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ABSTRACT 
~ 

, . 

• 1 

_It ~B hypotheBize~ that an increased level of activity has 
f 

evolved in nocturnal small mammals in response to a ·reduction of 
, l , 

predation pressure during,rainfall. 
, . . 

To test this Vyp~thesis, the 

behavior of muskrats (Ondatra zibethieus) and a few predators was 
• 

, ù 
investigated. Ere~ze-branding and. radio-pack implantation were used 

on mus.krats. 1053 hours of visual 0 ervations, in addition ta sand-' 

tracking data, ind,icated that muskrat travel, explore, disperse, and 

forag€ farther during evening hours 0 rainy days. Consequently, 

,mote territorial boundary crossings, erritprial defenses and changes 
-1 

of den sites occurred during rainy days. Matings and movements related ' 

to an emergency werè not influenced by.!ainfall. 

. .' 
Marsh hayks (Cireus cyaneus) and short-eared owls (Asio flammeus) 

'd1d not hU~ing r~,inf .. ~1. The daily l.evel of activity of the mtnk. 

(Mustela vison), ermine (~. erminea), and feraI cat (Felis catus) fod 

not d1ffer bet~een'rainy and non-rainy days. It is argued that their 

activit~ decreased during rainfall. 
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Il est suggèré qu'une augmentation du niveau d'activité a évolué , 

chez les petits mammifères nocturnes suite à une r~duction. de la 

pression exercée par les prédateurs au cours' Etes pluies. Min de 

- . tester cette hypothèse, le comportement du rat musqué (Ondatra 
l , 

zibethicuè) et de certains prédateurs a été étudié. -Le marquage à 

froid et l'implantation de radio ont été essayés sur le rat musqué. 

l05~ heures d'observation visueUa en plus de quelques données -de 

piste de sable indiquent que les rats musqués voyagent, explorent, se 
, ' ' 

dispers~t et fQu-rragent plus lOin durant les heures du soir des jours" 

pluvieux. ,Conséquemment, les limites des territoires sont outrepassées 
,A 

et défendues plus ;ouvent et les changements de gtte sont plus 
, " ' ,.1 

fréquents durant ces jours _ Les accoupiements ~~ }es mouvements relatif 

IJ aUlÇ urgences ne sont pas influencés par la pluie. 

Les busards des marais (Circus cyaneus) et les hiboux de marais 
, 

(Asio flammeus) ne chassent pas pendant la pluie. Les niveaux journalie,rs 

de ..J.' ac tivi té du vison (Mus tela vison), "Cie- l' ermine (~erminea) et du.' 

chat haret (Fe fis catus) ne sont pas dif~éfents entre les jours pluvieux 

> et sans plUie. Il est argumenté que leur activité décroît durant les 

périodes de pluie. 
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INTRODUCTION 

Since 1940, nocturnal small mamma1s of the temperate regions have 

been known to become more active during periods of rainfa11 (Burt 1940). 

Severa1 autbors have come to the same conclusion using different 

techniques. These include trapping (Sidorowicz 1960), sand-tracking 
1" h 

(Bider 1968), and photographié recording (Pea~son 1960). However, a11 
'\ 

t 
these techniques record only the presence of an ani;mal at a specifie tilDe 

and place and rarely give information on the individua1' s aC,tua1 behavi,or. 
b 

Few' satisfactory explanations for this increased' small mamma1 activity 
i 

have been p\,t forward (Üamwell 1980; Doucet, and.ttBide;.i974;'1Getz 1968; 

Mystkowska and Sidorowicz 1961; Vickery and Bider 1981) ~'nd none have 

been substantiated. To gain a better understanding of the influence of 

, ~ 

rain on small mamma1 betor, muskrats (Ondatra zibethicus) and a few 

avian and mamma1ian preêiators were ~isua11y observed or stucÜed using , 

sand-tracking data from Lac Carré and Mirabel. 

The behavior of the muskrat was investigated because this s'maIl 

mamma1 is influenced by rainfall (Stewart and Bider 1977), it i8 large 

enough to be seen at a distance, 'and its population biology is weIl 

known (Errington 1963). It was hypothesized that exploration and 

territorial defense occur on rainy days and that not a11 p.spects of the 

muskrat' s behavior, such as matil\gs and movement re1ated to an emergency 
, 

(1;e";, drought), are influenced by rain. This part of my study ls in the 
\ 

second chapter of this tbesis. 

To undertake this study, it was necessary to emp~oy techniques 

\ 
which permitted individual recognition at a distance. \ Two of these 
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techniques, freeze-branding and radio-pack implan.tation, havè been 

described in the first chapter. , 

Bramwe11, (1980~ and Vickery and Bidër (1981) suggested that the 

activity of pr~dators, or at least their efficiency, decreases w~th . 

the occurrence of rainfa11, and that small mammals take advantage of .' . 

2 

this reduction in predation pressure'to incr;ase their.activity. Th~s 
<' • 

hypothesis ts discussed in the third chapter. 
, . . 

The 3 chapters of thi~ thesis have been submitted,to jo~rnals. 

Because of ~his, some repetition occurs in the introduction and dis-

cussion of the second and third chapters. 
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COMMENTS ON FREE,E-B~DING AND RADIO-PACK IMPLANTATION 

<: * IN THE MUSKRAT 

'r 

* Submitted to the Journal of Wildlife Ma~a8ement 
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When undertaking a behavioral research p~ojeét oln an, anilll&l~ it 

is desirable to be able to identify every individual. ~ attain this 
l '" 

goal, freeze-branding and radio-pack implan~ation'~ere attemp~ed on 

ditah-dw~l1~ng muskrats. The limitat}.ons and app'lications 'of the'se 

2 techniques are described. 
.~ , 
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INTRODUCTION 
"" 

~ie1d research on behavior often requires that the individusl 

animal be 10cated an~ indentified 'at, a di'stance. Many techniques to 
, ~ 

attain that goal are avai1able (Stonehouse 1978). However, th~ -
~ .6 ," 

number describing the marking of severa1 free-living muskr~ts for 

individua1 identification is'lfmited. Back-tagging shou1d not be 
( . 

performed ~ individua1s of more than 4 weeks of age, since adu1ts 

can r~ove their' tags (Errington and Errington 1937) .. Tai1 banding 

becomes use1ess when the animal is in the water because on1y the dorsal 

par~ of the body is visible. Ear tags are too 'smalt t~ be recognized 
1 

at a distance (Aldous 1946). Dyes are iheffective on dark fur (Tab~r 
B • 

and Cowan 1971) •. Two dt~ techniques, freeze-b~anding- ~n~ ~~aiO-

tracking showed promise' and wQTe tried on some di-tch-dwe11ing muskrats ' 
. ~ - , 

during the stmnner 0~80. The utilization of either technique on 
• 

muskrats has not been described in the 1iterature~ 

j 

. FREEZE-BRANDING 

~ , 
Eight young, between 4 and 6 weeks old, and 12 adul:ts were capt~red. 

1 

'l'! The young w~andhe1d, shaved and a copper branding iron (square, . . 
~ 

side: 1.2, cm) coo1ed with liquid nitrogen was applied on 2 differènt 

dorsal locations f~r either 20, 30, 40 or 50 seconds. The adu1ts were 

anaesthetized with 40 mg of sodium penta-barbital/kg of body weight, . . 
shaved and freeze-branded on 2,different doréa1 lo~ations for eithe~ 30, 

,,(r 
40, ?o or 60 ~econds. using a brass branding i~on (cirèl~, diam~er: 4 cm) 

" 

.' 

" 

i 
! , 
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~ 

cooled with liquid nitrogen. AlI indi~iduals were released within 3 .. 
hours at their 1 site of.captur~. 

1 • 
Two month~ater, 2 adults were . .. 

recaptured and freeze-branded ~n 3 different corsaI locations for 70, 
, 

80 and 90 seconds. 

As 

the 

No' colour change of the fur was noted after' freeze-branding. 

duration"'~ 9randin~ in~;eased the fur grew back more s10~IY. In' 

the area which was freeze-brandeâ for 80 or 90 seconds, the hair was , 

od1y half-grown after 10 week~. When the procedure was app!1ed for 

less than 50 seconds, the fur grew back to its normal ,state within 

4 weeks. 

- Hadow (197'2r-and Newton (19"28) stated that liquid nitrogen could 
, 

be used as a cooling agent for freeze-branding, but a mixture of 

alaohol and dry ice ls usually cheaper. more easily obtained and more 
! 

effective than liquid nitrogen. We used the 'latter because it was 

more easily availab1e. " . ~ • 
Hadow. (1972) using dry ice and alcohol determined that ~he • 

l , 

optimal length of application ranged from 20 to ~O seconds. He observed 

that imme~iatel~ after·the Iron was taken ~ff, the ~kin seemed frozen , 

and the site of applica'tion stayed bare for 3 to 5 'weeks. After we 

freeze-branded, we also observed that the skin appeared frozen and when 

th~ application time was more th an 60 seconds, it "took approximately a .. , 

• month before dark àal~ grew back. 

Our observ~tions, with the exception of regrowing white hairs, we~e~ 

similar ta thase of Hadow (1972). . Since the temperature of liquid 

nitrogen is -1750C compared to -l08°C, the freezing .point of carbon 
• { iii" 

dfoxide, our application' time could only he too long. In such a case, 
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the hairs should have grown white first, even if tbey wou1d eventual1y , .. 
turn black after several months (Hadow 1972). 

. \} 
These results indicate 

the potential for freeze-branding muskrats looks poor. 

ruwIO I~~TS .' 

