Such inferences offer spurious security about the future of mountain 
sheep if disease cycles remain poorly understood. 

The outcomes of these scenarios rely heavily on our assumptions of mountain 
sheep and goat population performances and responses. These assumptions contribute 
uncertainty to any policy recommendations and motivate future research needed to 
reduce that uncertainty. Success in managing mountain sheep populations appears 
to hinge on preventing recurrent disease epidemics, regardless of whether sympatric 
mountain goat populations are present. We suggest that relationships between density 
of mountain sheep populations and their susceptibility to disease, as well as effects 
of harvest on animal distribution, offer important unresolved questions in mountain 
sheep management. 

Both efficacy of population control for preventing disease outbreaks and strategies 
for regulating densities should be evaluated in controlled experiments incorporated 
into management plans for mountain sheep. These experiments should test effec­
tiveness of both census and removal methods for achieving population objectives, 
and should monitor herd responses to management. To provide reliable conclusions, 
such management experiments will require careful design, combined with long-term 
commitment and cooperation of managers, biologists and researchers to apply and 
evaluate management treatments. We believe such endeavors are essential to enhance 
our comprehensive ability to manage for a diversity of ungulate species in alpine 
ecosystems. 

Conclusions 

Our example application illustrates several uses of simulation models in planning 
introductions. Models can be used to evaluate criteria for initiating translocations. 
Although such criteria usually focus on characteristics of the habit where translo­
cations are planned, it is clear that introductions should be contingent on the where­
withal to execute specific management actions after species are introduced. For 
example, co-existence of mountain goats and mountain sheep on alpine ranges in 
Colorado will probably depend on the ability to harvest them effectively. 

Models are also useful in revealing "surprises" in future performance of popu­
lations of interest. Our model illustrated that relatively long-term impacts of one 
species on another must be considered in criteria for introductions. The predicted 
local extinction of mountain sheep that occurred after 27 years of sympatry suggests 
that brief, empirical studies may offer a weak foundation for decisions on effects of 
introductions on competition between species. Models may be the only feasible way 
to make inferences over longer time scales. 

Planning introductions should involve criteria for success, as well as a program 
designed to evaluate whether those criteria are met. Models can be fundamentally 

Biological Criteria + 629



useful in identifying responses in the target population, particularly those of popu­
lation performance. Our model demonstrated the substantial difficulty in making 
comparisons among populations when they cycle out of phase. This difficulty un­
derscores the need for sophisticated experimental designs (Walters and Collie 1988, 
Walters et al. 1988) if those comparisons are to be reliable. 

A common response to modeling efforts like the one we have outlined is that the 
best available information is simply not up to the task at hand. That is to say, we 
don't understand wildlife populations or their interactions with habitats well enough 
to model their behavior at any level of resolution. No doubt, there are times when 
we should heed such doubts. To the extent that it is better to be ignorant than misled, 
a modeling approach may not be appropriate when data are scarce and processes are 
poorly understood. However, it can also be argued that when our understanding is 
that poor, then the potential benefits offered by introducing a species cannot offset 
the risks involved. In such cases, prudence may demand that we leave well enough 
alone. 

The utility of simulation modeling lies in forcing us to explicitly recognize the 
" ... consequences of what we believe to be true" (Starfield and Bleloch 1986:3). 
This process can improve the quality of our choices and help us communicate why 
we made them. 
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Summary Remarks 

Clait E. Braun 
Colorado Division of Wildlife 

Wildlife Research Center 
For Collins 

The theme of this session "Introductions and Reintroductions of Wildlife Popu­
lations" is exceedingly important in modern wildlife managemenUscience. Manage­
ment of wildlife is becoming more intensive as habitats become fragmented and 
increased demands are placed on all natural resources. Some species (usually pre­
dators) have been completely eliminated because they compete with man, changes 
in land use eliminated essential habitats, or degredation of habitat quality. As man's 
awareness of the importance of balanced ecosystems increased, interest has developed 
in restoring species to formerly occupied habitats. This is in addition to the latent 
interest in many public interest groups and state wildlife agencies to fill "vacant" 
niches. Supported by the success of past introduction programs, such as for ring­
necked pheasant (Phasianus colchicus), gray partridge (Perdix perdix) and chukar 
(Alectoris chukar) and, more recently for native species such as wild turkey (Me­

leagris gallopavo), ruffed grouse (Bonasa umbellus) and peregrine falcon (Falco 

peregrinus), there is strong interest in reintroduction and introduction of wildlife 

species. 
Our speakers in this session have provided excellent thoughtful papers on a variety 

