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ITHE SIGNIFICANCE OF DISEASES AND PARASITES
- OF THE MUSKRAT (ONDATRA ZIBETHICA)

IN BRITISH COLUMBIA.

 INTRODUCTION

In the fall of 1944, as a preliminary to the present
study, the investigator undertock a survey of the parasites
of the muskrat at Burnaby Lake (Vancouver, B.C.). The results
of this surveyﬁindicated #hgtxﬁp;s_prob}emvWas“wgrtpy‘of con-
tinuation throughout the province of British Columbia,

In oxder to complete such an investigation, a knowledge

trappe:s, cppsidgrable information rpga;ding ﬁhg musk;gp was
obtained. From October 15, 1944 to Nay 15, 1947, 202 skinned
carcasses were collected on which parasite and disease examin-
ations were pe;fqrmedf

. The purpose of this thesis is to present an analysis
of thg_ipformatiop pp‘thg_prpb;eg oftdiseasesAand pargsiteg of
the muskrat in iﬁs existing statg_ﬁn’this province. Previous

studies in this field are =2lso sumarized.



"HISTORICAL' REVIEW

The muskrat, one of the stapie fur-bearers of
North America, has beén'studiedAexﬁensively in the eastern
and southern parts of this'continent; However, “there are
few important inquiries regarding this prolific animal in
its western ranges. Several investigations havé taken place
in‘Europe, sinée its.intfoduction from America.
~ since the eariy years of wildlife study, & great
bulk of literature has accumulated on the life history,
distribution, diseases and parasites of the muékrat. Among
the earlier publications are those bf R. MacFarlane (1905)
and E.T. Seton (1909), in which several pagés are/devoted to
the muskrat in the Mackenzie River district. There is also
the revisionary work of Ned Hollister (1911) on the distri-
bution of the muskrat in North America.. |
The few major studies on the muskrat west of the
Rocky Mountains have been in California where T.I. Storer
(1933), C.A. Sootgr (1946),and A.L. Hensley and H. Twining
(1946) have completed life history and distribﬁtion sﬁrveys.
While bird~and memmal surveys cerried out in various
localities in British Columbia by H.S. Swarth (1924), I.
McT. Cowan (1939) and J.A. Munro (1947) include muskrat.
| The'diseases'and especiélly the parasites of the
husk;at have been studied quite extensively. However, it

*is apparent from the available literature that no



parasitological study has been undertaken in the western
part of the species range. v

- According to the l1terature publications on the
diseases are limited .to the.papers of T. Warwick (1934) in
England, F.R. Smith (1938) end H.L. Dozier (1943) in Mary-
land; an unpublished report from P. L. Errlngton (1945) 1n
Iowa and a few scattered references in the papers of’
MacFarlane (1909), W.M. Rush-(1927), R.L. Rausch (1946),
J.E. Shillinger (1933), J.H. Brown (1944) and others.
A.E. Woodhead (1930) reviews coccidiosis in the farméd.
muskrat. | _ | |

Early literature on_paresites includes a report by

Linton in 1884, who noted that the muskrat was host to
larval cestodes. - In 1888, Leidy mentions finding two
species of trematodes in.the small infestine which he

identified as Echlnostomum echinatum zZzedar and Amphistomum

subtriquetrum Reed. The 1atter species was later: renamed

by F.D. Barker as Wardius zibethicus. Apparently undated,

is the report of unidentified filaria from the muskrat by
- B.H. Rensom at the Bureau of Animal Industry, Washlngton,
D.C. Another early report was Stiles and Hassel in 1894,
who identified.larval cestodes froi the muskret in

Pennsylvania. Sincé these early beginniﬁwx7unti\\1946 a
V ’

great amount of data has been collected on the parasites of



the muskrat in many parts of North America and Europe.

Table 1 presents a summary of the reported para-
sites, “their site of infection, location of report and the
1nvest1gator. It is pos31ble theat thls summary has a few
omissions. It may be noted from this table that although
the species of muskrat varies in range throughout North
America, the different sﬁecies of parasites have remeined
- constant. This is also evident in Englend where the muskrat
has been introduced.' There, it has introduced its parasites
and:has as yet acquired no new.normal ones.. |

| It is noted too, that some of theee parasitesﬂhave

an extensive distribution. These include Guinqueserialis

quingueserialis, Capillaria ransomia, Ezmenolépis evaginata

and Cysticercus fasciolaris which occur throughout North

- America askwell as in Great Britain.

It is interesting to observe also the'geographicel
distribution of the reported parasites in North America. The
species of trematodes tend to be more numerous in the
»northern areas, while species of nematodes are more
" numerous in the southern ranges.

Besides its normal parasites, the muskrat has been
found infected with certain accidental parasites both in

England and North America. Of the former, Easeiola'hepaﬁice

is the only aeciQental infection while in the latter,

Schizotaenia sp., normally a porcupine parasite, has been
reported.



LOCATION

JIN HOST}{ CLASS - PARASITE , bm.mbw.mooﬁumu QHHP.H_HOZ
. N
0 M : Tetragonyssus spiniger Maryland F.R. mapdw
o M M “ . sony prRies) Louisiana Geo.H. WmssA.uu..N_va
- _ . ‘
M o m,m Icharonyssus spiniger Maryland  F.R.Smith ('38)
& m s mw Listrophorus. sp. Maryland F.R.Smith ('38)
nM m M. Sarcophega sp. Louisiana ) Geo.H.Penn Jr. ('42)
,. Echinostomum revolutum Pennsylvania Jos.Leldy (1888)
) Quebec, Canada P.C.Beaver M,uww
Alberta, Canada P.C.Beaver (1'37
Pennsylvania. P.C.Beaver ('37)
Illinois P.C.Beaver A.uj
Colorado P.C.Beaver ('37)
Ontario, Canada R.Law & A.Kennedy (!'32)
Echinostomum coalitum Nebraska ) F.D.Barker ('15)
_ Ohio Rausch ('46)
B Eastern Canada | J.A.Allen (!'34)
o0 ” o« © .
B4 3 Echinostomum callawayensis Nebraska ‘ F.D.Barker ('15)
H o 8 Eastern Canada J.A.Allen (V34)
M & a . Ontario, Canada R.Law & A.Kemnedy ('32)
[ )]
B4 1 H Echinostomum armigerum Nebraska F.D.Barker
P o & g Eastern Canada J.A.AL u.ms luwmv
= g Ontario, Canada R.Law & A.Kennedy (t32)
2 i Maryland . W.H.Krull ('35)
'Echinostomum sp. Alberta, Canada 1 W.E.Swales (!33)
Plagorchis proximus Nebraska F.D.Barker ('l
mmwgg Canada m.».mwwgw “mm
.L.Raus
szmp an u.w Ameel 142
Ontario, Canada R.Law & A.Kennedy Tumv

e
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LOCATION

CLASS

" PARASITE .

AREA RECORDED |

"IN HOST CITATION
Echinochasmus schwartzii |South.east Texas ‘Asa C.Chandler ('41)
: |New Orleans Elm.E.Boyd & Robt.Jd.
. , Reiber ?
) _ ‘Ontario, Canada R.Law & A. Kennedy (132)
Phagicola nana New Orleans Elm.E.Boyd & Robt.J.
‘ ' C . Reiber (42)
o Nudacotyle novicia - South.east Texas Asa C.Chandler ('41)
o . Louisiana . Geo.H.Penn Jr, {142)
ﬂ o Michigan N D.J.Amell é"hZ)
@ o _ Ontarlo, Canada R.Law & A.Kennedy ('32)
v W | Echinoparyphium contiguum|Nebraska F.D,Barker ('15)
H 8.1 T _ " {Ontario, Canada R.Law & A.Xennedy (!32)
: ~ £ - -
0 E & . | Phagicola langiniformis’ |South.east Texas Asa C.Chandler ('h1)
H () Alaria mustelae Eastern Canada 'J A Allen é
é : , | Ontario R.Law efin dy (132)
4l Allassogonoporous margin- o
%. E 88808 P“' ‘ :al§s§' Michigan Olivier (938)
g - | Urotrema shillingeri Maryland Price ('31)
(5
: ‘ e f ' L.R. Penner (t41)
Pseudodiscus zibethlcus. |Michigan D.J.Ameel ('42) (1)
| Hymenolepis evaglnata Nebraska . F.D.Barker ('15)
: ‘ Louisiana Geo .H. Penn Jr (*42)
o @ East.Canada J.A.Allen &
458 o Gt.Britain H.A. Bayliss 5)
s g . Michigan D.J.Ameel.
ga P Ontario R.Law & A.-ennedy ('32)
P o - |Alberta -+ | WeE.Swales 3
s o jonto ... . ... ... [|R.L.Rausch ('46

iy



LOCATION |

N m@ma CLASS PARASITE AREA RECORDED CITATION
P ! : . _
ak: A Anomotaenia telescopica ; | Nebraska F.D.Barker ('15)
882 | @9 |Taenia crassicellis Maryland F.R.Smith ('38)
0 2.0 :
- Zmamdomﬁpzop@mm longi- Washington, D.C Dr.G.E.Dikmons ('40)
spiculatus New Jersey - . .
Trichuris opaca Eastern Canada  J.A.Allen M NP
Michligan D.J.Ameel
Ohio - " R.L.Rausch" ?L
o Capillaria ransomia Nebradgka F.D.Barker m.m_.,
o Eastern om:mm.m J.A.Allen M N .
@ Michigan D.J.Ameel ‘
n o @ Ohio .A R.L.Rausch ('46)"
m _.m Hm “Trichostrongylus fiberius-| Eastern Canada J.A.Allen ('15)
m nm u.wm Longistriata dalrymplii | South.east Texas" Asa C.Chandler ('41)
m 0 = Reticularia ondatrae South.cast Texas Asa C.Chandler ('41)
m Longistriata adunca Loulsiana m_mo.m.,w.mss Jr.(t42)
mdwwbmwwo»nwm ratti South.east Texas Asa C.Chandler ('41)
s var.ondatrae) . S S
| =5 _Glardia ondatrae Nouisiana Bernard V. Travis wov
wl &8 o . Geo.H.Penn, Jr.{ E‘N
m .m_.m m Eimerig steidae. Eastern Canada J.A.Allen ('34)
10~ e .
mm _m o © | Trichomonas Louisiana Geo.H.Penn ('42)
ERIGE P o | M




CO

LOCATION | . S .
IN HOST | CLASS PARASITE AREA RECORDED CITATION
oo . .| Nematoda . o Louisiana _ Geo.H.Penn Jr.(142)
L o Nematoda| Physolaptera sp. . Eastern United States - Geo.Shillinger (!33)
g Protozoa| Coccldia Eastern United States Geo.Shillinger (!33)
(o] . -
B Gestoda | Schizotaenia variabilis Minnesota Olsen ('39)
. . : & S.Americans
Quinqueserislis quinque- |Nebraska F.D.Rarker ('15)
~ serialis (Notocotylus .|Eastern Canada J.A.Allen ('°4)
quinqueserialis) (2) Gt.Britain H.A.Baylis 35)
Michigan D.J.Ameel 7
Washington H.E.Metcalf ('15 coll.)
Ohio R.L.Rausch (146
Ontario R.Law & A.Kennedy ('32)
5 _ _ : Michigen & Pennsylvania E.C.Herber. ('42)
§ o Catatropis filamentis (3)|Nebraska F.D.Barker (1'15)
. E T : a enCanada o Ale
i g 3 | e . Bihafndcd- %?ﬁﬁédy (132)
0 d R Hemistomum craterum Nebraska( - F.D, Barker s
o - g _ - ] o Eastern Canada J.A.Allen (13
: 5 ® - | | Ontario R.Law & A. Kennedx (132)
& 4 & Wardius zibethicus (4) : |Nebraska F.D.Barker ( ;)
a o - , : Eastern Canada JeA.Allen (
& B Gt.Britain Tom Warwick (t*6)
o — " |Ohio ‘R.L.Rausch ('46)
;o : . {Ontario . R.Law & A.Kennedy (832)
: Notocotylas urbanenais - Ma land . Wm.Cort (14 .Haggall
» : °n i , fm.Cort (114 $iBg85251)
; En’ggg%ne. Nema tode Trichostrongylus fiberius|Nebraska F.D.Barker ('15) -
T ~ [mpama_ | Paramonostomum pseud Louisiana Geo,H Penn Jr.
| colon ',Ergma..: s ; gafea%urﬁs ) Southeast Texas Asa G.Chandler 'f 31)
1 0 o8 1. - : E.W.Price (*z1)
Paramonostomum echinum - |Colorado Harrah ('22)(Gable '16 col)



[.OCATION

' ARFA RECORDED

IN HOST |CLASS _PARASITE CITATION
Schistosomatium douthitti Minnesota D.J.Ameel (°M2&~
@ Michigan L.R.Penner (138)
3 ] Opistorchis tonkae Minnesota L.R.Penner (!39)
o S _ Michigan F.G.Wallace (%'39)
- g Psilostomum ondatrae Eastern Canada J.A.Allen ('34)
o . » X Ontario "R.Law & A.Kennedy ('32)
£+ Fasclola hepatica Gt.Britain Tom Warwick (!'36)
a Capillaria hepatica Gt.Britain H.A. Bayliss (‘ 5)
Q
& 3 Eastern Canada - J A.Allen
g S Michigan D.J.Ameel ﬁz
N g Hepaticola hepatica Gt.Britain. Tom Warwick ('34)
" : @ : Ontario R.Law & A.Kennedy (82)
5 o Cysticercus fasciolaris |Gt.Rritain H.A.Bayliss (!35)
[ (larvae of Taenia taenia- Washington Penn. Linton (1884)
formis (Batsch) 1786) Maryland F.R Smith “38;
Eastern Canada A A%&en 134
Philadelphia )
& Ontario R.Law & A. Kennedy (‘32)
a ) Michigan R.E.Kuntz ('42)
& P 9 . ohio _R.L.Rausch ('46)
5 .§ ?%en%a tenucollis }argae Gt.Britain H.A.Baylis (735)
sticercus innominabusg M.S.Skinner (!
S Eypudaei Leuk 1857? )|ontario, Canada : (135)
Urocystidium gemmiparum |Germany (?) Biddard ('14)
Claedotaenia sp. Michigan D.J.Ameel (“hzg
_ L.R.Penner )
Ga%lad Tregap- Monostomum affine Pennsylvania v J.Leidy (1858)
, Cysticercus fasclolaris |Washington, Penn. Linton (1884
Omentum [estode Michigan - D.J.Ameel (1&2)"'

®



(1) = U.lasiurensis Alicata ('32)
U.minuta Macy '33

(2)

Notoeotyle quinqueseriasle Barker and Laughlin

= Quinqueserialis Hindiu = Naviformia =

Kossackia Barkeria = quanueserialis
C.filamentia, Price = C. filambriata, Barker :
Barker = Am h%iggm?m subtriquetrum, Liedy ('84)=

Cysticercus innomingbue hypudael Leuk 1857 = Cysticercus talpae Rudolphi 1819
- not typical rodent parasites : _
W.Henry Leigh ('40) - repormed protozoan. and helminth parasites in Illinois. ... .

