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The infﬁ.uence of rain on the behavior of small mammals.
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-.It 1s hypothesized that an increased level of activity has
« ! El
/ evolved in nocturnal small mammals in 'response to a reduction of

predation préssure during, rainfall. To test this ’;ﬁypgthesis,'the

N

_ behavior of muskrats (Ondatra zibethicus) and a few predators was
* ‘ N 9
investigated. Freéze-branding and radio-pack implantation were used

- o

on muskrats. 1053 hours oI visual observations.in addition to sand-"
tracking data, indicated that muskratp travel, explore, disperse, and
forage farther during evening hours oh rainy days. Consequently,

more territorial boundary crossings, territerial defenses and changes

) 1

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

a

_to an emergency were not influenced by rainfall.

Marsh hayks (Circus qunehs) and ’short—eared owls (Asio flammeus)
X

did not hur}_d.\:)ing rainfall. The daily level of activity of the mink .

(Mustela vigon), ermine (M. erminea), and feral cat (Felis catus) gid

4

not differ between rainy and non-rainy days. It is argued that their

activity decreased during rainfall. o :
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I1 est suggéré qu'une augmentation du niveau d'activité a évolué .

-

chez les petfts mammiféres nocturnes suite & une réduction de la
pression exercée par les prédateurs au cours des pluies. A¥in de

. . )
tester cette hypothése, le comportement du rat musqué (Ondatra ' ’

LI

zibethicus) et de certains prédateurs a été étudié. -Le marquage 3 \

froid et 1'implantation de radio ont &été essayés sur le rat musqué.

13
. \

1053 heures d'observation visuells en plus de quelqués données-de .

'

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

diSpersyt et fourragent plus loin durant les heures du soir des jours

T

N

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

et défendues plus souvent et les changements de gite sont plus
: .
v
fréquents durant ces jours. Les accoupiements et les mouvements relatif

[

aux urgences ne sont pas influencés par la plule.

[ 4 \
Les busards des marals (Circus cyaneus) et les hiboux de marais

—

(Asio flammeus) ne chassent pas pendant la pluie. Lesniveaux journaliers . '

de l'activité du vison (Mustela vison), de' 1'ermine (¥} erminea) et du-

chat haret (Fe.{is catus) ne sont pas différents entre les jours pluvieux
et sans pluie. Il est argumenté que leur activité décroit durant les

° 2

périodes de pluie. ' .
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INTRODUCTION . ‘ "

Since 1940, nocturnal small mammals of the temperate regions have

-~

been known to become more active during periods of rainfall (Burt 1940).
Several authors have come to the same conclusion uéing different

techniques.‘ These include trapping (Sidorowicz 1960), sandl-“tra:cking

(Bider 1968), and phot;\ographié recording (Pearson 1960). However, all )
these techniques record only the presence of an anj:mal' at a s”pecific time

i

and ﬁlace and rarely give information on the individual's actual behavior.
——C b - a
Feuw' satisfactory explanations for this increased 'small mammal actdivity
¥

have been pyt forward-—(Bﬁamwell 1980; Doucet and»Bider—- i974;xGetz 1968;

Mystkowska and Sidorowicz 1961; Vickery and Bider 1981):3%nd none have

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

rain on small mammal be}‘iior, muskrats (Ondatfa zibethicus) and a few
avian and mammalian predators were \'Iisually observed or studied using
‘e

£

sand-tracking data from Lac Carré and Mirabel.

The behavior of the muskrat was .investigated because this small
mammal is in'fluenced by rainfall (Stewart and Bider 1977), it is large
enough to be seen at a distance, and its population biology is well
known (Erring‘ton 1963) . It was hypothesized that explorat;.ion and
territorial defense occur on rainy days and that not all aspects of the
muskrat's behavior, such as matings and movement related to an emergency
(i\.‘é'.; drought) , are influenced by rain. ‘This part of my study is in the
éeclmd chapter of this thesis. ’ ,

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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technigues, freeze~branding and radio-pack implantationm, have been

=

described in the first cﬁapter.
Braﬁwell‘(1980) and Vickery and Bidér (1981) suggested that the
activity of predators, or at least their éfficiency, decreases with

the occurrence of rainfall, and that small mammals take advantage of

y

this reduction in predation pressure “to increase their, activity This

€ . -

.hyppthesis is discussed in the third chapter.

The 3 chapters of this thesis have been submitted to journals.
Because of this, some repetition occurs in the introduction and dis-

cussion of the second and third chapters.
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When undertaking a behavioral research p;ojeét on an. animgl, it
is desirable to be able to identify every individual. Tp attain this .

. goal, freeze-branding and radio-pack implantation were attempted on ’ g

ditch—&wgll;ng muskrats. The limitations and applications of these

.

2 techniques are described.

Y
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INTRODUCTJON . - .o : » ’ -

Field research on behavior often requires that the individual v

.

animal be located and indentified ét,a distance. Many techniques to

attain that goal are available (Stonehouse 1978).“'However, the

] b [

number descriﬁing the marking of several frée—living mugkrats for

i ndac,

individual identification is‘*limited. Back-tagging should not be

{ ,
performed on individuals of more than 4 weeks of age, since adults

L

can remove their tags (Erringtén and Errington 1937). .Tail banding

e il ot bkt YA

becomes useless when the animal is in the water because only the dorsal

pafﬁ of the body is visible. Ear tags are too ‘small to be recognized | !
: , . .

at a distance (Aldous 1946). Dyes are ineffective on dark fur (Taber

PSPPI

[ o
and Cowan 1971). Two dthQixtechniques, freeze-branding and rqaio-

tracking showed piomise'and were tried on some ditch—dwelliné muskrats -

L] +

S ! L e Drst

during the summer o§r1980. " The utilization of either technique on
muskrats has not been described in the literature. -

* ”, .
. “[ -
i

> FREEZE-BRANDING ' ‘ o ' ¥i

!

Eight young, b;tween‘4 a;h 6 we;ks old, and 12 adults were captpr;d.
Thquoqng were~handheld, shaved and a copper branding iron (square, g
side: 1.2 cm) cooied with liquid nitrogen was applied on 2 differént
dorsal locations for either 20, 30, 40 or'50 seconds. The adults were
anaesthetized with 40 mg of sodium pento-barbital/kg of body weiéht,

shaved and freeze-branded on 2 different dorsal locations for either, 30,

A .
40, 50 or 60 seconds, using a brass branding iron (cirdle, diamggfr: 4 cm) 1

, -
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. cooled with liquid nitrogen. All iﬁaigiduals were released within 3 '

- ,
hours at their site of.capturgq. Two monthsglater, 2 adults were
- { Al . o

recaptured and freeze-branded on 3 different Horsél locations for 70,

g

80 and 90 seconds.

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

the duration 3& bfanding,inéfeased the fur grew back more slowly. In'

R

the area which was freeze-branded for 80 or 90 seconds, the hair wag
ofly half-grown after 10 weeks. When the procedure was applied for

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

»

4 weeks.
»

- Hadow (1972) and Newton (1528) stated that liquid nitrogen could

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

N 4

alaphol and dry ice is usually cheaper, more eas;ly obtained and more

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

w

more easily available. ‘ .

Hadow, (1972) using dry ice and aléohol determined that ghé .

¢

optimal lengéh of application ranged from 20 to 40 seconds. He observed

that immediately after.the iron was taken off, the‘Lkin seemed frozen .

and the site of application stayed bare for 3 to 5 weeks. After we

'freeze—ﬂranded, we also observed that the skin appeared frozen aﬁd when

the application time was more than 60 seconds, it ‘took apprq}imately a

. month before dark Bair grew back.

