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INTRODUCTION 

The wild canid population of east Texas and Louisiana 

has been undergoing changes in its taxonomic composition 

since the early 1900s. Prior to the twentieth century the 

only wild canid in Louisiana was the red wolf, Canis rufus 

(Young and Goldman, 19^4). Coyote-like canids extended 

their range into Louisiana in the late 1940s and early 1950s 

(Goertz, Fitzgerald and Nowak, 1975). By 1971 pure red 

wolves were restricted to extreme southeastern Texas (Para

dise and Nowak, 1971)* Coyotes (Canis latrans) and hybrids 

(C_' latrans x C_. ruf us) were intermingled with them in this 

and surrounding areas. Since that time the coyote and 

hybrid populations in this area have increased and there are 

no longer canid groups (family groups of 4 to 6 animals) 

composed only of red wolves (McCarley and Carley, 1979)• 

Parasites were thought to be a major limiting factor 

for red wolves (Riley and McBride, 1972). In particular 

heartworm (Dirofilaria immitis) and hookworm (Ancylostoma 

caninum) appeared to be highly prevalent in red wolves and 

have a debilitating effect on canids when present in suf

ficient numbers. Carley (1975) stated that canines encount

ered in the field were often in poor physical condition, 

which he felt was usually the result of parasite infections. 
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The literature is sparse on wild canid parasite fauna 

in the southeastern United States except for coyotes in 

south Texas (Mitchell and Beasom, 1974; Smith, 1967; Thorn

ton, Bell and Reardon, 1974). There is a lack of literature 

concerning parasites of red wolves except for mention of 

this species as a host for heartworms (Faust, 1937). 

The purpose of this study was to examine the preva

lence and composition of the parasite fauna from the wild 

canid population (red wolves, coyotes and hybrids) along 

the Gulf Coast of southeast Texas and southwest Louisiana, 

the only remaining extant wild red wolf population, in order 

to better understand (1) the ramifications of parasitism on 

these wild canids and (2) to expand our knowledge of para

sitism in carnivores in the southeastern United States and 

in canids in general. Furthermore, this, is the first ( and 

presumably last) extensive study on the ecology of parasit

ism in the red wolf in its native habitat. 



METHODS 

Wild canids were trapped in southeastern Texas and 

southwestern Louisiana where the remaining wild red wolf 

population exists (Figure 1). This included Jefferson, 

Chambers, southern Orange and eastern Galveston counties, 

Texas and Cameron and southern Calcasieu parishes, Louisiana. 

The area is almost entirely privately owned (Riley and 

McBride, 1972) with the only large public land units being 

two national wildlife refuges. Primary land-use practices 

are cattle grazing and rice production (Riley and McBride, 

1972). The two primary habitats in the area are coastal 

prairie and coastal marsh (Figures 2, 3). Forested areas 

are interspersed with the prairie and marsh. Coastal prai

rie vegetation is composed of tall bunchgrasses such as big 

bluestem (Andropogon gerardii), little bluestem (Schizachy-

rium scoparium), Indiangrass (Sorghastrum nutans). eastern 

gamagrass (Tripsacum dactyloides), switchgrass (Panicum vir-

gatum) and gulf cordgrass (Spartina spartinae). Marsh vege

tation consists of Carex spp., Scirpus spp., Rhynchospora 

spp., Juncus spp. and marshhay cordgrass (Spartina patens). 

Forested areas are composed of "islands" of loblolly pine 

(Pinus taeda) mixed with hardwood species such as oaks 

(Quercus spp.), magnolia (Magnolia grandiflora) and sweetgum 

3 
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(Liquidambar styraciflua) (Riley and McBride, 1972). Rice 

fields and other crops are interspersed with these native 

habitats. Often dirt roads, irrigation canals, forested 

areas, cropland and prairie are contiguous throughout the 

area (Figures 4, 5). 

Personnel from the United States Fish and Wildlife 

Service collected wild canids from October, 1976 through 

September, 1978 in conjunction with the Red Wolf Recovery 

Program. Animals were live trapped with No. 4 Newhouse 

steel traps with offset jaws equipped with tranquilizer tabs 

or in a few instances darted with a tranquilizer from a 

helicopter. Traquilization reduced injury and anxiety to 

animals during handling. Animals were transported to a 

holding facility where their taxonomic identity was estab

lished. Those animals considered unnecessary for further 

research were euthanized by sodium pentobarbital. Euthan

ized animals were eviscerated and viscera frozen for later 

examination. Blood films were collected from 34 necropsied 

animals and an additional 7 captured animals. Data recorded 

from each host included age, sex, physical condition, body 

weight, capture date, capture location, habitat type at cap

ture site and taxonomic classification either as red wolf, 

coyote or hybrid. 

Due to priorities in the collection of canids an in

tensive effort was not made to recover external parasites. 

Ectoparasites were collected from 4 of the necropsied 
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animals as well as an additional 12 hosts and stored in 70^ 

ethyl alcohol for later identification. Lice were mounted 

in Canada Balsam. Four necropsied canids exibited areas of 

denuded skin. Portions of skin from the affected areas were 

collected and frozen for later examination. Each piece of 

skin was scraped to remove possible ectoparasites, skin 

scrapings were stored in 70^ ethyl alcohol and later exam

ined for mange producing mites. Pieces of skin were pre

served in 10% buffered formalin, 4 to 6 pji histological sec

tions were subsequently prepared and these were examined to 

determine possible causes of the lesions. 

Internal organs were examined attempting total recov- • 

ery of all helminths. A 2 cm square section section of dia-

phram was examined microscopically in a muscle press for 

Trichinella spiralis larvae. Nematodes were fixed 10 min in 

glacial acetic acid and stored in a mixture of 70% ethyl 

alcohol with S% glycerine. Cestodes and trematodes were 

fixed approximately 30 min in AFA (ethyl alcohol-formalin-

acetic acid) and stored in 70% ethyl alcohol. Nematodes 

were examined in glycerine wet mounts after evaporation of 

the alcohol. Cestodes were stained overnight in Celestin 

blue B (Demke, 1952) and destained in a mixture of 70% ethyl 

alcohol and 2% hydrochloric acid for 10 to 15 min. They 

were then passed through a graded series of 70% to 100% 

ethyl alcohol (30 min per change with two changes each 70%, 

90% and 100%). This was followed by immersion in a 1:1 
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mixture of 100% ethyl alcohol and methyl salicylate and 

final clearing in pure methyl salicylate. Selected proglot-

tids of the tapeworms that displayed identifying character

istics in the reproductive organs and fully developed uter

ine branches were dissected. The scolex was dissected next 

to the rostellum and mounted along with the associated 

mature and gravid proglottids in Canada Balsam. Trematodes 

were immersed in a Lugol's iodine solution for approximately 

15 min then rinsed in 70% ethyl alcohol and stained in 

Semichon's acetic carmine overnight. This was followed by 

the same procedures as described above for cestodes. Feces 

of wild canids were not examined for eggs of helminths. 

Tapeworms were identified primarily be rostellar hook 

size and number as well as morphology of the reproductive 

structures. In hosts infected with more, than one Taenia sp., 

those unidentifiable specimens (incomplete or immature stro-

bila, hooks lost from scolex, etc.) were designated to the 

identified species proportionally. 

Hearts and spleens were excised from the remaining 

viscera and weights were determined. Volume was determined 

for hearts by water displacement. Tissue from the right and 

left ventricle, right auricle, pulmonary artery, lung, liver, 

spleen, kidneys, hylar and mesenteric lymph nodes, pancreas 

and appendix was routinely collected from each host, fixed 

in 10% buffered formalin, sectioned at 4 to 6 /n> and rou

tinely stained with hematoxylin and eosin. Selected tissues 
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were also stained with Giemsa, Masson's trichrome and Ver-

hoff's iron hematoxylin with Van Gieson's stain. Blood 

films were stained with Giemsa and/or Harris hematoxylin. 

For statistical analysis, in order to allow more indi

viduals per group but still maintain a biologically meaning

ful position in age structure, hosts were grouped according 

to age as follows: Age Group I, pups or animals < 0,5 years 

old; Group II, yearlings or animals 0.75 "to 1.5 years old; 

Group III, animals 2 to 3.5 years old; and Group IV, animals 

> 4 years old. 