(3)
(L)

(5) =
(6)
(7)
Not

Wardius zibethicus,
Cladorchis subtriquetrus Warwic

Neoparamonostomum

listed:

LOCATION|. . .. .| e = ,
IN HOST| CLASS PARASITE AREA RECORDED CITATION
4 ' Trema- ~ ~ | Michigan D. J. el (42
. -] Spleen tod§1- Schistosomatium douthitti Minne%ota L. R. %ggner(('3é)
f : Tﬁema-: Schistosomatium douthitti] Minnesota and )
o | Blood . | tode ' ' Michigan L.R.Penner (!38)
£ :
5] , v
= Blood |Filaria |Dirofilaria sp. Maryland F.R.Smith ('38)

- |Litomogoldes carinii South.east Tes .Chan (0
§, %migrogglaria 3du1ts) qu east Te=mas Asa C. handler:( b1)
O' . :

g Arach- |Arachnida - ' : - .
= nida - Porocepha ggmgrg all Louislana Geo,H.Penn Jr.('42)
Lung Tgegg‘é Paragonimus sp.(?) : - | Gt.Britain Tom Warwick (l 6)
° ; ‘ ‘ | Minnesota D:J:Ammel ('32?
TABLE I - Parasite Records for the Muskrat
(ondatra sp.) as reported in the
literature to 1946.
Footnotes:

0T




METHODS of STUDY

It Was impossible'to investigate personally the
many areas in the province of British Columbia that the
muskrat inhabits. In order to overcome this situation, a
pamphlet coneisting of a queStioﬂ%ire with a letter of
introduction to this problem was sent 0 750 registered
trappers. 'The trappers cohtacted were chosen from the
"List of Names and-Addresses" of Holders of Special and
ﬁxtra-special (trappers) Firearms licensesiissued under
the B.C. Game Act" which is.compiled by the B.C. Provincial
Game Commission. ASimilar pamphlets,wefe‘seﬁt also to the
game-wardens throughout the province.

The returned questiennaires were segregated as -
"positive returns" if the list'of fur-bearers trapped |
included muskrat,‘and as "negative'returns" if no muskrat
were taken. Each of theee groups was divided into the |
area in which the tgapline was located., (Plate I., Map
of British Columbia). |

From the returns of this questionaire considerable
_informetion was obtained regarding the distribution of the
meskrat; ‘areas in which it is trapped; other fur-bearers
ﬁrapped in the same area; number of muskrat collected and
o diseases_affecting itQ |

~ Also threugh this pamphlet, both trappefs and
game-wardens were'requested to send to the University

"express collect™ fresh skinned muskrat carcasses during
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trapping season,for‘diseaég and parasite examinapion.' In
' cases where the carcasses couia nct be received wiﬁhin a
couple bf days, there was sent to the trapper 5r game-
warden a Qﬁart of 100% Formalin with directions for ifs
use. These directiéﬁé were to~édd the formaléghyéé to a
pail of water and place the carcasses in this solutién
for 24 hours. Following this procedqre they could be
safely‘forwarded to the university.

Wheﬁ a carcass was received it was numbered
according to trapline location and the following'routine.
examination for dissaseévand parasites was performed.
Several observations, ihcidental to the actual examination,
were recorded. These included weight, sex, measurements,
sexual activity énd scars. Also recorded aLd preservedx
Weré diseased aréas and in several instanées, complete
skulls end male genital organs (testes and seminal
vesicles). |

A complete examinétion of the internal organs
included noting the.condition of the respiratory,
urinogenital, circulatory and digestive systehs as well
as the general condition of the body. The digestive tract
was removed'f;om the ahimal, tagged with the identification
number and preserved in 5% formalin. This preserved ﬁhe
intestihal tract and removead decomposition‘odours. Just.
prior to parasitic examination it was soaked in water for

a few hours to remove the formalin.
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For the'study of the internal parasites, the
entire digéstive tracf was divided into the regions of
stomach, upper small intestine; lower smgll intestine,
cecum and colon. The sméil intestipe was divided in
half, that-portion follbwing the stoméch was designdted:
as "upper small intestine" while the "lower small
intestine" was that attached to fhe cégum. The "cécum"
included fhg 2232§m3509er as well as that portioﬁ.of the
colon which is the same diameter as the cecum. The "colon"
was the remaindef of the colon and rectum. 4 |

Each segment was slit end the contents were
.washed into a millimeter-mesh sieve. The piece of
intestinal tract was run.over the 1eft index finger and
cleaned.with water running through a glass tip on the
water fawcett hose to remove adhering parasites. The
sieve contents were washed with water to remove filterabie
debris. The rémaining material was washed_into a glass
bbwl. The parasiteé thus showed up whitish and opaque
when examined against a black background.

In this manner, any parasites greater than one
millimeter were counted and collected for identification.
Protozoan parasites Were not accounted because usually 24
bours had lapsed before receipt of the carcass. 'Hence,
erroneous identification would result regarding specimens

that might have been found.
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For specific identification, in a high infection,
a representative number of individuals of each species was
collected; Otherwise, all the parasites were recovered and

lpresérved in formol-alcohol. The trematodes were stained

#

.rin a modified Mallory Triple Stain”; the destodes, in
‘Borax-Carmine or Acetic Alum Car@ine, while the nematodes
were mounted unstained in pure glyceroi. Thé-acantho-
cephalén parasite was mounted either_unstaiﬁed or. stained

in Acetic Alum Carmine.

# The technique used in this work was devised by

.. the author. It consisted of using 1:10 water dilutions
of the regular Mallory Stains #l1 and #2. If a specimen
was overstained in Mallory #l, either acid or basic 75%
alcohol was used to destain. Similarly, excess Mallory
#2 stain was removed by basic 75% alcohol. Phenol-xylol
was used for dehydration and balsam mounts. The paler
stained specimens howed the best differentiation. It
was found that this stain is most successful for the

- small trematodes only. ' .
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‘THE MUSKRAT IN BRITISH COLUMBIA

It will be noted from Plate I that in British
Columbia there are two subspecies of muskrat, Ondatra

zibethica osoyoosensis and Q. z. spatulata, The former is

of more southern distribution while the latter occupies the,
northern range. The coastal intergradation of the two

- subspecies apﬁafently occurs in the Skeena district. The
distributidn shown in this maﬁ is only general; as sub-
sequent discuséion.willAreveal that much of the terrain of
this province is unsuitable for muskrat inhabitation. For
the purposé of this investigation subspecific references
 will be omitted.

” This fur-bearer is indigenous to the mainland of
the province. It has‘been suécessfully introduced o#ﬁbu
several Islands in the Georgia Strait as well as oq%ﬁ |
‘Vancouver Island and onto Graham Island and Moresby Islands
in the Queen Charlotte Islands. |

The distribution of the muskrat is thusAso
.extensive'that there. are p:obably Tew areas of suitable
habitat which it has not at one time inhebited. However,
maintenance and incréase of population in these areas is
largely limited by the adequacy of the habitat and its

’

access to surrounding.muskr&t inhabited areas. Such adequacy
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depends on the food potential, both the type and the quantity.

i

GEOGRAPHICAL DIVISIONS FOR SURVEY:

3

For the purpose of this investigation, the pro#ince
has been divided into arbitrary areas using geographical
boundaries. These areas, as shown in Plate I, are as
follows:

A - area consists of that terriiory bounded by the

‘ ‘coastline of the mainland in the west to 1210
longitude in the east., The south to north
limits are 490 to 51° N. latitude.

B - area includes Vancouver Island and all other
islands lying west of the coast of“A, with
exception of the Fraser River delta islands
and Nelson Island which are included in A
area, |

C - area is defined as that territory lying north
from 510 to 54© N, latitude. It includes all
coastal islands in the west, except the Queen
Charlotte Islands and extends to 1190
longitude in the east.

D - area lies in the south-eastern part of the
province and is bounded by the Alberta-British
Columbia border and the United States Inter-

national Boundary. The western limit is 119°
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in the northern part and 118° 30' in the south.
- These limits were set in order téjinclude the
Columbia River valley.
" E - area is that territory situated,bet%egn A anad.
: D. Its north-south limits are 510 and 49° N.
latiﬁude, while its east-west limits are 118°
| ; 30! and 1210, |
| F - area includes the vast region of northern
British Columbia. lying from 540 N. latitude
to the Yukon border and from Alaska to
Alberta;boundaries.
G - area has been designated as the Queen

CharlbttefIslands.

DISTRIBUTION IN EACH AREA

A - area South-west British Columbia, Lower Mainland

‘The major'populations of muskrat in this area are
confined to the lower ﬁéinland,'Lulu Islahd, Sea Islénd'and
Fraser River Valley, Other feported smaller populations
occur in marshes around Pitt Lake, Seton lake, Pemberton;
Nelson Island, Sechelt Peninsula and Powell River,

The greater part of the lower mainland area is
dyked land with tidal salt marshes. Most of the muskrats
are bank—dwelliné?and are fognd along drainage ditches and

A ’ . R
sloughs ‘at the mouths of ﬁﬁall creeks. Lulu Island and Sea
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Fig. 1. Looking north from Blundell Road along dyke and ditch.

Fig. 2. Looking south from Blundell Road zlong dyke .and ditch.
Lulu Island (A-arez)

DRAINAGE DITCH HABITAT OF NUSKRAT.

PLATE Ila.



Close=-up of 2 portion of the bank
habitat shown in the above Fig. 1.

Lvlu Island (A-area)

DRAINAGE DITCH HABITAT OF NUSKRAT.

FLATE ITIDb.

21
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Fig. 1. Vuskrat house composed of bulrushes.

e
S s fgg“"

Fige 2. A floating piece of board forms this defecating poste.

Burnaby Lake (A-area)

WARSH HABITAT OF MNUSKRAT.

PLATE Ilc.
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Island are the principal muskrét,trapping areas of this
province.
| Just east of the 122° meridian, the Fraser River
valley becomes narrow and the terrain mountainous, The
Skagit Range Qf the Cascade Mountains forms at this point
a natural barrier to seéarate the interior and coastal
muskrat populations.

The Fraser Valléy population is the natural range‘
while the scattered populations along the coast are trans-
plantations. The Seton Lake and Femberton Meadows probably
represent migrations from' the more.interior ranges of the
Cariboo (C-area). |

The Nelson Island introduction was the only one for
‘which records-were.available. In January 192§,:three pair
muskrats were liberated at Hidden Bay, Nelson -Bay. A few
years previous, an introduction was made at Green Lake,
Nelson Island. By 1927, muskrats had spread over the
entire island and one was trapped at Ruby Lake on the main-
land.- The following year, a fair stocking of muskrat was
reported at the Pender Harbour lakes on Sechelt Penninsula.,
In 1929, another introduction which had been made at Gordon
Pasha Lake (on the mainland, north of Nelson Island) was

reported to be spreading.

B-area, Vancouver island,and Islands in the Georgia Strait

The muskrat is not. indigenous to any parts of this

area., Prior to its introduction ow&o Vancouver Island in
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1924, the reébrds show that no muskrat was fouﬁd in the wild
state. .

At this time, under the direction of the B.C. Game
Conservation Board, muskrats were trapped alive within the
limits of the Burnaby Lake Game Reserve (Vancouver). (?hese
were liberated at podnts that inecluded Shaw Creck Game .
Rese;¥e-(¥anceu¥e£99 These were liberated at points that
included Shaw Creek Game Reserve, Ucluelet, Jo:dan River,
Port Alice, Hopkins Lake (Merville) and Comox.

At the time of these introductions there were many
suitable places on this island for muskrat and the Game
Conservation Board intended to carry on this work each year.
This organisation, under the chairmanship of the late M.B.
Jackson, K.C., existed from 1918 until 1926,

Storer (1938) had records of introduction of six
muskrats each in 1923 and 1924 at Miller Creek,%Forbes
1anding,\g£d Campbell River, In 1931 these localities were
- well poPuiéted and crop damage by muskrats was reported
(R.M. Stewart, B.C. Police, Atlin, letter to Storer,
December 4, 1931).

In 1927, reports from the Victoria district
indicated that the mﬁskrat was increasing and enlarging
its range around Somenos Lake and Robertson River (Duncan).
The next year, there was continued increase and spread
throughout the lakes and flats at Duncan, Lake Cowichan

and Saanich areas. Muskrats had also beeniseen at Port
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Renfrew, thus migrating from the Jordan River area. In
1929, due to a rapid increase there were reports of
agricultural damage by muskrats.

