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‘The uneven c;ckl1ng itol winter’ s ear]y glance

Flow1 o] waters melt the dw1nd]1ng w1nter scenes

K and provides “you with_the ‘means
. to. resume your, noble’ dance :
A]l the\ marsh }istens as you wh1rl 1n consonance o

aichorus in the fresh night. .
t to ritualized fight?

\
ning. s'adows take form in the deepen1ng\amber
and silouette you as you flow ' . ' »

Ani your 11fe séttles into fam1l1ar rout1nes
Ev

among the ‘riches of your Kingdomé
Watching your heirs sing -a-tune to the sett1ng sun. -

and| frolic \in unending

“bouts of friendly teas1ng

Inla t1me that neveF~geems to pass too 'slowk

fades out far' in the distance. ' -

- Frozen droplets bite:the core . ‘
~and drain the last g]1mmer of 11fe from every pore
'But you, you must remain : o _
~~and secure your domain. = - (~‘
- for another summer, and another dance

glow
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Abstract ‘ ffl;

’ Forag1ng and‘spac1ng patterns of muskrats (Ondatra

N

: zvbethtca) were exam1ned at a 35 ha pond (Bowden Lake) in

south central Alberta. Muskrats from. areas where only xgh ,

latifolia (common catta1l) or Sc1rg_§ acutus (hardstem

'bulrush) ( the ‘dominant emergent plants) ‘and from areas where |

both spec1es were present Were stud1ed to examine the
effects of ava1lab1l1ty, abundance, and nutr1ent~content of
these two plants on the forag1ng hab1ts and use of space.nn»
muskrats [ “7‘ e

-~ The nutrient content (% prote1n calC1um phosphorus, '

rpota551um magnes1um and soq;um) of S. gggtgs and T.
"‘lat1fol1a were s1mllar in spr1ng Nutr1ents 1n T lat1folla
:decltned rap1dly through the grow1ng season, and fiber |
:content increased. Nutr1ents 1n S. gggtgs gradually declined‘

' through the year _but remained cons1stently h1gher than

those 1n l lat1fol1a F1ber content of S acutus was always-
lower than that’of‘T lattfolla The relat1ve abundance

(proport1on of a plant spec1es in an anlmal s home range) of(

T lattfol1a decl1ned through the - f1eld season whereas that

t

for S. QQQ£Q§ remained relat1vely constant Absolute |
"abundance of 1. lat1fol1a was h1ghest 1n summer when the.
.::b1omass and fiber: content were htgher than 1n the spr1ng or

.fall The absolute abundance of S gggtgs 1ncreased from

dsprlng to summer and fall

Emergent plants were the maJor food resources 1n sprlng. .

}fand summer but muskrats sw1tched to eatlng submergent



-
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S ’ » . . ) o . -
plants (Potomogeton vaginstus -pondweed, and. M r1ophyllum "

exalbescens -water milfoil) in fall. S. acutus was the

preferted food of animals'living'in'Scirgu and

Sc1rgu _xgh_ hab1tats, and of capt1ve an1mals from all
three habitats in exper1mental tests 1. 1at1fol1a was eaten
in relation on]y to its re]at1ve abundance whereas the
amount of S gggtgs in muskrats diet was . corre]ated w1th
its absolute abundance and nutr1ent content When S. gggtgg;"

‘o
was ava1lab1e muskrats concentrated the1r forag1ng _

’ act1v1t1es on it; in 1ts absence they ate comb1nat1ons of
1AV less. preferred foods (T 1at1fo]1a, vag1natu , and M.

*exalbescens) When the qual1ty of any food resource ‘

-decreased below a 1eve1 where the probab1l1ty that it was

-gbenef1c1al was low muskrats switched to another food item.

Hab1tats cons1st1ng of stands of S acutus were

preferred over T 1at1f011a as 1nd1cated by the hlgher

ldens1t1es of muskrats and the d1fferent1al dlspersal of

i animals 1nto Sc1rgu -habitat compared to- xg hab1tat

_Growth rates (weight and body. measurements) ‘were hlgher for_
,Juven11es from Sc1rpu hab1tat than for Juvenlles from
co xgh hab1tat OverW1nter surv1va] was alsd hlgher for

",Juven1les born 1n and rema1n1ng 1n Sc1rpu hab1tat than in

xg hab1tat
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“s;ud1ed in Iowa to be nocturna] they are eas1ly observable

1. Introduction o

¥ Fretwell (1972) defined the habitat'of'a speciesﬂd@:‘fanyﬁ

. portion of the surface of the earth where the species is

able to COionize; and live (temborarily}or permanently) at
some ‘density greater:than zero' . The‘abiljty‘of,a habitat to
prdvidé food resources and protection from predatofsvwfll
influence the survival and distribution patfern$ of animaTs.
Anyﬂindividual that can consistently detect énd occupyA’
habitats of higher quality should make a greater
cont?1but1on to 'succeeding generat1ons than those
individuals that inhabit areas of 1ow,qua11ty. Hab1taté are.

heterogeneous by nature, and pthide a wide variety of

. potent1al resources for an animal to explo1t Given

variations in food value of the resources ava11ab1e in a f
habitat, an an1ma1 should forage selectively on foods of.-
high quality as a means of inéfeasing'its.%itness (Levins
1968). Because the way in_which?an-anfmal uses its'habjtat '
plays an integral part in ifé ovérall fitness, decisions:

. E . -9
involving fooQ selection should be essential components of

‘habitat use. ' —_— <

"Mgékrats.(Ondatré zibethica) inhabit a wide;spectrum'of ‘

aquatic habitats throUghout North America, Northern Europe
and Asia (Errington 1963). These animals cohsume numerous

food species depending in part on their availability within

the habitat (see Willner et al. 1975 for a review). Although

J

~ Van Horn (1975) con51dered the 1imited number of muskrats he
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; dur1ng dayl1ght and tW111ght hours in the 1ong days of the o
:‘northern summer Ev1dence of hab1tat use 1s also read11y -
observable s1nce muskrats build, runways, huts and feeding |
- p]atformst Muskrats may have preferred food 1tems (Westworthf
‘1974) and habitat- types (Danel] 1978al 1978b) but-the
relatﬁonsh1d between forag1ng hab1ts and habttat se]ection
has rece1ved 11ttle detailed attent1on It is the o
‘.relat1onsh1p of food andahab1tat select1on to forag1ng
patterns and use of space that is of part1cu1ar concern in

Lk

- th1s study of muskrats 1n south central Alberta

7.@

%‘",
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- L 1L sTupy AREA

Bowden Lake 1s a large sprlng fed pond, encompasstng an. area
of 47 ha, s1tuated 1n a shallow depres51on in the roll1ng
h1lls of the aspen parkland of south-central Alberta three
km west of the town of Bowden (51°46N,114'04" ). The
northern eastern and western shores are surrounded by
cult1vated farmland and the southern shore is bordered by a

gravel road Approx1mately 325 m ‘south of the north shore, a

htghway crosses the pond separat1ng 1t 1nto two secttons

The two port1ons are Jo1n by a. swngle culvert The - present

: study was conducted pr1mar1 y 1n the 35 ha of the lake lying -
' south of the” h1ghway _p’ R o "/h |

" Bowden LaKe (Fig. 1) :is. predomtnately open water with
emergent vegetatton restrtcted to a’ bordertng frtnge except'

for a stand of 501rg acutus (hardsiem bulrush) located

approxtmately 150 m from the south: shore The southern and
western shores ane wet lands . dom1nated by ygga lattfolta
(common'qattail). The western shore’ is vegetated w1th I.

lat1f0l1a 1nterspersed w1th several Carex las1ocarpa (sedge)

: ~meadows The northwestern corner of the south portton of the .~

pond 1s vegetated by an onshore communtty of I- lattfolta:

'”,and an offshore emergent populatton of S.. acutus Along the

7.

o rocky htghway bed on the northern shore vegetatton is -

sparse and conSISts of outcropptngs of Agrostli spl (bent-“‘

grass) and Rumex martttmus (golden dock) The eastern shore h:"

1s dom1nated by an emergent stand of S. acutus and an

onshore wetland of C la51ocarg ,S acutus and soattered
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acutus-habitat, and 3 m1xed Sc1npus Iypha

Figure 1. Map of Bowden Lake. The numbers between two
arrow-heads represent the three habitat-types from which
muskrats were studied. 1=Typha latifolia- habjtat 2= Sc1rgu

)
- Lyohs 1a.t,if°_1ia o
1 }--Seirbus Soutus ‘Y .
' fC?ré*figgiQCarpgi ’
3 o _-_rﬁuskrat huts K
'effoadS ' 
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small patches of I. latifolia. A submergent flora dom1nated

“by Potamogi?on x_g1natus (pondweed) w1th m1x1ngs of P.

richardsoni i and/or_g Qus111u and Myr1ophyllum exalbescens -

(water milfoil) is present throughout ‘the open water
|
Muskrats ma1nta1ned shore11ne huts (except along the_'

north shore of the study afea where banK dens were occup1ed)

throughout most of 1976 and 1977. As water-levels declined:

?through the summer and fall of 1976. several huts along the
‘western shore and the bank dens were abandoned These

‘ dwe111ngs remained unoccup1ed throughout the summer of 1877
A res1dent adult poputlt1on of about 45 muskrats 1n 1976
,}decl1ned to about 37 in 1977
| ZI. 1at1fol1a areas on the south shore s, gégtgst'
hab1tat on the east shore, and the m1xed S. ggutgs-T _
171at1fol1a commun1ty on -the northwestern shdre were used as

intensive study areas for an analys1s of. spac1ng related and

';forag1ng related behav1or. These,three.hab1tatsrare .

:f'menceforth‘reterred to as Typha, ScirbUs,‘andrSoirgus-Tyoha,
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I11. GENERAL METHODS

'Collect1on of Data |
| A total of 210 muskrats were live- trapped (15x15x50 cm

.Nat1onal l1ve traps) tagged W1th #1 ‘monel. metal fish tags

. _and colored plast1c ear dlSCS 1n each ear, wetghed (to the

-.nearest g) measured, sexed exam1ned for 1n3ury and
reproduct1ve status, and released dur1ng 1976 and 1977 td'
‘Measurements of tail length (to the nearestlnn after Doz1er
‘et al. 1948) and left h1nd foot length (to nearest mm) were
‘r recorded for adults and Juven1les, and the total length otb'r
Juventles was taken from the nose to the end of ‘the ta1l

Upon recapture, all antmals were 1dent1f1ed rewe1ghed, and

o Lre- exam1ned In add1tlon JuvenFles were re- measured

. .
I observed musKrats from May unt1l September (435 h)

| 1976 and from April until- December (1210 h) in 1977 At
'/ﬂeast 21 adults lrange 21- 49) were observed throughout the
: study, and ‘were (as much as . poss1ble) equally d1str1buted
- famong the three hab1tat types used as 1ntens1ve study areas
}I observed an1mals from: ten d1fferent grouplngs of huts 1nhf,'
frtthe three hab1tat types Observatwons were rotated so thatfﬁ
:hpan1mals from each hut grouplng were observed for ,7 )
‘f'approx1mately equal amounts of t1me A ptlot study of
-'n!muskrat act1v1ty was conducted 1n the spr1ng of 1976 to 1af_ih_
' *determtne when the an1mals were most actlve dur1ng v1sible¥:u»1
'”l1ght I observed muskrats at d1fferent s1x hour 1ntervalsi?h

’.j?reach day for e1ght days The hours durlng wh1ch the most -

v"l_
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act1v1ty aJ; antmals were Seen were the hours &sed for
observ1ng the" anwmals As the seasons changed the hours of
observat1on were a]tered to correspond to the peak hours of
muskrat act1v1ty 1n v1s1b)e 11ght MusKrats from- the |

1nten51ve é;udy areas were observed from JUSt after sunrwse ’

(approx1mate1y\0600 h depend1ng on the season) unt11

o apprOX1mate1y 1000 h. (MST) and for about two hours before b

and after sunset (approx1mate1y 1800 h-2300 h) for an-
average of 51x hours of observat1on each day Observat1ons_’

: were made from a canoe or from se]ected observat1on posts on .
)and 1 recorded muskrat act1v1t1es conttnuous)y throughout o
the observatlon per1ods by not1ng the t1me and the -
1dent1ty, pos1t10n and act1V1ty of that an1ma) Two methods )

of observat1on were used dur1ng the study When fewer than .