Analysis of variance of infection levels versus age, 

taxonomic identity and sex and their interactions and subse

quent Duncan's multiple range test (Steel and Torrie, i960) 

were performed on all helminth species that were found in 

> 10% of the hosts. This included D. immitis, A. caninum 

and Taenia pisiformis. Although Heterobilharzia americana 

was found in > 10% of the hosts, infection levels were sus

pect (due to incomplete recovery especially of females from 

liver and mesenteric veins) leading to a high beta error 

such that an analysis of variance was not meaningful. Anal

ysis of variance of total number of helminth species per 

host versus age, taxonomic identity and sex and subsequent 

Duncan's multiple range test was also performed. Chi-square 

analysis of incidence of infection versus age, taxonomic 

identity and sex was also performed on the 4 most prevalent 

species (D. immitis, A. caninum, T. pisiformis and H. 
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americana). 

The helminth fauna from Gulf Coast wild canids was 

compared to wild canids from other geographical regions of 

North America using Simpson's index, an indication of spe

cies dominance in the helminth fauna, and an index of the 

similarity of helminth faunas from different geographic 

localities (Holmes and Podesta, I968). Because of the mixed 

taxonomic nature of wild canids in this study area they v/ere 

compared to timber wolves (Canis lupus) from Alaska (Rausch 

and Williamson, 1959)» Alberta (Holmes and Podesta, I968), 

Minnesota (Erickson, 1944), NW Territories and the Yukon 

(Choquette, Gibson, Kuyt and Pearson, I968) and with coyotes 

from Alberta (Holmes and Podesta, I968), Kansas (Gier and 

Ameel, 1959)} rlinnesota (Erickson, 1944), south Texas 

(Thornton, et al., 1974), Utah (Butler and Grundmann, 1954) 

and west Texas (Pence and Meinzer, 1979). Associations 

between species pairs were determined using 2 X 2 contin

gency tables where both species were present, one was pres

ent to the exclusion of the other, and both species were 

absent and followed by total chi-square analysis with Yate's 

correction for continuity (Sokal and Rohlf, I969). Species 

examined included A. caninum, T. pisiformis. D. immitis and 

H. americana. Positive or negative interactions were deter

mined by Cole's coefficient of association (Cole, 1957). 

Mean levels of infection for D. immitis, A. caninum, and Î. 

T3 is if ormis in the presence and absence of each other were 
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compared with t-tests (Sokal and Rohlf, I969). The female 

to male ratio (FT/IR) for heartworms and hookworms was deter

mined and a correlation coefficient (r) (Steel and Torrie, 

i960) calculated to examine the influence of infection lev

els to the FMR. Heart and spleen weights were converted to 

percentages of total body weights and a linear regression 

utilizing spleen and heart weight to body weight ratio's 

(SBR and HBR, respectively) versus infection levels was 

performed to determine the influence of worm burdens on 

spleen and heart size (Steel and Torrie, i960). This method 

was also utilized to determine if seasonal fluctuations in 

body weight influenced the relationship of SBR and/or HBR to 

the levels of infection. All statistical inferences are 

reported at the P < 0.05 level. 



RESULTS 

All wild canids were infected with 1 to 7 (x=3.3) 

species of helminths. A total of 6,087 worms was recovered. 

Worm burdens ranged from 6 to 223 (x=78) worms per host. A 

total of 15 helminth species was recovered; 8 species of 

nematodes, 2 species of trematodes and 5 species of cestodes 

(Table 1). 

Only 4 helminth species were considered common (>10% 

of the hosts infected) in wild canids from this area. These 

included T. pisiformis, D. immitis, A. caninum and K. amer

icana. Trichinella spiralis larvae were not found. 

Helminth Species 

Cestodes were recovered primarily from the small in

testine with small numbers occasionally found in the large 

intestine. No damage to the intestinal lining was noted even 

in heavier infections. An attempt was made to recover all 

strobila. However, the numbers recorded are probably some

what conservative. No more than 2 species of cestodes were 

found in an individual host. 

The most common helminth of Gulf Coast wild canids was 

the tapeworm, Taenia pisiformis (Block, I78O) Gmelin, I79O. 

This cestode v/as found in 73 of 78 (94%) of these hosts. 

15 
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Hosts were infected with from 1 to 124 (x=32) worms. Three 

additional species of Taenia were recovered in much lower 

frequencies. These were always in association with T. pisi-

formis. Taenia macrocystis (Diesing, I85O) Luhe, 1910 was 

found in 7 of 78 (9%) of the canid hosts. Infection levels 

ranged from 1 to 6I (iE=l4). In 6 of 7 instances there were 

much heavier infections of T. pisiformis where T. macrocys

tis was also found. Taenia serialis (Gervais, 1847) Rail-

liet, 1863 was found in only 1 host with 5 specimens present. 

Two specimens of Taenia taeniaeformis (Batsch, I786) Wolf-

fugel, 1863 were recovered from a single host. 

Mesocestoides corti Hoeppli, 1925 was found in 1 host 

in association with T. pisiformis. Only proglottids were 

recovered preventing determination of the number of worms 

present. The number and size of proglottids recovered sug

gested only a few individuals were present. 

The hookworm, Ancylostoma caninum (Ercolani, 1859) 

Hall, 1913 was the second most common helminth recovered. 

It was found in 64 of 78 (82%) of the hosts. Levels of in

fection ranged from 1 to I07 (x=29). The female to male 

ratio (FMR) was 1.7*. 1. There was no correlation between FMR 

and infection level. Hookworms were found in the small in

testine. Evidence of gross physical damage to the lining of 

the small intestine as a result of attachment of hookworms 

was not observed in these hosts. 
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Sixty-three of 78 (81%) of the wild canids examined 

were infected with Dirofilaria immitis (Leidy, I856) Rail-

liet and Henry, I9II. Levels of infection ranged from 1 to 

176 (x=25) heartworms per host. Seventeen of 63 (27%) in

fected wild canids had more than 30 worms. Eight of 63 

(13%) infected wild canids had single sex infections includ

ing 5 hybrids and 3 coyotes. The FMR was near unity (1.2:1) 

and there was no correlation between the FKR and levels of 

infection. Forty-six % of all infected hosts for which 

blood films were available demonstrated a microfilaremia. 

This included a microfilaremia of ^1%^ 36% and 33% in red 

wolves, hybrids and coyotes, respectively. A microfilaremia 

was found in 52% of wild canids infected with both male and 

female heartworms. Thirty-nine % of all blood films exam

ined were positive for microfilarae of D; immitis. 

There was no significant correlation between spleen 

weight or heart weight and levels of infection of heartworms. 

Seasonal fluctuations in body weight did not significantly 

influence their correlation. 

Adult D. immitis were recovered from the right ventri

cle, right auricle, pulmonary artery and pulmonary arterial 

tree in the lung and vena cavae. Heartworms were recovered 

in varying numbers from the right side of the heart where 

they were often entwined about the chordae tendinae (Figures 

6, 7). In heavily infected animals masses of worms often 

extended through the semilunar valve into the lumen of the 
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pulmonary artery producing partial to almost complete mech

anical valvular insufficiency. In these cases (usually >15 

worms) there was an increased tendency for adult worms to 

extend beyond the base of the pulmonary artery deep into the 

pulmonary arterial tree of the lung (Figure 8). Frequently 

there was considerable dilitation of the pulmonary artery. 

Despite extensive thrombosis of the right ventricle, right 

auricle and pulmonary artery in these heavy infections, ex

ceptional dilitation of the right heart, hypertrophy of the 

right ventricle or dilitation of the right pulmonary vein 

were not pronounced. However, the intimal surface of the 

base of the pulmonary artery often presented with a rugose 

appearance varying from small plaques or pit-like depres

sions to extensive exudative villous projections. The se

vere endarteritis was restricted to the more elastic branch

es of the pulmonary artery. Heartworms were not recovered 

from the left side of the heart. 

The appearance of the lungs varied depending on the 

intensity of heartworm infection. In more severely infec

ted hosts they appeared reddish brown to rust colored with 

areas of hemorrhage and/or grayish infarctive discoloration 

especially on the tips and edges of the lobes. On cut sur

face there was mild to extensive pulmonary congestion in all 

lobes. Thrombi of heartworms were observed extending deep 

into the pulmonary arterial tree and firm thrombi surround

ing dead worms were sometimes found in the smaller branches 
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of the pulmonary artery (Figure 8). A granulomatous re

sponse was not noted nor were heartworms recovered from the 

lung parenchyma. Bronchioles and bronchi were clear through

out. Hylar lymph nodes were enlarged and soft. 