of issues important to success in reintroduction and introduction efforts. The pre­
sentations of Brocke et al. ( l  990) and Warren et al. (1990) demonstrate the importance 
of proper planning, while Gogan et al. (1990) describe a reintroduction effort currently 
in the planning phase. The success of these three efforts is not biologically assured, 
but the lynx (Felis lynx) and bobcat (F. rufus) efforts are clearly successful politically 
and have public support. Glass et al. (1990) provide evidence that strong public 
support exists for wildlife reintroduction programs and that people are willing fi­
nancially to commit personal resources to these efforts. Wildlife does have deter­
minable value! The papers of Batt and Nelson (1990) and Toepfer et al. (1990) 
present evidence that restoration programs using hand-reared birds have little chance 
of success. These authors present convincing arguments that quality habitat is the 
key to any successful reintroduction program. Paul Leberg (1990) provides insight 
into the importance of genetic considerations in introduction/reintroduction efforts. 
Realization of the importance of genetics in establishing and maintaining healthy 
wildlife populations is recent. This is a fertile area for research as we strive to 
understand better why some individual animals and populations do well while others 
perform poorly. Finally, Hobbs et al. ( 1990) demonstrate the usefulness of simulation 
modeling in understanding the dynamics of the effects of competition of introduced 
species on native species when both occur sympatrically. Too often wildlife managers 
fail to perceive the long-term impacts of introduction programs. However, the pre­
sentation of Hobbs et al. clearly indicates that substantial knowledge of species 
biology is required before modeling can be fully used. 
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Wildlife Translocations as Management Experiments 

Man has been moving animals since at least biblical times (Noah's Ark). Unfor­
tunately, most translocations have been poorly planned and even more poorly doc­
umented. In most cases there are no data available as to why and how a decision 
was made to reintroduce or introduce animals; data on numbers (age and sex) of 
animals released are inadequate or completely lacking, habitat data prerelease were 
not obtained and no postrelease evaluation was conducted. The philosophy was 
"dump and hope." Wildlife managemenUscience has come a long way, but consid­
erable room exists for additional growth. As the papers in this session clearly doc­
ument, reintroduction and introduction efforts require considerable planning, prerelease 
habitat evaluations and postrelease evaluation in addition to firm biological knowl­
edge about the species to be translocated. Further, all releases of wild animals must 
be treated as management experiments and be fully documented in obtainable reports. 
To do otherwise is a disservice to our supporting agencies and public interest groups. 
The time of "dump and hope" is forever behind us. 

References Cited 

Batt, B. D. J. and J. W. Nelson. 1990. The role of hand-reared mallards in breeding waterfowl 
conservation. Trans. N. A. Wildt. and Nat. Resour. Conf. 55:Current volume. 

Brocke, R. H., K. A. Gustafson, and A. R. Major. 1990. Restoration of lynx in New York: 
Biopolitical lessons. Trans. N. A. Wildt. and Nat. Resour. Conf. 55:Current volume. 

Glass, R. J., T. A. More, and T. H. Stevens. 1990. Public attitudes, politics and extra market 
values for reintroduced wildlife: Examples from New England. Trans. N. A. Wild!. and Nat. 
Resour. Conf. 55:Current volume. 

Gogan, P. J. P., P.A. Jordan, and J. L. Nelson. 1990. Planning to reintroduce woodland caribou 
to Minnesota. Trans. N. A. Wild!. and Nat. Resour. Conf. 55:Current volume. 

Hobbs, N. T., M. W. Miller, J. A. Bailey, D. F. Reed, and R. B. Gill. 1990. Biological criteria 
for introductions of large mammals: Using simulation models to predict impacts of competition. 
Trans. N. A. Wildt. and Nat. Resour. Conf. 55:Current volume. 

Leberg, P. L. 1990. Genetic considerations in the design of introduction programs. Trans. N. A. 
Wildt. and Nat. Resour. Conf. 55:Current volume. 

Toepfer, J. E., R. L. Eng, and R. K. Anderson. 1990. Transplanting prairie grouse-what have 
we learned? Trans. N. A. Wild!. and Nat. Resour. Conf. 55:Current volume. 

Warren, R. J., M. J. Conroy, W. E. James, L.A. Baker, andD. R. Diefenbach. 1990. Reintroduction 
of bobcats on Cumberland Island, Georgia: A biopolitical lesson. Trans. N. A. Wild!. and Nat. 
Resour. Conf. 55:Current volume. 

634 + Trans. 551h N. A. Wildl. & Nat. Res. Conj. (1990)



Registered Attendance 

ALABAMA 
Molly A. Bartels, Ida Bums, William F. Bums, Jr., David C. Hayden, J. David Hoerath, Luther M. Owen, Jr., 
Celeste C. Spillers, Daniel M. Spillers, Doug P. Thompson 

ALASKA 
Janet Ady, Craig Altop, Bruce H. Baker, Michael Barton, Thomas H. Boyd, Jack Capp, Dave Cline, Bobbie 
Gossweiler, William A. Gossweiler, Junior D. Kerns, Calvin J. Lensink, Alan W. Maki, Sue Matthews, Douglas 
Miller, Wayne Regelin, Tom Rothe, Fred Samson, Roger B. Smith, Ken Spiers, Walter 0. Stieglitz, Nancy 
Tanersley, Gerald R. Von Rueden, Glen Yankus, E. L. "Butch" Young 

