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The muskrat (Cndatra zibethica) has received wids atiention

from many and faried groups of people. Economic considerations
primaril ly account for this interest, p051clvely as a fur hﬁé¢e*
and negatively 25 a burrower into man-mada earthen structures.
Thus,‘while muskrats have long been a prime source of income
for ihhabitant§ of remote areas and for people facing eccnomic
depression,‘in some areas attempts are being made to eradicate
muskrats‘due to fhe damage they cause to dams and canals (Storer
1937) .

In addition, certain biologiéal attributes of the nmuskrat
have stihula£ed a large amount of research.  These include
dispersal and mass rﬂovnmentsP po:slbl° cyclic fldcuuablons cf
populaticn size, influeﬁce on habitat; s sceptlbllltj to eplzootics,
wnusual éex-fatios;'and its wide occurrence in the northern
hemisphere. ‘

'The muskrat's”ability.to affect its habitat under high
pODhlaulOﬁ densities has been descrlbcd by Lynch O'Ieil and Lay
{1947) -and O'Nell (1949) for the Louisiana muskrat (0o z. rivalcius)

thich inhabits tbe Gulf Coast and by Harris (1952) and Dozier,
Markely and Llewellyn (1948) forpg. Ze macrodon in”Maryland, s
lencth:of breeding season decréases and environment becomes more
limiting in nortke”n lanltLdes, hab;tat destruction becomes iess
_frequent, Errington (1963) reporto that damage from overuse by
muskrats was never as.severe in northesrn marshes as in marshes in

Louisiana.
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Hiétoricallyimuskrat fesearch has answered many cuestions,
especially fﬁose ccncerned with management of habitat. Howeve:,
meny aspects of their 1ife histo;y'ére rot well understood.

These include daily and seasonal movements,‘the relationship of
‘population fluctuations io cycles, act1v1ty pattérns, territoriality,
and predationf

Movements of muskraus are mentioned in many publications
, conéerning the animal. Errington (1063) dl‘le 'ate- between
spring, aauumnal, and emergency movements. His research ‘indicates
that emerg gency movements can occur at any time of the year and are
generally related to aeterlorazlng habitat conditions SLcH as
drought, freeze oui,.and/or depletion of food. ger and Meyer
»(1991) relate snrlng and zuturmal movements to changes in
physiology.

The muskrat has contributed to the controversy surrounding
cyclic phenomenon in animal pépulations in the northern hemisphere.
.Erringtqn'(l95aj 1957, and espepially Chapter 17, 1963) discusses
ﬁhié in detail. He stresses thevnged to look at characteristics
of the pépulation chér than‘fluctuations.in numbers Ablll ty of
the muskrat to quickly repobulate (and sometimes overpdpulate)
suitable hébitat and lack of stability of this habitat often
result<in iargé fluctuations in den51ty. Mathiak (1966), studjlng
muskrats on HOLICOH Marsn in Visconsin, found that large populations
could develop rapi Qlj and were then subject to extensive losses

from disease, winter weather, and emigration. The resulting
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ations, when observed over a long time
1n¢1te CVCll interpretations. -

Few data ere available on daily activity periods,

pericd,

especially Guring the winter in the northern part of the range.

Previous workers have indicated that, in general, muskrats are

nocturnal. However, O'Neil (1949} commented that they are active

between 4 pe.m. and 6 a.me, 80 percent active at night, and are

more diurnal under high populations. Errington {1943) agreed

3

with these comments and also mentioned that metsorological
(&)

conditions deter mlned activity patterns to some extent.
Simil ar’y, little information has been obtained on
movements, territoriality, and home ranges of muskrats.

paucity of data is atiributed to lack of suitable field

Recaptures of marked an*nala are oiten low due to heavy

end sightings of mark d animals are difficult to cbitain

daily
This

technigue
mortaiity

at night

or when the animals are in water. The devzlopment of telcmetry

as a technique for studying wild animals living under natural

cordl ions provided an opportunity to collect information on

toth of the above aspects of muskrat behaviors

This paper renorts'on movements and activity of muskrats

from July 30, 1909 to May 1, 1970 on the Cedar Cree5 Natur al

Hlstory Area (CCNHA) in east—central IMinnesota. Data were

!

collected from znimals usi ing creex and marsh habitats and were.

enzlyzed with reference to seasonal changes and to certain

environmental factors. It is hoped that the findings presented

=
-

will be of value in understanding the mode of survival of muskrats

in a northern clinmate,
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HABTTAT DZESCRIPTICH
The CCiHA covers an area ol abouv 5800 acres and contains

e

a diverse mixture.éf habitats (Bray et 2l. 1959, Pierce 1954).
This study was conducted on three relatively small areas within
the CCNHA (Fig. 1).

Cedar Creekvisva small, meandering stream fiowing through
the CCiHA. The section of the creek where tﬁis study was conducted
is mbstiy mud~-bottomed and slow movinga. Depths range from one
to three feet in sfraight‘sections to four to seven féet in

bends. Hatitat in the creek valley is characterized by large

sedge (Carex spo.) mesdows with alder (Alnus rugosa) coming in.

‘hear the upland. Small spring-fed sireams enter the cresk at

numerous locabtions. Floating sedge mats with small openings
are often found at tﬁese entry points. |

| Iﬁ many ereas banks are.froa six inches to one foot higher
than sedge meadbws adjacent -to the creek and are grass covered.
These bapks'aré often honeycombed with oid ruskrat burrowse. At
normal water levels the banks rise verticallj from the water

surface and are undercut at places. MHud or sand bars are not

_common. This type of habitat exterds to the southern boundary

of the stud; aréa'where the creek abruptly becomes shallow an
7 5 : ;

less sluggish and where sedge meadows ende

The Peterson Harsh study area is a 120 acre shallow cattail

(Troha latifolia) marsh about 1.2 miles east of the creek.

Although water levels fluctuated with rainfall, open water vas
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ined 10 several shallow ditches and small musierat "eat—oubs',

O
Q
,
-

Dense cattail stands were interspersed with horsetail (Eauisetum

spp.), sedges, and water liliesA(NuDhar variegatum)e
A shallow ditch connecis the Peterson larsh with Fish Lake,
~located oé mile to the east. Water flows into the marsh from
Fish Lake onl&_during nigh water. The study area on the western
side of Fish Lzke contained a 400 foot long pool enclosed by -
cattails. ABulrusheé (Scirmus ggg.)'were common in this areae.

Major water level changes occurred shortly after the beginning i
of thebsiudyf In late August levels were dropping so that muskrat
burrow entrances, previously under water, were being exposed. |

- By Septémcer 1 the water in the Peterson Marsh had drooped about
one Foot SO that the water surface was near the rhizome level of
large areas of cattails. WNo appreciable inérease in water level
in theﬁmarsh occurred during the fall becausé of rain, although
the creek level fluctuated somewhat.

By the time permanent snow arrived on November 18 the marsh-

had‘frozen cne to two inches. A total of 34 inches of snow fell

in December. The ice cover remained thin until early January

A8 A i S T oo

when cold températures, wind gction, and granulation thinned and
compacted snéw, éausing the,mafsh and lakeAtq freeze deeper.
}Snow caver averaged about 18-20 inches by the first part.of
AJanﬁary; however,;snow had drifted into»the cattails to a levei
'of thres to four feet, especially 6n the western shore of FishA

k varm period which resulted in water accwmulation on top




‘:.

SR r e M LR

7

of the i;e.occurred about March 1. lThawihg of lake ice began
about April 1 and Apfil g was £he last day that it.was'possible
for a pérson to walk on the ice.

