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ABSTRACT: Coyote (Canis latrans) removal programs often are initiated despite the potential
population regulatory mechanism of parasitism with increased coyote density. We investigated
the effect of intensive, short-term coyote removal on population levels of helminths in juvenile
and adult coyotes from western Texas. Coyotes were killed by aerial gunning every 3 mo for 2
yr on two 5,000 ha areas, which reduced the overall coyote density of these areas by about 50%.
Two other 5,000 ha areas were used as comparison sites where a limited number of coyotes were
killed each season. Densities on comparison sites remained stable throughout the study at a mean
� 1 SE of 0.14 � 0.01 coyotes/km2. Twelve helminth species consisting of seven nematodes
(Ancylostoma caninum, Physaloptera rara, Toxascaris leonina, Dirofilaria immitis, Spirocerca lupi,
Oslerus osleri, and Capillaria aerophila), three cestodes (Taenia pisiformis, Taenia multiceps, and
Mesocestoides sp.), one acanthocephalan (Oncicola canis), and one trematode (Alaria marcianae)
were found in 252 coyotes. Of these, A. caninum, P. rara, T. multiceps, T. pisiformis, T. leonina,
and S. lupi were common species. Rank-transformed values for the mean abundances of A.
caninum and T. multiceps and A. caninum, T. multiceps, and S. lupi were reduced in juvenile
and adult coyotes, respectively, from the removal sites compared to respective helminth abun-
dances in similar age class coyotes from comparison sites. Because A. caninum has been suggested
as a population regulator of coyotes, a coyote removal program that results in a reduced density
of coyotes and at the same time causes a reduced abundance of A. caninum, may in fact negate
the regulatory effect that A. caninum has on coyote populations.

Key words: Canis latrans, coyote, density-dependence, helminths, population reduction.

INTRODUCTION

Coyotes (Canis latrans) are considered
a nuisance species throughout most of
their range because they are cited as pred-
ators of livestock (National Agricultural
Statistics Service, 1995; Conner et al.,
1998), mule deer (Odocoileus hemionus)
and white-tailed deer (Odocoileus virgini-
anus) fawns (Whittaker and Lindzey,
1999), pronghorn (Antilocapra americana;
Smith et. al., 1986), northern bobwhite
(Colinus virginianus) eggs (Lehmann,
1984), and wild turkeys (Meleagris gallo-
pavo; Ransom et al., 1987). Coyote control
programs frequently are initiated because
of the coyote’s indiscriminate predation on
a variety of species (Stout, 1982; Smith et
al., 1986; Wagner and Conover, 1999).
Methods of lethal coyote control have in-
cluded toxic baits (Linhart and Robinson,
1972), calling and shooting (Beasom,
1974), aerial hunting (Andelt, 1987), den-
ning (Till and Knowlton, 1983), foothold

traps (Linhart et al., 1986), M-44 devices
(Connolly, 1988), snares (Guthery and
Beasom, 1978), and livestock protection
collars (Savarie and Sterner, 1979). How-
ever, humans typically fail to consider the
compensatory relationship between coyote
abundance and their reproductive capabil-
ities and survival of juveniles (Windberg,
1995). Knowlton (1972) found that litter
size varied inversely with coyote density in
Texas.

Density-dependent processes such as
predation, parasitism, and competition can
regulate a population. For coyotes, neo-
natal mortality caused by parasites has
been suggested as a regulatory factor
(Pence et al., 1988). Radomski (1989) de-
termined that a threshold level of �300
hookworm (Ancylostoma caninum) larvae/
kg was needed to cause mortality in coyote
neonates, which corresponded to the num-
ber of hookworms reported from natural-
ly-infected free-ranging juvenile coyotes
from southern Texas.
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In theory, the abundance of a pest spe-
cies can be reduced if the most vulnerable
life stage of the species is identified and
attacked (Caughley and Sinclair, 1994).
However, if parasites regulate coyote pop-
ulations, then programs that reduce the
abundance of coyotes could be counter-
productive. When coyote control efforts
are conducted, the abundance of direct
life cycle parasites of coyotes (e.g., hook-
worm) should be reduced, which in turn,
could increase the survival of coyote neo-
nates. However, the relationship between
coyote density and the prevalence and
abundance of coyote helminths has not
been investigated. Therefore, our objec-
tive was to determine the diversity and
abundance of coyote helminths in areas
with and without intensive coyote control.
This study was part of a larger project that
investigated the effects of coyote removal
on the faunal community of a short-grass
prairie (Henke and Bryant, 1999).