The foliowing year 9,000 pelté were'taken. Also, -
it is to be noted that seven years following its.
introduction, the muskrat is.reported as a nuisance’in
southern Vancouver Island. In 1935, following an open
season, the first record of a noticeable deorease took
place, During the years that follow, there haoo been
continued migrations into sufrounding suitable areas.

Aside from these official transplantations, there
hove been introductions.made bj fur-rafming interests for
which there are no‘available rocords; If the interest
failed;'the animals were liberated to provide a new focos.
of introduction., | -

| It wés in this menner that tho muskrat became
established on certain islands in the Georgia Strait that
include Salt.Spring, Quadra, Thurlow, and Denman Islands.
The transplantation onto the last named island took place
in 19335 (T. Pearce;-Couftenay, June 1955 to Storer). It
'is possible that'the Salt Spring Island population represents

a migration»from that at Duncan.

C - area, Central Briltish Columoia.

The muskrat is widely distributed throughout this
area. Feom Rig, 3, ;t is noted that the greatest number

occur on suiﬁable creeks and marshes on the Chlilcotin River
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and sbufh Qﬂ_Quesnéi, wesﬁ of the Fraser River.. East'of J
; ’this river, they afe'most abundant in the "lakes region",
éouth-east of Williams Lake. Muskrat are also present,
but scarcé west'of-fhe Cascade Mountains. They are rafe‘
in the high altitude-deep snow country in the eastern part
of this afea. A certain amount of muskrat'are trgpped
along the northern limits in the Prince George and
Vanderhoof districts. lv‘

T.A. Munro (1987) reported that there Were no
places»in this northern aréa asvfavorable for muskrat as
some locaiities_in soﬁtherﬁ Britiéh Columbia (E~-area).
According to Muhpo; "the waters vary in elements making up
‘the food potential:and some could be’classifiedvas sub-

marginal."

BLACE AREA  HOUSES
- Tilly Lake (Tatla Lake region) 2 x 1.5 mi. 8
Small mérsh (BigVCfeek reégion) 1 x 0.25 mi, 0
Exeter Lake (lbO-Mile‘House)_ 1x0.,5mi, = 7
Edmonds Lake ( Adc‘)., ) 1 x 0.5 mi. 12
4 small_iakés; each (Bella Coola) %fx < mi, | 4
3 lakes & marsh (Chilako River) 2 sq. mi. ' - 25
Puntohesakut Lake (Quesnel) - 2 x % mi, ' 1
' Dragon Lake (ngsnél) . Si‘x'l mi. ‘ 3

TABLE 2 HOUSES ON INDIVIDUAL AREAS.

The abéve table indicatés'é.feﬁ small areas with
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the number of occupied houseé oﬁ each for 1945, This number
is said to vary,.often greatly;‘from one year to another,
There.is.apparehtlj adequate reason to 5elieve that the ﬁag.
beaver-muskrat association furnishes a eource of pepulation ‘
maintenance ef the letter. ‘Several trappers have found

that as the beaver declines so does the muskrat,

D - area. Kootenay and Columbia Rivers Valleys.

In this!aree, the majority of ﬁuskrat are trapped
f\from Golden south, along the'marehes of the Columbia River
to its 30grqe at celumbia lake, an area of about 110 sq.
mi, Except'ferva emall population along St, Mary's River,
near Kimberle&, muskrat are scarce in theé Fernie District.

| Reports indicate that there very few in ﬁhe Arrow
_ iéke dietrict while they seem fairly abundant in the Slocan
district. In the Kootenay iake district, muskrat are
‘trapped aioﬁg.the Duncen River in the nprth while a few are
feund at the south end neer Creston. | ..

In the;Kootenay National‘Park, muskraﬁsAhave been

seen’in SinclairiCreek and identified by"tracks along the
shores of DOg Lake and Dolly Varden Creek Valley (Munro

& Cowan)

This part of British Columbia is of an.extremely
rugged terrain. Most. of the lakes and streams are rocky

and glacier-fed with shores unsuitable for a marsh habitat.

E - area, South Central Brltlsh Columbla.

In the Okanagan district of this area are found
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some.exceedingly suitable muskrat marshes. In fact, the
bulk of muskrat pelts from this area are collected from
the Okanagan Lake south to ‘the Osoyoos Lake along the
Okanagan River., Other localities where small muskrat
catéhes are'taken'inglude the soﬁthefn regiéns of the
Similkemeéen River, Lac le Jeune (20 mi. south of Kamloops),
. and Pennask Lake and Nicola LakeAdistricts,:both"near ‘
Merritt. The Princeton-Hedley District is not a‘muskrat-
producing area;
The foilowing table‘illusﬁrates a few reported:

populations that occur outside of the Okanagan District.

PLACE AREA -~  HOUSES'

Garcis Lake (10 mi. N.E. Merritt). 30 A. 1 House & &
, '~ bank dens
I Campbell Lake (20 mi. S.E. Kamloops) 100. A. 6
White Leke (20 mi. S.E. Kemloops) 40 A. 6
_Lac*le'Jéuné, west end , o 25'A, ‘ 8

| Table 3 - Small populations that typify E - area.

F -_area, Northern British: Columbia.

In this expanse of territory north of the 54°
Latitude, féir returns were received f;om ﬁhe"outline
questioqgire' coﬁsidering'the isolation of mény places.
From lO'posiﬁive'and 18 negative returns, the distribution
maprof the muskrat in this area was compiied. Fie—69)
‘Muskrat coloﬁies’are generally 'small. Some trappers
;eported é.fewimuSKrats in béaver ponds in the fall; but

the following spring they had disappeared.
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' Apparéntly the most favourable muskrat areas are
those just north of Prince George and the Fort Fraser
Distficts. Thellatter is a continugtioﬁ of the -muskrat
area around Vanderhoof in. C - area. Frederick Velten,
trapping along the Dease River, réportéd considerable
muskrat on his 22 mile trapline. 118 pelts were collected
Cin 1946 |

A few are present along the Stikine River, but
the silted cohditionvof this river is unfavourable to the
species. Swarth, in 1922, reported that muskrats were
scarce along its entire length. They a:e'alsb'scarce in
the coastal distfict from Alice Arm to Prince Rupert. They
are absent in marshes aiong the'Cépper River but present
in the marshy south end of Lakelse Lake. In this area they
are mainly bank-dwelling muskrats.
| I. Mcf. Cowan, in~a:bird and mamma 1 survéy_of the
Peace River District, reported muskrats in three small lakes
“in the vicinity of Fort St. John. | —

“In north-weét'British Columbia, in the Atlin
District, a few are reported on small marshy areas of
Tagish and'Téslin Lakes. They are not trapped as appareptly
unfavourable cohdifioné prevents any population increase. |
| ‘ There are possibl& many-simila: small muskrat
poPﬁlations throughout F-area, but their scant numbers

makes trapping impractical.
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PLACE AREA HOUSES

Lake on Morice River (Topley) 1 x 1 mi. 5

Nosqulto Iake (Dease Rlver) 1x % mi. 30 push-ups

Smith Lake (Dease Rlver) 1 x % mi, 22 "
Goose Lake (Dease Rlver) 1 x % mi. 6 n
Mersh #l (Fort Fraser) 40 A. .20
Marsh #2 (Fort Fraser) 160'A; . 25

Table 4. Examples of Small Populations in F - Area.
The above table illustrates the distribution in
gsome reported areas. In many places, the muskrats are bank-

dwelling, hence accurate figures were not obtained.

G - area. gueen Charlotte Islands.

The muskrat on.these islands is limited to Graham
Island and Moresby Island on the former, according to
Hallett (Pritchard, 1934), 15 muskrats were liberated between
1924-1925. 1In AprilAlQSS, they had spread 30 miles over .
rough eountry and were reported cauaing damage'to‘dykes and

'ditéhes;



A B c D E F_ G
FUR-BEARER . Pos. Negz., Pos. Neg., Pos. Neg. Pos., Neg, Pos. Neg. Pos. Neg. Pos. Neg.

. MUSKRAT o - 5 - g - 1 - ¢ - & . 5 .
" BEAVER' 2 1 o 1 14 1 1 o 7 1 7 9 0 -
 COYOTE 2 1 0 o 1 6 4 5 6 4 6 7 0 -
 FISHER o o o o "6 1 o 0 0o o 7 4 o -
- FoX 2 22 ©0 o0 1 1 1 1 O 1. 7 10 o -
LYNX 3 o o0 o 7 3 6 6 6 2 4 6 0 -
MARTEN 2 5 -2 &4 7 3 8 8 4 .1 7 1 2 -
MINK. 7 6 4 7 17 1 12 8 8 8 8 2 0 -
OTTER 2 1 o 4 4 o0 1 o 5 0 4 3 1 ° =
RACOON 4 4 5 8 0O 0 O O O O o0 0 o0 -
. SKUNK. 1 2 1. o o 2 =2 1 0 o o o0 -
SQUIRREL 2 =2 1 1 14 5 6 5 5 3 6 7 0 -
 WEASEL - 3 3 2 =2 1 5 9 7 & 3 7 12 1 -
WOLF 1.0 o o 2 0 o0 0 0 O & 4 0 -
WOLVERINE 1 o0 0 0 o o o0 o 0 3 3 0 -
TOTAL 10 7 5 11 22 8 13f 11 7 a4 1of 18 3. 0o
SUM _FOR AREA 17 16 30 24 5 2 3

TABLE 5. DISTRIBUTION OF THE FUR-BEARERS ON 127 REGISTERED TRAPLINES
: THROUGHOUT BRITISH COLUMBIA.

# WHERE MUSKRAT WAS INDICATED AS 'FEW' OR 'SCARC , THE
POSITIVE RETURN RECEIVED HALF VALUE.

Ig
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PLATE III
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In this connection, A.L. Eritchafd (1934)isuégests, "Was
fhe introduction_of thé mﬁskrat in the Queen Charlotte
Islands unwisé”" At this time, they were reported as
depletlng the plnk salmon fry at the experlmental counting
~ screens. | _ |

In recent jearé, there has been liﬁtle-mentiOn of
the population on Graham Island. However, it is presumed
that the population has spread around Massett Inlet and the
Rivers entering it. | ’ . |

Records of 6therl6fficial muskrat,trénsplantations
aré not availéble. However; private-intrbductions have been
completed. vGeOrge‘W.'Leary, Port‘Cleménts; introdﬁced thel
_muskrat in11929,_onto about 100 acres of meadowland. This‘
area is divided 1nto four sloughs, about 25 acres each, w1th
the Tl ell River runnlng through the center. ‘

In 1934 his first trapplng season netted over 200.
 pelts; Slnce_1930,'the muskrats have been less numerous and
the 1946 trappiﬁg.seasoh netted only llé pelts;v'Mr. Leary
believes that the fobd potential is sufficient to maintain )
only the existing population. He has also found that they
breed later in:the spring and produce smaller litters than

they do in the southern parts of the range.

POSITION OF THE MUSKRAT AS A FUR-BEARER

g Plate 3, based on the 73 positive returns of the
toutline questionnaire'AshowS'that mink, weasel and beaver

fegpectively'ére the fﬁr-bearers'appearing most frequently.
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on the ;ame registered'trapline. - When this graph is |
compared with the téble on the royalty collected from pelts
of fur-bearing animals in the Report of the Provincial Game
Commission, 1945, it is fOuﬁd thét with the excepiioﬁ of
squirrel which is first, the~oi'd§r of the five most
important fur-bearers is identical.
Graphs 1 to 7 inclusive illustrate the’relation of

. muskrat to other fuilbearers in each area throughout British‘
ColuﬁbiaQ These Graphs were derived_from.the list of
animals‘trapped-on the 73 registéred'traplines“which contained
‘muskrat. From this list, for each area, the percentage of
each fur-bearer was calculated using the muskrat as 100%.
These figurgs were then.graphically represented, This formed
a cbnvenient means for é qualitative.comparison of the fur-
Bearing animals in the diffefent areés of'this province. - -

| Fof A - area, Graph 1 shows that mink and racoon
are the next most important mammals collected. ‘The negative
- returns, Table 5, show that'mink'and racbon.form thg main
collection. |

Iﬁ B - area,’ Graph 2; racoon is collected to a

similar degree as muskrat’while'minkg mértén and’wéésel are
next in impdrténce. Non-muskrat areas produce mainly mink
and racoon. - |

| -From Graph 3, in C - area, the mink, weasel and
beaver aré found on muskratﬁtraplines. .The §oyote, weasel

and squirrel are produced more in non-muskrat areas.
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GRAPHS 1,2,3 and 4

THE RELATION OF MUSKRAT TO ‘OTHER FUR-BEARERS IN AREA.
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GRATHS 546 and 7
THE RKELATION OF MUSKRAT TO OTHER FUR-BEARERS IN AREA.
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In D and E - areas, as noted in Graphs 4 and 5, the
;mink and beaver are placed with the muskrat. In non-muskrat
areas of D -area, marten, mink and weasel ére most evident
.while in E - area, the coyote, weasel and squirrel are the
principai fur-bearers.

In F - area, according to Graph 6, mink are trapped
to the séme-degree as muskrat. ZFrom the negative returns,
it was found that weasel, mink marten and fox form the |
greatest pelt returns; beaver is also collected to a lesser
extent. |

Among other fur-bearers frapped>0n Graham Island

of G - area are marten, otter and weasel.
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DISEASES AND PARASITES OF THE MUSKRAT

From October 15, 1944 to May 15, 1947, 202 muskrats

were examined for the presence of diseases and parasites.

¢

Saasen .

