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one hundred and fourteen muskrats (mdat-m ubethwuu (unmeus

~1776)) were collected between September 1977 and January 1979 from

three regions in insyar Ne\vfoundhnd, and were examined for helminths.
Eleven sp;:(u were found (7 Digenea, 2 Cestoda and 2 Nematoda).
Diplostoman mergi- Dubois 1932 were recovered frona mama] for the -
first time. . - : i

Adult and immature muskrat showed differences in the prevalence
and intensity of infection and the adults.also had Targer cnm:urre;bt
infections (Table'3, Figures 3 and 4). In only one case, namely
Hymenolepis evaginata Barker and Andgs 1915, was a parasite species
more prevalent in one sex (the malu) )

A1 commonly occurring helminth species showed seasonal peaks

in prevalence and intensity of i i except for

Waartalio Barker and I.augﬁ'l in 1911 which only showed a seasonal
peak in 1ntenslty of infection. The seasonal di ffmnces were re-
lated to the diffarencemevalence of .infectwn }:;d— between -
adult and immature muskrat, and to water: temperature.

M Longitudinal distribution within the alimentary- tract was ex- i
ami‘ned and a:|'| helminths recovered preferred the proximal 60 per cent

s and 7 gy

of the small except Q.

¢ caluaralrua Ransom 1911, which preferred the caecun.




A difference in-digenean occurrence between areas in insular New-
foundland vas related to water pH and hardness. A comparison of
the insilar fauna of nuskfat intestinal helminths was made with -

previous records throughout North Anerica. An attempt was made to

. ljehu he‘lminth_océumnce to the zoo'geognphicll distribution -of g

the'miskrat and various biotic factors.
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" af summer £bods by Lear (1952), and a brief summary

B INTRODUCTION =

The furiof the muskrat (Ondatra sibethicusL.) is
a major revenue source ‘throughout the Holarctic Region.
Honce, Tmervis stodiss on all aspects of muskrat - g
bmlogy have been undertaken. Except for taxon’nmic
woyc by Bangs [1913) and Cameron. (1950), a summary

of ‘reproductive biology. by Citnew (1979) 1ittle is

known about the mukrat in Newfoundland.. A sigﬂific?nt
; -

decline -in.the muskrat harvest occurred from 20,396

~ in 1951-52 to.1456 in 1975-76° (Curnéw, 1979)." In

.

some”.areas. (e.g. Bay St. Georges) muskrat populations

-have almost’ become extinct.” Northtott et al (1974)

- suggest predation by the recently introduced mink

{ustela viaon Schreber). may be responsible for the decline

of the" nuskn:, while Jenmngd (1979) smmd muskrat

to bu an inportnnt food item of mink. in Newfoundland.

> Hence. there was a need, for more mforwtmn pertaining

‘to the muskrat. 5
Previous works on muskrat par.siies consist o

largely of ‘surveys and/ur descnptxons of new parasite

species (Appe ix 1). Doglel (1964) stressed the

importance of ‘an gcolog:cal approach to bnr:suolggy, a3




s

consi‘daring both the macro- and micro-environment,
with Lavroff (1953), Anderson and Beaudoin (1966),
Abram (1968, 1969), Vanatka (1969), Rice and Heck
: (1g75), ‘McKenzie (1977), MacKinnon® and Burt (1978)
and Mckenz}e and: Welch (1979) utilizing this
approach in the study of muskrat parasites. It was
" felt that insular Newfoundland pTDVlded an excellent
cpportunlty to compare the muskrat‘s helminth fauna
.to .a well-studied continﬁental fauna. Duc to its
size”and habitat variation, it was also hoped to study
the parasite fauna of this host in seyeral discrete
habitats within the island.: The northerly position
of the island provided potential‘for a seasonal
comparison of pargsites within the context of well-
defined seasons. | A study was thus initiated ‘to
deternine the effect of season on helminth ‘infection:
to determine if an expected reducea helminth diversity -
(compared to continental North Américs) occyrred and:
to" look for differences in helminth prevalence and.:
;mtens).ty which could be related to habitat differences
within the island. In addition, the location of
parasites within ‘the host, including the longitudinal
istribution within the intestihe, was examined.

L
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METHODS AND MATERIALS

Muskrats (114) were collected from thrbe areas
in Newfoundland (Figure 1), Septenber 20-30,\1877
from Peter's River (17 specimens); ,chember 6’{,
1977, May 18-31, 1978 and July 14-25, 1978 from\,
Bonavista (20, 15, and 12 N —
and June 13-15, 1978, August 326, 197§, October 1-15,

1078 and December 1, 1978 - Janbary.20, 1979 from Main

Brook (15, 12, 16 and 7 specimens respectively).

The collection sites in Bonavista consisted of
0ld beaver ponds and dystrophic bog pon&s which were
dominated by water lilies ( Mghar variegatun Engelm.) and
Potanogaton "spp: " Orie eutrophic pond i Bonavista
(euthrophication being man-induced) was "choked w1th
‘horsetails (Bquisitem fluviatile L.), water lilies and
Fotamogeton; ‘The pond banks were densely vegetated with
Myrica gale L. Adjacent habitat. consisted of barrens
dominated by, ericaceous species and lichens and/or
forest or tree clumps dominated by w’hite spruce . (Picea
glausa '(Moench)) and black spruce (P. mwiana (Mill.)

BSP.). The underlying bedrock consisted.of siltstone,

arKose, conglomerate, slate, and acidic to intermediate;

volcanic rocks. e .




o/

Sampling aréas:
1. Main Brook

_2.'% Peter's River:

3. Bonavista

FIGURE.1
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Muskrat habitat in Peter's Rwu consisted 05 2

a serie¥ of osbés gnd thallow marshes (0.2 -04m

_deep) adjacent to and connected with the river.-

Marshes were dominated by horsetails, sedge (Carer
spp.) and 'wapr lilies: The stream edges were',
végetated with water 1ilies, mwm , and horse-
tails. The banks were characterxud by grasses

" (Poa 'spp.), M. gale and ‘alder (Alnus spb,)’ ¥
Surrounding forest suppurted ‘balsam fir (Abies balsamea
(L7 Mill.), whité ‘spruce ‘and aspen ( Populus

tremioides ‘Michx.). The underlying bedrock consisted

‘of sandstone; conglomerate; acidic to mafic volcilnc

3 rm:ks, greywacke , shale and limestone.

Main Braok sites cnns)sted of streams, old
beaver ponds and junctions between slou»-ovmg streams
and ponds. The streams and ponds were choked with
- horsetails, Potamgeton, water lilies and sedges. The
beaver' ponds-were dominated by water lilies and
sedges. Streams and ponds were berdered with -

M. gale, alder and forests composed principally of .
white spruce, with some aspen and birch (Betula c
papyrifesa: Marsh): . The ‘underlying bedrock

consista‘d of limestone, dolomite, quartzite, sandstong,

and shale. . ; Rt




Muskrat were trapped with #1 Oneida ughul'd,
i 153 110 Connibear.or {live treps. 'May and July specmens

1 : froll Bonavista were examined fresh' remaining

specxmen§ were deep frozen and stored for later
: 2\ .examinn‘ion. Collection of. the October o Decemb’gr- : 4
¢’ | January muskrat' samples from Main Brook 'were by a
trapper; frnm Peter s River by Newfoundland Wlldhfa o '
]:ersunnel and the author and ‘the ramsining specmens
x by the author.. . | ' . .
The alimentary tract, h‘eu”x,‘ lungs, diaphragm,
liver, gall bladder, spleen, kidneys and bladder were o
examined with a dissecting microscope. The AXdmsakasy

A tract was divided into several parts, namely the

. -esophagis, stomach, small intestine, caecum and colon.®
The small intestine was initially sub-divided into .
four equal sections in the first 57 muskrats. To
Further ‘differentiate longitudinal patterns of parasite
prevalence and intensity, the small intestine from the

: . remaining 57 muskrats was divided into ten equal

sections. - Sections of the alimentary;tract were

slit longitudinally, the wall was scraped with @ s

razor blade ard contents were ﬂushad‘with tap water | e

through a screen (250 mm) prior :o_exgmmapon. After

sieving, contents were placed in water and subsequently




examined under a dissecting microscope. . Remaining
organs were teased apart under the dissecting micro-

scope, were then squashed between two petri dishes and

Were re-examined. All helminths were retained.

" Trematodes and mematodes were fixed and preserved
in'5 percent glycering in 70 percent ethanol, cestodes
from fresh specimens were Vki-lle‘d in hot water (70C)
and later.wel:e cxlans;‘.etred’to 5 percent glycerine in
70 percent. ethanol: Prior to staining, proglottids
were placed in Bouins fixative for 48 hours and .
subsequently changes- of 70 percent ethanol to remove
picric-acid. !

The majority of trematodes were BtaTHed A8
Semichons acetic-carminé with the remainder being
stained using a trichrome. stain. Cestodes were

stained with Ehrlich's haematoxylin or with

''Semichons acetic-carmine. Scoleces were either mounted
s

in Rubins and measured within 24 hours or were stained
in'Semichons adetic-carnine. Aftér dehydratiom, all’
Platyhelminths (excluding scoleces mounted in’Rubins) .
were cleared in clove oil and were mounted in Canada
Balsam. Nematodes were mounted in Rubins. ’

Helminth occurrence was recorded as prevalence




~(1941) and Rﬂu:h (1945), and nematodes utilizi:

Read ()949 a, b) Skr)ahu\ (1960) Skrjabin et. al, (
and Webster (1966).. A brief summary on'the status
as ‘s muskrat parasite in Newfoundland is given for¥
each helminth species, and b e taxonomy ¢f ‘such
where this bears specific relevance to th/

present

study, without being unnecessarily repetitious of

what exists in the literature.. ¢ §

| . Sex of the muskrats were determined by the
morphology of the reproductive structures (Taber,
1971). Aging (immature or adult) followed i:rit‘eria
established by Enix;gtng (1939) and Baumgartper. and
- Bellrose (1943§. : |

Contingency tests (2'x K) were used tq“determine.
_whether: significant differences occurred in the
prevalence of infection'with parasites, as related
to host age, sex, area and geason  (spring, summer,
fall, and winter): A one-way Anova (analysis of

variance) was used to determine if the site of




i 9
/ b %ee
f / . . E |
/ ‘occurrence of each species differed within the Host
alimentary tract (excluding ésophagus) and Student- ' ¢

Newman-Keuls @ Msteriori paif-wise comparisons vere
used to determine group mean differences between
sections of the alimentary tract. Differences fin
frequency ‘of occurrence of Soncurrent infections
with parasites be(ween nale and female and adult Ind
1mntgre muskrats in each area were tested,
utilizing a G-fest (Sokal and Rohlf, 1973).
Analyses of water pH, and concentrations of
calcium and total hardness for epch sampling site
were p"erf‘omea using ‘a water analysis kit, (Lamotte-
Chemical Products Company, Ches’tertovn, ﬁn;yland, i8NS
| iy
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- .. RESULTS AND DISCUSSION