MATERIALS AND METHODS

The study was conducted on University
of Texas lands in Andrews and Martin coun-
ties (Texas, USA; 32�5� to 32�35�N, 102�10� to
102�50�W) between April 1990 and January
1992. Andrews and Martin counties are char-
acterized as a semiarid, short-grass prairie with
a cool temperate, dry-steppe climate and mild
winters. Average annual precipitation is 35 cm,
and typical temperatures range from �5 to 38
C (Connor et al., 1974). The chief industries of
the region are oil and cattle production. For a
more complete description of the study area,
see Henke and Bryant (1999).

Four sites, approximately 5,000 ha each,
were chosen for study. Two sites in northeast-
ern Andrews and western Martin counties
served as the treatment sites where coyotes
were removed, and the other two sites, in
southern and western Andrews County, respec-
tively, served as comparison sites where only a
limited number of coyotes were removed. To
avoid ambiguity, the sites on which coyotes
were controlled were referred to as treatment
sites because coyote control was the treatment,
whereas the sites that received limited coyote
removal were referred to as comparison sites.
In addition, treatment sites had a 5-km border
zone from which coyotes also were removed to
reduce effects of those animals with home
ranges that may have overlapped treatment

sites and to decrease immigration into treat-
ment sites. Treatment and comparison sites
were at least 19.5 km apart, which was consid-
ered sufficient to reduce the probability of coy-
otes visiting multiple sites based on knowledge
of the average territorial radius of resident and
transient animals in Texas (Andelt, 1995). Coy-
otes were collected seasonally by aerial gun-
ning, which involved shooting them with a 20-
gauge shotgun from a helicopter during the
hours immediately after sunrise and before
sunset for 3 consecutive days each season. Data
obtained in April, July, October, and January
represented the four seasons of spring, sum-
mer, autumn, and winter, respectively. Data ob-
tained during January were considered winter
data of the previous year. Complete coyote re-
moval was attempted on the treatment sites
(i.e., treatment sites and 5-km buffer zone; in-
tensive coyote removal); however, only coyotes
killed within the treatment sites (i.e., not within
buffer zone) were used in the analyses. For
comparative purposes, five coyotes were col-
lected from each comparison site each season
(i.e., limited coyote removal). Coyotes were
collected in accordance with Texas Parks and
Wildlife Scientific Permit No. SPR-0993-636
(Austin, Texas, USA).

All coyotes were retrieved immediately and
eviscerated in the field. Ethyl alcohol was
cooled to approximately �70 C by means of dry
ice and was used to freeze the viscera. Coyote
viscera were placed in individually labeled plas-
tic bags and kept frozen at �10 C until nec-
ropsy. An upper canine tooth was extracted for
age determination. Coyotes were classified as
juveniles or adults by interpretation of cemen-
tum annuli examined microscopically from
tooth sections (Linhart and Knowlton, 1967).

Helminths were collected, counted, and ex-
amined according to the methods outlined in
Wallace and Pence (1986). Representatives of
all species of helminths found in this study
were deposited in the U.S. National Parasite
Collection (Beltsville, Maryland, USA; Acces-
sion Numbers 77533–77543).

The terms prevalence and abundance follow
definitions of Bush et al. (1997). Common hel-
minth species were defined arbitrarily as those
with �20% prevalence across the collective
host sample; all other species were considered
uncommon.

Jaccard’s similarity coefficient (Sj) was used
to measure the similarity of shared species be-
tween host populations by treatments and with-
in seasons and years (Krebs, 1989). The per-
centage similarity index (PSi) was used to mea-
sure similarity of helminth communities be-
tween treatments within seasons and years,
based on the relative proportion of helminth
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individuals contributed by each helminth spe-
cies (Pielou, 1975). The numerical dominance
index (DI) was used to rank helminth species
by the number of individuals that each species
contributed to the total number of helminth in-
dividuals by treatment within seasons and years
(Leong and Holmes, 1981).