Snow cover aﬁd wind action along Cedar Creek resultied in
'erect stands of grasses and sedges-being filled in with snow,
sométimes leaving a2ir pockets aiong bankss Tne creek remained
mqstly iée—free until late December and periodically opened up
»uriﬁg warmAperiods throughout ths winter. Spring melt caused
the watér'level to rise to‘ﬁhe_top of the creek banks about

April 5
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TRAPPIEG“

uskrats vere liv¢~trappsd with both single and double door
live trapse. On the creek study area traps were placed.on mud
bars, in muskrat‘p.ths in the grass o; the creek bank, and in
holés in the banks. In some'céses sucgessful trap sets were
made by ngg’“g a hole in the tank at water level w1ch a trenchln°
tcol and fitting a single door'trap into it. Often muskrat
sign-ﬁas found on floating sedge mat projecting into the creeke. N
Traps placed here ﬁere more successful if covered with grass,
aquatic vegetaticn, end mud so. that onlj the déors wgre'exposed.

rappi;g was wmsuccessful on the creek after the onset. of

3

snow and ice.qonditions in laze Tovenbere After this cdate musicrat
. ‘sign'ﬁas nothfound‘fegularly in any areae. _Apparently, most
activity was belng conduCued in open water areas or under snow
and iée.. |
On.ihe Peteréo; jarsh SuUdj area traps were placed cn feeding
platformsvand on lodges. The most success?ul SLtes were on lodces
with the trapé covered with lodge material. After freeze-up
traps were placed inside lodges by cutting a hole in the lodge
sbove the ice surface. Single—door traps viere plaCed‘in the holg
wifh thé door to the intgrior of the lodge. Mgtérial ffom the
iédge wzs usedfto cover the exposed.part of fhe trap and snow
was shoveled over the lodg | During periods of extreme cold tgei
traps were lined with canvas. At ali times the tfap hole was

covered with as ruch material as was possible to prevent the

O

inside .of the lodge from freezing.
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Ve*eva ion ard mud often impeded action of the doors on

.

traps. Tnis problem was oolved by malding the door action more

forceful bj auuaﬂhlra a spring irom the middle of the deoor to

" the roof of the trap.

Py

13

Traps were baited with rutabagas, appies, potatoes, carrots,
or commercial lures. Commercial lures made by 1’Mxoa‘{ez‘ and Scns,

Ft. Loudon, Pennsylvania, were successi

HﬁNuLTV”
Captured mﬁskfat viere taxen to the lacorhuory, rlaced in
2 chamber and anesthesized with ether (Balser and Kinsey 1952).

+ was necessary'to'hgld animals in the ether box at least 12173
minutes since ﬂhey would hold their breath this long. If the box
were opened earliér they would cbtain fresh air and hold their
breath again. SomeAexperience was necesaary to Know when the
animal became unéohsciouse TheAbest procedure was to cleosely
observe the animal throﬁgh the plexiglass window in the box and
_to remove it:aftér breathing resumed,

| While anesthv izad, muskrats were weighed, seked, meaéured,
ear-tagged, and fitted with a collar radio transmitter. Ear tags
used weré 1/4 inch, #1 size manufactured by the Hational Band and
Tag Company. Sex determiné;idn was nade by following ﬁhé pelvic

examination technigue described by losby (1963). Animals were

s .

)

classified as young or adult by wesignt and measurements as

described by Erickson (19563).
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TRANSHMITTERS
Tranémitters were of the collar type with a loop éntenna
describad by Cochran and Lord (1953) and Hech et al. (1965).

Mallory batteries with an expected 1life of 60-90 days were. used.

)

- Waterprcofing was accomplished by dipping the transmitter and

antenna in Perm, an acrylic plastic. After hardening, the plastic

was ground down as thin as possible to minimize .weight. Total

package weight.of collars successiully carried by musirats was

from .60 ounces (17 grams) to 1.13 ounces (32 grams), equivalent .
to 2¢1 percent to A 7 percent of the animal's weight. leight

D)

of the transmitier was within the limits suggested by Brander
and Cochran (1969). No adverse effects of the transmitter were

1 3

noted except for some scrabching immediately after release.
I ‘ g

Location and activity data on some of the rmuslrats were
recorded.auiométicélly'on the Cédar Creek telemetry systeé
‘(uocnrc.n et al. 1965). Locations were deternﬁ_ﬁed from the
mlcrollln record av lO nlnuu inﬁervéls. Oﬁseﬁﬁand cessation-of
activity periocds were recorded to the ﬁearest minﬁte; the minirmum
length of.a‘period recorded being about two to three minutes;

‘Field checks vere made with'portable directional receivers
of animals in éreas where system errors were large (Heezen and
Teszter 1965) or wﬁich were veyond the rang° of the automatic
telemetry system.. Muskrats on Fish Lake and the Peterson liarsh

were also located while checking traps to determine lodge use.

. e
o N - i




11

Data on weather.vere cbiained from the Cedar Creek weather
station which records temperatures on an hourly basis, barometiric

pressure continuously, and light on a Langley/day basis.
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RESULTS

Analysis of activity and movemenc data Qas concentrated on
those.muskrats monitored in high accuracy areas of the telemetrj
syétéma Some methods of presentation required that the data
record be nearly unbroken. Data on other animals with'discontia
nuities in their telemebtry records were exzamined as closely as
possible to'determine.similaritiéé and differences. Information
on all radio-tazged muskrats is given in Table 1. Observatiohs
concerning dispersal, homing, mertality and hatitat were to some
extent incidental but do contribute to a better understanding

of the ecology of muskrats in fall and winter on CCNHA.

:Data on activit& péﬁtérns of 16 aﬁimals were recorded on
the'égtcmatic telemetry system for periods ranging from 7 to
62 day A(Table 1); Nearly complete records giving onset and
cessation of daily activity periods are presented for four of
these aﬁimals (Figs,A2't rough L)

'Occasionally, in the aétivity récbrd, onset or cessation
occurred while no.signal was being recorded. These tiﬁes were
esti@ated by using the midpoint of the unkmown périod°

Estimations were made for about two percent of the total of onset

]
i

and cessation times. Onset or cessation of activity was usually
abrupt. Sometimes activity of a few minutes duration occurred

between major activity periodse. However, since no change in



Table 1. Radlo~tagged muskrats on the Cedar Creck Natural History Area, east-central Minnesota {rom
July 29, 1969 to April 25,° 1970 ‘ ‘ : ‘ :

. _ Used for
Animal © Period .  Number = ‘ Activity
Kumber Sex Age Honitored: of Days - Location Analysis  Comments
1969 . |
1901 ¥ Ad  July 29- 1 Cedar Creek X Transmitter quit, no recapture
Scpt 8 ' ' :
1902 M Ad July 31~ - 34 - Cedar Creck ‘X . Transmitter quit, no recapture
Sept 3 o ' : . :
1903 .~ F  Yg . Aug 7= 2L Cedar Creck X Transmitter quit, no recapture W
, , Sept 1- Dispersed . :
1904, F Ad  Aug 27- - 6 Cedar Creck . Possible handling death, no
» : Sept 2. : recovery of animal
1905 F  Ad Sept 9~ - 62 Cedar Creek X Transmitter quit, no recapture
, Nov § - _
1906 F Yg Sept 15- 1l Cedar Creck Death after release, possible
‘ 16 ' predator, no recovery of animal
1907 M Ad - Sept 18 . 3k Ccdar Creeck X Homed twice after displacement,
Oct 23 T ' ‘ dog kill during dispersal
1908 F Ad Scpt 22 1 Cedar Creck Probable handling death
1909 M Ad ~ Sept 22- 17 ~ Cedar Creck X Displaced, homing, fox kill
Oct 9 ~ : ‘

1910 M Yg Sept 22 1 Dispersing - , Death, probably from handling




" Table l. Continuede

' ' : Used for
Animal Period - ~ Number , Activity ‘
Number Sex Age Monitored of Days Location Analysis  Comments
1911 F Ad Sept 23- 2 Cedar Creek - Death, possible predator, n
. ' 25 h _ . ) ' ~ recovery, dispersal »
1912 F Ad  Sept 27~ LO Peterson Marsh & X Transmitter quit, no recapture
Nov 6 : . '
1913 F Ad Oct 31~ : 30 Peterson Marsh X Mink kill
| Nov 30 - - |
1914 F Ad Oct 31~ 15 Peterson Marsh X Mink kill
- Nov .15
1915 M Ad Oct 31~ v 27 ~ Peterson Marsh X Transmitter quit, no recapture
o Nov 26 : '
1916 F Ad Nov 1= 20 Cedar Creek X Transmitter quit, no recapture
1917 r Juv  Nov 7 Cedar Creek X Transmitter quit, no rccapture
: 9 - g ' o
1918 M Ad  Yov L= 21 Peterson Marsh X Mink lill
1919 M Juv  Nov 3= 12 Peterson March Transmitter quit, no recapture
15 ' : _ '
1920 F Juv = Nov 17~ ‘ 1 Dispersing Death after release, unkriown
18 : cause




