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ABSTRACT

The parasites of 171 nuskrats from four regions of Manitoba

were examíned to determine the prevalence and incidence of.parasitísur.

Conplete examínat.Íons for both endoparasites and ectoparasites were

performed for 29 nuskrats, while 31 were examined only for
ectoparasÍtes and 111 were necropsied only for endoparasites.

seventeen specÍes of parasites were recovered, including

7 trenatodes, 3 nematodes, 2 cestodes, 1 aeanthocephalan, 3 mites and

a protozoan. Two nel¡ host records nrere recorded, Èhe tremaËode

PJagiorchÍs nobLei and the nematod,e Herigmosomum caroiinensis.

capiJ-Jaria mÍchiganensis and HgmenoTepis sp. r,reïe significantly
more Prevalent in female muskraÈs than in males. Young muskrat.s were

found to be parasÍ-tízed shortly after weaning, r¿íth the most prevalent

forms being acquÍred first.
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I}¡TRODUCTION

The economic importance of the muskrat, Ondatra zibethica

(Linnaeus,L766) Míller LgLz, 1n North Ameríca ís easíly d.emonstrated.

The.fur industry, in whích the muskraË ranks first amongst trapped pelts,

supports a large number of trappers, many of whom are native people

(Bondar, 1950). Economic damage from tunneling, to dykes and

draÍnage systems, must also be considered. Any factor affecting the

ecology and well'being of the muskrat is thus of great importance to

a J-arge nurnber of people.

NotwíthstandÍng Ëhe Ëwenty-Ëwo publÍshed, and at leasÈ four un-

pubi-ished surveys already made of muskrat parasítes ín North Arnerica,

the cenËral prairies have been largely ignored. One exception t¡as an

ecologícal study by Bondar (1950) i.n southern Manitoba, vrtrich briefly

examÍned the parasitic fauna of the muskrat.

The muskraÈ ís an excellent sËudy animal' being nunerous' easÍly

secured and living a semi'aquatic mode of lífe wíÈh Ëhe resultant

exposure Ëo a large number of parasítes specíes wÍth aquatic ínter-

mediate hosts. This is parÈieular1y t,rue of the digenetic tremaÈodes.

The objecÈÍves of thÍs study r.¡ere: 1. to determine the parasites

present Ín the muskrat and thel-r preval-ence; 2. to examÍne the effect

of host sex and age on the parasitíc fauna, and to observe any obvious

pathology or apparent harn to the host.



HOST BIOLOGY

The muskrat ís the largest menber of the rodent family

Cricetidae. It is stout-bodíed, 25-35 cm 1ong, with a tail of an

additionaL 20-28 cm, and rveÍghs between 0.5 and 1.5 lcg (BurË and

Grossenheíder, L964). The muskrat, is prÍmarily nocturnal and is

nel-l- adapted to iis semi-aquaËic existence. The pelage is in Ëwo

layers, an inner evenly dÍstributed, sofË under fur, and 1ong, un-

evenLy disËributed guard haÍrs. The taÍl is relatively haírless

and laËera11y coupressed in aÍd of swÍrnuring. The hind feet are

broad and provided wiËh stiff hairs between the ùigits which spread

to Íncrease the surface area r.¡hen swirnming. A muskrat may remain

submerged up to fifteen minutes (Bondar, 1950).

A fernale uuskrat may have three or four lítters per year,

averagÍng five or síx young per litter" l,luskraËs breed from April

to AugusË in Northern areas, and breed during the r¡rinter Ín the

South (Burt and Grossenheider, 1964). Young usually reach sexual

maturity in Ëime Èo breed Èhe following spring (Bondar, 1950).

Mrskrats are omnivorous, though they can survive on a herbivorous

dÍet. The preferred plant is cattall (rgph spp.) especially the

lower stems, shoots and rhizomes. ÌfuskraËs eat a varieËy of other

Ì"rater plants, includÍng bulrush (Scirpus spp.) and Phragmités spp.

CrayfÍsh, snaÍ1s, frogs and fish are the usual animal supplements to

the dlet (Bondar, l-950). Muskrats may also scavenge. Surith (1938)



reported that nuskrats tested in captivlty ate both fish and dead

birds. Under severe conditions, muskrats may be cannibalistíc,

feedlng on thelr neighbours' young (Errington, 1957).

Dispersal- takes pl-ace during the autumn, at which time muskrat.s

nay be found travell-ing overland. Their behaviour ís more aggressl-ve

while away from water, and they may aËtack without apparenÈ provocatíon

(Banfield, L974). 
-

During the winter muskraÈs rpmain active and swim under the ice,

utilizÍng "push-ups" or openíngs through the ice which they Ëhemselves

maÍnÈain. They feed on roots, and presumably predate or scavenge

anf¡ral materíal as rnrel-l . It is importanË thaË the vrater body not

f.reeze to Ëhe bottom, as this exposes the muskrat to predaËion. This

constiËuÈes the greatest threat, as Seton (1909) observed, "There is

yeË another and still more dangerous enemy, that is, a severe winter

fol-lowing a dry fall. The ponds are then so shallow that they freeze

Èo the bottom, the raËs are eíther forced out to be at a helpless

dísadvantage among birds and beasts of prey, or are sealed in so that

they prey on each other. It takes years for the species to recover

from such a dire experience."

The naín predators on muskraËs in Southern Manitoba are mink

(¡¿uste-Za r¡ison Schreber), owls and hawks (Bondar, 1950).

The muskrat l-s found over all of North America except. for the

far North, Florida and parts of Texas and Callfornia (Burt and

Grossenheider, l-964). There are fifteen subspecies, seven in Canada

and eight 1n the United States (Bondar, 1950). Three subspecies occur

1n Manitoba, Ëhough there has been much lnterbreeding (Banffeld, \974).



The muskrat has been introduced to Europe and has spread across the

Ukraine.

According to Bondar (l-950), the taxonomy o. the muskrat has

been repeatedly revised :

Castor zibethicus Linnaeus 1766

Ond.atra zibethicus (L.) Link L7g5

Fiber zibethicus (L.) True 1885

Ondatra zibethica (L.) Ifiller 1912



LITERATURE REVIET^I

The first record of a muskrat parasite fs rhaÈ of Leidy (1858).

He descríbed a helminth, l¿Ionostomum affine, the correcË ídentity of

which is now uncertain. In another paper, Leídy (1888) reported

Distomum echinatum, (Zedex 1803) Díetz 1910 and Amphistomum

subtriquetrum, Reed, which are considered s)monomous with Echinostoma

zevoTutum (Froe1-ích 1802) Dietz 1910 and Wardius zibethicus Barker

and EasÈ L9L5, respecÈívely. sÈil-es and Hassall (1894) reported the

Presence of. Cgsticercus fascioTaris Rudolphi 1808 (larval Hgdatigera

taeníaformis (Batsih 1876) f.anarck . 1816, in a muskrat,.

Barker and Laughlin (1911) made the first survey of muskrar

parasites and since Èhen aË least 25 additíonal surveys haìe been

carrÍed out, most of which consider only helminths. penn (1942),

KnÍght (1951a, 1951-b) Grundmann and Tsai (1967) and Meyer and Reilly

(1950) are Èhe only four studies which deal with both endo and ecto-

parasÍËes. Ball (1952), Penn (L942) and Grundmann and Tsai (L967)

were the on1y workers t,o examíne the gut for protozoans. Bíshop

(1934) publíshed Ëhe most comprehensive account of gut protozoans

from muskraËs 1n Bngland. No blood protozoans are known from t,he

muskrat,, but only Grundmann and Tsai (l-967) reported having looked for

then. The recorded ectoparasites of muskrats are almost excl-usively

Acarina. Mftes occur most frequently, both as commensal, and as

lymph and blood feedlng forms. Fox (1940) lisÈed the muskrar as host

to a flea, Ctenophthalmus pseudaggrtes, Baker 1904, fn the Eastern



United States and Takos (1940) observed fleas on a muskraÈ, buÈ the

muskrat evaded capture. Ulbrich (1930) reported two specíes of

Haematopinus (Anop1-ura) on a muskrat in Germany, Haematopinus

spininger Denny, and ¡t. spinulosus Denny.

Ticks are occasionally found on muskraËs, possibly as incidental

infestatíons. Koh1s (L952) report,ed the tick Ixodes muris Bishopp and

SmÍth, on 2 of 812 animals that he examined.

Larval dipterans, causing myiasis were rêported by Penn (7942)

and Arata (1959).

LÍteraÈure on muskrat parasites from Europe and Asia indicates

that some North Anerican parasítes, such as Quingueserjafjs quin-

queseriaTis (Barker and Laughlin 1911) Harr,rood 1939 have become

established Ín their hosts' net¡ Tange (Warwick, 1936; S"y, 1966;

Gvozdev, 1966; Vañatka, 1970), whíIe other species such as l,lardius

zibethicus and NotocotgTus ur.banensis (Cort 1914) Herber 1955, have

been 1ost. AË the same time ner^r species of parasiÈes, closely related

to North American forms, such as Plagiorchis arvicol-ae Schulz and

Skvorzov 1931, and ?eÊratjrotaenia poTgacantha (Leuckart, 1856)

Abuladze L964, have been acquired froro phylogenetically sinilar hosËs

(Sey, 1967; Gvozdev, 1966).

A IÍst of the parasit,es of muskrats in NorÈh America (Table I)

Íncludes 37 trenatodes, 18 cestodes, 21 nematodes, 2 acanthocephalans,

4 proÈozoans and 14 rnites"



Table I. Parasites recorded

(L.) Milter, L9L2

from the muskrat, Ondatra zibethica

in North America.

Parasite, Authority Cítation Locality

HELMINTHS

Phylun PlatyhelmÍnths

Class Treuratoda

Fanily Brachylaimidae

PtgaLincoLa ondatrae
llootton and MurrêLL L967

Family DiplosËomatidae

AJaria mustelae
Bosna 1931

Fibricol-a cratera
@arker and No1l 1915)
Dubois 1938

Fanily EchÍnosÈomatidae

Echinochasmus schwartzi
Price 1931-

I{ootton Murrell MÍchiganand
L967

Lar,¡ and Kennedy 1932
Penner l-940
S!,reatman 1952
Dunagan 1957

Barker 1915
Penner 1940
Gilford 1954
Beckett and Gallicchio 1967
Grundmann and Tsai 1967
MacKinnon (pers. conm.)

Ontarío
lfinnesota

Ontario
Alaska

Nebrask¿
Minnesota
Illinois

Ohio
Utah

Ne¡,¡ Brunsl¡ick

Echinochasmus sp.