PI6Ver species o€ HeTulsths _were recovered -
7-Trematoda, 2 Cestoda and 2 Nematoda from 87 pexcint
of the muskrats’ (Tablée 1, Figure 2).  Fifty-seven
percent of the Bonavista muskrats weie ‘infected with
at least one of Quinjueserialis quingueserizlis (BarKer
and Laughlin 1911), -Plagiorchis provims Park 1936,
ymefiolepta ehigtuata; Bazker, and Andrews 1915, an
anoplocephalidy Capillaria michiganensis Read 1949 and
Trichostrongylus calcaratus Ransom 1911. One hundred
percent of the muskrats from Peter's River were
infected with one or more of Q..quinqueserialis, P.
prozims and B.' evaginata. One hundred percent of

Main Brook muskrats were infected with one or more

i

of Q. qui ialisy P. proxrimus,

(Froelich 1802), Fekinoparypheiun’ contiguum BarkeT and
Bastron 1915, Echinoparyphrium vecurvatum (Von Linstow
1873), ' Diplostomm mergi Dubois 1932, 4 peramphistomatid,

H. i) c. and 7.

TREMATODA'

@. quinqueserialis was found. to occur most . frequently

with the highest intensity of infeétion (Table 1).  The
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preferred site of 1nfect on was the caecum (100
pércent of 1n{ected nuskrat) whereas ‘thé colén and
small intestine were infected in 52.1 percent and
51.5 percent of the muskrats respectively. These .
‘sh;:viea an incredsed prevalence from :smsli intestine
section (S.1.S.) Five to S.I.S. 10 (Table 2). Y

Three minute immature specimens were found in the i

stomach.of one’'muskrat. The literature indicates *' fis

" 4. quinqueserialis to be a”characteristic helminth6f
\the Muskrat thioughout its nativé:North Ameficin
range and that it hns~be’e’\ introduced with the
Amus'krat intq Eurasia. b f

. pfosims was second only to &. quinq-uanenrzha
in prevalence and third in intensity = mfectmn
(Table 1).".It was found Shroughbut the small,
intestine (concentrated principally from S,I.S~: four -
to'six; rarely im thé stomach and caecum (3.5 and 1.8
percent of infected muskrats respectively). The &
probable synomomy of a number of species within the.:

genus Plagiorehis ‘as indicatéd by the work of Angel

/(1959) Fedorova '(1969) ,. Sharpilo and Sharpilo (1972)

and Blankespnor (1974); dve to variation of characters
previously, consxdered taxoncmlcally important is

" herein acknowledged. Althoigh Olsen (1937) used’ Shulz
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\ Table 2 - Prevalence and Intensity of Infection’ by Quinqueserialis

quinqueserialis _in the Alimentary Tract of Muskrats °
thus infected from Newfnﬁhdland.

Site of Occurrence Percent Infected  Mean Intensity (Range) of
- 5 Infection/Infected Host

Stomach “ 1 X 3(3)

-
'

Intestine

Intestine 2 ] vl

_ . Intestine 3’ = . 3
“Int.estine 4 -
Intestine S 2 . iw. " :
Intestine 6 { ™% ) .. 10-2)
Intestine 7 18 . 2(1-5) -
Intestine 8 ® T18 Czass) .
Intestine 9 20 - s(1-26)
Intestirie 10 26 1(1-19)
Caecum - * 100 : 542(1-4847)
Colon " st 52 15(1-98)
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and skar'zov's’ (1935). suhg‘e_x(er'i_c designations and the
position of the oral sucker, both having since been
shown to be'unreliable, after an exhaustive L
examination of the literature, I have used Olsen

(1937) to'deternine the specinens from this s:udy to

be P. pm.nm by excluding dlchotomias based on these

-taxonomic characters.

Differentiation between ithe génera  Hohinostona
Rudolphi 1809 and ‘Fehinoparyphrium Dietz 1909 was
after Beaver (1937), using the relative length of

uterus.and/or arrangement of cephalic spines. Specific

‘designation in both genera was based on number and

arrangement of cephalic spines and by using Skrjsbin
(1964b) 7 Infections with echinostomes ‘often included
‘usatere speciugis i VhiEh ChF uberis, yas AGE »
Heveioped sad. tn which spines were missing, making
genmeric or specific diagnosis suspect. These were
recorded as immature echinostomes. Longitudinal
aistribution in the gut, to “be discyssed subsequent1y,
was restricted to a composite of the echinostomes
found.

“Three species of echinostomes were identified

_fo ‘the specific.level, namely ‘Eahinostoma revolutun,

P and Bchiy y 1




a -
all restricted to muskrat collected from Main Brook.
Only two .species of helminths had a lower prevalence

than the ‘echinostomes during this study (Table 1).

~ However, in four (50 percent of infécted hosts)

echincstomes constituted a major infection (157,
1004, 1841, gnd 4135 echinostones respectively).
Site) of infection ranged:from the ‘stomach to colonm,
w}Z primary koncentzatidissastdinted to S.I.S. '1-5.
Diplostomn mergi was found only in muskrat fron < -
Main Brook (Table 1). Measurcl‘l’lents closely approximate

those’ of Skrjabin (1964 a, b): ALl specimens were

adult and gravid. Site of infection was restricted .

to'S.T.5. 1-6 with one exception being a single

i \\speclmen recovered from the colon.

N

D mergh is a new host and class (Mammulxa)

record, altheugh two other members. of the D)plostomatxdae

* (Alaria mistelas Bosma 1931 and Fibracola crater  (Barker-

and Noll '1915) Dubois 1938  have been found'in
muskrat in-North America. D. epathaceun (Rud 1819)

was recovered from muskrat in Kazakhistan S.S.lyi.
(iocaev; A60)e bty has been Tecorded eniy
twice from North Ame‘ri:a (Bain and Threlfall, 1977) in
Hooded Mer gansers '( Lophodytes cucullatus'l. 1758) £rom
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Ontario and Dubois (1969) in Red-breasted Mergansers

; . (Mérgus serratee L. -~ 1758) from'Alaska. . Six specimens

of D. mérgi  were also recovered from an otten

. (Lutra canadensis Schreb. 1776) taken from Ma;in.Ero;k.

" - duringthe winter of 1979.

4, Four immature specimens of a Digenéan, from the

colon of one:muskrat from Main Brook resembled .

Closely the genus —Wardius. ‘ i

CESTODA | . I

B. evaginata wa$ second only to’Q. quinqueserialis |
in prevalence (Table 1).. Site of attachment was

. . principally S.I.S. 4-6 with décreasing proximal and : -

d . distal frequencies. /. evaginata ‘has been commonly :
2 -

ahtociaked ilth the miskvat Gisoughout North Mmerice. ) ¥

One cestode with a few immatur;e proglottids s -|
. was recovered in 4 muskrat from Bonavista. Although ¢ |
Ygeneric and _épecific identification -cannot be
definitely stated, taxonomic characters suggested
. Aprostataidrya mx-pcephaiyﬁ( (Douch'in, 1915).°

. : \ i ’ .
i NEMATODA ’
s é, C. mchigmensis was the fourth:most prevalent "~ * ¥

parasite (Table 1). Measure of the present specimens




agreed vith Read (1949 b) and Webster (1966). Site

of tccurtence vis priscipally 8.1,

i the st e it of Ontaro iy Cu.

1. ot vas ecovred o {1 encnt of
the nuskrats. JUWPSM (Table 1), Nineteen percent
of Bonarsts ud si prcent 66 Wi ook mkzat

ert infected,

DIFFERENES TN PARASITE INFECTION RELATED 10 KOST SEX

" otost 6t

Th pevlence of & ety 0 mls s
sipificantly higher (C 5¢ 0,05) than presslence fn
fenale mskiat in both Bonavista and bain mai, but
¥es not significant for intensity of infection
@ 3> 0,03 Within sesons this diffrence s
sigificnt i the fll anly, +Bcause mskut are
sexually inective in the £l testosterone coild be
inwlved, e i (197 £  bighr
srevilene of e Bswwlegis spp.-in femle mskrats,
Fence the ifferencesey simply be due 1o sapling
or dué to not rejecting & false hypothesis (i.e.

Type: IT error), '

No other significant differences in parasite

Ths Finding

. prevlemce or intessiy of sccurrence (, gy 0.05)

vere fond. betien sees in Nevindlad, Wokenzie

(1917) found s higher.prewlence of ¢ sickpnensis

it female mkrats. Abras (1969 indicated 2 higher

prevalence: of helninth infection in fenale mskrat
it Eresbater pods. B, e was absent from

his nushrats,

. Studies by various researchers have shovr 4

relstioship between host sex and helninth

.4 Harley(158) and Dunstore (1966) fn experiidntal

ctions of rats ad/amtural infection of the

‘Buropéar Rabbit (wwugux/amm (1)) respectively. .
Dson (1961e, b, 164, 166 3, b, ) wrkiag with
Teutogpivide

eeritetel sd natra] ifectiog of T milfiogn

fa (1) in ot h (16, ith

ke, 1180 i mice and jackrabits (e aifoming
Grap 1837) nespectively; axd Ledby and Eritshy (197¢)
vith Eetinoooens mlfilocularis . Lenckart 1863 in deer mice
by rasiats (Vageer)) el Telted host sex
differeces i infstions o hest horumal differesces
ssciaed it sex, Mo st diffeces
(6,7 21.05)vere fomnd ¥ith cocurrat infections

(hosts infected with two or more species .or perasite)
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between male’and female muskrats. ' !

The prevalence and intensity, of infection by
.. mioRigananieds - in BAULE MuSKYAts was significantly
nigher. (X2, p < 0.05; F, p ¢ 0405) than in immature

muskrats: 7. calearatus and D. mergi -both occurred only
in adult ‘muskrat and Q. quinqueserialis and P. prowimus
generally had a lower prevalence of occurrence in
immature muskrat. Anderson and Bea\gdcin"(1966) found
adult muskrats had a nighes prevalsiice o8- &
MWseﬂalis,‘ while Abram-(1968) and Vanatka .(1969)
found' a higher prevalence in adult miskrats from a-
freshwater habitat, in contrast to Abram (1968) who
detected no differences in animals from tidal marshes.

The difference noted in Main Brook animals

infected with C. michiganensis is probably related to
exposure to the parasite. This proposal is further "
strengthened by the pattern of concurrent infections

: found in adult versus‘iﬁmature muskrats from both
Bonavista and Main Brook (Table 3, Figures 3, 4). ‘A
significant dikfere@ce (G, p& 0.05) in concurrent
infections was found between adult and immature muskrats
in both localities.