Garcassés received duriﬁg’the legél tbappingﬁwere skinned,
heﬁée external parasites cbuld not be enumerated. Thevfollow-
ing speciméns weré collecﬁed outside the legal trapping |
season: Al to Al4, Octobervlé44§:A54 to A4l, summer of 1945;
' B7 to B9, November 1946 and E33, May 1947. 1

The‘legal trapping éeason-for muskrat varies
throughout BritishICOlumbia. jin»the>lower maiﬁiénd of A-area
and B-area, it is a wiﬁter seasonifrom December 1 to
February 28. Throughout the remainder of the province,
_muskrats‘ére.ﬁrapped,in the'$pring from March 15 to May 15.
In the more_nqrthern localities, trapping sometimes does not
begin'untilithe end of May, as it is often difficult prior
'tb,the cessétion pf freeze-ups. Thus the seasonal nature of
this in#esﬁigation'offered slight opportunity fbr a comparison
study of interseasonal incidence. ”

As stated previously, prétoZoan parasites were no£
stuaied due to the ﬁsuallybédvahced state of decomposition
of the carcass.. However, in' the light of the absence of
typicél protoZoan-lesiOns, it may be assumed that pathogeﬁic
protozoa wergfabéent in the carcass exa@ined. -

llﬁfis noted from TabI@il that thefe ié an absence

of previous study on protozoan parasites of the muskrat.
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This may be attributed to the fact that most parasitological
studiesjon the muskrat have been performed on caracsses
sent for exéminatibn.

The'present survey revealed that the muskrat is
infected by two different pulmonary infections as.wéll as
being prone to a tumorous condition, infection.of wounds
and internal abscesses. It is host to elevenlspecies of
helminth parasites. ’%3; of-these,havé been previously
‘recorded as infécting the muskrat, while a species-bf

‘Acanthocephala appears to be a new record for this host, A
Second Species of Cestode 1S a0 mew record for the muskrat.

DISEASES ND PATHOLOGIES

Pdlmonary Inféctioh

Four muskrats from two widely separated localities
were found to be affected by a puimonary infection. - Two of
these .specimens, A42 and Aéllwere from Lulu Island_whilé’ElB
‘and E26 came from Rutlend ﬁiats and Mill Creek in the |
Oﬁanagan;

Description of the Lesions.

" In all cases, similgr lesibns were observed. The
infection is apparently one df the blood since all lobes of
the lung were equélly affected; The degree of infection is
indicated by the density of the lesions. The following

description was taken from specimens that had undergone &t

least 24 hours decompdsitiOQy This change was more advanced

in specimens E13 and E26, because they were not received



40

until at least 48 ‘hours after death. .

The lesions appeared as petechlal greylsh—whlte‘
circular areas on the surface of the lung. ‘Where several
areas had coalesced, the area appeared whltlsh and root-like
surrounded by a paler grey area. Each clrcular area
contained one spherical white capsule which could be easily
" dissected from the surrounding tlssue. A coalesced area
would contain several capsules. ,These capsules were a fairly
uniform size,“varying_from 0.24 to 0.27 mm. in diameter. If
a capsule: was placed'oetween a microscopic slide and‘cover-
slip, cousiderable pressure.was required to break the wall;

: whereupon it liberated thousands of coccus-like organisms.
Wheg stainediwith‘methylene blue,‘each organlsm'was composed
of a homogenous‘finely=granulaf subhstance., The general
condition of thevanimal was good, the flesh was in good}

" colour, the other organs Wefe normal‘aud parasitism was

usually normal.

Histopathology‘of'the Lesions.

A section of‘fhe-luné-from«A42 was fixed in Formol-
alcohol'and stained withuHarris-haemotoxylinband counper-
stained with alcoholic eosin. |

o The lesions were distributed throughout the'lung‘
tissue in a density similar to that observed onwphe surfaoe.
Each lesion involved little tissue, belng compact within its
capsule wall inside an alveolus. The'lung tissue was not

stimulated to produce any further walliné off. The tough
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Fig. 1. Photomicrograph showing the position and wall of a
pulmonary lesion from the unidentified pulmonary
infection.

Fig. 2. Photomicrograph showing H. octocoronats embedded be-
tween the villi in the small intestine.

PLATE XI
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capsular wall was composed of a compact homogenous anuclear

 substance laid down in a double layer. It'sectioned‘poorly

. and appeared to be a product of the causative organism.

The internal layer absorbed thé:haemotoxylin stain while the

4external.layer absorbed the eosin stain. The contents of the

capsﬁ;e,stained haemotoxylin, Plate X¥, Figure 1.

'Experimental étudieé'to identify the causative organism.

The lungs of'the'diseased muskréts, E13 and E26,

‘were kept fresh by freezing in physiological saline.

On March. 21, 1947, 65-70 capsules were dissected

from the lungs of E13. These cépsules”were washed and

centrifuged several times in sterile physiological saline,

' then crushed in a mortar. This unfiltered material was

‘injected into six rabbits as follows:

| - AMOUNT OF
RABBIT NO. INJECT ION

lé 1.5 cc.

21 0.7 cco

10 0.4 cc.

25 | O.4lcc.
5 0.5 cc. (app.);
6 . l.O:éc.‘(app.)

METHOD

intravenous

intravenous

vinﬁrathorécic

-intrathoracic -

intranasal

intranasal

On May 2, 1947, rabbits #16, #21, #25 and #6 were

killed and examined. Nopé of these rabbits showed typical

pulmonafy lesions like those found in the muskrats. -

Rabbit. #21, however, showed six pinhead sized

whitish lesions dn the_sdfface of the liver. These lesions
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could be removed from the}surrounding fissue in a manner,
'-similar to the oriéiﬁal pulmonary lesioms. ‘The presence of
oocysts in a micrbscoPic smear of_thesézlesionsfproﬁed
~ them to be coccidia. | |

Should these liver lesions have been a result of
the original pulmonary orgénism from thé ﬁhskrat, and since
rabbit #21 received the -smaller does, it would have been
expected that rabbit’#;G, which receivéd twice the dose,
‘be similarly infected. 'This waslﬁot thé'case; Therefore;
it was concluded that the‘coccidial ihfection of rabbit #21 -
was independent of the attempted'experiméntal infection.
| When it was found that the réﬁbits éxamined_did not
contract the infectioh, post-mortem of the}other rabbits
 $eemed>unhecessary. n

Further experimental work WQé cénducted on the
- albino rat. On Maj 21, 1947, two male rats, one less than
six months 0ld and the other about a &ear'were~injected
intrathoracically with a stfong 1l 60. sterile physiological
saline suspension of crushed capsules{ It was brought to’
the gttention of the investigatbr ﬁhqt the older rat was
infected with tuberculosis. |

On June 4, 1947, thése rats were killed and examined.
| The ﬁypical tubercular 1esioné were present in the older
animel. The pulgponary systems of both animals were placed
in physiological saline and allowed to macerate. Aftef four
hours, scattered foci of infection»were:found to be présent

in‘both systems., These lesions were similar to those present
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in the muskrat and dlssimllar to the" tubercular lesions.
The younger rat appeared more heavily 1nfected than the
older one. These lesions were smaller than those present
in the muskrat. Immediately following death, they are
masked by'thevwhite air-filled alveolae and hence become
prominent only upon collapse of the alveolae.

At the time of wriﬁing,'further experimental{work

is in progress to identify the causative organism.,

Death due to tumorous condition.

May 10, 1945, Dr. I. McT. Cowan found a muskrat at
Burnaby Lake Ganme Reserve that had been dead for 3 - 4 days.
Examlnatlon revealed the presence of three large tumors:
one on the side of the neck and two in the axillary region.
Thellungs had 5 scattered foci of‘infeCtion, which ranged
from 2 - 5'mm. diéﬁeter., It wes apparent'that death was
caused'primarily by the tumerous conditien; the pulmonary .
eondition probably was secondary.

- Histopathology of the tumors was difficult to
interpretadueito extensive post-mertem decempesition. There
appeared t0 be however,aprurulent center with a fibrous
cennective tissue capsdle. Connective tissue had aléo
penetrated into the center of theulesion.- |

The gross appearance Of the fixed pulmonary lesions
leads rhe inveetigetor to believe that they are;probably
tuberculous in nature. They resemble closely the typieal_

tubercular lesions of the albino rat that result from
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| infedtion by Corynebacterium rodentium. The histOpathblogy'

was difficult to follow due to the advanced decomposition

' that preceded fixation.

Other minor pathologies.

These lesions were small and appeared, in general,

not to interfer with the health of the infected animal.

. MUSKRAT

NO. REGION : DESCRIPTION '
ce7 transverse several distinctly separate
colon ectymotic hemorrhagic areas. .
Intestinal wall scrapings revealed
no protozoan infection.
" D4 . mid-lumbar oval, walled-off, cyst-like lesion, .
region 25 mm, x 13 mm, containing yellow
pus. A Giemsa stained smear
revealed only lymphocytes and
polymorphonuclear leukocytes. The
lumbar lymph nodes were slightly .
enlarged. ’
D6 . ventral small elongated cyst-like node,
lumbar , 10 mm, x 5 mm, similar in appearance
region and consistency as the lesion of

D4. No enlargement. of lymph nodes.

TABLE 6.  Minor Pathologies.
The above table illustrates the lesions that

occurred, that were apparently not a result of wéunds.

Pathologies due to wounds.

From time to time, muskrats were found with
absceésés that had develoPed following a wound. These
abscesses'apparently did not imﬁair the.animal's survival.

Often these wounds left no external evidence. ;The wound
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Osteitis of Forelimb Bones foilowing Loss of Anterior Foot.
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healed externally while anvabSCessAdeveloped internally.

This followed various types of woundsj that left when a

foot was lost following an excape;from'a'trap, Plate IV,
¥ “

and wounds as a result of intraspecific strife.

MUSKRAT , ' ' '
NO. REGION DESCRIPTION OF LESION
A55 left fore The bones had become infected due
AB3 ' » »
A70 limb to the loss of the foot. The
A79, . axillary lymph gland is usually
enlarged. '
c1s8 left Following a lung puncture, a
- posterior permanent adhesion to the costal
wall'resulted. All external
lobe of . :
" . evidence had healed and there was
lung . T ‘
no evidence of fractured ribs.
Histopathology revealed that the
abscess had one primary focus and
two secondary foci. It was com-
pletely walled off by fibrous
_ , connective tissue. v
E33  left An abscess had developed at a
abdominal ‘point where the diaphragmatic
o " muscle meets the lateral abdominal
wall near _ . _
: ‘ wall. It was 15 mm. long and oval-
‘diaphragm

shape and contained greenish-

‘yellow pus. Also, at: this point

the stomach wes permanently

. adhered to the abdominal wall.

The abscess developed following a

stomach puncture. - External
evidence had healed.
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TABLE 7., Description of Le31ons as a result of
,mechanlcal injury.

f

REPORTED DISEASES OF THE MUSKRAT IN BRITISH COLUMBIA
| Analysis of the reports from game-wardens and

trappers throughout this province regardlng diseases of
muskrat are limited malnly to 1nfectlons resultlng from
1ntraspecific fighting and trapplng wounds. These wounds
become,infected and as a resultiabécesses develop. In a
few instances, a specific outbreak of'disoase has been
reported. |

| In A - area, at Port Coquitlam approximately 3
in 100 muskrats trapped have infected wounds following thé
loss of a foot in a previous trapping. At Lulu Island, in
the same area, two animals with externally infected wounds
were trapped in December, 1946. Both of these muskrats'v |
were young, trobably from 1946 litters.

In B -iaroa,.at Duncan, about 10% of the muskrats
are affected by'etternal abscesses, occording to two
1ndependent reports.

In C - area, at Williams Lake and Kleena Kleene,
trappers ind;cate that most 1nfected wounds may be

~attributed to intraspecifio strife. Such wounds are in
evidence during the spring sexual fighting. Hence, pelts
taken at this time are often valueiesé. Internal abscesses
similar to those found in this sorvey were reported from

Tatla Lake District.
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In D and E —‘aréaé, there were repbrtS"df wide~
spread océurrence of ahscesses among the muskrats. In the
‘spring of 1946 aﬁout 65% of those trapped around the
Nicola River, in late spring, showed infected fighting
wounds. In 1937, in the vicinity of Brisco, in D - area,
| the muskrat catch was scant. Those collected were heavily
infected with boils. This condition disappeared in the
_following years. H. Tyler reported that muskrats at the
southern end of Windermere Lake were also similarly
afflicted. It was noted that this condition was more
prevalent in those that ‘build among the bulrushes.

In F - area, the only wounds that affect the
muskrat populations are those reéeived dgfing'intra-
specific fighting. In the Stikine River District however,
trappers have caught muskrats,'and élso found them dead
infected with abscesses at ﬁhe'sides of the lower jaw.

In 1938; at the Queen Charlotﬁe Islands; Mr. .
G.W; Leary picked up some muékrats deads Examinaﬁion of
the'cércasses revealed no apparent cause of death. This
was the only report of disease among the muskrat

pépulations in G - area.

Analysig of Wounds.

It is apparent from the reports and the
carcasses examined that there is a high tolerance for
- wounds due to intraspecific strife. Such wounds do

occasionally become infected. However, they heal
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exfernally and the organisms become eoncentrated'inside a
Vconnective tissue capsule. The general.health of the
animal is not affected,» | |

This was illustrated in muskrats C18 and E33’
where punctures of internal organs had?taken place.
Although an adhesion and an abscess had‘formed,'the»wound
had healed -externally. Also, the animals appeared in
'good health; |

Frequently, a trapped muskrat will escape with
theAresultlng loss of a foot. This wound w1ll often ‘heal
completely with ho infection. lhere are instances how- -
evér, when such a wound will become infected. This
infection invades the bone and produces an osteitis. Sueh
inflammation usually centers around the'injured jeiﬁts,
which become dislocated in the enimal's fight for freedom.
- The lymph glands of.the region also become infected.

In this survey, four muskrats from A - area were
thus inJured. 'A65 a male adult of an 1946 litter, was .
trapped on JanuarY-lz,_l947.‘ As shown in Plate Iv,
Fig, & the entire lower humerus was.involved in the
osteitis.' Thls infection hadlapparently developea since

December 1, 1946, the beginning of the trapping season..

