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Summary 

1. We describe analytical and simulation models of metapopulations consisting of 
local populations that obey a random walk between a reflecting upper boundary 
(population 'ceiling') and an absorbing lower boundary (local extinction). 
2. We present analytical results for the expected time to local extinction, expected size 
of local populations, and incidence of density dependence. The latter is defined as the 

frequency of hitting the ceiling per generation per population. 
3. With these models we examine the proposition that a metapopulation consisting 
of random walk local populations would persist without density dependence. 
4. Long-term persistence of a metapopulation is not possible without local popu- 
lations occasionally becoming large and hence being affected by density dependence. 
But it is possible to construct examples in which a metapopulation persists for a long 
time with a low incidence of density dependence, in which cases local populations 
typically have very short expected lifetimes. 
5. We demonstrate that, paradoxically, a persisting metapopulation may consist of 

only 'sink' populations (negative average growth rate in the absence of migration). 
Contrary to some previous suggestions, increasing migration rate generally increases 
density dependence in persisting metapopulations. 

Key-words: metapopulation, density dependence, stochastic model, species survival, 
sink population. 
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Introduction 

The vast majority of natural populations show con- 
spicuous fluctuations in size (Andrewartha & Birch 
1954; Taylor & Woiwod 1980; Connell & Sousa 1983; 
Schoener 1986; Hanski 1990), often without any clear 
indication of density dependence (Dempster 1983; 
Strong 1986; Gaston & Lawton 1987; Den Boer & 
Reddingius 1989). Ecologists have disagreed for dec- 
ades on the implications of such findings. One school 
of thinking, implicitly focusing on the dynamics of 
local populations in isolation, has emphasized the 
logical necessity of density dependence, whatever the 
data may suggest: random walks cannot remain, 
forever, between finite positive limits. The opposing 
opinion admits that extinfctions are inevitable; but 
extinctions may be compensated for by colonizations, 
and a metapopulation of density-independently fluc- 
tuating local populations might persist, if not forever, 
at least for so long that the practical distinction 
between density-dependent and density-independent 
persistence becomes academic (Den Boer 1991). 

Our purpose here is to describe and analyse appro- 
priate random walk models for metapopulation 
dynamics in order to answer the question: how much 
density dependence is necessary for long-term per- 
sistence of a metapopulation consisting of local popu- 
lations modelled as random walks? 

Analytical results 

This section describes an analytical metapopulation 
model, which is based on Foley's (1994) random walk 
model of local dynamics. Let us define N, as the size 
of a local population at time t (or in generation t) 
and let nt = logeNt. Changes in the size of a local 

population are given by 

eqn 1 

where r, is a normally distributed random variable 
with mean rd and constant variance vr. For 
convenience, we define s = rd/vr. Population size N 
cannot exceed a 'ceiling', K, and the population goes 
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extinct if N becomes equal to or less than one (n equal 
to or less than zero). The following analysis will use 
both K and its natural logarithm, k = loge K. The loge- 
transformed population size n thus takes a random 
walk over the interval (0, k], with reflection at the 

ceiling k. More precisely, if n,,, as given by equation 
1 is greater than k, it is instantaneously 'reflected' to 
the value 2 k-n+ 1. Note that the only density depen- 
dence in this model is due to this reflection from the 

ceiling, in contrast to the logistic model, for example, 
in which there is pervasive density dependence, the 

expected per capita growth rate decreasing gradually 
with increasing population size. It is not known which 

type of density dependence is most frequent in natural 

populations, but the 'ceiling' model used here may 
well be a reasonable choice for at least some species. 

in which the equilibrium fraction of occupied patches 
is 

f= 1--- 
m eqn 6 

where e and m are the extinction and colonization rate 

parameters. We assume that population size in each 

newly colonized patch increases instantaneously to no, 
the propagule size, due to immigration. The extinction 
rate e is given by the inverse of the expected time to 

extinction, 1/Te. We assume that the colonization rate 
m increases proportionally to the average size of local 

populations, that is m = tEN, where EN is the 

expected population size and u is constant. With these 

assumptions, the equilibrium fraction of occupied 
patches is given by 

LOCAL DYNAMICS 

Assuming that a local population obeying equation 1 
is established at size no, which is called the propagule 
size, the expected time to extinction is given by (Foley 
1994: Appendix) 

Te(no) = 2[e2sk(l - e-2o) -2sno] eqn 2a 
2srd 
no [e2k _ 1], -~[e^-I],~ eqn2b 
rd 

where the approximation given by equation 2b holds 
best when no is small. 

In Appendix A we derive the following approxi- 
mation for the expected value of N over the lifetime 
of the population 

2s(K2s+ 
1 _ 1) EN . eqn 3 

(2s + )(K2s- 1) 

This approximation is used below when assembling a 

metapopulation of random walk local populations. 

INCIDENCE OF DENSITY DEPENDENCE 

We define the incidence of density dependence as the 

probability, P(Khit), of hitting the ceiling K per gen- 
eration per population. A good approximation of 

P(Khit) for 4Vr > rd2 is given by (Appendix B) 

e2sk 2rd 
P(Khit) e 2id eqn 4 

e -1 12nvr 

RANDOM WALK IN A METAPOPULATION 

Let us now consider an environment consisting of H 
habitat patches with equal size k. Assuming that H is 

large, changes in the fraction of occupied patchesp can 
be approximated by Levins's (1969) metapopulation 
model, 

dp 
dt - mp(l -p)- ep, eqn5 

A 1-- -1 = 1- 
T,clEN 

rd(2s + l)(e2k- 1) 

2s(e2sk+k-l 1)unO(e2k- 1) 

Vr(2s + 1) 

2j#no(e2sk+k- 1) 

1- 2rd+ r 

2Lno(e2sk+k- 1) 
eqn 7 

Let us first observe that long-term persistence of a 

metapopulation is not possible in this model without 
some density dependence. To see this, we calculate the 

expected number of reflections from the ceiling during 
the lifetime of a local population in a deterministically 
persisting metapopulation (f > 0), 

2noe2sk eP(Khit 
.-,/2rv 

eqn 8 

Expression 8 is always positive, and hence some den- 

sity dependence will always occur in a persisting meta- 

population. 
With a finite number of habitat patches, the Levins 

metapopulation with local turnover has a finite life- 

time, though it may be very long for a large number 
of patches. Nisbet & Gurney (1982) give the following 
approximation for the expected lifetime of a meta- 

population, Tm, with H patches, 

Tm TeeHP2/[2(l -Pi) eqn 9 

RELATIONSHIP BETWEEN METAPOPULATION 

PERSISTENCE AND DENSITY DEPENDENCE 

Equations 4 and 9 give the incidence of density depen- 
dence in, and the expected lifetime of, a meta- 

population. We have already seen that some density 
dependence is always associated with long-term per- 
sistence (eqn 8). In this model, the expected lifetime 
Tm increases with the number of habitat patches H, 

emigration rate y, and propagule size No. As these 

parameters do not affect density dependence, one 
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could increase metapopulation persistence time while 

keeping the level of density dependence constant by 
increasing the values of these parameters. However, 
as we have not modelled migration explicitly, we have 

implicitly assumed small values of p, and No. A very 
large H is not consistent with the spirit of the Levins 

model, which assumes that all patches are equally 
accessible (Hanski 1991). 

We have examined numerically the relationship 
between metapopulation persistence time Tm and the 
incidence of density dependence P(Khit) for various 
combinations of rd, vr and K (Fig. 1). Increasing K and 

decreasing rd decrease density dependence, while the 
effect of vr depends on the value of rd: density depen- 
dence increases with vr for negative and small positive 
values of rd, whereas density dependence decreases 
with increasing Vr for larger, positive rd (Fig. lc, d). 
The extreme combination of long persistence time 
with little density dependence is obtained with large 
K, small negative rd and small Vr (Fig. la, c). We used 
the arbitrary limit logeTm > 10 (Tm > 22000) to 
characterize 'persisting' metapopulations. The aver- 
age value of P(Khit) for the persisting metapopulations 
in the simulations in Fig. 1, which cover a realistic 
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Fig. 1. Relationships between expected time to metapopulation extinction (Tm; equations 9, 2a and 7) and the average growth 
rate rd (a and b); between incidence of density dependence (P(Kh,); equation 4) and rd (c and d); and between incidence of 
density dependence and time to extinction (e and f). The left-hand panels give the results for K = 100, the right-hand panels 
for K = 1000. The size of the circle is proportional to the value of Vr (the actual values were 0-1, 0-2, 0-4, 0-8 and 1 6). Other 
parameter values were H = 100, j = 0-01 and No = 2. Note that only small values of P(Ki,) are shown in (e) and (f). 
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range of parameter values, was 0-09 for K = 100 and 
0-07 for K = 1000. The respective minimum values 
were 0-005 and 0-0004. 

Equations 3 and 7 show that, at equilibrium, vari- 
ation in the parameters of local dynamics, s and K, 
affect both EN and p but variation in the parameters 
of metapopulation dynamics, p and no, affect only p. 
This result follows from the Levins model assumption 
that migration is weak enough not to affect the 
dynamics of the existing local populations. Gyllenberg 
& Hanski (1992), Hanski & Gyllenberg (1993) and 
Hanski & Zhang (1993) analyse metapopulation mod- 
els in which migration does affect local dynamics. 

Simulation results 

In this section we investigate two simulation models, 
which differ in the way migration is modelled. Model 
1 is identical to the analytical model in the previous 
section. It is used to check the accuracy of the ana- 

lytical approximations. In this model, each empty 
patch is colonized with a probability proportional to 
the total number of individuals alive in the meta- 

population. If a new population is established, it is 
started with a small, constant propagule size. 

Model 2 includes a more mechanistic description 
of the migration process. Each habitat patch is now 

assigned a set of spatial coordinates. In each time 
interval, a constant fraction c of individuals emigrates 
from each patch, and these individuals are distributed 

among the other patches in such away that the 

migration distances are negative exponentially dis- 
tributed with a parameter d. In this model, emigration 
and immigration affect the dynamics of existing local 

populations, and colonization of an empty patch is a 
mechanistic consequence of individuals arriving at 
that patch. The propagule size is determined by the 
numbers of individuals arriving at a patch, which var- 
ies both between patches and in time. 

MODEL 1 

Table 1 gives the parameter values which were used 
in the simulations. The model has been run for a 
maximum of 1000 time intervals, and any meta- 

population which persisted for the entire length of 
the simulation was scored as 'persistent'. 

We first observe that the analytical result for density 
dependence (eqn 4), measured by the number of 
reflections from the ceiling per generation per popu- 
lation, is a very good approximation for even large 
values of sk (Fig. 2). The approximation for the 
expected size of local populations (eqn 3) is equally 
good for all parameter combinations used in the simu- 
lations (Fig. 3). Figure 4 shows that metapopulation 
size at equilibrium tends to be underestimated by 
equation 7. The simulated maximum values of p are 
around 0-4, which agrees with the stochastic result of 

equation 9, where long-term metapopulation per- 
sistence (Tm > lOOTe) requires thatp > 0-35. The ana- 
lytical result given by equation 7 is based on the Levins 
model, which does not take into account colon- 
ization-extinction stochasticity (Hanski 1991). 

Turning then to the main concern of this paper, 
Fig. 5 shows the relationship between time to meta- 
population extinction and the incidence of density 
dependence in the simulation results. Several points 
in this figure are worth noting. First, there is a positive 
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Table 1. Parameter values used in the simulations of Models I and 2. Metapopulations were started with half of the habitat 
patches occupied at half density. Models were iterated for a maximum of 1000 time intervals 

Parameter Model 1 Model 2 

rd -0-2, -0-1, 0-0, 0 1, 0-2 -0-3, -0-2, -0 1, 0-0, 0-1 
v'r 0-04, 0-16, 0-36, 0-64, 1-0 0-16, 0-36, 0-64, 1-0, 1-44 
K 100, 1000 100 
u 0-002, 0004, 0008, 0016, 0032 
No 2 
c 0-01, 010, 020, 030, 040 
d 05, 1,2,4,8 
H 50 20 
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Fig. 3. Comparison between the analytical result for the 
expected population size (equation 3) and the result obtained 
by simulation of Model 1 (using data for time intervals from 
900 to 1000). This figure shows results for all parameter 
combinations in Table 1 with K = 1000 and for which the 
simulated time to extinction was > 1000 time intervals (simi- 
lar results were obtained for K = 100). Negative values of sk 
are shown by open circles, positive values by dots. The size 
of the symbol indicates the magnitude of the absolute value 
of sk. 

relationship between the time to extinction and the 
level of density dependence: higher persistence times 
are generally associated with more density depen- 
dence. Secondly, as found in the analytical model, for 
a given level of density dependence, persistence time 
increases with K and ut. And thirdly, long-term per- 
sistence (> 1000 time intervals) was always associated 
with density dependence (Fig. 5). The average value 
of P(Khit) in the runs that persisted for the entire length 
of the simulation (1000 time intervals) was 0-17 for 

(I) a) 
-c 0 

0. 
'0 
a) 

:3 C.) 
0 
0 

C 
0 

0 

CU 
a 

1.0 

0-8 

0-6 

Ap 

0 0 0 o o 

0009 

0 
00 

0-4 - 

0.2 - 

0.0 
0-c 

Fig 
po 
sin 
90( 
bir 

? 1996 British tio 
Ecological Society, sh( 
Journal of Animal the 
Ecology, 65, 274-282 sk. 

g. 4. Comp 
pulation s 
nulation o: 
3 to 1000) 
nations in ' 
n was > I 
own by op 
e symbol ir 

o ? o 

0 * 0 

'r ' 

0 

o 00 

0 

0 

(l0 

0 0 
0 

* I 
~00 0 9 

3 - 

2 
-8 -7 -6 -5 -4 -3 -2 -1 

Incidence of density dependence 

0 

Fig. 5. Relationship between time to metapopulation extinc- 
tion and the frequency of hitting the ceiling, P(Kh,,), in the 
results of Model 1. Both axes have been log-transformed 
(after adding 0-001 to P(Khi)). Open circles are for K = 100, 
dots for K = 1000. The size of the symbol increases with the 
magnitude of the colonization rate M. 

K = 100 and 0 14 for K = 1000. The respective mini- 
mum values were 0-014 and 0-003. Naturally, it would 
be possible to obtain even lower values by carefully 
selecting parameter values, or by using an unreal- 

istically large value of K, but values of P(Khi,) thus 
obtained would be of little relevance to the situation in 
natural populations. Incidentally, note that the lowest 
values of P(Kh^i) are obtained with small values rd, for 
which the analytical approximations are most accu- 
rate. 

With the incidence of density dependence as low as 
a few percentage per generation per population, one 

may ask whether this could be discerned using the 
current techniques of detecting density dependence. 
Figure 6 gives an example for a parameter com- 
bination where P(Kh,) is around 5% and Te is 18 time 
intervals. Bulmer's (1975) method to detect density 
dependence has been used and, as expected, the fre- 

quency of detecting significant density dependence 
increases with the length of the time series (Fig. 6). 
In time series longer than 20 time intervals (years), 
significant density dependence at 5% level was 
detected in 40% of the series. 

MODEL 2 

? - The difference from Model 1 is that we now model 

) 02 0.4 0.6 0.8 1.0 emigration and immigration explicitly. For that 
Simulated fraction of occupied patches purpose, simulations were conducted with a system of 

)arisen between the analytical result for meta- patches with explicit spatial coordinates. For each 
,ize (equation 7) and the result obtained by simulation, the required number of patches was placed 
f Model 1 (using data for time intervals from randomly within a square area. In each time interval, 
. This figure includes all the parameter com- a fraction c of individuals leave their patch and are 
Table 1 for which the simulated time to extinc- distributed (without mortality) among the other distributed (without mortality) among the other 1000 time intervals. Negative values of sk are 
)en circles, positive values by dots. The size of patches The emigrants from patch i are distributed 
idicates the magnitude of the absolute value of among the other patches in such a way that the dis- 

tribution of migration distances is a negative 
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5% level. The results were obtained for the following par- 
ameter values: K = 100, rd = 0, Vr = 0-36, j = 0-016, No = 2 
and H = 50. The incidence of hitting the ceiling is low for 
these parameter values, around 5% per generation per popu- 
lation, but the metapopulation persists for a very long time 
(Tm < 18e l00, equation 9). The time series for the analysis were 
obtained by locating randomly, in the simulation results, a 
positive starting density for a local population, then includ- 
ing the subsequent series of numbers until the population 
went extinct or the time series was 50 time intervals long. 
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exponential, with parameter d. Note that the absolute 
numbers of migrants to any patch j from patch i 

depend both on the distance between patches i and j 
and on how many patches there are at different dis- 
tances from patch i. Parameter values used in the 
simulations are given in Table 1. 

As with Model 1, we scored metapopulations which 
survived for the entire length of the simulation (1000 
time intervals) as 'persistent'. In general, the results 
are qualitatively very similar to the results of Model 
1. In the set of simulations described in Table 1, the 

average value of P(Khi) was 0 142, and the minimum 
value was 0-032. The latter value is somewhat higher 
than the minimum obtained with Model 1. This was 

expected because in the former case colonizations rep- 
resent an extra input of individuals to the meta- 

population, whereas in Model 2 the colonists are 
extracted from the existing local populations. 

The main interest in Model 2 is the effect of 

migration rate on metapopulation persistence and 

density dependence. Increasing migration distances 

(parameter d) had a similar, but weaker, effect than 

increasing emigration rate (parameter c) on the 

results, and we here focus on the latter. In meta- 

populations persisting for > 1000 time intervals, 
P(Khi,) increased with increasing migration rate when 
the positive effects of rd and v, had been taken into 
account. But in metapopulations which did not persist 

for 1000 time intervals, time to extinction increased 
but P(Khit) decreased with increasing emigration rate 

(Fig. 7). The lowest values of P(Khit) were between 0-03 
and 0-04; these values were obtained for negative rd 

and high emigration rates (0.2-0-4), or with rd about 
zero and emigration rates lower or with low variance 

Vr. 

Discussion 

It is impossible to have long-term persistence in a 

metapopulation without some density dependence, if 

population sizes are realistically restricted below some 

upper value K. In this respect there is no difference 
between the dynamics of a single population and the 

dynamics of a metapopulation, and no special analysis 
is really needed for the latter. The interesting question 
is about the frequency of density dependence in per- 
sisting metapopulations. We have shown that it is 

possible to construct examples in which a meta- 

population persists for a very long time with so little 

density dependence that even long series of data, say 
50 years or more, might fail to demonstrate significant 
density dependence in local dynamics. The difference 
in the levels of density dependence necessary for the 

persistence of a single random walk population and a 

metapopulation is very clear. To take a representative 
example, assume a local population with K== 100, 
No = 2 and vr = 0-3. Equation 2a shows that rd must 
exceed 01 for the expected lifetime of the population 
to exceed 100 time intervals, in which case the inci- 
dence of density dependence as measured by equation 
5 is around 0-15. A higher value of Vr would yield a 

higher level of density dependence. Den Boer (1991) 
reported Vr = 0-7 for carabid beetles, in which case 

persistence for c. 100 time intervals requires rd 0 3 
and gives the frequency of hitting the ceiling as 0 0-3. 
In contrast, a random walk metapopulation with 
realistic parameter values, for instance H = 50 and 
u = 0-001, would easily persist for much longer than 
100 time intervals with density dependence reduced 

by an order of magnitude. Our results suggest that the 
incidence of density dependence in a random walk 

metapopulation may often be around 5% or even less. 
Woiwod & Hanski (1992) have recently examined 

the incidence of significant density dependence in sev- 
eral thousand time series of annual density estimates 
for British moths and aphids. They found that 79 and 
88% of the moth and aphid time series, respectively, 
longer than 20 years showed significant density depen- 
dence at the 5% level (using Bulmer's 1975 method to 
detect density dependence). These values are clearly 
higher than the possible minimum values consistent 
with metapopulation persistence in the present 
models, suggesting that moth and aphid populations 
have relatively persistent local populations. 

Kuno (1981) first pointed out that migration among 
independently fluctuating local populations enhances 
the average growth rate rd. A metapopulation may 
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Fig. 7. Relationship between time to metapopulation extinction and the frequency of hitting the ceiling, P(Kh,), in the results 
of Model 2. Both axes have been log-transformed (after adding 0-001 to P(Kh,)). The four panels give the results for four levels 
of emigration rate c, (a) 0 01, (b) 0 11, (c) 0-21 and (d) 0-31. K = 100. 

persist even if rd is negative; that is, even if all local 

populations, when isolated, would show a deter- 
ministic trend to extinction. Although the positive 
effect of migration on growth rate is diminished in 
real metapopulations by spatial synchrony in the 

dynamics of local populations, probably largely 
caused by spatially correlated environmental sto- 

chasticity (Hanski & Woiwod 1993), this result has 

important implications for the study of meta- 

population dynamics. Most real metapopulations 
are thought to consist of 'source' and 'sink' popu- 
lations. In source populations (habitats), the average 
number of birth events exceeds the average number 
of death events, and emigrations exceed immigrations, 
whereas in sink populations (habitats) the reverse is 
true (Pulliam 1988). But if we have a metapopulation 
in which rd is negative, each population, if isolated, 
would function as a sink! In this sense, paradoxically, 
a persisting metapopulation may include only sink 

populations (habitats). 
The spreading of risk argument of Den Boer (1968 

and later papers) implies that migration may allow 

metapopulation persistence without density depen- 
dence. Our Model 2, which explicitly includes 

migration, shows that, keeping other things 
unchanged, increasing migration rate indeed increases 

metapopulation persistence time and decreases the 
level of density dependence, but only in meta- 

populations which have relatively short persistence 
times. In the case of more persistent metapopulations 
(Tm large), increasing migration rate actually increases 
the incidence of density dependence. 

In conclusion, long-term persistence of a meta- 

population is not possible without some density 
dependence, contrary to suggestions by Den Boer 

(1968, 1991) and others. However, the incidence of 

density dependence may be very low in some persisting 
metapopulations, in comparison with the incidence of 

density dependence that is necessary for long-term 
persistence of an isolated local population. In meta- 

populations, the combination of long persistence 
time and low incidence of density dependence is 
associated with a high rate of population turnover, 
that is, frequent local extinctions and colonizations. 
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But even in these cases long-term persistence is not 

possible without some local populations occasionally 
growing to a large size, and hitting the population 
ceiling, which an ecologist would record as an instance 
of density dependence. 
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Appendix A 

EXPECTED VALUE OF N 

The density of n (over the lifetime of the population) 
can be obtained by the formula 

t(n; no) 
Te(no)' 

By using equations A17 and A18 
Appendix) in equation Al we get 

2se2sn(l -e2sno) 
f(n; nO) =2sk( e n 2sn 

e2Sk(l 
- 

e- 2sno) 
- 2sno 

eqn A 

in Foley (1994: 

eqn A2 

If no is close to 0 (populations are established by a few 
individuals only), then this becomes 

eqn A3 
2se2s(n-k) 

f(n; no) -e .2 1 - e- 2sk 

To obtain the density of N we use the change of 
variable formula (Bickel & Doksum 1976; p. 448). 
Since N = en, we use g(n) = e", g' = e" and g(N) = 
loge N in the formula, to get 

f(N) = f(g-'(N)) f(m )= 

2sN2s- 

e2sk - 1 

K2s - 

The expected value for N is now given by 

ENN Nf(N) dN 

2s(K2s+ 1) 

(2s+ l)(K2- 1) 

eqn A47 

eqn A5 

eqn A6 

Appendix B 

INCIDENCE OF DENSITY DEPENDENCE 

To find out the fraction of time a population hits the 
population 'ceiling', that is, bounces off the reflecting 
barrier K, requires a different sort of approach. To hit 
K, nt + r, must be equal to or greater than k. The 
probability of a hit, P(Khit), is then given by 
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P(Khi) - (r) f(n) dn dr 
JO Jk-r 

e-(r-rd)2/2Vr e2sk(l e-2sr) I ___ ( _ dr 
2sk vr e2sk- 

e2sk ( -2sr)e-(r-rd)2 /2v 

2sk 1 
e2k-1 J2nox 

se2k Is- 
e- r/2vr 

I~. ? 1-2 f dr 
e2sk-L Jrd 2 ] 

e2sk 2rd 
2sk 

^ . eqn B1 
e2k - 1 27/v, 

The limit of equation B1 as rd approaches zero is 

P(KI)= Vr. eqn B2 

kJ/n 
The approximation of B1 works because in realistic 
situations, k is large in comparison with the square 
root of Vd, rd is much smaller than k, and rd is less than 

the square root of Vd. Although there appear to be 
three parameters here, the dynamics and the formulas 
can all be put in terms of two parameters, k' and r', 
defined by: 

k 
k'= 

r 
r' 

Numerical comparisons show that the final approxi- 
mation of equation B1 works reasonably well when 
k' > 3, rJId < k'/3 and rd' < 1. The approximations 
are then within 17% of the original integral of B1. 
When I rd ' < 0.2, the approximation is less than 1% 
off. To improve P(Kh,) for larger rd values, the error 
function erf(x) can be used. This function, available 
on some spreadsheet programs, returns the area under 
a Gaussian curve which is not analytically obtainable 
(Abramowitz & Stegun 1972). For rd not equal to 0, 

P(Kit) e2k erf (I hit) e 2sk 1 e I \ 2v, 
eqnB3 
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Local extinction in a metapopulation context: 
an empirical evaluation 
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Metapopulations are classically viewed as sets of populations persisting in a balance between local 
extinction and colonization. When this is true, regional persistence depends rritirally upon 
parameters influcncing extinction and colonization rates, e.g. the number of habitat patches and 
populations, the ratrs and pattrrns of intrrpatch migration, and propagulr rstablishment 
prObdbiliticS. A review of relevant empirical literature identifies few metapopulations which fit this 
desrription well. Instcad, thrcc qualitativcly different situations arc found to be more common: ( I )  
mainland-island and source-sink metapopulations, in which persistence depends on the existence of 
onc or more cxtinction-rcsistant populations; (2 )  patchy populations, in which dispersal brtwern 
patrhes or sub-populations is so high that the systrm is eflectivdy a single extinction-resistant 
population; (3) non-equilibrium rnetapopulations, in which local extinction occurs in the course of a 
species' overall regional decline. This sugests a modified view of metapopulation dynamics i n  which 
local extinrtion is more an incidental than a central feature. 
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INTRODUCTION 

Although the theory of single-species metapopulation dynamics is well 
developed (see review in Hanski, 1991), and metapopulation ideas have 
permeated many areas of ecological and evolutionary theory, many empirical 
questions remain to be answered about how metapopulations function. The 
extinction of local populations is a central aspect of most metapopulation models 
and ideas. This review examines local extinction from an empirical perspective, 
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comparing the role it is given in metapopulation theory with evidence from 
relevant field studies. 

Field observations of local extinctions, especially in plant and insect 
populations, were an important early stimulus to the ideas which later became 
known as metapopulation theory (Andrewartha & Birch, 1954). From such 
observations, it was argued that species may persist as regional ensembles of 
transient populations, through dispersal and (re-)colonization of vacant habitats. 
Such a ‘shifting mosaic’ mode of demographic persistence was proposed by some 
theorists as an alternative to stabilizing or regulatory factors acting within local 
populations (Andrewartha & Birch, 1954; Ehrlich & Birch, 1967; see also 
Ricklefs, 1979). 

Mathematical theory in this area began with the model by Levins (1969, 
1970). Hanski (1991) and Hastings (1991) review the development of 
metapopulation models. Levins’s and other simple metapopulation models 
depict an either finite or infinite set of populations, all of which are subject to 
extinction with equal and temporally independent probabilities. More complex 
models (e.g. Hastings & Wolin, 1989) incorporate such refinements as spatially 
structured dispersal and continuous rather than binary population dynamics 
within patches. However, most retain the feature of Levins’s (1969, 1970) model 
that local extinction affects all populations, more or less equally. This is true as 
well in the majority of models concerned with the regional coexistence of locally 
unstable combinations of competitors or predators and prey (e.g. Horn & 
MacArthur, 1972; Slatkin, 1974; Hastings, 1978; Hanski, 1983). 

There are important implications to this extinction-centred view of 
metapopulations. If all populations are subject to extinction, regional persistence 
depends critically upon colonization. I n  turn, persistence depends on the 
parameters controlling colonization rates, such as the number of vacant patches 
and extant populations, the rates and patterns of dispersal (Hansson, 1991) and 
propagule establishment probabilities (Ebenhard, 199 1). Another key 
determinant of metapopulation persistence is the degree of temporal 
independence among local populations in their chances of extinction (Harrison 
& Quinn, 1989; Gilpin, 1990). 

Other metapopulation models present modified views of the role and 
importance of extinction. The mainland-island metapopulation structure of 
Boorman & Levitt (1973; see Fig. 1B) contains a central population, immune to 
extinction, which supplies colonists to transient marginal populations. In  the 
model by Hanski (1985) local populations may alternate between susceptibility 
and resistance to extinction. In a different vein, metapopulation models by Roff 
(1974), Chesson (1981) and Roughgarden & Iwasa (1986; Iwasa & 
Roughgarden, 1986), emphasize spatio-temporal variability in population 
dynamics, rather than extinction and colonization. These models assume such a 
high degree of dispersal between the patches on which recruitment and growth 
take place that local extinction is unlikely to occur. Similarly, Levin (1974) and 
Comins & Noble (1985) find that competitors or predators and prey can coexist 
in a fugitive fashion without local extinction; coexistence is facilitated by the 
spatially localized nature of competitive exclusion and/or predation, combined 
with limited dispersal. 

This brief review of theory provides a background against which to contrast 
the empirical evidence on local extinction in metapopulations. Although the 
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causes of local extinction will be briefly discussed, below, more emphasis will be 
placed on its consequences, especially with respect to demographic persistence. 
First, it will be necessary to define local extinction and to distinguish among the 
various ways the terms ‘extinction’ and ‘metapopulation’ are used in the 
literature. 

DEFINITION AND CAUSES OF LOCAL EXTINCTION 

‘Local extinction’ is sometimes used to denote the disappearance of a species 
from any arbitrarily defined sampling plot (e.g. den Boer, 1970). At the other 
end of the scale, it may signify a species’ extirpation from any region less than its 
entire range (e.g. Chew, 1981). Here, local extinction is defined more narrowly 
as the disappearance of a population, where the term population is used in the 
demographic (Ehrlich, 1965) or genetic (Wright, 1969) sense. Admittedly, this 
definition presents practical difficulties, since not all species are organized into 
discrete, identifiable groups within which ‘nearly all’ mating, reproduction and 
interactions take place. In  considering metapopulation dynamics, one possible 
definition of a local population is the minimal unit which once extirpated, may 
remain extinct for more than one or a few generations. This a t  least serves to 
exclude sub-populations so tightly coupled to others that their ‘extinction’ is 
likely to be followed immediately, e.g. within one generation, by ‘recolonization’. 

The causes of local extinction may be stochastic or deterministic. The 
stochastic aspects of extinction have been categorized by Shaffer (1981) as 
demographic, genetic and environmental stochasticity, and catastrophes. 
Stochastic local extinction has received a great deal of theoretical attention, 
beginning with MacArthur & Wilson’s ( 1967) work on island colonization. 
More recently it  has become a central theme in conservation biology (Shaffer, 
1981; Wright & Hubbell, 1983; Shaffer & Samson, 1985; Gilpin & Souli, 1986; 
Simberloff, 1988). Only a brief summary of theory and relevant empirical work 
is attempted here. 

Demographic stochasticity (McArthur & Wilson, 1967; Richter-Dyn & Goel, 
1972; Gilpin & Souli, 1986; Ebenhard, 1988, 1991) concerns the changes in 
population size caused by randomness in the order of occurrence of births and 
deaths. Theory suggests that this only adds significantly to the risk of extinction 
in populations which are below a relatively small threshold size (MacArthur & 
Wilson, 1967; Richter-Dyn & Goel, 1972), though the exact magnitude of the 
threshold depends on specific demographic traits of the species (Ebenhard, 1988, 
1991). Because of the existence of a threshold, i t  might be expected that 
demographic stochasticity will play a more significant role in the success or 
failure of colonizing propagules, and the final extinction of declining 
populations, than in the extinction of established populations. Empirical studies 
of demographic stochasticity mainly concern colonization (e.g. Crowell, 1973; 
Ebenhard, 1988 and references therein). 

Genetic stochasticity refers to the loss of heterozygosity through drift and the 
loss of fitness due to inbreeding. Empirical work connecting these genetic 
processes to the demography of small populations is almost non-existent. 
However, theory predicts that genetic stochasticity enhances the risk of 
extinction mainly in populations that have recently declined in size and that 
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lack histories of severe fluctuations. In species that are naturally subject to 
frequent population turnover, genetic stochasticity is expected to affect 
persistence relatively little (Gilpin, 1987, 1991; Lande, 1988; Sjogren, 199 1) .  

Environmental stochasticity is temporal variation in the net rate of population 
growth, driven by variation in external factors such as weather or food supply. 
The magnitude of population variability depends on life-history traits that 
determine how well reproduction and mortality are buffered against 
environmental change. Theory predicts that in species with highly variable rates 
of population growth, even large populations have short expected lifetimes 
(Leigh, 1981; Goodman, 1987). Studies of insular faunas confirm this prediction: 
after correcting for different population sizes, the species with the greatest 
variability in population growth rates are the most prone to extinction (Leigh, 
1981; Karr, 1982; Schoener & Toft, 1983; Pimm, Jones & Diamond, 1988). 

When the environmental events causing populations to fluctuate are 
infrequent and severe, or so-called catastrophes, risks of extinction are only 
weakly dependent on population size (Ludwig, 1976; Hanson & Tuckwell, 1978, 
1981 ; Gripenberg, 1985). Environmental catastrophes which have been observed 
to cause local extinction in insects include droughts (Ehrlich el a/.,  1980; 
Thomas, 1984), aberrant freezes (Ehrlich el al., 1972; Strong, Antolin & 
Rathbun, 1990) and fires (Cryan & Dirig, 1978; Givnish, Menges & Schweitzer, 
1988). 

Of the various stochastic causes of local extinction, environmental stochasticity 
and catastrophes are probably the most important in natural metapopulations, 
based on both the balance of empirical evidence (below) and the theoretical 
expectation that they can affect populations of a large range of sizes. 
Environmentally-driven local extinction raises a potential problem for 
metapopulation theory. Many of the environmental factors which cause 
population fluctuations and extinction act at a regional scale. Weather is the 
most obvious example. It is likely to affect all populations in a metapopulation 
simultaneously, and thus to create temporal correlation in their chances of 
extinction. Correlated local extinction (or ‘regional stochasticity’, Hanski, 199 1 )  
can sharply reduce the expected persistence time of metapopulations (Harrison 
& Quinn, 1989; Gilpin, 1990). 

Direct evidence on correlated extinction in metapopulations is very limited. 
However, Pollard, Hall & Bibby (1986) examined 10-year relative abundance 
data for British butterflies, and documented that conspecific populations often 
fluctuate in synchrony. Ehrlich et al. (1972) and Ehrlich et al. (1980) observed 
the extinctions of multiple conspecific butterfly populations in two 
environmental catastrophes, a spring freeze and a drought respectively. 

Thus, local extinction in many species is caused by large-scale environmental 
events. Theory suggests that in such circumstances, classical metapopulations are 
unlikely to persist. This enhances the potential significance of refuges, habitats in 
which certain populations are protected from catastrophes and act as sources for 
recolonization (see below), to persistence in such cases. Also, many species are 
adapted to large-scale adversity through ‘escape in time’ strategies, such as 
environmentally cued seed dormancy in plants or facultative diapause in insects 
(for a review of the letter, see Hanski, 1988). These adaptations have the effect of 
making local, as well as regional, extinction less likely. 

Deterministic local extinction characterizes species of temporary habitats, such 
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as successional vegetation. These species continually disappear from local 
habitats as these become unsuitable. However, whether these local 
disappearances can be usefully regarded as local extinctions, in the sense defined 
above, depends critically upon the lifetime of the habitat and the frequency and 
range of individuals' movements (this issue is also discussed below under 'Patchy 
Populations'). Thc other major source of non-random local extinction is human 
pressures on species and their habitats (Ehrlich & Ehrlich, 1981). 

LOCAL EX'I'INCTION IN A METAPOPULAlION CONTEXT 

There are far fewer case studies of local extinction in a metapopulation context 
than of local extinction per se. Of the empirical studies that have quantified 
patterns of local extinction in multiple populations, nearly all come from the 
field of island biogeography (see reviews in Schoener, 1983; Diamond, 1984). 
The sets of insular populations in these studies are not maintained by mutual 
recolonization, but by repeated immigration from a mainland. Apart from island 
studies, most cases of extinction reported in the literature are single observations 
from which little can be deduced about metapopulation structure, such as where 
colonists come from and how often (e.g. Washburn & Cornell, 1981; Svensson, 
1985). 

Studies documenting rates and patterns of local turnover within entire, closed 
population systems are limited in number. However, examining the available 
literature, i t  is possible to identify several major types of metapopulations, in 
terms of the different roles which they imply for local extinction. I have 
categorized these as follows (see also Hanski & Gilpin, 1991): ( 1 )  
Mainland-island and source-sink metapopulations (Fig. 1 B),  the distinction 
between which is clarified below. Local extinctions occur mainly among a subset 
of populations, the islands or sinks, and have little effect upon regional 
persistence since the extinction-resistant mainland or source populations are the 
major providers of colonists. (2)  Patchy populations (Fig. IC) ,  which are 
distributed over a patchy and/or spatiotemporally variable habitat, but in which 
high rates of dispersal effectively unite the patches into a single demographic 
entity. There is thus little potential for the extinction of discrete local 
populations. (3 )  Non-equilibrium metapopulations (Fig. 1 D),  among which 
recolonization is either absent or insufficient to balance extinction. Local 
extinction occurs as part of an overall regional decline, usually a product of the 
reduction, fragmentation or deterioration of the habitat. (4) Classical 
metapopulations (Fig. 1 A ) ,  sets of conspecific populations persisting in a 
dynamic regional balance between extinction and colonization, as represented 
by the standard metapopulation models. There appear to be relatively few cases 
conforming well to this description; I will speculate on the reasons for this, after 
illustrating each of the types of metapopulation with examples. 

Mainland-island and source-sink melapopulations 

In the equilibrium theory of island biogeography (MacArthur & Wilson, 
1967), local extinction affects the distribution of local populations, but not the 
regional persistence of the species. Extreme differences in patch sizes make some 
terrestrial metapopulations very similar in their dynamics to true mainlands and 
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0 A 

C D 

0 0 

0 

Figure I .  Different kinds of metapopulations. Closed circles represent habitat patches; filled = 
occupied, unfilled = vacant. Dashed lines indicate the boundaries of 'populations'. Arrows indicate 
migration (colonization). A, Levins metapopulation. B, Core-satellite (Boorman-Levitt, 1973) 
metapopulation. C, 'Patchy population'. D, Non-equilibrium metapopulation (differs from A in 
that there is no recolonization). E, An intermediate case that combines B and C. 

islands. One example is the metapopulation of the Bay checkerspot butterfly 
(EupLydryus edilhu buyensis Boisduval) that I studied (Harrison el al., 1988; 
Harrison, 1989). It consisted, in 1987, of a population of on the order of lo6 
adult butterflies on a 2000-ha habitat patch, and nine populations of 10-350 
adult butterflies on patches of 1-250 ha. Of 27 small habitat patches in the 
region which were found to be suitable, only those closest to the large patch were 
occupied (Fig. 2). This pattern of patch occupancy could not be explained by 
differences in habitat quality. Instead, the distance effect appeared to indicate 
that the butterfly's capacity for dispersal is limited, and that the large population 
acts as the dominant source of colonists to the small patches. From this and other 
evidence, it appears that persistence in this metapopulation is relatively 
unaffected by population turnover on the small patches. 

Thus, local extinction may be frequent and yet may be relatively trivial in 
terms of regional dynamics, as Williamson (1989) has previously noted. For this 
to be true, there need not be a mainland population of extreme size. High 
variance in patch or population size means that most local extinctions will 
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Extinct in 1976, recolonized in 1986 

.Colonized in 1986 
P 

I I 
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Figure 2. Metapopulation of the Bay checkerspot butterfly, Euphydys edifha baymrir (from Harrison 
el al., 1988). The black areas represent patches of the butterfly's serpentine grassland habitat. The 
2000-ha patch labelled 'Morgan Hill' supported a population of in the order of lo6 adult butterflies 
in 1987. The nine smaller patches labelled with arrows supported populations of in the order of 
10'-10' butterflies in that year. Eighteen other small patches were found to be suitable but 
unoccupied. 

probably be unimportant, as they will tend to strike the smallest populations 
with the least influence on the metapopulation. Schoener & Spiller (1987) found 
this to be the case in Bahamanian orb spider metapopulations. In  populations of 
five spider species on 108 islands (distant from the continental mainland), which 
were monitored for 5 years, local extinction affected only the 10-40% 
(depending on species) smallest populations. Many of the larger populations 
appeared to be effectively immortal, in that their expected lifetimes (were these 
populations isolated) would be much longer than the timescale of interisland 
dispersal. 

