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Abstract

In this study we describe the design and application of an automated classification system that utilizes artificial
intelligence to corroborate the finding that Gunnison’s prairie dogs have different alarm calls for different species of
predators. This corroboration is strong because it utilizes an entirely different analysis technique than that used in the
original research by Slobodchikoff et al. [Slobodchikoff, C.N., Fischer, C., Shapiro, J., 1986. Predator-specific alarm
calls of prairie dogs. Am. Zool. 26, 557] or in subsequent study done by Slobodchikoff et al. [Slobodchikoff, C.N.,
Kiriazis, J., Fischer, C., Creef, E., 1991. Semantic information distinguishing individual predators in the alarm calls
of Gunnison’s prairie dogs. Anim. Behav. 42, 713–719]. The study described here also is more completely automated
than earlier study in this area. This automation allowed a large volume of field data to be processed where all
measurements of relevant parameters were performed through software control. Previous study processed a smaller
data set and utilized manual measurement techniques. The new classification system, which combines fuzzy logic and
an artificial neural network, classified alarm calls correctly according to the eliciting predator species, achieving
accuracy levels ranging from 78.6 to 96.3% on raw field data digitized with low quality audio equipment. © 2000
Elsevier Science B.V. All rights reserved.
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1. Introduction

An increasing body of evidence shows that the
alarm calls of some animals contain meaningful
information of a semantic nature. Semantic con-
tent in predator-specific alarm calls has been
found in the vocalizations of some ground squir-
rels (Owings and Virginia, 1978) and in vervet

monkeys (Seyfarth et al., 1980). The California
ground squirrel has a different call for aerial
predators than it does for terrestrial predators.
Vervet monkeys have different alarm calls for
several species of predators, such as the leopard,
martial eagle, and python. Semantic information
has also been found in the alarm vocalizations of
dwarf mongooses (Beynon and Rasa, 1989), and
in the alarm calls of chickens (Gyger et al., 1987),
lemurs (Pereira and Macedonia, 1991), and red
squirrels (Greene and Meagher, 1998).* Corresponding author.
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A diversity of information of a semantic nature
has been associated with Gunnison’s prairie dog
alarm calls. This includes, (1) different alarm calls
for different species of predators (Slobodchikoff
et al., 1986; Kiriazis, 1991); (2) information about
the size, shape, and color of different individuals
within a predator species (Slobodchikoff et al.,
1991); (3) information related to the direction and
speed of approach of a predator (Kiriazis, 1991);
(4) and dialects in alarm calls between colonies
(Slobodchikoff and Coast, 1980; Slobodchikoff et
al., 1998).

In this study we describe the design and appli-
cation of an automated system of analysis that is
used to corroborate the finding that Gunnison’s
prairie dogs have different alarm calls for differ-
ent species of predators. Earlier techniques that
demonstrated the existence of these predator-spe-
cific alarm calls were subject to various limita-
tions. For example, using observational
techniques, Kiriazis (1991) demonstrated that
alarm calls, recorded in the presence of predators
of various types, elicit predator-specific behaviors
in prairie dogs that hear the recordings played
back in the absence of any predators. Such obser-
vational techniques strongly suggest that there
exist different alarm calls for different species of
predators. However, these techniques do not
provide quantitative or structural insights into the
nature of the alarm calls under investigation.

Evidence for predator-specific alarm calls was
also demonstrated by Slobodchikoff using a tech-
nique that relies on the analysis of audio wave-
forms (sonograms) generated by sophisticated
signal processing programs (Slobodchikoff et al.,
1991). In this methodology, a number of at-
tributes of sonograms made from the prairie dog
alarm calls were measured manually. These hand
measurements were analyzed using multivariate
statistics in order to demonstrate the existence of
predator-specific alarm calls. Manual measure-
ment techniques are time consuming and they
tend to make the analysis of large numbers of
alarm calls impractical. This limitation invites
criticisms related to any statistical analysis that is
tied to the measurements. Manual measurements
are also imprecise and open the possibility that
human bias is introduced into the measurements.

Both of these weaknesses of manual measurement
techniques can be overcome by enhanced automa-
tion of the experimental procedure. However,
even if the methodology used by Slobodchikoff
was more completely automated, the analysis
technique of multivariate statistics itself presents
some limitations that must be addressed. Al-
though capable of identifying important alarm
call parameters and, to some degree, their relative
importance, multivariate statistics cannot easily
be used to ascertain the manner in which these
factors encode information in animal vocaliza-
tions. Since ultimate proof of the actual level of
complexity of animal communications must rely
on some exposition of the manner in which these
communications encode information, this is a se-
rious limitation that must be overcome.

The automated classification system described
in this study addresses all of the limitations just
discussed. Using a sophisticated numeric-process-
ing environment, the new system of analysis is
implemented as a fully automated software pack-
age where all measurements are made under soft-
ware control. In addition to this, the power of
fuzzy logic and artificial neural networks is used
to analyze and classify the prairie dog alarm calls
with high accuracy into predator-specific classes.
Furthermore, the new system promises to support
more sophisticated future research into the man-
ner in which information is encoded in alarm
calls. Fuzzy logic is a system of mathematics that
allows the vagueness of linguistic concepts to be
represented by sets with imprecise boundaries
(Zadeh, 1965; Ross, 1995). In fuzzy logic, the
membership of an element in a set does not
always signify complete inclusion or complete ex-
clusion but can assume values between these two
extremes. Working with the degrees of member-
ship allows the imprecision inherent in natural
language to be represented and it supports a form
of approximate reasoning that attempts to model
the way human beings reason. Artificial neural
networks refer to computer programs and also to
actual hardware devices that have been designed
to emulate some of the functionality and at-
tributes of human neural networks (McCulloch
and Pitts, 1943; Rumelhart et al., 1986). In artifi-
cial neural networks the information is distributed
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among the many links that connect the simple
processing units contained in the network. A net-
work gains information (i.e. trained) by example
as data sets are repeatedly presented to it. During
this training period the network itself adjusts the
network’s links in order to retain information
gained from the inputs. A network continues to
be trained in this manner until it is able to func-
tion at an acceptable level of performance.

2. Materials and methods

The research described in this study used tape
recordings of Gunnison’s prairie dog alarm calls
obtained over a period of 10 years (1988–1997) at
two separate prairie dog colonies, both described
in Slobodchikoff et al. (1991). Recordings were
made using a Sennheiser ME-88 directional mi-
crophone and two different models of cassette
tape recorders, an Uher model 160 recorder and a
Sony TC-D5PRO II recorder. For the purposes of
this analysis, we used calls from 25 individual
prairie dogs for each of the following predators:
humans, represented by seven different individu-
als; red-tailed hawks, represented by 16 different
individuals; domestic dogs, represented by eight
different individuals; and coyotes, represented by
five different individuals. Because the alarm call
data were obtained over a 10-year period, we
sampled calls from multiple generations of prairie
dogs.

Copies of these data recordings were digitized
using a generic sound card and software package
in an IBM compatible PC with an Intel 486
processor. The sound card had 16-bit resolution
and sampled data at 44 100 Hz. Following the
digitization process a standard ‘cut and paste’
sound editor that was part of the package was
used to manually extract the individual prairie
dog ‘barks’ and save them in separate files. These
files of single alarm call barks formed the library
of files that was used for all of the classification
tests described in this study. The files associated
with a given recording session and species of
predator were all given the same root name; each
individual file with the same root name was given
a unique index value. For example, one series of

files that contain alarm call barks issued in the
presence of a dog named Moby are named
moby1, moby2, moby3, etc. while another series
of calls recorded in the presence of a hawk are
named aerial1, aerial2, aerial3, and so on. After
completing this manual process of creating sepa-
rate files, with each file containing an individual
alarm call bark, all subsequent data manipulation
was performed using a system of computer pro-
grams created by one of the authors. These pro-
grams were implemented using the
high-performance numeric computation software
called MATLAB and the neural network toolbox
associated with MATLAB. Classification tests
were run on all combinations of the different
predator species associated with the alarm calls.
In other words, all six combinations of two differ-
ent species were tested, all four combinations of
three different predator species were tested, and
data associated with all four species was tested.

The automated classification system first pre-
processes each of the prairie dog alarm calls and
then trains and tests a neural network. In the
preprocessing stage, the frequency ratios con-
tained in each alarm call bark are determined and
then vectors of fuzzy values are created that char-
acterize each alarm call bark. These vectors are
used as input for the training and testing of the
neural network. A block diagram of the auto-
mated classification system is given in Fig. 1. The
main functional units of the automated classifica-
tion system are described in detail below.

2.1. Determination of the frequency ratios
contained in each alarm call bark

When an experiment was to be run that at-
tempted to classify a targeted combination of
predator-specific alarm calls, each file used in that
experiment was converted from a simple time
domain recording of an alarm call bark into a
matrix of sound frequencies contained within that
bark. This conversion process was implemented in
the following way. Each digitized data file repre-
senting an alarm call bark was divided into parti-
tions of 256 data points each. Since alarm calls
were recorded at a rate of 44 100 samples per s,
each bark was effectively divided into a number of
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time periods of 0.0058 s each. The fast fourier
transform algorithm was then used to transform
each partition of data points (i.e. each time pe-
riod) into a normalized power spectrum of the
sound frequencies that were expressed during that
time period. Thus, each alarm call bark was trans-
formed into a matrix of values representing sound
frequencies where each column in the matrix rep-
resented a different time period in the bark and
recorded all of the frequencies that were expressed
within that time period.

Once the matrix of frequencies was obtained, a
complete collection of frequency ratios was com-
puted in the following way. For each time period
(matrix column) the set of frequency ratios was
computed by dividing each frequency expressed in

Fig. 2. Steps involved in transforming an alarm call into a
collection of frequency ratios. In the time interval shown in the
figure, there are three frequencies contained within the inter-
val. To obtain the frequency ratios, each frequency within that
time interval is divided into every other lesser frequency.

Fig. 1. Diagram of the automated classification system, show-
ing the steps involved in processing and classifying alarm calls.
Each alarm call becomes a component or vector of the data-
base of fuzzy frequency ratio vectors. A part of this database
is used for training a backpropagation neural network, and
another part of the database is used for the classification tests
with the trained neural network.

that time period into all other smaller frequencies
expressed within that period. Thus, every time
period was represented by a set of frequency
ratios, all of which lay within the range of values
0–1. The frequency ratios computed in this man-
ner for each time period were then combined into
one total set of values that represented the entire
alarm call bark that was being analyzed. Fig. 2
gives a simplified illustration of this process.

2.2. Creation of 6ectors of fuzzy 6alues that
characterize alarm call barks

Traditional or ‘crisp’ logic only allows for the
elements of a given universe to belong to sets
within that universe completely or not at all. An
element x either belongs to set S completely and is
said to have membership value 1 in that set, or it
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does not belong to set S at all and is said to have
membership value 0 in that set. Unlike crisp logic,
fuzzy logic allows for elements to possess partial
membership in sets. One could think of such
membership as being represented by a number in
the range of values 0–1. At first this might seem
strange, but in fact everyday logic is often more
fuzzy than crisp. For example, a person that is 6
ft tall might be considered to have complete mem-
bership (i.e. have membership value 1) in the set
of tall persons. Another person that is 5 ft 11 in.
tall is smaller but still possesses the attribute of
tallness and might be given a membership value of
0.95 in the set of tall persons. In other words, the
second person has the attribute of tallness to
degree 0.95. This example helps one to see that
fuzzy sets are useful for characterizing the degree
to which something possesses an attribute of in-
terest. In the classification system being described
in this study, fuzzy logic was used to characterize
the degree to which different ranges of frequency
ratios existed in each alarm call bark.

In order to characterize the collection of fre-
quency ratios computed for each alarm call in a
meaningful way, each collection was divided into
21 sub-ranges of ratios. Once this division was
made, a vector of 21 fuzzy membership values was
computed. Each membership value in the vector
represented the degree to which a corresponding
sub-range of frequency ratios approximated a
particular fuzzy frequency ratio.

To make this more explicit, consider that the
frequency ratios computed for a given bark lie in
the range of values 0–1. These ratios were divided
into 21 sub-ranges as indicated in Fig. 3. If the

entire spectrum of sub-ranges was shown in Fig.
3, there would be 19 of the larger overlapping
triangles (B–T) and two of the smaller right trian-
gles, one on each end of the diagram (A and U).
Each of these triangles encompasses a particular
sub-range of frequency ratios and represents a
membership function for a fuzzy set. For exam-
ple, triangle C in Fig. 3 represents the fuzzy
membership function ‘approximately 0.10’. Simi-
larly, each of the other membership functions
represents a fuzzy frequency ratio. The fuzzy
value corresponding to frequency ratio interval i
was computed using the following formula:

mi=gi*�(m1i, m2i, mNi)

where, mi, the fuzzy membership value for fuzzy
frequency ratio interval i ; m1i, the fuzzy member-
ship value for the first frequency ratio in interval
i ; mNi, the fuzzy membership value for the last
frequency ratio in interval i ; �, the maximum
function (the standard fuzzy union operator) gi,
(number of frequency ratios in interval i )/10.

A number of different formulations of the
equation given above were investigated. The equa-
tion given produced the best results.

Each vector of fuzzy membership values com-
puted represented a distribution of fuzzy fre-
quency ratios that was used to represent an
individual bark in a prairie dog alarm call; these
were the values that were provided as input to the
neural network. Each fuzzy frequency ratio distri-
bution formed a particular signature that repre-
sented the presence of a specific combination of
fuzzy frequency ratios. Therefore, the overall clas-
sification system created is a fuzzy-neural classifier
because the input to the neural network was a
vector of fuzzy values.

2.3. Training and testing of a neural network
using the computed 6ectors of fuzzy 6alues

After the set of alarm call barks selected for a
given classification test were transformed into vec-
tors of membership values for fuzzy frequency
ratios as described earlier, the barks were divided
into two roughly equal-sized sets of vectors. One
set was used to train a neural network how to
identify which predator was associated with each

Fig. 3. Graph of fuzzy sets (triangles shown on graph) that
partition the range of frequency ratios (given on the x-axis)
into subsets. A line extended vertically from a particular
frequency ratio found along the x-axis intersects a fuzzy set.
The corresponding value of this point of intersection on the
y-axis represents the membership value (m) of that frequency
ratio in that fuzzy set.
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Fig. 4. A simplified diagram of the neural network used to
classify alarm calls associated with all four species of preda-
tors.

layer of networks that classified alarm call barks
vocalized in the presence of three different species
of predators.

The input layer received the 21 fuzzy values
that represented the ranges of frequency ratios as
explained earlier. The values placed on the input
nodes were passed on weighted connections to the
neurons in the hidden layer. Each of the input
nodes was connected to each node in the hidden
layer and each hidden layer node was connected
to each node in the output layer. Each hidden
layer node applied its sigmoid transfer function to
the weighted sum of the values sent to it by the
input nodes. This resulted in the generation of
new values at the output connection of the hidden
layer nodes. The values generated by the hidden
layer nodes were sent directly to the output nodes.
Similarly, each output node applied its linear
transfer function to the weighted sum of the input
values it received from the hidden layer neurons.
This generated a new set of values at the outputs
of the output layer neurons. The output layer
nodes were used to classify alarm call barks into
different predator species. Each output node rep-
resented a particular species; the output node with
the largest value for a given input vector named
the species associated with that input. A simplified
diagram of the neural network used to classify
alarm calls associated with all four species of
predators is given in Fig. 4.

In the neural networks, the information that
linked input alarm calls to predator species was
maintained in a distributed fashion in the weights
that were associated with the connections in the
network. A training algorithm was used to adjust
the weights associated with each of the connec-
tions in the network. Each training cycle of the
network caused the connection weights to be al-
tered in such a way that the sum of squared errors
of the network neurons were minimized. The
changes in the weights were computed using the
derivative of the square of the error at each
neuron where the error was the difference between
the expected output of the neuron and the actual
output. This training algorithm is called the back-
propagation gradient descent technique (Rumel-
hart et al., 1986) An adjustment of the connection
weights represents a modification of the informa-

alarm call bark. This data set was called the
training set. The other data set was used to test
the trained network for its ability to correctly
guess which predator was associated with each
alarm call bark. This second set was called the
testing set. The two sets were disjoint which
means that none of the vectors used to test the
accuracy of the neural network were used to train
the network. The complete data set consisted of a
total of 359 alarm calls associated with humans,
171 associated with dogs, 275 associated with
coyotes, and 213 associated with hawks. Recall
that every alarm call bark was saved in a file
whose name had a unique index that was ap-
pended to a common prefix used to represent each
specific predator. The training set was composed
of alarm call barks in files with odd numbered
indices. The testing set came from files with even
numbered indices.

The neural networks used to classify alarm call
barks were feedforward networks. A feedforward
network allows signals (values) to travel only in
one direction in the network from the input layer
to the output layer, no feedback is allowed. All of
the tests described in this study were executed
with neural networks that used 21 neurons in the
input layer and 50 neurons in the hidden layer.
The hidden layer size of 50 neurons gave the
optimum combination of shortest training time
and best accuracy. The number of different spe-
cies-specific classes being investigated in a given
test determined the number of neurons in the
output layer of the network used in that test. For
example, three neurons were used in the output
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Table 1
Summary information for all combinations of the different
predator species

Accuracy (%)Species classified Training
sessions

Humans, dogs 200087
Humans, coyotes 89 1500

1500Humans, hawks 95
200088Dogs, coyotes
2000Dogs, hawks 96
250090Coyotes, hawks
3000Humans, dogs, coyotes 79
350085Humans, dogs, hawks
2500Humans, coyotes, hawks 86
350085Dogs, coyotes, hawks

Humans, dogs, coyotes, 79 5000
hawks

a classification experiment for a specific combina-
tion of target species. For example, the second
row of Table 1 represents the classification test
that trained a backpropagation neural network to
distinguish between alarm call barks issued in the
presence of humans and alarm call barks issued in
the presence of coyotes. The network was able to
distinguish between the alarm calls with an accu-
racy of 89%. Furthermore, it took 1500 training
sessions to achieve this accuracy.

A contingency table showing the results of the
classification of alarm calls associated with all
four species of predators is given in Table 2. The
column labels represent the species that were
‘guessed’ by the neural network to be associated
with the alarm calls tested. The row labels repre-
sent the actual species associated with the alarm
calls tested. For example, the cell associated with
row ‘dog’ and column ‘hawk’ gives data related to
the number of times the neural network incor-
rectly associated a hawk with alarm calls vocal-
ized in the presence of a dog. The diagonal cell in
row ‘human’ and column ‘human’ gives data re-
lated to the number of times the neural network
correctly associated a human with alarm calls
vocalized in the presence of a human. Each cell in
Table 2 contains two values. The first value gives
the observed count for that cell and the parenthe-
sized value gives the expected count for that cell if
the neural network had been selecting randomly
among the four species. The values show that the
classification results are highly significant (x2=
793, df=9, PB0.005).

tion embodied in the network. Weight adjustment
was scheduled to continue iteratively until either
no error occurred when classifying input vectors
or until the training algorithm no longer im-
proved the classification accuracy of the network.
In none of the classification experiments did the
network reach 100% accuracy. Therefore, in each
test the iterative training regime stopped itself
when no further improvement was seen in three
consecutive training sessions.

3. Results

Table 1 provides a summary of information for
all the classification tests run. Each row represents

Table 2
Contingency table for classification of alarm calls for all the four predator speciesa

Species associated by neural network with alarm callsActual species associated with alarm calls

Human Dog Coyote Hawk

154 (70)Human 12 (31) 10 (41) 2 (36)
62 (15)18 (34) 3 (18)Dog 4 (20)

10 (28)Coyote 99 (32)14 (54) 14 (24)
13 (42) 1 (19)Hawk 4 (24) 88 (21)

a Each cell contains the observed value and the expected value in parentheses. These results are highly significant (x2=793, df=9,
PB0.005).
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4. Discussion

The results presented above show highly accu-
rate classifications of species-specific alarm calls.
The highest classification accuracy of 96% was
obtained between dog and hawk calls. The lowest
accuracy of 79% was obtained when classifying all
four species together and when classifying hu-
mans, dogs, and coyotes. All other classification
tests were between 85 and 95% accurate.

The classification system described in this study
provides strong corroboration that Gunnison’s
prairie dogs have different alarm calls for differ-
ent species of predators. The corroboration is
strong because it comes through the use of an
entirely different analysis technique than that used
in the original research by Slobodchikoff et al.
(1986) or in subsequent study done by Slobod-
chikoff et al. (1991). The study described here also
is more completely automated than earlier study
in this area. This automation allowed a large
volume of field data to be processed where all
measurements of relevant parameters were per-
formed through software control. Previous study
processed a smaller data set and utilized manual
measurement techniques. A further advantage of
the new system of analysis is that it utilizes power-
ful tools of artificial intelligence: fuzzy logic and
neural networks. Neural networks in particular
help to establish a plausible link between what
prairie dogs are actually experiencing or capable
of experiencing, and what the research tool (a
neural net) is demonstrating. If a simple primitive
artificial neural network can distinguish, with high
accuracy, alarm calls issued in the presence of
different species of predators, it seems to be rea-
sonable to assume that the organic neural net-
works of Gunnison’s prairie dogs are capable of
making the same discrimination.

It is surprising that the experimental results
presented in this study demonstrated such high
accuracy. The original alarm call field recordings
were made over a period of years in outside
locations at two different prairie dog colonies.
There were various sources of noise (including
wind, trains, etc.) encountered during the taping
sessions which resulted in recordings of varying
quality. Additional degradation in sound quality

came from the fact that the digitized alarm calls
were made from copies of the original field
recordings and these copies were played into a PC
using a low-quality tape recorder. Thus, no ex-
traordinary measures were taken to assure high
fidelity sound reproduction. In addition to using
noisy field data digitized with low quality audio
equipment, it should be pointed out that no data
filtering was done. The automated classification
system utilized all the individual alarm call barks
that were selected for a given classification test; no
data was thrown out. Not only can one assume
that some of the alarm call barks were of poor
quality due to noise etc. but it is entirely possible
that not all alarm call barks were intended pri-
marily to specify the species-specific information.
For example, it was mentioned earlier that prairie
dog alarm calls have been shown to possess other
types of information such as size, shape, and color
of individual predators as well as direction and
approach of a predator.

The use of a large number of alarm call barks
recorded over a period of several years in varying
conditions at two separate prairie dog colonies
helped to guard against training the neural net-
work to recognize something other than species
specific information. For example, if the same
external sounds or noise were present each time
alarm call barks were recorded in the presence of
dogs, the neural network might be recognizing
that external noise and not be identifying preda-
tor specific information related to dogs. Another
possible source of non-species specific information
could be the characteristics of the vocalizations of
specific prairie dog individuals. Reby et al. (1997)
showed this capability of neural networks when
they trained them to recognize the individual vo-
calizations of four fallow deer. Given the data set
used for the work described in this study, it is
unlikely that recognition of individual prairie dog
vocalizations could explain the high accuracy of
the classification results.

It is interesting, and not entirely surprising, that
frequency ratios have been found to be an impor-
tant factor in classifying predator-specific prairie
dog alarm calls as described in this study. In
music, the ratio of the frequencies of musical
notes is highly significant because it defines a
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relationship between those notes that is immedi-
ately recognizable when one hears the notes.
Striking examples of this are the notes of the same
name, which differ in frequency by powers of two.
Consider also that two chords, for example, the
sixth and seventh chords of a given key, can
contain several identical notes but differ only in
one specific note and yet still produce clearly
distinct harmonies. It seems quite possible that
certain combinations of frequency ratios might
form patterns that could be used to identify the
distinguishable units or phonemes of an acoustic
communication system.

The work presented in this study strongly sug-
gests that frequency ratios are related in some
way to the manner in which information is en-
coded in Gunnison’s prairie dog alarm calls. Es-
tablishing the importance of this parameter was
one of the major outcomes of the work described
here. However, the exact way in which the infor-
mation is encoded in Gunnison’s prairie dog
alarm calls and the level of linguistic complexity
of these calls are clearly not addressed in this
study. Additional work is needed to address these
difficult issues. Nonetheless, part of the signifi-
cance of the classification system presented in this
study is that, it provides a system of analysis that
can be used to investigate these more difficult
questions. This system draws on powerful tech-
niques of artificial intelligence that can be ex-
panded to examine the issue of how and at what
level of complexity information is encoded in
animal alarm calls.

Acknowledgements

We thank Anne Epstein for her work in digitiz-
ing a large library of Gunnison’s prairie dog
alarm calls.

References

Beynon, R., Rasa, O.A.E., 1989. Do dwarf mongooses have a
language? Warning vocalizations transmit complex infor-
mation. S. Afr. J. Sci. 85, 447–450.

Greene, E., Meagher, T., 1998. Red squirrels, Tamiasciurus
hudsonicus, produce predator-class specific alarm calls.
Anim. Behav. 55, 511–518.

Gyger, M., Marler, P., Pickert, R., 1987. Semantics of an
avian alarm call system: the male domestic fowl. Behaviour
102, 15–40.

Kiriazis, J., 1991. Communication and sociality in Gunnison’s
prairie dogs. Ph.D. dissertation, Northern Arizona Univer-
sity.

McCulloch, W.S., Pitts, W., 1943. A logical calculus of the
ideas imminent in nervous activity. Bull. Math. Biophys. 5,
115–133.

Owings, D.H., Virginia, R.A., 1978. Alarm calls or California
ground squirrels. Z. Tierpsychologie 44, 58–70.

Pereira, M.E., Macedonia, J.M., 1991. Response urgency does
not determine antipredator call selection by ring-tailed
lemurs. Anim. Behav. 41, 543–544.

Reby, D., Lek, S., Dimopoulos, I., Joachim, J., Lauga, J.,
Aulagnier, S., 1997. Artificial neural networks as a classifi-
cation method in the behavioral sciences. Behav. Processes
40, 35–43.

Ross, T., 1995. Fuzzy Logic with Engineering Applications.
McGraw-Hill, New York.

Rumelhart, D.E., Hinton, G.E., Williams, R.J., 1986. Parallel
Distributed Processing: Explorations in the Microstructure
of Cognition, vol. 1. MIT Press, Cambridge, MA.

Seyfarth, R.M., Cheney, D.L., Marler, P., 1980. Vervet mon-
key alarm calls: semantic communication in a free-ranging
primate. Anim. Behav. 28, 1070–1094.

Slobodchikoff, C.N., Coast, R., 1980. Dialects in the
alarm calls of prairie dogs. Behav. Ecol. Sociol. 7, 49–
53.

Slobodchikoff, C.N., Fischer, C., Shapiro, J., 1986. Predator-
specific alarm calls of prairie dogs. Am. Zool. 26, 557.

Slobodchikoff, C.N., Kiriazis, J., Fischer, C., Creef, E., 1991.
Semantic information distinguishing individual predators
in the alarm calls of Gunnison’s prairie dogs. Anim. Be-
hav. 42, 713–719.

Slobodchikoff, C.N., Ackers, S., Van Ert, M., 1998. Geo-
graphic variation in alarm calls of Gunnison’s prairie dogs.
J. Mammal. 79, 1265–1272.

Zadeh, L., 1965. Fuzzy sets. J. Inf. Contr. 8, 338–353.

.



Habitat Use and Time Budgeting by Wintering Ferruginous Hawks

David L. Plumpton; David E. Andersen

The Condor, Vol. 99, No. 4. (Nov., 1997), pp. 888-893.

Stable URL:

http://links.jstor.org/sici?sici=0010-5422%28199711%2999%3A4%3C888%3AHUATBB%3E2.0.CO%3B2-I

The Condor is currently published by Cooper Ornithological Society.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/cooper.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Thu Aug 30 16:05:50 2007

http://links.jstor.org/sici?sici=0010-5422%28199711%2999%3A4%3C888%3AHUATBB%3E2.0.CO%3B2-I
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/cooper.html


The Condor 99:888-893 
0The Cooper Ornithological Society 1997 

HABITAT USE AND TIME BUDGETING BY WINTERING 

FERRUGINOUS HAWKS 


DAVIDL. PLUMP TON^ 
Department of Fisheries and Wildlife, University of Minnesota, 200 Hodson Hall 

1980 Folwell Avenue, St. Paul, MN 55108-6124 

DAVIDE. ANDERSEN 
U.S. Geological Survey-Biological Resources Division, 


Minnesota Cooperative Fish and Wildlife Research Unit, Department of Fisheries and Wildlife, 

University of Minnesota, St. Paul, MN 55108-6124 


Abstract: From 1992-1995 we studied the winter ecology of Femginous Hawks (Buteo 
regalis) in Colorado. Hawks spent 84% of the daylight interval perching. Time-budgets 
indicated that on average hawks perched 18 times day-' (range 3-50), with perches aver- 
aging 30 min in duration. Diurnal perching was in trees, on poles, and on the ground. Utility 
poles and other human-made structures were used more than ground and deciduous tree 
perches. Tree perches were used for the longest mean duration. The mean daily Minimum 
Convex Polygon (MCP) home range of 36 hawks was 3.53 km2.The black-tailed prairie 
dog (Cynomys ludovicianus) was the most important prey species, and extant prairie dog 
colonies characterized winter habitat for Fermginous Hawks. 