Echino¡nrg phiun conti guumBarker 1915
Barker and Bastron 1915 Law and Kennedy 1932

Penner 1940
Ameel 1942
Knight 195La
Sweatnan L952

Price 1931
Law and Kennedy 1932
Penner 1940
Chandler 1941
Penn 1942
Byrd and Reiber 1942
Abram 1969
Holmes (pers. cornm. )
MacKinnon (pers. comm.)

l,faryland
Ontario

lfaryland
Texas

Louisiana
Louisiana
lfaryland
Alberta

Ner,¡ Brunsr¡ick

Nebraska
Ontario

Minnesota
lflchlgan

Brltlsh Columbia
Ontario



Fanily Heterophyidae

ApophaTTus .breyis
Ransour 1921

EurgheTmis ¡:acificus
Senger and Macy 1952

E chinoparg phium recurvatum
(Linsrow 1873) Díetz 1909

Echinostoma tevoTutum
(Froelich 1802) DíeEz L9L0

Burnett 1956 Colorado
Gupta 1962 a Quebee
Grundmann and Tsai 1967 Utah
Gash and llartna L97 2 Kansas

Penner 1940 Minnesota
Meyer and Reilly 1950 Maine
Beckett and Gallicchío 1967 Ohío
Harley 1972 Kentucky

Leidy 18BB U. S.A.
Barker 1915 Nebraska
Law and Kennedy 1932 Ontario
Beaver 1937 Alberra

Quebec
Pennsvlvania

Maryland
Colorado
I11ínoÍs

Penner 1940 Minnesota
Leigh 1940 lllinoÍs
Ameel 1942 Michigan
Rausch 1946 Ohío
Ríder ard Macy 7947 Oregon
Edr.rards 1949 Ner¡ York
Knight 1951a Brirísh ColumbÍa
Sweatman 1952 Ontario
BaIL 7952 Colorado
Gilford 1954 lllinois
Senger and Neiland 1955 Oregon
Burnett 1956 Colorado
Dunagan 1957 Alaska
Gupta I962a Quebec
Anderson and Bèaudoin 1966 Pennsylvania
BeckeËt and Gallicchio 1967 Ohio
Grundmann and Tsai 1967 Utah
Abran 1969 Maryland
Harley 1972 Kentucky
Rice and Heck 1975 Ohio
Peters (pers. comm.) Uichigan
Holmes (pers. co¡un. ) ¿.lberta
MacKinnon (pers. comm.) New Brunswick

Penner 1940

Senger and Macy 1952
Senger and Neiland 1955

llinnesota

Oregon
Oregon



Phagìco7a Tageniformis
Chandler 1941

PhagicoJa nana
Ransom 1921

FamÍJ-y LeciÈhod eni.drlidae
A I 7a s s ogonoporus ma r g i na J i s
OlÍvler L938

FanÍly MicrophallÍdae
Levinsenie 7La brachgsoma
(Creplin 187S) Sriles and
Hassall 1901

Fanily NoËocotyl_idae 
1

Notocotg 7us f iLamentjs*
(Barker 1915) Harwood
7939

Notocotg 7us urbanensjs'
(Cort 191-4) Herber 1955

NotocotgTus sp.

NudacotgTe novicia
Barker 1916

Chandler 1941

Byrd and Reíber 1942

Olivíer 1938

Penner 1940

Barker 1915
Law and Kennedy 1932
Goble 1940
AmeeL 1942
lfeyer and Reílly 1950
S¡¿eatnan 1952
Burnett 1956
Dunagan 1957
Holmes (pers. conm.)

Penner 1940
Rider and Macy 1947
Edwards 1949
Bondar 1950
Knight 1951a
BecketÈ and Gallicchio
Grundmann and TsaÍ 1967
HaxLey J-972
MacKinnon (pers. comrn.)

StÍ1es and Hassall 1894
Gilford 1954
Senger and Neiland 1955

Barker 1916
Chandler 194L
Aneel 1942
Penn 1942a
Meyer and ReÍ1ly 1950
Gllford 1954
Beckett and
Abram 1969
Harley 1972

Gallicchio L967

Nebraska
OntarÍo

Nevr York
MÍchigan

Maine
Ontario

Colorado
Alaska

AlberËa

Minnesota
Oregon

Ner¿ York
Manitoba

Brítish Colunbia
1967 Ohío

Utah
KenÈucky

New Brunsr¿ick

Maryland
Il"linois

Oregon

ìtinnesota

Texas

Louisiana

Michigan

Mínnesota

Texas
Míchigan

Louísiana
Maine

rlll_nol-s
Ohlo

Maryland
Kentucky

New BrunswickMacKlnnon (pers. connn.)
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Paramonos tomum p seuda Tveatum
PrÍce 1931

Farnily Opisthorchiidae
Amphime rus pseudofe-2.ineus
(Ward 1901) Barker 1911

Metorchis conjunctis
Cobbald 1860.

Opisthorchis tonkae
I,Ial1ace and Penner 1939

Nebraska
Nebraska
Ontario

Minnesota
Ifichigan

Ohio
New York
Manitoba

Maine
Columbia
Colorado

Alaska
Ontario

IlIínoís
Oregon

Colorado
Alaska

Illinois
Quebec

Pennsylvania
1966

Beekett and Gallicchio 1967 OhÍo
Grunduann and Tsai 1967 üËah
Abrara 1969 Maryland
Harley 1972 KenÈucky
Rice and lleck 1975 OhÍo
Ho1mes (pers. conm.) Alberta
MacKinnon (pers. Ne¡v Brunst¡ick

com. )
Peters (pers. cornm.) Ifichigan

Price 1931 MarYland
?errn 1942 Louisiana
Grundmann and Tsai L967 UÈah

Gilford 1954 lllinois

Sweatnan 1952 Ontario
Anderson and Bedouin Pennsylvania

1966

I,Iallace and Penner 1939 Minnesota
Penner 1940 Mínnesota
Edwards 1949 Ne¡u York
l,facKinnon (pers. llew Brunswick

com. )
S¡nith 1938
Penner 1940

Maryland
Mlnnesota

QuinqueseriaTis quinqueseriaLis Barker and Laughlin 1911
(Barker and LaughlÍn 1911) Barker 1915
Harwood 1939 Law and Kennedy 1932

Penner 194C
þneeL L942
Rausch 1946
Edwards 1949
Bondar 1950
Meyer and Reilly 1950
Knight 1951a British
Ba]-:-- 1952
Rausch 1952
Sr,reatman 1952
Gilford 1954
Senger and Neiland 1955
BurnetÈ 1956
Dunagan 1957
Arata 1959 ô
GupËa lg62b¿
Anderson and Beaudoin

Para¡netorcåis sp.
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Famlly TroglotrematÍdae
Paragonimus keLLicotti
i'lard 1908

Family Paramphis tomatídae
Wardius zibethicus
Barker and East 1915

Zggocotgle J-unatum
Diesing 1835

FamiJ-y Plaglorchiidae
Plagiorchjs macul,osus
(Rudolphí l-802) Braun 1902

PTagiorchjs massino
Petrov and Tikhonov L927

Plagiorchi s micracanthos
Macy 1931

PTagiorchjs rnuris
(Tanabe L922) Yarnaguti 1931

Plag iorchis inusteJae
PeËrov and Kadenatsii 1927

Plagiorchis proximus
Barker 1915

A¡neel 1932
Penner 1940
HaxLey L972

Leidy 1888
Barker 1915
Law and Kennedy 1932
Penner 1940
Ameel- 1942
Rausch 1947
Edwards 1949
Bondar 1950
Ifeyer and Reilly 1950
snirh 1958
Murrell 1965
Anderson and .Beaudoin

L966
Beckett and GallicchÍo
Abra:n 1969
Haxley L972
Ríce and Heck 1976
MacKinnon (pers.

cofnm ' )

Holmes (pers. coum. )

Permer 1940

Holmes (pers. corrm. )

Penner 1940

Penner 1940

Holmes (pers. corm.)

Barker l-915
Lar¡ and Kennedy 1932
Penner 1940
Arneel 1946
Rausch L946
Edwards l-949
Bondar L950

L967

Michigan
l"fichígan
Kentucky

U. S.A.
l.Iebraska

Ohio
I'finnesota
Míchigan

Ohío
New York
Manitoba

Maine
Michígan
Michigan

MinnesoÈa

Ohio
Maryland
Kentucky

Ohío
Brunswick

Alberta

Ilinnesota

Alberta

MinnesoËa

Itinnesota

AlberÈa

Nebraska
Ontario

Minnesota
llichigan

Ohlo
Ner¡ York
llanitoba

New



L2

Farnily Pros thogonÍmidae

Mediogonimus ovi1acus
Woodhead and MalewÍty 1936

Family PsílostomatÍdae
Ribeiroia ondatrae
(Price 1931) Babero I972

FanÍ1y Schistosomatidae
Schistosomatium douthitti
(Cort 79]-4) Price 1929

FaníIy Urotrematidae
Urotrena shil-Tinoer
Price 1931

Class CesÈoda
Farnily Anoplocephalidae

Andrga macrocephaTa
Douthítt 1915

Andrga ondattae
Rausch 1948

Andrga primordiaiis
Douthitt 1915

Meyer and Reilly 1950 lfaine
Knight 1951a Brirish Columbia
BaLI L952 Colorado
Rausch 1952 Alaska
Sr¡eatnan 1952 OnÈarío
Gilford 1954 Illinois
Burnett 1956 Colorado
Dunagan 1957 Alaska
Anderson andBeaudoin Pennsylvania

l966
Beckett and Gallicchio 1967 OhÍo
Grundmann and Tsai 1967 Utah
Har1.ey 1972 Kentucky
Holmes (per.s. coma.) ¿.lberta
llacKínnon (pers. ì{ew tsrunsr,¡ick

comm. )

Penner 1940 }linnesoca
Beckett and Galliccirio 1967 Ohio

Price 1931 Oregon, Ontario
Law and Kennedy 1932 Ontario

Penner 1938 MinnesoÈa and Michígan
Penner 1940 ì'fínnesota
A¡nee1 1942 MichÍgan
Gilford 1954 lllinois
Beckett and Gallicchio 1967 Ohio
MacKinnon (pers. Ne¡v Bruns+¡-ick

comm. )

Price 1931
Penner 1940
Penner 1941

Rausch 1948

MacKlnnon (pers.
comm. )

lfaryland
l.linnesota
lfaryland

Ohio

New Brunswick

Anderson and Seaudoin Pennsvlvania
t966
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Andrga sp.

Monoecocestus ametÍcanus
(Stiles 1895) Beddard 1914

Monoecocestus variabi 7is
(Douthitt) Beddard 1914

MonoecocesÈus sp.

Faníl-y Dilepididae
Anomotaenia teTescopica
Barker and Andrews 1915

FamÍly Hymenolep idídae
HgmenoTepis evaginata
Barker and Andrews 1915

Hgmenolepis octocotanata
(von Listow) Fuhrnann 1924

Hgmenolepis ondatrae
Rider and l"Iacv 1947

HgmenoTepis oregonensis
Neiland and Senger 1952

Famtly Taeniidae
Cladotaenia cerci
Yarnaguti 1935

Grundmann and Tsaí 1967

Olsen 1939
Har1ey 1972

Olsen 1939

Arata l-959

Barker 1915

Utah

Minnesota
Kentucky

Minnesota

Illinois

Nebraska

Barker 1915 Nebraska
Law and Kennedy 1932 OntarÍo
Penner 1940 Minnesota
AmeeL L942 Míchigan
Penn L942a LouÍsiana
Edwards 1949 New York
Meyer and Reíl-ly f950 Maine
KnÍght 1951a BriËish Columbia
Ball 1952 Colorado
Sr,¡eatman 1952 Ontario
Gil-ford l-954 l11Ínois
Dunagan 1957 Alaska
Senger and Bates 1957 Utah
Beckett and Gallícchio 1967 Ohio
Grundmann and Tsai 1967 UÈah
HarLey L972 Kentucky
Peters (pers. conm.) Michigan
Holmes (pers. conm.) AlberÈa
MacKínnon (pers. conm.)New BrunswÍck

Kníght 1951a British ColumbÍa

Rider and Macy 1947 Oregon
I'facy and Biggs 1953 Oregon
Senger and Bates 1957 UÈah
Grundmann and Tsai 1967 Utah

Neiland and Senger L952 Oregon
Senger and Neiland Mínnesota,

1955 KenÈucky

Penner 1940 Minnesota



L4

Cfadotaenia sp.

Hgdatigera taeniaformi s
(Batsch 1786) Lamarck 1816

Taenia intermel j-a3

Rodolphi 1810

Taenia tenuicoJ-LÍs
Rudolphi 1819

?aenia sp.

