
Proc. Helminthol. Soc. Wash.
46(1), 1979, pp. 115-127

Parasites of the Woodchuck (Marmota monax} in
Central New York State
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ABSTRACT: Four hundred and forty-six woodchucks (Marmota monax) were examined for parasites;
eight nematode, two cestode, four coccidia, and four arthropod species were identified. Capillaria
tamiasstriati and Trichostrongylus axei from woodchucks are new host records and Strongyloides
from woodchucks is reported for the first time. Ackertia marmotae, a filarii d parasite of the liver,
was the most frequently observed parasite, occurring in 151 of 194 animals. Ackertia marmotae was
observed in animals as young 7 weeks of age; half of the woodchuck year class was infected by 21.3 ±
15.9 weeks of age. A lif e history study on A. marmotae has previously reported this species as
occurring only in adult woodchucks.

Adults of four of seven helminth species survived host hibernation. Seasonal incidences of hel-
minths were related to the species' abilities to survive host hibernation.

A comprehensive review of the literature and tabulation of specimens on deposit in the National
Parasite Collection are presented.

Throughout its range, the woodchuck (Marmota monax} is one of the most
abundant mammals for its size in North America (Hamilton, 1934). In spite of its
local abundance, reports on its parasites have been almost entirely limited to
species descriptions. The present study was undertaken to explore the host-par-
asite relationships in a population of woodchucks by determining not only the
species composition of parasites, but also parasite incidences and burdens, sur-
vival of parasites within the woodchuck during host hibernation, and by exam-
ining lif e histories of some of the parasites encountered.

Four coccidian species have been described from the woodchuck. Dorney
(1965) described a heavy-walled species, Eimeria tuscarorensis Dorney, 1965,
and redescribed three thin-walled species, E. monads Fish, 1930, E. per/oroides
Crouch and Becker, 1931, and E. os Crouch and Becker, 1931. He also observed
two polysporocystic sporozoans, possibly of the genus Klossia, but was unable
to count the sporozoites accurately for positive generic diagnosis.

Several ectoparasites have been reported from the woodchuck. Whitaker and
Wilson (1974), in a recent literature review of the mites of North American mam-
mals, reported references to five species of mites parasitizing woodchucks. An-
drolaelaps fahrenholzi (Berlese, 1911) was the most frequently cited finding. Lice
(Olsen, 1938), fleas (Baker, 1904; Ewing and Fox, 1943), and ticks, predominately
of the genus Ixodes (Cooley and Kohls, 1938; Twichell, 1939; Ko, 1972a, b) have
also been reported. A recent survey of the external parasites of the woodchuck
is that of Whitaker and Schmaltz (1973).

Table 1 summarizes previous records of helminth parasitism in woodchucks
and reflects contemporary classification. For clarification, a taxonomic review of
certain species is in order.

Dikmans (1938) reviewed the genus Citellinema and concluded that C. monads
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Table 1. A summary of previous findings of helminth parasites in woodchucks (Marmota monax).

Species Location Source Locality

CESTODES

Taenia crassiceps
(Zeder, 1800)
(metacestodes)

Taenia mustelae Gmelin,

Intermuscular and Freeman, 1962
thoracic and ab- Beaudoin et al., 1969
dominal cavities Albert et al., 1972

USNM*

Liver Freeman, 1956

Ontario, Canada
Pennsylvania
Maryland
Maryland, New York

Ontario, Canada
1790 (metacestodes)

TREMATODES

Dicrocoelium dendriticum
(Rudolphi, 1819)

QuinqueseriaUs hassalii
(Mclntosh and Mclntosh,
1934)

NEMATODES

Strongyloids
Strongyloides sp.
Capillaria hepatic a

(Bancroft, 1894) (ova)

Capillaria sp. (ova)
Ascarids

Baylisascaris laevis
(Leidy,1856)

Baylisascaris columnaris
(Leidy, 1856)
(larval migrants)