Key words: activity, black-tailedprairie dog, Buteo regalis, Cynomys ludovicianus, Fer-
ruginous Hawk, time budget. 

INTRODUCTION in question (Miller et al. 1994), underscoring the 

Although much is known about the biology of importance of detailing species-specific require- 

Fermginous Hawks (Buteo regalis) during the ments of Fermginous Hawks during winter. 

breeding season, little is known about the spe- Successfully formulating management plans 

cies during winter (Steenhof 1984). Banding or understanding the biology of a species neces- 

studies have elucidated migration timing, routes, sitates studying that species' requirements in all 

endpoints, and mortality of Fermginous Hawks seasons. Our goal is to provide information on 

banded in Alberta (Schrnutz and Fyfe 1987), a well-studied raptor in a poorly-studied portion 

Colorado (Harmata 1981), and North Dakota of its annual cycle. 
(Gilmer et al. 1985). Winter population esti-
mates and geographic distribution have been de- METHODS 

rived from Christmas Bird Counts (Warkentin STUDY AREA 
and James 1988). However, few published ac-
counts have detailed habitat use, time-budgeting, Fieldwork was conducted in portions of Adams, 

or diets of Fermginous Hawks in winter. Nesting Denver, and Weld Counties, Colorado. In unde-

Fermginous Hawks are thought to be highly in- veloped areas, vegetation was characterized by 

tolerant of human presence (Schmutz 1984, shortgrass prairie. In locations where they had 

White and Thurow 1985). In contrast, wintering not been extirpated, black-tailed prairie dogs 

Fermginous Hawks concentrate on prey-rich lo- maintained vegetation at disclimax. 

cations such as black-tailed prairie dog (Cyno- Hawks were captured for radio attachment 

mys ludovicianus) colonies, regardless of human using the Lockhart method (Harmata 1984) 

use of surrounding areas (Schmutz and Fyfe and with weakened and padded leg-hold traps 

1987, Plumpton and Andersen, unpubl. data). baited with live mice and placed in sight of 

However, the future of such prey populations is perched hawks along roadsides (Plumpton et 
al. 1995). Body mass was measured to the 
nearest 25 g uskg  a spring scale. Visual iden- 

'Received 13 January 1997. Accepted 18 June tification legbands (VID) engraved with 
1997. 

2 Current address: H, Harvey and Associates Eco- unique codes (Acraft Sign and 
logical Consultants, 906 Elizabeth Street, P. 0. Box Nameplate Co., Ltd.9 Edmonton, Alberta, Can- 
1180, Alviso, CA 95002. ada) were used to aid individual recognition 



within and among winters. Radio transmitters 
were attached to the rachis of the central rec- 
trix or to two center rectrices with epoxy and 
cable ties. 

Radio-tagged hawks were selected for ob- 
servation at random without replacement. The 
selected hawk was located via telemetry be- 
fore daylight and its behavior continuously re- 
corded (Martin and Bateson 1986) throughout 
the daylight hours. Recording began when 
daylight permitted visual identification of the 
target hawk and ended when darkness preclud- 
ed such discrimination. Triangulation was not 
used; we used telemetry only as needed to fol- 
low and maintain visual contact with study 
hawks. When hawks occupied a new perch, 
the time to the nearest minute and perch sub- 
strate were recorded, and location was esti-
mated. At the termination of each perch, time 
again was recorded to allow calculation of 
perch duration. Hawks were observed from 
vehicles, from the farthest distance (about 1 
km) that provided adequate viewing with a 
spotting scope. Daily Minimum Convex Pol- 
ygon (MCP) home range areas were calculated 
using the program MCPAAL (Stuwe and Blo- 
howiak 1985). The present analysis considers 
data from complete daily observations only. 
Upon successfully tracking all members of the 
radio-marked cohort for a complete day, and 
with each addition of an individual into the 
marked cohort, selection of hawks for obser- 
vation again was randomized. 

Diurnal time budgets were reconstructed for 
each hawk, for each complete day of data col- 
lection. Time budgets and daily MCPs incorpo- 
rated perched locations only, because flight rep- 
resented a small portion of the daily time budget 
during winter. Additionally, locations of flying 
hawks could not be accurately estimated nor at- 
tributed to a particular behavior with certainty. 
Feeding behavior of radio-tagged hawks was 
monitored to the extent possible, concurrent 
with continuous observations. 

DATA ANALYSIS 

General linear models were used (PROC GLM; 
SAS Institute 1988) to test for differences 
among years. The ShapiroIWilk test was used to 
test for normality of the data. Homogeneity of 
error variances was evaluated with a folded-
form F-statistic (PROC WEST). 

When data satisfied parametric statistical as- 
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sumptions, t-tests and product-moment correla- 
tions were used. When data failed to satisfy the 
assumption of normal distribution, logarithmic 
transformations or nonparametric equivalents 
were used. Count data were tested using fre- 
quency-table analysis. Repeated measures from 
an individual hawk were averaged (Martin and 
Bateson 1986); thus, sample sizes (n) are based 
on the number of hawks from which data were 
collected unless otherwise indicated. All statis- 
tical tests were conducted at a, = 0.05. Values 
presented are means + SE. Ranges presented are 
extremes of daily observations, and are not the 
range in observed means. 

RESULTS 

Seventy-one Fermginous Hawks were trapped 
84 times from 1 October 1992 through 19 Feb- 
ruary 1995. Thirty-six hawks were equipped 
with telemetry transmitters and observed for 
1,325 hr, during 148 complete winter days. 

TIME BUDGETING 

Wintering hawks predominantly perched, and 
little of each day was devoted to active flight or 
soaring. On average, hawks perched for 84 t-
1% of the daylight interval (range: 45-99%) and 
flew or soared for 16 t 1% of the day (range: 
0-55%). 

The mean number of perches occupied daily 
was 18 (range: 3-50), and the mean duration of 
individual perch events was 30 2 0.8 min 
(range: 1-482 min). Fermginous Hawks used 
2,603 diurnal perches in 3 categories of sub- 
strate: (1) deciduous trees (n = 777), (2) utility 
poles, fenceposts, and other human-made ob- 
jects (n = 1,042), and (3) bare ground (n = 781). 
Three perches were undetermined because the 
hawks were in view-obstructed habitats, and 
perch was indicated by a stationary transmitter 
signal. One-way frequency table analysis indi- 
cated that perch substrates were not used equally 
(xZ2= 53.2, P < 0.001). The mean duration of 
perches also differed (P < 0.001) by substrate 
(ground mean = 24.5 -C 1.1 min, pole mean = 
25.8 t 1.1 min, tree mean = 42.8 t- 2.0 min). 
Of the time devoted to diurnal perching, 33 t 
2% was spent on poles, 25 t- 2% on ground 
perches, and 42 t 3% in deciduous trees. 

HOME RANGE 

The mean daily MCP home range was 3.53 + 
0.44 km2 (range: 0.0140.0 krn2, n = 148). 
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Daily MCP (kin2) 

FIGURE 1. Daily Minimum Convex Polygon home range areas (n = 148 days) occupied by 36 radio-tagged 
Ferruginous Hawks wintering in Colorado, 1992-1995. 

Ninety percent of daily MCPs were < 9 km2 
(Fig. 1). 

DAILY MOVEMENT PATTERNS 

We collected > 1 daily MCP for 30 of the 36 
hawks. Individual hawks often exhibited daily 
(within-winter) and annual (among-winter) reuse 
of specific areas and habitats, resulting in spatial 
overlap within hawks and among successive 
days. Twenty-seven of 30 hawks (90%) had dai- 
ly MCPs that spatially overlapped both within 
and among winters. 

FORAGING 

Fermginous Hawks were observed eating cot- 
tontail rabbits (Sylvilagus spp.) or black-tailed 
jackrabbits (Lepus califomicus) (n = 4), black- 
tailed prairie dogs (n = l l ) ,  and unidentified 
small rodents (n = 1). Hawks occasionally klep- 
toparasitized prey from other raptors (2%). 
However, hawks secured prey most often by 
scavenging an unattended carcass (36%, n = 

1.2
-
J F M A M J J A S O N D  


Month 

FIGURE 2. Body masses of Ferruginous Hawks 
trapped in Colorado (n  = 84), 1992-1995. 

16), but often had their scavenged prey items 
stolen (18%, n = 8). Hawks made few kills that 
they consumed undisturbed (5%, n = 2). All of 
the kills we witnessed were prairie dogs, and 
most of the kills made by Fermginous Hawks 
(75%, n = 8) were stolen by Bald Eagles (Hal- 
iaeetus leucocephalus) or Golden Eagles (Aquila 
chrysaetos). Prey acquisitions often occurred 
with such speed that the source of prey was not 
determined with certainty (25%, n = 11). Most 
(95%) of the successful prey acquisitions of any 
type were initiated from a perch. Prey acquisi- 
tion was initiated from pole perches 20 times 
(44%), ground perches 14 times (31%), and tree 
perches 9 times (20%). In only one instance 
(2%) was a prey item acquired following ex-
tended soaring. 

CONDITION 

Body masses of 71 hawks were taken at the time 
of original capture and remeasured for 9 hawks 
trapped twice and 2 hawks trapped three times. 
Mass averaged 1.88 2 0.02 kg (n = 84). Mass 
varied through the year (Fig. 2) and was gen- 
erally highest during mid-winter and lowest dur- 
ing late summer. 

SITE FIDELITY 

Two hawks were recaptured in all three winters 
and three were recaptured in two consecutive 
winters. We collected > 1 complete daily ob- 
servation in consecutive winters for four of these 
five hawks. All four exhibited spatial overlap of 
daily MCPs, within and among winters. Most 
often hawks reused roost trees occupied in pre- 



vious winters. One additional hawk was VID 
band-resighted, but not retrapped, in the area it 
had used and been captured in during the pre- 
vious winter. 

DISCUSSION 

McAnnis (1990) reported that seven nesting 
male Ferruginous Hawks perched for 51% and 
flew for 49% of the diurnal time budget. Two 
males nesting in Idaho averaged 61% of the di-
urnal time budget perching and 39% flying 
(Wakeley 1978a). We observed that hawks were 
more sedentary during winter, and little soaring 
was attempted. 

McAnnis (1990) estimated that seven male 
Ferruginous Hawks nesting in Idaho occupied a 
mean MCP nesting range of 9.9 km2.Removing 
an outlier reduced the mean MCP to 7.6 km2. 
Wakeley (1 978b), observing for roughly the 
same time frame as McAnnis (1990), reported 
MCPs for two males nesting in Idaho of 17.2 
and 21.7 km2.Although the largest of the daily 
MCPs in our study exceeded those reported by 
McAnnis (1990) and Wakeley (1978b), the av- 
erage MCPs for Ferruginous Hawks wintering in 
Colorado were smaller. 

Bildstein (1978) discussed some of the prob- 
lems in quantifying foraging behaviors (for ex- 
ample, what constitutes a foraging attempt?) and 
thus the difficulty of drawing reliable conclu- 
sions or relating findings to other studies. To 
minimize the effect that different possible inter- 
pretations of field behaviors would have on con- 
clusions in the present study, we make no ref- 
erence to attempted prey captures. Prey acqui- 
sition is the ultimate goal of foraging, but suc- 
cessfully acquiring prey could result from any 
number of methods including killing, kleptopar- 
asitism, or scavenging unattended prey carcass- 
es. Thus, the success rate of catching live prey 
is less relevant than is the rate at which any type 
of prey is secured. 

Wakeley (1978~)  identified four hunting 
methods used by nesting male Fermginous 
Hawks: (1) from a perch, (2) from the ground, 
(3) from low-altitude, active flight, and (4) from 
high-altitude, soaring flight. Wakeley (1978~) 
found that nesting male Fermginous Hawks of- 
ten used wooden fence posts as hunting perches, 
and one occasionally used wooden utility poles. 
He reported that hunting from elevated perches 
was among the least successful techniques of 
nesting male Fermginous Hawks, but one of the 
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most used in terms of time budgeting and in the 
frequency of captures attempted. Likewise, the 
majority of perches that preceded both passive 
prey acquisition (kleptoparasitism and scaveng- 
ing) and active prey acquisition (killing directly) 
in our study were utility poles. However, Wak- 
eley made no mention of scavenging. It is likely 
that territorial, nesting hawks existing at low 
density have little opportunity to scavenge or 
kleptoparasitize kills made by other raptors, 
whether conspecific or heterospecific, as is 
clearly the case with nonterritorial wintering 
Ferruginous Hawks, existing at much higher 
density. 

Black-tailed prairie dogs constituted only 1% 
of the number of prey items taken by nesting 
Ferruginous Hawks in South Dakota (Blair and 
Schitoskey 1982). In our study, prairie dogs 
were the only prey species that we observed Fer- 
ruginous Hawks killing directly, and the species 
most often scavenged and kleptoparasitized. 
Winter habitat for Ferruginous Hawks in our 
study area was characterized by active black- 
tailed prairie dog colonies. 

Breeding adult European Kestrels (Falco tin- 
nunculus) depleted body reserves as they pro- 
visioned young, expending energy catching food 
they did not eat, and losing mass (Village 1990). 
Postfledging juveniles depleted reserves quickly 
in the first few weeks of independence from 
adults. In the winter, activity of kestrels of both 
age classes decreased, and captured food was 
consumed, rather than provided to young, and 
energy intake exceeded energy outputs, so mass 
increased. We observed a similar annual pattern 
of mass gain and loss in Ferruginous Hawks. 
However, we cannot eliminate the alternative 
that mass differences may have represented dis- 
tinct populations using our area at different 
times of the year. However, wintering hawks in 
this study occupied smaller ranges and remained 
sedentary more than did nesting hawks studied 
elsewhere; this energy savings could result in a 
mass gain as described by Village (1990) for 
European Kestrels. 

Fermginous Hawks can exhibit a high rate of 
philopatry to wintering areas. All of the hawks 
recaptured (n = 5) or band-resighted from pre- 
vious years (n = 1) were observed in areas oc- 
cupied in a previous winter or multiple previous 
winters. Our study was not designed, however, 
to follow the fates of Fermginous Hawks among 
multiple winters. Thus, philopatry may have 
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been much higher than we demonstrate from 
fortuitous recaptures alone. Harmata and Stah- 
lecker (1993) report about 30% of inter-annual 
site fidelity by wintering Bald Eagles. Rough- 
legged Hawks (B. lagopus) also overwinter in 
previously used areas (Garrison and Bloom 
1993). 

Ferruginous Hawks are restricted to grass- 
land and shrub-steppe habitats, and conversion 
of prairie to agriculture is considered a major 
cause of declines in nesting populations 
(Houston and Bechard 1984, Schmutz 1984, 
1987). However, in winter, these hawks are be- 
haviorally plastic and tolerant of human dis- 
turbance and alteration of landscapes, provid- 
ed that adequate populations of prairie dogs 
remain (Plumpton and Andersen, unpubl. 
data). Clearly, wintering Ferruginous Hawks: 
(1) can remain sedentary for long intervals, 
and occupy small daily and seasonal home 
ranges, (2) will reoccupy geographic areas and 
specific habitats for long intervals within a 
winter, and may reoccupy former ranges in 
successive years, (3) rely on a narrow spec-
trum of prey species, chiefly black-tailed prai- 
rie dogs, and occur in greatest density where 
such colonial prey occur, and (4) will acquire 
prey by killing directly, kleptoparasitizing 
from conspecifics and heterospecifics, and 
scavenging. If survival of overwintering Fer- 
ruginous Hawks is jeopardized by loss of win- 
tering habitats or prey populations, identifica- 
tion and preservation of suitable habitats and 
prey sources within the winter range emerges 
as an important conservation issue for Ferru- 
ginous Hawks. 
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ANTHROPOGENIC EFFECTS ON WINTER BEHAVIOR OF 
FERRUGINOUS HAWKS 

DAVID L. PLUMPTON,' Department of Fisheries and Wildlife, University of Minnesota, 200 Hodson Hall, 1980 Folwell Avenue, 
St. Paul, MN 55108, USA 

DAVID E. ANDERSEN, U.S. Geological Survey, Biological Resources Division, and Minnesota Cooperative Fish and Wildlife 
Research Unit, Department of Fisheries and Wildlife, University of Minnesota, St. Paul, MN 55108, USA 

Abstract: Little information is known about the ecology of ferruginous hawks (Buteo regalis) in winter versus 
the breeding season and less about how the species adapts to fragmented grassland habitats. Accordingly, we 
studied the behavior of 38 radiotagged ferruginous hawks during 3 winters from 1992 to 1995. We used 2 
adjacent sites in Colorado that were characterized by low and high levels of anthropogenic influence and habitat 
fragmentation: the Rocky Mountain Arsenal National Wildlife Refuge (RMANWR; low-level influence), and 
several adjacent Denver suburbs (high-level influence). Relative abundance of ferruginous hawks differed by 
treatment area and year (P < 0.001); hawks were most numerous where black-tailed prairie dogs (Cynomys 
ludouicianus) were most plentiful. Daily Minimum Convex Polygon (MCP) home range areas did not differ (P 
= 0.28) for RMANWR (f = 4.71 km2, SE = 1.33, n = 25) and suburban hawks (f = 2.30 km2, SE = 0.50, 
n = 13). The number of perches occupied per day between the sites was not different (P = 0.14), but hawks 
at RMANWR used pole and ground perches more frequently and for a greater portion of the daily time budget 
(P < 0.05). Hawks at RMANWR spent less time roosting after sunrise (a = 61 min) than did suburban hawks 
(f = 138 min; P = 0.004) and spent less time roosting during the day (RMANWR = 100 min; suburb = 189 
min; P = 0.009). Prey acquisition and associated intra- and interspecific interactions were not different (P > 
0.05) at RMANWR and suburban sites. Ferruginous hawks appear to modify their behavior in fragmented, 
largely human-altered habitats, provided some foraging habitats with adequate populations of suitable prey 
species are present 

JOURNAL OF WILDLIFE MANAGEMENT 62(1):340-346 

Key  words: anthropogenic, black-tailed prairie dog, Buteo regalis, Cynomys ludouicianus, ferruginous hawk, 
habitat loss, habitat use, radiotelemetly. 

As habitats become fragmented, local extir- of habitats and has specidzed prey require- 
pation becomes increasingly likely for species ments (Schmutz 1987, 1989). We describe and 
with specidzed resource requirements (Harris contrast winter habitat use by ferruginous 
1984, Temple 1986, Robinson 1991; Morrison hawks between areas subjected to dfferent de- 
et al. 1992:70), predators (Temple 1986), spe- grees of human habitat alteration and attendant 
cies with large spatial requirements (Robinson human activity. We selected ferruginous hawks 
19911, and species with restricted or small geo- for several reasons: (1) we h o w  little about the 
graphic ranges (Simberloff 1994). However, effect of habitat fragmentation on this species, 
how animals adapt to fragmented habitats is not (2) we lack information about habitat require- 
well documented. Many birds possess adapta- ments and behavior in winter, (3) ferruginous 
tions for moving among habitat fragments, mak- hawks were abundant in some suburban areas 
ing use of newly created habitats, and occupy- of Colorado and were apparently tolerant of hu- 
ing, avoiding, or vacating newly altered habitats man presence in these environments, and (4) 
(see review by Knopf 1986). Thus, birds are ex- they were highly conspicuous and sedentary in 
cellent subjects for the study of anthropogenic winter whereby foraging behavior was readily 
or human-related effects, particularly those bird observed. 
species thought sensitive to such influences. 

The ferruginous hawk is an ecological spe- STUDY AREA 
cialist that occupies a specific and narrow range The study area spanned portions of Adams, 

Denver, and Weld counties, Colorado (Fig. 1). 
We conducted fieldwork in 2 adjacent sites:

Present address: H. T. Harvey and Associates Eco- 
logcal Consultants, 906 Elizabeth Street, Box 1180, RMANWR and the Denver suburbs of Brigh- 
Alviso, CA 95002, USA. ton, Broomfield, Eastlake, Northglenn, Thorn- 

E-mail: harveyecology@worldnet.att.net ton, and Westminster (collectively, the subur- 

mailto:harveyecology@worldnet.att.net
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COLORADO 

N 

ADAMS COUNTY 

Fig. 1. Study area showing Rocky Mountain Arsenal National 
Wildlife Refuge and habitat patches composing the adjacent 
suburban study site, 1992-95. Remaining grassland fragments 
are shaded. 

ban site). These sites differed principally in the 
extent of human alteration and degree of frag- 
mentation and insularization of habitats. Ele- 
vation was about 1,500 m above mean sea level. 
In undeveloped areas of both sites, shortgrass 
prairie characterized vegetation and included 
weedy forbs, cheatgrass (Bromus spp.), and 
crested wheatgrass (Agropyron cristatum). Sand 
sagebrush (Artemisia jil$olia), rubber rabbit- 
brush (Chysothamnus nauseosus), and yucca 
(Yucca spp.) occurred throughout the study 
area; plains cottonwood (Populus sargentii) and 
willow (Salix spp.) dominated in riparian areas 
and where planted in some upland areas. In lo- 
cations where humans have not extirpated 
them, black-tailed prairie dogs maintained veg- 
etation at disclimax. Deciduous trees and utility 
poles used as roosts and perches by ferruginous 
hawks were plentiful in both sites. 

RMANWR 
The RMANWR was the largest contiguous 

block of undeveloped habitat within the area 
(70 km2). Anthropogenic alterations were min- 

imal and consisted primarily of buildings cen- 
trally located in several small complexes. There 
also were unimproved roads and utility poles. A 
perimeter fence enclosed the site and allowed 
strict control of human access. 

Suburban Site 
The suburban site approximated a collection 

of remnant habitat fragments that were small 
and scattered within a human-altered land- 
scape. The extent of anthropogenic change in 
the suburban site spanned a continuum from 
minimal alteration of grasslands into rangeland, 
through outright destruction or complete re- 
moval of habitats for urban development. 

METHODS 
Estimates of Relative Abundance 

We estimated relative abundance (Fuller and 
Mosher 1987) of ferruginous hawks at 
RMANWR and suburban studv sites. We con- 
ducted 5 surveys each winter from December 
through February, 1993-94 and 1994-95. We 
replicated surveys every 2 weeks, and we ran- 
domized survey sequence and starting points a 
priori. We established a 38.6-km road transect 
in each site and surveyed between sunrise and 
1100 at an average rate of 33 kmhr. At each 
ferruginous hawk sighting, we recorded the 
hawk's location and activity and estimated per- 
~endicular distance from the transect route via 
a parallax rangefinder. We made an index of 
prey availability for each site by estimating the 
linear amount of occupied prairie dog town bi- 
sected by the survey route. We compared sight- 
ing probabilities between study sites (Andersen 
et al. 1985) via detection frequency distribu- 
tions. 

Data Collection 
We trapped hawks using the Lockhart meth- 

od (Harmata 1984, Bloom 1987). We also used 
weakened and padded leg-hold traps baited 
with live mice (Plumpton et al. 1995) or cotton- 
tail rabbit (Syluilagus spp.) carcasses wrapped 
with noose carpets and dropped from a vehicle 
in view of perched hawks. We attached radio- 
telemetry transmitters to the rachis of the cen- 
tral rectrix or to 2 center rectrices of captured 
hawks. We clipped a small notch into 2 second- 
ary feathers (Young and Kochert 1987) to aid in 
identifying radiotagged hawks in flight. Re- 
search followed approved University of Min- 
nesota animal care and use protocols. 
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We randomly selected hawks for observation 
from the radlotagged cohort. Selection was 
again randomized after successfully tracking all 
radlotagged hawks for a complete day and with 
each addltional capture. We radlolocated hawks 
before daylight and continuously recorded be-
haviors (Martin and Bateson 1986) throughout 
the daylight interval (specifically, at the start of 
each ~ e r c hevent. we recorded time to the near-
est minute, noted perch substrate, and estimat-
ed location).To allow calculation of duration on 
the perch, we again recorded the time at the 
termination of that perch. We observed hawks 
from the farthest distance that allowed contin-
uous visual contact (typically 0.5-1.5 km). We 
computed daily MCP home range areas with 
program MCPAAL (Stuwe and Blohowiak 
1985). 

We reconstructed diurnal time budgets for 
each hawk at each site. Time budgets included" 
perched locations only because flight time was 
a negligible portion of the daily time budget 
during winter. Additionally, location estimates 
of flying hawks are imprecise, and flight could 
not be attributed to a particular behavior with 
certainty. Time budgets considered (I)activity 
level (total number of perch events per day); 
(2) number of perch events by substrate (e.g., 
poles, buildlngs, and other human-made struc-
tures, deciduous trees, and open ground); (3) 
mean duration of perch by substrate; (4) total 
daily duration allocated by substrate; (5) pro-
portion of the total daily time budget allocated 
by substrate; and (6)the duration spent roosting 
during daylight. We defined diurnal roosting as 
the interval between daylight and the hawk's 
first change in location, and the interval be-
tween the-final location and darkness. 

We monitored feeding behavior concurrently 
with continuous observations. Whenever possi-
ble, we recorded prey species, the methbd of 
prey acquisition (e.g., killed by the hawk under 
observation, kleptoparasitized, scavenged as 
carrion), and other inter- and intraspecific in-
teractions and their outcomes. 

Experimental Design 
We monitored radlotagged hawks in 2 treat-

ment areas: RMANWR and the adjacent sub-
urban site. This study was a mensurative exper-
iment (Sinclair 1991), and treatments were in-
herently organismic because it was impossible 
to randomly assign captured hawks to each 
treatment. We assumed that we captured hawks 

randomly from our treatments, and we used ra-
lotagged hawks as replicates within treatments. 

We used general linear models (PROC GLM; 
SAS Institute 1988) to test for year effect and 
used the Shapiro-Wilk statistic to test continu-
ous data to determine normality (Shapiro and 
Wilk 1965, SAS Institute 1988). We evaluated 
homogeneity of error variances between treat-
ments via the folded-form F'-statistic (PROC 
T E S T ;  SAS Institute 1988). 

We used t-tests when data satisfied paramet-
ric statistical assumptions, and nonparametric 
equivalents when data failed to satisfy these as-
sumptions. We tested non-normally distributed 
percentage (proportion) data from time budgets 
with Kruskal-Wallis (H) tests (SAS Institute 
1988). 

We used 2-tests to contrast the proportions 
of predatory and competitive encounters in 
both treatment areas. We used %way frequency 
tables to test for differences between treatment 
areas in count data such as relative abundances 
and perch use (SAS Institute 1988). We aver-
aged repeated observations of individual hawks 
(i.e., days observed; Martin and Bateson 1986: 
29); thus, sample sizes (n) represent the num-
ber of hawks from which we collected data. We 
considered all dlfferences significant when P < 
0.05. 

RESULTS 
From 1October 1992 to 19 February 1995, 

we monitored 38 radiotagged ferruginous hawks 
(RMANWR: n = 25 [1992-93 n = 10, 1993-94 
n = 12, 1994-95 n = 81; suburban site: n = 13 
[1992-93 n = 2, 1993-94 n = 6, 1994-95 n = 
61). We recaptured 5 hawks in multiple winters 
at RMANWR, and 1 at the suburban site. We 
captured predominantly adult hawks (after-sec-
ond-year age class; n = 31) and a few hatch-
year-second-year hawks (n = 7). We collected 
data over 148 days (RMANWR: 104 days; sub-
urban site: 44 days). There were no dlfferences 
(Type 111sums of squares) based on year (P > 
0.05) for any variable except mean duration of 
ground perches (P = 0.03). However, the mean 
duration of ground perches showed no dlffer-
ence between treatment areas (P = 0.143), so 
we pooled data among years. 

Relative Abundance 
Relative abundance of ferruginous hawks dif-

fered by treatment area and year (x" = 16.4, P 
< 0.001). Detection distances for hawks in the 
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RMANWR ROUTE 1993-94, RMANWR had 12 2 km of active, 

i;
;.; K~roadside prane dog c o l o ~ ~ e s ,and the suburban 

site had 15 8 km In 1994-95, sylvabc plague 
(Yersznza pestzs) ehminated prane dogs over 

t; 0 2  92% of the area inhabited by prane dogs at 
$ 01 RMANWR in the prevlous year After the 
2 plague epizoobc, the RMANWR route bisected 
2 O 5+ only 3 5 km of extant town, while the suburban
E 

SUBURBAN ROUTE 
route bisected 14 km w 

DISTANCE (rn x 100) 

Fig. 2. Detection frequency distributions from roadside sur-
veys of wintering ferruginous hawks in Colorado.Surveyswere 
conducted in 2 treatment areas: the Rocky Mountain Arsenal 
National Wildlife Refuge (low anthropogenic influence) and a 
suburban study site (high anthropogenic influence) during 
1993-94and 1994-95. 

treatment areas were similar, with most obser-
vations f d n g  in the &stance categories nearest 
the transect route (Fig. 2). During 1993-94, we 
observed equal hawk numbers at RMANWR (f 
= 10 hawks/survey) and in the suburban site (f 
= 9 hawks). However, in 1994-95, we recorded 
half the number of hawks per survey at 
RMANWR (f = 5), while the number at the 
suburban site nearly doubled (f = 16). 