Our 6bservations, with the exception of regrowing white hairs, were.

similar to those of Hadow (1972). . Since the teiperatu%e of liquid

¢

is -175°C comparﬁg to -108°C, the freezing point of carbon

nitrogen
W !

dioxide, our application time could only be too long. In such a case,

]
Y
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the hairs should have grown white first, even if they would eventually

turn black after several months (Hadow 1972). These resultseindicatg

r
[

the poteﬁ%ial for freeze~branding muskrats looks poor. T

RADIO IMPLANTS ‘ ) ' o
- - * ,
Muskrats generally will not tolerxate any collar or harness.

3 Q
Therefore, the implantation of a radio-pack is required in the use .

of radio-telemetry techniques for behavioral studies of this species.

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

-,

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

movenient. The package was dipped in beeswax and coated with dental

acrylic. It weighed approximately 12 §. 6 adult muskrats, weighing

§

< - .
over 1 kg, were live-trqpéé?, anaesthetized, and shaved between the
shoulder blades. A 3.0-5.0°cm’incision was performed, the radio-pack

with the antenna was implanted between the skin and the muscles, and
the wound sutured. The animals were released at the site of capture

within 3 holrs after the end of the operation. S
. 3 individuaf@ayere live-trapped again. In one instance, the day of

the implantation, the radio-pack was seen on the right side of the animal,
. .

Four‘&ays later, when recaptured, it had an open wound near its right

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

,radio-pack by cutting itself open after the pack had shifted from the ‘

back to its right anterior ieg. The removal occurred between Ehe

third and fourth day after the operation. For 2 othe; animals; the
wound healed before they sh}fted and removed their radios in a similar
fashion. Two other lnéividuals were never recaptured, but they were

i
v

&

2D it ¢ e o ot s e bt
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i . .
obsérved traysporting their radios on’ their backs for at least 2

L]

weeks. We think that they subsequently lost their radios since

the signals became fixed until the batteries died.

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

[N

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

modified, instead of leaving the antenna free, it was folded around
i

the radio-pack. -The latter was not dipped into beeswax, but only

o~ -

coated with dental acrylic. In one case, beeswax was left on the
radio-pack which, accide#tally, had not been completely dovgred with
dental acrylic. When we later removed the p k, 2 holes each

connected to an eroded space between the acrylic and the radio were
present and there was‘tissue build up around the radio-pack. Four
other adults (over 1 kg) and 2 immatures (800 and 900 g) weré captured,
anaesthetized ;nd shaved between the thorax and the posterior leg. .
Here, a small incision was made through the skinia;d abdominal muscles.
The radio-pack was implanted in the aﬁdominal cavity and the skin '
sutured. The intra-abdominal implantation proved successful. All
Bndividuals kept théir radios for at least 6 weeks and up to 4 months,

tntil the end of our observation season.
o

5

Using the latter techmique, it was possible to locate individuals

*
t

>

within their burrows. The range Lf the signal varied from 15 m when
the animal was in the burrow with the® antenna 2 m above the ground,
to 50 m or more when the animal was outside its burrowwith the
antenna .4.5 cm above the soil level. All observations within 48
hours after the operation were discar&éd to avoié any post-operative

-
effects. No behavioral side effects of this implantation wyere noted.

b o
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‘We conclude that a study on the capa.city of freeze-branding to
mark different’species is required and tge above radio-telemetry

technjques permiit us to locate individuals before any behavioral

.
observation. .
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© .+ Little information is available goncerning the influence of rain /

it

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

distance, a study of this species was undertaken using diurnal and
Radio-telemetry and sand-tracking data from

nocturnal observations,
Mirabel ahd Lac Carré provided additional information. The results

of this research are presented and discussed here.

SRR SR,




INTRODUCTION
’ “ A

: s
The activity of several nocturnal 'small mammals of temperate; regions

increases” during rain (Bider 1968; Doucet and Bider 1969, 1974; ﬁ§stkowska

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

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

graphic recording or sand-tracking. Since these techniques recorded the

presence of an animal at one specific location aAd time, they gave little
. information on the individual's actual behavior. Because of the effect
'of rain on the activity of small mammals, a study w;s undertaken to deter-
mine what muskrats do during periods of heightgned activity. This might
produce somé understan&ing of tﬁs:response of other gmall mﬁmmals to rain.
Ditch-dwelling muskrats were selected as egperimenfél animals because
they are iarge enough to observe at a é;stance in their linear home

ranges, their daily activity 1is known (Stewart and Bider 1977), and their
population bidlogy is well understood (Errington 1963)1 Muskrats
generally defend a éerritory‘within which they feed, reproduce and live
throughout the year (Errington 1963). ' Since ditch—dvelling muskrats are
ore active on rainy days (Stewart and Bider 1977){ we hypothesized that
on rainy days the distance travelled per unit of time would increase,
either through an increase of the number of .movements per unit of time
or through the lengthening of each digg}acement or both. Arbitr?rily,

a movement is defined as any displacement longer than 3 m from'l'goint

to another, a point being a den wherein the muskrats had been for more

ey

than 1 minute.or|a place where the muskrat reversed their direction of
{ . -

I
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£
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movement. Lengthening of each, displacement 1is expressed as an increase

+

in the percentage of  longer (>40 m) movements. 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 pgécipitation,‘
foraging strategies, dispersal, mating, and use of main den sites were

inVeétigated.

Because detailed .observations are more easily carried out during

N AL % ko o8 Yo W T v, e it 9

daylight hours, more effort was put into observing ‘the animals durigg“v

v

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

3

Vincent 1970), we hypothesized that the behavioral differences seen during
daytime would be more pronounced at nighf.~ To test this, a series o#¥

observations at the limits of territories were taken at night.

Finally, if dispersal or exploration;také place during rain, then

muskrats should be active at some distance from water more often at night s

"

during days with rain.

° . i

METHODS # \ . , \

2 . .
- e

M b R b b s $

Direct observation ) .

The major study site (45°20'N, 74°10'W) was located in the parish

*of St. Joseph de Soulanges, Soulanges~Vaudreuil County, 15 km west of the

o

i -
PO CU IO S UGN

Island of Montreal. Three different Begments of ditches from the

(S

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

v

the water surface. The water was .3 m deep on average, varying from .15

s

o @
to 1.0 m depending on the water table, The surrounding agriculture land
1] . = ( .

i

was flat sandy loam over clay.

e T

‘
.
Fl
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The vegetation on the banks of the ditches was composed of grasses

\
(Phleum pratense and Agropyron repens) plus other forbs (Equisetum

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

©

Pastinaca sativa, Fragaria viggiana; etc.). The aquatic vegetation

consisted of various assoé&ations of Typha latifolia, Secirpus spp.,

Sagittaria spp., Alisma spp., and Sparganium spp.

The climate of the region was.clqssified by Trewartha as a humid
continental climate with cool summers (Espenshade 1960). . The time of
occurrence of rainfall was noted, when possible, and the missing
meteorclogical data were collected from the me}erological station of
the Service de la météorologie du Québec, loéated 2 km from the study
site. A rainy day waF defined 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 preceding

. { .
an obse;:ftion day was 1gnored because the activity of muskrats is not

affected by rain falling between midnight and sunrise (Stewart and

gl

-~ Bider 1977).

e
ey

WL Straight segments of ditches were selected as the ideal habitat in

’ e e
3 > .
which to observe the behavior of muskrats. The linear ditches offered
several advantages. In April, the territories can be delimited by

tracking (Errington 1965), ahd, since muskrats do not usually travel
o ’

far away from water, the observers can concentrate their attention on
a long narrow strip of water. All movements wére measured using a map
(1:500) and landmarkers on the banks of the ditch.

Before the end of April, the main den, the size of the centre of

s

actlyity and the territorial limits were determined by reading the tracks
<

end signs left by the muskrats as described by Errington (1963). Our
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territorial boundaries were further confirmed by the subsequent mapping
of obsefved movements. Since boundaries are not always well defined, a
crossing of‘a territorial boundary was éopnted when an individual would
travel at least 40 m beyond the determined point. .