Table l. Continuedo

: , oo : : _ Used for
- Animal . - Periocd = Number o Activity
Number Sex Age Monitored ~ of Days Location Analysis  Comments
1970 o e
1921 M Juv  Jan 12~ 7 Poterson Marsh -~ X Death, unknowm cause
1922 © F - Juvy Jan 15- . 20 -  Peterson Marsh X Fox kill -
- ' : .- Feb 4 ' . e , _
1923 T Jusr - Jan 15~ © - 9 . Peterson Marsh X Probable mink kill _ i
1924 M Juv- Feb 1-3 2 ‘Fish Lake 4 Death, probable handling
1925 M Ad  Feb 6~ 25 Fish Lake ‘Death, unlmowm cauge
, Mar 1 _
1926 F . Ad Feb 20- - 26 Fish Lake o Transmitter quit, no recapture
_ lar 18 . : 8 i '
1927 M Ad  Har 21-25 I3 ' Fish Lake Transmitter quit, no recapture
1928 F Ad Mar 27=- 12 Fish Lake : ‘ Road kill during dispersal
| Apr 8 | SRR ‘ .
1929 M Ad Mar 27- 29 Fish Lake ' Transmitter quit, nc recapture
Apr 25 ’ o A
1930 M Ad Mar 30~ ' L Dispersing : Mink ki1l after dispérsal
: ’ Apr 3 ' : ‘

1931 F Ad Apr 9-11 5  Dispersing Transmittcr quit, no recapture
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location occurred during these times this activity is not

1nc1hded in rlo ures 2 through L and & through Ll.

Several features of muskral activiiy may be seen in Figures
2 through .. The number of activity periods per day was usually
two, three, cor four,.and occasionally five. Most activiiy oeccurred
at night and in most cases began and ended about sunset and
sunrise. There was in almost 2ll cases at least one tinmz of inachivity
during thé night. Temporal shifis oflperiods occurreds. Data for
ﬁuskrat'1905 (Fig. 3) show this beginning on September 20 and

" again about Oc¢ ober 26 with daylight periocds. Anothsr shift began
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for 1912 (Fig. LA) on October 10.
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‘dey bhecame less regular and Was socmaul
after Cctober 26,

Insn=culon of the activity g e:lods presented in Figure

5 2
through A reveals that at certein times there were progressive )

day- o—dav ch;nges in onsot or cessation timeé of activity. 4n
example of this was the onset of early morning activity of 1905
(Fig.v3) fof:tHe nights of September 29‘and 30 through October L
and 50 This actl'ﬂty pericd began, respectively, 23, 12,‘20, Lo,
and 23 minutes earlier each night. At other times onset or
cessationicoﬁid be progressively later. Most cormonly, the range
of time change ﬁdvolved was 20 to-SO minuteSQ

'These data were inspected for relationship to astronomical

stimdi. OCnly the moon has daily changss of this magnlfuda-—Lt

rises and sets an average of 50 minutes later each day. Howaver,




no relationship with moonrise or moonset was found. AL certain

X

times darknes;—related pericds began before sunset or ended aiver
sunrise for variable numbers of succeeding days. o relationship
with cloudiﬁess before sunset or after sunrise was apperent.
Radio signal reception on 12 of the 16 arirals monitorsd by
the automatic telemetryvsystem was not continuous,. meinly due to
'»loc;u_on of the musicrats with respect to the antenna towers and
cccasionally due to mélfuhctioning of equipment. Because of these
discoﬁtinuities in the records, data from all 16 animals were
analyzed by a computer progran which calculated percentage of
activity during 10-minute invervals over 2 ‘pericd of aavs. For
e?ampie, a 10-day pericd of Gata for the 1O-mirute interval of
0000 hours to 0010 hours contains 100 minutes. The program
accummlated minutes of activity; resti %g, and unknown (caused by
discdntinuities invﬁhe record) for a given animal; subtracted
unknoym from 100, and calculated the percentage of known time that
the animal was active itpudt was plotted shcwing average pea%s
and troughs of activity for a 2L-hour period as surmarized from
data from each lO—day period. These plots are présented in
Figures 5 through 7 and Appen&ix A. This pro ram also gave

perc=nta"= activity per 24 hours over the period of days chosen.

’TJ

igures 2 through 4 gho: daily activity pericds while Flbxr s

5 through 7 mzinly demonsirate times of activity peakss, Activity
veriods (as in Fig. 2 for 1002) then sboa up as activiiy peaks

(as in Fig.-5D). 1In the following discussion the assumption is

[1¢]
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muskrat 1905 from Septembar 9

“ct*vﬂuj pattern of
9 -and muskrat 1902 from July 31
i

to Novemcer 9, 19
to September 3, 15
ithe animal was ac
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interval during the 24 hours. The percentages
indicate amount of time animal was monitored during
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Activity patterns of muskrats 1915, 1916, 1917 and 1918 .
for varying intervals from Cctober 31 to November 21,

1969. Dots show the percent of time the animal was

active for any given 10 minute interval during the 24

hours. The percentages indicate amcunt of time animal
was monitored during the period. Dashed lines show
gpproximate time of sunriss and sunset,
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Activity patterns of muskrats 1921, 1922, 1923 an

194, for varying intervals from 1959-1970. Dots
show the percent of time the animal was active
for any given 10 minute interval during the 24
hours. The percentages indicate amount of time
nimel was monitored during the period. Dashad

lines show approximate time of sunrise and sunsetes
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made, for example, that three activity peaks s indicate three

sericds were common in late summer and early autumn. By autumn

¥

For examole maskrat 1902 had four activiiy periods per daj
? . A <

wer 19, but this abruntly

" shifted to three on September 20 and remained abt three until at

least October 25 (Figs. 3 and 541,3).

FuCMraus.lélé, 1917, and 1918 exhibited the two period pattern
in Novemoer with very little daylight activity (Figs. 68-D}, but
wo other animals which were concurrent, 191’ and 1915, had three “
period patternz (¥ 64 and D).

Datz on four.other muskrats, limited by poor recepticn,

covered approximately tﬁe same time period as those in Figures
2‘through 6. These data also SUgP“Su a seasonal decrease in nu oeL
~of activity‘peaks (4Appendix A). |
OnlJ three an&mals were nOﬂltored by the autcmatic SJSueﬁ
in winter dﬁe t? le riculties in trapplnF and poor receptlon from . .
muskrats the P terson Marsh area, FEach animal had three activity

peaks, but the peaks were spread over the 2l-hour period, vere less

distinct and there was less corresgondence in time of peaks among



s“o~“ may be due to 1_nitvd data on each animal.

In order to numerically evaluate changes in activity of
four animals in Figures 2 through L, aétivity periods were
classified accerding to time of cccurrence. Generally, daylight
periods occurred in laue morﬁ_no and late aftermoon and darkness

3 .L

periods occurred in the evening an:

t.).:

again during early morning
hourse. Difficulties were scmeilmes encountered in placing certain

)

activity pericds in one of ihe four time classes. Lvening periods
A N inel

that began before sunset or early mo rning periods that ran after-

sunrise were placed in darkness time classes. Occasionally, mostly

during darlmess, there viere three period

u
5
[
w
(0]
ot
0
|
o
£
}—J
“
H-
=

occurred. In these cases the third pericd was lumped Jlun the nsarest
+tivity pericd.
. The duration of daylight iacti‘rity periods, when they occurred, N

varied dnoend*no on the time of day, but showed a remarkavbly

o

uniform patiern when averaced for two week periods (Fig. 8D).

ste afternoon activity periods were avout 110 minutes long from
Sucust 1 to October 31, but decreased in November (Fig. 8i). Late

o

morning periods increased from a mean oP 79 minutes in early

tugust to a mean of 145 minutes in early November (Fig. 8B3). After

about November l 5, late morning activity did not occur. However,

' thic period ccentains data from only one animal for five days.

