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ABSTRACT

f studied beavers (Castor canadensÍs) in the boreal forest of

eastern Manitoba from L986 to 1992. I captured and ear tagged 60

different beavers, and outfitted 42 of these animals with transmitters.

I collected sufficient data to determine summer home range size for 34

beavers and to determine fall home range size for 27 beavers. I

examined: methods of del-ineating beaver home range; the effects of

season. habitat, sex and age class on home range sLze¡ whether beavers

were territoriat; food selection by beavers; and genetic relatedness

within the beaver population in my study area.

I compared estimates of beaver home range sLze and shape using

four different methods: grid; minimum convex polygon (MCP); modified

minimum area (MHÀ); and the Jennrich-Turner eIlipse. The grid gives the

smallest estimate most often and the ellipse or minimum convex polygon

give the Ìargest. The ellipse works best for home ranges with only one

area of concentrated use near the centre. The MCP and lfMA work best

when the distribution of observations is a regular shape, with no

protruding arms. The grid method is most suitable for animals with

irregularly shaped home ranges or home ranges with several areas of

concentrated use, and appears best suited for use with beavers.

Summer home range areas average 10.34 ha and fal] averaged 3.07

ha. Thirty-seven of 38 beavers had core areas in summer, and 21 of 27

had core areas in fall. Home range size and core size were positively

correlated in both surnmer and fal1. Summer home ranges were

significantly larger than fall home ranges, with fall home ranges being
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centred closer to the lodge than summer ranges. Vlinter home ranges vrere

restricted to less than 0.25 ha around the lodge.

Summer home range size was positively correlated with faII home

range size, and summer and faII core sizes were also positively

correlated. Percent of area in the core and percent of activity in Èhe

core tó¡ere similar for all habitats and sex and age clagses in suûìmer.

Beavers }iving in river habitat had the largest surnmer and faII

home ranges. Those J.iving in pond habitats had the smallest summer home

ranges but did not differ from lake beavers in the fall. Adu1t males

usually had the largest home ranges, and adult females the smallesù in

both seasons. Adult femal-es usually had home ranges centred closer to

the J-odge, and adult males farther from the Ìodge, than other family

members.

In 6 years and over 600 days of observing beavers' I never

observed any evidence of aggressive behaviour among beavers. Some

overlap of home ranges occurred, especially on the river, but most home

ranges were almost exclusive to a family group. I found no evidence

that scent mounds delineated territory and no evidence to prove the

presence of territories. I hypothesize that mutual avoidance is more

likely than territorialism.

Beavers in the taiga show a preference for Populus tremuToides as

a primary food in both spring and summer. fn spring Pinus Þanksiana is

also consumed. P. tremuLoides leaves are the preferred summer food and

P. tremuloides bark and P . banksiana growing tips are preferred in

spring. Beaver food choices appear to maximize protein intake and

minimize potassium to sodium ratio. This strategy may seqve to foster

growth during the relativety short period of high protein availability.

DNA fingerprinting studies of 60 beavers showed a mean band

sharing coefficient (BSC) among unrelated beavers of 0.36 1 0.087, and

among known first order relatives of 0.62 ! O.099. Beavers of unknown

refationship in the population had a mean BSc of 0.40 t 0.tO7,
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significantly smaller than known first order relatives, but

significantLy larger than the value for unrelated animals. Further

study is needed to determine what role the relat,edness plays in timiting
territorial behaviour.
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Figure 1. Maps of home range area for beavers in the
ImpJ-ant Pond Family for sunÌmer and faII, 1989.
L indicates location of the Iodge.

Figure 2. Maps of home range area for beavers in the Twin
Bays Family for summer and fall' 1991. L
indicates location of the lodge.
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APPENDIX 5

Figure 1. Autoradiograph of DNA sampJ-es from beavers from
families 1, 2, 6, 26, 27 and 28. See Table 1
for sum¡nary of family composition, and Figure J-

in Chapter 8 for geographic location of
families. V = visual control, 14 = molecular
weight sizing standard, H = human controf,
square = adult male, circl-e = adult female,
triangle up = yearJ.ing or thro-year old female,
triangJ-e down = yearling or two-year old male,
diamond = kit.

Figure 2. Àutoradiograph of DNA samples from beavers from
families 7 and 8. See Table 1 for summary of
family composition, and Figure 1 in Chapter 8
for geographic location of families. V = visual
control, M = molecular weight sizing standard,
triangle up = yearLing or two-year old female,
triangle down = yearJ-ing or two-year old mal-e,
diamond = kit.

Figure 3. Autoradiograph of DNA samples from beavers from
families 3, 4, 5, 10 and 29. See Table 1 for
summary of family composition, and Figure 1 in
Chapter I for geographic focation of families.
M = molecular weight sizing standard, H = human
control, square = adult male, circle = adult
female, triangle up = yearling or two-year old
female, triangle down = yearling or two-year ol-d
male, diamond = kit, small open circles =
fetuses
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Figure 5. Autoradiograph of DNA sampÌes from beavers from
famil-ies 13, 15, L6 and 17. See Table 1 for
summar
Chapte
M=mo
contro
female
female
maIe.

y of family composition, and Figure 1 in
r I for geographic location of famil-ies.
lecular weight sizing standard, H = human
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Figure 6. Autoradiograph of DNF- samples from beavers from
families 9 and 18. See Table 1 for suÍunary of
family composition, and Figure 1 in Chapter 8
for geographic location of families. V = visual-
control, M = moLecular weight sizing standard, H

= human c.ontrol, sguare = adult ma]e, circle =
adult female, triangJ-e up = yearling or two-year
old female, triangÌe down = yearling or two-year
ol-d male, diamond = kit.
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CEAPTER 1

INTRODUCTION AND LITERAfi'RE REVTEW



I¡IÎRODUCTION

Seton (1.90924781 wrote: "There can be no doubt that the beaver

did more to open up Canada than any other creature or product". The

search for furs led traders to move farther and farther west as beaver

were extirpated from one region after another. Explorers Ì¡rere

fascinated by nature's "furry engineer", and gave much credit to the

beaver for extreme intelligence, planning, organizational skills and

foresight. Many of the early writings on beaver are purely anecdotal

and anthropomorphic. Samuel Hearne (1795, in Morgan 1986) criticized

and guestioned many of the attributes given to beavers. The first major

study and report on beavers was done by Morgan in 1868 (Morgan L986).

He reports in detail on their morphology, their constructions and

methods of capturing them. Seton (1909) and Warren (1927 ) present

similar reviews.

Seton (1909) estimated that the original population of beavers in

Canada probably exceeded 10 million animals. By the beginning of the

twentieth century, they had been extirpated from many regions of North

America and numbers may have been as low as 500,000 (Seton, 1909). Much

of the literature on beavers from the first half of the Twentieth

Century pertains to management issues concerning the reintroduction of

beavers to areas from which they had been extirpated (Atwood 1938;

Atwater l94O¡ Cook 1943; Patric and !.tebb L953). More recently the

literature has turned to studies of natural movements. feeding habits

and general ecology of the beaver and techniques for use'in these

studies. The importance of the beaver in establishing and maintaining

habÍtat for other wiLdlife has also.been recognized (Hatt 1972). the

beaver is a nocturnal-, semi-aquatic mammal. Until the advent of radio-

t,elemetry, studies of movements and habits were difficult.

Although there is an abundance of literature on beavers, much of

it is anecdotal, and often of dubious basis in fact (Bradt 1.938). Most
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of the scientific literature is the resul-t of research in the united

States.HoweverresearchonbeaverecologyinCanadahasbeendonein

Newfoundland (Northcott l97L¡ Bergerud and Millex ]-977; Payne 198L;

1982¡1984),Quebec(PotvinandBovetlg75¡PatenaudeandBovetl9S3;

Igg4¡ courcelles and NauIt 1983), Ontario (stephenson 1969; Gillespie

1977¡ Novak 1977i Ingle-Sidorowicz 1982), Manitoba (Green 1936; Nash

1951; !,lheatley 1989; 1993; Dyck 1991), Alberta (Novakowski 1967; Bovet

andoertlL:lg.T4)andtheMackenzieDeltaregionoftheNorthwest

Territories (Aleksiuk 1968; 1.;97O¡ Aleksiuk and cowan 1969a; 1969bi '

The boreal forest or taiga constitutes a large proportion of the

rangeofbeavers.Forestfireshave''alwaysbeenanintegralpartof

the boreal forest,, (Rowe and Scotter 1973:446|. one of the frequent

colonizing tree species after fire is PopuTus tremul-oides (Rowe and

scotter 1973) which has a very similar distribution to that of beaver

(HalL 1960). P. xremuToides is a cornmon food of beavers throughout

their range, and freguently the one preferred over aII others. The

boreal forest may therefore be an important part of the range of

beavers. Horó¡ever, the amount of research on beavers in the boreal

forest is minimal when compared to that for other regions of North

Àmerica. Even small differences in habitat may result in changes in

characteristic behaviours (Green 1936). Information from other regions

of North America, and especially those regions with much shorter periods

of ice cover, ñay have restricted applicaÈion in the boreal forest'



LITERÀII,'RE REVTEW

FOOD

The most studied area of beaver ecology in recent literature has

been food selection and preferences. Beaver food preferences differ

geographically, seasonally and yearly (Aleksiuk 1977¡ Jenkins 1979¡

Svendsen 1980). Authors generally agree on the preference of beavers

for aspen (P. xremuToides) when it is available (Aldous 1938; Bradt'

1938; cese and Shadl-e 1943¡ Shadle 1943 et aJ.; Tevis 1950; HaIl 1960;

Brenner 1962¡ Northcott I97t¡ Jenkins 198L; Pinkowski 1983; Basey et aL.

1988). However, beavers are choosy generalist herbivores (Aleksiuk

!977 ¡ Jenkins and Busher t979 ) which eat a wide variety of plants

including willow (satix spp.) (A1dous 1938; Bradt 1938; Townsend 1953;

Hal] 1960; Aleksiuk 1970; Jenkins 1981), maple (Acer saccharum) (Bradt

l-938; BeJ-ovsky 1984) , birch (BetuTa alleghaniensis) (Aldous 1938;

Belovsky l-984), alder (ÀJnus crispa and AJnus rugosa) (Aldous 1938;

Northcott 1971), and even corn from farmers' fields (Atwood 1938).

Aquatic plants are also freguently part of the beaver diet in sununer

(Townsend 1953; Brenner 7962; Northcott l97I; Gillespie 1977¡ Svendsen

1980; Jenkins 1981).

RecentIy, there has been an abundance of literature on tree size

preferences of beaver. SmaIler trees appear to be preferred at

increasing distance from the water's edge (Jenkins 1980; L981; Pinkowski

1983; Belovsky 1984¡ Basey et aL. 1988), while for saplings, larger

diameter stems are preferred with increasing distance from the shore

(McGinl-ey and Whitham 1985; Fryxell and Doucet 1991; FryxeII Lgg2').

Secondary juvenile growth of P. xremufoides after cutting by beavers may

be avoided due to the presence of a phenoJ-ic compound which appears to

serve as a deterrent to beaver cutting (Basey et aL. 1988; 1990).



Brenner (1,962 ) speculated that nutrient content of P. tremuloides

may be important in its sel-ection by beavers. Jenkins (1978) recorded

beavers sampJ-ing trees by removing a small piece of bark and theorized

that this may serve to assess the nutritional level of different trees.

Chabreck (1958) also reported sampling behaviour among beavers.

MOVEMEÌflTS AND EOME RÀNGE

Studies of beaver movements have been of two types. Many eariy

studies examined dispersal distances from release points for

reintroduced beaver. More recent studies have focused on natural

movements, both in the form of dispersal from the nataL colony and

movements within the home range.

Dispersal

Beavers generally follow water courses when dispersing, but may

travel overl-and (Bradt 1938; Knudsen and Hale 1965; Leege 1968; Vùheatley

1989 ) . Two-year-old beaver appear to have an innate tendency to

disperse and do not appear to be driven out by their parents (Leege

1968; Brady and Svendsen 1981-). Beer (1955) described little movement

(dispersal) by adults, while yearlings moved distances up to 82 km.

Libby (1957) recorded only one beaver dispersing more than 10 km, but

the exception travelled over 240 km. Leege (1968) reported a mean

dispersal distance of 8.5 km, and a maximum distance of 18'km. For

transplanted beavers, dispersal- distances of up Eo 23'7 km have been

recorded (Hibbard 1958), but usually distances are much less, with

beavers transplanted to streams moving greater distances than those

transplanted to lakes (Knudsen and Hale 1965).



Eome RaDge

SeveraL authors have studied the day to day movement patterns of

beavers within their home ranges (A1eksiuk 1968; Busher 1975¡ Gillespie

1977¡ Busher et a7. 1983; Davis 1984¡ vlheatley 1989). Davis (1984)

found the greatest amount of movement took place in faII and winter, and

least in summer, with correspondingly greater distances between extreme

points of the home range in fall and winter than in summer. only

Gillespie (1977 ) has delineated actual home range size, with beaverè

residing in ponds having an average home range size of 0.38 ha and those

residing on lakes an average size of 7.25 ha.

Busher et aL. (1983) reported inLercolony movement among beavers

Iiving in areas of high beaver density, but no int.ercolony movements for

beavers living in areas of low beaver density. Davis (l-984) also noted

home range overlap between stream and lake colonies. Several authors

have considered beavers territorial, and have regarded scent mounds as

territoriaL markers (Bradt 1938; Brenner 1964¡ Aleksiuk 1968; Bergerud

and Miller 1977). However, more recent studies of scent mounds and

their role in beaver communication have found no support for the

function of scent mounds in territorial maintenance, and have

hypothesized that they actually pJ.ay a role in communicating sexual

information (ButLer and Butler 1979; Walro 1980).

WIMTER ACTIVITIES

Wint,er activities differ with differing climatic constraints. In

areas with little or no ice cover, winter activities may be similar to

those at other times of the year, although food choice and feeding sites

may differ (Brenner L962; Davis 1984). In areas with extended periods

of ice cover, above-ice activity usually only occurs at warmer

temperatures (Lancia 1979¡ Lancia et a7. 1982i Vlheatley 1989). When
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beavers remain under the ice, they generatly exhibit a free-running

circadian rhythm (Potvin and Bovet 1975; Lancia et a7. L982). Lodge

temperatures in winter remain fairly constant, and the walls and snow

provide sufficient insuLation from outside temperatures (Stephenson

L969¡ Buech et al. 1989). Novakowski (1967) demonstrated that the

energy supply available from the food pile was insufficient to meet the

beavers, requirements for the vrinter at his study site in the Northwest

TerrÍtories. Beavers may also be stressed if water levels vary more

than 0.7 m in winter (Smith and Peterson 1991)-

BEñAVIOl'R

Behavioural studies have encompassed many aspects of beaver

biology. Patenaude and Bovet (1983; 1984) examined parturition and

related behaviours and grooming habits of beavers. Hodgdon and Larson

(1973) considered sexual differences in behaviour and colony

organization. Brady and svendsen (L981) investigated the social

behaviour and social interactions of a famiJ-y of beavers. Svendsen

(l-989) studied the duration of pair bonds and determined that no beaver

stayed with the same mate throughout life-

REPRODUCTTON AND SURVTVORSHIP

In conjunction with interest in beaver management and increasing

beaver numbers, several studies have examined age structures and sexual

maturity within beaver populations. Boyce (1981) determined that human

exploitation (trapping) resulted in a decrease in adult survivorship and

increased the immediate survival of pre-reproductive animals. However,

this in turn led to higher mortality of the younger animals which

reproduced earlier and therefore did not attain fult normal adult sLze.
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Sexua] maturity occurs at about 2 years of age, and females may carry 1

to 9 embryos 1i = 5.5) (Brenner 1964). Dieter (l-gg2) found a sex ratio

of 1:1 in South Dakota; while Leege and Williams (1967) found a 1.13:1

male to female ratio in fdaho.

TECENIQI'ES

The development of t.echnigues of trapping, marking, censusing, and

ageing beavers has been the focus of much literature. Buech (1983i

describes a modification of the Bailey live-trap to ensure greater

success with captures. A variety of methods of marking beavers have

been described including web punching on the feet (Aldous 1940);

coloured pJ-astic ear markers (MiIler 1964); and a night identification

coffar (Brooks and Dodge 1978). The reliability of aerial surveys of

beaver lodges or food caches has been the focus of studies by Payne

(1981), Brown and Parsons (1982) and swenson et aL. (1983). Patric and

llebb (1960) invesÈigated weight, tail dimensions and zygomatic breadth

as methods of ageing beavers. van Nostrand and Stephenson (1964) and

Larson and Van Nostrand (1968) describe a technique for ageing beavers

by tooth development. Hartman (1992) has modified the Iatter technigue

for use on live beavers by using dental x-rays to examine tooth

development. With the advent of radiotelemetry, methods of

anaesthetizing (Lancia et al. L978) and attaching radiotransmitters have

been described (Busher !975¡ Lancia 1979¡ Davis l9A4¡ Davis et aL.

1984¡ cuynn et aL. 1987; Wheatley 1989).



OBiTECTI\/ES

fn this study my objectives are: L. To identify a suitable method

of delineating home ranges for beavers¡ 2. To determine home range sizes

for beavers living in a mid-continent, boreal environment; 3. To

determine habitat, sex, age class, and seasonal differences in home

range size for beavers in a mid-continent, boreaÌ environment; 4. To

assess whether territories are present in this beaver population; 5. To

determine feeding habits of beavers in this area; 6. To determine àny

seasonal variation in these feeding habits and possible reasons for

variation ¡ 7. 1o assess relatedness among the beaver in this population

using DNA fingerprinting and determine if relatedness and territoriality

are correlated.



SIT'DY AREA

This study was based at Taiga Biological Station (TBS), 51o02'40"

N, 95'20'40" w, 250 km northeast of Winnipeg, Hanitoba (Figure 1). The

study took place on !'tallace Lake, the Blind River which enters !ùallace

Lake from the north, and Implant and Gatlan Ponds. The area was burnt

in the 1980 Wallace Lake fire. The river and ponds are bordered

primarily by burnt bogs with a fe'ó, burnt ridges. The l-ake is bordered

primarily by burnt ridges. There are irregular patches of unburnt iand

in the area, some bordering the river and lake. To the east of TBS, the

Blind River traverses and all but disappears in a large boggy area known

as the Beaver Meadow (Figure 1). It is the result of numerous changes

of river flow caused by beavers damming the river at various times in

the past. The bogs, and also some ridges where erosion has not been too

extensive, support a good growth of PopuJus tremuToides, Al-nus ctispa'

Picea mariana and Pinus banksiana.

This area has a climate which is typical for mid-continent boreal

forest. Temperatures range from -40"C in winter to +35oC in summer.

Freeze-up occurs in late october or very early November and breakup in

Late Aprif or early May. fce cover is continuous throughout the period

except for occasional areas around rapids or fast flowing water.

February ice thicknesses range from 50 cm to L00 cm depending upon snohr

cover and air temperatures.
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Figure 1. Location of study area in Manitoba and detail of study area.
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ABSTRACT

I compared estimates of beaver home range size and ehape using

four different methods: grid; minimum convex polygon (McP); modified

minimum area (MlfÀ); and the Jennrich-Turner ellipse. The grid gives the

émallest estimate most often and the ellipse or minimum convex polygon

gives the Ìargest. The ellipse works best for home ranges with only one

area of concentrated use near the centre. The MCP and MMA work best

when the distribution of observations is a regular shape' with no

protruding arms. The grid method is most suitable for animals with

irregularly shaped home ranges or home ranges with severaf areas of

concentrated use.
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IMTRODUCTION

Home range is "that area traversed by the individual in its norma]

activities of food gathering, mating and caring for youngrl (Burt

1943:351) or "the area in which an animal normally lives exclusive of

migrations, emigrations or unusual erratic wanderings" (Brown and

Orians 1970:2401. The home range may vary with season, sexr age and

population density of a species (Burt 1943).

Many methods of determining the size of an animal's home range

have been developed (Mohr 1947¡ Harvey and Barbour 1965; Jennrich and

Turner L969¡ Van Winkle et af. 1973; Dixon and Chapman 1980; Schoener

1981; Anderson L982¡ Don and Rennolls 1983; Samuel and Garton 1985;

Hutton 1.989). Metzgar (1973), however, noted that much of this

literature on home range was devel-oped in the absence of accurate

information on either actual shapes of home ranges or the way activity

is distributed within them. Jennrich and Turner (1969), Ford and Krumme

(1979), Macdonald eú a-2. (1979)t Schoener (1981)' Samuel- and Garton

(1985) and !,Ihite and Garrott (L990) have reviewed and compared the

various methods, usually using a few field examples. No comparison of

these methods has been made using a large number of field examples. No

method wilL be suitable in every situation (Anderson 7982), and there

has been no agreement on which technigues yield the most valuable

results for field ecologists (Don and Rennolls 1983). In addition, all

the commonly used methods have problems with biological assumptions,

sample size bias and sensitivities to extreme locations (Samuel and

Garton L985 ) .

The purpose of this paper is to compare the 4 most common and

simple methods of home range estimation: the minimum convex polygon or

minimum area method; the modified minimum area method; the Jennrich-

Turner ellipse method; and the grid method. The data I use are the

result of 6 years of tracking and observing beavers (Castor canadensisl.
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Here I compare the home range sizes estimated by the different methods,

and examine the apparent home range delineated by each method, to

determine if certain patterns of use of the home range differentially

affect the abiLity of the various methods to delineate the home range

accurately.

These home range methods are frequently applied without evaluating

the fit of the assumed probability distribution to the observed data,

and the data frequently viol-ate the assumed probability distributions

(samuel et aL. 1985; White and Garrott 1990). I also did not tesÈ the

fit of my data to the probability distribution, since the purpose of

this paper is to assess how well each of these methods fits for

different patterns of home range use-
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METEODS

I live-Èrapped beavers and attached uniguely numbered and coloured

ear tags (Mone}, Number 3) to both ears (Miller 1964) to alLow for

visual identification of individuals. f also attached tail collar radio

transmitters or implanted radio transmitters in 29 of the 32 beavers

discussed in this study (Wheatley 1989). For tracking beavers I used an

H-shaped antenna and 24 channel receiver (Vlitdtife Materials fnc. ). For

beavers residing on the river or lake, I generally tracked and obseived

from a 6.5 m freighter canoe. When observing at ponds, I chose a high

ridge or simiLar good vantage point from which to make observations. ln

general, I used teJ-emetry to locate a beaver and then, as much as

possible, continued with visual observations of activities and

movements. At night f could track beaver movements using telemetry,

sound and by observing water ripples.

I recorded information about the location, time, type of activity

and any movement to another location during the period of observation.

observation periods varied in length from 5 minutes to 13 hours,

depending upon weather conditions and the number of beavers being

observed in one night. Because beaver home ranges are extremely small

and restricted in winter under ice (Wheattey 1989) (ChapÈer 5), the data

I present here are for open water seasons on1y. Most observations were

made between 1800 and 2400 h. I recorded data directly into a field

book or on cassette audio tape for }ater transcription into the field

book. I later transferred the data onto forms for each beaver. I

considered one minute as one observation. While this does not allow for

true independence of observations (Swihart and Slade 1985a; 1985b), the

beavers move throughout their home range too much to be able to reflect

accurately their home range use by 1 observation per night. Although

independence of observations is desirable, successive locations are
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essential in order to descrlbe space use patterns (Ford and Krum¡ne

t979).

