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Figure I --- A 1itter of ten muskrats
which were photographed on June 30th, at
Pruden Béy Statlon, Netley Marsh. Thelr
average total body length was approximately
135’mm. which placed them at six days of

age. The animals have been tagged for

eXperimental'purposes.







FOREWORD

The early fur trade furnlished the stimulus for ex-
Ploration and the subsequent colonization of the North Ameri -

can continent.

"Probably the oldest industry in the world
was the taking of furs for clething; aborigines
the world over have been dependent upon fur éni-
méls for ages. The early invaders of North Am-
erica pushed into the West for furs. If one re-
views the history of North America, he soon
learne that not gold, agricultural lands, or
timber attracted the hardy adventurers, but ra-

ther the claims of the fur trade." (Hamilton, 1939)

The fur trade of Canada plays an important role in the eco-
nomic status of this country. A large population of North-
ern Canada 1s primarily dependentvupon-the fur bearing ani-
‘mals. Approximately 60,000 Eskimos and 20,000 Indlans are
supported largely by the fur industry. These natives can-
not subsist on agriculture due to the unsultablliity of the
soll and also because of their nomadic nature. Since there
existe a sufficlent natlve population in Canada to secure
all the furs that can be marketed, certain restrictlons have

been placed on the number of white trappers.
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With the increasing demand for furs, many of the
fur - bearing species have been trapped iery heavily résult-
ing in a serlious decrease in their numbers. If the conditions
of the habitat became severe, the outcome would have been ex-
termlnation 1f conservation measures were not brought into

function. The purpose of management and regultion is to per-

manently maintain the fur supply on a sustained - yileld basis.




INTRODUCTICHN

Total Canadian Fur Production

The twenty two fur-bearing animals of Canada are
mostly carnivorous mammals but also }ncluded are twd rodents
of great importance. The latter are the beaver and the musk-
rat. The total Canadlan fur production during the season
1947/48 ending June 30th, is shown in Table I. This crop was
worth over 32 million dollars. Therefore the Canadlan fur

industry 1s of considerable value.

Mugkrat Fur Production
The "banner of the fur trade" as formerly held by

the beaver, has long since been replaced by the muskrat. Its
broad distribution and enormous numbers as well as its great
versatillity whlch has enabled 1t to withstand prolonged heavy
trapping and the severe'fiﬁetuatiens of i1%s habitat have made
this animal one of the most important species of the fur trade.
It is trapped in Alaska, Canadg, and in 47 states. Loulgiana
ls by far the greatest producer and supplies approximately six
mlllion pelts yearly. The total North Amerlcan production

exceeds 10 million muskrat pelts annually.

Canadian productién of these‘pelts amounted to over
3.5 million during the season 1947/48 ending June 30th. Table
I states that their worth exceeded 9.5 million dollars. This
same table also shows that the muskrat is the most abundant

and the most valuable fur bearer in comparison to any of the
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other species which are obtained from the wild. It consti-
‘tutes approximately 30% of the total value of all the Cana-

dlan fur revenue.

Table II, has all the territories of Canada arranged
in their order of importance with respect to her muskfat fur
production. Manltoba, in the season 1947/48 ending June 30th,

surpassed all the other regions in her yleld of muskrat furs.

, The number of raw pelts taken in Manitoba from the
season 1942/43 to the season 1948/49 énding March 3lst is
shown in table I1I. The total amount of pelts cropped in
this province during the season 1948/49 was approximately 1.67
million. The muskrat furnlshed over 930,000 of these pelts or
slightly less than 56% of the total catch. These furs prod-
uced g revenue exceeding 1.25 million dollars. The total val-
‘ue of the furs for the season 1948/49 ending March 31st, as
shown by table IV, was over 2.5 milllion dollars. Therefore
the muskrat constitutes almost 50% of the total Canadian fur
catch revenue. The muskrat fqrmedvnot only the majority of
the pelts taken from the wild in Manltoba but also the great-

est return for any one specles.

The abundance and the pelt value of the muskrat do
not remain stationary. Tables V and VI show these fluctua-
tions. During the past season, the muskrat population has
reached almost another all time high in Manitoba. The




TABLE 1

TOTAL CANADIAN FUR PRODUCTION
Seagon 1947/48

No. of Pelts Total Average

Kind Ranch Value Value
Wild Life ralsed - of Pelts per Pelt
CANADA
Badger ———=——m—-——- 1,034 - $ 1,380 § 1.33
Bear, whlte ————-—- "216 - . 6,530 26.54
Bear, not specified 827 - 2,257 2.73
Beaver —————e——e——- 135,629 - 4,382,241 32.31
Cat, domestic -—--- - 31 16 0.52
Coyote or prairie '

WOLE —mmmmmmmmmm 21,728 - 6l , 787 2.98
Ermine (weasel) —-- 528,029 . - 1,201,271 2.27
Fisher --—---wewe—- 2,788 35 102,230 36.21
Fitch ——emememem - 231 739 3.20
FoX, blue ——-===-=- 606 1,579 34,775  15.92
FoX, Crogg ——-———-- 5,771 785 36,716 5.60
Fox, platinum —~—--- - 30,433 660,147 21.69
Fox, red ——=-c————-- 6,124 370 120,854 2.60
Fox, sllver —----—-- 1,085 127,300 1,583,006  12.33
Fox, white-marked - - 19,789 254,119 12.84
Fox, white —~-wwew—- 55,354 69 . 616,210 11.12
Fox, not specified 109 - 20 438 3.40

 Lynx ——emmmmme e 6,582 - 128,188 19.48
Marten -—-—-~-wee——- 15,051 -39 - 415,898 27.56
Mink, mutation ---- - - 32,903 658,507 20.01
Mink, standard —---- 92,191 529,412 110, 426 077 16.77
Muskrat —-=======e-- 3,569,157 - 9,518, 064 2.67
Nutria —---——-—----- - 8 10 1.25
Otter —-———---———e-- 11, 974 - 296,410  24.75
Rabbit —m==mm——-—=- 124,801 - 57,320 0.46
Raccoon —===—m———=—- 24,192 22 63,062 2.60
SKUNK ===m—m——————m 19,096 - 12,770 0.67
Squirrel -----————- 2,543,798 - 1,577,887 0.62
Wild Cat ~--=-=-—-- 1,265 - 3,480 2.75
WOLEf =—mm—mmmmmmmee 1,231 - 3,539 2.87
Wolverine —-—--=—we- 452 - L, o064 8.99

TOTAL ----- 7,209,120 743,026 32,232,992 -

(Figures obtalned from the
Dominion Bureau of Statistics)




TABLE II

CANADIAN MUSKRAT FUR PRODUCTION
Season 1947/48.

Territory oguggiis TotalvalueAverage per
(wi1d) Pelt
Manitoba —---——-————- 1,004,762  $2,712,857  $2.70
Ontario —~——mm——-—-—- 862,490 2,587,470 1 3.00
Saskatchewan =—-—————=- 510,730 1,368,756 2.68
Alberta —------ ——— 463,193 1,097,767 2.37
North West Territories 395,992 864,782 2.30
Quebec -=--—---mmmeem 161,101 b3k ,973 2.70
British Columbia --—- 67,191 161,258 2.40
Nova Scotia —=——e—- — 50,600 149,270 2.95
Yukon Territories —--- 30,686 73,646 2.40
New Brunswick ——————- 21,299 63,897 3.00
Prince Edward Island 1,113 3,388 3.04

(Pigures obtained from the Dominion
Bureau of Statistics)




TABLE III

RAW PELTS TAKEN FROM THE WILD IN MANITOBA, 1942/L3 TO 1948/49

Specles 1942/43 1943/44 1944 /45 1945/46 1946/47 1947/48 1948/49
Weasel -=—---eee=w 113, 080 155,567 124,815 109,613 103,656 91,600 99,705
Squirrel -=----= - 326,203 228,803 Lis,21h 300, 847 399,658 224,677 580,707
Muskrat -————=——- 280,838 581,862 855,724 958, 099 808,692 822,998 930,330
Mink —=-eemcmmoee— 18,356 21,067 15,338 12,801 15,850 18,778 22,932
Skunk ——-ee———e-- 22,839 42,235 26,981 14,747 12,026 1,494 653
Badger ---------- 725 1,040 513 432 239 90 34
Wolf, Coyote -=-—- L, 054 7,745 5,295 3,801 2,132 2,268 1,725
Wolf, Timber ---- - ' - 565 511 403 247 255
Fox, Silver ----- 955 859 523 433 258 201 165
Fox, Blue ------- ‘ 14 9 by 6 23 2 8
Fox, Crosg ------ 6,072 5,027 3,042 2,107 1,430 826 828
Fox, White -==--- 470 363 311 297 1,449 89 L7
Fox, Red ---~--=-= 24,043 24,717 14,533 10,241 6,271 3,173 2,836
Wolverine —--—---—- 12 12 9 12 24 14 16
Beaver «-—-—--—w——- Closed 13,248 5,399 9,057 7,878 12,443 14,099
otter ——--———————- 1,772 1,816 2,277 1,804 1,850 2,093 2,103
Fisher -----vceww- 317 490 418 315 2h 50 11
Marten ---—-—-=—=- 347 269 234 213 15 97 18
Bear --~—-=-—-m--- 101 193 87 71 37 38 bly
LynxX ---=-------- 596 525 311 149 27 20 74
Jack Rabbit ----- - - - 14,886 14,824 9,728 7,998 5,760
Raccoon =—-—====—- - - - - - 28 56

(Manitoba Government Annual Report 1948/49)




TABLE IV

ESTIMATED VALUATION OF FURS TAKEN FROM THE WILD, 1947/48 AND 1948/49

$3,794,701.85

Season Estimated Seasgon Estimated
Species 1947/48 Valuation 1948/49 Valuation
Quantity 1947/48 Quantity 1948/49
Weagel ~—--e—me——mmeeee———e 91,600 215,260,00 99,705 $ 154,542.75
Squirrel ——ceeeemmmm e 224,677 146,040.05 580,707 133,562,611
Muskrat ——--————-e—eece—— 822,998 2,222,094,60 930,330 1,274,552.10
Mink —--ememme e 18,778 694,786.00 22,932 619,164,.00
e 1,494 1,120.50 653 326.50
Badger ——=-———m-m——m—————— 90 135.00 34 44,20
Wolf, Coyote --—~-——v-oeee—o 2,268 6,804,00 1,725 4,312.50
WOlf, Timber ------------ 2“’? 988000 255 1,1“7.50
Fox, Silver —————--—e—wee 201 1,005,00 165 660.00
Fox, Blue ——----—c—e—meewa- 2 20.00 8 48.00
" Fox, Crogg ——-—weeemeee———— 826 3,717.00 828 2,484%.,00
Fox, White =——--——mceee—mmu 89 1,246.00 47 470,00
Fox, Red —~---———-————-—eeu 3,173 9,519.00 2,836 5,672.00
Wolverine ————memecmmaem—a 14 140,00 16 128.00
BEAVEr —~mmmmm—m—————————— 12,443 423,062,00 14,099 310,178.00
s S —— 2,093 58,604.00 2,103 42,060.00
FiBher ——————mm—m————————— 50 “1,500.00 11 275,00
Marten -——-——-—eececcmm e ——— 97 2,910.00 18 360.00
BEAr ——mmmmmm———————————— 38 76.00 by 88.00
LynX =—ecommmm e 20 420.00 74 888.00
Jack Rabblt -—-e-—mmemmmmm 7,998 5,198,70 5,760 1,728.00
Raceoon =——=—me——eccee—— e 28 56.00 56 112,00

$2,552,803.16
Decrease - 33%




TABLE V

FUR PRODUCTION FROM THE WILD, SHOWING HIGH, LOW AND AVERAGE PRODUCTION
, 1924/25 TO 1948/49

Highest Lowest Average Production
Species Production Production Production Season
Number Season Number Season 1948/49
Weagel —-—mmmmmm e 155,567  1943/LL 56,187  1935/36 101,442 99,705
Squirrel (7 years) ————--- 580,707  1948/49 224,677  1947/48 358,015 580,707
Mugkrat ----=--m—cemmmemeee 958,099  1945/46 213,866 1927/28 468,702 930,330
Mink ——c-cmmmmrr e 28,888 1933/34 9,833 1927/28 16,900 22,932
SKUNK ——=e e e 42,235  1943/hk 653  1948/49 13,669 653
Badger -——-———-mme— e 1,476 1927/28 Closed Seasgons 76 3
Wolf, Coyote ——==com—eeeme 13,056 1927/28 1,725 1948/49 L,403 1,725
Wolf, Timber (5 years) --- 565 194k /L5 247 1947/48 396 255
Fox, Silver --—--—-ccmmeea- 985  1933/34 86 1928/29 L26 165
Fox, Blue —-—mececmcme e - 23 1946/47 - 1931/32 6 8
Fox, Crogg —--—=-ceecmma—q 6,072  1942/43 795 1928/29 2,678 828
Fox, White -——ccommmmecen 8,397 1924/25 L7 1948/49 1,284 L7
FoX, Red ——-=-———mmmmmee ~— zu,ylg 1943/ bl 2,413  1928/29 9,940 2,836
Wolverine ----—-cemmcmeema 8 1931/32 9 1944 /45 27 16
Beaver ————m—mmee e 14,099  1948/49 Closed Seasons 6,323 14,099
Otter ~—--eeemm e 2,277 1944/45 714 1931/32 1 537 2,103
Figher ——-—--m—mmcmemeeee 953 - 1925/26 Closed Seasons 362 11
Marten ——-—ceeeememe———— ——- 2,191 1925/26 Closed Seasons 542 18
Bear ——--ceem 598 1928/29 37 1946/47 194 hly
LyAX =memm e e 2,394 1925/26 Closed Seasons 842 74
Jack Rabbit (5 years) ---- 14,886 194h4/45 5,760  1948/49 10,639 5,760
Raccoon (2 years) ———————o 56  1948/49 28  1947/48 L2 56




HIGHEST, LOWEST AND PRESENT AVERAGE VALUE OF PELTS TAKEN FROM THE WILD,
11928/29 TO 1948/49

TABLE VI

Species  Highest Season 1948/49
Weagel —————m-m—m—mmmmmmmmemeee 3.05 1945/146 1932/33 1.55
Squirrel (7 years) ~—-————m—e—e- .80 1945/46 1948/49 .23
Muskrat —---——=—-—rmemmmm e 3.50 1945/46 1931/32 1.37

-------------------------- 40.00 1945/46 1931/32 27.00

------------------------- 3.95 1943/kk 1948/L9 .50
Badger —~-——-——=m———e e ————— 30.00 1928/29 1948/49 1.30
Wolf, Coyote ————ememmmme—e——ae 20,00 1928/29 1948/49 2.50
Wolf, Timber (5 years) ------—-—- 10.00 1944 /L5 1947/48 k.50
Fox, S1lver ——e—memmm e 113.50 1928/29 1948/49 4.00
FoX, Blue ———--—eemmcmmm—— e 51.00 1928/29 1948/49 6.00
Fox, Crogs ——=-e—=emmm e ——————— 71.25 1928/29 1948/49 3.00
Fox, White ———ommmmmm s 51.00 1928/29 1948/49 10.00
FoX, Red =-eememmmm e 31.25 1928/29 1948/49 2.00
Wolverine ———e—memee e e 17.00 1945/46 1932/33 8.00
BEAVEYr —m—wm—mm———————————————— 47,00 1945/46 1934/35 22,00

------------------------- 31.75 1928/29 1931/32 20.00
Figher ~——eem=merceeoe—————————— 68.00 1943/l 1948 /49 25.00
Marten ———eememmmmm e 55.00 1945/46 1931/32 20.00

-------------------------- 6.25 1928/29 1931/32 2.00

YFOX =mmm e e e e 46,00 1943/4k 1931/32 12.00
Jack Rabblt (5 years) ----—=-—- .85 1945 /46 1948/&9 .30
Raccoon (2 yearg) ——-——~=—me——ee- - -

2,00




TABLE VII

CANADIAN PRODUCTION OF MUSKRAT RAW FURS

Seasons 1928/29 to 1947/48

SEASON NUMBER " TOTAL VALUE AVERAGE VALUE
1928/29 2,785,994 3,924,949 1.41
1929/30 2,109,232 1,781,651 0.84
1930/31 2,639,086 2,143,148 0.81
1931/32 2,632,984 1,403,993 0.53
- 1932/33 2,731,490 1,581,606 0.58
1933/34 2,538,565 1,863,322 0.73
1934/35 1,983,747 1,784,252 0.90
1935/36 1,630,231 2,148,605 1.32
1936/37 1,607,897 2,250,971 1.40
1937/38 1,748,239 1,320,509 0.76
1938/39 2,295,550 2,011,469 0.88
1939/40 3,241,089 3,829,318 1.18
1940/41 2,795,218 k,990,762 1.79
1941/42 2,408,436 L ,954, 504 2.06
1942/43 2,068,468 5,671,910 2.74
1943/44 2,038,868 L,654,6041 2.28
1944 /45 2,377,629 6,299,411 2.65
1945/46 3,420,496 11,159,502 3.26
1946/47 2,795,687 5,431,833 1.94
1947/48 3,569,157 9,518, 064 2.67

(Figures obtained from
Dominion Bureau of Statistics)
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numerical increase is however offeset by a drop in the pelt
value. Table VII illustrates the fluctuations in abundance
and value of the total Canadlan Muskrat raw fur production.
The last recorded season of 1947/48 ending June 30th, had

the greatest muskrat catch for a period of 19 years. Over
3.5 million muskrat pelts have been marketed during that sea-
son yielding over 9.5 million dollars. Thls statlistlcal sur-
vey shows the importance of muskrat fur production in Canada

as well ag in Manitoba alone.

Rehabilitation Proljects

In order to maintaln the Canadlan fur industry at a
high constant level, varlious government departmente have pro-
ceeded wlth the development of marsh lands for the purpose of
fur production and rehabilitation of the fur - bearing specles.
Various measures were put into practice as an attempt to coun-
teract the tendency of these animals to decline. The first
method which resulted in success for some of the fur - bear-
ing species was a reconstructive one. Fur farms were brought
into large scale productivity with respect to such animals as
the fox and the mink. Aﬁmbre recent development resulted in
fur rehabilitation prbgrams, where especlally the beaver and
the nuskrat are actively asslsted to lincrease théir numbers

in their natural environment.