Total minutes of activity during daylight (Fig. &C) decreassd from

late A ugnat tnroa* Ho embe*, as did the mean number of da; ll%h

activity veriods (Fig. 9).
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activi

Mean duration of all darkness activity periods increas

about, one hour over the siudy period (Fige. 10C). The early morming

darkness period was generullj TOnge than the evening pericd
(Fig. 10A, B). Hean nunber of minutes of activity during darkness

increased through the study period,(Fig.‘ll) from 425 in early

.August to 6LO by late Hovember. However, the number of activity

periodsduring darkness did not show a correSho*xd_no increase

(Fig. 9)» This suggests that the muskrats increased the length
of'their‘attivity periods during darkness as the length of the
night increased rather than increasing the number of activity
periods during darkness. This is in marked contrast to their

)

response to shorter day length; i.e. elimination of daylight

cactivity perlods rather than a snortenlng of per iod length,

Fi gures 8 tnrOJOh 11 involve onlj those four anlmals that

yielded nearly continuous data. Total activity per 24 hours was

_calculated for the cther 12 muskrats even though data were not

complete. Iean activity per 2i hours for all 16 animals is
presented in Figure 11. A pronounced_inprease in ac@ivity«
during August and a decrease in late Octobef and Nofember is
indicated. ZXven though no data are available to shpw patterns of
ity prior to hugust, one can speculafe that the increase in
August and contirued high levels of activity in September and October
represent the ﬁeriod of preparing for winter; i.e. food storage and
house conétrﬁction. The decrease corresponds to onset of iwinter

at this latitude, which is characterized by low temperatures and
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Figure 10. Activity of musirats 1902, 1905, 1912 and 1914,
combined, during darkness from August 1 to
liovember 30, 1969. MNumbers in parentheses
indicate number of periods in sample,

A. HMean durztion of early morning darkness
. - ’3 ‘

Ba Mean éuration

T evening darimess activity
veriod.

C. HMean duration of all darkness a

ctivity:
periods, combined. ‘
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lean number of minutes of activity during darkmess
for muskrats 1902, 1905, 1912 and 1915 from
August 1 to November 30, 1969, iiumbers in
parentheses indicate muskrat days in sample,
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short davs. Huskrats are no longer able to gather food or build

houses after the marshes and streams freeze, and consequently

reduce their total daily activity.

HOVERETS .
Location data on ruskrats were obtained in three areas:

Cedar Creek, the Peterson iarsh, and the marshy shere on the west

side of Fish Lake. A portion of Cedar Creek, 66 mile straight

line distance or 1.5 miles of creek, was in the high accuracy area
of the teiemetry system (Héezen and Tester 1967). WMuskrats outside
this afea and those on thé mersh and Fish Lake were located with
portable tracking receilverse

Two muskrats lived wholly within the high accuracy porticn.

~of the creekx and four others used it at cervain times. To

evaluzte movenent patterns of the two muskrats in the high accuracy
area, fixes were plotted whenever the animals movsd along the
creeke. lovements were described by measuring distances moved and

length of creek used during each activity period (Figs. 13 through

. 16). On occasion an animal would have the same fix throughout

an activity ﬁeridd. Due to the inherént system error of 200 feet
in this_afea of Cedaz-'.Creek7 minimum.movement vas arpitrarily
set a2t 200 fe%to Thé distance éoved figure would therefore be
minimai because movaments within a 200 foot area ﬁpuld not be:-
included.

In orde; to use this method of evaluation, the assumption was

rade that ruskrats were not traveling overland and that movements
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vere all or nea.ly all confined to the creek. Some evidence
supports this assumption. First, fixes piotted during a trip
follow sharp bends in the creex quite closely. Second, field
observation failed to disclose overland muskrat paths ac:oss
creek meanders. Muskrat sign found away from the cre & was in
sedge mat areas. where springs entered and was generally not
more than 30 yards from the creek. Third, teiemetry system fixes
occurrino away from the creek vere distrihuzed evenly Within the

error zone on either side of the creek. Occasionally, a fix

placed the animal further from the creek; however, fixes immediately

before or after did not confirm movement to these locationse. In

4 few instances travel away from the creek did occur. Tnese

movements are described belows
Data in Figures 13 through 15 separate movements made during
each of two nightly dactivity periodo in tne same marmer as the

acu1v1ty analy51s. Dlstance traveled by 1905 (Fig. 13) was

generally greater durina the early morning activity period than

during the evenine.period; However, when rate of travel is
computed, a fioure that takes into account act1v1tj period length,
ﬁhe natterns are more similar (Fige lh). A close similarity existed
between activity periods for lengtn of creek used (Fige. 15).

When night totals for 1905 are considered {Fig. 16), distance
traveledAand ienrtn of creek used were at a high level from about
Sevtember 19 to October L and vere decl.nino to low levels when

monitoring terminated. ihe initial 1ncrease began zbout the same
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Figure 13. Distance traveled per nightly activity period for-: :
- muskrats 1905 and 1916 from September 9, 1969 . .

to November 20, 1969. Distances are 5-day means.
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Figure 1L. Rate of travel ver nightly activity pariod for : o

muskrats 1905 and 1915 from September 9, 1949
to November 20, 1969, Rates are. 5-day means,
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time that one daylight peried was dropped (see Fige 3} Hinutes

of activity, while increasing until Cctover 9 and generally decreasin

thereafier, did not chow an obvious relationship to distance traveled

or length of creek used..

Data for muskrat 1915 also showed very little difference between

<

activity periods (Figs. 13 through 15)a. Figures were similar Lo

those of 1905 except for the first five days of Noventer when a
marked increase occurred. Ko explanaticn of this was immediscely
apparent. However, weather may have had an influence. Average

w

" hourly night temperatures were 38°F or higher from the nights of

November L-5 througn Hovember 10-ll. Five—day means are used in

. Ly

Figures 13 througnh 16. ithen individual nightly figures for distcanc

~ 1 3 £

traveled, lenzth of creek, and minutes of activiiy are examined

? S 14 b i

distance traveled and length of creek used by 1915 were hignh fro
' . = L4 . o

I3

Wovember L—-5 through Hovember 12-13. Minutes of activity per nizht

\Jt

rere high from Novembver 5-4 through liovember 12-13. KHowever, 13C

showzd an increaée in the three parametefs only on November 5-6.
" Movement data for 1905 from.September and Cctober showed no apparent
relationship to temperature or other weather factors., It is felt
that the November data for 1916 are not conclusive.

It was not péséible to znalyze movements during daylignt

periods in the same menner as the darkness periodse. Movements
) f .

during daylight were often short and thus location data were not

zs reliable because system error could account for a larger portion

[e})

ata were cnalyzed by plotiing

(o]

of the observed movement. Therefore
?

(&

fixes over varying numbers of dayse. [MaD showing areas where
. W, Y/ T :

(o4

Ay “'\
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activity occurred are preseh+ ed in Figures 17 through 19 for 1905
for the period September 9 to Kovember 9. HMajor activity areas

~e

ava those where fixes were concentrated and

b

show where the animal
spent most of its time while active. vhile the overall 1eng£h of
creex used reméined apprcximétely the same, the center of nignt
activity moved to the nérth.during the latter pert of September
(Fig. 17). .Resting areas were nearly the same for daylight and
darkness periodse. Daylight movements were muich more confined and
also shifted to the no¢uh

2.

t occurred in mid-October when 1505 began

L

Angther area shi

by

using two areas-at night; cne cf which was located in the southern
sri of its home range (Fig. 18, 19). This appeared somewhat

p . p= o

hebitual in thabt 1905 made nightly trips downstream and back in

L3

the same number of minutes each night. By November no single

(4

abcu
area was uséd more than»any other at night. Daylight movements
wers wifhin the samea_earused at night and in November they were
épiitbinto two centers (Fiz. 19).

A._FQL 1916 had a somewhat similar pattern in November; i.e.
no essential change 1n total area but a shift in.degree of use fronm
one ten-day period to the next (Fig. 20).

Denning or p}aces wnere resting occurred were not confined to
one specific place for either animal, 2lthough 1905 used one creek
.end'more thanlany'other and 1916 had two rest lbcations, Frqﬁ
September to Lov mber 1905 ﬁsed eight different resting locations.
lﬁ tﬁd inst anceo, during maa-Octoo°r, this animal used resting

locations during da yll”ht that were not used durlng darkness.
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ure 180.

Home range of muskrat 1905 from Sapiember
to October 19, 1989. Horizontal hatching
resting locaticns for the period Septemb:r
to Getover 9; vertical hatching for the pe

cvozer 10-19.
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Home range of muskrat 1905 from Octoter 19
to Hovember 8, 1969. Horizontal hatching
is resting locations for the psriod
October 19-27; vertical hatching for the
period October 28 to Novemter 8, .
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igure 20. Home range of muskrat 1914 from lNovember 1 to
Lovember 21, 1959. Vertical hatching is
resting locations for the pericd Movember 1~9;
horizontal hatching for the period Movembsr 9-
21, . : : -
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~Resting areas were determined from the avtomatic telemetry
system and thereiore could not be described as a den Or bHurToW.
However, when animals vere occasionally checked during rest they
viere alvajs found in burrows.