ARIZONA 
Christine G. Bates, Bud Bristow, Mark Brosseau, Richard C. Eichberger, William F. Grossi, Eugene Knoder, 
Grace Knoder, Carol Krausman, Paul R. Krausman, Valerie Morrill, Jerome J. Pratt, Bill Shaw, Darcy Shaw, 
Duane L. Shroufe, Bruce D. Taubert, Mark C. Wallace, Frances Werner 

ARKANSAS 
Charles J. Amlaner, Jr., Wade L. Eakle, Tony Melchiors, David E. Miller, Janett Miller, Deborah L. Mueller, 
Sharon Rushton, Tom L. Sproles, Steve N. Wilson, Scott C. Yaich 

CALIFORNIA 
Daniel W. Anderson, William H. Berry, Pete Bontadelli, Slader Buck, Timothy Burr, Dave Chesemore, John 
Colberg, Edward W. Colson, Gary R. Cottle, Barbara Dean, Wayne Deason, Anne DeBevec, Ron Dow, Brian 
J. Duke, Mary Engebreth, Lee Fitzhugh, Charles Fullerton, Mark Hagan, Michael T. Hanson, Mickey Heitmeyer, 
Doug Hobert, Barbara Holder, Rick Hopkins, Ann Hodgson Huffman, Eldridge G. Hunt, John G. Kie, Marti 
Kie, Steven D. Kovach, Thomas E. Kucera, Mark A. Littlefield, Eric R. Loft, Don Lollock, John Loomis, Dale 
R. McCullough, Michael L. Morrison, Carolyn Palermo, Rebecca Parmenter, Roger L. Pederson, Jeff Phillips, 
Douglas R. Pomeroy, Alice Pullman, Frederick C. Pullman, Christopher J. Rush, Jerry H. Scrivner, James N. 
Seiber, Ronald 0. Skoog, James R. Smith, Richard Spotts, Robert W. Stafford, Laurence L. Strong, Judie L.

Tartaglia, John G. Thomson, Thomas A. Wright 

COLORADO 
Jane Adams, William F. Andel!, Jim Anderson, Arch Andrews, Mike Babier, Kurtis J. Ballantyne, Mike Bauman, 
Ronald Beane, Delwin E. Benson, Eric Berg, Steven J. Bissell, Jerry Blackard, Denny Bohon, Tony Boone, 
Raymond J. Boyd, Charles Boyer, Clait E. Braun, Nancy Braun, Erik Brekke, John M. Bridges, Bennett A. 
Brown, Cathy R. Brown, Linda M. Brown, Dale Brubaker, Dave Buchanan, Galen L. Buterbaugh, Carol Bylsma, 
Amy Cade, Max Canestorp, Joe Capodice, Ruth Lewis Carlson, Len H. Carpenter, Jaye Carrick, Robert H. 
Caskey, John Castellano, Alex F. Chappell, Cheryl Charles, Jerry Claassen, Betsy Clark, Robert D. Clippinger, 
Leonard Coleman, Guy Connolly, Susanna Conway, Robert S. Cook, Randy Coombs, Scott Cooper, Allen 
Cooperrider, Darrel F. Covell, Dale L. Coven, Alex Cringan, John Crossman, Mary L. Cunningham, Richard 
Curnow, Ray Czaplewski, Donald R. D'Amico, Bill Daley, Pete Davis, Robert K. Davis, Eugene Decker, Russell 
DeFusco, Renzo Del Piccolo, Kathi Demarest, Ed Dentry, Beth Dillon, Phillip L. Dittberner, Diana L. Dwyer, 
Lisa Evans, Ada C. Fowler, Rebecca Frank, Dave Freddy, Halli Freddy, Janet L. George, Gary Gerhardt, David 
W. Gilbert, R. Bruce Gill, Patsy D. Goodman, Ron Gosnell, Eric Grant, Julie Grode, Michael R. Grode, Jack 
Hallowell, James M. Haskins, Bruce Hastings, Nancy Hastings, Donald W. Hawthorne, Bob Hays, Mark W. 
Heckert, Dale Hein, Eric W. Hein, Robert J. Henke, Dale Henry, Tom Hobbs, Don Hollums, Marty Holmes, 
Charles A. Hughlett, Shirley Hughlett, Eric B. Janes, David Kane, Darlene Kaska, Ernest E. Kaska, Bijaya Kattel, 
Reed Kelley, Mitch King, David M. Knotts, Dianne Koshak, Fred Krampetz, Jeff Laake, Skip Ladd, Mark Lamb, 
Lisa Langelier, Kathleen Larson, Richard Larson, Jim Liewer, Shirley F. Lindsey, Alice Lippacher, Carol A. 
Lively, Mike Lockhart, Tom Lytle, Brian MacMahon, Patty Manor, Terry M. Mathieson, Henry E. McCutchen, 
Grady McNeill, Grant Merrill, Jim Miller, Michael W. Monahan, Carol Ann Moorhead, Jim Morrison, Ellen G. 
Myers, Orrin Myers, Andrea Neal, Lonnie D. Nelson, Tom Nicholls, Perry D. Olson, David Otis, Kathy Peckham, 
Brad Petch, John Peters, Maurice Potter, Donald E. Prichard, Bryan Pritchett, Therese Race, Edd Rankin, Robert 
Rascjle, Eric Rexstad, Robert N. Reynolds, Renate Riffe, Harlan Riffel, Rick Rinehart, James K. Ringelman, 
Leslie Robb, Kevin W. Robinette, Sharon R. Rose, Michael Sanders, John Schmidt, Pamela Schnurr, Jeanne 
Scholl, Michael A. Schroeder, Don Schrupp, Dewey Schwalenberg, Mike Serephin, Scott Severin, Wendy Shattil, 
Robert B. Shaw, Linda Sikorowski, Gary T. Skiba, Jennifer Slater, Gordon B. Sloane, Rick Spowart, Lynn B. 
Starnes, Clay Michael Stem, Danielle Stevens, David R. Stevens, Lyn Stevens, F. D. Mike Stone, III, Ronald 
Strobel, Kate Symonds, Bob Thompson, Jay Thompson, Jackie Timmons, Pamela Tischendorf, Glenn Titus, Oleta 
Titus, John F. Toolen, Bob Turner, Lee Upham, Vicki Vargas-Madrid, Ron D. Velarde, Jon E. Verner, Diana 
Vos, Charles H. Wagner, George H. Wallen, Noreen E. Walsh, Thomas W. Warren, David Weber, Susan Werner, 
Gary C. White, Liz White, Ann Wichmann, Mark Willms, Melanie Woolever, Marilet A. Zablan, Nancy Zuschlag 
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CONNECTICUT 
Paul G. Herig 