Oxyurids
Cite I Una triradiata

(Hall, 1916)

Bile ducts and
gall bladder
Caecum

Small intestine
Liver

Small intestine

Caecum

Passalurus ambiguus
(Rudolphi, 1819)

Trichostrongylids
Cite llin emu b if urea tu m

Hall, 1916

Graphidium sp.
Obeliscoides cuniculi

(Graybill, 1923)

Caecum

Small intestine

Stomach
Stomach

Mapes, 1950

Rausch and Tiner,
1948

New York

Wisconsin

USNM* Maryland
Georgi, 1974 New York
Reynolds and Gavutis, New Jersey

1975
USNM*

Leidy, 1856
Tiner, 1951

USNM*
Richter and Kradel,

1964

Manter, 1930
Rausch and Tiner,

1948
Read, 1957

USNM*

USNM*

Pennsylvania
Pennsylvania,

Virgini a

Pennsylvania

Maine
Michigan,
Minnesota
Connecticut, Maryland,

Pennsylvania,
Wisconsin

Connecticut, Iowa,
Maryland, Michigan,

North Carolina
New York

Manter, 1930 Maine
Rausch and Tiner, 1946
USNM* New York
USNM* New York
Hamilton, 1930t Kentucky
Twichell, 1939 Missouri
Wallace, 1942 Minnesota
Rausch and Tiner, 1946 Michigan, Minnesota,

Missouri, Ohio
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Table 1. Continued.

Species Location Source Locality

Grizzell, 1955
USNM*

Trichostrongylus calca- Small intestine Yamaguti, 1961
rat us Ranson,1911

Trichostrongylids
Heligmostomum sp.

Spiurids
Physaloptera sp.

Filarids
Ackertia marmotae

Webster, 1967
Connective tissue
and lymphatics of
liver

USNM*

USNM*

USNM*

Webster, 1967
Ko, 1972
Anteson, 1968
USNM*

Maryland
Maryland, Missouri,

New Jersey, New
York, Tennessee,
Washington, D.C.t

New York

Ontario, Canada
Ontario, Canada
Connecticut

*  Specimens on deposit in the National Parasite Collection (U.S.D.A., Beltsville, Maryland) and not reported in the literature.
t Not identified but descriptions and location suggest this species.
t National Zoological Park.

Manter, 1930, as described from the woodchuck, was a synonym for C. bifur-
catum Hall, 1916. Hall (1916) had apparently confused the dorsal and ventral
surfaces of C. bifurcation in his original description of this species. Therefore
Manter's observations on the sizes of the asymmetrical bursal lobes of C. mo-
nads were exactly the reverse of Hall's description of the bursa lobes for C.
bifurcatum. Dikmans (1938) considered spicule size of the two species similar
enough to synonymize C. monads and C. bifurcatum, but Manter (1930) thought
that differences in spicule size alone was a basis for species separation. Skrjabin
et al. (1954) recognized C. monads and C. bifurcatum as two distinct species,
the distinction being made on the basis of longitudinal striations and cephalic
alae. Since the disagreement is not centered on whether there are one or two
species of Citellinema parasitizing the woodchuck, the name C. bifurcatum is
used in the present study.

Manter (1930) described Citellina marmotae Manter, 1930 from the woodchuck
as being different from C. triradiata (Hall, 1916) on the basis of a fivefold larger
spicule in C. marmotae. Read (1957) considered C. triradiata and C. marmotae
to be conspecific and stated that Hall (1916) had apparently considered the gu-
bernaculum to be the main body of the spicule and therefore had described a
short, stout spicule and no gubernaculum. Manter (1930) had recognized the
spicule but had failed to observe a gubernaculum (Read, 1957).

Sprent (1968) revised the genus Ascaris and placed Ascaris columnaris Leidy,
1856 and Ascaris laevis Leidy, 1856 in the new genus Baylisascaris. Anteson
(1968) placed Ackertia marmotae Webster, 1967 in the genus Mononema; Ante-
son's work was never published and Webster's designation thus prevails.