Between 29 May and 16 July 1979, a ground level shelter was installed
in the middle of a territory where 21 periods of 4 hours of observation
were taken before darknesé. Nigh% was defined as starting 1/2 hour after
sunset. ihe observation periods cove;ed more than 50% of the diurnal peak

)
of the activity of muskrats (Stewart and Bider 1977; Vincent 1970). The

territory under sthdy was occupied by a maie, a female and a litter of
5 young which appeared o;t of their burrow after 3 July.

During 1980, 2 3.5 m high towers were installed 540 m apart on the
bank of a 3itch. Another segment of‘a‘disch was observed from a bridge.
Each dbservation station was located at the'interface of 2,térritories.

The diurnal peak of activity of the muskrat covers a period of 6
hours before darkness (Stewart and Bider 1977; Vincent .1970). At first,
wé felt the duality of observations could decrease with time and we
\%%bit rily limited oﬂgervation periods to 4 hours. Latgr, these periods

N P N . ’
were increased\to 6 hours without any obvious loss of quality in the
observation. Between 30 April and 8 August, 98 observation period§
were made in the last 4 hours of the day and 24 others started 5.5 hours
before sdnset. Between 11 August Qnd 7 September, 31 periods of 6 hours
were recorded before night. Finally, between 16 September’and 22 October,
?7‘;bservation periods of 7 hours were made. The first 4 hours were com-

pleted before darkmness, followed by a 15-minute break and another 3 hours

of night time observations. o

S
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.\\kéeéing behavior of the young was not included in'our -analysis. After

o Since most of the diurnal observations'wg;e taken in .blocks of

4 hours, the analysis will be carried out, keepiﬁg the blocks separated. .
Block A started 6 hours before. night time and bldck B ended with

darkness. i : ‘ -3

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

o,
males were present on a regular basis and at least 8 litters were

pfoduced. Seven of these 9 adﬁlts, plus 3 others living in the, adjacent

territories, and 10 young were captured and freeze-branded. The freeze-

7N

branding technique was unsuccessful and the individuals ecould not always

@be {dentified (Chh?ter 1). Six individuals in the study area, plus 4

4 . :
others from adjacent ‘territories, were radio-tagged (Chapter 1). To

increaéé the efficiency of the?pbserve;s, all radios were located bé%ore

o

the beginning of the observation perieds.-
All movements of the young within the week after §hey were first

seen were discarded. At that time, too many short movements of groups

a

» of young took place to be recorded.

4

{
. Muskrats fed inside or Putside.of their burrows. To study the ¢

effect of the rain on the feeding behavior oflthese animals, 3 paiameters

were noted, the mmber of fimes an individual carried some vegetation to

4

its burrow, the time spent only feeding outside and the location where

the blants were cut. Since the time required by anm adult and a young to

obtain and ingesé the necessafy amount of foodrfo survive differs, the

a
2

0 1

8 August, wesobserved adults feeding outside for short periods totalling

less than 5 minutes and did not see any transportation of plants. Because the

3
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proportion of rainy to non-rainy d;ys before and after 8 August was
not the’same,‘analyéi; of fee@iné habits of the muskrats was restricted /
‘to the period prior to that date.

During nocturnal observations, 2 red filtered automobi}e spotlights
were installed at the'interf;ce of the territ?ries. _Iheir‘beams were 1 oo
poinfed in opposite directions and fixed such that one could see any

muskrat movements within 50 m on each side of the point of observation.

- 3

The lights were on continuously fhrough the obgefvation period: The

. effect of this unnatural red light appeared minimal and was comparable

S s A =

to that of full moonlight. o
y .\

Since only a small portion at the interface of 2 territories was

~
under obsgrvation at night, the extent of each movement or the total
distance travelled by a muskrat per unit of time, could not be seen.
The number of times a muskrat crossed the territérial boundary an& the !

number of territorial defenses were noted. A territorial defense was

noted when an individial crossed the territorial ‘boundary, encountered

another individual, and returned promptly. Usually, the actual fighting

»

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

a
A N e,

Sand-tracking -
The sand-tracking technique has been described by Bider (1968). A " §

sand-transect, is a .65 m strip of fime sand covered with a canopy of

ctlear polyethylene. The tracks .of any animal cfossing the transect are

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

T

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

tracks are read at even hours (di.e. 2200'h)'and so omn,

B O
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occidentalis). ALl these transects were in various habitats hnot'
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At Lac Carré, IOQ‘km northwvest of Montréal, a sand-transect was

a

constructed in 1964. It crossed a field, an ecotome and'afsugar maple
: N . .

/(Acer saccharum)' - birch (Betula lutea) forest with some balsam fir

(Abies balsamea) and white pine (Pinus str'obus). It was loca“tgd .25

‘ .

km away from a stream in an udusual habitat for the muskrat. The.

i

readings were undertaken -in June, July, August, and sometimes

@

September, between 1964 ‘and 1980. '

I

’

In 1971, 4 sand-transects were installed gt Mirabel, pariéh Saintie-

" Scholastique, Deux Montagnes county, in southwestern Québec. The site,

4

vege}:ation and climate were described in Bider'e_t_ g_i._. (1976). In summary,

’

[

the first sand-transect was constructed through a mature sugar maple

¢

forest. A second sand-transect passed through an abéhdoned' sand field
’ : e 3 i ' -
where corn had been grown the previous year. The 1971 vegetation was

compoged mostly of weeds of different heights with bare pa;tches of soil.

\ . r

The last sand-transect was subdivided into 3 parts, according to the

habitat it crossed. It started in a clay field, a newly abandoned -

¢

pasture, ran perpendicular to an ecotone which was at the edge of a

balsam fir forest mixed with.white spruce and white cedar (Thuja

representative of muskrat habitats, in are;fs accessible to, but s;eldom
visited by, muskrats. ‘QThe distance between the nearest sand-transect
and the ditches was more than 60 m.
Before 1 September, the ;:rack:sl were read e\;ery 2 hours. Ti’xe éiel
activity of the muskrat aé Mirabel was establighed usi:"ng theé tracks E-ead
before that date. Every hour was g:[v'én half a crossing ,fo;: each track

noted during”a rééding. The number of "cross:fngs was counted for each’

°
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. parametric statistical tests were.performed (Siegel 1956) .

hour and an histogram .drawn. °

- v

) ' . , ..
. L v ! -
. 8ince none of our results were normally distributed, only non-

»

~
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Total'distance travelled per 4-hour block

The increased level of activity'of the muskrat during rain (Stewart '
- - PN { > ) )

and Bider 1977) should result in an increase of the total distance

' a ]
travelled by the muskrats in a fixed period of time, During time block
%A, the median distance ‘,travellgd by the muskrat per block ‘was 47 m

(
>

(range: 0-450 m, mean: 104 m) o’ﬂ%a’iny days. On days without rain, the

n

median distance travelled was O m (range: 0-60 m, mean: 7 m) (’Mann—‘
Whitney & test, P =..003, Table I) Duriﬁg block B, on rainy and mon- -
'i‘ainy days; ‘the L{Edians were 150km '(‘range:- 0-1955'm, mean: 60 m) and ° J
Om (rang_e: 0-1170 m, mean: 95-m) respectivély' (Mann-Whitne%r U test, P =,
~..003). Since some observation peric;ds lasted 6 consecutive hours, t’he'
information gafheréd du;zing the 3rd and 4th hour is fxsed twice: i;'z_creés—’
ing the chance of type. 11 error. To avoid tt'ii’s erro;’, we excluded ‘from

-

,'a second analysis the observations taken betwe:an 11 Aupust aerd 16 September.
After this deletion, during block A, the median distance travelled by -~
muskrats per fime block on rain;r and ,g}on-,x:ainy days/ were 150 m (range:

0-270 m, mean: 135 m) and 0 m (range: 0-60 m, mean: 11 m) respectively.