In Bonavista, concurrent infections of two or '
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, .. The ‘proportion of 'immature (N = 15) and

infected with 0-3 species of helminths..
o0 & 1 3 £

adult muskrats (N.= 32) #rom Bonavista ::
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| “with'1-6 species 6f helminths.

FIGURE 4

" Proportion of immature (N = 15) and adult

‘(N'= 35) muskrats £rom Main Brook infected:
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' adults harbouring :uncumnt jufsctions of thnes

three speEes occurred in 28 percent of adult muskrats.

Inmature Muskrats harboured a maximun of oiie  helminth

“species (Figure 3).  In Main Brook, concurrent

infections of four to six helminth species occurred ..
in 91 percent of .adult and 71.4 percent of immature"
krat (Figure: 4). The small sample from Peter's

River showed s simila? trend vith 80 percent of

species compared to 29 percent of immature muskrats. |

In Main Brook, the helminth specie’s generally found -

. in adults but not immature muskrats were C. michiganensis

and

mergi; in Bonavista,' C. mchigmensis. ®

SEASONAL OGCURRENCE OF 'HELMINTHS

Seéasonality of imtestinal helminths in vertebrates
has been related to a vanecy of factors, pr1manly
external to the host: For £ish, water tempetat,ure,
1ts effect ‘on the parasites, the 1ntermedlate hosts

and of movement and Feeding behaviour of the £ish,

‘ occurs regulafly i the literature -e.g. Bauer (1953),

Pennyciick (1971) ,; Burreson and Qlson (1974),
Anderson (1976), Eure (1976 a, b)’ and Komarova (1976).
In birds migration (if it occurs) is important eig. .




¢

[ : ’
Belopolskaya (1956), Bakke (I972) and Kormyushin (1973), ;
although not a prerequisite e.g. Threlfall (1965) and
Nesterov (1973).. In, light of the muskrat’s proximity

to mlg!‘ant waterfowl this is an 4important cons:derstmn.
For other mammals seasonallty has aiso besn related

to the macroenvironment e.g. Hansson (1974), Leiby . | .
‘and Kritsky (1974) and Gibbs et.al (1977), being most
thoroughly documented .for domestic species (Michel,

1976) . i ] )

AI1 species found.in the present study shoved,
seasons‘l peaks for both prevsle;’xcg and intensity of
_infection in both Bonavista and Main Brook (Tableid,
Fxgures 5-8). In Main Brook, - @. quinqueserialis showed
no. variation in prevalence of occurrence (remairled

onstant at 100 percent) whereas intensxty of: occurrencé
mcrensed from spring to summe‘r, declining in the
fau and wmter. 'l"(us difference ‘in'intemsity uf

occurfence was significant F, pl 0.05). In

. Bonav1stn, th: dccurrence of Q. quinuesericlis was too

1nfrequenc to detect trends. - Thé high prevalence of ;

occurrence in Main Brook'is not unexpectéd since the '
¢ \ . .
cercariae’ encyst ‘on 'vegetation and therefore are
a\'railphlve';o. the host throughout the year. The' summér
; . S

Ly g

N - 2 /
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Séasonal prevalence.of helminth infection 'in Bonavista muskrats
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Species: . w' 4

C: " capillaria michiganensis - .. .. .. .
H. - Hymenolepis evaginata .-~ - AR g s 3
Q. Guingyeserialis quingueserialia -

Trichostrongylus calearatus
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_ Seasonal prevalence of helminth

Main Brook ‘m_u'skuc_s. i

Species'
€. capitiaria mtnhiqmia

CRE ) Dpplasmm

! : - _ESR. Echinostomes
g 3 "H: Bymenolepis naqim‘ea'
: © ' P. Plagiorchis prozimus

infection in’

3 B4

Q. Quinqueserialis quinqueserialis
E T. Trickostrongylus caloaratus
. : s
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5 S e y \‘
/. \
$ S . oy
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s n .. FIGURE. 7

. Seasonal intensity of helminth infection

Species:

M.’ Capillaria michiganenvis

in Bonavista muskrats

. Hymenolepia_ evaginata ¥
. Quinquaserialis quinqueserialio i
TC. . Trichostrongylus caloaratus : ¥
L4 * ] 7
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FIGURE-8-

- Seasonal intemsity of )_lglminth»irleegtion.in Main

‘Brook muskrats.

i e
i ’ 5 : & .

Species: i i /

CM.. - Capillaria michiganensis | &y A |
1 DM. Diplostomn mergi
! ECH. Echinostomes. )
: oy Bo |
i HE.. Hymenolepis: evaginata i
| : v ' :
f, * PP, | Plagiorchis promimus. p 4
| Q. \mwmiam qﬁmsr;azia 5
5
i 5 :

) : ¥ .
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peak may be a reflection of rising water temperature
in sp.ti:ng facilitating successful hatching of eggs
and r!eneued intramolluscan development. Erlandson
(1972)‘ related egg hatching and intramolluscan :
development of larval digeneans to the effect of water
temperature. )

Plagionchis provimis showed peaks of prévalence

‘and intensity of occurrence in the spring followed

by a small decline- in prevalence in the summer,
associated with a sharp decline in-intemsity of
snfsction thrcugh susnér aod £all., Intensity of
infection from the small winter sample indicated a*
probable incysase. The differences in prevalence and -
intensity of occurrence were significant. (X%, p< 0.05;
F, p& 0.05)." The metacercariae encyst: in dragonfly,
mayfly, naiad and chironomid larvae which cln’attac‘.:h :
to vegetation. Hence the muskrat probably ingest the. -

parasite while feeding on vegetation.

. [l
. mergi “showed peaks of prevalence and i

of ‘occurrence ‘during spring and’ summer-respectively.

With the exception of|a si worm, this specie

absent from fall winter san}lilas. The differences .
fice and intensity of occurrence were

significant x%, p¢ 0.05; F, '€ 0.05). The life-cycle

31




of D. mergi is not known, but is prubébl); similar

to.that of other species of the genus Diplostomum

where ‘the cercariae penetrate fish and develop into :

metatercariae in the optic region. This suggests \

. * .that the muskrat eat fish. Fish scales were found
in one muskrat which wys infected with D. mergi.

! . .- cdrnew.(pers. comm.), Smith (1938),.Bondar (1950) . -

eat fish. From the occurrence of D
consumption appeared to be seasonal. That
D. me?"gi is availabl, other times is indicated by
its probab Ceurrence in £ish and its occurrence '
otter taken from Main Brook in the winter of

1979. . } .

H. evaginata ' showed peaks of prevalence and - .
intensity of éccurrepce during the summei in Bonavista, P

whereas in Main Brook prevalence peaked in winter

4 (although sample size was small) and intensity of
infection peaked in summer. ‘The differences in
prevalence a}n‘ljintensity of occurrence were significant
. %, p'¢ 0.05;F, p& 0.05). The 1j‘.‘£e‘ cycle of 5

E. evaginata is unkiown, although Penner (1940)

] suggested an arthropod intermediate host. This would
~

-



indicate a tempera:ure related cause for the\ peak in

intensity of eccurrence.
¢. mishigliansts Showsd pesks of prevaldice and

" intensity of occurrence in the spnng in MF”‘ Brook
and in the summer in Bonavista.. In both jreaﬁ b wn g

marked decline in intensity of infection Had occurred

by autumn. - These differences in prevalen‘e an
intgnsity of occurrenge were significant (&% § ¢ 0.05;
F, p 4 0.05). Since the life cycle of c| michi‘qgnensia
is unknown, and, because species in the gdnus c\‘u;;mma'
have 1life-cycles which are both direct 6r Which involve N .
an interme‘diate host, ‘a specific hypothesi? as to its
seasonal occurrence cannot be forwirded.  'The sharp
decline in intensity of infection in_ adult. l\nuskrht
asséciated with the absence of C. michiganensis. from
immature muskra¢ (inmature muskrat  could potentially
becomé infected upon leaving the ‘mest in mid}late June, >
assuning. forageing behaviour of innature muslérats does
not deviate from that of the a}ults) siggest L short
penod of ‘occupancy w1thm the definitive host as well’vas
a res:ncted annual peru)d for potentml infe tmn

1. calearatus showed a peak in prevalence o
occurrence in spr:’mg}ld summer for Bonavista and

Main Brook respectively, whereas the peak in intemsity -




% o,
of infection ‘in both areas occurred in. summer.
These differences in prevalence and intensity cf

occurrence were significant (x \p < (l <055 F,

¢ 0.05). ‘Fhé life-cycle is unknown snd, iike
C. michiganengie, it is absent from inmature muskrats.
Other helminths did not occur frequently
enough to enable discussion relative to seasonal
nccurrence From Tables 3 nnd 4 and F1gures F=i B
it becomes evident that for Newfoundland ARt
the difference in concurzent parasite infectién is
related to the seasonal occurrence of ‘D. mergi , and
¢! michiganensia. _ The young puskrats apparently
become infected with Q. quinqueserialis, P: proaimu; and
K., evaginata, ‘soon after leaving the nest. Although
probably available, b. mergi is mot ingested
throughout .the year. Intensity qf infection by
'S qui@seﬁézia and P. prozims increases so that
by winfar»the’ intensity of infection in young
muskrats approximates that found in adults. The

ﬁmall winter sample (7): precluﬂed testing “this

statistlcally 5 b S G

" Seasonal QOccurrence of muskrat parasites was

. ‘first documerited in the U.S.S.R. by Lavroff (1953)"

L




who found peak helminth prevalence and intensity of
infections. and concurrent infections to béein the

/ sumper.’ Vanatka (1969) observed a 'eas‘-ox»lal difference
‘\) between spring and’ £all helminth infections in _

" Czechoslovakia. Abram (1968), working' in Maryldnd, =
U.S.A. found variation in the seasonal peak in ’
helminths from both fresh Water and tidal water habitats:

HELMINTH DISTR]BUTION WITHIN HOST X %"

Ind1v1dual species of parasites. have been found:
i to occur inm,. and actively seek, §pec1i1c sites
”_' 5 . ‘within ‘thé host (Ulmer, 1971; Holmes,.1973) with
"+ heiminths. favouring the gastfo:intestinal tract .
_{Mettrick and Podesta, 1974)." Most helpinths

previcusly recorded from the muskrat (and all in t'he

present stidy) occur in ‘the gastro-initestinal tract. .
Twn possible facturs influencmg the s1te where a -
paraslte is found are immunological effects and .
interactions betwéen' the worms. Although the present

study. cannot point to causal mechanisms it can show '

‘the!distribution pattérn of hélminths fm‘ui{ in muskrat -

“£ron Newfoundland. = . i
/ The prevalence and 1nte)|sxty o%nfectlon of each ;




. 0. michiganensia.