The first step in this direction was undertaken at

The Pas, Manlitoba, in connectlon with the rehabilitation of




the muskrat.

"In 1932 --- 54,000 acres of land were leased
from the government of that province by pri-
vate interests with the object of lncreasing
the mﬁskrat population by the control of water
levels on the marshee they once lnhabited.”

In 1931 only 125 rats had been trapped from this area while
in 1937 approximately 60,000 pelts were taken. This project
proved that the muskrat population could be festored by water

control measures.

In 1934 the Manitoba Government, assisted by the
Deminlion Government started a similer fur rehabilitation
scheme on & area of 135,000 acres formerly known as the

Summerberry Game Preserve. Since that time.....

fAdministration and maintenance costs have been
fully met from productlion and the capital cost

has been offset by the fact that 1,800 familiés
previously on relief have been restored to a

gelf - sustalning basls."

A few years later, two areas totalling 680,000 acres have been 3
added to the original Summerberry projecﬁ. Saskatchewan also

hag over 1,520,000 acres under simllar control. Fur rehabil-

itation programs have met with some degree of success but
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various factors which cause severe declines in the animal pop-
ulations during certaln periods of time have not as yet been
efadioated. These factors particularly affect the muskrat

numbers.

Former Management Progresms

In the past, management programe had concentrated
on the following éoﬁtrols:
(a) Manipulation of water levels as a means of
creating and malntalning a sﬁitéble habitat.
(b) Regulation of trapping in order to retain a
sultable bréeding stock each year.
These original programg were found to be inadequate in thelr
attempt at maintalning muskrat production on the highest poss-
ible quantitative and quaiitative sustailned basis.

Biological Survey Prolec

In the spring of 1947, the provinclal government of
Manitobe broadened its management program by initlating a
Blological Survey Party which was piaced under the direction
of Dr. J; A. McLEOD., This proJect has been in function every

gummer since lts introductidn.

The Problem

In order to acertain the problems of major impor-
ganoe which affect the muskrat populatipn, a detalled blo-
logical study of thls animal and its habltat was undertaken.
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The observations have been integrated in two large sets of
complex, dynamically opposed factors. These two groups of
factors, depending on their relative magnlitudes, are respon-

sible for the density of the muskrat population.

Thoge factors which tend to increase the population
form 1ts blotic potentlal. Opposing the latter is a group of
factors which tends to decrease this same population. These ‘
factors form the animal's environmental resistance. When both
of the groups are equal, the population, remains statlionary.
If the blotlc potentlal exceeds the environmental resistance,
the population increases. But when the environmental resist-
ance 1s greater than the biotic potential, the muskrat popula-
tion wlll decrease until that resistance 1s reduced or other-
wise the animais will be under a threat of complete exterml-

nation.

The work of the past few summers has enabled a de-
talled observation of certain trends which serlously influ-
ence the muskrat populatien. Methods of controllling unfavor-
able chaing of events are discussed. These methods may be of
immediate and future use for managemant technlques when the
muskrat and its habitat are subjected to still more lntense

rehabilitation projects.

Derivation of Common Name

The muskrat has strongly developed perlneal glands
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which discharge during the perlod of sexual excltement prod-
ucing a strong muek odor. This characteristic has furnlshed

the musk preflx of its name.

Originally this animal was called the Musdguash by
the Cree Indlans. This name still persists in the Londen fur

markets.

"The first published description of the
muskrat 1s to be found in "A map of Virginié,
with a Description of the Country, the Commo-
dities, People, Government and Rellgion Written
by Captaine Smith, sometimes Governour of the
Country." The author was none other than Cap-
tain John Smith whose name is so dramatically
assoclated in early American history with that
of the Indlan malden Pocohontas." (Arthur, 1928)

The captain wrote in 1612 and compared the animal to the water
rat in 1ts form and nature but with an excéedingly strong

smell of musk.

The name "Musk Rat" has been traced back as far as
1635. Apparently this Christenling was performed by a Jesult
father in Quebec. Father LeJeune's diary contained the French
term Rat musque which in English free translation implies the
name by which the ahimal is commoﬁly called today. This same

man wrote the following in 1656:
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"There are found in these regions of America
animals to which the French have glven the name
of Musk Rats, because in truth they resemble the
rats of France -- except that they are much lar- -
ger -- and smell of musk in the Spring. The
French are very fond of this odor; the Savages
dislike it as if it were a stench."

(Jesult Relatlons, 1897 - 1901)

Taxonomy of the Mgskraﬁ

The muskrat ls a mammal belonging to the rodent fam-
ily. vIts gclentlific name has undergone many changes since its

first introductlion by Linnaeus.

Cestor zibethicus Linnaeus, 1766.
Ondatra zibethicus Link, 1795.

Fiber zibethicug True, 1885.

Ondatrs zibethica Miller, 1912.

There are fifteen sﬁbspecies. Seven occur in Canada and the

remalining elght are only feund in the United States.

Distribution

No animal can survive all the different environ-
mentai conditlons which exlist in the world. Some animals are
more versatile than others and consequently they occupy greater
areas which usually are geographlcally far apart. The musk-

‘rat is one of these animals. However, the muskrat 1s
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speciallized for a seml-aguatic habltat. It depends on cer-
tain semli-aquatic plants and thelr root systems for food and
housing. In order to secure these lower plant systems effl-
‘ciently the substratum must be soft and wet allowlng easy
burrowing. Therefore the muskrat is limlited in 1lts distrib-
ution to marshy areas bearing the needed plants in a soft,

wet subétratum.

The muskrat has a very wide distribution in North
Amerilca, occufing all the wéy from the northern tree limit in
the Arctic reglons south to the Mexican border. It 1s absent
from the dry areag occurring in the western plains and the
alpine tundras of high mountaln ranges. Manitoba has three
subspeclies of muékrats but only Ondatra zibethleca alba,
(Sabine) Miller, 1912 1s of great importance because of 1its
_abundance and wide distribution. The subspecles 1s commonly
referred to as the Hudson BayAMuskrat. It oeccurs in the Hud-
gon Bay dralnage system of Manitoba and extends as far north

as the 1lnltial boundary of the Barren Grounds.




THE HABITAT
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General
The muskrat is primarily dependent upon certain

plants for its subsistence. The type of soll and the climatic

conditions determine the amount and the variety of vegetation

produced. In order to arrive at a thorough understanding of

the habitat which is so fundamental from the standpoint of

muskrat’produétion, something must be known about the solls

and thelr developmental history. The solls are the‘result of
- the actions of climate and organic organisms upon geological

deposits.

' The Geological Histories Of The Major Areas Studied

1. Saskatchewan River Delta

- 8ilurian limestone (Ellis, 1938) comprises the par-
ental geological base of this area. This formation is in the
shape of a "spear-head". The polnt originates in the reglon
between the southern shores of Lakes Winnipeg and Manitoba.
The main body extends in a northwegterly direction in the
Inter-lake-area; At the northern extremetles of Lakes Winni-
pegosis and Winnipeg, the rock formation broadens very sharply

towards the east and west.

Due to the ice movements of the glaclal and post- |
glacial perlods, this falrly flat Sllurian base was covered
with a thin, flat layer of boulder till. The deposit was
composed chiefly of limestone. Followlng the recession of the

glaciers and the formatlon of Lake Agassiz, clay and coarse
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gravel was added over the boulder till.

The Basgkatchewan River; draining a large portion of
the territory east of the Rocky Mountaln watershed, emptied
inte Lake Agassiz. The sediments, accumulated by this river
frem the southern portions of Alberté and Saskatchewan, were
deposited at its mouth. This resulted in a large, flat flood-
plain ﬁhich subsequently formed a delta. This delta is inter-
laced with numerous channels which are continuously being

sllted in and new ones are formed again.

Due to the falrly flat nature of the delta and be-
cauge of the absence of é valley in the immediate neighbor-
hood, the river periodically overflows its banks. This results
in a further deposition of silt and the filling of‘the exlist-
ing depressions with water (Fig. 2). Since the sillt depoeits
consist of much 1mperviéus clay and because of the close prox-
imity of the limestone base, this water and also the water of

precipitation are retalned.

The water-filled depressions are generally fairly
broad,shalléw areas in which the water depth does not ususally
exceed ten feet (McLeod, 1948). These areas together with the
unflooded portions of the territory, have various plénts of
the different stages of hydrosere succession. These have
produced layers of organlic matter which are perlodically cov-

ered over by silt deposits following the heavy floods.




- Figure 2.--- Aerial view of portion of
flood plain showing channels and sloughs.

(After McLeod, 1947)
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This process has been repeated many times as can be seen in

e crcss section of the substratum (Fig. 3).

2. Netley Marsh

This area 1ls situated at the southern end of Lake
Winnipég. This whole reglon was once the bottom of the great
Lake Agassiz. The parental geologlcal base is composed of
Ordovician limestone. The great former ice movements have
covered this stone formation with a deposit of boulder till
and gravel. Following the break-through of dralinage rivers
inte the Hudson Bay, the lake gradually receeded. In so dolng,
1t threw up a series of temporary shorelines by meang of Jolat

actlion of lce and water.

Such temporary shores effectively separated a num-
ber of reglons which once were parts of the bottom of the gla-
clal lake. The higher elevations remained as dry land while
the depressiong retained some qf the water and became.smalli
lakes or marshes. Netley Marsh was the result of such slmi-

lar actlon.

Lake Winnlpeg has been a falrly stable body of water
for quite a long number of years. Water actlon has produced
a sandy ridge at its southern end. Thlis has separated a large
portion of former lake bottom from the open lake. The area
has remailned as a serles of small lakes and marsh sloughs

which are sultable for muskrat production (Map I).




Figure 3.=-=~ Side of pit dug near river

channel showing stratification of silt and clay.

(After MelLeod, 1947)
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The territory has undergone heavy sedimentation because of the
reduction in the water movements and because of the abundant
sediment brought in by the Red River. Netley Marsh communi-
cates with Lake Winnipeg through a series of deep channels
(Map'I).

Any serious water depth fluctuation at the southern
end of the lake causes a readjustment of the marsh waters so.
as to create an equilibrium betwéen the two 1eveis} Strong
north winds often produce a change of 24 inches in the water
level 6f the marsh in a period of 24 hours. Because of these
fluctuations in the marsh water level, the habltat Which is
sultable for the muskrat ig relatively unstable as compared to
some of the other muskrat produclng territories. These fluc-
tuations serliously affect the plant growth on which the musk-

- rat l1ls dependent.

3. Delta Marsh

Delta Marsh is situated at the southern end of Lake
Manitoba. I%ts formation history is quite similar to that of
'Netley Marsh. However there is onelstriking differenée.
There are no large channels connecting the marsh with the lake.
Two small communications have been effectively dammed off by
artificial means. Also no large rivers:carry in sediments as
1s the case in Netley Marsh. As a result, the muskrat sultable
habltat 1s quite stable because there are no serious fluctua-

tions in the marsh water levels.
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L. oak Lake

Oak Lake with a maximum area of apprcximately 10
 square miles (McLecod, 1948) is situated in the south-western
corner of Manitoba. The parental. geological deposlt consists
of Cretaceéus shales. This lake occuples a shallow basin
which formerly was part -of the bottom of Lake Sourls. In the
_ past, prolonged water action produced a light sandy substra-
tum of alluvial and lacustrine origin. The maximum water

depth varies between 12 to 15 feet (McLeod, 1948).

Two‘streams, Bell and Pipestone Creeks, serve as &a.
~ gource of inflow of spring waters from the'higher regions to
the west during periods of heavy run-off. DuringAthe rest of
the year, preoipitatien furnishes the only water-replenishing
gource. Following such heavy spring floods, the excess waters
are removed from the lake southward by means of Pluvaake,

Plum Creek and by this route reach the Souris Rlver.

‘The contours of this lake do not have a sultable
gradation from the shore towards the deeper waters. Therefore
a satisfactory flooded substratum for growth of such plants
as Typha doee not exist under average conditions. The only
#aluable vegetation for muskrats consists of Seirpus'validus.
During perlods of lowered water depths, this plant furnlshes
satisfactory fooa and shelter for the animal throughout the
year. During high water levels, the only possibie lodge lo-

cation areas consist of narrow shorelines on whlch sedge plants
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predominate. Such areas are unsatisfactory from the view

point of overwintering the muskrat population.

5. Whitewater Lake

Whitewater Lake occuples an area of approximately
seven square miles (McLeod, 1948). 1Its geological history
and locatlon are quite similar to that of Oak Lake. This body
of water has no permanent inflowing or outflowing streams.
It is really a large catch basin which collects spring flood
waters from the higher neighboring iands. Also water seeps
up throﬁgh the substratum bringing with 1t many soluble comp-
ounds which are ftoxic to most plants. This seepage 1s made
possible because of the very high water tabie of this region

during the average years.

The contours of this lake are ideal from the stand-
point of muskrat sultable habitat.b The substratum has a very
géntle slope and consequently Supportsva luxurient growth of
Typha vegetation. The averageVWater depth varies from 6 to
18 inches (McLeod, 1948). Therefore cover, food, and water
levels are ideal during all séasons of the year for the supp-

ort of muskrats.
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The Stages of Hydrogere Succession

During the survey of muskrat producing areas, the

following hydrosere stages were encountered:

1. Submerged Stage (water depth 8 to 20 feet)
2. Floating Stage (water depth 6 to 8 feet)

3. Reed-swamp Stage (water depth 1 to 6 feet)
4. Sedge-meadow Stage (water less than 1 foot)
5. Woodland Stage

The Reed-swamp Stage was found to be-the only sere which is

sultable for sustalned muskrat production.

The Reed-gwamp Stage

Since this sere was determined td be neéessary‘for
muskrat production, a detalled study of its character, occurr-
ence and maintenance was undertaken. Where the water levels
have remained quite statignéry over a period of several years,
this successional stage is present wherever a sultable flooded
bottom occurs. Generally soil‘with a water depth from 1 to 4
feet supports thé‘plants_of this sere. The devth mav be in-
creased to as much as 6 feet depending upon the néture of the

substratum and the strength of the water currents.

Thelr 1s a definite zonation of marsh plants from

the deep to the shallow waters as follows:

1. Scirpus validus zone.’
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2. Scirpus fluviatilis zone

3. Typha zone

L, Phragmites zone.

‘2/
The above mentioned plants are the dominants of the reed-swamp

stage of the hydrosere. They possess a well developed rhizome
system which provides a firm anchorage to the flooded substra-
tum as well as a means of vegetative reproduction. This type
of asexual reproduction 1ls usﬁally the only means of migration
and plant regeneration in flooded areas because seedling repro-

duction is impossible due to the abundance of surface water.

All of these plants are not only satisfactory but
also essential for optimum food and shelter materlals. Through-
out‘the gummer months, all portions of the vegetation are utl-
lized. The rhizome systems provide the ﬁain means of subsist-

ence during the critical wlnter months.

The Influence of Water Levels on the Reed-Swamp Stage

- Unusually high or low water levels generally prod-
uce a deleterious effect on the vegetatlion of the reed-swamp’
stage. Floods of sufficlient duration or of great magnitude

destroy the emergent vegetation. Scirpus velidus vegetatlon

was removed without leaving a trace in many of the severely
flooded Summerberry reglons. Remnants of luxurient growths

of Phragmites and Typha were seen 1ln the form of dead stalks

and floating divots. (Figs. 4, 5; 8, and 9.)




Figure 4. --- Regresslon of successlon produced
by prolonged raising of the water level. The reed-
swamp sere has undergone almost complete destruction
and is being replaced by the floating stage (Summér;
Eerry Marsh, 1949).

Figufe 5. «-= The drowned remalns of Phragmlites
and Iyphe vegetatlon followling recent flooding. The
muskrét sultable habltat has been destroyed. No musk-
rat lodges could be found in the immediate vicinity

(Summerberry Marsh, 1949),

 Figure 6., --- Absence of emergent vegetation in

lake due to the excessively high water levels. Musk-

rats were absent ln such areas (Summerberry Marsh, 1949).
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Because of high banks and the absence of dralnage
outlets, many of the Summerberry lakes retained a congiderable
émount of the recent flood waters. In many cases this resul-
ted in open lakes with no emergent or floating vegetatlon ex-
cept the willows on the unflooded banks (Fig. 6). In other
areas which retained less water, the reed-swamp sere was re-
placed by water lilles which represent the floating stage
(Fig. 4). Such retrogressive succession was common in meny

of the Summerberry lakes.

Following the destruction of the reed-swamp sere,
the existing muskrat populatlons sought temporary shelter‘on
the banks‘in the willows which are the components of the wood~
land sere. The papulation of thé heavlly flooded lakes dropped
to almost zero. The decrease was due to migration in some ca-
ses but malnly to mortality following the severities of winter
because of the lack of an adedquate supply of nourishing, pala-

table food and suitable shelter.

In some of the Summerberry lakes and especially in
Netley Marsh, the high water receeded partialiy or completelye.
Partial water lowering enabled the re-establishment of the
8t1ll living Phragmltes vegetation and the introduction of

Equisetum limogum (Figs. 6 and 7). Typha and Seirpus validus

which were the most serlously affected'by high water levels
and in the majority of cases totaily destroyed, could not re-

establlish themselves in many of the still partially flooded ::

areeas.




Figure 7. --- Eétablishment of a marginal fringe
of Equisetum vegetation following the recesslion of flood
waters. In the background, uprooted willows offer proof
a8 to the severity of the recent flood (Summerberry

Marsh, 1949).

Figure 8, --- The results of a recent flood
and its partlal recession. A zone of Phragmites
stands 1in the foreground. Drowned out Typha stalks
can be seen in the middle. In the left background,
the dark zone lllustrates the recent growth of

Equisetum (Summerberry, 1949).