DELAWARE 
Lloyd Alexander, Jr., Lynn Herman, William C. Wagner, II 

DISTRICT OF COLUMBIA 
Bobby R. Acord, Dave Almand, Maryanne C. Bach, Jack H. Berryman, June Berryman, Frank Bracken, Columbus 
Brown, John D. Buffington, Len Carey, A. L. Clark, Tom Coda, Charles H. Collins, Douglas M. Crowe, Bob 
Davison, Gina DeFerrari, John G. Dennis, Michael P. Dombeck, Richard L. Duesterhaus, Thomas Dwyer, Gordon 
P. East, Janet East, Alex Echols, Dennis C. Eggers, John Ernst, Ronald J. Field, Jan Goldman-Carter, John W. 
Grandy, Lynn A. Greenwalt, John B. Hallagon, Sam Hamilton, Gordon Haugen, Anne P. Hoover, Joe Hunter, 
Robert Irvin, Carlton Jackson, Phil Janik, Christine A. Jauhola, George D. LaPointe, Edward T. LaRoe, Maurice 
N. LeFranc, Jr., Michael R. Lennartz, James A. Marsh, Cal McCluskey, Janice McDougle, John M. McGee, 
Steve Mealey, Ross Melinchuk, Tom Melius, Ronald L. Merritt, Neal Middlebrook, James E. Miller, Phil Million, 
Ralph Morgenweck, Steve Moyer, Bob Nelson, James M. Norine, Michael O'Connell, Terri D. O'Grady, Dave 
Olsen, Beth Giron Pendleton, Mike Penfold, R. Max Peterson, Tony Povilitis, Norville S. Prosser, Gilbert C. 
Radonski, Bill Radtkey, Mark J. Reeff, William C. Reffalt, Douglas Ripley, John V. Rosapepe, Michael Ruggiero, 
Gary J. San Julian, Richart T. Schulze, David A. Smith, Ron Somerville, James S. Sweeney, Richard S. Thorsen, 
Whitney Tilt, Molly R. Whitworth, Byron K. Williams, Jack Williams, Carol A. Wynne, Phil Yasnowsky 

FLORIDA 
Robert M. Brantly, Ben W. Breedlove, Suzanne D. Coltman, Jay H. Exum, Kim Hunter, Neill Hunter, Ronald 
F. Labisky, Stephen P. Mallott, Wayne R. Marion, Richard W. McWhite, Olin Miller, Bob Progulske, Joe 
Schaefer, Helen Webb, William L. Webb 

GEORGIA 
John E. Alcock, Elizabeth P. Bishop, Michael J. Conroy, Vicki Davis, Jim Fenwood, Chris Frye, William E. 
James, Leon Kirkland, Scott R. Klinger, Gena Latham, Jeff Latham, Deck Major, Jerry D. Mcilwain, James 
Pulliam, Steve Rickerson, Randall D. Rowland, William E. Schulz, Linton Swindell, David Waller, Robert Warren 

HAWAII 
Diane C. Drigot, Timothy Sutterfield, Ronald L. Walker 

IDAHO 
Ernest D. Ables, Emmett Alford, Marjorie Blew, Stephen H. Bouffard, Warren Clary, Jerry M. Conley, Chuck 
K. Harris, David R. Lockwood, Wayne Melquist, Michele Monroe, Jack R. Nelson, Juanita Nelson, John Ratti, 
Kerry Reese, Mike Scott, Gerald Wright 