‘‘increases.

belminth Species. recoversd (excluding 7. oaloargtus
which occurred only in the caecum) were plotted
against site of occurrence axong' the alimentary tract
(Figures 9, 10). - A signifigarit difference (F, p & 0.05)
vas found between the different sections of the
alimefitary tract w1th Tespect to the total number
of P. prozimu, Q. quinqueserialis, D. mergi, H. avaginata, and
No signifitant differences (F, p¥ 0.08)
were found between different sections of the alimentary
tract and the total number of echinostomes in each y
section. ) . )
Figures 9 and 10 indicate the proximal 60 percent’

‘of -the small intestine was.preferred by all helminth

species found except Q. and 7.

whi'i:h prefer the caecum. A separation of preferred
sites can be seen’in the three _common species found in
pxw.-mn H. evaginata and

“as’ the number of

the shall intestine

. ‘wichigmensts). Fiom Figure 10,

' C. michiganenats _declines (A3); the number of P. prozimus

As P. prowims begins declining (A5) the
';xumbez nf B‘. evaginata peaks. ' The amount of 1ongxtud1nnl
overlap between these three specxes is lnrge, and can be
attrihuwl, in"part, to the vsnauon in the number of

worns in xndxv:dual infections.




FIGURE 9

Prevalence/infected host of helminth distribution along the

" alimentary tract of 57 Newfourdland muskrats.:

Species: ) Section of Alimentary Tract:
oM. capitlaria nri;?ivifqanengis AL. . Stomach o
" DM. Diptostorun merg A2: Small Intestine 1
‘ECH. Echingstomes A3, 'Small Intestine 2
HE. Iiymenolep’ié eviginata . Ad. Small Intestine 3
PP, magim?i}; prosims AS. Snall Intestine 4
Q. Quinquéserialis quinqueserialis A6. Small Intestine S
: A7 Small Intestine 6
© . AS. Small Intestine 7
A9." Small Tntestine 8
, AL0.. Small Intespine 9
. SEN Can1. émali Intestine ‘1
) 'M2. Caccum
" M3, colen
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- FIGURE 10

Intensity/infected host of helminth ;istributicn along

the alimentary tract ‘of 57 Newfoundland muskrats.

¢
Species: .

CM. Capillaria mickiganensie

DM. DipZoatomum mergi ] k2.
ECH. Echinostomes i A3.
HE. Hymenolepis evaginata ) A4
PP. P’Zag:tax-chis proximis : As.
QQ: Quinqueser-iatia quinquesartalio Y
-t A7.

3 : A8.

A9

3 A10.

; B ALL
a1z

Al. _Stomach

"Small Intestine
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The wide range of occurrence and ‘overlap betwsen
species in conjunction with 'preferred' sites of peak
occurrence indicates seélective site segregation
(Holmes, '1973). Whether concurrent infections produce
competitive exclusion or .interactive site. selection
canhot be determined. High intensity of echinostome

occurrence associated with low ‘intensity of |P. promimes——
' of |P

. . T
occurrence suggested co pemulon between these

. tuo-specics, but ‘the sample size was too small (3) for

definitive conclusions. H#. evagimnata proglottids were

generally reduced in size in large infectiéons (greater
than 10 worms) as was noted by Halvorsen- (1976)-

The various concurrent infection combinations
found ‘and the frequency with which they occurred were
recorded in Table 5. It is clear that concurrent
{hEections of three,spacies |(particalarly . phcatis,
Q. ‘quinqueserialis, and H. evaginata ) and four species
(particularly, P. pro&i Q. quinqueserialis, n agi and
¢. ‘mishiganensis Y wezb found most frequently. A

concurrent infection combination with five species

(2. prowimi, Q. quinqueserialis, D. mergi, H. evaginata. and

| ¢. michiginensis) was found in 60 percent of the muskrat
infected with D. mergi. The oné and' two species’
infections -were found principally in.hosts from Peter's
River and Bonavista and were @ Teflection .of a lower

muskrat helminth diversity in those areas.
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Table 5. - Summary of Helminth Species Combinations from the Alimentary Tract -~

of Newfoundland, "
; = ) .Petcent of Total
Number of Species Species Found Together- Sample Size.  Sample Size
. s ’
6 PP, QQ, ‘ECH, DM, HE, CM -~ 2,
. 6 PP, QQ, ECH, PAR, HE, CM 1.
5. PP, QQ,) HE CM.E/_,,,f/”"B'I
i PP, G0, DN, HE, CM 6
PP, QQ, ECH, HE, CM 2
4 PP, QQ, DM, CM E ﬂ g 8 1.1 .
! ¥, .“PP, QQ, DM, HE o 13
, 4 , PP, QQ; ECH, M, 1 1a
4 . PP, QQ, ECH, HE e 1 \\\1.1
’ 4 <. PP, QQ, HE, CM g ' 15 1.0
4 " pp, qq, ECH, CM 2 L a2a -
A QQ, ECH, HE, CM ’ 1. i1
i 3 PP, QQ, CM ! v 3 . 3.2 ,
3 PP, QQ, HE : 16 17.0 .
3 PP, HE, TC® - 1 L.l
3 QQ, ECH, HE 1 sl
~1 . ” HE,. ANO, CM 1 1.1 :
3 HE, oM, 'TC ¢ i % |
k] e 2 PP, QQ 5 6 6.4
4 2 QQ; HE ¥ 3 3.2 i
2, QQ; ‘e 1 el 1'
2 s _HE, M ‘ % 5.3 i
2 . HE, TC 1 1.1 '
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‘Percentiof Total
Sample Size -. Sample Size

. o
/ @’ R 9 s

1 HE ? . ) 2 w21

i Coo i 35 4 4.3

' . ) / \t . v
i 4% 5 Y 6 6.4
! oy ; i y
4 i
)
" .
S : _m ¥ e
AND - - Anoplocephalid =ty
: N - Capillavia michiganensie " E ;
: M - Diplostomm mergi i
: £ S ol 3 5 5
i ECH - Echinostome . . s BE o8 5
t , . ]

BB .~ Wmenolepls érdghiata
: PAR - Paramphistomatid
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The intensity of infection by helminths of Main

Brook muskrat was the highest récorded to date in
literature. However, no evidence of pathological

" damage was found and no correlation between ‘adult host i
size (g) and intensity of infection was found. With.
the exception of isolated reports of cestoge occlusion
of the intestine, and acanthocephalan-induced danage
(McKenzie, 1977) the literature gives no evidence of

| helminths causing damage to muskrats. o,

| s . .

GEOGRAPHICAL DISTRIBUTION OF MUSKRAT PARASITES °

! Newfoundland is ‘believed to have emel:ged;from
I the last glaciation within the past §,000.to 10,000
years. It is probable that repopulation by mammals
occurred across the Strait of Belle Isle from populations
in Labrador. Thebharrier‘gf the Strait of Belle Isle
. < .is believed to have prevented Newfoundland being
| populgted by such native Labrador mamnals as the
[ © woodchuck’ (Mamota nonaz I.) and the red squirrel

(Zamiasciurus hudsonicus L.). mLikewise .one would expect
a lower helminth qiversity for Newfoundland muskrat ¥ .
t than for muskrat on the adjoining mainland. Such an

4 insular reduction is a general theorem of zoogeography A i

2 .- (parlington, 1957; Udvardy; 1971). The helminth

"\ fauna which now exists in Newfoundland muskrat would
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have réached the island with the original "pioneer"

population of muskrats: or through, hitch-hiking vith

avian hosts in the case nf helninths wh1ch are not

host-specific. = Reduction of helminth diversity on. the

island would be a consequence of: )

1. Helminth absence frum muskrat wluch dlspersed to
the island. .

2. Helminth absencg from either resident or migrating
avian host. ? i

3. Absence of necessary intermediate host(s) .

Unfortunately, in the absence of ‘comparable data from

Labrador, this comparison camnot be made!

The foregolng results on the occurrence of nuskrat

helminths in Newfoundland (cf. Tables 'l and 3; Figures

2-4) indicate a redictioi in helminth diversity as one

moves in the ction of the expected dispersal of
nuskrat in Newfoundland i.e. eastwards. The most mote-
worthy difference was the virtual absence of.digeneans
from Bonavista. In'an effort to explain ‘the anoialous
distributions, the water pH and calcium and total
hardness concentrations were méasured for the sampling
areas. These were related to the log,, average number

of digeneans, cestodes and nematodes from all. muskrats




from each of Bonavista, Jeter s River and Nain Brook
(Table 6, Figurés 11-13). The data presented suggest
a link between pH, cilciun and total hardness
concentrations and the  occurrence of ‘digeneas.  From
a chemical  perspective, iigreased acidity necessarily
inplies redticed carbonate concentrations. Since

calcium is found in association with.carbonate,
o

_calcium would not be expected, and is not found, in

Bonavista. This would imply a limiting factor to the
presénce of aquatic molluscs. A-limitationon the

number of aquatic moll¥scs implies a limitation' for
. 5 . ek

Only one mollusc ‘was.noted in nearly two months

digerieans.

of muskrat sampling in Bonavista, whereas: in Main Brook,
where pH was basic and. calcium and- total hardness

concentrations were comparatively high, molluscs were

noted to be abundant. I suggest the low pH in

Bonavista limits mollusc and hence :digenean occurrénce.
Hunter' (1964), discussing physiological ecology

in freshwater moTluscs, states "throughout the world-

“ other environmental factors beig equal - harder fresh

waters [i.e. those with greater Ca -and total hardness
concentrations] undoubtedly support more molluscs

than “low calcium waters". In Britan, Hunter (1964)

R e




fable 6 ~ Water Chemical Characteristics (pH, Calcium and Total

Hardness Coricentrations in p.p.m.) for Bonavista, Peter's

River and Main Brook, NewfoundTand compared, to Logy,
Average Infection of Digeneans; Cedtodes and Nematodes

Recovered from Muskrat' in these ‘reas.

i Logjy X infection with. . pHMean  Calcim Mean Totsl Hariness
gy L0 Helminths/Muskrat Collected (Range) (Rang | (Range)
Bonavista Digenea . 0.04 Sz ' !
Cestoda 0.13 (s.56.0) ., @ e
. Nematoda 1,22 - ' * e <
I : z . X
i Peter's River -~ Digema  2.53 . ez 10:5 a4 .
L Cestoda 1.29 0 (6.5-7.0) ~£'9-12)» : '[éu_-su}
. . "Nematoda 0.
Main Brook™ Digenea © 3.00 .47 w3 0 71w
a o Cestoda . 1.26 (6.5-8:0) . (25-60) s-112)
j . ' Nematdda 1.67 “ g P
i i : '

¢
)l

%

e N B NS




: FIGURE 11 i
: P P plottéd against intensity of Newfoundland muskrat ' -
« ¥ hélminth infections (Log,) . . Y : ;
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¢ e ™ FIGURE 12 -«
.,". ‘Calcium (Ca.) concéentration (p.p.m.) plotted against -
intensity of Newfoundland muskrat, helminth infections
(Logy ) g i
; - .. PaTasite Groups: . T g . .
; N C. Cestoda § ¢ .
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FIGURE 13 -
3 3 L4 “ .: & “ 5

Total hardness concéntration (p.p.m.) plotted against

intensity of Newfoundland muskrat helminth infections (Luglo).
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comrelated sollusc distribetion to calcim canteat of

the vater snd e o sl vere fmd 0 Tive at

16 Iover thas 6.0, reeg (1871) fomd Iov calciom

Levels asspciated vith Iov 3, axd in & mltivariate

anlysis of bivalres dn centrsl Canas, foued 45

p‘em;\:l the variation in moluscs vas associated

¥ith calcium variation, *Gkland (1969) found '

olluses in Norvegian Lm‘ggg o less than 6.,
such lakes possessing low celcim concentrations, &

" vl fromney s o ot 411 sstropes in
‘phagud 8. and 3ost species fafured 1 high
concentration of total baréness., “Scioli (ml.) Telated
Iow abusdaace of soliascs to lov . Fischtial (1563)
indicated scarcity of of aelluscs is related to acid
éissalviag or corroding of carbomste shells. feace
asple evidence exists ia the literature to support ay
Rypothesis, S

Peter's River vas intermediary betueen ourists
i Mo ook both for p md iter harness,
. i 2, reing vire skt b, S
echinostones were absent, -Materfou] do frequent Peter's
‘River hence the asence of echimuués mlhn 3

function of there being no suitable intemediate host(s).