PhyJ-un Nematoda
FamÍly Ascaridae

.Ascaris l-unbr ic oides
Mérat 1821

.Ascaris sp.

Family CapillariÍdae
CapiTJaria hepatica
(Bancroft 1893) Baylis 1931

Knight 1951a BriÈish Columbia

Linton 1915 Pennsylvanía
Johnston 1925 New York
Smirh 1938 Maryland
Penner 1940 Minnesota
Ameel 1942 MÍchígan
Kuntz 1943 Míchigan
Rausch 1946 OhÍo
Edwards 1949 New York
Bondar 1950 ManiËoba
Knight I951-a Britísh ColunbÍa
Byrd L952 Virgínía
BurneËt 1956 Colorado
GaLlatÍ 1956 Ohio
Anderson and Seaudoin Pennsylvania

L966
Beckett and Ga11Ícchio 1967 Ohio
Harley 1972 l(entucky
Holmes (pers. c,6Ím.) Alberta
Hol¡nes (pers. comm. ) Alberta

Skinker 1935 OnLario
Penner 1940 . MÍnnesota
Locker 1955 Alaska, Montana
Dunagan 1957 Alaska

Peters (pers. comm.) IfiehÍgan

Snith 1938 Maryland
Tiner and Chin 1948 l1lÍnois
Anderson and Beaudoin Pennsylvania

1966
Harley 1972

Barker 1916
BurneËt 1956
Grundmann and Tsai 1967

Law and Kennedy 1932 Ontario
Price 1932 Ontario
Penner 1940 lfinnesota
Aneel 1942 Michigan
Penn L942a Louisíana
Meyer and Reíl-ly 1950 lfaine
Knight 1951a BrlËÍsh ColumbÍa

Kentucky

Minnesota
Colorado

Utah
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CapiTlaria michiganensis
Read L949

CapiTlaria ransomia
Barker and Noyes 1915

Famíly Dioctophymídae
EustronggTides sp.

Fanily Draeunculidae
DracuncuTus insignis
(Leídy 1858) Chandler L94Z

Fanily FilarÍídae
ÐirofiTaria inmitis
(Leídy 1856) Raillier and Henry

1911

ÐirofiTaria sp.

Fanily HelígmosomatÍdae
' IleLigmosomum TongispicuLatus

(Diknans 1940) Skrjabin 1971

I-ongÍstriata adunca
Chandler 1932

Longistriata d.alrgmpTei
Diknans 1935

Family Physalopteridae
PhgsaToptera sp.

Fanily Rhabdiasidae
StronggToides ratÈi
var. ondattae
Chandler 1941

Famtly Rictularlfdae
RicÈuJ.aria ondatrae
ChandLer 1941

Read 1949a, L949b $Iisconsj_n
Burnett 1956 Colorado
I"Iebster 1966 Onrario
Grundmann cnd Tsaí 1967 Utah

Barker 1915 Nebraska
Penner 1940 MinnesoÈa
Arneel 1942 Michigan
Knight 1951a Brirish Columbía
Beckett and Gallícchio 1967 Ohío

Gibson and McKieL 1972 Ontario

Gíbson and McKieI 1972 Ontario
Gash and Hanna L972 Kansas
Crichton and Beverly-Burton Ontarío

197 4

GobLe L942

smirh 1_938

HarLey 1-972

DÍkmans L94O
Gilford 1954

Penn 1942a

New York

Maryland
Kentueky

New Jersey
Illinois

Louisiana

Chandler 1941 Texas
Beckett and Gallicchio 1967 Ohio
Har]-.ey 7972 Kenrucky

Penn 1942a

Chandler 1941

Louisiana

Texas

Chandler 1941 Texas
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RictuJ-aria sp.

Family Setariidae
Litomosoides carinii
Travassos 1919

Fanily Trichinellidae
TrichineLTa spiralis
Owen 1835

Fainíly TrÍchostrongylidae
Irichos trongg Jus ca Tcaratus
Ransorn 1911

Trichostrongglus sp"

Fanily Trichuridae
Trichuris opaca
Barker and Noves 1915

Phylurn Acanthocephala
FauiJ-y PolymorphÍdae

Corgnosoma consttictum
' Van CLeave 1918

Corgnosoma sp.

Polgmotphus paradoxus
Connell and Corner 1957

Rausch et af. 1956 Alaska
Beckett and Gallicchio 1967 Ohio
HaxLey L972 Kentucky

Penn L942a

Chandler 1941

Barker 1915
Chandler 1950

Barker 1915
Penner 1940
Aneel 1942
Rausch 1946
Edi,¡ards 1949
TÍner 1950
Ihight 1951a
BaLI L952
Srnreatnan 1952
GÍ1ford 1954
Dunagan 1952
Anderson and

Louisiana

Texas

Nebraska
Pennsylvanía

Eeckett and Gallicchio 1967 Ohío
HarLey 1972 Kentucky

RÍder and Ìlacy 1947 Oregon

Nebraska
Itinnesota
llichigan

Ohío
Ne-"¡ York

l{isconsin
British Colunbia

Colorado
OnËario

IIlinois
-. Ala.skÞ

Beaudoin Pennsylùania
L966

Beckett and Gallicchio 1967 Ohio
Grundmann and Tsai 1967 Utah
Abran 1969 ìlaryland
HarLey L972 Kentucky
Rice and Heck 1975 Ohio
Holmes (pers. comm.) elberta

IloLmes (pers. cornm. ) Alberta

Beckett and Gallicchio 1967 Ohio

Connell and Corner 1957 Alberta
Holmes (pers. conm.) elberta
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PoTgnoîphus sp.

Unidentif ied acanthocephal-a

Phylum Protozoa
Sub-Phylum Sarcomastigophora
Class Zoomastígophora
Order Díplononadida

Giardia ondatrae
Travis 1939

Order Trichomonadidae
Trichomonas sp.

Sub-Phylun ApÍcomplexa
Class Sporozasida
Order Eucoccidíorida

Eimeria stiedae
Lindernann 1865

ToxopTasma microti

Phylun Pentastomida
PorocephaLus crotaTi
Hurnboldt

Phylun Arthropoda
Class Àrachnida
Order AcarÍna

Mites

Fanily Labidophoridae
Detmacarus hgpudaei
(Koch 1941)

Demacarus ondatrae
Rupes and l,Ihitaker 1968

Family Laelapidae
Andro Taelaps faJ:renhoLzí
(Berlese 1911)

Knight 1951a
Dunagan 1957
Bondar 1950

Travis 1939
Pertn 1942
Ball- l-952
Grundmann and Tsai 1967

Penn 1942
Grundmann and Tsai 1967

A11en l-933

Karstad 1964

Alberta
Alaska

Manitoba

Iowa
Louisiana
Colorado

Utah

Louísiana
UÈah

North America

Ontario

Louisiana
L94L Louisiana

Penn
Penn

L942b
and Martín

Grundmann and Tsai 1967 UÈah

Rupes and l,lhitaker 1968 Indiana
hlhitaker and Inlilson 1968 Indiana
Fain 1969 Rhode Is.
Rupes et al-. I97I Montana
Fain et a-2.. I97L Ontario
Fain and V¡hltaker 1973 Ohío

Lawrence 1965 M:ichfgan
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la.elaps aLaskensis
Grant 1947

LaeJaps koclti
Oudernans 1936

LaeLaps muTtispinosus
Banks 1909

Laelaps muris
(Ljungh 1799)

FanÍ1y LÍstrophorídae
Listrophorus americanus
Radford 1944

Listrophorus sp.

Farotly Myobiidae
Radfordia zibethicalis
Radford 1936

Listrophorus dozieri
Radford 1944

Listrophorus kingstownens i s
Fain and Hyland 1973

Listtophorus ondaÈrae
FaÍn, Kok and Lulcoschus 1970

Listrophorus vaLidus
Banks 1909

Lawrence 1965

Harper 1961

Banks 1909
Dozier L947
Kníght 1951b
Grundmann and Tsai

Smíth 1938

Radford l-950

Míchigan

U. S.A.

Michigan

Ontario
Ïlashington

British Columbia
1967 Utah

Maryland

Texas

Banks 1909 Ontario
Ewj:ng 7922 New York
Sivhla and Sivhla 1931 Louisiana
Sxoíth 1938 l*Iaryland
Penn L942a Louisiana
MacCreary 1945 Delaware
Dozíer l-947 EasËern U.S.A.
Meyer and Rei-l1y 1950 Maine
Knight 1951b British Columbia
Keegan and Hedeen 1952 Alaska
Hays and Guyton 1958 Alabama
Harper 1961 U.S.A.
Lanrrence, Hays and Grah¡m U.S.A.

1961
Lar¿rence 1965
Allred and Beck 1966 Utah
Grundmann and Tsai 1967 Utah
I^lhitaker and ltli.i-son 1968 Indíana
Judd 1950 OnÈario

Radford 1944 Maryland
KnÍght 1951b BriËísh Columbia
La¡rrence 1965 Michigan
Grundmann and Tsai 1967 Utah

Radford 1944 Maryland
Grundmann and TsaÍ 1967 Utah

Fain 1973 Rhode Is.

Faín 1970 Ontarío
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Radfordia sp. Knfght 1951b British ColumbÍa

Fanlly Trombiculidae
Eutrombic¿l¿ harnarí Knight 1951b British Columbia
(rwine)

1Ícks
lxodes murjs Bishopp and Trembley Eastern U.S.A.
BÍshopp and Smith 1937 L945

Kohls 1952 Utah

Demacentor varìabil-is Bíshopp and Trembley ìlorth AmerÍca
7945

Class Insecta (Say)
Order Diptera

Sarcoplnga sp. Penn 1942 Louisiana
UnÍdentified larvae (nyiasis) Arata 1959 ll_linois

Order Si-phonaptera
Ctenophthalmus pseudaggrtes Fox l-940 Eastern U.S.A.
Baker 1904

I-Due to the uncertaínty as to whether NotocotgTus fiJ-amentjs and
iV. urbanensis are one or trvo specíes, they are listed separately.

t-original cÍtation A. zÍbethica Gupta 1962 nor+ s¡recies inquirenda
(Kinsella 197I).

I-original cítation Taenia musÈeiae Grnelin 1790.
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MAÎERIALS Aì{D I,IETHODS

Ifinter samples (L975 - L976) from several locations in Manitoba,

and winter and surnmer samples (Lg76 - rg77) from oak Hauunock Marsh

trere obtaÍned from trappers Lhrough the assístance of the DeparËment

of Renewable Resources (Table II). I'fuskrats T.7ere stored frozen until
examÍnation. summer sampl-es (7976 - rg77) fro¡o Delta Marsh were

taken, under permit, with Tomahaç'k 1íve traps (Tonahawk Trap co.,

Tomahawk, I,Iisconsin) .

IfuskraËs from Delta and Q¿tç ll¡nrnsck Marshes were examined. for

both endo- and ectoparasÍtes; those from other sites $rere necropsíed

only for endoparas.ítes. All internal organs, incluciing thè brain,

were examÍned r"¡ith a dissecting microscope. The contents of the

caecum r^rere sÈrained through a series of screens (3, 2, l and 0.5

tt¡m/mesh, in that order) prÍor Ëo examination. Routine necïopsy

procedures ürere folloured for all organs. parasiËes hrere separated

by general morphology Ínto vials of 70"Å eËhanol. sections of

diaphragrn and liver were squashed for vier+ing under high power for

encysted larvae of ?richineTl-a spiraJis and eggs of scåjstosomatium

douthitti.