Metapopulation dynamics have seldom been quantified as directly and 
thoroughly as in the study of Schoener & Spiller (1987). However, it is probably 
common for metapopulations to contain similarly high variation in population 



80 S. HARRISON 

and patch size and to function as constellations of mainlands and islands. The 
Solomon Archipelago, on which avian colonization-extinction dynamics were 
studied by Gilpin & Diamond (1976, 1981), spans a five-to-six order of 
magnitude range in island size. A population size range of up to three orders 
of magnitude was reported by Thomas (1984) in a review of population studies 
of endangered British butterflies. Fritz (1979) estimated lifetimes ranging from 2 
to 100 years for the local populations in a spruce grouse metapopulation, based 
on patch sizes, bird densities and a demographic model. In the Concho water 
snake, Soult & Gilpin (1991) noted a mainland-island effect caused by variation 
in local densities of river riffles. 

High variation in local population size may arise for other reasons than patch 
size, including chance. Metapopulations of aphids on fireweed (Addicott, 1978) 
consisted of ensembles of local colonies, lasting in total for the duration of the 
summer growing season (4-8 aphid generations). The majority of colonies were 
much shorter-lived than the metapopulation as a whole, but a few were large 
enough to last the entire season, leading Addicott (1978) to conclude that 
metapopulation persistence did not depend on the ongoing founding of new 
colonies. The variation in colony size appeared to be produced by chance factors 
in the process of colony establishment. 

From the point of view of regional dynamics, i t  is not the variation in patch or 
population size per se that is significant so much as the variation in the 
persistence of local populations. Heterogeneity in the quality of the habitat may 
have this effect. In the source-sink systems discussed by Pulliam (1988) there is a 
net Row of migrants from persistent populations in good habitats (‘sources’) to 
populations in inferior habitats which act as sinks. The difference between these 
and mainland-island metapopulations lies in the nature of the peripheral, 
extinction-prone habitats. While islands are merely smaller than mainlands, 
sinks are qualitatively different from sources, being unsuitable in some way for 
survival and reproduction. 

An example of a source-sink metapopulation is the checkered white butterfly 
(Pieris protodice Boisduval & LeConte) in the Central Valley of California 
(Shapiro, 1979). The source population occupies a riparian area, which is the 
only part of its regional range in which the butterfly can overwinter successfully. 
Every spring, emigrants found numerous smaller colonies on outlying patches of 
the host plant, sometimes at  considerable distances from the source population. 
However, these colonies persist for about five generations, at most, before 
becoming extinct at the onset of the following winter. Similarly, a population of 
Euphydryas editha wrightii in Southern California was observed to undergo an 
explosive increase in numbers, following a series of especially favourable years. 
A number of peripheral colonies appeared on patches of marginal-quality 
habitat and subsequently disappeared (Murphy & White, 1984). 

Peripheral or sink areas may be occupied only infrequently, while the source 
areas are always occupied, as in the examples above. From such situations, a 
continuum extends to metapopulations in which peripheral areas are occupied 
most of the time, but populations retract to core areas during adverse conditions. 
Emigrants from these refuge habitats then recolonize the extinction-prone 
habitats when favourable conditions return. An example is the Amargosa vole, a 
microtine subspecies endemic to an isolated desert marsh. Vole populations are 
widespread throughout the marsh in most years, but during occasional flood 
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years the vole survives only as disjunct populations on isolated hilltops (E’reas & 
Murphy unpublished). Similarly, Strong el al., 1990) found that populations of a 
leafhopper and its parasitoid in a coastal marsh survived a rare winter freeze 
under scattered piles of beach wrack. 

Species coexistence may also be mediated by mainland-island or source-sink 
dynamics. In some insect predator-prey systems, it appears that the prey species 
is able to persist, despite the ability of the predator to drive it locally extinct, 
because of habitat refuges in which it  is invulnerable to the predator 
(Beddington, Free & Lawton, 1978; Murdoch, Chesson & Chesson, 1985). Iwasa 
& Roughgarden (1986) model coexistence in locally competing intertidal 
organisms by assuming that for each species there is a source habitat in which it  
outcompetes the others. Regional sources or refuges constitute a qualitatively 
different explanation for coexistence than the extinction-colonization dynamics 
proposed in classical patch models (e.g. Horn & MacArthur, 1972; Slatkin, 
1974; Hastings, 1978; Hanski, 1983; Bengtsson, 1991). 

Hanski (1983) and Gilpin (1987) have previously noted the unrealism of the 
assumption that all local populations in a metapopulation are equally subject to 
extinction and contribute equally to colonization. To the extent that this 
assumption is violated, metapopulation processes (extinction and colonization) 
become less crucial to regional persistence. Persistence may depend more upon 
the local factors, such as large size or favourable habitat, that permit mainland 
or source populations to resist extinction. 

Patchy populations 

The kind and degree of connectedness between patches or populations is a 
critical feature in models of spatially structured populations. The  classical 
metapopulation concept of Andrewartha & Birch (1954), Ehrlich & Birch 
(1967), and Levins (1969, 1970) portrays sets of relatively independent demes 
undergoing turnover on a timescale of years to generations. In contrast, models 
concerned with the effects of spatio-temporal variability on population stability 
(e.g. Roff, 1974; Chesson, 1981; Crowley, 1981; Roughgarden & Iwasa, 1986), 
though superficially similar to metapopulation models in that they depict local 
population units fluctuating independently, differ in that these units are coupled 
by very high dispersal (see also Taylor, 1988). In  the extreme, complete mixing 
of progeny among patches is assumed. Here the designation ‘patchy population’ 
is used for such demographically united systems of patches. High interpatch 
dispersal means that the differentiation between local and regional timescales, a 
principal attribute of metapopulations, is diminished, and so is the potential for 
local extinction. 

In practice, of course, i t  is impossible to draw a sharp distinction between 
metapopulations with true local extinction, and patchy populations in which 
extinction is absent or unimportant. However, if the average individual inhabits 
more than one patch in its lifetime, the patches clearly do not support separate 
populations. The fauna of patchy and ephemeral habitats, such as the insects 
that specialize on fallen fruit, rotting logs or water-filled treeholes, are often 
regarded as forming metapopulations. But such species are typically highly 
mobile; each patch usually supports only one generation of the insect, and adults 
oviposit on numerous patches (Kitching, 1971; Hanski, 1987). Similarly, 
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butterfly species which specialize on weedy host plants typically show high 
vagility compared with species using more permanent habitats (Scott, 1975; 
Blau, 1980). Gerrid water bugs (Kaitala, 1987) move frequently among the 
ephemeral ponds which they inhabit. In  general, high interpatch dispersal may 
be said to be common trait in species of unstable, transient, and/or patchy 
habitats (see Hanski, 1987 for a review). 

A considerable number of other ‘metapopulations’ in the literature appear to 
lie toward the high dispersal end of the continuum. A case in point is the classic 
study in which den Boer (1970, 1981) found asynchronous fluctuations in the 
numbers of carabid beetles trapped at  various sampling points within a 
continuous habitat, on the scale of tens to hundreds of metres apart. Den Boer 
(1970, 1981) theorized that the beetle population is stabilized by the movement 
of individuals over distances greater than the scale of localized environmental 
fluctuations. Within-habitat dispersal also appears to enhance the persistence of 
populations of Euphydryas editha. Larval survival varies among different slope 
exposures, because the suitability of host plants is affected by an interaction 
between topography and yearly weather patterns. Both larvae and ovipositing 
adult butterflies disperse among slopes within continuous habitat (Weiss, 
Murphy & White, 1988). Many sessile marine organisms appear to spread their 
propagules widely in comparison to the scale of the patches on which 
recruitment and growth occur (Strathmann, 1974). Random dispersal may be a 
very general means of population persistence in spatiotemporally varying 
environments (Goodman, 1987). 

Local differences in the abundance of predators or competitors are another 
source of spatiotemporal variation in population dynamics. High dispersal by a 
prey species or an inferior competitor may allow it to coexist with a predator or 
superior competitor. However, since the dynamics of predators and prey are 
coupled, the relationship of prey dispersal rates to coexistence may be complex; 
see Taylor ( 1988, 1991) for recent reviews of theory. 

Thus, patchy population dynamics arise when dispersal takes place on a 
spatial scale greater than that of the local events causing population fluctuations. 
This may be expected to be the case in many species of patchy, transient or 
otherwise risky habitats; or such species may ‘escape in time’ through dormancy. 
High dispersal means that patches or sub-populations are united into a relatively 
persistent population in which there is little potential for local extinction. Local 
‘turnover’ on patches, in such systems, is more the product of the movements of 
individuals than of mortality. 

Non-equilibrium metapopulations 

A great number of local extinctions take place, not in the context of a regional 
colonization-extinction equilibrium, but in the context of the regionwide decline 
of a species. Recolonizations may occur infrequently or not at all. This usually 
occurs as the species’ habitat is undergoing long-term fragmentation, reduction 
or deterioration. Habitat fragmentation leaves local populations more prone to 
extinction, because they are isolated from ‘rescue’ by immigration, and also to 
limit or prevent recolonization. One natural example is the series of extinctions 
of mountain mammal populations, caused by the reduction and isolation of 
mountaintop habitats during post-Pleistocene warming (Brown, 197 1 ; Taylor, 
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1991). Much more abundant, however, are cases of regional declines caused by 
human impacts on natural habitats. Wilcove, McLellan & Dobson (1986) and 
Rolstad (1991) provide reviews of habitat fragmentation and local extinction in 
temperate birds and mammals. Arnold ( 1983), Thomas (1984) and Cappucino 
& Kareiva (1985) provide similar examples from butterflies. 

Conservation of species in fragmented habitats is an important area for the 
application of metapopulation models. This issue is discussed by Gilpin (1987) 
and Hanski (1989, 1991), and only a few additional points are raised here. First, 
fragmentation may very often result in mainland-island situations in which a 
single remnant population is of overwhelming importance (e.g. the grizzly bear 
in the United States, Gilpin, 1987). Second, fragmentation may be fine-grained 
in relation to the range of movement of individuals; this appears to be true in 
many cases involving birds in forest fragments (Rolstad, 1991 ). Fine-grained 
fragmentation is perhaps better thought of as altering habitat quality than as 
leading to the isolation and extinction of local populations. 

Third, unstable regional extinction-colonization dynamics may be induced by 
anthropogenic habitat changes other than outright fragmentation. For example, 
species dependent on disturbance-generated habitats are sensitive not only to 
reduction in the amount of the habitat matrix, but also to changes in the 
disturbance regime. This is the situation for a number of endangered butterflies 
in Britain and the United States. In Britain, several species requiring sunny 
openings in woodlands are declining not only due to deforestation, but also to 
the cessation of traditional forest coppicing, which generates forest clearings 
(Warren, Thomas & Thomas, 1984; Warren, 1985). Another British species is 
declining because of the demise of peat-cutting, which opens up patches in 
heathlands (Thomas, 1985). In the U.S., the combination of fire suppression and 
habitat loss to urbanization threaten the Karner blue butterfly (Lycaeides melissa 
samuelis Nabokov) which depends on a host plant characteristic of post-fire 
succession (Cryan & Dirig, 1978; Fried, 1987; Thomas, 1983). 

Because of reduced disturbance, new habitats are generated for these 
butterflies at insufficient rates. When new habitats do appear, they are 
increasingly unlikely to become colonized by the butterflies (Thomas, 1984). 
These cases are similar to the disturbance-driven population dynamics which 
have been frequently studied in intertidal communities (e.g. Paine & Levin, 
1981; Caswell & Cohen, 1991), with the important difference that the 
butterflies’ rates of dispersal between disturbed patches are low, quite possibly 
too low to prevent eventual regional extinction. An interesting application for 
metapopulation models would be to predict the minimum size of the disturbance 
mosaic (Pickett & White, 1985) required to support these species. This has been 
attempted for the Karner blue butterfly by Givnish et al. (1988). 

Classical metapopulations and intermediate cases 

Waterflies (Daphnia spp.) in rockpools (Bengtsson, 1988, 1989, 1991) and pool 
frogs (Rana lessonae Camerano) in successional ponds (Sjogren, 1988, 199 I ) form 
metapopulations in which there is neither extreme variation in population sizes 
or other determinants of persistence, nor extremely high rates of movement 
among patches. These appear to represent close approximations to Levins 
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metapopulations, sets of discrete local populations which are subject to local 
extinction and persist regionally because of (re-)colonization. 

Of course, the distinction between these and the other types of 
metapopulations is largely a function of the timescale being considered. There is 
sufficient variation in persistence among pool frog populations that this 
metapopulation could probably persist for decades without recolonization, 
despite numerous extinctions (Sjogren, personal communication). Similarly, 
Pajunen ( 1986) has suggested that certain Duphniu pools support mainland 
populations considerably more persistent than those in other pools. But 
metapopulations such as these, with moderate levels of variation in population 
size and moderate dispersal among patches, may provide the majority of real- 
world cases in which local extinction both occurs and has regional significance. 

Other intermediate cases may arise from the spatial arrangement of patches. 
There is widespread evidence in island biogeographic studies for rescue effects 
(Brown & Kodric-Brown, 1977; see review in Ebenhard, 1988), in which a patch 
is more likely to be occupied the nearer it is to other occupied patches (see also 
Ray el ul., 1991). This suggests the possibility of a metapopulation (Fig. 1E) 
combining features of the mainland-island and patchy population structures: 
dispersal unites central patches into a single population, but is low enough to 
allow local extinctions on peripheral patches. A possible example of this is the 
metapopulation of hyraxes on kopjes (rockpiles) studied by Hoeck (1982, 1989). 
Another intermediate case, one which combines mainland-island and classical 
metapopulation structure, is exemplified by the archipelago vole populations 
studied by Ebenhard ( 1988). With increasing distance from the mainland, 
insular populations are influenced less by the mainland population and more by 
among-island dynamics. 

SUMMARY 

A critical examination of the metapopulation literature reveals that local 
extinction does not have the same role or degree of importance in all situations. 
Local extinction may not occur at all, if interpatch dispersal is always high, or i t  
may only affect populations in small patches or poor habitats. Local extinctions 
may be a manifestation of a species’ regional decline. Only in a subset of 
metapopulations in the empirical literature does the analogy of a ‘population of 
populations’, existing in a balance between birth (colonization) and death 
(extinction), seem to apply well. 

The birth-death analogy arose from a simple model which did not include 
such refinements as variation in population persistence, explicit spatial structure 
of patches and temporal correlation in extinction. When such real-world features 
are considered, a general result may be to shift importance away from regional 
process (extinction and colonization) and more toward local factors, such as 
large population size, habitat heterogeneity and within-population dispersal, in 
determining persistence. 

Of course, the empirical evidence is far too limited for secure generalizations to 
be made. There is undoubtedly a research bias toward systems with rapid local 
turnover, and too little evidence on the extinction and colonization dynamics of 
long-lived organisms. However, there may also be real biological reasons for the 
seeming scarcity of cases of classical metapopulations. I t  is reasonable to expect 
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that most organisms are adapted to escape, in space or time, trom the 
environmental risks they normally face, and a side effect of such adaptations will 
be to make the extinction of local populations less likely to be a routine part of 
population dynamics. 

If these empirical considerations suggest a diminished role for local extinction 
in metapopulations, they are not intended to downplay the significance of 
metapopulation dynamics broadly defined. The interplay between local and 
regional processes can promote the regional persistence of locally unstable species, 
and the regional coexistence of locally incompatible combinations of species, 
with or without the complete extirpation and refounding of separate local 
populations. 
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 RESPONSES OF SIBERIAN FERRETS TO SECONDARY

 ZINC PHOSPHIDE POISONING

 ELWOOD F. HILL, U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, Laurel, MD 20811
 JAMES W. CARPENTER, U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, Laurel, MD 20811

 Abstract: The hazard of operational-type applications of zinc phosphide (Zn3P,) on a species closely
 related to the black-footed ferret (Mustela nigripes), was evaluated by feeding 16 Siberian ferrets (M.
 eversmanni) rats that had been killed by consumption of 2% zinc phosphide-treated bait or by an oral dose
 of 40, 80, or 160 mg of Zn3P,. All ferrets accepted rats and a single emesis by each of 3 ferrets was the
 only evidence of acute intoxication. All ferrets learned to avoid eating gastrointestinal tracts of the rats.
 Subacute zinc phosphide toxicity in the ferrets was indicated by significant decreases (18-48%) in hemo-
 globin, increases of 35-91% in serum iron, and elevated levels of serum globulin, cholesterol, and tri-
 glycerides. Hemoglobin/iron, urea nitrogen/creatinine, and albumin/globulin ratios also were altered by
 the treatments. This study demonstrated that Siberian ferrets, or other species with a sensitive emetic
 reflex, are afforded -a degree of protection from acute zinc phosphide poisoning due to its emetic action.
 The importance of toxicity associated with possible respiratory, liver, and kidney damage indicated by
 altered blood chemistries is not known.

 J. WILDL. MANAGE. 46(3):678-685

 Black-footed ferrets probably were
 never abundant and now may be nearly
 extinct (Fortenbery 1972). Apparently
 the original range of this species corre-
 sponded closely to that of prairie dogs
 (Cynomys spp.), its principal food (Hill-
 man 1968, Fortenbery 1972, Sheets et al.
 1972). As prairie dog populations were
 suppressed by control measures and hab-
 itat changes, black-footed ferret popula-
 tions also declined (Hillman 1968, Tiet-
 jen 1976). Along with reduction of their
 food source, ferrets were subjected to
 possible poisoning with rodent control
 chemicals such as sodium monofluoroac-

 etate (1080) and strychnine as the result
 of eating poisoned animals (Rudd and
 Genelly 1956, Hillman 1968, Schitoskey
 1975, Tietjen 1976). Zinc phosphide
 (Zn3P2), an efficacious rodenticide (Schoof
 1970, Dimmick 1972, Hilton et al. 1972,
 Hood 1972) that appears comparatively
 free of secondary hazard (Bell and Dim-
 mick 1975, Schitoskey 1975, Tietjen
 1976), has been evaluated and registered
 as a substitute for more hazardous toxi-

 cants because of the potential secondary
 hazard associated with the use of these

 chemicals for prairie dog control. How-
 ever, direct evaluation of secondary poi-
 soning risk to endangered black-footed
 ferrets was not possible. Therefore the
 present study was conducted with closely
 related Siberian ferrets as research sur-

 rogates.
 Our primary objective was to deter-

 mine if rodents killed by operational con-
 centrations of zinc phosphide-treated
 bait (steam-rolled oats containing 2%
 Zn3P2 by weight) are hazardous to a
 species of presumed physiologic similar-
 ity to the black-footed ferret. Other ob-
 jectives were to determine subtle physi-
 ologic responses of ferrets to secondary
 zinc phosphide poisoning and attempt to
 estimate the probable margin of safety for
 ferrets fed operationally killed rodents.

 The concept of the experiment was
 proposed by R. C. Stendell and L. F.
 Stickel. H. P. Tietjen provided technical
 assistance. P. A. Harker assisted with all

 aspects of the experiment and B. I. Wil-

 678 J. Wildl. Manage. 46(3):1982
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 FERRET RESPONSES TO ZINC PHOSPHIDE* Hill and Carpenter 679

 liams provided husbandry support. The
 manuscript was reviewed by E. H. Dust-
 man, W. C. Eastin, Jr., and H. P. Tietjen.

 METHODS

 Thirty-seven Siberian ferrets (2 fe-
 males and 35 males) were live-trapped
 near Voronezh, U.S.S.R., in 1975. All
 males were considered young-of-the-year
 at the time of capture. Eighteen of the
 original males (3 years old) and 2 male
 offspring (1 2-year-old and 1 1-year-old)
 were selected at random and placed in
 individual pens consisting of a 2-com-
 partment nest box adjoining a vinyl-coat-
 ed wire mesh (2.2 cm) run (50 x 42 x 31
 cm high) for the duration of the experi-
 ment. The light regime was 12 L:12 D
 and ambient temperatures were 18-23 C.
 Water was available ad libitum.

 Following a 7-day conditioning period
 during which ferrets were fed dead lab-
 oratory rats, each was anesthetized with
 ketamine hydrochloride (25 mg/kg intra-
 muscularly) containing 10% aceproma-
 zine maleate, weighed, and given a phys-
 ical examination. A baseline scan of
 selected blood chemistries was obtained

 (Carpenter and Hill 1979).
 Laboratory rats (f weight = 210 g,

 SD = 14 g) were conditioned on a diet of
 4% corn oil-fortified oat groats for 1-2
 weeks before exposure to zinc phos-
 phide. At 1500 hours on the day before
 exposure, randomly selected rats were
 assigned to a treatment group and fasted
 overnight. At 0830, rats received either a
 1-ml oral dose of 40, 80, or 160 mg zinc
 phosphide (technical grade, 94% AI) in
 a corn oil suspension, or were given (ad
 libitum) a 4% corn oil-fortified bait con-
 taining 2% zinc phosphide. Treatments
 are hereafter referred to as control, RT-
 40, RT-80, RT-160, and RT-2%. Oral dos-
 ing of rats was performed on the morning

 they were to be fed to the ferrets. How-
 ever, the bait was presented to the rats
 on the morning preceding the day they
 were to be fed to the ferrets because it

 took longer for the rats to die from feed-
 ing on bait than from dosing. Control rats
 were killed with CO2 gas; all other rats
 died from exposure to zinc phosphide.

 Treatment of rats with zinc phosphide
 was based on a preliminary feeding trial
 in which laboratory rats weighing about
 200 g died from eating 2-3 g of 2% bait
 (40-60 mg Zn3P2) and on a study showing
 that 3-3.6 g of 2% bait (60-72 mg Zn3P,)
 was lethal to adult prairie dogs (Tietjen
 1976). The 40- and 80-mg doses represent
 maximum quantities of zinc phosphide
 likely to be encountered in operationally
 poisoned rodents, and the 160-mg dose
 provided a margin of safety exposure.
 Rats fed 2% bait and those dosed with 40

 mg received equivalent zinc phosphide
 exposures and provided the tie between
 operational poisoning and our controlled
 laboratory studies.

 Ferrets were stratified by weight and
 4 (2 above and 2 below median weight)
 were randomly assigned to each treat-
 ment group and fed 1 rat every 2nd day
 for a total of 5 feedings. Feeding records
 for each ferret included the quantity and
 anatomical portions of rats consumed.
 Care was taken to determine if the gas-
 trointestinal (GI) tract had been eaten
 because of the possible presence of un-
 altered zinc phosphide. Each ferret was
 carefully observed at least 3 times daily
 for evidence of toxic signs and vomitus
 (Zn3P2 is an emetic). At the end of the
 experiment, ferrets were anesthetized,
 weighed, and examined. A 2nd blood
 chemistry scan was performed. Postmor-
 tem examinations were performed on 2
 randomly selected ferrets from treat-
 ments RT-40, RT-80, and RT-160.

 J. Wildl. Manage. 46(3):1982
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 Ferrets were fed on alternate days to
 ensure that the majority of each rat car-
 cass would be eaten, thereby helping to
 equalize overall feeding behavior and
 zinc phosphide exposure among treat-
 ment cohorts. Pretreatment conditioning
 showed that over one-half of nearly all
 carcasses were eaten by the 2nd day, and
 that no putrefaction of the remnants oc-
 curred. We therefore considered con-

 sumption >105 g as normal feeding.
 Blood chemistry values were deter-

 mined for all ferrets by collecting sera
 before and after treatment to assess pos-
 sible physiologic and pathologic re-
 sponses to zinc phosphide. Ten ml of
 blood were obtained via cardiac puncture
 of each anesthetized ferret. One ml of

 whole blood was placed in a tube con-
 taining an anticoagulant (EDTA) and the
 remainder was placed in a tube without
 additives and permitted to clot at room
 temperature and then centrifuged at
 3,000 rpm for 10 min before serum was
 removed. Hematocrit (Hct) and hemoglo-
 bin (Hb) were determined from the
 EDTA blood samples. Hct was measured
 by the microhematocrit method; centrif-
 ugation was for 5 min at 7,500 rpm. Hb
 was determined on whole blood by the
 cyanomethemoglobin procedure (Hycel
 kits 116 and 117, Hycel Inc., Houston,
 Tex.).

 Serum samples were refrigerated and
 transported to a commercial laboratory
 (Vet-Lab, A Division of Metpath, Hack-
 ensack, N.J.) within 2-4 hours of separa-
 tion for analysis on computer process-
 controlled equipment. Blood chemistries
 determined were glucose, creatinine,
 blood urea nitrogen, uric acid, total and
 direct bilirubin, total protein, albumin,
 globulin, total lipids, cholesterol, triglyc-
 erides, alkaline phosphatase (EC 3.1.3.1),
 y-glutamyl transpeptidase, (EC 2.3.2.2),
 aspartate aminotransferase (EC 2.6.1.1),

 alanine aminotransferase (EC 2.6.1.2),
 lactate dehydrogenase (EC 1.1.1.27), cal-
 cium, chloride, iron, phosphorus, potas-
 sium, and sodium. Specific procedures
 were reported previously (Carpenter and
 Hill 1979).

 Body weight comparisons were made
 on the basis of pre- to post-treatment
 changes for individuals as well as on
 post-treatment differences among exper-
 imental groups. Blood chemistries were
 treated similarly, except that individuals
 were also compared to the pretreatment
 baselines, i.e., individual values exceed-
 ing ?2 SD of the mean were considered
 abnormal (Copeland 1974). Statistical
 procedures were parametric (paired t
 test, 1-way analysis of variance) or non-
 parametric (Wilcoxon rank sum, 2-tailed)
 (Wilcoxon and Wilcox 1964) as appropri-
 ate and indicated for various comparisons
 in text. Separations for significant F tests
 (P = 0.05) were by Duncan's (1955) pro-
 cedure. P = 0.05 was considered signifi-
 cant for all statistical procedures.

 RESULTS

 All 20 ferrets accepted the rat diet dur-
 ing pretreatment and 18 regularly ate
 more than one-half (>105 g) of each rat
 carcass presented. Feeding behavior
 (e.g., time of feeding, anatomical prefer-
 ence) varied considerably among indi-
 viduals during the 2-day feeding periods,
 but each ferret readily ate entrails includ-
 ing the gastrointestinal tract. By the end
 of the pretreatment period overall aver-
 age consumption was 149 g (SE = 8.6) of
 rat carcass per ferret per feeding, or, on
 the basis of the ferret's weight, 77 g/kg/
 day (SE = 5.3).

 In the experimental phase of the study,
 overall consumption (mean g/kg body
 weight/day) for controls was similar to
 that observed during pretreatment. Fer-
 rets receiving zinc phosphide-treated rats

 J. Wildl. Manage. 46(3):1982

This content downloaded from 130.56.64.29 on Fri, 24 Jun 2016 17:56:43 UTC
All use subject to http://about.jstor.org/terms



 FERRET RESPONSES TO ZINC PHOSPHIDE* Hill and Carpenter 681

 Table 1. Feeding performances and body weight changes of Siberian ferrets fed rats killed with different zinc phosphide
 treatments.

 Consumption rate
 (g/kg ferret wt/day)

 Pretreatment Experimental Weight change
 (7 days) (9 days) Number of (%)

 Rat treatment feedings on
 (Zn3P2) t SE I SE GI tract t SE

 Control 78 15.3 76 14.7 14a -4.0 2.6
 RT-2%, 2% bait 85 9.4 62b 11.3 10 -6.4 1.3
 RT-40, 40 mg 65 8.7 58 3.4 12 -14.9 5.0
 RT-80, 80 mg 84 2.7 59b 5.4 9 -11.0 1.2
 RT-160, 160 mg 74 19.9 67 21.6 6 -10.8 6.7

 a Total feedings on CI tract during 16 feeding bouts per treatment (4 replicates x 4 2-day bouts
 b Different from pretreatment (P < 0.05, paired t test).

 had lower consumption rates compared
 to pretreatment (Table 1). These de-
 creases in consumption were significant
 (P < 0.05) for ferrets on RT-2% (. =
 -27%) and RT-80 (x = -30%). Ferrets
 fed RT-40-poisoned rats (the dose equiv-
 alent of RT-2%) consumed quantities
 similar to ferrets that were fed RT-2%-

 and RT-80-poisoned rats, but the average
 decrease of only 11% from pretreatment
 consumption was not significant. Ran-
 dom chance of treatment assignment ap-
 peared to contribute to this result be-
 cause ferrets on RT-40 ate an average of
 21-24% less than other groups during
 pretreatment. Ferrets on RT-160 rats con-
 sumed total quantities comparable to
 controls throughout the study, however,
 ferrets on RT-160 rats fed on the gastroin-
 testinal tract in only 6 of 16 feeding bouts
 (38%) compared to 14 of 16 (88%) for con-
 trols. During pretreatment, feedings on
 gastrointestinal tracts occurred 89 and
 92% of the time for RT-160 and control

 ferrets. Ferrets on other zinc phosphide
 treatments ate gastrointestinal tracts in
 56-75% of the feedings.

 Time-related changes in feeding be-
 havior occurred for ferrets on all zinc

 phosphide treatments over the 1st 4
 2-day feeding periods (Fig. 1). The 5th
 feeding period was only 1 day and was

 omitted from these comparisons. In the
 1st feeding period, 82% of the ferrets fed
 poisoned rats ate more than one-half of
 the carcass; this frequency decreased to
 44, 44, and 56% for the 2nd, 3rd, and 4th
 periods. Control frequency was 100% for
 the 1st period and 75% thereafter. Al-
 though 94% of the ferrets fed poisoned
 rats ate all or a major portion of the gas-
 trointestinal tract during periods 1 and 2,
 only 31 and 12% of these ferrets ate any
 of the gastrointestinal tract in periods 3
 and 4. There was no apparent dose-re-
 sponse relationship between rat treat-
 ment and avoidance of gastrointestinal
 tracts. Control animals ate gastrointesti-
 nal tracts 75-100% of the time. Although
 zinc phosphide stimulates emesis (Lis-
 ella et al. 1971), evidence of vomitus was
 found only 3 times, once each on treat-
 ments RT-2% (ferret #40), RT-40 (#26),
 and RT-160 (#41). Overt signs of toxicity
 were not observed for any ferret during
 this study.

 The average weight of the ferrets at the
 beginning of the study was 987 g (ex-
 tremes 722-1,605 g, median 980 g). Nine-
 teen of the ferrets lost weight during the
 experiment (Table 1). Average losses
 were 4.0% for controls and 6.4-14.9% for

 ferrets on zinc phosphide treatments.
 Within-treatment variances were large

 J. Wildl. Manage. 46(3):1982
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 Fig. 1. A. Percentage of ferrets that ate >105 g of rat
 carcass during a 2-day feeding period. B. Percent of times
 all or a portion of the GI tract was eaten during a feeding.
 Control (open bar); Zn3P2, RT-2% (solid); RT-40 (perpen-
 dicular lines); RT-80 (diagonal lines); and RT-160 (horizon-
 tal lines).

 for all groups and statistical separation of
 means was not possible. These variances
 are exemplified by ferrets on the extreme
 treatments (control and RT-160). Control
 #38 ate 16-67% less per feeding than the
 other 3 control animals, even though it
 was 20% heavier than 2 of them at the

 start of the study. This animal experi-
 enced a 12% weight loss while the other
 3 controls remained within 3% of their

 pretreatment weights. Ferret #50 on RT-
 160 increased in weight by 3.1% while
 the other animals in the group lost 6.9-
 29.1% of their weight. Ferret #50 com-
 pletely devoured every rat during the
 pretreatment period and the 1st poisoned
 rat it was offered; thereafter it ate all but
 the gastrointestinal tract. Average con-
 sumption rates for ferrets on RT-160 var-
 ied from 17.7 (#31) to 121.2 g/kg/day

 (#50) compared to controls which varied
 from 40.8 (#38) to 102.9 g/kg/day (#14).

 Concentrations and ratios of certain

 blood chemistries were altered (P < 0.05)
 from control values for ferrets fed zinc

 phosphide-poisoned rats (Table 2).
 Hemoglobin was reduced by averages of
 18-48%; serum iron was increased by 35-
 91%. These concomitant changes yielded
 hemoglobin/iron ratios that averaged 69,
 61, 72, and 56% less than controls for
 treatments RT-2%, RT-40, RT-80, and
 RT-160, respectively. Triglyceride con-
 centrations were elevated for ferrets on

 RT-2% and RT-40 by averages of 83 and
 93% compared to controls (P < 0.01). Tri-
 glyceride levels for ferrets on RT-80 and
 RT-160 averaged 57 and 111% higher
 than controls, but these high dose treat-
 ments were subject to large within-treat-
 ment variances and were not statistically
 separable.

 Other ratios of possible clinical impor-
 tance that were altered during this ex-
 periment were urea nitrogen/creatinine
 and albumin/globulin. The urea nitrogen/
 creatinine ratios for ferrets fed poisoned
 rats were increased by 2-2.6 fold over
 controls, but the differences were signif-
 icant only for RT-2% (P < 0.01) and
 RT-160 (P < 0.05); RT-40 and RT-80
 probabilities were 0.05 < P < 0.10. By
 themselves, neither urea nitrogen nor
 creatinine were separable from controls
 for any zinc phosphide treatment. Al-
 bumin/globulin ratios decreased (P <
 0.05) for ferrets on treatments RT-40 and
 RT-160, but not for other treatments.
 Ratios that were calculated and shown un-

 affected were aspartate aminotransferase/
 alanine aminotransferase, lactate dehy-
 drogenase/aspartate aminotransferase,
 and sodium/potassium.

 Hemoglobin, globulin, cholesterol and
 triglycerides were the only chemistries
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 Table 2. Significantly altered blood chemistries of selected ratios of Siberian ferrets fed rats killed with different zinc
 phosphide treatments.

 ZnP, treatment (rat exposure)

 Control RT-2% (2% bait) RT-40 (40 mg) RT-80 (80 mg) RT-160 (160 mg)

 Variable I SE I SE I SE x SE a SE

 Hemoglobin, g/dl 18.5 0.4 10.9a 1.6 9.8a 2.9 9.7a 3.0 15.2 1.5
 Iron, )ag/dl 125 25.3 239a 46.8 169 12.4 238a 40.5 234a 30.0
 Hemoglobin/iron 148b 28.9 46a 4.3 58a 14.8 41a 15.2 65a 5.3
 Creatinine, mg/dl 1.3 0.1 1.2 0.15 1.3 0.1 1.2 0.1 1.2 0.3
 Urea nitrogen, mg/dl 29.8 11.1 43.0 1.8 52.5 10.4 34.8 4.8 52.5 12.3
 Urea nitrogen/creatinine 14.0 2.1 35.2a 3.9 37.1a 10.3 30.8a 6.3 28.1 2.9
 Globulin, g/dl 2.9 0.9 3.1 0.2 3.3 0.1 2.7 0.1 3.3 0.3
 Albumin, g/dl 3.6 0.1 3.4 0.2 3.3 0.1 3.5 0.1 3.3 0.1
 Albumin/globulin 1.3 0.01 1.1 0.1 1.0 0.1 1.3 0.1 1.0b 0.1
 Triglycerides, mg/dl 100 8.1 193b 13.4 183b 15.0 157 41.0 157 41.0

 a Different from controls (P < 0.05).
 b Hemoglobin/iron ratio is in units x 1,000, e.g., 148 = 148,000.

 that were consistently altered from the
 baseline norm for individual ferrets (Ta-
 ble 3). All ferrets on RT-2% and 3 of 4 on
 RT-40 had depressed hemoglobin and
 elevated triglycerides. Each of these fer-
 rets ate gastrointestinal tracts from poi-
 soned rats at least twice. Globulin was

 elevated in 3 ferrets on RT-40, 2 on RT-
 2%, and 2 on RT-160, but was normal for
 those on RT-80. Cholesterol was elevated

 in 3 ferrets on RT-160 and only 1 animal
 on each of the other treatments. Ferrets
 with all of the aforementioned determi-

 nations outside the norm were #40 (RT-
 2%), #25 (RT-40), and #41 (RT-160), as

 they were associated with 2 (#41), 3
 (#25), or 4 (#40) feedings on gastrointes-
 tinal tracts.

 DISCUSSION

 The only overt evidence of acute intox-
 ication of Siberian ferrets fed zinc phos-
 phide-poisoned rats was a single emesis
 by each of 3 ferrets. That they were able
 to consume poisoned animals and not be
 affected more adversely was probably
 due to their avoidance of chemicals by
 not eating gastrointestinal tracts of the
 rats. Whether this avoidance was a re-

 sponse to the emetic property of zinc

 Table 3. Altered blood chemistry of individual Siberian ferrets fed rats killed with different zinc phosphide treatments.a

 ZnP2 treatment (rat exposure)

 Control RT-2% (2% bait) RT-40 (40 mg) RT-80 (80 mg) RT-160 (160 mg)

 Variable (norm) 14b 30 38 43 19 23 28 40 18 24 25 26 17 36 46 81 31 41 42 50

 GI tractfeedingsc 4 4 2 4 2 2 2 4 3 3 3 3 3 2 2 2 1 2 2 1
 Hemoglobin (16.7-20.3 g/dl) 1 1 1 1 1 1 1 1 1 1 1 1
 Globulin (1.8-3.1 g/dl) 1T t T T 1T
 Cholesterol (151-142 mg/dl) T T 1 I I T
 Triglycerides (82-142 mg/dl) 1 T 1 T 1 1 T t 1 T 1 T

 a An individual is classed as a respondent (1 = elevated, I = depressed) when its value for a given blood chemistry is outside the baseline
 norm as reported by Carpenter and Hill (1979).

 b Individual ferret identification number.
 c Number of times all or a portion of the GI tract was removed and eaten during a feeding bout.
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 phosphide or to the taste or odor of the
 chemical could not be determined by this
 study. However, the pungent, garlic-like
 odor of the phosphine (PH3) was conspic-
 uous in the viscera of rats that had been

 eviscerated by ferrets. None of the 3 fer-
 rets that vomited during a feeding bout
 ate gastrointestinal tracts thereafter.

 Similar studies of secondary poisoning
 have also demonstrated the emetic prop-
 erties of zinc phosphide and have shown
 other carnivores to be grossly tolerant of
 the poison, but there is evidence that cer-
 tain species may be seriously affected.
 Kit foxes (Vulpes macrotis) that were fed
 kangaroo rats (Dipodomys sp.) killed
 with high doses of zinc phosphide
 (equivalent to 282 mg/kg/day per fox, for
 3 days) consumed the entire rat, regur-
 gitated, and reconsumed vomitus without
 apparent ill effect (Schitoskey 1975). In
 contrast, single dosages of zinc phos-
 phide of 33-96 mg/kg were administered
 to 6 domestic cats through poisoned rats.
 Five of the cats accepted the rats, all
 vomited, 3 died, and 2 recovered; the 6th
 cat refused to eat (Chitty 1954). In com-
 parison, maximum potential zinc phos-
 phide dosages per feeding in our ferret
 studies were 40-49 mg/kg for RT-2%, 41-
 45 mg/kg for RT-40, 75-115 mg/kg for RT-
 80 and 155-214 mg/kg for RT-160. It is
 likely that reported dosages are biased
 high because there were certainly differ-
 ent time lapses between exposure and
 death of rodents fed to carnivores in all

 of these studies. Nonetheless, some of
 the ferrets probably received exposures
 comparable to those causing serious tox-
 icity for other species.

 Direct comparisons of acute peroral
 zinc phosphide toxicity were not possible
 between carnivores because these species
 possess a vomiting reflex which makes
 single-dose trials with strong emetics dif-
 ficult to assess. The only LD50 reported
 for a carnivore was 93 mg/kg for kit foxes

 (Schitoskey 1975). Most rodents are high-
 ly susceptible to zinc phosphide toxicity
 because they do not have a vomiting re-
 flex. This susceptibility is indicated by
 the following LD50's: nutria (Myocastor
 coypus), 5.6 mg/kg (Hood 1972); prairie
 dog, 18.0 mg/kg (Tietien 1976); and Nor-
 way rat (Rattus norvegicus), 40.0 mg/kg
 (Schoof 1970). Zinc phosphide therefore
 appears to be at least 2-15 times more
 toxic to rodents than to carnivores.

 Clinical findings of zinc phosphide tox-
 icity in the ferrets in this study were al-
 terations in certain blood chemistry val-
 ues. Whereas acute zinc phosphide
 toxicity is primarily due to gastric pro-
 duction and absorption of phosphine gas
 that may result in respiratory (Janda and
 Bosseova 1970) or heart failure (Chitty
 1954), the etiology of the subacute effects
 is unknown. However, our observed
 hemoglobin depressions coupled with
 increased circulating iron suggest that an
 additional mechanism of action may re-
 sult from ionic zinc. Ionic zinc may result
 as a breakdown product during formation
 of phosphine gas (Hilton et al. 1972).