Initially, we used a completely randomized
block design with repeated measures. Sites that
received the same treatment were used as
blocks of the same treatment. Data were
pooled across blocks when no differences were
detected; therefore, coyotes were considered
individual habitats within treatments and used
as replicates for subsequent analyses. Thereaf-
ter, we used a completely randomized design
with repeated measures. The frequency distri-
bution pattern of mean abundance of hel-
minths for the common species was tested for
normality (PROC UNIVARIATE NORMAL;
SAS Institute Inc., 1990). Homogeneity of var-
iances among treatments was evaluated with
the Bartlett’s test (Steel and Torrie, 1980). Be-
cause a non-normal distribution pattern (over-
dispersion) occurred, values for mean abun-
dance of helminths were rank-transformed
(PROC RANK; SAS Institute Inc., 1990) prior
to further statistical analyses. Rank-transformed
values for mean abundance of helminths were
examined for main effects of treatment (inten-
sive coyote removal, limited coyote removal),
age (juvenile, adult), season (spring, summer,
autumn, winter), year (1990, 1991), and inter-
active effects with analysis of variance (ANO-
VA; SAS Institute Inc., 1990) for each common
helminth species and with multivariate analysis
of variance (MANOVA; SAS Institute Inc.,
1990) for the collective common species. If sig-
nificant interactions were detected, single var-
iates of the interaction were analyzed separate-
ly within each grouping of the other main ef-
fects. Multiple comparisons were made using
Tukey’s studentized range (HSD) test when sig-
nificant effects were found (Cochran and Cox,
1957). Prevalence data were not analyzed due
to insufficient sample sizes within cells; which
in turn, would have resulted in low statistical
power to render a valid interpretation of the
analysis. All tests were considered significant at
P � 0.05. Descriptive statistics are presented as
the mean � 1 SE.

RESULTS

Coyote removal

We removed 80 and 354 coyotes from
the comparison and treatment sites, re-
spectively. The number of coyotes re-
moved from the treatment sites in each of

the eight consecutive seasons was 67, 30,
51, 53, 55, 31, 41, and 26, respectively. Of
the coyotes removed from the treatment
sites, 172 animals were taken within the
borders of the designated sites and as-
sessed for helminths while 182 coyotes
were killed in the associated buffer zones.
The estimated coyote density on treatment
sites was reduced from 0.12 � 0.01 coy-
otes/km2 in April 1990 to 0.06 � 0.01 coy-
otes/km2 in January 1992, while coyote
density on comparison sites remained sta-
ble throughout the study at 0.14 � 0.01
coyotes/km2 (Henke and Bryant, 1999).
The number of juvenile and adult coyotes
assessed was 34 and 46, respectively, from
comparison sites and 65 and 107, respec-
tively, from treatment sites (Tables 1, 2).

Helminth fauna

Twelve helminth species consisting of
seven nematodes (A. caninum, Physalop-
tera rara, Toxascaris leonina, Dirofilaria
immitis, Spirocerca lupi, Oslerus osleri,
and Capillaria aerophila), three cestodes
(Taenia pisiformis, Taenia multiceps, and
Mesocestoides sp.), one acanthocephalan
(Oncicola canis), and one trematode (Alar-
ia marcianae) were found in 99 juvenile
coyotes, and 11 helminth species (same
species as juvenile coyotes except A. mar-
cianae) were found in 153 adult coyotes.
Prevalences of helminths ranged from �1
to 100%; all coyotes were infected with A.
caninum. Juvenile coyotes were infected
with one to seven helminth species with
an average of 3.6 � 0.4 species/coyote,
while adult coyotes were infected with one
to seven helminth species with an average
of 3.2 � 0.3 species/coyote. Total hel-
minths collected from juvenile and adult
coyotes was 12,129 (122.5 � 46.7) and
11,167 (73.0 � 32.7) helminths, respec-
tively. Four nematodes (A. caninum, P.
rara, T. leonina, and S. lupi) and two ces-
todes (T. pisiformis, and T. multiceps)
commonly occurred in juvenile and adult
coyotes (Tables 1, 2). The remaining six
species were uncommon.

Coefficient of Jaccard indices and per-
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cent similarity values were quite variable
in both age classes of coyotes, but more so
in juvenile coyotes (Table 3). Temporal
and spatial variability in shared species and
helminth community composition was due
predominately to the occurrence of ces-
todes and uncommon species.

Helminth species that numerically dom-
inated within each host age class, treat-
ment, season, and year were A. caninum,
P. rara, and T. multiceps (Table 4). These
three species represented �75% and
�85% of the helminths collected in juve-
nile coyotes from comparison and treat-
ment sites, respectively. However, T. mul-
ticeps represented a minor proportion of
the DI value for juvenile coyotes from
treatment sites. A similar pattern was ob-
served in adult coyotes except during win-
ter 1991 on treatment sites when the three
dominate helminth species represented
�50% of the helminths collected (Table
4).