1 L
During block B, the median on rainy days was 60 m (range 0-19554m,

g
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- Number of movements per block ' ' A

mean: 194 m) and on- days without rain the median distance travelled

the results did not change,” and indicated that distance travelled

5

was 0 m (range: 0—1}70 m, mean: 144 m), ,Regardleés of the data’ used,

increased with rain (Mann-Whitney U ‘test, block A, P = .004 and block B,

= .016). -

The total distance travelled by the muskrats per 4-hour block might:

s 3
be increased either by augmentin the number of movements per hou‘r or

by lengthening each displaéement:. In block A, the number of movements

per hour dincreased from .26 on days without rain to .97 on rainy days . -

2 =55,10, P < .001, Table II), but during

(Chi-square test, df = 1, ¥
block B, the number of movements per hour stayed about the same .94 &
during rainy days and 1.04 during days without rain (Chi—si;uare test,

N AJ
djj =1, XZ, =1,70, P > .05). These conclusions did not changaw:en the 7 L~

6 hour observation periods were egccluded. During block A, the number of

movements per hour increased from .34 on days without rain to 1.93 on
rainy days (Chi-square test, df = 1, x2 = 62,54, P < .001) . During block
B, the number of movements per hour on Yainy days (1.06) was similar to

that on/days without rain (1.23) (Chi-square test, df = 1, x2 = 3.37,

P > .05) These results confirmed the findings of Stewart and Bider
{1977). ~ Ou days without rain muskrats were almost inactive during the
5th and 6th hour before night and became active during what corresponds
with block B (the last 4 hours), Since activity started earlier on rainy

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

ness (i.e. during block A) inecreased during rain.

o
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Distribution of the length of movements .

Errington (1963) showed that. most muskrat's movements in marshes

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

movements are even shortgr, about 40 m, and that they are affected by,
the we;ther. All muskéat movemeﬁks observed during daytime were
combined and classified accor&ing to the weather, rainy and non—fain&
days, and grouped in classes of 40,m. During days Qith rain,GBSZ of
theif\displacements Qere smaller than 40 m compared to 707 during rainy
days. The distribution of the length of movements shifted towards

C

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 each diéplacement travelled by the

muskrats on rainy days should result in an increased number of crossings

S Bl

of territorial limits. No territorial boundary crossings were observed |,
in 1979. In 1980, most movements across territorial boundaries (7 out
hvg

of 11) occurred on rainy days (Binomial test, P = .040). If we exclude

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

by a female apparently in oestrous, then only 2 territorial boundary

crossings occurred on days without rain, rendering this result even more

[y

t

significant (Binomidl test, P = .009).

a

Interactions

The 9 movements across territorial boundaries, excluding the 2 |
6 +
movements related to reproduction resulted in 5 interactions between the

o

intruders and the owners of the territory. All 5°defenses occurred on
¢ )

v
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. the intruder at the entrance of a burrow or within a dense patch of

)

[ L T I e R T L R T e T S "».#..,‘H,

o

" rainy days (Binomial test, P = .004), - \

The interactions between the intruders and the owners of the
territory were short and ended withbut any physical damage to either
- 3 N

of the opponénts. In each case, the ownér was seen lying in wait for °

v

i ¥
vegetation near the edge of the territory, and the defender jumped at
the intruder as the latter passed in front of it. These brief attacks

were sufficient to cause the intruder to return to its own territory.

. *
Reproduction '

Four matings were observed and none occurred on rainy days. Two-
of these matings involved only ‘1 male and 1 female. During the 2 other
matings, a second male was seen entering the territory and getting .

involved in the courtship which lasted more than 1 hqur. The females

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

' close to the other male at the risk of being bitten herself. The attacks

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

~

‘cut open. In all instances, the males living within the territory of
¥

[

the female copulated with her.
During the courtship, it was possible for an observer to approcach

or be approached by a muskrat within a meter or 2) The animals were not

distﬁrbed by our preéence. Hares (Lepus americanus) and chi:pmunks

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

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

'

these moments.
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Diurnal feeding

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

N 3

1941) and the exacg number of plants eaten outside or transported inside
their burrows could not be counted exactly, the amount of food brought
to the den co-u1d naot be related to the time spent outside feeding.
Therefore, 2 Separate analyses were carried out, one on transportation
of food, the o“ther on’ the time;. spent outside feeding. No attempt was
made to separate the data into block A and B because the number of ’
t‘r’ansportétions and the time épent feeding outside per 4 hours was too

low and the analysis of block A alome, with only 24 periods of observa-

tiong, would be meaningless.

During 1979 and 1980, some' plant material was carried to burrows on _

113 occasions. The muskrats did not transport food more often on rainy’
days‘than’ rainless days (Mann-‘»}hitney U test, P > .05). Hoiaever,ﬂ'trlot
all of. thesAe plants were consumed. On 6 occasions, an adult carrit:d er
plants to its main burrow. We openegl 3 burrows and some dry and g;een
vegetation was found on the floor of all 3 dens. '

| ) On..the averag:, during rainy ‘anjd non-rainy days, the adults were
‘seen feeding for 1.7 mn (median:! O mn, range: 0-42 mn) and for 1.8 mn
(medi%‘n: 0 mn, range: 0-48 mn) respectively. There was no difference

2

, )
observed in the time spent feeding outside of dens between the 2 types
of days (Mann-Whitney U test, P > .05).

The distance between the locations where the muskrats would feed

‘for more than 30 seconds or where they cut some plants to be brought to

burrows and their main den was tab{xlated against the weather (Fiqg. 2).

‘The muskrats fed farther from their main den at thie periphery of their

¢ ‘ s
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territories on rainy days (Chi-square test, X< ='14.99, df = 2, P < .001).

+

| When not r%pelled by another muskrat, some individuals fed within their

* ¢

- s
neighbor's territory.

Changes in den sites

1

Muskrats use several burrows of various types and functions in thelr -

"

territory, 1 of which is the main den whe& they live most of the

time (Eaxrhart 1969). A change of main den site was. noted wi'renever a

v

muskrat was radio-located for at least 4 consecutive days in a burrow

e

and relocated for at least another 4 days in a different den. Furthermore, '

]

when ar;y'change in main den site was noted, the in&iyidﬁal was relocalized

at night time. This ensured that the individual had not moved to a feeding
N e . s )
dén when ]ﬂ:afl/i'zfdvearlier in the day.
“One such change in main den site was a replacement of a dead male by

another male on the following rainy day. Another 2 transfers were made
by 2 females, 1 of which left a litter to give birth to an additional

litter in another burrow. The reason for this change is unknowﬁ, since
‘ ¥

the first litter and a male 1ived at the initial den for the rest of the
season. No external signs of damage to the burrows was seen after any

of these transfers>Finally, jmmature individuals changed den sifes and,

moved towards the edges of the parental territory on 3 occasions. . The

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

-
0

territory, oécurred on rainy days (Binomial test, P = .0315.