Analisis of specific diseases and their effects.

Actual mortality from disease is difficult to

ascertain in the muskrat. This situation is especially
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reports of its occurrence and not'on personal observatihns.
It is evident however, from the carcasses examined that this
fur-beérer is affected by at least two specific diseases.
Reports from the trappers indicate a possiblé third specific |
disease. The tumorous condition of the dead muskrat at - |
Burhaby Lake is probably more of a developed'Condition than
a‘diseQSédthat could be'diséeminatéd through a population.

| 4 The two respiratory infections however, appear to
" be likely diseases that might decimate a p0pulatlon. The
pulmonary condition present in both A and E - areas 1s a
condltion that may be spread by direct contact between
' diseased and healthy anlmals. o

This disease appears to be siﬁilar.to that
described by T. Warwick ih 1934, which was ﬁrevalent among
‘muskrats in Shfopshire.‘ His description of the lesions
resembles that found in this survey. Also, in both cases,A
the animals appeared healthy. |

It is in the experlmental studies that these two
infections seem to differ., Warwick-found that the rat did
not contract the disease. However, he omits stating the
period that lapsed between injection and autopsy of the
experimental animals.. In this experimentaliwork it was
found that the rat was infected following two weeks
1ncubation perlod. The les1ons weretsmall and did not become

evident until after maceration of the tissue.



TABLE 8. FREQUENCY DISTRIBUTAON OF THE ADULT ‘HMIN‘IH,PARASITES' OF THE MUSKRAT IN BRITISH COLUMBIA

- - - REG- ‘ . _ - -
AD UL II‘ P A R A S I T E ’ ION Y . en oo A 80-?-‘,-‘-—- ------- B 9 ------- l [ v wn = o C 64—————- - - D 16 ------------- E55—————--
: : L . INFECTION - SPEC. INFECTION . SPEC. INFECTION SPEC. INFECTION - SPEC. INFECTION SPEC.
CLASS  SPECIES AV, o EXTY  AVST %, AV CEXTS NO. % AV, EXT, NOo, % AV. EXT, NO., % AV, EXT. NO. %
- | . STOM. 3.2 1-13 15 18.75 ' .= = = = - - - = - - - - - - - -
T -ECHINOSTOMUM INT, 20.7 1-130 47 58.75 - 23 1 11l.1 9.8 2-23 7 10,5 7.3 2=13 3 18.6 3.5 1-6 2 6-1
COALITUM ~ CEC. 5.4 1-27 11 13,7 - - - - - - - - - - - - - - - -
R . COL. - - - - - - - - - - - = - - - - - - -
- STOM. - - - - - - - - 24.4 1-61 5 7.5 - - S - - - -
E ECHINOPARYPHIUM  INT. - - - - - - - - 107.1 6-240 13 19.5 - - - - - - - -
CONTIGUUM CEC. - - - - - - - - 16,3 2-51 7 10,5 - - - - - - - -
M ' COL. - - - - - - - - 12,0 2-43 5 7,5 - - - - - - - -
R STOM. 1.5 1-2 2 - 2-5 - - - - - - - - - - - - - - - -
A - QUINQUESERIALIS  INT. 3¢3 17 3 .3.75 = - - - - -~ - - - - - - - - - L. -
QUINQUESERIALIS CEC., 69.8 2-298 34 42.5 76.8 2-201 8 88.8 121.3 7-376 27 40.5 85.3 4-304 15 93.0 89.0 1-850 15 45.5
T . L COL. - - - - - - - = - - - - - - - - - - - -
L STOM. - - - - S - - - - - - - - - ' - - - - - -
[ © NOTYCOTYLUS INT. - - - - - - - - -7 - - - - 15 1 6.2 - - - -
o URBANENSIS = CEC. - - - - - - - - - 1o 1. 1.5 - - =, = - - - -
"D COL. 13,7 3-38 13 16.25 2.5 2-3 2 22.2 13.3 2-128 23 34,5 13,5 1-69 12 74.4 " 1-0 1 2 6-1
D v STOM. - - - - - - - - - - - - - - - - - - - -
A PLAGIORCHIS INT. = 1-165 2 2.5 - - - - 30.8 1-109 20 30-0 54-0 4-233 1l 68.2 17.6 1-74 13 39.4
PROXIMUS CEC. - - - - - - - - - - - - 4,5 2-7 2 1l2.4 - - - -
; COL, = - - - - - - - - - - - - - - - - - - - -
STOM. 3.7 1=7 3 3,75 - - - - - - - - - - - - - - - -
CESTODA HYMENOLEPIS SP. INT. 59.5 1-250 40 50.0 2 1-3 5 55.5 6.0 1-18 7 10.5 6.0 1-16 3 18.6 7.6 1-15 5 15.2
‘ - CEC. . - - - - - - - - - - - - - - - - - - - -
COL. - - - - - - - - - - - - - - - - - - - -
- ~ — STOM. - 5.0 © 1 1.25 - - -— - - - - - - - - - - - - -
NEMATODA " CAPILLARIA INT. 5.4 1-27 9 1ll.25 -~ - - = 1 1 5 7.5 6.3 2-10 4 24.8 10.3 1-55 14 42.4
- RANSOMIA - CEC. 2. 2 1 1l.25 - 6 1 11,1 - - - - = = - - - = - -
| COL. - - - - - - - - - - - -~ - - - = - -~ - ==
STOM. - - - - - - - - - - - = - - - - - - - -
ACANTHO- . INT. - - - - - - - .- 1.8 1-3 4 6.4 - - - - - - - -
CEPHALA POLYMORPHUS SP. CEC. - - - - - - - - - - - - - - - - - - - -
= i : COL. - - - - - - - = - - - - - - - - - - -

(

=
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Werwick identified the causative organism as a
haemolytic streptococcus that 1s related to other
streptococci.éf animal origin.v;This organism was highly
pathogenic to mice, The causative organism thét is producing
- the infection in the‘British'Columbia'muskraﬁs has not yet
been identified., Experimental studies are still in progress.

In the discussion on the mortality prdduoed by this
infection, Warwick states that the animals were found when
population densities were rather low, hence it is unlikely
that carcasses of dying animals would be frequen£ly found."

He believed that mortality must have been fairly widespread.

PARASITES ‘

Table 8, illustrates the distribution of the adult
ﬁelminxh parasites of the muskrat in British‘Columbia.
Besides ﬁhese parasites which were found in more than one
carcass, thefe were found a few specimens of male.Trichuris :
 9£§3§ in the intestine of a muskrat from Lulu Island. Two

spédies of 1afval cestodes, Taenia taen;gformié.and Clado-

taenia sp., were found in the liver as cysts, The latter -
also occurred in a cyst at the base of the mesentry.
Discussion of the Parasites.’

- Trematoda
Echinostomum coalitwmn Barker 1915

Family Echinostomidae Looss 1902
Subfamily Echinostoﬁinae Looss 1899
Genus Echinostomum Rudolphi 1809
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Status

This species was first_descfibed as-a parasite of
‘the muskrat by Barker in 1915. Accerdingly, it may be
dlstlngulshed by a "well defined renlform collar" consisting
of 37 spines. These are arranged in an alternate row of 27
large spines on the rim and 5 spines on each lappet.

P.C. Beaver (1937) while completing a study of

Echinostomum revolutum'(Froelich) reduced 16 other named

species including E. coalitum to synonymy with E. revolutum.

He inferred that physiologlcal differences in different speciles

‘of hosts would often lead one to believe that a new species .
had been found.
Since the investigator has not had the opportunity

of examining many specimens of E. revolutum which typically

infects aquatic birds, the original specigggationmJE.
coalltum from the. muskrat' has been used in this study. The
spe01mens colnected were typlcal for the species, hence

redescription is unnecessary.

Infection

| ‘There was a wide range of infection by E. coalitum.
It rated the highest incidence in A - area, where infection
averaged 58, 75% in the small intestine with 18.75% and 13.7%
in the stomach and cecum respectively.

| It is interesting to note the ‘variation in infection
in thetdifferent localities within a given area. From the

following table, it may be 6bserved that although Burnaby
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Lake'muékrats presented a 58.5% infection, it registered
én average incidence of 35.1 worms. This is compared with
a 79.1% infection b& an average of 10.3 worms at Lulu Island.
:vTheSe two  localities are approximately 20 miles apart. Had
more examinations'been completed from\ﬁhe Sea Island muskrats,

it is possible that the infection would compare closely to

that of Lulu Island.

INFECTION .. % TOTAL AVERAGE

_PLACE . TOTAL = DINFECTION  INFECTION  INFECTION
Burnaby Lake 24/41 584 3% 8453 35.1
Lulu Island 19/24 - 79.1% 196 10.3
Sea Island /7 14.3% 3 -

Pitt Meadows  2/4 50.0% . 50 25.0
Clayburnv . 1/4 25,0% 4 -

' Table 9. Comparison of infebtibn in localities

in A - area by E. coalitum,

Although only one muskrat from B - area was
infected, it contéinéd 230 individuals. As maj be noted in
Table 8,only small peréentage infections were recorded in C,
D and E areas., In Cv- aréa; only muskrats from Williams Lake
were‘infected.' In D -area, only carcasses from Radium |

were parasitised.

Discussion

According to Table 1, E..coalitgg has been recorded

three times since Barker's original record. Swales (1933)

| reported in a review of Canadian helminthology, Echinostomum Sp.
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"from the-muskrat in Alberta. P.C. Beaver (1937) includes
- several records’from‘eastern North ﬂmerica‘of the species

. revolutum.

Behinoparyphium contiguum‘Barker and Bastron
| Family Echinostomidae Looss 1902

Subfamily Echinostominae Looss 1899

Genus Echinoparyphium Dietz 1909

Statug | o

| This is another species of trematode reported in
F.D. Barker's publication of 1915. It was originally
described as a"small trematode, 3.3 to 4.5 mm. The collar
“has 37 spines érranged‘in alternate rbws of I@ oral and 15
aboral spines on the rim and one set of 4 on each lappet."

- P.C. Beaver (1937) disputes the'validity of the

‘above description and states that the specimens identified
as Echinoparyphium contiguum in the B.A.I. of the U.S.D.A.
"hafe more than 57 spines, having 45 in some and 47 in'otheré;"
‘On the other hand Barker and Noll descrlbe some specimens as -

belonglng to the spe01es Echinostomum callawayen51s which -

have #ta collar armed with a aouble row of alternately arranged
spines varying in number from 37 to 41, 31 to 33 on the rim
and 2 to 5 on each flap." ‘ | | /

There has been onlj one report of Echinoparyphium
- sp. from the muskrat since 1915, that by Law and Kenﬁeqj in
1932, Of this record Beaver. states that “unfortunatély the
cephaliec spineé are not included invthe déscription, and no

specimens could be procured."
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As a result of the apparently conflicting
description by Barker and the absence of more recent study
" on this speclies, it is pertinent that a detailed desceription
be presented.at this time from the specimens at hand.

Description

- This composite descripﬁion is based on a series
' of specimens collected from muskrats in the Williams Lake
District of C - aréa. These specimens were prepared'for
study aécordiﬁg tb:the'technique outlined on page l4.

In an infection, the size of the worms does not
vary greatiy. The length averages about Z,Bmm. whiie the
Width}at.the level of the acetabulum is 0.4 mm. The width
at the level of the ppstérior testes is O;S mm,

| The acetabulum ié situated about one-third of the
total”length posterior to the_orai sucker. The former is
about 0.34 mm. while the latter is 0.12 mm. diameter.

The complete cephalic spination consists of 41
'spines. These are arranged as‘a‘double alternating row of
33 spines on the rim apdw4 on each lappet. The rim spines
average 0.067 mm. being slightly longer than the lappet
vspines W£ich are 0.059 mm. The body cuticle:is smooth,

with slight striations but no scales liké Echinostomum sp.

| The narrow muscular pharynx is not very prominent.
It is connected to the oral sucker by a shért»eSOPhégus.
The phérynx bifurcétes just anterior to the acetabulum to
form the two branches of the digestive tract. fhe posterior

limits of the branches were not apparent in the specimens
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examined, »

The paired ellip£icai testes which iie tandemvin_
‘posterior half”of the bbdy, are approximately 0.31 x 0.17
mm. The club-shaped cirrus pouch is situated jﬁst anterior
to the acetabulum and to the'fight of the median line. In
some specimens, a long smooth muscular cirrus was Observed
projecting from it. The seminal vesicle is not evident.

The small globular ovary lies‘anterior to thg'left
of the amterior testis. The smaller oval Mehlis's gland
- lies median fo it. A seminal receptacle is not épparent.
The vitéllaria duct passes across the ventral side of the
‘body between the ovary and thé anﬁerior testis. The
vitellaria glands are represented by prominent dark
“irregularly globular masses lying parallel'td the lateral
borders of the body from the‘acetabulum to the posterior tip.
Near to the posterior, they merge across thé dorsal partlof
the body. The extremely short loosely-coiléd uterus lies
'between the ovary and acetabulum. It passes to the left of
the acetabulum to open by the indistinct éenital pore at the
léft of the midline. The non-opérculate oval éggs are few,
numbering from 9 to 22 in the speéimens examined. They aré
apbroximately_O.ll? mm. long.

The excretory ducts were not apparent in these.'

specimens. However; the slender, elongated,médianvexcretory
reservoir extends.from the posterior of the second testis

and opens at the posterior tip of the worm.
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In'this investigation it was found that the
distribution of this species was limited to 6_; area. A
total of 1393 worms were recovefed from 15 infected muskrats.
As may be observéd,from Table 8, they ﬁere‘diStributed.
throughout the'entire_digesfive tracf, The greateét |
infection occurred in the small intestine where an avérage
of 107.1 WwOorms was collected;

Digcussion .