Tt is useful to compare Figure 16 and Figures 17 through 20.
Lengtﬁs of creek used by the two muskrats as described in Figures
17 through 20 remained nearly the same wnile they were monitored,
aboﬁt 2700,feet,.except for 1905 during one period (Fige 19). The
seétion of cresk used changed litule during the monitoring pericd.

hese maps best deseribe the hcme range of the animals. If 2700

]

feet can.BéYCOnsidered home range size from September 9 to Hovember
20 then "length used” in Figure 16 is a measure of degree of use

of the'home range cver the time pericd. Muskrat 1905 was using
mést cf its home range from about September 19 to'Octobef L, and
1916 from Novemper 5 to November 10.

Location data on five muskrats outside the high accuracy area
were not accurate enough td permit detailed analysis. Four Of.
these, 1901; 1902, 1993, and 1907, were near the south boundary .

" of CCNHA andvloéations were recorded periodicallyvuith_portablé
eQuipmént. Telemetry system data were, howevef; u;eful in

. determining approximate limits of home ranges. Movements of these

four animels were confined to a 2000 foot section of creeke Within
! : :

this séction is an artificial cut—off meander, formed during road

'buildingo Animals 1901, 1902, and 1903 were trapped in this meander

and used it extensively. Uhen this porticn of the creek is included,




L5

the lengtn of creek used was 24,00 feet, This is comnaraole to the

lensths of creek used by 1905 and 1916 (Fig. 16).

ste.of'resting arees by these four animals'was also similar
to 1905 and 1916; Since these animals were often checked with a
portable receiver, specific den use was Know Each used several
dens, especially in the meander. Movements of rmskrat i903,'a
yﬁung female, viere wore confined to the meander uhan those of any
other animal.

Another muskrac, 1917, which could be monitored part of the
time by the teleme
with portéble receivers. Incomplete data indicated use of a length
of créek bétween 1600 and 2600 feet., Hore than one resting area
was used;.

A rouvgh estimate can be made of aveilable creek habitat basad

on ¥ owled"° of the th° of habitat that was used by ankr Se

This would "clude water surface banks and preferred nortlons of
?

.adﬂacenu sedce meadows. It would probably ‘be within the range of

.8 ~ 1.2 acres per 1000 feet of creek in the study area. Using thié
esflmaue, hone range size for 1905 and 1916 would be from 2 2 to
.3.2 acres.
Movements made within home ranges by muskrats on the Peterson
Marsh . v@re rot’ext°n51ve enough for the telemetry system to nonltor;
Fi h Lake muskrats were beyond range of system monitoring. 3acause

of thege tvo facters locations were determined by the use or

portable receivers vhenever possible., Table 2 presents data on

B L N T e I L T S D I DI Ty

try system, moved into an area not easily accessible
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Table 2. Lodge use by muskrats on Peterson Marsh and Fish Lake.

~ L Mumber of Number of These . . Wumber of Other Animals Using
Animal Number of Lodges Used - = Lodges Uscd by : at Least One of These Lodges
Humber Locations by Animal - Other Animals During the Same Time Period
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lodee uss and possible relaticnsnips among animals. Lodges were
o A & (=) 5

defined as muskrab consiructions protruding substantially above the
marsh or ice surface. Push-ups, small piles of vegetative matter
pushed up through cracks and holes in the ice, are not included

in this definition.

Most animals used more than cne lodge, and lodges generally

=]

were used by more than ons animal during the same time period.

An exception to the former occurred during Jarmary and February
of 1970 when animals 1922 and 1923 remained at the lodge wher
originally trapped until they died (see Table 1). On two occasions

two transmittered muskrats were found together in a lodge.

Lodges in the Peterson Marsh were concencratsd in deeper

03

areas alcng the ditches, and these used during October and November

by:t-e first five animals in Tzole 3 were within a four acre arsae
Neither fixes from th2 telemstry system nor those cbtained with a
portable :eceiver showed these animals outside this area. It
follows that'th? home ranges of these muskrats were smaller than
:four aéres.

Animais 1925 through 1929 were rmonitored during February,
~Maréh;4and April. Most of their lodgés were within the pool ‘
adjacent to Fish Lzke. Animals were seldom far frém the lodges
they were uéing,' Hﬁen discovered_out'of lodges they were commonly
found'githin dgnse,cattail stands and occasionaliy in the pool.
BegiAning in March, the muskrats were out of lodges morenfrequently
.and were seen in ihe'vicinity of push-upse. Some new push-ups were

constructad along the pool -edge about this time.
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" DISPERSAYL, AND ECGHING

Movements outside normal ranges are summarized in Table 3.
Of the 1. knowmn movements, four were initiated by animals carrying
transmitters. Data were gathered on the other 10 by visual

observation, .tracking, and placement of transmitters on animals

'

‘that -were already dispersinge

Seven'movements occurred between August 20 and November 17,
1969, ‘ater levels dropped at the beginning of this pericd. The
entrance io a bank den used by 1903 was exposed between August 20
and Auguét 25 This éﬁimal moved downstream on August 20.

i

Fuskrat 1910 was traﬁped in a dry ditch connecting the
‘Peterson_ﬁarsh and Cedar Creek while dispersing. Animal 1911,
caught neartthe northern end of the study area, bagaﬁ dispersal~
type.moﬁement the same déy it was reléased. It rezmained at the
rélease point fﬁqm 12C0 to ZiOO houfs, when it began moving. By
0150 hours on Seﬁtember 2l it had moved 8200 feet downstreém. 'It
rémained acfive“in a confined area until O?OO,when it moved south
cut of ;ysteé tracking range. By ZOLS the muskrat had moved back
into the reception area and by 2200 it was located L4200 feet
upstréah. It continued activity for one hour more after which the
radio sivnai‘disappeared. Reception resumed 1.5_héurs4later énd

¢id not indicate movement. The transmitter was subsequently located
but not recove;ed,in deep water in a bend.in the creek.

Telemetry system data indicated that 1905 left the cresk on

two occasions. On Dctober 16 it began overland travel at midnight
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Table 3e Dlopcraal type movcmcnts of muqkrats, Cedar Crcck Natural History Area, from Scptcmbﬁr

- 1969 through April 1970.

tracking

Ty O ) O R o N Y T N - .

HMuslkrat Date " Manner of - ~ Distance
Number Moving -~ Observation Origin Traveled Tate
1903 Aug 20 Transmitter Creck 3/8 mile + Traveled downstream, signal lost -
1905 Oct 15 Tfansmiiter Creek 1000 feet Left creeck, went east back to
' - : Creelk about 5 hours lqtcr
- 1905 Oct 23  Transmitter Creek " 24,00 ‘feet Left creek, went to Cedar Bog
- Lake, back to Crcck 19 hours
later
1907 Nov 12 Tag recovery Creck 2—1/2 miles Dog Idll at farm
1910 - Sept 22 Transmitter* Pet, Marsh 1/2 mile + Died at releasc point
1911 Sept 23 Transmitter Creek 2-1/3 miles + Traveled downstream, back upstream,
‘ ' fate unimowm, possible predation
1920 Nov 17 Transmitter¥, Petes Marsh 2 miles Died, possibiy exposure
: “tracking '
Cbserved Jan 25 Visual, Pet. Marsh 1 mile Reached Cedar Bog Lake, possibly

survived

61




Table 3., Continuede.

Muskrat Date Hanner of Distance ,
Number Moving " Observation - Origin Traveled Fate
Observed Mar.gQ' Tracking Peto Marsh 1/2 mile 4 ‘Left Peterson Marsh, Qent to
' g : _ Fish Lake Marsh, possibly
“survived. Intered snow in
4cattails near obther muskrats
Observed  Mar 29  Visual Peto Marsh ~ 1-1/4 mile +  Left Peterson Marsh, went to
‘ tracking Cedar Creek, possibly survived
1928 Apr 9 Tag recovery - Fish Lake  1/2 mile’ Crossed Fish Lake, later killed
Marsh by car on road adjacent to Fish
Lulke
1930 Mar 30 Transmitter¥, Pet. Marsh »l—l/h mile Found at Cedar Creek Lab, placcd
tracking ' in Cedar Creek, killed by mink
: two days later
Observed Apr 5 Tracking . Pcts Marsh 1/2 mile + Track lost after 1/2 mile over-
, L land on sand road
1931 Transmitter¥, Probably 2 miles +. Reached Grass Lake, possibly

Apr 9

tracking

Pete Marsh

oS-

survived

*Known t0 be dispersing when transmitter was placed on the animale

T LN NI I




znd moved east toward Ceder Bog Luke, 2 boreal—type btog laike

51

surroundad by temarack (Larix laricina), and white cedar (Thuja

ccidentalis) until 0300. t this po";t, waea it was about 1120

Q

" feet east of the creek (about halfway to the lake), it reve rsed

its diréction and returned, rriving at 0L50.