 Excess zinc ions have been shown to

 increase the rate of cellular heme degra-
 dation by inducing synthesis of heme oxy-
 genase in the liver. This heme degra-
 dation, in turn, may deplete cellular
 heme proteins such as microsomal res-
 piratory cytochromes, e.g., P-450 (Maines
 and Kappas 1977). Also, increased heme
 degradation could depress hemoglobin
 synthesis because heme is essential to
 the formation of hemoglobin. Iron levels
 in the blood may be elevated because
 iron from degraded heme or cytochrome
 is retained for reuse (Harper 1973). The
 biological significance of these possibil-
 ities are (1) impairment of oxygen trans-
 port due to reduced hemoglobin levels
 and (2) altered detoxicating potential if
 cytochrome P-450 is degraded.

 Zinc phosphide has been associated
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 with damage to liver, kidney, and heart
 tissue (Chitty 1954, Stephenson 1967,
 Janda and Bosseova 1970). Serum urea
 nitrogen/creatinine ratios above 20 in our
 ferrets on all toxic treatments may be in-
 dicative of renal damage (Sullivan et al.
 1972). Elevated serum iron, globulin, tri-
 glycerides, and cholesterol may all be in-
 dicators of liver disorders (Zimmerman
 1974). However, the elevated triglycer-
 ide and cholesterol levels in our animals
 could have been caused by food depri-
 vation because most ferrets on zinc phos-
 phide treatments reduced their food con-
 sumption and lost considerable amounts
 of body weight.

 Our ferret study supports previous tox-
 icity studies in which species with a sen-
 sitive emetic reflex are afforded a degree
 of protection from acute zinc phosphide
 poisoning because of its emetic action.
 Thus, occasional feeding on prey poi-
 soned by zinc phosphide would not ap-
 pear to be an acute hazard to species such
 as the Siberian ferret or its close relative
 the black-footed ferret, provided alter-
 native prey is also available. However,
 the importance of toxicity associated with
 possible respiratory, liver, and kidney
 damage from repeated exposure to zinc
 phosphide as indicated by observed al-
 terations in blood chemistries is not
 known at this time and warrants addition-
 al study.
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ABSTRACT: Sylvatic plague is a flea-borne
zoonotic disease caused by the bacterium
Yersinia pestis, which can cause extensive
mortality among prairie dogs (Cynomys) in
western North America. It is unclear whether
the plague organism persists locally among
resistant host species or elsewhere following
epizootics. From June to August 2002 and 2003
we collected blood and flea samples from small
mammals at prairie dog colonies with a history
of plague, at prairie dog colonies with no history
of plague, and from off-colony sites where
plague history was unknown. Blood was
screened for antibody to Y. pestis by means of
enzyme-linked immunosorbent assay or passive
hemagglutination assay and fleas were screened
for Y. pestis DNA by polymerase chain re-
action. All material was negative for Y. pestis
including 156 blood samples and 553 fleas from
colonies with a known history of plague. This
and other studies provide evidence that Y.
pestis may not persist at prairie dog colonies
following an epizootic.

Key words: Cynomys, fleas, prairie dogs,
sylvatic plague, Yersinia pestis.

Sylvatic plague is a flea-borne zoonotic
disease of mammals caused by the bacte-
rium Yersinia pestis. The disease primarily
affects wild rodents, although many other
groups of wild and commensal mammals
can become infected (Gage et al., 1995).
Yersinia pestis likely evolved in Asia with
subsequent introduction onto all conti-
nents except Antarctica and Australia. In
North America, the presence of Y. pestis
was first identified in approximately 1900,
having arrived in Pacific Coast ports via
infected rats (Rattus sp.) on ships from
Asia (Eskey and Haas, 1940). Today, the
range of the disease in North America
includes areas west of the 100th meridian
(Cully et al., 2000).

The maintenance of Y. pestis in the wild
depends on a complex set of interactions
between host, vector, pathogen, and envi-

ronmental factors that are poorly under-
stood. In general, the sylvatic cycle of
infection is characterized by relatively
stable periods of enzootic activity where
Y. pestis circulates at low levels within the
‘‘maintenance’’ host community, followed
by explosive epizootics involving one or
more species of ‘‘amplifying’’ host that
often experience high mortality. In west-
ern North America, these epizootic hosts
include species of prairie dogs (Cynomys)
in which plague-associated die-offs can be
particularly dramatic, with mortality often
approaching 100% within colonies (Rayor,
1985; Menkens and Anderson, 1991).

Prairie dogs often repopulate colonies
following epizootics (Menkens and Ander-
son, 1991; Cully et al., 1997) and these
colonies may then persist for many years
or experience a plague epizootic again.
Barnes (1982) reported a recurrence of
plague epizootics within 4 to 5 yr and
Cully et al. (1997) reported an epizootic
again after 3 yr. Whether these cases
in which the same colonies experience
plague again represent a continued pre-
sence of infection among hosts in that area
or a reintroduction of Y. pestis from
surrounding areas is not known. The
objective of this study was to address two
competing hypotheses regarding the main-
tenance of Y. pestis between epizootics: 1)
following an epizootic, Y. pestis persists in
an area at low levels within the host
community or 2) following an epizootic,
Y. pestis does not persist in a localized
area and recurring plague epizootics result
from reintroduction of the organism (i.e.,
Y. pestis is absent during the period of
recovery). To test this we collected blood
and flea samples from small mammals at
prairie dog colonies with a history of
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sylvatic plague epizootics and screened
them for evidence of Y. pestis. In addition,
we also collected samples from prairie dog
colonies with no known history of plague
and from off-colony sites where plague
history was unknown.

The study took place in southern
Phillips County, Montana, USA (47u359

to 47u509N, 107u459 to 108u459W) during
June through August 2002 and 2003
(Fig. 1). The area is characterized by
shrub and grassland habitats typical of the
northern Great Plains, with big sagebrush
(Artemisia tridentata), black greasewood
(Sarcobatus vermiculatus), western wheat-
grass (Agropyron smithii), and blue grama
(Bouteloua gracilis) as common species. In
addition, the southern margin of the
county borders the Missouri River and
consists of forested ‘‘breaks’’ topography
with ponderosa pine (Pinus ponderosa),

Douglas-fir (Pseudotsuga menziesii), and
Rocky Mountain juniper (Juniperus sco-
pulorum). Elevations of study sites are
between 740 and 1,050 m. The area is
a mosaic of federal, state, and private land
ownership and has supported approxi-
mately 300 active black-tailed prairie dog
(C. ludovicianus) colonies during the past
20 years. The majority of study sites were
located on the Charles M. Russell Nation-
al Wildlife Refuge (CMR) with the re-
mainder located on adjacent Bureau of
Land Management (BLM) lands north of
the refuge.

We sampled 36 sites in 2002 and 60
sites (36 resampled from 2002 and 24
new) in 2003. In total, 15 sites were prairie
dog colonies with a history of plague, 15
were prairie dog colonies with no history
of plague, and 30 were off-colony sites.
Sites with a history of plague were

FIGURE 1. Map of southern Phillips County, Montana, showing the location of study sites including
prairie dog colonies with a history of plague (asterisks), colonies with no history of plague (stars), and off-
colony sites (circles). The year of plague epizootics also is indicated. Grey triangles are point locations of
additional prairie dog colonies in the study area, some affected by plague, some not, and many where plague
history is uncertain.
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identified through regular mapping efforts
by CMR and BLM personnel such that
the location and year of epizootics among
prairie dogs were known. Plague epizoo-
tics occurred between 1992 and 2001 at
sites included in this study (Fig. 1). We are
confident that die-offs attributed to plague
were in fact plague epizootics because no
other disease has yet been identified that
causes such high mortality in prairie dogs
(Barnes, 1993) and antibody to Y. pestis
has been consistently found in coyotes
(Canis latrans) and badgers (Taxidea
taxus) in the study area (Matchett, 1999).
Off-colony sites occurred in a variety of
habitats and were located .400 m from
the nearest prairie dog colony. Plague
history at these sites was unknown be-
cause prairie dogs were the sentinel
species used to indicate the presence or
absence of plague epizootics and off-
colony sites had no prairie dogs present
for at least the past 20 years.

Each study site consisted of a 10 by 10
grid of 100 Sherman live-traps (H. B.
Sherman, Tallahassee, Florida, USA) with
10-m spacing and 20 Tomahawk live-traps
(Tomahawk Live Trap Co., Tomahawk,
Wisconsin, USA) placed at prairie dog
burrows on colony sites and systematically
throughout the grid at off-colony sites. We
anesthetized captured animals with iso-
flurane (‘‘IsoFlo’’ Abbot Laboratories,
North Chicago, Illinois, USA or ‘‘IsoSol’’
Halocarbon Laboratories, River Edge,
New Jersey, USA) before blood and flea
sampling. Fleas were collected from ani-
mals by using a conventional flea comb as
well as from prairie dog burrows by using
a previously described swabbing tech-
nique (Holmes, 2003). Fleas were stored
in vials containing 2% NaCl solution with
a small amount (,0.01%) of Tween 80,
identified to species, and then frozen. We
collected blood samples of approximately
200 ml from the retro-orbital sinus of small
rodents by using micro-hematocrit tubes
(Chase Scientific, Rockwood, Tennessee,
USA) and for larger animals such as
prairie dogs and cottontails (Sylvilagus

audubonii) we collected blood by clipping
a hindfoot toenail to induce bleeding. In
2002, whole-blood samples were stored in
a conventional (220 C) freezer upon
return from the field. In 2003, most blood
samples were centrifuged the day of
collection to separate serum, which was
then stored as above. The remaining
samples were collected onto individual
Nobuto filter papers (Advantec MFS,
Pleasanton, California, USA) which were
air-dried, placed in paper envelopes, and
stored at room temperature.

Laboratory diagnostics were performed
at the Centers for Disease Control and
Prevention, Division of Vector-Borne In-
fectious Diseases, Plague Section, Fort
Collins, Colorado, USA. Serologic analyses
followed protocols described by Chu
(2000). Serum and blood samples were
screened for the presence of antibody
against Y. pestis-specific Fraction 1 anti-
gen by using either a competitive enzyme-
linked immunosorbent assay (cELISA) or
a passive hemagglutination assay (PHA);
all Nobuto strips were screened using
PHA. Flea pools of one to 10 individuals
(corresponding to the same species, host,
date, and site of capture) were screened
for the presence of Y. pestis with a multi-
plex polymerase chain reaction (PCR)
assay described by Stevenson et al. (2003).

The number and source of samples
screened for evidence of Y. pestis by
serologic and PCR analysis is given in
Tables 1 and 2, respectively. All 156 blood
samples and 553 fleas from small mam-
mals trapped at prairie dog colonies with
a history of plague over two summers were
negative for antibodies to and DNA from
Y. pestis. Likewise, all materials from
prairie dog colonies with no history of
plague (369 blood, 1,894 fleas) and from
off-colony sites (439 blood, 603 fleas) were
negative for antibodies to and DNA from
Y. pestis. Although we sampled an equal
number of prairie dog colonies with and
without a history of plague in each year of
the study, the number of diagnostic
samples collected at colonies with no
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history of plague was greater because
capture rates were consistently higher at
those sites than at colonies with a history
of plague.

Two previous studies (Lechleitner et al.,
1968; Cully et al., 1997) followed the
progression of plague epizootics among
prairie dogs and demonstrated that, in
general, Y. pestis positive fleas from

prairie dogs, their burrows, and associated
mammals are most likely to be collected
during an epizootic. These studies also
illustrated that one year following an
epizootic, some Y. pestis positive fleas
may still be present in prairie dog
burrows, but after two years, there is little
or no evidence of Y. pestis in the vector
community. Serologic results from these

TABLE 1. Number and source of serum and blood samples collected in Phillips County, Montana, during
June through August 2002 and 2003. Samples are from prairie dog colonies with a history of plague (Plague),
prairie dog colonies with no history of plague (No Plague), and off-colony sites (Off ).

Host

2002 2003

Plague No Plague Off Plague No Plague Off

Cynomys ludovicianus 22 36 – 17 32 –
Microtus ochrogaster – – – 1 – 20
Neotoma cinerea – – – – – 4
Onychomys leucogaster 1 1 1 12 6 3
Peromyscus maniculatus 45 84 98 53 205 302
Reithrodontomys megalotis – – – – – 4
Sylvilagus audubonii 3 1 – 2 4 4
Tamias minimus – – – – – 3
Total 71 122 99 85 247 340

TABLE 2. Number and source of fleas collected for plague testing in Phillips County, Montana, during June
through August 2002 and 2003. Samples are from prairie dog colonies with a history of plague (Plague),
prairie dog colonies with no history of plague (No Plague), and off-colony sites (Off ). The flea species and
total number tested are given for each host.

Host

2002 2003

Plague No Plague Off Plague No Plague Off

Cynomys ludovicianusa 67 683 – 83 310 –
Microtus ochrogasterb – – – 4 – 44
Neotoma cinereac – – – – – 86
Onychomys leucogasterd 3 11 – 22 8 6
Peromyscus maniculatuse 125 233 119 129 402 328
Reithrodontomys megalotisf – – – – – 3
Sylvilagus auduboniif 1 – – 2 6 17
Prairie dog burrowh 48 145 – 69 96 –
Total 244 1,072 119 309 822 484

a Oropsylla hirsuta (n5208), Oropsylla tuberculata (n568), Pulex simulans (n5867).
b Aetheca wagneri (n54), Malareus telchinus (n52), Peromyscopsylla hesperomys (n52), Orchopeas leucopus (n540).
c Aetheca wagneri (n59), Eumolpianus eumolpi (n51), Orchopeas agilis (n576).
d Aetheca wagneri (n522), Foxella ignota (n55), Malareus telchinus (n53), Peromyscopsylla hesperomys (n520).
e Aetheca wagneri (n51,145), Callistopsyllus terinus (n54), Epitedia wenmanni (n51), Eumolpianus eumolpi (n51),

Foxella ignota (n51), Malareus telchinus (n582), Orchopeas leucopus (n511), Peromyscopsylla hesperomys (n591).
f Aetheca wagneri (n53).
g Aetheca wagneri (n52), Cediopsylla inaequalis (n524).
h Aetheca wagneri (n511), Oropsylla hirsuta (n5147), Oropsylla tuberculata (n540), Peromyscopsylla hesperomys

(n51), Pulex simulans (n5159).
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two studies also failed to document
evidence of persistent infection in the
host community at affected colonies.
Lechleitner et al. (1968) found antibodies
to Y. pestis in only one of 108 deer mice
(Peromyscus maniculatus) (the one sero-
positive animal was sampled during the
active epizootic) and Cully et al. (1997)
only found antibodies in prairie dogs. In
both studies, the epizootic appeared to
diminish over the course of about a year.
Davis et al. (2004) also found evidence of
a one to two year ‘‘fade-out’’ period
following plague epizootics among popu-
lations of the great gerbil (Rhombomys
opimus) in Asia when evidence of Y. pestis
was still detectable but after which the
populations were apparently plague-free.

We found no evidence that Y. pestis
persists at black-tailed prairie dog colonies
with a history of plague, at least in the host
and vector species that we sampled. The
most conservative interpretation of these
negative data is that Y. pestis infection was
not widespread among small mammals in
southern Phillips County. However, if
infection occurred in isolated pockets or
was present in only a small proportion of
the small mammal community we may not
have been able to detect it with our
sampling effort. What these data also
suggest is that prairie dog colonies per se
are not ideal focal areas for the long-term
maintenance of Y. pestis in our study area.

The mechanism by which Y. pestis
persists is still unclear. One potential
scenario is that the disease continually
moves across the landscape, driven by new
infection of susceptible hosts. However,
the patchy distribution of plague-affected
prairie dog colonies in Phillips County
does not appear to support this hypothesis,
although several colonies in close proxim-
ity to one another were often affected at
once. Another possibility is that Y. pestis
persists in discrete enzootic foci that
maintain appropriate conditions for long-
term persistence, and these are a source of
bacteria for epizootics among highly sus-
ceptible species such as prairie dogs. In

Phillips County, this may occur off of
prairie dog colonies where the diversity of
potential enzootic hosts is higher (Holmes,
2003). Maintenance of Y. pestis is thought
to be dependent on this continued circu-
lation among competent hosts (Barnes,
1993) and several authors (Olsen, 1981;
Gage et al., 1995; Biggins and Kosoy,
2001) have proposed that the factors most
likely to support permanent plague foci
include several host species co-occurring
in areas of diverse or patchy habitats. If so,
areas where such diverse habitats occur in
proximity to prairie dog colonies—that is,
where both the proposed enzootic and
epizootic components of the plague sys-
tem coexist—may prove important in
supporting permanent plague foci and
perpetuating epizootics.
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that these may not be difficult to obtain,
if a sensitive assay for detection of anti-
body in hybridoma supernatants is avail-
able. For example, Legrain et al. (11)
obtained in BALB/c mice 17 monoclonal
antibodies against a single BALB/c idio-
type, and in every case the idiotype-anti-
idiotype reaction was specifically inhibit-
ed by antigen. Similar observations have
been made by others (12, 13). It should
be pointed out that the two monoclonal
antibodies do not have to be raised in a
single strain of mice. Instead, monoclo-
nal antibody 2 could originate in mice
of a different allotype, or even in an-
other animal species, for example, in
rats.
Some of the attractive features of the

4i-assay are shared with those of IRMA
performed with monoclonal antibodies.
For example, the antigen does not have
to be purified or labeled, and most la-
beled antibodies have a long shelf life.
Also, because the antibodies are prod-
ucts of hybridomas, they are homoge-
neous and can be obtained in unlimited
amounts. However, most variants of
commonly used immunoradiometric
methods, such as the sandwich or two-
site IRMA (14, 15), require a minimum of
two separate epitopes, whereas the 4i-
assay requires only a single epitope.

This unique characteristic may be par-
ticularly attractive when the antigen is a
small polypeptide, or weakly immuno-
genic, or when one is attempting to iden-
tify a portion of an antigen associated
with an epitope. For example, the epi-
tope of Pb44 recognized by 3D1 1 seems
to be involved in the interaction of spo-
rozoites with their target cell (16), and in
protective immunity against malaria (1,
2). The isolation of a fragment of Pb44
bearing this epitope could be important
for the development of a malaria vac-
cine. This and similar undertakings may
be greatly facilitated by the availability
of a sensitive and epitope-oriented as-
say, such as the one described here.
From the point of view of those inter-

ested in malaria and other vector-trans-
mitted diseases, the present results indi-
cate that the 4i-assay is sensitive enough
to detect a relatively small number of
sporozoites in crude extracts of mosqui-
toes, and might therefore be used in
epidemiological surveys.
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four adult females, and several yearlings
and juveniles of both sexes. Males and
females first breed as. 2 year olds, al-

though females occasionally breed as

yearlings. Individuals remain within
well-defined contiguous territories and
are usually amicable toward niembers df
their own coterie and hostile toward
members of other- coteries 16).
From 1975 through 1980, all young

were marked with ear tags and fur dye
before they mixed with young from other
litters (7), so that exact genetic relation-
ships through common female ances-
tors and probable genetic relationships
through common male ancestors are now
known for' more than 90 percent of ai.

colony residents (8). With three to six
field assistants in PFebruary and March
1978, 1979, and 1980, I observed the
colony with binoculars from. three tow-
ers (5 m) for most (2 99 percent) of the
daylight hours when prairie dogs were
aboveground; we observed 94 periods of
estrus, involving 74 different females.'

Black-tail copulations usually occur
underground during daylight hours, and
only estrous females enter a burrow with
adult males. Because there are specific
behaviors associated with what we term
an underground consortship (9), we are
often able to pinpoint when a copulation
1982 AAAS 1639

Prairie Dogs Avoid Extreme Inbreeding

Abstract. .Black-tailed prairie dogs (Rodentia: Sciuridae: Cynomys ludovicianus)
live in colonies composed of contiguous but separate family groups called coteries.
During the 6 years that individuals in a colony were observed, they almost never-
mated with close genetic relatives. Inbreeding is avoided in four ways: (i) a young
Ml ale usually leaves his natal coterie before breeding, but his female relatives
remain; (ii) an adult male usually leaves his breeding coterie before his daughters
mature; (iii) a young female is less likely to come into estrus if her father is in her
coterie; and (iv) an estrous female behaviorally avoids mating with a father, son, or
brother in her coterie.



has occurred (10). Two independent
lines of evidence support the assumption
that underground consortships represent
copulations. First, the date of weaning
varied directly with the mother's date of
estrus and underground consortship in
1978, 1979, and 1980 (P < .001 for each
year; Kendall rank correlation test) (10).
Second, paternities determined from an
electrophoretic analysis of blood pro-
teins agree closely with those iiferred
from behavioral observations (8, 10).

Black-tails, like other sciurid rodents
(11), separate by sex before the age of
first breeding (Fig. 1). Females usually
remain in the natal coterie for life, but
males usually depart 12 to 14 months
after weaning. One result is that adult
females have little opportuhity to breed
with sons, nephews, or cousins.
A young black-tail male attempts to

acquire a breeding coterie, and, if suc-
cessful, remaihs there until he dies, is
evicted by an invading male, or departs,
apparently, on his own initiative. Since
males regularly live to be 4 to 5 years old
(12), an older male may sometimes live
in the same coterie with his 2-year-old
daughter. If the avoidance of extreme
inbreeding is important, then an adult
male should not remain in the samne
breeding coterie for more than two con-
secutive years. In 87 of 92 (94.6 percent)
observed residencies, an adult male re-
mained in the same coterie for only 1 or
2 years, precluding father-daughter in-
breeding. Of the nine adult males that
changed coteries after the second breed-
ing year (13), seven would have been in
the same coterie with breeding daughters
in the third year if they had not trans-
ferred to another coterie in the colony;
By contrast, of the five adult males (5.4

Table 1. Dispersal of older black-tail males
versus the possibility of father-daughter in-
breeding. Differences shown, are significant at
P - .060 (one-tailed Fisher exact probability
test).

Adult male Father-daughter
in same inbreeding in third year
breeding Not
coterie Possible possible

Only 2 years 7 2
3 years 1 4

Table 2. The effect of the father's presence in
the natal coterie on the probability of copula-
tion by yearling females; Differences shown
are statistically significant at P = .021 (one-
tailed chi-square test, x2 = 4.11, d.f. = 1).

Copula- Father's status
tion by in coterie
yearling
female Present Departed

Does 2 13
Does not 26 37

percent) that remained in the same

breeding coterie for three consecutive
years (Table 1), four did not have any

breeding daughters at home in the third
year; the fifth male had two 2-year-old
daughters in his coterie in the third year,

but father-daughter inbreeding was be-
haviorally avoided. The findings of Table
1 suggest that the dispersal of older
males may be an evolutionary response

to the possibility of father-daughter in-

breeding.
A black-tail female somnetimes first

breeds as a yearling. If the avoidance of
extreme inbreeding is important, then a

yearling female should only breed if her
father is no longer in her natal coterie.

Fig. 1. Dispersal patterns
of male and female black- di
tails. From 1975 through N=77
1979, all 298 young (146 0
males, 152 females) from

107 litters were marked X
and their movements c

were followed. Numbers ' b75_
above each bar indicate

the number of known 0

survivors at the end of \
the indicated year. At the 0.50

end of year 1, an individ- \
ual had been weaned for ,
12 months; at the end of _
year 2, an individual had
been weaned for 24 . 0.25

months; and so on. Dur- , No

ing the study period, a adata
total of five females and N=16
ten males immigrated
into the study colony and Year 1 Year 2 Year 3 Year 4 Year 5

produced weaned offspring; all other females and males originated at the study colony. For each
of the first 4 years, the sexual difference in dispersal was sigtiificant (P s .008, one-tailed chi-
square test or one-tailed Fisher extract probability test).

1640

Yearling females whose fathers were not
in the natal coterie were more likely to
come into estrus and copulate than were
yearling females whose fathers were still
in the natal coterie (Table 2) (14). This
difference was evidently unrelated to
weight: yearling females that copulated
were neither lighter nor heavier than
were yearling females that did not
[P > .100, Mann-Whitney U tests: 1978,
U(6, 4) = 16; 1979, U(12, 1) = 1.5; and
1980, U (6, 7) = 29].

In 9 of 94 cases (9.6 percent) of ob-
served estrus, breeding close genetic rel-
atives of the opposite sex were not sepa-
rated by male dispersal. In cases one and
two, the female copulated with her male
relative but also with at least one other
male from a different coterie who invad-
ed the female's home coterie on her day
of estrus; in one of these cases a yearling
female copulated with her father (-4
years), and the other involved a 4-year-
old female and her 2-year-old half broth-
er from the same mother (15). In cases
three, four, and five, the home coterie
contained two adult males (6), and the
estrous female avoided her male relative
and copulated exclusively with the unre-
lated male; these cases involved a 3-
year-old female and her yearling nephew
(16), a 5-year-old female and her 2-year-
old son, and a yearling female and her 3-
year-Old father. In case six, a 2-year-old
female avoided copulating with her fa-
ther (> 4 years) by leaving her home
coterie on the afternoon of her estrus and
copulating exclusively with a male in an
adjacent coterie before returning home
(17). In case seven, a 3-year-old male
died or dispersed the day before his
mother (- 6 years) came into estrus, and
he was never seen again; none of the
other 88 adult males in 1978 through 1980
disappeared during the breeding season.
In case eight, a female (2 5 years) whose
2-year-old son was the only adult male in
her coterie (18) failed to come into es-
trus. She was only the second of 69 adult
females observed in 1979 and 1980 that
showed no estrus (19, 20); the other was
a female (. 6 years) in poor physical
condition during the breeding season
who disappeared and presumably died
shortly thereafter (21). In case nine, a 2-
year-old female was in a coterie in 1979
where the only male was her 2-year-old
brother or half brother (22); this female
copulated in both 1978 and 1980 but,
even though she showed several signs of
estrus (9, 10) in 1979, she was the only
one of 94 estrous females that evidently
did not copulate.

Black-tails thus avoid extreme in-
breeding in the four specific ways de-
scribed above, and these can be reduced
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to two e mechasms: male dis-
peisd and reluctance-offemales to copu-
late with male relatives. Existence of
these mechanisms is easily understood
if, as is the case with many plants and
animals (23), inbreeding commonly leads
to genetically inferior offspring. I have
few data bearing on this issue. Ofthe two
females that copulated with a male rela-
tive, one probably never gave birth and
offspring of the other were found dead
aboveground shortly after weaning.
These two cases are inconclusive, since
mortality is also high among young of
outbred litters (6).

If prairie dogs avoid extreme inbreed-
ing, then the frequency of heterozygotes
at polymorphic loci should be higher
than that expected under conditions of
Hardy-Weinberg equilibrium (24). At the
four polymorphic loci examined, Foltz
and I found (25) that, as predicted, there
was a consistent excess of heterozygotes
in 1978, 1979, and 1980.

Behavioral and physiological avoid-
ance of copulation with male relatives in
the home coterie (a kind of female
choice) is probably an evolved mecha-
nism of outbreeding. Male dispersal pat-
terns may also have evolved primarily
to promote outbreeding. However, it is
also possible that male dispersal patterns
are secondary consequences of female
choice (26): why should a male remain in
a coterie if his female relatives there are
unlikely to mate with him?
Numerous investigators have demon-

strated one or two mechanisms by which
individuals avoid inbreeding (4), but sin-
gle mechanisms of outbreeding usually
have alternative explanations (1, 2). Al-
ternative explanations become less par-
simonious when several different mecha-
nisms all suggest the same conclusion.
Four mechanisms are described for prai-
rie dogs; except possibly for humans (5),
so many mechanisms have not previous-
ly been implicated in the maintenance of
outbreeding.
Even when individuals avoid mating

with close genetic relatives such as par-
ents, offspring, and siblings, inbreeding
coefficients can be high if populations
are small and isolated or if individuals
regularly mate with more distant rela-
tives such as nieces, nephews, and first
cousins (1, 27). Black-tail colonies are
usually large and there is regular immi-
gration of males (6, 25) (Fig. 1). Whether
individuals avoid mating with their more
distant genetic relatives is not yet
known.

JOHN L. HOOGLAND
Department ofBiology,
Princeton University,
Princeton, New Jersey 08544
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the sound-conducting apparatus of the
middle ear imply auditory sensitivity.
These implications have been supported
by electrophysiological and behavioral
experiments of earlier investigators- (Ta-
ble 1).
None of the eight sensory surfaces is

topographically uniform. For example,
each macula (utricular, saccular, and la-
genar) comprises two fields (a central'
field surrounded by a peripheral field)
with distinctly different receptor cells
(hair cells) (2). On the utricular and la-
genar maculae, the central fields are thin
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Inner Ear: Dye Injection Reveals
Peripheral Origins of Specific Sensitivities

Abstract. In the American bullfrog (Rana catesbeiana) tracing of functionally
identified, dye-filledfibers of the eighth cranial nerve to their peripheral origins has
provided the first precise functional overlays for the microstructural maps of inner-
ear sensory surfaces.

1641





















































Toxicological Studies of Zinc Phosphidc*J 
By HENRY DOUGLAS JOHNSON1 and ELBERT VOSSff 

An investigation has been made to  determine some of the acute and chronic effects of 
zinc phosphide, a rodenticide. Sublethal administration of this compound to  do- 
mesticated albino rats produces damage to liver and lungs without visible effects on 
other organs. Evidence is presented to  support the assumption that the acute and 
chronic symptoms of zinc phosphide intoxication are due to phosphine released by 
gastric acid. Dogs and cats seemed, in general, less susceptible to  zinc phosphide 

than rats, rabbits, and fowls. 

a number of years zinc phosphidc (Zn:,P,) 
‘‘:a- 1 >een used as  a poison in rodent control 
and has proved to  be an effective and convenient 
agent for this p irpose. I n  view of its increasing 
use, this work was undertaken. 

The effects of chronic exposure to  zinc phos- 
phide have been studied in albino rats in respect 
to weight gain, histopathological changes, and 
fertility. Acute effects in dogs. cats, and rabbits 
have been noted and a possible mechanism of 
action for acute and chronic poisoning by zinc 
phosphide is postulated. 

CHRONIC EXPERIMENTS 

A preliminary survey indicated that zinc phos- 
phide could be incorporated into a rat’s diet a t  
0.0Z70 a.nd 0.03yo levels without undue mortality 
rates. 

Exposme.- Rats were individually caged and 
given water arid poisoned bait ud l ibi tum.  The 
bait was prepared by grinding the regular ration 
(“Friskies” brand dry dog pellets), thoroughly in- 
corporating the appropriate percentage of z i x  phos- 
phide, atid finally, moistening the mixture, shaping 
into pellets, and air-drying. Rats sccmcd to waste 
lcss food when it is offered in pellet form than when 
it is offered as a powder. 

Series I.-Groups of six albino rats weighing from 
70 to 100 Gm were exposed to baits containing 0.02% 
and 0.03y0 zinc phosphide. A control group of 
like size was kept. 

Weight Gains.-Rats were weighed daily, and sta- 
tistical analyses of weight gains were made after one- 
week and one-month periods. Rats receiving the 
0.O3YO bait were compared after the one-week period 
only; these animals failed to gain weight and several 
soon died. The initial weights of the three groups 
didnot differ significantly. After exposure, howcvcr, 
both experimental groups showed significantly lower 
gains in weight than the control group. This was 
true after both the one-week and one-month periods. 

Statistical Analysis of Weight Gains.-All rats 
survived the first week of exposure. After this, 
however, the 0.03% dosage level proved to be too 

Some deaths do occur a t  the higher level. 

-~ 
* Received Febriiary 23,  1952. from the College of Phar- 

macy, University 01 Florida, Gainesville. 
t Abstracted in part horn a thesis submitted to the Gradu- 

ate Louncil of the University of Florida by Henry Douglas 
Johnson in partial fuliillment of the requirements for the 
degree of Master of Science in Pharmacy. 
1 Fellow of tbe A4meriran Foiindation for Pharmaceutical 

FLl,,C2 t inn 

toxic, and the rats in that group died. Two rats 
in the 0.0270-level group died, but the remainder 
survived the experirnen tal period. 

Table I presents the initial weights and the weight 
gains of the control group arid of experimental 
Group I which received 0.03% zinc phosphide. Sta- 
tistical comparison of thc mcan initial weights of 
the two groups shows that the initial groups did not 
differ significantly ( t  = 0.1). However, the weight 
gains during one week of exposure were significantly 
lower in the experimental group ( t  = 8.3). 

Table I1 presents similar data and treatment for 
experimental Group I1 which received 0.02% 
zinc phosphide. In addition to a comparison of the 
weight gains after one week, another comparison is 
made after one month. As in Group I, the mean 
initial weight of experimental Group 11 did not 
differ significantly from that of the control group 
( t  = 0.1). After one week of exposure, thc mcan 
weight gain of the experimental Group I1 differs 
significantly from that of the controls ( t  = 3.9). 

TABLE I.-~OMPARISON OF EXPERIMENTAL GROUP 
I OF RATS RECEIVING 0.03% ZINC PHOSPHIDE IN 

DIET WITH CONTROL GROUP 
I - _~ 

Gain 
during 

Initial One-week 
Weir its. Exposure, 

Rat No. Gm Gm 
(C-1 88 1 c-2 111 

Control c-3 70 
Group 105 

82 
C-6 79 
MCdIl: 89.2 
Standard 

Deviation 
of Mean: 2Z15.7 

{ €3-1 el  
I E-2 76 

25 
35 
26 
26 
28 
34 

26.7 
~ __ 

zt4 .5  
8 
8 

Expcritncrital { E-3 109 3 
Group1 E-4 2 

Standard 
Ueviation 
ofMean: 3 ~ 1 1 . 6  3 ~ 4 . 5  

Mean Difference between 
Control and Experimental 
Group I : 

SLandard Deviation of Dif- 
ference of T w o  Me:uis: 

Ratio to Standard Error : 

0.9 

2Z8.0 
0.1  

21.5 

r t Z . 6  
8.3“ ------_.I.. 

5 Head Professor of Pharmacognosy and Pharmacology. 
College of Pharmacy, University uf blorida, Oainesville. a Significant. 
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The difference in mean weight gains remains signi- 
ficant after one month of exposure in the experi- 
mental group ( t  = 3.0) 

Histopatho1ogy.-After exposure periods varying 
from thirteen to thirty-one days in the group receiv- 
ing 0 03% zinc phosphide and from thirty-nine to 
fifty-eight days in the group receiving 0.02%, 
rats were sacrificed by severing the jugular veins. 
No gross pathology was observed. The following 
tissues were taken for study : liver, lung. kidney, 
adrenal gland, intestine, pancreas, spleen, heart, 
ovary, and testis. Tissue sections were prepared by 
usual methods using hemotoxylin and eosin stain. 

In the liver, several zones of injury were evident, 
cspecially about the central and peripheral lobular 
areas which exhibited injury sufficient to kill the 
parenchyma cells. For variable distances extend- 
ing from these areas, the parenchyma cells were dis- 
integrated or in the process of disintegration as 
manifested by failure of the cell nuclei to stain while 
the cytoplasm was coagulated and deeply stained 
with eosin. A great increase in numbers of fibro- 
blastic nuclei was observed within and around the 
portal canal areas in sections taken from rats re- 
ceiving more intensive exposure. 

The alveolar capillaries of the lung were congested 
with blood, numerous areas evincing indication of 
hemorrhage or serous exudation into the alveolar 
space5 Considerable mononuclear infiltration was 
observable around the smaller bronchi and bron- 
chioles of some sections. 

No infallible signs of damage were observed in 
sections of spleen, pancreas, intestine, adrenal, 
heart, kidney, ovary, or testis. 

Series 11, Breeding Experiment.-Ten adult male 
and ten adult female albino rats were exposed to 
0.03% zinc phosphide in their diet for twenty-two 
days. 
died. After removal from the poisoned diet, all 
animals were bred to normal animals. Each poi- 

During this period four females and one male * 

soned male was caged with a normal female, and 
each two poisoned females were caged with one nor- 
mal male. All poisoned rats proved to be fertile. 

ACUTE EXPERIMENTS 

Since it has been observed that zinc phosphide 
seemed nontoxic to animals eating poisoned rats (I), 
attention was directed to a study of acute effects of 
zinc phosphide on dogs, cats, and rabbits, as well as 
rats. Lethal doses of 7-17 mg./Kg. for fowls have 
been reported, indicating that fowls are quite sus- 
ceptible to zinc phosphide ( 2 ) .  The oral LDso for 
rats has been placed a t  40.5 f 2.9 mg./Kg. (3) and 
its acceptability to them as a poison established (4). 

The effects of oral zinc phosphide on blood pres- 
sure and respiration were studied in animals an- 
esthetized with sodium pentobarbital I. V. Doses 
of zinc phosphide were given by stomach tube after 
recording, on a kymograph, control periods of respira- 
tion (via tracheal cannula and tambour) and blood 
pressure (via carotid cannula and mercury man- 
ometer). 

Dogs -The results of these experiments with 
fasting dogs are tabulated in Table 111, Part A. 
They indicate that zinc phosphide alone is not im- 
mediately toxic in fasting dogs. even a t  rathei high 
dosage. It was postulated, however, that this ap- 
parent species resistance might be due to a difference 
in the digestive processes on the poison. A known 
reaction of zinc phosphide is its release of phosphine 
(PH3) in the presence of acids ( 5 ) .  A lack of gas- 
tric hydrochloric acid could explain relative im- 
munity to zinc phosphide if the mechanism of its ac- 
tion involved such a release of phosphine. To test 
this hypothesis, 0.5% hydrochloric acid was given 
along with zinc phosphide, the results of which are 
listed in Part B of Table 111. Obviously, hydrochlo- 
ric acid given with zinc phosphide increases the tox- 
icity of the latter in dogs. 

TABLE  COMPARISON OF EXPERIMENTAL GROUP I1 OF RATS RECEIVING 0.02% ZINC PHOSPHIDE IN DIET 
WITH CONTROL GROUP 

-= 
Initial Gain during Gain during 

Weights, One-week Ex- One month Ex- 
Rat No. Gm. posure, Gm. posure, Gm. 

Control Group 

Experiniental Group 11 

I C-6 c-5 
Mean : 
Standard Ikvia- 

tion of Mean : 
( E-7 
I E-8 { E-9 
E-10 

Mean : 

88 25 88 
111 35 146 
70 26 122 

105 22 8.1 
82 
79 
89.2 
__ 

f 1 5 . 7  
105 
72 

101 
98 

28 
21 
26.7 
__ 

*4.5 
3 
0 

22 
18 

88 
88 

102 7 

*25 5 
IXed 
Died 
67 
65 

__ 

84 18 64 
82 7 62 
90.3 12.3 64.5 
__ - - 

Standard Devia- 
tion of Mean : h 1 2 . 9  f 7.9 +2.1 

Mean Difference between Control 
and Experimental Group I1 : 1.1 14.4 38.2 

Standard Deviation of Difference 
of Two Means: f8 .3  *3 7 f 1 2 . 8  

Ratio to Standard Error: 0.1 3.9" 3.0" 

a Significant. 
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All dogs previously used were fasted. If hydro- Therefore, 200 mg./Kg. of zinc phosphide was 
chloric acid were the necessary factor, then the administered in capsules to a fasting intact dog fol- 
normal gastric secretion following stimulation by lowed by the dog's regular meal. The result is 
food should make zinc phosphidc toxic to dogs. listed in Table 111, Part C. Death occurred after 

TABLE III.-EFFECTS OF ZINC PHOSPHIDE ON DOGS 
1 

Weight, Dose ZnsPp, Dose 0.5% 
Dog No. Kg. Mg./Kg. HC1, Cc. Time Ohservations 

Part A: Anesthetized Dogs 
1 (Female) 12 5 30 . .  0:oo No effect 

50 . .  3 : 30 No effect 
5:30 Sacrificed 

2 (Fernale) 11.0 300 . .  o:o0 No effcct 
1,000 . .  2:oo No effect 

3:30 Sacrificed 

3 (Female) 

4 (Female) 

5 

12.0 

7 . 5  

Part B: Anesthetized Dogs 
1,000 75 0:oo 

0:45 

200 40 0:oo 

1:oo 

200 0:oo 
(Food also 0:43 

given) 3: 13 

Part C: Unanesthetized Dogs 

Dog vomited, losing part of 
dose. Blood pressure fcll. 

Respiration stimulated, 
then depressed. Death. 

Blood pressure depressed : 
respiration stimulated, 
then depressed. 

Death 

Food given along with dose 
\'om iting 
Death 

TABLE IT."-EFFECTS OF ZINC PHOSPHIDE ON RABBITS 

Part A: Anesthetized Rabbits (with NaHC03, as indicated) 

Rabbit No. 
3 (Malc) 

5 (Male) 

1 (Female) 

0 (Male) 

2 (Female) 

7 (Male) 

Control: 
8 (Malc) 

9 (Female) 

10 (Male) 

11 (Female) 

Control: 
12 (Fcu1ale) 

Weight, 
Kg. 