Treatment (i.e., intensive coyote remov-
al), season, and year were important fac-
tors in determining collective helminth
abundances in juvenile and adult coyotes
(Table 5). Abundances were similar be-
tween sites during 1990, but treatment
sites had substantially lower abundances
than comparison sites during 1991 (Fig. 1).
Although this trend was observed for both
age classes of coyotes, it was more pro-
nounced in adults. Juvenile coyotes had a
higher mean abundance of helminths dur-
ing autumn than during spring, while the
mean abundance of helminths in adult
coyotes was greatest during spring than
autumn. Remaining seasonal combinations
were similar for juvenile and adult coyotes.

Rank-transformed abundances differed
over the main and interactive effects of
treatment, season, and year for juvenile
coyotes (Table 5). In juvenile coyotes,
rank-transformed abundances of four of
the six common species varied either by
treatment (T. multiceps), season (T. pisi-
formis), year (P. rara), or treatment � sea-
son (A. caninum) effects (Table 5). Juve-
nile coyotes from the comparison sites

were infected with more T. multiceps than
juvenile coyotes from the treatment sites.
Rank-transformed abundances of A. can-
inum were similar between comparison
and treatment sites during each season ex-
cept winter, when the rank-transformed
abundance of A. caninum was greater on
comparison sites. Within comparison sites,
rank-transformed abundances of A. can-
inum during autumn and winter were
greater than during spring and summer;
whereas on treatment sites the rank-trans-
formed abundances of A. caninum were
greater during autumn and summer than
during winter and spring. Rank-trans-
formed abundances of T. pisiformis were
greatest during autumn, followed by win-
ter, then spring and summer. Juvenile coy-
otes were infected with more P. rara dur-
ing 1990 than 1991. Rank-transformed
abundances of T. leonina and S. lupi in ju-
venile coyotes did not vary by main or in-
teractive effects.

In adult coyotes, rank-transformed
abundances of the six common species var-
ied by the main and interactive effects (Ta-
ble 5). Rank-transformed abundances of
A. caninum, T. multiceps, and S. lupi var-
ied by treatment and treatment � year
(Table 5). In addition, A. caninum and T.
multiceps varied by season (Table 5). Dur-
ing 1990 the rank-transformed abundances
of the three helminth species were similar
between comparison and treatment sites,
but the abundances reduced on treatment
sites during 1991. Within comparison sites,
rank-transformed abundances of A. can-
inum during 1991 were greater than dur-
ing 1990, while both years had similar
rank-transformed abundances within treat-
ment sites. Rank-transformed abundances
of T. multiceps and S. lupi were similar
between 1990 and 1991 within comparison
and treatment sites. Seasonally, rank-trans-
formed abundances of A. caninum were
greatest during summer, followed by
spring, autumn, and winter; whereas the
rank-transformed abundances of T. multi-
ceps were greatest during the winter and
summer, followed by spring and autumn.
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TABLE 3. Coefficient of Jaccard (Sj) and percent
similarity (PSi) indices for helminth species compar-
ing sites with (treatment sites) and without (compar-
ison sites) host removal from coyotes collected in
western Texas. Values range from 0 (complete dissim-
ilarity) to 1.0 and 100 (complete similarity) for Sj and
PSi, respectively.

Season-year

Juvenile coyotes

Sj PSi

Adult coyotes

Sj PSi

Spring 1990
Summer 1990
Fall 1990
Winter 1990
Spring 1991
Summer 1991
Fall 1991
Winter 1991

0.56
0.56
0.75
1.00
0.71
0.38
0.62
0.67

59.1
45.9
79.0
54.0
91.0
81.8
72.5
93.5

0.50
0.75
0.60
0.75
0.86
0.80
0.38
0.86

72.9
82.4
68.4
45.2
79.5
73.4
69.8
50.6

Seasonal effects were observed for rank-
transformed abundances of P. rara and T.
pisiformis (Table 5). Rank-transformed
abundances of P. rara and T. pisiformis
were greatest in spring, followed by winter,
summer, and autumn. In addition, adult
coyotes were infected with more P. rara
during 1990 than during 1991. Rank-trans-
formed abundances of T. leonina varied by
season � year (Table 5). During 1990 the
rank-transformed abundances of T. leonina
was less during the summer than the win-
ter, spring, and autumn, while during 1991
the rank-transformed abundances were
greatest during winter and summer, fol-
lowed by spring and autumn. Also, within
spring and autumn, the rank-transformed
abundances of T. leonina were greater dur-
ing 1990 than during 1991, the opposite
trend was true during summer, while no
differences between years were noted dur-
ing winter.