In 13 instances adult heartworms were found in the 

anterior vena cavae. There were from 1 to 4 worms per host. 

The intimal surface of the vena cavae appeared normal with 

no evidence of sclerosis. The liver appeared normal in size 

and color. 

Although the spleen was enlarged, kidneys somewhat 

congested and abdominal lymph nodes enlarged and soft in 

some hosts, these changes could not be directly attributed 

to heartworm infections. Frequently 1 or more of the above 

conditions were noted in lightly infected canids. 

Histologically, there were small areas of infarctive 

necrosis in the right ventricle and right auricle. There 

was a slight inflammatory response adjacent to these areas. 

There was a mild to severe interstitial edema in more heavi

ly infected hosts. There was no evidence of scarring or ex

tensive hypertrophy of the right ventricular wall. 

The most pronounced histological lesions were in the 

pulmonary artery and in the lungs associated with altera

tions in the vascular system (Figures 9» 10). Lesions in 

the pulmonary artery varied from mild focal changes of the 

intimal surface to an extensive exudative villous endarter

itis. In some infections there was slight thickening of the 
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subintima into foamy atheromatous plaques containing hyper

plastic fibrous tissue and a few mononuclear cells. In 

other cases, there was more extensive involvement with pro

nounced subintimal hyperplasia and more extensive infiltra

tion of eosinophils and plasma cells. The most severe 

changes were noted in canids with heavier worm burdens. 

These lesions consisted of exudative villous endarteritis 

characterized by a hyperplastic collagenous stroma with 

numerous histiocytes, plasma cells and eosinophils (Figures 

11, 12). Both the intimal surface and medial layers of the 

artery were affected with some disruption and replacement of 

elastic fibers with collagen. This occured more frequently 

in the larger branches of the pulmonary artery. In some of 

the smaller branches a medial hyperplasia of the arterial 

wall often accompanied by a periarteritis consisting mostly 

of lymphocytes and plasma cells was noted. 

Histological responses in the lung parenchyma consist

ed of an alveolar exudate, interseptal edema and hemorrhage, 

slight hemosiderin deposition, interstitial pneumonia and 

infarction (Figures 9> 10). Interstitial pneumonitis was 

patchy to generalized in distribution. This response accom

panying hemorrhage and edema with very mild fibrosis was 

most often noted adjacent to branches of the pulmonary 

arterial tree containing heartworms (Figures 9> 10). Histi

ocytes laden with hemosiderin were observed in some heavier 

injfections, but this response was minimal and these cells 
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were not observed in large numbers. Changes in the bronchi 

and bronchioles were minimal and appeared only to be a re

flection of the above alveolar changes. There was hyper

plasia of the hylar lymph nodes. 

Hepatic changes in most heartworm infections were ab

sent or involved only mild passive congestion. In severely 

infected hosts (usually in excess of 75 heartworms) there 

was evidence of more extensive congestion and edema with 

centrolobular necrosis, hypertrophy of parenchymal cells and 

hemosiderosis (Figure 13). Likewise, in these infections 

there was also degeneration of Bowman's capsule and exten

sive hemosiderin deposits in the tubules of the kidney 

(Figures 14, 15). 

Microfilarae were often noted in the vessels of the 

lung (Figures l6, 17)» liver, kidney, spleen, myocardium, 

appendix, pancreas and lymph nodes. Occasionally they were 

observed in the alveolar spaces, myocardium (Figure 18), 

sinesoids of the liver and cortex and medulla of the kidney 

(Figure 15)« 

Toxascaris leonina (von Linstow, 1902) Leiper, 1907 

was found in 5 o^ 78 (6%) of the wild canids. Infections 

ranged from 1 to 6 (x=2). Toxascaris leonina v/as found only 

in the small intestine. 

Fillaroides osleri (Cobbold, 1879) Skrjabin, 1933, 

localized in white and pink nodules just under the mucosa of 

the trachea, was noted in 4 ox 78 (5^) '^^ ^'^-^ hosts examined. 

î  
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Even in the most severe case no more than 5 nodules were 

present (Figure 19, 20) and these did not occlude the bron

chi. Most of the nodules were located at the bifurcation of 

the trachea. 

Evidence of Spirocerca lupi (Rudolphi, 1809) Railliet 

and Henry, 1911 was noted in 3 of 78 (4%) of the wild canids 

examined. This consisted of granulomatous lesions in the 

wall of the anterior dorsal aorta usually at the opening 

of the intervertebrial arteries. Aortic granulomatous le

sions and scarring of the aorta is pathognomonic for S. lupi. 

Six nodular lesions were found in the most severe case and 

there was no evidence of extensive scarring or pronounced 

occlusion of the intervertebrial arteries (Figures 21, 22). 

Trichuris vulpis (Froelich, 1789) Rudolphi, 1809 was 

recovered from the large intestine of 3 of 78 (4%) of the 

hosts. Infection levels ranged from 4 to 17 (x=8). 

A single specimen of the stomach worm Physaloptera 

rara Hall and Wigdor, 1918 was found in 1 host. As with T. 

vulpis there was no evidence of pathologic response to this 

species. 

A single threadworm, Capillaria hepatica (Bancroft, 

1893) Travassos, 1918, was found in the liver of 1 canid 

host. It is probable that there were more C.. hepatica as 

this is a very small worm and is easily overlooked. Addi

tional adult C, hepatica and numerous eggs were noted in 

histological sections of the liver of 2 canids (Figure 23). 

L 
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Eggs were typical of C,. hepatica in size and shape as well 

as structure with the characteristic striations of the outer 

wall. The major pathologic response resulted from accumu

lations of eggs in the liver parenchyma and the concordant 

granulomatous response (Figures 24, 25). The pathology 

seemed to vary with intensity of the infection. Lesions 

consisted of masses of eggs in granulomas surrounded by an 

inflammatory response with eosinophils, plasma cells and 

lymphocytes and adjacent pressure atrophy of parenchymal 

cells. The liver lobules adjacent to the lesions remained 

fairly normal with little evidence of bile statis or hyper

trophy. Extensive tracts or trails of inflar/imatory response 

due to migration of adult C_. hepatica were not noted. 
M 

Two trematodes were recovered from these wild canid 

hosts. A blood fluke, Heterobilharzia americana Price, 

1929, was recovered from 27 of 78 (35%) wild canids. In

fection levels ranged from 1 to 34 (x=5). All but 2 hosts 

were infected with less than 6 flukes. H. americana was 

recovered primarily from the liver. However, flukes were 

also recovered from the blood vascular system in the stomach, 

pancreas, small and large intestine and mesenteric veins. 

Recorded levels of H. americana are suspect since it is 

probable that full recovery of all flukes was not accom

plished. Eggs of H. americana v/ere noted in histological 

sections of the liver of several hosts (Figures 25, 26). In 

at least 1 instance eggs were present where only 1 adult 
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trematode was recovered. The only pathology attributed to 

H. americana was associated with eggs and their surrounding 

granulomas. Eggs were not numerous in the liver. Eggs 

were localized in pseudotubercles surrounded by an inflam

matory response consisting of lymphocytes, plasma cells and 

eosinophils (Figures 26, 27). Foreign body giant cells were 

not observed. 

Eurytrema procyonis Denton, 1942 was recovered from 

the pancreas of a single wild canid. A total of l6 flukes 

was recovered from this animal. There was no associated 

pathology observed with this infection. 

Sex, Age and Taxonomic Identity 

Analysis of age and taxonimic identity was possibly 

affected by a bias in the red wolf portion of the sample. 

Most red wolves captured were retained for further research 

and were not available for necropsy. Three of the 8 red 

wolves available died while in the holding facility, proba

bly as a result of heavy heartworm infections. Wolves from 

Age Groups I and II are absent from the sample. To examine 

the effect of this bias, all analysis of variance and chi-

square analysis were secondarily performed deleting the red 

wolf portion of the data. Differences in age , sex and tax

onomic identity were the same except v/here noted. All 

values in Tables 2, 3, 4 and 5 are reported for analysis 

with red wolves included. 
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Analysis of variance indicated the only significant 

difference in infection levels for male and female hosts was 

v/ith A. caninum. Males had significantly higher infection 

levels (Table 2). Chi-square analysis of frequency of oc

currence (Table 5)indicated a significant difference between 

occurrence of T. pisiformis in female hosts (100%). and male 

hosts (88%) (Table 6). With red wolves excluded from the 

analysis A. caninum had a significant difference in occur

rence between host sexes. No other helminth examined had 

significant differences in prevalence or intensity of hel

minths between host sexes. 