Muskrats generally will not tole~at~ any co1lar or harness • 
• 

~erefore, the implantation of a radio-pack ts required ,~n the,use 

of radio-tele~etry techniques for behavioral studies of this species. 

A first trial was carried out using a SMI transmitter (AVM). It was 

connected to a RM 630-T2 battery and' a 2-inch long antenna free of 

movement. The package was dipped in beeswax and coa~ed with dental 

acrylic. It ~eighed approximatel~ 12 g. 6 adult muskrats, weighing 

over 1 kg, were live-tr~pC:d, anaes~thetized, and shaved between the 
,~ 6 

shoulder blades. A 3.0-5.~cm ,incision was perform~à, the radio-pack 

with the antenna was implanted between the sk!n and the muscles, and 

the wound sutured. T~e animaIs were released at the site of capture 

within 3 hours after the end of the operation •. ,", , 'r 

" .3 individuat~",!re live-trapped again. In one ihstance, the clay of 

the impl~ntati9n, the radio-pack was seen on the right side of the animal • 
• 

Fo~rdays later; when recaptured, it had an open wound near its right 

:J · anterior leg and the dorsal scar was closed. It had removed the 

.radio-pack by cutting itself open a~ter the pack had shifted from the 
~ 

back to its right anterior leg. The removal occurr.ed between the 

third and four th day after the operation. For 2 other animals~ the 

wound healed before they shifted and removed their radios in a similar 
(, 

~ 

fashion. Two other individuals were never recaptured, but they were 

r 

': 

1 
1 
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obsêrved traysporting their ra4ios on their backs for at least 2 

weeks. We think that they subsequently lo~t their, radios since 

the signaIs became fixed until the batteries: died . 
• 

To solve the problem of radio-pack removal intra-abdominal 

implantation,~as tried. For this purpose, the radio-pack was 
, 

modified, instead of leaving the antenn~ free, it was folded around --
the radio-p<:tck. ·The latter was n,at dipped into beeswax, but only 

oC 

coated with dental acrylic. In one case, beeswax was left on the 

radio-pack which, accidentally, had not been completely éov~red with 

dental acrylic. 

connected to an 

Wh'en we later. rem~vèd the prk, ,2 holes each 

eroded space between the acrylic and the radio were 

present and there was tissue build up around the radio-pack. Four 

8. 

other adults (over 1 kg) and 2 immatures (800 and 900 g) were captured, 

anaesthetized and shaved between the thorax and the posterior leg. _ 

Here, a small incision was màde through the skin and abdominal muscles. 

The radio-pack was implanted in the abdominal cavity and the skin ' 

sutured. The intra-abdominal implantation proved successful. AlI 

~ 

individuals kept their radios for at least 6 weèks and up to 4 months, 

until the end of our observation season. 
o 

Using the latter technique, it was possibl,e to locate individu~ls 

within their burrows. ~he range of the signal varied from 15 m when 

the animal was in the burrow with the'antenna 2 m ~bove the ground, 

to 50 m or more when the animal was outside its burrowwith the 

antenna .4.5 cm above the soil level. AlI observations within 48 

'" hours after the operation w~re discarded to avoid any post-operative 

'"' effects. No behavioral' side effects of this implantation ~ere noted. 

\ 
_1 



\ 
1 

<> 

, 
, -
l 

.1, Ir , 
'. 

a 
1 

! 
i 

( 

• c ' 

.. 

,JWe conclude that a study on the capacity of freeze-branding to 

,~r~ different' species is required anel, t~ above" radio-telemetry 

techn~ques permit us to locate individuals b~fore any behavior~l 

observation. 
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THE INFLUENCE OF MIN O~ THE FORAGING AND 

, . * 
TERRITORIAL BEHAVIOR OF MUSKaATS 
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,\ tittle information is,~vailable ~ncerning the influence of rain 

on small.mammal behavior. Since muskrats ian easily,be seen at a 

distance, a study of this species was undertaken using diurnal ,and 

nocturnal observations. Radio-telemetry and sand-tracking data from 

Mirabel ~nd Lac Ca~rê provided additiona~ information. The results 
'. 1 • 

_of this research are presented and discussed here • 
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INTRODUCTION 

, 1 
The activity of several nocturnal 'small mammals of temperatei regions 

inereases'during rain (Bider 1968; Doucet and Bider 1969, 1974; ~stkowska 

and Sidorowicz 1961; Pearson 1960; Sidorowica 1969; Stewart and Bider 1977; . 

Viekery and Bider 1981). This conclusion was drawn from trapping, photo-

graphie recording Qr sand-tracking. Since these techniques recorded the 

presence of an animal at one specifie location and time, they gave little 

information on the individual's actual behavior. Because of the effect 

of rain on the activity of smaii mammals, a study was undertaken to deter-

mine what muskrats do during periods of height~ned activity. This might 

produce sorne understanding of th~ response 

Ditch-dwel1ing muskrats were seleeted 
1 

, 
of other sma11 mamma1s to rain. 

as experimenta1 animaIs becau8e 

they are large enough to observe at a distance in their Iiriear homé 

ranges, their dai1y activity i8 known (Stewart and Bider 1977), and their 

p@pulation biôlogy ls weIl understood (Errington 1963). Muskrats 

generally defend a territory-within which they feed, reproduce and live 

throughout the year (Errington 1963), 'Since ditch-dwelling muskrats are 

ore active on rainy days (Stewart and Bider 1977), we hypothesized that 

on rainy days the distance travelled per unit of time wou1d increase, , 

either through an increase of the number of,movements per unit of time 

or through the 1engthening of eaeh d~lacement or bath. Arbitrari1Yl 

a movemept is defined as any displacement longer than 3 m from'l'~oint 

. __ ~o~anotherl a point b~ing a den wherein the muskrats had been for more 

than l minute or a place where the muskrat reversed their direction of 

, J 

, 
l 

. i 
! 
~ . { , 
! 

,-1 
, ~ 

~ 
l 

~ 

1 

, 
Î 
i 

1 . , , 

h. 

, 

0,1 



).3 

( 
movement. Lengthening of each,displacement is expressed as, an increase 

in the percentage of,longer (>40 m) movemen;s. If such a lengthening 
\ 

of,each displacement exists, more.territorial boundaries should be 

crossed and more territorial defense should occur on rainy days. To' 

elucidate possible changes in behavioral activity during p~ecipitation,' 

foraging strategies, dispersal, mating, and use of main den sites were .. 
in'lfes tigated. 

Because detailed,observations are more easily carried oùt during 

daylight hours. more effort was put into observing ,the' animaIs duriVg" 

daytime. Siôce muskrats are more active at night (Stewart and Bider 1977; 

Vincent 1970),.we hypothesized that the behavioral differences seen during 

daytime would be more pronounced at night'. ' To test' this, ,a series otrt 

observations at the limits of terri tories were taken at night. 

Finally, if dispersal or explorat:J.on' tak'e place during rain, then ... . 
muskrats should be active at some distance from water more often at night 

during days with rain. 

METHODS " 

Direce observation 

The majo~ study site (45°20'N, 74°l0'W) was located in tne parish 

"of St. Joseph de Soulanges,' Soulanges-Vaudreuil County, 15 km west of the 

Island of Montreal. Three different ~egments of ditches from the 

Barne drainage system were observed. The ditches were 2.5-3.5 m wide at 

the water surface. The water was .3 ID deep on average, varyin& from .15 

" to 1.0 m depending on the water tabl~ The surrounding agriculture land 
( . 

was fIat sandy loam over clay. 
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. . The vegetation on the banks of the ditches was composed of grasses 

(Phleum pratens~ and Agropyron repens) plus other forbs (Equisetum 

pratense, Vicia cracca, Taraxacum officinale, Potentilla spp., 

Pastinaca sativa, Fragaria virgiana~ etc.). The aquatte vegetation 

consisted of various asso{iations of Typh~ latifolia, Scirpus spp_, 

Sagittari~ spp., Alisma spp., and Sparganium spp. 

The c1imate of the region was classified by Trewartha as a humid 

continental climate with cool sunnners (Espenshade 1960). , The time of 

occurrence of rai~fall was noted, when possible, and the missing 

meteorologica~ data were collected from the meterological station of , 

the Service de la météorologie du Québec, located 2 km from the study 

site. A rainy day was def1ned as a day in which more than a trace of 

rain·felL between sunrise and ,the end of the observation period or 

0000 h, whichever came first. Rain occurring during the night precedfng 

ân observrtion day was ignored because the activity of muskrats 1s not 

affectecfby rain falling between midnight and aunrise (Stewart and 

~~ Bider 1977). 

-},<;:':~:;~,:'"". Straight segments of ditches were selected as the ideal habitat in 
1 

which ta observe the behavior of muskrats. The linear ditches'offered 

several advantàges. In April, theoterritories can be delimited by 

" traçking (Er~ington 1963), and, sinee muskrats do not usually trav~l 

far away from water, the observers ean concentrate their attention on 

a long narrow strip of water. AlI movements wére measured using a map 
. . 

(1:500) and lanrlmarkers on the banks of the ditch. 

Before the end of April, the main den, the size of the centre of 
activity and the territorial 1imits were determined by reading tpe tracks 

o 

end sign~ 1eft by the muskrats as described by Erri~gton (1963). Our 
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territorial boundaries were further confirmed by the subsequent mapplng 

of observed movements. ·Since boundaries are not always weIl defined. a 

crossing of a territorial boundary was c~unted when an individual would 

travel at least 40 m beyond the determined point. 