DISCUSSION

Helminths may limit host population
abundance through the density-dependent
effects on host survival and reproduction
(Spratt, 1990). Such density-dependent
processes should be most apparent with
direct life cycle helminths. In the present
study the only direct life cycle helminths
that were considered common were A.

caninum and T. leonina. However, of these
parasites only A. caninum were affected by
a reduction in coyote density on treatment
sites. We acknowledge that 2 yr of coyote
removal, which resulted in an overall re-
duction in coyote density of about 50%,
may have been insufficient to observe pro-
nounced effects in the abundance of coy-
ote helminths and limited our likelihood to
assess potential interactions of environ-
mental and stochastic influences. Howev-
er, the intensity and duration of our re-
moval effort typified ranching practices of
the area. Despite this potential experimen-
tal limitation, we were able to demonstrate
that A. caninum, a parasite that potentially
regulates coyote populations, was affected
even with only a 50% reduction in coyote
density (Fig. 2). In fact, the pattern of
abundances for the collective helminth
species in juvenile and adult coyotes was
due largely to the trends observed for the
abundances of A. caninum.

Ancylostoma caninum is a blood-sucking
nematode. Blood loss has been estimated
at about 0.08 ml per worm per day (Miller,
1971). Obviously, the severity of clinical
hookworm disease is a density-dependent
function of the number of hookworms pre-
sent and concordant blood loss versus the
compensatory replacement of blood. The
latter is a function of an uncompromised
nutritional status and age of the infected
animal (Miller, 1971; Radomski, 1989). If
the threshold for compensatory replace-
ment of blood loss is not obtained, clinical
manifestation and even death can result.
Because of its potentially lethal effect in
young pups, A. caninum has been sug-
gested as a population regulator of coyotes
(Pence et al., 1988), although empirical
data are lacking to confirm this theory.
However if the assertion of Pence et al.
(1988) is true, then a coyote removal pro-
gram that results in reduced density of
coyotes and at the same time causes a re-
duced abundance of A. caninum, may in
fact negate the regulatory effect that A.
caninum has on coyote populations. In ad-
dition, juvenile:adult ratios on treatment
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TABLE 5. F statistics for the main and interactive effects of treatment (coyote removal), season (spring,
summer, autumn, and winter), and year (1990 and 1991) from a repeated measures ANOVA and MANOVA
for the ranked abundance of six common helminth species from juvenile and adult coyotes collected on sites
with and without coyote removal from western Texas.

Helminth species Treatment Season Year
Trt �

Season
Trt �
Year

Season �
Year

Trt �
Season
� Year

Juvenile coyotes

ANOVA
Ancylostoma caninum
Physaloptera rara
Toxascaris leoninaa

Taenia pisiformis
Taenia multiceps
Spirocerca lupia

MANOVA

2.52
0.18
0.07
0.27

10.44**
0.01
6.19*

1.53
0.54
0.91
3.12*
0.33
1.38
3.51*

0.89
6.69**
0.61
0.42
0.05
0.61
2.54

2.64*
0.90
1.18
1.46
1.33
0.70
2.47

6.60
1.26
0.01
0.16
0.14
0.07
5.77*

0.54
0.38
0.83
0.80
2.33
2.08
0.40

0.55
1.18
1.24
0.71
0.94
1.12
0.34

Adult coyotes

ANOVA
Ancylostoma caninum
Physaloptera rara
Toxascaris leonina

18.33***
0.14
0.03

3.27*
7.48***
1.17

0.11
34.17***
0.24

0.98
1.22
0.06

8.67**
0.09
0.05

0.46
1.01
3.13*

1.04
1.24
1.50

Taenia pisiformis
Taenia multiceps
Spirocerca lupi

MANOVA

2.11
4.08*
3.66*

25.92***

2.65*
3.28*
1.37
3.29*

1.53
0.13
0.12
0.91

0.71
1.46
2.16
1.09

1.02
3.75*
5.02*

14.26***

0.91
1.37
0.37
1.79

0.93
1.74
0.12
1.69

* P � 0.05.
** P � 0.01.
*** P � 0.001.
a ANOVA model not significant (P � 0.05).

sites switched from more adults during
1990 to favor juveniles during 1991 (Hen-
ke and Bryant, 1994). Pence et al. (1988)
believed that the potential mortality re-
sulting from infection of A. caninum could
selectively predispose initial litters of
younger female coyotes to greater losses
than older females. Considering the data
of our study, coyote removal programs may
reduce the intensity of infection within ju-
venile females. This may result in greater
survival of pups because of reduced ex-
posure to A. caninum through transplacen-
tal and transmammary transmission routes.