; three antmals were in s1ght at. any gtven t1me conttnuous

E -f~ observat1ons were taken on al) of them If more\than three'

S .
antmals were present 1n the observat1on area a scan of each

- an1ma)s act1v1t1es was taken every ftve m1nutes ;”;y;f;
f order to eva]uate vartat1ons 1n t1me budgets; y;.tn
)spat1a1 re]at1onsh1ps forag1ng hab1ts, and behav1or over
t1me the f1e1d season was d1v1ded 1nto three t1me per1ods")‘
'; that correspond to b1o)og1cal events 1n the 11ves of

’ muskrats The sprlng per1od begtns w1th 1ce breaKup in early
Apr1] and ends w1th the b1rth of the f1rst 11tter in late
May (1 Apr1] 31 May) The second per1od,,summer :extends )
from the b1rth of the ftrst 11tter to" the end of the |

breedtng season 1n late August (1 dune 3h.August) hs fal] a

- - - T - . N .
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wMusKrat Home Ranges -

| Hab1tat Ana)ys1s '

‘;wh1ch muskrats res1de, the abundance nutrient qua11ty,

"3‘fphenology, substrate compos1t1on, the 1dent1ty of

" a
S -
¢ b

perlod beg1ns in September and cont1nues through to-

freeze- up in m1d Now?mber (1 September 15 November)

\

Muskrat home ranges were determ1ned using p081t1onal

vdata from directe observat1ons and trapp1ng M1n1mum area
~polygons, exclud1ng the outermost f1ve percent of an’

fan1ma1 s ]ocat1ons, ‘were drawn to represent an. an1ma) s home

©

jrange (dennr1ch and Turner 1969), and the area of.each home
‘,range was calcu]ated Home range. data were. used in ana)yses

e of muskrat forag1ng and spa01ng -

In order to evaluate the qua11ty of the hab1tat in

3dens1ty of the two maJor emergent plants on the study area

(S acutus and T. lat1fo]1a) were recorded dur1ng the 1977_)

;}f1eld season Growthfand dens1ty'est1mates for each speC1es
tewere obtawned once a month from May unt11 October Three
\ p'randomly placed 0 5 m by 1 m p]ots for each spe01es were
"7n:staked out Aane each of ten muskrat home ranges Two of the ;'7 :
.:‘home ranges 1ncluded stands of both T* lat1fol1a and S
*) ’gggtus, and the rema1n1ng e1ght home ranges were equal]y
);d1v1ded between stands of e1ther T )at1fo)1a or § ggulgs
)fThus, there were 18 plots for each p]ant spec1es Data on

”f*waier depth (cm) den51ty,vand he1ght of culms (cm)

| X
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i‘Co;occurrlhg plantispecles,.ahd the percentage of culms,
_recogn1zably b1tten off by muskrats were recorded for each
A.plot dur1ng each sampl1hg per1od o | |
o Est1mates of product1v1ty and nutr1ent content of each |
’ spec1es were obtalned ‘each month from mld ﬁay unt1l v
‘m1d October The stand1ng crop from two’ 0.25 by 0.5 m plots
for both S ggutgs and T lat1fol1a was harvested each
month Samples were taken on a rotatlng bas1s from each of
:the ten home ranges ment1oned above, and the s1te of the
plot was chésen randomly by u51ng a random numbers table and :
a a gr1d of the study area When a plot was harvested data on. '
'water depth den51ty, he1ght phenology, substrate’_: | |
'_“compos1t1on co- occurr1ng spec1es musgrat use and wet
':we1ghts were recorded The harvested materlal was pressed
'"and drled 1n a plant press placed over a 150 watt ltght -
',bulb Dr1ed mater1al was welghed and stored in a1r tight o
'contalners unt1l ﬁutr1ent anaﬂyses were performed Analysesv
rfor total n1trogen, total phpsphorus, cal01um magneswum,'
‘sod1um ;potass1um mo1sture content,‘and flber content were
“carr1ed out by the So1l and Feed Testtng Laboratory of the 4
Alberta Department of Agrlculture (Edmonton)

Analyses of the nelat1onsh1ps°between plant nutr1ent S

B content and phy81pal character1st1cs (1 €. he1ght denstty.‘»{fﬁ

‘and phenology) of those plants water depth 1n plots, and

the time of year were done for both spec1es These were done_‘-_”:

K4

~us1ng a Spearman ranK correlat1on (Marascu1lo and McSweeney f

1977, and S1egel 1956) The result1ng s1gn1f1cant



o

~-and eat1ng of food items; c) construct1on of huts bank

usually occurred in shallow water or. o

.correlatlons (p<0 05) ~in cOnJunctIOn w1th the data from the
0.5 by 1m plots we e used to est1mate the nutr1ent qual1ty

- of each home range. . L T ‘ P

o o o -y

Act1v1ty Budget Analys1s '
 The’ amount of t1me an animal spent performlng

partlcular behav1ors was compiled from my. observat1onal data"

to g1ve an estlmate of act1v1ty budgets MusKrats engaged 15“:

a w1de var1ety of activities, wh1ch I d1v1ded 1nto s1x maJor

categor1es, a) travel1ng, e1ther on land or sw1mm1ng. b)

foraging, 1nclud1ng handl1ng and collect1ng, tranSporttng

1

—r

;dens, runways, platforms, etc . d) self groom1ng, e)

'1nteract1ons, 1nclud1ng am1cable, aggress1ve and sexual

i

'"1nteract1ons, and f) scent mark1ng Each behav1or category

¢ < R

was cons1dered with reference to {ar1at1on by t1me per1od

QLSes; and: age A frequency 1ndex -for .each behav1or category

was calculated us1ng the formula

-_———-—__-——..-...—_..—-_-——-———----—-—-——--_—---—---_---——-——_—

g_Total m1hutes of observat1on/an1mal subclass/t1me period .

o Aggresg@ve 1nteract1ons cons1sted of chases and f1ghts'

dbetween two or. more muskrats F1ght1ng behav1or typ1cally
'1nvolved two an1mals leap1ng at each other and attemptrng to

g’btte each other around the face and shoulders F1ghts :

flats Chases7~

1nvolved one or more antmals sw1mm1ng or r nn1ng after one .

‘; anotherﬁ‘Am1cable 1nteract1ons 1nvolved a lo groom1ng and



v
Ll

‘12

&

greeting‘behavior (i\e. nose rubb1ng and sqaff1ng of the
face) Sefual 1nterac Jons consisted of the behav1or 1ead1ng
up: to and 1nc]ud1ng ébpulatron Sexual behav1or ‘was f
character1zed by one or two males sw1mm1ng behind a feméﬂe
“and’ voca+Ti1ng Chases and f1ghts between ma]es often
occurred befoce one male mated with the female '

' Scent mﬂrk1ng was charactertzed by both the use of,

con3p1cuous ‘scent mounds and less conspicuous (v1sfbly)

around huts and on c]umps of vegetat1on around the edges of .

'y

home ranges Muskrats used an anal %fag method of marklng

:(descr1bed by Ih1essen et (1971) for gerb1ls in which

‘gfan1ma1s were seen to be act1ve was 1nc1uded in the

an an1mal backed up to a prom1nent obJect and dragged 1ts
anus down the obJectf Muskrats marked vegetat1on feed1ng
p]atforms huts, rocks, and‘other featureswof the .
env1ronment 1n ‘this manner Mark1ng of other an1mals
occuﬁted after allo groomlng bouts e //,@ }fl 'i;%;,

. &
/

' Dur1ng each observat1onal per1od muskrats spent some

. port1on of t1me 1ns1de a hut or bank den (FEg 2) An an1ma1

was cons1dered to be 1ns1de a hut or bank d

qt:seen enter1ng the hut whether or not 1t reappeared dur1ng ‘

: ,fthe observat1on per1od vOnly the amount of t1mé 1n wh1ch i }

. W@
estimat1on of the act1v1ty 1ndex

I used a one way analySIS of varlance (Neter and

-

n,“1f 1t was ,/-’

')

| mark1ng of areas in the home range and other anlmalz‘wlth R
‘scent from ana] glands (Ewer 1968) Scent mounds, c : \'ng:

.. of a comp1latlon of mud detr1tus, and feces, were p]aced

°
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Figure 2. Proportion of observation time in which muskrats
were observed to be active. (See page 12 in text for a

description of. active and inactive times.) N=the number of
hours of observation in each time period. \

\
Y

§
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, @-r Adult feryéles

--'Ad_u]-t males

@--duveni les , -
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Wasserman 1974; Sokal and Roh1f 1969) to evaluate
differences in activity budgets among classes of animals and
. ) . ) ,
P . :
time periods. A probability level of 0.05 or less was

considered to indiCateleignificant,differences'among‘groups.

Juvenile Growth'
Juvenile birth dates were determined from the behavior

and weighttchanges-of adult females. Immediately prier fo

g1v1ng birth yemales gathered nesting material and '
transpor ted ‘t to a hut, or bank den. The ages’ (+5 days) of-
-juveni les Lere determ1ned by back dating from the t1me of
capture 'to the estimated date of b1d}h We1ghts,-tota1 body
1ength ta1l 1ength, and left-hind foot length of 49
juveniles were recorded in 1977 32 1nd1v1duals were from
Sc1rQu hab1tat and 17 were from _xg__ habitat. Growth
curves, using age as the 1ndependent var1able ‘and we1ght as
the dependent var1ab1e were fitted to these data}uSJng a
‘method out11ned by R1cklefs (1967) duVeniles frdm eadh
~habitat were cons1dered separately A one- way analys1s of
variance (Neter and Wasserman 1974) was used to analyse the
effectslof sex and habitat on the growth of juveniles. All g

growth measures were used in this analysis.



Iv. PHYSICAL AND NUTRITIONAL CHARACIERISTICS OF
yg lat1fol1a AND Scirpus ‘acutus '

The nutritional characteristics'of plants are known.to
fTuctuate with time, the cond1t1on of the p]ant, and between
h;hab1tats (Boyd 1978, Di jkshoorn: 1969, ~Goodman 1969, and
Rorison 1969). I determined the relat1onsh1p;among the.
,physicalqand nutrient components of T. latifolia and S.
| gggtg%hxand.then compared them with thg"phySical | |
'character1st1cs of the plants in ea ome'range (ds
estimated by using the data from 't 0. 5 by 1 m plots) ..

.The nutrient cdhtent of both T lat1fo]1a and S. ggglgs
decreased through the grow1ng season (Tab]e 1; and Append1x
‘1 and 2). -The fiber contengjof . lat1fol1a 1ncreased ,
rap1d1y after the onset of the grow1ng season whereas for
S. gggtgs there was a curV111near relat1onsh1p w1th a peak E
in July. As T. 1at1fo]1a reached anthESIS in late dune the
1nflorescence stalks became 1ncreas1ngly woody The decrease
in f1ber content of S, acutus through August and September
was probably from a secondary peak in product1v1ty (Auc]a1r
et al. 1976) in late summer and fall, rather than an actual
decrease 1n the f1ber content of mature p]ants Even though
there 1s a tendency for older S. dcutus culms to become more
f1brous in the fal] ‘muskrats were seen forag1ng on both old
and new culims untxl freeze up. In sprlng, I noted muskrats
’ eat1ng the green//underwater port1ons of §S. acutus culms /

from the prevwous year's growth The nutr1ent content of a
&arsample of the prev10us yea: s growth was determ1ned and very
s - | , | ﬂ A o A
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‘ ,l1ttle d1fference was found between plants harvested before

freeze-up and those collected after ice melt the follow1ng

~spring (Table 1),

The nutr1ent contents of T lat1fol1a and S. ggglgs,
—_— . :

_were 51m1lar in spr1ng ‘The decl1ne in the nutr1ent value of

I lat1fol1a throughout the grow1ng season was greater than

i that of §. acutus N1trogen levels (% prote1n) and sodium

levels in S acutus were generally h1gher than those in T
latttolla' The cons1stently h1gh bvomass of 1. lat1fol1a .
(Table 2) may account for its lower prote1n and sod1um |
_ Tevels. Boyd (1978) suggested that aquat1c plant spec1es
that'produce lower stand1ng crops (7. €. b10mass) generally"
have h1gher percentages of n1trogen and sod1um than do
5/.spec1es with h1gher stand1ng crops In August there was a
'sl1ght 1ncrease in the prote1n and sodlum content of T |
. ;lat1fol1a assoc1ated w1th the growth of new shoots B
”W{However, senescence qu1ckly followed By late August most

culms were found to be at least 90% dead Aucla1r et al.

.(1976) Boyd (1970a, 1970b) Boyd and Hess;(1970) Mason "and

n,.rBryant (1975), and McNaughton (1966) have shown that

secondary peaks 1n product1v1ty and nutr1t1onal contents of |
‘tlyghg spp. and Sc1rgu spp occur in.late summer In both S
gggtgs and I. lat1fol1a the mean culm he1ght/decreased
gwhereas the mean den51ty 1ncreased through August and
j’September (Table 2) Towards the end of the grow1ng season,.di
f'§, gggtug was cons1stently h1gher in nutr1enfs (Table 1)

than T lat1fol1a The comb1nat1on of a lower flber content ;n?

\
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and a h1gher nutrient content in S. éggtgé may make it a
more des1rab1e food than T. lat1fo]1a |

The phys1cal and tempora] parameters of the plants
; wh1ch best account for the var1at10n in nutr1ents are-time
;of year,'culm helght, and phenology for S acutus (Table 3)

| and the t1me of year, he1ght of culms, and dens1ty for 1.

* latifolia (Table 4).
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V MUSKRAT ACTIVITY BUDGETS
Activity budgets (F1g 3a, b and c; Appendix g“and 4)

A 1f“ ,‘represent the way in which an animal allocates its t1me to {‘
,var1ous ‘activities. The proport1on of ttme spent by an \
an1ma1 on any. pne act1v1ty, may vary as: a funct1on of |
‘season energy requ1rements. pos1t1on in the dom1nance°'
h1erarchy, age. ‘sex, phys1oTog1cal state etc. Knowledge of

" the activity budget can be useful in understand1ng forag1ng

hab1ts,}spat1al relat1onsh1ps among 1nd1v1duals, and the use |
of space. o | R |
N ravel1ng Adult males spent more t1me trave11ng than j
,d1d females in the spr1ng (F(1 6) 7 87 p<0 05) Greater - |
."movement by males at that tlme may be related gp Spr1ng
‘d1spersa1 wh1ch was pr1mar1]y done by males. as. noted by
:_Sather (1958) There was a general dec11ne 1n the amount of
:_t1me males spent trave11ng, from the spr1ng to the fall.
(F(1 6) 16 38 p<0 025) Adu]t females on the- other hand
.spent s1m1lar amounts of t1me trave11ng through the fleld(
: season Adults tended to spend more t1me trave11ng than
’Juvenales (F(2 9)=4.3 p<0 05) in the fa]l (F1g 3c) All _~f
i“[3 %%?an1mals spent swm11ar amounts of t1me trave]1ng in the o
‘fsummer (F1g 3b) b F .