ILLINOIS 
Lyle L. Adams, Bruce D. J. Batt, C. E. Becker, Esther J. Bellrose, Frank C. Bellrose, Michael E. Berger, George 
V. Burger, Jeannine Burger, Glenda H. Burke, Michael A. Carter, Larry D. Closson, Matthew B. Connolly, 
Robert E. Hawkins, Janice S. Henke, Mike Johnson, Gregory T. Koeln, Becky Kolar, Clay Kolar, Thixton B. 
Miller, Jeff Nelson, John Norwood, Edward M. Puls, Charlotte Rush, Beverley Sanderson, Glen C. Sanderson, 
Brian J. Smith, John Smolko, John Tranquilli, Jeff VerSteeg, Jim Ware, David E. Wesley, Alan Woolf 

INDIANA 
David J. Case, Paul J. Dubowy, Dan Fagre, Ed Hansen, Judie Hansen, Bob Kern, Ronald E. Moore, Terry R. 
Sanders, Harmon Weeks. 

IOWA 
Richard A. Bishop, William R. Clark, Richard A. Clewell, Allen L. Farris, Terry Little, Marion J. Patterson, 
Laurie Sanderson, Larry J. Wilson, James B. Wooley, Jr. 

KANSAS 
Scotty J. Baugh, Ted T. Cable, Terry Wayne Cloutier, Bob Culbertson, Todd Graeff, Karl Grover, George C. 
Halazon, Kay Halazon, F. Roben Henderson, John Herron, Bill D. Hlavachick, Marvin J. Kraft, Joseph D. 
Kramer, Charles D. Lee, Robert R. Manes, Mike McFadden, Matthew C. Nowak, Anice Robel, R. J. Robel, 
Kathy Sexson, Mark Sexson, Linda Stavlo, Omar T. Stavlo, Charles A Swank, Bruce Taggart, Jan Wentz, W. 
Alan Wentz 

KENTUCKY 
Lynn Garrison, Richard L. Lowe, John L. Mechler, Lauren Schaaf 

LOUISIANA 
John M. Anderson, Allan B. Ensminger, Marilyn Ensminger, Bruce G. Holland, A. Kell Mcinnis, III, Spencer 
Owens, Steve Parris, Virginia Van Sickle 

MAINE 
Bruce Lauber, Ray B. Owen, Jr. 

MARYLAND 
Lowell Adams, Jim Bailey, Richard J. Barker, Jeff Bossart, Betty Boyland, Mark C. Conner, Terence G. Cooper, 
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Robert D. Day, Jr., Brian Ferebee, Thomas M. Franklin, E. Hugh Galbreath, Richard E. Griffiths, Bernard F. 
Halla, Katherine Halla, Joe Hautzenroder, Ronald R. Helinski, Jay Hestbeck, Larry J. Hindman, Harry E. Hodgdon, 
Eddie P. Johnson, Monica LeC!erc, Richard R. LeClerc, Daniel L. Leedy, Virginia Leedy, Joseph P. Linduska, 
Lilian Linduska, Donald E. Maclauchlan, Donald Marquardt, Karen Menczer, Ginger Merchant Meese, Grey 
W. Pendleton, Ralph Plummer, Jr., Daniel A. Poole, Dorothy Poole, Kyle Rambo, Ronald G. Rinaldo, David 
Rockland, Bill Rockwell, Carl Sullivan, Edith R. Thompson, Stephen E. Wampler, Charlie Wooley, Alice 
Wywialowski 

MASSACHUSETTS 

Walter E. Bickford, Kathleen A. Blanchard, George Haas, Georgette Healy, William M. Healy, Ron Lambertson, 
Wayne F. MacCallum, Tom Poole, Donald R. Progulske, Eunice Progulske, Constance Small, Stephen J. Small, 
Thomas M. Wisnauckas 

MICHIGAN 

Rique Campa, Kevin D. Clark, Richard Elden, Bruce A. Gustafson, Heidi Keck, Niles R. Kevern, Jerome P. 
Leonard, Frank Opolka, Ray Rustem, LeAnn West, Cynthia J. Wong 

MINNESOTA 

Ira R. Adelman, Janet Boe, Peter Gogan, Janet C. Green, Ann Gritman, James C. Gritman, Roger Holmes, James 
Jack, Jay McAninch, Kelly McDowell, Jeff Lawrence, Gene Nelson, Harvey K. Nelson, Thom Soule, Bill Stevens, 
Daniel Svedarsky, Evadene Swanson, Gustav A. Swanson, James Thompson 

MISSISSIPPI 

Warren G. Anding, Dale H. Arner, Julia B. Amer, Robert D. Brown, Martha B. Cooper, Ed Hackett, Jeanne J. 
Hartley, Rick Kaminski, Carole Lee, Chester 0. Martin, Gwen Shelton, Ross "Skip" Shelton, Michael W. 
Stewart, Michael R. Waring 