Differesces in the occarreace of msizat parasites
relted 't abitat or etaeen Tegians hae been mted.
Seore(Qandlr, 130 doderson and enuod, 1966; *
e, 136 Hie an ek, 1975; nd Mocien s
o, 157) ad can b detected From te el of

" kit (1951), Seatun (155), LovoE (1859, Duagan

(0557) and Vet (155). Bowerer only Chadler
(101) ad dran (86) give satisactory suporting
eridtcs to emlain the diffsrfu:,‘es ey iw?d.
Fou o the Do (o o, gt

i, Wi i, 2, we) o 2

Nai ook vere prosdly trassplnted ta Nevioundland by
v bosts.” e riclar Risinh pcis, 5 o1l

15 2, lamuta eshitit vt Yole asd okl (197)

descrive % ecelogical specificity wheren he parasite

s capele o Livng i & v st i st islated

y an clogical brrer. Siace N rek i o0 he

eige of & vaterfos] sgration carridor to Labrador,

e ares 1 probbly reseeed vith echisestones exch

spin s, sl all, & sy P
wi mlymn\isgmid species (if 1t is londia * -
it Boier and st 1915 . Bughes, kil
the echinostones and 2, clogta ere all c:m:én}n’
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of the muskrat. With the possible exception of o 2

7. and the echi these species may

be categorized as possessing phylogenetic specificity
(Noble and Noble, 1976). Hence, from ‘the foregoing .
discussion, the occurrence'of helminths in Newfoundland
_ muskrat is, among othler things,’a function of the "
host's and/or helminth's ‘zoogsobraphic distribution;
" The concept of ecological or physiological
specificity.is more clearly demonstrated for the . i R 4 -
= . composite of Nenh;Amg\ii\:a'n and folarctic muskrat
helminths. A summary of\North American. intestinal
hélminths was compiled (Append# 3) by subdividing
- the continent in accordance with Hagmeier's (1966)
mammal provinces.. As shown, the greatest diversity
Gf helminths are found in the T1linoan Province.
Many of these are what may be labelled as ecologiﬁal
parasites. This diversity is likely a reflection of:
1. This region being at the junction of the Atlantic
“and Mississippi migration £lyways. i Igom g
2. This Tegion is the junction of the North American e

_grassland, boreal and témperate - ecosyStems.

This region possesses the 'best' muskrat habitat

in'North America (as described.by Errington, 1963)




X,

o

shown both by the high density of muskrat and the .
" restriction of most muskrat epizootics to this

region. B

4+ This région possesses an abuy{nce of marshes,

/sluggish streams, ditches. and/rich vegetation, |

/ ‘providing a diversified habitat for intermediate "

hosts and other definitive hosts.
Radial movement away from ‘the Illinoin Province is
accompanied by -a Teduction of helminth diversity.

Exrington (1963) noted that (with the possible

exception of the Artimesian, Louisianian and Auegheman :

. :provinces) the quality of muskrat habitat daiidnesy

,In addition to'helminth species already listed; ecological .

AlSo, other factdrs listed above as being related to’the

I1linoian helminth diversity take on different relative
importances which in general translates into a less
diverse habitat for muskrat helminths. Fron‘Appehdix 3
we see helminth dlversny detlines. 4 i
More Speclflcally, fromAppendix 3 the concept of

scological and physioogical specificity is reinforced.

specificity may be seen ‘for. Metorchis conjunctus Cobbold
1860, Alavia mstelae “Bosma 1931, Fibracola crater Barket

and Noll 1915, | Echingohasmus schvartai Price 1931,
S Wy 1




Pavagonimis kellicotti Ward [1908, Aprostatandrya macrocephala,

Ascaris icoides L. 1758, i {a-ondatrae Chandler
1941 and Trichurus opaca |Barker and Noyes, 1015,
Physiologic specificity appears -to be ddditionally
exhibited by Notocotylus fillanentis Barker 1915,

N, urbanensis Cort 1914, Nudacotyle novieia Barker 1916,
Ribeioroia ondatrae Price 1931, H. ondatrae Rider' and
Macy 1947, A o»egmw:s_weua}‘d ‘and -Senger 1952, and
C. ramsomia Barker and Noyes, 1915. A paucity of

information makes it impossible to :omment on? T man
other species listed.

Of the helminths found in North America only three
are. found in the muskrat in Burasia. ~'Of these Q.
quinquéserialis and P. prowimis were probably introduced’
with the muskrat to Europe while E. revolutum may either .
have accompanied the muskrat or were aquired from the )
Eurasian popul}ation which existed previously. Genera
represented in North America e.g. Plagiorchie,schinostoma,
Byrénolepis and Capillaria dre Tepresented in’the ,
muskrat in Eurasia by other different speciesJas
1ndxcated in Andreiko et-al. (1963), Podkolzina, (1967,
Sey (1967), Gvézdev (1969), Vanatka (1969) 4 Machinskii
and Semov. (1972), Zakariev (1972) and’ Shuteev (1977).
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| The genus Aprostatandrya, found in only four North .
American studies of muskrat-parasites is found )
éommonly in EBurasia.(Andreiko ét. al. 1963; Gvozdev,
1969; Vanatka, 19693 and Machinskii - - and Semov, 1972). ‘
| 'Sey (1967) categorized helminths of muskrat i
‘Hungary into: F 4 - ’
1. ‘Species found in phylogenetically closely related
1 ; species’ acquired in Europe - 66 porcent.
2. Species common to veftebrate hosts - 22 pércent.
3. Species which survived introduction with the host -
= * 12 percent. ‘- . ;
Categories 1 and 3 correpond roughly with phylogenetic
specificity while categury 2 ‘corresponds with ecologic
< specificity. ’ ’

Throughout its holarctic‘range the muskrat has been

*' ied by Q. qui ialis and -P. imus. The

: versatility df these ;:wo specxes is probably related to‘
their having intermediate hosts which are dlstnbuted ')
throughout the holarctic zone. . These: species have |
likely been transported by ‘the muskrat throughout its

range and hence .their occurrence in Newfoundland muskrats

is not surprising.--E. revolutun, by contrast, is -probably.
Lok picked up by the muskrat from already existing populations.

7




Hence. intestinal heliinth parasites from

Newfoundland muskrats génerally do not vary in relation
"o o weRT M species ( D. mergi and T. calearatus)

vary in relation to Ihos: age and larger concurrent
“infections occuf in’adult muskrats. Seasonal variation
generally occurs. Intestinal helminth occurrence in |
NewEoundTand, and ehroughoie thy masiraers htave and
introduced holarctic range can pé related to physiological

or ecological specificity by the helminths. :
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o b B SUMMARY

1. "Eleven epecies of intestinal helminths 7 &

R v .Digenea, 2 Cestoda, and 2 Nematoda) were recovered
£rom 114 muskrats collected from three regions . ’ "
of lnsular Newfoundland." Ten species of

intestinal helatuthe 67 Difenea, 1 Cestoda, and 2

4 Nematoda) were cclle:ted from 50 Maln Brook muskrats;
5ix species (2 nge ea, 2 Cestoda, and.2 Newatoda)

\ . were collected from,47 Bonavista muskrats; and.

B d threé specigs (2 Digemea and'1 Cestoda) were collected °
from' 17 Peter's River-muskrats. o ) L S
2. - Diplostomun.mergi was recovered from a mammal for the =

first time.

. 3. .Only Eymeriolepis evaginata' was f&und_m'be more
"« prevdlent in one sex (i.e. male) than in the other sex. -
ey Prevalence and intensity. of :infection by Capillaria

michiganensis in adult mus\grar,sv was significantly higher
(%, p¢ 0.05; F, p&.0.05) than'in immature muskrats.

D. mergi and Trichostrongylus calearatus. occurred only in,
’ adult muskrats: Adulf muskrats also had lixger:

concurrent infections. % &

b 5.  Seasonal peaks in prevalence and intensity of

mfectmn was showr 'by-all spe:xes exeept ~Quinqueserialis - .

et érialis and T whu:h preferred the gt
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= caecum, The three commonly occurring helminth sp‘acie_s
found in the small intestine of Newfoundland muskrats,
< namely c. michiganensis, P. prosimus, and 1. evaginata
exh:bned a sepaution of. preferred sites of occurrence.
The -mumber of thisse speciesiof worms Foynd in
- different infections, along:with various combinations
of concurrent infections found, terhea to mask this, i
' Sepll’a[lﬂnr . . o . .
Ts A dlffarem:e in digenean occurrence hetueen areas . i

wichm msplar Newfoundland was related to water pH and

. hardness. . An attempt was made to relate the zeogeogtaphicul

% o dis'tributiun of helminths to the distribution of the

. muskrat_ nnJ' va‘rious other bmtxc fnctors, 1nc1uding
B, -~ the col :ept of environmental versus physiological

e 3 s?ecx icity of plrasites. " - .
s A 48




i TR, e e o

REFERENCES: = . vl - ¢

Abram, J.B. 1963 Ecologlcal factors mfluencing
5 gastro-intestinal helminths of Maryland
» muskrat, .Ondatra - sibethicus Linnaeus..
; Ph;D. Thesis. Oklahoma’State Umversuy,
. Stillwater, Oklahoma, ‘76 p