2 . 4  

2 . 3  

2 75 

2.8 

2.5 

Part B :  
2 . 0  

1.5 

Part C: 
1.7 

2 . 1  

I . 3  

Dose 
Dose ZnaPp, NaHCOa, 

Mg /Kg. Gm./Kg. Time Observation 
35 . I .  0:OO No effect 

2:oo Sacrificed 
35 . . .  0:00 No effect 

3:00 Sacrificed 
40 . . .  0:oo Respiration stiinulated, 

then depressed. (Blood 
pressure not recorded) 

45 . . .  0:oo Irregular blood pressure 

50 . . .  0:oo Depressed blood pressurc 

0:40 Death 

2:30 Sacrificed 

Respiration stimulated, 
then depressed 

1:25 Death 
Anesthrtizcd Rabbits (with NaISCOr, as indicated) 

100 0 6  0:00 Irregular blood pressure 
3 : 30 Sacrificed 

100 0 : 00 

1: 10 Death 

Falling blood pressure and 
respiration 

Unanesthetized Rabbits (with PiaHCOa, as indicated) 

1 : 00 Death 
200 O.G 0:oo 

. . .  0.6 0:OO 
100 . . .  0:30 Lived over three hours; 

. . .  0.6 0:00 
100 . . .  0:30 
. . .  0.6 1:55 

died during night 

5:OO Death 

1.2 100 0 : 00 
0 : 55 Death 
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three hours and thirteen minutes, showing that nor- 
mally stimulated gastric hydrochloric acid is suffi- 
cient to release toxic amounts of phosphine. 

Rabbits.-Effects of zinc phosphide in anes- 
thetized rabbits were obtained in a similar Fanner. 
Part A of Table I V  contains data for the adniinis- 
tration of zinc phosphide alone. I t  is seen that the 
toxicity of zinc phosphide to the rabbit is of the same 
order as to the rat. 

In accordance with the hypothesis that stomach 
acid is an essential factor in the acute effects of zinc 
phosphide, it was decided to give sodium bicarbon- 
ate, along with zinc phosphide, to rabbits in order 
to ascertain the effect of reduced stomach acid. 
Part R of Table IV contains the result. Sodium bi- 
carbonate prevented death from a toxic dose of zinc 
phosphide during the experimental period. To 
determine the possible value of sodiuni bicarbonate 
as an antidote, it was given along with zinc phos- 
phide by stomach tube to intact rabbits. A tabula- 
tion is in Table IV, Part C. Concurrent adminis- 
tration of sodiutn bicarbonate along with zinc phos- 
phide was to no great extent effective in delaying 
zinc phosphide death. However, administration of 
sodium bicarbonate thirty minutes ahead of the 
poison, giving the bicarbonate time to neutralize all 
acid. delayed death several hours. A repeated dos- 
age with sodium bicarbonate did not save the rab- 
bit's life. This may have been due to ineffective 
control of stomach acid, or to other toxic mecha- 
nisms of zinc phosphide. 

Doses 
of zinc phosphide below 160 mg./Kg. were not ef- 
fective during the experimental period. Doses from 
200 to 300 mg./Kg. gave variable results, death not 
always following administration. No additional 
cats were available. However, the data would seem 
to indicate that cats are less susceptible to zinc 
phosphide than rats, iabbits, and fowls. Data 
are presented in Table V. 

Cats. -A similar study was made on cats. 

TABLE V.-EFFECTS OF ZINC PHOSPHIDE ON CATS 
____________ 

Dose 
Weight, ZnaPz, 

Cat No. KR. Mg./Kg. Time Observation 
1 (Male) 3 . 5  50 0:00 Ko effects 

3 : 00 Sacrificed 
3 (Male) 4.0 120 0:00 Noeffect 

4 : 00 Sacrificed 
5 (Female) 2 . 0  160 0 : O O  No effect 

3 : 00 Sacrificed 
4 (Male) 1 X 200 0:OO L)epre.ssed blood 

pressure 
Y : 30 Sacrificed 

2 (Fenlcrle) 2 0 260 U:OO Blood pressure 
tieurrsced . ---  

2:25 Death 
6(Female) 2 .3  300 0:OO Noeffect 

3 : 00 Sacrificed 

Rats.-If. as assumed, the toxicity of zinc phos- 
phide is in part due to the release of phosphine by 
stomach acid, then poisoned animals should excrete 
this gas on their breath. This was tested in rats. 
Two rats (one control, one experimental) were an- 
esthetized with sodium pentobarbital, their trachens 
cannulated and connected to one-way valves which 
forced all cxhaled air through vials containing filter 
paper soaked ill 2% silver nitrate solutioii. Silver 

nitrate reacts with phosphine to produce a brown-to- 
black precipitate of eleniental silver (5). The experi- 
mental rat was given a toxic dose of zinc phosphide 
via stomach tube. Brown stains first appeared in the 
vial after fifteen minutes and continued to form 
until the rat died after one hour and ten minutes. 
No stains whatsoever appeared on the silver nitrate 
paper connected with the control rat. 

The fact that phosphine is a t  least partially blown 
off in the lungs may explain the appearance of path- 
ology in the liver and lungs only in chronically poi- 
soned rats. Phosphine would be absorbed in the 
intestines, carried to  the liver via the portal cir- 
culation, then to the lungs via the right heart and 
pulmonary arteries, and in part blown off. Since in 
chronically poisoned rats the concentration of zinc 
phosphide is low, and that of phosphine proportion- 
ate, the lungs might effectively remove the phos- 
phine so that organs other than liver and lungs 
would not be acutely harmed. 

The toxicity of phosphine is well established ( 5 ) .  
However, for immediate evidence, phosphine was 
generated by adding hydrochloric acid to zinc phos- 
phide, and the resulting gas led to a bell jar con- 
taining a mouse. Death occurred after thirty-five 
minutes. 

DISCUSSION 

The release of phosphine by stomach acid as, a 
mechanism for zinc phosphide toxicity is supported 
by these facts : 

(1) One-half per cent hydrochloric acid along 
'with zinc phosphide given orally causes quick death 
in fasting dogs. Zinc phosphide alone does not 
cause death during the experimental period even a t  
high dosages. 

(2) Similarly, gastric secret.ion induced by food 
makes zinc phosphide toxic to dogs. 

(3) Sodium bicarbonate delays zinc phosphide 
death in rabbits. 
(4) Poisoned rats excrete phosphine on their 

breath. 
Other facts easily explained by and tending to 

support this theory are: 
(1) Pathology from chronic poisoning is confined 

to liver and lungs, a fact easily explained by the phos- 
phine release theory. 

(2) The relative susceptibility of the rat and the 
relative irninuriity of the dog could be explained by 
the fact that, in the rat, acid secrction is continuous, 
reqiiiring no stimulus (6). In the dog, secretion is 
a complex mechatiisin requiring stiniuli and would 
riot he active in a fasting dog. 

(3) In fowls it was shown that most of the zinc 
from zinc phosphide was excreted in the feces and 
that none was stored in the body (2). This would 
be quite plausible if phosphine were the toxic agent. 

With regard to practical use of zinc phosphide as 
a rodenticide, the following suggestions may be made 
concerning danger to animals other than rats: ani- 
mals likely to eat the carcasses of poisoned rats (dogs 
and eats) are, in general, more resistant to zinc phos- 
phide than rats. This, plus the fact that they are 
larger than rats, probably would insure that they 
would not be fatally poisoned by eating the dcad 
rats. Animals likely to eat the bait itself (rabbits 
and fowls) arc equally or inorc' susceptible to ziue 
phosphidc, and precautions should be taken to pre- 
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vent their access to the poison. Further investiga- 
tion of the stisceptibility of larger animals to zinc 
phosphide is indicated. 

CONCLUSIONS 

(1) Sublethal administration of zinc phosphide 
to domesticated albino rats produces disintegra- 
tion of parenchyma cells of the liver accompanied 
by proliferation of fibroblastic nuclei. Hemor- 
rhagic congestion followed by mononuclear in- 
filtration about the smaller bronchi and bron- 
chioles occurs in the lungs. 

(2) Sublethal administration of zinc phosphide 
has no apparent effect on the spleen, pancreas, 
heart, intestine, kidney, adrenal, ovary, or testis 
or the albino rat. 

(3) Dogs and cats are, in general, less suscep- 
tible to  zinc phosphide than are rats. rabbits, and 
fowls. 
(4) Evidence is presented to  support the theory 

that  the acute symptoms of 7inc phosphide poi- 
boning are due to phosphine released by gastric 
acid. 
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Fungistatic Activity of Antihistamines * 
By ROLAND B. MITCHELL,t ANNA C. ARNOLD,t and HERMAN I. CHINNf 

A number of antihistamines and related com- 
pounds have been tested against several 
fungi. The fungistatic potency does not de- 
pend upon their antihistaminic activity. The 
effect of variations in chemical structure is 

discussed. 

EVERAL REPORTS have recently appeared (1-4) 
indicating that antihistamines displayed sig- 

nificant fungistatic activity in nritro. Since all of 
the antihistaminic drugs tested displayed this 
property, their effectiveness has naturally been 
attributed to  a common ability to  antagonize 
histamine. However, this group of coinpounds 
also possesses, in varying degrees, other pharma- 
cological properties (local anesthetic, anti- 
cholinergic, antiemetic, etc.). It was of interest, 
therefore, to  test whether a parallelism actually 
exists between a compound’s antihistaminic and 
fungistatic potencies. I n  addition, this study 
affords a n  opportunity to evaluate the fungi- 
static action of the antihistaminics now commer- 
cially available. Finally, i t  was hoped that some 
information might be obtained relating chemical 
structure to  activity. 

* Received February 26 ,  1952, from the U. S. A. F. School 

t Department of Aerobiology. 
of Aviation Medicine, Randolph Field, Tex. 

Department of Pharmacology and Biochemistry. 

EXPERIMENTAL 

The compounds tested and the manufacturers 
who made them available to us are listed in Table 
I. All compounds except Thephorin were dissolved 
in 70y0 alcohol and made up to 0.10 M solution. 
Thephorin, because of alcohol insolubility, was dis- 
solved in water and prepared in the same concen- 
tration. The test cultures employed were T r i -  
cophyton mentagrophytm, Tricophyton species (Klein), 
Microsporum canis, Microsporum gypseum, Mono- 
sporium apiospermum, Phialophora verrucosa, Sporo- 
lrichum Schenkii, and Candida alhicans.’ The 
method of testing for fungistatic activity was as fol- 
lows: Sabouraud agar plate surfaces were inocu- 
lated with a culture of the test organism. A sterile, 
cotton-tipped swab was dippcd into a broth culture 
of the test fungus and then was used to inoculate the 
surface of an agar plate. This procedure was re- 
peated, using the same swab, for inoculating each of 
the test plates with a specific fungus. Filtcr paper 
disks2 impregnated with various concentrations of a 
test compound were then placed on these inoculated 
plates. All compounds were prepared so as to have 
the following solutions for each: 0.10, 0.05, 0.025, 
0.01, 0.005, 0.0025, 0.0010, and 0.0005 M concen- 
trations. Sufficient disks for each dilution of each 

1 All fungus cultures were obtained from the Fourth Army 
Area Laboratory, Brooke Army Medical Center, Fort Sam 
Houston, Tex., with the exception of the Tvichopkyton species 
(Klein) which was isolated in this laboratory. 

2 Carl Schleichef + Schuell Company, No. 74O-E.“Uiscs 
for Assay of Penicillin and Other Antibiotics.” 
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 Charadrius montanus- Montane, Grassland, or Bare-ground Plover?

 FRiTz L. KNOPF AND BRIAN J. MILLER'

 National Biological Survey, 4512 McMurry Avenue, Fort Collins, Colorado 80525, USA

 The Mountain Plover (Charadrius montanus) is an

 aridland member of the Charadriidae. This plover is

 generally considered an associate of the North Amer-

 ican shortgrass prairie, which is dominated by blue

 grama (Bouteloua gracilis) and buffalo grass (Buchloe

 dactyloides; Graul 1975). The species breeds at many

 locations across the western Great Plains plus at iso-

 lated locales in western Colorado, Wyoming, and New

 Mexico (Leachman and Osmundson 1990) and re-

 cently in eastern Utah (K. S. Day pers. comm.). Con-

 tinental populations of the Mountain Plover declined

 63% from 1966 to 1991 (Knopf 1994), with the historic

 and current breeding stronghold being the Pawnee

 National Grassland in Weld County, Colorado (Graul

 and Webster 1976). Currently, a second major breed-

 ing population of Mountain Plovers is on the Charles

 M. Russell National Wildlife Refuge, Phillips County,

 Montana. Unlike when found on the grassland land-

 scape of Weld County, Mountain Plovers in Phillips

 County selectively nest in prairie dog (Cynomys spp.)

 towns (Knowles et al. 1982, Olson and Edge 1985) in

 vegetative settings that include prickly pear (Opuntia

 polyacantha), fringed sagewort (Artemisia frigida), big

 sagebrush (A. tridentata), western wheatgrass (Agro-

 pyron smithii), and blue grama. Collectively, Weld and

 Phillips counties provide nesting habitat for approx-

 imately one-half of the continental population of

 Mountain Plovers.

 Despite the differences in vegetation associations

 at the two major nesting locales, both Graul (1975)

 and Olson and Edge (1985) have described the ten-

 dency of plovers to place nests in areas of low her-

 baceous vegetation, reduced shrub cover, and near

 prominent objects such as cow-manure piles or sim-

 ilar-sized rocks. However, plover nests on Montana

 prairie dog towns also occur in areas of approximately

 27% bare ground, a descriptor not mentioned by Graul

 (1975). The bare-ground variable may have some sig-

 nificance in light of recent findings of plovers some-

 times nesting on plowed fields (Shackford 1991, pers.

 comm.) and descriptions of wintering habitats of

 plovers that mention use of freshly plowed ground

 in the San Joaquin and Imperial valleys of California

 (Grinnell and Miller 1944). We used a methodology

 similar to that employed in the Montana studies to

 ascertain if nest sites of Mountain Plovers also include

 a component of bare ground in native habitats on the

 ' Current address: Centro de Ecologia, Universidad
 Nacional Aut6noma de Mexico, Apartado Postal 70-
 275, Mexico D.F., 04510 Mexico.

 relatively prairie-dog-free Pawnee National Grass-
 land of Colorado.

 The Pawnee National Grassland encompasses 78,130

 ha of shortgrass prairie on loamy, clayey, and sandy
 soils. Historically, the area supported uncountable

 numbers of bison (Bison bison; Fremont 1845, Voorhees

 1920, and many accounts in Mattes 1988); hundreds

 of wallows remain clearly visible and mostly unvege-
 tated. Besides the shortgrasses, common woody plants
 include prickly pear, yucca (Yucca spp.), and rabbit-

 brush (Chrysothamnus spp.).

 We located 43 Mountain Plover nests on the Grass-
 land during the 1991 and 1992 breeding seasons. A

 half-meter (1.0 x 0.5 m) rectangular frame was cen-

 tered over each nest in a northwest-to-southeast ori-

 entation, after which the site was photographed.
 Comparison sites (also 0.5 m2, referred to as "control"

 sites hereafter) were located by stretching a fiberglass

 tape oriented to the north for the 1992 nests (n = 18),
 and placing the half-meter frame on the ground in a
 northwest-to-southeast orientation at marked inter-

 vals of 10, 25, and 50 m from the nest. Control sites
 also were photographed.

 During analysis of vegetative cover, a clear dot grid
 was overlaid on each photograph to estimate the per-

 centage of area in shortgrass vegetation or bare ground.

 We also recorded frequency of cow-manure piles and
 prickly-pear plants within each plot.

 A Kruskal-Wallis test with a correction factor for

 tied ranks and chi-square tests (Zar 1984) indicated
 no differences in percentages of vegetation cover and

 prickly-pear presence among the 10-, 25-, and 50-m
 control sites. A chi-square test comparing cow-ma-

 nure piles in the three groups could not be employed

 because more than 20% of the expected frequencies

 were less than 5.0% (observed values in the three
 groups were 3, 2, and 2, respectively).

 Data from control plots (n = 54) were combined for
 comparison with those from nest sites (Table 1).
 Shortgrass vegetation averaged 86 ? SD of 11% of the
 area within those plots, 13% had dried cow-manure
 piles, and 28% contained prickly pear. Comparing
 nest sites to the pooled control sites, percentage of
 vegetative cover was significantly lower (U = 1931.5,

 df = 42 and 53, Z = 5.59, P < 0.001 in a two-tailed
 test of normal approximation), and there were more

 cow manure piles (X2 = 12.2, P c 0.001) and fewer
 prickly pears (X2 = 11.48, P c 0.001) at nest sites.

 These data further characterize structural subtleties
 at nest sites selected by Mountain Plovers and support
 previous observations that some plovers nest near a
 conspicuous object. Graul (1975) reported 55% of nests
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 TABLE 1. Mean percentage grass cover (?SD) of 0.5-
 m2 plots, and percentage of plots with dried cow

 manure and prickly pear.

 Dried cow Prickly
 Plot Grass manure pear

 Nest 68 ? 17 49a 7

 Control

 10 m 88 ? 10 17 28

 25m 85?11 11 22

 50 m 86 ? 11 11 33

 Subtotal 86 ? 11 13 28

 Includes count of one large flat rock.

 located within 30 cm of a manure pile, and Olson and

 Edge (1985) reported 27% of nests on prairie dog towns

 were near a rock 8 cm or more in diameter. We ob-

 served 49% of plover nests placed near either a ma-

 nure pile or a rock.

 Relative to physical objects near nests, the only

 contradiction between our data and observations from

 earlier studies was the lower prickly-pear densities

 near nest sites on the grasslands. Olson and Edge

 (1985) saw no difference in prickly-pear densities at

 nest sites and random sites on prairie dog colonies,

 but both nest sites and control sites on those prairie

 dog towns had lower prickly-pear densities than con-

 trol sites located outside the area impacted by prairie

 dogs. Sordahl (1991) noted that Mountain Plover

 chicks also occur at sites of decreased prickly-pear

 densities on the Pawnee National Grassland.

 Graul (1975) speculated that Mountain Plovers nest

 near a prominent object to make themselves less con-

 spicuous to predators. This hypothesis has been ad-

 vanced for many plover species (e.g. Haig 1990), but

 specific tests for any one species are rare (Grover and

 Knopf 1982). We wonder, however, why manure piles

 and rocks would reduce predation on nests when the

 equally sized, structurally more complex, and phys-

 ically more ominous prickly pear would not be se-

 lected for this purpose. The biological (in addition to

 statistical) significance of why some birds place nests

 near objects merits further inquiry.

 Olson and Edge (1985) reported 27% bare ground

 at nest sites in Montana, which is similar to the 32%

 unvegetated area around nests on the Pawnee Na-

 tional Grassland. Four additional observations sug-

 gest that 30% bare ground is likely closer to a mini-

 mum habitat requirement than an optimal one in

 Mountain Plover ecology. First, Mountain Plovers nest

 in the more xeric landscapes west of the shortgrass

 prairie province. Second, most nesting attempts by

 plovers on the Pawnee National Grassland are initi-

 ated from late April through May (Graul 1975), a pe-

 riod when the shortgrass species remain dormant.

 Third, plovers often raise broods in the vicinity of

 excessive, local disturbance as at cattle watering or

 loafing areas. Fourth, Mountain Plovers definitely

 winter, and occasionally nest and raise chicks, on

 plowed ground.

 Since first collected by J. K. Townsend (1839) near
 the Sweetwater River (Wyoming), the name of the
 Mountain Plover has always been considered a mis-
 nomer in that the species does not actually occur in
 montane settings. Rather, most field biologists think
 of it as either the "you-can-see-the-mountains-from-
 here" plover or the "prairie" plover. Based on the
 constancy of bare ground across habitats within the
 annual cycle of the Mountain Plover, and its former
 cohabitation with 30 million bison (Roe 1951) and
 even more prairie dogs (Marsh 1984) on the western
 Great Plains, we offer that this species is a disturbed-
 prairie or semidesert species rather than a specific
 associate of grassland, an interpretation that brings
 the species more in accord with the bare-ground hab-
 itat preferences of other charadriids.
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ABSTRACT 

Permanent point count transects were established in 1992 in central, northeastern and 

southwestern Montana to monitor mountain plover (Charadrius montanus) population trends in 

these areas. At the time, these were Montana’s 2nd, 3rd and 4th largest mountain plover 

populations.  During the 28-year period from 1992 to 2019, these transects were surveyed during 

11 different years with the last counts for the Central and Northeastern Montana Study Areas 

occurring in 2019, and the last count for the Southwestern Montana Study area occurring in 

2004.  The count of adult mountain plovers in the Central Study Area declined in a saw-tooth 

manner from 103 adult birds in 1992 to no birds observed in 2019.  In the Northeastern Study 

Area, mountain plovers counted along the transect started at 17 in 1992, peaked at 36 in 1996, 

dipped to 12 in 2004, and finished with a count of 13 adult plovers in 2019.   Mountain plover 

numbers in the Southwestern Study Area progressively declined from a high of 33 adult birds in 

1992 to no birds found in the Study Area in 2004.  Cause of mountain plover decline in the 

Central Study Area was attributed to conversion of native grasslands to cultivated cropland and 

introduced grasses, a drastic decline in domestic sheep numbers, and an overall reduction in 

livestock grazing.  In the Southwestern study area, the collapse of the mountain plover 

population was attributed to a housing development, a log home factory, poisoning of prairie 

dogs, and the lack of livestock grazing.  The Northeastern Study Area was almost entirely public 

lands, and habitat conditions have been relatively stable over the past 3 decades.   Mountain 

plovers in this study area are associated with bentonitic soils with low plant production and high 

amounts of bare soil.  In the other 2 study areas, mountain plovers were found primarily on 

private land and were associated with intensively grazed sites and black-tailed prairie dog 

(Cynomys ludovicianus) colonies.   

INTRODUCTION 

Since the late 1980s, there has been concern about the population status of mountain plovers 

across their breeding range in the western United States (Leachman and Osmundson 1990).  The 

annual U.S. Fish and Wildlife Service (USFWS) breeding bird surveys from 1963 through 1993 

showed a 3.7 percent annual decline in mountain plover numbers, representing a 63 percent 

overall population decline during that 30 year period (Knopf and Rupert 1999).  From 1994 to 

2009, the breeding bird surveys suggest a lower rate of decline of 1.1 percent per year (USFWS 

2011).  From early 1990s up to 2011, the mountain plover was listed as a candidate species for 

listing under the Endangered Species Act as a threatened species.  During this period, the 

mountain plover was twice reviewed for listing.  While the first review determined that listing 

was warranted it was later rejected because of procedural issues, and the second review 

determined the mountain plover did not warrant listing under the Endangered Species Act.  This 

history of changing conservation status is quite unique and is not often seen with other rare 

vertebrate species.  Currently the mountain plover has no status under the Endangered Species 

Act. 

 

In 1999, the U.S. Fish and Wildlife Service  (USFWS) proposed listing mountain plovers as 

“Threatened” based on a declining population trend from Breeding Bird Survey data (about 3.7% 

per year (USFWS 1999)).  This listing effort was undertaken fully by the USFWS as opposed to 

being petitioned for listing by an outside group.  The listing effort was unusual and was based 
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out of the Lakewood, Colorado USFWS office which apparently did not have full authority to 

officially list species.  As a result, the listing effort was reinstated, but not before an 

administrative change in Washington D.C.  In September of 2003, the USFWS subsequently 

decided to withdraw the proposed listing of the mountain plover (USFWS 2003).  In November 

2006, Forest Guardians and the Biological Conservation Alliance sued the USFWS over the 

withdrawal of the proposal to list the mountain plover as Threatened (Forest Guardians, et al. v 

Ken Salazar et al., Case No. 3:06-cv-02560-MMA-BLM), and in August 2009, the USFWS 

agreed to submit a notice in the Federal Register re-opening the proposal to list the mountain 

plover and provide opportunity for public comment.  On 11 May 2011, the USFWS announced 

the mountain plover did not warrant protection under the ESA citing that about 20,000 plovers 

remained rather than the previously estimated 11,000-13,000 adult birds (USFWS 2011).  In 

their decision notice, the USFWS noted that the larger population size was not related to 

increasing numbers of birds, but their belief that there was a better accounting of bird numbers.   

Since this decision to not list the mountain plover as Threatened in 2011, there has been very 

little interest by wildlife management agencies in the population status of mountain plovers.     

 

A common criticism of the Breeding Bird Survey data is that it is insensitive to changes in rare 

species abundance and may substantially over or underestimate overall population change 

because of sampling bias.   For example, so few mountain plovers were detected in Montana on 

Breeding Bird Survey routes, the USFWS did not project a state-wide trend in their 2011 

decision notice to not list the plover (USFWS 2011).   Realizing the need for mountain plover 

focused population data, Knopf (2008) in 1990 decided to establish permanent point count 

transects for mountain plovers in the Pawnee National Grassland (PNG) in northeastern 

Colorado which was considered the species’ stronghold at the time, and in southern Phillips 

County, Montana, which also contained a significant population of plovers associated with 

black-tailed prairie dogs.  In 1992, Knopf encouraged us to establish similar permanent point 

count transects for mountain plovers in 3 other Montana areas where we had documented 

mountain plover occurrence (FaunaWest 1991), and he provided us details of how to establish 

permanent point counts similar to his effort.   

 

In 1992, we developed routes along public roads through 3 mountain plover use areas in central, 

northeastern (Appendices A and B) and southwestern Montana and placed permanent point count 

stations along these routes. From 1992 to 2004, we surveyed these census routes for mountain 

plovers a total of 9 times.  During this time period we documented the loss of mountain plovers 

from southwestern Montana, a slow decline of plovers in central Montana, and fluctuating 

numbers of plovers in northeastern Montana.   During the summer of 2014, we were able to 

resurvey the routes through central and northeastern Montana and documented a continuing 

decline of mountain plovers in central Montana and a relatively stable population in northeastern 

Montana.  These census routes were surveyed again in 2019, and this report summarizes the 

results of this survey effort.  These data are extremely valuable because they represent identical 

survey techniques at the same precise census station sites, conducted by the same individuals 

over an almost 3-decade period.   
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Study Area 

Figure 1 is a list of known mountain plover populations observed in Montana in 1991, their 

habitat association and population status.  Figure 2 shows the general location of those areas.  

During 2014 and 2019, mountain plover trend counts were only conducted in the Central and 

Northeastern Montana Study Areas (Areas 2 and 3 in Figure 1 and 2).   

Population Area in 
descending order of 
size in 1992 

Habitat Association Population Status 

1. Phillips, Blaine, N. 
Fergus & N. 
Petroleum Counties 

Grasslands: 
Prairie dog colonies & some use 
of barren areas with glacial till 

In 1991, this was the probably the largest mountain 
plover population. Plovers were found in 18-53% of 
the prairie dog colonies & in 69% of prairie dog 
acreage.  Mountain plovers remain, but greatly 
reduced from pre-plague numbers in the 1980s. 
 

2. Wheatland, Golden 
Valley, & Musselshell 
Counties (Central 
Study Area) 

Grasslands: 
Stockwater sites grazed by 
sheep and cattle.  Also in a few 
prairie dog colonies 

118 adults counted in 1992 (includes birds between 
census stations.) 
Only 14 adults observed in 2014. 
No plovers found 2019. Population presumed  
extirpated . 

3. Valley County 
(Northeastern Study 
Area) 

Dwarf shrub communities 
associated with silty overflow 
sites and bentonitic soils 

39 adults counted in 1996 in peak year. 
Plovers remain in this area in low numbers in 2014 
and 2019. 
 

4. Jefferson, Madison, 
& Broadwater 
Counties 
(Southwestern Study 
Area) 

Grasslands: 
Prairie dog colonies, and 
stockwater sites grazed by 
cattle 

35 adults counted in 1992. 
Population considered extirpated by 2004. 

5. Treasure & 
Rosebud  Counties 

Grasslands: 
Prairie dog colonies, dwarf 
shrub communities associated 
with silty overflow sites and 
bentonitic soils 

64 adults counted in 1998. 
Population status unknown in 2014 and 2019, but 
plague has decimated prairie dog colonies. 

6. Carter County Dwarf shrub communities 
associated with silty overflow 
sites and bentonitic soils 

Plovers found here 1994-1997 with 2 adults 
counted in 1995 the most observed.  Population 
considered extirpated. 

7. Carbon County  Dwarf shrub communities and 
blue grama flats 

Plovers recorded here 1996-1998, 2003 -2005 with 
3 adults counted in 1997 and 6 adults in 2005.  
Nests and broods were observed in 1998, 2003 and 
2005.   
No plovers were observed in 2014, but a pair of 
plovers reported in 2019. 

8. Teton County Grasslands: Ridge grazed by 
sheep 

6 adult birds reported using the area prior to 1996. 
No birds found in 1996 and 1998 after sheep were 
removed.  Population presumed extirpated. 

9. Toole County Grasslands: Grazed by cattle 
and Richardson’s ground 
squirrels 

2 adults counted in 1996 
No birds found in subsequet surveys in 1997 and 
1998.  Population presumed extirpated. 
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Figure 1: List of known mountain plover populations found since 1991 in Montana, their habitat association and population 
status. 

The Central Study Area 

The Central Study Area was located along the southern benches of the Little Belt, Big Snowy 

and Little Snowy Mountain Ranges (Area 2 in Figure 1 and 2) in central Montana and occupied 

an area of approximately 2,565 km2.   Landownership was almost entirely private with a normal 

complement of State lands (2 sections per township).   The only exception was the eastern 

portion which included some Federal lands managed by the Bureau of Land Management (BLM) 

and USFWS.   These 2 Federal land holdings each contained a black-tailed prairie dog colony 

used by mountain plovers.  The elevation within this study area ranged from 1100 -1700 m.   

The major native habitat in this study area was the needle-and-thread grass (Stipa comata)/blue 

grama (Bouteloua gracilis) habitat type (STCO/BOGR) (Mueggler and Stewart 1978).  

Dominant plant species included needle-and-thread grass, blue grama, threadleaf sedge (Carex 

filifolia), June grass (Koeleria cristata), fringed sagewort (Artemisia fridgida), fleabane 

(Erigeron spp.), and tufted milkvetch (Astrasgalus spatulatus).  At higher elevations, scattered 

bunches of blue bunch wheatgrass (Agropyron spicatum) occurred within the STCO/BOGR 

habitat.  Vegetative height at heavily grazed sites in this study area were generally less than 10 

cm, while at ungrazed to moderately grazed sites it ranged from 10-20 cm.  The western 

wheatgrass (Agroupyron smithii)/blue grama habitat type (AGSM/BOGR) occurred in heavily 

grazed valley bottoms.  This habitat type in the Central Study Area contained very little big 

sagebrush (Artemisia tridentata).   

Topographically, this study area consisted of broad gravel ridges or benches extending south 

from the Little Belt and Snowy Mountain Ranges.  This topographic condition extended 106 km 

Figure 2: Map of known areas with mountain plover populations in 1991.    Map numbers correspond to populations listed in 
Figure 1. 
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from Haymaker Creek on the west to the eastern terminus of the Little Snowy Mountains.  In 

some areas, these ridges were poorly defined and appeared to be more like alluvial fans.  Where 

ridges were well developed, they were separated by broad valleys.   Ridges, alluvial fans, and 

valleys in this area were all inclined 1-2%, sloping southward away from the mountains for 16-

24 km.  At the southern margins of the ridges in Golden Valley and Musselshell Counties, soils 

changed from limestone gravels to heavy clays derived from shale, and the topography became 

more dissected by drainages.  Seven black-tailed prairie dog colonies were located along this 

transition zone.  Approximately 9% of the land around census stations had been disturbed by 

agriculture in 1992 when the trend count transect was established, and by 2014, 27% of the area 

was disturbed by agriculture.  However, since we specifically sited our census stations in areas of 

native grasslands, the actual amount of land disturbed by agriculture across the entire study area 

was much greater than this.  In 1992, we estimated that 34% of the landscape across the entire 

study area had been altered by agriculture.   

The Northeastern Study Area 
The Northeastern Study Area was located 24 km southwest of Glasgow in northeastern Montana 

and comprised about 648 square km (Area 3 in Figure 1 and 2).  Land ownership in this study 

area was almost entirely Federal and State and included the entire Little Beaver Creek drainage 

and portions of Miller Coulee and Brazil, Sagehen, and Lone Tree Creeks.  This study area had 

extensive bentonite deposits, some of which were previously mined (a minimum of 10 mined 

sites).  The physiography of the area consisted of broad (> 0.8 km across) low gradient (< 1% 

slope) valley bottomlands with deeply incised drainages, gently sloping ridge sides with exposed 

shale and bentonite deposits, and narrow, relatively level ridge tops.  Elevation of the study area 

ranged from 682-804 meters. 

The valley bottomlands in the Northeastern Study Area were dominated by silty overflow range 

sites.  These were areas where sheet-flow water occurs during intense rainstorms and deposits 

fine bentonite alluvium to form barren light-colored hardpan soils.  Vegetation on these hard pan 

soils was sparse and dominated by Nuttall’s saltbush (Atriplex nuttalli), plains prickly pear 

cactus (Opuntia polycantha), Nuttall’s alkali-grass (Puccinella nuttalliana), and blue grama.  Big 

sagebrush and western wheatgrass were also present in these areas.  We refer to these silty 

overflow range sites as the ATNU habitat type.  Within these hardpan areas were hummocks of 

soils dominated by blue grama.   

The riparian habitat associated with the incised drainages through these sites were dominated by 

silver sagebrush (Artemisia cana) and western wheatgrass, with virtually no plains cottonwood 

trees (Populus deltoides) or willows (Sallix spp.) in these drainages.  Generally, there were 

gentle rises on either side of the valley bottoms dominated by almost pure stands of yellow 

eriogonum  (Eriogonum flavum) and Richardson’s rubberweed (Hymenoxys richardsonii).  We 

referred to these sites as the ERFL habitat.  The ATNU and ERFL habitat types had an extremely 

low vegetative height profile of <10 cm and a high percentage of bare ground (around 90%).   

Many of the ridge sides in this study area were dominated by creeping juniper (Juniperus 

horizontalis), elk sedge, (Carex geyeri), western wheatgrass and prairie sandgrass (Calamovilfa 

longifolia).  We refer to these sites as the JUHO habitat type.  The vegetative height profile of 

the JUHO habitat type was variable, but generally ranged from 10-25 cm.   Slopes on these sites 

were 5-10%.   
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Other ridge sides in the study area had exposed bentonite deposits.  These areas were nearly 

devoid of vegetation and we referred to them as bentonite barrens.  Ridge tops in the 

Northeastern Study Area were dominated by western wheatgrass, blue grama, and scattered big 

sagebrush.  We refer to these sites as the AGSM/BOGR habitat type.  A shallow layer of glacial 

till covered the ridges, and was characterized by frequent areas of coarse gravel, small coble and 

hardpan soils.  The glacial till was also found to a lesser extent in the valley bottoms and on the 

ridge sides.  Nuttall’s saltbush became locally abundant in some of these hardpan sites.  Overall, 

this study area had extremely depauperate plant communities.    

During the 1950s and 1960s, the BLM constructed many trans-valley detention dams and 

spreader dikes in Little Beaver Creek, Lone Tree Creek and adjacent drainages to reduce the 

frequency and intensity of flash floods.  In addition, many of the bottomland areas dominated by 

the ATNU and ERFL habitat types were contour furrowed during this period and planted to 

crested wheat grass (Agropyron cristatum).  Approximately half of the potential mountain plover 

habitat in this study area was lost at this time due to these range improvement projects.  At 

present, many of the detention dams have silted in and the dam structures have been breached by 

flood events.  The large mud flats remaining behind the dams are dominated by squirrel-tail grass 

(Hordeum jubatum) and Mexican dock (Rumex mexicanus).    

METHODS 

During 1991, several areas with previous records of mountain plover observations were surveyed 

for mountain plover occurrence (FaunaWest 1991).  Phillips County (Area 1 in Figure 1 and 2) 

with a known mountain plover population was excluded from this survey at the request of the 

Bureau of Land Management – which was the primary funding agency of the survey.  The 

Central, Northeastern and Southwestern Montana Study Areas were identified at this time as 

areas with mountain plover populations that would be suitable for long-term monitoring.   

Transect Placement 

In 1992, trend count transects were established in each study area. The routes through the study 

areas and the actual census stations for the trend count transects were determined after carefully 

surveying each of the study areas for mountain plover occurrence in May and June 1992.  The 

census stations were established at sites where mountain plovers were either observed, or at sites 

that appeared to contain suitable habitat for mountain plovers even though no mountain plovers 

were observed at the site.  These trend count transects consisted of a series of permanent point 

count census stations (Appendices A and B).   

Initially there were 90 census stations in the Central Study Area and 70 census stations in the 

Northeastern Study Area, but 2 census stations in the Northeastern Study Area were dropped 

from the transect due to a washed out road (mountain plovers were never seen at these stations 

during the years they were surveyed).  Mountain plovers were found at only 7 sites in the 

Southwestern Study Area, so the census in this area was not directly comparable to the other 2 

study areas.  

All census stations were placed along public roads with legal access. Initially the location of the 

census stations was based on a legal description with a written description of the location.  In the 

Central Study Area, readily identifiable features along the roads were used to locate the census 
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stations (e.g. cattle guards, culverts, stock tanks, road signs, road intersections, homesteads, etc.).  

In the Northeastern Study Area, we used similar descriptions, but the roads were not surfaced 

with gravel or well maintained, and we placed piles of rock at many of the census stations.  Once 

GPS became available, all the census stations were given a latitude/longitude coordinate.   

Appendix A lists the latitude and longitude coordinates of each census station.    

In 1992, when we set up the permanent census transect across the Central Study Area, we 

recorded the habitat (i.e. native grass, introduced grass, cultivated wheat) surrounding each of the 

census stations.  In 2014 and 2019, we again recorded the habitat at the census stations.  Since 

most of the stations were located on section lines along roads, it was relatively easy to designate 

a northeast, southeast, southwest and northwest quarter at each census station, and record the 

habitat in each quarter quadrant.  For the 90 census stations, there were a total of 360 quarter 

quadrants where we recorded the habitat.  

Transect Counts     

Mountain plovers were counted at each permanent census station either from, or standing next to, 

a parked vehicle.  A 10-minute scan of the surrounding area was made with binoculars.  All 

mountain plovers observed in the vicinity of the census station were counted and recorded.  Due 

to irregularities in topography and vegetative height, the radius of the survey area at each census 

station varied considerably between census stations and study areas.  In the Central Study Area, 

changes in land use (e.g. farmed vs. not farmed, grazed vs. not grazed) were common.  Similarly, 

in the Northeastern Study Area, slight undulations in topography frequently resulted in “blind 

spots” within the area scanned with binoculars.  As a result of these issues we did not attempt to 

extrapolate a mountain plover density estimate for each of the study areas, but rather used the 

number of mountain plovers counted as an indicator of population trend.  Because the census 

stations were permanent and these issues were relatively consistent among years, the changes in 

mountain plover numbers were considered reflective of changes in overall numbers of mountain 

plovers in each study area.   

Survey Frequency 

The census routes in the Central and Northeastern Study Areas were surveyed in 1992, 1994-

2000, 2004, 2014 and 2019 for a total of 11 times in 28 years.  The Southwestern Study Area 

was surveyed 1992-2000 and 2004, but it was not surveyed in 2014 and 2019 because the 

population appeared to be extirpated in 2004.  Generally, we tried to conduct the surveys in late 

June and early July when most mountain plovers had completed nesting and were accompanied 

by broods.  This time period also preceded the departure of mountain plovers from the study 

areas for their annual migration.   

In this report, the term “population” is used in reference to a local group of breeding mountain 

plovers within a specified area.  It does not imply that the group of birds is genetically distinct, 

reproductively isolated or otherwise unique.  We have no data concerning dispersal and 

movement between breeding mountain plover populations in Montana, nor how these individual 

birds might segregate or mix in wintering areas or during migration.     
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RESULTS  

Mountain Plover Census Results for the Central Study Area 
The Central Montana Study Area was surveyed for mountain plovers from 9-11 July 2019.  The 

2019 census count of the Central Montana Study Area resulted in no observations of any 

mountain plovers at the census stations, and there were also no observations of mountain plovers 

between census stations.  This population is now probably extirpated with little hope of mountain 

plovers returning.   Results for all survey years are shown in figure 3. 

Habitat conditions in 2019 were similar to 2014 except the prairie dog colony on BLM land 

appeared totally abandoned and the USFWS colony on Lake Mason NWR was largely inactive, 

and 4 old homesteads where mountain plovers could consistently be found had been burned.  The 

2 prairie dog colonies had a long history of mountain plover use and the loss of prairie dogs in 

the 2 colonies was probably due to a plague epizootic in 2018. We did not note obvious 

additional sodbusting of native grasslands from 2014 to 2019.  