MISSOURI 

Kenneth M. Babcock, Edward K. Brown, Amy Callison, Charles H. Callison, Jim L. Choate, Joe G. Dillard, 
Ray Evans, Erik K. Fritzell, James P. Fry, Edwin H. Glaser, Thomas F. Glueck, Carolyn Hurlbut, David D. 
Hurlbut, James R. Kelley, Jr., Chris Kelly, Robert B. King, Eric Kurzejeski, Sheila Larrabee, Kathy Love, Debby 
K. Murray, Al Palladino, Jerry J. Presley, Charles Rabeni, Robert P. Struckmeier, Betty Torgerson, Ollie Tor­
gerson, Wayne Vassar, James H. Wilson 

MONTANA 

Joe Ball, Susan Kraft Ball, Don Childress, K. L. Cool, Kurt Cunningham, Arlene T. Doyle, Gary Dusek, Robert 
L. Eng, Hank Fischer, Pat Graham, Rich Grozik, Dwight Guynn, Kenneth L. Hamlin, Kirk Hom, Kevin Lackey, 
Richard J. Mackie, Ron Marcoux, C. J. Martinka, John Morgan, John W. Mumma, Robert W. Munson, Bart 
O'Gara, Gary R. Olson, Dan Pence, Harold D. Picton, Irene Picton, Daniel H. Pletscher, Carolyn Sime, E. 
Maynard Smith, Bret Stansberry, John P. Weigand, Gary J. Wolfe, Philip L. Wright 

NEBRASKA 

William J. Bailey, Jr., William Baxter, Patrick H. Cole, Harold K. Edwards, Amy D. Galperin, Scott E. Hygnstrom, 
Jerry Jasmer, Ken Johnson, Ron J. Johnson, Justin King, Mick Sandine, Julie Savidge, Greg L. Schenbeck, Gene 
Svensen 

NEVADA 

Mary E. Coburn, Joe W. Lowe, William A. Molini, Danny Rakestraw, Michael T. Walker, Eric Watkins, Jim 
Yoakum 

NEW JERSEY 

John Joyce, Ramona J. Weide! 

NEW MEXICO 

Thomas J. Arrandale, Larry G. Bell, Edward Binkley, Mark Birkhauser, Matthew J. Brady, Glenn T. Case, Bob 
Culp, E. Leon Fisher, Lisa Fisher, Stephen E. Henry, Terry Ireland, Robert S. Jenks, Ken Kroel, Joanna Prukop 
Lackey, David W. Liedlich, H. Stevan Logsdon, Diane C. Macfarlane, Tim Mitchusson, Bill Montoya, Robert 
Schmidt, Lawrence S. Smith, Mike Spear, Joe Stratton, Dan Sutcliffe, Linda L. Sweanor, Daisan E. Taylor, 
Bruce Thompson, Bill Zeedyk, Phillip J. Zwank 

NEW YORK 

Guy Baldassarre, Rainer H. Brocke, Clare Conley, Philip Cook, Daniel J. Decker, Jeffrey B. Froke, Robin Gavin, 
Thomas A. Gavin, Bill Hilts, J. Edward Kautz, William Porter, Archie Roach, Roland Shanks, Kenyon Simpson, 
Gary J. Vander Wyst, Larry W. VanDruff, Mary Ann VanDruff, Ed Zem 

NORTH CAROLINA 

Eric G. Bolen, Manley Midgett Collins, Susan Collins, Carolyn Doerr, Phil Doerr, Charles R. Fullwood, Richard 
B. Hamilton, William M. Hunnicutt, Edwin J. Jones, Michael Lambert, Richard A. Lancia, Lawrence E. Manning, 
Jr., Danny Marshburn, Richard L. Noble, Ken Pollock, William H. Ragland, William H. Rogers, Scott B. Smith, 
Melissa Trippe, Randall C. Wilson 
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NORTH DAKOTA 

William J. Barker, Delane Bauer, Richard D. Crawford, Bob Hoffman, Douglas H. Johnson, Lloyd A. Jones, 
Rolf R. Koford, Robert Meeks, Terry A. Messmer, Kevin Sedivec, Terry Shaffer, Ron Stromstad 

OHIO 

Thomas B. Addis, Allison Boehler, Judith Ann Boehler, Theodore A. Bookhout, Darla Difabio, Thelma Peterle, 
Tony J. Peterle, Bob Peterson, Lynn Peterson, Richard Pierce, Dave Risley, Pat Ruble, David R. Shinko, Thomas 

W. Townsend 

OKLAHOMA 

Jontie W. Aldrich, Charles J. Barden, Toni M. Hodgkins, George H. Hulsey, Thomas J. Kelly, David M. Leslie, 
Jr., Steven A. Lewis, Susie Ruby, James H. Shaw, Gene Stout, Glen Wampler, Michael Zagata 