TrpmaÈodes rrere stained in van cleavers haematoxylin, HarrÍst

haenatoxylin or Golerrs carmine; some were countersÈained r"¡ith FasË

Green. After dehydration through a series of alcohols, the specÍmens

were cleared ín xylene and mounted in permount. cestodes rrere

stalned in Semichonrs aceto-carmine and cleared wÍth methyl salfcylate.
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Nematodes were processed through Bakerts series and mounted in glycerin.

Acanthocephala were stained with Semichonrs aceto-carmine, cleared in

nethyl saLicylate and mounred (AppendÍx I).

Specimens fron Delta vlere live trapped. Captured muslcrat.s were

taken to the l-aboratory and irmobilized by ínjectíng three to four

millilitres (10 mg/cc solution) of phencyclidíne hydrochloride

(sernylan: 3ío-ceutic Laboratories, rnc. , st. Joseph, Missourí).

AnÍmals were Ëhen combed wÍth a fine tooth comb. The comb r¿as examined.

under a dissect,Íng microscope and any ectoparasíËes ki11ed and stored

ín 707" ethanol. ThÍs procedure cont,inued until repeated combing

revealed no further parasÍtes.

The ears and nose ïrere examíned, and one ear tagged to facilitate

Ídentificat,íon upon recapËure. Two blood smears were made.from a

ÈaiJ- snÍp and the faeces Ìrere examined and a faecal smear made. The

following day, the nuskrats were released aÈ the capture site. six

were subsequently recaptured and ex¡mined a second time.

Specimens fron Oak Hemmock r¿ere eËherized and the ectoparasÍtes

brushed off inËo plastic bags. Mítes were rehydrated f.rom 70%

ethanol and mounted in Berlese fluid; some \üere mounted directly in

Berlese wÍthout prfor fixation.

A sample of Delta muskraÈs were kÍlIed and necropsied. The

procedure \ùas the same as for Èhe frozen carcasses, except spleen

fmpressions and gut content smears were taken for protozoans. The

liver was shredded and placed 1n a slde-arm flask in an attempt to

collect miracÍd1a of s. douthjtÈj by the technique of Rau et al, . (L972).
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Líve trematodes were fixed under slight coverslip pressure wiÈh AFA

(a1cohol-formalin-acetic acid) and stored in 70"/. ethanol. Live

nematodes were relaxed in warm saline and fíxed ín 707" eLhanol.

Blood smears l¡ere air dried, then fixed Ín absolut.e met.hanol and

stained wiËh GÍemsa in buffered, distilled warer (pil 6.75). sÈained

smears were mícroscopical-ly examined for rnicrofilarÍa and protozoan

parasites. Gut smears were fixed with schaudinnts fixative and

staíned with Delafíeldr s haematoxylin.

Lenses l¡rere collect.ed and fíxed ín LAT. formalin for the purpose

of aging the host aníma1s by the lens weÍght rnethod (Lord, 1959). Due

Èo the possibÍlity of damage to the lens by f.reezíng (IfonËgomery,

1963), a test series with 18 rats (Rattus norvegicus Línnaeus) was

made. one lens of each pair was fixed fresh, and the oËher vras

frozen for 15 - 25 days before fíxation. As an additional aging

method, zygomatic arch breadths were also recorded (Alexander, 1951).

Differences between sites, Ín terms of number of speeles per

host was analysed by a one-way analysís of variance (Ar'rov¡,) . e

similar procedure was employed on the data for males and females.

The parasite inÈensÍty (numbers of indíviduals of a species) of the

colmon species !Íere comPared between nales and females by tesËing the

means by a t-test, where the F-test on the variances hras noË signífÍcant.

Differences in prevaLence betr¡eên male an<l female muskrats were tesËed

with a G-test (sokal- and Rohlf , Lg73 and snedecor and cochran, 1967).

There is some confuslon in the l-iterature as to the precise meaning

of.prevalence, lntenslty and abundance. For thls study, the following
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deffnltions r¡ill be used: prevalence ís Ëhe percentage of anírnals

lnfected in a sampre, and intenslty refers Èo the number of parasites

of a specÍes per host. Abundance normally refers to an expression of
the product of prevalence and intensíty.
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TABLE I]

sampli-ng areas, dates and numbers of muskrats taken in 1975 - 1977.

General
Locatíon

Dates

Number
Examined for Parasites
InËernal External

Area I

Area II

Area III

Area IV

Delta }(arsh

Oak Hamrnock
ì4arsh

Duck Mountain
and vicinity

The Pas and
surrounding
region

Ì4ay-Oct . L97 6
June 1977*

l,Iínter I97 6-1977
June-Aug. L976

tr{ÍnËer I97 5-197 6

tr{inter 797 5-197 6

17
J

12
34

27

47

45
4

11
0

0

The small sample size Ís due to ¡sinter kil1 (Appendix III)
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RNSULTS

I 
.Parasítes

A totaL of L7 parasite species was found which include 7

trematodes, 3 nenatodes, 2 cestodes, 1 acanthocephalan, 3 mÍtes and

a Protozoan. Table III lÍsts the species of end.oparasíËes and

their prevalence and intensiÈy, whÍle Table IV provides the same

' information for the ectoparasites. ConcurrenÈ infections of

endoparasites occurred in 88'Å of. the muskrats examined (Table V),

w,*th 64"¿ of the muskrats harbouring 2 or 3 species

Parasítes were identÍfied using group monographs and keys such

as Yorke and MaplesËone (L926), Harwood. (1939), Típron (1960), sche11

(1970), Schrnidt (1970) and others, as r+ell as papers on the norphology

of índividual specÍes. A brief comnenÈ on the Èaxonomy of each

species along r¿ith its st,atus as a muskraË parasite in Manitoba Ís

, 
presented. Appendix II provides measurements, not given in the text,
f.or several speeies of helninths recovered ín thís study.

HEI.,}fI}TTHS

Trematoda

puinq'ueseriaJ,is q,uinq,ueseria-zjs (Barker and Laughlin 1911) Harwood

1939

synonorny: Notocotglus ç'uingueseriaJ,is, Barker and Laughlin 191r

' auinq'ueseriaJis Ì:assal,Ji (Mcrntosh and Mcrntosh L934)

Harr¡ood 1939
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TABLE III Prevalence and intensity of endoparasites from the

muskrat in Manitoba.

Prevalence Intensity
male female Total mean SE Range
n=81 n=59 n=140

Trematoda

QuinqueseriaLis
guinqueserìalis 93.8 9L.5 92.9 LzL t24.6 1-1856

Plagiorchis nobLei. 83.9 84.7 84.2

Echinostoma revoJ.utum 23.5 27.t 25.0

NotocotgTus fil-amentis 14.8 L5.2 15.0

Wardius zibethicus 16.0 6.8 Lz.L

Aiaria musteJ-ae 2.5 L.7 2.L

Schistosomatium
douthitti

(eggs in liver)
Schistosomatium

douthitti
(immature in spleen)

L.2 0 .7

3.7 0 2.r

0 1.7 .7

97 !77.7 1-880

27 !10.5 I-264
35 !12.9 I-232

8 r 1.6 I-29
17 115.3 2-48

4 I 3.0 i-10

2 ! 0.38 1-16

27 27

LI ! 4.7 1-38

7-7

35 35

13 1 9.1 L-40

Cestoda

HgmenoTepis sp. 21.0 47.5 32.L

Hgdatigera taeniaformis L.2 0 .7
(cysticercus)

Nemat,oda

CapiTTaria michiganensis 4.9 8.5 6.4

CapiTlaria hepatÍca 1.2 O .7

IleJigmosomum
caroTinensis

Acanthocephala

PoLynorphus sp, 2.5 3.4 2.9

Protozoa

Unidentlf led L.2 L.7 I.4
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TABLE Mrevalence and

fn Manitoba.

íntensity of ectoparasites from the muskrat

Total n = 60
Prevalence

males fernales toÈal
Intensity

mean SE range

J.

Delta n = 49

Laelaps muTtispinosus

Listtophotus amer icanus

DemAcatus ondatrae

OakHamnockn=l-1.

LaeTaps muJÈispinosus

Lis trophorus americanus

Demacarus ondatrae

Total gample

Laelaps multispinosus

Listrophotus americanus

Dermacatus ondattae

48. 0

60. 0

8

54. B

s1.6

l-2.9

52.7

52.O

4

60.7

53. 6

7.t

49.0

55.1

6

56.7

5L.7

10.0

11 1 3.5 r-66

159100 100 100

20 50 36

40 33 27

168.6 1-811

59 t24.7 1-811

3-40Gt-

- L-25

*
1 unsexed indÍvídual in the A sample - nfl
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TABLE v occurrence of concurrenÈ ínfections of endoparasites

in the muskrat in Manitoba.

Numberofspecies 0 L 2 3 4 5 6

Percentage of sample .7 7l-.4 32.9 3I.4 15.0 5.7 Z.g
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Measurements from the speclmens in thls study agreed with the

orÍginal description (Barker and Laughlin 1911), and with Kinsella's
(1971) Paper on host-l-nduced morphological varíatíon ín this species.

QuÍnqueserial-is quinqueseriaiis üras the most prevalent and

abundant parasite found, occurrÍng in gz.g"Á of the muskrats surveyed,

and ranging up to 1856 individuals per uuskrat. The normal site of

infection is the caecum, but a few were found in the smal1 and

Large intestÍnes.

PTagiorchis nobiei Park l-936

Synonomy: NeoTepod.erma noblei (park 1936) Mehra 1937

PLagiochoides nobl_ei (park 1936) Olsen 1937

The species of PTagiorchis cor¡monJ-y reported. from the nuskrat j-s

PTagiorchis proximus Barker l-915, but measurements taken in the presenË

study closely approxímate Èhose of p. nobl-ei as described by

Blankespoor (!974) (taUte Vf¡. pTagiorchis nobLei is a normal parasire

of the blackbird Ín this area (Hood L977), buË in laborabory infection
Blankespoor (1974) was able to infecË a wide range of avian and

¡anm¿lf¿¡ hosts.

There is some question as Ëo the correct identity of p. nobrei.

Fedorova (1969) synonomízed five species r^¡ith p. macu-zosus (Rudolphi

1802) Sraun l-902. sharpilo and sharpiLo (1972) synonomizeð, L2 specíes

wlth eJagiorchjs eJegans (nudolptri 1Bo2) Braun 1902 including p.

proximus, P. muris Tanabe 1922 and p. macu-Zosus. park (1936) noted

that P. noblei and p. macul,osus dlffered mainJ-y Ín the extent of the

vltelllne follicLes. Blankespoor (1974) showed conslderable variation



TABLE VI Measúrements of Plaglorchfs noblef froro the present

llterature.'Al-1 measurements 1n mlcromeÈers.

Character

length
r¡ldth
oral sucker:
length
t¡fdth
pharyox:
Length
width
acetabulum:
length
wÍdth

círrus sac

ova-ry:
1-ength
wldth
anterior testes:
l-ength
r¡idth
posterlor testes:
length
rddth
testes: conbined
length
wfdth

Present Study
n=20

range (mean)

9s0-3168 (1_772)
403-7 49 (s3r)

L64-28L(207)
117-281 (r_98)

59-t4O (92)
70-752 (96)

Lr7-2s7 (L60)
94-269 (Lsg)

*
3sr_-6ss (480)

99-211 (r.65)
L23-257 (1.68)

94-468 (274)
L40-328 (25s)

L29-44s (297)
129-328 (2s2)

:
32-43.s (3s. 6) 

I
18. 9-24. 7 (20.8)

P. proximús P. murfs in
inBarker 1915 McMullen 1937

1320-r_980
490- 660

85-r.25
4s-55

study compared r¡lth those of several other specfes in the

2670
520

2L3
dia.

rãz

P.
1n

àoo
êoo

mfcracanthos
Macy 193J-

65-r.10
75-105

95-L45
100-110

:

125-160
120-150

32-37.8
20-24

length
width

*
t
+

7 measurenents
45 rneasuremenÈs
immature specímens

2200
800

P.noblê1 lnBlankespoor L974 P.elegans fn
Range of Age range SkrJabfn 1958
Means 1n 1n Plgeon
4 Species

L44
dfa.