Between 29 May and 16 July 1979, a ground 1evel shelter was insta11ed 

in the midd1e of a territory where, 21 periods of 4 hours of observation 
, 

were taken before darkness. Night was defined as starting 1/2 hour after 

sunset. The observation periods covered more than 50% of the diurnal peak 
i 

of the activity of muskrats (St~~art and Bider 1977; Vincent 1970). Tne 

territory under study was occupied by a male, a female and a lit ter of 

5 young which appeared out of their burrow after 3 July. 
. 

Durin~ 1980, 2 3.5 m h~gh towers were insta11ed 540 m apart on tue 
: 

qank of a ditch. Another segment of a di~h was observed from a bridge. 

Each observ.ation station was located at the'interface of 2,t~rritories. 
, 

The diurnal peak of activit~ of the muskrat covers a period of 6 

hours before darkness (Stewart and Bider 1977; Vincent.1970). At firs~. 

we feIt the quality of observations cou1d decrease with Ume and we 

!r~rily limited 
"-~-J ·_--C~\ 

were increased(to 6 
\ 

f>. 

observ~tion periods to 4 hours. Later. these periods 

hours without a~y obvious 108s of quality in the 

observation. Between 30 April and 8 August, 98 observation periods 
, 
were made in the 1ast 4 hours of the day and 24 others started 5.5 hours 

J 
before sunset. Between Il August and 7 September, 31 periods of 6 hours 

were recorded before,night. Final~~, between 16 September and 22 October. 

~7 bbservation periods of 7 hours were made. The first 4. hours were com­

pl~ted before darkpess~ foll?wed by a l5-minute break and another 3 hours 

of night time observations. o 

Î 
1 

i 
j 
1~ 
i 
1 



\ 

l' 
1 
! 

) 

1 • 

0, 

16 

Since most of the diurnal observations 'were taken in ,blacks of 
o 

, .' 
4 hours, the analysis will be carried out, keeping the blockd separated. 

Block A stqrted 6 hours before.night time and bl~ck B ended with 

darkness. 

The 1980 study area included 5 territories with 1 female each, 4 

.. , 
males were present on a regular basis and at léast 8 litters were 

produced. Seven of these 9 adults, plus 3 others living in the, adjacent 

terri tories , and 10 young were cap,tured and freeze-brande1d. The freeze-,_ ... :. " -, 

branding tethnique was unsuccessful and the individuals could not always 

be lidentified (Chapter 1). Si~ individuals in th~ study area, plus 4 
~> ' . ~ 

others from adjacent 'territories, were radio-tagged (Chapter 1). Ta 

increas~ the e:fficiency of the ~?bserveJs, a11 radios were located bMore 
.' 

the beginning of the observation periods.' 

AlI movements of the 'young within the wèek aiter ~hey were first 
, " , 

, . 
seen were ~iscarded. At that time, too many shart'movements of groups 

of young took place to be recorded. 

Muskrats fed inside or outside~f their burrows. To study the 
1 

effect of the rain on the feeding behavior of ,these animaXs, 3 parameters 
. \ 

were noted, the number of limes an individual càrried some vegetation to 
l~{t° 

Hs burrow, the time spent only ieeding outside and the location where 

the plants were eut. Since the time required by an adult and a young, ta 
, . 

abtain,and ingest the necessary amount of food ,to ~urvive differs, the 

, \ \ keedi~g be~avior of .the ~oung was not included in' ou~' ·analy~is. After 

'> 
8 August, w~obset:Ved adults feeding outside( for short perïods totalling 

Iess than 5 minutes and did not see any transportation ~Ï plants. Because the 
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( . 
proportion of rai~y to non-rainy days before and af~er 8 August was 

not the 'same,' analysis of feeding habits of the muskrats was restricted - -
to the period prior to ~hat date. 

During nocturnal observations, l red filtered automobile spotlights 

were installed at the interface of the territories. Their beams were 

pointed in opposite directions and fixed such that one could see any 

muskrat movements within 50 ID on each side of the point of observation • 
, -

The ,lights were on continuously through the ob~ervation perlod. 
. 

The 

effect of this unnatural red light appeared minimal and was comparable 

to that of full moonlight. 
• , , 0, 

Since only a small portion at the' interface of 2 territories was 
-'\. 

under observation at night, the extent of each movement or the total 
1 

distance travelled\ by a muskrat per unit of time, could not be seen. 

T~e number of times a muskrat crossed the territorial boundary and the 

number of territorial defenses were noted. A territorial defense was 
... " 

noted when an individûa1 crossed the'territoria~ 'boundary, encountered 

'\ another individua1, and returned promptly. Usually, the actual fighting 

was hard to see, but,some water splashing could be heard. 

Sand-tracking 
, ' 

The sand-tracking'technique has been described by Bider (1968). A 

sand-transec~ is a .65 m strip of fi~e sand coyered with a canopy of 

cl~ar polyethylene. The tracks .of any animal crossing the transect are 
j-

read and erased every 2 hours. For a period of 8 days, the readings are 
jf 

done at odd hours (i.~:'- 2100 h) followed by another 8' days when the 

( tracks are read at even hours (i.e. 2200'h)' and 80 on. 
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At Lac Carré, 100 km fiorthwest of ~ontréa~, a sand-transèct WAs 
, 

o 
, f 

constructed in 1964. lt crossed a field, an eèotone and a,sugar map1e 
1 

(~ saccharum)' -" birch (Betula lutea) forest w11:h some balsam Ur 

(Abies' balsamea) and white pine (Finus strobus). It was 10cated .25 ., , 

,km away from a stream in an uriusu~l habitat for the muskrat. The, 
1 

readings were undertaken 'in 'June, Ju1y', _August~ and sometimes 

September"between 1964 'and 1980. , 

In 1971, 4 sancf-transects were installed tt Mirabel, parish Saint;e­

Scholastique, peux Montagnes county, in southwestern Québec. The site. 

vegetation and cli~te were described iIi Bider et aï. (1976). In summary, ,--
the first sand-transéct was constructed through a mature sugar maple 

forest. A second sand-tranS€ct passed through a~ ab~~Q.oned' sand field 

where corn hàd been grown the previous year. The 1971 vegetation was 
~. l , 

compo~ed most1y of weeda of different heights with bare patches of soi1. 
" ' , 

The last sand-I:ransect was su1;>divided into 3 parts', according to the 

habitat it crossed. lt st~rted in a clay field, a newly abandoned 

pasture, ~an perpendicutar to an ecotone whfCh was at the edge of a 
" 

balsam fir forest mixed with, white spruce and white ced~r (Thuja 

occidentalis) . AlI these transects were in various habitats not 

representative of muskrat habitats, in are~ accessibl~ to, but seldom 

'0: 
vislted by, muskrats. The distance between the nearest sand-transect 

and the ditches was mOre than 60 m. 

Bef~re 1 Septembli;r, the tracks were read every 2 hours. The di el 
(' 

activity of the muskrat at Mirabel was established us:ihg thé traéks read 

before tl}at date. Every hour ~as givén haH a cr()Ss:Lng ,for each' track 

noted durin"'-a reàding. The number of 'crossings was counted for each 
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.. 
'" 

( 

hour and an histogram .drawn. 

~ . 
Since none of our results were pormally distributed, only non-

parametric statistical tests were:performed (Siegel 1956). 
, ' . 

, . .. 
RESULTS .... 

!;;) 
total'distance travelled per 4-hour block 

The increased level of ac:tbtity' of the muskrat during rain (Stewart , 
'and Bider 1977) should result in an ineresse of the total distance 

" travelled by the muskrats in a fixed l'eriod of time. , During t,ime block 
-

~A, the median distance ',travell~d by the musk~at per black 'was 47 m 

(range: 0-450 .r" m. 'mean: 104 m)' orl'~ainy days. On· days wi'thout rain, the 

median distance travelled was 0 m (range: 0-60 m,' mean: 7 m) (Mann-

Whitney & test, P =, .003, Table 1). During black B, on rainy ~nd nçn­

~ainy da~s ~ ,the ~èdians were 150 "m '( range:' 0-1955' m', méan: 60 m) and ' 

o m (range: 0-1170 m, mean: 95-m) respectiyely (Mann-Whitney U test, P = • 
o 

,.003). Since some' observa~ion periods las~ed 6 consecutive hours, the 
, 

information gathered dU~ing the 3rd and 4th ho~r is used twice, i~creas-
, , 

ing the chance of type, II error., To avoid' tnis error, we excluded 'from 

, 1 

, 'a second )f1nalysi$ the observations taken between Il August and 16 September'. 
, l , • 

After this deletion, during block A, the median distance travelled by • 

muskrats per time block on rainy and n.-on-,rainy days were 150 m (r'ange: 

0-270 m, mean: 135 m) and 0 ~ (range,: 0-6-0 m, 1\1ean,: 11 m) respectively. 
j 

During block B, the median on rainy daY$ was 60 m (range 0-1955 .. m, 
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mean: .1.94 m) and on· days wit~out ra in the medialJ, distance travell,pd 

was 0 m (range: 0-l~70 m, mean: 144 m). 1 Regardless of the data' used, 
1 
~he results did not change,' and indicated that distance travelled 

" 
iric;reased with rain (Mann-Whi tney Utes t, block A, P =' .004 anç! black B, 

P = .0:t6). 