I drew maps of appropriate size and scale to encompass the home

range of each beaver or group of beavers. For the purpose of this
paper, f have analyzed the data by 4 different methods: grid, minimum

convex polygon (MCP); modified minimum area (MMA) i and Jennrich-Turner

95 t ellipse (JT ellipse) . For the grid method (Adams and Davis 1967 ¡

Whitten 1982¡ Samuel et a7. 1985) I used a grid eguivalent to 5O by 50 m

on the ground (0.25 ha). I chose this size of grid because 5O m is'
approximately the distance a beaver can swim in one minute, the period I

considered as one observation.

For the minimum convex polygon method I connected the outermost

points of location for each individual in each season (Mohr 1947 ¡ Harvey

and Barbour J.965). The modified minimum area method similarly connects

the outermost points, but limits the }ength of the J-ine segment

connecting any two points to one guarter of the distance between the two

most extreme points (Harvey and Barbour 1965). Any point greater than

one quarter of the distance is connected to the nearest point by a

straight line. No biological justification is given for this limit of

one quarter of the home range length. For the JT ellipse, I used sAS

(SAS Institute fnc. 1988) to calculate the geometric centre of aII

observations for an individual- in a season and used the formulas given

by Jennrich and Turner (1969) and White and carrott (1990) to calculate

the 95 t confidence ellipse for each case.

I classified beavers as pond, lake or river residents based on the

l-ocation of their primary residence (Iodge or bank burrow). Tota1

numbers of observations on which each of the estimates are based range

from 45 to 2934 (I = 486 I 69.f 1Ï t 2sE)). Size estimates are given as

Ï t Zsn. f used simple correlations and regression to compare the home

range estimates produced by the different methods. I examined the

estimates and grouped them by which methods gave the largest or smallest
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estimate. For each group, I compared the estimates by each method with

estimates by the same method for aII other groups using a t-test. I

also made a visual examination of the distribution of observations to

identify any shape patterns associated with the different groups.
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RESI'LTS

Home range size estímates using the grid method averaged 7.73 !

1.63 ha (range I - 42.75 ha, N=69); using the MCP method the values

averaged L9.38 t 7.77 ha (range 0.9L - 223.9 ha, N=69); using the MM-A,

method, values averaged 13.62 1 5.88 ha (range 0.80 - 175.5 ha, N=69);

and using the JT elÌipse method the values averaged 27.O4 ! 12.9 ha

(range O.4O4 - 383.8 ha, ¡{=69) (Table 1). The estimates using the four

different methods were all significantly positively correlated (pcO.01,

w=69) (Figures 1 to 6). The JT ellipse and MMA methods, JT ellipse and

MCP methods and MCP and MMÀ methods are all related in direct linear

fashion. The JT ellipse and grid, I'ÍMA and grid and the McP and grid

methods are related by second order regressi-on.

The grid method gave the largest estimate in 2 cases (both fall)

(1 pond, 1- lake), and the smallest, in 50 cases (31 summer, 6 }ate

summer, 11 fal-l, 1 spring, 1 late spring) (13 pond, 20 lake, 17 river).

The MCP method gave the largest estimate in 31 cases (11 summer, 3 late

summer 17 fa1I) (10 pond, 15 lake, 6 river) and the smaLlest in none,

and usua]ly included area not used by the beaver. The MilA method gave

the largest estimate in none of the cases and the smallest estimate in 5

cases (1 summer, 4 falI) (5 pond). The JT ellipse method gave the

Iargest estimate in 36 cases (23 summer, 3 1ate summer, 8 fall, 1

spring, 1 Late spring) (10 pond, 12 lake, 1-4 river) and the smallest in

14 cases (2 summer, 12 fall) (3 pond, I lake, 3 river). The JT ellipse

usually included area not used, and excluded some areas that were used.

Home range estimates using aIl methods were significantly larger

(t-test, p<0.05 to p<0.005, df=6'7) for cases in which the JT ellipse

gave the Ìargest. estimate than for cases in which the MCP gave the

largest estimate (Tab1e 2). Home range sizes for the 2 cases in which

the grid gave the largest estimate were smaller than those with the JT



Table 1. Home range sizes, as determj-ned by grid cell method, minimum
convex polygon method (MCP), modified minimum area method
(MlrA) and Jennrich Turner eÌÌipse method (JT ellipse).



BEÀVER YEAR SEASON
EO¡'tE RAI¡GE ESTII.IATE

GRID MCP lllda Ef.l.IPSE

IP4O3 1989 sutft'fER 6. 50 9.38 7 .63 L2.56

TP4L4 1989 SUMI'{ER 4.75 6.00 4. 55 7.92

IP433 1989 SUMMER 7.2s 10. 63 8. 88 14.86

IP491 1989 SUMMER 7.50 10. 88 9. O0 t4.75

rP403 1989 FALL s.25 7.68 5. 10 6.66

r.P4l4 1989 FÀIL 2.00 2. s0 2.15 2.s3

IP491 1989 FALL 4.25 6.30 4. 1s 6. 98

GP286 1989 SUMMER 8.00 11. 75 10.75 I7 06

cP1611 1990 SUìIMER 5.25 7.00 6. OO 6. s3

cP1623 19 90 suMtfER 5.75 8. 63 7.25 7 .70

cP1676 1990 SUHMER 4.00 5. 13 4.75 4.33

cP1684 1990 SUMMER 6.75 9.88 8. 50 8.36

cP1611 1990 FALL 2.so 3. 13 2.48 2.83

cP1676 1990 FALL 2.50 3. 50 2.88 2.14

cP1684 1990 FALL 3.00 4.2s 3. 63 2.64

cP1526 l_991 SUI.IMER 8.2s 12.88 12 .00 22.46

cPl.611 199 1 SUMMER ''t .75 11 75 10. 88 16. 55

GPT676 19 91 SUMMER 2.so 2.75 2.50 2.03

cP1526 19 91 FÀLL 1. O0 o.94 o.82 r.02

cP1611 19 91 FALL 1. O0 0.9s o.8s 0.8s

T81502 199 1 SU},ÍMER 4.2s 5.75 5.25 4.37

T81508 199 1 SUMI'IER 2.75 4. OO 3.38 3 .06

TB15 10 199 1 SUMMER 6. OO 9.75 7.75 70.32

181528 199 1 SUMMER 5.75 10. 38 7 .75 11. 81

T81502 199 1 L. SUM. 6.75 t3.25 9.63 9. 09

T81508 199 1 L. SUI,I. 5. 50 11.00 8. 31 1_6.70

T81510 19 91 L. SUM. 6.00 11. 38 8.88 10. 95

T81528 199 1 L. SUM. 7.OO 13 .88 10. 63 9 .67

181502 199 1 FAf,L 1. 50 t.7s 1. 50 1. 16

T81508 199 1 FAf,L 1.00 0.91 0.80 0.48

T81510 199 1 FAf,L 2.7s 3.10 2.4s 1. 69

T81518 19 91 FAIL 1. s0 1.88 1. 50 o.67

T81520 199 1 FALL r.2s 1.75 r.2s 0. 40



BEAVER YEÀR SEASON
EOIdE R.BNGE ESTTHATE

GRID ltcP MMA E:Î.1.IPSE

r8L522 199 1 FAI,L 1. 50 1.88 1. 50 o.62

T81528 199 1 FÀLL 2.50 3. so 2.A8 2.t3

sL109 1989 SU}'ÍMER 4.75 5.75 5.25 s.24

sL1682 1990 SUMMER 14. 50 36.88 23.38 59.?1

sL1686 1990 SUI'ÍMER 12.50 29.50 20. oo 35.42

JRB1617 1990 SUMMER L3.25 31.38 ].9.25 37.81

JRB1629 1990 SUMMER s.00 8. 75 6.38 13.2s

JRB1641 1990 SUM¡4ER 9.75 ]-7.25 12.75 19. 81

JRBL649 1990 SUMMER 11.75 30. 13 19.63 33.72

JRB1617 1990 FAI,L 2.75 3. 38 3. r_3 3. 11

JRB1629 1990 FATL r.25 1.75 t.25 1. 10

JRB1641 1990 FALL 3.75 5.25 4.63 4.42

JRB1649 1990 FALL 3.25 4. s0 3.75 4.O2

8R1830 1986 FAIL 8.00 14.75 11. O0 16. 16

8R1834 1987 sutft4ER 8.25 28.63 12 .00 s9. 90

8R1844 1987 SUMMER 13. 75 52.00 33. s0 109.39

8R1848 L987 SUM}ÍER 42.75 223.88 175.50 383.8s

8R1848 1987 L. SUM. 13.25 35. 88 23.00 s1.31

8R1834 1987 FAIL 2.75 3.88 3.25 1.72

8R1844 l_987 FAT,L 2.75 5. 13 4. 13 2.so

BRt 848 1987 FAf,L s.00 8. 38 7. 13 10.46

8R1834 1988 SUMMER 2.25 3 .38 3. O0 2.Ot

8R1848 1988 SUMI.IER 26.75 110.2s 97.88 47 .24

BRL834 1988 FÀLL 2.75 2.90 2.50 3.46

8R1848 1988 FÀI.L 6.75 t4 25 8.88 23. O1

BR1848 1988 SPRTNG 11.2s 32 38 19. 63 48. 53

8R1848 1988 L. SPR. 12.00 s0. 63 18. s0 to7.02

H8481 1989 SUMMER 20. 50 55.50 34.25 128.83

8R1830 1989 SUMMER 16. O0 54. 50 28.75 54.7L

8R1848 1989 SUMI'ÍER 9. 50 23.2s 17. s0 29.59

H8481 1989 FÀIL 6. 50 11. 00 9. O0 15. 70

8R1603 1990 SUMI.ÍER t2 50 37.38 22.25 37.O4

8R1603 1990 FALL 4.25 s.00 4. 6s 5.06



BEAVER YEAR SEASON
EOI.IE RÀNGE ESIII{ATE

GRID l.lCP I'IMA ET.T,IPSE

8R1524 r.991 SU}'ÍMER 14.00 43.75 27 .50 101. 82

BR1s34 19 91 SUI-{MER 20.75 89. s0 53.88 137.83

8R1534 199 1 L. SUM. 5.75 26.38 13.88 26.54



Figure 1. Correlation between home range area estimates using JT
ellipse method and grid method.
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Figure 2. Correl-ation between home range area estimates using JT
ellipse method and MCP method.
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Figure 3. Correlation between home range area
ellipse method and MMA method.

estimates using JT
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Figure 4. Correlation between home range area estimates using MCP
method and grid method.
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Figure 5. correlation between home range area estimates using MCp
method and Mt-fA method.
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Figure 6. Correlation between home range area estimates using MMA
method and grid method.
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Table 2. Home range estimate values using different
estimation for examples where JT ellipse'
the largest estimates and for cases where
Grid give the smallest estimates. Grid =
MCP = minimum convex polygon method, l"fMA =
area method, JT ellipse = Jennrich Turner

methods of
MCP or Grid give
iT ellipse, MMA or
grid cell method,
modified minimum

ellipse method.
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ellipse largest or McP }argest for all methods except the JT ellipse

(TabLe 2).

Home range estimates using alI methods were significantly smaller

(t-test, p<0.005, df=64) for cases in which the JT ellipse gave the

smallest estimate, than for cases in which the grid gave the smallest

estimate. Estimates were only significantly smaller for the JT ellipse

(t-test,, p<0.05, df=19) when compared to those cases in which the MMÀ

gave the smallest estimate. Mean home range sizes were significantly

smaller (t-test, p<0.005, df=55) by aII methods for cases in which'the

MMA method gave the smallest home range estimate as compared to cases in

which the grid method gave the smallest estimate.

The largest difference between estimates was for beaver 8R1848 in

surnrner 1987, when the largest estimate (JT ellipse) was 8.98 times the

smallest estimate (grid) (Figure 7). The most similar estimates were

for beaver cPL611 in fall 1991 when the largest estimate (grid) vras

l.l'76 times the smaÌlest estimate (MMA) (Figure 8).

Neither of the 2 cases where the grid gave the largest home range

estimate had any areas of concentrated use; both were small and somewhat

circular (Figure 8). ForÈy-six of the cases where the grid estimate was

smallest had 2 or more separate areas of concentrated use (Figure 7, 9

and 10); 3 had no areas of concentrated use; and t had L area of

concentrated use. These home ranges tended to be irregular in shape'

with several arms of activity.

Sixteen of the cases where MCP gave the largest estimate had 2 or

more separate areas of concentrated use, usually at least'one of these

areas was at one edge or end of the home range (Figure 10); 12 cases had

only one area of concentrated use, usually elongate through the home

range (Figures 11 and 12); and 2 had no areas of concentrated use. Many

of these home ranges included irregular protrusions of areas of non-

concentrated use at one side or end of the home range (Figures 10, 11'

r2l .



Figure 7. Comparisons of home range outlines for 4 home range
estimation methods, for the case with the largest difference
between the estimates. Squares = grid method;-= JT
ellipse;-= minimum convex polygon; and--- = modified
minimum area. EIIipse method largest, grid smallest.





Figure 8. Comparisons of home range outlines for 4 home range
estimation methods, for the case htith the most similar
estimates. Squares = grid methodi-= JT elliPsei-
minimum convex polygon; and---= modified minimum area-
Grid largest, llMÀ smallest.
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Figure 9. Comparisons of home range outlines for 4 home range
estimation methods. Sguares - grid methodi- = JT
ellipse ì- = minimum convex polygon; and--- = modified
minimum area. Ellipse largest, grid smallest.





Figure 10. Comparisons of home range outlines for 4 home range
estimation methods. Squares = grid method;- = JT
ellipse;-= minimum convex pòIygon; and-<{= modified
minimum area. MCP largest, grid smallest'
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Figure 11. Comparisons of home range outlines for 4 home range
estimation methods. Squares = grid methodi- = JT
ellipse;- = minimum convex polygon; and--- = modified
minimum area. I'ICP largest' t'lMA smallest'





Figure J-2. Comparisons of home range outlines for 4 home range
estimation methods. Squares - grid method;-- ¡1
eIIiBse;-= minimum convex polygon; and---= modif ied
minimum area. I'ÍCP ]argest, ellipse smalÌest.
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Of the 5 cases where the MMA gave the smallest estimate: 2 had

only 1 area of concentrated use (Figure l-ll ¡ 2 had no areas of
concentrated use (Figure 8); and t had 2 separate areas of concentrat.ed

use. Four of these 5 home ranges $rere somewhat circular in shape.

Thirty-two of the 36 cases where the JT ellipse gave the largest
method had home ranges with more than one area of concentrated use,

usually tor¡rards the ends of the home range (Figures Z and 9). One case

had only one area of concentrated use but this area was elongate

throughout the home range, and the remaining 3 cases had no areas of
concentrated use. Ten of the 14 cases where the JT erJ-ipse gave the

small-est estimate had only one area of concentrated use, usualJ-y towards

the centre of the home range (Figure J2) ¡ 3 cases had no areas of
concentrated use; and 1 case had 2 areas of concentrated use, both close

to the centre of the home range.
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DISCUSSTON

ln general, the grid method gives the smallest estimate for J-arger

home ranges, especially those of irregular shape, while the McP gives

the largest estimates for smaller to mid-size home ranges when there are

several protruding arms, often with low use values. The JT ellipse

gives the largest estimates for larger home ranges and smallest

estimates for smaller home ranges with concentrated use near the centre

of the home range. The MCP estimates will- always be the same or larger

than the MMÀ estimate, and may be significantly larger (Craig and Keller

L986). Galbraith et al.. (1987) found thaÈ with turtles, the MCP

generally gave the largest home range estimate and the MMA the smallest

in 5 of 7 cases, with the grid giving intermediate values. However,

Galbraith et al-. ( 1987 ) used the MMA method to determine which grid

squares to include in the home range estimate.

The grid method can be very useful, but depends somewhat on the

grid size chosen (Macdonald eÊ aJ.. L979). The grid has an assumption of

homogeneity of use within each grid square. However, so long as the grid

ceII size has some biological basis, it should never give an estimate

that is substantially larger than the MCP or MMA estimates. If there

are several observations that are only just within grid squares, then

the grid may overestimate the home range. If the number of observations

are adequate, then the grid method should not underestimate the home

range drastically. Macdonald et a7. (7979) argue that the grid method

does not give any measure of the distribution of fixes, but Samuel and

Garton (1985) illustrate a method for examining use patterns and

determining core areas.

The McP and MMA estimates are simple, flexible and easily

calculated (White and Garrott 1990). Nevertheless, they are very

sensitive to movement on the perimeter of the home range (Macdonald et

al-.1979l. and especially, as seen here, to irregularities in the
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distribution of activity. These irregularities may result in the

inclusion of many unused areas in the MCP, which may be corrected for by

the M.MA (Harvey and Barbour 1965i MacdonaLd et a-I . 1979). Previous

research has also shown that the MCP estimate is dependent on sample

size, when the sample size is small (Jennrich and Turner L969; Macdonald

et aL. 1979; Schoener 1981; Anderson 1982i Bovren 1982¡ v{hite and Garrott

1990). fmplicit in the McP and MM-A methods is an assumption that the

habitat and utilization distribution are uniform throughout the range

(Schoener 1981; Bov¡en 1-9A2¡ Samuel and Garton 1985). this assumption

means that while the MCP and l.fMA may be appropriate for quick

approximations of home range size (Anderson 1982 ) , their validity for

most animals must be guestioned.

In almost all cases the JT ellipse included areas not included by

other methods and excluded areas other methods included. To some extent

this exclusion should be expected since the JT ellipse only gives the

estimated area for 95 t of the activity. The assumption of the JT

ellipse is that activity is distributed in a bivariate normal manner

about the centre of the range (Jennrich and Turner 1969i Samue} and

Garton L985; White and Garrott 1990). For beavers, when their home

range came close to meeting the assumptions (one area of concentrated

use close to the centre of the home range) the JT ellipse generally gave

the smal-fest home range estimate. Therefore when the assumptions are

met, the ellipse can be useful. But,, rarely is the bivariate normal

model biotogical-J-y justifiable (Ford and Krumme I979i Macdonald et a-l .

1979¡ Anderson 7982¡ glhite and Garrott 1990) although it may fit in a

homogeneous environment (Van !{inkle 1975).

APPLICATION OF METHODS TO ESTII.IATE EOME RÀNGE SIZE

In the examples given here, it

often refl-ects shape of the habitat.

be seen that home range shape

boreal forest shield areas,

can

In
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water availability for beavers is regulated by irregularities of the

1and. Hence, home ranges tend to be irregular in shape. fn areas where

habitat has a more uniform "grain", such as a series of oxbow lakes of

similar shape and size, home ranges should be more regular in shape.

Hovrever, even areas which look homogeneous to the human eye may not be

homogeneous to beaver. For example, a group of trees which all appear

the same are not necessarily identical to beavers, who will sample them

before leaving some and harvesting others (Jenkins' 1978).

!'lith beaver, one can see that the habitat is not homogeneous,'

because they use both land and water. In addition, their home ranges

frequently include a variety of vegetation types which make the land

heterogeneous. However, as noted above, even areas which aPpear

homogeneous to us are not necessarily homogeneous in what they provide

to beavers. Similarly Roze (1989) reports porcupines (Erethizon

dorsatum) using only seJ-ected trees in a forest. Pruitt (pers. corün. )

noted that multiple caribou (Rangifer tarandus) entering muskegs eat one

willow and ignore every other willow in the bog (Pruittr pers. comm. ).
Ford and Krumme (1979) discussed the importance of the basic

physical structure of the environment in which an animal lives in

determining the parts to which the animal truly has access. one must be

careful when one looks at the apparent environment within which any

animal lives. Burt (1943) noted that rarely if ever is an animal's home

range in any convenient geometric design and that many were probably

amoeboid in outline. The only method which will result in amoeboid

shaped home range maps is the grid method. It is interesting to note

that while most authors working on home range estimation cite Burt'a

(1943) definition of home range, they fail to mention this caution about

home range shape.

Geist (Lg7l-) noted that home range may be laid out contrary to

convenience and }ogic. The ellipse and polygon methods are logicaI, but

not necessarily reaListic, and usually do not recognize the physical
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characteristics of the land. Mohr and Stumpf (1966) asserted that
practical and theoretical considerations require that the real shape of
the home range be recognized. Metzgar (1973) declared it unwise to
assume that a particular shape or activity distribution occurs in any

population at any one time. These assumptions are built into many of
the methods.

Most animals do not use their ent,ire home range with egual

intensity (Dixon and Chapman 1980). However, the MCP and MMÀ assume

uniform habitat and uniform use of the habitat. fn order to understand

the biological significance of an animal's home range, one must include

some knowledge of the intensity of use, by the animal, of various parts

of the area (Hayne 1949) because only when home range size and shape are

coupled with ecoLogical and behavioural informaÈion do they become

meaningful (Bowen 1982). OnIy the grid method truly allows recognition

of different intensit.ies of use without any assumptions about the

distribution of acÈivity around the cent,res of activity.
Non-statistical- technigues (MCP, MHA, grid) frequently have a

sample size bias, and statistical technigues (JT ellipse) freguenÈly

lack biological meaning (Hutton l-989). The more mathematically

complicated models (JT ellipse) do not necessarily give greater

biological insight (Macdonald eÊ a-2. 1979',. Van Winkle (1975) and Voigt

and Tinline (1979) both warned that one must keep the objective in mind

of using sound statistical- techniques that can take us beyond estimating

home range parameters and look at how the animaÌ is affected by its
physical and biological environment. of aII the methods di-scussed here,

oni.y the grid method realJ.y all"ows for delineat,ion of different
intensities of use.
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coNcLusIoNs

white and Garrott (1990) argued for emphasizing the actual map of

locations which cannot be distorted. If this is done first, the paÈtern

of use can be identified and the appropriate method used. ff the

distribution of point,s is fairly evenly spread, with no apparent arms

protruding, then the MMA and MCP may give reasonable estimates of home

range size. If there is a concentration of observations towards the

centre of the points, with less towards the edges and no protrudinþ

arms, the JT ellipse may be appropriate. ff the distribution of points

shows several areas of concentrated use and/or an irregular shape, the

grid method may be the most appropriate method of estimating home range

shape and size. The grid method also alIows the analysis of space use

patterns within the home range. While all the methods are potentialJ-y

useful for some of the beavers in my study, only the grid method appears

to give reasonable estimates in all the examples. Since comparison

between results from one group using one method and results from another

group using another method is not legitimate, f believe the grid method

is the most suitabl-e method for use in comparing home ranges that are

not necessarily all uniform in structure.
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HOME RÀNGE SIZES OF BEA\¡ER TN SUMMER
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ABSTRACT

I studied beavers (Castor canadensisl in the boreal forest of

eastern Manitoba from 1986 to 1992. I captured and ear tagged 60

different beavers, and outfitted 42 of these animals with transmitters-

I collected sufficient data to determine summer home range size for 34

beavers. AII beavers except one had core areas. Beavers living in

river habitat had the largest surnmer home ranges, those living in pond

habitats had the smallest home ranges, and lake beavers were

intermediate. AduIÈ males usually had the }argest home ranges, and

adult females the smallest. Adult females usually had home ranges

centred closer to the lodge, and adult males farther from the lodge,

than other family members. Percent of area in the core and percent of

activity in the core tótere similar for al-I habitats and sex and age

classes (27 + and 74 t respectively).
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INTRODUCTION

Analysis of size and patterns of use of home range gives us a

better understanding of the relationship between an animar and its
environment or habitat. By assessing home range size and use it is
possible to infer the real reguirements of a species and how these might

vary in different habitats and for different sex and age classes. Much

early work on beavers relied on examining evidence of beaver activity:
rodges; damsi food piles; and cut,ting areas (Morgan 1868 in Morgan'1986;

Warren L927 ). Only with the advent of radio-telemetry has the study of
the actual movements of this nocturnal mammaÌ been possible.