]-96
d1a.

1_90

L70

L56-232
136-233

L43-328
rz]--26]-

150-403
L46-267

33-42
18-24

96
82

23L
dia.

150
150

340

220
160

230
280

260
320

+(66s)'1812-3328 3140
(242) 561--.ì-l-31 710 nax

( 99) ]-67-260 266
(L02) L72-249 dia.

120-148 L29
L27-I55 t54

252
dla.

38
L9

L43-237 206
155-213 189

342-739

l_56-281 257
137-272 dia.

259-334 386
L97-343 300

37
18

284-3s7 394
L78-34L 324

-
3s-40 34.5-37.2(4L)
r9-2r L7.9-20.7

(,o

ffi
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in the extent of the viEelline follicles Ín p. nobr-ei ín differenr
hosts. Blankespoor thus suggested. that p. nobr-ei may be synonomous

¡+Íth P. macuJ-osus. pLagiorchis proximus and p. nobLei may therefore
be synonomous' but pending further v¡ork on lÍfe-cycles and morphological

varlatÍon of p- proximus the specimens in the present collectíon are

regarded as pTagiorchÍs nobJ_ei.

PlagrÍorchis nobJ-ei v¡as second only to QuingueseriaLis quinqueserial-is

in preval_ence and intensÍty in this survey.

EchÍnosxoma revor-utum (Froelich 1g02) Dietz 1910

Synonomy of specíes

reported f'rom Èhe muskrat: Dìstomum echÍnatun (zed.æ 1g03) Díetz 1g10

Echinostomum coalitum Barker and Beaver 1915

Echinostomum armigerum Barker and rrvíne 1915

Echinostomum calLawagensis Barker and.

Bastron 1915

For a eomplete 1Íst of s1mon)¡ms see Beaver (1937)

rdentification r¿as based on general rnorphology and the presence

and arrangemenÈ of. 37 cephalíc or colrar spines in four groups. Two

are corner groups of 5 spines each. There are tr¡70 lateral groups of 6

spfnes, and a single dorsal- group of 15 spines, arïanged Ín tr¿o alter-
naËíng roT¡rs. The anterior row has 7 spines and the posterior g.

Accordf.ng to Beaver (1937) measurements are unreliable due to

all-ometrfc growLh.
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Echinostoma tevoTutum lras Èhe third most prevalent trematode,

but occurred in fewer numbers than OujnqueseriaTis quinqueserja-ljs or

Plagìorchis nobTeÍ

NotocotgTus fiJ-amentis (Barker 1915) Harwood 1939

S¡rnonomy: Catatropis fìTamentis Barker 1915

Catatropis fimbriata Barker l-915

(?) Notocotglus urbanensis (Cort 19f4) Herber 1955

Patà.monostomum echium Hattalr, L922

The taxonomic status of Èhis trematode ís uncertaín. There is

a question as to r,rhether N. fiTamentjs and IV. urhanensis are one or

two species (Holnes, pers. comm.). If they are synononous' iV.

urbanensis would be the correct name, by the rule of prioriiy. The

specimens recovered in this study have been idenËified as /V. fiJ-amentis

since they more closely resemble the original descrípÈion of tV.

fiTamentis (Barker, 1915) than that of ¡¡. urbanensis, as given by

Herber (1955) and Acholonu and Olsen (f973) (Table VII).

This species was moderaËely prevalenË (]5%) and fairly intense.

Wardius zibethicus Barker and East 1915

Synonomy: Anplústomun subtriquetrum Reed

pseudodjscus zibet]ricus (Barker and EasÈ 1915) Fukui 1929

Measurements of the speciruens ín the presenÈ study agreed with

the orÍginal descrl-pËion given in Barker (1915).

Warclìus zibethicus I.Ias moderately prevalent (L27") but low in

fntenslty.
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TABLE vrr Measurements of NotocotgLus firamentis compared to the

orfglnal descriptlon, and measurements of N. ur.banensis.

Character N- filamentis N. fiLamentis N. urbanensis
Present study in Barker 1915 in Herber 1955

n=1-2
range (rnean) range range (mean)

, tensth L627-35L4(257o) 2200-3300 2670-3620(3n¡

width 311-720(580) s60-700 730-920(800)

xatio of body wídrh
to length .n .23 .25

oral sucker lengËh 81-11-0(106) 66-92 110-130(120)

width g4-113 (112) 7g-gg diamerer

ratío of oral sucker
to body lengrh .04 .03 .04

max. wÍdth of urerÍne coil_s 164-527 (336)

ovary length 90-290(135) ]-32 160-210(180)

wi.dth 75-223(113) 105-112 130-210(150)

ratÍo of ovary lengÈh
. to body lengËh .05 .05 .06

testes length 764-527 (276) I9B-257 270-350(320)

wÍdth 49-246(117 L32-t51 170_230(200)

egg lengÈh u7.4-zl.gtrg.gl zo-22 zL-24

All measurements Ín pm.

*
n = 35.
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Al-aria musteLae, Bosrna 1931

Synonomyz ALaria freundi Sprehn 1932

Alaria intezmedia (Olivier and Odleug, 1938)

Afaria dubia Chandler and Rausch 1946

ATaria mìnuta Chandler and Rausch Lg46

Measurernents of specimens agreed wiÈh those given by Bosma

(1931 and 1934)

ATatia mustel-ae htas not very prevalent occurrÍng in three hosts

Ín 1or¿ numbers.

i Schistosomatium douthitti (Cort 1914) price 1929

Synonomyz Cercatiae douthitti CorÈ 1914

Schistosomatium pathlocopticum Tanabe 1923

ri Uggs whích m¿itched the characterístics of Èhose of ^9. douthitti
¡'¡ere found in the liver of one muskrat. l{hat appear to be iÍmature

". 
douthittj ¡¡ere recovered fro¡o the spleens of three other animals.

CesÈoda

HgmenoTepis sp. WeÍnland 1858

The structure of the proglottíds corresponded to those described

fn SchrnídÈ (197Q) and in Hughes (1941) . As mosÈ of the specimens \¡rere

, recovered from frozen carcasses, and had been damaged by decay and/or

freezing, it was not possible to malce a specific ídentification.

Proglottid morphology was quite consístent, suggesting that only a

I single specLes was present.
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Thfs was the more preval-enÈ cestode and third most prevalent

helminth. It was not present Ín hígh íntensity.

Hgdatigeta taeniaformÍs (Batsch L7g6) Lamarck 1g16

Synonomy of speeíe

reported from the muskrat.. Taenia taeniaformis Batsch 17g6

. Taenia crassjco_Z,js Rudolphi 1B0g

Cgsticercus fascioLaris Rudolphi IB0g

There are at least 55 synonyurs ín the literature (see Abuladze,

7964).

rdentíficatíon was based on the shape and size of siolex hooks,

which v¡ere ín agreement wíËh values given by penner (1940).

Twenty-seven cystÍcerci were recovered froro Èhe liver of cne

muskrat taken at Delta Marsh.

Nematoda

CapÍ77aria michiganensis Read \949

The measuremenÈs of the specimens recovered in thís study match

those gíven by Read (1949a) for the females and l^Iebster (1966) for
the males. The eggs qrere rough-shelled, whÍch agrees with I^lebster

(1966), though Read (L949a) originally descrÍbed rhem as bej.ng smoorh-

she11ed.

capiTlarÍa mìchìganensis r¿as the most prevalent nematode in this
survey, occurrlng fn nÍne muskrats with lohr intensity.
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Capillaria hepatica (Bancroft 1893) Baylis 1931

Synonomy: TrichocephaTus hepaticus Bancroft 1893

Ierichosoma tennuissinum Leidy lB91

Terichosona hepaticum Raíl1Íet 1898

HepaticoTa hepatica (Bancrofr 1893) Hal1 1916

Measurements of one intacË worm and fragments of at least six

oÈhers agree with values given by Baylis (1931) f.or c. hepatica.

HeTigmosomum caroLinensis (Dikroans 1940) SkrjabÍn 1971

Synonomy: Nenatospirojdes carolinensis Dikmans 1940

Table vrrr compares measurements of rJ. carorinensis from Èhe

present study rr¡ith those of Dikrnans (1940) . These measurements are

provid.ed to further defÍne this specíes.

HeLigmosomum catoTinensis v¡as recovered only once aL Delta l.larsh

and it represents the first report of this parasite from muskrats.

Acanthocephala

PoTgnorphus sp. Lühe 1911

SpecÍfíc identíficatíon is Ímpossible due to the smal1 number of

specimens and their ftmaturíty. rn general morphology Èhese specimens

urere assÍgned to the genus polgmorphus as descríbed by petrochenko

(1971).

Polgmorphus sp. lras rare and not abundant.
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TABLE vrrr Measurements of Heligmosomum caroLinensjs fron thÍs

study and from Dikmans (1940).

Character Present Study
(7 rnale 3 female)

Dikmans, L940

lengËh
male 4.92 (3.90 - 6.15)rnm 4 mm
female 7.65 (6,43 - B.B6)mr uncerËain

head r¿idth
wíth ínflation
male 48.9 un

ffffi]lr inrration 43'5 un

rnale 27.3 ym
female 29.7 um

spike on tail cf fema1e14.J- irn =15 um

spicules 1.94 (1.73-2.2) mq l. B-L.9 rnrn

eggs
length none 60-65 um
wÍdth none 40-45 ¡rm

: dístance from
anus to vulva 95-110 um
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Protozoa

Fffty-three animals Ì{ere examÍned for blood and gut proÈozoa

No blood forms v¡ere found, however, two hosËs were found to harbour

very sma1l numbers of a gut protozoan which appeared to be a flagellate.
Attempts to obtain permanent stained specimens from guÈ smears

failed, making further identification Ímpossible.

Ectoparasites

Acarína

Ia.eTaps multispinosus Banks 1909

Synonomy. Tetnagongssus spininger Ewing and Stover

Lipongssus spininger Bwing and Stover 1915

Specímens of thís mite agree wíth Ëhe descríptions of the specíes

as given by Banks (l-909) and Tipton (1960) .

Laelaps muJ.tispinosus qras the most prevalent of the three miËes

found, but occurred Ín slightly less intensity than ¿jstrophorus

americanus.

Listrophorus amerjcanus Radford 1944

specimens of z. americanus maËch the original descript,ion as

glven by Radford (1944)

trjstrophorus americanus was nearly as prevalent as Laelaps

multispinosus, and more numerous. Concurrent infections of Lael-aps

muJtispinosus and Listrophorus americaÌ?us vrere conmon.

Dermacatus ondatrae Rupes and l^Ihltaker 1968
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synonomyz zibethicarus ondatrae (Rupes and wHitaker 1968) Rupes,

Yunkers and l,Iilson L9lL.

These phoretic hypopí v¡ere identified frorn the original description.

They did not appear until late ín the season (October) at Delta Marsh,

and were found during the winter on muskrats from Oak Harnmock. I^Ihat

appear to be adults were collected from one muskrat at oak Hammock.

The specimens had been damaged by fteezíng and were dÍfficult to

ídentífy.