On'0ctobe: 2! at OlSO.this animal again left the creek from
the samé point as on Octover 16, At 0305 it was at the eastern—
most - point of the October 16 tfip. By OLOO it had arrived at

Cedar Bog Lake, a distance of 2200 feet from the creek. Tha muskrat |

made one trip around the lake in about 1.5 hours and ended activity

at 0630. A one hour acvivity period with no location change

i
?
:
E
b

occurrad in the afternoon. At 1830 the muskrat left the west
side cf the leke, returned by nearly the same route, and arrived

at:ihe creek by 2100. ‘Habitat along most of the route was alder

B R VU TP SOV

temarack, and white cedar. Aetivity period times were not abnormal
during either trip.
An unusual movemenu by a nuskrat on January 25 was observed

in detail. Llﬂht snow had fallen on a crust that morning and

trackinv‘conditions were ideal. The CCHHA Resident Manager, Alvar
,Peterson, 1nform°d me ‘at 1215 that a muskrat was passing his
residence. Subcecu=nt backtracking, observatﬁon, and tracxlno
revealea the maskrat's route. It had left a small lodae on the

/
Peuerson Marsh fter the snow had stopped falling at 0920 and

et

~

arrived ot Cedar Bog Lake about L15. Spoor indicated that the
anlnal hed entered cover at two places nezar tn° lodne before

beginning movement. The stralrht—llnv dlctance from the lodg
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he lake was one mile; the muskrat traveled about 1500

et

" to
mdre than this. The weather was mild, about 309F at noon.

Sev eral other features of this travel were interesting. Tae
muskrat dld not enter heavy ground cover a:i fter leaving the cautal1s
‘near the 1oc°v, even though it passed within inches of holes into
snow—-covered grass clumps, until it arrived at Cedar Bog Lake.

There it irmmediately entered a natural hole into a grass clump.
Spfinvs covered'w1ib snow were present at the lake edge. Three

L)

portions o? its route followed man-~caused features: a row of red

pines (Pinus resincsa), a ditch and road, and 2 trail to Cedar

Bog Lake. The route meanderad very little, except for the first‘
200 yards'gfter the anmimal had entered the white cedars surrounding
the lake.

Six muskrats moved in March and Aﬁril-dufing the onset of
ﬁarm weather. - Conplete thawing of ice occurred in the Peteroon

Ma;sh ‘about ﬁprll 15. These movements were similar to the spri: g
dispersal described by many authors (Beer and Meyer 1951, Erickson
1963, Mathiak 1966, and Spruegel 1951). However, as seen in

Table 3, some of these animals came from the Peterson Marsh and

may have been forced to move out by poor habitat conditions.
It was possible to visually observe the behav1or of three

animals during dispersal. These animals appeared quite alert

in that they occasionally paused, sat up, and moved their head
back and forth as if sniffing the air and/or lcoking around.

Oth;r ev1dvhce of alertness was seen in the case of 1931 which

oy

b
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traveled along a road on April 9 and 10. At cne point, this animal

Jum aei off the road into a clump of grass as a marsh hawk passec

-

over. It stayed hidden in the grass for about six hours until

‘Gusk. By the next morning it had arrived at the edge of a grassy

lowland containing water from melting snow. Twice, when closely

-approached with the portable receiver, the muskzat was found

motionless and f1att°ned out under cover. It stayed at the edge
of the'lowlan@ for two days and then moved deepef into the lowland,
arr*v1ng during the night of April 12-13 at Grass Lzke, a rarahj
lake south of the CCNHA that contained good muskrat habltat.

At least six of the 13 miskrats had a tendency to follow

roads during overland travel. Spoor showed that in most cases 2

miskrat began following a road as soon as the flat surface was

»_encountered, although sometimes ditch travel preceded thise

"Two ruskrats were experimentally displaced upstream after
being trapped. Animal 1907 was trapped at the southern end of the

study area and released 7100’feet upstream at a bridge at 1800

' hours on September 18, 1969. This is a straight~line distance of
'ABOO feets In the first 48 hours after release it moved within an

1800 foot section of‘the creek around the'release pointe During

the nlqht of September 20—21 it made a 3000 foot trln upstreanm

" from the bridgs. MHovements during the foll lowing nlght were in

‘ I ,
the vicinity of the bridge. At about 2000 on September 22 it began

HOV“n” rapldly dcdﬂstream at the onset of evening acn1v1tJ'ard

‘ arrwved in the vicinity of the orlnlnal capture point about ?éuo

having traveled about 7000 feet.

s
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On September 2&, 1907 was recaptured and released at 0230
at a ppiﬁt 9800 feet upstream. It remainsd in this‘area.until
11900, then moved downstresm. By 2215 it had returned to the poin
of capuure. The most rapid travel was at the beginning of the
trip when a dlstance of 3500 feet was covered in 36 minutes.

Ho welghu change occurred between capiures. The secdnd
release was within the area encountered by the maskrat during
the trip Lostrean on the n+cnt ofISeptember 20-21, Daily activity
‘Derﬁods occurred at norwal times during the displécements.

h }. at 1909 was caught Sen*bﬂ-er 22 in the same place as
1907 gnd vas alsd'reﬁeased at the bridgz. It remained near the
b“l”re unull October 4 when it returned to fhe vicinity of the
;original-c'pture;fthe return triv beginning at 1230 and ending
at 1600. Onthenight of October 5~6 it moved aYout lOCO feet
into a sed~e'meadow connected to the creek and remained ther
‘vntll kllled by a mammalian predator, prcbably a fox, aboutl
October 10.

Déta on this muskrat befére it returned doénau Tean (Ilb. 21)
indicate lesser émounts of nightly activity, distance travelad,

ahd length of creek used compared with other muskrats. Daylight

aétivity was greater (see Appendix A, Fig. 3) but daylight movements

"were largely confined to a small area as in other muskrats.

i
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Movements and activity during darimess of
miskrat 1909 after displacement from
September 22 to Cctober 3, 1659.
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MORTALITY AND PREDATION

Jjortality became an‘important factor during the study and
three ﬁain‘contributing factors appeared: handling, predation,
and ﬁabitat conﬁiﬁions.

Death in traps_and during handling occurred in three instancese.
uarly death after release appeared directly related to handling
in four animals (luOle 1). Facto*s that increased the possibility
of handlinc mortality were poor condition, holding overnight,

and age; young or old animals were more susceptible. In five

of the seven instances of early death one or more of these circum-

stances was present.

In other ccses handling may have Been a factor in early
death but was not the direct cause. For example, data on 19C%
and 1911 indicate Drobable death one and two nights, réspectively;

after release. ACulVlty records showed unusual and rapid movement
for a short pericd of time after whlch the 510na‘ was loste
Reception resumed several hours 1ater with no activity. Both
transmitters were located in deep water and mud st sharp bends of
the creck and neither was recovered. FPredation, as suggested by

the unuSLally rapid movement, rmay possibly have occurred.

3

Predation became important'on the Peterson Marsh in late fall.

After snowfall and freeze-up in late November sign indicated that
. f .
mink (Mustela vison) were present. On December 2 the remains. of

four muskrats were found in a large lodge in a2 shallow part of the
oo (=] -

marshe Three cf these carried transmitters, 1913, 191k, and 191&

;
:
|
1
1
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' and vere partially or wholly eaten; the fourth was mostily decomposed
but apparéntly intact. Data indicate dates of death of the
transmittered muskrats as Novembér 30, 15, and 26 respectively.
'The oldest kill wasAhearly consumed, with cnly a few tones and hair
left; the ﬁide, skull, hindquarters, and intestine of 1918
'rémained; and only part of the neck and chest of 1913 had been
eaten. | |
| During Decembef‘and early January mink sign was vefy abundant
iﬂ the marsh; Muskfat‘tracks also were found in the snow and i
 éntry holes in the ice were found near lodges. Mink sign
consisfed of numerous tracks throughout the marsh and burrows
aréun& bases of iodgés.