Many authors have provided a varleÈy of definitions of home range

(Brown and orians 1970; Burt 1943). There is a generar acceptance of
Burt's (1943) definition of home range as "that area traversed by the

individual in its normal activities of food gathering, mating and caring

for young". Home range is different from territory which Burt (1943)

defines as the "protected part of the home range". Brown and orians

(1970) Iist 3 conditions which must be met for an area to be considered

a territory: 1) a fixed areai 2) a defended area; 3) excrusive use of

area. In this paper I will consider home ranges only. The issue of
territoriality will be dealt with separatel_y in Chapter 6.

Animals use areas disproportionateLy within their home range

(Samuel et aL. 1985), and there may be regions of more concentrated use

or core areas (springer 1982). core areas are "those areas used more

frequentry than any other areas and probably contain the'home sites,
refuges and most dependabre food sources ... that is those portions of
the animaL's home range that exceed an equal use pattern" (samuer eÈ

aL. 1985 ) .

Busher (1975) and Davis (1984) guanÈified daily movements of
beaver but did not deLineate actual home range sizes. Brady and

Svendsen (L981), Bergerud and Miller (I977 ) and creen (1936) all
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described beaver activities without quantifying movements or home range

size- only Gillespie (1975) provided deÈails of beaver home range size.
Hodgdon and Larson (1973) and Busher and Jenkins (199s) reported
differences in behavioural patterns of different age class and gexes of
beavers, while Davis (1984) assumed that there v¡as no eignificant
difference in movement or behaviour patterns between sex and age

classes. No authors appear to have examined variations in home range

size among beavers in different sex and age crasses. Nor have any

attempts been made to identify core areas of beavers.

The purpose of this paper is to examine use of home range by

beavers in summer. This lasts from breakup of ice cover in early May to
the beginning of fall activity (construction of food pite and/or lodge)

in rate August or earry september. Kits are born in late May or earry
June. The summer months are spent raising the kits and/or feeding and

growing.

The nurl hypotheses for my study are: H.1 Alr areas of the home

range are used egually, that is there are no core areas¡ Ho2 There is no

correlation between size of core areas (if present), size of home range,

proport,ion of area in the core and proportion of activity in the core;
Ho3 There are no differences in these parameters for beavers Iiving in
different habitats; Ho4 There are no differences in these parameters for
beavers of different sex and age classes; Ho5 There are no differences
in the locations of activity of different, family members.



52

METEODS

I live-trapped beavers using Hancock traps baited with a piece of
trembling aspen (PopuTus tremuToides) 30 cm long and 2 to 5 cm in
diameter and a scent bait consisting of ground up beaver castor, anise

extract and glycerine (Aleksiuk, 1968). For each animal I took

measurements of total length, tail length, hind foot length, Iength of
ear from notch, neck circumference, and tail circumferences at the base

and at the widest point. I also weighed each animal and determined its
sex by palpating externally for the baculum.

To facilitate visual identification of individuals, I attached to
both ears uniquely numbered metal ear tags (Monel, Number 3) to which f
affixed uniquely coloured flags of reinforced vinyl as described by

Mill-er (1964).

R.ADIOTELEMETRY

f instal-led radio-transmitter using 2 methods: intraperitoneal
impLantation (42 transmitters); and tail collars (3 transmitters)
(WheatJ-ey 1989). The implant.ed packages (Austec Electronics) consisted

of a transmit,ter coupled with a C cell lithium battery, aII encased in
beeswax and then Ervax (Mini-mitter co. ) which is biologicatly inert.
The entire package measured about 6 x 4 cm and weighed about 80 g. The

tail corl-ars (vrildlife Mat,erials rnc.) measured 12.5 x 7.5 x 4.5 cm and

weighed about 295 g including the webbing used for attachment to the

base of the tail.

For tracking beavers I used an H-shaped antenna and 24 channel

receiver (wildlife Materials Inc. ). For beavers residing on the river
or Lake' I generally tracked and observed from a 6.5 m freighter canoe.

When observing at ponds, I chose a high ridge or similar good vantage

poi-nt nearby from which to make observations. In general, I used the
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teJ-emetry to locate the beaver and then, as much as possible, continued
with visual observations of activities and movements. Aft,er dark, my

observations were based on using tel-emetry to locate animals, and sounds

of chewing or tree felling or visual observation of water ripples to
determine activity.

r recorded information about the rocation, time, type of activity,
and any movement to another location during the period of observation.
observation periods varied in length from 5 minutes to 13 hours

depending upon weather conditions and the number of animals being

observed in one night. Most observations r^rere made between 1800 and

2400 h. f recorded data directly in a field book or on cassette audio

tape for ]ater transcription into the fieLd book. I later transferred
the data onto forms for each beaver.

r drew maps of appropriate size and scale to encompass the home

range of each beaver or group of beavers. r then made a grid overlay on

an acetate sheet, eguivaJ-ent to a 50 m by 50 m grid (o.zs ha) on the
ground. r transferred each beaver's data onto the appropriate grid.
For this r considered 1 minute as 1 observation. A beaver can swim

approximately 50 m in one minute. !'Ihile this does not allow for true
independence of observations (Swihart and Slade 1985a; 1985b), the

beavers move throughout their home ranges too much to be able to reflect
accuratel-y home range use by 1 observation per night. r separated

seasons by identifying apparent shifts in patt,erns of use, such as new

areas of use or previously used areas that were no longer freguented.

r taÌlied the number of observations in each grid cqlÌ and the
total number of observations for each beaver for each season. I also
recorded the total number of grid cells used. To determine the core

area of each individual's home range, r calcurated the proportion of
observations in each grid cell (number of observations in cell/total
number of observations) and compared these proportions to those expected

in each grid cell if the beaver's use of the ce}ls was uniform (l/number
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of grid cells). I compared the ordered observed cumulative distribution
function with the hypothesized uniform cumulative distribution function
for each beaver using the Kolmogorov-Smirnov one t,ailed goodness of fit,
procedure in which N eguars the number of grid sç[uares (samuel et ar.
1985). rf this test showed that a core area was present, I classed aII
cells with a greater proportion of observations than uniform as core
areas (Samue1 et aL. 1985). r then transferred to the map the outline
of the home range and core areas within the home range.

TERMS AND DEFTNITIONS

I calculated the home range size in hectares by dividing the total
number of grid cerl-s used by 4. rn arl forlowing discussions, r refer
to this as the Total Size. r determined the size of the core area (core
size) by totalling the number of grid cells identified as constituting
the core area and dividing these by 4 in the same manner as for Total
Size- I calculated the percent of Èhe Total size that was included in
the core size for each beaver by dividing the core size by total size
and multiplying by 100. This r refer to as the core percent. To

calcul-ate the percent of activity which occurred within t.he core area
(core Activity), I divided the total number of observations in celIs
identified as comprising the core area by the total number of
observations of each beaver and multiplied by 100.

To separate different age classes, r used the crassification
syst,em of Buckrey and Libby (1955). ,'Kits', r^¡ere any beave,rs less than
12 months of age. "YearLings" refers to all beaver in their second year
of life and "two-year-ords" to those in their third year of Ìife. The

term "adult" refers to any beaver older t,han 36 months of age. r
classified beavers as pond, lake or river beavers based on the location
of their primary residence (the lodge or bank burrow used most).



55

ANAI,YSIS

I analyzed the data for all beavers by habitat type and by sex and

age class within family groups. I calculated the means for Total Size,

Core Size, Core Percent and Core Activity. Results are given aS mean t

2 st.andard errors. f employed Spearman Rank Correlation (r") to

determine correlations between different variables (pairwise

correlations between Total Size, Core Size' Core Percent and Core

Activity) for all beavers and broken down by habitat. I used the'Mann-

Whitney U-test for analysis of habitat differences in the variables.

For determining differences in the variables between family members

within families I used the V,Iilcoxon Matched Pairs Test.

I used SAS (SAS rnstitute Inc. 1988) to calculate a weighted

cenbroid of alI the observations on each beaver and the associated

variance. Hayne (1949) uses the term "centre of activity" to refer to

the geometric cent,re of all the locations of an animal, while Dixon and

chapman (1980) use the term,,centre of activity" to mean an area in

which there is a }arge amount of activity. For this reason I have

chosen an alternate term, the "centroid" to denote the geometric centre

of all the points. For beavers residing in family groups, I then tested

for similarity between the calculated centroids using F and t tests with

weighted degrees of freedom.
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RESI'LTS

r captured and ear tagged 60 different beavers, and outfit|eð, 42

of these animals with transmitt,ers. some animars had more than 1

transmitter during the course of this study. I had sufficient data to
determine su¡nmer home range size for 34 beavers.

Total size ranged from 2.2s Eo 42.7s ha 1f=10.34!2.25 ha, N=34)

(Figure 1). Alr beavers had core areas (Kormogorov one-sided test,
pco-05 to p<0.005) except one adurt female (TBlsog, rake habitat,
p>0.05, N=11)(Appendices 2 and 3). core size varied from o.?5 to :^4.2s

ha 1x=2.864t0.9070 ha, N=33) (Figure L). The core area accounted for
16.36 to 37.5 * of the total home range (7.=27.27!1.9 B, N=33) (Figure 2),
and incruded 60.9 to 84.4 t of the activity 1i=74.0512.5 t, N=33)

(Figure 2) (See also Appendix 1).
core size and Totar size were highry correlated (spearman Rank

correÌation, r"=0.9340, p<o.ooo5, N=33). There r¡ras no significant
correlation between Total Size and Core Activity 1r"=g.0391, p>O.25,

w=33) or core Percent (r"=-0.2463, p>0.05, N=33). Neither vras the core

Size correlated with Core percent, (r"=O.OS2g, p>0.25, N=33) or Core

Activity (r"=0-1897, p>0.1, N=33). core Àct,ivity and core percent arso

were not significantly correlated (r"=0.2445, p>0.05, N=33).

Beaver home ranges tended t,o follow shorelines and never included
)-arge expanses of open e¡ater (Appendix 1). r only found beavers in open

water areas (on lakes) when they were crossing from one point of land to
another, and then they appeared to select areas that furnished the
narrowest expanse of water. Even pond beavers did not. often use the
centraL part of their ponds. lfain lodges were usualry at one side or
end of a home range, and rarely towards the centre. core areas arways

included both land and water and were never excrusively one or the
other. whire beavers did not use their entire home range every night., r
found that during overnighÈ observat,ions, beavers did use most of their



Figure 1. Summer home range area size (open symbols) and core area
size (closed symbols) (hectares) for aIl beavers combined
and by habitat. Symbots indicate means, wide bars show t 2
standard errors, narrow lines show range.
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Figure 2 Summer core size as percent of total home range size (open
symbols) and percent of all activity in core area (closed
slrmbols) for all beavers combined and by habitat. symbols
indicate means, wide bars show J 2 standard errors, narovt
lines show range.
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home range every night. (see Appendix 1) During the night, beavers

residing in family groups made freguent trips to the lodge from their
feeding areas, often taking vegetation into the rodge at that time.
Beavers not resident in family groups usuarly spent most of the night
out of the lodge with no visits to the lodge.

EABITAT

Total size was larger for river beavers than pond beavers (Mairn-

Whitney U-test, lJ=!1, p<0.005, n=14,9) (Figure 1). There vras no

significant difference in Total Size between beavers inhabiting ponds

and lakes (u=53.5, p>0.1, N=14,1J.)(Figure l,) or lakes and rivers (u=31,

p>0.05' N=11'9)(Figure 1). Likewise Core Size was larger in rivers than
ponds (u=23.5, p,0.01, N=14,9)(Figure 1), but there vras no difference in
Core Size between pond and lake (U=45, p>0.05, N=14,10) or river and

lake (u=28, p>0.05, N=9,10). The core percent was not significantry
different between pond and lake (ü=44, p>0.05, N=14,10), pond and river
(U=62, p>0.01, N=14,9) or river and lake (U=32, p>0.1r N=9,10) (Figure

21. Neither was there any difference in the Core Activity between pond

and lake (U=64, F>0.1, N=14r10), pond and river (U=62, p)0.1, N=14,9) or
river and l-ake (U=32, p>0.1, N=9,10)(Figure 2).

Pond

For pond beavers the Core Size and Total Size were highly
positiveJ-y correrated (ru=O.9188, pco.00o5, N=14). The Totar size was

also significantly positively correlated with Core Activity (r"=0.4796,

p<0.05, N=14) but was not positively correlated with Core percent

(r,=0-0858, p>0.25, N=14). The core size was positively correJ-ated with
both Core Percent (ro=0.4094t p<0.05¡ U=14) and Core Activity (r,=0.7342,
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p<0.0025, N=14). core Percent and Core Àctivity were highly correlated
(r"=0.7I43, p<0.005, N=14).

Lake

Total size was highly positivery correrated with core size
(r,=0.9326t p<0.0005, N=10) and negatively correlated with Core percent

(r"=-0.6485, p<0.o25, N=10). Total size was not, positively correrated
with core Activity (r"=0.1043, p>0.25, N=10). core size was not

significantly positivery correlated with core percent (r"=-0.4o4g,
p>0.1, N=10) or Core Activit,y (r"=0.L043, p>0.25, N=10). Neither were

core Percent and core Activity positiveLy correlated (r"=-g.0667,

p>0.25, N=10).

River

Total size was highly positivery correlat,ed with core size
(r"=0.9289t pcO.0005, N=9) but not with core percent (r,-0.rr72, p>0.25,

N=9) or core Activity (ru=O, p>0.25, N=9). core size was not positively
correlated with Core Percent (r"=0.3697, p>0.1, N=9) or Core Activity
(r"=0.1088, p>0.25, N=9). Neither was there a significant positive
correlation between Core Activity and Core percent (r"=-0.0419, p>O.25,

N=9).

FAMILY

within known family groups, Totar size of adurt mares was

significantly targer than that of adult females (gtitcoxon Signed Rank

Test, 1=0, p=0-0078, N=6) (Figure 3). Totar size of yearring males was

also larger than that of adult females (T=0, p=0.0132, N=5), but adult



Figure 3. Summer home range area size (open symbols) and core area
size (closed symbols) (hectares) for beavers Ìiving in
family groups, by sex and age class. Symbols indicate
means, wide bars show t 2 Etandard errors, narrow fines show
range.
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males were no different from yearling males (T=3.5r p=0.1562, N=5).
There were insufficient yearling females (N=3) for comparison to any of
the other groups, but the yearling females, home ranges tended to be

intermediate in size between sizes of the adult female and yearling male
(Figure 3).

The adurt males'core sizes were larger than the adult femaLes,
(T=0, p=0.0156, N=5) (Figure 3). Yearling males, Core Sizes tended t,o be

next, ì-argest after the adurt males,, but were not significantly
different from the adult males, (T=3, p=0.3125, N=5). These were

followed in size by the yearling females and adult females, but numbers

in each group are too few for st,atistical comparison.

The Core Percent was very similar for all family members (Figure
4). There was no significant difference between adult males and adult
femaLes (T=7, p=o-281'2, N=6) or bet.ween adult males and yearring males
(T=3' p=0.1562, N=5). There were insufficient numbers to compare other
groups.

There latas no difference in core Activity between adult males and

females (T=10, p=0.5, N=6), but the yearring mares had greater core
Activity than the adult males (T=0, p=0.0312, N=5) (Figure 4). Numbers

within other groups were insufficient for st,atistical comparisons.

Centroids

The centroids of activity were different for each family member

within each family group (t-Èest, pco.025 to pcO.OOO5)(Figures S,6t7.g
and 9 ) . A significant difference in either the X or y direction results
in a difference in the centroids. !'lithin each family, the adult
female's activity centroid was croser t,o the lodge than that of any

other member of the family. The adult male's centroid was farther from
the lodge than alt other famity members for rmprant pond, Twin Bays and

Gatlan Pond (L991)(Figures 5,6 and 9). rn the JRB Bay and Gatran pond



Figure 4. Summer core size as percent of total home range size (open
slrmbols) and percent of all activity in core area (closed
symbolsi tor Èeavers living in family groups, by sex and age
class. Symbols indicate means, wide bars show t 2 standard
errorsr narror^¡ lines show range.
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Figure 5. Centroids of activity for Imptant Pond Family,- Summer' 1989-
Centroids are shown + 2 standard errors in both the X and Y

directions. Adult MaIe = IP491, Adult Female = IP4t4t
Yearling MaIe = IP433, Juvenile Female = IP403'
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Figure 6. Centroids of activlty for Twin Bays Family, Summer, l-99L.
centroids are shov¡n + 2 standard errors in both X and Y

direct.Lons. Adult Male = TB15l-0, Adult Female = T81508,
Yearling MaIe = T81528, Yearling Female = TBL502.
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Figure 7. Centroids of
Centroids are
directions.
Yearling MaIe
(Triangle Up)

activity for JRB Bay Family, Sumner,
shown + 2 standard errors in both X

Adult MaIe = JR81617, Adult Female =
(Triangle Doh'n) = JRB1641, Yearling
= JR81649.

1990.
and Y
JR81629,
MaIe
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Figure 8. Centroids of activity for Gatlan Ponds Family, summer, l-990.
Centroids are shown + 2 standard errors in both X and Y
directions. Adult Mal-e = cPL611, Adult Fema1e ePL6'1 6,
Yearling MaIe = GP1684, Yearling Female = cP1623.
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Figure 9. Centroids of activity for Gat1an Ponds Family, Summer, 1991.
Centroids are shown t 2 standard errors in both X and Y
directions. Adult, Male = cP1611, Adult Fema1e = GPL676t
Yearling Female = GP1526.
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families, the adult male's centroid was closer to the lodge than
both yearlings (Figures 7 and 8). The adurt mare tended to have

range that extended farther from the lodge than those of other
of the family while the adult female,s home range usually was

to the lodge than those of other family members (see Appendix 1).



70

DrscussloN

EOME R.ANGE STZE AND SEÀPE

r found beaver home ranges to average 10.34 ha in size. Beavers

use most of their home range each day. This is unl_ike many other
animals for which home ranges have been determined. Georgii (19g0)

found that red deer ( cervus eJaphusl used onry a smarL part of their
home range each day. Hutton (1989) found similar results with Nile
crocodiles (crocodilus nil-oÉjcus) as did Gatbraith et aL. (1987) with
snapping turtl-es (CheTydra serpentina). Both crocodiles and turtles are
similar to beavers in being semi-aquatic, however they differ in being
ectotherms not endotherms. Gitlespie (L975) found beaver summer home

ranges from 1.76 to 22.O ha in southern ontario. No other authors have

guantified home range size, but Busher (1975) found home range lengths
of 200 to 800 m in California, and Davis (1984) found distances betvreen

extreme points of daily movement to be 84 to 1863 m in Sout,h Carolina.
The values given by these authors are similar, atthough somewhat smaller
than, my home range values.

Beaver home ranges are not uniform in shape. They do not conform
to any regurar shape such as the elJ-ipse described by Jennrich and

Turner (1969) the circurar home ranges of van winkre (1975) nor the
mulLiple circl-es around centres of activity of Dixon and Chapman (L9g9)

or Don and Rennolrs (1983) (chapter 21. Rather, the home ranges folrow
the convoruted shorel-ines of lakes, the meandering routes of rivers, or
the natural, irregurar outrines of ponds. shorelines are the primary
source of beaver food, either as leaves and bark of terrestrial trees or
the aquatic plants growing in shallow water near the shore.

When moving bè-'tween feeding siÈes or lodges, beavers tend to stick
close to shore except to cross to an island. Tevis (1950) also reported
freguent movement by beavers along shorelines. The eyesight of beavers
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is poor compared to their senses of smell and hearing. By travelling
near shore they may be better able to track their location by smeÌl.

The Nile crocodiles and snapping turtles cited earlier also show

movement patterns in which they stay close to the water's edge and avoid

deep water except to cross (Hutton 1989; Galbraith et a7. 1987). The

beavers often followed very similar routes each day. While this might

be expected on the river, .it seems unusual on the lake or ponds. 99hi1e

nothing is visible to the human eye, it is as if the beaver is following

a set of pathways between feeding and rest spots, similar to those

reported for Kloss Gibbons (Whitten 1982\.

CORE AREAS

AII beavers except one adult female had core areas. These

averaged 2.864 ha in size and accounted for 27.27 Z of the home range

and ?4 * of the activity. Core areas usually included the lodge, but

were not usually at the geographic or geomet,ric centre of the home

range. Springer (1982) report,ed 82.9 t of activity in 6.9 * of the home

range for coyotes (Canis Jatrans), and Samuel et a7. (1985) recorded 76

å of activity in 34 t of the home range for black bears (ürsus

americanus). As wit,h beavers, both coyotes and black bears had mult.iple

core areas. For beavers, the core areas are primarily associated with

feeding or food gathering sit,es and lodge(s) and bank burrows. Most of
the remaining home range serves as travel routes between core areas or

may be the result of exploration or scouting of new sites by beavers.

Beavers with more extensive regions of non-core home range were

generally non-family subadults or adult males and occasionally yearlings

in family groups.

Core Size varied with habitat and sex and age class. However,

Core Percent and Core Activity showed no such variation except that
yearling males showed slightly greater degree of activity in the core
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than adult males. Despite this, the means are still simitar. It would

seem that regardless of habitat or sex or age, beavers use about one-
quart,er of their home range as core area, and about 3/4 of their
activity occurs in this core area. while this might be a mathematical

artefactr f believe this unlikely due to the range of values for core

size and core percent (Figure 2). This woul-d seem to indicate that
beavers have some basic patterns of use of the area in which they live.
Regardless of habitat or sex or age, about 3/4 of their home range is
not used intensively. the lack of core area in the one adult female
probably resulted from her fairly constant movement to and from the
lodge.

EABITåT

Home range size and core Size were both largest for river beavers

and smallest for pond beavers with Lake beavers intermediate between the

two. The pond has an area that is more definit,ively detineated than the
river or lake. Ho!.rever, the pond beavers did not, always remain within
the boundaries of their own pond. Tevis (1950) found beavers were

restricted to their own pond. This may be dependent on the density of
beavers in the area. There hrere no other beavers living in the
immediate vicinity of the pond beavers f studied.

A pond, with the dam which creates it, requires a greater energy

input than Lake or river habitat,s. I hypot.hesize that in order for the
beavers to put the extra effort int.o building and/or maintaining a pond,

there must be a certain quarity to the habitat,. rf the pond has a

greater abundance of food, then they wilt not reguire a larger home

range to supply sufficient food. Similarly if food is more

concentrated, core areas wil-l- be smaller. Ponds also tend to be shallow
with littIe water flow which encourages growth of aquatic plants which

are sometimes eaten by beaver (Jenkins 1929)(Chapter Z).
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The Ìarge home ranges of river beavers may be an artefact of the

grid method due to the relative widths of the grid and the river.
However, food supply may also be the cause of larger river home ranges.

The river is primarily bordered by bogs, with occasional ridge areas.

Most of the bogs contain species not usually selected by beaverg (Larix
Laricina, PÍcea mariana) (See Chapter 7). Ridges are the most frequent

sites for growth of more favoured beaver food such as Trembling Aspen

(PopuJus tremuToides). The Gat.Ian Ponds are surrounded by very little
bog, and fmplant Pond had ridges or drier land only a short. distance

back from shore. The lake also has more ridge areas along the shore

t,han the river. Ponds and lakes therefore had a greater number of
potential areas of suitable beaver food than rivers and beavers may have

had correspondingJ-y smal)-er home ranges. Beavers living on the river,
especially near the mouth, often had home ranges that included lake

habitat possibly for food. Most of the river beavers in this study were

Ione subadult beavers. They may therefore have been travelling farther
in order to search for suitable areas for permanent residence or for a

mate.