Analysis of variance of infection levels versus host 

age indicated only D. immitis had a significant difference, 

Duncan's multiple range test showed that this difference 

resulted from higher infection levels in-Age Group IV 

(Tables 3, 7). Although not statistically significant, worm 

burdens of D, immitis increased at each age category and 

infection levels of A. caninum decreased with increasing age 

(Table 3). Chi-square analysis of frequency of occurrence 

between Age Groups indicated significant differences with 

both D, immitis and H. americana (Table 5)« Analysis of 

variance also indicated a significant difference in total 

number of helminth species per host between Age Groups, 

Duncan's multiple range test showed that animals > 2 years 

old (Age Groups III and IV) had more helminth species than 

those hosts < 2 years old (Groups I and II) (Table 3). 
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Table 2. Mean infection levels of each common helminth by 
host sex for all hosts examined. 

Helminth species 

Taenia 
pisiformis 

Dirofilaria 
immitis 

Ancylostoma 
caninum 

Mean infection level 
for examined hosts 

7W 
29.8 

20.3 

30.2 

(38) 

29.9 

20.7 

16.3 

F-value 

0.060 

0.004 

.890-"-

•""• significant at P<0.05 
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Table 3- Mean infection levels of each common helminth by 
taxonomic category for all hosts examined. 

significant at P<0.05 

Mean infection level 
for examined hosts 

Helminth species Coyote Hybrid Red vrolf F-value 
(24) (46) (8) 

Taenia 24.79 33.28 25.38 0.66 
pisiformis 

Dirofilaria 9.62 16.28 77.80 32.00" 
immitis 

Ancylostoma 21.54 26.96 8.62 2.00 
caninum 
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Table 4. Mean infection levels of each common helminth by 
host age for all hosts examined. 

Mean infection level for Age 
Groups of examined hosts 

Helminth species I II III IV F-value 
rn (T8l JM) 021 

Taenia 34.86 33.98 29.25 18.94 1.12 
p i s i f o r m i s 

D i r o f i l a r i a 2 .29 7-56 I 3 . 5 0 45.00 13.32-
immi t i s 

Ancylostoma 39-29 30.72 21.39 10.08 1.21 
caninum 

"^ s i g n i f i c a n t a t P<0.05 
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Table 5* Chi-square analysis of frequency of occurrence of 
common helminths for host sex, taxonomic category 
and age. 

X2 
Taxonomic 

Helminth species Sex category Age 

Taenia 5.08* 0.70 6,76 
pisiformis 

Dirofilaria 0.I6 3.17 14.56-
immitis 

Ancylostoma 3.52 0.64 2.18 
caninum 

Heterobilharzia I.56 2.14 I6.70* 
americana 

^ significant at P<0.05 
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Table 7. Mean infection levels of the 3 most common 
helminths by host sex, taxonomic category 
and age. 

Category 

Sex 

Taxon 

Age 
Group 

-̂  

$ 

Coyote 

Hybrid 

Red wolf 

I 

II 

III 

IV 

Taenia 
pisiformis 

34.1 

29.9 

25.9 

35.3 

29.0 

40.7 

22.7 

34.0 

31.9 

Dirofilaria 
immitis 

24.4 

26.6 

13.6 

19.7 

77.8 

8.0 

9.1 

19.6 

65.2 

Ancylostoma 
caninum 

33.5 

22.1 

27.2 

31.8 

11.5 

39.3 

39.5 

25.8 

13.^ 



5(> 

There was a significant difference in taxonomic groups 

with infection levels of D. immitis (Table 4). When red 

wolves were deleted from the sample this difference was no 

longer significant. Duncan's multiple range test indicated 

the difference with red wolves included in the analysis was 

from much higher infection levels in the red wolf category. 

Although not determined to be significant both D. immitis 

and H. americana have increasing frequencies of occurrence 

in the taxonomic categories of coyotes, hybrids and red 

wolves, respectively (Table 6). 

Associations Between Helminth Species 

The only significant association between helminth 

species pairs in terms of infection levels v/as T. pisif ormis 

in the presence and absence of the hookworm, A. caninum. 

This resulted from much higher infection levels when A. 

caninum was present than when it was absent (Table 8). Chi-

square analysis of frequency of occurrence in helminth 

associations indicated the only significant association was 

between D. immitis and H. americana (Table 9). Cole's coef

ficient shows this to be a positive association with both 

these species being present and absent more often than 

expected. 



51 

Table 8. Mean i n f e c t i o n l e v e l s of each common helminth in 
the presence and absence of other common 
he lmin ths . 

Helminths p r e s e n t 

CQ 
X 
- p 

• H 

B 
e-\ 
0 
X 

0 
-P 
cd 

•H 
O 
o 
CQ 
CQ 

< : 

Taenia 
pisiformis 

Dirofilaria 
immitis 

Ancylostoma 
caninum 

Present 
Absent 
t-value 

Present 
Absent 
t-value 

Present 
Absent 
t-value 

Taenia Dirofilaria Ancylostoma 
pisiformis immitis caninum 

25.1 (58)^ 
29.0 (5) 

.250 

33.4 (58) 
26.1 (15) 

.842 
35.4 (61) 
14.1 (12) 
2.314-"-

27.9 (60) 
37.5 (4) 

.737 

29.1 (52) 
26.3 (12) 

.338 

26.5 (51) 
20.8 (12) 

.543 

-^numbers in parentheses show the 
number of canids infected with 
the parasites. 

* s i g n i f i c a n t a t P<0.05 
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Table 9. A s s o c i a t i o n between he ln i in th s p e c i e s . 

Comparison 

Ancylostoma 
caninum 

vs 
Taenia 

pisiformis 
... 

Ancylostoma 
caninum 

vs 
Dirofilaria 

immitis 

Ancylostoma 
caninum 

vs 
Heterobilharzia 

americana 

Taenia 
pisiformis 

vs 
Dirofilaria 

immitis 

Taenia 
pisiformis 

vs 
Heterobilharzia 

americana 

Dirofilaria 
immitis 

vs 
Heterobilharzia 

americana 

Present 

Ac + Tp 
Ac 
Tp 

Neither 

Ac + Di 
Ac 
Di 

Neither 

Ac + Ha 
Ac 
Ha 

Neither 

Tp + Di 
Tp 
Di 

Neither 

Tp + Ha 
Tp 
Ha 

Neither 

Di + Ha 
Di 
Ha 

Neither 

Observed 

60 
4 
13 
1 

51 
13 
12 
2 

21 
43 
7 
7 

58 
15 
5 
0 

27 
46 
1 
4 

26 
37 

/ 

13 

iix'oected 

59.9 
4.1 
13.1 

.9 

51.7 
12.3 
11.3 
2.7 

22.9 
41.1 
5.1 
8.9 

58.9 
14.1 
4.1 
.9 

26.2 
46.8 
1.8 
3.2 

22.6 
40.4 
5.4 
9.6 

X2 

.00 

.09 

.03 

.18 

.30 

.03 

.00 

.00 

^ 

.25 

.05 

.38 

.65 
1.33 

.03 

.01 

.04 
2.18 
2.26 

.00 

.04 

.94 

.03 
1.01 

2.S2 
. 88 

* significant at P<0.05 



59 

Comparisons Between Geographic Localities 

Comparisons of helminth faunas for timber wolves and 

coyotes from different geographical localities in North Amer

ica are presented in Figures 28 and 29, respectively, using 

data from Holmes and Podesta (1968), Pence and Meinzer 

(1979), Choquette et al, (1973) and the present study, Simp

son's index for Gulf Coast canid helminth fauna was compara

ble to those computed for timber wolves from other locali

ties (Figure 28). This value (.22) was median between the 

extremes of Simpson's indices calculated for coyotes from 

other localities. Indicies of similarity for the helminth 

fauna of wild canids in this study v/ere much lower than 

those for timber wolves from northern localities (Figure 28). 

Similarity indicies for the helminth fauna of Gulf Coast 

wild canids compared to other regions were all < 21 and 

those for timber wolves were > 21, most being > 40, Simi

larity indices were much higher comparing the helminth fauna 

of Gulf Coast wild canids and coyotes from other localities, 

ranging from 21 (Alberta) to 45 (Kansas) (Figure 29). The 

highest similarities were with Kansas (45) and south Texas 

(42). 