Number of move@ents per black 

The total distance travelled by the muskrats per,4-hour black might, 
. . i> • 

per hou.r or be increased either b~ a~~ert~the number of movements 

by lengthening eac~ displacement. In black A, the nu~ber of movements 

per hour increased from .26 on days without ra,in ta ; 97 on rainy d~ys 

'" 2 • , 
(Chi-square test, df = 1, X .= 55.10, P <' .001, Table II), but during 

b10ck B, the n~ber of ~ovements per ho ur stayed about the same .94 

du ring rainy days ,and 1.04 during days without rain (Chi-square 't'est, 

d~ = 1, X2, = 1.70, P > .05), These copclusions did n~~ chang~en the 

'"' . . 
6 hour observation p'eriads'we!e e~cluded. During black A, the numberof 

movements per hour increased from .34 on days witho,ut rain to 1. 93 on 

rainy days C.Chi-square test, df = l, X2 = 62.54; p.< :001). During block 

B, the number o~ movements per hour on rainy days (1.06) wa's similar ta 

tha~ onlda:rs'w~thout rain (1.23) (Chi-square tes-t, df = 1, X2 = 3.37, 

P > ,05~ These results confirmed the .ftndings 9f Stewart and Bider 

(1-977) .. Ori days without rain, musk·rats were almost inactive during. the 

5th and 6th hour before night and became.active during what corresponds 

with black B (the last 4 hours). Since actiyity started eariier on rainy 

days, the numbèr of movements during the 5th and 6th hour before dark-

ness (L'e. during black A) inèreased during rainA 
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Distribution of the lengtb of movements 

Errington (1963) showed that,most muskratts movements.in marshes 

were less than 120 m. Our observations indicated that the daily muskrât 

môvements are even shorter, a~out 40 m, and that 'they are affected hy, 

the weather. AlI muskrat movements observed during daytime were 

combined and classified according to the weather, rainy and non-rainy 

days, and grouped in classes pf 40, ni. During days with rain," 88% of 

their dis placements were smaller than 40 m compared to 70% during rainy 

days. The distribution of the length of movements'shifted towards 

longer distances when SOme rain fell (Chi-square test, X2 = 52.38, 

df = 6, P < .001, Fig. 1). 
~ 

Territorial boundary crossings 

, The increase in the length of eaeh displaeement travelled by the 

muskrats on rainy daya should result ~n an inereased number of crossings 

of territorial limita. No territorial boundary crossings were observed , 

in 1979. In 1980, Most movements across territorial boundaries (7 o~t 

of Il) occurred on rainy daye (Binomial test, P = .040). If we exc1ude 

the 2 movements across boundaries made by 2 males whieh were attracted 

by a fema1e apparently in oestrous, then on1y 2 territorial boundary 

cr9ssings occurred on days without rain, rendering th~ result even more 

significant (Binomiâl test, P = .009). 
1 

Interactions 

The 9 movements aeross terri toria1 b.oundaries, excluding the 2 " 

, movements re1ated to reproduction resulted in 5 interactions between the 
, , 

intruders and the owners of the territory. AlI 5°defenses occurred on 

l 
J 
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r~ipy days (Binomial test, P = .004) .. 

The interactions between the intruders and the owners of the 

territory were short and ended without any physical damage to either 
~ , 

• 0 

of the opponents. In each case, the owner was seen lying in wait for 

the intruder at the entrance of a bur:row or within a dense patch of 
l .. 

vegetation near the edge of the territory, and the defender jumped at 
1 

the intruder as the latter passed in front, of it. Thesja brief attacks 

were sufficient to cause the intruder to return to {ts own territory. 
'j 

Reproductièm 
f 

Four matings were observed and n~ne oeeurred on rainy days. Two" 

22 

of these matings involved onlrll male and 1 female. During the 2 other 

~~ings, a second male was seen entering the territory. and gettirig 

:1.nvolved in the courtship whieh las~ed, more th an 1 hqur. the females 

seemed to entiee the males into fighting by bringing any pursuing male 

close ta the other male at the risk of being bitten herself. The attacks 
1 

between males were rough and, in one case, the intruder had a fbrelimb 

,eut open. In aIl instances, the males living within the territory of 
1 

the female copulated with her. 

During the courtship, ft was possible for an observer to approach 

or be approached by a muskrat Within' a meter or 1 The an~ls were 'not 

disturbed by our presence. Hares (Lep us americanus) and ch~pmunks 

(Tamias striatus) react in a similar fashion during courtship (Bider 

1968). This suggests that predation risks could be rela.tively high at 

these moments. 
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Diurnal feeding 

Because the feeding habits of the muskrat are too complex (Errington 

1941) and the exact nmnber of plants eaten outside or transported inside 

their burrows could not be counted exa'ctly, the amount of food brought 
Q 

to the den could not be related ta the time spent outside feeding. 

Therefore, 2 separate analyses were carried out. one on transportation .. 
OL food, the other on" the time sp~nt outside feeding. No attempt was 

made to separate· the data into block A and B because the number of 

transportàtions and the time spent feeding Qutside per 4 hours was too , , . 

l.aw and the analysis of black A alo;ile, with on:ly 24 periods of observa-

tions, would be meaningless. 

During 1979 and 1980, some r plant material waB carried to burrows on 

113 occasions. The muskrats did not transport food more often on rainy 

days, t~an ~ainless days (Mann-1itney U test, P > ,05). However, '~ot 

a11 of these plants were consumed. On 6 occasions. an adul t carried dry 

" plant~ to Hs main burrow. We opened 3 burrows and some dry and green 
o 

vegetation was found on thee f100r of aU 3 dens. 

On"",the average, 'dudng rainy'and non-rainy days, the adults were .. . 
1 seen feeding for 1. 7 mn (median: 0 mn, range: 0-42 mn) and for 1.8 mn 

(medi~: 0 mn, range: 0-48 100) respectively. There was no difference 
) 

observed in the tÛ)1e spent feeding ou tside of dens betweEm the 2 types 

of days (Mann-Whit'ney Utes t, P > .05), 

The distance between the locations where the muskrats would feed 

'~or more than 30 seconds or where they cut some plants to be brou8ht ta 

burrows and their main den was tabulated agains,t ~he weather (Fi"g. 2). 

,The musk,rats fed farther from their "main den Ilt the periphery of their 
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territories on rainy days (Chi-square test, X2c"14.99, df = 2" P < .O~l). 

When not repelled by another muskliat, sorne individuals fed within their 
n 

- ! 
neighbo'Ç' s terri tory. 

'Changes in den si tes 

Muskrats Uljle several burrows of various types and funct'ions in their 

territory, l" of which ls the main den wheA t/ley live most of the 

. ' 
time (EllXhart 1969). A change of main den site- was~ noted W'h'enever a 

muskrat was radio-located for at least 4 con'secutive days in a burrow 

and rel?cate~ for at least another 4 daya in a different; den. Furthermore,' 

when any' change ih main den site was noted, the indiyidual was relocalized 

at night Ume. This ehsured that the individua! had not moved ta a feeding --, ---=.----
den when loca-l--ized 'earlier in the day. 

------- ' ..----------
~Ône such change 'in main den site was a replacement of a dead male by 

anot'her male on the following rainy clay. Another 2 transfers wêre made 

by 2 females, 1 of which left a litter to give birth ta an additional 

l.itter in another burrow. The reason for this' change i5 unknown, sinee 

~ 
the first litter and a male lived at the initial den for the rest of the 

season. No external signs of damage to the burrows was seen after any 

0;Ç these tran8fers~Finally, ~:mmature individuals changed den sites and~ 

moved towards the ~e's of the parental territory on 3 occasions •• The 

replacement of dead male, and 4 out of 5 transfers within the same 

territory, occurred on rainy days (Bipomia1 test, pc. 031) . 

Nocturnal observations 

To determine whether muskrats are more active avay from dtm sites 

1 
during diurnal or nocturna;I. hours,,, the rate at vh;ich muskrat~ crossed 
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the limits of t~e area under nocturnal observations was calculated. 
, < 

Independent of the weather, the llIuskrat crossed those limits more 

often du ring the evening thap the afternoon (Chi-square test, df == 1, 

rainy days, X2 = 31. 28, P < .001 and days without rain, X2 = 44.51, 

p,< ,001, ,Table III). 
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• 

Most nocturnal territorial boundary crossings (9 out of 11f ~ccurred 

wpen some precipitatiQJl fell during the day or night (Binomial test; P = 

.007), Five of these ,movements ended by an interaction between 2 

individuals and, in eact case, the intruder was repelled. All 5 defenses 

took place' on rainy d'ays (Binomial test, P = .011). 

Preceding the nocturnal hours of observation, a 4 hour period of 

observation was taken. During these correspon4ing diurnal periods. only 

1 movement act;oss a territorial boundary' occurreq and no interaction was 
" , 

noted. When nocturnal,. and diurnal data were compared, the muskrats 

crossed the territorial boundarie"s more often (Binomial test, P < ;001) 

and ~efended their territory mostly at night (Binomia,l test, P = .014). 

If we cwnulate the territorial crossings, except those related to 

reproduction, and the interactio~s observed during aIl diurnal and 

nocturnal hours of observation, intruders were attacked 1lIOre of tep 

during rainy days than any other time -'Fisher' s exact probabi~ity t,est, 

p == ,04) • ln other words, territory owners had ta be at the edges of their 

territories 'on rainy days ready ta repel any strangers. Tbis is why 
~ 

10 out OI 16 territorial crossings were followed by an attack dur4.ng 

rainy days, but.no defense activity was noted during the 4 territorial 

crossings occurring on days without rain, Therefore, thé owners oI the 

territories spent mo~e time and energy _to defend their territories on 
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rainy daya." 