FAI'IILY

Within family groups. the adult male had the largest home range

and the adult female the sma}lest. The centroids showed that the adult.

male tended to be farther from the lodge, and the adult female closer to
the lodge. There have been many different findings about, the behaviour

and roles of different family members. Adu1t mal"es have been found to
have much sunÌmer movement (Tevis 1950), and greater variation in rest
sites t,han adult females (Busher 1991). From time to time, f saw a}l
members of the beaver families taking food into the lodge, apparently

for the kits. !,¡hile all family members are capable of taking this food

in, the kits are aLso nursing at this time and the adult female is the
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only one capable of nursing the kits. Hence, the adult female may be

reguired to remain cl-oser to the lodge in order to meet the needs of the

kits.

Previous studies have described many different roles for the adult

male while kits are present. The adult, male may stay away from the

lodge while the kits are around (Seton 1909; Bradt 1938), or not

associate much with the adult female (Busher 1975), or the adult male

may help with care of the young (Brady and Svendsen 1981; Busher and

Jenkins 1985). As I found for members of family groups, Tevis (19'50)

found that beavers were independent of each other during the night and

visited the lodge throughout the night.
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coNcLusroNs

Ho1 was disproved. Beavers do not use all areaÊ of their summer

home range equal}y, core areas are almost always present. These core

areas usually include the i-odge and major feeding areas. Beavers tend

to travel close to shore and only venture into open water in order to

cross to another shore. Ho2 was also disproved. Home range eize was

positively correlated with core area size for aIl beavers combined and

within each habitat. Ho3 was disproved. River beavers had larger home

ranges, probably as a result of fewer areas of food availability. Pond

beavers had smaller home ranges, possibly due to a higher guality of

habitat in areas where ponds are constructed. AII beavers had similar

percentages of home range and activity in their core areas indicating

that there is a basic pattern of use of the home range conìmon to all

beavers regardless of habitat. Ho4 was disproved. Adult males usually

have a larger home range and core area than other family members and

adult females tend to have a smaller home range and core area than other

family members. Ho5 was also disproved. Adult males are generally

active farther from the lodge than other family members, while adult

females are generally active closer to the lodge.
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ABSTRåCT

r studied beavers (castor canad.ensisl in the borear forest of
eastern Manitoba from 1986 to L992. r captured and ear tagged 60

different beavers. and outfitted 42 of these animals with transmitters.
I collected sufficient data to determine fal-l home range size for 27

beavers. Fall home ranges averaged 3.07 ha in size, and core areas r.rere

present in 21 of 27 beavers. Home range size, core area size and

percent of total home range area in the core were positively correlated.
Home ranges vrere larger for river beavers than pond or lake beavers, but
lake beavers had more activity in their core area than pond or river
beavers. Adult females tended to have smalLer home ranges than other
family members
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INTRODUCTION

In the taiga and other areas where ice-cover in winter restricts
access to food, falr is the time of year when beavers construct food
piles and build or repair lodges and dams. Winter survival may depend

on fal1 activities. Despite the importance of this season to beavers,
few authors have investigated acÈivities of beavers at this t,ime of
year. Jenkins (1979) reports seasonal differences in food preference
and seasonal variation in site serection (Jenkins 19sL) by beavers.'

Busher and Jenkins (1985) incl-uded falt data in their examination of
behavioural patterns of a beaver family. Davis (1984) includes data on

seasonal- variation in beaver movements, but his study area hras not

subjecù to ice-cover, so fall activities did not have to include food

cache construction. Girlespie (1977 ) is the onry author to have

examined home range size, but she does not differentiate between the
seasons in her study.

Burt (1943) defined home range as',that area traversed by the
individual in its normal- activities of food gathering, mating and caring
for young". core areas are "those areas used more frequentry than any

other areas and probably contain the home sites, refuges and most

dependable food sources ... that is, those portions of the animal,s home

range that exceed an eguaÌ use pattern" (Samuel et aL. 1995).

The purpose of this study vras to examine pat.terns of use of home

range by beavers in fall. The hypotheses r test.ed are: Ho1) Arr areas

of the home range are used equally, that is, there are no core areas;
H.2) There are no correlations between Total size of home range, core

sLze, core Percent and core Activity; H"3) There are no differences in
these parameters between different habitats (pond, rake and river) , H"4l

There are no difference in these parameters for different sex and age

classesi H"5) There are no differences in centres of activity for
differenÈ family me¡nbers.
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METHODS

I Iive-trapped beavers using Hancock traps baited with a piece of
trembling aspen (PopuTus tremuToides) 30 cm long and 2 to 5 cm in
diameter and a scent bait consisting of ground up beaver castor, anise

extract and glycerine (Aleksiuk, 1968). For each animal I took
measurements of totar rength, tail rength, hind foot length, length of
ear from notch, neck circumference, and tail circumference at the base

and at the widest point. I also weighed each animal and determined its
sex by palpating externally for the baculum.

To facilitate visual identification of individuals, f attached to
both ears uniquely numbered metal ear tags (Moner, Number 3) to which r
affixed uniqueì"y coloured flags of reinforced vinyr as described by

MiIler (1964).

R.ADIOTELEMETRY

I instal-led radio-transmitters using 2 methods: intraperitoneal
imprantation (42 transmitters); and tair corlars (3 transmitters)
(Wheatley l-989). The implanted packages (Austec Electronics) consist,ed

of a transmitter coupled with a C cell lithium battery, alI encased in
beeswax and then Elvax (Mini-mitter co.) which is biological-J-y inert.
The entire package measured about 6 x 4 cm and weighed about, 80 g. The

tail colLars (vlildrife Materials rnc.) measured 12.5 x 7.s x 4.5 cm and

weighed about 295 g including the webbing used for attachment t,o the
base of the tail.

For tracking beavers r used an H-shaped antenna and 24 channel

receiver (vfildlife Materials fnc. ). For beavers residing on the river
or ì-ake, I generally tracked and observed from a 6.5 m freighter canoe.

when observing at ponds, r chose a high ridge or similar good vantage

point nearby from which to make observations. rn general-, r used the
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telemetry to locate the beaver and then, as much as possible, continued

with visual observations of activities and movements. After dark, my

observations were based on using telemetry to locate animal-s, and sounds

of.chewing or tree felling or visual observation of hrater ripples to
determine activity.

I recorded information about the locat,ion, time, type of activity,
and any movement to another Location during the period of observation.

Observation periods varied in length from 5 minutes to 13 hours

depending upon weather conditions and Èhe number of animals being

observed in one night. Most observations were made between 1800 and

24OO h. f recorded data directly in a field book or on cassette audio

tape for later transcription into the field book. I later transferred
the data onto forms for each beaver.

f drew maps of appropriate size and scale to encompass the home

range of each beaver or group of beavers. I made up a grid overlay on

an acetate sheet, eguivalent to a 50 m by 5O m grid (0.25 ha) on the

ground. I transferred each beaver.s data onto the appropriate grid.
For this r considered 1 minute as 1 observation. A beaver can swim

approximately 50 m in one minute. While this does not allow for true
independence of observations (Swihart and Slade 1985a; 1985b), the

beavers move throughout their home range too much to be able to reflect
accurately home range use by 1 observation per night. I separated

seasons by identifying apparent shifts in patterns of use, such as new

areas of use or previously used areas that were no longer freguented.

I tallied the number of observations in each grid ceII and the
total number of observations for each beaver for each season. I also

recorded the totar number of grid cerrs used. To determine the core

area of each individuar's home range, r calculated the proportion of
observations in each grid celI (number of observations in cell/t,otal
number of observations) and compared these proportions to those expected

in each grid cel-I if the beaver's use of the cells was uniform (l/number
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of grid cells). I compared the ordered observed cumulative distribution
function with the hypothesized uniform cumulative distributlon function
for each beaver using the Kolmogorov-Smirnov one tailed goodness of fit
procedure in which N equals the number of grid sguares (samuel ex al.
1985). If this test showed that a core area was present, I classed al1
cells with a greater proportion of observations than uniform as core

areas (Samue1 et al-. 1985). f then transferred to the map the outline
of the home range and core areas within the home range.

TERMS AND DEFTNITTONS

I cal-culated the home range size in hectares by dividing the total
number of grid cells used by 4. In all following discussions I refer to
this as the Total Size. I determined the size of the core area (Core

Size) by totalling the number of grid ceLls identified as constituting
the core area and dividing these by 4 in the same manner as for Total
Size. I calculated the percent of the Total Size that was included in
the core size for each beaver by dividing the core size by Total size
and multiplying by 100. This r refer to as the core percent. To

calculate the percent of activity which occurred within the core area

(Core Activity) ' T divided Èhe total number of observations in cells
identified as comprising the core area by the totar number of
observations of each beaver and multipi-ied by 100.

To separate different age crasses, r used the crassification
system of Buckrey and Libby (1955). "Kits,' r¡rere any beavers ress than
12 months of age. "Yearlings" refers to aLr beavers in their second

year of rife and "two-year-olds" to those in their third year of tife.
The term "adul-t" refers to any beaver older than 36 months of age. r
classified beavers as pond, lake or river beavers based on the location
of their primary residence (lodge or bank burrow).
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åNALYSTS

I analysed the data for aÌÌ beavers by habitat type and by sex and

age class within family groups. I calculated the means for Total Size,

Core Size, core Percent and Core Activity. Results are given as mean É

2 standard errors. f employed Spearman Rank Correlation (r") to

determine correlations between different variables (pairwise

correlations between Total Size, Core Size, Core Percent and Core

Activity) for all beavers and broken down by habitat. I used the l.lann-

!'lhitney U-test for analysis of habitat differences in the variables.
For determining differences in the variables between family members

within families I used the Vlilcoxon Matched Pairs Test.

I used SAS (SAS Institute Inc. 1988) to calculate a weighted

centroid of aII the observations on each beaver and the associated

variance. Hayne (1949) uses the term "centre of activity" to refer to
the geometric cenÈre of aII the locations of an animal, while Dixon and

Chapman (1980) use the term "centre of activity" to mean an area in
which there is a large amount of acÈivity. For this reason I have

chosen an alternate term, the "centroid" to denote the geometric centre

of aII the points. For beavers residing in family groups, I then test.ed

for similarity between the calculated centroids using F and t tests with

weighted degrees of freedom.
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RTSI'IJTS

f captured and ear tagged 60 different beavers, and out.fitted 42

of these animals with transmitters. some animars had more than 1

transmitter during the course of this study. I had sufficient data to
determine fall home range size for 27 beavers.

FalL Total Size ranged from 1.0 to 8.0 ha (I=3.074!0.-Ì126 ha,
N=27) (Figure 1). Twenty-one of the 27 beavers had core areas

(Kolmogorov-smirnov one-sided test,, p<0.05 to pco.oo5) (Appendix 2 and

3)- Three adult femal-es (JR81629, rp4]-4, TB15o8). one adult male

(cP1611 (1991)) and two yearring femares (8R1603, cp1526) did not have

core areas (p>0.1, N=4 to N=17). Core Size was 0.25 to 2.75 ha

(I=1.01210.3246, N=21)(Figure 1). The core area account.ed for 16.66 to
47.06 t of the total area 1î,=27.3t4.L04 *, N=2 1)(Figure 2) and 63.4 to
89.4 + of the activity 1X=2S.57!2.996 t, N=21) (Figure 2) (See also
Appendix 1 and 2).

Core Size and TotaÌ Size were highly positively correlated
(Spearman Rank Correlation, r"=0.8892, p<0.0005, N=21.). TotaÌ Size was

also significantly positively corre)-ated with Core percent (r,=O.4gg1,

p<0.025, N=2J.). Core Percent was significantly positively correlated
with Core Size (r"=0.8093, p<0.0005, N=2J_). There was a slightty
negative, though non-significant correlation between Core Activity and

Total Size (r,=-0.2833, p>0.J-, N=21). There was no significant
correLation between Core Activity and Core percent (r"=0.0999, p>O.25,

N=21) or Core Activity and Core Size (r"=0.1052, p>O.25, p=21)

Home ranges were usually located close to shorelines and followed
shorerines. core areas occasionarJ-y included areas of open water, but
these were usually associated with food piles. Main lodges vrere usually
to one side or one end of the home range, and rarel-y towards the centre.
Beavers used almost aII of their home range each night.



Figure 1. FaIl home range area size (open symbols) and
(closed symbols) (hectares) for aIl beavers
habitat. Symbols indicate means, wide bars
standard errors, narrow lines show range.

core area size
combined and by
show I 2
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Figure 2. FaIl core size as percent of total home range size (open
symbols) and percent of all activity in core area (closed
symbols) for all beavers combined and by habitat. Symbols
indicate means, wide bars show t 2 standard errors, narrow
lines show range.
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EABTTAT

Tota1 Size of river beavers was greater than those for both pond

beavers (Mann-Whitney U Test, U=11.5, P<0.05, N=7rB) and lake beavers

(U=14.5¡ p<0.01, N=7,721. There vras no difference in Total Size between

pond and lake beavers (U=45, p>0.1, N=8rtz). There was no difference in

Core Size between pond and river (U=14.5, P>0.1, N=5,6)r pond and lake

(U=15, p).1, N=5r10) or river and lake (U=19.5, p>0.1, N=6,10). Core

Activity r^ras greater for lake beavers than river beavers (U=4.0t

p<0.001-, N=10,6) and pond beavers (U=5.5, p<0.01, N=5r10). There htas no

difference between pond and river beavers (U=L2.0, P>0.1' N=5r6). there

was no difference in the core Percent between pond and river (U=8.5¡

p>0.1, N=5r6), pond and lake (U=16.0, p>0.1, N=Sr10) or river and lake

(U=29.5, p>0.1, N=6,10) .

Pond

For pond beavers, the Core Size was not significantly positively

correlated with Total Size (r,=0.8922, p>0.05, N=5) but was

significantly positively correlated with core Percent (r,=0.9487'

pcO.O5, N=5). There was no significant positive correlation betr^reen

Core Percent and Core Activity (r"=0.7000, P>0.1, N=5) or between Core

Activity and Core Size (r"=0.73'70t p>0.1, N=5). Neither was Core

Activity positively correlated with Total Size (r,=0.5643, p>0.1, N=5)

or core Percent positiveLy correlated with Total Size (r,=d.'7182t p>0.1,

N=5).

Lake

Core Size was highly positively correlated with TotaI Size

(r"=0.8809, p<0.001-, N=10) and with core Percent (r"=0.6502, p<0.01,
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N=10) but showed almost no correlation with Core Activity (r"=-O.0062,

p>0.25, N=10). Core Activity was not significantly positively
correlated with Core Percent (r"=0.316L, p>0.1, N=10) or with Total Size

(r"=-0.3877, p>0.1, N=10). Core Percent was not significantly
positively correlated with Tota1 Size (r"=0.3087, p>0.1, N=10).

River

lota1 Size and Core Size were highly positively correl_ated

(r"=1.0, p<0.005, N=6), as $rere Core Size and Core percent (r"=0.9355,

pcO.025, N=6) and Total Size and Core Percent (r"=0.9355, pcO.025¡ N=6).

There was no significant positive correlation between Core Activity and

Core Percent (r"=0.0304, p>0.25, N=6), between Core Activity and Core

size (ru=O.1518, p>0.25, N=6) or between Total size and core Activity
(r,=0.1518, p>0.25, N=6).

FAMTLY

within family groups. statistical comparison of matched pairs was

not possibl-e due to insufficient numbers of pairs for the !'Iilcoxon

Matched Pairs Test. However, the trend was for adult males and yearling
males to have larger Total- Sizes than adult and yearling females (Figure
3). core size was very similar for aIÌ members of famity groups which

had core areas (Figure 3). Likewise, core Activity and core percent

were very similar for all members of families which had core areas

(Figure 4).



Flgure 3. Farr home range area size (open symbors) and core area size
(closed symbols) (hectares) for beavers living in family.
groups, by sex and age class. symbols indicate means, wide
bars show I 2 standard errors, narrow lines show range.
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Figure 4. FalI core size as percent of total home range size (open
symbols) and percent of aII activity in core area (closed
symbols) for beavers living in family groups, by sex and age
cÌass. Symbols indicate means, wide bars show + 2 etandard
errors, narroq¡ lines show range.
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Centroids

Within most known family çJroups, the activity centroids were

different for each member of the family (t-test, p<0.01 to p<0.0005

(Figures 5, 6,7,8 and 9)(See also Appendix 1). However in the Twin

Bays Family, all three kits had very similar centroids (p>0.05 to
p>0.25), and the centroids of the adult male and yearling female were

not significantly different (t(X)=0.4037, p>0.25, N=334, t(Y)=0.3043r

p>0.25, N=285), although t,he variances r"rere different (F(X)=l-.553,

p<0.001, N=315,!42, F(Y)=1.106, p<0.001, N=315, !42) (Figure 6). In the

JRB Bay Family, the aduLt male and one of the yearling males had

centroids that were not significantly different (t(X)=O.226, p>0.25

N=459, t(Y)=0.1114, p>0.45, N=437), but again the variances were

different (r(X)=1.262, p<0.001, N=200,307, F(Y)=1.0799, p<0.001,

N=200,307)(Figure 7). fn these last two cases, therefore, although the

location of the centroid may be similar, the distribution of the home

range about t.he centroid is different. The centroid of the aduLt female

was }ocated closer to the lodge than any other family member in the

Implant Pond, JRB Bay and GatLan Pond (1990) families (Figures 5, 7 and

8).



Figure 5. Centroids of activity for Implant Pond Family' FaIl' 1989.
Centroids are shown t 2 standard errors in both the X and Y
directions. Adult Mafe = IP491, Adult Female -- IP4t4,
Yearling lfale = IP433, Juvenile Female = IP403.
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Flgure 6 Centroids of activity for Twin Bays Family, Fall, 1.99L.
Centroids are shown + 2 standard errors in both X and Y
directions. Adu1t Male = TB15l-0, Adult Female = T81508,
Yearling Male = TBl-528, Yearling Female = TB1502, Kits =
TB 1518 , TB 15 2 0 | '.rB3-522 .
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Figure 7. Centroids of activity for JRB Bay FamiJ-y, Fall, 1990.
Centroids are shown t 2 standard errors in both X and Y
directions. Àdult MaIe = JR81617, Àdult Female = JRB1629r
Yearling Male (Triangle Down) = JR81641, Yearling Uale
(Triangle UP) = JRB1649-
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Figure 8. Centroids of activity for Gatlan Ponds Family, Fa]I, 1990.
Centroids are shown I 2 standard errors in both X and Y
directions. Adult Male = cP1611, Adult Female GPt676,
Yearling MaIe = cP1684.
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Figure 9. Centroids of activity for Gatlan
Centroids are shown + 2 standard
directions. Adult !,fale = GPI-611,

Ponds Family, Fall, 1991.
errors in both X and Y
Yearling Female = GPI526.
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DISCUSSlON

HOME Rå,NGE SIZE AND USE

In areas with J-ong-term ice cover, faII is the time of year when

beavers construct food piles and build or repair lodges and dams in
preparation for winter. Most of this activity reguires working in the

vicinity of the lodge. I found that fall home ranges of beaver averaged

3.074 ha in size and were usuaì-Iy concentrated close to the todge and to
shores. Little research has been done on faII home ranges of beavers.

Davis (L984), working in south carorina, reported total dairy movement

to be greatest in OcÈober (fall) and distance between extreme points to
be greatest in september (fart) for his rake colony. The stream cofony

showed maximum values of both these measurements in March (spring)
(Davis 1984). The large amount of movement in faII may be related to
food supply. If these beavers ate many pond J-ity roots in the }odge

vi-cinity in the sunÌmer, more travel would be reguired in fall to find
other sources of food. Mcllroy (1973) reported comparable results for
!ùombats (Vombatus ursinus) in southeastern Australia, finding that they

tended to use a larger home range in fall and winter due to a need to
search farther for food. rn addition, during faII the activity period

for beavers is longer due to the longer night (Davis 1984). this allows

more time for traver to greater distances from the lodge. These data

of Davis' at first appear contradictory to what I describe,in the
present study. However, the South Carolina beavers had open waÈer year

round. Therefore, it was not necessary for them to spend the faII
period gathering food and constructing a food pite as is required in
areas with long term ice cover. rn my study area, ice-cover last.ed for
up to 6 months, necessitating the expenditure of considerable energy on

food cache construction in the fall.
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core areas were present for most beavers. Those beavers without
core areas either had very small home ranges (JR81629, TB15OB,

cP161L(199L) and cPl-526) or had a larger home range which incruded

frequent, movement back and forth for provisioning the food cache

(BRl-603, IP4]-4l. Three of these six beavers were adult females, and two

were yearling fema)-es. the three kits I studied with radiotelemetry
stayed close to the J-odge in the fall. It is also possible that while
constant care of the kits was not necessary in fall, the females stayed

closer to the lodge, or made more freguent, trips to the lodge in order
to supervise the kits.

River home ranges were larger than pond or lake home ranges. core

Activity was greater in Iake beavers than pond or river beavers. River

habitat in the study area was bordered by numerous bogs containing black
spruce (Picea mariana), Jack pine (Pinus banksianal, alder (Alnus

crispa) and tamarack (Larix Jaricina), with a few ridges containing Jack

pine and trembling aspen (PopuJus tremuToidesl. Lakes and ponds tend t,o

have more numerous ridges and fev¡er bogs aJ-ong their shores. Trembling

aspen is a favoured food of beavers (Jenkins and Busher IgTg'). There is
a greater abundance of trembling aspen along lake and pond shores than

al-ong river banks. River beavers must therefore travel farther in
search of food than either pond or Lake beavers. lake core areas were

smalrer than pond or river core areas, although not significantry, and

Core Activity was greater in lake habitats. The difference from river
habitats is explainable by the larger core size as discussed above.

The ponds in the study area are old and estabtished. The lake rodges

are much nehrer. suitabte food is likely stilt available in closer
proximity to Lake lodges than to pond lodges.

Although the numbers u¡ere too small for a statistical comparison

within family groups, the trend was for adurt females to have the
smallest home ranges. Arr beavers' centroids were quite close to the
lodge, but the adurt female was usually crosest. As explained above,
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the females may have been closer to the lodge because of providing care

for the kits. Busher and Jenkins (1985) found that all famity members

except the kits had similar behaviour patterns in the fall, and that
much more time was spent outside the rest site in fatl (>80t of active
time) than in summer. Gillespie (19771 did not, Eeparate out fall
(September and Oct.ober) data from surnmer data, so comparison with her

resul-ts for fall, from southern Ontario, is not possible.
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CONCLUSIONS

Ho1 was disproved. Beavers do not use their home range equally

during the faLl. Core areas vrere present for most beavers. Ho2 was

disproved. Totar size of home range, core size and core percent were

all positively correlated for all beavers combined. Ho3 was disproved.