N orag1ng Muskrats spent more t1me forag1ng than 1n any
'fﬂ-fother act1v1ty throughout the f1eld season (F(1 6) 9 53 ‘
_fijp<0 025\, except for adult males 1n the spr1ng when they .fll

e ‘yilp pent s1m1lar amounts of t1me forag1ng and trave11ng '_'

'f“*'s;fgtfd-i(F(1i6)'t 24 p>0 10 F1g 3a) W1th1n each t1me per1od al1

» .
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and<cquctfvity-bUdQets of?muékréts‘at'Bdeeﬁ
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* FIGURE 3R. MUSKRAT ACTIVITY BUDGETS: SPRING.
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three classes of animals spent roughly the,§ame'amount of
time foraging. The foraging time for adult females and for
juveniles{did not change signfficantly through the field
seasonQ(F(2,6)=2.6>0.1). Adult males increased their
foraging time from spring to sumner (F(1,6)=20.83 p<0.005),
but did not change from summer to fall. Adult males
transported food from the collection site to the site.Where
it was eaten (Fig. 4) more often in summer than in spr1ng
(F(1,6)=6. 10 p<0.05), due in part to greater usd of feeding
Aplatforms by males dur1ng summer . Both adult males and
females, collected food and transported it to a nearby- hut
in sumner where newly emeréed.juveniles ate 'it. This may
also account for the increaee in transit time for males.
Juveniles spent more time collecting and handling food
material <than did adults in the summe:}(F(L,6)=6.4 p<0.05),
but.Tess time transporting food naterial {F(1,6)=6.4
p<0.05). One reason for this" may be that Juven1les when
forag1ng, tended to travéléio.a feeding area and remain
there while eat1ng. Adults spent more time handling food in
the fall than in summer (F(1, 9)-12 1 p<0.01), partly because

‘they were feeding more on submerged aquatics, especially

Potamqg;lon !;g1natus, and remained in one general spot to

fforage rather than transport1ng the food to platforms or
hUtS - \"'. _ . ;"

Cdnstruction of huts, Qlatforms and runways . Most

construct1on was done at nwght when I was unable to observe

the an1ma]s, so my data may not reflect this activity
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Figure 4. Percent of foraging time spent eatiﬁajﬂhandling;

and transporting food items. F=adult females, M
J=juveniles.
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accurately MUsKrats‘were not seen to make any repairs to or

to build few huts unt1l late 1n summer as Err1ngton (1963)

also'noted In summer, most constructwon was done by
juveniles (F(1 2)=39.8 p<0.05, Fig. 3a) . Females were not
| seen to.do any construct1on until fall, although they may :

~ have ‘done some at night. All animals spent approximately the

”A_same amount of time bu1ld1ng huts in the fall

1ng Adult males anaﬁfemales spent 51m1lar‘_f
e*proport1ons of t1me'groom1ng in. spr1ng (F1g~ 3a) duven1les -
groomed more often in the summer than d1d adult males
~ V(F(1 6)=8.80%<0. 05) but not more than adult females (F1g

3b). No d1fferences among an1mal classes were eV1dent in the

"fall (F1g 30) No s1gn1f1cant d1fferences were found from a

‘season to season w1th1n any of the an1mal classes, but there
was a tendency for musKrats to spend more t1me groom1ng |
dur1ng the colder port1ons of the f1eld season. Th1s was
part1cularly true in the fall and may have been due to a
decrease in the amb1ent alr and water temperatures, :
'dlncreas1ng -the need for care of the pelage for 1nsulat1on
.l(McArthur 1977) | “ | |

Interact1ons, In the spr1ng when the maJor1ty of

Llnteract1ons occurred adult males and females spent s1m1larf.'
N amountss f t1me 1nteract1ng (F1g 3a) Adults spent more |

_t1me 1n aggress1ve 1nteract1ons 1n the.spr1ng (F(1 6) 36 32 o

'p<0 001 F1g 5) than in am1cable or sexual 1nteract1ons
l“gFemales d1d not 1nteract aggress1vely towards other females

at this t1me Aggres51ve 1nteract1ons 1nvolved at least one '
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Figube 5. Percent of ‘interaction time spent in am‘i:cablté.‘ '

aggressive, and sexual interactions. F=adult females,
‘M=adU']t ma]'es,vld_:juve‘ni']\es, - o ‘

N 1 f-Amicable interaétions L
E ’ IR - -Aggressive interactions
: @-—Sé_xual 'i’n-tér"acitionv‘s; f
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‘male {Table 5l Thehmajority of’amfcable interactions‘were;’
between females and males (Table 6), although both |
| 1nteracted am1cably w1th other 1nd1v1duals of the same sex
The only am1cable 1nteract1ons I saw 1nvolv1ng two or more
- males occurred between known 51bl1ngs or between yearl1ngs

and the adult male who res1ded 1n the hut 1n wh1ch the.

yearl1ngs were born Am1cable 1nteract1ons between adult

females occurred between yearllng females and the1r mother._r‘

EE

~and also between two adult females (each at least two years_
of age) of. unknown relatedness o - ‘ .
Levels of 1nteract1ons decl1ned from spr1ng to summer
for males (F(1, 6)*15 47 p<0 01) and females (F(1 6) 9 87
p<0 025) Adult females were 1nvolved 1n fewer aggress1ve

1nteract1ons 1n summer than 1n spr1ng (F(1 6) 38 20

p<0 001) The maJor1ty of 1nteract1ons 1nvolv1ng adult males.d

in summer were aggress1ve (F(1 6) 53 34 p<0 001) Adult

| males 1nteracted aggress1vely w1th other males more often ;

than Wlth females (F(l 6) 66 87 p<0 001) or Juven]]es i;, S

(F(l 6) 507 16 p<0 001) As 1n sprlng.vall aggress1ve

1nteract1ons 1nvolv1ng females were w1th males (Table 5)

“. aggressvve 1nteract1ons were seen between Juven1les in

--.,summer Adult females spent more t1me in am1cable f',5Qoffw73

1nteract1ons w1th adult males and Juven1les than 1n

o aggre351ve 1nteract1ons 1n the summer (F(l 6) 129 98

p<0 001) Most am1cable 1nteract1ons occurred between adultszk’*"‘“

and Juven1les (Table 6) No am1cable 1nteractlons 1nvolv1ng

e

two adults of the same sex were seen 1n summer or fall

LS



R

35

Table 5 The proport1on of all aggress1ve 1nteractlons that,.
occurred between different animal classes for the spr1ng,
. summer, and fall time periods in 1977 at Bowden Lake :

SN= number of aggress1ve 1nteract1ons -

e wm e e e b e m b G e s e ee Wm Em e e e s e W G mm EE e M e G M W tm Gk vm MR M m SRR R MR BN SN s W Ee ST W M A e em e e

© Spring (n=264)
"l”Aduit-feﬁé1e_'.fi
.:Adult'méie '  °
 Summer (n =91)-
AduTt fema1e7  :
CAdult male

f'du§éﬁﬁ1es'

-z]Fall (n 84)

} Adu]t fema1e >¢
Adult maie,;,f"*~

-7”; JUVen11es

dult female

Adult femalé\b Adult male B

00 . Y ”
'f49+2*, B ~ '"‘ 59.8°

00 7
oo, o*im_,’ R

Adult female i
3 o -

h‘Adulf‘ma1e .j
‘318;2i_' ,'f;_~f:72'2::.s
Adult male_:fl_

Juveniles

‘Juveniles .

B

e e o e e o o m e e e o o e e e e e
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~ Table 6. The proport1on of al] amICable 1nteract1ons that

-~ occurred between different animal classes in the. sprlng/

- ‘summer, and fall periods in 1977. at Bowden Lake N = number
- of. am1cab1e 1nteract1ons ' S . Lo

_—-——-——----.---..__.....___————-—-——-.-..‘-_......__..--————..-..——--_

i“:,§Q£lDQ (n=118) Adult female”f Adult male .
“Adult female;' 184 el

Adult male 7>,f "~ 65L8 vf 'ﬂ*;. 15 8"

Summer (n= 139) ~ Adult female Adult ma]egfi,_ua%eni1es‘1.‘

Adult femalef: 00 |
vAdult male o : -17,5   S 1;0.0 R

duven1les f'-"!’_"“36-8 298 2

all (n 153) L "Adult female,‘* uédg]t:maig7‘ '-QuVehiTes   =

: Adult female}g:;f}::' 0.0 | e | e
Adult male . 0.0 . 00

"7.> duven1les a ”;;;"ﬁ“ f3§l4}";<'f 19,7 hx:f '-ff47J9; {V

. --....._.":.’.__..;."_..-‘.._.._,'____1
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‘ Males spent more t1me 1nteract1ng than did Juven1les in
‘.fall (F(1,6)-8.10 p<0.0§) but spent approx1mately the same
~ amount of.time'as dtd'adult females {Fig. “3c). Time spent on
- aggress1ve 1nteract1ons showed no apprec1able d1fference

from summer to fall for any . an1mal class The maJor1ty of :o,h

aggress1ve 1nteract1ons in fall occurred between two adult

| males duven1les 1nteracted aggress1vely with each other

\

but to a lesser extent than b1d adult males (F(l 6)=6.2

p<0.05) Aggress1ve 1nteract1ons between two adult females

'were‘relat1vely rare but did occur; Overall, adult males-

1nteractedéaggress1v ~more often than they. d1d am1cably
(F( (1,6)= 21 68 p(O 005) Adult females (F(1 6) 565 65
p<0 001) and Juven1les (F(1 6)-1095 75 p<0 001) spent more

time in am1cable 1nteractlons than 1n aggress1ve -

~;1nteract1ons The amount of t1me that adult females spent in.

' am1cable 1nteract1ons 1ncreased throughout the fleld season

(F(l 6) 64 11 p<0 001) duvenlles also 1ncreased the amount

of t1me spent ‘on: am1cable 1nteract1ons from summer to fall

(F(1 5) 11 05 p<0 025) There was no. s1gn1f1cant change 1n f""
t1me spent at am1cable 1nteract1ons by adult males between'% g

summer and fall All am1cable 1nteract1ons taklng place 1n}/\}'ﬁ

the fall 1nvolved at least one Juventle Adult females and
Juven1les part1c1pated 1n fr1endly 1nteract1ons more often )
than d1d adult males No s1gn1f1cant d1fferences in the T

frequency of sexual 1nteract1ons were noted between spr1ng

and sunmer (F(1 5) 1 45 p>a 1), and none were seen 1n fall

(F1g 5) Sexual 1nteract1ons were observed less often than ;"C

/‘ A
/.

A
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ugh the relat1ve occurrence of. 1nteract1ons was
ﬁ'atlact1v1ty budgets there are some v1s1ble
fu]t'males were'generaliy,more aggressive than

: ;lt females or~Juven1les This. was espec1ally

;VKin there were dlspers1ng or excurs1on1ng anlmals
j“tarea Adult fema]es were most aggress1ve 1n '
'sprtng and“;hased any 1ntruders from the1r home ranges “In

_3sprfng, most am]cable 1nteract10ns were between adult. males
1 . & |

xk1nq The occurrence of scent marklng was

‘d1ff1cu1t to recogn1ze hence these data may not reflect
~factual levels of scent marklng The frequency of scent

B ‘mark1ng was re]at1ve1y 1ow throughout the f1e1d season, and
jd1d not change apprec1ab1y over t1me (F(1 6) 1. 27 p>0 1), or.
hudlffer among any of . the an1mal classes (F(2 6) 2 1 p>0 1) |

'yfja duven1les were not observed scent marklng in” summer or fall

) H



VI. JUVENILE' GROWTH

.‘_\v

The growth rates of’ Juvenile musKrats were exam1ned for
'fvar1at1ons related to hab1tat type and sex. An analys1s of .
| co- var1ance grouping the Juven1les accordtng to sex, showéd

7no s1gn1f1cant d1fferences between the growth of females and

that of males However d1fferences (p<0 001) between the -

,growth of Juven1les from dlfferent hab1tats were found for
- all growth measures (Table 7). duvenlles born in

f»Sc1rgu habltats were cons1stently heav1er than those from

yg habltat (F1g 6) We1ghts of adult females Just pr1or
to g1v1ng blrth were’ s1m1lar 1n both hab1tat types

ruf(mean welght for yg females;: 1100(+200)g, A= 6 ; mean
weﬂght for SC1rgu females é 1034( 150)g, n= 6) 1nd1cat1ng

\

:'that differences arose after b1rth The average litter s1ze
'for femalesﬁfrom each habltat was frve k1ts Unt1l the |

' |
Yanlmals reached an age of approx1mately 80 days, the rate of

RN

':7vi‘growth was s1m1lar for an1mals from ‘both hab1tats (F1g 6)

L Welghts of an1mals from Sc1rgu hab1tat then )ncreased
'_faster ‘than those of anlmals from yg hab1tat The “

'”fcons1stently h1gher nutr1ent content of s. acutus (Table 2)

'. 41" .

7may account for both 1nlt1al h1gher we1ghts.‘and faster
fyr'growth rates of Juvenlles eat1ng predom1nately S ggutgs |
‘fj&lduvenlles from Sc1rgu habttats ma1nly foraged on S ,acutus
_.f.through the summer and on a comb1nat1on of Potamggeto
1'*gvag1natu and S acutus 1n fall those fromn_yg__ hat1tat
thﬁate I latlfolla and P vag1natu 1n summer. and P

'"1"ﬁvag1natu and\Myr1gghyllum exalbescens 1n fall duventles o
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: Table 7. Analysis of varlanceyof the growth méasures for
juvenile muskrats (petween the ages of 20 and 180 days) from

Typha lat1fol1a and Scirpus acutus e

K

..‘V

-_...__‘........._..---.._..-..-_--_..-_,-......._.._-_.____.._.._..__..--__-—..__..__--

\";I“dependent variable:. Age L B T

a) Dependent var1able“ Weight (gl “ N
'Hab1tat - AdJusted Group Mean R Standard'Error

:d;SCIPQUS R 517 71”-- T 82 R
R - : : fléd.f; . F- value p
'"Equa11ty of AdJusted Cel]s 165 - 99,62 0.00001
. Equality of, Slopes-v‘ BRI , 164 15,127 0. 0001
: b)Dependent var1able Total body length (cm) - |
B Hab1tat L AdJusted Group: Means o Standard Error
- Scirpus- o 44,130 o - 0.38
CIypha 38,52 , ."3- 0.51 4
D ' df : .IVF'-Va"]'ue. p
,vKua11ty of AdJusted Ce]ls ) 165" 64.91 ° 0.0000
.vKua11ty of" Slopes . _,‘w ; 1 164 o 65,86 0.0000
f c)Dependent var1ab1e Tail length (cm) | . ' '
 {Hab1tat " Adjusted Group Mean o Sta%pard Error
.+ Scirpus .. 18. 69 L 0.19
©Jypha . v15 88 R O 25
: ' *‘d.f;»"' F-value P
- EQUal1ty of AdJusted Cells 1,165 . - 66. 18« 0. OOOOY S
‘Equa11ty of Slopes SN 164 61. ~0.0001 - - o

d)Dependent var1able ‘féft h1nd foot 1ength (cm) VLQ"