Abram, J.B. 1969. Some gastro- :mtestmal halmmths o 1

B of Ondatra ailethicus L., ‘the muskrat. in & . &
Maryland. :Proc. Helmlnthul. Soc. Wash: . -

36: 93-95. | P E5

Ameel, :D.J. 1942. Two larval cestodes Erom theq wo vt
s muskrat. Trnns. Am, M\Crasc' Sec. 61: 267- L e

Andersi;n, D and R.L. Beaudoin. 1966. Hnst habltat i
* /.C “and-age as.factors in the prevalence of e
.-intestinal psmans of the muskrat Bull.
=30 Wildl. Dis. 2: 70-7

5 Anderson R.M. 1976, " SeaSonal variation .in.the - :
population dynamics of caryaphyllam Zatweps ¥, 5w
Paras:ttol. 72: 281-305 s §
L. Povchul( -and-V, Skvurtsnv. 1963 Parasites
Ondatra aibethica and Arvicola terrestris ‘in
Mo,‘davxa, U.S.S.R. Parazity Zhivotnykh 4
g2 8 rastenu M ldavli, 1963 19 34. (In ian):

‘An feikp,

" Anigel, M:: 1989 -An account of ' Piagiorhis miculowis & (Rud.),’

.’ . its synonymy and its ]afe )us;uy/{ South "

Australia. Trsns. Rnyal So . Austral.
|82:.265-281. ;

~Baln, G A. and W, Threlfall. 19'/7 Helmmth patasites of
huuded mergansers, Lophodytes cucullatu:
Ton Ontario. Helm)n‘thol Soc. Wash/“

he: _canus

% hos: fer igenea (Platyr:elmnthes)
X cology Oof the cmnmon‘guli.and the " infection
i N-to-seéason-and. the gulls' habitat,
with he distrib ition. of thevparasj.tes
20:165-188, .




\Eall L.-1952. Notes on helminth parasites cf muskrat
f'lB.'Dm western Colorado. J. Parasitol. .
3 83- 84"

. Baigs, 0. 1913. The land nammals of NewEoundia
1 Mus. Comp.*Zool: 18: 509-516. £

.- barker, F.D. 1015. Parasites of the American muskrat
i * § ~ (Msﬂz’Lbetthus). J. Parasitol. 1: 134-197.

. L N Bnrker, F D. 1916. ‘A new monostome trematode.parasitic
the muskrat with a-key to"the parasites®of

35:.075-184,

trematode from the muskrat, Fiber zibethicus
Trans. -Am, Microsc. Soc. 30: 261-274.

Bauer; 0.N. 1958. Relationships between' host ‘fishes and

. their parasites..In Dogiel, V.A.

L e Petrushevski and Yu. 1. Polyanski (Eds.)

.t E Parusxtnlogy of Fishes. Translated by Kaba\ta
: - 1961, Oliver and BDyd EdInburgh p 84-103

. Baumgartner L.L. and E.C. Beilrose, Jr: 1§
LI Determination of- sex and age in muskrats
. J. Wildl. Mgmt. 77-81.. -

Beaver,: P.C. 1937. Experimental studies on Echinostoma
revolutum (Fruelxch) a fluke from birds and
mnmmals. I11. Biol. Monogr. 15(1): 1-96.

Beckett, IV, ind V. allicchio. 1967, A survey of the
| : Miller, 1912, in Portage County, Ohio. J.
Bt TR ' Parasitol. 53; 1169-1172.

SR e parasite. fauha.of limicdline birds:
i szhegodnA Obshch: E§tes£volsp. Pri Akad,’
S a i Bl otk ‘Nauk Est. SSR 49; 95-103. (In Russian).

8 kaspoor H.D. 1974, Host variation i
iorchis nablﬂ Park, 1\936 (Plagmrcludae
’Trematoda) ‘Nat £92:. 415-433,

11950, A bquugicnl. sprvey of the, muskrn;
(Ondatra, sibethica alba). (Sabine).Miller’, /1912
in Manitoba’ Unpubl M. Sc. Thesis; Univ.: of

“Bull.

S y t e American muskrat Trans. Am. Microsc. Soc.

,‘Barkex, F. D. and J.W. Laughlin., 1911 An new specles Of,

helminths of the. muskrat, ' Ondatra z. zibethica .

3 Bglapolskaya, M.M. 1956.‘, The effects of- mlgratmns on




Cameron, A. ¥ 1950. Malmnals of the islands in the
Gul

Darlington, P
« £13

Burnett, M.P. 1956. A prelmnnsry survey of helm:nth

parasites from muskrat collected in.the - ' B
vicinity,of Fort Collins; Colorado. J.. . : '
‘' Colorado Wyoming Acad. Sci. 4: 45.

Burreson, E.M.vand R.E. Olson, 1974. Seasonal
variations in the popylations of

. Hemiurid trematodes, from the Paci: e _straghorn
sculpin, ILeptocottiie armatus Girard,.in the
‘Oregon estuary. J. Pumsxtul 60: .764-767.

Byrd, M.A: 1052, High occurrence of { taeniia, taem.afama
inthe muskrat. Va. J: Sci. 3: 298.

of St. Lawrence. Nat. Mus.' Can. Bull. 154' 165. -

Chandler, A.C 1941 Helmlnths of muskrats in southeast
as. J. Parssrtol‘ 27:°175-181.

Chandler, A.C. 1850, mdmsn-mgylus caloaratus ' in muskrat <
Parasitol: 36: 87.
Connell, R. and’A.H. Corner. 1857. - Polymm'pkua paradoms )
Sp. nov. (Acanthocephala) parasitizing beavers
7 m muskrats in Alberta, Cansda Can. J. Zool.
525-533.

» &
Cromer; J.I. 1968. Helminths of ‘the ‘puskrat in the: Lower
Penninsula of Michigan: Unpubl. M.Sc. Thesis,
; Univ. of Michigan, 36 pp. -

Curnew, K.E. 1979 .The reptoductxve ‘biology of the
. Newfoundland muskrat (Ondatra aibethitus obscurans
Bangs). Unpub. M.Sc.. Thesis. Univ. New Brunswick,
‘Fredeu?ton, N B., 48 pp. . ¢

1957. Zoogeography: the geograp}ucal
istribution of “animals. John Wiley and - Sons;
L Néw York. 675, pp. e %

Dobson, C. 196%a.  Certain aspects of the hust -parasite

relationship of Fematospiroides dubius (Baylls). !
.1:"The effect of sex onexperimental infections

__in. the mouse. Parasitol. 1 3

9.

‘-*lgﬁlb. Certain aspects of the host arasx'ev
‘Telationship of ' NematosPirotdge dubius  (Baylis)
IIA ‘The effect of sex, on expérimental’
the rat.(an abnormal host) Parasiml




—

3 - © 1964. Host endocrine interactions with nematode
infections. I, Effects of sex, gonad2ctomy, and
thyroidectomy on experimental infections in
Tambs. Exp. Parsitol. 15: 200-212. L

- 1966a. The age and sex of the host as -factors o
k affecting ®he host-parasite relationship of the X
third-stage larva  of Amplitaecum robertsi Sprent
and Mines, 1960, .in the Jaboratory mouse. p !

Parsitol. 56} 399-406.

- © 1966b’ Certain aspects of the host- parasite
relationship of Nemataepirm.dex dubius (Baylis). .
Parsitol.56:407-41

R ;. . - ' 1966c. The effects of pregiancy and ‘treatment
% / with. progesterone on'the host-parasite relation- ’
| ) ship of AmpZigaecum robertsi Sprent and Mines,
1960 in the mouse. Parasitol. 56:417-424.

Daerksen G P. 1969. Variations in collar sp1ne number
Echinostoma reuolutum from ‘the muskrat. J.
¥ - Pnras1tol.,55 0.

Dogie] s ¥ I\ 1964. General Parasitology. Translated by -
ﬁa ata, Z. Oliver and Bayd Ltd., E\ﬁnhurgh, 1964.
PP )

Dubois, G, 1953 Systemahque des Str‘xgelda. Mem. Soc.
MNeuchatel” Sci. .

- 1969. Les Strigeata (Trematoda) dé s1a collection
: Hizandth M. soyd. ll.Soc, Neuchétel Sci. Nat. ikl

il

- Dunagan, T.T. 1957. Helminth paras(tes uf Alaskan muskrgts.
Trans. Am. -Microsc. Soc. 76: 318 # Ly

Dunsmore, J.D. 1966... Influencé of host reproduction on
numbers of Trlchostrnngyﬂd nematodes in" the
European rabbit Oryctolagus cunicutus (L.), .~ :
J. Parasitol.- 52 1129-1133; S B E:
* Edwards., ‘R.L. 1949. TInternal parasites of centra} New
- York muskrats. J - Parasitol! 35: 54

Er]andson. T.A:1972. The. J.arva'l trematode parasites Lf
ajls inhabiting a. semipermanent pond, and

. ew’logical sfactors affectmg their-'seasonal

occurrence. Unpubl. Ph.D..Thesis: Un|v4 Hisconsip

~{from mss. Abstr. Inf.‘l 970.° 328 no. 6.)




o Gllford J.H,. 19547 wA suryey 6f muskrat helm

\_Errlngton P.L. 1939. Reactions of muskrat’ populatwns
. to drought. Ecology 20: 168- ],8

Ertlngton, P.L. 1963. Muskrat populations. Iowa State
- Univ, Press Ames, Iowa. 665 pp.

Esch, G.W, 1967. Some effects of ‘cortisone and sex on the
et biology of coenuriasis in laboratory mice °
g and Jaukrabblts. Parasitol. 57: 175-179.

. Bure, H: 1976a. Seasonal. abundance,of - Protéboephalus

. 3 ambloplitis . (Cestoidea? P.roteecep ala) from
largemouth bass 1living in a heated resevolr.
Pgrasitol.-73: -205-212:

Eure, ‘H. 1976b Seasonal abundance of Neoechinorhynchus

lindratus. taken from largemouth bass
{cropterus salmotdes) in a heated resevoir.
~ . Parasitol. 7Z. 355-370. .- e
Fedorova D.E.F. 1969. Analysis 'of morph vanab)hty in’ o
Plagiorchis maculosus and its importance. to 5
systematics. Voprosy Zodlogii. Chelyabinsk
Gosudarstvenni Pedagaglcheskn Inst1tute 1:

76-86.- (In Russian

Flschthal J.H. 1953: Parasltes of northwest W1sconsln S

¥ fishes. IV. Summary of [imnological relauonshlps. 4
s Trans, Wisconsin Acad. Sci. Arts'and Let. . T .
” 42: 83-108. .