Prey availability also varied by year. During 

Space Use and Time Budgets 

The sizes of daily MCP home ranges I d  not 
differ ( H I  = 1.159, P = 0.281) between 
RMANWR (f = 4.71 km2, SE = 1.33,n = 25) 
and the suburban site (f = 2.30 km" SE = 0.50, 
n = 13).Activity level, indexed by the number 
of perch positions occupied per day, was not 
different (t36 = -1.485, P = 0.146) in the 2 
treatment areas (RMANWR: f = 18, SE = 
1.39, n = 25; suburban: f = 14, SE = 1.66, n 
= 13).RMANWR hawks (n = 13) used ground 
and pole perches more frequently, and subur-
ban hawks (n = 13) used deciduous tree perch-
es more frequently (x" = 67.7, P < 0.001). 
Pooled t-tests and nonparametric 1-way analy-
ses of rank scores also indicated differences in 
the number, duration, and proportion of total 
time budget for use of perch substrates by treat-
ment area (Table 1). 

Ferruginous hawks in the treatment areas ex-
hibited similar temporal patterns in activity lev-
el (Fig. 3). Although suburban hawks were 
slightly less active than hawks at RMANWR, 

Table 1. Perch use by ferruginous hawks wintering in 2 adjacent sites with different levels of habitat alteration and human 
disturbance: the Rocky Mountain Arsenal National Wildlife Refuge, Colorado (low anthropogenic influence, n = 25) and an 
adjacent suburban area (high anthropogenic influence, n = 13), 1992-95. 

RMAS\irR Suburban 

Perch Variable" i SE P SE P 
--

Pole or building Numbedday 8 1.22 4 1.45 O.OOSh 
Sum (min) 192 27.58 96 36.35 0.012b 
Mean (min) 31 4.26 21 5.86 0.074" 
Percentagelday 36 4.87 18 6.08 0.013" 

Ground N~imber/day 6 0.76 3 0.71 0.004' 
Sum (min) 173 24.50 75 27.16 0.006b 
Mean (min) 26 2.99 18 4.08 0.143' 
Percentage/day 34 4.89 13 5.10 O.OOGh 

Tree Number/day 4 0.33 8 1.22 <O.OOIL 
Sum (min) 160 24.38 366 48.01 O.OOIL 
Mean (min) 45 5.93 62 14.47 0.288b 
Percentage/day 31 4.58 68 8.27 <O.OOlh 

Mean per hawk per treatment drCd 

h Knlskal-\Vallis and IVilcoron 2-cample test. 
' t - tes t  
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Y Table 3. Summaly of obsewations of foraging ferruginous 
hawks at Rocky Mountain Arsenal National Wildlife Refuge, 
Colorado (RMANWR; n = 104 days) and an adjacent subur-
ban study site (n = 44 days), 1992-95. 

u Proporhons H M A , W  Suburb P > Z 

0 1 
w , x ,' Days ulth any prey contact 0.278 0 341 0 441a 

Days ulth a kill 0 038 0 091 0 192d 
Days ulth prey scavenge 0.163 0 181 0 794a 
Kills with competition 0.75 0 75b 
Scavenges wth  competition 0 29 0 37b 

HOUR = 1 - b < 0 1  
Sample slze war insufficient for use of normd approxlmahon 

RMANWR SUBURBAN 
- ..- - .- - - - -

Fig. 3. Diurnal activity levels of ferruginous hawks wintering 
in 2 adjacent sites with different levels of habitat alterationand 
human activity: the Rocky Mountain Arsenal National Wildlife 
Refuge, Colorado (low anthropogenic influence, n = 25) and 
an adjacent suburban area (high anthropogenic influence,n = 
13), 1992-95. 

both groups exhibited similar peaks in activity 
throughout the day. 

Hawks using RMANWR spent less time in 
the roost after daylight than did suburban 
hawks (P = 0.004), and hawks spent less time 
in the roost during daylight in the morning and 
evening combined (P = 0.009; Table 2). The 
daylight interval spent in the evening roosts did 
not dlffer (P = 0.416) between hawks in 
RMANWR and suburban sites. The duration 
spent in the roost after sunrise was longer than 
that spent roosting before sunset for hawks in 
both sites (RMANWR: morning f = 61 min, 
afternoon f = 39 min; H I  = 5.384, P = 0.020, 
n = 25; suburban site: morning n = 138 min, 
afternoon I = 51 min; H I  = 9.157, P = 0.002, 
n = 13). 

Foraging 
We saw hawks feedlng 44 times during 1,325 

hr of observation spanning 148 winter days 

(RMANWR: 104 days, 927 hr, n = 25; suburban 
site: 44 days, 398 hr, n = 13).Successfully scav-
enging prey represented 25 (57%) of the ob-
servations, whereas we observed dlrect preda-
tion 8 (18%) times. Although we detected no 
differences in the proportion of any type of prey 
contact between RMANWR and suburban 
hawks (Table 3), sample sizes were too low for 
the normal approximation of the sampling dls-
tribution to be accurate in 2 of the 5 compari-
sons. 

DISCUSSION 
The size of the home range, the activity level 

within the home range, and the mean perch du-
ration dld not dlffer between the 2 treatment 
areas. This result suggests that anthropogenic 
influences do not strongly affect spatial require-
ments nor activity level, and that home range 
size may be independent of the size of the avail-
able foraging patch. In urbanized environments, 
Cringan and Horak (1989) indicated that raptor 
species with small spatial requirements typically 
fare better than species with large spatial re-
quirements. 

Hawks differed consistently in their use of 
perch types. Ferruginous hawks at RMANWR 

Table 2. Roost use by ferruginous hawks wintering in 2 adjacent sites with different levels of habitat alteration and human 
disturbance:the Rocky Mountain Arsenal National Wildlife Refuge, Colorado (RMANWR; low anthropogenic influence, n = 25) 
and an adjacent suburban area (high anthropogenic influence, n = 13), 1992-95. 

HMANWH Suburban 

Roost Variabled x SE x SE P > X2h 

Morning Duration (min) 61 8.51 138 22.71 0.004 
ProportionC 0.10 0.01 0.22 0.04 0.003 

Evening Duration (min) 39 8.20 51 15.91 0.416 
Proportion 0.06 0.01 0.08 0.02 0.395 

Combined Duration (min) 100 11.93 189 34.61 0.009 
Proportion 0.15 0.02 0.30 0.05 0.007 

Mean per hawk per treatment area 
Kruskal-Wallischi-square approximahon 
Duration-daylight in t end  
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used more exposed perches such as utility poles 
and open ground, and they used deciduous 
trees as roosts. In contrast, suburban hawks 
used more deciduous trees for d a ~ m eperches 
and used fewer pole and ground perches. This 
difference may be in response to human pres-
ence, because the probability of a vehicle pass-
ing a roadside pole or prairie dog town was 
higher at the suburban site than at RMANWR. 
Additionally, small fragments found in the sub-
urban site had higher perimeter:area ratios, 
with the perimeter abutting some human-al-
tered environments. Thus, even in the interior 
of some suburban fragments, perched hawks 
were close to human-altered areas, direct hu-
man msturbance, or both. These same edge ef-
fects may explain the ~rolongeduse of morning 
roosts in the suburban site. 

Presence of the primary forage species for 
ferruginous hawks wintering on our study area, 
the black-tailed prairie dog, does not alone con-
fer avadability to foraging hawks. To be suitable 
for wintering hawks, foraging habitats also must 
be free from anthropogenic influences that 
would preclude use by hawks. \rariables that 
could influence use of foraging habitats by win-
tering ferruginous hawks include size, shape, 
isolation within human-altered landscapes or 
proximity to human structures, and presence of 
human activity. The minimum size habitat patch 
required to insulate a hawk from anthropogenic 
effects that would otherwise render it unsuit-
able would likely depend on the edge effects in 
question. Also, the relative size, connectivity or 
isolation, perimeter:area ratio, shape (and thus 
"edge" width) varied at each patch, so "bound-
ary effects" (Janzen 1986,Wiens 1994)also var-
ied. 

Unlike breeding birds whose habitat use can 
be driven by availability of nest sites, wintering 
birds often use particular habitats because of 
food requirements (Newton 1979, Hutto 1985). 
Clearly, habitat suitability for wintering ferru-
ginous hawks on our study area is contingent 
upon the availability of extant black-tailed prai-
rie dog towns. The reasons that ferruginous 
hawks use some human-altered habitat patches 
are prey availability and the juxtaposition of 
roosting and elevated perch structures. Anthro-
pogenic influences thus can either enhance or 
degrade ferruginous hawk habitats. Clumps of 
mature deciduous trees, encouraged by hu-
mans, have enhanced habitats by providmg 
roost sites and diurnal perches in urban settings. 

Likewise, hawks used fences and utility poles as 
elevated perches. The primary anthropogenic 
influence that impoverishes habitats is extirpa-
tion of prairie dogs or reduction of towns to a 
size or level of isolation within human-altered 
landscapes that makes habitat unsuitable to fer-
ruginous hawks. 

MANAGEMENT IMPLICATIONS 
Many urban raptors persist, or even thrive, 

because they are tolerant of human-altered hab-
itats and derive benefit from human-enhanced 
prey sources. In contrast, ferruginous hawks in 
this study and other Buteo spp., bald eagles 
(Haliaeetus leucocephalus), and golden eagles 
(Aquila chysaetos) overwinter in a human-af-
fected environment but rely on nonanthropo-
genic prey sources. 

The habitat fragments in the suburban study 
site are at risk by virtue of an expandinghuman 
population and attendant habitat alteration. As 
humans further subdivide and isolate grassland 
fragments, these areas become increasingly un-
suitable to wintering raptors. The principal prey 
resource in this area for fenuginous hawks and 
a variety of other wildhfe is the black-tailed 
prairie dog. As an ecological specialist, the fer-
ruginous hawk will suffer local extirpation with-
out preservation of adequate prey habitats. 
Conservation of the black-tailed prairie dog in 
this community clearly would benefit represen-
tatives from the entire ecosystem. Conversely, 
loss of the black-tailed prairie dog in this area 
via human conversion of grasslands will result 
in secondar): extinctions throughout the grass-
land community. 
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Aluminium and zinc phosphide poisoningALEX T. PROUDFOOT
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Introduction. Aluminium and zinc phosphides are highly effective insecticides and rodenticides and are used widely to protect grain in stores
and during its transportation. Acute poisoning with these compounds may be direct due to ingestion of the salts or indirect from accidental
inhalation of phosphine generated during their approved use. Mechanisms of toxicity. Both forms of poisoning are mediated by phosphine
which has been thought to be toxic because it inhibits cytochrome c oxidase. While phosphine does inhibit cytochrome C oxidase in vitro, the
inhibition is much less in vivo. It has been shown recently in nematodes that phosphine rapidly perturbs mitochondrial morphology, inhibits
oxidative respiration by 70%, and causes a severe drop in mitochondrial membrane potential. This failure of cellular respiration is likely to be
due to a mechanism other than inhibition of cytochrome C oxidase. In addition, phosphine and hydrogen peroxide can interact to form the
highly reactive hydroxyl radical and phosphine also inhibits catalase and peroxidase; both mechanisms result in hydroxyl radical associated
damage such as lipid peroxidation. The major lethal consequence of phosphide ingestion, profound circulatory collapse, is secondary to
factors including direct effects on cardiac myocytes, fluid loss, and adrenal gland damage. In addition, phosphine and phosphides have
corrosive actions. Clinical features. There is usually only a short interval between ingestion of phosphides and the appearance of systemic
toxicity. Phosphine-induced impairment of myocardial contractility and fluid loss leads to circulatory failure, and critically, pulmonary
edema supervenes, though whether this is a cardiogenic or non-cardiogenic is not always clear. Metabolic acidosis, or mixed metabolic
acidosis and respiratory alkalosis, and acute renal failure are frequent. Other features include disseminated intravascular coagulation, hepatic
necrosis and renal failure. There is conflicting evidence on the occurrence of magnesium disturbances. Management. There is no antidote
to phosphine or metal phosphide poisoning and many patients die despite intensive care. Supportive measures are all that can be offered and
should be implemented as required.

Keywords Aluminium (Aluminum) phosphide; Zinc phosphide

Introduction and uses

For many years aluminium and zinc phosphides have been
highly effective insecticides and rodenticides with the major
merits of being inexpensive and not leaving toxic residues.
They are formulated as compressed discs, tablets or pellets that
commonly weigh 3 g and contain variable amounts of a single
phosphide in combination with other substances such as
ammonium carbonate. The purity of the technical salt used var-
ies, being of the order of 87% for aluminium phosphide and
80–95% for zinc phosphide. Phosphides are used widely to
protect grain held in stores, the holds of ships and in wagons
transporting it by rail and are admixed with the grain at a pre-
determined rate as it is put into storage. The phosphide then
interacts with moisture in the air between the grains to liberate
phosphine (hydrogen phosphide, phosphorus trihydride, PH3)
(Fig. 1) which is the active pesticide. The release of phosphine

is even more vigorous after contact with an acid (Fig. 1). Acute
poisoning with these compounds, therefore, presents two
forms: direct ingestion of the salts themselves or indirect inha-
lation of the phosphine generated during their approved use.

Pure phosphine is colorless and odorless up to toxic con-
centrations (200 ppm), a view accepted by the International
Programme on Chemical Safety and others (1–4), though
Merck asserts that it has an odor of decaying fish (5). If the
former view is accepted the smell emanating from phosphide-
poisoned patients is probably due to contaminants in the
pesticide formulations and not phosphine itself. It has been
suggested that these volatile contaminants may be alkylphos-
phines (6). For “phosphine” liberated from one pesticidal for-
mulation of aluminium phosphide, the odor threshold was
0.01–0.02 ppm, ten times lower than that derived from the
technical salt alone (6).

The usefulness of phosphide pesticides is now threatened
by the development of resistance to them.

Methods

In order to complete this review, the terms aluminium and
aluminum phosphide, zinc phosphide, and phosphine were
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searched using the Medline, Embase, Toxnet, and Google
Scholar databases. All relevant articles in English were
obtained. In addition, the Current Awareness in Clinical Tox-
icology database and the extensive files held by the UK
National Poisons Information Service were searched. Older
papers were used to identify original research prior to 1966.
Not all articles obtained are referenced in this review. Many
isolated case reports and small case series do not appear in
the citation list. The only criterion for inclusion is the ability
to highlight important aspects.

Epidemiology

In a recent series of 188 “phosphine” poisonings from
Germany that occurred between 1983 and 2003, 28% were
intentional and mainly by ingestion (presumably of metal
phosphides though it is not stated) while most of the 65%
unintentional exposures were by inhalation (7). A similar pat-
tern has also been reported from the United Kingdom where
the majority of 93 aluminium phosphide exposures over a
period of 6.5 years (1997–2003) were accidental and
involved inhalation of phosphine liberated from phosphides
in agricultural settings (8); there was no evidence that the
number of incidents was increasing.

Ingestion of phosphides

Phosphide ingestion is a particular problem in rural India,
the origin of most of the data on this topic (9–13). The alu-
minium salt is most commonly involved. Indeed, in a pro-
spective study of 559 acute poisonings admitted over 14
months to a single hospital in Harayana-Rohtak, India, no
fewer than 379 (68%) involved aluminium phosphide (14).
Similarly, reports to the National Poisons Centre in Delhi
indicate that aluminium phosphide is the pesticide most
commonly ingested by children (15). Occasionally parents
attempting suicide with phosphides have given some to their
children with fatal consequences (16) and aluminium phos-
phide was second only to burns as the cause of dowry deaths
in the Allahabad region (17).

Much smaller numbers or only sporadic cases of phosphide
poisoning have been reported from around the world, includ-
ing Australia (18), Denmark (19), France (20), Germany (21),
Greece (22), Iran (23), Jordan (24), Morocco (25–27), Nepal
(28), Sri Lanka (29), Turkey (30), the United Kingdom

(31,32), Canada, the United States (33,34), the former USSR (35),
and Yugoslavia (36). A single death from ingestion of a falsely
labeled rodenticide bait has been reported (37). Phosphide
rodenticides were responsible for nine out of 349 deaths in
35,580 poisoning admissions to one hospital in Tehran (23).

Zinc phosphide ingestion is very much less common
(12,22,28,29,33,36–41).

Occupational and environmental phosphine exposure

Occupational exposures to phosphine are uncommon and
rarely severe (42,43) but accidental inhalation is a particular
risk to those in close proximity to grain that has had a metal
phosphide mixed in with it. Recurring locations include
ships’ holds (44–49), rail wagons (47–49), grain elevators
(24), grain stores (50,51), and even stores in homes (24).
Potentially lethal concentrations of the gas may develop in
the head-spaces of unventilated or poorly ventilated storage
containers and domestic premises (52).

Phosphine may be released during the illicit manufacture
of methamphetamine (53,54); deaths have resulted (54). In
another incident, a packet of aluminium phosphide in a
container from abroad was burst and the sweepings placed
in water causing immediate fizzing and liberation of
phosphine (55).

Close proximity to a source of phosphine is not required to
be at risk of toxicity as phosphine gas can travel some dis-
tance as it is heavier than air (vapor density 1.2:1). Many
years ago 12 individuals in a house adjacent to a warehouse
used to store aluminium phosphide developed vomiting and
one died. The illnesses were attributed to phosphine (56).
More recently exposures have been alleged after use of metal
phosphides to control pests in adjacent buildings (57).

Mechanisms of toxicity

It is generally accepted that the toxicity of metal phosphides
is due to phosphine liberated when ingested phosphides come
into contact with gut fluids, the gas being absorbed through
the alimentary mucosa and distributed to tissues. This view is
supported by two facts which suggest, but do not prove abso-
lutely, that the assumption is correct. First, blood phosphine
concentrations were higher on admission to hospital and at
12 h after ingestion in those who were severely poisoned
compared with those with mild or no toxicity. Second, con-
centrations were higher in patients who died than in those
that survived (58). Furthermore, blood phosphine concentra-
tions were higher in shocked patients poisoned with fresh
tablets compared with those who consumed old ones or only
powder from tablets (58) presumably because the salt in the
latter had been hydrolysed, partially or totally, by moisture in
the atmosphere.

There is evidence in vitro that phosphine inhibits cyto-
chrome C oxidase (Complex IV) (59,60). However, it is

Fig. 1. Formation of phosphine from aluminium and zinc
phosphides after interaction with water or acid.
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unlikely that this interaction is the primary cause of toxicity
as phosphine inhibits cytochrome C oxidase activity less dra-
matically in vivo than in vitro (61). Phosphine only partially
inhibits cytochrome C oxidase activity in insects (625), rats
(60), and humans (63). Thus, phosphine is different from
other cytochrome C oxidase inhibitors such as cyanide,
which strongly inhibit cytochrome C oxidase activity in vivo
(64). Moreover, in humans, the features of phosphine and
metal phosphide poisoning are not in keeping with those of
cyanide and hydrogen sulfide.

It is therefore pertinent to consider what other mechanism(s)
might be relevant.

1. Recent studies in nematodes have shown that phosphine
perturbs mitochondrial morphology, inhibits oxidative res-
piration by 70%, and causes a severe drop in mitochon-
drial membrane potential within 5 h of exposure (65). This
failure of cellular respiration is likely to be due to a mech-
anism other than inhibition of cytochrome C oxidase as
phosphine inhibits cytochrome C oxidase activity less dra-
matically in vivo than in vitro (61,66) and only partially
inhibits cytochrome C oxidase activity in humans (63).

2. Phosphine and hydrogen peroxide can interact to form the
highly reactive hydroxyl radical. This is consistent with an
observed increase in hydroxyl radical associated damage,
such as lipid peroxidation, in vitro (67,68) and in vivo in
mammalian cell lines (68–70).

3. Since phosphine also inhibits catalase and peroxidase
(71,72), at least in insects, scavenging of peroxide radicals
is reduced and the resulting lipid peroxidation damages
cells. Data from humans poisoned with aluminium phos-
phide appear to support this mechanism (63,73–75), as do
studies in rats (69).

4. Both aluminium (76) and phosphine (77,78) inhibit cho-
linesterases (79). Rastogi et al. (9) measured serum cho-
linesterase activity on admission to hospital and 12 and 72 h
later in 25 patients with aluminium phosphide poisoning.
Only one had a result comparable to the mean control value;
the others were 75% or less including seven in whom it was
below 20%. However, no reduction in brain (pre-frontal cor-
tex) acetylcholinesterase activity was found in 10 patients
who died. It seems unlikely that any of these reductions,
except, perhaps, the most severe, is of clinical relevance. It
is also possible that aluminium contributes to them (80,81).

5. Human serum cholinesterase activity was reduced after
exposure to phosphine in vitro, the extent of the inhibition
being related to the concentration and duration of exposure
(78). However, limited data suggest that there is no in vivo
reduction of erythrocyte cholinesterase activity in humans
after accidental inhalation of phosphine (44,81). Whether
this is due to lower blood phosphine concentrations after
inhalation of the gas compared with those attained after
ingestion of phosphides cannot currently be determined.

6. “Phosphine” liberated by hydrolysis of phosphide pesti-
cides contains contaminants, the nature and toxicity of
which are unclear (see Introduction and uses).

7. There is also evidence that phosphides are corrosive.
Hematemesis has complicated phosphide ingestion (82)
and on occasions it has been massive (10). Gastroduodeni-
tis (83) and esophageal stricture (84–89) have been found
at endoscopy as early as 2 weeks after consumption. Simi-
larly, definitive diagnoses of esophagitis and gastritis have
been made at autopsy (21) while others have commented
on the frequent fnding of deep congestion of the linings of
the esophagus, stomach, and duodenum (11). The fact that
it decreases in the ileum might also support a corrosive
action. However, in these cases there is congestion of
many organs. It is not clear if the salts or the gas generated
from them are responsible for the corrosive features. On
balance, the corrosive action of the phosphides is not an
important component of their toxicity.

8. The metal moiety of the ingested molecule could also con-
tribute to toxicity indirectly. Concentrations of metals in
the tissues of those dying from phosphide ingestion have
been measured relatively rarely but when they have been,
very high concentrations have been found. For example, in
one case the concentration of aluminium in blood was
1,537 μg/L with 36, 4.6 and 75 μg/g in brain, heart, and
liver respectively (20). In other fatal cases an elevated, but
much lower, aluminium concentration (713 μg/L) was
found in one (90) and zinc in a concentration of 1,160 μg/L
in another (33). The relevance of these to toxicity remains
to be determined but there is clear evidence that alumin-
ium (as well as phosphine (77)), can inhibit acetylcho-
linesterase (76,80,93).

Toxicokinetics

There are very few data on the toxicokinetics of aluminium
phosphide, zinc phosphide, and phosphine. The short interval
between ingestion of metal phosphides and the appearance of
features of systemic toxicity indicates that phosphine must be
rapidly and readily absorbed. Remarkably, there is also evi-
dence that phosphides may be absorbed as microscopic parti-
cles of unhydrolysed salt (39,91).

Phosphine was detected in the blood of ten fatalities but
not quantifed (24). In one of two more deaths it was present
in blood in a concentration of 0.5 μg/L (91) but undetectable
in the other (20). Chugh and his colleagues (58) claimed to
show higher blood phosphine concentrations in shocked
patients poisoned with fresh aluminium phosphide tablets
compared with those who consumed old ones or only powder
from tablets. They also demonstrated higher concentrations
in shocked patients who died than in shocked survivors.
However, how their analytical method could have measured
phosphine has been questioned (92).

There are no data on the distribution of phosphine to
tissues but one would expect such a small molecule to reach
all organs readily.

Similarly, the fate of phosphine in the body is obscure. It is
known to interact irreversibly in vitro with free hemoglobin
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and hemoglobin in intact erythrocytes (rat and human) to pro-
duce a hemichrome (a methemoglobin derivative resulting
from altered protein conformation) (93,94). Heinz bodies
(denatured hemoglobin aggregates) are also formed in vitro at
concentrations of 1.25 ppm (94). These reactions require oxy-
gen and it has been suggested that phosphine must be
degraded before they occur. Some 16% of phosphine inter-
acted with rat hemoglobin was recovered as phosphite and
phosphate but the remainder could not be accounted for (93).
Rare cases of phosphide poisoning complicated by intravas-
cular hemolysis and methemoglobinaemia (see clinical fea-
tures) support the involvement of erythrocytes in the
biotransformation of phosphine in vivo in humans.

Some unaltered phosphine may be cleared in expired air
provided there is an appropriate concentration gradient
between plasma and alveolar spaces. Phosphate and phosphite
will be excreted in urine. The major degradation product in the
urine of rats and guinea pigs was hypophosphite (39).

Clinical features

Whatever the prime cause of toxicity, the train of events that
phosphides initiate rapidly compounds it. Foremost amongst
these is circulatory failure resulting in congestion and edema
of most organs (95,96) including, critically, the lungs. Others
include disseminated intravascular coagulation and renal fail-
ure. Severe poisoning, therefore, has the potential to induce
multi-organ failure and though it sometimes does, it would
probably do so much more frequently if victims did not die so
soon after ingestion.

Fatalities from phosphide ingestion have ranged from
40–77% (10,97–101), and in one series 55% occurred within
12 h of ingestion and 91% within 24 h (102).

Early features

Early symptoms include nausea, vomiting, retrosternal and
epigastric pain, and dyspnea. Diarrhea is less common. Com-
monly, patients are anxious and agitated while mentally clear.
There is often a smell of garlic (57,103,104) on the breath.
Shock and peripheral circulatory failure are particularly
important early signs of toxicity.

Cardiac toxicity

Circulatory failure is a common and frequent cause of death
after ingestion of metal phosphides (21). Hypotension, often
profound (30,34,82), can develop rapidly and may persist due
to continuing absorption of phosphine (105). In 115 alumin-
ium phosphide-poisoned individuals the severity of hypoten-
sion in life was considered to correlate with the degree of
congestion of the abdominal organs at autopsy (11). At
autopsy congestion of the heart, separation of myocardial
fibres by edema, fragmentation of fibres, non-specifc

vacuolation of myocytes, focal necrosis, and neutrophil and
eosinophil infiltration are recurring findings (95,98,
100,106,107). However, they are not invariable; myocardial
histology was normal in three patients who died within 12 h
of consuming phosphide (106).

In life these pathological changes manifest as impaired
myocardial contractility which is reversible if patients sur-
vive. Using echocardiography Gupta et al. (27,108) found
significantly increased left ventricular dimensions on the first
hospital day compared to those in patients who survived until
the fifth day. Similarly, Bhasin et al. (109) studied 30 patients with
a mean age of 23 years by the same technique. Hypokinesia
of the left ventricle and septum was present in 80% and aki-
nesia in 3% and ejection fractions were reduced to a mean of
36 ± 9%. Echocardiographic evidence of global, or less
severe, hypokinesia has been found by others (8,27,110).
Bajaj et al. (106) carried out radionuclide ventriculography in
three patients. All had global dyskinesia and two had ejection
fractions of 42 and 62% at 36 h. The third had values of 22,
30, and 62% at 24, 72, and 120 h respectively. Kalra et al.
(111) made hemodynamic measurements in 25 patients poi-
soned with aluminium phosphide and considered that they pre-
sented a distinct profile characterized by severe hypotension,
reduced cardiac output, raised systemic venous pressure, nor-
mal pulmonary artery wedge pressure and inadequate systemic
vasoconstriction. Myocardial necrosis may be responsible for
increased CK-MB activity in all of five patients tested in
another study. The elevation was greatest in the earliest sam-
ples and returned to normal by the fourth day (106).

ECG abnormalities were present in 38% of 418 aluminium
phosphide ingestions (10) and most commonly comprised ST
and T-wave changes that have also been reported by others
(27,112,113). Their occurrence in a population predomi-
nantly under the age of 50 years (10) suggests they may be
due to the poison. There was no relationship between ECG
changes and cardiac histology in one large series (98).

Both tachycardia and bradycardia are also common and the
inappropriateness of the latter for the degree of shock has been
observed (106,114). Virtually every other type of arrhythmia
and conduction abnormality has been recorded in association
with phosphide ingestion and they are very common
(8,10,21,27,33,97,99,107,108,113,115,116). In one series all
30 patients had atrial and ventricular ectopic activity and
almost half went on to sustained ventricular tachycardia
(SVT) and ventricular tachycardia (VT) (99).