To complete our review of previous findings of woodchuck helminths, we ex-
amined the collection of woodchuck helminths in the National Parasite Collection
of the United States Department of Agriculture, Beltsville, Maryland. Our study
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of these specimens resulted in a reevaluation of USDA 49366. Specimens cata-
loged under this entry were previously listed as Multiceps sp. The description of
the gross lesion accompanying these metacestodes, and our observation of ex-
ogenous budding in one of the specimens, lead us to conclude that the metaces-
todes were Taenia crassiceps (Zeder, 1800) rather than Multiceps sp. A listing
of woodchuck helminths that previously have been deposited in the National
Parasite Collection, but that have not been mentioned in the literature is pre-
sented in Table 1.

Study Area

This study was conducted in Tompkins County, located in the Finger Lakes
region of central New York State. The topography and soils of the county have
been strongly influenced by glaciation. The area is characterized by flat to gently
rolling valleys and hilltops and steep slopes. The 10 soil associations occurring
in the county range from coarse glacial til l and outwashings to clay and sand of
glacial lake and river sediments. Approximately half of Tompkins County is
farmed. Dairy farming is the predominant type of agriculture (Neeley, 1965).

Woodchucks are abundant throughout the county, being limited in local dis-
tribution by soil drainage and land use. Hamilton's (1934) classic study of the
woodchuck was conducted in Tompkins County and provides a background of
lif e history information on the woodchuck in this area.

Materials and Methods

Woodchucks were collected by shooting or live-trapping at numerous locations
in Tompkins County. Collections were made during the months of February
through October, beginning in June 1975 and continuing through July 1977. Ages
of young-of-the-year woodchucks were determined on the basis of age-weight
relationships as described by Snyder et al. (1961).

Woodchucks for experimental use were individually housed in hardware cloth
cages. Water and commercial rabbit and/or rat ration were supplied ad libitum.
Diets were occasionally supplemented with fresh fruits and vegetables. During
winter, cages were provided with straw in which woodchucks could burrow for
hibernation. Ambient temperatures in the buildings housing hibernating wood-
chucks fluctuated between 2 and 10°C while animals were in hibernation.

Parasite examinations included gross necropsy observations, fecal examina-
tions for parasite eggs and larvae (Georgi, 1974), and examination of intestines
and intestinal washings. Nematodes observed in 1975 were correlated with re-
productive forms found during fecal examinations. During 1976 and 1977, fecal
examinations were used to diagnose parasitism and were supplemented by ex-
aminations of intestinal washings only as necessary. Ectoparasites were found by
combing through the animals' hair and examining the hair and hide during this
process.

Nematodes were fixed in hot 70% ethyl alcohol and prepared for study in either
phenol-alcohol or glycerine jelly. Larval tapeworms were examined when fresh
and stored in ethyl alcohol. Arthropods were mounted in Berlese solution for
study.

Additional parasitologic techniques were used to supplement the standard tech-
niques and procedures mentioned above. Blood and cutaneous tissue were ex-

Copyright © 2011, The Helminthological Society of Washington



OF WASHINGTON, VOLUM E 46, NUMBER 1, JANUARY 1979 119

Table 2. Incidence of coccidia in woodchucks (Marmota monax) from Tompkins County, New York,
1975-1977.

Eimeria monads
Eimeria os
Eimeria perforoides
Eimeria tuscarorensis

Occurrence

190/232
27/232

164/232
39/232

Percent positive

82
12
71
17

amined for microfilaria by the methods of Knott (1939) and Supperer (1953). At
the onset of the study, coccidian oocysts from fecal examinations were allowed
to sporulate in 2% potassium dichromate. After species diagnosis of coccidia
were made and oocysts could be identified without examination of sporocysts,
coccidia were identified during fecal examinations without subsequent sporula-
tion. Nematode eggs were cultured in either petri plates (Little, 1966) or jars
(Georgi, 1974).