 This description attempts to remove the conflicting
distinguishing characteristics outlined by Barker. In this
connection, it is believed that he described the species,

Echinostomum callawayensis and Echinoparyphium cdntiguum

from a mixed series of speciméns. This discrepancy was
noted when characteristics in these trematodes fitted both
descriptions while others were npt'clarified by elther
description. |

Neveu-Lemaire indicates that this gengé can bé

separated from oﬁher genera in the subfamily Echinostominae

.by the position of the ventral sucker. In this genﬁs,

Echinoparyphium, it is situated in the anterior quarter

of the body while in the other genera, Echinostomum,

Buparyphium and Hypoderaeum, it is situated close to the

oral sucker,

Beaver separates Echinoparyphium from Echinostomum

on the basis of the cephalic spination and the length of the
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uterus. On the basis of my‘study, it is recommended that

these'genera be sgbarated apdn the following characteristics:

Echinoparyphium - 41 cephalic spines
| éxtremely short, loosely coiled
. \\,K -

uterus

~ Echinostomum -~ 37 cephalic spines

long compactly coiled uterus

1

Plagiorchis proximus Barker

Fanily Plagiorchidae Luhe 1901

Genus Plagiorchis Luhe 1899

Status
_ This distome was also described orginally by'
Barker in 1915, as a pérasite of the muskrat. Since this
date, this host has been‘repofted infected by this trema£ode
in Ontario, Ohio, Michigen and Eastern Canada. |
The specimens from the muskfat in British Columbia

were 1ldentified by the description of Barker.
Infection 4

| Mature specimens of this trematode occurred in the
small intestine of B.C. muskréts in two readiiy dié;‘
tinguished varieties, which will be referred to as thei
ttypical? aﬁd’the !atypicaI'.5 The former is the désqribed
feibngated oéal-shéped' trématode. The latter is a small
oval trematode in whigﬁ the posterior half of the body is
almost cylipdrical while’the anterior half is flattened.

Plate VI, Fig. 1 and 2. It was at first thought that these
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were separate spedies. 'Howé§er, detailed examination
revealed no essential diétinguishing characteristics
between the two #arieties, other than shapé and size. It
was also noted that the atypical varlety always occurred
in the presence of the typical variety.

The atypical variety occurred only in muskrats
from C - end D - ereas. The greater number were collected
inD -.area, where a range of lQ.é% to 13.2% atypical
,sﬁgcimens were collected. This variefy‘was récorded only

from. Springhouse in C - area.

AREA PLACE & DATE. INF./TOTAL -----=- INFECTION —=c=mn=-
- : o - TOTAL  ATYPICAL SPECIMENS
. No. . . %
C 'Sbringhouse, : :
1947 2/12 - 238 11 » 4,9%
D Radium, 1946 2/6 , 27 2 11.1%
Brisco, 1946 5/5 151 20 13.2%
Windermere, : | o
1947 4/5 421 55 10.6%

_—

Table 1ll. Infection by atyplcal varlety of
P. proximus.

Discussion

Additional evidenéé fbr wide local variation in
infection by a species of péfasiﬁe is noted inlthe infection
by this species in C - area. This variation is illusfrated
in’the following tabulation. The distance from Springhouse
to Williams Lake is about 12 miles, while that from Ochiltree

to Williams ILake is north-east about 17 miles.
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PLACE & DATE  INF,/TOTAL  ==mm=m=m INFECTION =me==mm=m-
L _ CARCASSES. _ TOTAL  AVERAGE % INFECTED
Williams Lake 0% : e R
March, 1946 5/24 260 52 20.6%
March, 1947 2/12 48 24 16 .6%
Ochiltree, 1946 . 3/14 32 10.6 21.4%
Springhouse, 9/12 238 26,4 75.0%
1947 '
Mapes, 1947 1/2 | 38 - -

Table 12. Comparison of infection in localltles
throughout C - area,

It is noted that for 1947, the intensity of the
infection dees not vary gréatly between Williams Laké and
4Springhouse. The percent of ﬁuskrats infécted'however,,is
}~75% at Springhouse and 16.6% at Williams Lake. A4n opp051te
condltlon was in effect in 1946 for two ad301n1ng locallties.
The percent infected varlatlon between Williams Lake and.
Ochiltree was only 20,8% to 21.4%., The average density of.
infection at Williams Iake was 52 which outnumbered that of
10.6 worms recovered from muskrats at Ochilﬁree; i

The above table also'illustrates the fange of
infection in muskrats collected in successive years from the
same locality. This range shown for Willlams Lake was 20.8%
for 1946 with a decrease of 4.2% to 16.6% for 1947. Although
the percentage of iﬁfectioﬁ did not vary greatly for the éame
period, the intensity bf infection varied widely. In 1946,
the average infection was 52 while for 1947, it was 24. Tt

is thus noted that an over-all decrease had taken place.
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Quinqueserialis quinqueserialis (Barker and Laughlin 1911)
Family Notocotylidae Luhe 1909
Subfamily Notocotylinae Kossack 1911

Genus Quingueserialis Herber 1942

Status
The two species of thocotylinae that infect the
muskrat in British Columbia are.réadily distinguished

macroscopically from“onefanother'by the number of rows of

protgsible‘glands on the ventral surface. Q. quinqueserialis

.has five rows while‘Notocotylus urbanensis has three rowse.

Qe guingueserialis was first described by Barker

and Laughlin in 1911 as Notocotylus guingueserialis from

specimens found in the cecum of the muskrat. In 1942, in a
description of the host-cycle, E.C. Herber listed it as in

Athe genus Quinquéserialis. .He-separa;ed this genus from -

that of Notocotylus on the basis tﬁat the forumer has five

rows of ventral glands while the latter has only three rows.

| Like those genera of the subfamily Echénostominae,b
these are also frequent parasites of aquatic birdé ahd small
rodents. It is thus illustrated further that the pafa-
sitology of one vertabrate is closely related to that 6f
another within the same habitat. | |

Other records of Q. guingueserialis as a parasite

of the muskrat are outlined in Table 1.
Infection
'  From Table 10, it is noted that this species is.

almost exciusivély a parasite of;the cecum. ZHEven in a high
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inféction, it was confined to. this region of the digéestive

. tract. In A- area, a negligible number of specimens were

' collected‘from other segments of the intestine,

In A-, C- and E- areas, the percentage of infection

‘ranged from 40.5% t0 45.5%, while in B- and D- areas, it was

'88.8% and 93.0% respectively. The intensity of infection -

.was extremely variable,

% INF. -

AREA PLACE . INF./TOTAL INFECTION
" _CARCASSES _TOTAL  AVERAGE H
' Burnaby Lake 15/41 508 53.8 36.8
| Lulu Island 11/24 490 44,5 45.8
A Sea Island /7 12 - 14.2
Pitt Meadows 4/4 - 567 141.7 100,0
Clayburn 4/4 700 175.0 100.0
B Duncan 8/9 615 76.8 86.6
Williams Lake  12/24('46) 922 76.8 50,0
. 12/12('47) 1900 158.3 100.0
C  Ochiltree 1/14 ° 164 - 71
_Springhouse 0/12 - - -
Mapes 2/2 300 150.0 100.0
 Brisco 5/5 173 34.6  100.0
D ‘Radium 5/6 420 . 84,0  83.3
‘Windermere - 5/5 740 i43.0 100.0
Oliver 2/2 132 66.0 100.0
E  Mill Creek & ,
Rutland 9/24 38l 42.3 37.5
Kelowna 2/3 82 41,0 66.6
“Princeton 1/1 850 -~ -

Table 1%. Distribution of Q. quingueserialis

in each district.

t
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“Table 13 illustrates a considerable variation
within A - area. The Fraser River Valley (Pitt Meadows and
Clayburn) were 100% bafasitised compared with a‘raﬁge of
14.2% to 45.8% among lower mainland muskrats. Also, the
~ former animals showed a higher'intensity ef infection,
141.7 to 175. whlle the 1atter ranged from 33.8 to 44. 5.

Dlscuss1on

The infection on_$ea.Isiand was slightly irregular
to this averaée. This'may be explained by the fact that
muskrats from Lulu Islahd examined at the same time were
. also not infecfed.» It is thus possible that if carcasses )
from Sea Island had been examined during January, they would
. have been infected to a eimilar'degree as those:froﬁuiulu
Island.‘.: _ v. | .‘

In G- area, Williams lake was the only-locality
with any measurable infect ion. -There wasva'great difference
in the infection at a similar'period between l94é and 1947,
In 1946 the average 1ntens1ty was .76.8 in a 50% 1nfect10n,
whlle for 1947, it was 158.3 in lOOﬁ 1nfect10n.' Although
only two carcasses from the Vanderhoof Dlstrlct were-examiaed;
a hlgh infectlon was present.

D - area is interestlng in that the percentage
1nfectlon did not vary greatly. There was extensive
varlatlon in the intensity of infection howeéver, from the
centrally located Radium. North to Brisco,; a distance of

20 mlles, it was. only 34.6 Whlle south to Wlndermere, also

20 miles, it was 148.
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E- area presented irregdlarities that are due to
insufficient examinations from localities-other“thanvMill
Creek and Rutland Flats. There was found however, a close
relation between the average incidence'in muskfats from

Kelowna and those from the Ijll Creek locality.

Notocotylus urbanensis (Cort 1914)
Family Notocotylidae Luhe 1909
Subfamily Notocotylinae Kossack 1911

Genus Notocotylus Diesing 1839

Status
As mentioned previously, this trematode is readily

distinguished.from Q. quingueserialis. The description of

E.C. Harrah (1922) was used to identify specimens found in
the digestivé tract of several muskrats in this province,

Of specimens described by Harrah, it 1is séid, "Medium sized
worms 2;5 mm. tov3;5 mm. long by 0.5 to 1.0 mm, wide, havihg
three rows of ventral glands each row containing 13 to 14

glands".

W.W. Cort (1914) described Cecaria urbanensis.
However, it was Harréh who studiéd ﬁhe méture adult/worms and
recently excysted'immatufe specimens; compared the latter to
Cort's description of the cecaria and concluded that one |
foreruns the other. ILuttermoser (1935) confirmed the

conclusion of Harrah,-by expefimental infection:with

Cecaria urbanensis into domestic ducklings and a muskrat

and recovered adult specimens of N. urbanensis from the

intestine.
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Aveilable literature shows that this trematode
has been reported from the Maryland muskrats. Other hosts

include Aix sponsa (wood duck) and Dafila acuta (pintail

‘duck) from which A. Hassall Cdllectéd,specimens in the
intestine in 1893. |

Infection

N. urbanensis was the least abundant.trematode‘
- collected from the British Columbia muskrats. Previous
- reports indicatenthatiit is primarily a parasite of the
' intestihe and‘cecum.~ It-Was foundﬁhoweyér, that in this
region the more common site of infecﬁion:is the colon.

From the féllowing tabulation, it will be noted
_thatjthe average colonic infection-in'A-; C-, and D- areas
varied from 13.5 to.13.7 worms. The percentlinfection
however, was]lé.25% iﬁ A- area, 34.5% in C- area and 74.4%”i;
in D- area. A smaller inféction occurred in B{ and E- areaé.
4Negligible'infections occurred in otherlsegments of the |

. digestive tract.



 AREA
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PLACE NOJINF./TOTAL ___  INFECTION
. R . TOTAL AVERAGE % INE.
Burnaby Lake s/41 4l 18.1 7.3
- Lulu Island 6/24 74 12.3  25.0
A  Sea Island 1/7 2 - 14,2
Pitt Meadows . 1/4 21 - 25.0
Clayburﬁ; 1/4 3 - 25,0
B Duncan _2/9 5 2.5 22.2
Williams Ilake : :
. 146 10/24 206 20.6 41,6
4y 9/12 92 10.2 75.0
© Springhouse 1/12 2 - 9.3
Ochiltree 1/14 13 - 7.1
~ Mapes 2/2 10 5.0 . 150.0
Radium 4/6 126 5lL.5  66.6
D Brisco 3/5 12 4,0 ed;o
Windermere 5/5 28 ;5.6 100..0
Mili Créek‘& :
' Rutland 0/24 - - -
® Kelowna 1/3 1 - -
Olifer 0/2 - - -
Princeton 1/1 1 - _
Table 14. Infection by N. urbanensis in B.C. muskrats,

1944 - 1947,

N
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Discussion “
| The abdve tabulatiqn shows thatvthe local variation
in percent'infectionlwithin an area is not‘great. For
instance, in A-area, three fairly separated localities
registered 25% infection. Similarly in C-area, Springhouse
and Ochiltreewpresented parallel infections.

NEMATODA

’,

Capillaria ransomia Barker and Noyes 1915
Family Trichuridae Rgilliet 1915
Subfamily Capillariinae Railliet 1915

Genus Capillaria Zeder 1800

Status - o |
This is the only nematode which was found infecting
the muskrat to any eXtent.‘ Three specimens .of Trichuris,

opaca were collected from one muskrat from Lulu Island.

Capillaria sp. are readily distinguished from Trichuris sp;
the former have a loﬁg slender whip-like body while the
latter has the stoutér posterior half distinctly separated
from the slender anterior‘half of the body.

Capillaria ransomia was .another internal parasite

of the muskrate in Nebraska that was described by F.D. Barker
in 1915. The reported literature réveals that it has been
coliected from this host in several areas, including eastern
~Canada, Michigan and bhio. ‘ N B
Infection

/

Table 8 indicates a small incidence of infection
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from all éreas bf this province.