There is clear evidence that inhaled phosphine is car-
diotoxic also. One child had electrocardiographic ST depres-
sion and short-lived dilatation and poor function of her left
ventricle while another who was dead on discovery had
biventricular failure and focal myocarditis at autopsy (81).
Similarly, a 53-year-old man had hypokinesia of the inferior
heart wall and a pericardial effusion without tamponade but
recovered (117). A left ventricular ejection fraction of only
10% was estimated in a 20-year-old man who inhaled phos-
phine from treated grain in a railcar and died within 12 h of
admission to hospital (49). Another of comparable age and
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exposed in the same incident had global dyskinesia and an
ejection fraction of 15% on the first day in hospital. By the
fourth day it had risen to 40% (49). Ventricular premature
beats (>600/h) and bigeminy were present in one young
man (118).

Respiratory toxicity

Tachypnea, dyspnea, crepitations, and rhonchi were
present on examination in 192 out of 418 cases (46%) of
phosphide poisoning (10) and have been found by others
(82). Pulmonary edema is common but it is not always
clear whether it is cardiogenic or non-cardiogenic in
etiology. It tends to develop 4–48 h after ingestion and the
finding of a reduced PaO2 without an increase in pulmo-
nary artery wedge pressure, suggested it was non-cardiogenic
(111). Others have confidently diagnosed adult respiratory
distress syndrome (102,106,108,119) and non-specifed
pulmonary edema (11,12). The edema fluid may be pro-
tein-rich and hemorrhagic (11).

Gastrointestinal toxicity

Hematemesis occurred in one case (82) and in four others it
was described as massive (10). Corrosive lesions of the
esophagus and stomach may be the source (21,95,100).
Chhina et al. (83) endoscoped four patients with vomiting
and epigastric pain following ingestion of aluminium phos-
phide. All had severe gastric erosions and three had duodenal
erosions. Repeat examination of two survivors 2 weeks later
was normal.

Several patients have gone on to develop esophageal stric-
tures (84,85–89,120), two of which (89,120) were associated
with tracheo-oesophageal fistulae. In the latter cases cough-
ing after swallowing (Ono’s sign) should alert the physician
to the diagnosis (120). Dysphagia may be apparent as soon as
3 or 4 days after ingestion of aluminium phosphide (88,120)
but is more usual about 2 weeks later.

Hepatic toxicity

Transient elevations of alanine aminotransferase and aspartate
aminotransferase activities are not infrequent after ingestion of
metal phosphides (22,27,30,52) but jaundice secondary to liver
damage (12) is much less common. It was present in 12 out of
92 cases (102) and was said to be common in another series
of 15 patients (121) but confirmatory laboratory data were not
provided. Jaundice was alleged to be present in 16 (52%) mem-
bers of the crew of a grain freighter who inhaled phosphine
after an accidental release (81) but, in the six tested, serum
bilirubin concentrations were normal and transaminase activities
only minimally disturbed, casting doubt on the clinical observa-
tion. Acute hepatic failure and encephalopathy was considered
to be the cause of death in one man (122), while a 12-year-
old girl died from a combination of acute hepatic failure and

encephalopathy with renal failure (30). Portal edema, conges-
tion of the portal tract and central veins, and vacuolization of
hepatocytes are the most frequent findings at autopsy (123).

Hematological toxicity

Although phosphine causes Heinz body formulation and
hemoglobin oxidation in vitro (93,94), intravascular hemoly-
sis and methemoglobinaemia are unusual complications of
phosphide poisoning in humans. Nine individuals with intra-
vascular hemolysis after ingestion of aluminium phosphide
have been identified from the literature. Three were glucose-
6-phosphate dehydrogenase deficient (124), including one
young man who had previously developed haemolysis when
given primaquine (104). Two others had no history to suggest
this possible predisposing disorder (103,110) and in the
remaining four the issue was not addressed (10). Intravascu-
lar hemolysis was associated with renal failure and severe
metabolic acidosis to which 3 days of vomiting and diarrhea
may have partly contributed (52).

In addition to hemolysis one man was found to have
methemoglobinaemia of 17% 32 h post-ingestion (110)
while another developed Heinz bodies (124), a further indi-
cator of damage to hemoglobin. Rats given aluminium
phosphide had methemoglobin concentrations measured at
10 and 30 min intervals. They increased simultaneously
with those of malonyldialdehyde suggesting that methemo-
glo-binaemia was secondary to increased oxygen free radi-
cal generation (125).

Disseminated intravascular coagulation was present in six
out of 418 patients poisoned with aluminium phosphide (10).

Electrolyte and metabolic abnormalities

Hypokalemia is common soon after ingestion of metal phos-
phides and is probably secondary to vomiting, though cate-
cholamine release could also contribute. Metabolic acidosis,
or mixed metabolic acidosis and respiratory alkalosis, and
acute renal failure are also frequent. Hypoglycemia has been
reported (41,113) and may be persistent and severe (22). It is
thought to be the result of impaired gluconeogenesis and
glycogenolysis (22) possibly secondary to adrenal gland
damage and low circulating cortisol concentrations (113).
Hyperglycemia (107,126) appears to be rare.

The main controversy relates to the existence or otherwise
of disturbances of magnesium homeostasis. In 1989,
prompted by reports of the empirical use of magnesium sul-
phate to treat phosphide toxicity, Singh and his co-workers
(101,127) demonstrated that serum magnesium concentra-
tions were increased, possibly secondary to release from
damaged cardiac myocytes and hepatocytes, and confirmed
the findings in subsequent studies (102,128).

Unfortunately, other studies have found the converse, that
is serum and erythrocyte concentrations were reduced rather
than increased. Chugh et al. (129) compared serial serum and
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erythrocyte magnesium concentrations in four groups of
people. One comprised patients poisoned with aluminium
phosphide who had resulting shock (not defined) and car-
diotoxicity (not defined) while the second included those poi-
soned but without shock or cardiac features. The remaining
two groups acted as controls, the first being patients in shock
secondary to trauma or hemorrhage but without other features
of cardiac toxicity and the second, normal volunteers. The
only significant finding in admission samples was that cell
and serum concentrations were lower in shocked, cardiotoxic
patients (mean serum and RBC concentrations 0.9 and 3.7
mEq/L respectively compared with 1.8 and 5.2 mEq/L in vol-
unteers). Since, first, hypomagnesemia was found in toxic
shocked patients but not in those with non-toxic shock and,
secondly, 75% of those in the toxic/shock group had ECG
changes, it was concluded that the evidence supported a
causal relationship between hypomagnesemia and phosphide-
induced shock. Without intervention both serum and cell val-
ues returned to normal by about 24 h. The authors confirmed
their findings in a later study (130) and thought the hypo-
magnesemia secondary to consumption in combating free
radical stress (131). Hypomagnesemia has also been found in
a recent single case of phosphine inhalation from aluminium
phosphide (118).

The situation became even more complicated when, in
1994, Siwach and his colleagues (132,133) found themselves
unable to agree with either the Singh (101,102,127,128) or
Chugh (129) groups. They found pre-treatment mean serum
and red cell magnesium concentrations to be normal. Con-
centrations were increased in the brains, lungs, hearts, livers,
kidneys, and stomachs of fatalities but later studies showed
this to be the result of magnesium administration and not
phosphide toxicity (134).

Clearly, these studies cannot all be correct and the analyti-
cal method used to generate the results may be an important
factor. The results of Siwach and his colleagues (132,133)
carry particular weight because they used atomic absorption
spectroscopy, a technique that is superior to the colorimetric
method published in 1977 and used by Singh and his
co-workers (102) and the titan yellow method employed by
Chugh et al. (129) despite it being claimed that results
obtained using the former method correlated extremely well
with those from atomic absorption spectroscopy (135). If the
studies of Siwach et al. (132,133) are considered the most
reliable, there is no choice but to accept that neither
hypomagnesemia nor hypermagnesemia is a feature of alu-
minium phosphide poisoning, though confirmation by
another independent study would be welcome.

Uncommon features

Unusual complications of phosphide ingestion include atrial
infarction (136), pleural effusion (30,112), ascites (30), skele-
tal muscle damage (137), rhabdomyolysis (107), a bleeding
diathesis (138), adrenocortical congestion, hemorrhage and

necrosis (95), pancreatitis (139), and renal failure
(10,11,30,82). Acute pericarditis has also been reported infre-
quently (140,141) though pericardial fluid was detected by
echocardiography in a third of patients in one study (109).
Subendocardial infarction complicated the recovery of a
16-year-old male (142) and a 26-year-old woman who had
recovered from aluminium phosphide ingestion suffered an
intracranial hemorrhage 5 days after the event. No explana-
tion other than the poison was found (143).

Management

Decontamination

Gastric lavage is probably best avoided after ingestion of
phosphides as it might increase the rate of disintegration of
the pesticide and increase toxicity. There is limited evidence
from an experimental study in rats that activated charcoal
may reduce the toxicity of zinc phosphide (144). However,
vomiting may make the administration of charcoal difficult.

In vitro studies suggested that vegetable oil and liquid
paraffin inhibit phosphine release from phosphides (145) but
these oils have not been tested in clinical practice. However,
coconut oil was given as one component of a therapeutic
approach involving early gastric emptying and a combination
of sodium bicarbonate and activated charcoal by mouth
(23,126). Both patients had ingested potentially lethal
amounts of aluminium phosphide (16.8 and 11.76 g, respec-
tively) but survived. Formal investigation on a larger scale is
required before a recommendation can be reached.

Although the administration of sodium bicarbonate via a
gastric tube to decrease gastric hydrochloric acid has been
proposed in the belief that hydrochloric acid assists the
conversion of phosphide to phosphine, there is no experi-
mental support for its use. Moreover, based on an under-
standing of the mechanisms of toxicity of metal
phosphides, this strategy is unlikely to reduce morbidity
and mortality. Similarly, the use of dilute potassium per-
manganate in lavage solution has been advocated without
experimental support (23,126).

Removal of victims of phosphine inhalation from the con-
taminated atmosphere will have been carried out by the emer-
gency service first on scene. Supplemental oxygen may be
given if necessary but further measures for airway control are
unlikely to be required.

Supportive care

Many patients will die from metal phosphide poisoning
despite intensive care. Supportive measures are all that can be
offered and should be implemented as required by clinical
developments.

The blood glucose concentration should be measured in
every case and hypoglycemia corrected if found. Similarly,
hypokalemia should be sought and, if clinically indicated, at
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least partially corrected; cardiac features have resolved in
occasional patients on correction of potassium concen-
trations (146). It must be remembered, however, that the
onset of acidosis, renal failure and cell damage may produce
life-threatening hyperkalemia. Metabolic acidosis should be
managed conventionally.

Magnesium supplementation

The problematic decision is whether or not supplemental
magnesium should be given. If magnesium depletion does
not occur such a course would appear illogical but single
cases have been reported where magnesium administration
appeared to terminate atrial fibrillation (147) and SVT and
VT (148). On the other hand, magnesium sulphate 3 g given
intravenously over 30 min did not abolish very frequent ven-
tricular ectopic beats and bigeminy though it restored a nor-
mal magnesium concentration (118).

Only a few studies have attempted to assess the value of
magnesium sulphate in large groups of patients and their
results are conflicting. Fifty consecutive patients selected on
the basis of a systolic blood pressure of less than 70 mm Hg
after aluminium phosphide ingestion were given high
doses (4 g intravenously as a loading dose, 2 g 1 h later
and 1 g 3-hourly until recovery or death) and the outcome
compared with the same number of consecutive controls of
comparable severity dating from immediately before the
study group. Twenty-one of those given supplemental mag-
nesium (42%) survived compared with 20 (40%) not so
treated. Moreover, treatment did not significantly improve
survival at any dose (number of tablets) consumed. In this
study, therefore, magnesium supplementation was of no
value (132).

Unfortunately, Chugh et al. (130) came to the opposite
conclusion. They randomized 105 shocked aluminium
phosphide-poisoned patients to two groups. Fifty were not
given magnesium while 55 received 1 g intravenously then, 1 h
later, 1 g by constant infusion hourly for 3 h followed by 1 g
6-hourly till death or recovery or a maximum of 5 days.
Overall, 69% of treated patients survived compared with only
48% not given magnesium. Survival was significantly
improved at each dose (number of tablets) ingested. The
Chugh group then extended their study to compare the above
regimen with a simpler one entailing administration of mag-
nesium sulphate 1 g intravenously every 6 h. Survival in the
50 patients receiving the latter was not significantly better
than in those not given it (149).

Further studies are required to clarify the potential benefit
of magnesium supplementation.

N-acetylcysteine

Reduced concentrations of glutathione have been found in
the tissues of rats (69,150) and blood of humans (131) poi-
soned with aluminium phosphide and provide a rationale for

investigating N-acetylcysteine as a therapeutic agent.
A dose of 6.25 mg/kg/min intravenously significantly pro-
longed survival time in rats (151) but only one report of its
use in human phosphide poisoning has been identified (8).
In this case it was only one component of a multi-therapy
approach that also included administration of magnesium
sulphate. It did not appear to alter the course of poisoning
and the patient died.

Pralidoxime

There is experimental and clinical evidence that phosphine
(77) and aluminium (76,80) inhibit acetylcholinesterase. Mit-
tra et al. (152) investigated the benefit of administering atro-
pine 1 mg/kg and pralidoxime 5 mg/kg parenterally to rats
dosed with aluminium phosphide 10 mg/kg (5.55 × LD50)
5 min previously. Treatment increased the survival time by
2.5-fold in nine out of 15 animals and resulted in the survival
of the six remaining animals. There were no survivors in the
two control groups. Further studies are required to confirm
the benefit of oximes.

Hyperinsulinemia-euglycemia and hyperventilation 
oxygenation

Preliminary observations suggest that a combination of
hyperinsulinemia-euglycemia and hyperventilation oxy-
genation is worthy of more extensive assessment as a
therapy for aluminium phosphide intoxication (153) on
the basis that insulin promotes energy production from
carbohydrates rather than fats and, in so doing, restores
calcium fluxes and improves myocardial contractility. Of
five patients managed in this way, four survived despite
all having ingested large amounts resulting in peripheral
circulatory failure with metabolic acidosis or cardiac
disorders.

Trimetazidine

Trimetazidine 20 mg orally twice daily appeared to abol-
ish numerous ventricular ectopic beats and bigeminy in a
young man poisoned with aluminium phosphide (118).
Since trimetazidine acts to preserve oxidative metabolism,
its use is rational but further experience is required before
its wider use in phosphide-induced cardiotoxicity can be
endorsed.

Protection of staff

Clinical staff

Of particular current concern and controversy is whether
carers of patients poisoned with phosphides are at risk from
inhalation of the odors emanating from those receiving their
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attention. In one case the smell was such that emergency
department staff were advised to follow fire service evacua-
tion instructions, clear the department and restrict ambulance
arrivals to those transporting patients with life-threatening
illnesses only (18). An almost identical incident in the United
Kingdom resulted in a major incident being declared, closure
of the emergency department for about 15 h, diversion of
seven patients to nearby hospitals and referral of 13 fire per-
sonnel and three police officers to another hospital for assess-
ment after possible exposure (31,154). Other responses have
been more measured (32).

The contrast of the more extreme of these responses to
aluminium phosphide-poisoned patients with the apparent
lack of concern in less developed countries to the same
and considerably more common problem could not be
starker. Christophers et al. (155) pointed out that in India
hospital staff take no specific precautions and do not per-
ceive any threat. The features developed by carers
exposed to phosphide-poisoned patients are invariably
vague, referring merely to “mild symptoms,” “no lasting
symptoms,” anxiety, nausea, dizziness, and headache
without giving frequencies of occurrence or durations.
One physician developed an unexpected headache lasting
an hour after caring for a woman giving of a strong smell
after drinking a solution of zinc phosphide (156) and in
the UK incident that resulted in declaration of a major
disaster many of the department’s staff of 30 were anx-
ious though only five had possible exposure and two had
mild, unspecified, symptoms. Notably, the two paramed-
ics, three nurses and two doctors who dealt with the
patient suffered no lasting symptoms though what they
did experience is not stated (31,154).

The first task is to try to determine whether the risk is
real; an odor, however unpleasant, no more indicates tox-
icity than absence of one does the contrary. Since pure
phosphine is odorless up to toxic concentrations (see
Introduction and uses), the smell emanating from
phosphide-poisoned patients is probably not phosphine but
arises from some contaminant or contaminants in the pes-
ticide formulation. For this reason, it cannot be assumed
that the stronger the smell the greater is the exposure to
pure phosphine.

Pathologists

In contrast to clinicians and medical administrators, the
response of pathologists to chemically poisoned bodies
has been very low-key. In studies from India reporting the
findings in 115 (11), 30 (95,96), and 53 (96) autopsies,
performed on individuals dying from phosphide ingestion
there is no mention of adverse consequences to those car-
rying them out or concern about the possibility. However,
one pathologist hit by a jet of phosphine from an excised
stomach required first aid for unspecified symptoms (157).
In general, therefore, the risk, if any, appears low but the

available data are inadequate to assess its magnitude
(158). General recommendations on the management of
chemically contaminated bodies (159) appear as relevant
to the victims of phosphide poisoning as to those dead
from other toxins. The autopsy should be carried out in an
area with effective down-draught ventilation and since the
stomach can be expected to contain the highest concentra-
tions of the gas, pathologists should consider carefully
whether it is necessary that it be opened. If so, the organ
should be removed intact and further dissection performed
in a fume chamber.

Conclusions

Acute poisoning with metal phosphides, particularly alumin-
ium phosphide, is a worldwide problem most commonly
encountered in the Indian Sub-Continent. The clinical fea-
tures have been well described though it is only recently that
the mechanisms of toxicity have been more clearly under-
stood. Poisoning from phosphides is mediated by phosphine
which has been shown to rapidly perturb mitochondrial mor-
phology, inhibit oxidative respiration, and cause a severe
drop in mitochondrial membrane potential. This failure of
cellular respiration is likely to be due to a mechanism other
than inhibition of cytochrome C oxidase as phosphine inhib-
its cytochrome C oxidase activity less dramatically in vivo
than in vitro and only partially inhibits cytochrome C oxidase
activity in humans. Phosphine can also form the highly reac-
tive hydroxyl radical and inhibit both catalase and peroxidase
leading to lipid peroxidation.

The gas or gases given of in addition to phosphine when
phosphide formulations come into contact with water or
acid need to be identified and their toxicity determined.
The observation that both aluminium and phosphine may
inhibit acetylcholinesterase activity needs to be investi-
gated further as does the report that the administration of
atropine and pralidoxime reduces morbidity and mortality
in aluminium phosphide poisoning. There is conflicting
evidence also on the occurrence and clinical importance of
magnesium disturbances which some have described. The
benefit of magnesium supplementation has still to be
determined.

Acknowledgment

Declaration of interest. The authors report no conflicts of
interest. The authors alone are responsible for the content
and writing of the paper.

References

1. Pepelko B, Seckar J, Harp PR et al. Worker exposure standard for
phosphine gas. Risk Anal 2004; 24:1201–1213.

C
lin

ic
al

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

5/
24

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Clinical Toxicology vol. 47 no. 2 2009

Aluminium and zinc phosphide poisoning 97

2. Chaudhry MQ. A review of the mechanisms involved in the action of
phosphine as an insecticide and phosphine resistance in stored-product
insects. Pestic Sci 1997; 49:213–228.

3. IPCS. Environmental health criteria 73. Phosphine and selected metal
phosphides. Geneva: World Health Organization, 1988.

4. Dumas T, Bond EJ. Separation of phosphine from odour-producing
impurities. J Stored Prod Res 1974; 10:67–68.

5. MERCK. O’Neil, MJ, ed. The Merck Index: An encyclopedia of chem-
icals, drugs and biologicals. 14th ed. New Jersey: Merck and Co, 2006.

6. Fluck E. The odor threshold of phosphine. J Air Pollut Control Assoc
1976; 26:795.

7. Lauterbach M, Solak E, Kaes J et al. Epidemiology of hydrogen phos-
phide exposures in humans reported to the Poison Center in Mainz,
Germany, 1983–2003. Clin Toxicol 2005; 43:575–581.

8. Bogle RG, Theron P, Brooks P et al. Aluminium phosphide poisoning.
Emerg Med J 2006; 23:e3.

9. Rastogi P, Raman R, Rastogi VK. Serum cholinesterase and brain ace-
tylcholinesterase activity in aluminium phosphide binding. Med Sci Res
1990; 18:783–784.

10. Chugh SN, Dushyant, Ram S et al. Incidence & outcome of aluminium
phosphide poisoning in a hospital study. Indian J Med Res 1991;
94:232–235.

11. Singh S, Singh D, Wig N et al. Aluminum phosphide ingestion – A
clinicopathologic study. J Toxicol Clin Toxicol 1996; 34:703–706.

12. Chugh SN, Aggarwal HK, Mahajan SK. Zinc phosphide intoxication
symptoms: analysis of 20 cases. Int J Clin Pharmacol Ther 1998;
36:406–407.

13. Gargi J, Rai H, Chanana A et al. Current trend of poisoning – a hospital
profile. J Indian Med Assoc 2006; 104:72–73, 94.

14. Siwach SB, Gupta A. The profile of acute poisonings in Harayana-
Rohtak study. J Assoc Physicians India 1995; 43:756–759.

15. Gupta SK, Peshin SS, Srivastava A, Kaleekal T. A study of childhood
poisoning at National Poisons Information Centre, All India Institute of
Medical Sciences, New Delhi. J Occup Health 2003; 45:191–196.

16. Sharma A, Gathwala G. Oral aluminium phosphide poisoning in Indian
children. J Trop Med Hyg 1992; 95:221–222.

17. Sinha US, Kapoor AK, Pandey SK. Medicolegal aspects of dowry death
cases in Allahabad range (U.P.). Int J Med Toxicol Leg Med 2002;
5:35–40.

18. Nocera A, Levitin HW, Hilton JMN. Dangerous bodies: a case of fatal
aluminium phosphide poisoning. Med J Aust 2000; 173:133–135.

19. Andersen TS, Holm JW, Andersen TS. Forgiftning med muldvarpegas-
ningsmidlet aluminiumfosfid. Ugeskr Laeger 1996; 158:5308–5309.

20. Anger F, Paysant F, Brousse F et al. Fatal aluminum phosphide poison-
ing. J Anal Toxicol 2000; 24:90–92.

21. Alter P, Grimm W, Maisch B. Lethal heart failure caused by aluminium
phosphide poisoning. Intensive Care Med 2001; 27:327.

22. Frangides CY, Pneumatikos IA. Persistent severe hypoglycemia in
acute zinc phosphide poisoning. Intensive Care Med 2002; 28:223.

23. Pajoumand A, Jalali N, Abdollahi M, Shadnia S. Survival following
severe aluminium phosphide poisoning. J Pharm Pract Res 2002;
32:297–299.

24. Abder-Rahman HA, Battah AH, Ibraheem YM et al. Aluminum
phosphide fatalities, new local experience. Med Sci Law 2000;
40:164–168.

25. Idali B, Miguil M, Moutawakkil S et al. Intoxication aiguë au phos-
toxin. Presse Med 1995; 24:611–612.

26. Hajouji Idrissi M, Oualili L, Abidi K et al. Facteurs de gravité de
l’intoxication aiguë au phosphure d’aluminium (Phostoxin®). Ann Fr
Anesth Réanim 2006; 25:382–385.

27. Akkaoui M, Achour S, Abidi K et al. Reversible myocardial injury
associated with aluminum phosphide poisoning. Clin Toxicol 2007;
45:728–731.

28. Lohani SP, Casavant MJ, Ekins BR et al. Zinc phosphide poisoning: a
retrospective study of 21 cases. J Toxicol Clin Toxicol 2000; 38:515.

29. Roberts DM, Ranganath H, Buckley NA. Acute intentional self-poisoning
with zinc phosphide. Clin Toxicol 2006; 44:465–466.

30. Bayazit AK, Noyan A, Anarat A. A child with hepatic and renal failure
caused by aluminum phosphide. Nephron 2000; 86:517.

31. Stewart A, Whiteside C, Tyler-Jones C et al. Phosphine suicide. Chem-
ical Incident Rep 2003; 27:23–26.

32. Lawler JM, Thomas SHL. “Off gassing” following fatal aluminium
phosphide ingestion. Clin Toxicol 2007; 45:362.

33. Broderick M, Birnbaum K. Fatal ingestion of zinc phosphide rodenti-
cide. J Toxicol Clin Toxicol 2002; 40:684.

34. Ragone S, Bernstein J, Lew E, Weisman R. Fatal aluminum phosphide
ingestion. J Toxicol Clin Toxicol 2002; 40:690.

35. Rimalis BT, Bochkarnikov VV. [Acute hepatorenal insufficiency in
some rare acute exogenous poisoning.]. Klin Med 1978; 56:125–128.

36. Curcic M, Dadasovic J. Pokusana I izvrsena samoubistva rodenticidima
od 1968 do 2000 godine. Med Pregl 2001; 54:256–260.

37. Azoury M, Levin N. Identification of zinc phosphide in a falsely
labeled rodenticide bait. J Forensic Sci 1998; 43:693–695.

38. Sangle SA, Thomas A, Verma S, Wadia RS. Zinc phosphide poisoning.
J Assoc Physicians India 1987; 35:591–594.

39. Curry AS, Price DE, Tryhorn FG. Absorption of zinc phosphide parti-
cles. Nature 1959; 184:642–643.

40. Rodenberg HD, Chang CC, Watson WA. Zinc phosphide ingestion: a
case report and review. Vet Hum Toxicol 1989; 31:559–562.

41. Patial RK, Bansal SK, Kashyap S et al. Hypoglycaemia following zinc
phosphide poisoning. J Assoc Physicians India 1990; 38:306–307.

42. Jones AT, Jones RC, Longley EO. Environmental and clinical aspects
of bulk wheat fumigation with aluminum phosphide. Am Ind Hyg
Assoc J 1964; 25:376–379.

43. Sudakin DL. Occupational exposure to aluminium phosphide and phos-
phine gas? A suspected case report and review of the literature. Hum
Exp Toxicol 2005; 24:27–33.

44. Heyndrickx A, Van Peteghem C, Van Den Heede M, Lauwaert R.
Double fatality with children due to fumigated wheat. Eur J Toxicol
1976; 9:113–118.

45. Gregorakos L, Sakayianni K, Harizopoulou V. Recovery from severe
inhalational phosphine poisoning. Report of two cases. Clin Intensive
Care 2002; 13:177–179.

46. Hansen HL, Pedersen G. Poisoning at sea: injuries caused by chemicals
aboard Danish merchant ships 1988–1996. J Toxicol Clin Toxicol
2001; 39:21–26.

47. Perotta D, Willis T, Salzman D et al. Deaths associated with exposure
to fumigants in railroad cars – United States. MMWR Morb Mortal
Wkly Rep 1994; 43:489–491.

48. Feldstein A, Heumann M, Barnett M. Fumigant intoxication during
transport of grain by railroad. J Occup Med 1991; 33:64–65.

49. Vohra RB, Schwarz KA, Williams SR, Clark RF. Phosphine toxicity
with echocardiographic signs in railcar stowaways. Clin Toxicol 2006;
44:719–720.

50. Brautbar N, Howard J. Phosphine toxicity: report of two cases and
review of the literature. Toxicol Ind Health 2002; 18:71–75.

51. Misra UK, Bhargava AK, Nag D et al. Occupational phosphine expo-
sure in Indian workers. Toxicol Lett 1988; 42:257–263.

52. Memis D, Tokatlioglu D, Koyuncu O, Hekimoglu S. Fatal aluminium
phosphide poisoning. Eur J Anaesthesiol 2007; 24:292–293.

53. Burgess JL. Phosphine exposure from a methamphetamine laboratory
investigation. J Toxicol Clin Toxicol 2001; 39:165–168.

54. Willers-Russo LJ. Three fatalities involving phosphine gas, produced as
a result of methamphetamine manufacturing. J Forensic Sci 1999;
44:647–652.

55. Kamanyire R, Murray V. Occupational exposures to fumigants. J
Toxicol Clin Toxicol 2003; 41:489–490.

56. Glass A. Account of suspected phosphine poisoning in a submarine. J R
Nav Med Serv 1959; 42:184–187.

57. Popp W, Mentfewitz J, Gotz R, Voshaar T. Phosphine poisoning in a
German office. Lancet 2002; 359:1574.

58. Chugh SN, Pal R, Singh V, Seth S. Serial blood phosphine levels in
acute aluminium phosphide poisoning. J Assoc Physicians India 1996;
44:184–185.

C
lin

ic
al

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

5/
24

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Clinical Toxicology vol. 47 no. 2 2009

98 A.T. Proudfoot

59. Chefurka W, Kashi P, Bond EJ. The effect of phosphine on electron
transport in mitochondria. Pestic Biochem Physiol 1976; 6:65–84.