Gash, S.L. and W.L< Hannah. 1972. Ocpurrence of some
helminth pargsites. in the muskrat, Ondatra

A aibethicous,| from Crawford County, Kansas. 3
Trans. Kansss. Acal. Sci. 72: 251:254. ° . 2

Gibbs,, H.C., W.C. Crenshap” and M. Mowatt, 1977, Seasonal *'
. changes 1p stomagh worms - (Obeliscoides cuniculi). -

| /An: showshoe hares in'Maine,"J. Wildl. Dis. o
013z 327- 3‘32-, v P %

ths ) :
4 ) l-lrlnoxs!) 3. Pprasitol. 40: 702-703. 2 g

anle, F.C. 1942, D

g heartwcm in the muskrat in
- w New York‘ J 346.

ammal. 23,34

. Green, R, H 1971, A multivariate. statis:ical approach to./
. . the Hutchinsonian nicHe:bivalve ‘molluscs. of
Gentral[Canada. Ecology 52:-543-556 /1 gy

‘.




Grundzinn, AN, ad Y.H: Tsad. 1967 Smu pmsms of
the muskrat, Oudains aibetbioss Osoyoosensis
(lnl‘d lKﬂJ) Niller, 1912 fron-the Salt Lake

" brogder, X, 196, Helninth famn in Onigi ik

sclistized i Kthstan, Rty po iy
nintolagi v kazatistane Mna-Ate: loiei
Kok Lt 56,7100 61, (s,

Eagmur,” 1946, A nmepical s of the -
| distributional ‘pattefns of North Anerican
| mimals. I1. - mxuamn of the e,
< gyst. Tool,

futvorsen, 8 . ot st nnl{gs( prssite
by, O, (1), Eblogical aspects of
masx'ulngy Nort follaid Pibl. Co. Oxfor,
P8I .

enssm, 1, 1974, Sosmal. and enviomental conditions

affecting the Invasion of mustelids by larvae
. the nexitule - Sojingls sl  Oikos
152 61:10,

Harley, J.2. 1970 A survey cf !he helmnths of the

s

ea Miller, 1912, ',

B hin oy, ity T, el
Aead, Sei. 351 13:15,
Holmes, J. r 1973, Site selection b parasitic Telninths;
ul!erspmf}: interactios, site semytm,
and their imortance to the derelopaent of

faghs, R, 191 4 fo e s of tapoas i
Epenlgia. -

Tras. . Hicrose, Soc. 60: 370414

sunter, .1, 1960, Pysiologial aspects of mlu;y i
aring mofluscs. In Jilbur, LN, ad
+CM, Yonge,(B.), Physiology of Yollusca,
* 15 deadenic Press, ey York, 7, 65126,

|
!
|
bl &
|

i
N . hgluinth conmunities. Can, J. Znal Sl 338 307;

L

Villey, I, Traas, A Merst Soc. 862 159 X

“

Jemings, 1. 1979, Metaaoin pa

o -shnrt»tauedmselanhm

YesEouilend, Unpi, B.c: [hmwuxs)

tiesis, emoril Uiversiy of

et 5. o' il
upp

Jilek, R, 1077, Trematncequrasués of the mush'lt
sibsthion i

makm (ondetra
 Columbis. Can. J." mnl B

Lomstova, T.I. IWG' Fornatior Gf,ylrasitv fauma in
larvas and fry o certais fishes fron the <
Krelzm Ressvoir, Elrhﬂhnl Th 12: 8590,

{nrnrushm v v 975, The dependecs of the cestode 4
fana 6 biris on the sessnal changes in .,
*3ird Tife, (laterial Fron auatic and sarsh
birds i the Black Sea area). . Paraziti,
prezitori 1 smwhnkh Likvidatsii o, 2
ey, 15,5, 3

lavnff, n 195, Tnternal d external prasites -
wsizes, To. sy bislogi pshl
my, Yol: Y1, Woseb, Transated fp
Yisian Gen lpors, ol 1 (uskrgt 1951
i 155). Dept, of Northers Aeairs and
o] Resmrces, 1961, 3, 4415,

e, . . S st  the s fn

 the msknts. 1 evtoudlnd Ul
g, . Dt N, s, Coueil, WX
1, Uttm pp.

*Leiby, P.D. and D.C. xmsky, 1976 Studies vnsymuo
shincsccosis 1V, Bolay of nﬂmm
- itiloalards dn the interediate

st
s merialatus, ' in Yorth mm. 1985: 1!72, e

oy
. J. Trop, Ned. g, 2 661415

Lnﬂy,J 1388, ’Nentnd:s of the miskrat, Proc, Acad,
Km Sl of Yhilldblphn 0 16128,

Loyd GE 1!52‘ Ahnuulm: pms: ity and xnfemous #
Giseade sty of Wic
h hesi L)




'yoble,' E.R. and G:A, Noblé: 1976

Machnnon B A~ und M.D.B.- Burt. 1978. Plagyhelminth
parasites of muskrats (Gnda'bra atbethicus)
in New Brunsw1cchan. J. Zool. 56: 350-354,

McKenzle, C.E. 1977. The parasite fapna of the muskrat,
trq aibethica (Linnaeus 1766) Miller 1912,
in Manitoba. Unpubl. M.Sc. Thesis.' Univ: of
Manitoba. 78 pp.

McKenzie, C.E. and H.E. Welch. 1979. Parasite fauna of
‘the ‘muskrat, - Ondatra aibethica (meeus, 1766)
1n Mamtoba Candda. Can. J. Zool. 57} 640- 646. ‘;‘

Machznskn, A P. .and- V Ni. Semov.-1972. ‘Helminth fauna of’
he-muskrat in the Mordovian SSR.. Matialy §
Nauchnykh Isslédovanii Chlenoy Vsesnyu!nug
Obshchestva Gel mlntholgnv 1972 (24] 109- 111.

Mettrick, ‘p. F. snd R.}. Podesta. 1074 Hcoldgical and

)2 ysmloglcal aspects of helminth-host ;
,-interactions in. the mammalian gsstromces
canal. Adv. Parasitol. 12: 185-278,

Meyer, M.C.”and J.R. Reilly. 1950 Parasztes of muskrets

in Ma)ne. Am. ‘Midl.-Nat.

44: 467-477.
Michel, J.F. 1976 The epldemlology and control of

some nematode infections in grazmg ‘animals. | .
Adv. Parasitol.l4: 355-397. e

Nesterov, v .1:'1973. Seasonal and age dynamics of ascnndu "
nd-heterakis' infections in chicKens at t
tste poultrey farm 'Alginskii' of the
,Akiylbin Region, Kazakh. Trudy Kazxkhskogo
Nauchno- Issedovatel™" skogo Veterwargo Instituta
(Khimioprofilaktika patpgenez ap)znotuloglya
. gel' mintozov sel' s khnzyaxs:vermyk
¢ “hivotnykh 15: 389- 391’ (In- Russian) .

Febzger, P)ulndelp)ua 561 6 p

Northcott ;T H., N.F. Payne and E. Mercer. ig7a. stpersa] o

= mink‘in’ insular Newfoundland. J. Mamma].. 55: 243- 243. =

y of the fresh-
Muacologu

Bklan_d J. 1969, Dlstnbutlnn ‘and ecol
- water snnls (gastropoda) of Norwa




K> . ,Parasitol.'63: -3

oOliver, L. 1938. A new trematode, Allassogonaporus
. marginalus, from the muskrat,. J. Parasltol. .
24:.155-160. ;

Olsen, 0.W. 1937.. A Systematlc study of t]\e trematude
. sub-family Plagiorchiinae Pratt, 1902.
~ -Trans. Amer. Microsc. Soc. 56: 311 339.

Olsen. 0.W. 1939. Schizotaeniasis: in muskrats. 7.
Parasitol. 25: 279.

. Penn, G.H. Jr. 1942a: The life lusm-y of Pordcephalus
crotali " a parasite’ of the Louisiana muskrat.’
J. Paras:tol. 28: 277-283.

= 1942b:" The:occurrence of Porocephalxas:s in
the Louisiana muskrat. J. Wildl. Ngmt. 5! 131

Pennet, L.R. 1940, Morphological'and biological studies .

on certain helminths of~the muskrat. Ph.D:
. Thes1s, Univ. -of Mn-mesota Minneapolis.
i Pennyculck, L. 1971. Seasunal variations in the -parasite
) ‘.~ infections in a population of three-spined
sucklehacks, Gusteimtsus aculeatuu L.
88. :
Podkolzma R.I. 1967. Helmlnth} of muskrats in the
. Prinorsk-Akhiarsk estuary area. Materialy.
Nauchnoi Konferentsii Vsesoyuznogo Obhchestva
Gel' mlntologov, 1967 (2) : 256-257. (n Russian).

Price, B.W. 1932.  Hepabicola hepatica in the. liver' of i
Ondatra atbethica, . J. Parasitol. 18: 51.

Rauch R.L. 1946. Parasltes of Ohio muskruts. 3 l&)ldl.
gmt. 10: 70. ;

Rauch, R, 1948. Notes-omn.: cetcdes of the genus Arndrya
. Railliett; 1883, with the descr;pt)on of

A. ondatrae n. sp. (Cestoda: Al oplncephahdae).

Trans. Am. Microsc. Soc. 67: 187-191..

'Rend E/P7.1949a: 'Studies op. North. Américhn helmxm}is of
‘the, genus Capillaria lgdér, 1800 (Nemato}:) -
I C.u_plllsnds fl'om mmmals. J Parasltn 35'
o 2237230, P B 2
. Studiés on Nonh American. helmmths of
RS the genus) Capil, ‘Jeder, 1800, (Nematoda) : II
Additional capillarids from maﬂ:mal ‘with keys
to the “North' Amer;,can mammalun S
J Parasltol. 35 231 239., £ 3

]




67

Rice, E.W. and 0.B. Heck. 1975. A survey of the gastro-
LN intestinal helminths -of the muskrat Ondatra . o
zibethicug collected from two 1ocaht|es in

Ohio. Ohio J. Sci. 75: 263-264.

Rider, C.L. and R.W. Macy. 1947 Preliminary survey of
the helminth parasites' of muskrats in north-
western-Oregon, with description of Hymenolepis
or;datz'ae n. sp. Trans. Am. Microsc.. Soc. 66:"
176-181

Schmldt, G.D. 1970. ‘The Tapeworms. Wm. C. Brown Co. Publ. - :
Dubaque, Iowa, 266 pp. . % -
Schnell, S:C. 1970. The Trematodes. Wm. C..Brown Co. Publ.
Dubague, Iowa. 355 pp.~ ° E

Schulz, R.E. and KA. Skworzow. 1931. In Angel M. 1959

Scioli, H. 1964. General features, of the 'Hmna]ugy of
& p Amazonfa. Int. Assoc. Theor. Appl. Limnol. A
Proc. 15: 1053-1058. | . . 3

Senger, c M. and J.W. Bates. 1957 The occurrence’ uf
-Hymenolepis euagimzta and H. ondatraé.in Utah
muskrats. Prdc. Helminthol. Soc. Wash. 24: 141- 142

Sey, 0..1966. Contributions to the knowledge of the internal
parasites of the muskrat(Ondatra zibethica L., 1776)
“living along the river Tisza..Tiscia 2: 89-95

- .11967 .~Modi fications of the American muskrat's

¥ Ondatra zibethica L.)parasitic fauna due to accli-
matisation. Acta Zool. Acad. .Sci. Hungary 13: .

v 409-416. ° s

Shaldibin, L.S. 1960.. Nelminthq‘logicﬂ evaluation of. ondatra. £
. _“Uchenye. Zapiski 95. Gor'kovskogo Gosudarstvennogo b
. Pedagogicheskogo Instituta-27: 97-101. (mn Russian).