 

Mountain Plover Census Results for the Northeastern Study Area 
The Northeastern Montana Study Area was surveyed for mountain plovers from 4-7 July 2019. 

Thirteen adult mountain plovers were observed at 10 of the 68 census stations along the survey 

route.  Eight juvenile mountain plovers were also observed with these adults.  Another 23 adult 

and 10 juvenile mountain plovers were observed while traveling between census stations.  

Overall, in July 2019, we observed 54 mountain plovers representing 27 separate observations 

with 36 birds classified as adults and 18 classified as juveniles.  The 18 juvenile birds 

represented 11 broods (1.63 chicks per brood).  In 2014, we observed 62 mountain plovers 

representing 36 separate observations while conducting the survey, but we thought that some of 

these observations could have been the same birds observed on 2 different days.  Forty-eight of  

 

Figure 3:  Mountain plover population trend at the Central Montana Study Area from 1992 to 2019 
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Figure 4:  Mountain plover population trend on the Northeastern Study Area from 1992 to 2019. 

the birds were classified as adults and 14 were chicks representing 9 broods (1.55 chicks per 

brood). Results for all survey years are shown in figure 4.  

DISCUSSION 

Central Study Area 

Overview 
The Central Study Area was previously considered to be Montana’s second largest mountain 

plover population after the Phillips/Blaine Counties population where mountain plovers are 

strongly associated with black-tailed prairie dog colonies (Knowles et al. 1982).  There are 

several historical accounts of mountain plovers in what is now our Central Montana Study Area 

that suggest mountain plovers were once common in this area.  Grinnell (1876) reported 

mountain plovers occurring in the western portion (Haymaker Creek) of our study area in 1876.  

Silloway (1903) described the mountain plover as being a regular summer resident in Fergus 

County, Montana from May through September.  At this time, Fergus County included all or 

parts of Judith Basin, Wheatland, Golden Valley, and Musselshell Counties.  However, Watts 

and Eichhorn (1981) noted that 4 bird species associated with short grass prairie in this area (the 

mountain plover, burrowing owl (Athene cunicularia), long-billed curlew (Numenius 

americanus), and grasshopper sparrow (Ammodramus savannarum)) were much reduced from 

Silloway’s description.  Pettingill (1981) in 1951 considered the mountain plover as common in 

the western portion (Haymaker Creek) of our Central Montana Study Area.  He stated that 

plovers could be observed along the road that ran north from Two Dot. 

When we began our census of mountain plovers in this area, it is quite likely that mountain 

plovers were already in decline and that our census effort only captured the tail end of this 

population collapse.  For example, Dr. Robert Eng (pers. comm.) collected a mountain plover on 

22 April 1972 about 13 km north of Harlowton, MT (this specimen is in the Montana State 
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University Vertebrate Museum) within the Central Montana Study Area.   He reported the actual 

collection site to be grasslands at the time, but when we examined the site in the 1990s, it had 

already been converted to cultivated croplands and no mountain plovers were found.  Our 

highest mountain plover count during the 28-year period of this survey was 103 adult birds at 35 

stations in 1992 when we first established the census route.  The two lowest counts came in 2014 

(13 plovers) and 2019 (0 plovers).   The decline of mountain plovers over this time period was 

initially characterized by fluctuating counts with numbers in peak years being progressively 

lower (Figure 3).  From 2004 to 2014 there was a substantial decline in plover numbers, and we 

associated this with conversion of native grasslands to croplands, conversion of native grasslands 

to introduced grasses, a reduction in the number of flocks of sheep, and a general decline in 

livestock grazing overall.  In 2014, we considered this to be a significant decline in mountain 

plover numbers and we stated that the Central Montana Study Area mountain plover population 

was on the brink of total collapse.   The 2019 survey confirmed this.   The decline of mountain 

plovers in this study area was so drastic and complete there is no need for statistical manipulation 

of the data to draw a conclusion.  The mountain plovers are gone, and it is unlikely they will 

come back because there are no longer enough suitable sites to maintain a breeding population.   

 

In 1992, while establishing our census route through the Central Study Area, we counted 118 

different adult mountain plovers (103 plovers at census stations and 15 in between stations).   At 

that time, it was apparent that there were other areas with mountain plovers that could not be 

effectively viewed from public roads, and that the actual number of plovers was greater than this 

minimum count.  We estimated that possibly double or triple the number of mountain plovers 

that we observed could reside in the Central Study Area in 1992 (Knowles and Knowles 1993).   

However, in 2014 and 2019, we did not see any other areas (e.g. heavily grazed stock water 

sites) where we thought mountain plovers might be present off of our route suggesting that there 

was little chance that mountain plovers simply shifted their distribution to areas not along the 

census route.  In fact, during the 2019 survey, while driving across the entire survey area we did 

not see a single site that appeared to be suitable for mountain plover use.  The areas of native 

grasslands that remained were not grazed sufficiently hard to create the large areas (20 ha or 

more) of very low growing vegetation that is required by mountain plovers for successful nesting 

and brood rearing.      

The 103 adult mountain plovers observed on our very first census in 1992 was the highest count 

we obtained during the 28-year period.  Subsequent surveys over the next 7 survey years showed 

a lower but fluctuating population.  Due to these annual variations in the census counts during 

the 1990s, the declining population trend did not become apparent until the 2004 and 2014 

census counts when only 47 and 13 adult mountain plovers were observed, respectively.  When 

the 11 census counts are viewed over the 28-year period, it is apparent that the mountain plover 

population in this area was actually declining throughout the entire period with each peak count 

slightly lower than the previous peak.  

 

A DETAILED ANALYSIS OF THE POPULATION COLLAPSE 

Haymaker Creek in the Central Montana Survey Area 
Pettingill (1981 - first edition was published in 1951) stated that the gravel road (now called 

Haymaker Road) running north from Two Dot, Montana (this road had our census stations 1-10 
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on the Central Study Area and borders Haymaker Creek ) was the place in Montana to find 

mountain plovers.  He described mountain plovers to be found on the road and on either side of 

the road.  His descriptions make it sound like mountain plovers were very common in this area in 

1951.   Haymaker Creek was also the collection site of 4 mountain plovers by Grinnell in 1876 

when traveling from Fort Carroll (located on the Missouri River down-stream from the Robinson 

Bridge) to Yellowstone National Park (Grinnell 1876).  Grinnell’s collection of mountain plovers 

near Haymaker Creek clearly shows that mountain plovers were present in the Central Study 

Area prior to settlement.  There is one black-footed ferret record from the Judith Gap area and 

probably there were black-tailed prairie dogs in this area prior to settlement.  

In 1992, we observed 14 mountain plovers at the 10 census stations along Haymaker Road.  In 

subsequent survey years, we were always able to observe mountain plovers along Haymaker 

Road although the numbers followed the same downward trend observed for the rest of the 

Central Survey Area.  However, in 2014 and 2019, we did not observe a single mountain plover 

at the 10 census stations on Haymaker Road nor did we see any mountain plovers in between the 

census stations.  These results are highly significant because there have been no obvious habitat 

changes from 1992 to 2014 at the 10 census stations along Haymaker Road other than absence of 

grazing.  In fact, this area remains dominated by the STCO/BOGR habitat type with virtually no 

agricultural development.  In 2019, the only obvious change we noted was the homestead at 

station 1 was gone (probably burned) and no cattle and horses were present at this site.   

The Haymaker Ranch during the 1990s was managed by an out-of-state owner who traditionally 

grazed about 2,000 yearling cattle that were brought onto the ranch in the spring and sold in the 

fall.   During our 2004 mountain plover survey, we learned that the ranch had sold.  Information 

posted on the Hall and Hall ranch real-estate website in 2014 states that Haymaker Ranch had 

been leased the past several years to a local rancher as a cow/calf operation, and that the ranch 

had just sold again for 8.4 million dollars.  The website describes the ranch as being about 

30,000 acres of mostly deeded land with only 960 acres cultivated in the Haymaker Creek 

bottomlands.  In 2019, we did not observe any cattle along the census route in this area, but a 

small flock of sheep was observed about a 1.5 km off the road near station 3. 

During the 2014 survey, we did not see any cattle at the census stations 2-9 located on the 

Haymaker Ranch, but cattle were present at the station 1 located on a ranch immediately north of 

the Haymaker Ranch.  Signage at this ranch showed that the Booth Ranch was being leased by 

the Miller Brothers.  Long-term decline in livestock numbers and grazing practices in the 

Haymaker Creek area probably have contributed to increased vegetation height and plant density 

to a level that is not tolerated by mountain plovers.  Knopf (2008) considered reduced grazing 

intensity on the PNG resulted in a gradual increase of vegetation to a level not tolerated by 

mountain plovers.  Augustine and Derner (2012) reported that even intensive spring/summer 

cattle grazing was not sufficient to return grassland habitat on the PNG to conditions suitable for 

mountain plover use.   

The Lewis Ranch portion of the Central Survey Area   

The Lewis Ranch (formerly officially named T-Bench Ranch and now part of the N Bar Ranch) 

in the Central Study Area is a good example of the importance of intensive livestock grazing to 

mountain plovers.  This ranch was voluntarily entered into the Montana Centennial Register of 

Natural Areas in the 1980s by the Nature Conservancy because of the abundance of mountain 

plovers.  Part of this ranch classification was a pledge from the Lewis’ not to sodbust their ranch.   



14 
 

When we first visited the ranch in May 1985, the area around the ranch headquarters had been 

intensively grazed during winter and spring and mountain plovers were abundant.   Mr. Kenneth 

Lewis, who managed the ranch, passed away in 1993 and his widow, Janet, did not continue the 

ranching operation at a similar level.  Our surveys documented the decline of mountain plovers 

following the loss of cattle.  In 1992, we counted 18 mountain plovers on the ranch, and by 1997 

we were unable to find any mountain plovers.  In 2004, we visited with Janet and she 

commented that plovers were gone from the ranch and that plover numbers in the surrounding 

area were also way down.  During the 2014 survey, we talked to people managing this ranch, and 

learned that Janet had passed away a few years previous and that the Wilks brothers had recently 

purchased the ranch when the estate was finally settled.  The Lewis Ranch again had cattle on it, 

but we did not find any mountain plovers at the census stations on the ranch.  During the 2019 

survey we observed some cattle grazing on the ranch lands, but again no plovers were observed.  

Vegetation height and density had become too high for mountain plover use under a reduced 

cattle grazing regime. 

Habitat Changes within the Central Survey Area 

From 2014 to 2019, the habitat conditions in the Central Survey Area appeared to be very similar 

with no large areas being sodbusted.  One change we noted was that 4 homesteads had been 

burned.  Each of these homesteads had a history of mountain plover observations.  These sites 

were formerly used as loafing areas by cattle and sheep, and with the homesteads gone there was 

no focal point for livestock to concentrate in the area.  Homestead sites from the early 1900s up 

to the time of abandonment in the 1930s-1950s were probably very intensively grazed by sheep 

and cattle.  During the homesteading period, much of this study area had 4 homesteads on each 

square mile of land.  During peak sheep numbers in the 1930s and 1940s, there must have been 

many sites suitable for mountain plover use.   

Another change was noted at the prairie dog colonies located on BLM and USFWS land 

(Stations 85 and 86).  A suspected plague epizootic occurred throughout central and north-central 

Montana in 2018 (Randy Matchett, pers. comm.), and these 2 colonies with previously 

documented mountain plover use were both severely impacted.   When we examined the BLM 

colony in 2019, we did not observe any prairie dogs, nor did we see any sign of prairie dog 

activity.   At the USFWS prairie dog colony only a few prairie dogs remained in 2 small areas on 

Federal land, and in 1 area of adjacent private land several acres of active colony remained.  At 

both of these colonies we normally observed mountain plovers and burrowing owls, but in 2019 

we did not observe either species.   

Although there were no obvious habitat changes (although there was a change in land use) on the 

Haymaker Creek portion of the Central Study Area, there were considerable habitat changes 

elsewhere in the study area.  During the 28-year period, there was a significant decrease in native 

grass habitat and a corresponding increase in introduced grasses, alfalfa, and cultivated wheat at 

the census stations.   Surprisingly, many of the wheat fields documented in 1992 had 

subsequently been planted to introduced grasses, and much of the gain in wheat came from 

sodbusting of native grassland.  Figures 5 and 6 show this decline of native grasslands from 91% 

of the quarter quadrants at census stations in 1992 to 73% of the quarter quadrants in 2014.  An 

assessment of habitat at the census stations in 2019 did not show additional sodbusting since 

2014.   At the same time, wheat increased from 4% to 14% and introduced grass increased from 
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5% to 13%.   Thus, wheat and introduced grasses increased from 9% to 27% of the quarter 

quadrants from 1992 to 2014.   It is important to note that these figures do not accurately 

represent the amount of wheat and introduced grass across the entire study area as a whole, since 

the census stations were initially placed in areas with native grasslands where mountain plovers 

were found or were likely to be found.   The actual percentage of cultivated wheat and 

introduced grass pasturelands across the study area was much greater than this.  In 1992, we 

estimated that only 66% of the Golden Valley and Wheatland Counties portion of the Central 

Study Area remained in native grassland.  

The conversion of native grasslands to wheat and introduced grass during this 28-year period has 

been an ongoing process that we noted early in the survey period.  In the early years of this 

survey we were suspicious that the Conservation Reserve Program (CRP) had encouraged 

sodbusting.  Our suspicions were based on windmills and stock tanks located in wheat fields with 

piles of fence posts and rolls of old barb wire along the field edges, and immediately adjacent to 

these wheat fields were fields of crested wheatgrass.  This suggested that the crested wheatgrass 

fields were formerly wheat fields that had been placed into the CRP, and that pastureland (as 

indicated by water developments) had been sodbusted.  When we questioned the District 

Conservationist at the Natural Resource Conservation Service office for Musselshell County 

about this, he acknowledged that this was a problem, but refused to let us examine their farm 

files to document the extent of sodbusting.    

Twenty-eight years later we now have a measure of sodbusting for 90 specific points, and it was 

significant.   Sodbusting in the 1980s was probably even more significant following the start of 

the CRP program in 1983 when there were absolutely no provisions to discourage sodbusting.  In 

1992, we were told by ranch-hands that were rebuilding fences drifted over with dirt from wheat 

fields, that the area in western Musselshell County had a 2-township area (72 square miles) 

sodbusted during the 1980s.  During the 1990s, farmers were required to file a farm conservation 

plan prior to sodbusting (only necessary if they wanted to remain in government farm programs) 

which may have curtailed some sodbusting but certainly did not prevent sodbusting during the 

period we conducted mountain plover surveys.   

Native 
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Introduced  
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Wheat 
14%

Vegetation at Census Stations 2014

Figure 6: Percentage of 360 quarter quadrants at 90 
permanent census stations in the Central Montana Study 

Area in July 2014. 
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Figure 5: Percentage of 360 quarter quadrants at 90 
permanent census stations in the Central Montana Study 

Area in July 1992. 
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Mountain Plover Response to Conversion of Native Grasses to Introduced Grasses 
At the census stations that had been converted to wheat or introduced grasses, we continued to 

monitor the stations for mountain plovers, and during all 11 surveys we had only a single 

observation of a mountain plover using a census station converted to wheat.  In this case, it was 

using a chemically fallow field in an area where wheat stubble had been flattened by equipment.  

During the 2014 and 2019 surveys, none of the census stations with wheat or introduced grasses 

had mountain plovers.  Two native grassland census stations (22 and 65) used by mountain 

plovers early in the survey were converted to crested wheatgrass, and mountain plovers were 

never seen at these sites after the conversion.  Crested wheatgrass has a vegetative height profile 

too tall for mountain plovers.   

Much of the privately-owned native rangelands in eastern Montana has incrementally been 

converted to crested wheatgrass and other non-native grasses over the past century.  All of the 

Bankhead Jones Act lands reclaimed by the Federal government and now managed by the BLM 

were also planted to crested wheatgrass in the 1930s.  This massive and widespread conversion 

of native prairie to introduced grasses across eastern Montana permanently excluded mountain 

plovers from broad areas.  When the USFWS (2011) stated that 31 million acres of eastern 

Montana were grasslands and that sodbusting was not an important issue, they failed to note that 

the vast majority of these grasslands were not suitable for mountain plover use.  Mountain 

plovers require broad areas of relatively level land, with short growing vegetation and lots of 

bare ground.   Montana’s mixed grass prairies are not suitable for mountain plover use without 

intense mammal herbivory (i.e. black-tailed prairie dogs, historical bison numbers, and probably 

large flocks of domestic sheep).  For the most part, it is very difficult to create suitable mountain 

plover habitat by grazing cattle.   

In Nebraska, Oklahoma, and eastern Colorado there are reports of mountain plovers using fallow 

fields of cultivated wheat, millet and corn, but there is also a high level of nest destruction in 

these fields (Shackleford 1997, Knopf and Rupert 1999, Bly et al. 2008).  Shackleford (1997), 

after documenting mountain plover use in fallow cultivated fields in Oklahoma, conducted a 

mountain plover survey across the distributional range of mountain plovers from Oklahoma to 

Montana looking specifically at cultivated fields.  He found very little use of cultivated fields 

from Wyoming northward.    

Association of Mountain Plovers with Sheep 
Early in our survey efforts of the Central Study Area, we observed the association of mountain 

plovers with sheep.  We frequently saw mountain plovers associated with flocks of sheep and 

feeding on insects flushed by the grazing sheep.  Sheep graze grasses closer to the ground than 

cattle and appear to more evenly graze a pasture creating the appearance of a well-groomed 

lawn.   When we first noted this association of mountain plovers with sheep, we suggested that 

the USDA develop an incentive program for sheep producers in the Central Montana Study Area 

to continue raising sheep in areas with mountain plovers.  We were concerned that most sheep 

ranchers appeared to be nearing retirement age and we thought that the new ranch managers 

would switch from sheep to cattle.  Even in the 1990s it was apparent that there was a long-term 

decline in sheep numbers in Montana (Figure 7). The loss of sheep in Montana has been a long-

term trend starting in the 1940s.  Peak sheep numbers in Montana were recorded in the 1930s, 

and this probably explains why mountain plovers persisted during this period despite the massive 

prairie dog poisoning campaigns of the 1920s and 1930s.   
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During the 2014 survey, we observed only 1 small flock of sheep in Haymaker Creek 

bottomlands immediately north of Two Dot (this area was not officially part of the census route), 

and a larger flock of sheep in a crested wheatgrass field in the Hopley Creek area (station no. 22) 

that had been sodbusted.   In 2019, we observed a flock of sheep further north on Haymaker 

 Creek and the same large flock of sheep on Hopley Creek at station no. 22.  During the 2014 

survey we talked to a fuel truck driver delivering diesel fuel to ranches in the area, and the driver 

confirmed our observations that most large flocks of sheep were gone.  The truck driver also 

mentioned that livestock numbers overall were down across the area.  In 2019, we talked to an 

elderly individual east of Judith Gap and when we mention the scarcity of sheep, he stated that 

all the sheep east of Highway 191 were gone (“There are no sheep left in this country”).  The 

absence of cattle that we observed along Haymaker Creek in 2014 and 2019 was also apparent in 

other areas of the Central Study Area.   

Another aspect associated with sheep dominated ranges was intensive predator control which 

might also have benefited mountain plovers through increased reproductive success.  Knopf 

(2008) commented that predator control prior to the 1972 ban of compound 1080 was beneficial 

to mountain plovers, and that without predator control on the PNG the swift fox (Vulpes velox) 

became the dominant predator of mountain plover nests and chicks.  During the 1990s, when 

sheep were more abundant on the Central Montana Study Area, we frequently saw coyote 

carcasses draped across the top strand of barb-wire fences which was an indication that predators 

were actively being controlled at that time.   

The association of mountain plovers with sheep has only been briefly mentioned by 2 other 

authors.  Plumb (2004) working in Wyoming noted that grazing by cattle and sheep was 

pervasive in areas that he found mountain plovers.   McGaugh (1998) noted that wintering 

mountain plovers in the Antelope Valley and near Harper Dry Lake in California were using 

irrigated alfalfa fields that were grazed by wintering flocks of sheep.  (Note: We have conducted 

desert tortoise surveys in the Harper Dry Lake alfalfa fields - the wintering flocks of sheep are 

gone, and all of the irrigated fields have now been converted to solar energy plants.  These fields 

were specifically chosen for solar development because the desert had already been disturbed by 
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agriculture. The 2011 USFWS (2011) finding of not warranted for mountain plover listing did 

not even mention this loss of a known wintering area.)   

Other Habitat Changes including windfarms 
There have been other changes to the Central Study Area besides conversion of native grassland 

to wheat and introduced grasses, and the loss of sheep and cattle.  A large wind farm is now 

present south of Judith Gap in an area which had recorded mountain plover use (Flath 2003 and 

TRC 2008).  Although the wind farm was not placed directly on any of our census stations, wind 

turbines were in the relative vicinity of two census stations (31 and 32).  These two stations are 

located next to Highway 191, and both previously had consistent mountain plover use during 

previous surveys.  In addition to the windfarm, in 2014 at these same 2 census stations, we 

observed that Montana Dept. of Transportation had built large wooden snow fences along this 

entire stretch (1.6 km) of the highway.  No mountain plovers were found in this area in 2014 and 

2019.   

At these 2 stations there was also a change in livestock grazing that may have contributed to the 

abandonment of these sites by mountain plovers.  One site was formerly grazed summer-long by 

both cattle and sheep while the other site was grazed by sheep.  In 2014, both sites were only 

grazed by cattle, and in 2019 neither sites were not grazed.  Augustine and Derner (2012) noted 

that even with double the recommended grazing rates by cattle during spring and summer, it was 

not sufficient to provide suitable habitat for mountain plovers on the PNG in northeastern 

Colorado.  They also reported that mountain plovers remaining on the PNG were associated with 

black-tailed prairie dog colonies and burned areas.   

Change in Mountain Plover distribution 
The distribution of mountain plovers in the Central Study Area has changed over the years.  In 

1992, mountain plovers were distributed along the entire length of the 90 census stations all the 

way from Haymaker Creek on the west to the Lake Mason National Wildlife Refuge prairie dog 

colony on Willow Creek on the east (about 106 km).  Some areas such as Haymaker Road, 

Highway 191 census stations, the Lewis Ranch, and the homestead cluster were initially 

mountain plover hot spots.  As mountain plover numbers began to decline at these and other sites 

due to changing habitat conditions, a higher percentage of mountain plovers were found at the 2 

prairie dog colonies (1 on BLM, 1 on USFWS) located at the east end of the census route.   

In 2004, 32 of the 47 (68%) adult birds counted at the census stations were observed in the 

prairie dog colonies.  In 2014, 46% (6 birds) of the adult plovers were found on these colonies.   

However, the observed decline from 32 birds on the colonies in 2004 to 6 birds in 2014 was of 

concern because both colonies had high levels of prairie dog activity.  We did visit these 2 prairie 

dog colonies in early July 2005 and found 21 mountain plovers at that time (Knowles and 

Knowles 2006).  These prairie dog colonies were severely impacted by an apparent sylvatic 

plague epizootic in 2018 and no mountain plovers were found on the colonies in 2019.  This 

20018 plague epizootic was widespread through central and northcentral Montana and had a 

significant impact on prairie dog populations throughout the area (pers. comm. Randy Matchett). 

Also in July 2005 we visited known mountain plover “hot spots” along the census route and 

observed 3 adults and 5 young on gravel roads west of Highway 191 and 5 adults and 1 young on 

gravel roads east of Highway 191.  We attribute these distributional shifts to an overall decline of 
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mountain plovers in the Central Montana Study Area.  This decline also represents a decline in 

the mountain plover range distribution due to changing habitat conditions.   

 

Comparison of the Declines of the Central Montana and Pawnee National Grasslands  
Mountain Plover Populations 

We have included a graph of the mountain plover population trend for the Pawnee National 

Grasslands (PNG) (Knopf 2008) (Figure 8) because the PNG decline appears very similar to the 

Central Montana Study Area decline (i.e. fluctuating numbers and each peak count lower than 

the previous peak).  The main difference is that the collapse of the mountain plover population at 

the PNG occurred over a much shorter period than what we observed for the Central Montana 

Study Area, but the end results appear similar.   Based on Knopf’s (2008) documentation of the 

mountain plover population collapse within the PNG in the mid-1990s, there is little chance of 

mountain plover populations recovering following a dramatic decline such as this.   

Figure 8:  Mountain plover population trend at 112 census stations on the Pawnee National Grassland from 1990 to 2006.  
Data from Knopf 2008.  Survey years 10 and 15 represent zero birds observed. 

Knopf (2008) established his permanent trend count transect on the PNG in 1990.  Knopf’s 

(2008) trend count transect on the PNG had 112 census stations with 17 years (1990-2006) of 

survey data.   His highest count occurred in 1990, his first survey year, with 77 adult birds 

observed.  This can be compared to our highest count in the Central Study Area of 103 birds in 

1992 at 90 census stations.   

The decline of mountain plovers on the PNG followed a similar trend as seen on the Central 

Montana Study Area i.e. fluctuating numbers with population peaks showing a steady decline.  

On the PNG, a dramatic decline in mountain plover numbers was noted following a year of  

above average precipitation.  Knopf (2008) believes that mountain plovers will not return to the 

PNG in similar numbers because traditional use of this area has been lost, and because of long-

term habitat changes due to only moderate grazing intensity by cattle.  Graul and Webster (1976) 

considered the PNG to be the “stronghold” for mountain plovers during the 1970s and had 

estimated over 20,000 mountain plovers in this area in 1970.  Today, the mountain plover is 
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considered a rare bird on the PNG (Augustine and Derner 2012).   Knopf (2008) thought that 

mountain plover numbers on the PNG were actually at their peak in historic times during the 

1930s, that they had been in a long-term decline ever since then, and that the population collapse 

that he documented was actually just a quick end to this long-term decline. 

Mountain plovers on the Central Montana Study Area probably had been in decline for many 

years before we started our census effort similar to that described by Knopf (2008) for the PNG.  

At some low number, the mountain plover population becomes dysfunctional which is expressed 

as a population collapse like that documented in 2019.  In 2014, we speculated that the few 

mountain plovers remaining at prime habitat sites (homestead cluster, prairie dog colonies), were 

too few to effectively recover the population.  The Southwestern Study Area 

(Jefferson/Broadwater/Madison Counties), Toole, Teton, and Carter Counties mountain plover 

populations are other examples where remnant populations have gone extinct.  The Central 

Montana Study Area mountain plover population has now joined the list of these other Montana 

populations that have disappeared.   

Northeastern Study Area Discussion 
Overview 

The Northeastern Study Area census route has been surveyed 11 times since 1992, and the 

number of adult mountain plovers observed at census stations along the route has ranged from a 

low of 12 plovers at 9 stations  in 2004 to a high of 35 plovers at 21 stations in 1996 (Figure 4).    

We attribute the high number of mountain plovers observed in 1996 to the loss of prairie dog 

habitat in Phillips County as a result of a sylvatic plague epizootic among black-tailed prairie 

dogs in the early to mid-1990s.   With the reduction in suitable prairie dog habitat mountain 

plovers may have searched surrounding areas for suitable nesting habitat.  However, we did not 

see a similar increase in mountain plovers in 2019 following the 2018 plague epizootic in 

Phillips County.   

 

At one time, prairie dog colonies in adjacent Phillips County provided habitat for Montana’s 

largest mountain plover population Knowles et al 1982, Knowles and Knowles 1984).  Childers 

and Dinsmore (2008) estimated the number of plovers in this area at 758, but this estimate was 

after the initial plague epizootic in the 1990s.   A decline of mountain plovers in Phillips County 

has been associated with the decline of prairie dog acreage (Knowles 1999, Dinsmore et al. 

2005).  With this decline of prairie dog acreage in Phillips County, some mountain plovers may 

have looked elsewhere for suitable habitat and moved into the bentonite areas of Little Beaver 

Creek and adjacent drainages during the mid-1990s (survey year 5).  However, the sylvatic 

plague epizootic in southern Phillips County in 2018 did not result in increased plover numbers 

in the Northeastern Study Area in 2019.  It is possible the mountain plovers numbers in 

Phillips/Blain Counties never recovered to their pre-plague numbers.  In addition, there could be 

a many more factors influencing the Northeastern Study Area mountain plover numbers than just 

sylvatic plague in Phillips County.    

 

The 13 adult mountain plovers observed at 10 census stations in 2019 was the second lowest 

count of the 11 survey years but was comparable to the 2014 count when we observed 17 

mountain plovers at 11 census stations.   Both counts, although they were at the lower end of the 

previous survey results, were within the range of the number of mountain plovers observed 

during the previous survey efforts.  Overall there appears to be no discernable upward or 
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downward trend of mountain plovers in this area from 1992 to 2019.  The result of our census 

effort shows that mountain plovers remain in southern Valley County in low numbers.   

 

Green (1982, 1983) and Green and Engle (1984) conducted mountain plover surveys in what is 

now our Northeastern Study Area in relation to bentonite mining.  During his surveys of this area 

in the early 1980s, Green estimated mountain plover densities to range from 6.3-1.7 plovers per 

square kilometer during the 3 years (1982 – 1984) that he studied mountain plovers in the 

Northeastern Study Area.   In 1992 (Knowles and Knowles 1993), we resurveyed Green’s survey 

areas and estimated 1.9 birds per square kilometer.  Childers and Dinsmore (2008) estimated a 

mountain plover density in this area of 1.6 birds per square kilometer, but their survey area may 

not have exactly duplicated Green’s survey areas.  However, these data provide a density 

estimate of mountain plovers in the same general area over a 22-year period (1982-2004) that 

shows some consistency in density from at least 1982.   

 

Based on our density estimate of 1.9 birds per square kilometer in 1992 (Knowles and Knowles 

1993) and using the cumulative area that mountain plovers were observed during Green’s 

surveys and our surveys, we estimated about 100 adult mountain plovers in this area in 1992. 

While we have no actual quantitative data on the total number of mountain plovers occurring in 

this area in 2019, we have walked through most of the suitable mountain plover habitat in Little 

Beaver Creek and adjacent drainages and have a feel for how many mountain plovers might be in 

the Northeastern Study Area.  In our opinion, this area currently supports less than 100 adult 

mountain plovers.   

 

Childers and Dinsmore (2008) estimated the total number of mountain plovers in this area of 

Valley County to be about 160 adult birds.  This estimate was based on 110 randomly selected 

point counts within the ACEC area of Little Beaver Creek using a technique based on studies by 

Wunder (2003) in South Park Colorado, and Plumb (2004), Plumb et al. (2005) in Wyoming.  

This population estimation technique involves randomly placed point counts yielding a density 

estimate which is then expanded across a survey area to estimate the entire population.   

 

While point counts can accurately estimate mountain plover numbers around a point, 

meaningfully applying this density over a broad area is a different story.  Unlike many species, 

mountain plovers are extremely site specific and not randomly distributed across the landscape.  

Thus, errors in density are amplified by projecting point count data to broad areas.   

 

Both latter studies (Wunder, 2003, Plumb, 2004 & Plumb et al., 2005) provided population 

estimates that were about double of the previous estimates for their respective survey areas 

(USFWS 2011).  We believe that the estimate of 160 adult birds by Childers and Dinsmore 

(2008) is also too high an estimate for the Northeastern Study Area. Since mountain plovers are 

so site specific in this area, a better total count for a population estimate would be to 

systematically walk through the known sites used by plovers in late June/early July and count the 

number of adult mountain plovers flushed or otherwise encountered.    

Habitat Changes 
There appeared to be shifts in mountain plover distribution in the Northeastern Montana Study 

Area from 1992 to 2019.  In 2014 and 2019, we did not observe mountain plovers at stations near 

the abandoned bentonite plant and in the adjacent Brazil Creek.  Early in our survey efforts these 
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were good places to find mountain plovers, and Green (1982, 1983) and Green and Engle (1984) 

recorded many mountain plover observations in this area.  In 2014 and 2019, the vegetation in 

this area appeared too tall for mountain plover use.   

 

Changes in cattle grazing may also have been a factor with changing mountain plover 

distribution.   In 2004, no mountain plovers were found in Lone Tree Creek and the area 

appeared ungrazed that year.  In 2014, a large number of cattle were present in Lone Tree Creek 

and we made 3 observations of mountain plovers in this area.  However, in 2019 cattle, cattle 

were not present in that portion of Lone Tree Creek within the survey route, but we did observe 2 

adult mountain plovers.   In 2014, we did not observe any mountain plovers around Big Rock 

Reservoir, Grub Reservoir, and Sage Hen Creek where we normally find mountain plovers.  

Cattle were not present at Big Rock Reservoir or Sage Hen Creek and only a few cattle were 

present at Grub Reservoir in 2014.  In 2019, Grub Reservoir and Sage Hen Creek had been 

grazed and we did find mountain plovers in this area.  Intensive cattle grazing is probably very 

important for mountain plovers even in this area of depauperate plant communities.   

 

In 2004, we noted that the BLM had recently dug pit reservoirs at 2 census stations (16 and 26) 

that normally received mountain plover use.  In 2014, mountain plovers were observed at both 

census stations close to the reservoirs, and at station 26 we observed a mountain plover standing 

on the spoils mound adjacent to the reservoir and a second mountain plover was in the area.  

Knopf (per. comm.) stated that, on the PNG, if water had leaked on the ground at stock tanks, 

killdeer (Charadrius vociferus) would be present and displace mountain plovers, but this did not 

seem to be an issue in the Northeastern Study Area.  We did not find mountain plovers at these 

sites in 2019.  

 

The Northeastern Montana Study Area had previously been mined for bentonite at 10 sites.  Six 

of the sites were old unreclaimed mine pits and 4 were newer (1980s) mine sites that were 

reclaimed at the start of our surveys.  The reclaimed sites were initially planted with a seed mix 

of native grasses and sagebrush.  Although there was good initial germination and growth, none 

of these plant species persisted at the reclaimed sites.  Instead, a small native forb, rillscale 

(Atriplex diocius), invaded these sites and dominated the vegetation (Knowles and Knowles 

2014).  While conducting a vegetation analysis of these reclaimed sites in August 2013, we did 

observe mountain plovers to use this rillscale  habitat at 1 reclamation site, and in 2019 we 

observed a mountain plover at another rillscale dominated reclaimed site.   We did not observe 

mountain plovers in 2013 and 2014 to use the unreclaimed sites, but they were found 

immediately adjacent to 3 of the unreclaimed sites (Knowles and Knowles 2014). 

CONSERVATION CONSIDERATIONS 
The formula for population extinction is to fragment the habitat and isolate populations, and then 

impose a catastrophic event on the remaining population.   Since settlement of Montana, 

mountain plover populations have been fragmented and isolated due to prairie dog control and 

sylvatic plague epizootics, conversion of native grasslands to cultivated cropland and introduced 

grasses, and changing grazing intensity and patterns by large herbivores.    

We have gathered sufficient data to demonstrate that mountain plover populations are now 

extinct at 2 of our 3 long-term study areas (Southwestern and Central), and at 3 other small 
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isolated sites.  It is apparent that the mountain plover population remaining in the Northeastern 

Study Areas is small, isolated, and vulnerable to extinction.  The habitat conditions in each of the 

study areas have certainly been degraded from presettlement conditions.  Prairie dog colonies are 

reduced, fire has been virtually eliminated, intensive grazing by migratory bison herds is absent, 

and much native grassland has been converted to cultivated cropland or introduced grasses.  

Specific to the Northeastern Study Area are large trans-valley dams, spreader dikes, and contour 

furrowing. 

Of the 9 recently identified mountain plover populations in Montana, extinction appears to have 

already occurred in 5 of these.  These extirpated populations are the Central Study Area (Golden 

Valley, Wheatland and Musselshell Counties), the Southwestern Study Area (Jefferson, 

Broadwater and Madison Counties), and the Teton, Toole and Carter Counties populations.  An 

occasional mountain plover is still observed along Gyp Spring Road in Carbon County (Mike 

Lesnik pers. comm.), but this population is so small it is hard to understand how it survives.  The 

Phillips/Blaine and Treasure/Rosebud County populations are probably greatly reduced due to 

reoccurring plague epizootics in prairie dogs (Knowles 1999, Dinsmore et al. 2005), but there is 

no recent population data on these 2 populations following the most recent plague epizootic.  

Mountain plovers in the Northeastern Study Area (Valley County population) have fluctuated 

over the past 3 decades but remain in low numbers and are certainly vulnerable to catastrophic 

events.  It would not take much to push one or more of the remaining mountain plover 

populations towards extinction.  An above average precipitation year occurring during a 

widespread sylvatic plague epizootic could be devastating for mountain plovers.   

In the Northeastern Study Area, the BLM implemented a large-scale range improvement 

program that destroyed at least half of the suitable mountain plover habitat in the 1950s and 

1960s.   There has also been past bentonite mining in the core area used by mountain plovers.  

Since all bentonite deposits in this area had been claimed prior to the ACEC designation, the 

designation does not restrict future bentonite mining at the claim sites, and indeed there was 

some mining (1 new pit) that occurred between 2014 and 2019.   Other catastrophic events which 

could cause local extinction would include unusual weather events (hailstorms, spring blizzards, 

flash flooding etc.), sylvatic plague in prairie dogs, the elimination of sheep grazing, and 

government policies which favor sodbusting.  As metapopulations become fragmented and 

isolated, the probability of local populations recovering following catastrophic events decreases 

and the probability of losing the entire metapopulation increases proportionately with the loss of 

its member populations.  

In our opinion, the small and isolated mountain plover populations that we have studied in 

Montana are repeated throughout their breeding range on the Great Plains.   The largest 

population of 2000-3000 plovers in South Park, Colorado is, in reality, a small isolated 

population (see discussion below).  The same can be said for the Phillips/Blaine Counties 

population in Montana.  What we have witnessed with the loss and decline of small and isolated 

mountain plover populations in Montana is likely being repeated elsewhere.  The PNG is 

certainly an example of how vulnerable these small populations are to habitat change and 

catastrophic events.  The PNG population was believed to contain 20,000 plovers in 1970 but 

had totally collapsed 3 decades later. 



24 
 

USFWS 2011 Ruling  
The USFWS (2011), in their decision to not list the mountain plover as threatened, made many 

outrageous statements, some of which applied to Montana directly.  They attributed 18.5 million 

acres of suitable mountain plover habitat in Montana and later stated there was 31 million acres 

of grassland habitat available for mountain plovers.  They totally ignored the fact that the 

mountain plover is a very site-specific bird and if exact habitat characteristics are not met, they 

are not capable of successfully nesting and rearing young.  (Briefly stated, these habitat 

requirements are broad level areas >20ha, intensively grazed or otherwise very short vegetation, 

a high percentage of bare ground, and such sites need to be well distributed over a large area to 

support a functional population.) Without any doubt, only a fraction of one percent of Montana’s 

grassland habitat is suitable for mountain plover nesting and brood rearing.  Where mountain 

plover habitat is lost, birds do not simply move over to a new location since it is unlikely that 

additional suitable habitat is available.  While there may be plenty of potential mountain plover 

habitat in Montana, very little of it is suitable for mountain plover use.  Mountain plovers require 

large level upland areas (>20 ha) of very short vegetation (< 8 cm tall), and lots of bare ground 

(>30%) for successful nesting.  Additionally, these areas need to be sufficiently abundant and 

closely spaced to support a viable population.   

USFWS (2011) claimed that the black-tailed prairie dog is a resilient species not likely to decline 

and that rangeland conversion to agriculture remains insignificant.  For Montana, they 

specifically stated that the threat of future destruction of both prairie dog and mountain plover 

habitat through agricultural conversion was minimal.   These statements are in direct conflict 

with what is actually happening with plague epizootics in Montana’s major prairie dog colony 

complexes, rozol poisoning of prairie dogs on private lands, and sodbusting in Montana.  The 

document also treated all prairie dog acres in Montana as being mountain plover habitat, when in 

fact most of Montana’s prairie dog acreage is not suitable for mountain plovers because of the 

topographic setting or size and distribution of the colonies.  For example, mountain plovers 

require at least 20 ha of upland prairie dog habitat in broad level prairie to be suitable for nesting, 

but the majority of prairie dog colonies in Montana are less than 20 ha and most of the prairie 

dog colonies in southeastern Montana are located in drainages.   

The 2011 USFWS mountain plover assessment stated that part of the reason for not listing 

mountain plovers was the discovery of a high-density mountain plover population in South Park 

Colorado.  In 2001, the density estimates for this area that was used in the USFWS assessment 

was 12.8 plovers per square kilometer.   However, a 2016 density estimate for South Park placed 

the density less than a quarter of that (2.8 per square kilometer) (Pierce 2017).  The USFWS 

stated that even though long term trend data showed mountain plovers declining, a better 

accounting of mountain plover numbers showed that there were almost twice as many mountain 

plovers (15,000 to 20,000) as compared to their earlier estimate of 11,000 to 13,000 birds.    