A treatment effect was not noted for T.
leonina, a nematode infection canids typi-
cally acquire by ingesting infective eggs or
larvae in rodent paratenic hosts (Sprent,
1959). Although abundances of T. leonina
are reported to vary significantly between
host sexes (Pence and Meinzer, 1979), host
sex should not be considered a confound-

ing variable because it did not deviate
from a 1:1 ratio in our dataset (Henke and
Bryant, 1994). The intrinsic factor of sex
was not included in our analysis due to al-
ready low sample sizes within variable cat-
egories. Including sex would have doubled
our data categories from 16 to 32. Perhaps
overdispersion in T. leonina coupled with
low sample sizes of infected coyotes were
the reasons for our nonsignificant results
concerning this direct life cycle parasite.
Abundances of T. leonina did exhibit a sea-
son � year interaction with the trend of T.
leonina abundance paralleling the trend of
mammal consumption by coyotes (Henke,
1992).

A 12-mo time lag was required to ob-
serve reductions in abundances of S. lupi
and T. multiceps in adult coyotes on treat-
ment sites. Our quantification of S. lupi is
an underestimation. Only larvae and adults
isolated from the aorta and esophagus, re-
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FIGURE 1. Total helminth abundance in juvenile
(A) and adult (B) coyotes between comparison and
treatment sites after a seasonal (Spr � spring; Sum
� summer; Aut � autumn; Win � winter) coyote
removal program was initiated in western Texas,
1990–91. Bars represent 1 SE as calculated from two
sites/treatment.

FIGURE 2. Abundance of A. caninum in juvenile
(A) and adult (B) coyotes between comparison and
treatment sites after a seasonal (Spr � spring; Sum
� summer; Aut � autumn; Win � winter) coyote
removal program was initiated in western Texas,
1990–1991. Bars represent 1 SE as calculated from
two sites/treatment.

spectively, were counted. However, aortic
lesions were observed in 77 (78%) of the
juvenile coyotes and in 135 (88%) of the
adult coyotes (Henke, unpubl. data),
which suggests a higher prevalence of S.
lupi than that reported herein. Spirocer-
cosis is chronic and prevalence and sever-
ity increase with the age of the host (Pence
and Custer, 1981). This explains why treat-
ment effects were observed only in adults
and not in juvenile coyotes. Although S.
lupi has not been suggested as a regulatory
factor for coyotes, the severity of aortic le-
sions may contribute to the mortality of
coyotes (Pence and Stone, 1978). As stated
previously, a coyote removal program that
reduces coyote density may reduce the
abundance of a deleterious parasite. This
ultimately may improve the health and
survival of the coyote population.

Taenia multiceps has both a pastoral cy-
cle involving canids and domestic rumi-

nants and a sylvatic cycle with canids and
lagomorphs. Either or both cycles could
have been occurring in our study. Cattle
production was one of the chief industries
of the area with the average producer
grazing cattle at a moderate rate of about
one animal unit (i.e., cow and calf) per 5.5
ha (Henke, 1992). Stocking rates remained
stable throughout the sites during the
study and coyote density was reduced on
treatment sites after approximately 1 yr of
coyote removal. Therefore, it appears rea-
sonable that the abundance of T. multiceps
also could be reduced. If the sylvatic cycle
dominated, abundance of black-tailed
jackrabbits (Lepus californicus) increased
three-fold on treatment sites after 9 mo of
coyote removal (Henke and Bryant, 1999).
However, lagomorphs were consumed less
frequently on treatment sites during 1991
than other prey items (Henke, 1992). This
could explain the reduced abundance of T.
multiceps on treatment sites during 1991.
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Several helminth species exhibited sea-
sonal effects. This was not surprising be-
cause the coyote diet is quite diverse
throughout the year. Typically, they are op-
portunistic feeders (MacCracken and
Hansen, 1987), and much of coyote prey
can serve as intermediate hosts for hel-
minths (Pence and Windberg, 1984). In
addition, the extrinsic variable of season is
actually comprised of many factors. These
include, but are not limited to, variability
of food habits, coyote social structure and
behavior, nutritional stresses, and repro-
ductive stresses (Pence and Windberg,
1984).

Coyote removal programs appear to be
counterproductive and may actually result
in more coyotes after the removal than be-
fore program initiation because of in-
creased pup survival due to reduced abun-
dances of deleterious helminths. Because
we did not attempt to quantify pup surviv-
al, our theory is therefore speculative.
Nonetheless, our data stimulate new con-
cerns about current strategies of coyote
population control and management. Ad-
ditional research is needed to validate
these new findings.