Ectoparasites 

Four species of ectoparasites were collected from 15 wild 

canid hosts; 3 red wolves, 6 hybrids and 6 coyotes. The 

most frequently occurring ectoparasite was the tick. 
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Figure 28. Trellis diagram of indices of similarity between 
helminths of wolves from different geographic 
regions in North America and Gulf Coast wild 
canids with Simpsonfe index for each region. 
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Figure 29. Trellis diagram of indices of similarity between 
helminths of coyotes from different geographic 
regions of North America and Gulf Coast wild 
canids with Simpson's index for each region. 
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Amblyomma maculatum Koch, 1944 occurring on 12 of 15 (80%) 

hosts, Amblyomma americanum (Linnaeus, 1758) Neuman, 1899 

was recovered from 1 of I5 (7%) animals. The tick, Ixodes 

scapularis Say, 1821, occurred on 2 of I5 (13%) of the hosts 

examined. Eighteen specimens of the louse, Trichodectes 

canis (DeGeer, 1778) Johnston and Harrison, 1911, were re

covered from a single canid. 

Portions of denuded skin from 4 of the 78 necropsied 

wild canids were examined for mange-producing mites. Skin 

scrapings failed to recover any mites from these animals. 

Histological sections of these lesions revealed Sarcoptes 

scabiei (Linnaeus, 1758) Latreille, 1802 on 1 host (Figures 

30, 31). Lesions from the other affected animals suggested 

previous infections with this mite. Infected animals pre

sumed to have sarcoptic mange as well as-those demonstrated 

to have mites in histological sections presented with vary

ing degrees of hair loss and thickening of the skin with 

accompanying slate gray discoloration and scabby lesions. 

There appeared to be no generalized pattern of hair loss, 

but most lesions were confined to the shoulders, sides, 

flank, tail and head (Figure 32). 

Skin lesions revealed S.. scabiei in the stratum 

corneum. There was usually pronounced hyperkeratosis of the 

cornified layer of the skin v/ith evidence of mild hemorrhage 

and serous exudate on the skin surface (Figures 30, 3I). 

Kites were not observed below the basement membrane 
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separating the stratum corneum and the stratvtr.1 germinativum. 

There were areas of acute inflammatory response including 

neutrophils, eosinophils, plasma cells and lymphocytes in 

the stratum germinativum and extending in some instances 

into the hypodermis. This varied from mild and focal to 

more severe and diffuse. In some sections sebaceous glands 

underwent mild to severe hyperplasia. A concomitant bacter

ial infection was not observed. Retrograde changes v/ere 

noted in hair follicles as well as an acute inflammatory 

response around some follicles. In general, pathologic le

sions in active cases (adult and larval S_. scabiei localized 

in the stratum corneum) reflected an extensive hyperlcera-

tosis of the cornified epithelium with accompanying acute 

inflammatory and hyperplastic responses in the stratum ger

minativum and hypodermis. 



DISCUSSION 

The hookworm, A. caninum, was the most prevalent 

nematode found in wild canids from the Gulf Coast. 

Ancylostoma caninum has been reported in coyotes from many 

regions of North America including Minnesota (Erickson, 

1944), Kansas (Gier and Ameel, 1959) and central Utah 

(Conder and Loveless, I978). Heaviest infections occur in 

the southeastern United States where Cooperrider (1952) 

found 86% of 50 dogs from a veterinary hospital in Georgia 

infected with A. caninum, Mitchell and Beasom (197^) 

found 89% of 75 south Texas coyote fecal samples contained 

A. caninum eggs, and Thornton et al. (1974) found A. caninum 

in all 13 coyotes necropsied from south Texas. Pence and 

Meinzer (1979) found 87% of I50 coyotes infected with this 

hookworm in west Texas. Although larvae of A. caninum 

can enter through the skin of a host, the most common 

method of infection for dogs is through ingestion (Lavine, 

1968). Young canids can also acquire infections through the 

colostrum of the mother (Stone and Giradeau, I966) and 

prenatally through transplacental migration (Foster, 

1935). Young animals are more susceptible to infection 

since previous infections impart partial immunity in older 

animals (Levine, I968). Hookworms cause blood loss of 
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up to 0.12 ml/worm per day (Clark, Kling, Woodley, and 

Sharp, 1961) which can produce anemia in pups with heavy 

infections. Mitchell and Beasom (1974) suggested that 

hookworm infections might cause some natural mortality 

in coyotes from south Texas. 

It is impossible to definitely determine from this 

study whether hookworms cause any morbidity or mortality in 

wild canids from the Gulf Coast area. However, all 

evidence points to this conclusion. Nearly all animals 

examined had hookworms. The mean infection level was 29 

worms per host. All the animals in Age Group I were 

infected (Table 6) and worm burdens were heaviest in 

younger animals (Table 7). Hookworms must be considered 

as a major factor in the morbidity and, most likely, the 

mortality of young Gulf Coast wild canids. 

Male hosts had significantly higher hookworm burdens 

than female hosts. Mitchell and Beasom (1974) reported no 

difference in occurrence for either coyotes or bobcats 

(Fells rufus) between host sexes. Pence and Meinzer (1979) 

found no difference between host sexes in hookworm infection 

levels or prevalence in west Texas coyotes. Stone (1977) 

reached the same conclusion in her study of west Texas 

bobcats. There is no evident explanation for this differ

ence in the present study. 

The only previous record of heartworm in red wolves is 

from two Canis rufus floridanis at Lake Pontchartrain, 

Louisiana in 1930 (Faust, 1937). The pathology of D. 
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immitis is documented from captive specimens of the related 

timber wolf (Hartley, 1957). While there is a dearth of 

information on the pathology and incidence of heartworm 

infection in wild populations of red and timber wolves, 

this parasite has been more extensively documented in terms 

of incidence and distribution in the coyote. Heartworm in

fections have been reported from coyotes in Kansas (0.6% in

fected), Kansas and Colorado (8%), Iowa (3.6%), Indiana, 

New York (4%), south Texas (23%) and west Texas (0.7%) 

(Ameel, 1955; Graham, 1975; Franson, Jorgenson, and 

Goggess, 1976; Kazacos, 1979; Monson, Stone and Weber, 

1973; Thornton et al., 1974; Pence and Meinzer, 1979). 

Aside from clinical studies on the cardiopulmonary lesions 

of heartworm infected captive coyotes (Ross and Suzuki, 

1973), there are no studies on the pathological ramifica

tions of this disease in wild populations of this species. 

In related species of the family Canidae the incidence and 

pathology of D. immitis has been extensively documented in 

the domestic dog (Canis familiaris) over much of the United 

States (Otto, 1972) and in the red fox (Vulpes vulpes) 

from New York, Minnesota, Michigan, Indiana, and Connecticut 

(Monson et al., 1973; Schlottauer, 1964j Stuat and Youatt, 

1972; Kazacos, 1977; Hirth and Nielsen, 1966). 

The highest reported incidence (23%) of heartworms 

from a wild canid population is from coyotes in south Texas 

(Thornton et al., 1974). Prevalence rates in dogs as high 
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as 80% have been reported in Florida (Hayes, 1933) but these 

usually vary between 26 to 63% based on microfilaremia 

in coastal areas of the southeastern United States (Otto, 

1972). The extremely high prevalence of 81f. for all 

wild canids examined in the present study indicates exten

sive contact and involvement of this parasite with these 

hosts. Moreover, the infection levels of heartworms varied 

with statistically significant differences between taxonomic 

categories of hosts examined herein, with the highest worm 

burdens in red wolves. There was a lower prevalence rate 

and intensity of infection in hybrids and the lowest values 

for frequency of occurrence and number of worms per host 

found in coyotes. Likewise, there was a significant pos

itive age prevalence and intensity of infection relationship 

for wild canids examined herein with 100% of the hosts > 3 

years of age infected. The highest worm burdens were also 

noted in older animals. Although the data were insufficient 

for analysis, the highest percentage of D. immitis infection 

in Kansas and Colorado occurred in animals aged 5 to 6 years 

(Graham, 1975). As noted in domestic canids (Otto, I969), 

there was no significant difference in prevalence or intens

ity of infection and host sex in these wild canids. 