By the middle of January mink sign became uncommone. Three
. probable mink kills were found in Janixary; one was 1923. The
transmiitef and a few muslarat heirs wefe found buried deep within
a lodge. The remains of the other ﬁwo muskrats were found in:-
lodgés that Qegé opened for trapping purposeé. The lodges were
- frozen and time of death was unknown.

Mink sigﬁ was observed éccasionally in the Peterson Marsh
and Fish Lake until the spring melt. During March and April there
was an increase in mink visitation‘bf Fish Lakeo _bn Ma:ch 3 a
muskrat kill and sevérélbmink'scats were'fdund next to a iodge
in a collapseé snow tunnel uncovered by melt. TﬁisAlodge gnd;
 anothef about'ZOO feet away_ﬁere frozen and had small'mink-sizéd

holes in several places.
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Red fox (Vulres fulva) sign was common on the marsh and

Fish Lake throuzhcui the winter. On most occasions foxes appeared
to inspect lodges, but did not dig into them. The remains of a
muskrat, 1922, were found February 3 on top of the snow 75 yards

Y

from the lodge it had occupied the previous day. The lodge was

not molested. The condition of the remains indicated a fox had
Killed or found it dead. . In early March a fox or small cog (Canis
ffﬁiliaris) had dug into a lodgé and tunnel system on Fish Lake.
:AAfoxAscét containing muskrat reﬁains was foundAon top of this
lodzee.

Other mammalian predators in the marsh and Fish Lake areas

through tne winter, as indicated by sign, included dog, shori—-tailed

weasel (Mustela ecminea), domestic cat (Felis domestica), and

raccoon (Procyon lotor)f"A raccoon dug into a frozen lodge on
Fish Lzke in early March. |

During the cold months lodges were judgéd to .be unoccupied
if +he interior was frozen when opened or froze after a trap was
put in place° In most cases a muskrat's’ presence was d.scove*ed
on the first few nights after trap placement. Flugging of the
trap hole was #éry common, -especially on the colder nights, if
rmskrats wére pfesent. Lodges Opened fo; trapplng that shoved
né acﬁivity gfadually frosted up inside or froze 1mmed1ately.
They probably contained no muskrats durln the trappinge.

Elght of 18 lodges on the Peterson Marsh were vacant by

january 6. By the end of February traps had been placed in 13

of the lodges and five muskrats had been captured, all from three
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deep part of the Peterson Harsh.
emigration occurred before January 1.
interiors of several lodges had been reworked since Jarmary and

" muskrats dispersed from the marsh in early spring (Table 3).
. T Fy & ==

constructed qh the soot where the three mink—killed muskrats were
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lodges. Possible activity was noted in two of the five other

lodges. The muskarats that were captured came ircm lcdges in the

_ Trapping results on the Peterson Marsh during January and

February lead to the conclusion that heaviest mortality or

Tn late March and early April examination of lodges throughout

the marsh revealed no clear evidence of muskrat presence. The

February but were irozen. It appeared as if a muskrat had visited
the lodge bubt had not remained. However, four and probably five
Backtracking of one muskrat led to a small lodge, not previously
discovered, containing a small cavity in chewed cattail stalks and A .
raad.

There were seven lodges on the western shore of Fish Lake;

five'lé:ge and two small. Three of the large lodges contained

ruskrats through'early spring. The tﬁo that were apparently

opened ﬁy mink and frozen were in shallow water along the shore.
Petersén Marsh and Fi;h Lake wvere éhecked for lodges in tﬁe

f211 of 1970. Only one ledge was found on the marsh and this was

found on December 2, 1969. Fcur lodges on Fish Lake were constructed

on top of 1969 locations and two were on new sites.




HABITAT USS

Jhlle p soc1oloowcal charact eristics of habitats used
wers not measured, certaig facets of this use became zpparent
Muskrat dens were more numerous in bends of Cedar Creek. Food
cuttings were almost always found in the sedge mau areas until
late Ocﬁober.{ Use of these areas was terminated in November.
Some uée mey have Qccurred under snow later in the winter. After
snowfall and freéze—up rmuskrat sign was found only on ice edges
and on fTOatlng olaufo ms of sedges projecting into the creek.

Lodge location in relaticn to water depth was unclear on
Péﬁerson Marshe Constfuction took placé'duriﬁg Seﬁtember and

 October and was concentrated in the deepest part of the marsh in

+

end near the ditches. However, some lodges were constructed in
peripheral sﬁallow areas after water levels‘had dropped.
Lodces on Fish Lake were located at edges of cattail stands
and in <ha_low water within catfail stands along the main shors.
 'Evidence was found during the winter that rmuskrats made‘use
of éﬁoﬁ'tunnels on the ice. On January 29, 1970 a2 lodge on the
- edge of Fish Lake had an ice-lined hole to the exterior leading
to a snow tﬁnnel around the base of the lodge. At least four
tunnels led away‘in the direction of nearby catiails. -The tunnels
were ébout fivé‘incﬁés in diameter and the tunnel floor was a
g*oove in the ice 2bout cne-half 1nch deep. On February 1 a’
fresh tumnel in the snow was started but not extended. It
became. very COlu after this and the exterior opening was piugged

and not_opened again.

PR ,;.‘m.pﬂ'i‘i-miﬁi. At e,
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Three othe; tunnel systems vere found at push-upse. Oﬁe of
these was used by ruskrat 1925 wnlch was tr“nped in a large lecdge
a2cross the pool. The muskrat moved to the push-up the day afler
being trapped and was found there from February 7 to March 2.
This push=-up, which was under about three feet of snow, had three'
tunnels léading into cattails. The two other push-ups were also

.in»cattails at. the other end.of the poold Another muskrat, 1927,
was located once in each of these. Ones pushk—up, freshly enlarged

on Harch 25, had three tunnels leading from it; the other had

course to atout 40 feet from the latter push-upe

o

On March 3, during a meli, sign indicated that a dog or fox

- had been digging into 2 tunnel system adjacent to a lodge on the

1

_edge of Fish Lake. This system, which appeared similar Lo thz One

e ane

|
|
' two. Snow melu at this time revealed tunnels leading in a meandering
|

found on January 29, had five tunnels. The interior of tne

twmels was crusted and in some places ice-lined. The lodge was . ! f
frozen and open at the time. A search was made during snow melt
in late March but no other tunnel systems were found con the

Peterson Marsh or Fish Lake. Melt may have obscured sign.

T s
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DISCUSSICN

Muskrats on the three study areas were exposed to different

hatitat and environmental conditions. Cedar Creek muskrats were
located in a moré stable habitat with extensive old burrows and
'apparentiy secure winter habvitat. This situation was similar to
thet described by Errington (1941) for éertain stream dwelling
ruskrats in Iowa. However, lack of food along the creek probably
resulted in a low density of amimals.: | ‘ |
Peterson Marsh muskrats had abundanf food and wafer until
late August when favafablé habitat Eegan shrinkzng due fo dropping
of ﬂatef levelé. Effingfon (1963) states that muskrat response
atv these times is concentration in areas with deeper water.
Muskrat food cuttingé had been noted in all parts of the marsﬁ
earlier in the summer. Lodge construction apparentiy reflected
the muskrat concentfationAin the deeper part of the marsh.
Evidence for early winter loss of nuskrats was strong.
Lodgés that. contained muskrats-in October and early lNoveémber
‘were frozen inAlate December and early January. Errington (1963)
mentioned that muskfat sign outside lodges in the winter~is indicative
of the animais,being in‘a precarious posiﬁion and susceptible to
mink predation. This situation apparently Eegan with the onset
of Win%er in 1969. However, since foqd was abundant and freeiing

had not affected its availabiliiy an emergency situation did not

exist. Possibly the ruskrats that moved in from dryer paris of ' 1

9,

the marsh did not become well-situated by freeze-~up and therefore

were vulnerablee

&
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Muskrats captured were underweighi and were probably being

" subjected to a shortage of food. An emergéncy situation apoeared
to exist at this time.

Musicrats were present on the western shore of Fish Lake.
through the winter. The major difference in habitab ccmmared with
the marsh was the availability of water around and/or under lodges.
However, two lodges, mentiored with reference to being opened by
mink, were in shallow areas.and provided a good contrast with those
in the nearby pool.. Errington (1943) revorted, however, that
evidence of mink boring into lodges does not necessarilyAmean
predation. Indications were that muskrats used only lodges that
were abt water—cattail edges through the winter. Early lodges in
less desirable areas may have been abéndoned in preference to
thgse. ‘ '

Errington (1943, p. 865-871) observed snow tunneling by
rmuskrats but attriﬁuted ii t§ transient or poorly situated animals.
and to emergencies. Snow tunneling apparently was done by the
beét situated animals in the present study and tunnels were used
extensively over a pericd of time.