For helminth lif e history and host specificity studies, woodchucks, domestic
rabbits, rats, and mice were inoculated with one or more species of infective
larvae or eggs. Depending on the nematode species in the inoculum, infective
stages were administered per os or were applied cutaneously or subcutaneously
in the axillary region as noted in the results.

Results

Coccidia

Al l four species of coccidia previously described from the woodchuck were
observed (Table 2). No gross lesions were associated with the infections.

Helminths

Two larval cestode and eight nematode species were recovered and identified
(Table 3). Representative specimens were placed in the National Parasite Collec-
tion (Nos. 67092-67108).

CESTODES: Taenia crassiceps metacestodes when present, occurred in one to
several 1 x 1 x 2-cm cysts. In one woodchuck, a cyst extended under the dorsal
attachment of the diaphragm to the body wall and protruded into both the ab-
dominal and thoracic cavities. Another woodchuck had multiple cysts in the right
hind leg. This leg had a circumference approximately twice that of the left hind
leg. Histologically, the muscle bundles adjacent to the cysts in this leg were
laterally compressed and were undergoing degeneration, apparently due to pres-
sure atrophy. Limited observations of these animals prior to euthanization did
not indicate any noticeable loss of muscular function.

No cysticerci were found in two white rats injected intraperitoneally with 10
T. crassiceps metacestodes collected from woodchucks. Examination for devel-
opment of cysticerci in these rats was made 6 weeks after injection.

Taenia mustelae Gmelin, 1790 were encased in 4 to 6 mm, yellowish cysts, on
the liver surface and in the parenchyma. Three to five cysticerci were observed
per cyst. Some of the cysts contained hard, yellow material, presumably calcified
pus, in addition to the metacestodes.
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Table 3. Helminth parasites of woodchucks (Marmota monax) from Tompkins County, New York,
1975-1977.

No. helminths

Location Frequency Mean ± SD Range

Reference
collection
number*

CESTODES

Taenia crassiceps
(metacestodes)

Taenia mustelae
(metacestodes)

NEMATODES

Ackertla marmotae
Baylisascaris laevis
Capillaria tamiasstriati
Citellina triradiata
Citellinema bifurcatum
Obeliscoides cuniculi
Strongyloides sp.
Trichostrongylus axei

Musculature,
abdominal and
thoracic cavities
Liver

Liver
S. intestine
S. intestine
Caecum
S. intestine
Stomach
S. intestine
S. intestine

4/281 (1%)

5/281 (2%)

151/194(78%)
3/246 (1%)
9/246 (4%)

123/229 (54%)
81/246 (33%)
83/248 (34%)

130/246 (53%)
17/246 (7%)

ND

ND

ND
3± 1.4
4 ± 2 .1

236 ± 480
4.5 ±5.0

26.2 ± 26.8
14.9 ±23. 3

ND

ND

ND

l-50t
2-4
2-7

3-2,730
1-19
1-270
1-92
l-10t

50
2
4

26
12
21
14
10

67094

67095

67100-67104
67099
67106
67107

67097-67098
67096

67092-67093
67108

ND—Not determined.
* National Parasite Collection, U.S.D.A., Beltsville, Maryland.
t Estimate.

NEMATODES: The species of Strongyloides found in the woodchuck was not
determined. Parasitic Strongyloides females were 2.5-4.6 mm in length, with an
esophagus 20-28% of their body length. Eggs containing larvae were passed un-
hatched from the host. Egg cultures hatched in 24-48 hr at room temperature and
24-48 hr later yielded predominantly infective larvae; free-living adults were rare-
ly observed. The prepatent period was 10-14 days in two woodchucks subcuta-
neously inoculated with 750-1,000 larvae. Host specificity of Strongyloides from
the woodchuck was tested by inoculating two mice and two rats subcutaneously
with 500-700 larvae. In addition, one rabbit and two mice were subcutaneously
inoculated with 200 and 500-700 larvae, respectively. Pooled fecal pellets from
the two mice inoculated subcutaneously showed a few Strongyloides eggs at 7
days but none were found in subsequent examinations. On the basis of fecal
examinations, Strongyloides infection was not apparent for the other animals.