L]

Nocturnal observations

To determine whether muskrats are more active away from den sites

during diurnal or nocturnal hours, the raste at which muskrats ‘crossed

At i
]
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the limits of the area under nocturnal observations was calculated. *.°

Independent of the weather, the (muskrat crossed those limits more
often during the evening than the afternoon (Chi-square test, df = 1,

rainy days, X2 = 31.28, P < .00l and days without rain, X2 = 44,51,

-

P.< ,001, Table III), : , o S e

Most noct;urnal territorial bougndary crossings (9 out of 11) occurred
. w,ttxen.‘some precipitation fell during the day 01; nigh‘t (Binomial testy P‘ =
.007), Five of these movements ended by an interaction between 2
i‘ndividuals and, in gac?n case, the intruder was i‘epelied. All 5 defenses
took place on rainy days (Binomial test, P = .011).

i d

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

.

observation was taken. During t{hese corresponding diurnal periods, only
i x;loyement agi:oss a territogiall boundary- occurred and no inter\action was
noted. When nocturnal, and diurnal data were ;:ompared, the muskrats
crossed the‘ territorial boundérie‘s more often (Binomial test, P < ._001)
a';:xd defended their territory mostly at night (Binomial test, P = ,014).
If we cumulate the territorial crossings, except those related to
r;production, and the interactions observed during all diurn4dl and
nocturnanl hours of observation, intruders were attacked miore often
dﬁi‘ing rainy days than any other time (Fisher's exact probability test, :
P =[.04)‘. In other words, territory owmers had tobe at the edges of th;air
territories on rainy days ready to repgl any strangers. This is why
10 out of' 16 territorial crossings were followed by an attack during |
ralny days, but.no defense activity was noted during the 4 territorial

crossings occurring on days without rain. Therefore, thé owners of the

territories spent more time and energy to defend their territories on
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rainy days/._, ' - .

Lac Carré sand-tracking

' Disperéal is a Jjourney that a small mammal- undertakes away from its

‘natal site (Gafnes and McClenaghan‘ 1980). If, as hypothesized, the kinds
yp

of differences in activity seen during the day are more pronouncedu at

° a

night, then most dispersalg should occur during rainy'nig*ht‘s.. To test

Y

this, data from Lac Carré sand-transects we're"compiled and 10 muskrat
crogsings were recorded over the 16 ye'a‘rf .period. Two croésinags were
noted during the month of June, 7 in Auguét and 1 in September. Even
if we discard this latter observation Vbe‘c’ause' s;md—traéking data of
September were not ava"ilab'le for most years, most crogsings gc'currqeq
after 1 August (Binomial test, P = .0021).. Since these créssipgs occu!"red
far (>300 m) from any possible muskrat territory, the i‘ndqividualsr
involved were ‘probébly disperser;s. They were tr;velling duriﬂngr the
seasonallpopulation peak, after the second litter h;d become active
Stewart and iider 197{0),, and wen; possibly forced by population preslsure
to disperse. This concurs with data from Central Iowa, where -the fall
dispersal starts,in August (Err:ingt;on 1963). '

With the ekceptiom of Jl‘,individual, these dispersers travelled at
night (Binomial test, P = ,011). Finally, 7 of thege crossings occurred
during rainy days (Binomial test, P = ,090), Even [;f these latter results

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

£all dispersal occurs on rainy nights.
3 ,
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MiraLel sand-transects

T L B *
r

@ . .
At Mirabel, 175 muskrat crossings occurred in a 154 day, period’

8 1t

3

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

df musfc“rats moved back and forth between their den in a dryipg

3

spring pond and. a ditch where they re-established themselves (Bider et

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

‘began on a day without rain, and continued at a regular pace t‘:hroughou‘t
the period. These movements were considered as movements related‘ to an
emergency (i.e. droughts, not as foraging or exploration movements.

h The transects were located in fields where mu$krats fe& (Bider et al.
1976) . They foraged or explored away from ditches on rainy days: 52. of
81 crossings on the first transect (Chi-square test, df =1, x2 = i6.64,
p < .’OOl) and 25 out of 28 crossijigs on the other sand-transects (Chi-
square test, df = 1, x2 = 24.65, P < ,001) occurred oxll rainy days.

When the. time of occurrence/of the activity away from ditches was
compiled, it was found that 937 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 decline in activity of the ditch-dwelling ot

muskrats (Stewart and Bider 1977). -
( <
¢ L. /
DISCUSSION
: Selectlon pressure should act such that small mammals increase the

benefits and minimize the costs of foraging (Krebs 1978; Krebs et al.
1981). Although small mammals need to feed on a daily basis (Bourlidres
1975), they should not go too far from their den becauge the cost of

travelling will surpass the immediate benefits of feeding (Orians and
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Pearson 1979). On the other hand, if small mamm;als concentrate their
*

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

éupply. Therefore, herbivores need to occasionally forage at the

periphery of their territories and look for and utilize new food patches.

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

(Errington 1946; 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)., Small mammals should not only assess
new patches of food during reduced predation pressure as suggested by
Krebs et al. (198i) but they should be most active and carry out all
functions away from den sites during reduced 'predation. If rain and
darkness reduce the efficiency of pred;tofs (Bramwell 1980; Vicke;y and
Bider 1981), t.hen 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, especially during raf!.ny days. We

found that there is a lengthening of movements and increased feeding

away from den sites during rainy days.
Looking for new patches-of food, searching for new or vaca'nt;

erritories, looking for new den sites, and"géarching for an eventual

te are all part of the muskrat's exploration process (Dgwsbury 1978).
We observed that muskrats changed den sites on rainy days and Stewart
and Bider (1977) noted that vacant territolp:ies were visited on rainy days.
Olsen>(l959) 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 territories which overlap those

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

spring dispersal is initiated by a warm rainy night. Our data from Lac

\
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<™ Carré indicate that fall dispersals occur during rainy nights. Thus,

-

the available evidence indicates that exploration and dispersal are

triggered by rainfal],/. Since these exploratory activities are infrequent

a

when compared to foraging, we suggest that they occur concurrently with

forfaging and are -extensions of foraging behavio" avay from den sites
3

during rain and darkness.

The synchronous heightened level of muskrat's activity away from den
sites, usually at the edges of the territories, resulted in more con-
tacts between muskrats and led to more térritorial dei':'ense’ during rainy.
days. Due to the low predation pressure during rain, the lack of 4
.awareness of predators by the muskrat during combat does not negate
the benefiots of defending or trying to galn part of a territory. .

Rare highl‘y benéficial actuivities did not neceassarily seem influ-

enced by rain. Two such ‘events are matings and movements related to

an emergéncy., Mating activity and copulation obsderved were not

“«influenced by rain. Based on Sprugel's (1951) observations and his own

o

data, Olfxen ‘(1959) suggested that the first matings of the season are
triggered by rain and warm temperatures and within a fevg days of
partufition, regardless of weather, .females‘ mate again.; These re%ults
are consistent with our data which did not include initial matings of
t‘he year. A female produces apprﬂoximately 5 litters in her life (Stewart
and Bider 1974’1) . S8he should'not postpone copulation to the next rain at
the risk of relducing her reproductive output, but she may gain some
benefits by wéiting for the dispersal to mate for the first time of the

year' (Olsen 1959). Since dispersal occurs on ;:ainy days, so should the

initial breeding.

“
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" Drought, an unpredictable event, can force muskrats to move. At

\

. Mirabel, muskrats in the-process of abéndéﬁing a territory moved

/‘/—— - !
continuously between a den site and a ditch and these movemerits started

.

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

©
'

to undertake these movements.
Behavioral traits related to rain have probably evolved in other
nocturnal small mammalsj Using feeding statibns, at different places

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

backed vole (Chlethrionomys gapperi) and the woodland jumping mouse

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

preferred food.at diétant sites on rainy nights. A possible explana-

A - -

tion would be that these rodents, like muskrats,. exploit their favored

resources and egplore under safer.conditions. Many other nocturnal

rodents™nd soricides :sgpond to a greater degree or more uniformly

. .
to the rain (Bider 1968; Bramwell 1980; Doucet and Bider 1969, 1974;

Mystkowska and Sidorowicz 1961; Pearson 1960; Sidorowicz 1960; Vickery

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

¢ —

.under’ the influence of rain may differ between species.

~

We dbncludeﬁtﬁat foraging activity far from den sites of muskrats

Q

and probably other amal% mammals during rainy nights is a consequence
of differential predation pressure between rainy and non-rainy periods.