Figure 9, --- Photograph of the same area as
in Fig. 8 showing the former broad zone of Typha
vegetation. Only a few muskrat lodges could be

located.
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Regeneration of the Reed-Swamp Sere

Some of the marsh areas; however, drained to such

an extent that many of the flooded portions were exposed as ?/
water-soaked soiis bearing the remains of drowned basal stocks
and roots of former vegetation (Fig. 14). Such moisture sat-
urated soils, now devoid of surface water, furnished an exc-
ellent medium for the germination of various reed-swamp seed-
lings. Young Typha plants were the first to make thelr app-
earance (Fige. 10 and 11). Following the further recession
of water, more gseedlings became established (Figs. 12 to 17).
Scirpus vallidus éeedlings were next in making thelr appear-
ance in dominant proportions (Fig. 15). Various secondary

specles of the reed-swamp sere such as Acorus, Saglttarla, and

Sparganium also made their introduction (Fig. 13).

By October 8th, 1949 the Scirpus validus and Typha
seedllings had reached an average helght of approximately b
feet (Fig. 17). The rhizome systems of both types of vege-
tation had undergone extensive.growth and vegetative repro-
duction was being carried out. Generally, Typha seedlings
occupied a broad zone which was situated on the drier soil

bordered by 0ld Carex and Phrsgmites vegetation. A zone of

Scirpus validug and Typha dominants followed (Fig. 16). The
most recently exposed soll contalned a broad band of vegetatlon

with Scirpug validus as the dominant plant (Figs. 15 and 17).




Figure 10. ---- Recession of water from an area
in Netley Marsh. A new zone of soll was drained free

of surface waters between the Phragmites - Carex veg-

etation and/the soll which still was. covered with wa-

ter.

(Transect, July 22/49).

Figure 11. ---- Establishment of Typha seed-

lings on the drained soll zone of the preceeding !

figure.







Figure 12, --- The same area as in Figs. 10 and
11 but photographed on August 5/49. The Typha seedlings
have grown rapidly and have extended the width of the

zone.
Figure 13. —--- Composition of Transect Area:
(Left to Right): 1. Typha seedling

2. Sagittaria

3. Acorus

b, Cerex

5. Seirpus validus
(Netiey Marsh, August 5/49)







Figure 14, --- Transect Area at August 27, 1949.
Note the further recession of water leaving more ex-
posed mud bottom which formerly possessed Scirpus
fluvlatills vegetation.

Figure 15. --- Transect Area at August 27, 1949.

Scirpus validus vegetation occuples that portien of

the drained zone which borders the free water.

Figure 16. --- Transect Area at August 27, 1949.
Mixed vegetation of Scirpus fluviatilis and Typha.

Both of these plants are dominants of the reed-swamp

gere.







Figure 17 --- Panoramic. view of Transect Area
on September 8, 1949. On the right can be seen the

marginal strip of Phragmites which is growling on the

bank. Next comes the zone of sexual reproduction

bearing Scirpus validus and Iypha seedlings. - In the

middle is the exposed soil. On the left stands a

muskrat lodge in Scirpus fluviatilis vegetation

which borders soil which is covered with water.

This area should be ideal as a muskrat habitat if

the water level is raised before the‘end of the fall
in 1950.
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A considerable portion of the marsh areas showed
such favorable habitat regenerétion by means of sexual repro-
duction. In Netley Marsh, the following observational areas

had seedlings introduced in abundant quantities:

1. Lower Devil Lake Station (Map II, Figs. 18 and 19).

2. Passwa Lake Station (Mep III).
3. Pruden Bay Station (Map IV).

Many portions of this reed-swamp seedling vegetation were
orlginated after the drawing of the maps and consequently are
not recorded. Only a few areas in the Summerberry Marsh showed

sultable, sexual reed-swamp regeneration (Fig. 20).

Mud Flat Succegsion

| Sedimentation is important in bringing about new
areas which are sultable for the growth of reed-swamp plants.
This process 1s quite common, especially in Netley Marsh, due
te the gradual deposition of sediments which are being brought
in by the constant movement of water. When such sedimentation
Tflats lose thelr surface water, seed germlnation is ;nitiated
(Figs. 21 to 25). 1If this process beglns in the spriﬁg, a
dense stand of mlxed vegetation wlll result in the fall (Fig.
26). Reed-swamp vegetation predominates in such areas. In
time, provided the water level is slightly raised, such piaﬁts
as Scirpus and Iypha will assume full dominance of the mud |
flat. In such a menner, new areas whlch are very sultable as

a muskrat habitat, are being constantly formed.
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Figure 18, -~- Typha seedlings developed on
recently drained soll at Lower Devil Lake Station
(Netley - August, 1949),

Figure 19. --- A recently constructed lodge

in Acorus calamus seedling vegetation at Lower Devil

Lake Station (Netley - August, 1949).

Figure 20. --- A broad zone of recently drained
soll, situated between the willows and open water, bear-
ing the followlng seedlings:

Acorus,
Secirpus validus,
Sparganium,
Typha,
ahd various annuals.
This area was devold of any emergent vegetatlion in the

early part of the summer (Summerberry - August, 1949).







Colonization of a mud flat which was produced
by the deposition of sediments and exposed by the
recession of high water levels (Netley Marsh, 1949).

Figure 21. --- Nude appearance (May 24th).

Figure 22. --- Beginning of seed germination
(June 30th).

Figure 23, =-~- Miscellaneous assortment of seed-
lings (June 30th). Seed germina-

tion progressing.







Progressing Colonization of the Same Mud Flat (Netley

Marsh, 1949).

Figure 24. --- Seedlings increasing in density
and size (July 1lth).

Figure 25. --- Scirpus validus and Iypha seed-

lings making their first appearance (July 22nd).

Figure 26, --- Complete colonization of the
mud flat (August 26th). The predominating plants are
- of the following familles:
Cyperaceae,
Graminaceae,
Legumlinoseae,
Typhaceae.
The vegetation is over 4 feet in height.







THE MUSKRAT
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Morphology and Physlology |

The muskrat 1s a small, sturdily constructed ani-
mal with a distinetly constricted neck (Fig. 27). The avL-
erage adult has a head and body length of approximately 12
inches and a tall length of 10 lnches. ©Such an animal weighs
about two pounds. The body form hag certaln pecullarities
whlch are also characteristic of other rodents possessing
the burrowing habit. The head is quite large and rounded.
The eyes arevrelatively small but the sense of hearing, smell
and touch (vibrissae) are well developed. Such a relative '
development of sense orgaﬁs is indicatlive of animals which
pogsess a nocturnal hablt. The incisors are quite large
and strong which makes it possible for the animél to utilize

plants of large glze and firm texture.

The limbs are quite short and exhiblt a marked
différence in size‘between the fore and hind members. The
fore legs are relatively small bearing four clawed digilts.
They are very prehensile enabling dexterous manipulation of
short stalks when feeding. Being buttreséed against, a ru;
gged pectoral girdle by a well developed musculature, the
fore limbs are very effieient for burrowing in é soft, wet
substratum. The hind legs are larger and possess five,
clawed digits. The presenée of stlff hairs and partial web-

bing on these appendages make them a valuable aid in swimm-

ing.




Figure 37.--- A muskrat kit of approximately

six months growth.
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The tall is characteristically flattened laterally,
scaled, and almost devold of hairs. It 1s used as an organ
of support when the animal feeds in an erect position. The

tall also aéts ags a rudder when the animal l1s swimming.

The fur of the muskrat, besides 1ts great commer-
clal value, offers the necessary protection from the severi-
ties of the environment. It is very warm because of its den-
s8ity, softness, and water resistanée (wax). The pelage is
composed of two types of halrs:

(1) dense, soft under fur of uniform distribution
(2) less dense, unevenly distributed, firm, gloss¥,
long guard halrs.
The guard halrs bear most of the darker pigment and conse-
quently produce the darker coloration on the dorsal and later-

al surfaces of the pelt.

The animal cen dive with great dexterity and remaln
esubmerged for a long perlod which may extend for 15 minutes.
Because of its small lungs and rapid respiration rate, the
animal undergoes an anaeroble exlstence while under water. 7
The oxygen required for metabolism is probably derived from
the degradation of carbohydrates. The cessation of breathing

while under water is referred to as submergence apnea (Koppan-

y1 and Dooley, 1929) (Irving, 1939).
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Consequently the muskrat 1s a highly speciallized
animal which is well adapted for a semi-aquatic form of life.
However,thesevspecialiizations limit the animal in its ver-
gatility to efficlently cope with any other type of habitat.
In order to realize lts maximum potentlalities, the habitat
| must be of the type previously described.

Biotic Potential
The sum ﬁotal of the factors tending to increase
muskrat abundance constitute what is referred to ecologically
as the animal's biotic potential. These factors are more or
less dependent 6n the inherent qualltles of the animal itself.
The blotic potentlal is discussed under the followlng four
headings: |
I Reproductive Potential

II Nutritive Potential

ITI Protective Potential

IV Burvival Potential

I Reproductive Potential

Reproduction In General

Reproduction in animals accomplishes two impértant
functions:
(a) "to increase the number of individuals and
(b) to produce individuals that have combina-
Tlons of characterlstics that differ from

those of thelr parents and that may enable

them better to survive in the partiecular
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environment in which they are produced".

(Pearse, 1926).

Reproduction stimuii are produced by the increased intensity
of light together with rising temperatures especlally in the
Temperate Zone. In Manitoba the sexual activities of the
muskrat commence in the early spring and continue during the
summer until their cessation in the late fall. This period
of time determines the maiimum.number of litters that thils

animal can produce annually.'

The Manner of Matlng.

"The muskrat is a polygamous animal. While the mono- -
gamous type of mating is efficlent for all types of population
conditions, the polygamous animals are inefficient when the
breeding stock is sparse. The possibility of fertilization
being affected in all the feﬁales of a thin population is
extremely small due to the short oestrus reriod at which time

the male may be absent.

Oegtrus Period

The oestrus period in small mammals of the rodent
famlly is very short. Thls phenomenon occurs in the female
when the ova are mature and ready to accept the male sperms.
At thls time, the female 1s in a great state of exeitement.

The temperature and metabollc activities are greatly acceler-

ated by the stimulation produced through a complex interaction
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of hormones secreted by the animel's endocrine glands. The
oestrus period of the ﬁuskrat lasts only a few hours and re-
curs for a few days (McLeod, 1948). If the female is not
fertilized during the oestrus period, the ova will perish and
consequently no litter wlll be produced during that month. 3;
This 1s due to the fact that the succeeding ova will reach
maturity in épprdximately one month following the last oestrus

peried.

Gestatlon Period

There has been no deflinlte experimental evidenée for
The exact period of time of gestation. However mdst workers
agree from close observations of the muskret's breeding habits
that the interval extends from 23 to 30 days. Here in Manl-

toba, field data support the 25 @ay period of gestation.

Condition of the Young at Birth

Muskrats when born are helplegs and require an aver-
age perled of about three weeks of parental care before they
are able to look after themselves. This attention aasufes a
greater survival rate. At birth the young are blend and naked
(Fig. 28). They require nutrition and sheltér. Their loco-
motion is almost completely limited to the gsearch for a teat
on which to feed. The young are nourished from milk glands
on the ventral surface of the parental female by means of
mammae. The maximuﬁ number of mammae in a fully matured fe-

male are six pectoral and four inguinal pairs. The young

develop a coat of halr shortly after a week's growth.




Figure 28.--- A litter of seven young muskrats

which are two days of age (Netley Marsh, 4/8/49).
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Their eyes are completeiy opened by the fifteenth day under
average conditions. They become quite actlve after the open—
ing of their eyes. Their powers of endurance are greatly in-
creased. Now they are able to leave the nest and dive down
the plunge hole and swim for quite a long dlstance. The young
at twenty days are able to stay submerged for nearly two mlin-
utes at their first dive. They are able to stay under water
for a few more periods after this but the time of submergence
decreases rapidly. At thirty days they are well able to look

after themselves except in the matter of houslng.

Number of Litters Per Breeding Season

The average time required for the production qf a
subsequent litter is approximately 30 days. This interval 1s
~derived ag fellows:

2 days lapse following parturlitien

3 days of recurrent oestrus periods
25 day periocd of gestation

TOTAL; 30 days for the delivery of the litter.

These conclusions are supported by the field data on the foll-
owing pages as represented in Graph I. Taking the peaks of the
corrected curves into conslderation, it is evident that the
maximum number of first litters was produced in the interval
of May 20th -- 24th. The next crest occurs in the period of

June 23rd -- 27th and represents the largest number of second

litters. Evidence for the assumption that the same female
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produced a second litter after 30 days was derlved as follows:

(a) The last litter was produced in the same house
as the first young. This deductlion was made
possible by selectling perménent areas for stu-
dy. The houses were all located, mapped, and
number&by means of marked stakes (Maps 2 tb L.

(p) Members of the first litter were ceptured in
the near vieinity and plunge holes of the same

house.

By similar reasoning, the third litter was produced

in the interval of July 23rd -- 27th. Thus it is practically
possible to assume that the time between subsequent litters
is a perlod of approximately 30 days.  Such cencluslions can-
not be derived from the peak which occurs from August 22nd.-=-
26th because of the smallness of last year's sample and the

‘absence of data for it this summer.




1949 MUSKRAT LITTER DATA

(?) - incomplete
litter
- eyes closed
0 - eyes opened




Date

May

May

May

May

13

13

2h
2l

25
25
25
25
25

25

7 25

27

Total

Date of No. in No. of length Weight Age in Sex Ratio Condition Where Remarks as toNest
Location birth litter 1itter (cms.) (ozs.) days . to F, of eyes collected and Young Muskrats
Whitewater May 11 5 1 9.6 .8 1-2 2:3 @ In nest Nest closed, dry
Lake or 12 lined, condition
good, no mites,
Whitewater May 11 5 1 9.7 .8 1-2 Ll ¢ Open Nest exposed te
Lake or 12 Nest weather, condition
good, no mites.
N.E. Lower May 21 5 1 11.1 1.0 3 2:3 In Nest Condition goed,
Devil Lake _ no mites. .
N.E. Lower May 19 6 1 12.7 1.3 5 5:1 0] Near Nest Condition very
Devil Lake good, guite active
no mites. .
N.E. Lower May 18 5 1 13.4 . 1.6 6 2:3 @ Near Nest  Condition exceller
Devil Lake ‘ guite active, no
. mites.
S.Wet Sec, May 23 8 1 11.0 9 2 7:1 @ In Nest Condition good,
18 Netley , no mites.
S.Wet Sec. May 23 5 1 10.9 .9 2 2:3 ¢ In Nest Litter cold and
18 : wet, no mites,
S.W.t Sec., May 21 - 3(?) 1 12.1 1.2 L 1:2 ) Near Nest  Animals active,
18 no mites.,
S. W. 1 May 22 8 1 11.3 1.0 3 513 ¢ In Nest Quite active,
Sec., 18 no mites.
S. W. May 25 6 1 9.2 .7 0 L:2 @ In Nest Condition dry and
Sec, 18 ' warm, no mites.
S, % May 22 3 (?) 1 11,4 1.1 3 1:2 g Pluhge Very active, wet
Sec., 18 hole no mites.
S. W. % May 24 7 1 9.6 o7 1 423 @ In Nest Condition very
Sec, 18 , good, few mites.
Pruden May 18 6 1 15,8 2.0 9 3:3 ¢ In Nest Condition
Bay excellent, no
mites, good fur
Pruden May 20 1(2) 1 14,0 1.6 7 1:0 @ Plunge Very active,
Bay hole wet, no mites.

g
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Total
Date of No, in No. of length Weight Age in Sex Ratio Condition  Where Remarks as to Nest

Date Location birth litter litter (cms.) (ozs.) _days M. to F. _of eyes collected and Young Muskrats
May 27 Pruden May 21 3(?) 1 13.8 1.7 ) 3:0 @ Plunge Quite active, some
Bay hole escaped, no mites.
May 27  Pruden May 23 9 1 12.1 1.1 L . 54 g In Nest - Condition very
Bay ) . good, no mites,
May 27 Pruden May 23 8 1 12,4 1.2 L 6:2 @ In Nest Condition
Bay excellent, no
: - mites,
May 27 E. Pruden May 20 6 1 14,2 1.5 7 2:h @ In Nest Condition good
Bay : dry ani warm, no
‘ ' mites,
May 31 Lake May 19 7 1 11,0 1.0 2 L3 ¢ In Nest condition good
Francis few mites.
May 31  Lake May 28 10 1 11.6 1.0 3 5:5 ¢ In Nest Condition very
‘ Francis good, no mitess.
June 2  Cadham May 25 3(2) 1 15.1 1.7 8 3:0 ] Plunge Very.active,
Bay ) hole no mites,
June 2  Cadham May 20 9 1 18.2 3.0 13 7:2 0 In Nest Véry.active,
Bay no mltes:
June 2 Cadham May 19 L (2) 1 19.7 3.5 14 420 0 Plunge Very active,
Bay : hole wet,.n? mites.
June 2  Cadham May 20 8 1 18.9 3.2 13 2:6 @ In Nest Condition good,
Bay ' no‘mltes..
June 2 Cadham May 25 8 1 15.0 2.0 8 3:5 ¢ In Nest Ci%ulte'%ctlve:
Bay c ew mites,
June 2  Cadham June 1 2 (7) 1 9.7 8 1 0:2 ¢ Pig;ie Condition fair.
Bay .
: 0 Near Condition good
June 2 Czdham. May 18 7 1 20,3 3.2 .15 5:2 e o iten. .
oAy . ‘ W o
June 3 N.0. May 27 7 1 1he1 1.7 7 L3 @ In Nest ;irgizgi.dry, &
Simpson Bay . i .
i s Near Nest  Very active ol
June 3 Simpson June 1 2 (?) 1 10.7 | 1.0 2 el ? no mites. ’ Ll

(Delta)