The intestinal Capillaria found in the woodchuck resembled Capillaria tami-
asstriati Read, 1949 as originally described from the chipmunk (Tamias striatus).
Spicule lengths, however, differed slightly, being 0.653-0.685 mm in woodchucks
compared to 0.490-0.502 mm as described from chipmunks. This difference was
considered insignificant and we therefore believe the intestinal capillarid from the
woodchuck is C. tamiasstriati.

At room temperature, C. tamiasstriati eggs from the woodchuck took approx-
imately 1 month to develop to the larval stage. A woodchuck fed eggs containing
Capillaria larvae escaped 10 days postinoculation; the infection was not patent
at that time.

The distribution of Trichostrongylus axei was localized to a farm on which
horses and cattle were raised. Trichostrongylus axei occurred in 16 of 30 wood-
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Table 4. Arthropod parasites of woodchucks (Marmota monax) from Tompkins County, New York,
1975-1977.

Parasites

Androlaelaps fahrenholzi
Enderleinelus marmotae
Ixodes cookei
Oropsylla arctomys

Occurrence

28/213
2/213

71/213
110/213

Percent positive

13

1

33
52

chucks from this farm; only one woodchuck that was not from this area was
infected.

We examined C. bifurcatum specimens (USDA 66295) from the grey squirrel
(Sciurus carolinensis} and found no morphological differences between C. bifur-
catum from the grey squirrel and from the woodchuck. At room temperature, C.
bifurcatum eggs from the woodchuck developed to infective larvae in 14 days.
Prepatent period was 14 days in a woodchuck inoculated per os with 50-100 of
these larvae.

Ackertia marmotae was the most frequently encountered nematode. The
youngest woodchuck infected with A. marmotae was 7 weeks of age. Half of the
year class was infected by 21.3 ± 15.9 (determined by probit analysis). Ackertia
marmotae was found primarily in the lymphatics at the hilus of the liver and in
the lymphatics of the gall bladder. Lymphatics around the portal veins within the
liver parenchyma were also frequently infected. One female was recovered from
the lymphatics of the greater omentum and one woodchuck had two of these
parasites in one kidney and four in the other. Two woodchucks had A. marmotae
in their lung parenchyma. Al l specimens contained eggs and were therefore con-
sidered sexually mature.

In addition to the woodchucks randomly collected, five woodchucks exhibiting
central nervous system disorders were obtained for necropsy. Brain tissue from
each of these animals was treated by the Baerman technique and yielded ascarid
larvae believed to be Baylisascaris columnaris (Leidy, 1856) or Baylisascaris
procyonis (Stefanski and Zarnowski, 1951).

Arthropods

Four species of arthropod parasites were encountered (Table 4). The attach-
ment of the tick Ixodes cookei Packard, 1869 stimulated an inflammatory reaction
and is believed to be responsible for small nodules of connective tissue frequently
observed on the skin of woodchucks. The other arthropods were not observed
to cause gross lesions on this host.

Effect of hibernation on parasite populations

Trapping success and field sightings of woodchucks began to diminish during
September. By mid-October, aboveground woodchuck activity had ceased.
Emergence from hibernation started in mid-February; by the middle of March
there were signs of woodchuck activity around most burrows believed to have
been used for hibernation.