Lac Carré sand-tracking 

• Dispersal 1s a journey that a small mammal. undertakes away from its 

J 'natal sit~ (Gaines and McClenaghan' 1980). If, as tiypothesized, the kinds 

of differenèes in activity seen durlng the day are mqre pronounced at 
• • f 

night, then most dispersa. should ~oceur during rainy night'B.. To bes,t , .... 

this, data frôm Lac Carré sand-transects w~re~compiled and 10 muskrat 

cro,?sings -I.,ere recorded oy!!r the 16 yeail .perfod. l'wo crossi~gs were 

no~ed durin.g the month of J'une, 7 in August and 1 in September. Even 

if we di~card this latter observati6n bec_aus~ sand-traéking data of 
. . 

September were not available for most years, most cro$sings occurreq 

after 1 Augus t (~inomial test, P = .0021)., Since these cross;f.t;l8s occurred 

" fa~ (>300 m) from any possible'muskrat territory. the individuals 

involved were,probàbly dispersers. They were travelling during the 

~seasonal population peak, after the second' litter had become active 

, ,)stewart and ~ider 197~)" and wer~ possibly iorced by population pressure 

to disperse. This coneurs with data from Central Iowa, where ·the fall 

dispersal starts,in August (Errington 1963) • 
.t 

~ith the exception of i .individual, thesè dispers~rs travelled at 

n\ght (Binomial test, P = .011). Fina11y, 7 of thefe crossings occurred 

during rainy days (Binomial test, P = .090). Even/if these latter results 

are .not significant at the, .05 level, they strongly suggest that muskrat 

fali dispersal occurs on rainy nights. 
~ , 
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M~ra~el sand-transects 
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At Mirabel, pS muskrat crossings occurred in a 154 day. period' 
, ' 

which inc1udetd 66 rainy days. Between 15 June and 17 June, a family 

qf muskrats moved back and forth betwee'h their den in a dryiQg 

spring pond and, a ditch where they re-estab1ished themse1ves (Bider et 
u ~h -_-

âl. 1976). The burst of 67 crossings on the adjacent sand-transect 

began on a day w1thout rain. and continued at a regular pace throug~otit, 

the per~od. These movements were considered as movements related to an 

" . 
emergency (i. e. drought>, not as foraging or exploration movements. 

The transects were l6cated in fields where mu'âkrats fed (Bider !! al. 

1976) • They foraged or exp10red away from d'itches on rainy days. 52 of 

81 crossings on the first transect (Chi-square test. df = 1, X2 = 16.64, 

1 
p '< .001) and 25 out of 28 crossings on the other sand-trans~cts' (Chi-

square test, df = 1, X2 = 24.65, P < .001) occurred on rainy days. 

When the, time of occurrence of the activity away from ditches was 

compi1ed, it was found that 93% of the activity occurred between 2100 h 

and 0400 h, with a peak at 2300,,,h (Fig. 3). This distribution of 

activity coincides with the daily dec1ine in aetivity of the ditch-dwell~ng 

muskrats (Stewart and Bider 1977). 

t' 

DISCUSSION 
~ 

Selection pressure shou1d aet such that small mamma1s increase the 

• benefits and minimize the costs of foraging (K:rebs 1978; Krebs et al. 

1981). Although sma11 mamma1s need to feed on a daily basis (Bourlières 

1975), they should not go too far from their den becau4e the cost of 

travelling will surpass the immediate benefits of feeding (Orians and 
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Pearson 1979). On the other hand, if smaI1 mammals concentl:'ate their 
• 

feeding efforts around a den site, they. can easfly deplete their food 

supply. Therefore, herbivores need to occasional1y forage at the 

peripher'y of their territories and look for and utilize new food patches. 

, Predation is one of the major forces of selection in small mammals 

(Errington 194'6; Vaughan 1972) and the risk of being preyed upon 

increases when away from den sites or when travelling through unfamiliar 

areas (Ambrose 1972; Metzgar 1969)'j Sma1l manunals should not on1y assess 

new patches of food during reduced predation pressure as suggested by 

Krebs et al. (1981) but they should be most active and carry out a11 , 
functions away from den sites during reduced predation. If rain and 

darkness reduce the efficiency of predato~s (Bramwell 1980; Vickery and 

Bider 1981). then muskrats should show increased activity away from den 

sites during days with rain and at night. At Mirabel, muskrats fed in 

fields away from ditches at night, especial1y during rainy days. we, 
found that there is a lengthening of, movements and increased feeding 

away from den sHes during rainy days. 

Looking for new patches' of food, searching for new or vacant; 

erritories, looking for new den sites, ancfl'éarching for an eventual 

te are aIl part of the muskrat' s exploration process (Dewsbury 1978). 

We observed that muskrats changed den sites on rainy days and Stewart 

and Bider (-1977) noted that vacant territories were visited on ra~ny days. , 
Olsen }:1959) suggested that muskrats look for eventual mates on rainy 

days. but this actio'n cannot be completely separated from the search for 

a new territory because males look for terri tories which overlap those 

of females or at least are adjacent to them. Sprugel (1951) noted that 

spring dispersal ls initiated by a warm rainy night. Our data from Lac 
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....-;~ Carré indicate that faH dispersals occur during ra~ny nights. Thus, 

the available evidence indicates that exploratiqn and dispersal are 

1 
triggered by rainfal~. Since these exploratory activi ties are infrequent 

Q 

when compared to foraging, we sugge§t that they occur concurrent!y with 

foraging and are ""extensions of foraging behavio\ away from den sites 
\~ 

during rain and darkness. 

The synchronous heightened lève! of muskrat' s ad:ivity away from den 

site~ usually at the edges of the ter~itories, resul,teci in more con-

tacts between muskrats and led ta more territorial defense during rainy. 

days. Due ta the low predation pressure dl!ring raiI?-, the lack of 

~awal;eness of, predators by the muskrat during combat do es !lot negate 

the benefi ts of defending or trying to gain part of a terri tory. 
o 

Rare highly qen~ficial activities did not nece~sarily seem influ-

enced by rain. Two such 'events are matings and movements relatt!d ta 

"\ an emergèncy. Mating activity and copulation observed were not 

. 'influenced by rain. Based on Sprugel' s (1951) ob$ervations and his own 

data, Olsen (1959) suggested that the first matings of the season are , 

triggeIred by rain and warm temperatures and wi thin a few days of 

parturition, regardless of weather, females' mate again., These refults 

are consistent with our data which did not include initial matings of 

the year. A female produces approximate1y 5 litters in ber IHe (Stewart 

and Bider 1974). Sbe should"not postpone copulation ta the next rain at 

the risk of redvcing her reprodu.ctive output, but she may gain some 

benefits by waiting for the dispersal ta mate for the first time of the 

year' (018en 1959). Since dispersal occurs on rainy days, so sbou1d the 

initial' breeding . 
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l ' 

Il'> 
Drough~, an unpredictable event, can force muskrats to move. At 

, ' 

Mirabel, m~skrats in the'p~oçess of abandoning a territory moved 
r~_-. 1 

continuously between a den site and a ditch and these movements started 

under clear conditions. Obviously, they could not wait for a rainy day 

to undertake these movements. 

Behaviora1 traits related to rain have probably evolved in other 

nocturnal small mamma1s. Using feeding stations, at different places 
/ 

in the Lac Carré forest, Vickéry (1976) found that the Gapper's red-

backed vole (Chlethrionomys gaEPeri) and th~ woodland jumping mouse 

(NapaeoZ8eUS insignis) utilize new areas and consume more of their 

preferred food,at distant sites on r~iny nights. A possible explana-
.' 

tian wou1d be that th~e rodents, like muskrats,. exploit their favored 

resources and explore under safer, conditions. Many other nocturna1 
CI , ' , 

rodents~~.soricides ~pond to ~ greater degree or more uniform1y 
'It>. • 

to the rai,n (Bider 1968; 'Bramwell 1980; Doucet and Bider 1969, 1974; 

Mystkowska'and Sidorowicz 1961; Pear~on 1960; Sidorowicz 1960; Vickery 

and Bider 1978,1981). However, the behavioral traits which evolve 

.under' the influence of rain may differ between species. 
, ... 

We conclu de that foraging activity far from den ~ites of muskrats 
,fi 

• 0 

and probably other smal1 mammals during rainy nights is a consequence 
~ 

of differential predation pressur~ between rainy and non-rainy periods. 

This selection for foraging away from den sites results in increased 

/~' :p~oration and dispersal activities und'er ~ainy conditions. Finally: 

'--;7_' ( as a consequence of the pressure of sharing commo~resources and high 
11; 

probability ,of contact during rain, muskrats have evolved aggressive 

and territorial behavior relatively free from predation pressure. To 

... 

.. 
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support this hypothesis. one should expect that the activity, or st 

~ least'the eff1ciencyof the predators,~would be reduc" during~~~ 

possibly after rainfsll. ,This hypothesis 1s discussed in Chapter ~. 
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CHAPTER 3 
, ( 

SELECTIVE PRESSURE OF AVlAN AND MAMMALIAN PREDATORS 

, * ON THE ACTIVITY OF SMAL~ ~S DURING NON-RAI~ PERIODS 

* For submission ta Ecolagy 
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As suggested in'the second chapter and by other investigators 
~ 

, , 

(Bramwell 1980F,Yickëry and Bider 1981), an increased level of 
l', ~. L 

activity during rainy days may have evolved in smali mammals in 

response to a differential predatory p'tessure be'tween rainy and 

non-rainy periods. To support this hypothesis, the behavior of 5 

mamm~lian and avian predators was obse,rved., lt was determirted 

whether they were'more or less active during rainy'periods. The 
( -

rE!sponse of small mamma,ls to a change o~ préA'ion pressure during 

orainfall is discussed. 
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INTRODUCTION 
" 

Sev~~al authors have reported that nocturnal sma!! mamma1s are 

more active during rain (Bider 1968; Bramwe11 1980; Doucet and Bider 
~ , 

1969, 1974; Drickamer and Capone 1977;' Gentry Ê.!d. 1966; Gentry and 

Odum 1957; Getz 1968; Mystkowska and Sidorowicz 1961; pearson 1960; 

Sidorowicz 1960; Stewart and Bider 1977; Vickery and Bider 1978, 1981). 