Recapture Studíes

SÍx released muskrats were recaptured. Five of these were found

to be infested rvith rae-zaps murtispjnosus arrd.f or Listrophorus

arnencanus upon recapture. The minimum tÍme elapsed betv¡een ïecapËure

I,ras two r,reeks, while the maximu¡n rüas f our weeks .

II SarnplÍng Areas

AnalysÍs of varÍance (a,r\OvA) of the number of helmi.nÈh species

per hosÈ beÈv¡een the four saropling areas was not sígnificant.

There ülere no major differences in the prevalence and íntensity

of the most Prevalent species of helrninths betr,¡een the four areas

(TabJ-e IX), though PTagiorchis nobJej was somev¡hat less prevalent in
the Duck Mountain region (Area III). Some of the less prevalenÈ specíes

r,lere not recovered frorn al-l areas. Ward.ius zÍbethicus was found only

fn Ëhe two wesÈern regÍons sampled (Areas rrr and rv). NotocotgJus

fiJamentis lras not found aË Delta Marsh (Area r), and capilraria
michìganensjs r¡as not recovered from oak Hammock Marsh. Muskrats



TABLE rx Prevalence of Ëhe seven most prevalent helminths at

the four sample sites.

Síte I II III IV Toral
Delta Oak Duck The pas (n=140)

Helminth (n=20) Ilammock MounËain (¡=47)
(n=46) (s=27)

Trenatoda

QuÍnqueserialis
quinqueseriaJ.is 95 96 93 89 93

PTagíorchis nobiei 80 83 63 96 84

Echínostoma revoJ-utum 10 46 l_9 17 25

NotocotgTus fil-amentis 0 17 11 23 15

Wardius zibethicus 0 0 15 30 12

Cestoda

Hgmenolepis sp. 35 41 11 36 32

Nematoda

CapiTJaria michiganensisS 0 4 15 6

40
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harbouring Polgmorphus sp. rüere all from Area IV.

III Effect of Host Sex

Anal-ysís of variance of the number of helninth species per host

between male and female muskrats üras not signíficant. The t-tesËs on

parasite intensity were performed only for euinqueseüal.is

guingueseriaJ.js and Capill-aria michiganensis, as all the other specíes

had dissímÍlar variances, generally due to the sample size being too

small- for a parametric tesË. The t-tesÈs for both g. guinqueseraris

and micåiganensis rüere not signíficant, indicaÈing no differences in

the numbers of these specíes occurrfng ín male and fenal-e muskraÈs.

TesËs for goodness of fiÈ (G-test) indicated Èhat the hígher

prevalence of Hgmenolepis sp. in females was very sígnifícanÈ (p(
:.

.005) and that the higher prevalence of c. michìganensis in female

muskrats was signíficant (P< .05). Though tlardius zÍbethicus appeared

to be more prevalent in males, the G-ÈesÈ r,ras not signifÍcant.

HgmenoTepis sp. also appeared to be more abundant ín female

muskraÈs (mean 2.7) as opposed to mal-e muskraËs (mean 1.5). This

cannot, be Ëested statistically, due to the reason gíven above.

IV Effect of HosÈ Age

Rat Lens Experíment

The mean dÍfference in weight between frozen and fresh fixed

l-enses r.¡as 4.2"Á, with a range of 1.J" to 8.5%. rn view of these results
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and those of MonËgonery (1963), the agíng of muskrats via the leos

weight technj.que was abandoned. It r¡as noted thaÈ increased handJ-ing

of the treaÈed l-enses caused a further loss of rveÍght and increased

error.

Usíng a combÍnaËion of zygomatic arch breadth and body weÍght

to separate young from adulÈs resulted in too few animals thaË were

definitel-y young of Èhe year (10), as opposed to definíte adults

(113) for sÈaÈÍstical- anal-ysis.

Table X compares the seven mosÈ prevalenË þslmintþs in young

and adulËs. Four of these seven species occurred in the young. The

onJ-y notíceable changes in prevalence of a parasíte lrere an Íncrease

ín PTagiorchís nobiei and HgmenoTepìs sp. Young muskrats had a

maximum of three concurrent helmínth infecÈíons. The youngest muskraÈ

necropsied, aË. tryo monÈhs ol-d, r^ras parasixized only by O-

ÇuingueseriaTis.

V Pathology

No sígns of parasíte-re1aËed pathology rrTere observed ín any of the

frozen sample (120 aninals). However, damage Èo the carcasses by decay

or fîeezíng may have obscurred such pathology.

One fresh muskrat displ-ayed mínor hemorrhagíng of the gut mucosa

assocíated with a latge number of irnmatute Quinqueserjaljs

guinqueseriaLis.

---ll.ÑeoF $ANtmnf,
-fr
lrsRHRq
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TABLE x comparison of the seven most prevalent species between

young of the year and adult muskraÈs.

Helminth Young
n=10

AdulÈ
n=113

Trematoda

Quìnqueserial-js quinqueseriajis gO"Á g3i¿

PTagiorchis noblei 3O"/. 967"

EchÍnostoma revolutum 30"/. 257"

Notocotglus fiJ-amentis 30"Á 17"Á

gIard.ius zibethicus O ]:3:Z

Cestode

Hgmenolepis sp. 36i/;

Nematoda

Capi 77ar ia michìg anensis 77!
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DISCUSSIO}¡

The majority of surveys on muskrat parasites (15 of 26) have

been done in the Great Lakes region and eastern united States. Ten

were conducted Ín southern and $resÈern areas of the muskratts range,

and one in Al-aska. In his study of muskrat biology, Bondar (1950)

mentÍons parasÍtes, and even though hÍs identifications were incomplete,

they represent the only known reporÈ on muskrat parasites for central

North America.

The diversity of parasite species recovered ín Èhis sÈudy rvas

comparable to that found in other surveys of a similar sample size.

Penner (1940) found the greatesÈ diversity, 27 helnínth species

from approximately 500 uuskrats. It is difficult to compare the species

diversity of larger samples with some of the smaller surveys (n < 60)

since less prevalent species may have been missed.

Quinquese¡jal.js quinqueserialis, PTagiochis proximus, Echinostoma

tevolutum, NotocotgJus spp., HgmenoJepis evaginata and ?rjcåurjs

o¡nca are the mosÈ corÍmonly reported helminth species from the muskrat.

Three of these (9. q,uinq,ueserialis, E. revoLutum and lV. fiTamentis)

were found in thÍs sËudy (tabte III) and are widely disrributed

throughouÈ the range of the muskraË. The paramphistome trematode

h/ardius zibethicus, another com¡nonly reported muskrat parasite is

notably absent, from muskrats 1n the western half of the contÍnent,

though 1t is frequently reported fron eastern areas. The presence of
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w. zibethicus in Manltoba report,ed in this study and by Bondar

(1950), along wiÈh its presence ln Nebraska (Barker, 1915) represenrs

the most vrestern report; of thís species to ciate. Less commonry

recorded parasítes apPear Localized, but this would be expected on the

basis of their 1orø prevalence

The present study extends Ëhe ranges of capi l-l-aria michiganensis

and IteLignosomum caroLinensis, the latter also being a ner¡r host record.

In the present study the tremaËod.es showed the greatest diversíÈy

(7 specíes) and were the uost prevalent and íntense parasites.

Quingueserialis quinqueserial-is, the most abundant parasite recovered

(Table rrr), has been reported from muskrats in virtually all surveys

in North America íncJ-udíng Alaska. The life cycle involves the

planorbÍd snail Ggraulus parvus Say, from which cercariae emerge and

encyst on vegetatíon (Kinse11a, L97L). l,fuskrats become infected

when they ingesË the metacercariae along with their food.

KÍnsella Gg67) reported B. guinqueseriaLis from the meadow vole
(Microtus pennsgrvanicus, ord). Rausch (1952) reported the specíes

from voles (uicrotus spp.) Ín Alaska. In 1971 Kinsella demonstrated

Ín laboraÈory experiments that g. q.ujnq.ueserial_is would develop in
several other rodent species. rt ís apparent from the literature
and this study that the muskrat is the main host in nature.

NotocotgTus fiJ.amentis. the second mernber of the farnily

Notocotylidae found fn thÍs survey has also been reported from most

of North America, includÍng onÈario (Lar,¡ and Kennedy, rg32) and Alberta

(Holmes, pers. cornn.). Bondar (1950) reported both o. q,uinq,ueseriar,is
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and N. urbanensis in Manitoba, though Ëheir combÍned prevalence vras

only 48 .77( compared to the present. 92.97" f.or e. quinqueserja-zis and

L5.07" for ¿V. fiTamentis- It is probable tlrat Bondarts IV. urbanensis

Ís the same as the present lv. fiTamentis. The life-cycle is basícaIly

the same as that of Q. quingueserialis, though it utilizes different

snail intermedíaËes (Hamood, l-939). tir. muskrat is the main hosc

for this species..

Plagiochis nobLei utílízes a lymnaeid snail as its firsË inter-

mediate (Blankespoor, L977). cercaria penetrate and encyst wÍthin

an arthropod (Odonata, Diptera, Trichoptera, Ephemeroptera and

Anphipoda). The defínitive host acquires the trematode r¿hen it

ingesÈs Ëhe metacercariae with the second host (Blankespoor, r977).

Various species of blackbirds are the most frequently recorded hosÈs

though Blankespoor (1974) was able to infect, a wíde ïange of avian

and mammalian species. Compared Ëo the present 84.2% prevalence,

Bondar (1950) found only 66.6Á of hÍs sample ínfecÈed r"rÍth a species

of elagiorcåjs. PTagiorchis nobLei has not been prevíously reported

from the muskrat.

Echinostoma revolutum is probably the least host-specifÍc trematode

recovered, developing to maturlty 1n at least 23 species of birds and

nlne different marnrnals. In additlon, at least four genera of gasÈropods

(tteJ-isona, Pseudosuccinea, Phgsa and stagnicola) have been irnplicated

as first fntermediate hosts. Sixteen species of snails, 2 species of

clam, 7 tadpoles and bullhead fry can serve as the second fntermediate

host (Olsen, L974). Definltlve hosts are fnfected by the metacercarÍae

when they eat the second lntermedfate host. The muskrat is an auxl1Lary
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host for E. revol-utum. Bondar (l-950) found 48.77. of hÍs sample

Ínfected by a specles in the family Echinostomaticlae, which is nearly

doubl-e the preserlt 25"/".

' Cercaríae of tnlardius zibethìcus encyst on various subsËrates,

including rocks' vegetaËion and crayfish exo.'skeletons (Murrel1, 1965).

lfuskrats are probably most oft.en ínfecËed by those on vegetation.

The prevalenceÍnthis study (LzT.) was much lorver than the g3.3"/.

reporÈed by Bondar (1_950).

Adult Al-aria mustelae have been previously reported. in muskraÈs

from Al-aska (Bunagan, L957), Ontario (Lar¿ and Kennedy, L932; swearman

1952) and Mínnesotá (Penner, 1940). Bosma (1934) described rhe tífe-
cycle, which is unusual Ín requiring four hosts. cercarj.ae leave

the first intermediaÈe (e-z.anorbura armigera, say) and d.evelop to the

mesocercariar stage in a second host (usually frogs). The third

internediaËe host, normally a snal1 marnmal, becomes infected upon

eating the second host, or a parat.enic host, such as a snake.

carnivores (usually rnÍnk and weasel) serve as t.he definitive host,

and are infected when they eat the third host and Lhe metacercariae.