Total
Date of No. in No., of 1length Weight Age in Sex Ratio Condition

Where

Remarks as to Nest

Date Location birth litter litter (cms.) (ozs.) days . M. to T, of eves .collected _and Younz Muskrats
June 3  Simpson May 23 6 1 17.2 2.6 11 5:1 1] Near nest Condition good,
no mites.
June 3 Division May 24 6 1 16,5 2.3 10 Lhe2 @ In nest Warm and dry,
Bay no mites.
June 3 Belis May 23 3(?7) 1 17.3 2.5 11 1:2 @ Near nest Conditioa good,
‘ Point ' no mites.,
June 3 Blackfox May 15 10 1 23.0 3.7 19 10:0 0 In next Warm and dry,
Lake no mites.
June 3  Blackfox May 23 L (2) 1 17.5 2.6 11 212 @ Plunge Quite active,
Lake ' hole no mites.
June 3 Wilson = 1(2) 1 - - - Q:1 @ Plunge Able to swim well,
4 Lake ' hole
June 3  Wilson June 2 5 1 9.5 o7 1 2:3 ] In nest Good coniition,
Lake no mites.
June 3 Clair May 23 9 1 17.1 2¢3 11 6:3 )] In nest Warm and dry,
Lake no mites.
June 9 Pruden May 15 L (?2) 1 2644 5.6 25 3:1 0 Plunge Quite active
Bay , hole crawlers and
swimmers.
June 9  Pruden May 21 9 1 2346 Le?2 19 6:3 0 Near nest Conditioa excellent,
Bay ’
June 9  Pruden May 24 7 1 20,5 3.1 16 7:0 0 Near nest Condition excellert.,
Bay '
June 9  Pruden May 24 5 1 20.7 36 16 1:4 0 Near nest Condition
Bay A excellent.
June 9  Pruden June 6 6 2 ‘11.8 1.0 3 2:k ¢ In nest Condition good,
Bay umbilicus healed,
no mites.
June 9 N.E. Lower June 2 7 1-2 16 1.7 7 5:2 @ Near nest Condition fair, é?
Devil Lake ' _ no mites, @
June 9 N.E. Lower May 23 6 1 2142 1.3 17 £:0 0 Near nest Condition -
Devil Lake : sluggish, mites., W




Total

Date of No. in No. of length Weight Age in Sex Ratio Condition Where  Remarks as to Nest
Date Tocation birth litter litter {(cms.) (ozs.) days M. to F, of eves collected and Young Muskrats
June 9 N,E, Lower May 21 6 1 23.0 Le? 19 521 0 Near nest Condition
v © Devil Lake sluggish, mites.
June 10 S.W.% Sec, June 8 5 1-2 10.7 .9 2 0:5 Y] In nest Condition fair.
18 Netley ’
June 10 S. W. £ June 1 10 1-2 15.9 1.9 9 1:9 ¢ In nest Condition good,
Sec. 18 ‘ very few mites,
June 10 S. W. £ May 26 5 1 19,0 3.2 14 5:0 0 Near nest Condition good,
Sec, 18 : fewmites.
June 10 N. W. £ May 30 5 1 17.2 23 11 Ll ] Near nest Condition good,
- Becs 30 . few mites.
June 16 N. W. % May 29 6 1 234 3.6 19 5:1 0 Plunge Very active,
Sec. 30 hole condition good.
June 22 Pakow June 21 6 2 - 10,5 .8 1 2t ¢ In nest Condition fair,
Lake 9 some mites.,
June 22 FPakow June 19 5 2 11.7 1.1 3 Ll @ In nest Condition poor,
Lake 8 ‘ white with mites.
June 22 Pakow May 31 L(?) 1 25.0 L3 22 3:1 0 Plunge Able to swim well.
Lake 8 hole
June 23 Baptizing dune 17 L (?) 2 13.4 1.5 6 1:3 ) Plunge Condition fair,
~ Lake 8 hole few mites.
June 24 Richard June 21 3 2 11.3 1.1 3 2:1 ¢ Near nest Condition fair,
7Zone few mites.
Lake 34
June 24 Richard June 22 7 2 11.0 .9 2 Lz3 @ In nest Condition good,
Take 3L . few mites,
June 24 Richard June 6 3 (7)) 1-2 2245 3.9 18 3:0 0 Plunge Very active.
Lake 3L . » hole
June 24 Richard June 6 L (?) 1-2 22.6 3.8 18 3:1 0 Plunge Very active.
Lake 36 hole
June 24 Richard June 19 9 2 12.8 1.2 5 3:6 @ in nest Condition fair,
Lake 36 many mites.

*¢¢ o8rg




Total
Date of No, in No. of 1length Weight Age in Sex Ratio Condition

Where

Remarks as to Nest

Date Location birth litter 1litter (cms.) (ozs.) _days M. toF. _of eyes collected and Young Muskrats
June 29 N.W.l Sec. June 28 8 2 9.8 o7 1 Lil ] In nest A1l were wet, caught
30 Netley with adult female
June 29 N. W. % May 29 5 (2) 1 30,5 - 30, 5:0 0 Plunge Condition good,
' Sec., 30 ' hole few mites,
June 30 Pruden June 21 - 7 2 1547 2.2 9 5:2 ¢ In nest Condition excellent,
' Bay no mites,
June 30 Pruden June 24 10 2 13.8 1.4 6 6:1, 1] In nest Condition excell=nt,
" Bay ' no mites,
June 30 Pruden June 23 11 2 14.2 1,7 7 L7 @ In nest Condition excellent,
Bay ne mites.
June 30 Pruden June 24 3(2) =2 13.4 1.6 6 1:2 ¢ Plunge Some were wet,
Bay . ' : bole quite active.
June 30 N.E.1 Sec., May 31 2 (?2) 1 - - 30 1:1 0 In water Condition good,
. 30 Netley vicious.
July 1 S. W. % June 29 L 2 10.7 +8 2 O:4 @ Near nest Condition fair.
Sec, 18 ‘ :
July 1 N. E. £ June 21 1(2) 2 16.7 3.1 10 1:0 @ In water Condition good.
Sec., 18
July 1 N.E. £ June 24 6 2 14.0 1.6 7 2:h @ Near nest Condition fair,
Secs 18 few mites. .
July &4  Passwa July 3 6 2 10,1 .8 1 1:5 ] In nest Condition falr,
Lake few mit es.
July L4  Passwa June 3 1 (?) 1 2945 7.1 30 1:0 0 In water Very active
Lake swimmer, vicious
July 5 N. W % June 20 5 (2) 2 19.9 3.0 15 5:0 0 Plunge Some mites, old
Sec, 21 hole female seen
: swimming with
young attached.
July 5 N. Ve £ June 15 1(2) 2 2347 Lel 20 0:1 0 In water Excellent -
Secs 21 o swimmer. i
July 5 N. W July 2 8 2 11,7 1.0 3 Ll ] In nest Condition good,
Sec. 21 : no mites.

X
>




Total

Date of No. in No, of length Weight Age in Sex Ratio Condition  Vhere Remarks as to Nest
Date Location birth  litter litter _(cms.) (ozs.) _days M. to F. _of eyes collected and Young Muskrats
July 5 N. W. £ June 22 8 2 18.5 2,8 13 Lzl ] Near nest Condition very good,
Secs 21 few mites.
July 5 N. W. % June 29 8 2 13.2 1.3 6 6:2 . @ In nest Condition excellent,
Sec, 21 no mites,
July 5 S. W, % June 24 3 (?) 2 17.0 27 11 2:1 ¢ Plunge Condition very active,
Sec, 21 ' hole
July 8 N.W. % June 3 1 (?) 2 35.0 11.7 30 1:0 0 In water Condition active,
Sec, 25 " and very vicious.
July 8 N. W, i June 25 5 2 18,1 2.1 13 ES] 0 Near nest Condition good,
Secs 25 '
July 8 N. W. + June 3-8 5 (2) 2 33.9 11.3 30 322 0 Plunge Condition very active,
: Sec, 25 ' hole
~July 12 Pruden June 29 8 2 18.7 2.6 13 513 @ Near nest Condition excellent,
Bay : - no mites,. '
July 12 Pruden June 24 3 (7) 2 22,6 3.6 18 3:0 0 Plunge Condition excellent,
Bay ' hole no mites.
July 12 Pruden © June 29 2 (2) 2 18.9 2 13 2:0 0 Plunge Condition excellent,
Bay : : hole no mites,
July 12 Pruden July 9 6 2-3 11.5 9 3 1:5 @ In nest Condition excellent,
' Bay . no mites.
July 13 S. We:  Jume 23 5 2 21 hlS 20 5:0 0 Near nest Condition good.
Secs 18 '
July 13 Se e x June 10-15 6 1 3844  1hW7 30 L2 0. Plunge Condition very
Sec, 18 hole active, some
_ mites.
July 13 N. B. % June 30 I3 2 18.8 3.0 13 420 v Near nest Condition fair.
Secs 18 : : ‘ "
July 20 Passwa June 23 1(2) 2 27..6 6.5 27 1:0 o) In water Condftion &
T.ake very active, 2;
July 15 Delta June 25 2 (2) =2 237 Lol 20 2:0 0 In water Condition o

very active.



Total-

Date of No., in No. of length Weight Age in Sex Ratio Condition  Where Remarks as to Nest
Date Location birth litter litter (cms.) (ozs.) _days M. to F. of eyes collected and Young Muskrats
July 15 Delta July 3 10 2 17.7 2.9 12 5:5 g In nest No mites, fair
’ condition,
July 15 Delta June 27 6 2 22,0 3.2 18 6:0 0 Near nest Condition fair,
‘ few mites., '
July 15 Delta June 26 8 2 2342 Lol 19 8:0 0 Near nest Condition good,
no mites.
July 15 Delta June 17 3 (2) 2 27.8 5.7 28 310 0 Plunge Condition very
Hole .active,
July 15 Delta June 19 2(2) 2 26.9 6.2 26 2:0 0 In water Condition fair
July 15 Delta June 29 3(2) =2 20.4 3.3 16 2:1 @ Plunge Condition poor, many
: ) hole mites, one dead rat
o alsc -~ 5 days old.
July 16 Cook's Ck. June 29 5 2 21,9 362 17 Lol @ Near nest Condition good,
Delta few mites. ,
July 16 Cook's June 25 3 (?) 2 2L45 44O 21 3:0 0 Plunge Condition good,
Creek ‘ hole few mites.
July 16 Cook's June 10-15 5 1 35.9 11.2 30 3:2 0 Plunge Condition very
Creek ' hole active,
July 16 Cook's June 30 5 2 20,9 2.9 16 1:4 0 Near nest Condition very
Creek < active, Doz, mites
each.
July 16 Cook's July 1 L (?) 2 20,0 3.0 15 1:3 g Plunge Condition very
Creek hole active, Doz.
: mites each.
July 19 N.E.: Sece July 5 L (?) 2 18.9 2.8 14 420 1/ Open Condition poor,
18 Netley nest all young
bruised & cut as.y
: if transported. &
July 22 Pruden July 20 7 3~ 10.9 9 2 1:6 @ New nest  Young scratched &
’ Ray & bruised - ®

transferred?



Total

Date of No, in No., of length Weight Age in Sex Ratio Condition  Where Remarks as to Nest
Date Location birth 1litter litter (cms.) (ozs.) _days M, to F. _of eyes collected and Young Muskrats
July 22 Pruden Bay July 5 3 (2) 2-3 21.3 1.3 17 2:1 0 In water Condition good, in
, . new house, few mites,
July 28 S. W. £ July 28 - 7 3 9.8 0 3k @ Open nest Condition poor, some
' Sec, 18 very cold, rest dead.
July 28 S W. % July 18 8 3 164 10 6:2 g Dry nest Condition very good,
Seces 18 dry & warm, no mites.
July 29 S. W % July 12 2(2) 3 21.3 17 2:0 0 Near nest Condition very active
Sec., 18 good divers.,
July 29 N. W. % July 23 2 (?) 3 13,7 6 1:1 ] Plunge Condition good, very
Secs 30 hole active, few mites,
Aug. 3 TLower Devil July 22 6 3 1747 12 5:1 @ Plunge Condition good,
: Lake hole few mites,
Aug. 4 Lower Devil Auge 2 7 3 10.5 2 3l @ Dry nest Condition warm and
Lake ‘ dry, no mites.
Aug. L TLower Devil July 25 5-1 dead 3 16,6 10 3:3 ] Near nest Condition goed, few
Take mites, recent dead
' ' of same litter.
Aug., 11 Whitewater Aug. 8 2(2) 3 11.8 3 0:2 ] Dry nest Condition fair, no
Lake mites, litter
bruised & cut badly
_ from translocation...
Aug. 18 Richard July 30 1(2) 3 2345 Le5 19 1:0 0 Tn water Condition very
Zone, The ' active, good
diver & swinmmer,

Pas

no mites,
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TABLE VIII

Summary of Results Pertalning to Litter Data

Total number of young examlned .......cececvenceese 590
Tbtal number of litters examinéd ceececssesesnens ..‘112

Total number of complete litters present ......... . 71

From complete litter data, the following are obtalned:
Total number of males ............. 279 or 58.4%
Total number of £EmMaLes ..ovsseve.. 199 or 41.6%

Average size of complete litters .. 6.7

Total number of incomplete litters examined ........ 41
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Reproductive Trends

Graeph I can be simplified in order to show only
general trends in the reproductive activities. This fbr is 1
illustrated by Graph II. Theoretically, during a long favor-
able breeding season, one female muskrat can only produce
four litters under optimum conditiens. This possibility is

rarely fulfilled in nature due to the following factors:

(a) A sparse breeding population would cause in-
efficient breeding due to the fallure in acc-
omplishing fertilizatién during the short
oesgtrus perlod.

(b) The length of the breeding season may be
greatly shortened because of temperature
due to such freéuent occurrences as a late
spring break-up or an early severe winter.

(d).Food and water conditions may be unfavor-
able or below thelr optimum value.

(d) Certain essential amino acids, trace ele-
ments, or vitamins.(Tocopherol) may be de-
ficlent or entirely absent producing a sub-
optimum condltion of the animal.

(e) Resorption of embryos occurs if severe en-

vironmental conditlons are encountered for

any length of time.
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(f) Late sexual maturity may follow if the young
of last year have undergone a severe winter.
Also a young female may be unable tq with-
stand continual production of large litters
because of the dralnage of nutrients for
further bedy growth.

(g) The production of large litters will pro-
duce great reproductive fatigue in a breed-
ing female and further litter production
may be cancelled or only a few young may be
.delivered. » ‘

(h) The population density increases as the
breeding season proceeds. This may pro-
duce acute food shortages or great intra-
specific stfife. It is a well known fact
that over-crowding tends to reduce the
number of young which survive because of
the inecreased mortality'rate.

(1) Plagues and other diseases decrease repro-

| ductive vigor.bedauseﬂof the extra taxa-
tion imposed.en the animal!s metabolic
activities.  Even after the defeat of the
pathological agent, much energy 1s}requ1red
to repalr the démages which were infllected.
This agaln produces a serious drain on the

nutrition required for the birth of healthy

young.
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(J) Ectoparasites and endoparasitesvin suffi-
cient concentrations or of sufficient
pathogenicity may produce harmfui effects

on the animal.

Number of Young Per Litter

In finding the size of the litters, much difficulty
wag encountered. This was'due to the action of the maternal
female. If a house was entered when the young were being suck-
led, the adult femaie would escape, taking with her some of
the young which had not disengaged their hold of the mammae.
The mammae are constricted at their base and enlarged dis-
tally from the body. This enables the young to be dragged
out of the nest whlle still grasping the mamma. Therefore
the litter data repreéents a minimum number of young. In
order to make the litter sizé data valuable, the incomplete
litter observafions were not used 1in the calculations. The
average number of Young per litter during 1949 was found to
be 6.7 individuals (Table VIII). The freqﬁency of the litter
sizes is shown in Graph III. The largest litter found in 1949
contained 12 young (Fig. 30).

Age of Sexual Maturity

‘Dissections of a large number of muskrat carcesses
from the spring of 1949, revealed a largé percentage of young,

sexually lmmature individuals. These observations indicate ?

that the young of the previous year do not reproduce duringr




Figure 239.--- The second muskrat litter located
in 1949. It was composed of four, recently born young

in an open nest (Whitewater Lake, 14/5/49).

Figure 30.--- The largest litter found in 1949.
It was composed of 12 young (Netley Marsh, 30/6/49).

Figure 31.--- The second largest litter encountered
in 1949. It oontained 11 young. These animals were

tagged before photographing (Netley Marsh, 30/6/49).
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that season. It is quite possible that they do produce litters
in the following spring. Intensive studieeg of the ovaries |
and testes should be carried out in ordef to definitely settle

this point.

Growth
Gfowth rates of muskrats were obtained by plotting

34 different measurements of 22 separate 1ndi€1duals (Table IX).
~A11 of the latter inéividuals were tagged in the fleld and
then recaptured from their native habitat. This means that
the only cause for a serlous decline in the growth rate was
due to heavy tagging damages.v The growth'rate of a muskrat
"was found to follow the general pattern of a sigmoid surve
(Graphe 4 and 5). After 20 days of age, the muskrat's growth
rate declined gradually in comparisen to 1ts former rapidity.
It was found that 1ndivliduals which are tagged‘betﬁeen 10 to
15 days of age had no apprecladble decrease in the growth rate
(6raph VI). However when younger animals are tagged or if

the tagging damages are too great, the growth rate is appre-

cilably retarded (Graph VII).




TABLE IX
AGE, LENGTH, AND WEIGHT DATA OF 33 SEPARATE'INDIVIDUALS

July 88, Netley Marsh....... & muskrats, 0O-days of age
total length 87 mm, each
average weight 30.6 g. each

May 13, Whitewater Lake..... 5 muskrats, 3-days of age
. total length 96 mm, each
average weight 23.6 g. each

May 24, Netley Marsh...... .. B8 muskrats, 5-days of age
total length 136.1 mm, each
average weight 36.5 g. each

June 9, Netley Marah.....;..same litter as above, now l6-days
total length 2330,6 mm, each
average welight 119.5 g. each

May 37, Netley Marsh,...... 4 muskrats, S-days of age
total length 157.0 mm, each
average weight 63,1 g: each

' (tagged)

June 9, Netley Marsh....... same as above, now 23-days
: total length 264.0 mm, each
average weight 180,1 g. each

July 4, Netley Marsh....... 1 muskrat, 30-days of age
’ total length 285.0 mm,
average weight 204.0 g.