In,a recent stud~ (Chapter 2), we concluded that the most important 

effect of rain on the behav~or of the muskrat was an increased utilization 
, ~ 

of the edges of terri tories and of unfamiliar areas.~Muskrats foraged 
, 

farther from den sites, crossed their territorial boundaries, defended 

~heir territories, explored ~nd dispersed mostly on rainy days. 'Other 

small mammal,s spch as the wood1and jumping mouse (Thibault 1969). the, 

deer mouse (Peromyscus. maniculatus) ,_and the Gapper' B red-backed' '\7.ole 

(Vickery 1978; Vickery and Bider 1981) moved through new areaa during 

precipitation. 1 

Since the risks of being preyed ~pon are greater in 2ess familiar 

areas (Ambrose 1972; Metzgar 1969)~ it has been sugg~sted that small 

mammals avoid moving thro~gh new areas during non-rainy periods~ 

pr~ferring to wait for the rainy, aafer 
- ; 

1980; Vickery and Bider 1981). If this 

periods (Chapter 2; Br~ell 
0' 

i~ the case, then one would 

~ 
expect predators to be either less àctive or efficient during or just 

after rainfall, thus applying less predation pressute on prey species .-

in ,~ainy pe~iods. 
,1'" , 

The literature on the influence of rain on the hunting activih of 
1 

predators 1s 'sparse and incomplete\ The black the avian and mammalian 
\ 

. i 
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• Qear (Ursus americanus), (Gàrshelis and -Pelton 1980), red t'ôx, (Vu!pes 

vulp~s) (Ables 1969), and fera! cat (Felis~) (Derenne 1976) ,are 

"', known to be less active during rainfal!. Also, 3 species of har~iers 

- -
'(Cireus spp.) (Schipper 1979), thé European Kestrels (Fa1co tinnuncu1us) 

(Cavé 1968) and the Eleonorals fsleon (E. e1eonorae) (Wink and Wink 

1979) f1y ~ess during rainfall. 

To test the hypothesis that small ~als have higher rates of 

activity, forage and explore areas away from their center of activity 
~ " 

during rain because of reduced predation pressure, we investigated the 

activity of 2 avian predators: ' the marsh hawk (Circus cyaneus) and 

short-eared owl (Asio flammeus) and of 3 mammalian predators: the mink 
" -----

(Mustela vison), ermine (~. erminea) and feraI cat. 

" 
METHODS 

Raptors 

"" The study site was in the parish of St. Joseph de Soulanges (450 

. , 

20'N, 74°14'W), Soulanges-Vaudreuil County, 15 km west of the Island 

of Montreal. ' The area consisted of agricu1tural lands, intermingled with 
t 

newly abandoned fields and small forests. lt was lQcated within the 
, 

territory of a family of marsh hawks (1 male, l female, plus 4 ~mmatures) 

and a family of short-eared owls (1 male, l female and 3 immatures). 

Occa$ional marsh hawks came from surrounding territories, but IDoat of 

thé Ume they were driven out of the area. The lIlarsh ,hawks roosted in-

a temporary marsh located 1.0 km north of th~ studY,area. The roosting 

sites of the short-eared owla changed ~rom time to time. 

"\ 
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In 1980, between 11 Ausust and 22 October, 51 periods of '4 

consecutive hours of observation were recorded. AlI observat,ions 

. , 

en~ed half an ho'ur afteJ: sunset. The observations were made from 2 
, ~ 

towers (3.5 m high) 'and a bridge.' Every 5 minutes, a specifie area 

36 

was scanned. Th~ limits of the areas were set up su ch that any raptors 
1 < <c >", 

cou1d be seen even when it rained. Together, the 3 areas co~pris~d '-

1.82 km2 . Using binoculars, the number, the activity and the.location 

of each marsh hawk and,short-e~ed owl witqin the scanning area were 

recorded. The activity of the ~ndividuals was categorized as: (1), 

hunting with intent, if it w'as flying a~d searching for food; (2) flying, 

for re1ocation if it was flying and not searching for .fooçi;, (3) and 

perching if it was perched on; the ground, a pos't, or a tree,' regardless 

if it was 100king for foo~ or not. Simultaneousl~ the weather was noted 
, f 

and classified according to precipitation: (1) not rainingj (2), drizzling, 

if--precipitation' wasriLess ~~~_o~e drop 'per square foot of water surface; 

(3) and raining if more than one drop per Bqu~re foot of water surface. 
}J 

Carnivore ! 
The activity of the mammalian predators was studied at Lac Carré, 

Terrebonne County" Quebec, in the Laurentians', approximate1y 100 km 

northwest of Montreal. The topography, soil, climate and vegetation ar,e 

" ' 
described elsewhere (Bider 1968). ) 

ln 196) Ci transect of· finê sand,. '" 'f65 wide, 191.5 m long, 

covered with a polyethylene canopy was constructed. It ran through a 

"-field, e,n ecotone, .and 
! 

a sugar ~ple-birch fores~,with,some ~alsam' fir 

and white spruce. ~The 
? 

tracks left by an animal on that sand-t~a~sect 

.. 
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• 
, were identified, recorded and erased every even hour (e.g. 2000 h) . ~ . 

for a period of 8 days followea by 8 other days when these tracks 

were read ever~ odd hour, (e.g. 1900') and so on~ The sand-transect 

functioned from the beginning O~I.":,e until 31 August, between 1964 

.and 197.9 inclusive. After exc1uding the days when the sand-transeat . , ( 
waB washed out by, a heavy rain, a total of .1444 days of tracking was 

i 

available. In 1971, the mustelid tracks were not segregated into 

either mink or ermine, therefore these data were'discaraèd. 

The activity of the carnivores is measured in terms of number of 

"presences". , A "presence" is counted: whel\ever one or more crossings 

oceurred within a 2 hour period, the time passed between 2 readings. 

Number of presences is a better index ~f carnivore aetivity than number ~ 
.... i 

of crossings because when actively huntin~, carnivores occasional1y cross 

the sarne area several times in less than 2 hours and may not come back 

to that specifie place for a few days •. 

Before the tracks were read, rain was noted when more than a trace 

-
___ A 

of wat~r was found in the rain gauge. Since the time o~ rainfall la 

an important factor which influences the level of activity of severai 

mammals (Bider 1968; Si~orow1cz 1960), the days and presences were 

grouped into ~ categories accor~ing to the time of raint'all: days 

with~ut rain, days with rain either during the morning (betwee~ 0400 and 

1200), the afternoon (between 1200 and 2000),' the night (between 2000 

and 0400) or any combinat19n of morning, afternoon or night periods. 

J 
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To obtain the die1 presence rhythm of the 3 carnivores studied, ' 
~----~- ---

--.t - __. . 

half a presence is given to each oI~the 2 hours préceding the read~ng, 

the'total nUmber of, presenc~s by hour is added and an histogram drawn. 

Since the units of measurement are frequencies, the Chi-square one 

s~ple test is app1ied in the analysis of the mamma1~àn pr~d~tot 

resu1ts (Siegel 1956) . 

Raptors 

Marsh hawk,s 

MBrsh hawks were seen avoiding 10calized rainfall by moving or gOif( 

/ to their roosting sites during widespread rainfall for the duration pt 

the precipitation. To test if they avoided rainfall or sraYe;t:i ctive 
l '-

during precipitation; the number of times an individual was s n perched 

or hun~ing and the num~er of scanning periods were grouped into 3 cate-

• 
gories according to ,the precipitation and compared. 

The marsh hawks were not seen huntin~uring rainfall (Chi-square 

test, 'X2 = 18.78, df = 2, P < .001, Fig. 4). The number of times that . 
À. - ' 'hunting occurred during drizzle was lower than expected, however not 

significantly different when èfompared with non-rainy,perio~s (Chi-square 

t~st. X2 = 1.~0. df = 1, P > .05). No perching occur!ed while rain fell 

(Chi-squ~re test, x2 = 23.70, df = 2, P < .001). The number of times' 

the'marsh hawks were perched did not differ between thê dr1zzl1ng and 

/ 

_non-rainy periods (Chi-square test; X2 c .22, df = 1,0 P > .05). The,refore, 

"" marsh hawks ·could not b~ hunting"-frO?J1 a pO,et during rainfall, but possibly 
l 

during drizde. 
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Since the marsh hawks hid while it rained" it should be expected 

that marsh hawks perch and hunt 1ess on rainy than on rainiess days. 