- Hab1tat : AdJusted Group Means Standard Error R
“ . -Scirpus 6.91 o - 0.04: R
~Iypha o o 6 40 ;u_;‘f: L 0 06
SAEE: 3 d f.o.  F- vaiue p.
o Equal1ty of AdJusted Cells B 165 v 40.81 :5'1000050 o
T Equal1ty of Slopes e e 1 164 v7 45 5l§ 0 QQOO, T
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Figure 6. Growth-curves of juvenile muskrats born in either
Scirpus-habitat (circles) or Typha-habitat:(triangles).
‘These curves are fitted to growth curves (see Ricklefs 1967)
and were fitted to the data for animals less than 180 days .
of age. The points on the right side of the curves are:
weights of some of the same individuals represented on the
left side of the curves and were used only for the purpose
of estimating asymptotes for the curves.
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did juveniles from Scirpus-habitat (F(1,2)=19.59 p<0.05).
The net gain in energy and nutrients.frbm,donsuming §ﬂ

acutus seemed to have been greater over a shorter foraging

period for juveniles from Scirgus-habitat.ﬂallowing them to
grow at a faster rate than juveniles from Typha-habitat.
Young muskfats‘consuming primarily S. acutus put on
. more weight before freeze-up than juveniles consuming T.
latifolia. This may have affected winter survival. A
significantly higher pfoportion of juveniles from
SCirgé@-habitat were recaptured the following May (16 of 32)
than’those from Iypha-habitat (4 of 27; X2=5.6 p<0.025).
Although I do not have recaptire data for the period just
after ice-break Qp ih f978,these data do %ndicate a higher

survival rate for animals from Scirpus-habitat.

g
\
N\




VII. SUMMER FOOD HABITS OF MUSKRATS IN SOUTH-CENTRAL ALBERTA

Introduction , A
Muskrat food habits have beéﬁ studied by numerous

authors (Artimo 1960, Butler 1940, Danell 16780, Dorney and
Rusch 1953, Errington 1941, Fuller 1851, Mc 1eod 1948, Sather
}1958,‘Sprugé1 1951, and Willnef et al. 1975), but only a few
‘studies have considered the helatibn of muskrafs“ diet to
the aQailability and nufrition of fobage species (Bellrose "
1950, Takos‘1947,Aana Westworth 1874). Muékrats aEe knoﬁn to
consume a wﬁde variety of foods (Bellrose 1951; Errington
‘1953; and Willner et al. 1975). The majority of these
studies have used "indirect” methods such as estimating the
rglative proportipns of food Specieé that_make up the debrié
left. on feeding platforms by muskrats (Bellrose 1950:
Schmitke 1966; Takos 1947; and Westworth 1974). Of all the
numerous fpod speciég rebqrtedly‘éaten by muskrats; lxgng
latifola was considered the most important (Bellrose 1950,'
Errington 1941, 1963, and Takos 1947). Eﬁfihgton (1941)
‘considered muskrats tb'forage'randomly with Tittle or no
food breferénéeéh,aithOUQh‘prefprences'fbr cértain.foodé
ha&e_been indicated by Bellrose (1950), Schmi tke (1966), and
Westworth (1974). | | - }';

 Eni l_fqraging habits have becéived much afténtion ih
recent yedrs (Charnov 1976; Emlen 1966, 1968; Estabrook and

Dunham 1978; Krebs 1978; Pulliam 1974, 1975; and Schoener

1971). The relative abundance, absolute abundance, and

43
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relative value of prey.1tems have been conswdered as three
1mportant parameters in an1mal d1et choices (Emlen 1966) .
‘Estabrook and Dunham (1976) contended that absolute
abundance and secondar1ly, relat1ve value are the mos t
1mportant factors involved in opt1mal diet choices. Pulliam
(l974) and Sih (l979) cons1der the abundances (relative or
absolute) of only the preferred prey items . to be lmportant
Westworth (1974) cons1dered the relative abundance of food
1tems to be important in musKPat food cho1ce What role if
any,Athe absolute abundance of food spec1es plays in d1et
~ selection of muskrats has not been 1nvest1gated ,w

In this paper I describe the food hab1ts and
preferences of muskrats from three d1fferent hab1tats and at
three t1mes of the year. Var1at1ons in the diets of an1mals
from d1fferent habltats are cons1dered 1n relat1on to |
relative and absolute aBﬁndance, as well as to the nutrIent

' content of two ma jor - emergent food 1tems (Sc1rpus acutus and

Typha lat1fol1a) in an attempt to understand the rat1onale'

o
beh1nd muskrat forag1ng behav1or

”Methods e . | B

B observed muskrats dur1ng the spr1ng and summer, of
1976 and the sprlng, summer and fall of . 1977 (see General
Methods PP 7-8). Dur1ng each observat1on tlme 1 noted the
spe01es of plant that muskrats were - eat1ng, collect1ng, and
,'transport1ng from the collect1on site. The amount of t1me

\spent at these act1v1t1es was calculated for all anImals



1871). The amount of time muskrats spent col]ecting and

45

- from a given habitat and for’each season of theﬂyear (see

“General Methods p 11) Transit time (T) was the amount of

time spent transport1ng food from the collect1on s1te to

feed1ng p]atforms or huts where it was consumed (Schoener

man1pu1at1ng food pr1or to 1ngest1on was cons‘dered the

hand11ng time (H) The amount of t1me_dur1ng which muskrats

 were observed eat1no was the eating time (E) The total

forag1ng time (FT) for an1ma1 j on food item i is equal to

" the sum of the handling (H1J) trans1t (T1J), and eat1ng

(EIJ) tlme, | - L~ | o
o FT1J Hij + T1J + E1J V L(1)
Data from 1976 and 1977 were comb1ned Forag1ng t1mes

for the six most commonly eaten food 1tems and a seventh

~mlscellaneous category were determ1ned for anlmals from each

_of the three habitats stud1ed at Bowden Lake (Sc1rgus,' .

| xg a, and Sc1rpus Iypha). and for each t1me per1od (spr1ng,

- summer and fall).

{

i§. acutus and T 1at1fo]1a were present in vary1ng

amounts in each home range at Bowden Lake In order to study ‘

“:'the relat1onsh1ps between the abundance of e1ther spec1es
'htand the foragtng habtts of muskrats. I esttmated the area of
"réfieach of these two food spec1es in each homb range by us1ng a

| - comb1nat1on of aertal photograohs taken 1n 1977 from a small

plane at an altltude of 200 300 m, and gro nd surveys of the

o plants (see General Methods p 9) These da a were used to

‘vgr:construct maps of the p]ant d1str1but1ons t Bowden Lake 'I;} .
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used a planlmeter to calculate the area of each“plant
species in the anlmal s home ranges lh1s was done
tseparately for each time per1od | . | v
The relatxve abundance (RA) of spec1es i in animal J s
vhome‘range was est1mated by taklng the ratio between the

area (A) of the plant 1n the total area (TA) of the home

"‘range,

RATj = ALY o (\2‘.),_:,”

TAT]
I. use relat1ve abundance as an est1mate of the area a
'part1cular food spec1es covers w1th1n an. an1mals home -
| range It is s1m1lar to the percent cover of a plant W1th1n
‘,a given drea (see Mueller Dombo1s and Eldenberg 1974) but

,vapplles only to maJor food resources ‘The -area covered by T

latifolia, for example, is not overlapped by any other food SR

resource and therefore g1ves an esttmate of the relat1ve
',abundance of that food 1n an an1mal s home range in relat1on

“to the: other foods ava1lable Thus, the usage of relat1ve |

o abundance 1n th1s context 1s analogous to the concept of

- relat1ve abundance used in foragwng theory (see Emlen 1966
~Pulliam 1974). | | |

o The . absolute abundance (AA) has been conswdered as ‘a

'"funct1on of the area (A) of food 1tem i 1n an1mal J s home

“ylrange the mean b1omass (B wet we1ght) of spec1es 1 1'

fr-an1mal 3’ s home range and the proportton of food i that is. e

7}_-green (senescence 1ndex S) 1n an1mal J s home range,,at

(A1J)(B1J)(S1J) vt1f'iau_,'_}(3l”f’-if:1f



o (Table 2).
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Biomass estimatesf(g/mz)_were taken when the plants
wére harvested for nutritlonal analyses. in‘1977 I included
ﬂé&the senescence 1ndex because it indicated the decllne 1n
f‘fplant nutr1ents with age (Greulach 1973) and the subsequent
i reduct1on in potent1al food value to the consumer A .
’senescence “index of 1. O denotes ‘that 100 percent of the
‘plants in the home range were green. an 1ndex of O 1 e }ﬁ\.
| 1ndlcates that only 10 percent of the plants were green _L y
RN SR R I
»‘ The nutr1ent content of S gggtug and T lat1fol1a was |
;determlned 1n 1977 (see P 16) . In order to test the
o hypothes1s that musKrats select food on the bas1s of 1ts
-:t nutr1ent content 1 examtned the relat1onsh1p between the p "'
v':proport1on of a food 1tem 1n the d1et and the nutr1ent f; f_\V'
‘,content of the food as. 1nd1cated by certatn phys1cal . .»

L

'character1st1cs of the plants that correlated w1th the
plants nutr1ent content (see- p 20) | | __‘.', o
"Food refgrenc tudx fj* ' 'p'l:vfpl° ;‘ S R LT;"

_*per1mental antmals N1ne adult muskrats (4 females,jS |

-tpmales) were l1ve trapped from the three habttats at Bowden

":5ﬂdgLaKe in. May 1978 Four an1mals (2 females, 2 nmles) were

'ﬂ[from zg hab1tat three (2 males 1 female) from :

. Scirpus habttat and two (1 male,.l female) from the. m1xed

_}«f c1rgu xp hab1tat These an1mals were held 1nd1v1dually |
- T1n 1x1x0 5 m L shaped w1re mesh (2 54 cm) cages w1th L.jtx};"

o ’f{_liaccess to a 100x75x45 cm pall of feshwater Between

'x:“'“experiments an1mals were fed a mlxture of rolled oats,»rfﬂ



lﬁtth“‘” the partltlon was Opened and the anlmal was allowed to

'nPur1na rat chow, and vegetables (carrots lettuce, and
'cabbage) Twelve hours prior to the onset of. each .
'rexpertmental perlod I removed all food from the cages
| sAn1mals were kept on a- 16L 8D photoper1od and all

eXper1ments wereﬁdone dur1ng the evenlng

Exper1mental glants I collected fresh spectmens of I.

lattfol1a §; acutus; P vag1natu and M exalbescens )

B N'

»approx1mately six hours before each expertmental pertod

v _r'Plants were randomly collected from all three hab1tats e

TI'throughout the study and stored 1n opaque plast1c bags
.l.submerged in cool water untll used h | .

Ftve d1fferent expertments w1th ten tr1als per an1mal |
't.per expertment and four control exper1ments were conducted
'from 12- 31 May, 1978 Each exper1ment cons1sted of plac1ng a
'ftplex1glass food trough (15x6x2 cm) 1n each corner of one end -

}“.of a f1berglass flsh tank (226x119x115 cm) equ1pped W1th af

o central partttlon of 6 mm plywood w1th a 15 cm2 door

"{Approx1mately 2 cm of water covered the bottom of the arena

Pr1or to the start of each tr1al an1mals were held 1n a

»Atfeholdtng chamber on one s1de of the partltlon. and a

ii'dlfferent type of food was placed 1n each trough The door

M”i_of one. m1nute to maKe a food ch01ce 1 recorded the elapsed
"£;t1me between enter1ng the expertmental chamber and mak1ng a

. food chmce, ‘and noted the food chosen “Once the ammal had ‘.f'. SIRES

-‘chosen a food (the ftrst plant taken 1n 1ts mouth or

48

Vi‘fenter the experlmental chamber Antmals were g1ven a max1mum }:* o



/‘;,d1st1ngu1sh between green and brown porttons

.49
'v‘jforepaws) 1t was gently cgaxed from the exper1mental chamber
‘and allowed to eat the chosen food The food supply was f

_replen1shed between each tr1al A

The Control exper1ments were. of two type%3 The f1rst

'set of experlments tested whether or not antmals -could

I plants_underss7'
,:exper1mental cond1t1ons Old plant mater1al fre prevlous‘
.lgrow1ng seasons (brown port1ons) were placed 1n ne :
ttrough and fresh green materlal was placed 1n the other

_,trough The placement of each plant type was . random Dnly ,/

| Vj_old and new plants of- the same spec1es were tested aga1nst

' ;ueach other The second set of eXperlments tested whether v"n}
rc:anlmals could f1nd food 1n the exper1mental chamber at all .
.:;One trough conta1ned fresh food and the other was empty -
 ThlS test was used to determ1ne whether the antmal would
}a’respond under exper1mental cond1t1ons In these tests the ,

' fplacement of the food was random between the two”troughs

The f1ve preference exper1ments tested 1) S acutus vsfst'*

./_‘-.Z

L

::'T lQLlinlg - whole culm,.11) S acutus vs T lat1fol1a -

vatchopped 1nto 3 cm ptecesa 111) vag1natu_ VS M

"~7exalbescens, 1v) S acutus vs P vag1natus.‘and v)

f‘f;facutus T lat1fol1a,,P vag1natu and M exalbescens all

3f'irpresented at once

A Kruskal Hall1s (Stegel 1956 Sokal and Rohlf 1969)

'iﬂf'test was used to determlne dlfferences 1n the amount of t1me

ffmuskrats foraged on var1ous food speC1es A one way analys15~;f”



flfthe collect1on,

:.so )

of var1ance was used to examine changes in muskrat forag1ng'f

'vthroughout the year Least squares regress1on analyses.»

- }un1var1ate l1near and polynomtal, and mult1var1ate tests

were used to study the relat1onsh1ps between the abundance

~ and nutr1t1onal qual1ty of the food and the an1mals d1et

: jThe Kolmogorov Smﬁrnov test was used to test for normal1ty .

of data and res1duals in the regress1ons (Neter and
lfWasserman 1974 Cooley and Lohnes 1971) Ch1 square tests
xr-were used to determ1ne d1fferences in muskrat food cho1ces .