MANAGEMENT SUGGESTIONS 
Although the remaining mountain plover populations may exhibit resilience on a short-term 

basis, there is no guarantee that these populations will persist in the long-term under present 

habitat conditions.  These Montana mountain plover populations will be vulnerable to extinctions 

due to catastrophic events on the breeding grounds, wintering areas, and along migratory routes.  

Further declines in habitat suitability can also be expected.  A conservation strategy should be 
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developed and implemented immediately for each area of Montana where mountain plovers still 

persist in Montana.  Of the 4 areas where mountain plovers are known to remain (Northeastern 

Study Area, Phillips/Blaine Counties, Rosebud/Treasure Counties, Carbon County) there is 

significant Federal landownership, and there are opportunities to preserve and enhance mountain 

plover habitat.  Unfortunately, mountain plovers that were associated with private lands in 

Montana are pretty much gone.   Mountain plover conservation efforts on the PNG following the 

collapse of that mountain plover population have demonstrated that it is extremely unlikely that 

the population can be recovered once it is lost.  Conservation efforts in Montana should be 

focused on areas with public lands and in areas that still contain viable mountain plover numbers.    

Examples of management actions that might benefit mountain plovers would be:  

1) Increased cattle grazing in areas with mountain plovers both in numbers and length of grazing 

season - there should be no rested pastures,  

2) Prairie dogs should be encouraged on public lands such as in Phillips/Blaine and 

Rosebud/Treasure Counties – this could include increased livestock grazing and restriction of 

prairie dog shooting.    

3) Burning small patches of level upland prairie during fall or early spring may be helpful at 

providing suitable sites for mountain plover nesting.  Mountain plovers are attracted to burned 

areas.   
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APPENDIX A 

LIST OF PERMANENT CENSUS STATIONS 
Table A1.  List of census stations for the Central Montana Study Area showing the 

latitude/longitude coordinates. Latitude/longitude coordinates are in decimal degrees North and 

West respectively. 

  

Station Number  Latitude  Longitude 

1   46.60596  -110.09472 

2   46.60608  -110.08334 

3   46.59613  -110.08315 

4   46.55727  -110.08284 

5   46.53366  -110.08288 

6   46.51907  -110.08292 

7   46.51188  -110.08295     

8   46.49002  -110.08300 

9   46.47514  -110.07729 

10   46.46618  -110.07201 

11   46.51888  -109.89285 

12   46.52661  -109.89333 

13   46.52818  -109.91395   

14   46.53316  -109.92274 

15   46.53334  -109.89279   

16   46.55288  -109.89285 

17   46.56258  -109.89306 

18   46.56279  -109.95605 

19   46.59184  -109.95655 

20   46.61501  -109.97758 

21   46.63176  -109.97757 

22   46.64759  -109.97766 

23   46.66096  -109.97754 

24   46.67890  -109.97737 

25   46.67910  -109.91117 

26   46.67885  -109.89067 

27   46.67133  -109.87207 

28   46.66442  -109.86518 

29   46.62099  -109.83911 

30   46.62097  -109.77496 

31   46.61966  -109.76950 

32   46.62809  -109.76614 

33   46.65017  -109.51240 

34   46.65016  -109.49814 

35   46.65015  -109.49142 

36   46.61286  -109.45195 

37   46.60671  -109.45203 

38   46.61347  -109.53565 

39   46.64763  -109.52934 
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40   46.60658  -109.61997 

41   46.60662  -109.60806 

42   46.60658  -109.44386 

43   46.60654  -109.43655 

44   46.60654  -109.43082 

45   46.60660  -109.41395 

46   46.60660  -109.40586 

47   46.60669  -109.36837 

48   46.60664  -109.32040 

49   46.60680  -109.30458 

50   46.61783  -109.31550 

51   46.63231  -109.32567 

52   46.63588  -109.31505  fence across road 

53   46.64294  -109.32587 

54   46.64998  -109.32602 

55   46.60644  -109.26247 

56   46.56431  -109.26241 

57   46.55555  -109.26235 

58   46.54858  -109.26791 

59   46.54918  -109.28334 

60   46.55755  -109.28333 

61   46.57518  -109.28342 

62   46.60641  -109.28363 

63   46.60664  -109.24155 

64   46.60660  -109.22053 

65   46.60659  -109.21114 

66   46.62338  -109.17834 

67   46.62561  -109.17580 

68   46.63139  -109.16905 

69   46.63550  -109.15769 

70   46.64280  -109.15739 

71   46.63561  -109.14703 

72   46.63562  -109.13628 

73   46.63517  -109.12624 

74   46.63471  -109.11590 

75   46.63486  -109.10516 

76   46.63500  -109.09187 

77   46.62880  -109.11581 

78   46.62022  -109.10533 

79   46.61196  -109.09927   

80   46.60567  -109.09454 

81   46.60559  -109.08385 

82   46.60511  -109.07491 

83   46.59466  -109.07377 

84   46.58724  -109.07378 

85   46.56785  -108.82985   
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86   46.69587  -108.87565   

87   46.60540  -109.10485 

88   46.60510  -109.11410 

89   46.60655  -109.16782 

90   46.60657  -109.17841 

 

 

Table A2.  List of census stations for the Northeastern   Montana Study Area showing the 

latitude/longitude coordinates and number of mountain plovers observed at each station in 2014. 

Latitude/longitude coordinates are in decimal degrees North and West respectively. 

 

 

1   48.15575  -107.02760   

2   48.15440  -107.02740 

3   48.13466  -107.02284 

4   48.13266  -107.02419 

5   48.13889  -107.02692 

6   48.12982  -107.02615 

7   48.12601  -107.02884 

8   48.11735  -107.03214   

9   48.11483  -107.03256 

10   48.11535  -107.03613 

11   48.10678  -107.03414 

12   48.10302  -107.03478 

13   48.10043  -107.03376 

14   48.10013  -107.02390   

15   48.11532  -107.03661 

16   48.10579  -107.04050 

17   48.10529  -107.04828 

18   48.10112  -107.04193   

19   48.09737  -107.04634 

20   48.09306  -107.04366   

21   48.08993  -107.04343 

22   48.08805  -107.04140 

23   48.08783  -107.03280 

24   48.08779  -107.02836   

25   48.08863  -107.02379   

26   48.06009  -107.01414 

27   48.05466  -107.01249 

28   48.05399  -107.00594 

29   48.07309  -107.11197 

30   48.07385  -107.11865 

31   48.07511  -107.12421 

32   48.07529  -107.13184 

33   48.07777  -107.14201   
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34   48.07799  -107.14642 

35   48.08155  -107.15601    

36   road washed out 

37   road washed out 

38   48.08615  -107.16241 

39   48.09138  -107.17580   

40   48.09561  -107.18223 

41   48.10162  -107.18877 

42   48.10085  -107.19588 

43   48.09694  -107.19980 

44   48.10851  -107.15733   

45   48.11052  -107.14880 

46   48.11267  -107.13735 

47   48.10622  -107.11801 

48   48.10314  -107.08270 

49   48.10348  -107.07739 

50   48.10389  -107.07132 

51   48.10468  -107.05924 

52   48.14025  -107.01911 

53   48.14863  -107.01536 

54   48.15352  -107.00993 

55   48.12182  -107.00578   

56   48.11659  -107.00550   

57   48.11319  -107.00552 

58   48.10936  -107.00404 

59   48.10670  -107.00240   

60   48.09931  -106.99402 

61   48.08543  -106.96106 

62   48.07757  -106.87993 

63   48.05785  -106.90051 

64   48.05422  -106.90260 

65   48.05147  -106.90413 

66   48.02833  -106.87733 

67   48.03789  -106.91533 

68   48.03460  -106.92613 

69   48.02771  -106.93740    

70   48.04697  -106.89822 
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Appendix B 

Maps of Permanent Census Stations 

Map of Central Census Stations (with link):  

https://drive.google.com/open?id=1uULmBg919DtRnAZoMErbtsv5-m5BjeCw&usp=sharing 

Map of Northeastern Census Stations (with link): 

https://drive.google.com/open?id=1zWq4Y4N_RJNNk5GM87oF05b04XIncYlV&usp=sharing 

https://drive.google.com/open?id=1uULmBg919DtRnAZoMErbtsv5-m5BjeCw&usp=sharing
https://drive.google.com/open?id=1zWq4Y4N_RJNNk5GM87oF05b04XIncYlV&usp=sharing
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Abstract: The black tailed prairie dog is a native Montana 
wildlife species.  In Montana, prairie dogs breed in March and 
April and pups are born in April and early May.  Pups emerge from 
natal burrows from mid-May through early June.  Average above 
ground litter size over a 3 year period in 2 un-shot north-
central Montana prairie dog colonies was 3.4 and 1.6 pups.  
Approximately 40% of the females in north-central Montana bred.  
Normal summer and yearly prairie dog mortality in colonies 
protected from shooting was 17-23% and 39-53%, respectively.  The 
mean generation time for prairie dogs protected from shooting in 
north-central Montana was approximately 2.7 years.  In 1 colony, 
the average female replaced herself with 1.2 female offspring 
during her lifetime and in another colony the average female 
produced only 0.3 female offspring in her lifetime.  During the 
late 1980s and 1990s sylvatic plague impacted several major 
Montana prairie dog colony complexes.  During this same period, 
recreational shooting of prairie dogs increased in popularity.  
Two published Montana studies have investigated the impacts of 
shooting on prairie dogs.  One study, conducted on the Charles M. 
Russell National Wildlife Refuge (CMR) from 1978 to 1980, 
evaluated the use of shooting as a prairie dog control technique, 
and concluded that it was effective at reducing prairie dogs and 
preventing the growth of small colonies.  The other study 
evaluated the impacts of recreational shooting on prairie dogs in 
southern Phillips County.  This study documented a 15% average 
summer mortality rate on un-shot colonies and a 35% average 
summer mortality rate on shot colonies.  Data collected by the 
conservation agencies in this area found that the average prairie 
dog shooter spends about 3 days shooting prairie dogs, fires 
about 150 to 160 rounds of ammunition per day and hits 40 to 60 
prairie dogs per day.  Using simple calculations based on the 
number of licensed prairie dog shooters and acres of prairie dogs 
on the Fort Belknap Reservation, up to 45% of the prairie dog 
population may be removed by shooting in some years.  Neither 
Montana shooting study determined if shooting mortality is 
compensatory to natural mortality, and neither study determined 
if there is an annual surplus of prairie dogs.  Colony size 
growth rates for frequently mapped prairie dog complexes indicate 
that the concept of sustained annual yield cannot be directly 
applied to prairie dogs since negative average growth rates were 
noted in 51 (36%) of 140 years monitored.  Recreational shooting 
has the potential to impact prairie dog associated species both 
directly (mortality) and indirectly (disturbance and reduced 
prairie dog density).  It is recommended that management 
objectives for prairie dog complexes be established and then 
develop management strategies that will achieve those objectives. 
 Depending on the objective, shooting may or may not be an 
appropriate activity.  Montana's prairie dog conservation plan 
goal is to conserve prairie dogs and associated species. 
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 INTRODUCTION 
 
The black tailed prairie dog is a native Montana wildlife 
species. 
It was originally found in most grassland and shrub/grassland 
habitats east of the Continental Divide.  During the late 1980s 
and 1990s prairie dog populations in some areas of Montana showed 
substantial declines.  Sylvatic plague was active during this 
time period and probably was responsible for much of this 
decline.  During this same time period, recreational shooting of 
prairie dogs increased in popularity as sporting arms technology 
increased the range and accuracy of small caliber rifles.  
Although, the impact of recreational shooting on prairie dogs 
over a broad region has not been investigated, there have been 4 
studies (3 in Montana and 1 in North Dakota) that have evaluated 
specific aspects of shooting on a limited number of prairie dog 
colonies.  In addition, there is prairie dog management data from 
Fort Belknap Indian Reservation that has tracked prairie dog 
acreage and numbers of recreational shooters over an extended 
period, and there is also information from Fort Belknap and 
Phillips County on the number of shots typically fired by 
recreational shooters and the number of prairie dogs hit.   
 
 
 A REVIEW OF PRAIRIE DOG POPULATION ECOLOGY  
 
Knowles (1987) reported on prairie dog reproductive ecology in 
southern Phillips County, Montana.  He found that prairie dog 
breeding occurs during a 4 week interval from early-March to 
early April, but late winter and early spring weather can 
influence mean conception dates considerably.  Prairie dogs have 
approximately a 30 day gestation period, and young were born from 
early April through early May.  Pups were observed to emerge from 
their natal burrow from mid-May to early June when approximately 
44 days old.  Prairie dogs breed only once per year.  The average 
in-utero litter size was 4.4, but ranged from 3.8 to 5.0.  
Reproduction in yearling females was highly variable with an 
average of only 43% breeding.  About 90% of females older than 1 
year bred.  Approximately 25-44% of the in-utero reproduction 
failed to survive to emergence of pups above ground (6 weeks of 
age).  Consequently the above ground litter size is considerably 
less than the in-utero litter size, and over a 3 year period in 2 
un-shot north-central Montana prairie dog colonies it averaged 
3.4 and 1.6 pups per litter.  Mean generation time for prairie 
dogs in these 2 colonies was 2.6-2.8 years.  In 1 of these 2 
colonies the average female replaced herself with 1.2 female 
offspring during her lifetime and in the other colony the average 
female produced only 0.3 female offspring in her lifetime. 
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 A REVIEW OF MONTANA SHOOTING STUDIES 
 
Knowles (1988) conducted a controlled shooting experiment at 2 
small prairie dog colonies (2.1 and 14.6 ac) on the Charles M. 
Russell National Wildlife Refuge well before (1978-1980) plague 
was documented in this area (1992).  The purpose of the 
experiment was to evaluate the effectiveness shooting as a 
control technique.  The shooting was conducted primarily in 
spring and early summer using 0.22 caliber rim-fire rifles.  The 
time spent shooting, number of shots fired, and prairie dogs hit 
were recorded (Table 1).  Effects of shooting were documented by 
measuring prairie dog activity levels (maximum counts) on the 2 
shot colonies and 1 colony that was not subjected to shooting.  
The results clearly demonstrated that shooting reduced prairie 
dog activity levels when compared to the un-shot colony (Figure 
1).  By the second year of shooting, nearly all prairie dogs were 
eliminated in the smallest colony (1 prairie dog remained).  
Moreover, it was apparent that neither colony could sustain the 
level of harvest resulting from as little as 1.6 hours of 
shooting effort per acre of prairie dog colony.  An estimated 5.1 
to 7.0 prairie dogs per acre were removed from the colonies with 
1.6 to 8.3 hours of shooting effort per acre of colony.  The peak 
early summer prairie dog density estimates based on mark-
recapture estimates for 3 undisturbed colonies in this same area 
during the same time period ranged from 5.0 to 10.1 prairie dogs 
per acre.  The removal of 5 to 7 prairie dogs per acre is 
considered significant.  These 2 colonies were located close to a 
320-acre colony and immigration of prairie dogs into the smaller 
colonies from the larger colony was known to influence prairie 
dog numbers the year after terminating shooting.   
 
Vosburgh and Irby (1998) studied the effects of recreational 
shooting at 10 prairie dog colonies in southern Phillips County 
in 1994 and 9 colonies in 1995 and compared the results to 8 
colonies protected from shooting on the Charles M. Russell 
National Wildlife Refuge.  Apparently only data from 1995 were 
suitable for determining changes in prairie dog density from June 
through August.  In 1995, prairie dog population size declined an 
average of 35% in the 9 shot colonies while density declined an 
average of 15% in un-shot colonies during the same time period.  
These differences were considered significant.  Shooting appeared 
to more than doubled the summer mortality as compared to the un-
shot colonies.  Shooter registration at the study colonies showed 
that recreational shooting began in May and extended through 
September suggesting that the actual changes in density due to 
shooting would be greater than 35% since the prairie dogs in the 
study colonies were counted in June and August.  The peak number 
of shooters registering at the study colonies during both years 
of the study occurred during June, but in 1995 a considerable 
number of shooters registered in July and August as well.  Two 
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colonies received a disproportionate amount of shooting (57% of 
the registered shooters).  The shooting effort expended at the 9 
study colonies is presented as an average in Table 1 and would be 
a minimum estimate since not all shooters registered.  Currently 
this study is the best and only effort to document population 
changes due recreational shooting.  The 35% decline in summer 
prairie dog density in the shot colonies is considerably higher 
than the early summer to early fall mortality (17-23%) reported 
by Knowles (1982) for 2 prairie dog colonies on the CMR protected 
from shooting (Table 2).  The 15% decline in prairie dog density 
for un-shot colonies on the CMR studied by Vosburgh and Irby 
(1998) was comparable to the early summer to early fall mortality 
reported by Knowles (1988) for protected colonies on the CMR 15 
years earlier.  Year-long prairie dog mortality reported by 
Knowles (1982) for 2 un-shot colonies over a 2-year period 
averaged 39% for 1 colony and 53% for another colony (Table 2).  
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Table 1.  Summary of shooting at a 14.6-acre (Colony A) and a 
2.1-acre (Colony B) colonies on the Charles M. Russell National 
Wildlife Refuge during 1978 and 1979.  The shooting was conducted 
with a 0.22 caliber rifle in 1978 and a 0.22 caliber magnum rifle 
in 1979.  Also presented is information from Vosburgh and Irby 
(1998) and Vosburgh (1999) for comparison purposes. 
_________________________________________________________________ 
Colony     Hours          Dogs   Shots/ Dogs/   Shots/  Dogs 
  Year   shooting  Shots  hit    hour   hour    dog     
removed/ac 
_________________________________________________________________ 
Colony A 

 

 
Figure 2.  Population impacts of experimental shooting at 
two Charles M. Russell National Wildlife Refuge prairie dog 
colonies in 1978 and 1979 relative to an un-shot colony.  
Colonies were not shot during 1980.   
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  1978     22.8     503    99    22.1    4.3     5.1      6.8 
  1979     36.4     239   102     6.6    2.8     2.3      7.0 
 
Colony B  
  1978     17.5     217    23    12.4    1.3     9.4      6.9 
  1979      6.1      30    16     4.9    2.6     1.9      5.1 
 
Vosburgh1   2.6      70    23    26.9    8.8     3.0      -- 
            8.5     166    58    19.5    6.8     2.9      1.3 
 
Ft. Belk.2 day3     150    45    21.4    6.4     3.3      -- 
Phillips2   7       160    60    22.3    8.6     2.6      --   
_________________________________________________________________ 
1 Data represent averages from Vosburgh and Irby (1998).  These 
are 
  minimum estimates since not all shooters registered. 
2 Data for Fort Belknap and Phillips County are from Vosburgh    
    (1999). 
3 A day of shooting is assumed to be 7 hours. 
 
Vosburgh (1999) also compared counts of prairie dogs on 4 shot 
and 3 un-shot colonies on Fort Belknap Reservation during 1999.  
The number of prairie dogs counted declined 20% on shot colonies 
and 10% on un-shot colonies (Vosburgh 1999).  In 1999, 250 
shooters were licensed at Fort Belknap and 14,230 acres of 
prairie dog were mapped (estimated 0.37 hours of shooting per 
acre).  In 2000, the number of licensed shooters declined to 
approximately 100 probably due to a plague outbreak that was 
detected in 1999, and to a 3 day shooting limit on licensed 
shooters.  This study also showed that guided shooters with the 
hi-tech guns and ammo who spend all day in the field, shot about 
150 rounds per day and hit 40-50 prairie dogs.  A similar study 
conducted by Bureau of Land Management (BLM) and MT Dept. Fish 
Wildlife and Parks (FWP) indicated that the average shooter hits 
about 60 prairie dogs per day during 7 hours of shooting.  
Vosburgh and Irby (1998) reported most shooters spend 2-3 days 
shooting prairie dogs and kill about 200 prairie dogs during 
their visit.  
 
 
Table 2.  Estimates of peak prairie dog density (prairie dogs per 
acre) during summer and percent mortality in 3 un-shot prairie 
dog colonies on the CMR from 1978 through 1980.  Data is from 
Knowles (1982). 
_________________________________________________________________ 
                                        Yearlong    Summer 
                             Density    Mortality   Mortality 
_________________________________________________________________ 
Large stable colony           10.1         39%        17% 
 
Colony maintained              5.4         53%        23% 
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through immigration 
 
Small                          5.0          --         -- 
expanding colony 
_________________________________________________________________ 
 
These 2 studies (Vosburgh and Irby 1998 and Vosburgh 1999) 
indicate that summer population declines are greater on shot 
colonies than on un-shot colonies with a minimum of 0.2 to 0.4 
hours of shooting effort per acre of prairie dog colony.  Prairie 
dog density estimates in these 2 studies were made after prairie 
dog pups emerged from natal burrows in late May and early June, 
and did not consider the impact of shooting in spring (March 
through May) when pregnant females or females with very young 
pups are particularly vulnerable.  Although June through August 
are the primary months for shooters (Vosburgh and Irby 1998), 
some recreational shooting does take place during May and 
September (Vosburgh and Irby 1998).   
 
The data from Vosburgh and Irby (1998) and Vosburgh (1999) shown 
in Table 1 reflect information gathered from recreational 
shooters using small caliber high velocity center-fire rifles.  
The number of shots taken per hour and prairie dogs hit per hour 
were generally more than what was recorded by Knowles (1988) 
under controlled conditions.  This could be due to the longer 
effective range of high velocity center-fire cartridges providing 
an opportunity to shoot at a greater number of prairie dogs with 
a relatively high probability of hitting a prairie dog versus 
rim-fire cartridges with a limited effective range.   
 
In the study conducted by Knowles (1988), approximately 1.6 and 
2.4 hours of shooting were expended on each acre of the larger 
prairie dog colony for each year, and 8.3 and 2.9 hours of 
shooting were expended on each acre of the smaller prairie dog 
colony for each year.  Vosburgh and Irby (1998) recorded 0.2 
hours of shooting effort per acre in 1995 based on shooter 
registration forms left at the 9 survey colonies (this is a 
minimum estimate).  Shooting effort based on hours spent shooting 
per acre by Knowles was 6 to 41.5 times greater than reported in 
the Vosburgh and Irby (1998) study.  However, the actual removal 
of prairie dogs on a per acre basis was only 3.9 to 5.4 times 
greater in the study conducted by Knowles (1988).  This 
difference is probably due to the differences between rim-fire 
and center-fire rifles described above.  The comparison of these 
studies (Knowles 1988, Vosburgh and Irby 1998, and Vosburgh 1999) 
illustrates that shooting can impact prairie dog populations and 
that it is just a matter of the number of hours of shooting 
effort expended on a colony in relation to the size of the colony 
that determines the level of the impact. 
 
Knowles (1988) noted that shooting prairie dogs during the spring 
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(April and May) when females were pregnant or lactating may have 
a substantially greater population impact than shooting prairie 
dogs during summer.  There is no question that shooting females 
with dependent young in the burrow results in the starvation 
death of the pups as well.  During the controlled shooting 
conducted by Knowles (1988), it was apparent that young prairie 
dogs pups emerged prematurely from their natal burrows following 
the death of their mother.  Prairie dog pups are extremely 
altricial; they are naked the first week after birth, and their 
eyes do not open until 40 to 45 days of age.  It is only after 
their eyes open that they emerge from the burrow.  During the 
first week or 2 above ground prairie dog pups are extremely naive 
and are slow to respond to alarm barks of adults.  Prairie dogs 
breed only once a year (March and April) and it is likely that 
shooting mortality during spring is additive to natural mortality 
that occurs from summer through winter.  Spring is when prairie 
dog densities within a colony are at a low point.   
 
The study by Knowles (1988) did not address what the population 
consequences might be on prairie dog colonies that were shot at 
by recreational shooters.  Unknown factors at this time were the 
number of shooters, the amount of time spent shooting, the 
distribution of the shooting effort across the landscape and the 
persistence of prairie dog shooters at a colony.  In such a 
context, shooters have free movement among colonies and may 
distribute their shooting effort to colonies that are perceived 
to provide the most recreation.  Vosburgh and Irby (1998) found 
that 2 colonies accounted for 57% of the total recorded shooting 
effort during their study.  It is not known if shooters will move 
on to other colonies when a critical threshold population level 
is reached.   
 
It is believed that in some years there is an annual surplus of 
prairie dogs that could be removed without negatively impacting 
an established prairie dog population, but this assumption has 
not been validated with empirical data.  Prairie dog colony 
expansion (Table 3) and prairie dog dispersal (see Knowles 1985) 
are both evidence that there is a surplus of prairie dogs in some 
years.  If prairie dog acreages are reflective of a prairie dog 
population, it is apparent that following termination of 
poisoning prairie dog populations can expand at 50% or more per 
year for several years when the initial colony size is very small 
and there are old burrows available for colonization.  However, 
such colony growth rates are rarely maintained over an extended 
period (Table 3).  Moreover, Table 3 shows that prairie dog 
colony growth rates are highly variable and that negative growth 
rates are common.  Growth rates for the frequently mapped prairie 
dog complexes in Table 3 indicate that the concept of sustained 
annual yield cannot be directly applied to prairie dogs since 
negative average growth rates were noted in 51 (36%) of 140 years 
monitored.  Knowles (1985) also noted that prairie dog dispersal 
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was not consistent between years.  As a minimum, it can be 
concluded that a surplus of prairie dogs is not necessarily 
available every year and that when there is a surplus it is not 
consistently the same.   
 
 

 

 

 
Figure 3.  Summary of prairie dog acreage and number of 
licensed prairie dog shooter on the Fort Belknap Indian 
Reservation from 1978 to 2000.  
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Table 3.  Annual prairie dog colony growth rates for Theodore 
Roosevelt National Park in western North Dakota and for 4 areas 
of Montana. 

      
      Area 

   Annual Rate  
    of Change 

        
      Source 

 Roosevelt NP 
 western ND 

1947-53   51% 
1953-56  -21% 
1956-57  -26% 
1957-63   29% 
1963-65    1% 
1965-73   -7% 
1973-77   -1% 
1977-82    2% 
1982-85   12% 
1985-88   -5% 
1988-91   20% 
1991-92    9% 
1992-95   -3% 
1995-97    3% 

TRNP files 

 C.M. Russell NWR 
 north-central MT  

1964-70   71% 
1970-74   15% 
1974-79    2% 
1979-84    7% 
1984-88    5% 
1988-94   -5% 
1994-95  -20% 
1995-97    0% 

  Knowles 1982 
  & CMR files 

 Phillips County 
 north-central MT 

1981-84   15% 
1984-88    3% 
1988-92  -10% 
1992-93   -3% 
1993-98    1% 

  Reading et al. 
  1989 and     
  Stoneberg 1993 
  John Grensten 
  (pers. comm.) 

 Northern Cheyenne 
 Reservation,  
 south-central MT 

1984-90   12% 
1990-94  -23% 
1994-95  -36% 
1995-97   25% 
1997-98   39% 
1998-99   63% 
1999-00   37% 

  FaunaWest 1994 
  Steve Fourstar 
  (pers. comm.) 

 Fort Belknap 
 Reservation,  
 north-central MT 

1978-90   12% 
1990-94   -4% 
1994-96  -23% 
1996-97   22% 
1997-98   11% 
1998-99   -5% 
1999-00   -9% 

  FaunaWest 1991 
  BIA Files 
  Tim Vosburgh 
  (pers. comm.) 
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Fort Belknap has collected information on numbers of licensed 
prairie dog shooters and prairie dog acreage since 1978.  This 
information is displayed in Figure 2.  In 1994, prairie dog 
acreage was mapped at 20,600 acres and there were 510 licensed 
shooters.  Using simple calculations and assuming 10 prairie dogs 
per acre (see Table 2), Fort Belknap had a prairie dog population 
of approximately 206,000 individuals.  Using information from 
Vosburgh and Irby (1998) of the average shooter firing 160 rounds 
per day and hitting 60 prairie dogs and the average shooter 
spending 3 days shooting (Vosburgh 1999); then the average 
shooter would kill 180 prairie dogs.  This would equal about 
91,800 prairie dogs being shot on the Fort Belknap Reservation or 
about 45% of the estimated prairie dog population in that year.  
Although these may be gross estimates of shooter effort and the 
total prairie dog population on Fort Belknap, these figures 
illustrate that cumulatively across a broad area recreational 
shooting does have the potential to influence prairie dog 
populations.  The decline in prairie dog acreage from 1990 to 
1996 on the Fort Belknap Reservation (Figure 2) could have been 
due to shooting (Figure 3).  Fleas were collected from several 
prairie dog colonies across the Reservation in 1996 and none of 
the fleas tested positive for plague (Knowles 1996).  Significant 
positive plague titers in coyotes collected for plague monitoring 
purposes on the Reservation were not detected until 1996.  
Declines in prairie dog acreage on Fort Belknap from 1996 to 1998 
and from 1999 to 2000 were likely due in part to a plague 
epizootic.  The reduction of prairie dog shooters shown in Figure 
2 was in response to increases in license fees, a 3 day shooting 
limit imposed in 2000, and a declining prairie dog population.  
However, prairie dog acreage did increase following a 67% 
reduction in licensed prairie dog shooters.   
 
Recreational shooting may have other impacts on prairie dogs 
beside increased mortality rates.  Shooting may disrupt prairie 
dog social  behavior, and is certainly selective against prairie 
dogs that sit on a mounds and issue alarm barks.  Under natural 
conditions, alarm barks decrease the risk of predation within a 
prairie dog colony and it is assumed that barking prairie dogs 
are more likely to pass an their genes.  Stockrahm and Seabloom 
(1988), working in western North Dakota, studied prairie dog 
reproductive rates on 2 colonies that received intensive 
recreational shooting and 2 colonies that did not receive 
recreational shooting.  They found fewer males, smaller litter 
sizes and very few females breeding as yearlings in the 2 shot 
colonies when compared to 2 colonies where shooting was not a 
factor.  These authors suggested that shooting disrupted the 
prairie dog social system.  This study did not demonstrate an 
inverse relationship between prairie dog density and natality 
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(principle of inversity).  Vosburgh and Irby (1998) reported a 
higher juvenile to adult female ratio on their shot colonies, but 
stated they were unable to demonstrate an unambiguous 
relationship to compensatory reproduction.  Vosburgh and Irby 
(1998) found no significant differences in sex ratio at shot and 
un-shot colonies during 3 of the 4 sampling periods.  However, 
their last sampling period resulted in a higher male to female 
ratio on shot colonies as compared to un-shot colonies.          
            
 

 
Figures 4 and 5 are presented to compare and contrast prairie dog 
colony acreage trends for 2 segments of the same prairie dog 
complex.  The BLM portion of the prairie dog complex was sujected 
to recreational shooting and plague starting in 1992.  The CMR 

 

 
Figure 4.  Prairie dog shooting effort (hours/acre) at the 
Fort Belknap Reservation from 1990 to 2000. 
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portion of the complex was protected from recreational shooting 
but was also impacted by plague.                                 
                                                                 
                                                                 
     
 IMPACTS OF RECREATIONAL SHOOTING ON ASSOCIATED SPECIES 
 
Recreational shooting can impact prairie dog associated species 
through direct mortality and indirectly through disturbance and 
reduced habitat quality resulting from lower prairie dog density 
in shot colonies.  The incidental take by recreational shooting 
of protected bird species associated with prairie dogs has been 
reported.  This includes burrowing owls (FaunaWest 1998, John 
Grensten pers. commun.), mountain plovers (John Grensten pers. 
commun.), and ferruginous hawks (FaunaWest 1998, John Grensten 
pers. commun.) being found dead on prairie dog colonies.  Other 
birds observed dead on prairie dog colonies include black-billed 
magpies and California gulls.  Dead badgers have also been 
observed on prairie dog colonies (FaunaWest 1998).  There is also 
opportunity for ground nesting birds to have nests and un-fledged 
chicks crushed by off-road vehicle use.  The number of nests 
crushed is directly related to the amount of off-road vehicle use 
during the nesting period.  Mountain plovers would be 
particularly vulnerable to this activity since their nesting is 
concentrated on prairie dog colonies.  Mountain plover numbers 
are sufficiently low that any man-caused mortality should be 
considered significant.   The population significance of direct 
mortality of associated species resulting from recreational 
prairie dog shooting has not been studied.  However, on the 
Pawnee National Grassland incidental take due to recreational 
shooting is believed to be a significant local loss of burrowing 
owls (letter from Jason Wooodard to John Sidle, March 2001).   
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Figure 4.  Prairie dog acreage trend in Phillips County, 
Montana on BLM, state and private lands from 1980 to 1998. 
Plague was noted in 1992. 
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Lead poisoning may be another source of mortality for prairie dog 
associated bird species.  Fragments of lead ingested by raptors 
when scavenging shot prairie dog carcasses have the potential to 
kill or severely disable raptors.  Burrowing owls are reported to 
scavenge poisoned prairie dogs (Butts 1973) and would also be 
expected to feed on prairie dogs killed by recreational shooting. 
 Ferruginous hawks and golden eagles are 2 other raptors known to 
scavenge on dead prairie dogs.  Shooting in some areas has been 
sufficiently intense during the past decade to literally put 
millions of pieces of lead on the ground.  It is unknown if 
passerine birds are picking up pieces of this toxic heavy metal. 
 Mortalities in morning doves have been noted with ingestion of 
only 2 lead pellets.  Ingestion of lead is a known significant 

 

 
Figure 5. Prairie dog acreage trend for the UL Bend and 
western portion of the Charles M. Russell National Wildlife 
Refuge, Montana.  Plague was noted in the area in 1992. 
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problem for birds (Lewis and Ledger 1968 and Wiemyer et al. 
1988). 
 
The disturbance associated with recreational shooting is also an 
unknown factor and potentially could cause ground nesting birds 
to temporarily vacate a nest or abandoned it entirely.  Burrowing 
owl density and nesting success on prairie dog colonies is 
thought to be directly related to prairie dog density (Desmond 
and Savidge 1998).  Recreational shooting reduces prairie dog 
density and this may change the qualitative value of prairie dog 
habitat to associated species.   
 
Mapping of prairie dog colonies throughout Montana from 1996 
through 1998, indicated that recreational shooting was widespread 
(FaunaWest 1998).  Vehicle tracks through prairie dog colonies 
were common, and it was not unusual to encounter shooters in the 
field.  The study by Vosburgh and Irby (1998) demonstrated that 
June is the month receiving the most shooting activity.  June is 
also the month with the greatest average precipitation in Montana 
east of the Continental Divide, and off-road vehicle use by 
prairie dog shooters results in deep ruts when the soil is soft. 
  
 
 REASONS FOR SEASONAL RESTRICTIONS ON THE TAKE OF PRAIRIE DOGS 
 
1)  The shooting of lactating female prairie dogs in April 
through early June results in the starvation death of dependent 
young.  Based on a study by Vosburgh and Irby (1998) 15% of the 
recreational shooting from May through August occurs in May.  
Another 39% occurs in June when prairie dog pups are not well 
acclimated to above ground activity.  Shooting mortality during 
April and May would have high probability of being additive to 
natural mortality.   
 
2)  Shooting efforts with as little as 1.6 hours of shooting per 
acre of prairie dog colony with rim-fire rifles can negatively 
impact prairie dog populations, and shooting efforts of 0.2 hours 
of shooting per acre of prairie dog colony with center-fire 
rifles can double the normal summer (June through August) 
mortality. 
 
4)  The available information on prairie dog populations suggests 
that we have a poor understanding of what might be an annual 
surplus of prairie dogs and that there is not a consistent 
surplus between years.   
 
5)  On a state-wide basis, the amount of recreational shooting is 
largely unknown.  On a regional basis, only Fort Belknap Indian 
Reservation has tracked the number of shooters through license 
sales.  Based on anecdotal information, recreational shooting is 
widespread and occurs at significant levels.   



 

 
 
 17 

 
6)  Frequently mapped prairie dog complexes have not increased 
under a regime of unrestricted shooting and sylvatic plague (see 
Figures 2 and 4). 
 
7)  A spring through early summer closure of prairie dog shooting 
on Federal a lands would: 
 a) defer shooting to a period when prairie dog pups are     
       weaned and have been acclimated to above ground activity. 
     b) defer shooting to a period when prairie dog associated   
       bird species have completed most of their nesting activity 
     c) defer shooting activity during spring and early summer to 
      private, state, and tribal lands.  Only 29% of the Montana 
        prairie dog population is known to occur on Federal 
lands,         and about 20% of the Federal prairie dog acreage 
is                protected on the CMR.  Some shooters may pursue 
their              activities in states lacking seasonal 
restrictions on the          take of prairie dogs, and some may 
choose to not shoot             prairie dogs because they are 
unable to adjust to a                seasonal closure.   
 
8)  The Fish and Wildlife Service has determined that the black-
tailed prairie dog is threatened with extinction, and its listing 
as a threatened species has been precluded by species with higher 
listing priorities. 
 
9)  Recreational shooting does result in some incidental take of 
prairie dog associated species.  For the mountain plover, 
burrowing owl, and ferruginous hawk, much of this mortality 
occurs during the nesting season and may be additive to natural 
mortality.  The ingestion of lead fragments by raptors scavenging 
prairie dog carcasses is a concern, as well as the long-term 
accumulation of lead fragments on or near the surface of prairie 
dog colonies.    
 
10)  The main purpose of prairie dogs on Federal lands should be 
to provide suitable habitat for prairie dog associated species, 
and not to provide recreation to prairie dog shooters.  Montana's 
4 main associated species (black-footed ferret, mountain plover, 
burrowing owl, and ferruginous hawk) are currently near or below 
long-term viable population levels. 
 
 
 REASONS FOR NO SEASONAL RESTRICTIONS ON THE TAKE OF PRAIRIE DOGS 
 
1) The annual number of prairie dog shooters would likely decline 
with a seasonal shooting closures.  Most prairie dog shooting 
occurs during the month of June when the weather is cooler, the 
grass is greener and there are no mosquitoes.  Vosburgh and Irby 
(1998) found that the number of shooters who registered on 
individual colonies in 1994 and 1995 increased from 10 shooters 
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in May to 26 shooters in June and then dropped to 16 in July and 
14 in August. 
  
2) The Fish and Wildlife Service has determined that shooting is 
not responsible for significant range-wide declines in prairie 
dog populations. Their decision was based on comments from 
experts. Landowners also have noted that shooting is not a major 
factor that impacts prairie dog populations.   
 
3) Prairie dog populations (acreage) in north central Montana 
have expanded under unrestricted shooting regimes.  Since 1996, 
BLM colonies in Phillips County that are open to shooting appear 
to be increasing faster than colonies on the CMR that are closed 
to shooting. 
 
4) Additional research is needed to determine the seasonal impact 
of shooting on prairie dog populations.  The amount and timing of 
shooting pressure varies from year to year but studies to date 
have been short-term (less than 1 year).  There is insufficient 
evidence justifying seasonal closures.  
 
5) Research from South Phillips County during the 1995 shooting 
season indicated a 20 percent shooting mortality.  A similar 
study on Fort Belknap during summer 1999 and found a 10 percent 
higher decline of prairie dogs on shot towns compared to un-shot 
towns. Both studies were conducted during years of relatively 
high shooting pressure.   
 
6) There have seen no evidence that indicates shooting has 
negative population impacts on species associated with prairie 
dogs.  Marco Restani radio-marked 30 burrowing owls on Fort 
Belknap Reservation during 2000 to address the question of 
shooting mortality.  However, technical difficulties interfered 
with this study.  Accidental or intentional shooting of burrowing 
owls has not been noted at Fort Belknap.  A long-term mountain 
plover study by Steve Dinsmore has not found proof that shooting 
disrupts mountain plover nesting activity or brood survival.   
 
7) Most pups are weaned before the bulk of shooting takes place. 
 Local businesses rely on June shooting activity as does the 
Tribal prairie dog shooting program.  Heavy shooting pressure in 
May could have significant impacts on prairie dog populations but 
it does appear that recreational shooters prefer to wait until 
the pups have emerged from natal burrows before they take to the 
field.  Studies indicate that very little shooting occurs in May. 
 
8)  Landowner support is critical in the development of a state 
conservation plan for prairie dogs.  A large proportion of 
prairie dogs occur on private land.   Landowners support 
recreational shooting of prairie dogs and are opposed to seasonal 
restrictions.  Any unnecessary restrictions might erode landowner 
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support in the development of a conservation plan, and in 
tolerance of prairie dogs on private land.    
 