June 30, Netley Marsh...... 3 muskrats, 6-days of age
. total length 138.0 mm, each
average weight 39.0 g. each
(tagged)

July 13, Netley Marsh...... same litter as above, now 1S-days
total length 288,.0 mm, each
average weight 69.3 g, each
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I1I- Feeding Potential

Food Habits

The muskrat is omnivorous in 1lts feeding hablts.
Figures 32 and 33 illustrate some of the animal constituents
in thelr diet. Such animal’products are scarce in many parts
of the general muskrat habltats. They are abundant in Netley
Marsh along the various creeks, channels, and river branches.
In genersl, the greatest density of muskrats occurs 1n the
back pot-holes which are lacking in the bivalve molluskans
- and small fishes except for some large snails‘which have been
stated to be used as food. Therefore, the principal diet of

the muskrat consists of plant materizal.

Many authors state that the muskrats are nocturnal
in their feeding habits. This summer, the greatest feeding
activities were observed in the late evening, night, and earyy
morning. This is only a generality because qulite a few ani-

mals heve been found securing food throughout the entire day.

Structural Adaptations

The muskrat possesses two pairs of vertically opp-
osed, specialized incisor teeth. These teeth are elongated
and protrude anteriorly. They are chisel-llke 1ln thelr struc-
ture. This makes them adapted for a vegetable diet which is

fairly woody in texture. The rest of the teeth are gspeclal-

ized for further‘pulverization of the material. The modific-
ations




Figure 33.--- A living shiher with the posterior

portion of its body eaten off as found at Netley Marsh.
(Photo taken by J. B, Nash)

Figure 33.--- A group of bivalve molluscan shells

of the genera Anodonta and Lampsilis near a muskrat
burrow. They were brought out of the water and eaten

on the shore (Netley Marsh).







and speciallizations of the limbs for manipulation and procur-

ation of food have already been described.

The length of the alimentary canal is intermediate
between that of a carnivore and a herbivore. Therefore, phys-
iologically a muskrat is adapted for an omnivorous diet. If
the animal is deprived of all the animel msterisl from»its diet,
it must consume plant foods éuite freéuently because it has no
structural adaptation for storing large ambunts of this type
of food, Striét herbivores generally possess check pouches,
crops, or speciallized stomachs for storage purposes, Because

the muskrat is unable to do this, it must eat frequently in

order to obtain enough nutrients for its metabolic processes,

Plants Utilized As Food

The following list provides the most important fam-

ilies of plants which are utilized by muskrats as food.

1. Typhaceae - Cattail Family

Typhe latifolia, common cattail
Typha angustifolia, narrow=leaf cattail

2. Cyperaceae - Sedge Family

Scirpus fluviatilis, river bulrush
Scirpus validus, soft-stem bulrush
Carex spp. sedges

3. Graminaceae - Grass Family

Phragmites maximus, reed
Calamagrostis, bluejoint
mchinochloa, wild millet
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4, Eéuisetaceae ~ Horsetail Femily
Bguisetum, horsetail
5, Sparganiaceae - Burreed Family

Sparganium, burreed

6. Araceae ~ Arum Pamily

Acorus calamus, sweet flag

7. Najadaceae =- Pond~WeedvFamily

Potamogeton spp. pond-weeds

8. Alismaceae - Water Plantain Family

Alisma spp. water plantain
sagittaria, arrowhead

9. Nymphaeaceae - Water Lily Family
| Nuphar spp. water lilies
10, Ranunculaceae - Buttercup Femily
11. Compositae - Aster Family
Aster spp. wild asters
12. Scrophulariaceze —'Figwort Family
Spp. not identified

Sow thistle is also eaten readily when availsble.,

There also occur a few other families whieh are highly sugpected
ab being useful as food because of their freéuent occurrence in
large aggregates in most of the muskrat marshes. T%ey'ére as
follows~-

1. Haloragidacéae.- Water Milfoll Family

Myriophyllum spp. milfoils
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2. Lemnaceae - Duckweed Family
Lemna spp. duckweeds
3. Lentibulariaceae - Bladderwort Family

Utricularia spp. bladderworts

The only way in which a satisfactory conelusionvcan
be reached for the relaﬁive proportions of submerged plants -
consumed by a muskrat is through a large series of stomach
analyses. TUntil this research_has been carried out, tke wvalue

of these plants may be underestimated.

Food Preference

Typha latifolia, the cattail, (photo #18), is one of

the.most desirable muskrat foods, Due to very high water levels
during the past years, its growth was destroyedwto a few iso-
lated patches. Therefore its importance as an ayailable Ffood
was seriously reduced to a minimum because of its scarcity
during this summer. Nevertle less, Typha seedlings,‘ﬁﬁé%émﬂié
became firmly estsblished this summer on exposed areas Where
the Water hod receded after it had destroyed the former veg-
etation, This new seedling growth was being moderately util-
ized for food by muskrats. The cattail furnishes one of the
most nutritive and most easily accessible foods which can be
utilized throughout the entire year. The large rhizomes and
new shoots are taken in the Spring. During the summer and
early Fall, the basal pértions of the stems furnish succulent

and highly palatable food material. During the late Fall and
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Winter months, the fleshy rhizomes are easily obtained»fram
the soil by burrowing. Whitewater Lake is dominated by this
type of vegetation. This area‘produced muskrat pelts of the
highest quality during the 1948 trapping season. This fact
indicates the value of Typha as an ideal food. All the remain-
ing areas which were wvisited this year showed signs of Typha
recovery but this was still small comparative growths and
therefore unavailable in any large quantities for muskrat

consumption.

Scirpus fluviézilis, the river bulrush, appeareg to
be one of the most important chosen foods in thé‘Netley Marshes
during the summer. The Pruden Bay Station was dominated almost
entirely by this plant. The vegetation of this area was mapped
in the Summer as shown on Map #4., The Passwa Station, Map #3,
and the Lower Devil Lake Station, Map #2, were also composed.
of great portions of this same type of vegetation., These laté
ter stations also had Phragmites maximus, the flagreed and
CareX spp. the sedges in fairly large aggregates., However, the
muskrats did not utilize these plants to any greazt extent as
food in comparison to the river bulrush vegetation. Generally e
by far the greatesf density of muskrat populations in the
Netley Marshes was located in such areas which possessed a
considerable quantity of the river bulrush. In the early Spring
the large cogymbs were dug up and eaten. ILater during this

same season, the young shoots were consumed. Throughout the
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rest of the Summer and Fall seasons the maturlng stems are
utilized continuously. In the Winter and Early Spring seasons
the submerged roots are very accessible to the muskrats. In
the Netley Marshes very few lodges were located in this type
;f vegetation due to the excessive depth of the water. Gener-
ally, this bulrush offers a highly desirable food becauge the
animals would swim quite a few yards dlstance in order to reach
it. This year qulte a good growth of Scirpusg validus seedllngs
was present on exposed mud flats wﬁich were flooded out during
the past year. At Oak Lake quite a few muskrats have taken up
their permanent abodes in this type of vegetation. There con-
ditlon was reported to be excellent by Mr. A. Henderson who
trapped quite a large area possessiﬁg this type of predomin-
ating vegetation in the early Spring of 1949. Therefore, the
softstem bulrush forms & very excellent dlet for muskrats
throughout the entire year. This plant was also found t&jbe
abundant at Whitewater Lake and The Pas. In general, Scirpﬁs
validus'xegetation is of great importance as a muékrat food

because of the animal's preferenée and its high nutritive value.

Acorus calamus, the sweet-flag occurred in many

places of the Summerberry and Netley maréhes followlng the
recesslion of the water levels. This plant was found to be
heavily utilized throughout the year, following its occurr-
ence in the early summer. The basal portions of the leaves
and all of the underground root system, were being utlilized as

food. This type of vegetation seems to be desirable because
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of its palatébility, preference, large edible portions, and

accessibility.

Sparganium, the bur-reed, arose to large concentra-
tiong on areas which were exposed followlng the decrease 1in
the water levels in the Spring. This growth was being heav-
11y utilized by muskrats 1in the Summerberry reglons in the
1ate Summer. This plant seemed to be of importance when pre-
‘sent, because of its palatability not only in the gtem: and
basal portions of the leaves but also in the succulent, eas~

ily accessible uvnderground root systems.

Potamogeton spp. the pond-weeds, and many gimilar

types of plants occur in great concentrations in the waters of
lakes, pools, and streams. These types of plants seem to be
very palatable and easily obtained by the muskrat population 1n
all of the areas. The use and importance of such vegetation
cannot be stated with the past methods of investigation. Only
gtomach analyses will determine 1ts true value. These foods
are present throughout the entire year and can be obtalned

most easlly by the muskrat populatlon.

Phragmites maximus, the flag-reed, was generally
present 1n the Delta, Netley, Oak Lake, and The Pas marshes.
This vegetation occurred frequently as only a narrow fringe
either on fairly dry ground or in water not exceedlng a foot.
Deeper waters soon led to 1ts extinction due ﬁo the bouyancy

of the plant's root system. Nevertheless, this vegetation
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was moderately utilized by the muskrat populationvresiding in
its vicinity. The basal parts of the shoots were the portiops
that were freéuently consumed during the summer and fall sea-
sons. The remainder of the plant seemed to be unsuitable as
food. The underground root system was not considered to be
valuable food because of its complex network which formed a
s0lid mass of rootlets and soil particles.‘ This portion was
almost impossible to procure especially»after winter_had set
in and the soil had frozen due -to tﬁe 1ack of sufficient ice
and water. Generally, the flag-reed was found to be unsstiss
factory as a muskrat food for the whole year When'cdmpared to

such plants as the cattail or bulrush.

Equisetum, the horsetnll, 1s a very common plnnt 1n
the Summerberry Marshes. It was heavily utlllzed by the musk-
rats in the summer and early fall seasons. Usually only the
bottom portions of the stems were eaten. The muskrats preferied
this food in the summer as shown by the numerous cuttings. -
However, as summer progressed this végetation wes mede less pai&£
atable due to aging. T@erefore brogressively smaller amounts'
were utilized as food. ﬁThis same plant growth was found in a
few of the Netley Marsh areas. This food isrof great importancé
because of its palatability.and easy procuration during the sea-

son of greatest litter rearing.

Segittaria, the arrowhead was found in the marsh and

lake m rgins of the Summerberry and Netley marshes in a number .
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of heavy concentrations; It was utilized asAfoqd;by the mus-
krat populd ion when it was available. Its importance»as food
ﬁaéAnot easily determinsble due to the possibility‘thatﬁducks
also cropped this vegetation heavily. - Nevertheless, cuttings

were found in a number of lodges near such growths.

Carex gpp,,the sedges, were present in all the areas
under consideration this year. Generslly, this type of vege-
tation occurred only on dry land or land that was occasipnally
flooded with a few inches of temporary water. In the spring,
summer, and fall seasons the small basal portions of the sf§m$
were utilized as food. 1In drder to get sufficient food, thee
muskrat was forced to cut down a great area of this vegetation.
Usually, after»a.moﬁﬁh, only a few remaining old staelks were
present as the new shoots take some time in growihg. It was
bbserved that only those muskrats utilizgd the sedges which
were forced unto such vegetation due to rapidly rising water
levels which :drove them back to higher groundé where they were
sble to build their lodges. Such populations suffered during
“the winter as indicated by the labk of accessible-root systems
of & favorable type. The sedges possess fine root systems with
many rootlets which hold the soil tenaciously. On freezing,
the scanty rootléts are almost unavailable as food except‘at
a maximum expenditure of energy. Therefore, Carex vegetation
is not an ideal food for the muskrats even during the summer .,

The population generally left such areas as soon as the water
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levels droppedvand other food became‘accessible.

From the foregoing discussion, the following Segré-

‘gations seem feasible--

Class T Excellent food vegetation

Class II =~ Very good

- Beirpus fluviatilis
Scirpus validus

Class III = Good

Acorus

Sparganium.

Potemogeton? (only hypothetical -
at present) :

Class IV 'Fair

Phregmites
- Equisitum
Sagittaria

Class.v

Poor

Carex

Since the breferred food types are fairly well esta-  ‘
bllshed, the Work of marsh management should be dlrected towards

the productlon and gpkeep of the de81rab1e food vegetatlon in

its optlmum concentratlon.‘

Amount of Food Regulred -

The amount of food materlal whlch a muskrat will
require for its optimum condltlons will vary according to the

follow1ng -
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(a) condition of the vegetation as determined by its -
(i) quality
(ii) accessibility
(iii) utilizable nutritive portion
(b) condition of the animal as determined by its -

(i) age
(iig reproduction activities
(iii) state of health
Quantitative and qualitative feeding experiments were
not carried out throughout the bsummer due to the lack of suffi-
cient time for the limited number of individuals who:' partici-
pated in this summer's biological survey. However,'work in this

line was carried out last year under the direction of Dr. J. A.

Meleod. The guantitative results were as follows -

"An adult muskrat normally consumes from 10 to 20 oz.
of food per day, or from 30 to 50% of its own body
weight."

Qualitative experiments have not as yet been attempted. They
appear to be of great importance and may show yearly fluctus-
tibns in some of fhe essential components of plant materials.
These fluctuations, if they'are presen$, may have some relation

to cyclic rise and decline of the muskrat population,

Starvation =

Meny muskrats are known to perish during severe
winters in certain types of habitats. These habitats are gen-

erally poor in coverage and in the existing supply of available
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food materials. Many people claim that the animals freeze to
death dwe to the low temperatures. The animals undoubtedly do
freeze but not béoause of the severe temperature alone. Thesg
animals are probably in a stage of severe starvation. As star-
vation becomes acute, the animal's sbility to procure food drobs
progressively until they die from acute starvation. This Was
the case in some of the Carex areas during the winter of 1948

to 1949.

Carrying Capacity

Tach area possesses a definite quantity of food
which can be utilized by any one type of animal. This éuan—
tity determines the maximum population.that can be supported
without the destruction of the habitat. If the population
exceeds the food carrying capacity of an aﬁeé, thebhabitat will
be destiOyed by the severe coaction which results. The animal
numbers reach high magnitudes when the biofic potential is
very high while the envirommental resistance is low. The ei—
cess numbers increase thelr own environmental resistancé as
coaction on the vegetation progresses. When the hgbitat i§ 
nearing its destruction, the animals must migrate to new areas
or else their numbers will rapidly decrease due to the greatly
increased mortality rate which is brought about by the folloﬁ~

ing factors -

intraspecific predation
interspecific predation
starvation

development of epizootic diseases

A TN P
&0 o
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The food cerrying capacity of the Pruden Bay Station,

Netley Marsh was calculated as follows -

Mep Reference #4

rotal area of the habitat sessess..s. 16.8 acres or
h 734,062.5 sq. ft.

Total area occupied DY Water eeeecoes 1715562.5 sq. ft.

Total emergent vegetstional area .... 562,500,0 sq. ft.

This total emergent vegetation area was sdbdivided_into -

SCiI‘pus fluViatilis es s 0000000000 596,25000 Sq. fto
Phrag}lites m&XimU.S 0062 0689 09" PO 45’000;0 Sq. fto
§agit‘tari§ ‘Do e s s e s s s es et R ReRS 7,032.0 Sd e fto
Seedlings of Tyvha ' T

and Scirpus validuS ececessoscsssne 4,218.0 sq. ft.

200

During the summer the following data, relating to the river
~bulrush vegetation, was obtained for each square foot of area
Average edible portion of stems ..... 1 1/2 1bs.

Average edible portion of corms ..... 2 1lbs,

Total edible portion ......... 3 1/2 1bs.

Therefore, the area occupied by the bulrush végetation
produced 1,771,875 1lbs., of food. Assuming that the remainfﬁg
vegetation produced at least one pound of edible.food per

square foot, 56,250 1bs. of food resulted.

Therefore, the total edible food, not including
Potemogeton and other submergent species, at this station
amounted to 1,828,125 lbs. 107Z of this food may be wasted

by the animals during transportation or the process of eating.




This left 1,645,312.5 1lbs. of food to be potentially taken_@n
by the muskrats. Iach muskrat during 24 hours should consume

approximately 2 lbs. of this food,

Therefore, this total area has the theoretical
possibility of being able to support 2,254 muskraﬁs per year.
In other words, one acre of this habitat could support 134

- muskrats per annum.

However the muskrat cannot efficiently utilize all
of the edible materials which are present in a marsh after a
certain limiting doncentration. When this concentration is
reached more energy is wasted in seeking the food than can be
reﬁlenished upon obtaining it. Also in order to keep the area
in its maximum production status for a long period of time, a
portion of the vegétation must be preservedkin order tovinsure
sexual as well as asexual reproduction of the plant growth.
Even if 25%of the muskrat population is removed in order to
overcome the limiting efficient concentration of féod vegetation
and to allow sufficient plant reproduction, the area at th;\
Pruden Bay Station can support 1,680 animals of 100 muskrd s
per aere. These calcul&tions are based on the food and building
material éapacity of the area and no definite conclusions can be
stated regarding the detrimental effects which might be set up due
to population pressures. If population pressures come intp fqrce
before the sbove stated carrying capabity is realized, then the
animal numbers must be kept at a certain status below that possi;

ible number as calculated from carrying capacity alone.
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The game manager must have this information as soon

as possible in order to be able to allow the optimum breediqg
population to remain on an area by setting the correct trapp-
ing quotas. The size ofAthe breeding stqck will depend on 1

the carrying capacity of the individual vegetational hebitats
unless this capacify is so high as to enable the production'

of such a large number of meskrats which will produce popula-

tion pressures with their ensuing detrimental effects.