"7,Levels of p<0 05 were cons1dered stat1st1cally s1gn1f1cant :

Data from 1976 and 1977 were used to. determ1ne musKrat :

'food hablts but only the data from 1977 were used in the
e remawnder of the tests because est1mates of food abundance ‘
:fand nutr1t1on were only made in’ 1977
"Results and D1scuss1on . e |
My observat1ons of muskrat forag1ng suggest that

ﬁdetermlnlng food hab1ts from debr1s left on feedlng

Efkf’platforms, as done by Bellrose 1950 Schm1tke 1966 TaKos

wfd1947 and westworth 1974 may be m1slead1ng Emergent

b'“sfgp]ants,}such as yg Sc1rgu v and Sgargan1um are often s
pagel transported to feedlng platforms where they are eaten,.‘ff77’

'3ffamount of ‘time that muskrats SPGNt t"a”sPort‘”g f°°d from

}te to huts or feed1ng platforms 1s small

'T,fcompar1son to the eat1ng t1me (not more than lO% of total

T e T T s T

A‘ft:whereas submergent plants (e g Pot_mgggton Myp,ggh¥1]um’laﬁp'?;;ﬁ-
'iytfand Sag1ttar1a) tend to be eaten at the collect1on s1te The |




‘foraging‘ttme - see p 28). ‘Another pnoblem with this. method
Of“dete~m1n1ng muskrat food habits is that muskrats eat
different pr0porttons of each food spec1es + Some food

T

| : -
' .species are eaten almost ent1nely,-whereas on1y'certain

portions of other p]ants were eaten S1nce muskrats ane
read11y observable and because they spend the vast maJorttyﬁ,e

v}.of their observable t1me foragtng (see P 23) 1 belteve that

a d1rect method of observ1ng what muskrats were eat1ng gave

fna more- rellable 1nd1catton of the1r food hab1ts
: /
;'Muskrat Forag1ng Hab1ts o _
. T . .
The\good 1tems for muskrats at Bowden Lake were S
P

acutus, tamggeton spp , Myr1_phyl1um exa]bescens, l‘,.

'flat1folta. and several other specwes that were eaten 1n

- ],!fnsmall amounts (Table 8). All have been ment1oned as muskrat
| \{fooés in preV1ous stud1es on muskrat food hab1ts (W1llner et
hi?;'i 1. 1975) They were eaten 1n~d1fferent proport1ons by
fan1mals from d1fferent habttats throughout the f1e1d season
..t(Table 9 and 10) o s |
| Food habtts of an1mals from Sc1rgu and Sc1rgu _xgh_

d,hab1tats were s1m1]ar except for the 1nclus1on of smal]

'famounts of T ]at1fol1a in. the d1ets of antmals from di.u o

\ ic_l_tp_t_l_ _.m__ S acutus was the most fr‘equently eaten food

:"7153[j"1n spr1ng (H= 23 1 df= 3 p<0. 005 "H=15, 1 df ) p<o 005) and ;f."

| sunmer (H=44.4 df=5 pc0.005, Hs 15 0 df=4 p<0.005; Tab]e 9)
.:‘;Ttth otamggeto spp were eaten 1n 1ncreas1ng amounts from
_ liiaisfspring to fall when they became the maln food 1n muskrats |
L“"7f3 “diets. (H 17.58 df 2 p<o 005; Table 10) M. exalbescens was f"?

.v), S
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o

1 Table 8. Muskrat food ‘items at Bowden Lake in 1976 and 1977
- determined from observat1ons of feed1ng muskrats.! .

S e e i e e e o e e e e e e e = e e e e e e o e e e = e T e e e e e = e e = e e o

Scirpuévacﬂtus'Muhl - hardstem bulrush

¥ Tybha latifelia L. - common catta1]

g‘j_PotamQQLIon pus1llus L - pondweed

-E:'r1chardson11 (BenH )Tydb - pondweed‘L'
o P avag1natu Turcz. -‘pondweed | R

'Mxrlophvllum exa]bescens Fern - water mf]fdeV

;_7  Eleochar1s ac1cu1ar1s (L )R & S. ~15p1kerush

? E galustr1 (L. )R & S '% sp1Kerush |

3Sag ttar1a cuneata Sheld f arrowhéad 'i o F; R 1::¢: .
, V*Carex las1ocangg Ehrh - sedge R T A S
. s . AR N

: **Sgargan1um eurycarpum Engelm jfburreed,

*Tr1fol1um repens L - clover

:.;*Utr1cu1ar1a m1nor L. - bladderwort

; j*Lemna m1nor L 5-vduckweed ﬂ"-

*L. tr1sulca L '-.euckweed; o

_1’1C1ass1f1cat1on accord1ng to Moss (1959)
- *These species constltute the m1scellaneous category of food
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/Table 10. Changes in muskrat fora
field season. Only the significan

(p(O 05, Kruska] Wa]lls test) Sp

F- Fa?]

_———.-’-‘—-———_-—-—'--——_————_-——-—-——-.——-------—--—-——-——-——-.——-

. Jqﬂf‘;;—ﬂt(‘\
D SPECIES

_—_—-———--——---—----_———-_------—--—_~—_

Scibpus'adutus f

prha latifolia

Pofémgg_fon spp

‘ vMyr1ophv11um exalbescens

7*Eleochar1s spp

Saq1ttarla cuneata R

A

Mlsce]laneous>spp, -

-—_.._—---.—..———.——-_-—-—-—~—..._---——_

- e - -

swr
SPISWF.
" Sp<SudE
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ging hab1ts throughout the
t differences are shown

Spr1ng, Su = Summer, aqd' :

...._.-—v_--,_..‘—..--‘..—___.._..——-_-‘-—-—-_--_-;-_——--—-,.

Iypha 501rpus Iypha
- 5p<5u>Fa '5p<5u>Fll
SpSWF SWF
Sp§§u<F,, Sp>Su<Fv:
U OSucF Sp<5u<F.
TTTTTT T SpSWF
Sp<Su>F SP<SUSF
:
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eaten most often in the spring for animals from

c1rgu -habitat (H=18. 2 df=2 p<0.005; Table 10). An1mals\\

\

from Scirpus-Typha a-habitat ate M. exalbescens in similar

| proportions in the spring and fall but spent very little

time eating it in the summer (H=19.4 df=2 p<0.005 \ Table
10). 1. latifolia was a minor food item for these gnimals in
the spring and spmmer and was not eaten at all in|the fall
(H;7.61 df=2 p<0.005). The syitcn in diet from edominant 1y
S. acutus to P. vaginatus in the fall correlates with a
decline in the nutritional quality of S acutus. |

Unfortunately. I do not have data\on/the nutr1ents of P.

vag1natus for compar1son

Muskrats from ygha -habi tat ate Pot_mggeton vag1natus

and T 1at1fol1a in similar pr0port1ons in the spring and

‘summer but spent more time consuming P. vaginatus in the
fall (H=9.3 df=1 p<0.001). The continuous decline in the
amount ‘of time spent foraging on I. latjfolia throughout the
year may be due, in part, to the decline)in nutrients and to
the rapid increase in fiber contentrwtth'the onset ofn‘ |
anthesis in T. 1attfolia (Maecn_and Bryant ~1975, and Boyd

1870). The fiber content of a plant is negatjvely correlated

with the‘ability of an herbivore to extrac?‘nutr1ents from :
the plant (Crampton and Lloyd 1959). High fiber content
along with reduct ion of nutr1ents in I. latvfbl1a during T
late summer "and fall probably account for its disappearance
from mpskrat diets. S. acutus was eaten:in small quant1t1es

A

throughout the year by these animals. It was eaten most



orten during summer (H=17.1 df=2 p<0.005) when the density
and nutrient content'of S. gggtgs were h1gh Muskrats from
_xg__ habitat on the south shore began feed1ng in S. acutus
patches located 150 m north of the south-shore (Fig. 1) in
summer. In August of 1977 one family of muskrats built

-several platforms and a hut on the eastern edge of this
- stand. Other muskrats from the south-shore foraged in this

‘stand and tended ta travel further from)the1r hd!i to forage

on S acutus than on T. 1at1fol1a (X2=13.63 df=4 p<0.01,

"mean distance from hut to forage on S. acutus = 155.8 m, T.

latifolia = 32.6 m).

Muskrat Food Preferences

S. acutus was chosen most often by muskrats from all

rthree habitats in the food preference studies (Table 11¢.

When a choice among S. acutus, I. latifelia. M. exalbescens

and P. vaéinatus was presented to the animals, S. acutus was

chosen MOre“often than any other species. M. exélbescens, P.
vaginatus end T. 1atifc1ia were chosen, inrthat order, after
S. acutus. -The preference order follows that of the‘tood
habits of muskrats from Sc1rgu -Typha habltat in the spring
of 1976 and 1977 (Table 9). The Sc1rgu -Iypha-habitat was
the only area in wh1ch all four species were present in
suff101ent quantities for muskrat feeding to reflect
preferences rather than s1mply ava11ab1]1ty This

correlat1on with f1e1d data SUpports the rel1ab111ty of the

-results from the food preference tests. No significant

.differences in food choices were found between neles and .

i
>



Table 11. Muskrat food preferences as indicated by muskrat
food choices in captivity (n = 90 trials per experiment, see
p 47 in text for methods¥ = Scirpus acutus, T = Typha
latifolia, M = Myr1ophyllum exalbescens. . P = Potamogeton

vaginatus.

- R m R e ke T e e M e ae e A Yh EF EE e Gm W ER G R e Sn Gm e e S ae e MR e e M R e Sk e G S R s e f e e e Me e e A we w e

Experiment | OQutcome! X2 d.f. prob
Scirpus acutus vs. T ha. ‘
Jatifolia (whole plantsf $(50)>7(21) 8.73 1  0.005
s. acutls vs. I. latifolia B
{chopped) o S(40)>T(14) 11.79 1. 0.005
Petanggfon vaginatus vs. ‘ \ L
Myriophylium exalbescens P(37)=M(30) 0.73 1 0.1
S..acutus vs. P. vaginatus  S(63)>P(16) 27.96 1  0.005
S. acutus, I. latifolia, 'S(35)>T(8) 12.74 - 1 0.005
M. exalbescens, P. vaginatus S(35)>P(11) 11.82 -1  0.005
Ta11 presented togeTRgFT“" M(24)>T(8) 8.0 1 0.005
, M(24)>pP(11) 4.83 1. 0.05
S(35)>M(24)* : :
‘ &

_-——————-—---—_-—_-—----————-———-_-_—--———-—-—-—__--________

' 1numbers in brackets are the number of t1mes each food
‘was chosen.
*Kruskal-Wallis trends test, Z=2.01, p<0.05 .
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females and among antmals from different habitats,

indicating that muskrats have definite food preferences but
will alter their d1ets in accordance w1th the food species
available to them. These preference studtes suggest that

‘muskrats at Bowden Lake prefer S. acutus over other foods

| and in particular 1. latifolia. -

Food Availability and Nutrition

.The major foods eaten by muskrats at Bowden Lake were

I. latifo]ia,k§. acutus, and the submergent species of

Potamogeton, and M. exalbescens (making up a total of over

90% of the animals’ diet, see Table 9). Since my measure of
’relative abundance estimates the area of the'home range
occupied by the two emergents or the submergent foods

| ava1lab1e ‘1 contend that it serves as an index of the
relat1ve abundance used in foraging theory' Since no
esttmates of the qua11ty and quant1ty of the submergent
Lfoods were available, only the relatlve abundances of the
emergent foods (I. latifolia and S. gggtgg) were used in
this analysis. Absolute abundancel_on the other hand, gave
more of an indication of the aCtualfquantityx(i;e,‘its'
‘biomass) and potential qua]tty (as indicated by the
senescense”of‘the plants) of a food speCies The relation of
‘animal food habits to these measures. of food ava1lab1l1ty,
only became 1mportant to opt1mal foragtng when changes in
the ava1lab111ty of preferred food ‘i tems occurred (S1h

1979). The relat1ve abundance of S. acutus in the home range

did not change apprec1ab1y through the fteld season, wherean

!

R

* . - . : >
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"'»1ts re]at1ve abundance

S. acutus in the home. range and the amount of

'_The rate of consumpt1on of the less preferr

that of I. latifolia declined from summer to fall for adults -
(F(1,10)=27.89 p<0.001) and juveniles (F(1,10)310.27 p<0.01;

Table 12). As the relative abundance of 1. latifolia

— e e
tu‘

decreased through the year, there was a corresoond1ng

decrease 1n the proportion of T. ]at1folla in muskrats diets
(F(1 18)= 26.08 p<0. 01 R2=0.592; F1g 7 and A pend1x 6).
There was no relat1onsh1p between the relat1ve abundance of

. acutus in

“the d1et Reduct1ons in. the relat1ve abundance of I.

1at1foha occurred in sunmer when 1ts fiber content -

1ncreased (Table 2). At the same t1me muskratJ began

forag1ng on other food spec1es (Table 9) . latifolia was

not the dom1nant food resource for muskrats in the spring

and Summer, as was S. acutus. T. 1at1f011a wat eaten in

‘vabout the same proport1ons as P vag1natus (T ble 9) unt11
' 1t was v1rtua11y absent from muskrats diet 1n the fa\l TI.
| lat1fo11a was the least preferred food item in the food '
‘preference stud1es (Table 11) which were co ducted in the"

spr1ng when T. 1at1fol1a had its hwghest nut 1ent content

(Table 2) h1ghest relat1ve abundance (Table 12), and was .

~eaten most often by an1ma]s from yg hab1t t (Table 10).

food spec1es‘

(T lat1fol1a) was related to the relat1ve aaundance of that

:‘spec1es in the home range, whereas the rate of consumption
' ‘t_ of the more preferred food (S acgtu s) was 1ndependent of.5
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‘Table 12. Mean relative abundance (percentage of home range
in which ‘the food occurs) of Scirpus acutus and Iypha
latifolia in muskrat home ranges,iadults and juveniles) in
the spring, - summer, and fall.

——--——~—————----———-—---_------_-——-.--..-—---——----—-—-—_-—-—

. Scirpus o Iypha Scirgus-lxggg' g
Adults Juys. Adults Juvs. © oy Adults  Juvs.
Spring | 40v-  1 | ‘.‘ a‘ .;ff-,\7.  o
summer 36 16 4 20 16 20
Fall 32 31 6 27 10 29

e il il R PO

b) I. latifolia L
T HABITAT-TYPE .