River home ranges h¡ere larger than pond or lake home ranges and lake

beavers had more activity in their core areas than pond or river
beavers. These differences are probably relat.ed to differences in food

availability in the different habitats. Ho4 and Ho5 were not proved or

disproved. Adult females tended to have smaller home ranges than adult
males or yearling males and these home ranges were centred closer to the

lodges, possibly in order to provide maternal care for the kits, gut

other parameters were similar for all animals.
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SEASONAIJ VARIATION IN EOME RANGE SIZES OF BEA\rER
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ABSTRACT

I studied beavers (Cast.or canadensÍs) in the boreal forest of

eastern Manitoba from 1986 to 1992. I captured and ear tagged 60

different beavers, and outfitted 42 of these animals with transmitters.
I collected sufficient data to determine summer home range size for 34

beavers and faII home range size for 27 beavers. Home ranges and core

areas were larger in summer than fall and were centred cloÊer to the

lodge in faII than summer. Winter home ranges r^¡ere restricted to the

vicinity of the lodge. Summer home range size was positively correlated
with faII home range size, and summer and faII core sizes were also

positively correlated.
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INTRODUCTION

Burt ( l-943 ) defined home range as "that area traversed by the

individual in its normal activities of food gathering, mating and caring

for young". Animals use areas disproportionately within their home

range (Samuel et a7. 1985) and within the home range, there may be

regions of more concentrated use or core areas (Springer L9821. Core

areas are "those areas used more freguently than any other areas and

probably cont,ain the home sites, refuges and most dependable food

sources... that is those portions of the animal's home.range that
exceed an equal use pattern" (Samuel et al. 1985).

Activities and behaviour of beavers vary seasonally (Green 1936;

Al-eksiuk ând Cowan 1969¡ Potvin and Bovet t975¡ Jenkins 1981; Lancia

1979¡ Lancia et aL. L982; Davis 1984¡ Busher and Jenkins 1985i Buech eÊ

aJ-. 1989; Busher 1991). This seasonal variation is most noticeable in
regions with distinct climatic variation among seasons, and especially
in regions where beaver must cope with extended periods of ice cover.

Beaver kits are born in late May or early June and for beaver famílies
much of the summer is devoted to raising these young. Summer is also

the primary time of year for growth and fat deposition. FaIl is a busy

and important season, when beavers build food caches and repair or

construct lodges and dams. Winter is spent almost entireJ-y in the lodge

and under the ice, feeding on the stored food. Growth is rare in
winter, except in kits, and weight loss is more the rule. Beavers

generally leave their parents'ì-odge at 2 years of age, but occasionalty

leave at their first birthday or stay beyond their second birthday.
Despite this acknowledged seasonal- variation in activities, few attempts

have been made to guantify home range size and how it varies seasonally.

Considering this seasonal variation in activities, I endeavoured

to compare patterns of home range use by beavers in different seasons.

The hypotheses I tested are: H"1) There are no differences in home
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range sLze, core area sizet core percent or core activity in different
seasons (sumrner and fal]) for all beavers as a whole; H.2) There are no

differences in these parameters for beavers in different habitats; H.3)

There are no correl-ations between seasons for any of t,he above

parameters; Ho4) There are no differences in the location of centroids

of act,ivity for different seasons for individual beavers.
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¡dETEODS

I live-trapped beavers using Hancock traps baited with a piece of

trembling aspen (Populus tremuToides) 30 cm long and 2 to 5 cm in
diameter and a scent bait consisting of ground up beaver castor, anise

extract and glycerine (Aleksiuk, 1968). For each animaL f took

measurements of total length, tail length, hind foot length, Iength of
ear from notch, neck circumference, and tail circumferences at t,he base

and at the widest point. f also weighed each animal and determined its
sex by pal-pating externally for the baculum.

To facititate visual identification of individuals, I attached

uniquely numbered and coloured ear tags (Monel, Number 3) to both ears.

f made the coloured tags from reinforced vinyl as described by Miller
(t964, .

R.A,DTOTELEMETRY

I installed radio-transmitters using 2 methods: intraperitoneal
implantation (42 transmitters); and tail collars (3 transmitters)
(wheatley, 1989). The implanted packages (Aust.ec Electronics) consist,ed

of a transmitter coupled with a C ceII lithium battery, all encased in
beeswax and then Elvax (Mini-mitter Co. ) which is biologically inert.
The entire package measured about 6 x 4 cm and weighed about 80 g. The

tail collars (Wildlife Materials fnc.) measured 12.5 x 7.5 x 4.5 cm and

weighed about 295 g including the webbing used for attachment to the

base of the tail.

For tracking beavers I used an H-shaped antenna and 24 channel

receiver (Wildlife Materials Inc. ). For beavers residing on the river
or lake, I generally tracked and observed from a 6.5 m freighter canoe.

When observing at ponds, I chose a high ridge or similar good vantage

point nearby from which to make observations. In general, I used the
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telemetry to locate the beaver and then, as much as possible, continued

with visuar observations of activities and movements. After dark, my

observations were based on using telemetry to locate animals, and sounds

of chewing or tree felling or visual observation of $rater ripples to
determine activity.

I recorded information about the location, time, type of activity,
and any movement to another l-ocation during the period of observation.

Observation periods varied in length from 5 minutes to 13 hours

depending upon weather conditions and the number of beavers observeà in
one night. In open water seasons, most observations rrrere made between

1800 and 24OO h. f recorded data directly in a field book or on

cassette audio tape for Later transcription into the field book. r

l-ater transferred the data onto forms for each beaver.

I drew maps of appropriate size and scale to encompass the home

range of each beaver or group of beavers. r then made a grid overlay on

an acetate sheet, eguivalent to a 50 m by 50 m grid (0.25 ha) on the
ground. f transferred each beaver,s data onto the appropriate grid.
For this I considered 1 minute as 1 observation. A beaver can swim

approximately 50 m in one minute. While this does not allobr for true
independence of observations (Swihart and Stade 1985a; 1995b), the

beavers move throughout their home range too much to be abLe to reflect
accurately home range use by 1 observation per night. I separated

seasons by identifying apparent shift,s in patterns of use, such as new

areas of use or previously used areas that were no longer frequented.

I tallied the number of observations in each grid cetl and t,he

total number of observations for each beaver for each season. I also

recorded the total number of grid cells used. To determine the core

area of each individual's home range, r calculated the proportion of
observations in each grid cell (number of observations in ce1l/total
number of observations) and compared these proportions to those expected

in each grid cel} if the beaver's use of the cells vras uniform (l/number



108

of grid cells). I compared the ordered observed cumulative distribution
function with the hypothesized uniform cumulative distribution funct,ion
for each beaver using the Kolmogorov-Smirnov one tailed goodness of fit
procedure in which N equals the number of grid squares (samuer ex aL.

1985)- If this test showed that a core area was present, I classed al1
cells with a greater proportion of observations than uniform as core
areas (Samuel et al-. 1985). f then transferred to the map the outtine
of the home range and core areas within the home range. I did this for
each season identified for each beaver.

TERMS AND DEFINITIONS

f calculated the home range size in hectares by dividing the total
number of grid cel-ls used by 4. From here on in r refer to this as the
Total size. r determined the size of the core area (core size) by

totalling the number of grid ceIls identified as constituting the core

area and dividing these by 4 in the same manner as for Total size. r
caÌculated the percent of the Tota} Size that was included in the Core

size for each beaver by dividing the core size by Total- size and

multiplying by L00. This f refer to as the Core Percent. To calculate
the percent of activity which occurred within the core area (core

Activity), r divided the total number of observations in cerrs
ident.ified as comprising the core area by the totar number of
observations of each beaver and multiplied by 1OO.

To separate different age class, I used the classifieation system

of Buckrey and Libby (1955). "Kits" erere any beavers less than 12

months of age. "Yearlings" refers to all beavers in their second year
of life and "two-year-ords" to those in their third year of life. The

term "adult" refers to any beaver order than 36 months of age. r
classified beavers as pond, Iake or river beavers based on the location
of their primary residence (lodge or bank burrow).
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ANAI,YSIS

I analyzed the data for al} beavers by habitat type and by sex and

age class within family groups. I calculated the means for Total Size,

Core Size, Core Percent and Core Activity. I employed Wilcoxon Matched

Pairs Test or Mann-Whitney U-test to determine differences in the

variable values between su¡nmer and fall, and Spearman Rank Correlation

to determine correlations between the same variables for summer and fall
for all beavers and for beavers by habitat. There vrere insufficient
numbers of beavers with home ranges in other seasons for statistical

comparison.

I used SAS (SAS Institute Inc. 1988) to calculate a weighted

centroid of aII the observations on each beaver and the associated

variance. Hayne (1949) uses the term "centre of activity" to refer the

geometric centre of aII the locations of an animal, while Dixon and

Chapman (LgBO) use the term "centre of activity" to mean an area in
which there is a large amount of activity. For this reason I have

chosen an alternate term, the "centroid" to denote the geometric cent,re

of aII the points. For beavers residing in family groups, f then tested

for similarity between the summer and fall calcuLated centroids using F

and t tests with weighted degrees of freedom.
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REST'LTS

All beavers had different surnmer and faII home ranges based on

differences in location, sLze, shape and intensity of use the home

ranges. Most fall home ranges consisted of a smaller part of the aummer

home range, but some included some new home range and a new lodge (JRB

Bay Family and 8R1848(1987)) or new home range whire using the same

lodge as the summer (rmplant. Pond Famiry, Gatlan pond Famiry (1990) ).
lVinter home ranges were limited to the immediat.e lodge area or one

grid square (0.25 ha, N=21). This is smarler than any other seasonar

home range I recorded. Vùinter excursions from the lodge were limited to
the time necessary to gather food from the food pire except in years

when water levels had dropped after freeze-up.

while most beavers moved directly from winter to su¡nmer to faIl to
winter home ranges, some beavers had other seasonal home ranges -
spring, late spring and late summer (Appendix 1). Late summer home

ranges were usually associaÈed with buitding a new lodge and usuarly
incruded both summer and falL home range. spring and rate spring home

ranges only occurred in one 2-year old female. There were not

sufficient beavers with each of these other seasonal home ranges for
statistical- comparison.

Tot,aL summer home range sizes were larger than falr home range

sizes (t^Iilcoxon Matched Pairs TesL, T=-1, pc0.O0O1, N=23) (Figure 1), but

the t.wo were highly correlated (Spearman Rank Correlation, r"=O.6259,

pco.OOl' N=23). Summer Core Sizes were also larger than fa1l Core Sizes

(T=-4.5, p<0.0001, N=17)(Figure 2) and also highly correlated
(r"=0.5068, p<0.005, N=17). core percent did not differ between summer

and faL] (T=72, p=0.6697, N=17)(Figure 3) and was not significantry
correl-ated 1ru=-9.0484, p>0.25, N=12). Core Activity also did not

differ between surrìmer and falt (T=72, p=0.3981, N=12) (Figure 4) and was



Figure 1. Home range size (hectares) for sunÌmer (closed symbols) and
fall (open symbols) for all beavers combined, and by
habitat. Symbots indicate means, wide bars show J 2
standard errors, narroer lines show range.
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Figure 2. Core area size (hectares) for summer (closed slrmbols) and
falI (open symbols) for all beavers combined, and by
habitat. Symbols indicate means, wide bars show t 2
standard errors, narroh¡ Ìines show range.
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Figure 3. Core area size as percent of total home range size for
surnmer (closed symbols) and faII (open slrmbols) for all
beavers combined, and by habitat. Symbols indicate means,
wide bars show + 2 standard errors, narrow lines show range.
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Figure 4. Activity in the core area as percent of all activity for
surnmer (closed slrmbols¡ and fall (open symbols) for all
beavers combined, and by habitat. slrmbols indicate meanst
wide bars show t 2 etandard errors, narror¡t lines show range.
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not significantly correlated

Appendix 1).

EABITAT

Pond

(r"=0.L435, p>0.25, N=17). (See also

Beavers living in pond areas also had significantly targer home

ranges in summer than in fall (Mann-Whitney U Test, U=8.5, p<O.OO1,

N=14r8)(Figure 1). However, surnmer and fall Total Size were not

correLated (r"=-9.2271, p>0.25, N=8). core sizes were similar in summer

and fall- (u=19, p>0.05, N=14r5)(Figure 21, and vrere not. significantry
correrated (r"=0.2L63. p>0.25, w=s¡. core Percent did not differ
significantry between summer and farr (u=29.5¡ p>0.1, N=14r5)(Figure 3)

and summer and fal-l- Core Percent vrere not correlated 1r"=-6.6000, p>0.1,

N=5). summer core Actì.vity did not differ from fall core Activity
(U=28.5, p>0.1, N=L4,5) (Figure 3) and the two were not correlated
(r"=0.1000, p>0.25, N=5).

Lake

Totar summer home range size of rake beavers was significantry
larger than farl home range size (u=8.0, p<0.ooL, N=11,12)(Figure 1) and

the two were significantly correlated (r"=Q.8954, p<0.01, W=9¡. Core

size was also significantly larger in summer than in fatr iu=3.5,
p<0.001, N=10r10) (Figure2) and sunìmer and fall Core Size were

significantly correlated (r"=0.8808, p<0.025, N=?). Core percent did
not differ between summer and fall (U=49.5, p>0.1, N=1Or10)(Figure 3)

and the two were not correlated (r"=0.O7t4t p>0.25, N=7). Core Activity
was great.er in farr than in summer (tJ=24.5, p<0.05, N=10,10)(Figure 4)

and the two were not corretated (r"=0.25, p>O.25, N=7).
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River

Total home range size of river beavers was significantly larger in
summer than in fall (U=7.0, p<0.005, N=9r7)(Figure 1) and the two were

not significantly correlated (r"=6.759, p>0.05, N=6). Core Size was

also larger in sunìmer than in falL (U=7.0, p<0.01, N=9r6)(Figure 2) and

the two were not correlated (r"=0.7826, p>0.1, N=5). Core Percent did

not differ between the two seasons (lJ=26, p>0.1, N=9,6)(Figure 3) and

was not correlated between the two seasons (r,=0.8030, p>0.1, N=5).

Core Activity also did not differ between seasons (U=20.5, p>0.1,

N=9.6) (Figure 4) but r¡ras negatively correlated between seasons (r"=-

0.9000, p<0.05, N=5).

CENTROIDS

Centroids for each beaver for each season erere all significantly
different from other seasonal centroids for the same beaver (t-test,,
p<0.005)(Figures 5,6t7,8 and 9 and see Appendix 4). Home ranges in the

faII were centred closer to the todge than in the summer. In fall,
centroids for family members v¡ere more similar to each other than in
summer (Figures 5,6,7 r8 and 9).



Figure 5. Centroids of activity for Implant Pond Family, Summer and
FaIl, 1989. Centroids are shown + 2 standard errors in both
the X and Y directions. Adult Male = IP49:-., Adu1t Female =
IP4I4, Yearling Male = IP433, Juvenile Female = IP403.
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Figure 6 centroids of activity for Twin Bays Family, Summer, Late
summer and FaII, 1991. Centroids are shown t 2 standard
errors in both X and Y directions. Adult MaIe = T81510,
Adult Female = 1508, Yearling Male = T81528, Yearling Female
= TB 1502, Kits = TB1518r T81520, TBI522.
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Figure 7. Centroids of activity for JRB Bay Family, Sum¡ner and Fall,
1990. Centroids are shown + 2 standard errors in both X and
Y directions. Àdult ilale = JRB16L7, Adult Female = JRB1629r
Yearling Male (Triangle Dorl'n) = JR81641, Yearling I'fale
(Triangle Up) = JR81649.
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Figure 8. Centroids of activity for catlan Ponds Family, Sum¡ner and
FaIl, 1990. Centroids are shown t 2 standard errors in both
X and Y directions. Adult Male = cP1611, Adult Female
GPI676, Yearling MaIe = GP1684, Yearling Female = GP1623.
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Figure 9. Centroids of activity for Gatlan Ponds Family, Summer and
FalÌ, 1991. Centroids are shown È 2 standard errors in both
X and Y directions. Àdult MaIe = GP1611, Àdult Female =
eP1676, Yearling Female = GP1526.
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DISCUSSION

NOME RANGE STZE AND USE

' Seasonal variation in home range size has been described for many

animals incJ-uding mountain sheep (Ovis spp. ) (Geist 197L), coyotes

(Canis Latransl (Springer 1982) and porcupines (Erethizon dorsatum,

(Craig and Keller 1986). My data show that beaver home rangeË also vary

seasonalLy in size, being largest in summer, smallest in winter and

intermediate in falÌ. fn contrast, Davis (L984) found that beavers

showed greater movement in fall (J-ake colony) or winter (stream colony)

than in spring and summer in South Carolina. In South carolina,
however, winter ice cover was not present, and nights are longer in
winter aIJ-owing beavers more time to search farther afield for food.

Beavers also do not have to build food caches in the fall or rely on

the.se caches in winter. fn my study area the beavers must build the

food cache in fall and rely on this cache for up to 6 months of ice
cover. Busher and Jenkins (1985) found that much more time was spent

outside the rest site (J-odge) in faIl than in summer. Care of kits
which requires activity around the lodge is not as crucial in fa]] as in
summer. But, time away from the rest site does noÈ necessarily imply a

larger home range.

Jenkins (1,981) reported a seasonal change in feeding site,
possibJ-y as a result of a seasonal preference for different species of
trees, or because of seasona] variation in site accessibiliÈy. I
discuss seasonar changes in food choice in chapter 7. The changes in
home range use' including sLze, which I describe coincided with changes

in Location of food cutting sites. In su¡nmer, beavers cut trees at much

greater distance from the Ìodge than necessary to find food, and

consumed the leaves and/or bark near the cutting site. fn fall, beavers

harvested trees much cl-oser to the lodge and transported most of t.hem to
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the vicinity of the Ìodge for incrusion in the food pile. Home ranges

may be larger than necessary in summer which could to reduce energy

expenditure in the fall.

Semyonoff (1953) and Lancia (1979¡ 1982) have reported more winter
movement than r found in beavers. However, semyonoff's beavers used

sushinetz (air spaces) under the ice and Lancia's beavers were active
fairly frequently above the ice. Smith and peterson (1991) found

behaviour similar to Semyonoff when water levels under the ice dropped.

They speculated that there hras a thermal advantage to staying in the air
spaces under the ice. I found similar results, with beavers remaining

outside the lodge for extended periods of time in winter if the water

leveL under the ice dropped during the winter. However, the shape of
the shorelines or the location of the lodges on isl-ands prevented the
beavers from making extensive trips away from the lodge under the ice.

Core Areas

Core Sizes were larger in summer than faI} for aII beavers

combined and for lake and river beavers. Core Sizes were similar in
suûìmer and fall for pond beavers. Two of the pond families used new

area in the fal-Ì, and in the other pond family, none of the animals had

a core area in the fal] resurting in small numbers (N=5) for analysis.
Springer (1982) showed that Core Size varied by season in Canjs latrans.
Davis (1984) found that maxima and minima in total daily movement and

distance between extreme points were different for beavers, riving in
river and l-ake habitats. rn Davis's (1984) study, with year-round open

water, maximum l-ake corony movement occurred in falt and minimum in
spring, whereas for the stream colony, maximum movement occurred in
winter and minimum in sunÌmer.

core Percent and Core Activity were similar in both sum¡ner and

fall. As demonstrated in Chapter 3, Core Percent and Core Activity were
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also similar within all habitats and within sex and age classes.

Beavers therefore seem to have some inherent pattern of use of their

home range such that about 75 I of their activity takes place in about

25 t of their home range. This may be related to food availability in

the area, to habitat types or to other factors which we cannot detect.

CORRELATIONS

Summer and faII home range size were positively correlated for all
beavers combined and for lake beavers, but not for river or pond

beavers. Similarly, summer and fall Core Sizes hrere positively

correlated for J-ake, but not for river or pond. Numbers were small for
correlations in pond and river habitats. FaI1 home ranges usual-ly

included a smaller part of the summer home range, but in some cases

included new area not included in the summer range (Implant Pond, Gatlan

Ponds 1990, Twin Bays). The presence of new home range in some pond

beavers may have resulted in the lack of correlation. Different home

ranges in late summer from summer or faII coincided with building a new

Iodge for the Twin Bays FamiJ-y.

CEMTROIDS

Fall centroids of family members v¡ere closer together and closer

to the lodge than in summer. Winter centroids, though not calculated,

would have been at the lodge with very low variance. The smaller fall
home range that results in activity centres in the vicinity of the lodge

for aII family members results in this closer association between family

members in fall. Similarly Busher (1991) noted the presence of seasonal

differences in association and rest sites among members of beaver

families. Pairs (adult male and adult female) vrere t.ogether more in
rointer and spring than in summer.
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CONCLUSIONS

Ho1 was disproved. Home range sizes and Core Sizes were larger in

surnmer than fall. Hoerever, Core ActiviÈy and Core Percent were not

significantly different in summer and fall. Ho2 was disproved. Within

each habitat, home range size was larger in sum¡ner than in fall. Within

pond habitats, Core Size did not differ between surnmer and fall, while

in river and lake habitaÈs Core Size was larger in summer than in fall.
Core Activity was greater in faII than summer for lake dwellers, but did

not differ between summer and fall for pond or river beavers. HoÌ^¡ever,

there was no difference in core Percent between surnmer and fall in any

habitat. Ho3 was disproved. Home range size and Core Size were both

significantly positively correlated between surnmer and faII, however,

Core Percent and Core Activity were not. Ho4 was disproved. Centroids

of activiÈy were located much closer to the lodge in fall than summer.
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CHAPTER 6

ARE BEA\/ERS TERRITORIAI.?
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ABSTRÀCT

In 6 years and over 600 days of observing beavers, I never

observed any evidence of aggressive behaviour among beavers. Some

overlap of home ranges occurred, especially on the river, but most home

ranges were aLmost exclusive to a family group. I found no evidence

that scent mounds delineated territory and no evidence to prove the

presence of territories. I hypothesize that mutual avoidance is more

Iikely than territorialism.
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IIflTRODUCTION

Burt (1943:351) defined home range as "that area traversed by the
individual in its normal activities of food gathering, mating and caring
for young" and territory as the "protected part of the home range".
Brown and orians (1970) have since listed 3 conditions which must all be

met for an area to be considered a territory: 1) it must be a fixed area

(which may change slightry with time); 2) it must be defended against
conspecifics; 3) it must be used exclusivety with respect to rivals.
The home range' territory and exclusive areas may or may not be the same

(Brown and orians J.970). Territories are exclusive, but exclusive areas

are not necessarily territories.

Beavers have l-ong been thought to be territorial. Bradt (1939)

wrote that beavers had long been known to be territorial. His basis for
this assertion was the non-overlap of home ranges. However, non-overlap

of home ranges does not necessarily eguat,e with territoriality (Brown

and orians 1970). The presence of scent mounds is often cited as

evidence of territories (Townsend 1953; Hay 1958; Aleksiuk 1968i Davis

1984). Some more recent works have examined the function of scent

mounds and have questioned their role in territorial demarcation (Butler
and Butler 1979; !ùalro 1980). Burt (1943) maint,ained that direct
observation r¡ras necessary to determine the presence of territoriality.

My object.ive in this paper is to examine 6 years of data on

beavers in the taiga. to determine if territoriaL behaviour exists in
this popul-ation. The hypotheses hrere: H.1) Beaver home ranges are

randomJ-y distributed and independent of the location of other beaver

home ranges¡ Ho2) There is no territorial behaviour bet.ween beavers from

different groups.
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METEODS

r live-trapped beavers and marked each animal wiÈh uniqueJ-y

numbered and coloured ear tags (Monel, Number 3) in both ears (Mirler
1964). r also implanted radio transmittere in 29 of the 32 beavers

discussed in this study. For tracking the beavers r used an H-shaped

antenna and 24 channel receiver (Witdlife Materials Inc. ). For beavers

residing on the river or lake, f general-ly tracked and observed from a

freighÈer canoe. when observing at ponds, r chose a high ridge or
simiLar good vantage point from which to make observations. In general,
f used the telemetry to locate the beaver and then, as much as possible,
continued with visuar observations of activities and movements.