Comparison of fall and spring adult parasite incidence was used, in part, to
evaluate the effect of host hibernation on parasite populations (Fig. 1). The in-
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Figure 1. Monthly parasite incidence in woodchucks (Marmota monax) from Tompkins County, New
York, 1975-1977. Woodchucks hibernated from October through mid-February and were not available
in sufficient numbers to be included.

cidence of A. marmotae, C. tamiasstriati, Strongyloides sp., and all coccidian
species did not change from fall to spring. Citellinema bifurcatum exhibited a
50% decrease in incidence while adult Obeliscoides cuniculi (Graybill, 1923) and
C. triradiata apparently failed to survive hibernation.

During February 1976, several woodchuck hibernation burrows were examined
every 3 to 5 days for signs of woodchuck activity. Snow cover provided excellent
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tracking and enabled observation of signs of animal activity. Woodchucks were
collected from some of these burrows within 3 to 5 days after signs of woodchuck
activity were first detected. Adult A. marmotae, C. tamiasstriati, Strongyloides
sp., and C. bifurcatiim were recovered from these recently emerged animals.
Helminths were alive and eggs were present in their uteri.

Adult C. bifurcatiim and A. marmotae were recovered from a captive wood-
chuck that died after 2 months of hibernation at 2-10°C. Microfilariae of A.
marmotae were present in the cardiac blood and/or cutaneous tissue from all of
eight captive hibernating woodchucks 1-3 months after the animals entered hi-
bernation.

An attempt was made to examine the temporal element of hibernation by main-
taining a colony of nonhibernating woodchucks to serve as controls to hiberna-
tors. These attempts failed due to the escape of captive animals and our inability
to prevent woodchucks from hibernating.

Monthly incidence of parasites

Except for the month following emergence of woodchucks from hibernation,
the incidence of coccidian species remained fairly constant. The incidence of
coccidia in young-of-the-year woodchucks in May and June, the time when young
woodchucks first began to leave their burrows, was similar to that of adults.

The monthly incidence of helminths was strongly influenced by whether adults
of each species could survive host hibernation. Species with adults that survived
host hibernation either maintained or reached their maximum incidence earlier
in the year than did species that failed to survive host hibernation (Fig. 1).

The influx of young-of-the-year woodchucks into the host population caused
an overall reduction of 18 to 40% in the incidence of A. marmotae during May
and June. The effect of host recruitment was not as apparent for other helminths
since young woodchucks seemed to acquire infections at about the same rate as
did adults.

Discussion

Capillaria tamiasstriati and T. axei from woodchucks are new host records.
Capillaria tamiasstriati has previously been reported only from the chipmunk
(Read, 1949). Trichostrongylus axei is cosmopolitan in distribution and has been
reported from horses, domestic ruminants, wild ungulates, and some species of
ground squirrels (Skrjabin et al., 1954). Neither of these parasites was observed
to cause grossly visible lesions in woodchucks, although T. axei may provoke a
hypertrophic gastritis in horses (Soulsby, 1965). The restricted distribution of T.
axei to farms with domestic stock suggests that domestic stock may be the source
of T. axei infection for woodchucks.

The high incidence of Strongyloides in woodchucks indicates that this genus
is a normal component of the helminth fauna of woodchucks in Tompkins County.
Strongyloides has not been reported previously from woodchucks, although spec-
imens collected from woodchucks from Maryland were in the National Parasite
Collection (USDA 66283).

Because of the large number of species in the genus Strongyloides, many of
which have been inadequately described (Little, 1966), we were unable to identify
the species parasitizing the woodchuck. We did, however, demonstrate that the
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Strongyloides sp. from the woodchuck has a high degree of host specificity,
producing only a transient experimental infection in one group of mice and no
infection in rats, rabbits, or another group of mice. Host specificity has been
suggested as an important species criterion for Strongyloides (Augustine, 1940;
Melvin and Chandler, 1950). If Chandler's (1925) division of Strongyloides into
two groups is followed, the species from woodchucks must be placed in the S.
papillosis group. Chandler (1925) characterized the S. papillosus group as being
more than 3 mm in length, having eggs that seldom hatch before leaving the host's
body, and occurring in herbivorous animals.