. :?fScibéué | ~ Iypha vl"}“SCibgus;Txghaf'
Adults Juvs. Adults ,QUys, A Adultg Juvs,
Summer— 0 0 16 60 10 0
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Figure 7. Percent of Txgha 1at1f011a in the diet as a
function of the re]at1ve abundance of TI. ]at1fol1a
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The absolute abundance (Table 13) of I. latifolia was
higher in SUmmer‘thanoln spring (fl2;9)=5.6 p<0.025) or'fall_
(F(3,11)=16.9 p<0. 005)‘ This is to be exbected since the |
 biomass 1ncreased as the plants reach anthes1s (McNaughton :
1970) and therefore caused an 1ncrease in the absolute
abundance In»S gggtgg there was an 1ncrease in the |
| absolute abundance from spr1ng to summer. (F(2 16)=6.79
- ”p<0 01 - for C1rgu hab1tat F(1n2)-19.6,p<0,05 for. |

| dSClPQU IXEE_' SRR S B _} . f | 'i
| }hab1tat) There was no s1gn1f1cant change 1n the absolute
’ abundance of S. gggtug from the summer to the fall lhev

t_,groport1on of S acutus in: musKrats 'd1et was correlated ‘

~with the absolute abundance of §. acutus (F(2 ,35) = 24 65

,p<0.001 R2 0 587 F1g 8, and Appendtx 7) No relat1onsh1p

‘between the proportlon of T- lat1fol1a in muskrats dlets_

o and 1ts absolute abundance ex1sted

The proport1on of S acutus in muskrats d1ets was found'

‘;to correlate w1th a matr1x of phys1cal characte;f t1cs of S

L acutus Wh1ch ‘were used to pred1ct 1ts nutrlent content T

" (Table 14,_and Append1x 8) No relat1onsh1p between the

amount of T lat1folla 1n the d1et and 1ts nutr1ent content ‘

‘*'ﬂ;was found MusKrats seemed to choose S acutus, over other

"':juf»foods, on the bas1s of 1ts nutrlent content and absolute

':?abundance, 1nd1cat1ng that more preferred food resources are:;f.:”

*‘tfichosen 1n relatlon to the1r nutr1twonal qualtty, whereas

‘-hfless preferred foods (T lat1fol1a) were 1ncluded in- the ;:x

- 5\ d1et as a funct1on of 1ts relat1ve abundance and because of e
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, Spring 88 . 1
| .'Summerw '}}“41é}_' fj32 ‘
© Fall f08 97 -

.b)il.siatif¢1ia

-Table 13 Mean absolute abundance (g X 105) of
acutus and Typha latifolia in muskrat home ranges
: andju?enilesi in the spring, summer, and fall.
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Scirgus T
adults™ =

- Scirpus’ : .. Tyghat.' _ //'Sc1rgus Tygha.;

AQuTtSAfqus;, “Adults ‘dugs""

f Sc1rgu ' ’\//j:-vff¥Qha f"}
Adults duvs /. fAdu1ts,fduvsg,:

Coseee 0w
 Sumer .0 0" 285 72
CfFanl o fT0 0 s BT

Adults

£
B

duvs

254

35

e e e e i - i e o i i e o i o it o e e o o m e O w2 e - -

-;dSc1rgus T!gha f
", Adults

duvs.

L, e e o oh e e e e e e e e e e . e e e e e e e e e e Ge et e e e e ae e e ae e e o e



64

o 7

F1gure 8. Relat1onsh1p between the absolute abundance of
Scirpus acutus (g X 105) and the proport1on of S. acutus in

~ muskrats d1et

Y= 14 01+2,04X-0. O1X2
- R2= 0 587 -

"1005 ) o N o .‘ ,,‘ .

~

ACUTUS IN DIET

60
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S gavaglnatu I suspect that 1n the fall 1ts nutr1ent content _b
- was. h1ghe§§%han that of e1ther S. acutus or 1. lat1fol1a

"l.throughout the season, and tended to be hlghest 1n late

66

'the absence of a more- preferred food (Table 9)

Muskrats appeared to use three d1fferent approaches to

}forag1ng

1. When a preferred food was avatlable to the an1mals. they
concentrated the1r forag1ng act1v1t1es almost solely on
it unt1l 1ts qual1ty decl1ned to a po1nt where 1t no
longer was the preferred 1tem as was the. case for S

acutus 1n the fall. o o /

-« -

2. In the absence of a more- preferred food, muskrats ate B

- spec1es that were avallable in thetr home rahges as long

,as a balance between energy ga1ned from consum1ng them o

and energy expend1tures was ma1nta1ned

_3 When the quality of any food decreased past a po1nt

sw1tched to another, supposedly better q%)lt$y food 1tem
(Krebs 1978) R |
Although I do not have any data on the qua11ty of . P

‘:'5Boyd (1970b) showed that, in general the n1trogen and

g”emergents The abundance of P vaglnatu seemed to 1ncrease

'.7 where 1ts beneflts reached a low threshold then an1mals .

Asod1um levels in submergent plants were h1gher than those of~“’ |

__;:eJ SR

ﬁf[rfsummer and fall wh1ch may suggest why muskrats sw1tched to :

oo

-tffp MQQLDQL!_ as thelr ma1n food 1n fall M exalbescens 51--'
e*Seemed to be more abundant 1n the sprlng 1n Sc1rgu habitat

yhfthan in summer or fall but was moge abundant 1n a;'i;‘tf\f ;V;QM



lldfrespect1ve relattve abundance. S acutus r 0 }3 p>0 1

- 67

Scirpus-Typha and Typha-habitats in the late summer and‘

fall:_These‘patterns of abundance may be related to water

-

'depth'-in the former habttat M. exalbescens was present as

an 1nshore populatton whereas in the latter hab1tats it was

~in deeper water (about 2-3 m) where 1t may take~longer to:

' grow because light penetrat1on decreases w1th 1ncreas1ng

water depth (Sculthorpe 1967)- The standtng crop of M.
exalbescens was found by R1cKett (1924) to be h1gher 1n

‘water depths of 3-4 m than 1n shallow water, and to reach

1ts htghest gggduct1v1ty in laie summer and early fall
o Sih (1979) contended that the relat1ve 1mportance of

. absolute abundance and relat1ve abundance of food 1tems were x
B 1nconsequent1al ‘to opt1ma1 forag1ng because both were |
"-1mportant only if they affected the absolute abundance of
"J_more preferred prey 1tems If the relattve abundance of a
1‘ preferred food 1tem was pos1t1vely correlated w1th 1ts -
’exabsolute abundance then and only then, accordtng to S1h
'ii>w1ll the relat1ve abundance be an 1mportant component 1n the;.
'gdestimatton’of opttmal d1ets for. anlmals The relat1vel/_'
{1abundances of netther S gggtuglor T lat1folta could
hnpredtct the1r absolute abundances (1 e. the absolute f;fi

: mpabundance of both spectes was not dependent on the

o

*ﬂj'"}"_}lattfol'na r= o 3 p>o 2) Tt follows, then that the: relative

':'ésfjabundance of food 1tems in a muskrats home range alone

'ﬁgicannot pred1ct food preferences for muskrats Correlattons_‘ff

:flaébetween muskrat d1ets and the absolute abundance of the "@[{f:
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ma jor food species Were moﬁe apt to indiéate muskrat . food
preferences and optimal fdraging_patterns,‘thah'weré

~ relative abundances.
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VIII. SPACING AND HABITAT USE BY MUSKRATS IN SOUTH CENTRAL
ALBERTA -

Introduction

habitat .selection is the choice of auparticular type of
environment in which an animal is to live (Partr1dge 197%)
and to.gain’access to resources (Fretwell 1872). Var1at;ons‘
in the Kind and qual1ty of resources ava11ab1e within a |
hab1tat should 1nfluence an anlmals decision as to whlch
areas to. 1nhab1t Habltat select1on may have profound ;
effects on an an1mals fltness (W1ens 1976), since qua]1ty
of resources will d1rectly affect its survival and that of
its offspr1ng Hab1tatxselect1on by muskrats has been
1nvest“gated only 1nd1rect1y by noting the occurrence of
huts and burrows in part1cular habitat-types (Danell 1978a,

1978b), and not from the standpo1nt of . the 1nd1v1duals and

- the1r use of resources in a patchy env1ronment

In this chapter I examlne the d1spers1on of muskrats in
relat1on to their food resources, and relat1oﬁsh1ps between
conspecif1os I also cons ider hab1tat selectIQn in relat1on

tffnuskrat dispersion food breferences. surv1val and

I

J
Methods L

Muskrat home ranges were determined from d1rect

5,observations of muskrat movements and from trapping data

(seé P 7) The area (m2) of over lap between anlmals from

E adJacent home rahges was determ1ned for each an1mal dur1ng

69
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0.
eabh time period in 1977. Groups of animals inhabiting the
same hut or‘bank den and adjacent marsh have traditionally
been considered family-groups (Errington 1963).> The area in
which an individual did not over lap with anyhother
individuals (family or non-family) was considered its
exclusive area. Areas of over]ap with family members were
cons1dered the family area and were distinguished from areas
of non- fam1ly overlap. The straight line dlstance from the |
maJor hut to .the ]ocation of interactions was ca]culated for

each interaction. The distances fromathe hut at which

‘animals were'chased or were chasing another animal were
’compared with a Kruskal-Wallis test to provide 1nformat1on
-on the relatlonsh1p of’ aggress1on to spa01ng patterns.,The

relative densities of S. acutus and l. latifolia were

determined for patches of these plants during 1977 from

- ground and aerial surveys (see th). Plant densities were

divided into four categories, lTow(T. latifoliab $10 -

_culms/m?; S. acutus, $25/m?), medium(I. latifolia,

. >10,340culms/m?2; S. acutus, >25,S16%/m2), high(I. latifolia,

>40,s80culms/m2; S. acutus, >100,<200/m2), and very high(I.
]atifdlia, )800ulms/m2'_ . acutus >200/m?). Since S. acutus

tends to grow in denser patches than does 1T. latlfolia a

_yd1fferent set of criterion was used to est1mate patch

dens1t1es 1 est1mated patch dens1t1es throughout the marsh

us1ng the above crlter1on for both S. acutus and 1.

]at1folta-and recorded these on maps of the area. The

,scriteria for;assigning these densities were subjective, but

“T
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I feel that they correspond to the actual densities of‘the
plants within each patch. , |

The relative densities of patches in which muskrats
were observed feeding were noted for each foraging
observat1on. Mean plant densities in exclusive, fam1ly and .
non-family areas were calculated for each animal during each
time period. These data were Qsed to examine the
relationship of pateh density and muskrat foraging -
activities, and the relationship of plant densities to‘
exclusive, fam1ly and non-family areas. Kruskalgﬂa111s |
"one-way analysis of-var1ance (Marascu1lo and McSweeney 1957' | £
Siegel 1956) and Hotelling's T2 (Sokal and Rohlf 1969) were |
used to analyse these’data . ‘L ;

The number of muskrat huts and/or bank dens known Tojb
occup1ed in 1976 and 1977 were located and the1r pos1t1on
1 was recorded on deta1led maps of the study area, dur1ng each
t1me per1od These data were used to est1mate the number ot
occup1ed dwe]l1ngs w1th1n a certa1n length (100 m) of
shorellne 1n each hab1tat type throughout the year.
Compar1sons between hab1tat types were made W1th Chi - square

Tests (Sokal and Roh1f 1969)

:Results |
Muskrats foraged 1n areas of higher relative plant

- dens1t1es than in patches where no feedIng was observed, /

whether eating S. acutus (H=39.2 p<0.001) or TI. 1at1fol1a/



™

(H=28.16 p<0.001). Relative densities of I. latifolis
(H=24.49 p<0.001) and S. acutus (H=47.76 p<0. 001) in

AN

forag1ng patches increased throughout the growing season.
Males and females foraged in areas with s1m11ar densities
regardless of which spec1es they ate. duven1les that ate}?.‘

acutus féraged in denser’stands ot\g. acutus than did adults

(H=17.73 p<0.001).. This was‘not_trUe for'juvenilesvthat ate

- I. latifolia. | " S

* Plant densities'in'famiﬂy-group areas were greater than
those in non-family areas (T(5)=46.30 p<0.001; Hotellings
T2). Exclusive areas had'higher plant densities than]did |
famity-group areas only for S.haCUtusi(T(54)=2 22 p<0.05).
There were very few animals with exclus1ve areas in 1977
Plant . dens1t1es w1th1n family- group areas 1ncreased from
spr1ng to summer (T(66)= 3 58 p<0. 001) but no change}'
occurred from summer to fa]l In non-family areas.‘the

- opposite was. true den31t1es were equal 1n spr1ng and summer

. but 1ncreased 1n fa]] (T(66) 5 36 p<0 001) The overall

-

‘\denS1ty of S .acutus was greater than that of T lat1fol1a |
'“'_ (Table 15) Densities of §. acutus were greater in both |
fam1ly and non- fam1Ly areas in Sc1rgu habitat than in
Scirpus- Iypn_ hab1tat (fam1ly-group areas: T(19)‘2 08
p<0 05; non- family areas: T(79)=2.32 p<0. 02) whereas o

dens1t1es of T 1at1folia were about the same in fam1ly-

group areas in xg hab1tat and Sc1rgg yg hab1tat

(T(36 2)= 1.93 p>0 05) but were h1gher in non- -family area 1ntg‘

N

Sc1rgu Tygh “than in non- fam1ly areas of Tyg -habitat

!



~ii) Scirpus acutus |
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Table 15. Mean density (culms/m?) of Typha
Scirpus acutus in family-

in 1977.~

PLANT SPECIES

R M G em s v wm G e v S e e e e e M M e e e o Ee

Typha-habitat -

bl R R e el i T L N Y I e,

Scirpus-habitat

Scirpus-Typha-habitat

§cifgys;Tthafhabitat,:-

o e e ey e e A e om m em e e
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).«

atifolié and

: group areas and areas of overlap
. between family-groups in the three habitats| at Bowden Lake

FAMILY-GROUP ' OVERLAP BETWEEN
. AREAS .~ FAMILY-GROUPS
i ittty - - P‘-,-.—-.f——--'-—:-——é--
15.8(£0.9) 7 19.5(21.2)
35.7(£0.2) . . 279(%0.2)
175.3(£0.3)  135.7(0.3)
134.7(20.9) 116.8(20.3)
S



” number of famtly groups decreased from 1976 to 1977 Changes ;f?

‘occurred in ‘yg a and Sc1rgu xg habltats Areas 1n'w"”’
_»i-two familtes had res1ded in 1976 were occupled by only o
“T,fam1ly group in 1977 (Figs 3 and 10) The number of
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©
.