Maximum heartworm burdens previously reported from 

wild canids are 31 worms from a Kansas coyote (Ameel, 1955) 

and approximately 40 young heartworms from a fox in Connect

icut (Hirth and Nielsen, I966). Infections of 50 to 100 or 
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more heartworms are reported from dogs in the southern 

United States (Otto, 1949). In the present study mean worm 

burdens in coyotes were I3.6, I9.7 in hybrids and 77.8 

in red wolves (Table 7), with maximum burdens reaching 84, 

75» and I76, respectively. Thus, the maximum worm burdens 

in these hosts more closely approach those reported from 

logs than those documented from other wild canids. 

In many nematode infections the FMR is often above 

unity and positively correlated with the intensity of in

fection, the FMR decreasing as the worm burdens increase 

(Young and Pence, 1979). However, in heartworm infections 

the FT/IR is very close to unity (1:1 ratio of females to 

males) and is not significantly affected by the intensity 

of infection. In the present study only 8 of 63 (13%) 

hosts had single sex infections. In contrast, 5 of 11 

(45%) single sex heartworm infections were observed in 

coyotes from Kansas and Colorado (Graham, 1975). It has 

been previously proposed that wild canids, specifically 

foxes and coyotes, are unnatural hosts and thus a poor 

reservoir for D. immitis (Graham, 1975; Otto, I969; 

Stuat and Youatt, 1972) because of the low prevalence 

rates of infection, low worm burdens, preponderance of 

single sex infections and/or failure to produce microfi

lariae in these hosts. It was further proposed that "... 

'D. immitis must be transmitted to coyotes by mosquitoes 

from infected dogs, and the occurrence of heartworm. in 
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coyotes is of no importance to a dog population." (Graham, 

1975). Data collected from wild canids in southeast Texas 

and southwest Louisiana refute the above in view of the 

high prevalence rates and worm burdens. Additionally, 

an overall microfilaremia of 39% was recorded in this 

wild canid population in which 67% of all hosts examined 

were infected with both sexes of heartworms. Accordingly, 

if computed on the basis of a projected wild canid pop

ulation of 1 animal per 2.59 km^ (Carley, 1975), there 

are approximately 2,000 wild canids (coyotes, hybrids 

and red wolves) in the 5,337 km^ study area. The free-

roaming domestic dog population in this area is thought to 

be considerably less than 25% of the wild canid popu

lation or <500 animals (J.W. Dorsett, Pers. Comm.). 

Based on the percent microfilaremia in the total wild 

canid population (39%), at least 78O of these hosts are 

capable of transmitting heartworms. This number is sub

stantially increased to 1,340 if computed on the basis of 

the number of wild canids with both sexes of heartworms 

{67%o) . Thus, between 78O and 1,340 wild canids are 

capable of heartworm transmission. Although the total 

domestic canid population (if house and yard dogs are 

included) is unknown in the study area, certainly their 

numbers are far less than the population level of wild 

canids. Based on the estimated number (500) of free-

roaming domestic dogs within the study area and maximum. 
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percent microfilaremia reported from dogs in the south

eastern United States (63%) (Otto, 1972), it is indicated 

that no more than 315 dogs are capable of heartworm 

transmission in the area. Compared to the minimum of 

780 wild canid heartworm transmitters, it is indicated 

that wild canids have at least twice the potential D. 

immitis reservoir. Thus, the present study emphasizes 

that this wild canid population represents the natural 

definitive hosts and primary reservoir for heartworm 

infections within this region. 

The pathologic response to D, immitis infections in 

wild canids examined herein were similar to those reported 

for other species of the family Canidae, However, the de

gree and severity of these lesions in heavy infections 

seemed to be less pronounced than reported in some species, 

specifically dogs and foxes. Although the pulmonary artery 

and heart were somewhat distended in heavy infections, there 

was little hypertrophy of the right ventricle or extensive 

vascular sclerosis of the pulmonary artery as sometimes ob

served in dogs and foxes (Adcock, I96I; Hennigar and Fer

guson, 1957; Hirth and Nielsen, I966). Retrograde changes 

in the pulmonary arterial trimk varied from mild focal sub

intimal atheromatous-like lesions to an extensive villous 

endarteritis depending on the severity of the infection. 

Similar changes associated with the pulmonary vascular 

lesions were identical to those reported in other canids 
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(Adcock, 1961; Hennigar and Ferguson, 1957; Hirth and 

Nielsen, I966). Proliferative intimal, subintimal and 

medial changes in the smaller muscular arteries and arteri

oles as observed in dogs (Adcock, I96I) were infrequently 

seen in these wild canids. Additionally, few dead worms 

v/ere recovered and a granulomatous response in the lung was 

not observed. The concept that live adult filariids in the 

pulmonary artery are responsible for inducing endarteritis 

and obstructive fibrosis, which is a highly significant 

aspect of the disease as a cause of eventual right heart 

failure (Adocock, I96I), is supported. 

The recovery of mature heartworms in the vena cavae 

of 13 wild canids examined in this study supports the 

concept that this may be fairly common in highly enzootic 

areas (Jackson, von Lichtenberg and Otto,- I962). In con

trast to dogs with vena cavae or liver failure syndrome 

due to heartworms, the maximum number of worms in this 

location was small (< 4 worms). Liver lesions appeared 

similar to those observed for normal chronic heartworm 

infections causing right heart failure and/or cor pul

monale, and in all instances adult worms were also found 

in the normal locations in the right heart and/or pulmonary 

artery as well as in the vena cavae (Jackson, I969; 

Jackson et al., 1962; von Lichtenberg, Jackson and Otto, 

1962). 
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Changes in the other organs are consistent with those 

observed in dogs. These include moderately to severely 

enlarged hyperemic spleen, mild fibrosis or degeneration of 

the glomerulus and hemosiderosis of the convoluted tubules 

of the kidney and hyperplasia and hemosiderosis of the 

lymph nodes (Winter, 1959). 

Although microfilariae were observed in tissue sec

tions of the lungs, heart, liver, lymph nodes, spleen, pan

creas, and kidney in most infected animals, there was no 

evidence of an inflammatory response even in heavy infec

tions where masses of microfilariae were sometimes observed. 

Microfilariae were frequently observed in the kidney where 

recent evidence has suggested that high numbers of circu

lating microfilariae may influence the integrity of the 

capillaries of the glomerulus (Simpson, Jackson and Bradley, 

1972), thus contributing an additional complication in the 

heartworm disease syndrome. 

It was previously suggested that a variety of factors 

including heartworm, the most serious of the wild canids' 

internal parasites, has a pronounced effect on wild canid 

morbidity and mortality in southeast Texas and southwest 

Louisiana (McCarley and Carley, 1979). Presently, the red 

wolf is, for all practical purposes, extinct from this 

area its last endemic habitat in North America, primarily 

as a result of genetic dilution through interbreeding 

with coyotes (McCarley and Carley, 1979). The hybrid and 
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coyote population are increasing in the area. Although the 

significance of heartworm infections on the once endemic 

red wolf population can never be deternined, the present 

study, while considerably biased by a small sample size, 

indicates a significantly higher incidence and intensity of 

infection in these hosts. Because of the very high inci

dence and worm burdens which increase with age of the host, 

the severity of pathological responses and the capacity 

of these wild canids to serve as natural hosts and the 

primary reservoir of infection, heartworm disease could 

be considered as a prime factor in the morbidity and 

mortality of the present wild canid population (hybrids 

and coyotes) in this region, 

Toxascaris leonina occurs in the small intestine of 

Felidae and Canidae throughout the world -(Levine, I968), 

This ascarid is found in varying incidences in wild and 

domestic canids and felids throughout North America, Gier 

and Ameel (1959) found T. leonina in 33% of the coyotes from 

Kansas, Pence and Meinzer (1979) found this species in 89% 

of 150 coyotes from west Texas. It has been found in as 

many as 80% of the timber wolves from N.W. Territories 

(Choquette et al., 1973). Thornton et al. (1974) did not 

find any T. leonina in I3 coyotes from south Texas, nor did 

Buechner (1944) in 112 gray foxes (Urocyon cinereoargenteus1 

from Texas. This nematode can be transmitted either direct

ly by eggs or can involve rodents as paratenic hosts. Holmes 
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and Podesta (I968) suggested that a rodent paratenic host 

may be important in determining infection levels, Choquette 

et al, (1973) supported this concept, Riley and McBride 

(1972) found that the main prey items for red wolves in the 

Gulf Coastal region were nutria (Mvocastor coypus), swamp 

rabbits (Sylvilagus aquaticus) and cottontail rabbits (Syl-

vilagus floridanus). Also, there are several rodents that 

are commonly ingested by red wolves, but nutria and rabbits 

are the main prey species. Although not documented, it is 

probable that the conglomerate wild canid population is 

using the same prey species as red wolves. The lov/ use of 

small rodents might explain the low incidence of T. leonina. 