60. Dua R, Gill KD. Effect of aluminium phosphide exposure on kinetic
properties of cytochrome oxidase and mitochondrial energy metabolism
in rat brain. Biochim Biophys Acta 2004; 1674:4–11.

61. Jian F, Jayas DS, White NDG. Toxic action of phosphine on the adults
of the copra mite Tyrophagus putrescentiae [Astigmata: Acaricidae].
Phytoprotection 2000; 81:23–28.

62. Nakakita H. [The mode of action of phosphine.]. J Pestic Sci 1987;
12:299–309.

63. Singh S, Bhalla A, Verma SK et al. Cytochrome-c oxidase inhibition
in 26 aluminum phosphide poisoned patients. Clin Toxicol 2006;
44:155–158.

64. Price NR, Walter CM. A comparison of some effects of phosphine, hydro-
gen cyanide and anoxia in the lesser grain borer, Rhyzopertha dominica
(F.) (Coleoptera: Bostrychidae). Comp Biochem Physiol 1987; 86:33–36.

65. Zuryn S, Kuang J, Ebert P. Mitochondrial modulation of phosphine tox-
icity and resistance in Caenorhabditis elegans. Toxicol Sci 2008;
102:179–186.

66. Price NR. Some aspects of the inhibition of cytochrome c oxidase by
phosphine in susceptible and resistant strains of Rhyzopertha dominica.
Insect Biochem 1980; 10:147–150.

67. Hsu CH, Quistad GB, Casida JE. Phosphine-induced oxidative stress in
Hepa 1c1c7 cells. Toxicol Sci 1998; 46:204–210.

68. Quistad GB, Sparks SE, Casida JE. Chemical model for phosphine-
induced lipid peroxidation. Pest Manage Sci 2000; 56:779–783.

69. Hsu C-H, Chi B-C, Liu M-Y et al. Phosphine-induced oxidative dam-
age in rats: role of glutathione. Toxicology 2002; 179:1–8.

70. Hsu CH, Chi BC, Casida JE. Melatonin reduces phosphine-induced
lipid and DNA oxidation in vitro and in vivo in rat brain. J Pineal Res
2002; 32:53–58.

71. Price NR, Mills KA. Phosphine toxicity and catalase activity in suscep-
tible and resistant strains of lesser grain borer. Comp Biochem Physiol
1982; 73:359–364.

72. Price NR, Dance SJ. Some biochemical aspects of phosphine action and
resistance in three species of stored product beetles. Comp Biochem
Physiol 1983; 76:277–281.

73. Chugh SN, Mittal A, Seth S, Chugh K. Lipid peroxidation in acute alu-
minium phosphide poisoning. J Assoc Physicians India 1995; 43:265–266.

74. Chugh SN, Arora V, Sharma A, Chugh K. Free radical scavengers and
lipid peroxidation in acute aluminium phosphide poisoning. Indian J
Med Res 1996; 104:190–193.

75. Dua R, Gill KD. Aluminium phosphide exposure: implications on rat
brain lipid peroxidation and antioxidant defence system. Pharmacol
Toxicol 2001; 89:315–319.

76. Marquis JK, Lerrick AJ. Noncompetitive inhibition by aluminum, scan-
dium and yttrium of acetylcholinesterase from Electrophorus electricus.
Biochem Pharmacol 1982; 31:1437–1440.

77. Potter WT, Garry VF, Kelly JT et al. Radiometric assay of red cell and
plasma cholinesterase in pesticide appliers from Minnesota. Toxicol
Appl Pharmacol 1993; 119:150–155.

78. Al-Azzawi MJ, Al-Hakkak ZS, Al-Adhami BW. In vitro inhibitory
effects of phosphine on human and mouse serum cholinesterase. Toxi-
col Environ Chem 1990; 29:53–56.

79. Mittra S, Peshin SS, Lall SB. Cholinesterase inhibition by aluminium
phosphide poisoning in rats and effects of atropine and pralidoxime
chloride. Acta Pharmacol Sin 2001; 22:37–39.

80. Marquis JK. Aluminum inhibition of human serum cholinesterase. Bull
Environ Contam Toxicol 1983; 31:164–169.

81. Wilson R, Lovejoy FH, Jr., Jaeger RJ, Landrigan PL. Acute phosphine
poisoning aboard a grain freighter: epidemiologic, clinical and patho-
logical findings. JAMA 1980; 244:148–150.

82. Gupta V, Singh J, Doodan SS, Bali SK. Multisystem organ failure
(MSOF) in aluminium phosphide (ALP) poisoning. JK Pract 2000;
7:287–288.

83. Chhina RS, Thukral R, Chawla LS. Aluminum phosphide-induced gas-
troduodenitis. Gastrointest Endosc 1992; 38:635–636.

84. Nijhawan S, Rastogi M, Tandon M et al. Aluminum phosphide-
induced esophageal stricture: an unusual complication. Endoscopy
2006; 38:E23.

85. Talukdar R, Singal DK, Tandon RK. Aluminium phosphide-induced
esophageal stricture. Indian J Gastroenterol 2006; 25:98–99.

86. Kapoor S, Naik S, Kumar R et al. Benign esophageal stricture follow-
ing aluminium phosphide poisoning. Indian J Gastroenterol 2005;
24:261–262.

87. Verma RK, Gupta SN, Bahl DV, Gupta A. Aluminium phosphide
poisoning: late presentation as oesophageal stricture. JK Sci 2006; 8:
235–236.

88. Madan K, Chalamalasetty SB, Sharma M, Makharia G. Corrosive-like
strictures caused by ingestion of aluminium phosphide. Natl Med J
India 2006; 19:313–314.

89. Tiwari J, Lahoti B, Dubey K et al. Tracheo-oesophageal fistula – an
unusual complication following celphos poisoning. Indian J Surg
2003; 65:442–444.

90. Garry VF, Good PF, Manivel JC, Perl DP. Investigation of a fatality
from nonoccupational aluminium phosphide exposure: measurement
of aluminium in tissue and body fluids as a marker of exposure. J Lab
Clin Med 1993; 122:739–747.

91. Chan LT, Crowley RJ, Delliou D, Geyer R. Phosphine analysis in post
mortem specimens following ingestion of aluminium phosphide. J
Anal Toxicol 1983; 7:165–167.

92. Singh S. Serial blood phosphine levels in aluminium phosphide (ALP)
poisoning. J Assoc Physicians India 1996; 44:841.

93. Chin KL, Mai X, Meaklim J et al. The interaction of phosphine with
haemoglobin and erythrocytes. Xenobiotica 1992; 22:599–607.

94. Potter WT, Rong S, Griffith J et al. Phosphine-mediated Heinz body
formation and hemoglobin oxidation in human erythrocytes. Toxicol
Lett 1991; 57:37–45.

95. Arora B, Punia RS, Kalra R et al. Histopathological changes in
aluminium phosphide poisoning. J Indian Med Assoc 1995; 93:
380–381.

96. Sinha US, Kapoor AK, Singh AK et al. Histopathological changes in
cases of aluminium phosphide poisoning. Indian J Pathol Microbiol
2005; 48:177–180.

97. Khosla SN, Nand N, Kumar P. Cardiovascular complications of alu-
minum phosphide poisoning. Angiology 1988; 39:355–359.

98. Chugh SN, Chugh K, Ram S, Malhotra KC. Electrocardiographic
abnormalities in aluminium phosphide poisoning with special refer-
ence to its incidence, pathogenesis, mortality and histopathology. J
Indian Med Assoc 1991; 89:32–35.

99. Siwach SB, Singh H, Jagdish et al. Cardiac arrhythmias in aluminium
phosphide poisoning studied by on continuous holter and cardioscopic
monitoring. J Assoc Physicians India 1998; 46:598–601.

100. Katira R, Elhence GP, Mehrotra ML et al. A study of
aluminium phosphide (AlP) poisoning with special reference to
electrocardiographic changes. J Assoc Physicians India 1990; 38:
471–473.

101. Singh RB, Rastogi SS, Singh DS. Cardiovascular manifestations of
aluminium phosphide intoxication. J Assoc Physicians India 1989;
37:590–592.

102. Singh RB, Singh RG, Singh U. Hypermagnesemia following alumi-
num phosphide poisoning. Int J Clin Pharmacol Ther Toxicol 1991;
29:82–85.

103. Aggarwal P, Handa R, Wig N et al. Intravascular hemolysis
in aluminium phosphide poisoning. Am J Emerg Med 1999;
17:488–489.

104. Sood AK, Mahajan A, Dua A. Intravascular haemolysis after alumin-
ium phosphide ingestion. J R Soc Med 1997; 90:47–48.

105. Chugh SN, Singhal HR, Mehta L et al. Plasma renin activity in shock
due to aluminium phosphide poisoning. J Assoc Physicians India
1990; 38:398–399.

106. Bajaj R, Wasir HS, Agarwal R et al. Aluminium phosphide poisoning.
Clinical toxicity and outcome in eleven intensively monitored patients.
Natl Med J India 1988; 1:270–274.

C
lin

ic
al

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

5/
24

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Clinical Toxicology vol. 47 no. 2 2009

Aluminium and zinc phosphide poisoning 99

107. Abder-Rahman H. Effect of aluminium phosphide on blood glucose
level. Vet Hum Toxicol 1999; 41:31–32.

108. Gupta MS, Malik A, Sharma VK. Cardiovascular manifestations in
aluminium phosphide poisoning with special reference to echocar-
diographic changes. J Assoc Physicians India 1995; 43:773–774,
779–780.

109. Bhasin P, Mittal HS, Mitra A. An echocardiographic study in alu-
minium phosphide poisoning. J Assoc Physicians India 1991;
39:851.

110. Lakshmi B. Methemoglobinemia with aluminum phosphide poison-
ing. Am J Emerg Med 2002; 20:130–132.

111. Kalra GS, Anand IS, Jit I et al. Aluminium phosphide poisoning: hae-
modynamic observations. Indian Heart J 1991; 43:175–178.

112. Suman RL, Savani M. Pleural effusion – a rare complication of alu-
minium phosphide poisoning. Indian Pediatr 1999; 36:1161–1163.

113. Chugh SN, Kishore K, Aggarwal N, Attri S. Hypoglycaemia in acute
aluminium phosphide poisoning. J Assoc Physicians India 2000;
48:855–856.

114. Chugh SN, Ram S, Singhal HR, Malhotra KC. Significance of heart
rate response in shock due to aluminium phosphide poisoning. J Assoc
Physicians India 1989; 37:708–709.

115. Jain SM, Bharani A, Sepaha GC et al. Electrocardiographic changes in
aluminium phosphide (ALP) poisoning. J Assoc Physicians India
1985; 33:406–409.

116. Chugh SN. Aluminium phosphide poisoning. J Assoc Physicians India
1991; 39:423–424.

117. Schoonbroodt D, Guffens P, Jousten P et al. Acute phosphine
poisoning? A case report and review. Acta Clin Belg 1992; 47:
280–284.

118. Dueñas A, Pérez-Castrillon JL, Cobos MA, Herreros V. Treatment
of the cardiovascular manifestations of phosphine poisoning with
trimetazidine, a new antiischemic drug. Am J Emerg Med 1999;
17:219–220.

119. Chugh SN, Ram S, Mehta LK et al. Adult respiratory distress syn-
drome following aluminium phosphide ingestion. Report of 4 cases. J
Assoc Physicians India 1989; 37:271–272.

120. Darbari A, Kumar A, Chandra G, Tandon S. Tracheo-oesophageal fis-
tula with oesophageal stricture due to aluminium phosphide (Celphos
tablet) poisoning. J Chest Dis Allied Sci 2007; 49:241–242.

121. Singh S, Dilwari JB, Vashist R et al. Aluminium phosphide ingestion.
Br Med J 1985; 290:1110–1111.

122. Chittora MD, Meena SR, Gupta DK, Bhargava S. Acute hepatic fail-
ure in aluminium phosphide poisoning. J Assoc Physicians India 1994;
42:924.

123. Saleki S, Ardalan FA, Javidan-Nejad A. Liver histopathology of fatal
phosphine poisoning. Forensic Sci Int 2007; 166:190–193.

124. Srinivas R, Agarwal R, Jairam A, Sakhuja V. Intravascular haemol-
ysis due to glucose-6-phosphate dehydrogenase deficiency in a
patient with aluminium phosphide poisoning. Emerg Med J 2007;
24:67–68.

125. Lall SB, Peshin SS, Mitra S. Methemoglobinemia in aluminium phos-
phide poisoning in rats. Indian J Exp Biol 2000; 38:95–97.

126. Shadnia S, Rahimi M, Pajoumand A et al. Successful treatment of
acute aluminium phosphide poisoning: possible benefit of coconut oil.
Hum Exp Toxicol 2005; 24:215–218.

127. Singh S, Sharma BK. Aluminium phosphide poisoning. J Assoc
Physicians India 1991; 39:423–424.

128. Singh RB, Saharia RB, Sharma VK. Can aluminium phosphide
poisoning cause hypermagnesaemia? A study of 121 patients. Magnes
Trace Elem 1990; 9:212–218.

129. Chugh SN, Jaggal KL, Sharma A et al. Magnesium levels in acute car-
diotoxicity due to aluminium phosphide poisoning. Indian J Med Res
1991; 94:437–439.

130. Chugh SN, Kumar P, Sharma A et al. Magnesium status and parenteral
magnesium sulphate therapy in acute aluminium phosphide intoxica-
tion. Magnes Res 1994; 7:289–294.

131. Chugh SN, Kolley T, Kakkar R et al. A critical evaluation of anti-
peroxidant effect of intravenous magnesium in acute aluminium phos-
phide poisoning. Magnes Res 1997; 10:225–230.

132. Siwach SB, Singh P, Ahlawat S et al. Serum and tissue
magnesium content in patients of aluminium phosphide
poisoning and critical evaluation of high dose magnesium sulphate
therapy in reducing mortality. J Assoc Physicians India 1994; 42:
107–110.

133. Siwach SB, Singh P, Ahlawat S. Magnesium in aluminium phosphide
poisoning – where have we erred? J Assoc Physicians India 1994;
42:193–194.

134. Siwach SB, Dua A, Sharma R et al. Tissue magnesium content and
histopathological changes in non-survivors of aluminium phosphide
poisoning. J Assoc Physicians India 1995; 43:676–678.

135. Khayam-Bashi H, Liu TZ, Walter V. Measurement of serum
magnesium with a centrifugal analyzer. Clin Chem 1977; 23:289–291.

136. Jain MK, Khanijo SK, Pathak N et al. Electrocardiographic diagnosis
of atrial infarction in aluminium phosphide poisoning. J Assoc Physi-
cians India 1992; 40:692–693.

137. Khosla SN, Nand N, Khosla P. Aluminium phosphide poisoning. J
Trop Med Hyg 1988; 91:196–198.

138. Gupta MS, Mehta L, Chugh SN, Malhotra KC. Aluminium phosphide
poisoning. Two cases with rare presentation. J Assoc Physicians India
1990; 38:509–510.

139. Sarma PSA, Narula J. Acute pancreatitis due to zinc phosphide inges-
tion. Postgrad Med J 1996; 72:237–238.

140. Wander GS, Arora S, Khurana SB. Acute pericarditis in aluminium
phosphide poisoning. J Assoc Physicians India 1990; 38:675.

141. Chugh SN, Malhotra KC. Acute pericarditis in aluminium phosphide
poisoning. J Assoc Physicians India 1992; 40:564.

142. Kaushik RM, Kaushik R, Mahajan SK. Subendocardial infarction in a
young survivor of aluminium phosphide poisoning. Hum Exp Toxicol
2007; 26:457–460.

143. Dave HH, Dave TH, Rakholia VG et al. Delayed hemorrhagic stroke
following accidental aluminium phosphide ingestion. J Assoc Physi-
cians India 1994; 42:78–79.

144. Maitai CK, Njoroge DK, Abuga KO et al. Investigation of possible
antidotal effects of activated charcoal, sodium bicarbonate, hydrogen
peroxide and potassium permanganate in zinc phosphide poisoning.
East Central Afr J Pharm Sci 2002; 5:38–41.

145. Goswami M, Bindal M, Sen P et al. Fat and oil inhibit phosphine
release from aluminium phosphide – its clinical implication. Indian J
Exp Biol 1994; 32:647–649.

146. Kochar DK, Shubhakaran, Jain N et al. Successful management of
hypokalaemia related conduction disturbances in acute aluminium
phosphide poisoning. J Indian Med Assoc 2000; 98:461–462.

147. Chugh SN, Jaggal KL, Ram S et al. Hypomagnesaemic atrial fibrilla-
tion in a case of aluminium phosphide poisoning. J Assoc Physicians
India 1989; 37:548–549.

148. Chugh SN, Malhotra S, Kumar P, Malhotra KC. Reversion of ventric-
ular and supraventricular tachycardia by magnesium sulphate therapy
in aluminium phosphide poisoning. Report of two cases. J Assoc Phy-
sicians India 1991; 39:642–643.

149. Chugh SN, Kumar P, Aggarwal HK et al. Efficacy of magnesium
sulphate in aluminium phosphide poisoning – comparison of
two different dose schedules. J Assoc Physicians India 1994; 42:
373–375.

150. Hsu C-H, Han B-C, Liu M-Y et al. Phosphine-induced oxidative dam-
age in rats: attenuation by melatonin. Free Radic Biol Med 2000;
28:636–642.

151. Azad A, Lall SB, Mittra S. Effect of N-acetylcysteine and L-NAME
on aluminium phosphide induced cardiovascular toxicity in rats. Acta
Pharmacol Sin 2001; 22:298–304.

152. Mittra S, Peshin SS, Lall SB. Cholinesterase inhibition by aluminium
phosphide poisoning in rats and effects of atropine and pralidoxime
chloride. Acta Pharmacol Sin 2001; 22:37–39.

C
lin

ic
al

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

5/
24

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Clinical Toxicology vol. 47 no. 2 2009

100 A.T. Proudfoot

153. Hassanian-Moghaddam H, Pajoumand A. Two years epidemiologi-
cal survey of aluminium phosphide poison. Iranian Journal of
Toxicology 2007; 1:1–9.

154. Edkins A, Murray V. Management of chemically contaminated bod-
ies. J R Soc Med 2005; 98:141–145.

155. Christophers AJ, Singh S, Goddard DG. Dangerous bodies: a case of
fatal aluminium phosphide poisoning. Med J Aust 2002; 176:403.

156. Stephenson JBP. Phosphine poisoning by proxy. Lancet 2002;
360:1024.

157. Jayaraman KS. Death pills from pesticide. Nature 1991; 353:377.
158. Nocera A. Dangerous bodies: a case of fatal aluminium phosphide poi-

soning – in reply. Med J Aust 2002; 176:403.
159. Burton JL. Health and safety at necropsy. J Clin Pathol 2003; 56:

254–260.

C
lin

ic
al

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

N
yu

 M
ed

ic
al

 C
en

te
r 

on
 0

5/
24

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Factors Influencing Burrowing Owl Abundance in Prairie
Dog Colonies on the Southern High Plains of Texas
Author(s): James D. RayNancy E. McIntyreMark C. Wallace and Andrew P.
TeaschnerMonty G. Schoenhals
Source: Journal of Raptor Research, 50(2):185-193.
Published By: The Raptor Research Foundation
URL: http://www.bioone.org/doi/full/10.3356/rapt-50-02-185-193.1

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the
biological, ecological, and environmental sciences. BioOne provides a sustainable
online platform for over 170 journals and books published by nonprofit societies,
associations, museums, institutions, and presses.

Your use of this PDF, the BioOne Web site, and all posted and associated content
indicates your acceptance of BioOne’s Terms of Use, available at www.bioone.org/
page/terms_of_use.

Usage of BioOne content is strictly limited to personal, educational, and non-
commercial use. Commercial inquiries or rights and permissions requests should be
directed to the individual publisher as copyright holder.

http://www.bioone.org/doi/full/10.3356/rapt-50-02-185-193.1
http://www.bioone.org
http://www.bioone.org/page/terms_of_use
http://www.bioone.org/page/terms_of_use


FACTORS INFLUENCING BURROWING OWL ABUNDANCE
IN PRAIRIE DOG COLONIES ON THE SOUTHERN

HIGH PLAINS OF TEXAS

JAMES D. RAY1
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NANCY E. MCINTYRE
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MONTY G. SCHOENHALS
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ABSTRACT.—Large numbers of Western Burrowing Owls (Athene cunicularia hypugaea) nest in black-tailed
prairie dog (Cynomys ludovicianus) colonies in the southern high plains of Texas. Because the Western
Burrowing Owl is a species of concern with an uncertain future due to widespread extirpation of prairie
dogs, we examined the roles of prairie dog colony size, burrow density, proxies of prey availability, and
vegetative composition and structure on owl abundance and reproductive rate. The number of nesting
Burrowing Owl pairs was positively correlated to colony area (r2 5 0.550, P 5 0.006) and to number of
prairie dog burrows in a colony (r2 5 0.733, P 5 0.0230). Burrowing Owl numbers and reproductive rate
(maximum number of young seen per successful pair) were not related to our measures of vegetative
composition and structure in prairie dog colonies, nor to indices of prey availability.

KEY WORDS:Western Burrowing Owl; Athene cunicularia hypugaea; prairie dog; Cynomys ludovicianus; population
size; reproductive rate.

FACTORES QUE INFLUYEN LA ABUNDANCIA DE ATHENE CUNICULARIA HYPUGAEA EN COLONIAS
DE CYNOMYS LUDOVICIANUS EN LAS ALTIPLANICIES DEL SUR DE TEJAS

RESUMEN.—Grandes cantidades de individuos de Athene cunicularia hypugaea anidan en las colonias de
Cynomys ludovicianus en las altiplanicies del sur de Tejas. Dado que A. c. hypugaea es una especie de interés
conservacionista con un futuro incierto debido a la extendida eliminación de C. ludovicianus, examinamos
el papel del tamaño de la colonia de C. ludovicianus, de la densidad de madrigueras, de los indicadores de
disponibilidad de presa y de la composición y estructura de la vegetación sobre la abundancia y la tasa
reproductiva de A. c. hypugaea. El número de individuos de A. c. hypugaea estuvo positivamente
correlacionado con el área de la colonia (r2 5 0.550, P 5 0.006) y con el número de individuos de
C. ludovicianus en una colonia (r2 5 0.733, P 5 0.0230). Las cantidades y las tasas reproductivas (número
máximo de pollos vistos por pareja exitosa) de A. c. hypugaea no estuvieron relacionadas con nuestras
medidas de composición y estructura de la vegetación en las colonias de C. ludovicianus, ni con los índices
de disponibilidad de presa.
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Western Burrowing Owls (Athene cunicularia hypu-
gaea) are widely distributed across the western por-
tion of North America from deserts to grasslands
to agricultural areas (Haug et al. 1993). Declines in
the range and numbers of Burrowing Owls across
the species’ North American distribution have been
attributed primarily to habitat destruction and land
conversion (Desmond et al. 2000, Korfanta et al.
2001, Martell et al. 2001, Murphy et al. 2001, Sheffield
and Howery 2001). Burrowing Owls are thus consid-
ered a U.S. Fish and Wildlife Service (U.S.F.W.S.)
regional conservation priority (U.S.F.W.S. 2001).

Burrowing Owls are migratory over much of their
range. One region that has both summer (breeding)
and winter populations is the southern high plains of
Texas, although relatively little research has been
done on Burrowing Owls in this region. McIntyre
(2004) found a long-term decline since the 1940s in
the number of wintering owls recorded in Christmas
Bird Counts for this area, whereas Breeding Bird Sur-
vey data suggested that summer BurrowingOwl popu-
lations may have remained stable since the 1960s.
These factors, as well as a dearth of information on
nearly all aspects of Burrowing Owl ecology for this
region, make this an important area in which to
examine owl abundance and reproductive rate.

In this region, Burrowing Owls nest almost exclu-
sively in burrows excavated by black-tailed prairie
dogs (Cynomys ludovicianus). Published reports differ
on whether Burrowing Owl numbers are related
to prairie dog colony size. Orth and Kennedy (2001)
in Colorado and Restani et al. (2001) in Montana
found no relationship between colony size and num-
ber of Burrowing Owls, whereas Desmond and
Savidge (1996) found a positive correlation between
colony size and number of Burrowing Owls in
Nebraska. In the southern high plains of Texas, the
number of Burrowing Owls observed while surveying
prairie dogs in a 12-county area was positively, but
weakly, correlated to prairie dog colony size, with a
.20-fold range in the number of owls seen in smaller
(2 to 20 ha) prairie dog colonies (Pruett 2004). Given
this preliminary information and the variation in the
relationship between colony size and owl abundance
in other locations, we hypothesized that: (1) prairie
dog colony size (area) would be positively correlated
to numbers of Burrowing Owls; moreover, since such
a relationship may be driven more by the number of
vacant prairie dog burrows (representing potential
nest burrows for owls) than by current prairie dog
population size or colony extent, we hypothesize that
(2) both owl numbers and reproductive rate would be

positively correlated to burrow density. We also
hypothesized that (3) Burrowing Owl abundance
would be negatively associated with the amount of vege-
tative cover, and (4) owl abundance and reproductive
rates would be positively associated with prey abun-
dance, based on published literature (vegetation:
Bonham and Lerwick 1976, Whicker and Detling
1988, Schmutz 1997, Trulio 1997, Clayton and Schmutz
1999; and prey: Gleason and Johnson 1985, Orth and
Kennedy 2001). Finally, we also expected that (5) there
would be fewer owls (and lower reproductive rates) in
nest burrows located farther from wetlands because
the latter are well-known regional foci for biodiversity
(Bolen et al. 1989).

Linkages among prairie dog colony traits, vegeta-
tion, and owl prey have not been investigated in
west Texas: it is currently unknown to what extent
prairie dog colony size (and other factors such as
vegetation changes elicited by prairie dogs, and owl
prey abundance) influences owl breeding popula-
tion size, nest-site (nest burrow) selection, and repro-
ductive success of Burrowing Owls. Here, we provide
information about Western Burrowing Owls from
the southern high plains of Texas, a region that sup-
ports a relatively stable population of this species.
Studies of Burrowing Owls in association with prairie
dogs are scarce in this region, however, which is espe-
cially important in light of declining prairie dog
populations and subsequent conservation concern.

METHODS

Study Sites. We selected three sites on the U.S.
Department of Energy/National Nuclear Security
Administration Pantex Plant in Carson County, TX,
and three in the Lubbock area, Lubbock County, TX
(Table 1). Study sites were chosen to have regionally
representative patterns of surrounding land use
(namely, agriculture and urbanization in the form of
industrial use and residential development) and his-
tories of on-site control of prairie dog numbers. The
Pantex Plant is a controlled-access facility; it included
two pastoral (grazed) agricultural sites and one urban-
ized/industrial site; two of the three Pantex sites had a
known history of prairie dog control activities but pri-
marily limited to where perimeters extended into
operational areas. The Lubbock sites included three
urbanized sites, one of whichwas on industrial property;
the other two were located near housing developments.
We knew fromprevious surveys (McCaffrey 2001, Pruett
2004) that these areas provided nesting sites for
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Burrowing Owls on prairie dog colonies ranging from
3.1 to 37.1 ha.
Capture and Marking of Owls. We used bal-chatri

traps, noose carpets, walk-in traps, and bow nets
(Bloom 1987, Bloom et al. 2007) to capture Burrow-
ing Owls from 2002–2004; details may be found in
Teaschner (2005). We banded captured owls with
one aluminum band issued by the U.S. Geological
Survey Bird Banding Laboratory, and one red alpha-
numerically coded anodized band. We recorded cap-
tured individuals as adult or juvenile based on
plumage (Haug et al. 1993). All research was con-
ducted following methods approved by the Texas
Tech University animal care and use committee
(protocol # 03014-02). All owls were captured/
marked under U.S.G.S. banding permit #22801
(C.W. Boal) and Texas Scientific Permit SPR-0201-137.
Owl Abundance and Reproductive Rate. We

endeavored to resight banded owls in both summer
(breeding season) and winter to determine site and
burrow fidelity, as well as inter-seasonal and inter-
annual movements. We monitored Burrowing Owls
with spotting scopes and binoculars from parked
vehicles, which we used as viewing blinds (Coulombe
1971). Identification of individual Burrowing Owls
was used to determine individual nest sites,
between-year area and pair fidelity as well as timing
of seasonal migrations. We considered pairs of adult
owls occupying a nest burrow and engaging in typical
pair behaviors (e.g., allopreening, prey deliveries) as
a nesting pair. However, determination of nesting
success by Burrowing Owls is challenging because

nests are not directly observable inside nest burrows;
quantifying productivity in Burrowing Owls is thus
not straightforward, and various methods have been
used, potentially confounding comparisons among
studies (Garcia and Conway 2009). We assessed nest-
ing success on the basis of “apparent productivity”
determined by documenting the number of nestling
or fledgling owls at a given owl pair’s known nest bur-
row. To do so, we monitored nest burrows for three
separate 10-min periods within a 2-wk period as nest-
lings began to emerge from nest burrows (Gleason
and Johnson 1985). We defined a nesting pair of
owls as successful if at least one nestling was observed
outside of the pair’s nest burrow, and we defined esti-
mated productivity for each nesting pair as the max-
imum number of young birds seen during any one
observation period for each nest burrow. Once a
nestling was observed aboveground it was considered
“fledged,” although this term is here used in a broad
sense because the owlets were not flighted and would
retreat down the nest burrow. We recorded the num-
ber of Burrowing Owls, marked Burrowing Owls,
nest burrows, and maximum number of young seen
per nest burrow (Martin 1973, Green and Anthony
1989, Desmond and Savidge 1996). We attempted
to search all six main sites $1 time/wk to minimize
underestimations of owl abundance due to imperfect
detections of this burrowing species that alters its
activity according to ambient conditions (Conway
et al. 2008, Manning 2011).