For animals which remained in the study area for sufficient time

for me to delineate their home ranges, I constructed home range maps as

described in Chapters 3, 4 and 5. For known family groups f constructed
composite maps of the family home range. Many beavers did not remain in
the study area long enough for me t,o define their home range, or hrere

not outfitted wit,h transmitters so that, I was unable to gather enough

data to outline their home ranges. For these beavers I indicated on

maps their sites of capture and an outline of areas they were known to
use, if possible. I compiled maps on a yearly basis.

To separate different age crasses, r used the cÌassification
system of Buckrey and Libby (1955). "Kits" r"rere any beavers less than
12 months of age. "Yearlings" were all beavers in their second year of
life and "two-year-otds" were those in their third year of.Life. The

term "aduLt" refers to any beaver older than 36 months of age. Vlithin
this paper, r use the term juvenile to denote any non-adurt beaver.

For beavers where I was able to describe the home range, I
identified all overlaps with any other delineated individual or family
home range. Macdonald et al-. (1979) provide a formuLa for determining
spatial overJ-ap of one beaver by another. The formula is:
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Slz = A and Szr =3_
Ar Az

where: Ar = home range area Of beaver 1
A, = home range area of beaver 2
A = area of overlap of beavers 1 and 2
Sr2 = proportion of home range of beaver 1 overlapped

by beaver 2
Szr = proportion of home range of beaver 2 overlapped

by beaver 1

The calculations are based on over 37r000 observations of 32

different beavers. Number of observations per beaver per season was 45

Eo 2934 1X = 486 1 69.1 1Ï r 2SE)).
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RSST'LTS

I Iive-trapped and ear-tagged 60 different beavers. I installed
45 transmitters on 42 of these animals. I had eufficient data to
determine the home range for at least. one season for 39 of these

beavers.

During 6 years and over 600 days of observat,ions, I never observed

any overt signs of aggression between beavers. f observed scent mounds

throughout the study area, but. in greatest, abundance on the banks of the

Blind River, where they were scattered in great profusion. On one

occasion in l-989 f observed an adult male beaver (8R1830) from the river
re-marking an established scent mound near the river mouth. Another

adult male (HB481) from an adjacent lake lodge observed the first beaver

and then proceeded to remark the scent mound. At no time was there any

aggressive behaviour between the two. Tv¡o other beavers, a juvenile

femal-e (BRL848) and an adult male (BR1844) who r^rere never associated

with one another, used a coÍìmon bank burrow, though not at the same

time.

There were overlaps of known beaver home ranges in 1987, 1989 and

1990 but not in 1986, 1,988 or 1991 (Figures 1 - 6). The 1986 map

includes only fall data. During these 6 years I recorded 38 other

beaver captures for which I could not calculate accurate home ranges

(Figures 1 - 6). These 38 other captures included 4 adult females, 16

juvenile males, 13 juvenile females, and 5 juveniles of undetermined

sex. These numbers incl-ude duplicate captures of the same, animal.

Thirty-seven of these 38 captures occurred on the river, and one on an

island in Twin Bays on the l-ake (Figures 1 - 6).

For the beavers whose home ranges overlapped, the proportion of
the home range overlapped by another beaver ranged from 1.8 to 61 t
(Table 1). The beavers 8R1834 and 8R1844 were not associated with each
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Figure 1. Map of home range for beaver in 1986 (fall only). Known- ináividual home rang" = F ;O= other adult femal-e captures;
O = other juvenile, undéÈermined sex, captures.
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Figure 2. Map of home ranges for beavers in 1987. Known individu.al
home ranges = Ë ; approximate individual home ranges = ::¡ ;
O= othei adulE femã-te capturesÍV= other juvenilé male"'
captures; ) = other juvenile, undetermined sex, captures.
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Figure 3. Map of home ranges for beavers in 1988. Known individual
home ranges = ffi ; approximate individuaÌ home ranges = ;:: ,
V= other juvenile male captures;A= other juvenile female
capturest O = other juvenile, undetermined sex, captures.
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Figure 4. Map of home ranges for beavers in 1989. Kno\^rn f ami)_y home
Talge? =N i known indivi.dual- home ranges = E ; apprãximate
individuàÌ home ranges = iii ; O = other adutt-femalé
captures;V- other juvenile male capturesi^â= 6¡¡s¡
juvenile female captures ¡ Ç = other juvenile, undetermined
sex, captures.
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Figure 5. Map of home ranges for beavers in L990. Kno\,rn fami)-y home
ranges = \ ; kñown indiv.iduaÌ home ranges = E ; appioximate
individual -home ranges = ii: ¡ O = other adult iemale
capturesi-/= other juvenile male captures; A= other
juvenile female captures.
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Figure 6. Map of hor¡q ranges for beavers in 1991-. Known famiJ-y home
ranges = \ ; kñown indiv.idual home ranges = ffi ; approximate
individual home ranges = iii i\f = other juvenile male
captures;Â' = other iuvenile femal-e captures'
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Table 1. overlap vaÌues (S) for beavers with overlapping home ranges
in 1987, 1989 and 1990.

Srz =À and Szr =À

where: Ar = home range area of beaver 1
Az = home range area of beaver 2
A = area of overlap of beavers 1 and 2
Slz = proportion of home range of beaver 1

overlapped by beaver 2
Szl = proportion of home range of beaver 2

overlapped by beaver 1

A2Al



1987

1989

1990

BEÀ\rER 1 BEAVER 2 q (EÀ) À, (8.A) A (BÀ) S' Szt

8R1834 8R1844 8.2s 13.75 5.0 0. 61 0.36

8R1834 8R1848 8.25 42.75 o. 75 o. o9 o.018

8R1844 8R1848 13.75 42.75 1.0 0. 07 0.02

BEAVER 1 BEAVER 2 À' (m) À, (EA) A (EA) sD szt

H8481 BRL830 20.5 16. O 3.5 o. 17 o.22

HB481 BR1848 20.s 9.5 2.O 0. 10 o.2r

BEÀVER 1 BEAVER 2 Ar (EA) [, (EA) A (EA) s Stt

sL1682 sL1686 14. s 12.5 0. 75 0.05 0.06
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summer, but did cohabit the following winter. ff their
disregarded, the overlap values range from 1.8 to 22 Z.
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DISCUSSION

Scent Mounds

If scent mounds are intended to mark territory, they should be

found at the periphery of the intended territory and be numerous enough

to form a "fence". Ho'*rever, a study of the spatial distribution of

scent mounds showed them to be too irregularly distributed to form a

scent fence (Walro 1980). Walro concluded that the scent mounds could

not serve to prevent movement of transients into colony areas (Walro

1980). Beaver scent mounds in my study area were most abundant on the

river, and were spread along the lengÈh of the river. Brady and

Svendsen (L981,) also observed scent mounds throughout beavers' activity

areas. ÀIeksiuk (1968; L970) and Davis (1984) reported scent mounds to

be l-ocated at, the edge of the area of greatesÈ activity and presumed

they therefore delineated territory. Hay (1958) noted their location

around inhabited sites. ButLer and Butler (1979) also described scent

mounds as being in areas of highest colony activity, primarily near

traiLs, feeding areas and grooming areas.

In addition, if scent mounds are territorial markers, some

response by strange beavers would be expected. f never observed any

alarm response from beavers passing scent mounds constructed by other

beavers. Butler and But1er (7979) also reported that, most commonly,

strange beavers made no observable response to scent mounds of

residents. Scent marking is common among carnivores as a mechanism of

territorial mainÈenance. We must be careful not to infer from this that

any animal that scent marks is marking territory.

The construction of scent mounds has been reported to be greatest

in April to May (Butler and Butler L979 ), May and June (Brady and

Svendsen 1981) and July (Townsend 1953). Brenner (1964) believed that

the period of scenÈ mound construction indicated the breeding season,
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and only observed scent mounds at. that time. In most areas, breeding

takes place during the ice-covered period, when scent mounds cannot be

constructed. The April to Jul-y period, however, coincides with the time

of year when 2-year ol-ds are dispersing from their home colonies and

Iooking for mates. Some scent mounds may be made by resident families,
but some may also be made by dispersers "advertising" for a mate. Vüalro

(1980) theorized that the ability to construct a scent mound may

indicate sexual maturity, and may help in est.ablishment of a pair-bond.

But,Ier and Butler (1979) and walro (1980) have speculated that, as

opposed to territory, the scent mounds may transmit information on

sexuaÌ and reproductive status. Seton (1909) speculated a similar
function many years earlier. Scent mounds may also reinforce intra-

colony social bonds and provide transients with information on the

colony, and may be used for individual- and colony recognition (Butler

and ButLer 1979; Brady and Svendsen 1981).

I hypothesize that the scent mounds may also serve as some sort of

sign post and supply information to resident and non-resident beavers.

Many times I have released non-resident beavers on the Blind River, and

Less than 2 minutes later they were in a bank burrow. I speculate thaÈ

the scent mounds may supply some information about food and shel-ter

availability. This will require further study in order to be proven or

disproven.

Mutual Avoidance

Even if scent mounds do not denote territory, it is still possible

for beavers to be territorial. Territorial behaviour has been

postulated to space colonies and delimit boundaries (Townsend 1953;

Bergerud and Millet 1977; Davis 1984). Busher (1975) reported the

presence of a "no-beaver's-Iand" between coLony areas, into which only

the adult male occasionally ventured. I never observed any t,erritorial
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or aggressive behaviour between beavers, but there vras some overlap of

home ranges. Similarly, I^lalro (1980) reported an absence of any overù

aggression. Aleksiuk (1970), however, noted that transients avoided

areas already occupied. This was not evident in my study.

The family home ranges in thls study vrere generally separated by

areas of little beaver activity. Busher et af. (1983) reported similar

spaces between colonies, but also reported some intercolony movement

when beaver densities were high. They reported no intercolony movement

at low beaver densities. Davis (1984) reported overlap between 2

colonies at the river mouth, and conseguent "territorial behaviour".

Hay (1958) note that some colonies were isolated and others overlapped.

Territorial behaviour must be economically viable to a beaver.

Time spent establishing and defending a territory is time unavailable

for feeding and other activities. For beavers, the primary resources to
be defended would be food gathering sites and lodge sites. Mates might

be a defendable resource in areas where open water is the rule during

breeding season. If food is pJ-entiful, and numbers of potential lodge

sites reasonable, then territorial behaviour may be unnecessary. In my

study area, beaver food was in great abundance. Another consideration

for beavers in the taiga is that they have only 6 months of the year for
growth. Time away from feeding, for territorial defense, may reduce

beaver growth and/or fat storage for winter. Most of my research

animals were on the Lake and river and most of the overlaps occurred on

the river. I never saw any overlap in ponds. Ponds reguire a greater

investment of energy for construction and maintenance. A greater degree

of territorial behaviour might therefore be expected among pond beavers.

In contrast to territoriality, what may occur is mutual avoidance

when possible (Brown and Orians 1970). Walro (1980) speculated that

mutual avoidance may be the real separator of colonies. McIlroy (1973)

working on wombats (Vonbatus ursjnus), which have simiLar scenÈ marking
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avoidance was the rule rather than
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ranges, also concluded that mutual

territoriality,
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coNcLusIoNs

Neither Hol nor Ho2 were disproved. Territory reguires exclusive

use and defense of a fixed area. The beavers in my study had fixed home

range areas, which in many cases were used predominately by the family
group members. However, most home ranges were not completely exclusive,

and were visited by transients. No evidence of defense of the area vras

ever observed. As opposed to territoriality, beavers may be practising

mutual avoidance. In my study area, this may be partly due to an

abundant food supply which makes territorial behaviour uneconomical.
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SEASONAIJ VARIATION IN FOOD PREFERENCES OF BEA\/ERS
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ABSÎRACT

Beavers in the taiga show a preference for PopuLus tremuLoides as

a primary food in both spring and su¡nmer. In spring pinus.banl<siana is
also consumed. P. tremuLoides leaves are the preferred su¡n¡ner food and

P. tremuToides bark and p. banksiana growing tips are preferred in
spring. Beaver food choices appear to maximize protein intake and

minimize potassium to sodium ratio. This strategy may srerve t,o foster
growth during the relatively short period of high protein availability.
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IMTRODUCTTON

Beavers (castor canadensls) are choosy generalist herbivores
(Areksiuk 1977¡ Jenkins and Busher 19791. They are opportunistic,
adaptabre to a wide range of foods and consume almosÈ any species
available (Atwood 1938; Areksiuk 1977; Jenkins 1981). However, they
show a strong preference for specific plant, types under particular
circumstances (Jenkins 1981). There is geographic variation in the
species avaiLable for consumption, and oft,en a corresponding variation
in the species used and in preferences shown by beaver (Aleksiuk, tg77).

Numerous studies of beaver have included invent.ories of preferred
foods (seton 1909; creen 1936; Aldous 1938; Bradt J.938; Gese and shadre
1943¡ shadre et al. 1943i Tevis 1950; Halt 1960; parovshchikov 1.961;

Brenner 1962¡ NovakowskL 1967; Aleksiuk 1970; Northcott :-97:-¡ slough
1978i Jenkins 1979¡ 1981; svendsen 19Bo; pinkowski 1983; Belovsky ;-9B4¡

Doucet and Fryxerl 1993; Fryxell and Doucet 1993). Most of the North
American studies cited above have identified a preference for populus

tremuloides when availabre. rn addition, severar authors have

identified preferences for herbaceous and/or aquatic vegetation when it
is available (Green L936; Tevis 1950; Parovshchikov 1961; Brenner L962¡

Northcott 7977; svendsen 1980; Jenkins 1981; Belovsky 1984). Jenkins
(1980; L981), Pinkowski (1983), Belovsky (1984), McGinrey and whitham

(1985)' Basey et aL. (1988; L990), Fryxerr and Doucet (1991; 1993¡ and

Fryxell (1992) have investigated changing preferences for epecific tree
species and sizes with increasing distance from the waÈer.,

A few studies have made attempt,s to ident,ify some of the nutrient
components of beaver foods (cowan et aL. 1950; 1955; Àteksiuk l97o¡
vasilkov and Golodushko r97l¡ Belovsky l9B4¡ Doucet and Fryxell 1993).

However, the nutrient reguirements for most wild animals, incruding
beaver, have never been determined (Robbins 1993). The studies cited
above have generarly examined prot.ein and energy content of foods, but
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no analysis of individual mineral complements of different foods appears

to have been made. Jenkins (J.925 ¡ l97B) theorized that beavers may

sample trees in order to asses their nutrient. status as an economical

method of determining variation in nutrients.
rn this study r present some initial findings on the nutrient

content of preferred and non-preferred foods in my area of study in the
boreal forest. The purpose of this study was to identify the preferred
species and types of foods, and then to determine the nutrient levels in
the different types of vegetation.

The null hypotheses for this study were: Ho1) There is no

preference for one type of vegetation over others for consumption; H"2 )

Nutrient level-s of the potential foods do not differ among different
plant species or plant parts.
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¡dETEODS

During my observations of beaver activity described in Chapters 3

to 5, I observed the type of food beavers were consuming. I recorded

the species and, if possible, the part of the plant being consumed. I
col-lect.ed samples of the various plant species and parts. I made these

collections both at. times when the beavers were apparently selecting a

particular species or part, and again at a time when they were not using

or using less of that species or part. Based on my observations, I'
classified the different vegetation as either primary food (the main

food eaten), secondary food (eaten less frequently) or non-food

(avoided).

The samples were analyzed at the Manitoba Agricultural Services

Complex (Iater Norwest Labs) in Winnipeg. For aII samples lab personnel

determined dry matter (t), crude protein (t), sodium (t) and potassium

(t) on both an "as fed" and "dry mat,ter" basis (1991 samples). For 1992

and 1993 samples, additional analyses included sulphur (t),
phosphorus(t), magnesium (t), calcium (t), copper (ppm), manganese

(ppm), iron (ppm) and zinc (ppm), again both on an as fed and dry matter

basis. I then made comparisons between nutrient content of food items

and non-food j-tems. f compared results based on the dry matter values.
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RESIILTS

SPECTES PREFERENCES

fn spring, the period before leaf-out of deciduous trees, Populus

tremuLoídes (PT) bark r^ras one food of choice. Beavers also cut Pjnus

banksiana (PB), but only consumed the new growing tips from the tree

Leader and distal ends of branches. They did not consume the bark from

P. banksiana.

In summer, beavers ate P. tremuLojdes almost exclusively. They

ate the leaves first, avoiding the petioles, and then ate the bark in

some instances. Other species availabLe in abundance were P. banksíana

and .å-Znus crispa (AC). I never observed beaver eating these species in

summer.

In fall, beavers built foodpiles and repaired Ìodges. They were

therefore cutting trees for construction, winter food consumption and

immediate food consumption. They cut both P. tremufoides and .4. crispa,

but only used unpeeled stems of À. crispa for construction and the raft

(the floating part) of the foodpile. Stems of P. tremuToides used in

construction were al-ways peeted (i.e. the bark vtas eaten) before being

used as a building material. Aquatic plants occasionally appeared on

the foodpile, but did not constitute a great proportion of the cache.

In summer, beavers usually fed at some distance from the lodge

(see Chapter 3 and Appendix J.). In fal}, tree stems were harvested in

much closer proximity to the lodge than in summer.

NUTRIENT CONTENT

I collected 5 samples in spring and 15 samples in sum¡ner (Table

1). Based on the observations described above, f considered PB1, PB2,

PT1 and PT2 to be primary food items and PB3 to be a non-food item in



Table 1. Summary of vegetation samples used for nutrient teeting.
Code numbers correlate with codes in Figures 1 to 12.



SA¡'lPtE # SPECIES SÀ¡.IPLE TYPE SITE DATE

PB1 Pinus banksiana needles TBS 1992-05-18

PB2 Pinus banksiana needles BR 1992-0s-18

PB3 Pinus banksiana bark TBS 1992-Os-18

PB4 Pinus banksiana needles BR 199 1-07

PB5 Pinus banksiana needles CA\rE 199 1-07

PT1 Populus tremuloides bark TBS 1992-Os-18

PT2 Populus tremuloides bark BI 1992-Os-r_8

PT3 Populus tremuloides oetioles TBS 1991-08

Pt4 Populus tremuloides bark HB 199 1-07

PT5 Populus tremuloides bark BI 199 1-07

P16 PoDulus tremuloides bark HB 199 3-08

PT7 Pooulus tremuloides Ieaves /petioles HB 199 1-07

PT8 Populus tremuLoides Ieaves /petioles BI 199 1-07

Pr9 Populus tremuloides twiqs HB 199 1-07

PTlO Pooulus tremuloides twiqs BI t99L-07

PEl 1 Populus tremuloides Ieaves HB 199 1-07

P!L2 Populus tremuloides Ieaves BI 199 1-07

PT13 Populus tremuloides leaves HB 1993-08

AC1 Alnus crispa bark HB 199 1-07

AC2 A1nus crispa bark CÀVE 199 1-07



spring. In summer, I considered primary food items

PT13, and secondary food items to be PT4, PT5, PT6,

PT10. Summer non-food items were PB4, PBs, PT3, ÀC1

Protein
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PT11, PT12 and

PT8, PT9 and

AC2.

In both spring and summer, protein levels were higher in primary

foods than in non-food items (Figure 1). Some secondary food items erere

high in protein, but most were low in protein. For equivalent plant

components, protein levels were higher in suÍìmer than in spring.

Macroelements

Sodium levels were low in al} spring veget,ation samples, and all

summer samp)-es except for two of the P. tremuloídes leaf samples (the

primary food) (Figure 2). Secondary foods were slightly higher in

sodium than non-foods in sum¡ner. Potassium levels rirere highest in one

non-food and the primary food in summer (Figure 3). Spring levels were

similar in all items. The potassium to sodium ratio was higher in

spring primary foods than summer primary foods (Figure 4). fn summer it

r^ras Io\,rest in primary foods, and highest in non-food items. In spring

it was lower in the non-food item than in any of the primary food items.

Calclum levels were similar in all items in summer (Figure 5). In

spring, P. tremuLoides had a much higher level of calcium than the other

primary food P. banksiana. Magnesium leveLs were higher in primary

foods than secondary or non-foods in both spring and summer (Figure 6).

Summer levels were slightly higher than spring. Phosphorus levels were

similar in spring and summer primary foods, and in spring were much

higher than the non-food item (Figure 7). In sunner, the phosphorus

leve1 was lowest in the secondary food item. The surnmer primary food

item had a higher sulphur leve1 than the spring primary food item

to be

PT7 |

and



Figure 1. Protein
sarnples.

content (percent of dry matter)
See Table 1 for codes.

in vegetation
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Figure 2. Sodium content
samples. See

(percent of dry matter)
Table 1 for codes. ND =

in vegetation
not discernible.
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Figure 3 Potassium content (percent of dry matter) in vegetationsamples. See Table 1 for codes.
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Figure 4. Potassium to sodium ratio in vegetation samples. See Table
1 for codes. ND = not discernible due to sodium level not
being discernible.
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Figure 5. calcium content (percent of dry matter) in vegetation
samples. see Table 1 for codes-
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Figure 6. Magnesium
sarnples.

content (percent of drY
See Table 1 for codes.

matter) in vegetation
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Figure 7. Phosphorus content
samples. see Table

(percent of dry
1 for codes.

matter) in vegetation
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(Figure 8). In both seasons, primary food items had higher sulphur

levels than secondary or non-food items.

lrace elements

Copper levels were higher in summer primary food items than spring

primary food items (Figure 9). ln spring, Ievels were similar in the

primary food items to the non-food item. fn summer, the level was

higher in the primary food item than in the non-food or secondary food

items. Iron levels were similar in spring and summer primary food items

(Figure 10). In spring, the non-food item had higher levels of iron
than the primary food items, whereas in summer they were similar, with
the secondary food item being lo$rer in iron.

Manganese levels were highest in the spring P. banksiana samples,

and very low in the spring P. tremuToides samples (Figure 11). Summer

levels were slightly higher in the non-food item than the primary food

and lowest in the secondary food item. Zinc leve1s were highest in the

spring P. tremul-oides and lowest ín the spring P. banksiana (Figure 12).

Zinc levels were similar in a]] summer samples.



Figure 8. surfur content (percent of dry matter) in vegetation
samples. see Table 1 for codee.
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Figure 9. Copper content
See Table 1 for

(parts per million)
codes

in vegetation samPÌes.
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Figure 10. Iron cont,ent (parts
Table L for codes.

per million) in vegetation samples.
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Figure 1-1. Manganese content (parts
See Tab1e 1 for codes.

per million) in vegetation samples.
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Figure 12. Zinc content (parts
Tabfe 1 for codes.

per million) in vegetation samples. See
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DTSCUSSION

SEASONAI PREFERENCES

P. tremuLoides vras the food of choice when it eras available. This

was supplemented by P. banksiana in spring but not in sufiuner. P.

tremuLoides is also the food of choice by beavers in other areas, but

most authors report it being replaced by aquatic vegetation in the

sunmer months. While Seton (1909) asserted that beavers never consumed

any conifer species, HaII (1-960) reported use of Ä.bies spp. bark, and

Northcott (1971) noted the use of conifers in the foodpile. Jenkins

(L979; 1981-) describes the use of Pinus sp. in spring and theorizes that

it may be an important source of stored nutrients or a source of

secondary compounds for castoreum. Since construction of scent mounds

by beavers is much greater in spring (Butler and Butler 1979; Brady and

Svendsen l-981), this may be a consideration. However, the protein level

of P. banksiana is almost double that of P. tremuToides, the other food

of choice in spring. Spring is a time of year when high protein intake

would likely be sought as movement begins again after the winter. fn

summer, the eguivalent parts of P. banksiana are much lower in protein

than other choices available. Therefore, P. banksiana may be selected

in spring because it is the highest source of protein for beavers at

that time. However, it apparently cannot supply aII requirements, since

P. tremuToides is still consumed. P. tremuToides has a much higher

level of calcium than the P. banksiana and also has a Ìoweç potassium to

sodium ratio. Calcium may be an important reguirement in spring

especially for pregnant and lactating females.