Movements of ruskrats have been described byvmany authors
(Errington 19@3, Erickson 1963, Shanks and Arthur 1952, Seablooﬁ
1928, Mathiakll966). Home ranges in marshes were generally
considered4to be.small.' This study indicates that daily movements
in marshes became more and more restricted as fall progressed and

winter began. Home ranges were smaller than four acres.

AT
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Musk%ats on Cedaf Creek seémed to have quite large hone
rangese. .Eowever, a rdﬁgh area estimate of creek habitat showed
that creek and marsh home ranges were comparable, The boundary
of either end of the home range appeared to be fixed but intensity
'of use within varied. The fact that areas containing food were
not extensive prcbébly infiuenced size of home range.

Unusual movements from the study areas cannot be fully
ekplained by'the dafa. Some dispersal occurred when water levels
© fell and den entrénces were exposed. However, Errington (1963),
ih discu~sing response to drought, mentioned the mﬁskrat's ability
and tendency to modify burrows to reflect water levéls. Several
: féet or more of water were available in Cedar Cresk and since
banks in mosﬁ plaées were vertical to the stream bottom, new -
entrances could easily have been made. Three cf four animals
dispersing.from the creek in the fall wvere young. It is possible‘
that these animals had not yet become established. |

The ﬁwo.movements away frqm the creek by 1905 are less easily.
-explained. Tﬁiévahimal was in good hzbitat and the location data
indicated a well-defined home range and &ovement pattern., After
each return the animal showed no chaﬁge in its. activity patiern
or movement. | |

Pétersoniﬂarsh'ahimals‘that‘left in the f211 were not under

emergency conditions, but may have dispersed due to concentration

of anmimals end the resulting sirife, as reported by Errington (1943)

for muskrats under similar conditions in Iowa. Dispersal during




EN

the winter and early soring ceontributed to the near depcpulation

of the marsh and was probably due to adverss condivions.

Behavior during dispersal was interestiing. Huskrals throuzhout

their range are exposed to conditions that make overland travsl
commonplgce for theAspecies. The alertness, aggressiveness and
routes of travel of the animals possibly indiéate an'evolutionary
response Lo the common occurrence of this ekﬁosure to nonaquatic
environments;

Survival of dispersing animals is also inﬁeresting. The
distance between habitats suitable for muslrats in thé area surrounding
Cedar Creek is usually sﬁall. The muskrat that lefi'Peterson,ﬁarsh<
in late Jénuary, under very adverse conditions, 2rrived at open
water at Cedar Bog Lzke where it probably would have bsen able

to obtain food and cover until spring. Two other muskrats that

left

ct

ne marsh later also arrived at suitable muskrat habitat. ' :

The greatest period of danger for the muskrat might then be during

T

‘the time required for it to become established in the new aéuatic | ; E
énﬁiroﬁment rather than the pericd of actual dispersal.
i Rqadvmortality is often mentioned in discussions of musixrat ;
migrationé and disperséls (Mathiak 1966). The inclination of
muskraté to follow roads probably makes this phenomenon highly .
visiblé. , i' . | ' o o  _ ok
The effect.of,the transmitter on the animal could not e
fully.determined; However, other than Some scratching while

recovering from ether, animals did nol appear 1o be disiracted
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by ths collar. They were ooaerved swimming well and ne abrasions

<
257

or wear ing of fLr were found after three months, the lon

that a transmittn“ was carried.

)

Larly death in some animals is felt to be due to stress irom

trapping, hendling and anesthesizing. Seabloom (1958) reported

£

termination of trapping due to progressive weakness of the animals

')

0

in aréas wvhere ﬁuskrats were successively recaptured and Shanks
and Arthur (1952) found deaths due to irapping.

From trapping and handling experience during this study it
is fé;t ihat traps should be chacked at L~6 hour intervals during
both day and night; Ether should not be used as an znesthetic

ven though it was used with success in cn_s study. Guskrats have

recently been successfully anesthesized with metofane (S. Pierson,
personal communicaticn). No evidence of holding of breath vas
observad wiﬁh this drug

Activity patierns of the muskrat during late swmmer followe
a polyphasiclrhythm similar to that described by Saint-Girons
(1666) for arctic mammals with major peaks of activity during
darkneso. Howesver, ‘there was a partial loss of this pattefn as
fall progressed and a bimodal pattern began developing. Similar
bimodal patterns have been reported for other species (Aschoff
1955) » ;

oS

~ Aleksuik and Frohlinger (1971) demonstratesd that growth in
muskrats was slowed down during midwinter and  hypothesized that
"increase in the size of the heart and lung was a response to

hypoxic conditions in the muskrat's environment. Activity data

i et e oA S L At 1o " BT e 2 b A gy
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from this stud& indicate that amount of activity falls off
raridly in late November and at the same time, there is a change
in periodicity of activity. The few data collected by the
automablc sysctem dn midwinter behavior indicate low activity
levels and poorly defined peaks similar to those found by Stebbins
(1971) in deer mice. Muskrats during this time, if they remain
in the lodge or'ﬁnder the ice, are in nearly complete darlmess.
Fiéld checks ih Januery and february, elthough on only three |
animals, showed very restricted movements.

A comparison of activity data (Fig. 9) and movement data
for 1905 and 1916 (Fig. 12 through 14) reveals little difference
between the two nightly activity periods except that the early
morning period was generally longer. Howevef, daylignt activity-
was'different from darkness activity in that movements were more
confined., This may only'indicate that fhe animal was doing the
same things during daylight but within a small area.

The change in activity patierns from late swmer to winter
may réfieqt the change from the summer reproductive period to a
a1l period of preparation for winter and to an inactive |
maintenancé existence in the winter. For example, éctivity during
August, characterized by four regular activity periocds per
2., hours, may have some relationship to territoriality. Activity

!

periods cccurring irregularily over 24 hours later in the fall
and especially in the winter may reflect the increaéing amounit

of time spent within lodges and dens or under snow where food and

cover are the main concerns.




Otﬁer factors'that may3influence'activ1ty and movement
?aﬁterns are sex and ége,_relationships between animals, and
habitet. The inflﬁence of weather factors on activity raythms
and movements could not be determined in this study. If a
felationship exists it probably is complex aﬁd varies éeasonally.
Further investigétions'are needed to evaluate these potential
‘influences. - On CCNHA? stream habitat appearé to provide the hest
site for fulure studies because of the accuracy of th location
and actiﬁify.data and the relative stability of habitat. In
addition,‘the liﬁear nature of the strean wiih its restricted
foed sources provides a somewhat simpler habitat in which'to

investigate interactions between muskrats and their environmenti.
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endix A — Figure 1. Activity pattern of muskrat 1501 from

July 29 to Sectember &, 1959, Dots show the percent
of time tne animal was active for any given 10-minute
interva ring the 24 hours. The percentage

2%
R

od. Dashed lines siiow approximate time of
sunriss and sunset. : :
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Appendix &

\
™

— Figure 2, Activ1ty

attern of ruskrat 1907 from
September 18 to October 23, 1969. Dots show the
percent of time the animal was active for any given
3C~minute interval during the 24 hOLr The

ba
:
be

T
percentages indicate croa.t of time animal A
rmonitored cduring the period. Dast
approxdmate time of sunrise and s
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Lppendix A - Figure 3. Activity pattern of musikrat 1909 and 1913 ,
R St from Sevtember 22 to November 30, 1969 Dots show ~~ ~° =~ = =
’ the percent of time the animal was active for any
given 1C-minutzs interval during the 2, hours. The
vercentages indicate amount of time animal irs
monitored during the psriod. Dashed lines show
approximate time of sunrise and sunsets = -
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Appendix A - Figure 3. Activity pattern of nmuskrat 1909 and 1913
: - 'fron Seotember 22°to November 30, 190 ‘Dots show
the percent of time the animal was active for any
. given 1C-minute interval during the 2 hours.. The
- percentagses indicate amount of time animal vas
. .monitored during the period. Dashed lines show
-+ .. = zpproximate time of sunrise.and sunset.
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