-(T(34)=2-51 p<0. 02) Plant den51t1es in fam1ly group areas f

frequented most often by Juven1les were. h1gher than those

Ut

'areas where adults were observed mos t often (T(100) 3. 1?

p<0. 002) Dens1t1es in areas of ~overlap w1th non- fam1ly
members were not d1fferent for the var1ous age classes

The number of muskrats in any part1cular fam1ly group\
changed from 1976 to 1977 and throughout the f1eld season
(Table 16). .In 1976 there were 11 fam1ly groups d1str1buted

',among the three hab1tat types (F1gs ’9, 10, and 11).. There .'\

were three adults (two females Shd one male) 1n each

/fam1ly group 1A Sc1rgu and Sc1rgu ygh hab1tats These

dens1t1es were cons1stant throughout the f1eld season ‘Inﬁg.

Iypha- hab1tat three of the five fam1ly groups had two males.f~u

T and one female res1d1ng together whereas the other two |

h"fam1ly groups cons1sted of one female and one male One of

the two males 1n each fam1ly d1spersed early 1n the summer

“leav1ng an adult of each sex 1n eaoh famlly Famtly groups
o cons1sted of one female and one male 1n all hab1tats |
gthroughout 1977 except 1n the spr1ng when there were at

{least two«males per female in all areas (Table 16) As 1n -

1976 all but one male dlspersed by summer The overall » l”lﬂ,

l,:sfam1ly groups remained constant throughout the spring and

IS

Asummer of 1977 in all habItats There was an 1ncrease 1n tf ;_t"
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”ile:SciﬁgUSiTxghéjeﬂ'{efjg” ejffbjﬁ“‘fﬁfadu]tswf-”  
- rgéha”g} T R 2&adults :

M= male F= female SeE et |
2Adults only, full year e i

- ¥in_three of these family- groups there were 2 males/female..>[
tw one male from each group dispersed in late dune S o

,?fl§gl£2!§ IXQDQ .
'l-1977 Spr1ng |

.1ﬂ §gl£gg§ i‘e ; ] _-.f4 e.”-?l,'-f'IO“aduifé : -/3:'

",1977 Fall
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Bowden Lake in 1976 and 1977.-

Table 16. Muskrat d1spers1on 1n d1fferent habitat-t&pes.atf

---—----'———-----_-___---_—--v-—---’—-—’-_--'__..-..--———’-——.--———_-

'HABITAT-TYPE | _ NUMBER OF  TOTAL NUMBER OF  SEX RATIO

FAMILY-GROUPS RESIDENT INDIVIDUALS M:F?

-__-..--—-—-—-.—_----—--.-—_-—--—--—_——----—-----——-—----..-..--..

" Scirpus
- Iypha .
‘\Sc1rgu *T ha

1977 Summe

-
—h
N
oW
oSS

5

_Q_43(Juven1les ‘_“( 28:

':355juven1les R
5 ijuyeniles,5;;§fj~4;2e~e‘:

Scirgu :»~.._51€*f 61}'_,~ * >"10'adhlfs “;"' B
R SR e 155 juveNIIes "f.28:27 .

juven1les

1:1
t‘§91£29§71¥§h§ SR I -e"' 4 ‘adults ':J”f-f'fe2:2 ei‘e
-ﬁ-g @.?':*1 B .10 Juven1les o 7;3_]

N
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sF1gures 9, 10; and 11. Detai1ed maps of Bowden Lake

F1gure 8. The southern port1on of Bowden Lake
Figure 10. The northwestern portion of Bowden’ Lake.v
- Figure 11, The eastern portxon of - Bowden LaKe ‘

L

N . . 4 . B »
-Scirpus acutus . - - --huts occupied in
: e T o ; fa]l 1976 and 1977

ia . .0 --feeding platforms
" used in 1977.

.37}5:_-i=éarex 1asio¢arg§f "f!il --feed1ng platforms ’
R = used in 1976 and 1977
AT T RS SRR A D R

L,

-

S mmm-*Eleocharis}garVUla d‘ ;O --huts bu11t 1n fal] _»7

R ]‘f.': 'jf B ‘”M4, occup1ed in 1977 f; SR
:',jf-u---»-approx1mate home range boundar1es for fam1ly A L
o groups - 1976 and 1977 AN : o

% -0-0--approx1mate home range boundar1es for fam1ly
& groups - 1976 . , S

?f -v-v--approx1mate home range boundarwes for fam1ly
3 groups v 1977 L ‘

A
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Figure 10. The northwestern portion of Bowden .‘Lake (1égend on 'p76)',:
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. 'x ﬁuhber‘ of: fam'i ]y-groups }.i’n _S_C_i_r;wg. and SCiPDUS'Typha-

'habitats'and a decrease'in nymber of.family-grdUps in

‘Typha-habitat in the fall (Table 15). Of the three Tygh

areas that’became vacant'in~the‘fa11 two fam1l1es (4 adu]ts

'eand thejr 10 Juven11es) moved to Sc1rgu hab1tat and one (2

;ﬁ?adults) moved o c1rgu yg hab1tat (Table 16 and F1g

'5” apprec1ab1y from 1976 to 1977 (F1gs 9, 10 “and 11), except :

“12) The s1ze (mz) of famﬂy group areas did- not change o

in the southern (Flg 9) and’ northwestern (F1g 10) port1ons R

of the 1aKe In the fall of 1977 the size of fam11y areas

i”fif{ 1” the SOUth end Of the S gggtgg stand (th 11) decreased

:"fFQJf% Movements of an1mals from one hab1tat type to another ;f;;ijQF*EL;a
were observed 1n the spr1ng and fa]l of 1976 and 1977 and lnti???;i;?;f;é
fhe spr1ng of 1978 The vast maJority of all dﬁspersals fpomiioi,iyamfte

“i5f;§ one habttat type to another were movements from f;>"" N ‘d;

7 Iypha- hab1tat to' Sctrgu ‘habitat. (Fig. 12,°X%=36.5 .~ i
p<o ono1) e f-fg;;v;mb;gee‘; ,;5,i%tt;.}ia};:tﬁrfei;[;,,j-;:;gggg

*‘"""* R “'*-;rg“ffggeiﬁiy.fw;,g{‘:“ ~:¥Ai

()

’"Wir»‘as a result of the dtspersal of a group of an1mals 1nto the

‘t area An1mal dens1t1es were cons1stent]y h1gher 1n Sc1r9u

~

(Ch1 square test X2 31, 34 p§0 005) and Sc1rgu yg

.‘] hab1tats (x2= 5.76 p<o 025) than in Typha hab1tat in 1976 and S

1977 {Table 17) Un11ke the fluctuat1ons wn antmal

| dens1t1es,vthe number of occup1ed huts and bank dens
rema1ned essent1a11y constant throughout\the study (Table fr}i
18) More huts were found per 100 m of shore11ne in habttatsg77:t'7‘” B

conta1n1ng S acutus than 1n Tyg hab1tat ( C1PQU§ hag1tat 5;57'

xz 9 19 p<0 005 501rgu yg hab1tat X2 4 75 p<0 05)

80 -
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F1gure 12 Movements of muskrats between hab1tats at’ Bowden

Lake. Thin arrows represent non- s1gn1f1cant changes in

. EE
IS :

numbers’ of animals’ (n) moving from: gne habitat to another:
thick arrows are significamt: movements of an1mals between =

o

Scwpus-Typha ,,

| hab1tat types (X2 35.6 p<0, 001) s - o u‘,hﬂ:

kY PP _,'\
. £
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B Table 17. Mean number of nuskr"ats‘;per‘ 100m of sﬁ'breliné at
~ Bowden -Lake in 1976 and 1977. Numbers in brackets are the -
total length (m) of shoreline for each habitat. .~ "7
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Table 18. Mean number of occup1ed huts per 100m of shorel1ne
at Bowden Lake in 1976 and 1977.

e e M e T e Se e e e A e e AR e G e B e e m A o e = o e e L i e T T ey

Typha 1.2 1.2 7 1.2 0.8 0.8
 Scirpus - 4.0 4.0  V4.0.. 3.3 5.3
 Scirpus-Typha 3.0 . 3.0 3.0 3.0 4.0

WS hm e e en e e e M e e e e e R e e G e e e e e e e e e e ER e e e T e S s e e e e e e =
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The propOrtibn of overlap between animals from adjacent

family-groups was generally lower in Scirpus and Scirpus-

- Iypha-habitats than in Typha (Table 138). In(the spring,. -

overlap areas were the smallest/in Scirpus-Typha-habitat

(H=10.35 p<0.01; Kruskal-Wallis one-way analysis of

‘variance). Overlap areas among animals from Scirpus-habitat

v “_(.V

were smaller than'those inT yg ha-habitat (H=6.45 p<0.05) in
the summer -and of those in Sc1rpus Typha and Typha-habitats

" in the fall.(H=21. 78 p<0.001). No overlap was ev1dent for

animals from 501rgu -Typha-habitat in the summer (Table.19).
Overlap occurred among females, males and females, and males
throughopt the spr1n; (Table 20). Females overlapped with
:ﬂmipother female>and one;or two maleet whereas males

overlapped with-up to three other males. Again, in summer,
. )

- most of the overlap among individuals occurred'between,two

Cadult males,»and between adult males and females:

female-female overlap only ogcurred in c1rpu -habitat.
duven1les did not overlap with any non- fam1ly members in the
summer . Adults, generally, _Ooverlapped with only one other
adult in the fall. \Females‘from Scirpus hab1tat did not
overlap with non- fam1ly members in the fall Most of the
over lap 1nvolved_JqJ niles and adultmmales.‘Only in

Scirpus-habitat did juveniles overlap with each other,

probably because of the large numbers of Juven1les res1d1ng

'1n SCIPQU habItat in. the fall (Table 16).

Mean home range s1zes (Table 21) for adults did not

\\a)ffer significantly between habitat types throughout the .
‘ - ' ‘ : e o

N
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Table 19. Percent of muskrat’'s home range which overlaps
with the home range of residents in different family groups.
N = number of animals in each habitat.! -

- HABITAT ' % OF HOME RANGE .  NUMBER OF
. - IN OVERLAP WITH  ANIMALS IN
TYRE _ NON-FAMILY MEMBERS?  OVERLAPZ
spring LTI e T
Scirpus (n=13) 16.7(11.9-24.1)  3.3(3-4)
. Iypha (n=12) N 18.7(8.7-48.63) 3.3(2-)
Scirpus-Typha (n=8) 02.84(0:2*12.8) C1.7(1-3)
‘Summer B o | |
Scirpus (n=52) . 2.09(0-7.7) - 1.6(0-2)
Typha (n=#4) - s  5.1(0-33.0) 1.5(0-2)
~ Scirpus-Typha (n=8) ° _ 0.0 - . 0.0 ‘
Fall | o )
 Scirpus (R=65) 6.9(0-20.4) 4.7(0-6)
Typha (n=4) - 19.6(1.5-53.9) 1.5(1-4)
Scirpus-Typha (n=10) 11.4(0.6-39.3) - 2.8(1-6)

______ - - m - e e R el Tl T T T T S R, S

. P
'excludes dispersing animals.
2mean values
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Table 21. Mean home range size (ha) for adults and juvemles
from d1fferent hab1tats in 1977 at Bowden Lake. -

'—-—---—--—--—--—---_----_—-——-—--—-_--—----_----—--_--—-_-----

_Time Period/Habitat Adult females Adult males Juveniles

spring . - .- h O T
SCirgus | .47 48 -
Iyp 49 .51 . -
-‘ * Scirpus us\gxn__ | ‘v' a8 ¢ 50 -
Summer | S o
Scirpus o a f ii_ ‘ .41 086
Typha  as R 024
Scirpus-Typha .68 ¢+ .73 045
Fall | R
. seirpus . .42 o 35
Typha | a7 52 .14

T en e i em i e e e e s ar e e e o em em e P G R R e Ge e e e e A e G R e e e e R R e M e e e wp A em e e e =
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year (H=1. 61 p>0. 1), except for. an1mals from Sc1rgu Typha
in summer. Home range sizes were about the same for adult

females and males throughout the year duventles hadwsmaller

areas than adults’in summer and fall duven1les from

Scirpus hab1tat had larger areas tBan did Juven1les from the R
other habttats 1n fall (Q =7, 22 p<0,01). SR '
. An anlmal was more llkely to chase another an1mal when

1t was closer to 1ts own hut, and was chased more often when

: closer to the other agtmal s hut (X2= 9 8 p<0 01) throughout
' the study (Table 22)

x'-_Dtscuss10n ['

The pattern in wh1ch antmals are dlstr1buted in an

fenv1ronment is 1nd1cat1ve of the d1spers1on patterns of
;resourCes,‘and the degree of soc1al1ty among the antmals
;'(Brown 1975) ‘Muskrats l1ve in small group1ngs of two to
_four adults . and numerous young These fam1ly groups

a(Err1ngton 1963) are d1st1ngu1shed by the h1gh amount of

1'home range overlap among 1nd1v1duals (at least 75% of an -

L

aan1mal sfhome range) The amount of overlap among. non fam1ly
.'J:*fmembers may reflect the dlstr1but1on and qualtty of

“ava1lable resources (Wetns 1976)

In spr1ng, when the nutr1ent content of T lat1fol1a

*ﬁand S acutus were both h1gh and comparable to each other

¥ gf(Table 1) the amount of overlap among non fam1ly members
'm'7;?was s1m1lar in the two hab1tats (Table 19) The low ovgglap

'“hl]n 01rgu yg habttat may have been due to the hlgh | ;,'h
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’Table 22 Summary of the prox1m1ty to an’ an1ma] s own hut
where it was.chased by or was. chasing another animal. _
Comparisons were made with: Student’s t test and‘th1 Square e
‘tests (Sokal and Roh1f '1869),

. —-——---——--——,———-—--——--—L------——-—'—;'-—/-——--—————-——-‘-—————-.

"4

o a) Mean d1stance from own' hut where an an1mal was chased or::'
’ ’ was chas1ng another an1mal : N . ~.\_‘ :
| J | | o | ﬁ Chasesat‘ »Chaééa¢:f'
Mean dlstance from ownfhut (m) . - 19.14 tl} 98.36
| t= 4.14 d.f. = 15pC0. 001 e b

—‘—-_‘._.._-.-__'--__-,_---__-‘—_.---9—-——_—-—---;—_—.....~—'--....---i-,-._-_--

b) Number of chases occurr1ng in the prox1m1ty of an.
an1mal s own hut : _ L S

B ,/,“' ‘-ft’ ‘."‘"tf- ChaSeS‘}u Chased.