" This selection for foraging away from den sites results in increased
. -

é{igfﬁg;pLoration and dispersal activities under rainy conditions. Finally,

as a consequencé of the pressure of sharing common=resources‘and high
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 at
least the efficiency' of the predators,'would be reduc%l during/an,d‘,_‘
. " possibly after rainfall. . This hypothesis is discussed in Chapter 3.
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CHAPTER 3
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SELECTIVE PRESSURE OF AVIAN AND MAMMALIAN PREDATORS

N *
ON THE ACTIVITY OF SMALI: MAMMALS DURING NON—RAIN'g PERIODS
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As suggested in;the second chapter and by other invesfigators
(Bramwell 1980;%¥ickéry and Bider 1981), an increased level of
activity during réiny days may have evolved in small mammals in

response to a differential predatory pi:essure between rainy and -

non~rainy periods. To suppoft this hypothesis, the behavior of 5

kel

mammalian and avian predators was observed. It was determined

-

whether they were more or less active during rainy*perioas. The

S

N

response of small mammals to a change of ﬁréﬁ:;ﬁon pressure during

Jrainfall is discussed.

33
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INTRODUCTION

“

-

“Sevg}al authors have fepofted that nocturnal small mammals are
more active during rain (Bider 1968: Bramwell 1980; Doucet and Bider
1969, 1974; Drickamer and Capone 1977;fGentry‘E£ﬁgl. 1566;'Gentry and
Odum 1957; Getz 1968; Mystkowska and Sidorowicz 1961; Pearson 1960;
éidorowicz 1960; Stewart and Bider 1977; Vickery and Bider 1978, 1981).
In a recent studzh(Chapfer 2), we concluded that the most important
effect of rain on the behavior‘og the muskrat was an increased utilizationm
of the edges‘of territories and of unfamiliar areas.® Muskrats foiaged
farther from den sites, crossed their territorial boundaries, defended
their territories, explored and dispersed mostly on rainy days. Other
small mammals such as the woodland jumping mouse (Thibault 1969), the

deer mouse (Peromyscus maniculatus)..and the Gapper's red-backed vole

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

precipitation. ‘ ’

Since the risks of being preyed upon are greater in Yess familiar

areas (Ambrose 1972; Metzgar 1969), it has been suggested that small

]

mammals avoid moving through new areas during non—rainy periods,

°

preferring to wait for the rainy, safer periods (Chapter 2; Bramwell

1980; Vickery and Bider 1981). If this is the case, then one would
: w ,

expect predators to be either less dctive or efficient during or just

v

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

-

in rainy periods. L ‘ )

i

The literature on the influeénce of rain on the hunting activity of

. the avian and mammalian predators is 'sparse and incomplete’ The black *
-

W
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+ bear (Ursus americanus).(Gdarshelis and Pelton 1980), red fEx.(VulEes

vulpes) (Ables 1969), and feral cat (Felis catus) (Derenne 1976) are

~
‘known to be less active during rainfall, Also, 3 species of harpiers

'(Circus“spp.) (Schipper 1979), the European Kestrels (Falco tinnunculus)
(Cavé 1968) and the Eleonora's falcon (F. eleonorae) (Wink and Wink

1979) fly less during rainfall.

To test the hypothesis tﬁat small mammals 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

A i Mot K it o b a2t 1

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

(Mustela vison), ermine (M. erminea) and feral cat.

1
-

METHODS ‘ o ' .

Raptors
The study site was in the parish of St. Joseph de Soulanges (45°

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

of Montreal. The area consisted of agricultural lands, intermingled with ’
¢

newly abandoned fields and small forests. It was located within the

territory of a family of marsh hawks (1 mﬁle, 1 female, plus 4 immatures) s

\
!
J
M
!

and a family ofushort-eared owls (1 male, 1 female and 3 immatures).
Occasional marsh hawks came from surrounding territories, but mosf of
the time they were dri&en out of the area. The marsh hawks roosted in
a temporary marsh located 1.0 km north of the study area. The roosting

sites of the short-eared owls changed from time to time.
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In 1980, between 11 August and 22 October, 51 periods of 4

consecutive hours of observation were recorded. All observations

1

ended half an hour after sunset. The observations were made from 2 .
Ll

to&érs (3.5 m high) -and a bridge.- Every 5 minutes, a specific area
was scanned. Tﬁg limits of the areas were set up such that gnylraptdfsz
could be seen even when it rained. T;é;ther, the\3 areas copprisbd
“'1.82 km? . Using binoculars, the number, the activity and the .location
of each marsh hayk and .short-eated owl within the scanning area were
recorded. The activity of the individuals wasicateéorized as: (1) .
hunting with intent, if it was flying and searching for food; (2) flying. °
for relocation if it was flying and not searching forifood;‘(3) and
perching if it was perched on, the ground, a post, or a tree, regardless
if 1t was 1opking for food or not. Simultaneously, Fhe weather yas noted
and classified according to precipitation: (1) not raining; (2) drizzling,'.

if. precipitation waseless than one drop per square foot of water surface;

(3) and raining if more than one drop per square foot of water surface.
‘ ' M

°

Carnivora 7

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

Terrebonne County,. Quebec, in the Laurentians', approximately 100 km

"+ northwest of Montreal. The topography, soil, climate and vegetation are

~ “~
described elsewhere (Bider 1968).

In 196%‘ a transect of - fine sand,“ 65 :>wide, 191.5 m long,
covered with a polyethylene canopy was constructed. It ran through a
field, an écotone,‘and a sugar maple-birch forest with“somé_balsam‘fir

R ' ? R .
.and white spruce. The tracks left by an animal on that sand-transect

. % .
% ' - »
# . -
- ¢ . ' ¢
. .
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., were identified, recorded and erased every even hour (e.g. 2000 h)
for a period of é days followed by 8 other days when these tracks
were read every odd hour (e‘.g. 1900'th) at;d so on, The sand-transect
functioned from the beginn?ng of June until 31 August, between 1964
.and 1979 inclusive. After exciﬁgi;g the days when the sand-transect
was washed out by a héavy rain, a total of .1444 days of tracking ;as
available. In 1971, the immustelid tracks were not segregated into
either mink or ermine, therefore these data werg'discaraéd.

The ‘activity qf the carnivores is measured in terms of number of
"presences". . A "presence' is counted whenever one or more crossings
occurred within a 2 hour period, the t;me ﬁassed between 2 readings.
Number of presences is a better i;dex of carnivore activity than number
of crossings beéause when actively hunting, carnivores oc;asionally zggss
the same area several times in less than 2 hours and may not come back
to that speciéic place for a few days.

Before the triacks were read, rain was noted‘when more than a trace
of water was found in the raIE'EZGgé. Since'the time éi_rainfall is
an important factor which influences thé level of activity of severél .
mammals (Bider 1968; Sidorowicz 1960), the dayé and presencesqwere
grouped into 8 categoriles accorging to the time of raigfall: days
without rain, days with raiﬁ either during the morning (begyeen 0400 and

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

and 0400) or any combination of morning, afternoon or night periods.
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To’obtain the diél presence rhythm of the 3 carnivores studied,

half a presencéﬂiéig£;é;Ato each of the 2 hours préceding the rea&ing,
the total number of1presencgs by hour is added and an histogram drawn.
Since the units of measurement are frequencies, the Chi-square one
sa?ple test is applied inlthe analysis of the mamﬁalian predatotr

results (Siegel 1956).

RESULTS o

‘Raptors
Marsh havks . S ‘

/
/

e

Marsh hawks were seen avoiding localized rainfall by moving or go%yg

!

to their roosting sites during widespread rainfall for the duration ¢f
the precipitation. To test if they avoided rainfdll or sfayéd indctive
during precipitation, the nuﬁ%er of times an individual‘waf seén pefched
or hun'ting and the number of sc;nning periods were groupea into 3 cate-
gories according to,ih; precipitation anﬁ compared. ’

The marsh hawks were not seen huntinnguring rainfall (Chi—squarg
test, x2=18.78, df = 2, P < :001, Fig. 4). The number of times that
@hunting occurred during drizzle was lower than expeéted, however not

significantly different when ﬂ%mpared with non—rainy‘perioQS (Chi-square

1, P> .05). No perching oécﬁryed while rain fell

test, x2 = 1.60, df
H(Chi-squgre test, x2 = 23.76, df = 2, P < .001). The number of times’

the ‘marsh hawks were perched did not differ between thé.drizzling and
non-rainy periods (Chi-square test, )(;2 = ,22, df =.l,oP > .05). Therefore,

marsh hawks -could not be hunting“from a post during rainfall, but possibly

t

during drizzle.