.> 
During the 4 hour b10cks, the marsh hawks perched in groups and for lr 
periods lasting more than 5 m~nutes. THe median n~ber of perched 

individuals during rainy and non-rainy 4 hour blocks was 0, in both 

cases, and the range wgre respectively 0-45 (mean:,5,l) and 0-46 

(mean: 5,8.). There was no difference in thoseCmedians (Median ~eBt, 

x2 est. = .26, P > .05). The median nÛmber of times a marsh hawk 
... . 

was observed hunting during a time block was 3.0 (range: ·0-23 and mean: , 

5.1) on days without rain and 4.0' (range: 0~8 and mean: 4.0) on rainy 

day~. There was no·difference between those ~edians (Median test, X2 

.-
es t. = U. 34. P > .05). " 

. -
Since rainfaII did not usual1y 1ast tao long without interruption 

and the marsh hawKs were inactive most of the day, they waited for non-

rainy periods to hunt. Marsh hawks began to hunt a few minutes after \ 

the end of rain ancfincreased their hunting activity above normal during 
o . . 

the hour fol10wing rainfall (Chi-square test, X2 = 9.23, df = 2, r < .01). 

Thëre~ore, the daily intensity of hunting did not differ between days with 

or without rain. Marsh hawks were also noted ,to perch more during the 
, 

hour preceding the rainfall (Chi-square test, X2 = 39.60. df = 2, P < ~OOl). 

B~tween 31 May and 1 August, the marsh hawks were observed flying to 

the nest 43 times with prey. Three of these prey were unidentified, 6 , 
were classified as frogs and 34 identified as smal1 mammals (2 qnidentified, 

2 young mùskrats and 30 meadow voles [Microtu~,pennSYlvan1cus]). 22 of 

34 small mammals were captured on rainy days (Chi-square test, X2 = 5.2S; 
, 

df = 1, P ~ .05), but not dur~ng periods of rainfa11. 
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Short-eared owls 

By 15 October, the short-eared owls under observationJhad presdmably 

migrated. In the. 45 4-hour blocks which were used for this ana1ysis, 

owls app~ared befere sunset 3 times. On 4 occasions, just as the rain 

started,.a short-eared owl was seen flying off a tree down to a bush 15 m 

below, where tt spent most of the day. Rain fel1 during the 3 dayiight 

periods. However, the owls were never seen h'unting during'raln (Chi-square 

test, X2 = 17.77, df ~ 1, P < .001, Fig. 5). The number-of times they 

hunted during drizzle,and nan-rainy scans was ~ot different (Binomial 

test, P = .94).. 
. /, "-

During the half hour sfter sunset, ~he ow1s werl seen . 
hunting 39 times .. They did not hunt during the 3 half hourswhen it 

rained (Binomial test, P ~ .055). The .05 level of significance i8 

almost but not quite attained in this case, 1ikely because of a lack of 

rainy periodsidur!ng,the haH hour following sunset. 
l ' 

.. 

Before sunset, the short-eared ow1s were observed perching on 46 
1 

1 

occasions, but never during rain (Chi-square test, X2 ~ 38.92, df = 1, 

P < .001). There was no difference between the number of 'times an 
~ ~ 

tes:tr P = 

was se~n perched during drizzle and nr.rainy scan~ (Binomial 

.34). Stnce the owls are mostly cre ~cular (Craighead and 

individual 

Craighead 1969), they were seep perched only 10 times after Bunset. This 

value is tao low to draw any conclusion, even though no perching was 

noted white it rained. 
• ... 

~arnivori1 '" i 
1 

Th~ diel presence !hythm of the ermine, mink ~nd feraI cat are 
i 

• l , 

These mammalian predators are mostly nocturnal with respectively similarj 
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il' 65.6%, 69.3% and 81.8% of their daily vis:(,ts occurring during night 
- ~ , 

time', beginning at 2000 11 and finishing around 0400 h (Fig. 6). 

Ta determine if the number of presences per day of these carnivores 
> 

is inf1uenced by rainfall, the distribution of the number of days of 
1 

sand-tracking classified according to the t~Of rainfal1 

of presences in eac~f these types of days. ~o difference 

was compared 

to the number 

• was located for either the ,feraI cat (X Z '= 6.14, df = 7, P> .05, Fig. 7), 
-

the ermine (X2 =A 12.50, df = 7', P> .05) or the mink (X2 = 10.93, df = 7, 

P > .05). In other words, the presence of these carnivores on a dai1y 

basis 18 not inf1uenced by t~occurrence of raine 

Since these carnivo~e nocturnal, a nocturnal rain i6 more 

like1y to influence them. The distributions qf the number of presences 

and types of days when grouped into days without rain, days with nocturnal 
, ' 

rain, and days with only.diurnal rain are not different from each other, 

I for eithe:--the mink (X2 = 4.08, df';; 2,' p > .05), the ermine (X2 = .80, 

df = 2, P > .05) or th~ feraI cat '(X2 = .72, df = 2, P > .05). 

DISCUSSION . .. 
Other recent studies have shown that raptors do not hunt du ring rain. 

, f 

In the Netherlands. 3 species, of harriers, inc1u,i~g marsh" hawks', do not 

hunt durin~ substantial rain (Schipper 1979). The European Kestrel (Cavé 

" 

... 

. ' 

1968) and the Eleonota's falcon (Wink and Wink 1979) fly less in the raine 
oQ 

Harriers (Schipper 1979) .. Harpy eag1es (Harpia harpyia) {Rettig 1978), and 

gyrfalsaruR (f. rusticolus) (Jenkins 1978) must protect their nest1tngs 

~~a~fal1, otherwise they may die. Such behavio~ exp1ains why CraiShead 

and Cra~ghead (1969) did not see any marsh hawks on their surv~ys during 

,. 
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rainfall. 

During dayIight observation, the feraI cat of Kerguelen is seen 

1,eas often under rainy conditions (Derenne 1976). Wild minks change 

the il' behavior upon the occurrence of a heavy rainfa11 (Burgess 1978; 

Gerell 1969), but the effect of light or normal rain on the behavior 

'of this-species is not known. The activity of the red fox in summer 
) 

and spring at "nighttime is negatively influenced by the amount of 

precipitation, but not during daytime or in fa1l (Ables 1969). The 

black bear is less active du ring rainfall, and its activity increases ., 
abt)ve normal within 30 minutes after the end of the precipitation 

(Garshelis and petton 1980). Using Lac Carré tracking data, we were 

unable to note a change in the level of daiIy presences of the ermine, 

mink or feraI cat in relation to the time 'of rainfall. Sinqe the 

decrease of acti.vity during 'precipitation seems to be a general 

characteristic of carnivores, it is thought ta be temporary and syn-

chronized with rainfall. T~e daily level of activity of carnivores ls 

not reduced during rainy days because the periods of rainfall rarely last 

too long, and the carnivores wait for periods of non-rain to become active,' 

as in the black bear (Garshelis and Pelton 1980). 

Predation and smaii mammai activity 

If incr'eased nocturnai small mammal ~çtiv1ty during ra~nfaii evolved 

because of reduced predation pressure, then two assumptions have to be 

met: the predators must be as nocturnal as thei~rey and the increase 

and subsequent decrease of activity of the small mammals should be 

" synchronized with the beginning and. ending'bz the ra in when the predators 

, ' 

i 
1 
1 
; 
1 

01 
l 

1 

1 

1 

1 
1 

f 
i , 
1 

1 
( 

1 

1 



,; 

? 

43 

decrease and subsequent1y increase their hunting ty. 

Most sma11 mamma1s inf1uenced by rain are their 

activity is not restricted ta ~ightti~e (Bider 1968; Doucet and Bider 

1974; Mystkowska and Sidorowiez 1961; Pearson 1969; Sidorowiez 1960; 
'" 

Stewart and Bider 1977) • Ta meet the first assumption, a large propor­
J 

tian of the predation pressure, shou1d occur at night. There are no 

specifie data on noeturna1 raptor~activity because most raptors are 

studied from b1inds during day1ight hours. It appears that cessation 

of hunting during rainfall is a genera1 char~cteristic of d1.urna1 
'(L, .. 

> 
raptors and It ls thought to be equa11y va1id for nocturna1 raptors. " 

n 

Short-eared ow1s can hunt either during the day or night (pers. obs.) 

even though the y are mo~t1y creputcu1ar (Craighead and Craighead'1969). 

This species did not hunt during~ainfa11. 
( , 

With few" exceptions, eat. mink, and erm~ne are noeturnal. In 2 

cases, the 1east wease1 (~. niva1is) (King 1975) and ermine (Bracher 

1981) were found ta be diurnal. The diurnal haBits of the fnllviduais 

observed by King (1975) were probab1y an adaptation to the wood1ands of 

Eng1and. In that area, more.diurna1 prey were avai1ab1e and competition 
J 

with the tawny ow1 (Strix aluco)'was intense at night (King 1980). 

~racher (1981) found that ermine activit! became predominant1y diurnal 

when passerine activity ~~creased on the forest f1oo~ fo11owing a forest Jr 
insect control program. o Carnivores change their die1 activity rhythm , 

depending on different factors, inc1uding food pattern (Ables 1969; 

Eguchi and Nakazona 1980; Gere11 1980). Pre sumab1y, they select the 
'r; [ 

best hunting time of the day and the BOst beneficia1 prey (Krebs 1978). 
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Therefore, a constant predation pressura exists on the nocturna1 small 

mamma1s. 
" 

With the avai1able literature, we c~n ~erify the second assumption. 
tr ( 

, The time of occurr~nce of rain is impor~ant to determine if an indivi-

dùal will react to it (Bider 1968; Mystowska and 'Sidorowicz 1961). When 

the behavior of the meadow vole and wood1and jumping mouse i8 inf1uenced 

by the ra~n, their activity increases rapid1y as the rainfall starts and 
. 

decreases afterwa~ds- (Bider 1968). When the activity of the masked 

shrew (Sorex cinereus), muskrat and other rodents and insectivores is 

inf1uenced by rain, the heighténed lever of activ~ty occurs during the 

same part of the day as ~recipitation does (Mystkowska and Sidorowicz 

1961; Sidorowicz 1960; Stewa~t and Bider 1977; Vickery and Bider 1981). 