Preference within P. tremul-oíde.s vras for the leaves and

secondarily the bark and twigs. The petioles were avoided. Roze (1989)

similarly reported thaù porcupines (Erethizon dorsatum) eat, only the

Ieaves and avoid the petioles. Other authors have reported a preference
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for the herbaceous parts of trees over the woody vegetation (Aleksiuk

I97O¡ !977¡ Svendsen 1980; Jenkins 1981). The petioles (PT3) are low in

protein and sodium and high in potassium. Levels of other minerals are

not widely disparate between the primary and secondary food items. The

implications of the high potassium to sodium ratio will be discussed

beIow.

Contrary to t.he results of many other studies (Green 1936¡ Tevis

1950; Parovshchikov 1961; Brenner 1962¡ Northcott ].97]-¡ Belovsky 1984),

f did not find aquatic plants to be an important part of the diet of the

beavers in my study area. Aleksiuk (19?0) does not report any use of

aquatic plants in the Mackenzie Delta region, so use of aguatic plants

may be the result of latitudinal differences. Bradt (1938) reports use

of aquatics but also the inclusion of some Populus spp. bark.

Food harvest.ing sites were located much closer to the lodge in the

fall than in summer. In summer beaver cut trees on land and haul the

stems back to the water's edge for consumption. Except when they are

conveying food to kits in the lodge, food is not transported to the

lodge. fn fall, most of the items harvested are placed in the foodpile.

consequently, the habit of not cutting food near the }odge in summer,

but harvesting from the Ìodge area in fall appears to be an energy

conservation measure. Similar patterns of energy conservation have been

demonstrated in studies of size distance relationships in beaver food

choice (Schoener I979¡ Jenkins 1980; Pinkowski 1983; Belovsky 1984¡

ìlcGinley and Whitham 1985; FryxeII and Doucet 1991; 1993i Fryxell L992r.

Jenkins (1981) also reported seasonal variation in feeding'sites and

linked this to different species preferences or to differences in

seasonal accessibility of sites.
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NUTRIENTS

Nutrient reguirements of beavers are not known and probably vary

with age, sex, season and reproductive condition (Robbins 1993).

However, Robbins (1993) gives values for several members of the

Rodentia. These ranges of values will be used ag indicators of the

adeguacy of the beavers'diet. Many of the minerals interact. and high

levels of one mineral may impede the uptake of another mineral (Roze

1989; Robbins 1993). Water is one of the most important essential

nutrients (Robbins 1993), but this is not a difficult requirement for a

semi-aquatic animal to meet.

Protein

Browsers, in general, require about 6 B protein in their diet, the

exact reguirements depend on amino acid composition of the protein

(Robbins L993). fn this study, the summer primary food and some sunmer

secondary foods easily surpassed this Level. In spring, the P.

tremuToides samples were slightly below this level, but. the P. banksiana

sampTes exceeded the 6 B Level. Preferred foods appeared to be

generally higher in protein than less preferred or non-foods. These

protein values are similar to values for comparable plant parts

determined by Cowan et al-. (1950) and Roze (1989). Protein is essential
for growth and aLl other aspects of life and is the only nutrient in
this study which is consistently more concentrated in primary foods than

non-foods. Aleksiuk (1970) also found that beavers used higher protein

foods such as SaJix spp. leaves when available, which would lead to the

most rapid growth possible. In my study area aII growth must take place

in less than six months of the year, therefore maximizing protein intake
in summer in order to maximize growth would seem to be adaptive.
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Macroelements

Macroelements are those which can be measured on a milligram per

gram (or percent) basis. The requirements for sodium are 0.05 to 0.15 *

of diet and for potassium are 0.3 to 0.6 t of diet. All primary foods

surpassed these levels in summer but. did not meet the sodium requirement

in spring. The non-discernible sodium in sample PT13 was most likely
the result of high rainfall in the surnmer of 1993 and consequent

Ieaching of sodium from the leaves and soil (Roze 1989; Robbins 1993).

!,thile both sodium and potassium levels were high in preferred foods in

summer, the potassium/sodium ratio was lovr. High levels of potassium

may reduce the availability and retention of sodium (Robbins 1993).

Beavers may select for a l-ower pot.assium to sodium raÈio, which will in
turn give them higher sodium intake. Spring is a time of sodium stress

for most herbivores (Roze L989; Robbins 1993). Aquatic vegetation has

been shown to have much higher sodium levels than terrestrial vegetation

(Belovsky and Jordan 1981; Roze 1989; Robbins 1993). The lack of use of

aquatics may be due to lack of availability. Because of the length of

winter in my study area, development of aquatic plants does not occur

until about the same time as Leaf-out of deciduous trees. Aguatics are

therefore not available aÈ the time when they would seem to be most

needed. other possible factors affecting selection of aquatics will be

discussed ]ater. However Schmidt-Nielsen and o'Dell (1961) showed that
beaver urine is very low in solutes, and therefore beavers may have Low

sodium losses through excretion, and therefore lower requirements for
sodium.

Requirements for the other macroelements I examined are given as

0.04 to 0.3 t magnesium (for rodents) and 0.4 tO 1.2 Z caLcium and O.3

to 0.6 å phosphorus (generally for animals) (Robbins 1993). No values

are given for requirements for sulphur. All foods and non-foods met or

exceeded requirements for magnesium, while all were below the standard
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for phosphorus, though primary foods tended to be higher than secondary

or non-foods. Calcium levels were sufficient in all Burnmer vegetation,

but were only met by P. tremuloides in spring. Notably, there is a

great deal of site variation in the calcium level for the spring P.

tremul-oides bark. Jenkins (1975¡ 1978) has also suggested variation in

nutritional and chemical values between sites, and suggests that this is

the reason for sampling behaviour he observed. Sulphur levels were

higher in primary foods than secondary or non-foods.

Trace Elements

Trace elements are those that are reguired in only trace amounts

and recorded in parts per million. Rodent requirements for trace

elements are given by Robbins (1993) as: copper 1.6 to 6 ppm; iron 25

to 140 ppmi manganese 3.7 to 50 ppm; and zinc 9.2 Eo 30 ppm. Copper

Levels in primary foods jusÈ exceeded the minimum in spring, but easily

met these reguirements in summer. All primary food items surpassed the

minimum iron l-evels, but none were extremely high in iron. Manganese

levels were satisfactory in all the vegetation, but distinctly higher in

P. banksiana in the spring. Conversely, zinc was found in much higher

concentration in P. tremuLoides in spring, although all vegetation met

the minimum required levels. The values I found for copper and zinc are

similar to those reported in foods of Castor fiber in Russia, but lower

than values report,ed for manganese (Vasilkov and Golodushko 1971).

Energy and other aspects

One component of the vegetation that I did not specifically

measure was energy content of the samples because facilities were not

available to measure calorific content. cowan et a7. (1955) determined

that beavers required 35 to 45 Calories of digestible energy per pound
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of body weight per day. This equates to about 650 g of P. tremuLoides

or 775 g of SaJix spp. for an 11.5 kg beaver (Cowan et a7. 1955). fn my

study area vegetation was abundant, and it is doubtful that beavers had

any difficulties meeting these requirements. As indicated earlier,

beavers in an area with limited access to food for part of the year

should be maximizing their protein intake to maximize growth. They

would also be expected to maximize energy intake and deposit fat stores

while energy is abundant (A1eksiuk and Cowan 1969¡ ALeksiuk 1970). Some

of the secondary foods examined, while being low in most nutrients,'frây
be higher in energy and therefore selected for this factor.

ApproximateJ-y 93 t of energy available from P. tremuLoides is
digestibJ-e, while onl-y 44 t of that available from water ]ilies (Nuphar

spp. ) is digestible (Doucet and Fryxell 1993). Similarly 100 å of

protein in aspen is digestible, while only 42 * of that in water lilies

is digestible (Doucet and FryxeII 1993). So although water lilies are

much higher in protein and similar in energy to P. tremuLoides (Doucet

and Fryxe1I 1993), the much lor,rer digestibilit.y conseguently lowers the

real protein and energy content of the water tity. If protein intake is
being maximized in order to maximize growth, as discussed earlier, then

the water lily should be less favoured. fn regions of North America

where the open water season is longer, optimizing protein and energy

intake over a short period of time is not. so crucial. In those areas

the advantages of using aquatic foods, including predator avoidance, ñây

outweigh the lower digestibility.

other factors may also play a role in determining which items are

sel.ected by beavers. Basey et a7. (1988; 1990) discovered the presence

of a phenolic compound in juvenile growth forms of PopuJus spp.. This

compound u¡as a response by the plants to beaver cutting, and vras

sufficient to deter beavers from selecting the juvenite growth. P1ants

frequentLy have chemical defenses which may reduce forage guality



174

(Lindroth and Batzli 1986), and Feeny (1970) has reported a simirar
interaction between moth caterpitlars and oak leaves.
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coNcLUsIoNs

Both H"1 and Ho2 were, disproved. Beavers in the taiga appeared to

have preferences for certain vegetation types which varied seasonally.

Nutrient composition differed among vegetation types. Doucet and

FryxelI (1993) found no correlation between the proportion of each

forage species consumed and any single nutrient parameter. As discussed

here, there are probably many interacting requirements that must. be met

for beavers. For beavers in the taiga, the essential food reguiremènts

appear to be protein, with a moderate potassium to sodium ratío in the

food. Beavers appear to be seLective in choosing the species and parts

of trees they consume, selecting P. tremuLoides in the spring and summer

and supplementing with P. banksiana in the spring. This selection and

the selection of leaves over other tree parts serves to maximize protein

intake. Most other nutrients are in sufficient guantity in most of the

vegetation available, and therefore do not appear to be selected for or

against.

These results are the product of preliminary work. The samples

have Iimited replication, and therefore no statistical analysis can be

undertaken. However, they do provide us with an indicator of the levels

of nutrients in beaver food in the taiga, and the types of nutrients
beavers may be seeking in their food. More work is needed in my study

area and in other areas to determine if beavers select foods differently
in areas wit.h different seasonal constraints.
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ABSTRACT

DNA fingerprinting studies of 60 beavers (castor canadensis)

showed a mean band sharing coefficient (Bsc) among unrerated beavers of

0.36tO.llL,andamongknownflrstorderrelativesof0'62l 
O'1O2'

Beavers of unknown relationship in the popuration had a mean BSc of 0'40

lo.ll3,significantlysma}Ierthanknownfirstorderrelatives,but

significant}ylargerthanthevalueforunre}atedanimals.Further

studyisneededtodeterminewhatrolere}atednessplaysin}imitinÇ

territorial behaviour'
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INTRODUCTION

Beavers(castorcanadensis\aresemi-aguaticmammals'Theylive

infamilygroupsroftentermedcolonies'Thesegroupsnormallyconsist

oftheadultpalrrtheyoungofthecurrentyear(kits)andtheyoungof

the previous year (yearlings) ' The mating pair generally remain

together for many years if not for life' Mating takes place in about

February, under the ice in regions with ice cover' Kits are born in

earlyJune.Theyoungusua}Iyleavethenatallodgeatabouttheir.

secondbirthdayrthoughsomemayleaveasyearlingsorremainpasttheir

second birthdaY'

In studying the beaver population in the WalLace Lake region of

easternManitoba,Ifoundnodirectevidenceofterritorialbehaviour

(See Chapter 6) ' I hypothesized 2 explanations for this lack of

territoriality:1)TheWallaceLakefireinlgEowipedoutmuchofthe

resident beaver population and teft only a few founders for a new

popu}ation.Theoffspringofthesefoundersmaynothavedispersed

greatdistances,butoccupiedsitesneartheirnata}Iodge.Territorial

behaviourmightthereforehavebeenavoidedduetotherelatednessof

adjacent beaver families.; 2| The fire also resulted in an abundant

growthofPopuTustremuToides,afavouredfoodofbeaver.Aprofusion

of food might also reduce the need for expenditure of energy on

territoria}defence.Alternatively,boththesehypothesesmightbe

working!nconjunctionwithoneanother.Toascertainthe}iketihoodof

hypothesisl,Icol}ectedb}oodandtissuesamplesfromthebeaversina

number of lodges throughout the area for DNA fingerprinting' to

determinethedegreeofrelatednesspresentinthebeaverpopulationof

the lgallace Lake area'

Jeffreys et aL (1985a) discovered the presence' in the human

genome, of regions of DNA with multiallelic variation and high

heterozygosities.Thesevariableregionsconsistoftandemrepeatsof
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short sequences (minisatellites¡ ' They are poll'morphic due to allelic

differencesinthenumberoftandemrepeats(Jeffreyseta7.1985a).

Usingspecificrestrictionendonucleasesandprobes,itispossibleto

producealadder-Iikeseriesofbandsonx-rayfilm,representing

strandsofDNAofdifferentlengths.Anindividual,Sarrayofbandsis

termed its DNA fingerprint (Lynch 1988) '

Burke and Bruford (1987) adapted Jeffrey's method for work with

treeswallows(TachycínetabicoTor\'sincethenDNAfingerprintinghas

beenusedforavarietyofworkwithbothmammalsandbirds.MostÈird

studieshavebeenconcernedwithdeterminingpaternltyandthe

}ikelihoodofextra-paircopulationsorintraspecificbroodparasitism

in a variety of species (Quinn et a7' 1987; Burke et af' 1989; Birkhead

et a7 1990; Morton et aT' 1990; Rabenold et aL' 1990; WestneaÈ 1990;

DunnandRobertsonlgg3;JonesetaT'1gg3''Lifjeldetal-'1993)'other

studleshaveexaminedpopulationstructure(wettoneta]..1987;Haiget

af. 1993). ÐNA fingerprinting in mammals has also been used to

determinepaternityincommonshrews(Sorexaraneus)(Tegelstrometa.Z.

199].).Howevermostworkonmammalshascentredaroundunderstanding

therelationshipsandgeneticdiversitywithinapopu}atlon(Faulkeset

af.1990;GilbertetaT'1990;Reeveetal-'1990;GilbertetaI'1991t

Hoelzel and Dover 1991'; Wayne et a7' 1991; Ellegren et af' 1993) '

Inthisstudylexaminepatternsofre}ationshipwithinalocal

popu}ationofbeavers,comparetheresu}tstosimilarstudiesonother

mammalsandbirdsandconsiderwhetherahighdegreeofgenetic

relatednessmaybethedeterminingfactorinthelackofapparent

territoriality in the population'
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METEODS

COI,LECTION OF SAMPLES

I collected blood and tissue samples from beavers from 28

different}odges.Icollectedbloodsamplesfrombeavers}ive-trapped

forradio-te}emetryandbehaviouralstudies.!frozeb}oodsamptesin5

mlvacutalnertubesaftercollectlon.Ialsocollectedtissue(muscle)
samplesfrombeaverstrappedbytheloca}trapper.Thesewerestoredin

individuaLfreezerbagsafterco}}ection.Samp}esfrom6obeaverswere

usableintheDNAana}ysis.Thelocationsofcaptureofthebeaversare

shown in Figure 1 '

DNA FINGERPRINTING

DNAprofitetestswereperformedaÈTherloncorporation(Troy,NY)

using the following procedures: DNA was isolated from 1'0 ml of blood

uslng a non-organic extraction technlgue (Grimberg ex af' 1989)' DNA

wasisolatedfromfrozentissueusinganorganicextractiontechnique

(sambrook et af' 1989)' The yield of DNA from each sample was

determined by comparison to controls on an agarose gel'

The DNA was creaved using conditions specified by the supprier

with2Ounitsofrestrictionendonuc}easeHinfl(NewEnglandBiolabs,

Beverly, MA) per microgram of DNA' completeness of digestion was

monitoredbycomparisontocontrolsonanagarosegel.Twomicrograms

ofdigestedDNAfromeachindivldualwereloadedontoaL.2zagarose

analyticalgel.Molecularweightsizingstandards(MWSS)wereloadedin

uptothreelanessothatthesampleswerebracketedbyMWss.ThisseÈ

ofstandardDNAfragmentsofknownmo}ecularsizeiscomposedof43

bandsranglngfromO.5O4to34.6.tgkllobasepairs.Thegelwasrunin

40 mM Tris pH ?'8' 1 mM EDTA for a total of 1500 volt-hrs'



Figure 1. lfap showing location of capture sites
ouÀ fingerprinting. Numbers refer to
coding Èhe samples (See Appendix 5)'

of beavers used for
family numbers used LN
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The DNA was transferred from the ge} to a nylon membrane (Biodyne

B,PaIlCorporation)usinganalkalinetransfertechniguedescribedby

themanufacturer.Themembraneswerehybridizedwithano}igonucleotide
probe deríved from the repeat sequences of bacteriophage M13 (probe

opTrM-12). In a pilot study this probe had been shown to give highly

variableDNAprofilepatternsamong,,unrelated.'beavers.Theprobewas

Iabelledwith32P(NENrBoston)byprimerextension(sambrooketaT'

]-989),andunincorporatednuc}eotidewasremovedonaNuc-Trapcolumn

(Stratagene,LaJoIIa'cA).Hybridizationswerecarriedoutat50oC.in

5xSSPE(1x=l5omMNaCl,lomMsodiumphosphate,lmMEDTA),2tsDs'

1mg/mlherringtestesDNAandlBPEGforlEhours.Themembraneswere

washedat55"Cin2XSSPE'lBsDs,coveredwithplasticandexposedto

x-ray film at -?O"c for 1 to 5 daYs'

AnaIysesofDNÀprofilepatternswereperformedusingtwocomputer

programs designed at Therion corporation' 1) Using a digitizing pad'

bandsizesforeachindividualweredeterminedbycomparisontotheMWSS

within the range of 13.g23 Lo 3.034 kb. 2l A set of matrices were

generatedthatref}ectedtheratioofbandssharedtothetotalnumber

ofbandsscoredforeachpairofindividualsusingtheformuta2Nou/(No

+N")whereNoisthenumberofbandsinanlmalA,Nuisthenumberof

bandsinanimalB,andNo"isthenumberofbandssharedbybothbeavers

A and B (wetron et ar. l-98?; Lynch r.990; r99L¡ Morton et aL' 1990) '

Thisratioisreferredtoastheband-sharingcoefficient(BSc).Inall
publishedreportstodate'Bscs(alsocalledtheindexofsimilarity'

variably termed 'p', va}u€s (Wetton et a|. lg87i Morton et â1. 1990) or

,'srr values (Lynch 1990; 1991) have exhibited a significant positive

correlation with known values of relatedness'.

Duringcomparisonstodeterminebandsharingbetweenindividua}s,

bandswereconsideredtobeamatchwhentheirrespectivesizes

overlappedwithinarange(calledtolerance)ofÈo.45Bofeachband

sLze (i-e. the total range is equal to O'9 t of band size) '
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TheoreticallyrhigherlevelsoftolerancecanbeusedsinceBsCisa

relatlvemeasureofrelatednessamongindividuale.However,higher

tolerancesareexpectedtomasktruedifferencesbetweenindividuals

because as the range of overlap is increased, more bands at different

positions wiII be called matches' (W' Gergite and N' Casna' Therlon

Corporation' personal communication)'

STAIISTICAI, ANALYSIS

I separated the pairwise BSCs into 4 groups: known first order

relatives (parent-offspring or siblings); known non-first order

relatives (',unre).ated,. - fetuses, kits and yearlings from one end of the

samplingareacomparedtofetuses,kitsandyearlingsfromtheotherend

of the sampling area); other members of famity groups (1 lodge) whose

direct rerationship to each other vras unknown; and all other comparisons

betweenbeaversofunknownre}atedness.Isubdividedknownfirstorder

relativesinto4groups:fathertooffspring;mothertooffspring;

sib}ingsofthesameyearclass;andsiblingsofdifferentyearclasses.
I computed the mean Bsc for each group and also calculated an

unbiasedestimateofvarianceforeachgroupwithLynch,s(1990)

formula:
variance = zstr-ãl lz-El

ñt+-sl

where * = n::l iffir::'":n;"1å:":"ored ror the sroup

Thisunbiasedestimateofvarianceandstandarddeviation,(sguareroot

ofvariance)circumventsthedifficultiesassociatedwithconducting
parametr!cstatisticsonva}ueswhicharenottrulyindependent.I

computedF-testsandt-teststoascertainiftherewasanysignificant

differencebetweenBsCsforthedifferentcategoriesoutlinedabove.I

also computed histograms of the frequency of BSC values by grouping

values in 0.05 increments'
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SamPlesfrom60beaverswereusableforbandsharingcomparisons.

ThemeannumberofbandsscoredperbeavervrasL6'77(s'd'=3'33'N=60'

range: 9 to 27) '

the mean BSc for aII 17?O pairwise comparisons was 0'42

(s.d.=0.113, N=l??Or range: O to O'82)(Figure 2)' The mean BSC for

known first order relatives (Parent-offspring' or full siblings) was

O.62 (s.d.=0.102, N=83' range: 0'39 to O'79)' Unrelated animats hàd a

mean BSC of 0'36 (s'd'=0'111 ' N--72' range: 0'14 to 0'55) ' Beavers

withina}odgeofunknownrelationshiptoeachotherhadameanBsCof

0.598 (s.d.= O'111, N=32' range: 0'29 to O'82)' The remaining 1583

comparisonsbetweenbeaversofunknownrelatednesshadameanBscof

O.40 (s.d-=0.l-13, N=1583' range: O to O'I)'

First order relatives had a significantly larger mean BSc

unrerated group (t=6.36, N=g3 ,72, p-ro.ool). The unknown group

significantly smaller mean BSC than known first-order relatives

(t=18.97, N=L583,83, p<0'OOl-) ' and a significantly Iarger mean

the unrelated group (È=2'99' N=1583'72' P<0'01)'

FAMILY
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than the

had a

Bsc than

WithintheknownfirstorderrelativesthemeanBsCforfathersto

offspring was O'66 (s'd'=O'1' N=7r range: 0'56 to O'771 and for mothers

to offspring was O'62 (s'd'=O'105 ' N=24' range: O'4 to 0'79)(Figure 3)'

The mean BSc between offspring of the same year class was 0'60

(s.d.=0.11, N=32' range:0'39 to O'?9) and between offspring from

different year classes was O'64 (s'd'=0'l-04' N=20' range:0'5 to

0.79) (Figure 3) '
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Figure 2. Histogram of frequency of occurrence of
coefficient values for al-I beavers (N=
beavers of unknown relationship (N=1583
relatives (N=83); known non-first order
("unrelated") (N=72); and unknown same
(N=32 ) .

band sharing
l77Ol; non-cohabiting
); known first order
relatives

lodge residents
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Figure 3. Histogram of freguencY
coefficient values for
father-offsPring (N=7)
class siblings (N=32);
and beavers of unknown
lodge (N=32 ) .

of occurrence of band sharing
beavers living in common lodges:

; mother-offspring (N=24); same year
different year class siblings (N=20) t
relationshiP residing in the same
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ThemeanBscsbetweenmothersandoffspringandfathersand

offspring were not significantly different (t=O'924' N=24'7 ' p>O'2\'

likewise,themeanBscsdidnotdiffersignificantlybetweensiblingsof

thesameyearclassandsiblingsofdifferentyearclass(t'=1.33¡

N=32r20, p>0.1). There v'ere no significant differences in mean BSc

between mothers and offspring and same year class sibrings (t=0'699'

N=32r24, p>O-5); between mothers and offspring and different year class

sibtings (t=0' 63, N=24'2O' p>O'5); between fathers and offspring and

same year crass sibrings (t=1.42, ñ=32r?, p>o-1); or between fatherè and

offspring and different year class siblings (t=0'45' N=20'7' p>0'5)'

Thebeaversresidentinthesamecolony,whoserelationshipstoeach

otherwerenotknownhadameanBscthatwasnotsignificantlydifferent

fromthatfortheknownfirstorderrelatives(t=0.88,N=32,83,p>0.2).
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DISCUSSION

The beavers showed a mean BSC among known first order reratives of

0.62 and among unrelated beavers of 0'36' The value for first order

relativesislowerthanforothermammalspeciespreviouslyreported
(Table 1). However tne Heterocephalus glaber (naked mofe rat)

popu}ationhadextremeinbreeding(Reeveeta7.1990),andthePanthera

7eo (Iion) population may also have had inbreeding (Gilbert et a7'

1991),whichwi}IservetoraisetheBsCvalue.Boththesepopulations

alsodemonstraÈedhigherBsCvaluesamongunrelatedanimals(Tab}e2).