The'main‘site of infection is the sméll-intestine.
In A-area hqwever,<specimeﬁs were cbllebted from-the stomach
and cecum of two cafcasses;'~1h B-area, the nematodes’ were
recovered from the cecum of the one muskrat¢ so infected.
Discussion. | _" | |

‘E—afea reported the highest.éverage infeﬁsity.Of
infection as wéll as the highest pefcentage of infectién.
The tabulation following illustrateé the distributioﬁ of

Capillaria ransomia in this area. It is noted also that the

| highest sihgle infection was collected from a musk?agﬁ in

this area,

PLACE  INF./TOTAL INFECTION
| CARCASSES. .
| ' TOTAL _ AVERAGE  RANGE
Kelowna 1/3 28 - -
Oliver - 2/2 69 34.5  14-55
 Princeton | o/ A.- .- ' , -
Mill Creek = 11/24 . 47 4.2 1-11
& Rutland - .

Table 15. Distribution of C. ransomia in E-area.

CESTODA

Hymenolepis SD.

Family Hymenolepididae Railliet and Hanry 1909

Sunfamily Hymenolepidinae Ransom 1909

Genus Hymenolepis Weinland'1858

+
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Status
Only cestodes belonging to this genus were
collected from the intestine of the muskrat,. in this

province. Hymenolepis evagihata,.the typical muskrat species

was originglly described by Barker and Andrews in 1915 from
the Nebraéka'muskrat. This parasite has béén repofted since
as infecting this host in‘many.widely scattered areas
including Louisiaha, Mibhigan, bhio, easfern Canada ahd
Great Britéin, where it was appafently introduced with its
adult'host. | :

In British Columbia two species were ev1dent lthe

typlcal muskrat specles H, evaglnata and H. octocoronata,

~which normally infects MYOcaster coypus (coypu or nutrla),

a south american rodent. These spécies were identified °

?

easily, from R.C. Hugheé, "Key to species<bf Hymenolepis™.
Infectién N | A”  - | | |
Exceﬁt fdr 5.75% muskrats‘in A-area infected by an
average nuﬁber-of‘5.7'worms‘inAtheAstomach,'this is
.excluéively a parasite of the small intestine: Infection was
only slight ‘ranging from 10.5% in C-area to 18. 6o in D-area.
 Similarly, the intensity of infectlon was also slight, being
-an~avérage range of é to 7.6 worms. In B-area, 55;5% musk-~
rats were infected by an average of 2 cestodes.
These enumerations are based on the number of
- 8colices récovered. The methqd of slitting the intéstine for

examination often divided a long cestdﬁe into several pileces.
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TABLE 16, INTESTINAL INFECTION BY H. OCTOCORONATA

INFECTION

LOCALITY in INF./TOTAL  __ :

. A-AREA CARCASSES.  EXT, _AVERAGE  TOTAL

Infection by "large'" variety _

Burnaby Lake 11/41 1-24 8.3 92 '
"Lulu Island 11/24 1-26 7.7 85
Sea Island 1/7 12 - 12
" Pitt Meadows 3/4 1-3 2 6
Clayburn 3/4 1-3 2 6

Infection by "small" variety : :

Burnaby Lake . 3/41 60-many - ' -

- innum.

Iulu Island - '5/24 60-250* - 1000
Sea Island 6/7 40-2501 - 700
Pitt. Meadows 3/4 125-250* - 500

Clayburn . 3/4 12-200* - 270

Muskrats infected by both varieties

Burnaby Lake 2/41. .
Lulu- Island 5/24
Sea Island 2/7
Pitt Meadows 2/4
'Clayburn 3/4

TABLE 17. INFECTION by H. EVAGINATA in G, D and'E;>AREAS

NO. INF./TOTAL INFECTION

AREA + LOCALTTY

CARCASSES EXTREMES TOTAL
C - Williams Lake . .
: 1946 . NO CESTODES i
. 1947 3/12 1-7 11.
Ochiltree NO CESTODES
Springhouse NO CESTODES
Mapes 2/2 1 2
D Radium 2/6 : 1l-16 L7
Brisco NO CESTODES
Windermere 1/5 - 1
E Mill Creek :
& Rutlend 3/24 1-15 29
Kelowna 'NO CHSTODES T
Oliver NO CESTODES
Princeton NO

CESTODES
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Also, due to the delicate nature of the anteriob éegments of
these‘spéciés, intact scolices were sometimes difficult to-
chlecf;

Microscopic examination of_intact scolices of
' at.son,

representative specimens revealed considerable vari

within the two species. prevalent in B.C. muskrats.

In A-area, H. octocoronata_occurred'in three

" distinet varieties. Of these varieties, two possesséd
,identicalérostellqg'armatgre, bﬁt were diStihéuished by

' size. In the "small" variety, the intensity of infection
ranged frbm éoﬁto,256+. In the "large™ variéty;'it ranged_
from 1 to Zé individﬁéls. Thesé‘variéties both possessed

a rostellum armed with elongated hooks in a circlet-of 8,

which is typical for the:speCies H. octocoronata, -The third
vériety, bccurring within the "small" variety, was disclosed
by miéroscopic examination of intaétmscolices. This
aberrant‘type possessed a rostellum armed by ¢ dissimilarly
shaped hooks, comparéd to those of thé_above varieties.
Plate VIII, fig. 1 ang 2. However; the arrangement of the

internal'érgans of the proglottid is identical to typical

'~ H. octocoronata sPecimensl’AAgbording to R.C. Hughes (1941)
there is apparently no described species bearing nine |
rostellar hooks. Literature since this date also reveals no
.nine-hooked specieé, With the rostellar armature as the.
only diétincﬁive character, these specimeﬁs are classified

as an aberrant type cof the species H. octocoronata.
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Throughout C-, D- and E-areas, the typical muskrat

species, H. evaginata, occurred. Infection was slight and

scattered. ‘In C-area negiigible incidence occﬁrred at
Wiliiams Laké-and Maﬁes.during}March, 1947. In D-area,
Radium reported thé_higher’iﬁfection, where two. muskrats
contained 17 cestodes. Incidencé was also scattered and
negligible in E-area, \Table ;z.lists the degree of infection
in the vafiousfloéalitiéé surveyed.

Description

- H. octbcoronata'(von Linstow 1879).Fuhrmanﬁ 1924 also
Meggitt 1924. '

| | As mentioned préviousiy, this species occurred in
two varieties that are distinguished by the size of the
strobila. 1In the‘"small" variety they measured 30-50 u. x
315-330 u., while in them"large"-variety.they were
120-160 u. x 680-720 u. - |
| .The rostellar armature of the pestle-shaped scolex
consists of eighﬁ<long, slightly curvéd hooks. The average
length of Which is GBQ;V.The nine hobks of the Wsmallt
aberrént type are 45-47uf The four deep 6irculér sucKeIS"
are O.lmm. diameter. - |

The threé,disc-like testes, 0.058 mm. diameter,

lie in a triangular position, one on the poral side and two
on the aporal side. The slender club-shaped unilateral
cirrus pouch extends about two-thirds across the width of‘

the proglottid. The spinous cirrus is'approximately 0.027mm.

long.'
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The median bilobed o#ary‘lies near the posteridr
border of fhe proglottifl, . the eggs are 0.027 mm.
Since this is the first record of this-species.of

Hymenolepis from _the._muskrat, this brief description seems

2E£EEEEEE;”H' evaginata Barker aﬁdﬁAhdfeWs in Barker 1915.
: , Redescription of this sPecieS is unnecessary sinée

all specimens collected fromAthe muskrat- in %his prbvincé.are
typical for thé species..

| However, a regional difference occurred in the size
of the rostellar armature. Huéhes (1941) indicated that the

length of the hooks are 7 u. All British Columbia specimeﬁs,
'Vtﬁe length averaged 13 u. Their shape and pr0por£ions‘ar§

the same.

Discussion
A¢ Henry in a review of the par%ites and parasitic -

diseases of the nutria indicates that H. octocoronata may be

considered a normal parasite of this furfbearing mammal. It
is indeed, interesting that the muskrat on the iqwéf mainland
of-Ararea haveAadqq}réd an iﬁtroduoed-paraéité.v The adapta-
tipﬁ is logical, since both the described host and the
acquired host are éduatic rodents of similar ecology. It is.
known that the nutria were introducéd inﬁo the Fraser River
valley anq Lower Mainiaﬁd not more than 10 years égo by fur-
farming intérests. ”The éXtent of their natural distribution
is not known, however. | . |

The presence of this species also in Vancouver
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Island muskrats and the fact that there is evidence forthe
presence: of nutria in thls reclon indlcates that the

acoulsltlon of H. octocoronata by the muskrat in thls area

is separate from that on the malnland. Also no muskrat have
been transplanted to- Vancouver Island since the 1ntroductlon
of nutrla te'the Lower Malnland. |

The ex1stence of atyplcal varieties of cestodes -
has been reported in several instances. It is apparent that
individual"physiOIOgy of the host is not responslble since
12 muskrats examined contained both the,"large" and "small®

varieties of H. octocoronata.

The distribution of the small 9-hooked variety of
this species 1is however, less constant'than the normal
8-hooked varieties. Only two muskrats, from Lulu Island\and
Sea Island,‘Were infecped. The existence of phiS’type was
concluded after all intact scolices from carcasses'A48 and
A62 were examined.

The dlstrlbutlon of these two speciles of cestodes
seems logically explained by the presence of the natural
barrier (Skagit Range of the Cascade Mountains) that
separates-thejlnterior~and coastal’populations of muskrat ' 75
and confines the,nut{rg to the Fraser River valley. /

According to HenrMQSprehn observed an inflammation
of the'intestinal mucosa in instances of high infection by

H. octocoronata. In the muskrat no abnormal condition was

evident, despite tne-fact that the incidence sometimes
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attained 200+ cestodes in a concentration of a & inch segment
of the small intestine.

Larvat Cestodas - .
The liver of the muskrat in this province is

infected by two~species-of larval cestodes: the strobilo-

cercus,of Taenia taeniaformis and the proliferating

cystlcercus of Cladotaenla sp. “The latter species also

occurred in- encapsulated cysts at the base of the mesentry..

Since the-first record by Linton in 1884, Taenia

taeniaformis hae'been feported several times as a larval
par331te of the muskrat (Table 1), It infects the liver of
other rodents namely, Mus Sp. and Mlcrotus Spe. The addlt
fcestode typlcally infects Felis sSp.

Natural 1nfect10ns of Cladotaenia cooperi larva

‘ heve been reported by,L.R. Penner (1958) from Microtus pine-

torum scalopscides and Peromyscus leucopus noveborascensis.

The adult was recovered from'Accipiter‘cooperi (Cooper's
hawk).
Experimentel infection of'several small rodents

»includihg two young-muskrats by.eggs of Cladotaenia sp. from

the goshawk produced typlcal cysticerci in the llver, pan-
creas, kidneys and mesentrles (Penner, unpubllshed reserach
in Ameel 1942). Following the descrlptlon of two larval
cestodes from the muskrat D.J. Ameel (1942) states that
consideration should be given to raptorial birds as possible

hosts for small hooked proliferating cysticerci.
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Infection .

Taenia taeniaformis was present only in muskrats

from Rutlend in E-area. In this infection, 14 carcassés

containéd from_l to 3 lar#ae; a total of 21 encysted singly
on the periphrary of the liver lobes, Coﬁbared tb previous
descriptioﬁs, these specimens were typical for thevspecies;

_Cladotaenia sp., identified by A. McIntash in 1944,

occurred in muskrats~ét.3urnaby Lake and Lulu Island 1n
A-area. In A4, Ag and A75, this larva was present iﬁ cysts
at the-baée of the mesentry. These cysts-varied in size | (

- from 10 to 30 mm, Several.individual_scolices wefe collected
from the duodenum of AZ2. It is possible that these scolices
were related tc the two cysts in the liver. The detail of

the scolex was similar to the liver scolices.

FLACE SPEC. No. No, of CYSTS

Bﬁrnaby.Lake A2 2 '
- 48 9
Al2 : 1
- A23 2
Lulu Island A4é 10
V | A4 3
L A75 | 12

. Table 18. Distribution of CTadotaenia sp. in

A-area.
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Description

Each liver cyst of Cladotaenia sp. usually con-
tained one bladder with séveral sbblices on it, the general
number being 8 to 12, A mesenteric cyst would contain
numerous bladders with one to many scolices on each;

For examination of the rostellar armature, a
scolex was crushed betwsen a.miCrQscopic slide and cover-slip
in a glycerol mount. In those specimens examined, there
were from 42 to 48 small hooks arranged in a doubie row
(Plate VI, fig. 2). The rostellar hooks from cysticerci in
the mesenteric cyét of A75 were poorly definsd, but it is
assumed from their number ﬁhat they are the same species as
the other cysts; |

Discussion

The infection bj\larval cestodes of the muskrat in

Britiéh Columbia is slight. This incidence is appérently not
.detrimentai to the health of the host, as all carcasses SO
infected were in ‘a normal condition.

 As previously discussed it is noted that both
species are typically larval parasites of small rodents
_while the adult occurs in typical predators of these hammals.'
Thus further evidence is given to the hyp0thesis that para-
sitism is related to the ecological associations of animals.

The Cladotaenia sp. present in the carcasses

examined somewhat resembles the first species of larval

cestode described by D.J. Ameel., However, since he does not
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identify iﬁ, this resemblance is based on his description and
illustration of cysts. The shape of the hooks is-quite
different. With this in mind, the British Columbia spécies
may be a closely related speciés.

ACANTHOCEPHALA

Exéept.for an acanthocephalan, all genera of
internal‘parasites of the muskrat found in this survey have
been previously.recofded from this'host. Seven Specimeﬁs of
a species belonging to this group of.parasites were reco&eréd
from foﬁr muskrats in C-area. Sionf these came  from three -
garcasses at Ochiltree‘inllééé, while one was collecﬁed from
a muskrat at Springhouse in 1947.

| Using the key of H.J. Van Cleave (l925),4distin—
guishing characters indicate that thése sPecimeﬁs belong to

the family Corynosomidaé and related to the genus Pplymorphus

Ldhe 1911. Species in this'genus are parasitic in aquatic
Eirds. A recent publication of Helen L. Ward which redes-

cfibes the species Polymorphus obtusus Van Cleave, 19018

indicates that the species from the muskrat is related to it.