Johnson (1968) experímenÈally Ínfected a caÈ with adult ürorms

by feeding it mesocercariae, thus showing that there is the potentíal

to skip the metacercarial stage. There are thus two !üays that a

muskrat could be ínfected. FirsÈ, by eating the second or paratenic

host (frog or snake) and Íngestlng mesocercariae, which could result

in metacercariae in the lungs or adults fn the gut. The second route

of infectfon fs by eatfng the third host and acquiring the metacercarÍae
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whlch r¿ou1d develop to adult flukes in the intestíne. Muskrats are

probably most often infected by mesocercariae from frogs, though they

nay be predatíng or scavenging sna1l mammals. considering theÍr

canniballstic tendencies (Errington, L957), they may even be

acquirÍng metacercariae from other muskrats. Muskrats can serve as

either thírd or fourth (definÍtive) hosts for Alaria musteLae,

though they are only accidental hosts.

Schistosomatium douthÍtti rÂras rare and found only in areas

III and IV. Farley (1969) failed to find any .s. douthitti in muskraËs

in ManÍtoba. Malek (7977) examined the geographícal disrribution

of ,5. doutLútti in I'lorËh America, and concluded that it rvas related t,o

the dÍstríbutÍon of its normal snail hosts, Lgmnaea spp. and

stagnicora spp. cercaríae penetrate the defínitive host dírectly.

Pathology may occúr due Ëo the accumulatÍon of eggs in the liver, and

resultant fÍbrosis. In the case of the three muskrats r+ith immaÈure

fl-ukes, no eggs were found, and in the muskrat with eggs ín the liver,

there tras no appreciable daroage.

Hgdatigera taeniaformis was recovered from only one muskraÈ. The

muskrat ís an int,ernediate host in Èhis case, the cystÍcerci develop

in the lfver afÈer the rnuskrat ingests the eggs. The definitíve host

Ís a carnivorer.usually a feline (penner, 1940). In areas r,rhere

there are fer¿ cats (wlld or domestÍc), the prevalence of It.

taeniaformjs 1s expected to be low. Bondar (1950). found taeniid

cystlcercf 1n the l-iver of 1.3"/. of the muskrats he examlned.

. Hgmeno.Iepis sp. r,rras the more prevalent cestode recovered 1n Èhis

study. Four specfes Ln thLs genus have been previousry reported from
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the muskrat, across llorÈh America. The lÍfe-cycle of specles in the

genus involves an arthropod ínËermediate in which cysÈicercoids

develop after ingestÍ-on of oncospheres. DefíniÈive hosts are infected

by ingestion of the ÍnËermedíate (O1sen, Lg74). Lrlhether rhe '

infection of muskrats is accidental, or though consuming inverte-

brates is unknor,m. Considering the prevalence of. Hgmeno.lepis sp.

Ín this survey (327") it ís probably due ro predarion. Bondar (1950) 
,

found 2.61( of. his sample Ínfected with an adul_t cestode. L: 
:,,

Two of the three nematodes recovered were of the genus

CapiTTaria. CapiTTaria michiganensis was Ëhe most prevalent nematode.

Its life-cycle has not been descríbed, but is presumably similar to

thoseofotherspeciesinËhegenus,whicheitheruseasing1e

Íntermediate host or are direcÈ.

CapiTlaria michiganensjs has been reporËed only four times,

always from the muskrat, in utah (Grundmann and Tsai, Lg67), l{isconsin

(Read, 1949b), Co,lorado (Burnett, 1956) and Ontario (l,Iebster, 7966).

Bondar (1950) found no nematodes in his study in }fanítoba. ,..,..

.:1::::::-: r.

The muskraÈ ís not a usual host for CapilTaria hepatica, and it 
,,:,,.:,

Ìras recovered from only one muskrat, in this survey. Jacobsen (1967) 
j' j

reported ít from three other rodents in Ìfanitoba. It is widely

distríbuted globally, and is knorun from a variety of hosts, including
.; :.::: :.,t: :

rnan (Baylis, J-931; Lubinsky, 1956). The life-cycle ís direct, with i;i. ;r11¡ ¡r;

the deflnitive hosÈ accidentally ingesting the eggs (Freeman and

wrfght, 1960).

Heiìgnosonum caro-Linensjs uray be considered an accidental paraslte
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of the muskrat since only one animal was infected, and the only

previously known host l¡as CLethrionomgs gapperi (Vigors), in

Nev¡ Jersey (Dllcnans, 1940). Although íts life cycle has nor been

determined, it is probably similar to thaË of Helignosomum skrjabini

(Bayl-ís L926) skrjabín and schikhobalova rg5z, v¡hich Bryanr (L973)

described as direct, with free-living larvae and an infecÈive thírd

stage larvae.

Jacobsen (1967) report,ed Èwo other species of. nerigrmosomum Ln

I'fanítoba rodents, /i. costell-atum (Dujardin 1845) and ¡/. microti

(Kuns and Rausch 1950)

Members of the genus PoJgmorphus utilíze an arthropod intermediate,

usually a crustacean, which ís eaten by the definitÍve host

(PeÈrochenko, Lg7 1). As muskrats eat crustaceans r,¡hen avail-able, a

route of infection is presenr (Bondar, 1950). Bondar (1950) reporËed

one muskraÈ infected with Acanthocephala. Based on the literature

and thls sËudy, the muskrat is an accídental host for these hehninths.

Intestinal protozoa were of minor imporÈance, beíng of very.low

preva'lence and abundance. This is surprising since Bíshop Q934)

found four genera represented in muskrats in England.

The absence of bl-ood protozoa is hardly conclusíve. Samples were

generally talcen from the peripheral blood, and nany parasites are

cycllc Ín their presence in the peripheral circulation (James and

Harwood , L969; Hawkíng, 1975). Grundmann and Tsai (it967) examined

muskrat blood, also wLth negatjive results.

It fs apparent, that with the excepÈion of S. douthitti, all the
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helminths reporLed in this study are acquired by the muskrat by

ingestion. Although tvro specíes, Q. quinqueserjal.js and .¿v. fiLanentis

are acquired only fron planLs, W. zibethicus may be on plants or

anfmals, and PTagiochis nobl-ei, E. revoJ-utum, A. mustel_ae, C.

mÍchiganensis, HgmenoTepis sp. and PoTgmorphus sp. are all conËracted

with the ingestion of an animal íntermediate. In the cases of

P. noblei, W. zibethicus, HgmenoTepis sp. and C. nichiganensis the

ingestíon of the ínterrnediate roay be accidental. Infection with

E. revoLutum or A. musteLae requires either predati.on or scavenging

of the anirnal íntermediate. Ifetacercariae of E. tevoLutum Ìüere

found ín the kidneys of young frogs (Rana pipiens) at Delta Marsh

durÍng the summer of. ir975. MuskraÈs regularly eat frogs (Erringr,on,

f%9) so a route of Ínfectíon is readily avaÍlable.

Some workers believed the muskrat to be prirnarily herbivorous

(SvÍh1a and SvÍhla, 1931; Butler, 1940; Arata, 1959) but orher srudies

índicated that the muskraÈ is omnívorous (Snith, 1938; Errington , L957;

Bondar, 1950) or even carnivorous Ín some regions (ErríngÈon, 1939).

To date, no one has suggested that muskrats feed on insects, buÈ Lhe

high prevalence of. eTagio-rcåis nob\.eÍ in this study (841Ð coupled

trith the probable short life span (Blankespoor, L977) suggests that

the muskrat is feeding on one or more of the infected arthropod

fntermediates, possÍbJ-y J-arger forms, such as dragonfly naiads or

anphipoCs.

The overall abundance of several helminths (e. nobTei, E.

revoTutum, HgmenoTepis sp.) lndieates t,hat the muskrat may have a
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more varied diet than the llterature inclicates, and that animal food,

including some insects, forms a substantial part of thís diet.

EcÈoparasítes recovered lrere all Acarina (mites) . Laelaps

murtispinosus has been wíde1y reported from the muskrat (Table r),

and is by far the mosË prevalent mite on the rodent. Although a

blood feeder, ít appears to do no harm to Èhe host aÈ Ëhe levels of

infestation observed. very litt1e work has been done on the ecology

or life-cycles of Laelaps species. The larval (6-legged) stage was

observed on the muskrat, so Ít is possible that all st,ages in the

life-cycIe occur on the same host. The muskraË appears to be the

main host.

Listrophotus americanus i.s a sma1l coumensal mite, feeding on

skÍn detritus, and possibly skÍn secretions. Unless extremely numerous,

they are harmless to Ëhe host (Sweatman, J-97J-). In very heavy

infections they may cause mange. Líttle ís knov¡n of Ëheir 1-ife-cyc1e,

and it Ís assumed to be similar Èo that of other nites. l{o iurmature

stages were observed on the muskrats, and none have been reported

elsewhere.

Demacarus ondatrae is the most Ínteresting of the three mít.es

recovered, the stage found being a phoretic hypopus. This is a non-

feedÍng sÈage, l-acking mouth parts and being high specialized for

adherlng to the host. Dorsal-ventrally compressed, the mfÈe has

speclalfzed clarvs, suckers and ventral claspers. The first reporÈ of

this species was by Rupes and I^lhf taker (1968). It has been reported
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five times since, always from the muskrat. virÈuarly nothing is
knom of the adult or 1arva1 stages, wÍth the adult beÍng first
described by Rupes et aJ.. in 1971.

' Muskrats which were released and recaptured were found with
Laelaps nultispinosus and Listrophorus americanus. rn the case of

L- niuTtispinosus it may represent reinfection by adult mites, though

Ëhe minímum tíme for reinfection of two weeks courd be sufficient
for eggs to hatch and develop to mature mÍtes (Jarnes and Harwood,

1969). rn the case of reinfeetion this may indicate eíther the

lodge or other muskrats as Ëhe source of reinfectÍon. l"fuskrats are

knor¡n to carry tularemía (FranciseJl-a tul-arensjs/ and Erríngtonf s

vÍral enteritis (Bondar, 1950). rt has been suggested that mites

may be involved in the transmissíon of these d.iseases betr,¡een

muskrats, or even to man (Tipton, 1960). The observation of apparent

reinfection supPorËs the hypothesis that L. mul-tisJrinosus moves from

host to host, and therefore may be ínvolved Ín ËransmissÍon of

disease.

II GeographÍcal Variation Ín }lanj,toba

There Ì7as no major differences in the parasj-te fauna in muskrats

examined from Èhe four sites. The absence of tiardius zibethicus

from Delta and Oak Hamurock Marshes is not. conclusive in vierv of its
relatively low prevalence (I27") and the rather small size of the Delta

sampJ-e (20). l{1ÈhÍn Èhe t¡,¡o regions where it r,¡as found, fy'. zibethicus

tended to be localized aË specific siÈes v¡lthin the larger area. Thfs

could reflect l-ocal dlstribution of the snail ÍntermedfaËe, though
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clarke G973) shows the snall to be distributed across l"lanitoba,

and reported that l-t occurred 1n a varíeÈy of permanenÈ aquatic

environments.

The similaríty of the parasitic fauna in the muskraÈ across

ManÍtoba ís proably the resulË of wídespread drainage netr^rorks,

abundant habítat and autumn dispersal of Ëhe host,.

Anderson and Beaudoin (1966) showed a difference in parasite

fauna between habÍtats; stream muskrats had a greater species

diversity and hÍgher intensÍty than marsh or river muskrats. Rice

and Heck (1975) reported dÍfferences in prevalence of three specíes of

parasites between marsh and pond muskrats, Such differences beËween

habitats would be masked in the present study by poolíng of dat,a

qrithín each of the four regions.

III Effect of Host Sex

The very significant result of the G-test wiËh respect to

Hgmenolepis sp. indicates thaÈ there is a definite tendency for females

to be more readily infected or to maintain infections longer Ëhan

males. CapiTTaria michiganensis rvas also sígnificantly more prevalent

in female muskrats. As there is no logical reason Èo postulaÈe

a difference in behaviour, and thus exposure, the difference must be

due to host factors.