OREGON 

Warren W. Aney, Robert Anthony, Craig Bienz, Hugh Black, Jeff Curtis, Rupert Cutler, Sally L. Olson Edge, 
W. Daniel Edge, Richard Holoch, Wendy Hudson, Albert Manville, David B. Marshall, Lawrence K. Mays, 
William A. Neitro, Richard J. Pedersen, Marvin L. Plenert, Bob Riggs, Bernie Rios, Richard S. Rodgers, Audrey 
Schneider, Phillip W. Schneider, Richard A. Tubb, Sara Vickerman, Mike Wisdom, Jim Wyerman 

PENNSYLVANIA 

Sylvia G. Bashline, Calvin DuBrock, Peter S. Duncan, Corey A. Francis, Jack Hubley, Katherine L. Jope, Donald 
C. Madi, Ross Mantione, Russell F. Maurer, Carol McNulty-Huffman, Daniel McNulty-Huffman, Edward R. 
Miller, George M. Miller, Gregory M. Schrum, Dale E. Sheffer, David Sloan, Paul C. Weikel, Richard H. Yahner 

SOUTH CAROLINA 

Harold D. Bradley, Ron Brenneman, John E. Frampton, Robert M. Gifford, David H. Gordon, Bob Hooper, Rob 
Keck, James Earl Kennamer, Paul Leberg, Betty Mabry, Jr., Buford S. Mabry, Jr., Van McCarty, Timothy B. 
Merritt, Ben Moise, Howard A. Phillips, John W. Robinson, G. G. Stokes, John R. Sweeney, Sheron Sweeney, 
James A. Timmerman, Jr., Robert Trost, Joe D. Wyatt 

SOUTH DAKOTA 

Richard J. Beringson, Charles Dieter, Les Flake, Patti Happe, Kenneth F. Higgins, Dayton 0. Hyde, Kurt Jenkins, 
Dan Limmer, Charles Scalet, Art R. Talsma, George Vandez 

TENNESSEE 

Larry C. Marcum, Mark R. Moran, Gary Myers, Rick Owens, Michael R. Pelton, Dean Stewart, John H. Viser 
III, Tracey Walker 

TEXAS 

Clark E. Adams, Bobby G. Alexander, David L. Baggett, Joel P. Baker, Ron Bell, Susi Bell, Chad Boyd, Kerri 
Braden, David Brakebill, Michelle Broussard, Jeff Campbell, Neville P. Clarke, J. R. Coody, Donald S. Davis, 
Deidre DeRoia, Charles A. DeYoung, Richard Fuhrman, Juan Gallardo, Ronnie George, Diane Granfors, Janice 
S. Greene, Eric C. Hellgren, Annette Herbert, Dennis M. Herbert, James M. Herndon, III, William C. Hobaugh, 
Roy A. Jacobson, Jr., Kent C. Jensen, William P. Kuvlesky, Jr., Carl W. Lahser, Franklin Litondo, Scott Lutz, 
Patricia Malone, Catrina Martin, Keith McKnight, Craig A. McMahan, Harvey W. Miller, Joe Moore, Jim J\11Jeller, 
Miriam Muller, Karolee Owens, Jack Payne, Gerri A. Pomerantz, Marty Pomerantz, Lesa Proctor, Rob Pruden, 
Steve Rayburn, Calvin L. Richardson, Ken Risenhoover, Donna Robertson, Dale Rollins, Susan P. Rust, Lorna 
Lee Scarbrough, David J. Schmidly, Milo J. Shutt, Nova Silvy, Doug Slack, Loren M. Smith, Ron E. Smith, 
Darryl Stanley, Linda Stanley, Don Steinbach, Felicia Stonedale, Glenn Stout, Waneta Swank, Wendell Swank, 
James G. Teer, Joan Teer, Janiece Teichmann, Michael Tewes, Doug Waid, Mark Walter, Donald Whittaker, 
DaleW. Witt 

UTAH 

John Bissonette, Mary Bissonette, Dwight Bunnell, Bill Burbridge, Joseph A. Chapman, Eve Davies, Thomas 
DeLiberto, Everett R. Doman, Gay W. Doman, Keith E. Evans, Jerald Farringer, Lucy A. Jordan, John A. 
Kadlec, David Lof, Jessop B. Low, Dana Nall, Darrell H. Nish, Timothy Provan, Murray Sant, Paul E. Sawyer, 
Linda Seibert, Wini Kessler Sidle, John W. Sigler, Brenda Smith, Mike Stamm, Stan Tixier, Frederic H. Wagner, 
Mason Walker, Gar W. Workman 