Description

The specimené examined measured 2 to 2.4 mm., long.
and 1.0 mm, wide.

‘The cylinderical club-shaped protusible proboscis
is covered with 9 or 10 paraliel alternating rows of uniformly
sized spines, 45 u. long. It Tits into an elongated proboscis !

receptacle that extends to the body constriction. The two
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~elongated sac-like lemnisci lie posteriorly, from this
receptacle. |

Théfanterior third of the body is wider than the
posterior. From the'constriction it extends cloak-like
around - the base Of the proboscis. The extefnél surface of
this region‘is covered by iﬁnumerable rbws of minute spines
that‘decrease in size toward the constfiction. The
posterior two-thirds of the body is non-echinate.

The posterior tip of the body also‘extends from
a constriction and is of considerably smaller diameter. 1In
the male, it is slightly flared to form a bursa-like tip.
In the female, it is rounded toward the genital aperture.

o In the male, the two elongated testes 11e together

‘at about the middle of the body.' They measure 1.56 mm, long
‘and 0.088 mm. wide. Posterior tc them is a voluminous
enlargement that répresents the cement receptacle. This is
cbnnected to the genital opening by ducts. The dement
glands are between.the receptacle and the testeé.

In the femde, the body cavity is filied with
’humerous ovarian masses. The short funnel-shaped uterine
duct extends from the posterior constriction to the tip of
thg body. The females examined éontained no mature ova on
which dimensions could be taken.

Discussion

When these specimens are compared with H.L. Ward's

description notable differences are evident. - But the
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.following similarities indicate thét the speciss are
related; the spinous anterior region of the body; the
presence of anterior and ﬁqsterior constrictions of the
body; the shape of the cement receptacle is similar and
the copulatory bursa are -similarly shaped. The dif¥
ferences lie in the shape of the testes, which are oval
iﬁ her description and the proboscis; These differences
areldefinitely significant and further research is

necessary before concluding the exact relation of this

Species to othér speciss of Polymorphus.A

- Present knowledge indicates that acanthocephaian
parasites are relatively unimportant. The infection from
the muskrat is appa:entiy insignificant. It is bossisle
that this is an accidental host, since Ven Cleave indicates

that this genus 1s parésitic in birds.
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This survey revealed that 74.0% of the muskrats

examined contained more than ) specimens‘of internal para-

" sites. Since all the carcasses were apparently in good

- . o , ' - . :
condition at death, this percentage may be accounted as

normal parasitism.

AREA -

“TOTAL

LOCALITY , TOTAL %
. . EXAMINATIONS INFECTED INFECTED
A ‘Burnaby Lake 41 31 75.6
Lulu TIsland 24 20 8C.0
Sea Island % 5 55.5
Pitt Meadows 4 4 100.
Clayburn__ 4 4 100,
B Duncan 9 V 77,7
C -  Williams Lake, -
1946 24 17 70.8
19047 12 12 100,
Ochiltree - 14 2 1l.1
Springhouse 12 8 66.6
Mapes 2 2 100.
D Radium 8 5 83.3
Brisco 5 5 100.
Windermere 5 .5 + 100,
E "Mill Creek - ‘
& Rutland 24 . 15 62.5
Kelowna 6 - 2 50.0
Oliver 2 2 100C.
Princeton 1 1 -
TOTAL N 202 148 74,0
Table 19. Degree of Normal Parasitism in the

Nuskrat 1n Brltlsh Columbla.

#2 carcasses dlscarded as too decomposed for
examination.

\
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It is suggested that for further étudy in this
field, a bésiC~number of 12 spedimens‘be‘utilized, ir
comparison studies are 10 be compléted.

Reports from A—area.indicate that the 1946 catch
was the smallest sinée 1945 when a beak was reached. One
trapper attributed the 1945 peak to overtrapping due to
high prices at that time. ZIExamination of a graph of the
rdyalty paid on muskrat pelts will reveal that this peak
was one of normal occurrence.

A If the actual returns for the 1946 seaéon are a
minimum for this cycle, it may be interesting to note the
relation of the pulmonary infection to low population.
densities. At-present insufficient evidence prevents f
further discussion of this relation in ‘British Columbia.
However, as indicated previously, Warwick noted a relation
but hesitated to definme it. |

o It is concluded that mortality as a result of
exéess parésitism is probably negligible in the muskrat in
this province. The‘mortality as a result of disease cannot

‘be determined at.this time due to insufficient evidence:.



SIGNIFICANCE of DISEASE and PARASITISM
.in . BRITISH COLUMBIA MUSKRATS.

As indieeied abeve, only normal parasitism was
encountered in this survey; lIt is apparentvthat other pre-
dispos1ng factors must be present before any abnormal con-~
dition a35001ated w1th the parasitism will manlfest itself.
In such instances, the parasitism would be the secondary
cause of the diseased condifion.

Tt has been shown in Table 8 that a'definite
aistribution exists for the different parasites of the

‘muskrat. From this table, it is noted that Echinostomum

coalitum and Hymenolepis-o&%coronata‘are dominant in A-area,

whereas EChinOpazyphium contiguum infects this host only in

C-area., The greatest 1nfect10n by Elaglorchls prox1mus

occurred 1n D-area whlle Caplllarla ransomia infected more

muskrat in E-area. There is thus a constant incidence
varietion of paraeites throughout B.C. It has also been
observed that defiﬁite local variations in incidence and
perCenfage of infectidn'0cqur.

It is difficult te attribute such variations to-
climatevdue to the relativelyAshort distance in which they
oceur. Other factors.that may contribute'to this variation
are water, potential ahd'type of food and population
densities. | ' |
- The cendition of the water'has been shown to be
Bn iﬁportant factor in the dissemina%ion of'ﬁarasites and

'especially disease. The . stagnant mature of water in
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drainage ditches would facilitate higher infection than
the. usually faster-moving waters of Creéks.and,ponds.
| Abundant evidence shows\fhat cértain diseases
arevdisseminated'thréugh watef. ’for insténcé, the preva-
lence of tuléremia anongAmuékrat in Alberta., The organism,
once introduced on _to an afea pre%ails uﬁtil the entire '
population is killedi(Parker ts Brown, 1944). Apparently
'the.causative organisi'inlthe pulmonary infection studied
by Warwick Was spread through water.,'He found the )
diseased animals 16 miles apart.

As fof parasites, many cestodes ahd nematodes and
all trematodes reéuire water in order to proPégate.
| | The type of'fooﬁ pfesent is the second”fabtor
that contributes to the different degrees of infection by
diseéséé‘and parasites between two local poﬁulations. Food
potential is a limiting factor fof%ﬁhe_surviVal and |
increase of a pOpulation."Abundant‘desirable vegetatién>.
vprevents overcrowding on the feeding areas,uthus deoreasing
the éhance éf‘dontact betweeﬁ-healthy and diseased animals.,

. In cdnnectibn'wifh diet and parasites, a
predominance of coa:ée fibrous grass-like vegetation in the
digestive tract of muskraﬁs from the Mill Creek and Rutland
locality was noted. This was in contrast to the usual
stomach and cecal éontehﬁ of finély dividedryellow or green
vegetation. Slight parasitism was associéted with this

fibrous diet.
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Regarding the basis for a comparison'betWeéi the
age of a muskrat and the intensitj:of a parasitic
infectidn, it was noted that in those carcasses on which
agé determination was possible, no relatioﬁ_exists. A
juvenile animal was apparently parasitised t§ a degree
similar to that of an adult trapped at the same time.
Parasitism in those kits éxamined was nil. This complete
absence of parasites should not be accepted as a normality,
since only six gaf055ses were examined throughout a period
dfllo days from one locality (Burnaby Lake, A-area). It

may be also noted that an aduit examinéd during the same

- period was free of parasites.
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CONCLUSIONS

This investigation'revealed that thé muskrat
-trapped in British Columbia is not greatly affeéted by
~disease ahd parasites. Analysis of reports from game-
ﬁaraens and trappers indicate that this important fur-
.bearér iS'apparenfly morelaffécted by wounds due to intra-
specific sfrife than by actual diéeases; These wounds
which aré most dominant during the spring sexual fighting
reduce thé value of pelts collected at this time. In some
localities, particqlafly\the.LowerjMainland,,wﬁere trapping
is carried out within municipéi boundaries, and sevefal
trappers collect on the sameAterritor&,'considerable maim-
'ing of muskrats résults when an enimal escapes from a trap.
This is more evident where traps are not "drown set".
PathOIOgical conditions‘inolude'tWO pul@qnéry condif;ons
" and a tumorous condition.

With regard to parésitism,'altnough 74.0% of
the carcasses were infected,'the infection in each carcass
waé not sufficient to produce ény patthOgical condition.'
With the exception of omne, all species'of parasites
recovered from the muskrat in this pro#ince have been
previously recorded. This list includes: trematodes;

Echinostomum c¢oalitum, Echinoparyphium comtiguum, -

Quingueserialis quinqueserialis, Notocotylus urbanensis and

Plagiorchis'proximus; adult cestodes, Hymenolepis evaginata

and Hymenolepis octocoronata; larval cestodes; Taenia
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-taeniaformis and Cladotaenia sp.; nematodes, Cébillaria

ransomia and a few Trichuris opaca. The new record is an

Acanthocephala,'related to Polymorphus (Family Corynosomidae)
| From analysis of the information cbllected in |
this sﬁudy; the following coﬁélusions are derived:
B 1) 'It isAapparentlthat the parasites which
infect the muskrat in British Columbia

are or have become normal tO this host.

2) There is a definite regional prevalence
for two species of these parasites.

Hymenolepis octocoronata is found only

in A-area (Lower Mainland and Fraser River
valley), and B-area (Vancouver Islahdj

'while Echinoparyphiuﬁ contiguum is limited )

to C-area (central B.C.).

3) There are certain local differences in the
intensity‘and incidence of infection by -
the different spécies of parasites. These
differences are not éttributed to climate

but, to different water and food conditions.

4) There:is no apparent difference, due to age,
- in the degree of parasitism between adult

~and juvenile muskrats. -
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Mortality, as a result of excess
parasitism, is probably negligible

in the muskrat in British Columbia.
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Echinostomum callawayensis. Ventral view, Drawn, at.

X150, with czmera lucida. Note: shell gland = Hehlis'
gia.nd..
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Q?g;usucygrwand cephalic spination-of Be callaway-

epgig. Drawm, at X250, with camera luc1@a. o
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Rostellar hook of the cestode, Cladotaenis sp.

Drawn, at X300, with camera 1ucida.‘
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Amyypggal‘specipgp, as deternined from the descrip-

tion of F.D. Barker
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A Epggim@p ofwthpwﬁgpgrrgnpwpypg' that is present in

Both figures are drawn, at X150, with camera lucida.
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Rostellar hook of the ‘large' and 'small' varleties

~~~~~~

o@.ﬂymenplepls gptopgropgﬁag,Sca;g,‘lo mm.f 25,1 U.

-Ros?gl;g;pygék of ‘the 'small aberrant'w§ariety of

H.Voctocoronata. Scale,"lo mm, = 25.1 u.

Rostellar hook of Hymenolepis. eVaglnata. Scale, 10

mme 2 3.7 u. _ﬂhmm

Above figures drawn with csmera Iucidas Fige 1 & 2

at X 300. Fig. 3 at X900. L

Immature proglottids of g.’gctpépr9naﬁag A cpmpoSite

diawing, the outline of whiqh was compléted With
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Plate X

> Detail of the hooked proboscis§iDréWm,dat X200, with
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camera'lucida, at X150. .
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A possible new species of Acanthocephala.

.

_Compgsite_drawing\showingw§nternal prganS’of male.

Outline drawn by cemers lucida at XI50. .

cemera lucida. o L

Detail of the ipdividual.hooks’ofrprobogpis, Drawn

with camera lucida, at X300. Scale, 10 mm. = «13 U

A possible new species of Acanthocephala. Composite
ﬁxaming“of.ﬁpg ipte;pg; prgans'of;a female., OQutline

drawn with camers lucida, at X150,
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ABSTRAGCT

From 750 "outline questio%%ire" pamphlets mailed
to reglstered trappers in British Columbia, 133 or 17.7%
were returned. Of these, 9 7% trapped muskrat on :their .
territory and 8.0% reported no muskrats. Through the
COoperation of game-wardens and trabpers 202 muskrat
carcasses were sent durlng trapping season from 17 different
localities to the University of Brltlsh Columbla for
examlnatlon for dlseases and parasites from October 1944
to May 1947.

ThlS survey revealed that 74.0% of the . carcasses
| wefe parasitised by 12 species of internal parasites.

These included: trematodes;- Echinostomum coalitum,

Echinoparyphium contiguum, Quingueserialis guingueserialis,

Notocotylus urbanensis and Plagiorchis proximus; adult’

cestodes, Hymenolepis octocoronata and Hymenolepis e#aginata;

nematodes, Capillaria ransomia and a few Trichuris opaca

and a new record of infection for this host, an Acantho-

cephala, related to the genus Polymorphus (Corynosomidae).

Two larval cestodes were found infecting the liver; the

strebilocercus, Taenia taeniaformis and a proliferating

cysticercus, Cladotaenia sp.

Pathological conditions affecting the muskrat
include two different pulmonary conditions and a tumorous

condition. There was also frequent infection of wounds. 5
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It was concluded that:
1) The parasitism in British Columbia muskrats

is normal.

2) There is considerable regional difference in
the prevalence and abundance of these normal

parasites.

%) There is no apparent difference, due to age,
in the parasitism of adult and juvenile

muskrats,

4) The mortality, as a result of excess parasi-
tism, is probably negligible.

Qarw

Also included in this investigation is a
complete historical review of the parasites of the muskrat

and a distributional survey of this. fur-bearer. .