ACKNOWLEDGMENTS

We thank S. L. Henke and R. E. Smith for
assistance with the collection of coyotes, R.
Bingham for statistical assistance, A. W. Shostak
for review of an earlier draft of this manuscript,
and University of Texas Lands Surface Inter-
ests, San Antonio Livestock Show and Rodeo
Association, National Rifle Association, and
Texas Tech University for financial support.
This is contribution number 01-107 of the Cae-
sar Kleberg Wildlife Research Institute.

LITERATURE CITED

ANDELT, W. F. 1987. Coyote predation. In Wild fur-
bearer management and conservation in North
America, M. Novak, J. A. Baker, M. E. Obbard
and B. Malloch (eds.). Ontario Ministry of Nat-
ural Resources, Toronto, Ontario, Canada, pp.
128–140.

. 1995. Behavior of coyotes in Texas. In Coy-
otes in the Southwest: A compendium of our
knowledge, D. Rollins, C. Richardson, T. Blan-
kenship, K. Canon and S. E. Henke (eds.). Texas
Parks and Wildlife Department, Austin, Texas,
pp. 7–11.

BEASOM, S. L. 1974. Selectivity of predator control
techniques in South Texas. The Journal of Wild-
life Management 38: 837–844.

BUSH, A. O., K. D. LAFFERTY, J. M. LOTZ, AND A. W.
SHOSTAK. 1997. Parasitology meets ecology on
its own terms: Margolis et al. revisited. The Jour-
nal of Parasitology 83: 575–583.

CAUGHLEY, G., AND A. R. E. SINCLAIR. 1994. Wildlife
ecology and management. Blackwell Scientific
Publications, Boston, Massachusetts, 334 pp.

COCHRAN, W. G., AND G. M. COX. 1957. Experimen-
tal designs, 2nd Edition. John Wiley & Sons,
Inc., New York, New York, 611 pp.

CONNER, M. M., M. M. JAEGER, T. J. WELLER, AND

D. R. MCCULLOUGH. 1998. Effect of coyote re-
moval on sheep depredation in northern Califor-
nia. The Journal of Wildlife Management 62:
690–699.

CONNOLLY, G. E. 1988. M-44 cyanide ejectors in the
Animal Damage Control Program, 1976–1986.
Proceedings of the Vertebrate Pest Conference
13: 220–225.

CONNOR, N. R., H. W. HYDE, AND H. R. STONER.

1974. Soil survey of Andrews County, Texas. Soil
Conservation Service, Washington, D. C., 45 pp.

GUTHERY, F. S., AND S. L. BEASOM. 1978. Effective-
ness and selectivity of neck snares in predator
control. The Journal of Wildlife Management 42:
457–459.

HENKE, S. E. 1992. Effect of coyote removal on the
faunal community ecology of a short-grass prai-
rie. Ph.D. Dissertation, Texas Tech University,
Lubbock, Texas, 229 pp.

, AND F. C. BRYANT. 1994. Coyote condition
and reproduction in response to a reduction in
population density. Texas Journal of Agriculture
and Natural Resources 7: 23–34.

, AND . 1999. Effects of coyote remov-
al on the faunal community in western Texas.
The Journal of Wildlife Management 63: 1,066–
1,081.

KNOWLTON, F. F. 1972. Preliminary interpretation of
coyote population mechanics with some manage-
ment implications. The Journal of Wildlife Man-
agement 36: 369–382.

KREBS, C. J. 1989. Ecological methodology. Harper
Collins Publishers, New York, New York, 654 pp.

LEHMANN, V. W. 1984. Bobwhites in the Rio Grande
Plain of Texas. Texas A&M University Press, Col-
lege Station, Texas, pp. 91–93.

LEONG, T. S., AND J. C. HOLMES. 1981. Communities
of metazoan parasites in open water fishes of
Cold Lake, Alberta. Journal of Fish Biology 18:
693–713.

LINHART, S. B., AND F. F. KNOWLTON. 1967. Deter-
mining age of coyotes by tooth cementum layers.
The Journal of Wildlife Management 31: 362–
265.

, AND W. B. ROBINSON. 1972. Some relative

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use



HENKE ET AL.—COYOTE HELMINTHS 67

carnivore densities in areas under sustained coy-
ote control. Journal of Mammalogy 53: 880–884.

, G. L. DASCH, C. B. MALE, AND R. M. EN-

GEMAN. 1986. Efficiency of unpadded and pad-
ded steel foothold traps for capturing coyotes.
Wildlife Society Bulletin 14: 212–218.

MACCRACKEN, J. G., AND R. M. HANSEN. 1987. Coy-
ote feeding strategies in southeastern Idaho: Op-
timal foraging by an opportunistic predator? The
Journal of Wildlife Management 51: 278–285.