VERMONT 

David E. Capen, Lawrence K. Forcier, Ronald J. Glass, Mark Rosenthal 

VIRGINIA 

Larry Adams, Donald M. Bandel, Roy Barker, Paul L. Barrows, Magalen 0. Bryant, Gerald Cross, Joan Dueser, 
Raymond D. Dueser, Theresa A. Duffey, John Esson, Randall L. Gray, Keith Hay, Robert L. Herbst, Gene 
Hester, Katherine Hester, Roy L. Kirkpatrick, George D. Lea, James R. Lloyd, Jack Lorenz, Sam Marler, Lawrence 
N. Mason, Ken Medve, Conley L. Moffett, Wm. Harold Nesbitt, Larry Nielsen, Carlton N. Owen, Richard R.
Potts II, James A. Remington, Jean Remington, James A. Sabo, Hal Salwasser, Larry R. Shannon, Maitland 
Sharpe, Lewis Shotton, Bettina Sparrowe, Rollin D. Sparrowe, Robert T. Stamps, Tim Stamps, Dean F. Stauffer, 
V. Dan Stiles, Lloyd Swift, Rose Swift, David A. Tice, Vickie H. Tice, Jerry Touval, David L. Trauger, Jeff 
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Walden, Marjorie D. Wesley, Lewis E. Williamson, Jr., Charles Wilson, Jared D. Wolfe, Judith Wray, Thomas 
Wray II 

WASHINGTON 
Harriet Allen, Carl N. Crouse, Dean Duvall, Loren Hicks, Thomas J. James, Rich Poelker, James A. Rochelle, 
Curt Smitch, Ron Swatfigure 

WEST VIRGINIA 
Richard M. Hall, Bob Miles, Gordon C. Robertson, Scott Shalaway 

WISCONSIN 
Pat Beringer, Peter Berthelsen, Ralph E. Christensen, Mark A. Chryst, Scott R. Craven, Robert S. Ellarson, G. 
V. Graham, Joseph J. Hickey, Lola Hickey, Ann Holzem, Robert A. McCabe, Kim Mello, Steve Miller, Douglas 
Morrissette, Thomas Niebauer, Todd Peterson, Richard Poche, Robert Radtke, Bob Ruff, Jason Suckow, Debbie 
Yarmart, Fumie Yoshida 

WYOMING 
Stanley Anderson, Joseph R. Bohne, Mark S. Boyce, John H. Branch, Steve Buskirk, Nancy Fitzsimmons, Thomas 
R. Garrett, Walt Gasson, Mark W. Gorges, Rich Guenzel, Larry L. Kruckenberg, Jim Lovvorn, Chris Madson, 
George Menkens, Evelyn Merrill, William M. Metz, Francis Petera, Art Reese, Richard T. Reynolds, Sharon A. 
Ritter, Leonard F. Ruggiero, Dale Strick.land, Stephen C. Torbit, Suzanne P. Van Gytenbeek, John D. Varley, 
Rick Wallen, Joseph R. White, Patricia White, Connie Wilbert, John L. Wright 

CAN.ADA 
Mike Anderson, Robert R. Andrews, Keith Baker, Morley W. Barrett, Richard Baydack, Hugh Boyd, Kenneth 
A. Brynaert, Patrick J. Caldwell, W. H. Carrick, Dale Caswell, Jean Cinq-Mars, H. Anthony Clarke, Bob Clay, 
Lome Colpitts, Jean Doucet, Richard Elliot, George H. Finney, Luc Foisy, Rod Fowler, Lyle Fullerton, Harry 
M. Hill, Barry Hughson, Bruce F. Leeson, Henry R. Murkin, Doug Pollock, Ernie Psikla, Austin Reed, Bill 
Samuel, George W. Scotter, Brian G. Slough, Blake Smith, Trevor M. Swerdfager, G. Thomason, Laurel 
Whistance-Smith, Chen Yeguo 

COSTA RICA 
Christopher Vaughan 

GUAM 
Robert D. Anderson 

INDIA 
N. P. S. Chauhan, S. P. Goyal 

JAPAN 
Barbara Andre, Makiko Suzuki 

MEXICO 
Arturo C.Aguilar, Gabriel G. Arrechea, Claudia Rovelo, Al Villarreal 

VIRGIN ISLANDS 
David Nellis 
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WITH 

CONSERVATION 

EASEMENTS 

According to U. S. Senator Robert Kasten, Jr., of Wisconsin, speaking at the 55th 
North American Wildlife and Natural Resources Conference in Denver, Colorado, 
more than 95-percent of all wildlife lives on privately owned land. This land is 
threatened by state and federal estate systems that tax heirs heavily by the land's 
escalating value as developed land and by zoning laws that encourage suburban 
sprawl rather than accommodate natural areas, by supporting clustered development 
on reduced-sized lots surrounded by open space. All wildlife is at risk. Artwork and 
text courtesy of Stephen J. Small, editor, Preserving Lands: Legal Issues, P. 0. 
Box 2242, Boston, MA 02107. 



• Some landowners are
motivated by a love of the 

land accompanied by a 
growing awareness that 

government alone cannot 
assure conservation. 'It's 
up to the individual, too,' 
said Mr. Small. 'And the 
way to start is by seeking 

ways to control what 
happens to your own 

back yard.' 

"The initial step for land­
owners who want to con­

sider a conservation ease­
ment is self-education 

through reading. 
Leaving the exploration 

of such a notion entirely 
to traditional advisers 

such as family account­
ants and lawyers ma,Y not 

be the best way to begin 
because many 

professionals have 
limited experience." 

New York Times 
February 11, 1990 
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