IIT Protective potential

Most animals possess certain inherent characteristics
which enable them to survive the severe_fluctuatiOns in their‘
enviromrment and certain types of predations. The muskrat posé~
ess a warm, water=-resistant fur whichkoffers the body gfeat pro;
tection from exposure. Their ability of diving and swimming is
highly developed., This enables them to eéscape meny of their
predators., Becausg of the highly developed limbs and claws.thé
animal can burrow gquite efficiently (Figs. 34 and 55). 4%£evani-
mals can escape many of their avian predators by entering theif
55u§ibWs. The muskrat's ability to construct houses (Figs. éé
to 41) is of great importance_in their protective protential.,

- By this means the animals are able to survive the great fluctu-
ations Which are encountered in the Manitoban Marshes, Another
great féctor in the prdtective potential of muskrats is their
parental care of the newly-born offspring, The young>are pro;

tected from the fluctuating tempefatures and the direct exposure




Figure 34.--- A muskrat runway leading to a burrow

in the seedling vegetation of Scirpus vaiidus.

Figure 35,--- A runway from the edge of a channel
leading up to a burrow on the bank where Phragmites
predominates (Netley Marsh, 1949).







Figure 36.--- Note in the background a winter lodge
which is precariously situated due tc the lack of cover
and exposure to wave action. The narrow strip of

vegetation is composed of Carex spp. (Oak Lake, 19/5/49).

Figure 37,--- A newly oonstruéted house in a cover
of Phragmites and Sdirpus validus., The measurements are;
water depth.......... 7 inches,
height above water... 19 inbhes,
average diameter..... 66 inbhes,
The lodge was situaded in an ares where cover, food, and

water conditions were near an optimum (Oak Lake, 13/8/49).

Figure 38,--- A recently constructed muskrat lodge

in Scirpus fluviatilis vegetation. The measurements are:

. water depth.........., 8 inches,
height above water.... 326 inches,
average diameter...... 108 inches.

Seven young muskrats were found in a large maternity nest

(Netley Marsh, 4/8/49).







Figure 39.--- Value of cover vegetation during winter.
Regions which were deviod of emergent vegetation had ice
formation over two inches in thickness (at the right). Areas
which possessed such emergent vegetation as Scirpus fluviatilis
had only a #ery thin sheet of ice (at the left).

(Netley Marsh, 19/11/49).

Figure 40.--- A winter lodge in the midst of Scirpus

fluvistilis vegetation. Note the oircular zone immediately

surrounding the house, This 1is fhe_ result of previous

»coa.cticn. Measurements: water depth........... 10 inches,
Height“ above water.... 20 inches,
average diameter, | 80 inches,

(Netley Marsh, 19/11/49)

Figure 41.--- Collection of snow in areas where there

is a sufficient growth of reed-swamp plants such as Phragmites

maximus. The snow prevents deep freezing of water and enables
| the muskrat to obtain corms and rhizomes from the unfrozen

submerged substratum (Netley Marsh, December, 1949).
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to sunlight by being sheltered in a warm, dry nest inside

the lodge.

Since house construction is one of the mast.valuablé
fadtors comprising the muskrat's protective potential, détailed
observations were carried out during the summer of 1949 (Data |
on pages 98 to T4 )« Table X summarizes the results. F?om
the table it is evident that 511 of the preferred cover and

construction plants belong to the reed~swamp vegetation.,




Date

May 13

May 13
May 13
May 13

May 13

May 13
May 13

May 13
May 13
May 13
May 13
May 13
May 13
May 13

May 13
May 13

May 13
May 13
May 13
May 14

Whitewater Lake

Oak

Iocation

1t
ft
"

n
n
1

Lake

Cover

Trash
tl.

!

Typha

n

Carex

1

Construction

Scirpus
fluviatilis
I
1

{Typha,

(Scirpus fl. &

(Algae balls

(Typha &
(Scirpus fl.

Typha
(Typha &

(Scirpus fl.
1

n
1
n
n

n

(Typha, Carex,

(Phragmites &
(8cirpus fl.
A
(Typha &
(Scirpus fl.
1

ft
1

Carex Grasses

Water ‘ Average No. of
Depth. Height Diameter nests
27 . 20 L8 1
30 18 L8 2
29 22 L8 1
26 19 L8 1
25 14 L2 1
27 22 L8 1
26 16 L8 1
29 16 L8 1
29 16 L2 1
30 20 L8 1
23 22 54 0
2L 10 LE 2
8 15 L6 1
10 20 L5 1
2L 14 38 1
2L 20 18 1
23 14 32 1
18 14 38 1
12 14 36 1
13 20 54 1-3
12 21 50 1

Remarks

Occupied

1
1

Young present

Occupied

n
Under construction

Young present

Occupied
n

un
i
1

Unoccupied 13
similar houses
were located.
Occupied

93ed

Qs




Date

May
May

May
May
May

May
May

May
May

May
May
jay
May

May

May

May
May

¢/

May
May

14
14

15
15
15
15

15
15

15
15

15
15
15
15

15

21,
21,
25
25
25

Location

Oak Lake

Netley Marsh

1"t
u

44

n

N.E. Devil

Lake

44

n
1"

Cover

Carex
"

Phragmites

1
i

f
Scirpus fl.

Construction

Carex,Grasses
Carex,Mud

Carex,Mud
] o

Carex,Grasses
1 it

" 1t

(Carex, Grasses
(& mud
- 1
(Carex,

(Scirpus fl.
1"

un
1]
i

(Carex,
(Scirpus fl, &
{(mud

Phragmites

ft

(Phragmites
(& Scirpus

u

Seirrus fl.

Water Average No, of
Depth Height Diameter nests
12 36 96 2
10 25 78 1-3
10 2L 54 1
12 26 70 3
6 16 50 2
10 28 60 2
+5 20 €0 1
9 12 38 1
10 15 LO 1
21 35 56 1
12 12 36 1
8 18 L8 1
8 18 54 1
12 36 72 3
0 18 72 1

1

o5 18 L0 1
14 22 66 2
20 18 8L 1
6 18 72 1

Remarks

Unoccupied

97 similar houses

were located -
unoccupied.

Occupied
1

u

Unoccupied,
remains of a
mink nest,
Unoccupied

Occupied, wet plug
of mud present.

Unoccupied
i

4]

n

1 )
Occupation
doubtful,.
Unoccupied
except for
mice 5 similar
houses located
Young present

1" u

Occupied

u
n

6G o8eq




May

May
May

May

- May

May
May
May
May

<

May

May
May
May

May
May
May
May
May
May
Mav

25

25
25
25

25
25
25
25
25
25
25

Location

Netley Marsh

f 1t
] "
" 1
" n

14 At
11" M
" n

" 1

1" "
" 1
n 1
1 1

Cover
Scirpus fl.

Phragmites
1

"

Carex

1n
1"
"
n

u

Phragmites
"

Carex

Scirpus fle

1t 1"
1T 1t

Construction

(Scirpus fl.

Phregmites
1t

1
(Phregmites

(& Cerex

Carex
tt

Phragmites
1!

(Carex &
(Phragmites

Carex

Scirpus fl.

i it
i 1

Water Average No, of
Depth Height Diameter nests
3 30 Th 0
6 22 70 3
7 26 L 1
7 25 76 1
0 35 L 1
0 17 72 1
0 33 8l 1
0 26 78 1
0 2l 70 1
.5 36 72 1
.0 2l Th 0
2 26 90 1
1 25 80 1
o5 2L 78 1
11 22 80 2
7 23 68 1
0 27 92 1
1 22 99 1
0 20 58 2
0 19 72 1
0 20 76 1
1 2L 8L 1
1 .22 66 1
7 16 70 1

Remarks

Occupation

doubtful.

Occupied

Young present
n 1"

Occupied

]
]
i

Occupation
doubtful.
Occupied
Under construction .
Young present
Occupied - 2
similar houses
were found.
Unoccupied - 11
similar houses
were found.
Occupied

Young present
Occupation
doubtful
Occupied

Unoccupied
n

1

Occupied
1

Maternity nest ©

g e3e]




Date

May
May
May
‘ May
May
May
May
May

May
May

Yay

May
May
May

May
" May

May

25

25
25
25

25
25
25

25
25
25
25

25
25
25

Location -

Netley Marsh

" u
" 1"

2 n

u 1

" 1t

n "

n 1t

" Cn

1t n

Cover

Phragmites

n
!
on

1

Scirpus fl.
"

1

1

Carex

(Phragmites,
(Scirpus fl.

1 "t

Water Average No, of
Construction Depth Height Diameter nests
(Scirpus fl. & 2 22 72 1
(Phragmites -
" " 0 18 102 1
u " 0 24 68 2
44 " 0 27 98 O
wooow 6 16 72 0
Scirpus fl, 2 22 7L 1
n 1t 3 2z+ 70 0
(Scirpus fl. 1 26 69 1
(& Phragmites
" " 0 22 60 0
n " . 5 L,’O 80 1
" " 1 25 68 0
" " 0 18 67 0
1t ] 2 21, 90 1
" " 0 26 62 1
] i 0 20 60 0
(Carex & 0 14 62 0
(Scirpus fl.
{Phragmites & 3 24 73 2
(Scirpus fl. L 36 78 1

" n

Remarks

Occupled

Unoccupied
Occupied
Occupation

donbt ful
Unoccupied

Young present
Unoccupied - 1
other house of
same type present.
Occupied

Unoccupied
Maternity nest
Unoccupied - 3
other houses of
same type present.
Unoccupied - 1
other house also
located.
Occupied

"
Unoccupied -
6 similar
houses
located.
Unoccupied

Young present
Maternity
nest,

Y
joo
foge)
0]
O
[




Tocation

Netley Marsh

1" n
i
1

Cover

(Phragmites,

(Scirpus M.

1 ft

Phragmites

Constomction

(Phragmites &
(Scirrus fl.

LUl n

Phragrrites

(Phragmites & (Phragmites &
(Scirpus fi,
11 H

1
H
1"

Scirpus fl.

(Phragmites,
(Scirpus fl.
(typha
Carex ‘
Phragmites

Carex

Scirpus fle
"

"

Phragmites
1

"
Carex
1
"

n
1

Phragmites

Carex
Phragmites

(Scirpus M.

1 14

n A\

i 1]

i 1
(Scirrus fl. &
(mud

Phrapmites

Carex
(Phragmites &
(Scirpus fl.

Carex

Scirpus fl.

1

1
Phragmites
n
H
Carex
1"
1
1
1t
Ppragmites
Carex
Phragmites

Water
Depth

Height

Average
Diameter

NO. Of
nests

Remarks

6

o O

0000000000 ®OO

30

16

22

2L,
5k
2l

23

18
25

16
2L
18
18
36
1L
30
26
20
23
14
26
36
29
3L

80

82
114
82

78
8l

70
88

60

60
66

58
70
70
60
s
58
92
6l
70
68
50
70
73
90
8L

1

M- HOOORHFHOOMOOHOQ = O

Maternity nest.
Occupied

"
Unoccupied

n

Occupied

Unoccupied
1t

1]

Occupied

Unoccupied
Occupied

Unoccupied
t

1"
n"
1t
i
Occupied
1"
1t -
n
tt




Date

May
May

May
May
May
May
May
May
May

May
May
May
May
May
May
May
May

May -
May &

May

May 2
May 2
May

May

May -
May ~

May
Mey
May

Location

Netley Marsh

1 i

1 "
1 1

2 i
1 n
n 1t
2 4
n n
4] } 1
Pruden Bay
n 1

1 1t

n
" V i
1 44
n 4]

n n S~

n 41
" ]
n un

Netley Marsh,
Section 12

Cover

Carex
1n

Hh
n

Phragmites

_ Carex

Phragmites

Carex
1"

Scirpus fle

\i

Water Average No, of
Construction Depth Height Diameter nests
Carex 0 19 6L 0
(Carex & 0 14 LO 0
(Phragmites
Carex 0 2L 80 1
" 1 26 76 0
Phragmites 0 36 73 1
Carex 0 29 90 1
Phragmites 0 34 8L 1
Carex 0 19 6l 0
(Carex & 0 14 LO 0
(Phragmites _
Carex 0 2L 80 1
" 1 26 76 0
" 0 22 78 0
1 0 27 8L 1
1t 0 26 92 1
B 0 30 114 1
" 0 21 76 1
- Scirpus fl. 6 30 118 1
" 0 26 96 0
" 0 23 82 0
" 0 26 96 1
f 0 27 110 1
" 6 26 92 1
1 i 3 30 90 1
t 2 14 106 1l
n 6 20 90 1
" 6 21, 96 1
t 6 18 90 1
u 5 23 92 1
n 0 17 78 0

Remarks

Unoccupied
1"

Occupied
Unoccupied

Occupied
u

u

Uncccupied
1" .

Occupied
Unoccupied
Occupation ?
Occupied

n

"

Unoccupied
Occupied
Unoccupied

4]
Young present
Occupied

Young present
1 1"

1" fn
1 "

Occupied

Young present
n 4

£9 o3eg

Unoccupied




Date

May 27

May 27
May 27
May 27
May 27

May 27
May 27
May 27
May 27
May 27
May 27
May 27
May 31

May 31
May 31

May 31
May 31

June 2

srne 2

Location

Netley Marsh,

Section 12
1 1

] 1
! 4]
1 1
1" . n

Lake Francis

un "

n "

Delta Marsh

i\t n

Cover

Scirpus fl,

\
Carex
1
1t
(Carex &
(Typha
Carex
(Carex &
(Typha

Carex
oon

"

n
(Carex &
(Typha

Thragmites

1
i

Phragmites

4

Construction

Scirpus fl.

n
Carex
n
1

(Carex &
(Typha
Carex
(Carex &

(Typha

Carex
1t

1]
44

(Carex &
(Typha

(Typha,
(Phragmites,

(Scirrus fl.

n f
"o 1

Phragmites
1

(Phragmites,
(Scirpus vl.
Phragmites

~

Water Average No, of
Depth Height Diameter nests
0 15 80 0
0 18 110 2
0 21 95 0
0 11 89 0
0 25 72 1
0 22 86 0
.5 16 82 1
o5 19 70 1
0 22 82 2
0 23 86 1
0 20 80 1
0 22 76 0
) 22 76 0
23 13 66 1
12 18 5k 1
22 11 5k 0
11 18 66 1
17 18 8h‘ 1
19 26 82 1
8 2L 88 1

Remarks
Unoccupied

Occupied
Unoccupied
4]
Occupied
Unoccupied

Occupied
o

n

Occupation ?

Unoccupied
1

tt

Young present -
3 other similar
houses found.
Occupied
Unoccupied -~ 1
other similar
house found.
Young present

Unoccupied -

2 other

similar houses U
o

T Ound . O(g .

Occupied o
=

1




Date
June

June
June
June

June
June
June

2

June 2

June
June

June
June
June
June

June
June

June

June
June

June
June
JuT 2

W W NN

W W JOVR U]

W w W

Location

Delta Marsh

n

1
'8

n

tr
"
i

1"

Cover

Phragmites

Typha
. 1
Phragmites

"
1
n

1"
1

4

1

n

Typha

Phragmites
1"

n

(Scirpus vl.

Water Average No, of
Construction Depth Height  Diameter Nests

(Phragmites & 20 21, 86 1
(Scirpus vi.

n " 10 22 65 1
Phragmites 2 25 67 1

(Phragmites & 27 14 62 1
(Scirpus vl,

Typha 26 22 86 1
u 24 12 69 2

(Phragmites & 26 22 100 1
(Scirpus vl.

1 n 20 22 96 1
" u 14 18 70 2

(Scirpus vl. & 21 22 102 2
(Typha :

n b 23 22 96 1
u u 2l 20 66 2
nooow 18 2h 66 1

(Phragmites, 12 18 30 1
(Scirpus vl.

(& Typha ,

' n n 10 20 62 1
Phragmites 6 22 66 1
(Phragmites & 7 22 60 1

ha

(Typ 1" " 13 16 66 1
(Typha & 23 15 96 1
(Scirpus vl.

Phragmites 21 20 72 2
U 20 18 66 1
(Phragmites & 11 17 L2 1

Remarks

Young present

. 44 1"
Occupied
Young present
n U
Occupied
Young present

u ft

"Occupied

1"

Young present
Occupied
1

Young present

Occupied - 2 other

similar houses
found.,

Young present
It 1

u "

Occupied
Young present
n it

G9 s8eg




Bate

June
June
June
“June
June
June
June
June

June
June

June

3

3
3

22
22
22
22
22
22
22

22

22

22
22

22

22
23
2l

Tocation

Delta Marsh

n it
t "

Summerberry
Marshes
n

"

L "
Lt 1

[{] i
1 n

T "

n n

1" n

Cover

Phragmites

"
k0

Grasses

i

Phragnites
(Willows &
{Carex
Phragmites
" .

Salix
Carex
1"
Phragmites
4]

Carex

Phragmites

4

(Phragmites
(& Typha

Water Average No. of
Construction Depth Height Diameter neats
(Phragmites & 23 28 110 1
(Scirpus vi.

u v 22 22 90 1
(Phragmites, 26 23 90 1
(Scirpus vi.

(& Tyrha
Grasses 15 18 8l 1

n 16 18 8L 1
Phragmites 12 20 86 3
(Carex & 18 16 98 2
(Algae balls

. Phragmites 19 17 &l 1

u 10 27 98 1
(Carex, mud 0 32 58 1
Carex 8 22 60 2

" 1 20 6L, 1
Phragmites 12 16 72 3
(Phragmites & 11 16 60 1
(wood chips \
Carex 2 12 6l 0
Phragmites 10 16 78 1
" 7 2L 72 2
" 11 23 68 1

Remarks
Young Pfesent

n un
n "

Occupied

\
]
n

Occupation ?
Young present
Unoccupied - 4
similar houses
found.

Young present -
2 other houses
found,
Unoccupied - 2
other houses
found.,

Occupied
i

Unoccupied @
6 others

g

o
0

[¢]
o
O

found.
Occupied
Young present
Occupied




Date

June

June

June

June

June -

June
June
June
June

June

June
June

June

29
29

29

29

29
29

29

29
29

30
30

Location

Netley Marsh

1 1

1 1

n 1

n 1
n 1

1" 1

" "
" tn

=2

"

Cover

(Phragmites,

(Scirpus fla

Phragmites

(Salix &

(Grasses

(Acorus,
(Typha &
(Carex
(Acorus &
(Carex
1

(Acorus,

(Phragmites

(Carex
Phragmites

Scirpus fl.