Sharpilo, L.D. and V.P. Sharpilo, 1972. Relation of certain
forms of the genus Plagiorchis, parasvtes of
reptiles and rodents, to<the species Plagiorchis . N
elegans (Trematoda: Plagiorchiidae). Problemy : 3,
Parasitologia 425-427..In Helminthol. Abstr. ! *
45 (3):.208 no. 1196.




Shuteev, M,M.: 1977, Parasites ‘of the muskrat £roppine -
orests.of the upper reaches of the Tiver
ob. Parasnologua 11:.538-540.

. Skrjabin, V.I. 1960. Essentials of "Nematodology.

Vol, III. Trichostrongylids of "animals and
man. Translation by Paeson, M. and Z.S. Cole.
Israel program for scientific translatmns,
Jerusale'm 704 pp._

= '\ 1964a. ‘Essentials of Trematcdology Trinslated
. by Birron, A." and Z.S, Cole, Israel program -
for.scientific translation, Jerusalem, 444 pp.

= ~1964b. Keys to the Trenatodes of animals and man.
+% .. Translated by Dooley, R.W. and ‘P. Arai-(Eds.)
Univ,, I11, Press, Urbsns. 351 pp.

Skrjabin, V.I., N.P: Shlkhobalova and I.V. Orlov: 1970.

Trichocephalidae and Capillaridae of animal's
and man and the diseases caused by then.
“Translation by Birronm, A.,Greenberg, D. (Eds. ]
Israel program for scientific translations, -
Jetusalem. 599 pp.

sini‘th,.l-‘.n. 1938 Muskrat invéstigations “in Dorchester
Gounty, We. 1930-1934. U.S. Dept. Agricalture:
Circular no.- 474. "

Snkal“’ R.R: and F.J, Rohif; 1973, Introductibn to
biostatistics. W.H. Freeman Co., San Francisco. -
776 pp.: q

Sweatman, G. K. 1952; Endoparasites’ of muskrats in the
: Vi

inity of Hanmilton, Ontanm J. Mammal.
33/.248-250+

Taber, R.D. 1971. Criteria of age and sex. In Gills, R. H.,
e Jr. (Ed.) Wildlife Managemént - Techniques. . The
- Wildlife Socxety, Inc. 325-401.

Threlfxll, W. 1965, Studies on the helminth parasites “of WY

herring gulls (larus argemtatus -Pontopp.)
tion the Newborough Warren nature reserve,
“Anglesey Ph.D, Thesxs, Uniy. of Wales ,154 pp.




Crmery aumrux

€696T) wxawuwa

(6961 ‘8961)- uwiqy

Czset) Pren uropnues

co

busmpuy

Cesar) szaxaws

(6561) uesto

56Ty ASImEvM

cn

Ty Apren

(6v61) pwon
wrvor) uuwea

cover> xeuuea

T crvery sereaeus
. (856T) I0FATIO
CzEGT)  wava.

a
(o16T) .JJMM.I.

Cstety Fewava

ey vivaeiei AR

EETITETT

AwaAARNN O SHINFWIGH 03 PeiNTeN SEeTINOTTANG. 3o frwimas Tesides - T xjousday

{ T Aeaing

B

$To&D °3TT

Awouoxwr ||

Eovar, C.5. 199, Dyamic igeoprphy. T Vstraad

pirasites, Unir, of Toronts Press, Torato. p. 125159,

Hailds, LN, (&.), oloy and piysislsgy of

in-intemediate and iefinitive bists. o

Reishold Co., Toroats, 445 pp.
Timer, I'J: 1. Silg<ﬁlﬂil 'nwr i helsizts

Keta Veteriuria 30: 381-18.
idi, T, 1936, The puasites §F the mesirat (feetn

Tanatia, F. 1963, indopnasites in mskrats (Ouir alisiior L), *

mithis L) in the British Isles. Damsital

o 20 305402,

ik, 1 197, Belith fma of O sior

Female, Cam, J, Zoaks 44: 32-805,

Tebster, .4 106, A mobolgical descrigtion
il miigmensi Read, 1905 Yalt aid

Mv

L1978 136-27. s s,

y
itslogii baucawi Koefereatsii inzite

axlimtized vith lagesta ASSI,
Pz
e,




(£26T). xo03nys.

e ) ) n ELads T (LLeT)AeTIL
N et T e e agmamen L
o 2 P G;S Aowes' § TIASUFYORN i 3
: : £} o
Ll & 2 Y (2161) 4o Co.
# e 2L g (zL61) yeuwuen §'
- L St

e AcemC owsay
. _(L96T) 4o




*Seétion

.+ Small Intestine

“°. Small-Intestine

Stomach -

_.Small Intestine

‘Small-Intestine

Small Intestine

Spall Intestine

Small Intestine

< Small Intestine

Small Intestine
Small Intestine
Caecum . i
Colon

Plagiorchis proaimi

~

\\golon

0.10

Section . S.E. Range
Stomach 3.10 - 2.98 "0-152
‘Small Intestine 1 - 15.80 7.63 0-359
Small Intestine 2 29.00 7.81 0-269
Small Intestine 3 72.94 . | 27.24 -0-1198

_“Small Intesting 4 82.27 ° " $38.96 0-1913
-, Small Intestine § 51.57 19.48 0-916
Small Intestine 6 21.10° 5,16 0-134
Small Intestine 7. 4.35 1.77 0-61

Small Intestine 8 ~_ 2.94 1,94 0-96
Small Intestine 9 - 3.86 L -3.39 0-173
a1l —?}.testine 10 2.37 2028 . ¢ 0-113

Cagcun] - 0 s e
. 0.10 0-5,
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Appendix.2 -~ continued “ < s
Quinqueseriaiis quinqueserialis g8 1 i
+ Section S
Stomach

Small Tntestin
.Small Intestine

Small Intestine
Small Intestine
-Small Intestine
Small’ Intestjne
Small ‘Intestine
~ Small Intestine

B R Iy
=) . /

T~ small Intestine
™ Small Intestine
Caecum; -
Colon
: Echinostomes 3 & ,
o' section” I ] e S.B. Range i
Stomach "o .t 0:39 0.37 0-19
¢ Small Intestine 1 -~ - . 40.98 30.88 3 0-1472
Small Intestine 2 34.63 T 20,73 0-772:
Small Intestines3 36.51~_ - 26.67 0-1324
¢ Small Intestine 4 " 12.43 e 0-273
' Small Intestine 5 i SURBE 0-165
Small Intestine 6 R 0-124 *
Small Intestine 7 Lo0is7 ST C0-16.
‘small Intestine 8 ™ 0.10 DR 1 ¢
Small Intestine 9 0.14 5006
Small Intestine 10 = : . 0.10 B v
Caecum ! 3.67 . 2.25 L T
Colon T ' 0.08 0.08". it 0-4 X
& - ~ J




\premli)g 2 - continued

Slepis evaginata - .
‘b section - e S.E. Range
me : 0.18 0-9

. lsma11’ Intestine: 0.09 0-3
{Small Intestine 2 0.29 0-11
Small Intestine 0.92 | 0-40
Small Intestine 1.23 " 0451
- Small Intestine 2.00 0-82
Small Intestine. 6- 0.48 0-16
Small Intestine 7 0.17 0-8
Small Intestine:8 0.05 0-2
Small Intestine 9 : 0.03 0-1
small Lntestine 10 0= 0 -
¢ Caecum - - 0,02 0.02 0-1

« Colon 0 sl :,

T
Capillaria michiganensis

Section o < S:E. Rénge’
Stomach ’ 0.84 0.45 0-17
Smail Intestine 1 17.82 5.00 0-201
Small Intestine 2 15.67 , 4.75 L0202
Small Intestine 3 2,14 0-76 -
"Small Intestine 4 - 6.87 0-330
Small Intestiné 5 0.68 0-71
Small Intestine 6 0.51 o 0-18
Small Intestine 7 0.16 *0-8
Small.Intestine 8 0.03 0-1
Small Intestine 9 0.05- 0-3

¢ Small Intestine 10 0.02 0-1
'Caecun > 0 0 B

0 0 -

Colon




Appendix 3 - A summary of the zoogeographic occurrence: and lifecycle (if known)

,of intestinal helminths of muskrat in ‘North America
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i, Cos Cosmupoutan (many specles

" # Synonomized with Apmemmwh-ya macmz:ephala

throughout” the. worl

HOL - Holarctic 5
N:‘A.‘v'prjth.'Amerié'a L
1. Mgelaius phoeniceis 6. - Mephitis mephitis”
Arthropods 27.  Mergus 'sp.
3! Arvicold riparius. 28.. Microtus'sp. : °
4. gwicola teries 29. .Mistela furo
: 5. Brania canadensis 30. Husteld vison
6 Canis fariliaris 51, Myoptamus eoypus
7. Castor canadensis” 32. . Myotis sp.
8. Cibellug sp '35, -Omyotolagis sp. -
9. Cricetellus sp. 3‘\'4 yiomys palustris *
), Didelphus maoupiglis 35 Phasjanus colchus
11, Bhithroson doveatum *36. «'Pyed sp.
12. Felis catus 37. Plinorbula sp. !
13, Bundulus heteroslitis 38. . Pomatiopsis sp.-
.14, Fundulus pallidus 39, Procyon lotor ' " .
N 15. ‘Gavia imer 40 pssudosuume\ sp.
16. Geomye. sp- 41. - Rattus norvegicus
17. Gulo gulo . 42, " Rodentia .
.18. ‘Gjrulus sp. {43. Galno salar -
19. Helistona $p. |44, Sciurus ‘sp. .
20. Homo aipiens 45 - Bignodon sp. .
21.- arus delavdrensis 46.- Silvilagus 'Sp.
22 Lopus aylvatious 47, Somateria’ sp. -
23, Ijmngea 'sp. 48 ‘Stagiicola sp.” i
24 Narmota monaz 49 Sula bassana
25. Martes sp. 50.. . Sus sevofa
) = i 51. ' Thomomys' sp..
M : 52. . Vertebrate spp. (many) -
. 53, Vulpes -'sp.
¢ .54, Wadimg-birds
L ) 55. Zapus hudeonicus -
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