9) Restricting recreational shooting of prairie dogs during early 
summer may reduce the wariness that prairie dogs have toward 
humans.  Studies have shown that prairie dogs are more wary of 
vehicles and humans on foot in shot colonies than in un-shot 
colonies.  Prairie dogs may lose some of this fear during periods 
of restricted shooting making them  more vulnerable to being shot 
later in the season.  
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SELECTIVE USE OF BLACK-TAILED PRAIRIE DOG TOWNS 
BY MOUNTAIN PLOVERS 

CRAIG J. KNOWLES 
CHARLES J. STONER 
AND 

STEVEN P. GIEB 

ABSTRACT. -Habitat use by Mountain Plovers (Charadrius montanus) was 
studied in north-central Montana during 1978 and 1979. Mountain Plovers were 
found to selectively inhabit black-tailed prairie dog (Cynomys ludovicianus) towns. 
Horizontal visibility and bare ground were significantly greater inside prairie dog 
towns used by plovers than adjacent areas. Total plant cover and grass cover were 
significantly lower inside prairie dog towns than on adjacent areas. Most towns 
on the study area were associated with an area that was intensively grazed by 
cattle. Plovers used only the active towns larger than 3 ha located on level upland 
sites (n = 16 out of 35). 

The ecology and behavior of the Mountain 
Plover (Charadrius montanus) have been 
studied in southeastern Wyoming and north- 
eastern Colorado (Laun 1957; Baldwin 1971; 
Graul 1973a, b, 1974, 1975; Graul and Web- 
ster 1976). None of these reports mention 
Mountain Plovers using prairie dog towns. 
Cameron (1907) found these plovers to be as- 
sociated with prairie dog towns in southeastern 
Montana. Black-tailed prairie dog (Cynomys 
ludovicianus) towns occupy level sites, are in- 
tensively grazed by cattle, and have short vege- 
tation. Prairie dog towns represent a distinc- 
tive habitat in this region and also are used by 
Horned Larks (Eremophilu alpestris), Killdeer 
(Charadrius vociferus), and Burrowing Owls 
(Athene cuniculuria). The purpose of our study 
was to investigate the association of Mountain 
Plovers with prairie dog towns, and to describe 
related habitat characteristics. 

STUDY AREA AND METHODS 

Our study area, comprising 560 sq km on the 
north side of the Missouri River, was 100 km 
southwest of Malta in Phillips County, Mon- 
tana on the Charles M. Russell National Wild- 
life Refuge (CMR; Fig. 1). It is within the tim- 
bered breaks of the river and is characterized 
by alternating deep-cut coulees and steep- 
sided ridges. Major ridgetops are broad and 
flat, becoming progressively wider with in- 
creasing distance from the river. Ponderosa 
pine (Pinus ponderosa) and Rocky Mountain 
juniper (Juniperus scopulorum) dominate 
slopes with northerly exposures. The domi- 
nant plant species on the level ridgetops are 
western wheatgrass (Agropyron smith@, blue 
grama (Bouteloua gracillis), prickly pear 
(Opuntia polycantha), fringed sagewort (Arte- 

misia frigida), and big sagebrush A. triden- 
tata). Knowles (1975) described fully the vege- 
tation of this area. The mean annual 
precipitation and temperature are 35 cm and 
6.6”C. 

To obtain distributional data on Mountain 
Plovers, we established a system of 18 vehic- 
ular transects throughout the study area (Fig. 
1). Nine of the transects, totalling 19.2 km, 
were in prairie dog towns, and nine others, 
totalling 18.5 km, were outside of towns. The 
route was run 10 times, generally in the morn- 
ing, at approximately one-week intervals from 
1 June to 8 August 1979 using a three-wheeled 
“all-terrain” motorcycle. Cruising speed along 
the transects was 15 km/h; we stopped only 
to record observations of Mountain Plovers 
visible from the vehicle. A chi-square test of 
homogeneity was used to test the hypothesis 
that numbers of plovers within and outside of 
towns were homogeneous. 

Horizontal visibility within and adjacent to 
six prairie dog towns used by Mountain Plo- 
vers was measured with a coverboard 2 m 
high, 1 dm wide and divided in 1 dm intervals. 
One transect was placed inside and one adja- 
cent to each of the six towns. Each visibility 
transect consisted of two parallel, 150-m lines 
spaced 60 m apart. Six stakes were placed 
along each line at 30-m intervals. Coverboard 
sightings were taken from each stake along one 
line perpendicular to the corresponding stake 
on the opposite line, and diagonally to the clos- 
est stake left and/or right of the corresponding 
stake (stake 1, line A to stake 2, line B, etc). 
This scheme allowed 16 measurements per 
transect. Eye level for the sightings was at 1 
m and visibility was estimated to the nearest 
5%. A Mann-Whitney U-test was used to test 
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FIGURE 1. Map of study area showing Mountain Plover census route and prairie dog towns. 

the hypothesis that the median visibility value 
within prairie dog towns was equal to that out- 
side of prairie dog towns. Similar visibility 
transects were also established at four towns 
in bottomland sites not used by plovers. At 
each stake along all of these visibility transects, 
slope was measured with a slope meter similar 
to that described by Koeppl (1979). 

Amount of bare ground and canopy cover- 
age (Daubenmire 1959) of litter, total plant 
cover, grasses, forbs, and shrubs were deter- 
mined inside and adjacent to five prairie dog 
towns used by Mountain Plovers. One transect 
was placed inside and one adjacent to each of 
the towns. Each transect consisted of five par- 
allel 30-m lines spaced 15 m apart. Ten 2 x 5 
dm plots were sampled at 3-m intervals along 
each line. A Mann-Whitney U-test was used 
to test the hypothesis that median cover values 
inside prairie dog towns were equal to median 
cover values in adjacent areas. 

RESULTS 

We recorded 9 1 Mountain Plovers during the 
10 survey runs; 90 of these were in prairie dog 
towns. Association with prairie dog towns was 
highly significant (P < 0.005). The plover seen 
outside of a town during the surveys, plus two 
seen outside of towns during May, were single 
birds within 0.5 km ofa town on level, sparsely 

vegetated sites with considerable amounts of 
bare ground. During July and August 1979, we 
recorded sightings of plovers in conjunction 
with other work in the study area, and all 7 1 
birds seen were in prairie dog towns. We found 
three nests of plovers in towns during May; 
broods were frequently observed in towns dur- 
ing June and July. We also found that plovers 
could not be readily chased out of towns. When 
pursued on foot they would run in front of us 
up to the boundary of the town and then fly 
a circuitous route back into the town. Plovers 
also roosted in towns at night. In 1979, Moun- 
tain Plovers were in prairie dog towns from 3 
April to 21 August. 

Horizontal visibility within prairie dog 
towns used by Mountain Plovers was signifi- 
cantly (P < 0.001) greater than visibility ad- 
jacent to these towns (Fig. 2). The amount of 
bare ground and coverage of forbs was greater 
in towns than adjacent areas but the difference 
was significant (P < 0.05) only for bare ground. 
Coverage of litter, total plant cover, and grass 
were less in towns as compared to adjacent 
areas; only the latter two were significant 
(P < 0.05 and P < 0.025, respectively). Shrubs 
accounted for less than 1% coverage at all sites 
except one, where big sagebrush covered 28% 
of the ground adjacent to a town. All slopes 
recorded along the visibility transects inside 
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of towns were less than 12%. In general, prairie 
dog towns and the surrounding areas were very 
level; this was especially true of towns located 
on upland sites. In several of the towns used 
by plovers, small areas had slopes of 12%25%; 
occasionally plovers were seen on these slopes. 

Thirty of the 35 prairie dog town sites that 
occurred on the study area were active in 1979. 
Plovers were seen at 16 of the active towns 
and at none of the inactive towns. Half of the 
active towns were larger than 10 ha, while 8 1% 
of the towns used by plovers were larger than 
10 ha (x2 = 6.25, P < 0.025). The smallest 
town in which a plover was found was 3 ha. 
We did not find Mountain Plovers in any of 
the six town sites that were located on the bot- 
tomlands of the Missouri River and its trib- 
utary coulees. Towns in the bottomland sites 
were smaller (E, 4.8 vs. 29.3 ha) and had lower 
visibility values (_x, 78 vs. 96%) than those on 
upland sites. Most (83%) of the towns on this 
study area were associated with intensive graz- 
ing by cattle or with some other physical dis- 
turbance. Fourteen of the 16 prairie dog towns 
used by plovers were located next to stock 
ponds. The other two towns were more than 
1 km from a stock pond, but cattle were fre- 
quently seen loafing and feeding in one of the 
towns. All towns used by plovers were grazed 
by cattle, while stock pond sites without prairie 
dogs were not used by plovers. Many of the 
towns were closely associated with one or more 
other towns, and during late August 1978 two 
small flocks of plovers were seen flying be- 
tween closely associated towns. Also, during 
August 1979, plovers used a town that they 
had not used earlier in the year. Thus, at least 
during August, there was some interchange of 
plovers between towns. 

Larger prairie dog towns usually contained 
more than one pair of plovers. An intensive 
search in May 1979 of a loo-ha town revealed 
at least 13 adult plovers. We considered the 
density of Mountain Plovers in this prairie dog 
town to be representative of that which we 
encountered in other large towns. 

DISCUSSION 
The data from the census routes and our gen- 
eral observations both show that Mountain 
Plovers selectively inhabit prairie dog towns 
on the CMR. These towns furnished the nec- 
essary habitat for plovers from their arrival in 
April until their departure in August; breeding, 
rearing of young, feeding, and roosting all ap- 
pear to take place in prairie dog towns. Plovers 
may be responding to differences in vegetative 
cover, plant species composition, topography, 
and/or food availability in selection of towns 
over areas not occupied by prairie dogs. 
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FIGURE 2. Horizontal visibility, bare ground, and can- 
opy coverage of litter, total plant cover, grass cover and 
forb cover inside of and adjacent to prairie dog towns used 
by Mountain Plovers. 

Mountain Plovers were associated with the 
larger prairie dog towns in upland areas. 
Towns less than 10 ha were marginal sites for 
plovers to raise young successfully as no young 
were sighted in the three towns used in this 
category. Although most towns used by plo- 
vers were next to stock ponds, the presence of 
plovers at two towns without water suggests 
that they can survive without a source of free 
water. Others (Bradbury 19 18, Laun 1957) 
have reported that Mountain Plovers nest in 
areas remote from free water. 

Towns used by plovers were very level with 
slopes rarely exceeding 12% (see also Graul 
1975). Mountain Plovers in Colorado occur 
with greatest densities in areas with short grass, 
level topography, and intensive livestock graz- 
ing (Graul and Webster 1976). The towns on 
our study area offered an excellent combina- 
tion of these three factors. 

Our study provides evidence that Mountain 
Plovers live commensally with herbivorous 
mammals. Plovers were always found in in- 
tensively grazed areas. Here, near the northern 
limits of the present range of Mountain Plovers 
(Graul and Webster 1976) the combined ef- 
fects of prairie dogs and cattle on the vegeta- 
tion are apparently needed to provide suitable 
nesting conditions for the birds. Plovers were 
not found in areas of intensive grazing without 
prairie dogs, and prairie dogs were dependent 
on cattle for conditions to successfully estab- 
lish a town. The plovers cope with approaching 
grazing ungulates by flying at their faces in 
order to divert them from nesting areas 
(Walker 1955, Graul 1975). 



74 C. J. KNOWLES, C. J. STONER AND S. P. GIEB 

Graul and Webster (1976) found the density 
of nesting Mountain Plovers in Colorado to 
range from 4 to 32 birds per sq km with about 
20 birds per sq km being most representative. 
The density (13 plovers per sq km) that we 
found in one of the larger towns on the study 
area is lower than what Graul and Webster 
(1976) considered average for northeastern 
Colorado. Prairie dog towns occupied only 
1.6% of our study area, and overall densities 
probably did not exceed 0.2 birds per sq km. 

Skaar (1980) listed Mountain Plovers as 
breeding in five areas in Montana, and he listed 
another eight areas as showing “circumstantial 
evidence for breeding.” However, a recent 
state-wide survey of non-game mammals and 
birds found plovers breeding only in Phillips 
County (Flath, pers. comm.), which includes 
two of the breeding areas listed by Skaar 
(1980). Bureau of Land Management records 
show that plovers are found in prairie dog 
towns throughout the south half of Phillips 
County (Shryer, pers. comm.). These records 
also include a sighting of two plovers in a town 
immediately south of our study area. Dood 
(1980) noted a plover in a prairie dog town in 
Custer County, Montana in August 1979 but 
considered it to be a migrant. In Montana, 
breeding populations of Mountain Plovers 
now appear to be confined to prairie dog towns 
in the north-central part of the state. The de- 
cline of Mountain Plovers in Montana may be 
related to the near-extermination of prairie 
dogs earlier in the century (Koford 1958). 
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Abstract
This paper is an attempt to develop a new, broad list of 

potential black-footed ferret (Mustela nigripes) reintroduc-
tion sites across its historical range. I reviewed reports and 
publications that identified active, inactive, and potential 
reintroduction sites, including unpublished reports generated 
by State wildlife agencies and universities. I contacted local 
experts and reviewed the published and unpublished literature 
describing colony locations of three species of prairie dogs 
(Cynomys spp.). I list active reintroduction sites and others 
already planned and identify 70 other sites in the historical 
range of the black-footed ferret that might meet the biological 
and habitat suitability requirements for reintroduction of the 
species within 3–10 years, contingent upon directed manage-
ment emphasis, State and Federal agency management prior-
ity, and, if on private land, landowner concurrence through 
agreements or incentives. I present this conceptual effort in the 
hope that identification of sites at this level will prompt discus-
sion, revisions, additions, and deletions and will result in the 
formation of conservation partnerships that will contribute to 
black-footed ferret recovery.

Keywords: black-footed ferret, conservation, Cynomys,  
endangered species, Mustela nigripes, prairie dog, reintroduc-
tion

Introduction
Although many known, large prairie dog (Cynomys spp.) 

complexes have previously been identified, I believe that this 
paper is the first serious attempt to develop a new, broader list 
of potential reintroduction sites across the historical range of 
the black-footed ferret (Mustela nigripes). Some of these sites 
have been considered before, but many have not, or at least 
not in the same context as in the current effort. I present this 
conceptual effort in the hope that identification of the sites 
at this level will prompt discussion, revisions, additions, and 
deletions, and result in the formation of conservation partner-
ships that will contribute to black-footed ferret recovery.

Past efforts to identify sites have been constrained by the 
need to immediately take into account land ownership, plague 
history, and other factors that do not constrain the current 
conceptual effort. I hope that this paper prompts many who 
have not considered contributing to black-footed ferret recov-
ery to get involved with a site in their locality. Several States 
that have not been involved in black-footed ferret recovery in 
the past have not previously participated in site identification. 

I recognize that there are issues other than ecological 
ones that must be addressed when identifying potential reintro-
duction sites; however, I believe that recovery of the black-
footed ferret depends first and foremost upon identifying and 
conserving areas that meet or have the potential to meet the 
biological parameters for establishment and long-term survival 
of viable populations. I believe that social and economic 
issues, including private land rights, economic concerns 
related to forage competition between livestock and prairie 
dogs, and others, are vitally important. I also believe, however, 
that a start must be made. Changes in Federal land manage-
ment priorities, cooperative management planning on Federal 
lands, and financial incentives or regulatory assurances for 
private landowners or tribal governments must logically follow 
after habitat suitability has been established. 

Recovery efforts for the endangered black-footed ferret 
have faced numerous and significant challenges, including 
extirpation of the species in the wild, development of captive 
breeding techniques and reintroduction methods, lack of 
adequate financial resources, and organizational inefficiencies 
(Forrest and others, 1985; Clark, 1986; U.S. Fish and Wildlife 
Service, 1988; Miller and others, 1996). Much work has been 
accomplished, and much remains to be done in these areas 
and others, but at present I believe that the most fundamental 
obstacle to meaningful recovery of the black-footed ferret in 
the wild is the availability of suitable habitat, both in quantity 
and quality; that is, prairie dog colonies of sufficient size and 
proximity to other colonies (Chaplin and others, 1996; Lomo-
lino and others, 2002; Luce, 2003). There is a critical need to 
identify suitable sites and begin management of those sites for 
reintroduction and recovery. In fact, this may be the ultimate 
challenge to black-footed ferret recovery because it involves 
the greatest potential conflict with other land-use interests. 
Political and social barriers often surpass in difficulty those in 
the biological arena.

Areas Where Habitat Characteristics Could Be Evaluated 
To Identify Potential Black-footed Ferret Reintroduction 
Sites and Develop Conservation Partnerships 
By Robert J. Luce1

1P.O. Box 7, Sierra Vista, AZ 85636.
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In the late 1980s, spurred by the need to utilize animals 
produced by captive breeding, biologists identified several 
potential reintroduction sites. In 1988–89, R. Luce (written 
commun., 1995) developed a list of 18 potential reintroduc-
tion sites in Wyoming by using data from a variety of sources. 
Conway (1989) evaluated six of those sites and concluded 
that only two had prairie dog numbers suitable for black-
footed ferret reintroduction. Closer examination of other 
sites in Wyoming, as well as sites in Arizona, Colorado, 
South Dakota, and Utah, revealed that many were more or 
less unsuitable at the time of evaluation for various reasons, 
principally because prairie dogs did not occupy the sites to the 
extent that earlier evaluations had recorded or assumed (M. 
Lockhart, written commun., 1999–2003). Ranking of sites 
suitable for black-footed ferret reintroduction and recovery 
has emphasized the importance of large complexes of prairie 
dog colonies and identification of multiple sites. Additionally, 
it has been assumed that more densely occupied black-tailed 
prairie dog (C. ludovicianus) colonies are preferable to less 
dense white-tailed (C. leucurus) or Gunnison’s (C. gunni-
soni) prairie dog colonies and that a plague-free environment 
is preferable. New data documenting maintenance and/or 
growth of both prairie dog and black-footed ferret popula-
tions at reintroduction sites on Gunnison’s and white-tailed 
prairie dog complexes where plague is present in Arizona (B. 
Van Pelt, oral commun., 2004) and Wyoming (M. Grenier, 
oral commun., 2004) indicate that these assumptions warrant 
further investigation.

A revision of the current Black-footed Ferret Recovery 
Plan (U.S. Fish and Wildlife Service, 1988) is underway, so it 
is important to note that I do not intend to supersede the site 
selection process that will be a part of the revised plan. The 
revised plan may include new downlisting and delisting goals 
for number of black-footed ferrets and number or location 
of reintroduction sites, but in either case a large number of 
potential reintroduction sites must be identified. I offer a new 
baseline list that includes contributions from all portions of 
the species’ historical range, both previously overlooked sites 
and recently identified sites. I do not attempt to identify long-
term black-footed ferret recovery needs for various areas of 
the species range because a rangewide delisting goal has not 
been identified and because a related method for apportioning 
recovery responsibilities among political jurisdictions has not 
been formalized to date (see Ernst and others, this volume).

The most promising recovery sites already have active 
reintroduction programs in place. I believe that several new 
sites with potential for adequate occupied habitat to be present 
within 3–10 years should be identified for each of the political 
jurisdictions within the historical range of the black-footed 
ferret. It is not appropriate to wait for a definitive answer as to 
the number of black-footed ferrets necessary for delisting or 
the amount of actual habitat that will be needed. Many more 
sites must be evaluated than are currently being considered 
because environmental unknowns, especially plague and 
drought, affect the viability of individual sites; therefore, 
longevity cannot be predicted or guaranteed. In addition, 

political and social attitudes may change, resulting in loss of 
support for maintaining adequate occupied prairie dog habitat 
at a given site. I identify a large number of sites so that no one 
site will be under pressure for rapid development, but yet the 
presence of the sites on the list will allow agencies to begin 
planning toward management of those sites, potentially allow-
ing a significant number of them to be available for black-
footed ferret reintroduction in 3–10 years. 

Methods
I reviewed previous efforts that identified active, inactive, 

and potential black-footed ferret reintroduction sites, including 
the U.S. Fish and Wildlife Service (FWS) reintroduction site 
list (Conway, 1989; M. Lockhart, written commun., 1999–
2003; fig. 1). I also reviewed published literature, including 
Lair and Mecham (1991), Vanderhoof and Robel (1994), Ernst 
(2001), and Johnson and others (2003). In addition, I reviewed 
available information regarding other potential sites, includ-
ing unpublished reports generated by State wildlife agencies 

Figure 1.  Location of eight active black-footed ferret (Mustela 
nigripes) reintroduction sites (1990–2004); three Immediate Poten-
tial Sites (1–3 years); and 70 Intermediate Potential Sites, at which, 
pending further evaluation, opportunities for reintroducing ferrets 
may exist in 3–10 years.
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and universities, and contacted local experts. I had personal 
communication with Steve Whiteman, Southern Ute Tribe; 
Craig Knowles, FaunaWest Wildlife Consultants; Derrick 
Holdstock and Heather Whitlaw, Texas Parks and Wildlife 
Department; Julianne Hoagland, Oklahoma Department of 
Wildlife Conservation; Pamela Schnurr, Colorado Division 
of Wildlife; Dave Wagner, Northern Arizona University; Bill 
Woodson, U.S. Army; Mike Albee, U.S. Bureau of Land 
Management; Tim Byer and Dave Augustine, U.S. Forest 
Service; Joe Truett, Turner Endangered Species Fund; Allison 
Puchniak, Montana Department of Fish, Wildlife and Parks; 
Terry Enk, New Mexico Department of Game and Fish; Pete 
Gober, Randy Matchett, Scott Larson, John Nysted, and Lou 
Hanebury, U.S. Fish and Wildlife Service; Mark Lomolino, 
State University of New York, College of Environmental 
Science and Forestry; Amy Seglund and Craig McLaughlin, 
Utah Division of Wildlife Resources; Pat Fargey, Grasslands 
National Park, Canada; Martin Grenier, Wyoming Game and 
Fish Department; Tim Vosburgh, Intertribal Black-tailed Prai-
rie Dog Coordinator; Bill Van Pelt, Arizona Game and Fish 
Department; Rurik List, Instituto de Ecologia, Ciudad Univer-
sitaria Coyoacan, Mexico; Travis Livieri, Prairie Wildlife 
Research; Mike Fritz, Nebraska Game and Parks Commission; 
and Sandy Hagen, North Dakota Game and Fish Department. 

Information was acquired for 12 States within the histori-
cal range of the black-footed ferret, five Native American 
reservations, two States in Mexico, and one Canadian Prov-
ince. The foundation for this effort was provided by intensive 
and extensive inventories and preparation of management 
plans for black-tailed prairie dogs, as summarized in Luce 
(2003); white-tailed prairie dog survey data, as summarized 
in Seglund and others (2005a); and Gunnison’s prairie dog 
survey data, as summarized in Seglund and others (2005b).

I use the following terminology. Active Sites are those 
at which black-footed ferrets have been previously released 
and are being actively managed. Immediate Potential Sites are 
those already identified by the Black-footed Ferret Recovery 
Implementation Team and upon which reintroduction work 
has begun. Intermediate Potential Sites are those at which 
opportunities may exist in the 3- to 10-year time frame.

Planning efforts conducted by recovery partners require 
a queue of potential sites. I provide a locally specific list of 
all potential black-footed ferret reintroduction sites across the 
species’ historical range but focus on Intermediate Potential 
Sites since these provide the next step in black-footed ferret 
reintroduction beyond management of Active Sites. Reintro-
duction efforts could begin at an Intermediate Potential Site 
before the minimum occupied habitat identified was available 
if expansion could be reasonably anticipated within a decade. 
Therefore, sites that are now below the minimum threshold for 
occupied habitat are also listed in this paper, anticipating that 
they have potential to meet or exceed the minimum within 10 
years. Although I surmise that long-term potential sites may 
exist, I do not list those here.

At existing black-footed ferret reintroduction sites, as 
well as in State black-tailed prairie dog management plans, 

contiguous habitat is defined as a complex of colonies in which 
no colony is farther than 7 km from another colony (Biggins 
and others, 1993). A colony is defined as a concentration of 
black-tailed prairie dogs with an average density of at least 4.05 
individuals/ha (Luce, 2003) or as a concentration of white-tailed 
prairie dogs with a minimum of 20 burrow openings/ha on 5-ha 
parcels (Biggins and others, 1993; Seglund and others, 2005a). 
Colony has not yet been defined for Gunnison’s prairie dogs, 
but the species is biologically similar to the white-tailed prairie 
dog. Although this rigorous definition was not used to identify 
the Intermediate Potential Sites in this paper, it must be assumed 
that sites will be required to meet a similar standard eventually 
before their full potential for maintenance of a long-term, viable 
black-footed ferret population can be achieved. 

Based on bioenergetic (Biggins and others, 1993) and 
behavioral considerations (R. Matchett and T. Livieri, oral 
commun., 2003) and known densities of the respective species, 
I began with the premise that the minimum adult population of 
30 individuals identified in the 1988 recovery plan (U.S. Fish 
and Wildlife Service, 1988) might require 1,215 ha of contigu-
ous, occupied black-tailed prairie dog habitat; 1,823 ha of 
contiguous, occupied Gunnison’s prairie dog habitat; or 2,430 
ha of contiguous, occupied white-tailed prairie dog habitat. I 
recognize that prairie dog densities vary between sites and at 
individual sites on an annual basis, but I found it necessary to 
use averages in this evaluation process. 

I also worked from the premise that the amount of extant, 
occupied habitat noted above may not be necessary to identify 
potential reintroduction sites and perhaps begin black-footed 
ferret releases. I suggest that 607.5 ha of contiguous, occu-
pied black-tailed prairie dog habitat; 911.3 ha of contiguous, 
occupied Gunnison’s prairie dog habitat, or 1,215.0 ha of 
contiguous, occupied white-tailed prairie dog habitat may 
be sufficient to begin management planning or possible 
experimental release of black-footed ferrets. The choice of 50 
percent was arbitrary and assumes that prairie dog colonies 
will grow. Of course, many other factors may affect suitability 
of a reintroduction site, but I believe that these rough measures 
may allow preliminary identification of a queue of sites that 
can be further evaluated.

I characterized sites in regard to the species of prairie 
dog present, the amount of occupied prairie dog habitat, and 
disease status in a manner similar to that used by M. Lockhart 
(written commun., 1999–2003). Many of these sites have been 
recently identified as a result of ongoing inventories of prairie 
dog habitat.

Results

Current and potential black-footed ferret reintroduc-
tion sites are listed below for U.S. States and some Native 
American tribal lands, Canadian Provinces, and Mexican 
States having historical prairie dog habitat. Each is preceded 
by background information related to prairie dog popula-
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tions. Many sites are in the early stages of identification and 
mapping; some may not yet be fully mapped, and some have 
no data on the amount of occupied prairie dog habitat or 
density of prairie dogs. Sites are summarized in table 1 (Active 
and Immediate Potential Sites) and table 2 (Intermediate 
Potential Sites), and locations are illustrated in figure 1. 

Arizona 

Black-tailed and Gunnison’s prairie dogs occurred in 
Arizona historically. The black-tailed prairie dog was extir-
pated from Arizona in the 1930s; therefore, reintroduction 
of black-tailed prairie dogs would be necessary before their 
colonies could serve as reintroduction sites for black-footed 
ferrets. In 2002, Wagner and Drickamer (2002) collected data 
from all potential sources and identified 400 locations with 
Gunnison’s prairie dog colonies. They revisited 293 colonies 
in 2000 and 2001 and found that 270 were active. Gunnison’s 
prairie dogs are located in northern Arizona from the Colorado 
River to Flagstaff and eastward along the Little Colorado 
River. No survey data are available for the Navajo Indian 
Reservation, which may comprise as much as one-third of the 
potential range. 

Active Sites

Aubrey Valley
Arizona has one active black-footed ferret reintroduction 

site on a Gunnison’s prairie dog complex in Aubrey Valley 
(Coconino, Yavapai, and Mojave Counties) in the northwest-

ern part of the State (fig. 1). Reintroduction efforts began in 
1996. The site is designated a black-footed ferret nonessential 
experimental population, and releases of captive black-footed 
ferrets are ongoing. Approximately 25 black-footed ferrets 
occur in the wild there at present. Total occupied prairie dog 
habitat is approximately 12,039 ha on a mixture of private, 
State, and Hualapai Indian Reservation lands. Monitoring at 
this site has not documented plague during the last 20 years, 
although it has been noted in the region. Prairie dog popula-
tions can be severely affected by drought at this site (M. 
Lockhart, written commun., 1999–2003).

Intermediate Potential Sites

East of Seligman
Approximately 2,502 ha of active Gunnison’s prairie dog 

colonies were present on-site in 1992. The site is a large open 
grassland bisected by I-40. Occupied habitat was reduced consid-
erably in 1996 because of a plague epizootic, but recovery began 
in 2001. This area is <10 km from Aubrey Valley (Wagner and 
Drickamer, 2002; D. Wagner, oral commun., 2003).

West of Dilkon, Navajo Indian Reservation

The Navajo Natural Heritage Program surveyed Gunni-
son’s prairie dogs in this area to investigate its potential as a 
black-footed ferret reintroduction site. The survey documented 
approximately 3,200 ha of occupied habitat. This area was 
affected by plague in 1996, and there has been little recov-
ery to date (Wagner and Drickamer, 2002; D. Wagner, oral 
commun., 2003).

State Site name Nearest town Plague status

Active Sites

Arizona Aubrey Valley Seligman Not present

Colorado Colorado/Utah Dinosaur Present

Montana North-central Phillips County Malta Present

South Dakota Cheyenne River Indian Reservation

Conata Basin/Badlands National Park Wall Not present

Rosebud Indian Reservation Winner Not present

Utah Colorado/Utah Dinosaur, Colo. Present

Wyoming Shirley Basin Medicine Bow Present

Chihuahua, Mexico Janos Janos Not present

Immediate Potential Sites

Montana Custer Creek Miles City Unknown

Utah Cisco Desert Green River Present

Wyoming Thunder Basin National Grassland Bill Present

Table 1.  Sites at which black-footed ferrets (Mustela nigripes) have been reintroduced and are being managed (Active Sites), and sites 
identified by the Black-footed Ferret Recovery Implementation Team where some work preparatory to reintroduction has been done (Imme-
diate Potential Sites).
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State or Province Site name Nearest town Plague status

Arizona East of Seligman Seligman Present

West of Dilkon, Navajo Indian Reservation Dilkon Present

West of Wupatki National Monument Flagstaff Present

Colorado Pueblo County Pueblo Present

Weld County Greeley Present

Bent County Lamar Present

Baca County Springfield Present

Crowley County Rocky Ford Present

Pueblo Army Depot Pueblo Present

Fort Carson Colorado Springs Present

Comanche National Grassland, Carrizo Unit Pritchett Present

Comanche National Grassland, Timpas Unit, and Pinon 
Canyon Maneuver Site

La Junta Present

Cimarron National Grassland Springfield Present

BLM Twin Lakes Allotment Alamosa Present

Parlin Gunnison Present

Kansas Z-Bar Ranch Medicine Lodge Plague free

Logan County Colby Plague free

Northern Kearny County Garden City Plague free

Greeley County Horace Plague free

Rawlins County Atwood Plague free

Hamilton County Syracuse Plague free

Southern Kearny County Garden City Plague free

Sherman County Colby Plague free

Montana Leachman complex Billings Present

Northern Cheyenne Indian Reservation Colstrip Present

Miles City BLM District Miles City Present

Fort Benton-Roundup-Harlowton area Roundup Present

Nebraska Blue Creek Ranch Oshkosh Plague free

Oglala National Grassland Chadron Plague free

New Mexico Vermejo Park Ranch Raton Unknown

Quay/Curry County interface Tucumcari Unknown

Roosevelt County/Grulla National Wildlife Refuge Portales Unknown

Lea County Lovington Unknown

Union County Clayton Unknown

North Dakota Horse Creek area, Little Missouri National Grassland Williston Unknown

Standing Rock Indian Reservation North Lemmon Unknown

South Unit, Theodore Roosevelt National Park Dickinson Plague free

Little Missouri River Bowman Plague free

Table 2.  Sites at which, pending further evaluation, opportunities for reintroducing black-footed ferrets (Mustela nigripes) may exist in 
3–10 years (Intermediate Potential Sites; n = 70).
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State or province Site name Nearest town Plague status

Oklahoma Southwest Cimarron County Boise City Plague free

Texas County No. 1 Guymon Plague free

Texas County No. 2 Guymon Plague free

Beaver County No. 1 Beaver Plague free

Beaver County No. 2 Beaver Plague free

South Dakota Pine Ridge Indian Reservation Pine Ridge Plague free

Standing Rock Indian Reservation Lemmon Plague free

Lower Brule Indian Reservation Pierre Plague free

Wind Cave National Park Hot Springs Plague free

Grand River National Grassland Lodgepole Plague free

Bad River Ranches Pierre Plague free

Smithwick area, Buffalo Gap National Grassland Hot Springs Plague free

Texas Rita Blanca National Grassland Dalhart Unknown

Muleshoe National Wildlife Refuge Lubbock Present

Sherman County Dumas Unknown

Deaf Smith County Amarillo Unknown

Utah Buckhorn and Crescent Junction Price Present

Twelvemile Flat Green River Present

Eightmile Flat (Myton Bench) Green River Present

Sunshine Bench/Brush Creek Green River Present

Buckhorn Flat Price Present

Wyoming Meeteetse Meeteetse Present

Bolton Ranch Saratoga Present

Carter Kemmerer Present

Cumberland Kemmerer Present

Fifteenmile Worland Present

Flaming Gorge Green River Present

Shamrock Hills Rawlins Present

Kaycee Kaycee Unknown

Sheridan Local Training Center Sheridan Unknown

Saskatchewan, Canada Grasslands National Park Swift Current Unknown

Table 2.  Sites at which, pending further evaluation, opportunities for reintroducing black-footed ferrets (Mustela nigripes) may exist in 
3–10 years (Intermediate Potential Sites; n = 70)—Concluded. 
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West of Wupatki National Monument
Gunnison’s prairie dogs are present at this site north of 

Flagstaff. A complex of 950 ha was mapped in 2001. Plague 
has occurred, but the extent has not been quantified (Wagner 
and Drickamer, 2002; D. Wagner, oral commun., 2003).

Colorado

Black-tailed prairie dogs, white-tailed prairie dogs, and 
Gunnison’s prairie dogs occur in Colorado. Complete loca-
tion data are not available for Gunnison’s prairie dogs since 
some potential habitat in southwestern Colorado has not been 
surveyed. White-tailed prairie dogs are also currently being 
surveyed in northwestern Colorado. Black-tailed prairie dogs 
occur in all counties in the historical range in the eastern one-
third of the State, and recent surveys indicate 255,596 ha of 
occupied habitat (Colorado Division of Wildlife, 2003). Loca-
tion data from that survey are not available to the author at this 
time, however. EDAW, Inc. (2000) identified the 10 counties 
with the largest amount of active, occupied habitat in the State: 
Pueblo (8,989 ha), Weld (8,146 ha), Bent (6,914 ha), Baca 
(5,816 ha), Crowley (5,475 ha), Adams (5,372 ha), Prowers 
(5,161 ha), Boulder (4,668 ha), Cheyenne (3,717 ha), and 
Kiowa (3,629 ha). EDAW, Inc. (2000) identified 17 colonies 
>405 ha and 45 colonies from 203 to 405 ha in the black-tailed 
prairie dog range in Colorado. 

Active Sites

Colorado/Utah
White-tailed prairie dogs occupy the only active black-

footed ferret reintroduction site in Colorado. The site is located in 
northwestern Colorado in Moffat and Rio Blanco Counties and 
extends into Utah (Uintah County) and Wyoming (Sweetwater 
County). The Wyoming portion of the site, called Kinney Rim, 
has virtually no active colonies at the current time. Reintroduction 
efforts began in 1998. The site is designated a black-footed ferret 
nonessential, experimental population, and releases of captive 
black-footed ferrets are ongoing. A small population of black-
footed ferrets occurs in the wild there at present. Total occupied 
prairie dog habitat is approximately 20,250 ha, primarily on U.S. 
Bureau of Land Management (BLM) land, and plague is present. 
Potential habitat present in the Colorado portion of this site is esti-
mated at 45,553 ha (M. Lockhart, written commun., 1999–2003).

Intermediate Potential Sites

Pueblo County
Black-tailed prairie dogs occupy this site. The northern 

half of the county, north of the City of Pueblo, has the largest 
concentration of colonies and the majority of the 8,989 ha of 
colonies identified in the county (EDAW, Inc., 2000). This 
county is primarily private land; therefore, development of 

black-footed ferret reintroduction sites would require partici-
pation by private landowners.

Weld County
Black-tailed prairie dogs occupy this site. The northeast-

ern half of the county, northeast of the City of Greeley, has the 
largest concentration of colonies and the majority of the 8,146 
ha of colonies identified in the county (EDAW, Inc., 2000). 
This county is primarily private land; therefore, develop-
ment of black-footed ferret reintroduction sites would require 
participation by private landowners.

Bent County
Large black-tailed prairie dog colonies occur in the 

northern and western parts of the county, encompassing the 
majority of the 6,914 ha identified (EDAW, Inc., 2000). This 
county is primarily private land; therefore, development of 
black-footed ferret reintroduction sites would require partici-
pation by private landowners.

Baca County
The western one-half of the county, centered on the town 

of Pritchett, has the largest concentration of black-tailed prai-
rie dog colonies and has the majority of the 5,816 ha identified 
in the county (EDAW, Inc., 2000). This county is primarily 
private land; therefore, development of black-footed ferret 
reintroduction sites would require participation by private 
landowners.

Crowley County
Large black-tailed prairie dog colonies occur in several 

places in the county, encompassing 5,475 ha (EDAW, Inc., 
2000). This county is primarily private land; therefore, 
development of black-footed ferret reintroduction sites would 
require participation by private landowners.

Pueblo Army Depot
Black-tailed prairie dogs occupy this site, which is on a 

U.S. Army installation. Approximately 1,066 ha of occupied 
habitat were present before a plague outbreak in 2003. The site 
is managed by the military and is protected from shooting and 
poisoning except where black-tailed prairie dogs may constitute a 
human health hazard (B. Woodson, oral commun., 2003). A large 
area of occupied habitat also occurs on private lands adjacent to 
Pueblo Army Depot in El Paso County (EDAW, Inc., 2000).

Fort Carson

Black-tailed prairie dogs occupy this site, which is on a 
U.S. Army installation. Approximately 1,418 ha of occupied 
habitat were present before a plague outbreak occurred in 2002 
or 2003. The site is managed by the military and is protected 
from shooting and poisoning except where black-tailed prairie 
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dogs may constitute a human health hazard (B. Woodson, oral 
commun., 2003). A large area of occupied habitat also occurs 
on private lands adjacent to Fort Carson, particularly along the 
southern boundary in Pueblo County (EDAW, Inc., 2000).

Comanche National Grassland, Carrizo Unit

Recent GIS analyses identified 46,395 ha of potential 
black-tailed prairie dog habitat on this site in Baca County. 
Potential habitat was defined as land with clay or loamy soil 
and <5 percent slope. Of this potential habitat, 1,622 ha are 
currently occupied, with an additional 450 ha occupied outside 
of potential habitat (primarily on lands mapped as sandy soils, 
most likely because of inaccurate generalities in the soil map). 
The Carrizo Unit has extremely fragmented land ownership. 
Intermingled private lands have even higher densities of 
colonies (due to higher grazing intensity), but landowners have 
strongly negative attitudes toward black-tailed prairie dogs. 
Approximately 2,076 ha of occupied black-tailed prairie dog 
habitat occurs on National Forest lands, and the amount of 
occupied habitat on intermingled private lands is unknown (D. 
Augustine, written commun., 2003).

Comanche National Grassland, Timpas Unit, and Pinon 
Canyon Maneuver Site

Black-tailed prairie dogs occupy this site, which is on 
the Timpas Unit and the adjoining U.S. Army Pinon Canyon 
Maneuver Site. Together these areas provide a large block of 
land in public ownership with little fragmentation. The Timpas 
Unit includes a number of private inholdings but is far less 
fragmented than the Carrizo Unit (above). The amount of 
occupied habitat in the Timpas Unit is lower than in the past 
because of plague. A total of 35,917 ha of potential habitat 
exists, of which 192 ha are currently occupied. An additional 
41 ha are outside the area mapped as suitable habitat, for a 
total of 233 ha on the Timpas Unit. Occupied habitat on the 
Pinon Canyon Maneuver Site totaled 143 ha when last mapped 
(D. Augustine, written commun., 2003). 

Cimarron National Grassland

Black-tailed prairie dogs occupy this site, which has 
approximately 16,200 ha of potential habitat, 1,296 ha of 
which were occupied in 2003. The area is bounded on the 
north by cropland and on the south by riparian/sand sagebrush 
(Artemisia filifolia) habitat. The Cimarron is separated from 
the Comanche by sand sagebrush habitat unsuitable for black-
tailed prairie dog expansion (D. Augustine, written commun., 
2003).

Bureau of Land Management Twin Lakes Allotment

Gunnison’s prairie dogs occur at this site on public land 
in Conejos County, approximately 32 km south of Alamosa. 
The area supports a large complex of colonies dating back 

to the 1970s, many of which are old or inactive. Existing 
occupied habitat is approximately 512 ha (M. Albee, oral 
commun., 2003).

Parlin
Gunnison’s prairie dogs occur at this site, which is on 

public land 19 km southeast of Gunnison in Gunnison County. 
The amount of occupied habitat in 1980 was 497 ha (M. 
Albee, oral commun., 2003).