’
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Since the marsh hawks hid while it rained, it should be expected

that marsh hawks peréh and hunt less on rainy than on rainless days.
During the 4 hour glocks, the marsh hawks perched in groups and for ¥
periods lasting more than 5 minutes. The median number of perched

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

cases, and the range were respectively 0-45 (mean: 5.1) and 0-46

" (mean: 5.8). There was no difference in those medians (Median fest,

%

x2 est. = .26, P > .05). The median number of times a marsh hawk
was observed hunting during a time block was 3.0 (range:'O—Z? and mean:
5.1) on days without rain and ;*0'(range: 0+8 and mean: 4.0) on rainy
éayg. There was no-difference between those medians (Median test, x2
est, = U.SZ, P> .655» "

l Since rainfall did not usuéliy“last too long without interrﬁption
and the ﬁarsh 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 and increased their h;nting activity above normal during
the hour following rainfall (Chi-square test, x2 = 9.23, df = 2, P < .01).
Therefore, the daily intensity of‘huntiné did not differ between days with .
or without rain. Marsh hawks were also noted to perch more during the
h;;r p;eceding the rainfall (Chi-square éest, x2=39.60, df = 2; P < :001).

Between 31 May and 1 August, the marsh hawks were observed flying to

the nest 43 times with prey. Three Ef these prey were unidentified, 6

were classified'as frogs and 34 identified as small mammals (2 unidentified,

2 young muskrats and 30 meadow voles [Microtus penngylvanicus]). 22 of

34 small mammals were captured on rainy days (Chi-square test, x2=5.28,

df = 1, P x .05), but not duripg periods of rainfall.

o W
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Short-eared owls
© By 15 October, the short-eared owls under observation’had presumably
migrated. In the. 45 4~hour blocks which were used for this analysis,

owls appeared before sunset 3 times. On & occaslons, just as the rain

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

below, where it spent most of the day. Rain fell during the 3 dayiight

periods. However, the owls were never seen hunting during‘rainl(Chi—square

test, 2 = 17,77, df =1, P < .OOi, Fig. 5). The number-of times they
hunted during drizzle K and non-rainy scans was not different (Binomial
test, 3 = .94), During the hg&f hog; after sunset, the owls werg seen )
hunting 39 times. .They did not hunt during the 3 half hours when it
rained (B;nomial test, P = ,055). The .05 level of significance is
almost but not quige attained in this case, likely becauSe'of a lack of

rainy periods/during . the half hour following sunset.

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

i

occasions, bﬁt never during rain (Chi-square test, xz = 38.92, df = 1,

v

P < .001). There was no difference between the number of ‘times an
! : ‘ e

I3

individual was seen perched during drizzle and njz‘rainy-scans (Binomial

testy P = ,34). Since the owls are mostly crepuscular (Craighead and

Craighead 1969), they were seen ﬁerched only 10 times after sunset. This
value is too low to draw any conclusion, even though no perching was

noted whiske it rained.

£
i

Sarnivora

!

Thé diel presence rhythm of the ermine, mink and feral cat are
similar; These mammalian predators are mostly nocturnal with respectively

! !
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*65.62, 69.3% and 81.8% of their daily visits occurring during night

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

To determine if the number of presences per day of these carnivores

is influenced by rainfall, the distribution of the number of days of

»

sand-tracking classified according to the time of rainfall was compared

=]

\J

to the number of presences in eaqﬁ’g; these types of days. No difference

ot B At St 5 ot S

. was located for either the feral cat (x?'= 6.14, df = 7, P > .05, Fig. 7),

the ermine (x2 =" 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 daily
basis 1s not influenced Eiajzi\occurrence of rain.
Since these carnivores3dre nocturnal, a nocturnal rain is more

likely to influence them, The distributions of the number of presences

A s bt I

;) 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,

Y i 4

~N ;o
"for either the mink (x2 = 4.08, df = 2, P > .05), the ermine (x2 = .80,

-
P

‘ " df =2, P > .05 or the feral cat (x2 = .72, df = 2, P > .05).

rS

DISCUSSION .
-«
Other recent studies have shown that raptors do not hunt during rain.

LXK B KO wme s 2ok > & Bl SIS S s

In the Netherlands, 3 species of harriers, inclu ing marsh’ hawks, do not
hunt during substantial rain (Schipper 1979). The European Kestrel (Cavé
1968)'and the Eleonofa's falcon (Wink and Wink 1979) fly less in the rain.GJ

Harriers (Schipper 1979), Harpy eagles (Harpia hargzia) {Rettig 1978), and

gyrfalcons (F. rusticolus) (Jemkins 1978) must protect their nestlings

//1ﬁﬁﬁffainfall, otherwise they may die. Such behavior explains why Craigﬁead

¥

and Cra;ghead (1969) did not see any marsh hawks on their surveys during

' v
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rainfall. - ' .

During daflight observation, the feral cat of Kerguelen is seen
less often under rainy conditions (Derenne 1576). Wild minks change
their behavior upon the occurrence of a heavy rainfall (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 fall (Ables 1969). The

black bear is less active during rainfall, and its activity increases
»,
abvve normal within 30 minutes after the end of the precipitation
(Garshelis and Pe%ton 1980). Using Lac Carre tracking data we were
unable to note a change in the level of daily presences of the ermine,
mink or feral cat in relation to the time of rainfall. Since the
decrease of activity during[precipitetion seems to be a general
characteristic of carnivores, it is thought to be temporary and syn-

chronized with rainfall., The daily level of activity of carnivores is

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 small mammal activity

If increased nocturnal small mammal agtivity during rainfall evolved
because of reduced predation pressure, then two assumptions have to be
met: the predators must be as nocturnal as their prey and the increase

and subsequent decrease of activity of q&e small mammals should be

synchronized with the beginning and,endiné\bi\the rain when the predators

o
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A

decréase and subsequently increase their hunting actiwlty.

Most small mammals influenced by rain are nocturpal but their
activity is not restricted to pighttime (Bider 1968; Doucet and Bider
1971;; Mystkowska and Sidorowicz 1961; Pearson %969; Sidorowicz 1960;
Stewart and Bider 1977). To meet the first assuﬁpt%gy, a large propor-
tion of the predation pre;surelshould occur at night. There are no
specific data on nocturnal raptorQactivity because most raptors are

studied from blinds during daylight hours, It appears that cessation

of hunting during rainfall is a general characteristic of djurnal

-

raptors and it is thought to be equally valid for nocturnal raptors.*
Short—eared;;wlé can hu;t either during the day or night (pers. obs.)
even though they are moétly crepuscular (Craighead and Craighead'1969).
This species did ?ot hunt during*rainfall:

With few.exceptions, cat, mink, an;‘érmine are nocturnal. In 2
cases, the least weasel (M. niv;lis) (King 1975) and ermine (Bracher
lgg}) were found to be diurnal. The diurnal ha?its of the inﬂlviduais
observed by King (1975) were pfobably an adaptation to the woodlands of
England. In that area, more -diurnal prey were available and competitién
with the tawny owl (ggéii‘giggg)vwas intense at night (King 1980).
Bracher (1981) found thaf ermine activity became predominantly diurnal
wﬁernl .passerine activity increased on the forest floor following a forest ?
insect control program. . Carnivores change the;r diel activity rhythm ’
depending on different factors, including food pattern (Ables 1969;
Eguchi andvyakagona 1980; Gereil 1980). Presumably, they select the

best hunting time of the day and the most beneficial prey (Krebs 1978).