Table 1. Data on Burrowing Owls, prairie dogs, and burrows from six intensively monitored sites from Lubbock and
Carson counties, Texas, and data known prior to the start of the 2003–2004 field seasons.

SITE COUNTY

HISTORIC

TREATMENTa
SURROUNDING

LAND USE

COLONY

AREA

(ha) OWLSb
PRAIRIE
DOGSc

NUMBER

OF

BURROWS

BURROW

DENSITYd

INDEX OF

BURROW

VACANCYe

L103 Lubbock None Residential/
urban

14.37 27 80 938 80.10 11.73

School Lubbock None Residential/
urban

12.78 18 142 595 78.77 4.19

X-Fab Lubbock None/PT Industrial/
urban

37.15 14 22 649 58.36 29.50

12-36 Carson PT Industrial/
urban

11.61 15 84 1179 99.39 14.04

Pantex
Lake

Carson None Agricultural 22.63 10 145 810 107.93 5.59

Zone 4 Carson PT Agricultural 5.20 2 28 266 86.44 9.50
a PT denotes known (2003–2004) prairie dog control efforts using Phostoxin.
b Numbers of Burrowing Owls counted during prairie dog surveys in 2002 (Pruett 2004).
c Number of prairie dogs estimated using model based on three independent surveys (Pruett 2004).
d Number of prairie dog burrows per hectare.
e Index of the abundance of vacant burrows, based on number of prairie dog burrows per prairie dog.
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Prairie Dog Abundance and Burrow Density. We
examined correlations between number of Burrow-
ing Owl pairs and productivity to (1) prairie dog
colony size (spatial area), (2) number of prairie
dogs, and (3) number of vacant prairie dog burrows
in 2003–2004. We conducted an average of 3.5
(61.8) searches per mo at each of our six focal colo-
nies between September 2003 and April 2005 to
count the number of marked Burrowing Owls
observed. We determined perimeters of the study
colonies by walking around the exterior burrows
with a handheld global positioning satellite (GPS)
unit (Garmin model 12, Garmin International Inc.,
Olathe, KS), and uploaded the GPS track to a com-
puter to determine colony area. We estimated the
number of prairie dogs during three counts, fol-
lowing Pruett (2004).

During 2004, we made a complete count of all bur-
rows on each of our sites. We recorded locations of
each prairie dog burrow at the six sites, including
burrows used as nest burrows by Burrowing Owls,
with a GPS unit. To obtain overall burrow density
per prairie dog colony, we created 50-m buffers
from prairie dog colony centers using ArcView GIS
and counted the number of owl nest burrows per
unit area. Given the size of prairie dog colonies on
our sites, all nest burrows were within three of these
50-m buffers from the colony center. We also derived
an index of burrow vacancy as a function of prairie
dog population per colony by dividing the number
of burrows counted at each site by the estimated
number of prairie dogs present (Pruett et al. 2009;
Table 1). Although this index may be an overesti-
mate (if prairie dogs used more than one burrow),
we reasoned that sites with a higher index (more bur-
rows per prairie dog; e.g., a portion of the colony
with higher burrow availability) should have more
vacant burrows available for Burrowing Owls to use.
If true, then there may also be a positive relationship
between number of owl nest burrows and prairie dog
burrow spacing (i.e., the average distance among
prairie dog burrows). To estimate burrow spacing,
we randomly selected an equal number of prairie
dog burrows as there were Burrowing Owl nests on
each site, and compared distance from each nest
burrow to its five closest prairie dog burrows to the
distance from the random burrows to their five clo-
sest prairie dog burrows.
Indices to Prey Abundance. Distance to playas

(ephemeral freshwater wetlands) containing water
was used as one index of food availability, because
many amphibians and insects in this area use playas

to complete their life cycle (Anderson 1997). Playas
are regional foci of biodiversity (Bolen et al. 1989).
The locations of playas were identified from digital
layers based on hydric soils (Fish et al. 1998, Pruett
2004). We checked for the presence of water while
Burrowing Owls were nesting and recorded distances
to nearest playas containing water to correlate dis-
tance to playas containing water to number of Bur-
rowing Owl nests and nest success using Pearson’s
product moment correlation.

We also assessed relative abundance of small mam-
mals, a potential food source for Burrowing Owls, on
the six prairie dog colonies in June–August 2003 and
2004. Trapping grids consisted of 100 Sherman live
traps, 10 m apart, set for three consecutive nights
during summer (Burrowing Owl nesting season).
All captured mammals were identified to species
and sexed, weighed, measured, and marked for iden-
tification upon recapture as part of a concurrent pro-
ject (Pruett et al. 2010). We compared numbers of
initial captures between sites for all species that we
considered possible prey for Burrowing Owls to
assess relative abundance of foods in relation to Bur-
rowing Owl nest-burrow density and nesting success.
Vegetation Structure and Composition. We also

examined vegetative data to assess characteristics of
Burrowing Owl nesting sites and vegetative structure
and composition. Two 25-m line intercept transects
were randomly placed in each prairie dog colony.
During summer in 2003 and 2004, we record the per-
cent cover (intercept distance) of vegetation along
each transect by mutually exclusive category: grass,
forb, shrub, litter, bare ground, or other (Bullock
1996). Visual obstruction was estimated using Robel
pole measures (n 5 6/transect; Vermeire et al.
2002) taken at 5-m intervals along each 25-m tran‐
sect. We modified the lowest 2 decimeters of our
pole, marking off 2-cm intervals to record ,1 deci-
meter vegetation heights. Raw data on visual obstruc-
tion scores and percent cover by site may be found in
Teaschner (2005).
Statistical Analyses.We used SAS 9.4 (SAS Institute

Inc., Cary, NC) to perform all statistical tests at an
a 5 0.05 level of significance, and we report means
and standard errors for variables of interest. We
used a generalized linear model analysis of variance
(ANOVA) to examine differences in owl abundance
and productivity by site type (agricultural vs. residen-
tial urban vs. industrial urban) and year. Pearson cor-
relation analysis was used to explore possible
relationships between owl abundance and prairie
dog colony size, number of burrows, prairie dog

188 RAY ET AL. VOL. 50, NO. 2



abundance, vegetation parameters, and prey avail-
ability. A Pearson chi-square analysis was used to
examine whether the distribution of prairie dog bur-
rows (our density index) behaved according to
chance (with the expected distribution of burrows
equal across all portions of a prairie dog colony).
We analyzed data separately for each year to deter-
mine whether pooling data across years was possible,
and then subsequently pooled and re-ran our anal-
yses on productivity.

RESULTS

We captured Burrowing Owls (n5 153; 137 adults,
16 juveniles) between January 2002 and July 2004.
Most owls (89%; 137 of 153) were captured during
the summer breeding periods. Only 12% (n 5 16;
three on the added sites) of all owls were captured
during the winter periods. Our sites had 3–7 times
more Burrowing Owls during the summer breeding
period (between March and September) than they
did during the winter (October through February).

There were more known resident winter-marked
owls (44.4%; four of nine) than summer-marked
(3.7%; four of 108) owls (Table 2). Some additional
owls may have been resident, including owls that
were observed the summer following the year in
which they were marked (9.3%; 10 of 108). These
owls may have overwintered in the region unde-
tected at sites that we did not survey, or they may
have migrated south and returned to the same sites
to breed the following summer. Additionally, 2.6%
of our marked owls (3 of 117) were seen in only
two consecutive seasons (one seen winter and the fol-
lowing summer, and two seen summer and the fol-
lowing winter). We therefore determined that most
Burrowing Owls in this area were summer residents

only, with only a small proportion (6.8–18.0%, or
8–21 of 117 total marked owls) likely remaining over-
winter between consecutive breeding seasons.
Furthermore, in over 406 d of searching at the six
intensively monitored sites and 43 d of searching
adjacent sites within 8 km of the focal colonies, no
marked owl was ever observed at any site other than
the one at which it was captured.

We identified 98 nesting pairs on our six sites dur-
ing 2003 (n 5 57) and 2004 (n 5 41). The earliest
date we recorded seeing young was May 19, and the
last observed emergence of new young was June 25.
Numbers of nesting pairs/ha (F3,8 5 1.80, P 5

0.2251) and productivity (number of chicks per nest-
ing pair; F3,8 5 0.87, P 5 0.4940) did not differ
between years. Therefore, we pooled these data
across years for analyses of owl productivity. There
was an average of 1.02 (60.40) nesting pairs/ha on
our sites, and productivity averaged 2.80 (60.13)
young per nesting pair (Table 3). There was no sig-
nificant difference in overall owl abundance (F2,3 5
5.60, P 5 0.0972), number of nesting pairs (F2,3 5

1.576, P 5 0.3418), or number of young per nesting
pair (F2,3 5 0.78, P 5 0.5321) by site type.

The number of Burrowing Owl pairs was positively
correlated (r2 5 0.5498, P 5 0.0060) to prairie dog
colony size. The number of prairie dog burrows
increased with colony size (r2 5 0.7006, P 5

0.0377). The number of Burrowing Owl pairs was
positively correlated (r2 5 0.7327, P 5 0.0296) to
the number of prairie dog burrows on our six sites
in 2004, and mean distance between burrows of nest-
ing pairs was 66.3 m (64.22). However, number of
Burrowing Owl pairs was not related to either the
density of prairie dogs (estimated prairie dogs per
ha; r2 , 0.3, P . 0.1) or the index of vacant burrows

Table 2. Summary of Burrowing Owl captures and resightings by season for Burrowing Owls captured at six study sites in
Lubbock and Carson counties, Texas, between January 2003 and May 2005, including three additional winter owls captured
on adjacent Carson County sites in February 2004. More winter-marked owls were residents than summer-marked ones
(χ21 5 10.20, P 5 0.004).

SEASON

NUMBER

BANDED

NUMBER

COLOR-
BANDED

NUMBER

NEVER

OBSERVED

AGAIN

NUMBER

OBSERVED IN

THE SEASON

BANDEDa

NUMBER

OBSERVED IN

$1 OTHER

SEASON

NUMBER

OBSERVED IN THE

SAME SEASON

THE NEXT YEARb

NUMBER OF

KNOWN

RESIDENTSc

Winter 16 9 3 4 1 0 4
Summer 123 108 51 57 2 10 4
a Burrowing Owls seen in season they were banded (includes late-migrating owls that were no longer observed within 2 wk of the end of the
season of capture).
b Burrowing Owls seen, in this case, the summer after the summer that they were banded. These birds may have remained in the area but
wintered at sites where we did not observe them.
c Burrowing Owls seen in $3 consecutive seasons.
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(number of burrows/estimated prairie dogs; r2 ,
0.3, P . 0.1) for our six intensively monitored sites.
Burrowing Owls did not use more or less dense areas
of burrows within the prairie dog colonies. There was
no difference (P . 0.10) between distances from
Burrowing Owl nests and total burrow distances, or
between the five closest burrows to Burrowing Owl
nests and the five closest to randomly selected bur-
rows. There were more nest burrows in zones farther
from the colony center but because buffers farther
from the center also incorporated much larger areas,
the number of nest burrows was not greater than
expected if owls nested at equal densities in each
zone from the center to the outer edges of prairie
dog colonies (χ2 5 2.40, P 5 0.3009).

Measures of visual obstruction and vegetative com-
position were not correlated to Burrowing Owl num-
bers or productivity (r2 , 0.4, P . 0.1). Our
measures of relative food abundance (distance to
playas containing water and relative abundances of
small mammals) did not show significant relation-
ships to Burrowing Owl nesting pairs or productivity
(r2 , 0.1, P . 0.1).

DISCUSSION

As hypothesized, we found a positive relationship
between prairie dog colony size and numbers of Bur-
rowing Owl nesting pairs. We believe this is due to an
increased number of burrows and, hence, nest-
ing opportunities on larger prairie dog colonies
(although Powell et al. [1994] point out that
numbers of burrows may not be directly related
to number of prairie dogs). Although we do not
know how many burrows were actually vacant, it did

not appear that the number of vacant burrows in
prairie dog colonies limited Burrowing Owls, as there
were more burrows with little or no evidence of
prairie dog activity than there were pairs of owls. Sidle
et al. (2001) found that Burrowing Owls appear to
prefer prairie dog colonies that are occupied by
prairie dogs to those that are abandoned: they cited
lack of burrow maintenance by prairie dogs and possi-
ble increases in predation as potential reasons. (With
other prey [prairie dogs] absent, predators may focus
more on Burrowing Owls.) In 2004, we found Burrow-
ing Owl numbers particularly high on the 12–36 site,
even following prairie dog control with Phostoxin
just prior to the spring arrival of owls. However, this
site was rapidly recolonized by prairie dogs from
nearby untreated areas, so burrows were seldom
vacant for very long.

Contrary to our hypothesis that Burrowing Owls
should be associated with vegetative cover and
obstruction, vegetative differences over all sites and
years were not related to either Burrowing Owl nest
density or productivity. This was unexpected, as vege-
tation height may negatively affect Burrowing Owls
by obscuring prey or potential predators (Green
and Anthony 1989). The lack of response we saw
could be due to the fact that all six of our study sites
were located on prairie dog colonies with low vegeta-
tion, mostly on grazed shortgrass prairie or neglected
sites in an agricultural-suburban interface where
there was minimal visual obstruction (2.7 6 0.16
cm). Similarly, although we hypothesized that there
would be positive relationships among owl abun-
dance, owl nesting success and productivity, and

Table 3. Burrowing Owl nesting data for the six intensively monitored sites in Lubbock and Carson counties, Texas, for
2003 and 2004.

YEAR SITE NO. PAIRS NO. YOUNG/SUCCESSFUL PAIRa AREA (ha) SPACINGb

2003 L103 13 3.3 11.71 49.03 6 7.86
School 8 2.0 7.55 55.91 6 21.75
X-Fab 13 2.5 14.48 67.22 6 12.94
12-36 9 3.4 11.86 62.80 6 16.06
Pantex Lake 11 2.9 7.50 64.75 6 10.67
Zone 4 3 3.7 1.57 71.85 6 7.96

2004 L103 8 2.5 11.71 81.62 6 21.01
School 6 3.0 7.55 91.56 6 26.43
X-Fab 5 3.0 11.12 77.78 6 25.32
12-36 13 3.2 11.86 59.85 6 8.28
Pantex Lake 5 1.8 7.50 85.00 6 3.03
Zone 4 4 1.5 3.08 44.59 6 7.38

aMean maximum number of nestlings seen aboveground for successful nesting Burrowing Owl nesting pairs.
b Mean and standard error for distances between Burrowing Owl nest burrows in meters.
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prey abundance, we found no such significant rela-
tionships. It is possible that there were abundant
resources for both of our study years, or at least com-
parable prey availability across sites.

Most owls on our sites were resident in summer
only (noted as a relatively stable long-term popula-
tion by McIntyre 2004). Only 6.8%–18.0% of the
owls we marked were observed overwintering or
breeding on our sites in a second season. This was
much lower than reported returns of owls in Florida
(68%; Millsap and Bear 1997) or in California (20–
25%; Coulombe 1971). A higher proportion of win-
tering owls than summering owls were sighted again
in another season in our study. Our returns were
similar, although somewhat higher, than those pre-
viously reported for other studies in the southern
Great Plains. Butts (1976) reported ,1% of the sum-
mer owl population present in late July returned to
his study site in the Oklahoma Panhandle to breed
in the following year, whereas in Dallam County,
Texas, 2.7% of the owl population from late July
returned the following year. However, all banded
owls known to have overwintered at both the Okla-
homa and Texas sites remained to breed the follow-
ing breeding season. Our higher numbers relative
to those reported by Butts (1976) may reflect a
change since the 1970s, with fewer owls using the
northern parts of their continental range (Clayton
and Schmutz 1999) and more remaining or breeding
in Texas. To date, we have had only two band recov-
eries from the 153 owls that we banded. One was
killed by a car adjacent to its Lubbock banding site
shortly after banding, and the other was recovered
in Apatzingan, Michoacán, México, in January 2004,
7 mo after it was banded in Lubbock County during
June 2003. This band recovery rate was similar to
that of Butts (1976), who reported one banded
female from the breeding season in the Oklahoma
Panhandle, which was shot 17 mo later during early
winter in Zapotlanejo, Jalisco, México. Another simi-
lar record was from an owl captured and banded in
this region by Ross and Smith (1970) in March
1968 in Swisher County, Texas, and recaptured the
following year in El Paso, Texas.

The productivity observed in our study area was
comparable to reports from an urban site (grassland
portion of an airport) in California (Thomsen 1971),
residential-urban (Millsap and Bear 2000) sites in
Florida, prairie dog colonies in Montana (Restani
et al. 2001), and prairie dog colonies in New Mexico
(Arrowood et al. 2001). However, productivity on
our sites was less than that reported in agricultural

areas of central Argentina (Bellocq 1997), mixed
grasslands-agricultural areas in Saskatchewan (Haug
and Oliphant 1990, James et al. 1997, Wellicome
1997), prairie dog colonies on shortgrass prairie in
South Dakota (Griebel and Savidge 2007), and
prairie dog colonies on shortgrass prairie in North
Dakota (Konrad and Gilmer 1984). These differ-
ences may be due in part to differences in habitat
type among these studies compared to ours, with
associated potential differences in predation risk
and prey availability, but may also result from differ-
ing measurements of productivity.

Each prairie dog colony exists at a unique location
in space, meaning that its inhabitants (prairie dogs
and burrowing owls) are subject to unique forms of
disturbance. All our study sites were subject to some
form of anthropogenic disturbance. However, the
number of nesting pairs of owls and the number
of young per pair did not differ among the different
forms of disturbance (agriculture vs. industrial
urbanization vs. residential urbanization), possibly
because all of the owls in our study were nesting in
a similar sort of immediate environment (a prairie
dog colony).

Prairie dogs are clearly important to Burrowing
Owls in our area; however, the characteristics that
make one prairie dog colony more suitable than
others are largely unknown. It does seem that the
lack of visual obstruction from tall vegetation and
the large number of potentially vacant burrows are
key elements in making good Burrowing Owl habitat.
Lethal control of prairie dogs may initially reduce
burrow occupancy by prairie dogs, leaving more bur-
rows available for owls, although the quality of avail-
able burrows may be lacking, as well as the supply
of future Burrowing Owl nest sites. Additionally, the
lack of prairie dogs in a colony can lead to an
increase in visual obstruction and potential loss of
valuable nesting habitat.
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Introduction
The ongoing conflict about black-tailed
prairie dog (Cynomys ludovicianus)
policy is one of the most contentious
wildlife conservation issues in the
United States.  In 1999, the United
States Fish and Wildlife Service
(USFWS) designated the black-tailed
prairie dog as a "candidate species" for
listing under the Endangered Species
Act (ESA).  One journalist said
"[S]ome worry that any effort to pro-
tect prairie dogs will ignite a range war
between endangered species advocates
and landowners." Broadly speaking,
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Abstract
Black-tailed prairie dog (Cynomys ludovicianus) policy is highly contentious.  We use the policy
sciences to examine how prairie dog conservation became so controversial and suggest ways to
increase the prospects for success.  We begin by describing the context of prairie dog management
— who is involved and how they interact.  Stakeholders with diverse values, strategies, sources of
power, goals, and demands conflict in their struggle to influence prairie dog management.  This
conflict stems from the diverse perspectives and interactions of those involved, including ranchers,
conservationists, animal rights activists, agency personnel, prairie dog shooters, developers, and
the general public.  We next examine management and policy responses to the problem.  The agen-
cies have begun responding, but are largely offering a replay of old ideas, perspectives, and pat-
terns of interaction that contributed to the decline of prairie dogs.  The current mixed federal and
state agency program is highly fragmented, and likely will meet with limited success.  Progress has
been plagued by a narrow focus on biological issues, agency inertia, powerful special interest po-
litical forces, and negative attitudes.  To improve matters, we suggest keeping participation open
and including all stakeholders.  We further recommend using adaptive, interdisciplinary, and multi-
method approaches.  Using a "best practices" approach would capitalize and build on past suc-
cesses.  Only by improving conservation practices can we hope to restore the black-tailed prairie
dog to levels that permit it to function as a keystone species across the Great Plains.

the overall goal of prairie dog manage-
ment, and the assemblage of associated
species (i.e. the prairie dog ecosystem),
is to ensure the ecosystem's viability in
well-distributed populations in ways
that benefit from broad public support
(Clark et al. 1989).  Achieving this goal
is proving very difficult in practice be-
cause "Today's West is at war over natu-
ral resources, with wildlife the refu-
gees" (Frasier 1999:A8).  How did this
issue move to the top of controversies?
In this paper we examine this and other
questions and suggest ways to achieve
prairie dog conservation in a more co-

operative, practical way.
We begin by describing the con-

text of prairie dog management — who
is involved and how they are interact-
ing.  Next we examine management
and policy responses to the problem.
Finally, we offer recommendations to
improve matters.  We use the policy
sciences in our analysis, which requires
that we address both the content (e.g.,
biology) and procedures (e.g., human
interaction) involved (Clark et al. 2001;
Clark 2002).  We have more than 35
years combined experience in prairie
dog management.  We seek to contrib-
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ute constructively to prairie dog con-
servation, lessen the conflict involved in
the current effort, and achieve a success-
ful conclusion in the common interest.

Who is involved?  What are their
perspectives?
For decades prairie dog policy was
characterized by stability.  Soon after
Europeans began settling the Great
Plains to ranch and farm, the U.S. Gov-
ernment embarked on a campaign to
eradicate prairie dogs.  At that time,
around 1900, biologists estimated that
prairie dogs inhabited 41 million hect-
ares (Mac et al. 1998).  Prairie dogs
were classified as agricultural pests.
Near consensus existed among scien-
tists (most employed by the United
States Department of Agriculture), live-
stock ranchers, and other appointed and
elected government officials that these
rodents consumed as much as 50 to
75% of the forage available for cattle
and must be diligently controlled (Di-
vision of the Biological Survey 1902;
Merriam 1902; State of Colorado 1915;
Jones 2000).

The prairie dog issue became sa-
lient because the situation changed;
new players with a new set of demands
gained power in the political arena.  By
1960, prairie dog populations had
dwindled to about 600,000 hectares —
a reduction of more than 98%.  The
1960s also brought a rise in citizen en-
vironmental consciousness with social
movements devoted to reducing indus-
trial pollution and saving declining spe-
cies.  The new science of conservation
biology emerged and often conflicted
with science serving industrial and ag-
ricultural constituencies.  Though the
U.S. had some early wildlife conser-
vation laws on the books (e.g., the
Lacey Act of 1900 protected some
game animals and the Migratory Bird
Treaty Act of 1918 regulated hunting
of designated birds), the 1973 Endan-
gered Species Act brought a sea
change with sweeping protection for
plant and animal species deemed en-

dangered or threatened.
The contemporary prairie dog

sociopolitical arena reflects a tension
rooted in these shifts.  In 1998 black-
tailed prairie dogs covered only
280,000 to 320,000 hectares
(Biodiversity Legal Foundation 1998;
National Wildlife Federation 1998).
The further decline of prairie dogs is
no longer universally viewed as the
success of science and technology to
control an agricultural pest, but also as
a failure to protect a species important
to an entire ecosystem.  The data and
what they mean for policy are highly
disputed among interested groups.  The
movie Varmints captures much of the
conflicting views of people involved in
contemporary prairie dog management
(Hawes-Davis 1998).  The complexity,
and conflict, stems from the diverse
perspectives of people now involved
and the way they choose to interact with
one another.  Currently, many well-or-
ganized groups hold deeply-felt, but
contradictory views on prairie dog
management.  To understand the issue
requires that we know who is involved
and why.  Each participant has a unique
vantage point, holds special interests,
and often "defines" the problem in a
narrow and incomplete manner that
reflects these interests; thus each view-
point proposes a different solution
(Weiss 1989).

Ranchers
The agricultural industry generally
wants prairie dogs eliminated or held
at low numbers.  Ranchers believe that
prairie dogs reduce forage and crops
available for their livestock and liveli-
hood.  More broadly, they feel a chang-
ing economy and culture threaten their
traditional lifestyle.  They also see that
they are losing control over public and
private grazing lands, particularly when
species are protected under the Endan-
gered Species Act.  Ranchers' views of
prairie dogs are an outgrowth of a
worldview that promotes domination
over nature, libertarianism, an endless

frontier, and the control of nature for
economic gain.  Ranchers use their be-
liefs, the powerful symbol of the
American cowboy, and their traditional
influence over local politicians to sup-
port their interests.

Conservationists
These participants view prairie dogs as
a native keystone species and demand
their protection.  They tend to be moti-
vated to conserve and expand prairie
dog populations because of their im-
portance to prairie ecosystems.  The
root of this viewpoint lies in assump-
tions and philosophies associated with
ecological and conservation thought,
the right-to-existence for all organisms,
and changing human relationships to
the natural world (Kellert 1995).  The
myth challenges other popular and
powerful myths that define quality of
life in solely economic terms, instead
arguing that society should balance
some economic growth for a healthy
environment.  Powerful symbols in-
clude wilderness, endangered species,
and charismatic animals.  Proponents
largely distrust and often vilify big busi-
ness (e.g., corporate America) and natu-
ral resource extractors, including many,
if not most, ranchers.

Animal rights activists
Animal rights activists want decreased
human impact on the environment and
desire an end to pain and suffering to
prairie dogs caused by poisoning and
other extermination methods.  They
support extending legal rights to ani-
mals that are now reserved for humans
(Wise 2000), including prairie dogs.
The views of animal rights activists can
be traced to the urban animal welfare
movement, and developed into a pow-
erfully organized interest in the last few
decades (Rudacille 1998).  These stake-
holders, often in conjunction with con-
servationists, demand increased in-
volvement in wildlife and public land
management and often use lawsuits,
media publicity, and appeals to public
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pressure, including citizen ballot initia-
tives, to achieve their interests.

Agency personnel
Federal, state, local, and tribal agency
personnel hold personal views that vary
greatly, but can be quite similar within
a single agency.  Despite multiple use
mandates, most agencies are strongly
influenced by a more limited number
of special interests (e.g., hunters, log-
gers, miners, or ranchers), and this in-
fluence is manifest in policies that of-
ten clash with the common interest
(Meier 1993).  In extreme cases, this
leads to agency "capture" by a special
interest group that the agency was cre-
ated to manage or regulate (Clarke and
McCool 1985).  There are also
struggles for power among the agen-
cies (Fischer 2000).  State, local, and
tribal government personnel maintain
an interest in maximizing power vis à
vis the federal government, especially
in the western U.S. Despite these dif-
ferences, some broad generalizations
among agencies are possible.  Agency
personnel generally embrace the "tech-
nical rationalist/expert" role (see Clark
1997).  In this view, control of nature
for human purposes is both possible
and desirable, and professional re-
source managers should be entrusted
with making decisions and manipulat-
ing nature.  With respect to prairie dogs,
formal agency policy at all levels re-
sulted in substantial prairie dog declines
over past decades.  Today, most agen-
cies seek to keep prairie dogs off the
endangered species list, and often this
goal appears to be more important than
species conservation (e.g., see BLM
2000; EDAW 2000; NGPC 2001).  In
addition, an anti-prairie dog attitude re-
mains strong among wildlife profes-
sionals and especially land managers,
but this is changing (Reading 1993).

Recreational shooters
Recreational shooters form a small but
vocal stakeholder group.  They want
prairie dogs to be abundant enough to

serve as live
targets for their
s h o o t i n g .
Shooters view
themselves as
highly skilled
agents of con-
trol for agri-
cultural pests
and identify
with the agri-
cultural com-
munity.  They
mostly em-
brace a liber-
tarian view,
one that is an offshoot of the frontier/
cowboy worldview.  Prairie dog shoot-
ers want free access to public lands for
hunting with minimal government
regulation, and they support continued
shooting opportunities provided on
many public lands and Indian reserva-
tions.  They influence prairie dog man-
agement by actively promoting their
interests and enlisting support of ranch-
ers, gun rights activists, and local busi-
nesses that benefit from their pursuits.