Acorus

Phragmites
(Phragmites,

(Typha

Phragmites

Construction

(Phragmites &

(Scirpus vl.
(Phragmites,
(Acorus,

{(Equisetem &
(Scirpus fl.

(Salix, Acorus,
. (Typha, Carex &

(Scirpus fl.
(Scirpus fl.

(Acorus, Carex

(& Algae

(Carex, Acorus,
(& Scirpus fl.

(Scirpus fl.
(& Carex '
(Algae balls,
(Scirpus fl.

(Phregmites,

“(Scirpus fla

Scirpus fl,.
(Phragmites,
(Scirpus fl.
(Algse balls

Phraemites
(Phregmites,

(Typha, Carex,

(Algee balls

(Phregmites,
(Algee balls

Water Average No., of
Depth Height Diameter Nests
S 36 12k 3
5 36 96 2
0 32 72 1
0 12 60 0
) 10 60 0
5 22 90 1
0 12 60 0
0 12 €0 0
0 - 10 60 0
0 30 2 1
6 12 L5 1
5 13 52 0
10 56 108 3

Remarks

Occupied

®

Unoccupled

Occupied
Unoccupied -
20 similar
houses found.
Young present
3 similar
houses found.

s
&
oQ
[}
@)
~3




Date
July 15
July 15

July 15
July 15

July 15

July 15
July 15
July 15

July 15
July 16
July 16

July 16

July 19

July 19
July 19
July 19

July 19
July 19

Location
Delta Marsh

" u
n f
" u .

1 n

i i

Netley Marsh,

Passwa
7" 1t

" 1
n n

" 1"
” n

Cover

(Phragmites,
(Typha
1

1 1

"

(Phragmites,

(Scirpus vl
(Ph?agmites,
(Scirpus vl.

(yypha
Phragmites
1

Typha

Phragmites
5 )

1

1t

Carex

Phragmites
1

(Carex,

(Phragmites

Phragmites

Scirpus fl.

Construction

Phragmites

4]
]
un

i

]
n

(Typha,
(Scirpus vl.

Phragmites
1t

fn

Carex

Phragmites
1

"

1

Scirpus fle.

Water Average No. of
Depth Height Diameter nests Remarks

2L 12 L2 3 Occupied

20 18 40 2 u :

21 15 L8 1 Young present

2L 16 52 1 n u

2L 17 50 1 " n

22 17 52 1 b n

20 19 L8 1 " t

20 12 42 2 Young present -

1 other house
found.

20 14 L5 2 Young present

19 20 60 1 n n

17 18 56 2 Young present - 4
others of similar
data located in
area.

16 20 L8 1 Occupied - 5
houses of similar
data located
also.

0 14 58 0 Unoccupied

9 10 108 3 Occupied

1 20 78 1 n o
3 ral 80 1 1t %
1 20 78 1 Occupation ? 3
13 12 78 0 Construction




Date

July
July

July
July
July

July
July
July
July
July
July
July
July

July

July
July

August 3

August 3
 Magust 4

August L
Mugust 4

Mugust 4

August L

20
20

20
20
22

22
22
22
22
22
22
22
26

26

26
26

Iocation

Netley Marsh,

- Section 1

1 "

] 4]
n 1

Netley Marsh,
Pruden Bay
n it

n 1t
n "
1" 1®
n "
n n
n n

Netley Marsh,
Section 25

n n

u n

Netley Marsh,
Pruden Bay
n i

Netley Marsh,
L. Devil Lake

1" L
n 1"

" "

Cover
Grasses

(Phragmites,
(Scirpus fl.
1"

Scirpus fi,

un 1

Carex

(Seedlings,
(Carex

Carex . .
1

Scirpus fle

" u
11 "

1 n

Water Average No, of
Construction Depth Height Diameter nests Remarks
Salix 0 23 58 1 Unoccupied - 4
: others found.
(Phragmites, o5 20 L5 2 New construction
(Scirpus fl. , ‘
N " 5 32 55 1 Occupied
Scirpus fl. 8 32 95 3 New construction
t " 2 12 23 1 Young present
" n o5 2L 110 3 Occupied
1" " 6 10 30 1 1
1t 1 2 20 100 [+ ft
" 1 5 18 50 1 Maternity nest
" " 5 10 L8 0 Occupation ?
n u L 38 110 1 Occupation ?
u u 11 18 L8 1 Young present
Carex .5 2l 6l 2 Occupation ? - 5
other found.
n 0 36 102 3 Occupied
" 0 28 50 2 n
ol 0 17 6L, 2 Unoccupied - 8
others found
Scirpus fl. 3 26 80 3 Construction
proceeding.
n n 5 38 120 3 Occupied
4 1t 6 26 5l 3 Newly
. ' constructed.
1 no 0 30 50 3 i n -
u 1t 6 26 108 2 u v Ugt;
Young present.gi
" n 2 10 32 0 Under 0
‘ Construction. °
il " 1 27 120 2 Young Present.




Date

August 8

August

lugust
lugust

Augllst
Mugust

August
Migust
lugust

M £us t
hugust

August

lugust
hugust
August
fugust

Lugust

11

11
n

1
12

12
12

12
12

16

16

16
16
16
16
16

Location

Netley Marsh,
L. Devil Lake
Whitewater Lake

1 1
1 it

1 n

Oak Lake

] 7"

" 1"
4] n

Summerberry

Marshes, Pakow

Zone
1" 1

1" 1t

" 4]
4] 4]

Summerberry
Marshes, Poplar (Acorus
Point Lake '

Average No., of
Cover Construction Depth Height Diameter nests
Acorus (Acorus, 5 2l 70 1
(Scirpus fl.
Typha Typhe 19 12 36 2
i " 18 16 L5 1
(Scirpus vl. Scirpus vl. 18 . 6 78 0
(Typha
1 211 11 n 18 18 514' 1
Carex (Carex, 18 18 54 0
(Scirpus vl. '
Trash (Scirpus f1. 24 16 40 0
{Algae balls
Seirpus vl. (Scirpus vl. 2l 16 LO 0
(A1lgae balls
] 1" Son ] 6 15 56 0
f 1 " " 6 19 66 0
Carex Carex 8 16 8L 2
(Phragmites, (Phregmites, 12 18 8l 2
(Acorus, Typha,(icorus
(Carex _
(Phragmites, (Phragmites, 18 12 L0 0
(Acorus, Carex(Carex
Phragmites (Phragmites, 12 2L 60 1
(Carex, Acorus,
(Algae balls
n n L 12 20 20 1
" (Phragmites, 20 18 108 0
(Carex
(Carex, (Rarex, o5 15 24 1
(icorus

Water

Remarks
Newly constructed

Open nests =-
young present.

‘Occupied

1"

4]

Unoccupied .

Under construction

t ’ 1"

Newly repaired

Occupied

Under
construction
Newly
constructed

Occupied
Unoccupied

"0l e8eg

Occupied




Date

lugust

hugust
August

Kugust
Rugust

fugust
hugust
lugust

Augpst

lugust
Lugust

lugust

1"111 gu. S t
lugust

August

lugust

16

16
16

16
17

17

17
17

17

17<

17

18 -

18
18

18

18

n i

Location Cover
Summerberry (Phragmites,
Marshes, Poplar (Sparganium
Point Lake
" " Phragmites
n n (Phragmites,
(Sparganium,
(Sagittaria
" " Phragmites
Summerberry "
Lake 34 -
- Richard Zone
1 1 n
t u "
1 1 (Typha,
(Equisetum
1" n (Carex,
(Typha
1 it 1
n " "
Summerberry, Phragmites
Lake 36 -
Richard Zone v
n 1 1t
" 1t t
" " (Phragmites,
(Scirpus vl
(Equisetum

(Scirpus vl
(Equisetum

(Algae balls

Water Average- No, of
Construction Depth Height Diameter nests
(Phragmites 6 30 102 1
(Phragmites, 6 12 L8 1
(Algae balls
(Phragmites, 6 14 50 2
(Algae balls
v U 7 26 L8 2
Phragmites 2l 24 26 1
" 1t 22 . 26 21+ 1
n 1" 30 2l 90 3
Typha 30 20 66 1
(Carex, Typha, 27 22 5l 2
{Algae balls
1 " 25 23 60 2
1" 1" 27~ 20 80 1
Phragmites 2L 20 82 1
(Phregmites, 21 18 30 2
(Mlgee balls
Phragmites‘\ 7 26 50 1
(Phragmites, 12 20 8, 2
(Scirpus
(Carex
(Scirpus, 14 16 60 1

Remarks

Occupied

i

"

H
Occupied - 1
simlilar house
Newly construc

3] n

ted

Young present-

1 other house.
Occupied

* T4 e8=d




Date

fugust
August
Mugust
Lugust
August
August
Mugust

Mugust

Au gust
fugust

ugust
fugust
August
August
Iugust
Mugust

Mugust

Mugust
fugust

Magust

18

18
18

18
18
18
18
2l

20,
21,

21,
21,
24,
21,
21,
21,
21,
21,
21,

2L

Location

Summerberry,
Lake 36 -

Richard Zone
n i

" o

1 4]
" 1"
n ft

Summerberry,
Hill Island

Netley Marsh,
Pruden Bay

LH ki

Netley Marsh,

L. Devil Lake
1

R L

1 3]
" 1
tt "

Netley Marsh,

West Channel,

Red River
! "

1 ft

Cover

(Acorus,

(Typha

"o

-Scirpus AN

Phragmites

n
1"

(Salix,
(Scirpus vle
(Typha
Scirpus vl.

i

Acorus

Scirpis fl.

" 1
1 n
i) 1

|4 1"

1 "

Construction

(Ty'pha ’
(Scirpus vl.
(Agae balls
" . "
(Scirpus vl.
(Llgae balls

Phragmites
" 1t

1 ]

(Salix,
(Carex

Scirpus vi,

] "

(Acorus, Carex,
Equisetum, mud

(Phregmites,
(Scirpus vi.

Scirpus fl.
1" n

1" 3]
1 n

1 "

Water Average No, of
Depth Height Diameter nests Remarks
30 22 54 1 Newly constructed-
5 other houses
16 20 30 1 Newly constructed
16 2l 8L 2 Newly repaired
18 18 54 1 Newly constructed
19 17 53 2 1 n
21 24 L2 1 " n
0 7 80 1 Occupied
2 28 96 2 Newly constructed
.5 o1 61, 1 1 n
O 18 50 3 n 1
l v 21+ 52 3 i 1
2 20 L2 0 Under construction
2 12 26 0 " "
2 10 24 1 " "
5 14 60 2 Newly constructed
L 16 82 0 Under con-
struction
3 1L L0 1 Newly con-
structed
6 12 58 1 Young present £
3 22 0 0 Under con- @
struction N
o ll-(. 63 O i 1 .




Date

fugust 24

August 25

October

October
October

QOctober

October
October

October
October
October

October

October
October
October
October
October
October
October
October
October
October

7
7
7
7
7
8

oo e

(NeJNo RN NN o JaN¢ N IV e RN ]

Location

Netley Marsh,
West Channel,
Red River
Netley Marsh,
Passwa Lake
Netley Marsh,
Pruden Bay

n

1
n t

1 ”

n fn

Netley Marsh,

Passwa
1" 1

4] 1t

Netley Marsh,
Section 18
Delta Marsh

Cover -

Scirpus fl.

n 1

) t
" 1

" 1

Phragmites

Grasses
i
Phragmites

Grasses
i

"

Water Average No, of
Construction Depth Height Diameter nests
Scirpus fl, 0 20 66 2
i u 15 18 Sl& l
[t 1t 0 34, 8L, 1
n fr 0 30 72 3
1 1 2 40 ag | 2
n n . 5 16 3 ll- x
" " 2 L0 108 x
" u .2 L2 144 x
1" n .5 ‘ 30 90 x
" " 5 36 110 x
" " 10 28 90 X
(Phregmites, 10 2 40 1
(Meae balls,
(mad
Grasses 10 LO 72 X
" 18 26 5L x
Phregmites 8 28 50 b'd
Grasses 6 32 60 x
" 7 12 L5 0
" A 8 28 58 X
" 3 28 78 X
n 10 36 60 b'e
" 10 24 32 x
1" 6 32 90 x

Remarks

Newly constructed

" )]

Kits present

n "
u n

8 similar houses
Kits present - 4
similar houses
Occupied

Kits present

on #

L 1
Kits present - 10

similar houses
Occupied

Occupation ?
Occuged
1

*CL o3eg




Date

October 9
October 9
October 9
October 9
October 9
October 9
October 9

Location

Delta Marsh

i 1
tt 1"
1] "

n "

November 11 Netley Marsh

Transect

Cover

Grasses
n

o
Phragmites
14

4]

Grasses
(Seirpus vle

(Typha,
(Seedlings

Construction

Grasses
i

1"
Phragmites
1 1
" L&

Grasses

(Typha,
(Scirpus fl.
(Scirpus vl.

Water Average No, of
Depth Height Diameter nests
10 L2 78 X
12 12 24 x
9 26 54 x
8 20 L2 X
8 30 78 b4
12 2L 90 X
12 20 39 x
5 28 65 1

Remarks

Occupied
"
i

Occupied - 2
similar houses
in vicinity.

7 oged




TABLE X
SUMMARY OF THE RESULTS OBTAINED FROM THE HOUSE DATA

8 &4 3 8
OCCUPIED = - ) 4 A
AREA WITH MINUS o A EE i%% =P
YOUNG YOUNG 89 B8 g%O Hopg
O g (& Ne] B = ﬁ m D0
= (ol ) jea [ I |
e} [« 9] (@]
Whitewater Lake 20 3 0 o} 33 100. 0%
Oak Lake 9 0 137 1 137 6. 6%
Lake Francis 1 5 5 0 11 - 54,5%
Delta Marsh 37 31 0 1 89 100. 0%
Summerberry 43 7 18 1 86 75, 4%
' Marsh _ : .
Netley Marsh 123 34 107 19 373 57.7%
TOTALS; 331 70 355 33 " B78 54,1%
PREFERRED COVER ~ PREFERRED CONSTRUCTION
Yhitewater Lake Typha latifolia Typha latifolia
Oak Lake Scirpus validus Scirpus validus
Lake Francis ' Phragmites maximus Phragmites maximus
Delta Maesh Phrapgmites maximus _ Phragmites maximus

Summerberry Marsh Phragmites maximus Phragmites maximus
Netley Marsh Secirpus fluviatilis Scirpus fluviatilis
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The factors which determine the location of muskrat lodges

The following four factors all influence the location
(a) building materials
(b) cover vegetation
(c) food vegetation
(d) water depths.

(a) Building materials

Muskrate construct houses from ény material which 1is
avallable 1n a sultable concentration. However the constructien
material is usually derived from the cover or food vegetation.
Thue the following plants are used extensively:

(a) Scirpus fluviatilis

(b) Seilrpus validus

(c) Typha latifolia

(d) Phragmites
These plants do not only furnish bullding materials

but also the cover and food elements. Therefore, if plants
which are sultable as muskrat foold are present, there will be

no deficlency of construction materials.

(p) Cover vegetation

If the lodges are constructed over water, they are
anchored on stalks of dead or living plants and are usually
éurrounded_by some.type of cover vegetation. This gnsurés
the stabllity of the lodge and prevents the surrounding ‘
waters or mud from freezing deeply by the coating of snow

which ig held by the cover plants during the winter months.
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Generally muskrats do not leave their cover vegetation unless
water 1s absent. Therefore during drought conditions the
lodges are built in an exposed manner. This causes deep
freezing of the surrounding waters and mud which cause diff-
lculties during entrance and exit from the lodge in order
‘to procure food. Also with the comlng of the spring, these
houses are usually carried off by the swift flowing run-off
waters. Usually the muskrat finds a location where water is
present among some type of cover vegetation which is usually
utllized to a great extent as food. Therefore, if the suit-
able food vegetation is present together with some water, the
muskrate usually build in the food vegetation. This location
1z very satisfactory because building cover, and food materials

are all together and are easily accessible.

(¢) Food vegetation

The lodge is generzlly located near sultable food,
especially during the winter months. If suitable food plants.
are pregent, the muskrat builds the lodge there. This state-
ment applies eveﬁ though water is completely absent. However,
with the deficienoy‘of water, some types of food plants do not
offer easy accessibility of their underground root systems due
to severe freezing unless the stems furnish enough cover so
that a sufficient blanket of snow 1s captured. Snow prevents

deep freezing of the underground root systems. However, for




-77-
optimum conditions of food accessibility,'water as well as
sufficient cover plants must be ﬁresent. Such considerations
are essentlal because the muskrat does not hibernate or store

a sufficlent quantity of food to last more than a few days.

(d) Water depth

In the fall, most of the lodges are located as cloge
as posglble to moderately deep watér providing cover, bullding
material, and food vegetation are within reach. For optimum
over-wintering conditions, water is one of the essentials,
Water from 10 to 24 inches in depth seems %to be quite satis-
factory., This depth prevents severe freezing of the mud around
the undefground root systems and enables the animals to travel
more easlly. It has been found from both summer and winter
observations that the mﬁskrat lodges are never more than a few
hundred feet away from water., This fact 1llustrates the musk-
. rat's inherent desire for water. Therefore water cannot be

entirely eliminated from an optimum muskrat habitat. /

If the desirable muskrat food plants are présent
together wlth some water, no difficulty will be encountered
by the animals in bullding lodges. It would be desirable in
most cases to raige the fall water levels if at all possible.

In many of the Netley Marsh areas, the lodge location is a

compromigse between existing food, cover, and construction
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vegetation, and the optimum water level obtainable. These are
the conditions as evidenced from‘this winter's observations.
More information on houses and the sultabllity of their |
location would be desiratlec through the winter months for at
that time they are subjected to the severe test of their

sultability in overcoming the extremes of low temperatures.

IV Survival Potential

The survival potential of muskrats is quite high
because of their various protective habits. The survival of
the yﬁung animals 1is fery great because of the great parental
nutritlon and protection. As long as there is no great pop-
ulation pressure, the survival rate of the adults and sub-adults
appears to»be qulte high also. But as soon as the population
increases to a certain magnitude, the survival rate of the
animals decreases rapidly becaﬁse of any one or all of the
following factors: |

(a) intraspecific predation
(b) epizootics
- (e¢) starvation

(d) interspecific predation

It 1s the duty of the game managers to keep all of
these factors at a minimum by suitable trapping programs.