Studies by various researchers have shov¡n a relationship between

host sex and levels of Lnfectíon. These differences are often

horrnonally determined. cook and Beer (1958) studied lice on voles
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and mice' and found female voles had signifícantly fewer lice than

male voles, whíle mí.ce shovred no difference. Dobson (1961b)

working vriEh l/eij gmosomum dubius found male rats were more susceptible

'than female rats, which agreed !¡iÈh his earlier work in mice

(Dobson, L96La). The conclusÍon reached from these studies \ras thaÈ

estrogen provided some protection against parasites, while

testosterone had little or no effect (Dobson 1961b). FurÈher studíes

by Dobson (L964, L966a, b, c) corroborate his earlier v¡ork.

Studies by Haley (1958) and Dunsmore (1966) also show host sex

as an important ínfluence on parasitíc Ínfections. Esch (1967)

demonstrated that experimentally infected female miee, and naturally

Ínfected female jackrabbits (-eepus californicus, Gray 1837) were

more susceptible to TaeniamuTticeps Leske 1780, than males. These

sLudies show that Ëhe prevalence and j-nËensíty of parasite Ínfections

may be affected by the hostrs hormones.

There are no published records on differences betrveen the

parasitic fuana of male and feruale muskrats. In the present study,

species other than flgmenoTepìs sp. and C. michiganensjs showed no

differences in prevalence beËween male and fe¡na1e hosts.

Mffect of Host Age

MuskraËs in their first surîmer had concurrent ínfections to a

maxl-mum of three species, as opposed to adulLs urhich had up to six.

The four species found in young muslcrats qrere amongst the most prevalent

parasftes in the aduLts. The exception v¡as the absence of. Hgmenolepis



56

sP. in young muskrats. The youngest muskrat (2 rnonths) was infected

v¡1th g. quinqueseriaJ-is whích appears to be the first helninth

acquired. one young rnuskrat was uninfected by any parasíte, the only

uninfect.ed muskrat Ín Ëhe sample of 140 examined for endoparasites.

These observatíons suggest that young muskrats acquire the mosÈ

prevalent parasÍtes fírst, and continue to gain new species as Ëhey

age. These conclusions are based on a young muskrat sample of ten

animals, which is not large enough for statisËÍcal analysis.

Anderson and Beaudoin (1966) examined the effecÈ of host age

on parasítes ín the muskrat ín Pennsylvania. They found an j.ncrease

in abundance of Q. guinqueserjal,js Ín adulËs over its abundance in

young. They interpreted this as indicating a constant rate of exposure

r,rÍth a fl-uke longevíty of over one year. ward,ius zibethicus and

E. revoTutum remained at constant levels which Anderson and Bedouín

concluded to be due to a constant rate of ínfection and a longevity

of less than one year. Hgdatigera taeniaformis exhíbíted a significant

rise in prevalence in adult muskraËs, whÍ1e abundance remaíned constant,

which was atËrÍbuted to the muskrat developing immunity.

V Pathology

The lack of gross pathology suggesËs that under normal conditions

muskraÈs can supporÈ a large number of theÍr normal parasites wíthout

appreciable harm. One muskrat had over 2000 trematodes (1856 O.

qruinq,ueseria-Zis) but showed no adverse effects.
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Bondar (1950) found a dead muskrat wíttr 24 Acanthocephala, to

which he attributed the muskratrs death. Acanthocephala in large

numbers are pathological due to d.amage to the gut wa11 by the probocís

hooks, but the number found by Bondar (1950) seems very 1ow for this.

Several oËher potentially pathogenic parasites vrere recovered.

Schístosomatium douthittj and C. hepatica can both cause fíbrosis

of the liver due to a bui-ld-up of eggs. Schistosomaxium douthitti
j-s one of the species responsible for "sw-immer's itch" (cercaríal

dernatitís) ín humans, and C. hepatica infections in humans can cause

liver cj-rrhosis (Lubinsky, 1956) . Hgdatigera taeniaformis may also

be extremely danagíng. Bullock et a7. (1920) produced sarcoma of the

1Íver in raËs infected r.¡ith fI. taeniaformjs, but 1Íke 5. douthitti

and C. hepatica, larval cestodes are rare in muskrats in }fanitoba.

The fur trade is prímarily concerned çrith the pelt, rihich míËes

ín suffÍcient numbers cåri damage by mange (SweaËman, L97I). None of

the animals observed sho¡.¡ed any sign of rnange. Neither niËes nor

hel-urinÈhs appear to be a problem to muskraÈs in Manitoba.
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CONCLUSIONS

1. Thirteen species of helmÍnths, one protozoan and three

Acarina were found Èo parasÍtize muskrats in Manitoba. Two nev¡

host records are reported, PTagiorchis nobLei and HeTigmosomum

catolinensis. Muskrats were taken from four general regÍ-ons,

totaLing 171 anjmals, of vrhich 111 r,rere necropsíed for endoparasites,

3l- were examined for ecËoparasites and 29 examined for both.

2. VarÍation of the parasíte fauna beÈween the four sarnple areas

was minímal, probably due to the ease of dispersal of the host.

3. HgmenoTepis sp. and CapiTTaria michìganensjs were both

significantly more prevalent in female muskrats

4. Young muskrats appear Ëo acquíre the mosÈ prevalent hefuninths first.
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APPENDIX I

Technique for SuaÍning and Clearing of Acanthocephala.

1. From 70% ethanol (storage) transfer speeimens Lo 357" ethanol for 5

minutes.

2. 'Transfer to r,rater Í.or 5 minutes.

3. Transfer to 0.25"Á trísodium phosph"È"* for 20 to 30 minutes at 55oC.

4. Return to rrater for 5 minutes.

5. Transfer to 35i4 ethanol for 5 minutes.

6. Transfer to 70% ethanol and brush off mucous and debris.

7. SËain for 0.5 hour or longer as requÍred. Stain consists of 1 part

Semichonrs acet,o-carmine to 2 parEs 707. ethanol.

8. Destain in acid 70% ethanol for a fer¿ seconds.

9. Rinse specimens in 707 eËhanol and flatten betr.reen coverslips. Use

paper clips as carríers. 
l

10. Transfer to 85% ethanol for 5 to l0 minutes.

11. Transfer to 957" ethanol for 5 Ëo 10 minutes.

L2. Transfer to 1002 ethanol (absoluËe) for 5 to 10 minutes.

13, Transfer to a second change of I00% ethanol for 5 to 10 minutes and

remove cover slips. Add a drop of methyl salicylate (2 to 5 times)

at 2 minute íntervals.

15. Transfer to nrethyl salicylate to clar; when the specimens sink

they are cleared.

l-6. Mount ín permounÈ, or oÈher mountant.

* 0.257" trisodium phosphate: Dissolve 28.3 g in 100 ml of water; dilute
L ln 50 with water for use. Fllter. This 1s approximately 0.25%.



Á?PEÌ{DIX II

Measurements of QuingueseriaLis quinqueserial-is, Al-aria musteTae,

Wardius zibethicus, Hgdatigera taeniaformis and CapilJ-aria

mÍchiganensjs recovered j-n this study.
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TABLE XI Measurements of QuinqueseriaTis quinqueserial-is ín thÍs sLudy.

n=15

Character Measurements (Um)
range (mean)

length

width
(at post. testes)

oral sucker (width)

ríght testes length

left testes length

ovary length

2506-39]-7

778-L627

269.r-397 .B

292.5-538.2

304.2-549.9

L98.9-444 .6

(3160)

(7264)

(34s. 9)

(42o.4)

GLr.2)

(286. 3)

(ses.1)

(1e. o)

uteríne coil (inax. rsídrh) 351.0-819.0
*

egg length 17.4-20.3

n=45
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TABLE XII Measurements of

n = 10.

ALaria mustel-ae in this studv.

Character Measurement (um)
range (mean)

length forebody
hindbody
overall

width forebody
hindbody

*oral sucker length
wídth

fovary length
width

anÈerior testes length
width

posterÍor testes length
wÍdth

fIeggs' length
width

527-99L
4s6-702

1083-1793

28t-433
zBL-468

63.8
40.6

95.7-!02
90-116

LL7-222
l-76-293

LT7-L7 5
2L0-316

704-r2B
58-7s

6at¡
(sB1)
(L248)

(37 2)
(3s6)

( ee)
(10s)

(ls6)
(24L)

(lse)
(268 )

(lle )
(6e)

*
measurements of oral

'r'fi = 3
r¡l"n=20

sucker generally ÍmpossÍble to make
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TABLE XIII Pfeasurements of Wardius zibethicus in

n=LZ

Ehis study.

CharacËer Measurements (um)
range (mean)

length

width

oral sucker length
wídth

¡
dívertÍcula length

wi¿ttr

posËerÍor sucker length
width

T
ovary díamËer'

n
tesÈes" (averaged) length

width
lÌ

egg length"

10-14 mm

2016-3168

720-1008
622-950

331-634
259-432

L440-2505
1,t52-227 5

46L-634

L64-199

(11.8 nn)

(2630)

(833)
(811)

(s20)
(364)

(2244)
(2026)

(s2B)

(10s1)
(12s8)

(181)

Measurements Ín pm unless oÈherr,¡ide not.ed.

*
n=B

+
'n=3
T1 .n=o
fT"n=40



B4

TABLE xrv l"leasurements of Hgdatigera taeniaformis ín this study.

Charaeter Measurements (Um)
ïange (mean)

fÍrst row hooks
(anterior)

second row hooks

380-420

234-269

(3e7)

(2s0)

n=10
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' TABLE XV Measurements of CapiTTaria michiganensjs in this study.

n=l-4

character *ti"*:"ãïrenents t'*"1: l'[!"'"'""t"
range (mean) range (mean)

length L2.L-23.4nn (16.2mn) 15.7-30mm (21.0nrm)

*
r,ridËh aË vulva ( 34.8 )

spÍcule length 1. 591-l-. B38unn (1 . 658mr)

distance of vulva
Ëo anterior 6.6-9.5mm (B.11mm)

eggt length - - 49.3-58.0 (52.0)

Measurements in pm unless otherwise noted.

n=1
n=24

*
Å
I
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APPE}JDIX III

Unprovoked Attack by a l,Iuskrat

rn Jury r976, a researcher at the universiËy Fíeld statíon

was attacked, without provocation, by a muskrat, which then escaped.

subsequent capture and examination of four muskrats from the

i¡nmediate area for rabÍes proved negative. Also ín July and early

August, muskrats were dyÍng at Delta and other marshes in Manitoba

for no apparent reason. Two anÍma1s were autopsied by the

Provincial veterinary laboratory, buÈ Ëhe cause of death \.¡as noË

ascertained.

lüinter Ki1l

The 1976-1977 wínter was partÍcuJ-arly hard on muskrats in

southern Manitoba. Low rainfall resulted ín very low rvater levels

which in Delta }farsh at least, meant many of Ëhe areas of the marsh

freezing to the bottom, wÍËh Ëhe end resulÈ beíng the situation

described by seton (1909), quoted under HosÈ Biology. Estimates for

winter kilI at Oak Harnrnock }Íarsh were 80-90% (stardom, pers. comm.),

while at Delta Ëhe esËimaËe \ùas between 60 and B0% (Jones, pers. comm.).

This reduction in muskraÈ numbers was apparent ín the sprin g of. L977

when attempts to trap muskrats proved extremely difficulÈ. rt also

prevent.ed a wfnÈer sample of Delta muskrats whfch interfered with an

evaluatfon of seasonal varfat,ion of ectoparasites, beyond the observation

that the intenslty of infections increased over the suÍrner months.