Developers
Developers play a restricted role in the
prairie dog management debate, but
they are key stakeholders along
Colorado's Front Range, for example.
Developers focus on generating wealth
for themselves and view prairie dogs
as pests that interfere with urban de-
velopment.  As housing tracks are put
in, prairie dogs are killed or relocated.
Developers are searching for inexpen-
sive solutions to the prairie dog man-
agement challenge that will permit
them to continue developing land (e.g.,
exterminate or move animals in the way
of development).

General Public
The American public is diverse, and
most citizens are unaware of the prai-
rie dog conservation problem.  How-
ever, public support for conserving
wildlife is strong.  For example, a sur-

vey by Czech and Krausman (1997)
found 84% of the public support the
current ESA or would like it strength-
ened.  Some publics, such as
homeowners living near urban prairie
dog colonies, are a part of the develop-
ment debate.  Zinn and Andelt (2001)
found that support for prairie dogs in-
creased with the distance respondents
lived from prairie dog colonies in the
city of Fort Collins, Colorado.  Alter-
natively, some of the most vocal sup-
porters of prairie dogs in urban envi-
ronments are people living near the
colonies who like to watch the animals
or recognize their ecological impor-
tance (Prairie Dog Coalition 2002).
Fox-Parrish (2002) found that antago-
nism toward prairie dogs increased as
their exposure to and experience with
prairie dogs increased among the gen-
eral public in rural Kansas.  Many Na-
tive Americans with traditional cultural
beliefs consider prairie dogs to be a
species with which they are intimately
interconnected.  They demand that ev-
eryone can and should be more con-
nected to nature, that all species are im-
portant, and that therefore the tribes are
obligated to protect and restore native
communities on reservation lands.

Prairie dogs
Black-tailed prairie dogs are partici-
pants in this issue too, as are a myriad
of other associated species.  Prairie

Black-tailed prairie dog ( Cynomys ludovicianus ) by Richard
P. Reading.
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dogs are one-kilogram ground squirrels
that live in colonies of strongly de-
fended family groups, known as "co-
teries" (Hoogland 1995).  One of five
species of prairie dogs, the black-tailed
form is the only species that inhabits
the Great Plains, ranging over most of
the short and mid-grass prairies from
southern Canada to northern Mexico.
Because they are colonial and live in
burrows they excavate, and constantly
clip tall vegetation, prairie dogs alter
the grassland ecosystem's structure,
processes, and composition (Kotliar et
al. 1999).  To ecologists, these changes
indicate their importance as a "keystone
species" that enriches ecosystem func-
tion in a unique and significant way
disproportionate to their abundance
(Miller et al. 2000).  Their interest, to
the extent their interest can be known,
appears to be for continuation of their
species and individual well-being.
Miller and Reading (2002) list eight
threats facing black-tailed prairie dogs:
continued habitat destruction; uncon-
trolled recreational shooting; intro-
duced diseases (especially plague); in-
adequate regulatory mechanisms by
government agencies; continued and
widespread poisoning; the inability of
prairie dogs to respond evolutionarily
to present threats; lack of adaptive man-
agement; and negative attitudes toward
prairie dogs.

Right or wrong, humans will de-
cide the prairie dogs' fate.  The catego-
ries delineated above provide a general
characterization of the players involved
in prairie dog policy.  Many participants
fall into more than one category; much
variance exists within categories.  In-
tensity of belief and the degree to which
individuals are willing to work with
other groups vary as well.  However,
conflict and polarization largely typify
interactions between groups in the prai-
rie dog policy arena that have included
lawsuits, arrests of activists at protests,
and even threats of violence (Gutierrez
1998; Proskocil 1999; Fong 1999).
While some debate can be constructive,

unmanaged conflict can erode trust in
government institutions and lead to
policy failure.

Prairie dogs as a policy problem
Defining the prairie dog "problem"
practically is a challenge.  As Weiss
(1989:97) noted, "problem definition is
a package of ideas that includes, at least
implicitly, an account of the cause and
consequences of undesirable circum-
stances and a theory about how to im-
prove them."  Key questions include:
"Just what is the problem?;" "How big
is it?;" and "Who is it a problem for?;"
as well as "What might be done about
it?" Prairie dog conservation is about
making choices, like "How will the
prairie dog ecosystem be managed?"
and "Who gets to decide?" In other
words, it is largely a human value prob-
lem in decision-making, although
many technical elements are involved.
In fact, much of the behind-the-scenes
politics is masked by technical discus-
sions.  The answers to the last two ques-
tions are determined by who has au-
thority and, especially, control of the
management process.  Authority means
having the right to make a decision, and
control means having the power to carry
out an action in the face of opposition.

Prairie dogs on the political agenda
Black-tailed prairie dogs made it onto
the U.S. political agenda as a conser-
vation issue in 1998 when several con-
servationists petitioned the USFWS to
list the species as threatened under the
ESA (National Wildlife Federation
1998; Biodiversity Legal Foundation
et al. 1998).  The USFWS had rejected
an earlier petition filed by Biodiversity
Legal Foundation and Sharps (1995).

Following the second petition, all
participants positioned themselves ei-
ther for or against the petition and uti-
lized their resources to substantiate or
refute its claim that prairie dogs were
or were not in need of special help.  In
some cases, participants recognized
that prairie dogs needed protection, but

stated that they favored local control
over federal listing as the best way to
manage the species.  Persuasion as well
as coercion were used to influence the
evolving definition of the prairie dog
conservation "problem," shape a pre-
ferred "solution," and control the over-
all decision-making process to the
maximum extent possible (see Clark
1997).  Attention during this phase fo-
cused on the USFWS.  Ranchers and
government agencies, especially state
agencies, largely opposed listing.  The
states, in particular, banded together to
form an anti-listing coalition.

Caught between savvy conserva-
tionists, ranchers, and state govern-
ments, often backed by their represen-
tatives in the U.S. Congress, the
USFWS took the most risk-averse path.
The agency decided to designate the
species as "warranted" for listing as
threatened under ESA, but "precluded"
it from listing because of other, higher
priority species that needed attention
first (USFWS 1999).  The USFWS
appeared reluctant to grant prairie dogs
candidate species status, and so far has
abdicated its responsibility to protect a
species it accepts as meeting the re-
quirements for ESA protection.  The
USFWS's 90-day and 12-month find-
ings supported a definition of the prob-
lem as articulated in the petitions, that
prairie dog populations had indeed de-
clined by as much as 99% due to threats
including habitat loss, plague, inadequacy
of existing regulatory mechanisms, and
long-term rodent control (USFWS 1999;
USFWS 2000).  This move sent shock
waves through the Western cattle and real
estate industries (Matthews 1999:8).  The
"warranted, but precluded," or candi-
date species, designation focused the
controversy that had been brewing for
years and fueled great activity by agri-
cultural interests, government land and
wildlife management agencies, nongov-
ernmental conservation organizations, sci-
entists, and others (e.g., Predator Conser-
vation Alliance 2001; Thacker 2001; Prai-
rie Dog Coalition 2002).
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The agencies respond
In response to the candidate species
designation, federal land management
agencies made some prairie dog man-
agement changes.  The U.S. Forest Ser-
vice declared a temporary moratorium
on poisoning prairie dogs within Na-
tional Grasslands.  The U.S. Bureau of
Land Management also ceased poison-
ing prairie dogs on land it manages, and
both agencies began more active prai-
rie dog conservation, such as tempo-
rary shooting bans.  The USFWS rec-
ommended including incentives for
landowners in the 2002 farm bill to pay
landowners for helping to conserve
prairie dogs.  But the USFWS basically
turned prairie dog management over to
the states that had lobbied for control
of implementation, moving the states
to center stage.  A directive to them that
"doing nothing" was not a policy op-
tion accompanied delegation of author-
ity to the states.  The USFWS retains
oversight of states' efforts and reviews the
status of candidate species each year.

The states have begun responding
to the USFWS's "warranted, but pre-
cluded" ruling, but progress toward
prairie dog conservation has been slow.
The 11 states within the range of the
black-tailed prairie dog formed the In-
terstate Black-tailed Prairie Dog Con-
servation Team and produced a conser-
vation plan, the "Black-tailed Prairie
Dog Conservation Assessment and
Strategy" with subsequent draft
addendums, to conserve the species and
address factors causing its decline (Van
Pelt 1999; Luce 2001a, 2002).  The
draft interstate plan's main goal appears
to be to prevent listing prairie dogs un-
der the ESA and the associated loss of
control over management (Miller and
Cully 2001).  That goal arguably takes
precedence over recovery of the spe-
cies — a classic case of goal substitu-
tion driven by competition for power.
Throughout the draft plans, recovery
is never discussed as such; instead, the
plans refer to prairie dog conservation
with respect to precluding the need for

listing under the ESA (Luce 2002).
The objectives of the draft inter-

state plan ". . . set an adaptive manage-
ment strategy target to increase occu-
pied acreage [of prairie dog colonies]
to exceed 1% of historic range in the
next 10 years (by 2011)," while stating
that present acreage figures are "slightly
less than 1% of historic (Luce
2002:13)."  Thus, the plan is striving
for a vague goal that is just marginally
better than the status quo.  In addition,
the plan never clarifies how success or
failure in adaptive management will be
assessed, or how the plan will be
adapted or terminated.  The draft inter-
state plan goes on to call for conduct-
ing additional research and monitoring,
identifying focal areas that contain high
densities of prairie dogs, creating finan-
cial incentives for cooperating land-
owners who conserve prairie dogs, and
increasing regulation of and oversight
over prairie dog shooting and poison-
ing (Luce 2001c, 2002).  The draft plan
also permits unrestricted shooting and
calls for providing money to cooperat-
ing landowners for poisoning, even if
a state remains below its target objec-
tives for prairie dog acreage.

After three years, the interstate plan
remains in draft form, but all states are
developing conservation plans and
some states have begun taking action
(Luce 2001b).  For example, a few
states have removed "pest" species des-
ignations from prairie dogs and others
are working toward that end (Predator
Conservation Alliance 2001).  A num-
ber of state agencies have also started
regulating prairie dog poisoning and
shooting, which were formerly unlim-
ited (Luce 2002). Arizona, Colorado,
and South Dakota have already banned
shooting for part or all of the year, pri-
marily on public land (Luce 2002).  In
2002, Colorado started a $600,000 pi-
lot program that uses lottery money to
provide financial incentives to land-
owners that conserve prairie dogs
(Davis 2002).  Other initiatives include
developing education programs and

exploring the use of regulatory amend-
ments to the ESA to encourage partici-
pation by landowners, tribes, and state
agencies, such as Candidate Conserva-
tion Agreements with Assurances.

Annual reviews by the USFWS
and states claim the agencies are mak-
ing adequate progress (USFWS 2001;
Luce 2001b).  Indeed, some progress
has been realized at the federal and state
level, but it has been slow to arrive.
Conservation efforts thus far have been
largely evaluated by the agencies them-
selves; a task ideally conducted by an
external organization with no stake in
the outcome (Kleiman et al. 2000).
Montana, North Dakota, South Dakota,
and Wyoming already claim that they
exceed the target figures laid out in their
individual state plans.  (Luce 2002).
Colorado and Wyoming suggest they al-
ready exceed the draft interstate plan's tar-
get figures (CDOW 2002; Luce 2002).

What the states have so far pro-
posed and carried out is necessary for
prairie dog conservation, but far from
sufficient.  Calls for more research,
frequent meetings, and regular revis-
ing of the draft plan give the impres-
sion that the states are working to-
ward conservation goals, but these
activities are not substitutes for ef-
fective policy and real action.  The
draft interstate plan promotes tradi-
tional decision-making, without fully
addressing how the states will reverse
their lack of success in protecting the
prairie dog ecosystem to date.  In-
stead, the interstate plan, the perspec-
tives behind it, and the interests it
serves, offer a replay of old ideas and
patterns of interaction that have for
decades contributed to the decline of
prairie dogs.  As a result, current prai-
rie dog conservation efforts are plagued
by a narrow focus on biological issues,
agency inertia, powerful special inter-
est political forces, and negative human
attitudes toward prairie dogs.  In addi-
tion, agencies have dominated conser-
vation planning, with little input from
other important stakeholders.
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One of the most significant defi-
ciencies of the interstate and individual
state plans are their failure to provide
mechanisms for addressing the
sociopolitical factors affecting prairie
dog conservation policy.  The plans fail
to establish how the states will man-
age their political environments, such
as powerful conservative governors,
agricultural lobbies, urban and subur-
ban developers, and conservation in-
terest groups.  For example, how will
the interstate plan address the fact that
politically powerful stakeholders (e.g.,
ranchers) hold strongly negative atti-
tudes toward prairie dogs that leads
them to continue fighting conservation
initiatives and arguing for continued
poisoning (e.g., see Reeder 2002).  Both
state and federal agencies have pitched
simplistic solutions to this problem.
For example, the agencies advocate
landowner incentives as a primary tool
to protect the species.  While potentially
helpful, incentives are insufficient, as
they do little to address the underlying
negative attitudes toward prairie dogs
held by many stakeholders (Reading et
al. 1999; Lamb et al. 2001; Fox-Parrish
2002).  Ranchers are already resisting
voluntary measures, even financial in-
centives that reward prairie dog pro-
tection on private land (Omaha-World
Herald 2002).  Indeed, an incentive pro-
gram in Colorado was largely unsuc-
cessful in finding ranchers willing to
participate, possibly because they dis-
like prairie dogs for far more than fi-
nancial reasons (e.g., prairie dogs are
seen as symbols of poor land steward-
ship, a loss of control over public and
private land, outsiders telling them
what to do, and threats to their
lifestyles; Reading and Kellert 1993;
Reading et al. 1999).  There is a also
risk of non-compliance to new rules, es-
pecially poisoning and shooting restric-
tions that are difficult to monitor on huge
swaths of private and public land.

Overall, the draft plan currently
offers little that is new, creative, and
helpful in maximizing cooperation

among stakeholders.  The plan offers
no recognition of these complex and
contentious sociopolitical variables and
no methods to provide policy-relevant
information about them.  This is not
surprising, given the traditional, bio-
logical focus of the training that most
conservationists and wildlife and land
managers receive (Clark 2001).  How-
ever, the states ignore sociopolitical
variables at their own peril.

Inattention to the relevant social
context can lead to increased tension
and ultimately policy failure.  Problems
exist that impede prairie dog conser-
vation.  Some states face hostile state
legislatures and commissions.  For ex-
ample, in 2001 the Wyoming Game and
Fish Commission voted to bar the state
from endorsing the states' conservation
plan.  And recently, Wyoming joined
North Dakota and Colorado in with-
drawing from the official interstate ef-
fort, calling into question the new
organization's ability to coordinate ef-
fective regional conservation.  In addi-
tion, animal rights and conservation
groups have sued to gain protection for
prairie dogs resulting in resource inten-
sive court battles for federal and state
agencies (McCullen 2000).

Currently, the prairie dog program
is on a fixed course and there seems to
be no effort by either the federal or state
agencies involved to seek out more ef-
fective management in the common
interest.  The program chosen is the
most conservative and the closest to the
status quo as possible.  Moreover, it is
failing to advance the common inter-
est in ensuring the survival of prairie
dogs and the viability of prairie dog
ecosystems in ways that benefit from
broad public support.

How can prairie dog
conservation be improved?
The prairie dog conservation challenge
is complex and contentious and it likely
will not yield to more government bu-
reaucracy.  The practical problem at
hand now is to decide what can be done

to improve matters.
One of the biggest challenges is

convincing the key participants that
achieving broad public support for and
realizing prairie dog conservation is in
the common interest and in their own
interest.  For example, how will ranch-
ers, who see prairie dogs and prairie
dog conservation as threatening to their
livelihood and lifestyle, ever tolerate
prairie dog protection policies? Why
should conservationists care if enacted
policies receive broad support when for
many the goal is conservation using
science not public opinion as indica-
tors, regardless of the level of coercion
needed to achieve it? Opponents resis-
tant to popular conservation proposals
risk provoking more coercive regula-
tions — such as ESA measures —
which they despise.  They also risk los-
ing some popular support for agricul-
tural programs that are increasingly
contested by the conservation commu-
nity.  On the flip side, even strict prai-
rie dog protection codified by the ESA
is likely to fail without the political will
needed to effectively implement and
enforce enacted policies.  It is the state
and federal agencies, those formerly
charged with eradicating prairie dogs that
will have discretion over the application
of prairie dog conservation measures.

We recommend building new co-
operative relationships and expanding
on successful practices to date — "prac-
tice-based" approaches.  Practice-based
conservation is adaptive management
at its best.  It involves finding and tak-
ing advantage of opportunities that ex-
ist or can be created to address prob-
lems.  Practice-based conservation in-
volves three steps, each of which re-
quires on-going evaluation (Kleiman
et al. 2000).  First, participants iden-
tify the "best practices" being em-
ployed.  Second, these are adapted
and applied to similar circumstances
elsewhere in the prairie dog's range.
Finally, the most effective practices
are diffused as widely as possible,
where professionals continue to
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adapt, refine, and upgrade them re-
lying on their own experience.  Such
adaptive management should be car-
ried on endlessly.  Thus, the prudent
way for conservation to proceed is to
find and continually upgrade perfor-
mance in the light of experience
(Clark and Brunner 1996).  Indepen-
dent evaluations of policies and prac-
tices are essential to prevent self-
serving appraisals.  "Watch dogging"
the agencies and helping them to
learn and upgrade their performance
is necessary.  We have chosen to high-
light a few of what we consider "best prac-
tices," each of which could be improved
through evaluation and refinement.

Outcome-driven initiatives
While the federal and state govern-
ments have not considered alterna-
tives to the interstate prairie dog plan,
some bottom-up approaches are
worth considering.  Several private
individuals and organizations have
initiated conservation projects for
black-tailed prairie dogs in recent
years.  For example, several recently
created land trusts focus on conserv-
ing wildlife and ecosystems.  With
respect to the prairie dog ecosystem,
the Southern Plains Land Trust was
founded in 1998 to capitalize on the
relatively low price of land in and
around southeastern Colorado.  They
focus on land inhabited by prairie
dogs and located close to large blocks
of public land.  Their experience has
much to offer others involved in prai-
rie dog conservation.  Similarly, other
non-profit organizations, such as The
Nature Conservancy, and for-profit
organizations, such as Turner Enter-
prises, Inc., are purchasing land and
working to restore prairie dogs and
their associated species.  They and
their collaborators have taken an ex-
perimental approach to restoring the
prairie dog ecosystem that promises
to benefit similar restoration efforts
throughout the range of prairie dogs
(Truett et al. 2001).

Process-focused initiatives
Opening up a dialogue between tradi-
tional antagonistic stakeholders holds
the promise of reducing unproductive
conflict and stimulating discussions
that can help dispel inaccurate myths
and build bridges for conservation.
Such dialogues must occur in "safe-
harbor" situations, where people feel
safe to come together and freely state
their true opinions without resorting to
rhetoric (i.e. opening "real" dialogue
among stakeholders).  For example, in
1999 the Denver Zoological Founda-
tion and the Northern Rockies Conser-
vation Cooperative held a daylong
workshop at the Denver Zoo on prairie
dog conservation.  Participants in-
cluded representatives from the West-
ern Governor's Association; ranching,
animal rights, environmental, and con-
servation organizations; and tribal, city,
county, state, and federal government
agencies.  Many of these individuals
and groups had never met in such a set-
ting before.  Although the workshop
was a modest beginning, it succeeded
in bringing together diverse interests,
in sharing values, concerns, and strate-
gies for addressing prairie dog manage-
ment, and in opening a dialogue for
future collaboration, coordination, or at
least communication.  Unfortunately,
this process was discontinued, but it
serves as a model that could be dupli-
cated and expanded in the future.

Process/outcome initiatives
Montana was the first state to set up a
prairie dog working group to seek ap-
propriate conservation and manage-
ment of prairie dogs within the state.
The group recently put together a man-
agement plan (Montana Prairie Dog
Working Group 1999), which involved
state and federal agencies, tribal repre-
sentatives, conservation organizations,
and private interests and builds on the
Montana Prairie Dog Management
Guidelines developed in 1988 by the
Montana Black-footed Ferret Working
Group (1988).  Focusing on both prai-

rie dog species (black-tailed and white-
tailed) that inhabit Montana, its goal is
"for the state of Montana to provide for
management of prairie dog populations
and habitats to ensure long-term viabil-
ity of prairie dogs and associated spe-
cies." Five objectives follow and a strat-
egy to meet each objective is outlined.
Annual review is required.  Although
lacking in some areas, the plan is the
product of a cooperative effort among
diverse interests over several years and
is arguably the best state plan currently
addressing prairie dog management.
More importantly, it provides a basis
for upgrading conservation planning
and implementation in the future.

Several other best practices should
be identified, adapted, and spread
among participants in prairie dog con-
servation efforts.  Particularly impor-
tant areas for analysis include federal
agricultural policies (including both
working to halt perverse agricultural
subsidies that encourage prairie dog
eradication and creating incentives for
landowners that manage their proper-
ties for prairie dog conservation), ini-
tiatives on tribal lands, actions under-
taken at the city and county levels, fed-
eral land management (including na-
tional grasslands, wildlife refuges,
parks, and monuments, as well as lands
managed by the BLM), and applied
research, especially on managing intro-
duced diseases.  We suggest holding
well-mediated, problem-oriented
workshops on each of these issues to
facilitate the process.

Finally, prairie dog conservation
requires sound leadership at all levels.
Leaders should strive for a strong, open,
objective, fair, and competent leader-
ship style.  Westrum (1994) refers to
such competent, dynamic leaders as
"maestros."  Maestro coordinators
could greatly improve both social and
decision processes in prairie dog con-
servation efforts by facilitating infor-
mation flow, communication, coordi-
nation, efficient use of resources, the
identification and dissemination of best



Vol. 19 No. 4 2002 Endangered Species UPDATE 169

practices, and more.  Quality leader-
ship at state levels is also required for
similar reasons.

Conclusions
Black-tailed prairie dog populations
have declined dramatically and become
increasingly fragmented over the past
century.  That decline has important
implications for the entire ecosystem
because of the prairie dog's role as a
keystone species.  The USFWS recog-
nized the plight of the prairie dog in
1999 by declaring the species war-
ranted for listing under the ESA.  How-
ever, the USFWS also precluded such
listing, stating the need to focus on
other, higher priority species.  Prairie
dog conservation is highly contentious,
wherein stakeholders with diverse val-
ues, strategies, sources of power, goals,
and demands conflict in their struggle
to influence the prairie dog manage-
ment process.  The current mixed fed-
eral and state agency program is highly
fragmented, especially among the fed-
eral and state governments.  The cur-
rent program likely will meet with lim-
ited success.  We recommend a more
innovative response.

We suggest that prairie dog con-
servation is more likely to succeed if
participation remains open and includes
the full range of stakeholders.  This re-
quires movement toward adaptive, in-
terdisciplinary, and multi-method ap-
proaches.  We provide recommenda-
tions for using a "best practices" ap-
proach that capitalizes and builds on
activities that have already proven suc-
cessful in prairie dog conservation.
Using workshops and a more represen-
tative, open, and flexible organizational
structure offers a better chance for re-
solving the conflict of values currently
dominating prairie dog conservation
and moving more quickly toward more
effective and efficient practices that are
acceptable to more stakeholders.  De-
spite recent attention to the plight of
the black-tailed prairie dog, the species
continues to decline across most of its

range.  We must improve conservation
practices if we hope to restore the black-
tailed prairie dog to levels that permit
it to function as a keystone species
across the Great Plains.
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Abstract
Recreational shooting of prairie dogs (Cynomys spp.) 

has occurred for many years, but interest and intensity have 
increased dramatically in the past decade. Shooting can cause 
prairie dogs to change their behavior and can affect sex and 
age groups differently. Prairie dog populations are capable 
of recovering from shooting or other reductions, but time to 
full recovery depends on demographic parameters (survivor-
ship and fecundity). Simple population growth models with 
demographic variability demonstrate less risk of population 
extinction when shooting is regulated by effort rather than by 
quotas on numbers shot. Landowners might consider allowing 
shooting as a source of income, but, if not closely managed, 
shooters potentially can eliminate small colonies. Predation 
by black-footed ferrets (Mustela nigripes) probably does not 
significantly depress prairie dog populations. Prairie dog 
mortality caused by unregulated recreational shooting can 
vastly exceed predation by black-footed ferrets, affecting prai-
rie dog survivorship and potentially affecting fecundity and 
recruitment. Until effects of shooting prairie dogs as prey for 
black-footed ferrets are better understood, shooting closures 
on reintroduction sites are appropriate.

Keywords: black-footed ferret, Cynomys spp., Mustela 
nigripes, prairie dog, recreational shooting

Introduction
Many long-time residents of western States recall spend-

ing summer vacations “plinking” prairie dogs (Cynomys spp.), 
whether by wrist rocket, air gun, or .22 caliber rifle. For over 
100 years, shooting black-tailed prairie dogs (C. ludovicia-
nus) in rural Kansas, for example, was common on Sunday 
afternoons by self-styled “varmint hunters” and by after-
school target shooters (Smith, 1967). Shooting prairie dogs has 
been and continues to be primarily for sport but now involves 
marksmen who utilize high-technology rifles while practicing 
their shooting skills. To hone their skills, many shooters use 

a variety of rifles, scopes, range finders, shooting benches, 
and reloading equipment. Indeed, shooting prairie dogs at 
distances >450 m entitles one to membership in the 500 Yard 
Club, sponsored by the Varmint Hunters Association, and 
some members have registered successful shots >1,350 m.

Many shooters come from out of State (Vosburgh, 
2000; South Dakota Prairie Dog Work Group, 2001), but 
this appears to be a recent phenomenon. In North Dakota, 
for example, nonresidents must purchase either a nongame 
license or a combination nongame and furbearer license to 
shoot prairie dogs; residents are exempt (North Dakota Game 
and Fish Department, 2001). The number of nonresident 
nongame licenses sold increased from 36 in 1975 to 625 in 
2001, while nonresident nongame and furbearer license sales 
increased from 163 in 1989 to 1,326 in 2001 (S. Hagen, writ-
ten commun., 2003). The recent increase in license sales to 
nonresidents in North Dakota indicates the rise in recreational 
shooting of prairie dogs by people from out of State. Similarly, 
in South Dakota over 35 percent of the estimated 16,011 prai-
rie dog shooters on nontribal land in 2001 were nonresidents 
(Gigliotti, 2001).

Shooting Intensity
Available information indicates that substantial numbers 

of prairie dogs have been shot. In 2000, recreational shoot-
ers killed 1,186,272 prairie dogs on nontribal lands in South 
Dakota (South Dakota Prairie Dog Work Group, 2001). The 
number killed on nontribal lands increased to 1,516,174 in 
2001 (Gigliotti, 2001). Shooters spent a total of 75,059 recre-
ation days to kill that many prairie dogs: 54,849 by residents 
and 20,210 by nonresidents (Gigliotti, 2001).

During 1998 in Nebraska, 7,100 shooters spent 33,400 
recreation days killing 301,000 prairie dogs; in 1999, fewer 
shooters (5,970) spent less time (28,300 recreation days) to 
kill more prairie dogs (356,000) (Nebraska Game and Parks 
Commission, 2001). The Colorado Division of Wildlife 
(2002) estimated (with ±95 percent confidence interval) that 
6,070 shooters (±629) killed 418,412 prairie dogs (±75,234) 
during 64,674 recreation days (±825) in the 1998–99 reporting 
period. Based on these data, shooter success rates (number 
killed per recreation day) appear similar among reporting 
States: 6.5 killed per day in Colorado (between 5.2 and 7.7), 
12.6 killed per day in Nebraska in 1999, and 20.3 killed per 
day in South Dakota in 2001.

Shooting Prairie Dogs
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Estimates of prairie dogs killed in individual States 
depend on shooters’ responses to survey questionnaires, 
which are possible only when shooters are licensed, such as in 
South Dakota and Colorado (South Dakota Prairie Dog Work 
Group, 2001; Colorado Division of Wildlife, 2002, 2003). 
On the other hand, nontribal recreational shooters on some 
tribal lands are required to be accompanied by a guide and 
must fill out a questionnaire that includes the number of days 
spent shooting, number of rounds fired, and estimated number 
of prairie dogs killed. In 2000, 936 shooters fired 156,307 
rounds to kill 57,848 prairie dogs on the Rosebud Indian 
Reservation (T. Vosburgh, unpub. data, 2002). That rate of one 
prairie dog killed per 2.7 rounds fired is similar to an observed 
rate of one prairie dog killed per 3.0 shots fired on the Fort 
Belknap Indian Reservation in northern Montana during 2001 
(Vosburgh, 2000).