Webster (1967) reported A. marmotae to occur in the connective tissue in the
liver of woodchucks. Ko (1972b) found the parasite primarily to inhabit the lym-
phatics of the liver and gall bladder. We concur with Ko's observations that A.
marmotae primarily occurs in the lymphatics of the liver and gall bladder. We
also found the parasite in the lungs, kidneys, and greater omentum of a few
woodchucks, but these sites probably represent sites of normal larval migration
(in the case of the greater omentum) or sites of abnormal larval migration with
subsequent maturation (in the cases of kidney and lung infections).

The ecology of A. marmotae in woodchucks from Tompkins County is quite
different from that described by Ko (1972a, b) for A. marmotae in Ontario,
Canada. Ko observed a much smaller incidence of A. marmotae in woodchucks
than we did (284 vs. 785%, respectively), but the incidence of /. cookei, the
intermediate host for A. marmotae, was about the same (29 vs. 33%, respectively,
for all ages) for both study areas. Ko (1972b) also found A. marmotae to occur
only in woodchucks older than 12 months of age; he reported that 0/135 wood-
chucks 1-12 months of age had either microfilariae or adult A. marmotae. Based
on experimental infections and observations from wild woodchucks, Ko (1972b)
estimated a prepatent time of 1 yr for A. marmotae in woodchucks. In contrast,
we found woodchucks as young as 7 weeks of age were infected with A. mar-
motae ; the majority of the woodchuck year class was infected with this parasite
by 21.3 ± 15.9 weeks of age.

Several authors have reported on the success or failure of helminths to survive
hibernation of their host. Blanchard (1903) and Blanchard and Blatin (1907) re-
ported the failure of helminths to survive hibernation in the European marmot
(Arctomys mar moid}. Barkow (1846) found Physaloptera sp. was retained
throughout hibernation by the European hedgehog (Erinaceus europeaus}. The
length of uninterrupted hibernation was shown to influence survival of helminths
in the Yugoslavian ground squirrel (Citellus citellus} (Simitch and Petrovitch,
1954). Schmidt (1967) stated that naturally occurring parasites of hibernators have
usually adapted themselves to the host in such a way that they are not adversely
affected by hibernation. However, adaptation of parasites in a host-parasite sys-
tem may occur at any stage of ontogeny and is not restricted to the adult form
(Chute, 1964).

We found adult A. marmotae, C. bifurcation, C. tamiasstriati, and Strongy-
loides are capable of surviving host hibernation within the host. Survival of larval
forms of these four species was not specifically demonstrated, but it seems almost

4 Incidence in adult woodchucks.
5 Incidence in adult and young-of-the-year woodchucks combined.
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certain that A. marmotae is capable of surviving hibernation as 4th-stage larvae.
Chute (1960, 1964) has also reported C. bifurcation from recently emerged wood-
chucks.

Obeliscoides cuniculi, T. axei, and C. triradiata did not survive as adults within
the hibernating host. The rate at which populations of these species reestablished
themselves in woodchucks emerging from hibernation indicates that larval forms,
like adults, did not survive hibernation within the host. In the case of O. cuniculi,
i t is likely that woodchucks become reinfected from overwintering populations
of O. cuniculi that are present in cottontail rabbits (Sylvilagusfloridanus}. Rabbits
are nonhibernating animals and are generally considered to be the normal host
for O. cuniculi.

The effects of parasitism on the woodchuck population remain largely un-
known. Only those parasites for which the woodchuck serves as an intermediate
or paratenic host were observed to produce significant pathological lesions or
clinical signs. The occurrence of this type of parasitism was low and was probably
insignificant in terms of the effects upon the host population. Parasites for which
the woodchuck was the definitive host were not observed to be pathogenic. How-
ever, intrinsic to an overdispersed distribution of parasites (Table 4) as described
by Crofton (1971a, b), is the assumption that host diathesis varies, and therefore,
certain parasites may act as agents of natural selection.
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