Even if predation pressure is constant on days ~ithout rain, there 

are some ~ctivities which smail mammais have to carry out daiIy, such ... 

as feeding (Bourlières 1975), athers such as any exploratoryactivities 

can be postp<?ned. Since the risk -Ef being preyed upon i8 greater when, . 
~ . 

sma11'mamma1s travel through unfamiliar areas (Ambrose 1972; Metzgar 

1967), they should move into these areaa w~en predation pressure ia • 

reduced consequently during rainfail. The foraging rate of muskrats' 
, . \ , 

does not cha~ge in reaponse to r~but they forage farther on ,rainy 

days (Chap~er 2), and most of th~ir exp1oratory activities occur on 
• l' 1 

rainy'days (Chapter 2). The woodland jumping mouse moves away from 

stream beds.'as precipitation starts (Thibault 1969). The deer mouse and 

------the Gapper's re~acked vole utilize riéw areas during rain (Vickery 1976). 
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We found that more meadow vol!s are brought to the nest by marsh 

hawks on rainy days. Bider (1968) showed that aetivity of the meadow 

45 

vole declines gradually after the end of precipitation. We presume' 

that meadow voles aet as other nocturnal sma11 mam,mals and travel 

farther dudng rain. S~me probably get stranded far frôm...."th'eir cent~ 
of activity and secure routes when the rain ends and beeome more VUlntr-

able. Since marsh,hawks start ta hunt actively as precipitation ends, , 

they need not even increase their hunting pressure ta capture more prey 

since the latter are more available. 

/' We concluae that the 18'Ck of p~edation pressure during precipitation 

caused the evolution o~ heightened'aetivity and exploration away from 
> • 

den sites in several small mammhls of .the north temperate regions 

during rain. 
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In summftry, two te~niques were tried on muskrats. Freeze-branding 

was unsuccessful. Radio-telemetry can be used on muskrats, but the) . 

range of tne signal i~ limited. 

The study of muskrat behavior reveal'ed that, they travel, forage 

farther from their burrows, disperse and explore more dur:Ln\- the nigh,t-

time hours of rainy days. Consequently, more territorial boundary 

crossings and territorial defenses were note d during those days. How-

ever. not aIl aspects of muskrat behavior are influenced by rainfall. 

Matings and movements related to a dro~ght are two examples of such 

behaviors. 
, 

As hypothesized, the activi,ty of. mammalian and avian predator~ 
, . 

decreased during periods of rainfall, and a si~ilar ,de~rease in ,the 

activity of mammalian pre4ators during rainy days is docu~ented. ThIs -..../. 
~ 

reduction in predation pressure eoineided with an fnerease in sma!l 
\ 

mammal activity. Therefore, SIDall mammals have evolved, an increased 

level of aetivity un'der a differentiaI predation pressure between rainy 

and non-rainy periods. To lend further support to, this theo~y, additional 

studies are required, especially those dealing with the influence of ra in 

on other avian and mmmnalian predators, and on the differe~t foraging, 

expIoring and dispersing str~tegies of other species of noctùrnal smaII 

mammals. 
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\ 
CLAIM TG ORlGINALlTY 

, 
l The ut~Üzation rj:'freeze-branding and radio:'pack impla.t:ltation in 

muskrats had nevet before been de,scribed. 

2 The systematic visual, observation of th~ beh~vior of th~ ditch-

dwelling muskrat-under natural conditions ls original. 

ït 

3 T~e visual, observation under natural conditions of 'the behavior of 

a small mammal in relation to rainfall was studied for the first 

time. 

4 It"is elearly demonstrated for the first time that muskrats feed 

farther from 'their mairi den, disperse and explore ,more on r~1nY days. 

5 lt was established for the first time that some aspecfs of the 
, -

behavior of 'nocturnal small mammals, includi~g mat~gs and movements 

Telated ta an emergency (i. e. d,rought"), are Ilot influence'd bY- -rsinfal!. 

6 The study of the inflùence of rain'on mammalian and avian ~edators, 

~} a8.a group, 1s original. 

7_ .' It 1s shawn f~r the first Ume that increased nocturnal smalf mammal' 

, ac,:tivity 'can be related to decreased predator~ ,pressure. \., j 
" ' 
.' , 
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Figure 1. Distribution of tne 1engths of the disp1ac~ent 
~ 

made by muskrat during rainy and non-rainy days. 

The figures in brackets represent the number of 
'@ 

movements that oçcurred in each Iength class. 
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Figure. 2. Distribution or the number of times Juskrats were 
~ 
seen eating for mère than 30 seconds or, <cutting 

.' vegetation at different distances from den sites 

"on days withA"and without rai? The figures in 

orackets represent the number of days in' each 
, 

category. The 80-120 and 120+ classes were grouped 

together in the stat;J.stica1 analysis sinc_e the 

• expected values were smaller thap 5.0 . 
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Figut~ 3: Time of exploration activity based dn Mi~abel tracklng 

" 

data taken at least 60 meters away from ditches. 
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Figure 4. Distribution of the numbér of marsh hawk hunting and 

perching observations during days without rain, the 

• non-rainy~ drizz1ing and rainy seans of,the ;rainy . 

days, and the hour, p'receding- rainfall. The numbers 
, . 

,in parentheses are the number of huntins or perching 

observations. N represents the number of seanS for 

~~ch ca~e~ory~ 

Al1 fests performed are ,Chi-square one-samp1e tests • 

• p > -.O~ = N.S., P < .01 ::; **, P < .001 = ***. 
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Figure 5. 'Distr;Lbution of the ntbnber of short-eared owl hunting, 
, ./ 

"l'> 

and ,p~rehing ~bservations ?uring non-rainy, drizzling 

and normal rain scans of the 3 4-hour blocks when the 

owls were seen during daytime.~ The numb~rs in paren-
• ~ 1'. 

thesee are the number of hunting and perching obser-va-

tions. N represents the number of Beans for each type 

scan. 
~, ' 

P > .05 = N.S., P-< .001 = *** , 
'" (, 

,N.B. For the çh~-squ4\r47 test, the non-ràiny~and " 

, , 
dr!zzling scans were grouped together, sinee . 

...; 

1 

,the expeeted value of the ~rizzle class would 

have been smaller than 5.0 (Siegel 1~56~. 
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The di el aetivity of the feral eat, ermine and mink. 
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Figure 7. Distributions df the number,of presences of ,the feral 

eat, ermioe and mink according to th~ time of occurrence 

of rainfall. 

P > .05 = N.S. 

All tests performed are C,hi-square one-sampl~ -test. 
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Table l. Distance trave11ed in meters by muskrats per 4 hour b1oek'on rainy and non-rainy,days.· 

Rainy days ~d~n 

... 
'Mean 

Range. 

Days.~ithout rain Me.dian 

Mean 

Range 

Probabi1ity .; 

~ , 

"-
BLOCK A BLOCK B 

~ 

(ine. 6 hour (exe. 6 ~our (ine. 6 hour (exe. 6 hour 
observation observation" observation obse~ation 

periods) p~iiods) -perio~s) periods) 

. 47.5 

(104) 

. (0-450) 

.: 0 

(7.17) 

(0-60) 
'/ 

150 

(135) 

(0-270) 

o 

(11.18) 

(0-60) 

} 
60 

(177) 

(0-1955) 

o 

(95.34) 

(0-1170) , 

.. 

,60 

(194) 

(0-1955) 

o 

d14 .. 72)' 

, (0-1170) 

.. p = .. 003 P = .004 P = .003 P = .• 016 

BLOCK A stàrts 5.5 hours before s~set~and BLOCK B en4s at ~ight. 
Mann-Whitney U tests were used to de ermine probabi1ity. . . 
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Table II. Number of ~vements travelled by muskrats per 4 hour b1ock. 
'0 , 

-' 

Rainy days No. of movements 

No. of hours 

Days without r~in No. of IllOvements 

\ 
No. of bours 

Chi-square 

t~st, df = .1 

~ 

~ 

~ 

,.:, 

~. 

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

BLOCK A 

(tnc. 6 houx: 
observation 

periods) 

66 

(64) , 

41 

(156) 

x2 = 55.097 

(P < .001) 

(exc. 6 hour 
observation 

periods) 

54 

(28) 

23 

, (68) 

x~ ,= 62.540 

'(P < .001) 

~-~. ,~- -- - -,-.., ... 1"~~ - .. 

r 

~ 

.... 

BLOCK B 

(ine. 6 hpur 
observation 

perio~s) 

244 

(260) 

511 

(492) 

'x2 ,= 1.700 

(P ;,. .05) 

..t' 

.' . 

(exc. 6 hour 
observation 

periods) 

238 

(224) 

496 

(404) 

x2 :: 3.36·6 

(P' > .05) 
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Tabl~ III. Difference between the number of diurnal and 
< ' 

nocturnal sightings on rainy and non-rainy days. 

" 
Rainy days 

Days without rain 

\ 

'il 

./ 

\' 

e. 

No. of sightings on the nocturna1 
observation area 

Diurnal Nocturnal 

9 41 

8 50 

" 

... ~4 , 

~. 

, 

\ 

Chi-square 
test 

(df = 1) 

x2 
= 31.2:. 1 

P < .0°0 

x2 = 44.51 
P < .001 
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