Spirocerca lupi is a cosmopolitan spiruriod nematode 

parasite of the esophagus of various canids (Levine, I968), 

It has only been found in coyotes in Texas (Smith, 1971; 

Thornton et al,, 1974; Pence and Meinzer, 1979). Infec

tion levels in the above studies were much higher than for 

v/ild canids from Gulf Coast. Thornton et al. (1974) found 

90% of 10 south Texas coyotes with aortic aneurysm.s. Pence 

and Meinzer (1979) found 82% of I50 west Texas coyotes with 

aortic spirocerca lesions. The intermediate host for S, 

lupi is the dung beetle. The lov/ incidence could result 

from either a smaller population of beetles in this area 

or simply a difference in food habits between populations 

since this species also extensively uses paratenic rodent 

hosts (D.B.Pence, Pers. Comm.), Bailey (1972) has suggested 
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that the decrease in occurrence of S.. lupi in dogs in the 

southeastern United States since I963 was due to the reduc

tion of dung beetle populations by insecticides. Thus, the 

occurrence of S.. lupi may have been much greater in earlier 

years and had a greater impact on the red wolf population 

morbidity and mortality. 

The tracheal worm, Fillaroides osleri. is found almost 

worldwide and has been recovered from dogs and coyotes from 

east of the Rocky Mountains (Levine, I968; Morrison and Gier, 

1978). Thornton et al. (1974) found this species in 31% of 

13 south Texas coyotes. Pence and Meinzer (1979) found it 

in 28% of 150 coyotes from west Texas. Although F. osleri 

has a wide distribution it is not considered common anywhere 

(Levine, I968). The life cycle is unknown, but probably 

involves an intermediate host, such as a'slug or snail, or 

may be direct (Gier, Kruckenberg and Marler, I978), Be

cause of the few observed tracheal granulomas, this parasite 

obviously has little impact on wild canids from the Gulf 

Coast. 

The whipworm, Trichuris vulpis, is cosmopolitan in 

dogs and foxes (Levine, I968). The only report of T. vulpis 

in a coyote is in 6% of Kansas coyotes (Gier and Ameel, 

1959). Thornton et al. (1974) did not find this species in 

coyotes from south Texas, although the sample size was small. 

Pence and Meinzer (1979) found 1 coyote infected with Tri

churis sp. in west Texas, however it v/as unidentifiable 
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because of a lack of male specimens. They felt that the 

females most closely resembled T. leporis. The low inci

dence of infections supports the conclusions of Gier et 

al. (1978) that this trichuroid has little adverse effect 

on coyotes. The effect of this nematode is considered 

insignificant on wild canids in the present study. 

Physaloptera rara is reported from carnivores 

throughout the United States. In Texas it has been found 

in 60% of the coyotes from west Texas, 23% of the coyotes 

from south Texas and 38% of the gray foxes (Pence and 

-Meinzer, 1979; Thornton et al,, 1974; Buechner, 1944), 

It has been reported from timber wolves in Minnesota 

(Erickson, 1944). This nematode is usually-found in small 

numbers. Gier and Ameel (1959) felt that v/ith such low 

worm burdens P. rara would have little detrimental effect 

on coyotes. However, Pence and Meinzer (1979) found as 

many as 888 P. rara in 1 coyote. At these levels the 

pathologic effects must be considerably greater. Physa

loptera rara appears to have little impact on Gulf Coast 

wild canid morbidity. 

This is the second report of Capillaria hepatica 

in coyotes. Wobeser and Rock (1973) reported eggs and other 

evidence of C. hepatica in 1 coyote from southern 

Saskatchewan. Capillaria hepatica eggs and adults are 

found in coyotes from southern Louisiana (D.B. Pence, Pers. 

Comm.). In the present study 1 worm was recovered 
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from a single canid. Eggs were found in the livers of 

that host as well as an additional canid from the Gulf 

Coast area. Normal hosts from C,. hepatica are rabbits 

and rodents (Levine, I968). However, the eggs of C. 

hepatica must be exposed several weeks to the external envi

ronment before becoming viable (Levine, I968). Therefore, 

ingestion of viable eggs would be less common and infection 

with C.. hepatica infrequent. Although C. hepatica seems 

to be insignificant to the wild canid population of the 

Gulf Coast, large numbers of eggs in the liver of an 

individual host could cause some reduction in liver 

function. 

The cestode genus Taenia includes many species. All 

have an intermediate host and infect the definitive host 

(usually a carnivore) when it ingests an infected inter

mediate host. Lagomorphs or rodents are the intermediate 

hosts for Taenia spp. infecting Gulf Coast canids (Verster, 

1969). 

Taenia pisiformis is the most common tapeworm of 

coyotes (Gier et al., 1978) and is found in many North 

American canids (Lieby and Dyer, 1971). The primary 

intermediate host is the cottontail rabbit. This would 

explain the high prevalence of T. pisiformis in Gulf Coast 

canids. Buechner (1944) found 51% of the gray foxes from 

Texas infected with T. pisiformis. Pence and Meinzer (1979) 

found 39% of the west Texas coyotes infected. Although this 
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tapeworm is common, and in some instances very numerous, it 

is doubtful that T. pisiformis has pronounced adverse 

effects on the wild canid population. Undoubtedly, in 

large numbers it has an adverse affect on the host's 

nutrition. Thus, in conjunction with high burdens of 

other helminth species, T. pisiformis could affect the 

morbidity and mortality of individual animals. 

The distribution of Taenia taeniaeformis is cosmopol

itan. The definitive hosts are felines and viverrids with 

various rodents and lagomorphs serving as intermediate 

hosts (Verster, I969). The only report of T. taeniaeformis 

from a canid in North America is a timber wolf from Alberta 

(Holmes and Podesta, I968). Mollhagen (1979) reported 

larvae of T_» taeniaef ormis in cotton rats (Sigmodon 

hispidis) in west Texas. Riley and McBride (1972) report 

cotton rats as a common prey species for red wolves. 

This is possibly where the present infection was acquired. 

Verster (I969) lists the primary definitive host for 

Taenia serialis as the dog and the intermediate hosts as 

lagomorphs. It has been found infrequently from coyotes and 

gray foxes from Texas (Pence and Meinzer, 1979; Buechner, 

l(^kk) , Erickson (1944) and Conder and Loveless (1978) 

reported low frequencies of Multiceps packii (= Taenia 

seralis; Verster, I969) from Minnesota and central Utah, 

respectively. Choquette et al. (1973) found T. serialis 

in 57f° of the wolves from the boreal forests of the Yukon. 
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This helminth appears to have little effect on wild canid 

populations in the Gulf Coast. 

Felines are the definitive hosts for Taenia macro

cystis. This tapeworm is reported from both North and South 

America (Verster, I969). Lagomorphs are intermediate hosts. 

Wardle and McLeod (I968) record it from the jaguar (Felis 

onca) from South America. Bursey and Burt (1970) estab

lished that the snowshoe hare (Lepus americanus) is the 

intermediate host in a cycle with bobcat and lynx (Felis 

l.vnx) in eastern Canada and Maine. These infections in 

wild canids are probably incidental infections acquired 

from infected lagomorphs. 

Mesocestoides corti is a tapeworm whose definitive 

hosts include bobcats, coyotes, foxes, and mustelids 

(Leiby and Dyer, 1971). Some aspects of-the life cycle 

of Mesocestoides spp. are still questionable, but it is 

primarily acquired from ingesting snakes, lizards, and 

small mammals which serve as paratenic hosts. Many species 

of Mesocestoides previously reported from canids have 

been synonomized with M. corti. These include M. kirbyi 

from coyotes in Alberta and Utah (Holmes and Podesta, 

1968; Butler and Grundmann, 1954) and wolves from the Yukon 

(Choquette et al., 1973); M« lineatus tentively identified 

from coyotes in Kansas (Gier and Ameel, 1959); and M. 

litteratus from gray foxes in Texas (Buechner, 1944). 

Mesocestoides corti is reported from coyotes in west Texas 
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(Pence and Meinzer, 1979) and Mesocestoides sp. v/as re

covered from coyotes in Ontaria and south Texas (Freeman, 

Adorjan and Pimlott, I96I; Thornton et al., 1974). Most of 

the above studies as well as the present study recovered 

this species in low percentages from the examined hosts. 