These programs should allow a certain breeding stock which
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will not produce a populatiqn in excess of the carrying
capacity. It is highly probable that even if the carrying
capecity i1s not exceeded, the pepulations may become too
large and some of the above mentioned factors wlll commence.
The population densities have not as yet been determined for
any of the Manitoban‘areas. This means that no definite in-
formation can be brought forward as to the limitling number of
muskrats for any certain type of vegetatlion in order to keep
these undesirable factors at a satisfactory minimum. Never-
thelesgs, thierne fact 1s obvious and has been proved many

times.

The population must not exceed a certain density
otherwise the habltat will be destroyed by the increased
coaction. The population in such a denuded area wili diminish
rapidly until all the animals perish or only a minute fraction

of the former population will remain in a precarious state.

At certain periods of time, the muskrat population
\seems to lose 1ts resistance to certaln diseases which rapldly
establish themselves in epidemic proportions. As yet, there
ig no experimental proof %o support this assumption. .These
epizootics seem to sweep across great areas and destroy most
of the muskrat population durlng certain years whlch seem to

be uniform in thelilr periodicity of occurrence.




-80-

Recorded Field Cases of Muskrat Mortality

Elght different cases of muskrat mortality were
encountered durlng the summer of 1949. These were composed
of 26 individuals. Two deaths were the result of intra-
gspecific predation. Thelremaining 24 mortalities were due
to disease, starvation,‘or suffocation., A female and her
litter of seven young were found dead 1n a house at Netley
Marsh (Fig. 42). No external wounds could be found on any
of-the specimens. On dissection of the adult animal, some
form of enteritis (Errington's ?) seemed to be present
‘because of the hemorrhagic condition of the intestine,
Since a total of 590 muskrats were examined during the
summer, the known mortality rate was determined to be:

26/590 x 100 = 4.4 %

This'figure represents a minimum value which is probably far

below the actual mortality rate.




Figure 42.--- Adult female and her litter of

seven young found dead in a house at Netley Marsh,
10/6/49. Dissection of the adult revealed a hem-
orrhagic condition_of the intestine ﬁrobably pro;
duced by some form of enteritis.

(Photo taken by J. A. McLeod)

Figure 43.--~ A comparison of a normal and
a pathological spleen. The latter is character-
istic of Errington's Virus Enteritis. Note the
numerous, small, white spots and the swollen

condition.
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ENVIRONMENTAL RESISTANCE

The sum total of the factors tending to decrease the
muskrat numbers constitutes what is referred to ecologically as
the animals' envirdnmental reslstance. These factors are exter-
nal and characteristic of the habitat in which the animals live.

The environmental reslstance will be discugssed under three main

divislons:
I Climatic Factors
II Physlographic Factors
III Blotie Factors
I Climatic Factors
Light

Muskrats do not seem to require light directly. 1In
fact exposure to strong sunlight will produce injury which
frequently results in death of young muskrats, devold of hair,

' 1f'they have been subjected to a sufficilent dosage of such rays.
Most of the individuals are protected from suéh an exposure by
being raised in a covered nest. However, a few litters were
found whére no such protection was present due to the open
character of the nest. Such litters may perish quite easily.
Light does have an effect on the behavior of the animéls in
view of the fact that they do most of their feeding at night.
Indirectly, muskrats cannot live without sunlight as they are

primarlly dependent upon those plants whlch require sunlight.
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"Bolar light is never constant but changes quantitatively and
qualitatively ffom day to day, from seagon to season, and from
year to year. These fluctuations may affect the occurrence and
quantity of certain essential amino acids and vitamins which
are essentlial for optimum conditions of growth and health of

the individual and consequently of the whole population.

Molsture

The muskrat, a semi-aquatic animal;, K requlres free
water as a compenent of 1ts optimum habitat. Indirectly
water levels play anvirreplaceable role in their control of
the types of vegetation in the marsh. The carrying capacity
of an area for muskrat production is dependent upon the cond-
ition of the reed-swamp sere which is affected by water depth
and fluctuation of water levels. Free water covering an area
constantly for a number of years produces stagnation among the
emergent vegetation. In order to allow seedling reproduction
-and to prevent plant degeneration, 1t is essential to drain
areas for a certain period of time. Only in this way can the
reed~swamp sefe be malntained at its optimum carrying capacity. .
Therefore, water levels are one of the major factors in the

environmental reslstance of muskrat populations.

Temperature

The muskrats are homlothermic animals and can survive

wide temperature fluctuations because of the protection offered
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by their warm fur and their habit of house-bullding. However
the temperature does exert a decided influence on the growth
and reproductive rates. These latter rates determine animal
numbers. Young muskrats cannot survive the temperature fluc-
tuations unless they are closely protected by the adult female.
They are sheltered in a finé—lined nest and recelve supplemental
heat from the body of the parent. Séme of the young were fourd
in open nests. These individuals would have little chance of

survival during storms.

During the winter season, low temperatures are

‘often fatal to the animals unless the effects of temperature
are modifled in the following way:

(a) sufficient plant cover

(b) sufficlent snow cover

(¢) sufficient depth of water

(d) sufficient concentration of nutritive,

easily;available food. |

When these conditlons are realized, the animals are able to
obtain a sufficient quantity of food. When temperature effects
are not modifled, high mortality occurs due to death by freezing
because of partial starvation. Temperature limits the winter
distribution of muskrats because only a very small portien of

the general marsh area offers optlmum protection against the

severlty of the long cold .season.




II Physiographilc Factors

Nature of the Soill

The character of the soll determines largely the
nature of the vegetation and the types 6f anlmele that can
maintain themselves upon it. Sbils vary in respect to:

(a) origin | |

(b) formation history

(c) texture

(1) clay
(2) sand
(3) silt

(d) porosity (aeration)

(e) moisture

( (1) bound water

(2) free water
(£) chemical nature
(1) pH
(2) relative quantities of inorganic
substances
(3) relative quantities of organic

compounds.

The physical and chemlcal nature of the soil limlte muskrat
distribution because of the type of vegetaticn it produces
and because of other factors which have been mentioned

previcusly.
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Contours
The contours of the mafshes are generally such that
only a small portion can support the vegetation of the reed-
swamp sere. Thls portion can be altered if the water levels
are brought under control. Therefore, contours act as lim-
iting factors by determining fhe slze of the habitat which is

sultable for the ralsing of muskrats.

III Biotlec Factors

Intraspecific Relations

Muskfats compete among themselves for the following:
(a) cover, food, and shelter
(b) mates
(¢) territorial rights ?
Muskrats will attaék one another during critical shortages of
food or space or because of a general feellng of insecurity.
Intraspecific competition and actual warfare are the resuit
of adverse environmental conditions or excessive population
densitles. The animale increase thelr own environmentéi res-
lstance. Thls produces a great lncrease in the mortality rate
which-now exceeds the natglity rate. The population decreases
until the environmental resistance is lewered. In order to
keep intraspeclific strife at a miniﬁum, the following conditioms
are not to be exceeded: |
(2) maximum Hopulation density at which

there 1s no competitlion for space, and

(b) carrying capacity.




. Figure 44.--- A muskrat lodge which had

been opened by bears. No trace of the musk-
rats belonging to this house could be found

(Summerberry Marsh).

Figure 45.--- The results of bear pred-
ation. The house was almost completely level-
ed and most of the young of the litter which
was present were destroyed. Note‘the one sury-

viving muskrat (Summerberry Marsh) .
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Interspecific Relations
| Their is iittle'competition with other species of

animals for cover, food, building materials, or space. How-
ever, muskrats are preyed upon by other animals to some ex-
tent. The most common predators in manitobg are:

(a) bears

(b) mink

(¢) hawks

(a) owls

(e) ﬁolves
During the summer survey,'evidence was uncovered on bear and
wolf predations. Both instances occurred at the Summerbefry
Marsh. A wolf was seen digging into a lodge on June 23rd.
On June 24th, an adult bear with two cubs wae seen performing
the same act. A thorough investigation of that area revealed
over a dozen muskrat lodges 1in a disrupted condition (Fig. 44),
One house had only the rematns one young muskrat. In general,
predation does not constitute a very serious factor and it can

easily be controlled.

Paragites

A,parasitological survey of the intestinal tracts

of 78 muskrats wag undertaken. The data on pages 87 and 88

shows the detailed results.
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LAB., .
NO. Plagiorchids Amphistomes Notocotylids Echinostomes Tapeworms

1 ) 1 3

3 4

3 " 3

4 3

B 10 3

7 38 11 3

8 33 3
11 3 7 3
12 13 6
13 2 8 11 8
14 458 | 6
15 569 4 3
16 353 5 137 7
18 8 105 103
19 11 11 37
30 13 152

23 910 3
23 4 7 43 4
34 730 8 379 3
25 16 12 55
37 14 8 : /
29 " 3 3
31 39 5
33 45 30 80
34 73 6
35 3 848 44
36 38 5
33 5 13
40 60 8 160
41 6 2 ,
43 | o8 480 5
43 .17 5 58 5 1 adult
44 503 15 337 18
46 8 13
48 8 13 65
49 63 3 3
53 8 14 33
55 20 81
57 46 3 38 "




LAB,

NO. Plagiorchids Amphistomes Notocotylids Echinostomes Tapeworms
58 7 4

59 - 8 15

80 4 3

8l 8 o

83 3 '

63 ) 3 9

64 104 15

85 3 lo3

68 143 18 4

87 ) 3 ) 1

70 5 16

73 a8 11 30 41

74 ‘ 8 20 1

76 234 3

80 13 135

81 3l 186 44

823 9 7 83

83 3 50

84 14

85 p-al 8

87 2

88 33 3 87

o1 73 13 :

93 3 18

03 24 56

94 33 4 3

25 - 59 1 4 3

o7 118
100 37
103 8 8 8
134 318 1
139 14 33 3

143 31 8 17

182 3 4 5 lo
194 75 3 40

303 38 7 259 larval oyst
307 1687

18 3 3 adult stage
B4 e 24 Adult Acanthocephalids ----———=e-e-—-—-=
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The parasltes belonged to the following groups:
TREMATODES

1. Family Notocotylidae Lifthe, 1909,
Notocotylus urbanensis (Cort, 1914) Harrah, 1922.

Notocotylus guinduiserialis (Barker and Layghlin, 1911)
Harrah, 1922,

Percentage of individuals infested: 48.7%.
2. Family Paramphistomidae Fischoeder, 1901.

Psegdédiggus zlbethicus (Barker and East, 1915)
‘ : Fukul, 1929.

Percentage of individuals infested: 83.3%.
3. Family Plaglorchidae Lihe, 1909.

Plagiorchis spp.

Percentage of individuals infested: 66,6%.
4, Family Echinostomidae Looss, 1902.
}Species were not identifled. ,
Percentage of individuals infested: 48.7%.
CESTODES ‘
Taenla spp. (not positively identified)
2.6% infestation with adult stages.
1.3% infestation with larval stages.
ACANTHOCEPHALA

Only one muskrat specimen was infested with a num-
ber of parasltes belonging to this group and apparently all
of the same specles. Intestinal perforation by these thorny-

headed worms was the probable cause of death of the animal.
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Two types of mites (Liponyssid and Dermanyssid) are
known to infest muskrats. This year mites occurred on meny of
the young animals and were present in great numbers on some of
them. During the June observations of Summerberry Marsh, a few
young muskrats were found to be covered with such an abundance
of mites that the anlmals' grey color was obscured. Mites are
impertant vectors of pathogenic organ%sms which they transmit
to thelr hosts by inoculation. Therefore, a detalled conslder-
atlion of the poésibility that mlites are responsibie for trans-

mission of epidemic muskrat diseases should be undertaken.

All of the muskrat specimens which had been examined
during this entire year showed vérying degrees of parasitic
infestations. Heavy concentrations of these parasites would
certalnly hinder the development and general well-being of
thelr hosts. Ectoparasitic infestation varies over a number
of years., It has been proved that there is a definite relation
between the number of parasites and the degree of avitaminosis.
@onsequently,vthe mites, etc. may 6n1y be indicators of a
deflcient diet. Aleo, heavy parasiﬁic infestation may cause

& lowering of the host resistance and render them more sus-

éeptable to infection with other dlisease-producing organisms.




Dlgease

Four dlsease-producing organisms are known to cause
severe fluctuations in muskrat populations. They are the
following:

(a) Bacterial types

(1) Microecoccus pyogenes Var. aureus

(2) Pasteurella tularense (Tularemia)

(3) Salmonella typhimurium

(b) Virue type

(4) Errington's Virus Enteritis
Some of the known pathogenes, such as the virus enteritis exist =
in the Manitoba marshes continuously in an endemie form. /
Periodically,‘the organisms agsume epilzootic proportions
cauging the death of the mejority of the muskrats in those
regions. The question:'"Why does the disease take up an
epidemic existence at.certain periods of time?", has not yet
been solved. It is probable that avitamlnosls, decrease in
animel vigor, general malnutrition, high population denslity,

or the increase in the disease vectors and the pathogenicity

of the organism 1tself, all may have some bearing on thits

extremely complex problem.

A few muskrat carcasses bearing huge abscesses under
the neck regions were‘obtained from Loon Lake, Saskatchewan,

in December of 1949. Evidently, a localized epidemic of some
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type was taking place in this area for many houses contained

dead or dying animels. Laboratory investigation revealed the

presence of the above mentioned Micrococcus species. A very |
virulent straln of thls organism can produce death of the
individual very rapidly and also 1t can cause epidemics be-
cause of 1its easy transmiss1on'by carcasseg or faecal mater-
lals possessing the disease by contaminating the food and wat-

er supplies.

Epldemics of this type are not néﬁ. ‘During the late
summer of 1903 on Seton's estate in Conneticut, an epidemic
océurred among the varying hares. Preble in 1908 reported a
similar epidemic among the hares and rabbits along the Héj
River and Lower Athabaska river in the summer of 1903 (Mac-
Lulich, 1937).

Pasteurella tularense, the causative organism of

tularemia, was found to be widespread among such mammals as
the beaver and the muskrat both in Canada and in the United
States during the past years. This organism was found to be
transmitted by the following vectors:

(a) Chrysops discalis ....... deer fly (seen biting
young muskrats)

(b) Dermacentor SppP. «.... ... ticks

(¢c) Haemodipsus ventricosus rabbit louse

(d) RPolyplox serratug ...... . mouse louge
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(e) Ceratophyllus a8CUtUS eseeceens. Bguirrel flea

(f) Stomoxys calcitrans .scccveees. 8table fly

(g) Cimex lectulariug ............. Bed bug

Since this pathogen 1s transmltted by biting and sucking
ingects, mites may also act as vectors. Infectlon is also
produced by direct contact with the infected animai. Once‘
tularemie does become established in endemic proportions, it
gsoon reaches epidemic proportions in the form of a devastat-
ing eplzootic. The liver and spleen of an anlimal subjected-
to this disease possess large leslons which are general over
.one half of an inch in diameter. No trace of this disease |

was found during the 1949 survey.

Salmonella typhimurium has been reported in Minne-

sota and probably occurs in Manitoba. It ls transmitted in

the séme manner as tularemla. No cases were identified in

1949 by the survey.

Errington's Virus Eﬁteritis hag been identified in
quite}a few localities in Manitoba in 1949 and in the previous
years. The exact nature of thls dlsease has not as.yet been
determined. The pathological effects are quite similar to
tularemia. Both the liver and the spleen are affected and

characterigstically smaller lesions are formed (Fig. 43).
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The disease produced by the discussed organisms
are of major importance in connection with muskrat produc-
tion on a sustained yield basis. Large populations are
periodically almost completely destroyed by eplzootics.
Such epizootics can be checked to some extent by destroylng
endemic centres and by preventing excessive population den-

sities.




SUMMARY AND CONCLUSIONS

The study of the biology of the muskrat has re-
vealed the fbllowing points:

1. There are approximately one million acres of
marsh lands in Manltobe which, at the present time, can
be utilized only for the production of wild-fur-bearers.

2. The muskrat is of the highest economic import-
ance because of 1ts abundance, wide distribution, and pelt
quallty.

3. This animal's habltat is specific, being con-

fined, almost entirely, to the reed-swamp stage of hydro-

gere succession.

4. The vegetation of the reed-swamp sere is very
unstable. At present, it.is generally at the mercy of
fluctuating water levels.

5. In order tc prevent plant stagnation and to
allow seedling regeneration, recession of water is nec-
essary during the late_spring or early summer.

| 6. The muskrat possesses a very.hlgh»biotic pot-
ential because of 1ts fecundlty, parental care, house-
building habits, and others.

7. This potential can be realized only if the carry-
lng capacity of the habitat 1s at or near an optimum.

8. However, disease seems to be the limlting factor
of the emvironmental resistance and tendé to keep the pop-

ulatlion in check.




RECOMMENDATIONS

In order to realize the potentialities of the musk-
rat, the following techniques are recommended:

1. Water level control should be set up wherever
conditions will permit. The levels are adjusted so as to
favor the exlstence of the largest possible area of reed-
swamp vegetation. At first, complete dralnage may be nec-

esgary 1in order to allow Scirpus andvapha seedlings %o be-

come established. After the seedlings have undergone suff-
leient growth, the water level is raised in order to prevent
the introduction of Carex vegetation. The area 1s periodicai-
ly drained so as to preserve plant vigor. 1

| 2. The muskrat population is balanced so that 1tldoes
not exceed: (a) a certain dénsity above which population
pressures are established and intraspecific sirife results,
(b) the carrying capacity of the area which would cause the
destruction of the habltat and the.Starvation of the pOp;
ulation. These factors can be controlled by allowing only
the deslrable breeding stock after.the spring trapping sea-
son of by salvage trapping when emergencies arise,

3. Endemic disease centfes can be salvage trapped

if the marshes are patrolled at regular intervals. In this
manner, eplzootics can be prevented or at least reduced in

their rapid spread.
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