~Closest hut is own hut 20 e
Closest hut is another’s hut . AR 19 .}:

s

= 9.8 dif. = 1p<0.01

@
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quality of the hab1tat because of the presence of both 1-
| lat1folla and S: gggtg§, and to the relat1ve isolation of
“the drea (Fig. 10)‘in‘the for thwes t corner with only one -
I adjacent fami ly-group. These'anlmals had home ranges about
twice ‘the size of an1mals from the. other hab1tats in 1977 |
.,; (Table 21) and used areas that two fam1ly groups had
' 1nhab1ted 1n 1976 In the spr1ng there were more d1spers1ng-
and excurs1on1ng an1mals (see p 23) and. there were more
1nd1v1duals pér\hutfthan in summer of fall (Table 16) ThlS :'
' was espec1ally true of males Dn average males overﬂapped |
wwth two males from adJacent fam1ly groups (Table 20) Males~
seemed to be compet1ng for females at that t1me, as
! 1ndlcated by the frequency of aggress1ve 1nteract1ons'
'nvtbetween males, preced1ng sexual act1v1ty (see P 11), wh1ch
may account for the h1gh overlap of 1nd1v1duals in the'
sprlng As the pred1ctab1l1t9 and quallty of a given . set of
resources 1ncreased the overlap among non- fam1ly members
decreased s1nce the probab1l1ty that the area contalns |
, suff1c1ent resources for the fam1ly group was h1gh |
| Lower percentages of overlap of an1mals 1H Sc1rpu and
', Sc1rpu lxg__ may result from the h1gh qual1ty and
pred1ctabll1ty of S. gggtgg over that of I. lat1fol1a /Even :
though an1mals from Sc1rgu hab1tat overlapped W1th about
the same number of 1nd1v1duals as. d1d anlmals from - |
ngh_ hab1tat the amount of overlap was s1gn1f1cantly

lower, suggest1ng that the exclus1on of non fam1ly members

from an: anlmal s home range was more l1kely to occur in® -

:_4:"
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Sc1rgu hab1tat than 1n _ygh_ habttat Overlap increased in
fall for an1mals in all habatats but overlap among an1mals
in Sc1rpu hab1&at was lower than in e1ther lyphg ob

cwrpu -Typha- habttats. wh1le at the same tlme the number of
an1mals in the overlap 1nc9eased Overlap in Typha- habitat

-was comparable to that in spr1ng, even though few animals

over lapped, possibly due to the decline in habitat quality.

V>0verlap inTScirpus‘Typha increased-from summer to Jfall,

ma1nly because of the d1spersal of two adults into the area.

Home range s1zes d1d not change s1gn1f1cantly through ,.

'fthe f1eld season but they. tended to be larger in spr1ng

fore the animals were settled }nto fam1ly groups, and

| tended to decrease in summer (except for those in

,Sc1rpus Typha) In Sc1rpu hab1tat home range s1zes for

males decreased in fall when there was -more overlap between

" non- fam1ly members than in spr1ng or. summer As the dens1ty

.'of an1mals in Sc1rgu hab1tat and Sc1rpus Typha habttat

f 1ncreased (due to d1spersal oF%an1mals 1nto these areas)

home range s1zes decreased In Typ habltat home range'

t“v s1zes ofﬁadults 1ncreased wh1le the number of 1nd1v1duals 1nv e

rthe hab1tat decl1ned _‘: _b_ B '_7'n[‘ 1_l?7[

Aaﬁress1ve behav1or in musKrats was observed by Beer

:rand Meyer (1951) ma1nly 1n Spr1hg and fall My own |
cefiobservat1ons 1ndwcate that muskrats at Bowden Lake were most‘.-f

_aggre551ve in Apr1l and early May (F1g 3a) Beer and Meyer
}lft(1951) also noted that males were more aggress?ee than |

v‘-:_,hfemales whereas Errlngton (1963) con51dered females to be L
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ﬁ,;"jethe1r offspr1ng
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more-agdressiVe In the spring, males and females‘were

equa]ly aggre851ve towards other 1nd1v1duals,.but dur1ng
{

"summer and fal] females became less aggress1ve than males

'(F1g 5 and. Table 5) Aggressive behavior was' characterTZedrt'

by chases-and f1ghts by animals, wtth,others from fv

' neighboring fami-ly-groups;or with dispefsing animals, and

| invariab1y’inuolved‘at}leastvone*adult‘male (Table 5). That

an animal was more 11Kely to be chased by a ne1ghbor1ng

an1ma1 the further 1t trave]ed from 1ts home hut, ‘and that

ﬁfareas ex15ted in wh1ch only fam11y members were observed
'Vsuggests that muskrats use. aggress1ve behav1or to exclude

b lnon fam1ly members from fam11y areas//x~—-

Several rodent spec1es have been shown to defend food

~resources (e Q. Sm1th 1968) ~ngher plant dens1t1es w1th1n..
exclus1ve group areas as compared to areas of over]ap
,_‘1nd1cate that muskrats were us1ng areas W1th a potent1ally

: N
_greater food supply, and more cover than other unused areas‘

of the hab1tat S1nce muskrat food hab1ts were based on the

/

mabundance of preferred foods, 1t seems log1ca1 that the

an1mals would defend an area wh1ch wou]d ensure at least a’

~ minimum amount of. food of hlgh qua11ty In us1ng areas of :fi=-'
v'_hlgher dens1t1es of preferred foods, the anlmals 1nhab1ted

.;j_areas that prov;ded the needed food resources for them and

EER Hab1tat preferences exh1b1ted by an1mals are responses ,lﬁ;_
a,:;rto d1fferences 1n the qua11ty of the hab1tat (W1ens 1976)

'pHab1tat qua11ty 1nvolves numerous attr1butes of wh1ch
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suitable foraging sites, nesting sites, refugia from

‘predators and overwintering.areas are important.

.considerattons (FretWelt 1972) At low popu]atton dens1t1es .

the f1rst hab1tats to be colon1zed by an1mals are the ones
R val

- w1th the h1ghest qua]1ty (1. e. the hab1tat in wh1ch an

animal’ s*f1tness 1s highest (Lev1ns 1968) As. dens1t1es'

f1ncreased the qual1ty of the good habitat decreased.‘and a

po1nt is reached where 1ts qualtty is equal to that of the

next 1 est hab1tat At that t1me 1nd1v1duals entered the
second best’ hab1tat at no loss in f1tness (Fretwel] and

\\

H1gher dens1t1es of muskrats and greater numbers of

s

1occup1ed dwel]1ngs were. found 1n Sc1rgus and Sc1rpus Typha
';habltats than in Tygh dur1ng 1976 and 1977 (Tables i6 and
:‘17) Htgher dens1t1es of animals in Scirpus-habitats may be

1nd1cat1ve of a preference for. resad1ng in areas of S
acutus These data correspond W1th muskrats preference for

S acutus OVer i 1at1fol1a If muskratﬁ selected hab1tats

domtnated by S acutus,,then one would eXpect a d1fferent1a1rtv

d1spersal of an1mals from yg g hab1tat to Sc1rpu hab1tat

j\uas was demonstrated (Table 16 and F1g 12)

“hf31 adults in the three habItats 1n 1976 to 16 adults by the }:1

"ffall df 1977 As populatlon densxty decreased, a decrease 1n o

Populat1on dens1ty decl1ned throughout the study from o

"-;Qﬂthe hab1tat types used by the an1mals also occurred Pltelka

'Et(1973) demonstrated that in: years of low populat1on dens1ty,

e ybrown lemm1ngs (Lemmus trlmucronatus) were found

B
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predom1nantly in areas of h1gh qua11ty hab1tat and that 1n '
peak years they were found in a w1de var1ety of hab1tats 'Inv_
1976 muskrats were even]y d1str1buted among the three :
hab1tats. but by . the fall of 1977 the maJor1ty of an1mals
'had moved 1nto areas dom1nated by S gggtgg, 1nd1cat1ng that
.ng_g was the 1east preferred hab1tat ‘at Bowden Lake ’} o
| Muskrats lived «in exo]us1ve fam11y areas in wh1ch the
"'relat1ve dens1t1es of food resources were h1gher than in
‘areas of. overlap between éroups I contend that Sc1rgus’
: hab1tats were of h1gher qua11ty than were ;xg__ habltats as
| 1nd1cated by h1gher dens1t1es of anlmals 1n ' ' _
ZSc1rgu hab1tats, the tendency for- an1mals to d1sperse from f'

. ¥Q » 1nto 501rgu hab1tat hwgher nutrlent content of S.

! v‘y
,,

‘,acutus compared to. T at1folg§ preferencefof S acutus o
over T 1at1fol1a, and h1gher surv1va1 of Juvenjdes from o

7'chrgu hab1tat R
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IX CONCLUDING DISCUSSION

!Errington (1963) suggested thé& TJypha 1at1fol1a was - the most

. 1mportant resource ava1lable to muskrats in North Amer1ca
- Assessment of the dependence of an anlmal on. any part1cu1ar
_resource may be approached in, many p1fferent ways It may be,rw

.cons1dered in, relat1on to 1ts 1mportance 1n forag1ng

*v,fstrateg1es (Krebs 1978), or 1ts role in the select1on of a

(:2

.,}}-1n the . an1ma1s dﬁet at any tlme, and that 1t was not chosen !{f‘

1n relatlon to any measures of Lts nutr1ent content

« : B e . é :
uryival‘of young (Wiens 1976) In the forego1ng d1scuss1on,

r'dI have presented ev1dence on: muskrat forag1ng hab1ts, food

preferences, hab1tat preferences, and the growth and . “

A”11nf1uenced by 1ts f1ber content (Crampton and Lloyd 1959) v
'}fThe h1gh f1ber content of T lat1fo]1a. 1n comb1nat1on w1th o
f;ia dec]1n1ng nutr1ent content maKes th1s spec1es hh“t"'f:M
: 1ncreas1ngly undes1rab1e as a forage Jtem to muskrats from = 

~*spr1ng to fall That T 1at1fol1a was not the dom1nant food

Q‘

B suggests that the spectes was not a preferred food 1tem,_but

-i};rather was eaten in the absence of a more valuable food

*?hab1tat that enhances:surv1va]f‘reproduct1ve success; and | &\Dﬂtf‘

- surv1va1 of offspr1ng,rto suggest that Sc1rpus acutus was a .
@'}more&yaluable resource‘than wds T 1at1fol1a 1n south- o
central Alberta v'g‘f’ | e L T | e
_ | 0pt1ma1 forag1ng theory pred1cts that an1ma]s wwll f; g
’»d.oﬁpec1a112e the1r forag1ng act1v1t1es on qua11ty foods when : ?:;
. the foods are abundant (E111s et a] 1976) Food quallty 1s j»nw
based on 1£s nutr1ent content and d1gest1b1l1ty, as _;f'



resource. S. acutus seemed to be a preferred food based o

data show1ng that it was the dom1nant food dur1ng the Spr1ng

and summer was chosen in relat1on to its quality as’ opposed

" to its re]at1ve abundance,'and was chosen most dften when

other foods were equally available (both in the W1ld and
under experimental conditions).

Hab1tat selection 1nvolves the choice by an individual
of an area that contains the best set of needed resources,
whether these be food resources, nesting sites, mates,

and/or shelter from predators (Fretwell 1972). Mdskrat

- densities were highest in Scirpus-habitats. Dispersal into

Scirpus-habitat was differentially higher than movements
4

from Scirpus-habitat into other habitats, suggesting that.

muskrats actively selected the Sctrgus-habttat. A
Differences in the gr fth of juveniles ézzsted between

animals living in habitats with S. acutus and those in-

Txgha hab1tat Cons1stentLy higher we1ghts and faster growtht

rates of juveniles from Scirgus-habitat may be related to

the quality of S. acutus as a forage spe01es The overall

_qua11ty of th1s hab1tat (1n terms of ava11ab1]1ty of food,

nesting or overwintering sites, and possibly protection from

predators) may account for the higher survivalvrates of

these juveniles.

¢
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: Scattergrams of the correlahons between thg physmal and
.'_ terrporal charactemshcs of Sc1rg acutus and 1ts nutment
Lo content (Tab1e 3) L . S
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gbams of the correlations between- the phys1ca1‘and“

temporat character1st1cs of Typha lat1fol1a and its nutr1ent
content (Table 4). . . »
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Appendix'S‘

Regress1on stat1st1cs for the re]atlonsh1p between the T
relative abundance of Typha latifolia and the percent of
1at1f011a 1n muskrats diet lp(O 01; Fig., 7)

Source of Var1at1on s S‘ d f ‘“M S  F-ratio R2
| Regress1on ©° 6337.06 1 6337.06 26.08  0.592
Error . .4373.04 18 242 95 B .
Total . .10710.10. o
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Appendix 7

‘Regress1on stat1st1cs for the relat1onsh1p between the o
._absolute abundance of -Scirpus acutus and the percent of S
. acutus in muskrats diet p(O 015 Flg 8) S

..-........___--,,......-..--........._._....-..---..-.._--__‘.........----.._-_.._.._...-_..v..

© Regression 12614.61 2  6307.31 24.65 0.587
Error - B955.96 35  255.88 - o
 Total  21s70.57. .
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k Appéﬁdix_B j

ANOVA stat1st1cs for the regress1on of the phy51ca1
characteristics of Sc1npus acutus ‘and the percent of S.
- acutus in muskrats' diet (Table 14). o

N _—---...____—u---_..--_--—--------——----—-....._'-g—-—--—_---—-.—-—_'_‘.—

‘Independent . Source of 5.5, d.f. . M.S.

Variable I',u” . Var1at1on o

Time of_yean';:p-ff'<;R¢gr¢ssion ,f.7291{GQ ]f:’1  7291:69
- 45 i?¥ ,5'.'i:$ Error "..*115692;72; 43 364.95
e Total 22e84.41 |
Phenology | Regressfon  1929.04 © 1  1929.04

LR Erfor' S 15692572"  43" 364.95
| Béight[cffCUJméflph) Regress1qp ?f 3517;42 7f- 1 . 3517.42
e Error. l_}:  15692;721 f 43" 36495
‘Total  >,’-1921off4 [ AT

CFull m§d¢1,_;_ &-]_';uRegre§s1qn737r558014iV 3. 5193.47 0

e Error’ o 15682.72 43 - 364.95
o Total 31273.13

L e o e e W e e e e e e e e e e e i an e e e e e e e e e e wm e A e e e e e e e e e L