Kansas

Only black-tailed prairie dogs occur in Kansas. Recent 
surveys estimate 52,861 ha of occupied habitat in western 
Kansas (Kansas Black-tailed Prairie Dog Working Group, 
2002). The estimate of suitable habitat in Kansas based on the 
Bailey Ecoregion habitat model (Luce, 2003) is a minimum of 
60,181 ha.

Intermediate Sites

Z-Bar Ranch

Black-tailed prairie dogs occupy this site, which is on 
property owned by Turner Enterprises, Inc., approximately 40 
km southwest of Medicine Lodge in Barber County. The site 
currently supports 101 ha of occupied habitat and is growing 
steadily. Grassland conservation and black-tailed prairie dog 
expansion are high priority management objectives (J. Truett, 
oral commun., 2003).

Logan County

This county contained the largest complex (3,522 ha) of 
black-tailed prairie dogs in Kansas in 2001 (Kansas Black-
tailed Prairie Dog Working Group, 2002).

Northern Kearny County
The northern part of this county contained the second 

largest complex (1,104 ha) of black-tailed prairie dogs in 
Kansas in 2001 (Kansas Black-tailed Prairie Dog Working 
Group, 2002).

Greeley County
This county contained the third largest complex (826 ha) 

of black-tailed prairie dogs in Kansas in 2001 (Kansas Black-
tailed Prairie Dog Working Group, 2002).

Rawlins County
This county contained the fourth largest complex (448 

ha) of black-tailed prairie dogs in Kansas in 2001 (Kansas 
Black-tailed Prairie Dog Working Group, 2002).
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Hamilton County
This county contained the fifth largest complex (423 ha) 

of black-tailed prairie dogs in Kansas in 2001 (Kansas Black-
tailed Prairie Dog Working Group, 2002).

Southern Kearny County
The southern part of this county contained the sixth larg-

est complex (400 ha) of black-tailed prairie dogs in Kansas in 
2001 (Kansas Black-tailed Prairie Dog Working Group, 2002).

Sherman County
This county had the highest number of colonies and 

highest occupied area in the 1990–92 survey: 60 colonies and 
1,420 ha (Vanderhoof and Robel, 1992, 1994). It also had 
significant occupied black-tailed prairie dog habitat in 2001 
(Kansas Black-tailed Prairie Dog Working Group, 2002).

Montana

Both black-tailed and white-tailed prairie dogs occur 
in Montana. White-tailed prairie dogs are confined to a very 
small area near the border with Wyoming and occupy roughly 
40 ha of habitat at the present time; therefore, no black-footed 
ferret reintroduction potential exists for the foreseeable future. 
Black-tailed prairie dogs occur in the eastern part of the State, 
and the best estimate of occupied area is 36,450 ha (Montana 
Prairie Dog Working Group, 2002). The estimate of suitable 
habitat based on the Bailey Ecoregion habitat model (Luce, 
2003) is a minimum of 97,349 ha.

Active Sites

North-central Phillips County
Black-tailed prairie dogs occupy this site. Black-footed 

ferret releases have occurred since 1994. Occupied prairie dog 
habitat was 12,014 ha in the mid-1990s, with 5,457 ha occur-
ring on Fort Belknap Indian Reservation, 4,472 ha on BLM 
lands, and 2,085 ha on Charles M. Russell National Wildlife 
Refuge. The area was heavily affected by plague in the late 
1990s. The black-footed ferret population is very low at the 
current time. Land ownership is mixed private, Federal, and 
tribal (M. Lockhart, written commun., 1999–2003). 

Immediate Potential Sites

Custer Creek
Black-tailed prairie dogs occupy this site in Prairie and 

Custer Counties, which contains >100 colonies and 1,705 ha 
of occupied habitat on a mixture of State, private, and BLM 
lands. Plague has not been documented since 1996. Since this 

site is in an area of checkerboard land status, private interests 
control the site potential (M. Lockhart, written commun., 
1999–2003).

Intermediate Potential Sites

The following locations were identified in the Conserva-
tion Plan for Black-tailed and White-tailed Prairie Dogs in 
Montana (Montana Prairie Dog Working Group, 2002) as 4 of 
the 10 largest known prairie dog complexes in Montana in 2000.

Leachman Complex
This site is entirely on tribal land in the northwest portion of 

the Crow Indian Reservation in Yellowstone and Big Horn Coun-
ties, and once supported an estimated 4,050–4,860 ha of occupied 
prairie dog habitat (L. Hanebury, oral commun., 2003). The site 
included >2,835 ha of occupied prairie dog habitat in recent times 
but suffered a plague outbreak prior to 2003. Approximately 
2,430 ha remained in two colonies in the southwest and central 
portions of the area in 2003. With translocations, this complex 
could be viable within a few years (L. Hanebury, oral commun., 
2003). Since surveys of suitable habitat on the Crow Indian 
Reservation have not been completed, sites other than the Leach-
man site may also exist (L. Hanebury, oral commun., 2003).

Northern Cheyenne Indian Reservation
Suitable habitat exists on the Reservation along the upper 

Tongue River in Big Horn and Rosebud Counties as well as 
on adjacent U.S. Forest Service and private lands. Occupied 
habitat exceeded 5,265 ha prior to a recent plague outbreak. 
With the help of translocations, this site grew to approximately 
2,025 ha in 2003 (L. Hanebury, oral commun., 2003).

Miles City Bureau of Land Management District
Potential habitat exists in Custer and Prairie Counties. This 

site is mixed private and BLM lands and supported approxi-
mately 2,430 ha of prairie dogs in 2000; however, recent plague 
outbreaks have reduced the size of this complex to approximately 
1,337 ha. A change in land ownership resulted in reduced access 
for mapping, which may have exaggerated the apparent decline in 
occupied habitat (L. Hanebury, oral commun., 2003).

Fort Benton-Roundup-Harlowton Area
Suitable habitat exists along the upper Musselshell River 

in Yellowstone, Stillwater, Musselshell, Golden Valley, Wheat-
land, and Petroleum Counties. The area is mixed private, 
BLM, and FWS lands and supported >2,430 ha of prairie dogs 
in 2000 (L. Hanebury, oral commun., 2003).

Nebraska

Only black-tailed prairie dogs occur in Nebraska. Recent 
surveys estimate 32,400 ha of occupied habitat (M. Fritz, oral 
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commun., 2003) in western Nebraska. The estimate of suitable 
habitat based on the Bailey Ecoregion habitat model (Luce, 
2003) is a minimum of 55,588 ha.

Intermediate Potential Sites

Blue Creek Ranch
This site, which is owned by Turner Enterprises, Inc., 

is 16 km northeast of Oshkosh and currently has 8 ha of 
occupied habitat, which is expanding. Grassland conservation 
and black-tailed prairie dog expansion are high management 
priorities (J. Truett, oral commun., 2003).

Oglala National Grassland
This site is located in Sioux and Dawes Counties and 

currently has 284 ha of occupied black-tailed prairie dog 
habitat. The Oglala National Grassland will require time to 
expand existing prairie dog habitat and to consolidate the land 
base to improve the management potential (S. Larson, written 
commun., 2003).

New Mexico

Black-tailed and Gunnison’s prairie dogs occur in New 
Mexico. Recent black-tailed prairie dog surveys estimate 
24,300 ha of occupied habitat (Johnson and others, 2003) in 
eastern New Mexico. The estimate of suitable habitat based on 
the Bailey Ecoregion habitat model (Luce, 2003) is a mini-
mum of 35,288 ha. Surveys are ongoing for Gunnison’s prairie 
dog, but there is no estimate of current occupied habitat.

Intermediate Potential Sites

Vermejo Park Ranch
This site, which is owned by Turner Enterprises, Inc., is 

located 40 km southwest of Raton and currently has 689 ha 
of occupied habitat, which is expanding rapidly. Grassland 
conservation and black-tailed prairie dog expansion are high 
priorities (J. Truett, oral commun., 2003).

Quay/Curry County Interface
This site is south of Tucumcari and contains >3,848 ha of 

occupied habitat, with >2,025 ha contiguous. The mean size of 
colonies is 19 ha, and the maximum area of a single colony is 
152 ha (Johnson and others, 2003).

Roosevelt County/Grulla National Wildlife Refuge
This site is south of Portales and contains >5,265 ha of 

occupied habitat, with >2,025 ha contiguous. The mean size of 
colonies is 35 ha, and the maximum size of a single colony is 
339 ha (Johnson and others, 2003).

Lea County
This site is northeast of Lovington and contains approxi-

mately 9,720 ha of occupied habitat, with >2,025 ha contigu-
ous. The mean size of colonies is 60 ha, and the maximum 
area of a single colony is 956 ha (Johnson and others, 2003). 
Plague has recently been active in this area, but impacts have 
not been quantified (P. Gober, oral commun., 2003).

Union County
This site is southwest of Clayton and contains approxi-

mately 3,240 ha of occupied habitat. The mean size of 
colonies is 41 ha, and the maximum area of a single colony is 
292 ha (Johnson and others, 2003).

North Dakota

Only black-tailed prairie dogs occur in North Dakota. 
Recent surveys estimate 8,303 ha of occupied habitat 
(Knowles, 2003) in western North Dakota. The estimate of 
suitable habitat based on the Bailey Ecoregion habitat model 
(Luce, 2003) is a minimum of 40,723 ha.

Intermediate Potential Sites

Horse Creek Area, Little Missouri National Grassland
Black-tailed prairie dogs occupy 162 ha at this site in 

McKenzie County in western North Dakota. The site has 
strong potential to reach biological readiness for black-footed 
ferret reintroduction within 10 years, but local support cannot 
be predicted at this time. The site is included in the most 
recent land management plans for Little Missouri National 
Grassland and is plague free (S. Larson, written commun., 
2003).

Standing Rock Indian Reservation
Black-tailed prairie dogs occupy 1,215 ha at this site in 

Sioux County. Colonies are scattered over a large area, and 
the land base is a checkerboard of private and tribal lands. The 
area is plague free (S. Larson, written commun., 2003).
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South Unit, Theodore Roosevelt National Park
Black-tailed prairie dogs occupy 729 ha at this site in 

Billings County. In 2002, 61 active colonies were mapped 
(Knowles, 2003). Knowles (2003) predicted that the site 
potential on the national park is >2,633 occupied ha based 
on the amount of suitable habitat present. Additional suitable 
habitat occurs on adjacent private land, and the area is plague 
free (Knowles, 2003).

Little Missouri River
Black-tailed prairie dogs occupy this site in Slope 

County. The site had 345 ha of occupied habitat in 2002. 
Significant biological potential exists if private land issues can 
be addressed. The area is plague free (Knowles, 2003).

Oklahoma

Only black-tailed prairie dogs occur in Oklahoma. Recent 
surveys estimate 26,007 ha of occupied habitat (J. Hoagland, 
oral commun., 2003) in western Oklahoma. The estimate of 
suitable habitat based on the Bailey Ecoregion habitat model 
(Luce, 2003) is a minimum of 27,806 ha.

Intermediate Potential Sites
Sites in Oklahoma have previously been described as 

clusters of colonies (M. Lomolino, written commun., 2003).

Cimarron County
This site is in the southwestern corner of the county. 

Cluster A had 12 colonies totaling 345 ha, and Cluster B had 
6 colonies with a total of 652 ha when mapped in 1996–98 
(Lomolino and Smith, 2001; M. Lomolino, written commun., 
2003).

Texas County No. 1
This site is in the north-central part of the county. Cluster 

C had 12 colonies with a total of 332 ha when mapped in 
1996–98 (Lomolino and Smith, 2001; M. Lomolino, written 
commun., 2003).

Texas County No. 2
This site is in the east-central part of the county. Cluster 

D had 18 colonies with a total of 302 ha when mapped in 
1996–98 (Lomolino and Smith, 2001; M. Lomolino, written 
commun., 2003).

Beaver County No. 1
This site is in the east-central part of the county. Cluster E 

had 10 colonies with a total of 93 ha when mapped in 1996–98 
(Lomolino and Smith, 2001; M. Lomolino, written commun., 
2003).

Beaver County No. 2
This site is in the south-central part of the county. Cluster 

F had 34 colonies with a total of 319 ha when mapped in 
1996–98 (Lomolino and Smith, 2001; M. Lomolino, written 
commun., 2003).

South Dakota

Only black-tailed prairie dogs occur in South Dakota. A 
2001 survey estimated 64,800 ha of occupied habitat (South 
Dakota Prairie Dog Work Group, 2001) in western South 
Dakota. The estimate of suitable habitat based on the Bailey 
Ecoregion habitat model (Luce, 2003) is a minimum of 
80,786 ha.

Active Sites

Cheyenne River Indian Reservation
Black-tailed prairie dogs occupy this site in Dewey and 

Ziebach Counties. Total occupied habitat is 17,861 ha in three 
separate complexes, one of which is 8,424 ha. An operational 
prairie management program is currently pursuing black-
footed ferret reintroduction. There is no history of plague in 
the area (M. Lockhart, written commun., 1999–2003).

Conata Basin/Badlands National Park
Black-tailed prairie dogs occupy this site in Pennington, 

Shannon, and Jackson Counties. Total occupied habitat is 
6,116 ha, with 4,779 ha on U.S. Forest Service lands and 1,337 
ha on National Park Service lands. The estimated potential 
for the area based on suitable habitat is 7,128 ha. There is no 
history of plague in the area (M. Lockhart, written commun., 
1999–2003).

Rosebud Indian Reservation
Black-tailed prairie dogs occupy 28,350 ha at this site in 

Todd and Mellette Counties, 18,225 ha of which is on tribal 
trust lands. There is no history of plague in the area (M. Lock-
hart, written commun., 1999–2003).
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Intermediate Potential Sites

Pine Ridge Indian Reservation
Black-tailed prairie dogs occupy 20,250–40,500 ha on 

tribal lands at this site in Shannon County. The site has the 
biological capacity to support a large black-footed ferret popu-
lation but may be constrained by social, cultural, and political 
factors (S. Larson, written commun., 2003). 

Standing Rock Indian Reservation
Black-tailed prairie dogs occupy 2,835 ha at this site in 

Corson County. Black-tailed prairie dogs are scattered over a 
large area, and the land base is a mixture of private and tribal. 
There is no history of plague in the area (S. Larson, written 
commun., 2003).

Lower Brule Indian Reservation
Black-tailed prairie dogs occupy 11,745 ha at this site in 

Stanley and Lyman Counties. There is no history of plague in 
the area (S. Larson, written commun., 2003).

Wind Cave National Park
Black-tailed prairie dogs occupy 689 ha at this site 

in Custer County. Biologically, this site could be ready for 
black-footed ferret reintroduction within a few years, and the 
National Park Service is supportive. There is no history of 
plague in the area (S. Larson, written commun., 2003).

Grand River National Grassland
Black-tailed prairie dogs occupy 648 ha at this site in 

Perkins and Corson Counties. Biologically, this site is not 
ready for black-footed ferret reintroduction, as it needs time 
for black-tailed prairie dogs to expand occupied habitat. 
The U.S. Forest Service needs to consolidate its land base; 
however, it has identified the site for prairie dog expansion in 
the most recent land management plan. There is no history of 
plague in the area (S. Larson, written commun., 2003).

Bad River Ranches

Black-tailed prairie dogs occupy this site on lands owned 
by Turner Enterprises, Inc., in Stanley and Jones Counties, 
16 km southwest of Pierre. The site currently has 506 ha of 
occupied habitat and is growing steadily. Grassland conserva-
tion and black-tailed prairie dog expansion are high priori-
ties. There is no history of plague in the area (J. Truett, oral 
commun., 2003).

Smithwick Area, Buffalo Gap National Grassland, Fall 
River Ranger District

Black-tailed prairie dogs occupy 405 ha at this site in 
Custer County. From a biological standpoint, the site could 
be ready for black-footed ferret reintroduction within 5 years. 
The site was included in the most recent land management 
plan for Buffalo Gap National Grassland. There is no history 
of plague in the area (S. Larson, written commun., 2003).

Texas

Only black-tailed prairie dogs occur in Texas. Ongoing 
surveys currently estimate 79,785 ha of occupied habitat in 
western Texas (D. Holdstock, oral commun., 2003). The esti-
mate of suitable habitat based on the Bailey Ecoregion habitat 
model (Luce, 2003) is a minimum of 118,717 ha.

Intermediate Potential Sites

Rita Blanca National Grassland
Black-tailed prairie dogs occupy this site north of 

Dalhart in Dallam County. The site was identified by Lair and 
Mecham (1991) as having >4,050 ha of occupied habitat, with 
49 colonies >41 ha in size and >1.0 percent of the land area in 
prairie dog colonies (Lair and Mecham, 1991; Ernst, 2001). 

Muleshoe National Wildlife Refuge
Black-tailed prairie dogs occupy this site northwest 

of Lubbock in Bailey County. It was identified by Lair and 
Mecham (1991) as having >2,835 ha of occupied habitat, with 
25 colonies >41 ha in size and >1.0 percent of the land area in 
prairie dog colonies (Lair and Mecham, 1991; Ernst, 2001). 

Sherman County
Black-tailed prairie dogs occupy this site north of Dumas. 

It was identified by Lair and Mecham (1991) as having >3,240 
ha of occupied habitat, with 32 colonies >41 ha in size and 
1.5 percent of the land area in prairie dog colonies (Lair and 
Mecham, 1991; Ernst, 2001). 

Deaf Smith County
Black-tailed prairie dogs occupy this site southwest of 

Amarillo. It was identified in Lair and Mecham (1991) as 
having >5,670 ha of occupied habitat, with 55 colonies >41 ha 
in size and 1.5 percent of the land area in prairie dog colonies 
(Lair and Mecham, 1991; Ernst, 2001).
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Utah

Gunnison’s prairie dogs and white-tailed prairie dogs 
occur in Utah. Data on locations and occupied area are still 
being developed for both species.

Active Sites
There is one active black-footed ferret reintroduction site 

in Utah (see discussion under Colorado).

Immediate Potential Sites

Cisco Desert
White-tailed prairie dogs occur at this potential site 

identified by the Black-footed Ferret Recovery Program. 
The site was mapped in 1986 (Boschen, 1986) and again in 
2002 (Seglund and others, 2005a). The site is on public land 
in Grand County in east-central Utah along I-70 from east of 
Green River to the Colorado border. Land ownership is mixed 
private, State, and Federal (M. Lockhart, written commun., 
1999–2003).

Intermediate Potential Sites

Buckhorn and Crescent Junction
White-tailed prairie dogs occupy this site in Emery 

and Grand Counties in south-central Utah. According to C. 
McLaughlin (oral commun., 2003), Cedar Creek Associates 
mapped 7,644 ha, including both active and inactive colonies, 
in this complex on public lands in 1985. The area mapped 
extended south of Huntington to I-70 along State Highway 
10, east to State Highway 6, and along I-70 to Thompson 
Springs. In 2002, mapping within the same area recorded 
7,881 ha, including active and inactive colonies, approxi-
mately a 3 percent increase from 1985 (C. McLaughlin, 
written commun., 2003). 

Twelvemile Flat
White-tailed prairie dogs occur at this site on public 

lands in the BLM Diamond Mountain Resource Area west and 
north of Green River in northeastern Utah. Twelvemile Flat 
contained 363 ha of occupied habitat in 1985. The site was 
resurveyed in 1992–93 (Cranney and Day, 1994) and found 
to have 771 ha of occupied habitat, slightly over double the 
amount present in 1985. In 2002, mapping located 365 ha of 
occupied habitat (C. McLaughlin, written commun., 2003).

Eightmile Flat (Myton Bench)
White-tailed prairie dogs occur at this site on public lands 

in the BLM Diamond Mountain Resource Area west and north 
of Green River in northeastern Utah. Eightmile Flat contained 
2,673 ha of occupied habitat in 1985. The site was resurveyed 
in 1999 and found to have increased by 9 percent, to 2,936 ha 
of occupied habitat (C. McLaughlin, written commun., 2003).

Sunshine Bench/Brush Creek
White-tailed prairie dogs occur at these sites on public 

lands in the BLM Diamond Mountain Resource Area west 
and north of Green River in northeastern Utah. The sites were 
mapped to evaluate their suitability for black-footed ferret 
reintroduction in 1992–93 (Cranney and Day, 1994). The 
Sunshine Bench complex contained 2,085 ha of occupied 
habitat in 1992–93, while the adjacent Brush Creek area 
contained 145 ha of occupied habitat. The combined occupied 
area of Sunshine Bench and Brush Creek was 7,837 ha in 2002 
(C. McLaughlin, written commun., 2003).

Buckhorn Flat
White-tailed prairie dogs occur at this site on public lands 

56 km south of Price. The estimated occupied habitat at the 
site is 2,412 ha (A. Seglund, written commun., 2003).

Wyoming

Black-tailed and white-tailed prairie dogs occur in 
Wyoming. Black-tailed prairie dogs occur in the eastern 
one-third of the State. Recent occupied habitat estimates range 
widely, but the current estimate is 50,625 ha (M. Grenier, 
written commun., 2003). The estimate of suitable habitat 
based on the Bailey Ecoregion habitat model (Luce, 2003) is 
a minimum of 64,059 ha. White-tailed prairie dogs occur in 
the west-central part of the State, and surveys are underway to 
estimate occupied habitat.

Active Sites

Shirley Basin
Shirley Basin/Medicine Bow is the only active black-

footed ferret reintroduction site in Wyoming and occurs in the 
white-tailed prairie dog range. The site was fully mapped in 
1989 (Conway, 1989) and again in 1990 by using a combina-
tion of aerial transects and ground verification (Hnilicka and 
Luce, 1992). In 1990, intensive mapping showed the complex 
to contain 59,726 ha (Parrish and Luce, 1990). Captive-bred 
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black-footed ferrets were released from 1991 to 1994, and the 
highest number of black-footed ferrets found on subsequent 
surveys was in 2004, when 85 individuals were located during 
spotlight surveys (Grenier and others, 2004) of less than 20 
percent of the occupied habitat (based on 1990 mapping data). 
Therefore, considerable potential exists for a large, contiguous 
population of black-footed ferrets or several subpopulations. 
It is important to note that both prairie dogs and black-footed 
ferrets have persisted with plague present since at least 1987 
(Orabona-Cerovski, 1991).

Immediate Potential Sites

Thunder Basin National Grassland
Black-tailed prairie dogs occur at this site in Campbell, 

Converse, and Weston Counties. The site is identified as a 
black-footed ferret reintroduction site in the current Forest 
Plan for the Medicine Bow National Forest/Thunder Basin 
National Grassland. There was no history of plague before 
2001 when an extensive die-off occurred, reducing occupied 
habitat by over 4,050 ha. Recovery is occurring. Prior to the 
plague outbreak, occupied black-tailed prairie dog habitat was 
8,079 ha, including 7,290 ha on U.S. Forest Service land and 
789 ha on State land. The U.S. Forest Service estimates that 
there are 193,590 ha of potential habitat on its lands in this 
area of Wyoming (T. Byer, written commun., 2003).

Intermediate Potential Sites

Meeteetse
White-tailed prairie dogs occupy this site west of Meetee-

tse in Park County. This site, from which all of the black-
footed ferret captive breeding stock was taken, had 4,930 ha of 
occupied habitat in 1982, just after black-footed ferrets were 
first discovered, and a high population of 129 black-footed 
ferrets (43 adults, 25 litters) in 1984. Because of plague in 
white-tailed prairie dogs, occupied habitat was reduced to 
roughly 2,029 ha by 1989, 2 years after all extant black-footed 
ferrets were captured for captive breeding (Black-footed Ferret 
Advisory Team, 1990). The site has not shown significant 
recovery of prairie dogs since 1989 (Biggins, 2003). The 
habitat capability of the site remains, including old burrow 
systems, so the potential exists for recovery to sufficient 
occupied habitat for black-footed ferret reintroduction within 
10 years.

Bolton Ranch
White-tailed prairie dogs occupy this site west of Sara-

toga in Carbon County. Land ownership is a checkerboard of 
public and private lands. The site had 4,500 ha of occupied 

habitat in 1989 when it was first surveyed (Conway, 1989). No 
surveys have been conducted since then (Grenier and others, 
2003; R. Luce, written commun., 1995).

Carter
White-tailed prairie dogs occupy this site 32 km southeast 

of Kemmerer, on BLM lands in Lincoln County. The site has 
not been fully mapped or surveyed to determine prairie dog 
density. It contained more than 4,050 ha of occupied habitat 
when partially mapped in the 1980s (Grenier and others, 2003; 
R. Luce, written commun., 1995). The Carter site is poten-
tially connected to another site (Moxa) which is 32 km north 
of Kemmerer, indicating that an extremely large complex 
may exist in this area. Moxa was identified in the mid-1990s 
when 17,415 ha of occupied habitat were mapped, and the site 
has not been resurveyed (Grenier and others, 2003; B. Luce, 
unpub. data, 1995). 

Cumberland
White-tailed prairie dogs occupy this site southwest of 

Kemmerer in Lincoln County. Land ownership is a checker-
board of public and private lands. The site was fully mapped 
and preliminary density data were collected in the 1980s 
(Clark and Campbell, 1981). Occupied habitat was 4,293 ha. 
The site has not been remapped.

Fifteenmile
White-tailed prairie dogs occupy this site on BLM land 

40 km west of Worland in Hot Springs County. The site 
contained 3,078 ha of occupied habitat when mapped in the 
1980s and has not been remapped (Grenier and others, 2003; 
R. Luce, written commun., 1995). 

Flaming Gorge
White-tailed prairie dogs occupy this site on BLM land 

64 km south of Green River in Sweetwater County. The site 
was intensively mapped in 1989 and contained 3,049 ha of 
occupied habitat (Martin and Luce, 1990). It has not been 
remapped.

Shamrock Hills
White-tailed prairie dogs occupy this site on BLM land 

16 km north of Rawlins in Carbon County. The site was 
mapped in the 1980s and had >4,050 ha of occupied habitat. 
The site has not been remapped (Grenier and others, 2003; R. 
Luce, written commun., 1995).

Kaycee
Black-tailed prairie dogs occupy this site west of the town 

of Kaycee in Johnson County, primarily on private land. This 
site was discovered recently and has not been mapped, but 
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it is estimated that >1,215 ha of occupied habitat are present 
(R. Luce, unpub. data, 2003). 

Sheridan Local Training Center
Black-tailed prairie dogs occupy this site on a U.S. Army 

installation adjacent to Sheridan in Sheridan County. The site 
contained 284 ha of occupied habitat in 2001, and adjacent 
private and State lands had a substantial amount of additional 
occupied habitat (R. Luce, unpub. data, 2003). 

Canada

Only black-tailed prairie dogs occur in Canada, which is 
the northern extent of the range of the species. 

Intermediate Potential Sites

Grasslands National Park and Vicinity
Black-tailed prairie dogs occur at this site in Saskatch-

ewan, 160 km south of Swift Current. The site has 25 colonies 
containing a minimum of 1,044 ha. It has been partially 
mapped since 1993 but was fully mapped for comparative 
purposes from 1998 to 2002 and had a stable occupied area for 
that time period (P. Fargey, written commun., 2003).

Mexico

Black-tailed prairie dogs occur in northern Mexico, the 
southern extent of the range, and are the only species of prairie 
dog in Mexico in the historical range of the black-footed 
ferret.

Active Sites

Janos
Black-tailed prairie dogs occur at this site north of Nuevo 

Casas Grandes in Chihuahua. Estimated occupied prairie 
dog habitat is 19,845 ha, and the potential suitable habitat is 
55,080 ha. Land ownership is divided between Federal Ejidos 
and private ownership. This is a large prairie dog complex and 
may have the potential for one contiguous black-footed ferret 
population or several subpopulations. No management plan 
exists for the area (R. List, oral commun., 2003).

Intermediate Potential Sites
There are no Intermediate Potential Sites in Mexico.

Discussion

It is clear from past efforts that a “best and only” method-
ology for successful black-footed ferret reintroduction has not 
been unequivocally established. The 1988 recovery plan (U.S. 
Fish and Wildlife Service, 1988) encourages experimentation. 
It also emphasizes a management philosophy important for 
both establishing and maintaining reintroduced populations 
whereby the broadest possible distribution of black-footed 
ferrets might be achieved. This risk management approach is 
important to protect the species overall from adverse impacts 
that may occur locally, especially disease.

Preparation of this paper does not constitute a proposed 
State or Federal action at any of the proposed sites; it is merely 
a conceptual approach to aid in black-footed ferret recovery. 
Many steps will be required before any site can eventually 
receive ferrets; however, I do not believe that it is necessary 
or appropriate to wait for final biological, social, and politi-
cal issues to be addressed at a given site in order for it to be 
considered for the list of potential reintroduction sites. This 
conceptual exercise identifies sites based entirely on either a 
minimum area of occupied prairie dog habitat or a small but 
increasing prairie dog population at a site that has the habitat 
characteristics necessary to support black-footed ferrets. I 
recognize that myriad actions would be necessary before 
black-footed ferrets could actually be released at a given site, 
especially where private lands are involved. 

The general limitation of lack of habitat or habitat 
availability is shared with many other species. But in the 
case of the black-footed ferret, which is a highly specialized 
prey/habitat obligate of prairie dogs, dependence has proven 
to be especially catastrophic because of the dramatic reduction 
of its prey over the past century by adverse land-use practices 
such as prairie conversion to cropland, poisoning to reduce 
forage competition with domestic livestock, and sylvatic 
plague, an exotic disease catastrophic to prairie dogs (Cain and 
others, 1972; Hansen, 1988; Cully, 1993; Van Pelt, 1999; U.S. 
Fish and Wildlife Service, 2000; Cully and Williams, 2001; 
Antolin and others, 2002; Luce, 2003). Despite these potential 
conflicts and future challenges, identification of appropriate 
sites for black-footed ferret reintroduction has been ongoing 
for over two decades.

Although occupied prairie dog habitat has been signifi-
cantly reduced since western settlement (Hoogland, 1995; 
Miller and Cully, 2001), it has been only in the last decade that 
the degree of both the quantity and quality of this loss relative 
to potential black-footed ferret recovery has been recognized. 
At present there may not be sufficient occupied prairie dog 
habitat in total in the historical ranges of the black-tailed prai-
rie dog, white-tailed prairie dog, and Gunnison’s prairie dog, 
either in quantity or quality, for the black-footed ferret to be 
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fully recovered, especially if black-footed ferret populations 
are to be broadly represented geographically as a precaution 
against depressant stochastic influences (M. Lockhart, written 
commun., 1999–2003).

The 1988 Black-footed Ferret Recovery Plan (U.S. Fish 
and Wildlife Service, 1988) set a downlisting goal for the 
species at 1,500 adults in 10 or more populations dispersed 
across its historical range, with no single population being 
less than 30 adults. Downlisting the species would move it 
from endangered to threatened status but would not represent 
complete recovery. Delisting the black-footed ferret through 
recovery sufficient to obviate its endangered status and permit 
its removal from the endangered species list (pursuant to the 
Endangered Species Act of 1973, as amended) would require 
even more recovery sites.

I suggest that it may be necessary to evaluate an order 
of magnitude more sites to achieve complete recovery and 
delisting, or 100 sites across the historical range of the species. 
These sites should be widely dispersed and represent the 
variety of habitats available, including different prairie dog 
species, ecological circumstances, disease prevalence, and the 
like. Since some sites may prove not to be usable for biologi-
cal, social, or other reasons, or may not be successful, it will 
be necessary to consider many.

Plague is a confounding factor. Annual monitoring to 
document plague activity and the amount of habitat affected 
would assist prairie dog and black-footed ferret management. 
Continuing research on the mechanisms by which plague is 
spread, pretreatment of prairie dogs, and posttreatment of 
burrows to kill fleas and thus reduce the magnitude of an 
epizootic may allow practical management of the disease in 
the next 10 years. Meanwhile, maintaining spatial distribution 
of prairie dog complexes and isolated colonies over the entire 
range to act as reservoirs to replace prairie dogs lost to plague, 
as well as development of black-footed ferret reintroduction 
sites east of the plague line (in the plague-free area), will 
greatly assist in managing the impacts of the disease on prairie 
dogs. 

In my opinion, data presented by Cully and Williams 
(2001) suggest that a fundamental change may be occur-
ring in prairie dog ecology whereby some large colonies, 
especially those of black-tailed prairie dogs, may not persist 
when repeatedly challenged by plague. Persistence of only 
small colonies or complexes may have serious implications 
for black-footed ferret recovery. Extensive habitat will be 
necessary for reintroduction success, especially in the absence 
of management, and few large sites may persist at their full 
habitat capability in the face of repeated plague epizootics. 
On the other hand, recent surveys of white-tailed prairie dogs 
and black-footed ferrets in Shirley Basin, Wyo., indicate 
that these areas may have proportionately higher value than 
previously thought because both prairie dogs and black-footed 
ferrets have maintained significant populations in the presence 
of plague since monitoring was begun in 1991 (Luce, 2002; 

Grenier and others, 2004). In fact, both white-tailed prairie 
dog and black-footed ferret numbers increased despite more 
than 10 years of active plague (Grenier and others, 2004). 

Status of Prairie Dog Conservation
Since black-footed ferret recovery and prairie dog 

management issues are closely tied, the future of the black-
footed ferret essentially depends on developing effective 
management of black-tailed, white-tailed, and Gunnison’s 
prairie dogs. The Black-tailed Prairie Dog Conservation 
Team (later just the Prairie Dog Conservation Team), which 
includes representatives from 12 State wildlife agencies, has 
been working since 1998 to develop effective conservation for 
prairie dogs. The team first developed the Black-tailed Prairie 
Dog Conservation Assessment and Strategy (Van Pelt, 1999), 
which was followed by an addendum called the Black-tailed 
Prairie Dog Multi-State Conservation Plan (Luce, 2003), a 
guideline for development of State black-tailed prairie dog 
management plans. Black-tailed prairie dog management plans 
have been completed in Colorado, Kansas, Montana, New 
Mexico, North Dakota, Oklahoma, and Texas. Draft manage-
ment plans are moving toward finalization in South Dakota 
and Wyoming. Arizona has a draft management plan and is 
currently evaluating black-tailed prairie dog reintroduction, 
while Nebraska does not expect to continue development of a 
management plan.

The Black-tailed Prairie Dog Multi-State Conservation 
Plan includes several provisions that are important to black-
footed ferret recovery, two areas of which are of the greatest 
significance. First, the objectives for occupied area, shown in 
table 3, indicate a commitment on the part of a majority of the 
States with black-tailed prairie dogs to increase the occupied 
area from 631,127 ha to 685,946 ha by 2011 (Luce, 2003). 
Second, the Multi-State Conservation Plan sets other target 
objectives for the United States as follows:

1. Maintain at least the current occupied area of black-
tailed prairie dog habitat in the two complexes greater 
than 2,025 ha that now occur on and adjacent to Conata 
Basin-Buffalo Gap National Grassland, S. Dak., and 
Thunder Basin National Grassland, Wyo. 

2. Develop and maintain a minimum of nine additional 
complexes greater than 2,025 ha (with each State man-
aging or contributing to at least one complex) by 2011. 
A State could contribute to a 2,025 ha complex along 
a State boundary by cooperating with the adjacent 
State to manage part of the complex. A similar agree-
ment could be developed between a State and a Native 
American tribe.

3. Achieve and maintain at least 10 percent of total occu-
pied habitat in colonies or complexes greater than 405 
ha by 2011.
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State
Historical potential 

habitat1 (ha)
Current occupied 

habitat2 (ha) Gross habitat3 (ha)

Suitable habitat4 and 
minimum 10-year 

objective5 (ha)

Arizona 2,854,090 0 2,854 1,861

Colorado 11,077,916 255,596 110,779 103,588

Kansas 14,513,206 52,861 61,039 60,181

Montana 24,479,316 36,450 120,401 97,349

Nebraska 14,594,350 32,400 59,430 55,588

New Mexico 15,803,686 24,300 39,148 35,288

North Dakota 4,473,334 8,303 44,733 40,723

Oklahoma 8,750,479 26,007 28,702 27,806

South Dakota 11,851,333 64,800 88,339 80,786

Texas 31,829,943 79,785 125,933 118,717

Wyoming 8,937,378 50,625 75,524 64,059

Total 149,165,031 631,127 756,882 685,946

Table 3.  Estimates of historical, current, gross, and suitable black-tailed prairie dog (Cynomys ludovicianus) habitat, and the 10-year 
minimum habitat objective (Luce, 2003). Native American tribes in Montana, South Dakota, and North Dakota will set an occupied-area 
objective independent of the States.

1Historical potential habitat = total potential habitat (not occupied habitat) encompassed within the range of the black-tailed prairie dog (as mapped by Hall, 
1981). See Luce (2003) for further explanation.

2Current occupied habitat = estimates provided by the individual States.

3Gross habitat = total area of core range × 0.01 + area of secondary range × 0.001. Core range was defined as Bailey Ecosections dominated by shortgrass 
prairie plants and having black-tailed prairie dogs on the list of native fauna. Secondary range was defined as Bailey Ecosections dominated by plants not associ-
ated with shortgrass prairie, or having historically suitable habitat but a current sociopolitical climate unfavorable for prairie dog management.  See Luce (2003) 
for additional details.

4Suitable habitat = gross habitat minus habitat with >10% slope and habitats such as large bodies of water, badlands, wetlands, forests, or other features not 
used by prairie dogs.  Agricultural lands were included if they met the slope criterion.

5Minimum 10-year objective = objective for minimum area of occupied prairie dog habitat in each State, and total for the 11 States, by 2011.

4. Maintain distribution across at least 75 percent of the 
counties in the historical range or at least 75 percent 
of the historical geographic distribution. Ten States 
currently meet this objective (Arizona does not since 
the black-tailed prairie dog was extirpated), and all but 
Nebraska and Arizona have black-tailed prairie dogs in 
100 percent of the counties in the historical range. This 
objective addresses the need to maintain all prairie dog 
colonies, whatever the size or location, throughout the 
range. State management plans will deal directly with 
management of complexes and individual, isolated 
colonies.

Management strategies for black-tailed prairie dogs on 
tribal lands were prepared for the Intertribal Prairie Ecosys-
tem Restoration Consortium in January 2002 (T. Vosburgh, 
oral commun., 2003). The goal is to develop and implement 
management programs for the conservation of prairie dog 
habitat. These management strategies were revised on Febru-
ary 4, 2002, following review and comment from participating 

tribes, the U.S. Fish and Wildlife Service, and the Interstate 
Coordinator for the 12-State Prairie Dog Conservation Team. 
The consortium convened twice in 2002 and is working with 
other groups and agencies to move prairie dog management 
and conservation forward. The tribes have drafted plans to 
ensure that prairie dog populations and habitat are maintained. 
The Lower Brule and Fort Belknap Indian Reservations have 
final prairie dog management plans in place, and draft plans 
have been prepared for the Fort Berthold, Northern Cheyenne, 
Crow Creek, and Rosebud Indian Reservations. 

The States of Wyoming, Colorado, Utah, and Montana 
developed a conservation assessment for the white-tailed 
prairie dog in 2005 (Seglund and others, 2005a), as did the 
States of Arizona, New Mexico, Colorado, and Utah for the 
Gunnison’s prairie dog (Seglund and others, 2005b). When a 
conservation strategy is developed for the Gunnison’s prairie 
dog, complexes of colonies will be identified, and other sites 
with black-footed ferret reintroduction potential may thus 
become apparent.
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Summary and Recommendations
The black-footed ferret recovery program has faced and 

overcome several obstacles to reach the point where it is today. 
Foremost were capture of the wild population at Meeteetse, 
Wyo., captive breeding, development of release strategies, and 
release site identification based on habitat suitability and other 
factors. Given that those obstacles to success were overcome, I 
believe that, at the present time, continued progress on black-
footed ferret recovery depends upon identification and active 
management of additional reintroduction sites. To that end, 
I identify 70 sites in the historical range of the black-footed 
ferret that might meet the biological and habitat suitability 
requirements for reintroduction of black-footed ferrets within 
3–10 years, contingent upon directed management emphasis, 
State and Federal agency management priorities, and, if on 
private land, landowner concurrence based on agreements or 
incentives.

The Black-footed Ferret Recovery Implementation Team 
and Prairie Dog Conservation Team are encouraged to:

•	 Cooperate closely with State and Federal agencies and 
eight tribal governments to move toward the targets set 
in the Black-tailed Prairie Dog Multi-State Conserva-
tion Plan and State and tribal management plans.

•	 Assist the White-tailed and Gunnison’s Prairie Dog 
Working Groups to develop management plans for 
both species.

•	 Cooperate to evaluate the sites presented in this paper 
and develop strategies to begin management of as 
many sites as possible for black-footed ferret reintro-
duction within 10 years.

•	 Support and advance the High Plains Partnership 
landowner incentive program and/or other programs 
designed to bring about landowner participation in 
grassland species management.
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