I3
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Therefore, a constant predation pressure exists on the nocturnal small
-, .
mammals. . )

With the available literature, we can Verify the second assumptio?.
< ’ T
' The time of occurrgnce of rain is important to determine if an indivi- = |

dual will react to it (Bider 1968; Mystowska and ‘Sidorowicz 1961). When O

the behavior of the meadow vole and woodland jumping mouse is influenced

'

by the rain, their activity increases rapidly as the rainfall starés and

& .
°

decreases afterwards- (Bider 1968). When the activ1¥y of the masked ;

shrew (Sorex cinereus), muskrat and other rodents and ingectivores is’

influenced by rain, the heightened level of activ;ty occurs dq;ing the

same part of the day as the Precipitation does (Mystkowska and Sidorpwicz

1961; Sidorowicz ;960; Stewart and Bider“1977; Vickery and Bider 1981).
- Even if predation pressure is constant on days without rain,‘there

¥

are some #ctivities which small marmals have to carry out daily,vguch
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? as feeding (Bourlidres 1975), others such as any exploratory activities

can be postponed. Since the risk of being preyed upon is greater when *

® , . .
small mammals travel through unfamiliar areas (Ambrose 1972; Metzgar

1967), they should move into these areas when predation pressure is
reduced consequently during rainfall. The foraging rate of muskrag:s~

l

does not change in response to rqéy(but they foraée farther on rainy “ <)

' days (Chapter 2), and most of théir exploratory activities occur on :

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

stream beds;és precipitation starts (Thibault 1969). The deer mouse and

‘
:

B // .
the Gapper's reéjbacked vole utilize new areas during rain (Vickery 1976).
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We found that more meadow voles are brought to the nest by marsh

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

" vole declines gradually after the end of precipitation. We presumef

that meadow voles act as other nocturnal small mammals and travel
farther dﬁring rain., Some probably get stranded far frdm%tﬁeir cente
of activity and secure routes when the rain ends and become more vulner-

able., Since marsh«hawgs start to hunt actively as precipitation ends,

they need not even increase their hunting pressure to captﬁre more prey

¥

since the lattercare more available.

,f‘ We conclude that the lack of pggdation pressure during precipitation
caused the evolution of heightened‘’activity and exploration away from

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

during rain.
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SUMMARY AND CONCLUSIONS

.r,)r o ' . _ . oL
i ® N

In summary, two tecéhniques were tried on muskrats. Freeze-branding
was unsuccessful. Radio-telemetry can be used on muskrats, but the> .
range of the signal is limited. e -

The study of muskrat behavior revealed that. they travel, forage

farther from their burrows, disperse and explore more duriﬁh’the night-
time hours of rainy days. Consequently, more territorial boundafy

crossinés and territorial defenses were noted during those days. How-

)

,ever, not all aspects of muskrat behavior are influenced by rainfall:
Matings and movements related to a drought are tw& examples of such

behaviors.

As hypothesized, the activity of mammalian and avian predators

decreased during periods of rainfall and a similar ﬁeérease in the

~

activity of mammalian predators during rainy days is documented. This

m -
reduction in predation pressure coincided with an increase in small

\ .

mammal activity. Therefore, small mammals have evolved an increased

level of activity under a differential predation pressure between rainy

and non-rainy periods. To lend further support to this théo;y, additional
' 3

studies are required, especially those dealing with the iInfluence of rain

on other avian and mammalian predators, and on the differept foraging,

°

exploring and dispefsing strategies of other species of nocturnal small

mammals. . .
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CLAIM TO ORIGINALITY

The systematic visual, observation of the behavior of the ditch-

- behavior of nocturnal small mammals, including matiggs and movements

. activit:y can be related to clxecreased predatory pressure.
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‘ (17\ St.

~

]

The utilization J freeze-branding and radio.—pack implantation in

L]

0

muskrats had never before been described. -

4

£

dwelling muskrat Under matural conditions is original.

%

' Tl(gxe visual observation under natural conditions of ‘the behavior of

i

a small mammal in relation to rainfall was studied for the first

time. . -

It is clearly demonstrated for the first time that muskrats feed

farther from their main den, disperse and e“kplorexmoi:e on rainy days,

It was established for the fix:st time that some aspects of the

-\

[

Telated to an emergency (i.e. d‘roughkt'), are not influenced by rainfall.

! ) A :

The study of the,inflﬁence of rain on mammdlian and avian ptedators,

as.a group, is original. }

o

< It is shov;m fbr the firs; time that increased nocturnal sma:l.f mammal -

.
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M
* made by muskrat during rainy and non-rainy déys.
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. Figure.2, Distribution of the number of times n(mskrats were

M‘

seen eating for more than 30 seconds or cutting

; . : *vegetation at different distances from den sites

v
[

.. . “ on days with,and without rain, The figures in
brackets represent the number of days in ‘each

category. The 80-=120 and 120+ classes were grouped K
together in the statistical analysis since the
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' expected values were smaller than 5.0.
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days, and the héur‘preceding—rainfall. The numbers
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observations. N represents the number of scans for

each category.
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‘Distribution of the number of shbrt—eared(owl hunting

N.B. TFor the Chi-square test, the non-rainy-and

o

ﬂ

- o

and perching observations during non-rainy, drizzling

and normal rain scans of the 3 4~hour blocks when the . .

owls were seen during daytime." The numbers in paren-

-

theses are the number of hunting and perching observa~

tions. N represents the number of scans for each type
scan, o : . .

P> .05=N.5., P-< .001 = ¥ .

- drizzling scans were grouped together, since
5

4

.the expected value of éhe drizzle class would

have been smaller than 5.0 (Siegel 1956).
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Table I. Distance travelled in meters by muskrats per 4 hour block ¢n rainy and non-rainy days. -

™~

(%

BLOCK A BLOCK B
(inc\.ﬁ 6 hour (exc. 6 hour (inc. 6 hour (exc. 6 hour
cbservation observation observation obsexyvation
periods) pgr‘iods) - periods) periods)
‘Rainy days Medisn . 47.5 150 60 60
- \ A '
'Mean (104) (135) (177) (194)
" Range _(0-450) (0-270) (0-1955) (0-1955)
B 5
Days without rain Median Y 0 0 0
Mean_ (7.17) (11.18) 95.35) - {us.72)
' 3 i - s -
Range (0-60) (0-60) (0-1170) - - (q—1170)
Probability ; P =..003 P = .004 P = .003 P =..016
BLOCK A starts 5.5 hours before sfinset and BLOCK B ends at might.
Mann-Whitney U tests were used to determine probability.
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Table II. Number of movements travelled by muskrats per 4 hour block. .
g . . o .
BLOCK A BLOCK B
‘ (inc. 6 hour (exc. 6 hour (inc. 6 hour (exc. 6 hour
v - observation observation observation ' observation
. periods) periods) periods) periods)
" Rainy days No. ‘of\movemen(s 66 - 54 244 238
- ' No. of hours (64) (28) " (260) (224)
‘ Days without rain No. of movements 41 23 511 496
‘ No. of hours (156) - (68) (492) (404)
Chi-square x2 = 55.097  x? = 62.540 x2,= 1.700  x2 = 3.366
test, df = 1 ® < .001) (P < .001) @ > .05) (P > .05)
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Table III. Difference between the number of diurnal and

1

nocturnal sightings on rainy and non-rainy days.

No, of sightings on the nocturnal Chi-square
observation area ’ test
' Diurnal Nocturnal (df = 1) °
— .
Rainy days . 9 41 x2 = 31.28 . :
P < .001
Days without rain 8 ' : 50 x2 = 44.51
- P < .001
. . _ : .
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