The primary paratenic hosts for M. corti, reptiles and am

phibians, are not common prey species for wild canids of the 

Gulf Coast. Schmidt and Todd (1978) found that M. corti 

reproduced asexually in the definitive host which enabled 

rapid proliferation of new organisms. Asexual reproduction 

could produce high numbers of M. corti in an individual 

canid that ingested only a few larvae. 

Heterobilharzia americana is a blood fluke normally 

found in raccoons (Procyon lotor) and appears to be limited 

to the Gulf Coast and southeastern Unite-d States (Bartsh and 

Ward, 1976). This species has been found in other hosts, 

but it has not been reported from coyotes or red wolves. 

Cercariae are released by the snail intermediate host. 

Undoubtedly these cercariae penetrate the skin of canids 

wading in marshy areas. Malek, Ash, Lee and Little (I96I) 

and Bartsch and Ward (1976) describe the pathology associ

ated with H. americana from a dog and raccoons, respective

ly. Malek et al. (I96I) reported eggs to be num.erous in 

the liver and intestine and also found them scattered in 

the kidney cortex and lungs. Pathology of the eggs of M. 

americana and associated pseudotubercles was similar to that 
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described for dogs and raccoons. Infections for Gulf Coast 

wild canids appear to be less severe than for other carni

vore hosts. Possibly they are less suitable as hosts for 

this infection. 

Eurytrema procyonis is a fairly common trematode of 

the pancreatic ducts of raccoons in the southeastern United 

States (Harkema and Miller, 1964). In raccoons it can 

cause considerable hypertrophy and hyperplasia of the pan

creatic duct when present in large numbers. It is probably 

an incidental infection in Gulf Coast wild canids. 

The only association between helminth species that 

showed significance in terms of frequency of occurrence was 

D. immitis and H. americana. They were found either with 

both present or neither present more often than expected. 

Although the modes of infection are different, both infec

tions are similar in that the longer an animal is exposed to 

the environment the greater the chance it has to acquire the 

helminth. Both these helminths were found more often in 

older animals. This probably accounts for the significant 

association. The only significant association in terms of 

levels of infection was greater levels of X- pisiformis in 

the presence of A. caninum. This is probably due to both 

species having higher infection levels in younger hosts and 

that A. caninum was present less frequently in older ?.-• 

animals. These results differ from Hitsch and Gier (197'̂ ; 

and Pence and Meinzer (1979). Both these studies reported 
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the majority of associations as significant, suggesting a 

distribution other than random for coyote helminth species. 

The results of the present study can be explained by 

examining the method of infection and other similarities 

in the life history of the individual helminths. The 

majority of helminths examined for associations by Hirsch 

and Gier (1974) and Pence and Meinzer (1979) had similar 

intermediate hosts and inhabit similar locations in the 

definitive host. In the present study the 4 helminths 

examined had different methods of infection for their hosts 

and were localized in 3 different anatomical locations 

in the definitive host. This probably accounts for the 

lack of significant associations in the present study. 

Gulf Coast wild canids are comprised of both red 

wolves and coyotes as well as hybrids and therefore were 

compared to both timber wolves and coyotes from other 

geographic localities. In comparisons with timber wolves 

Simpson's index for Gulf Coast canids was approximately 

intermediate between the extremes for timber wolves from 

different localities. Timber wolves from each region had 

2 to 4 helminths that accounted for the majority of recov

ered worms. Gulf Coast canids also had 3 helminths that 

accounted for over 75%o of the recovered worms. Although 

Simpson's index was similar to those for timber wolves, the 

similarity indices were much lower. Almost 50% of the 

recovered helminths from the Gulf Coast canids were D. 
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immitis and A. caninum, both of which are absent or less 

prevalent in the more northern regions where timber wolves 

occur. The basis for similarity was with T. pisiformis, 

which was recovered in wolves from Minnesota, Alberta, and 

the boreal forest of northwestern Canada (Erickson, 1944; 

Holmes and Podesta, I968; Choquette et al., 1973). Simp

son's index for Gulf Coast wild canids was fairly similar 

to coyote indices. However, it was higher than that for 

coyotes from west Texas and south Texas (13 and I6, res

pectively) . In west Texas only 3 of 12 species were found 

in less than 22% of the coyotes (Pence and Meinzer, 1979) 

v/here as in the Gulf Coast 11 of 15 helminths were found 

in less than 22% of the canids. In south Texas all 8 

helminth species were found in over 23% of the examined 

coyotes, although this may be somewhat misleading because 

of the small sample size (Thornton et al., 1974). Simila

rity indices for Gulf Coast canids and coyotes from other 

regions were much closer than comparisons with timber 

wolves. The greatest degree of similarity was with Kansas 

(45) and south Texas (42). The similarity with Kansas 

results from the high prevalence of A. caninum and T. 

pisiformis in both localities. The similarity with 

south Texas results from high prevalences of A. caninumi 

and D. immitis. It would probably have been higher if 

specimens of the genus Taenia had been identified to 

species level. Holmes and Podesta (I968) indicate the 
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helminth fauna of timber wolves from different geographic 

localities is basically similar and the helminth fauna 

of coyotes from different localities varies extensively. 

Pence and Meinzer (1979) agreed with these conclusions. 

The population of Gulf Coast wild canids closely resembles 

coyotes in habits since the majority of animals consist 

of partial coyote stock. Their food habits are also more 

similar to coyotes. Considering this to be a coyote

like population would further support Holmes and Podesta's 

(1968) suggestion of a varied helminth fauna for coyote 

or coyote hybrids. 

All of the ectoparasites recovered in this study are 

fairly common in the region. Amblyomma americanum has 

been recovered from both red wolves and coyotes in Texas 

(Eads, 1948). Amblyomma maculatum has been recovered from 

wolves (probably red wolves, although it was not specified) 

(U.S.D.A., 1965). Eads (1948) recovered this species from 

coyotes in Texas. Ixodes scapularis has been recovered 

from a variety of mammalian hosts including the gray fox in 

Texas and the coyote in Oklahoma (Cooley and Kohls, 1945). 

Trichodectes canis was also recovered by Eads (1948) from 

Texas coyotes. This species has been reported from all 

members of the Canidae in North America (Emerson, 1964). 

The mange mite, S. scabiei. was positively identi

fied on 1 of the 4 animals with skin lesions. Lesions 

from several of these animals suggest old mange infections. 
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Riley and McBride (1972) stated that S. scabiei infected 

"...a considerable portion of the red wolf population." and 

that "Several red wolves observed in the field were 90 

percent devoid of fur." Mange was first noted in wild 

canids in this area about I968. Mange infections reached 

a peak in the early 1970s and declined to the present low 

levels of infection found in this study (C.J. Carley, Pers. 

Comm.). Epizootics of mange may occur periodically in 

Gulf Coast canids and probably have a major impact in 

morbidity and mortality of these populations during these 

periods. 



SUMMARY 

Twenty-four coyotes, 46 hybrids and 8 red wolves from 

the Gulf Coast of southeast Texas and southwest Louisiana 

were examined for endoparasites. Fifteen helminth species 

were recovered including 8 nematodes, 2 trematodes and 5 

cestodes. Mean worm burdens were 78 worms per host. 

Four helminth species were common and 11 were found 

infrequently. Taenia pisiformis was the most common hel

minth, but probably has little effect on morbidity of wild 

canids. Heartworms, Dirofilaria immitis, undoubtedly have 

a pronounced effect on the morbidity and mortality of wild 

canids in the area, particularly animals over 3 years of 

age. The wild canid population probably serves as the 

primary resevoir for heartworms in this area. It is likely 

that Ancylostoma caninum increases the morbidity and mor

tality of young wild canids. Heterobilharzia americana 

and Capillaria hepatica cause damage to the liver of some 

wild canids. 

Distribution of helminth species in the wild canids 

was predominantly random. Gulf Coast wild canid helminth 

fauna had little similarity with that of tim.ber wolves, but 

was more similar to the helminth fauna of coyotes from, 

other localities. 

90 



91 

Fifteen wild canids were also examined for ectopara

sites. Ticks and the louse recovered are common to the 

southeastern United States. The mange producing mite 

Sarcoptes scabiei was found on 1 host and probably causes 

considerable morbidity when epizootic. 
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