MILLER, T. A. 1971. Vaccination against hookworm
disease. Advances in Parasitology 9: 135–150.

NATIONAL AGRICULTURAL STATISTICS SERVICE. 1995.
Sheep and goat predator loss. National Agricul-
tural Statistics Service, Washington, D. C., 12 pp.

PENCE, D. B., AND J. E. STONE. 1978. Visceral lesions
in wild carnivores naturally infected with Spiro-
cerca lupi. Veterinary Pathology 15: 322–331.

, AND W. P. MEINZER. 1979. Helminths of the
coyote, Canis latrans, from the rolling plains of
Texas. International Journal for Parasitology 9:
339–344.

, AND J. W. CUSTER. 1981. Host parasite re-
lationships in the wild Canidae of North Ameri-
ca. II. Pathology of infectious diseases in the ge-
nus Canis. Worldwide furbearer conference pro-
ceedings, J. A. Chapman and D. Pursley (eds.).
R. R. Donnelley and Sons Company, Falls
Church, Virginia, pp. 760–845.

, AND L. A. WINDBERG. 1984. Population dy-
namics across selected habitat variables of the
helminth community in coyotes, Canis latrans,
from South Texas. The Journal of Parasitology
70: 735–746.

, F. F. KNOWLTON, AND L. A. WINDBERG. 1988.
Transmission of Ancylostoma canium and Alaria
marcianae in coyotes (Canis latrans). Journal of
Wildlife Diseases 26: 560–563.

PIELOU, E. C. 1975. Ecological diversity. John Wiley
and Sons, Inc., New York, New York, 165 pp.

RADOMSKI, A. A. 1989. Host-parasite relationships of
helminths in a coyote population from southern
Texas with particular reference to the dog hook-
worm. M.S. Thesis, Texas Tech University, Lub-
bock, Texas, 132 pp..

RANSOM, D., JR., O. J. RONGSTAD, AND D. H. RUSCH.

1987. Nesting ecology of Rio Grande turkeys.

The Journal of Wildlife Management 51: 435–
439.

SAS INSTITUTE, INC. 1990. SAS/STAT User’s Guide,
6th Edition, Vols. 1 and 2. SAS Institute, Cary,
North Carolina, 1,686 pp.

SAVARIE, P. J., AND R. T. STERNER. 1979. Evaluation
of toxic collars for selective control of coyotes
that attack sheep. The Journal of Wildlife Man-
agement 43: 780–783.

SMITH, R. H., D. J. NEFF, AND N. G. WOOLSEY. 1986.
Pronghorn response to coyote control–a benefit :
cost analysis. Wildlife Society Bulletin 14: 226–
231.

SPRATT, D. M. 1990. The role of helminths in the
biological control of mammals. International
Journal for Parasitology 20: 543–550.

SPRENT, J. F. A. 1959. The life history and devel-
opment of Toxascaris leonina (von Linstow 1902)
in the dog. Parasitology 49: 330–331.

STEEL, R. G. D., AND J. H. TORRIE. 1980. Principles
and procedures of statistics: A biometrical ap-
proach, 2nd Edition. McGraw-Hill Book Com-
pany, New York, New York, 633 pp.

STOUT, G. G. 1982. Effects of coyote reduction on
white-tailed deer productivity on Fort Sill,
Oklahoma. Wildlife Society Bulletin 10: 329–
332.

TILL, J. A., AND F. F. KNOWLTON. 1983. Efficacy of
denning in alleviating coyote depredations upon
domestic sheep. The Journal of Wildlife Man-
agement 47: 1,018–1,025.

WAGNER, K. K., AND M. R. CONOVER. 1999. Effect
of preventative coyote hunting on sheep losses to
coyote predation. The Journal of Wildlife Man-
agement 63: 606–612.

WALLACE, B. M., AND D. B. PENCE. 1986. Population
dynamics of the helminth community from mi-
grating blue-winged teal: Loss of helminths with-
out replacement on the wintering grounds. Ca-
nadian Journal of Zoology 64: 1,765–1,773.

WHITTAKER, D. G., AND F. G. LINDZEY. 1999. Effect
of coyote predation on early fawn survival in
sympatric deer species. Wildlife Society Bulletin
27: 256–262.

WINDBERG, L. A. 1995. Demography of a high-den-
sity coyote population. Canadian Journal of Zo-
ology 74: 942–954.

Received for publication 26 February 2000.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Sep 2024
Terms of Use: https://complete.bioone.org/terms-of-use