The Lower Brule Indian Reservation in central South 
Dakota has collected 9 years of black-tailed prairie dog harvest 
data (table 1). From 1993 to 2001, an average of 121 licensed 
recreational shooters killed an average of 14,200 prairie dogs 
per year while spending an average of 372 recreation days on 
the reservation (Lower Brule Sioux Tribe, 2002). Each shooter 
averaged 118 prairie dogs shot per year or about 38 shot per 
day. That level of success is comparable to nonresident shoot-
ers on nontribal lands in South Dakota who, in 2001, spent 
an average of 3.5 days per shooter to kill 36 prairie dogs per 
day (Gigliotti, 2001). The average success rate was higher 
than reported above by Nebraska or Colorado. Relatively 
high levels of shooter success may be due to tribes’ interest in 
recreational shooting as a source of revenue with concomitant 
monitoring of shooting effects on prairie dog populations. 
Also, out-of-State shooters may be especially diligent in 
pursuit of their quarry. During 2001, residents of South Dakota 
shot an average of 14 prairie dogs per day, considerably fewer 
than the 36 prairie dogs per day reported shot by nonresidents 
(Gigliotti, 2001).

Shooter success rates appear related to prairie dog 
densities. Typical densities of black-tailed prairie dogs exceed 
those of white-tailed prairie dogs (C. leucurus) (Tileston and 
Lechleitner, 1966), whereas densities of Gunnison’s prairie 

dogs (C. gunnisoni) are intermediate or overlap those of the 
other two species (Fitzgerald and others, 1994). All three 
species are shot in Colorado, but harvest estimates are not 
reported by species, only by county (Colorado Division of 
Wildlife, 2003). Based on species’ distributions (Fitzgerald 
and others, 1994), we estimated harvest for the three species 
(table 2). Although ranges of shooting success rates overlap, 
shooters in 2002–03 killed more prairie dogs per recreation 
day in counties with black-tailed prairie dogs than in coun-
ties inhabited by Gunnison’s and/or white-tailed prairie dogs 
(table 2).

Effects of Shooting on Individual 
Prairie Dogs

Prairie dogs subjected to shooting change their behavior. 
In Montana, black-tailed prairie dogs in colonies with recre-
ational shooting spent less time above ground than did prairie 
dogs in colonies with no shooting. When above ground, the 
former devoted less time to feeding and more time to scanning 
than the latter (Vosburgh and Irby, 1998). Prairie dogs in colo-
nies with recreational shooting are more likely to escape when 
approached on foot or by vehicle, retreating to burrows sooner 
than prairie dogs not subjected to shooting (Vosburgh and Irby, 
1998; Keffer and others, 2000). Increased alertness and early 
escape by prairie dogs are potential problems for recreational 
shooters, though some shooters may by more interested in 
shooting skill and firearm accuracy than in numbers of prairie 
dogs killed.

The timing of shooting prairie dogs may affect reproduc-
tion and mortality of various sex and age groups. Shooting 
from March to May is likely to kill pregnant or lactating 
females so that neither they nor their offspring will reproduce 
the following year (Knowles, 1988). Shooters generally cannot 
distinguish between male and female prairie dogs and, except 
during early summer, between adults and juveniles. Juvenile 
prairie dogs are more susceptible than adults to low levels 

Table 1.  Data from 9 years of shooting black-tailed prairie dogs (Cynomys ludovicianus) on the Lower Brule Indian Reservation, S. Dak.a

Statistic

Year

1993 1994 1995 1996 1997 1998 1999 2000 2001

Number of licenses sold 115 146 139 127 157 97 114 130 64

Estimated total killed 17,700 28,000 4,600 10,700 15,300 16,700 12,100 14,800 8,069

Total recreation days 367 503 334 486 372 392 363 319 211

Harvest/day/shooter 48 56 14 22 41 43 33 46 38

Average days/shooter 3.2 3.6 2.4 3.8 2.8 2.9 3.2 2.5 3.3

a Lower Brule Sioux Tribe (2002).
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of shooting (Keffer and others, 2000). For example, when 
a colony having 35 percent juveniles was subjected to a 10 
percent harvest during early to mid-summer, 53 percent of 
the animals killed were juveniles. On the same colony, adult 
females and adult males (39 percent and 26 percent of the 
population, respectively) were killed proportionately less than 
their occurrence in the population. Higher shooting pressure 
(>20 percent mortality) on another colony also targeted juve-
niles disproportionately (Keffer and others, 2000).

Adult females, including yearlings, appear more vulner-
able to shooting than do adult and yearling males (Vosburgh 
and Irby, 1998; Keffer and others, 2000). During early summer 
1995 in Montana, for example, the ratio of adult males to 
females was 92:100 on nine colonies (Vosburgh and Irby, 
1998). In late summer, after an average of 8.5 hours of  
shooting per colony, the ratio of adult males to adult females 
was 167:100 on the same nine colonies. Survivorship of adult 
females during shooting was only 57 percent of the survivor-
ship of adult males. On eight control colonies with no shoot-
ing, adult female survivorship was 122 percent of adult male 
survivorship between early and late summer in the same year 
(Vosburgh and Irby, 1998), which is similar to differential 
survival of unhunted black-tailed prairie dog populations 
elsewhere (Hoogland, 1995). Greater vulnerability of females 
probably exacerbates the impact of shooting by diminishing 
future reproduction.

Reproduction by adult and yearling female prairie dogs 
may be suppressed on colonies that are subject to continual 
recreational shooting. In North Dakota, only 32 percent 
of yearling female black-tailed prairie dogs on colonies 
disturbed by >20 years of heavy shooting reproduced (based 
on placental scars and evidence of ovulation) compared with 
90 percent of yearling females on colonies relatively undis-
turbed by shooting (Stockrahm and Seabloom, 1988). Counts 
of placental scars in adult females (>2 years old) examined 
from the disturbed colonies were significantly lower than in 

adult females on relatively undisturbed colonies, indicating 
depressed reproduction on the disturbed colonies. These obser-
vations do not demonstrate that continual shooting was solely 
responsible for depressed reproduction because the disturbed 
colonies were spatially confined and not growing, whereas 
the undisturbed colonies were not spatially restricted and had 
doubled in size during the previous 5 years (Stockrahm and 
Seabloom, 1988). Depressed reproduction in the disturbed 
though confined colonies, especially by yearling females, may 
indicate density-dependent processes similar to those observed 
by Garrett and others (1982) in South Dakota.

Effects of Shooting on Prairie Dog 
Populations

Populations increase with birth and immigration of 
individuals but decrease with their death or emigration. 
For species such as prairie dogs that reproduce once a year 
(Hoogland, 1995) but die from various sources throughout the 
year, information about the rate of population increase (some-
times called the “finite rate of increase” and symbolized here 
by R; others often use lambda, λ) is important to understand-
ing potential effects of recreational shooting on colonies. The 
equation N

t
 = N

0
 Rt can be used to compute population size 

at time t, N
t
, if the initial population size, N

0
, and R are known.

Finite rates of increase in prairie dog colonies with no 
shooting vary from year to year. For example, at one black-
tailed prairie dog colony in Wind Cave National Park, S. Dak., 
colony size increased in some years but declined in others. 
Population finite rates of increase at this colony averaged 1.03 
(1 standard deviation = 0.25), with minimum R = 0.70 and 
maximum R = 1.45 (Hoogland, 1995, table 16.1). Because 
this colony was surrounded by unsuitable habitat, its area 
remained constant, so the observed R = 1.0 might have been 

Table 2.  Harvest estimates for three species of prairie dogs (Cynomys)—white-tailed (C. leucurus), Gunnison’s (C. gunnisoni), and 
black-tailed (C. ludovicianus)—in Colorado during 2002−03 with rates and ranges of number killed per recreation day.

Speciesa

Number of
counties in

distributiona

Number of
huntersb

Recreation
days spentb

Total
prairie dogs

killedb

Shooter
kill rate

(number/day)

Range
(number/day)
for counties

White-tailed 5 1,063 13,197 30,943 2.34 0.78–5.51

White-tailed with 
Gunnison’s

2  394 12,153 66,772 5.49 4.76−5.71

Gunnison’s 12  827  9,278 31,533 3.40 0.00−6.44

Gunnison’s with 
black-tailed

3  197 1,083  3,762 3.47 3.25−3.65

Black-tailed 20 1,948 17,845 170,867 9.58 1.42−101

aCounties within species’ distributions as described by Fitzgerald and others (1994).

bColorado Division of Wildlife (2003).



expected. Stationary populations often increase in response to 
factors such as addition of food, increase in habitable area, and 
population reduction (Caughley and Sinclair, 1994). Popula-
tion reduction decreases competition, usually for food. With 
more food per individual, reproduction increases, mortality 
decreases, and the population grows (Caughley and Sinclair, 
1994).

Limited experimental evidence demonstrates that 
removing prairie dogs, by shooting or other means, enhances 
population growth rates. After 2 consecutive years of shoot-
ing at two small black-tailed prairie dog colonies, populations 
were reduced or eliminated; in the year after shooting ceased, 
portions of both colonies were still inactive (Knowles, 1988). 
Five years after the shooting program ended, the larger of 
the two shot colonies had expanded to cover 140 percent of 
its preshooting area, and the smaller had grown to cover 90 
percent of its former area (Knowles, 1988). Spatial growth of 
these treatment colonies resulted from increased numbers of 
prairie dogs, but details of population increase—whether by 
immigration from neighboring colonies or as a demographic 
response of the surviving prairie dogs—are unavailable. Data 
on active versus inactive burrow entrances indicate a similar 
response to cessation of shooting at larger black-tailed prairie 
dog colonies in South Dakota. Less than 45 percent of total 
burrows were active while recreational shooting was allowed, 
but, after 4 years without shooting, 74 percent of burrow 
entrances were active (B. Perry, unpub. data, 2000).

Rates of population increase have been documented 
under other conditions that reduce prairie dog populations. 
Knowles (1986) studied the effects of a toxicant, zinc phos-
phide, on several black-tailed prairie dog colonies by different 
treatment regimes and then observed the population recoveries 
for up to 5 years following the treatments. Knowles computed 
instantaneous growth rates for each year during population 
recovery. The instantaneous growth rate, r, is related to the 
finite rate of increase, R, by R = er , (Akçakaya and others, 
1999) and is employed to predict population growth in contin-
uous time rather than in discrete time, by the equation N

t
 = N

0
 

er t . One month after treatments that attempted to completely 
eradicate two colonies, Knowles (1986) estimated a reduc-
tion of 95 percent caused by the treatments. By continuing 
to monitor population recovery, Knowles computed average 
r = 0.916 (R = 2.499) after 1 year, r = 1.069 (R = 2.912) from 
the first to the second year and r = 0.350 (R = 1.419) from 
the second to the fifth year. For the five colonies that received 
partial toxicant treatment, which reduced target populations 
to an average of 19 percent of pretreatment levels, average r = 
1.339 (R = 3.815) after 1 year and r = 0.148 (R = 1.160) from 
the first to the second year (Knowles, 1986).

Values for R reported by Knowles (1986) were higher 
for both study groups after the first year following treatments 
than values observed on a prairie dog colony in Wind Cave 
National Park, S. Dak. That colony expanded from 0.47 ha 
to 1.86 ha over a 3-year period (Garrett and Franklin, 1988) 
when colony size in June increased from 51 to 134 adults and 

juveniles (average R = 1.38). Similarly, a black-tailed prairie 
dog colony near Nunn, Colo., with no population reduction 
treatment, expanded from 2.1 ha to 3 ha in 1 year as the colony 
size in June grew from 28 to 82 animals (Koford, 1958, p. 10, 
table 1). For that colony in that 1-year period, R = 2.93, but 
in the previous year the colony had declined from 50 to 28 
animals (R = 0.56).

Population responses were also tracked following 
reduction of two colonies in South Dakota by translocating 
live-trapped black-tailed prairie dogs (Radcliffe, 1992). After 
intensive removal during June of the first study year, 6 prairie 
dogs remained in one of the colonies, but 10 were present 
by June of the following year. By June of the second year 
following removal, the population had increased to 51 prairie 
dogs, but the increase was mostly attributed to immigration 
(Radcliffe, 1992). The second colony also grew substantially 
after the population was reduced to 10 individuals in June of 
the treatment year. By the next June that colony had grown 
to 23 and by June of the second year had grown to 80 prairie 
dogs; the extraordinary growth rate during the second year was 
R = 3.48. In this second colony, immigration played a minor 
role (three immigrated annually). Population growth mainly 
resulted from increased litter size and higher juvenile survivor-
ship (Radcliffe, 1992).

These data support our earlier generalization that popula-
tions can be stimulated to grow by reducing the number of 
animals that compete for a limited resource. Similar popula-
tion responses were noted in colonies of Gunnison’s prairie 
dog during and after a sylvatic plague epizootic in Moreno 
Valley, N. Mex. Cully (1997) found that after plague killed 
more than 99 percent of the population, the few surviving 
prairie dogs formed two colonies in areas that were previously 
unoccupied. Using Leslie matrix analysis involving demo-
graphic parameters (survivorship and fecundity), Cully found 
that the population would be nearly tripling each year. The key 
to this high rate of population growth was found to be yearling 
females reproducing at a rate similar to that of adults and 
having a relatively high survival rate (Cully, 1997). Similarly, 
the survival rate of juveniles (90 percent) in a young, expand-
ing black-tailed prairie dog colony in South Dakota was 
significantly higher than juvenile survivorship (49 percent) in 
an older, nonexpanding colony (Garrett and others, 1982). In 
addition, yearling females on the younger colony were more 
likely to produce and wean a litter than were those on the older 
colony. These two demographic characteristics of juveniles 
and yearlings appear consistent in rapidly growing prairie dog 
populations.

Simulated Effects of Different Shooting 
Strategies

In many of these studies, prairie dog populations 
appear to exhibit density-dependent growth; crowding with 
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concomitant diminishing resources available to each individual 
leads to increased mortality (decreased survival), decreased 
reproduction, and/or increased emigration. An assumption of 
density-dependent population growth is that when a popula-
tion approaches carrying capacity (K) the growth rate declines 
and eventually reaches R = 1.0 when N = K. The value of R 
at time t, R

t
, depends on the population size N

t
 relative to K 

according to the equation, R
t
 = R

max
 (1 – Nt ∕ K ). When the popula-

tion N
t
 is small, the exponent (1 – N

t 
∕ K) is close to 1 and the 

population’s growth rate R
t
 is close to the maximum possible, 

or R
max

. As the population grows and approaches its carrying 
capacity, the growth rate R is much less than R

max
, and when 

the population reaches carrying capacity, R = 1.0 because the 
exponent (1 - N

t 
∕ K) = 0. 

If prairie dogs are viewed as an economic resource, the 
best strategy is to manage colonies for a sustained yield. A 
landowner or wildlife manager hoping to capitalize on prairie 
dog harvest might allow shooters to kill as many prairie dogs 
in a year as are produced. With density-dependent growth 
(R

max 
= 2.00, K = 1,000), a population growing from 20 to 

1,000 animals produces the maximum number of animals 
(maximum yield) when it is approximately at half of carrying 
capacity (Peek, 1986). In this example, maximum yield = 209 
when the population reaches 438 after 5 years of growth.

Harvesting the population at maximum productivity 
maximizes yield, but managing for maximum yield is diffi-
cult (Caughley and Sinclair, 1994). Removing animals from 
a population reduces the base population. The difficult task 
is determining what base population produces the best yield 
for the next year. If the harvest exceeds maximum yield and 
continues over time, the population will eventually decline to 
zero (Caughley and Sinclair, 1994).

Two common approaches to control harvest are 
(a) imposing a quota on numbers harvested and (b) regulating 
harvesting effort (Caughley and Sinclair, 1994). Regulating 
harvest by quotas is conceptually attractive: once the quota is 
attained, shooting stops. Determining when quotas for prairie 
dogs are reached might be problematic, however. If shooters 
consistently record prairie dogs killed and number of rounds 
fired, wildlife managers can estimate the number killed from 
the number of shots. Figure 1 demonstrates the problem with 
fixed annual harvest quotas. An initial population of 1,000 
eventually stabilizes at 585 animals in 24 years if 195 prairie 
dogs are shot each year, but if the annual harvest exceeds 209 
animals (the maximum yield when R

max 
= 2.00 and K = 1,000), 

then the population declines to extinction, doing so faster with 
larger harvests.

Theoretically, controlling harvest effort removes some 
proportion of the population over time rather than a fixed 
number of animals each year. One way to control harvest 
effort is to limit the timing and duration of the harvest. 
Another way is to limit the number of shooters (Caughley and 
Sinclair, 1994). Figure 2 shows the outcome of various annual 
harvest levels as percentages of the current population. At an 
annual harvest rate of 25 percent, the population stabilizes at 

585 animals, but in only 13 years, while the long-term average 
harvest (from t = 0 to t = 30) is approximately 199 animals.

To this point, population growth was assumed to be 
deterministic with no uncertainty in birth or death rates. 
Environmental variation from year to year, or day to day, and 
from one locale to another causes fluctuations in prairie dog 
populations’ birth and death rates (Hoogland, 1995). In addi-
tion, individual animals in the same population have different 
reproductive capabilities or chances of survival. Recreational 
shooting of prairie dogs introduces additional uncertainty in 

Figure 1.  Effects of constant annual harvest quotas on a popula-
tion with density-dependent growth (Rmax = 2.00, K = 1,000) but no 
random variation in R

t 
. Annual harvest >209 animals (maximum 

yield) cannot be sustained, and the population eventually declines 
to zero.

Figure 2.  Deterministic predictions of a population with density-
dependent growth (Rmax = 2.00, K = 1,000) subject to different 
levels of proportional harvest annually.

10%

1,000

800

600

400

200

0
0 5 10 15 20 25 30

Time (years)

P
op

ul
at

io
n 

si
ze

5% harvested annually

25%

35%

45%

55% harvested annually



population demographic parameters since age groups and 
sexes may be affected differently. Levels of variability might 
be measured at some point in time but cannot be predicted 
in the future. Stochastic population models provide for such 
uncertainty.

In the simulation examples provided so far, the finite 
rate of increase at time t, R

t
, is equal to R

max
(1 – Nt ∕ K ). Annual 

variation in rates of birth, immigration, death, and emigration 
all contribute to variability of R

t 
. Annual variation in carrying 

capacity also causes variation in R
t 
. We introduce variation by 

increasing or decreasing the computed value of R
t 
by a random 

amount but within some defined limits, for example within 
±20 percent of the computed value for R

t 
, which includes 

demographic variation as well as random variation in carrying 
capacity.

This simple approach was applied in 100 simulations 
to project population growth from an initial population of 20 
animals with R

max
 = 2.0 and K = 1,000. The simulations show 

that the average population size stabilizes at approximately 
1,000 animals (fig. 3) but, because of random variability of R

t
, 

the population at t = 15 could range from 797 to 1,230 animals 
in any one simulation.

Random variation, now limited to only ±15 percent of the 
computed value for R

t 
, for example, is used to predict how an 

initial population of 1,000 (N
0
 = K) with R

max
 = 2.0 responds 

to an annual quota of 195 animals harvested. The results 
(fig. 4) are different from those generated by the deterministic 
model (fig. 1). After 1,000 simulations, the stochastic model 
predicts a population of 406 (ranging from 0 to 819) at the 
end of 30 years with average annual harvest of 183. The 
model also predicts a 23 percent chance that the population 
will become extinct by t = 30. Risk of extinction increases 
with level of random variation in R

t 
. For example, with 

random variation ±10 percent of R
t 
, extinction within 30 years 

occurred in 1 percent of the trials, but a 46 percent chance of 

extinction is expected with random variation ±20 percent of R
t
 

(after 1,000 simulations with an annual quota of 195).
Alternatively, an annual harvest rate of 25 percent 

produces an expected population of 580 animals (ranging from 
439 to 744 animals) after 30 years of simulation with average 
annual harvest of 197 animals but poses no risk of extinction 
(fig. 5), unlike the risk observed with fixed quota harvest (fig. 
4). With demographic and environmental uncertainty, sustain-
able populations are more likely if harvested proportionally 
rather than by fixed quota. Implicit in modeling these two 
harvest strategies, however, is intensity of harvest manage-
ment. Once set, the quota of 195 harvested did not change 
over time even though the population may have been declining 

Figure 3.  Results of 100 simulations of density-dependent popula-
tion growth (Rmax = 2.00, K = 1,000), but with random variation in 
the population growth rate each year (within ± 20% of R

t
 after 

computation as R
t
 = Rmax

(1 – Nt ∕ K )).

Figure 4.  Results of 1,000 simulations with an annual harvest 
quota of 195 animals, an initial population of 1,000 animals, 
density-dependent population growth (Rmax = 2.00), and random 
variation in the population growth rate each year (within ±15% of 
R

t
 after computation as R

t
 = Rmax

(1 – Nt ∕ K )).

Figure 5.  Results of 1,000 simulations with an annual harvest rate 
of 25%, an initial population of 1,000 animals, density-dependent 
population growth with Rmax = 2.00, and random variation in the 
population growth rate each year (within ±15% of R

t
 after compu-

tation as R
t
 = Rmax

(1 – Nt ∕ K )).
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in a given simulation. Alternatively, numbers harvested were 
continuously adjusted when a harvest rate of 25 percent was 
applied. To ensure a sustainable population while realizing a 
desired annual harvest, the manager must monitor the dynam-
ics of the target population and respond accordingly.

Proper application of either harvest strategy, whether by 
regulating harvest quota or by regulating harvesting effort, 
requires knowledge of the target population’s carrying capacity 
and the species’ R

max
. Seldom are these parameters known with 

any certainty. A population at approximately K/2 is expected 
to yield the maximum number of animals that, in theory, could 
be harvested each year as a maximum sustained yield (MSY). 
Nevertheless, stochastic events in the environment and vari-
ability among individuals in a population can lead to substantial 
population fluctuations, and harvest should always be well 
below the estimated MSY (Caughley and Sinclair, 1994).

A third approach involves harvesting only when a popula-
tion exceeds some threshold level, above which excess animals 
are taken (Lande and others, 1997). Threshold harvesting 
requires specific knowledge about population levels but 
produces high annual variation in harvest because popula-
tions below the threshold are not harvested (Lande and others, 
1997). Threshold harvesting might be possible if a manager 
or landowner had never attempted to control prairie dogs and 
had monitored population levels under various environmental 
conditions so that average K could be estimated.

Recreational Shooting on Private Land 
for Prairie Dog Conservation

Of  >660 livestock and agricultural operators surveyed in 
eastern Wyoming (Wyoming Agricultural Statistics Service, 
2001), 23 percent expressed interest in a program of finan-
cial compensation for allowing prairie dogs on their land. 
The survey posed four types of management programs to 
respondents who expressed interest in financial compensa-
tion: (a) a shooting management program, (b) a cooperative 
shooter placement program to direct shooters to landowners 
willing to allow shooting, (c) a program to develop markets 
for prairie dogs as pets or for nature photography, and (d) a 
banking program in which other States would compensate 
Wyoming landowners for conserving prairie dogs (Wyoming 
Agricultural Statistics Service, 2001). Of these, prairie dog 
banking was the most popular (59 percent interested), a 
cooperative shooter placement program (57 percent interested) 
was second, followed by interest in shooting management (51 
percent of respondents).

Respondents who expressed interest in programs with 
financial compensation considered $74−$86/ha annually to be 
reasonable ($30−$35/acre, median value). Generally, interest 
in maintaining or increasing the number of acres of prairie dog 
colonies on their land varied directly with the level of financial 
compensation. To attain $74−$86/ha in potential income from 
shooting, a landowner with 405 ha (1,000 acres) of prairie dog 

colonies, for example, could charge four shooters $79−$92 per 
person per day to shoot during the period between Memorial 
Day and Labor Day (approximately 95 days). Four shoot-
ers during that period are equivalent to 380 recreation days. 
Applying data from the Fort Belknap Indian Reservation 
(average of 38 prairie dogs shot per recreation day), the annual 
toll would be 14,440 prairie dogs killed, whereas 2,470 killed 
would be expected in a year at the rate of 6.5 prairie dogs per 
recreation day estimated in Colorado.

Densities of black-tailed prairie dogs in Conata Basin, S. 
Dak., range from 8/ha to 41/ha (Severson and Plumb, 1998). 
If that range of densities is applied to the simple example of a 
405-ha colony on private land, then the population, estimated 
between 3,240 and 16,605 prairie dogs, could eventually be 
eliminated by recreational shooting under either the shooter 
success rate on Fort Belknap Indian Reservation or in Colo-
rado. To ensure a future income, the private landowner would 
have to significantly decrease the number of recreation days 
spent shooting, which should concomitantly decrease the 
number of prairie dogs shot. In addition, to attain the desired 
income, the landowner would have to substantially increase 
fees charged per shooter.

Managing prairie dogs on private land for recreational 
shooting might be appropriate for some landowners and not 
others. Still, when faced with the apparent need or desire to 
control prairie dogs, opening land to shooters can provide 
landowners with an additional source of income and thus an 
incentive to support some level of occupied habitat that they 
otherwise would not tolerate.

Recreational Shooting on Black-footed 
Ferret Reintroduction Sites

Recreational shooting of prairie dogs has been totally or 
partially restricted on black-footed ferret (Mustela nigripes) 
reintroduction sites (Colorado Division of Wildlife and others, 
2002), although there are few instances where effects of shoot-
ing closures on prairie dog populations have been monitored. 
In some instances, shooting closures coincided with changes 
in statewide prairie dog management practices following 
States’ adoption of the Black-tailed Prairie Dog Conserva-
tion Assessment and Strategy and addendum (Luce, 2001). 
Closures to shooting have also been applied to other species 
of prairie dog, as in Arizona where black-footed ferrets were 
introduced in Gunnison’s prairie dog colonies (B. Van Pelt, 
oral commun., 2003). In other cases, shooting closures were 
initiated to improve habitat for introduced black-footed ferrets 
and to ensure that ferrets, especially kits, would not be inad-
vertently shot (B. Perry, oral commun., 2003). Other wildlife, 
burrowing owls (Athene cunicularia) in particular, can be 
killed during recreational shooting of prairie dogs. Though not 
documented as a consequence of shooting prairie dogs, there 
are instances of substantial burrowing owl mortality by shoot-
ing (Haug and others, 1993; James and Espie, 1997).



In its review of a petition to list the black-tailed prairie 
dog under the Endangered Species Act, the U.S. Fish and 
Wildlife Service (1999) evaluated effects of recreational shoot-
ing, concluding in part that shooting may be a compensatory 
source of mortality in large populations with substantial repro-
duction. Where small prairie dog populations are depressed 
by other factors such as disease, shooting may be an additive 
source of mortality. Compensatory mortality, where one 
source of mortality offsets or replaces another source (Mackie 
and others, 1990), whether caused by harvest or predation, 
is most likely to occur in populations near their ecological 
equilibrium or carrying capacity (Peek, 1986; Bartmann and 
others, 1992; Boyce, 2000). In such density-dependent regu-
lated populations, when density is high so are mortality rates, 
and a population decrease by whatever means results in higher 
survivorship in the remaining population, as long as removal 
of animals does not adversely affect reproduction the follow-
ing year. When removal by harvest and/or predation is high 
enough to affect reproduction in subsequent years, mortality 
from those sources is likely to be additive and, if extreme, can 
force the target population to extinction.

By most accounts, ferret predation does not significantly 
depress prairie dog populations (Fagerstone, 1987) and would 
seem a source of compensatory mortality. Biggins and others 
(1993) estimated annual consumption of 109 prairie dogs 
by one black-footed ferret family group (1 adult female, 3.3 
young, and 0.5 adult male) while recognizing the potential for 
substantial prairie dog predation by other species. Assuming 
moderate levels of mortality by other sources, Biggins and 
others (1993) estimated that a stable population of 763 prairie 
dogs would sustain a ferret family group for 1 year. Using an 
age-dependent predation model of ferrets and prairie dogs, 
Klebanoff and others (1991) concluded that as many as 2,000 
prairie dogs per ferret may be necessary to sustain a stable 
predator-prey system. A stable system can also be attained 
with fewer prairie dogs—though not as few as 763—but 
only if prairie dog survivorship or fecundity rates increase 
(Klebanoff and others, 1991). We are not aware if either 
estimation approach has been field tested.

Prairie dog mortality by unregulated recreational shoot-
ers can vastly exceed predation by black-footed ferrets, thus 
affecting prairie dog survivorship and potentially affecting 
fecundity and recruitment. Recreational shooting can be addi-
tive mortality, potentially more so on black-tailed prairie dog 
colonies than on Gunnison’s or white-tailed colonies (table 
2). Management agencies have recognized that, even with 
closures of specific areas, recreational shooting has continued 
and that enforcement of shooting closures is problematic (V. 
Kopcso, oral commun., 2003). Until more is known about 
effects of recreational shooting on prairie dogs that are the 
primary prey resource for black-footed ferrets, managers are 
wise to restrict shooting and enforce closures, particularly on 
ferret reintroduction sites inhabited by black-tailed prairie 
dogs.
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