Thehigherthedegreeofsimilaritybetweenunrelatedmembersofthe
population,themore"noise"inthesysÈemandthelowertherelative

valueoftheBscforrelatedanimalsinthatpopulation(Lewin1989).

Iftheva}ueofthisbackground,,noise,,issubtractedfromthevaluefor

the related animals, the values for the differenÈ species become much

moresimilar.TheBscestimateforunre}atedbeaversissomewhat

intermediate among estlmaÈes of other mammal and bird species (Table 2) '

However, because this is such a recentry deveJ-oped method, there is not

anabundanceofdataavailableintheliteraturetowhichwecancompare

the beaver results'

Theunrelatedvaluesaremuchlowerthanmostoftheva}uesfor

unrelatedCastortíberinSweden'butverysimilartothevaluesfor

SwedishbeaverscomparedtoRussianbeavers(Table2).TheSwedish

sample Çroupr although taken from a populaÈion of over 1OO'OO0 animals'

representthedescendantsof46successful}yreintroduced4nimalswhich

inturnaredescendedfromlessthanl0ONorwegianbeavers(EIlegrenet

a:.1993).Therewaslikelylossofgeneticvariabilityasaresultof

thisbottleneckinthepopulation.However'inthepi}otstudyforthe

currentstudy,agreatdea}ofsimilaritywasfoundamongthebeavers,

andtheprobesforthecurrentstudywereselectedbecausetheyshowed

considerablevariabilitybetr¡eenknownunrelatedanimals.Tocompare



Tab1e 1. Literature values for mean band sharing coefficients for
knownfirstorderrelativesforseveralbirdandmammal
sPecies -
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SPECIES

wetton et al. 1982
Passer domesticus

Gilbert ex aL. ry9f0.72 - 0.80
Panxhera 7eo

wavne et af. 1991
Canis TuPus

Reeve et a7- 19900.88 - 0.99
H e t e r o c e Ph a I 

"Ê--9 
I aþE

Present Pacastor canadensis



lable 2. Literature values for mean band sharing coefficients for
unrelated members of severat b.ird and mammal species.
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AUTEOR(S)
SPECIES I

MEAN BSC

Jones ex a7. 19!f
i *¡l

I'IeroPs aPiaster o. 189

0.1 - 0.3 Burke and Bruford 1987
ya

0.16 - 0.17 Birkhead eÈ af ' 1990
Taenropy9Ld "--

0.26 - o.27 Rabenold et a-Z ' 1990
halis

ctlItP y

o.24 Burke ex a7. 1989
7 ari

o. 19 Morton et al. 1990
Proqne su.bj.s

rì qq Haiq et a]. 1J9!
Picoides bo49e!þ

Westneat 1990o.2t - o.28r
Lifield et a7. t993

fechYcineta bicolor o.25

| "tt"nt"n 
et a7:-]22!

Mâmmals

0.23 - o. 55r
ÇASE

o.77 - 0.892 nllêcrren et aI. 1993
castor fiber

Reeve et af. 19?!o.42 - o.84
He¿etocePrtaluÞ I

o.26 - o.56 Gilbert s¿ ¿ 7. 1990
u rocyQrt

rì ?1 wavne ex a7. 1?91
Canis TuPus

1qo1 and Dover 1991
orcinus orca o. 64

i I Èrorl- eX al. 1991
Panthera feo o.49

JeffreYs et al ' 1985b0.08 - 0.28
P

0.36 Present Paper
castor canadensis

t Comparison between populations in Sweden and Russia
2 Comparison ¡eirã." ir"i":.ated animals in Sweden
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accurately these beavers to the European beavers' we would have to

compare results based on the same probes' Ellegren ex aI' (1993) also

reportsacompletelackofvariabilityintheMajorHistocompatibi}ity

Complex (MHc), which plays a role in the immune system' The Russian

beaversshowonly2variationsfromtheSwedishbeaversatMHCloci
(Ellegren et af' 1993)' Faulkes et aL (1990) also found timited

polymorphism at MHC loci Ln Hetetocephalus glaber' an inbreeding

co}onialsma}Imammal.Therapidexpansionofthebeaverpopulationin

Scandinaviademonstratesthattheanimalsdonotseemtobenegativèly

affected by low amounts of variability in DNA fingerprints and MHCs

(EIlegren et af' 1993) '

Thecomparisonbetweenallanlmalsofunknownrelatednessshowed

thattheBscvaluesweresomewhatintermediatebetweenknownrelated

beavers and unrerated beavers, but covered the entire range of both'

Whi}ethelatter2groupsweresignificantlydifferentfromoneanother,
there was overlap (Figur e 2l' It would be expected that there would be

some greater degree of relatedness in the population' but the sample of

unrelated was also taken from this same Population' I believe this

indicatesthatthereisasomewhathigherdegreeofre}atednessamong

thebeaversinsomepartsofthestudyarea.Furtherexaminationofthe

data,withcomparisonstogeographicdistancetwillshowwhatthe
paÈterns of relatedness are over the study area'
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coNcLUSIONS

NeitherofmyhypothesesareProvenordisproven.Thebeaversin

theWal}aceLakeregiondonotshowevidenceofinbreedingasawhole,

butratherhaveBsCvaluesforbothrelatedandunrelatedanimalsthat

arewithintherangeofva}uescitedforothermammalsandbirds.The

resurts do not indicate a high degree of reratedness across the

population, but there appears to be some degree of relatedness among

non_cohabiting animars. rt appears, therefore, that repopulation after

thefiremayhaveresultedbothfromunre}atedimmigrationand}imited

dispersaloftheoffspringofthefounders.Furtherstudyandpairwise

comparisonbetweendifferentsiteswillbetteril}ustratewhether

re}atednessisplayingaroleinreducingterritorialbehaviourinthe

beavers in this area'
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SUMMARY
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SI'MMARY

Most of the early literature on beavers was very much anecdotal

and anthropomorphic. The more recent literature has covered a variety

of fields, but the taiga or boreal forest of mid-continent North America

has not been weII represented in this Ìiterature. In this study I

sought to gain a better understanding of the beavers living in the

taiga.
My first objective was to identify a suitable method of

delineating home ranges for beavers. WhiIe each of the four methods

tested functioned well- in specific situations, only the grid cell method

gave reasonable estimates in all cases and allowed for analysis of

intensity of use of the home range-

Secondly I wished to determine the home range sizes for beavers

living in this region, and thirdly habitat, sex' age class and seasonal

differences in home range size. Summer home ranges averaged 10.34 ha,

fall 3.0? ha and winter 0.25 ha. Core areas were almost always Present

and usualty incJ-uded the lodge and feeding areas. River beavers had

Iarger home ranges than pond or lake beavers in both summer and fall,

while in summer pond home ranges vtere smaller than lake home ranges.

The habitat bordering lakes and ponds is more suited to the growth of

favoured beaver foods, such as Populus tremuToides, than the habitat

bordering rivers. This means that beavers living on the river may have

to go farther in search of food than those living in lake or pond

habitats. Adult males were active farther from the lodge and had larger

home ranges than other family members, while adult females r^¡ere active

closer to the lodge and had smaller home ranges. Home ranges and core

areas were larger in summer than in faII, but summer and faÌI home range

sizes were positiveJ-y correlated. FaIl home ranges vtere centred closer

to the lodge than summer home ranges. Beavers appear to use about 25 t
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of their home range for about ?5 B of their activity. This trend holds

across alI habitats, age classes' sexes and seasons'

}4yfourthobjectivewastoassesswhetherterritoriesarePresent

inthisbeaverpopulatlon.Ineverobservedanyevidenceofterritoria}

behaviourordefense.Somehomerangesoverlappedandlcaughtmany

individual beavers inside home ranges of other individuar or family

groups.IbelievemutualavoidanceisthemoretikelyPatternthatis

followed bY these beavers

Myfifthandsixthobjectivesv¡eretodeterminefeedinghabitàand

thecauseofanyseasonalvariationinthesehabits.Foodhabitsdid

varyseasona}Iy,probab}yasaresultofmanyinteractingrequirements.

TheessentialrequirementsaPpeartobeproteinandamoderatepotassium

tosodiumratio.Beaversappeartochoosespeciesandpartsoftreesin

order to meet these requirements'

Mylastobjectivewastoassessthere}atednessamongstthebeaver

population using DNA fingerprinting and determine if relatedness and

territoria}ityarecorrelated.Ifoundnodirectevidenceofinbreeding

inthepopulation.However,thebeaversofunknownre}atednessfit

betweenunre}atedandknownrelatedintheiraveragebandssharing

coefficient.Therefore,atleastsomeofthemembersofthepopulation

donotappeartohavedispersedagreatdistancefromtheirnatalsite'
buttherelatednessestimatesalsoindicatethatt'herearesome

unrelated immigrants in the breeding population'

Beavers require both a dwelling - a lodge or bank burrow - and a

sourceoffood.Suitablesitesforbuilding}odgesorburrowswillnot

necessarilycoincidewithgoodsourcesoffood.Beaverslivinginareas

withbothreguirementsincloseproximitywitlhavesmallerhomeranges

thanthosewhomusttravelfartherfromtheirdwellingtosuitable

feedingsites.Simi}arly,theseasonalchangeinfoodPreferenceswill
result in seasonat differences in home range sLze'
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In my study area' ice cover persists for up to 6 months each year'

Intheremaining6monthsofopenwater'beaversmustgrow'raiseyoung

anddepositfatreservesforthewinter.Theseareverydifferent

stresses than those faced by beavers residing in more moderate climates'

lhechoicesmadebybeaversinmystudyareawithregardtotreespecíes

andharvestingsitesappeartomaximizeproteinintakeandminimize

energyexpenditure.Inmeetingtheserequirementsbeavers'}romeranges

changeseasonally,beingsmallerinthefa}Iwhenthefoodpileisbeing

constructedandlargerinsummerwhenbeaversfeedatgreaterdistances

from the lodge'

Territorial behaviour is usually a method of defending some

resource such as food or riving sites. After the 1980 wallace Lake

fLxe,PopuTusxremuToidesbecameabundantinmystudyarea.Iffoodis

abundant'energyexpenditureonterritoriatitywouldnotseemtobe

necessary- Since beavers appear to be conserving energy by only

harvesting trees for the winter food pile from the vicinity of their

Iodge, it seems unlikely that they would put effort into territoriality

when food supplies appear adequate'

Alternatively,orsupplementarily,theDNAfingerprintingappears

toshowthatthereisatleastsomedegreeofre}atednessamongthis

population. rf this is the case' territories are less Ìikely to be

defendedagalnstrelatedindividualsthanagainstunrelatedindividuals.

The combined effects of relatedness and ample food suppJ'y may negate the

need for territoriality in this population' If this is the case' I

wouldexpectthatasrelatednessandfoodsupplybothdecreasewith

time,terrltorialityshouldincrease.Inthemeantimemutua}avoidance

aPPearstoservethepurposeofseparatingdifferentbeaverfamiliesor

individuals.similarly,ifterritoriesdooccur,homerangeshapeand

size may also change in order to be better defended by the owner'
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APPEI{DIX 1

SOtdE RÀNGE I¡iAPS



Figure 1. I'faps of home range area for beavers in the Implant pond
Family for summer and faII, 1989. L indicates location of
the 1odge.
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Figure 2. Maps of home range area for beavers in the Twin Bays Family
for summer and fall, 1991. L indicates location of the
lodge.
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Figure 3. Maps of home range area for beavers
surnmer and fall, L990. L indicates

in the JRB Family for
Iocation of the lodge.
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Figure 4. lfaps of home range area for beavers in the Gatlan Pond
Famify for summei and faII, 1990. L indicates location of
the lodge.
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Figure 5. I'faps of home range area for beavers in the Gatlan Pond
Family for summer and faÌI, 1991. L indicates location of
the lodge.
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Figure 6. Maps of home range area for beaver 8R1848 for t987, 1988 and
1989. L indicates the location of the J-odge.
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Figure 7. Haps of home range area for beaver 8R1844 for summer and
- faIl, 1987. L iñdicates location of the lodge'
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Figure 10. Maps of home range area for
Euttìmer and late fall, 1991.
lodges.

beavers 8R1534 and 8R1524 for
L indicates location of the
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Figure 11. l,faps of home range area for beavers 8R1603 for summer and- fall, 1990. L indicates location of the lodge'
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Figure 12. Maps of home range area for beaver BRI-834 for eummer and
fa1f, 1987 and 1988. L indicates }ocation of the lodge.
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Figure 13. ttaps of home range area for beaver GP286 for overnights in
summer, 1988, anã srrmmer 1989. L indicates location of the
lodge.
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Figure 14. Maps of home range area for beavers SL1O9r suÍlmer, 1989 and
SL16B6 and SL1682, summer, 1990. L indicates known lodges.
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APPENDIX 2

GRAPES OF CUMT'LATIVE AREA VERSUS ACTIVITY
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Figure 2. Graphs of cumulative percent of ^home 
range

crrm-,-r}"tive Percent of activity for beavers
Family for summer and fall' 1991'

area versus
in the Twin BaYs
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Figure 3. Graphs of cumulative
cumul-ative Percent of
for summer and fall,

percent of home range
activity for beavers

1990.

area versus
in the JRB FamiIY
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Â.AA

 '

- - å- -^.^-
^,A '

^'
^'A

AA 
A

A



Figure 4. Graphs of cumulative percent of 
-home 

range
cu*üI"tine Percent of activity for beavers
Pond Famity for Eu¡nmer and fall, 1990'

area versus
in the Gatlan
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Figure 6. Graphs of cumulative
cumulative percent of
1988 and 1989.

percent of home range
activity for beaver

area versus
8R1848 for 1987,
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Figure 7. Graphs of cumulative percent of home range area verÊus
cumulative percent of activity for beaver 8R1844 for summer
and fall, t987.
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Figure 8. Graphs of cumulative percent of home range area versus
cumulative percent of activity for beaver 8R1830 for fall,
1986 and sunìmer' 1989.
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Figure 9. Graphs of cumulative percent of 
-home 

range area versus
cumulative percent of activity for beaver H8481 for summer
and fal1, L989.
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Figure 11. Graphs of cumulative percent of_home range area versus
cumulative percent of activity for beaver 8R1603 for summer
and f all-, 1990.
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Figure 12. Graphs of cumulative percent of home range area versus
cumulative percent of activity for beaver 8R1834 for summer
and fal-l-, :.987 and 1988.
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Figure 13. Graphs of cumulative percent of
cumulative percent of activity
overnights in summer, 1988, and

home range area versus
for beaver GP286 for
sunìmer 1989.
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Figure 14. Graphs of cumulative percent of home range
cumul-ative percent of activity for beavers
1989 and SL1686 and SL1682, summer, 1990-

area versus
SL109, summer,
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APPENDIX 3

VALTJES FOR KOIùÍOGOROV-SI{TRNOV TEST



Table 1. Values of K (Kolmogorov-Smirnov
ranqes, p value <0.05 indicates
+ tíU,' *-1988, f tggg, | lgg}, t

Statistic) for summer home
presence of core area.
L99tt * overnighte



BEAVER# sEx ÀGE K p N

IP49 1 MÀLE ADULT 0.413 <0. oo5 30

IP414 FEMÀLE ADULT o.344 <0. 01 19

IP433 MÀLE YEARLING o.422 <0.005 29

IP4O3 FEI.ÍÀLE JUVENILE o.s22 <0.005 26

TB1s10 MALE ÀDULT 0. 333 <0. oo5 24

TB1508 FEMALE ADULT 0.336 >0. 05 Lt

T81528 },fÀLE YEARLING o .477 <0. oo5 23

T81502 FEI'ÍÀLE YEARLING 0. s04 <0.005 T7

JRB1617 MÀLE ÀDULT o. 561 <0. oo5 53

JRB1629 FEMÀLE ADULT o. s40 <0.005 20

JRB1641 MALE YEARLING o. 580 <0.005 39

JRB1649 MALE YEARLING 0.571 <0.005 47

cP16116 MALE ADULT 0.481 <0.005 2L

cP1676r FEMALE ÀDULT o.437 <0.005 16

cP1684 MÀLE YEARLING o.474 <0.005 27

cP1623 FEMÀLE YEARLING o. 511 <0. oo5 23

cP1611# I,ÍALE ÀDULT 0.483 <0. oo5 31

cP16?6l|' FEMÀLE ADULT o.432 <0. 025 10

cPL526 FEMÀLE YEARLTNG o .477 <0.005 33

8R1848Ì FEUALE JTIVENILE 0.337 <0.005 172

8R1848+ FEMALE ÀDULT 0.325 <0. o05 107

8R1848+* FEMALE ADULT 0.575 <0.005 83

8R1848+- FEMÀLE ÀDULT 0. 56s <0.005 77

8R1848+* FEMÀLE ADULT o.662 <0. o05 81

8R1848+* FEMÀLE ADULT 0. 612 <0.005 7I

BR1848r FEMÀLE ÀDULT 0.330 <0.005 38

8R1844 MÀLE ADULT o .467 <0. oo5 55

8R1830 MÀLE ADULT o .497 <0.005 64

H8481 MÀLE ADULT o .477 <0.005 82

8R1534 MÀLE YEARLING o.576 <0.005 83

8R1524 M.ALE YEARLTNG o .477 <0.005 56

8R1603 FEMÀLE YEARLING 0.548 <0.005 50

BR1834r FEMÀLE JUVENILE 0.435 <0. 005 33



BEAVER# sEx .AGE K p l{

8R1834+ FEMÀLE ÀDULT 0. 39s <0. 05 9

cP286+* FE},f.ATE YEÀRLING 0. s17 <0.005 32

cP286+ FEMALE YEARLING o.258 <0. 05 23

cP286r FEMÀLE JTT\rENILE o.466 <o. oo5 32

sL109 I{ALE YEARLING o.429 <0. o05 19

sL1686 FEHÀLE J1IVENILE o.544 <0. 005 50

sL1682 FE}IÀLE J1IVENILE 0. 5s3 <o.005 58



Table 2. Values of K (Kolmogorov-Smirnov
ranoes, p value <0.05 indicates
¡ æ1U,' +- 1988. t 1989, ! 1990, #

Statistic) for fall home
presence of core area.
1991, * overnights



BEAVER# sEx AGE K B N

IP491 I'tÀLE ADULT o.277 >0.05 L7

IP414 FE}.fAI,E ADULT o. 250 >0. 1 I

IP4O3 FEMÀLE JT'VENILE 0.411 <o.005 27

T81510 MÀLE ADULT o.574 <0.005 11

T81508 FEMALE ÀDULT o.452 >0. 1 4

T81528 uÀf.E YEARLTNG o. 508 <0. 005 10

T81502 FEMÀLE YEARLTNG o. s61 <0. 025 6

T81518 MÀLE K]T o. 619 <0.005 6

T81520 FEMALE KIT o. 631 <o. 01 5

r87522 MÀLE KIT 0. 618 <0. 005 6

JRB1617 I.IALE ÀDULT 0.356 <o. 05 11

JRB1629 FEMÀLE ADULT o.385 >0. 1 5

JRB1641 MÀLE YEARLING o. 505 <0.005 15

JRB1649 MÀLE YEARLING 0. 463 <0. 005 L3

cPL611r MÀLE ÀDULT 0.4s6 <0. oo5 L0

cP1676! FEMALE ADULT o.444 <0.025 10

cP1684 MALE YEARLING 0.416 <0.025 T2

cP161l-r' MÄLE ADULT o. 349 >0. 1 4

cP1526 FEI.IAI.E YEARLING o.204 >0. 1 4

BR1848f FEI'ÍALE JUVENILE o. 528 <0.005 20

8R1848+ FEMALE ADULT o.270 <0. 025 26

8R1844 MALE ADULT 0. 582 <0. 005 11

8R1830 l.{ÀLE ADULT o. 387 <0. oo5 32

H8481 MÀLE ADULT o. s88 <0.005 26

8R1603 FEMALE YEÀRLING o.241 >0. 1 17

BR1834t FEMÀLE JT'VENILE o.476 <0. oo5 11

BR1834i FEMALE ADULT o.452 <0. 01 11



Table 3. Values of K (Kolmogorov-smirnov Statistic) for spring, Iate
spring and late surnmer home rangêsr p value <0.05 indicates
presence of core area.I tggz, + 1988, t 1989, I 1990, # 1991, * overnights



BEAVER# sEx AGE SEASON K p l¡

BR1848f FEMALE JT'VENILE LATE SUMI'IER 0. 551 <0.005 53

8R1848+ FEMÀLE ADULT SPRING o .467 <0.005 45

8R1848+ FEMÀLE ADULT LATE SPRING 0.411 <0.005 48

BR1534 }IALE YEARLING LATE SUMI'IER 0. s23 <0.005 23

T81510 MALE ADULT LATE SUMMER o.468 <0.005 24

TB1508 FEMALE ADULT LÀTE SUMI,IER o.407 <0.005 22

T81528 MÀLE YEARLING LATE SUMMER 0. 609 <0.005 2A

T81502 FEMALE YEARLING LATE SUMMER 0. 588 <0.005 27



ÀPPENDIX 4

CEITÍROIDS OF åCTIVITY FOR NOI{-FAMILY BEAVERS



Figure 1. Centroids of activity for beavers living on the Blind River
and North Wallace Lake, Summer, Late Summer and FaII, 1987.
Centroids are shown t 2 etandard errors in both X and Y
directions. Àdult Male = 8R1844, Juvenile Female 1 =
8R1834, Juvenile Female 2 - 8R1848.
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Figure 2. Centroids of activity for beavers living on the Blind River
and North Wallace Lake, Spring' Late Spring' Summer and
FalI, and Summer overnights, 1988. Centroids are shown t 2
standard errors in both X and Y directions. Adult Female 1

= 8R1848, Adult Female 2 = 8R1834.
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Figure 3. Centroids of activity for beavers living on the Blind River
and North gJallace Lake, Summer and Fallr 1989. Centroids
are shown t 2 standard errors in both X and Y directions.
Adult MaIe 1 = BRL830r Adult Fema1e = 8R1848, Adult MaIe 2 =
H8481.
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Figure 4. Centroids of activity for beavers living on the Blind River
and North Wallace Lake, Summer and Late Summer, 1991.
Centroids are shown t 2 standard errors in both X and Y
directions. Yearling MaIe L = BR1534r Yearling l4.aLe 2 =
8R1524.
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Figure 5. Centroids of activity for beaver 8R1603 living on the Blind
River, Summer and FalÌ, 1990. Centroids are shown t 2
standard errors in both X and Y directions.
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Figure 6. Centroids of activity for beaver 8R1848 living on the Blind
River and Wallace Lake, Summer and Fall, IggT I fggg, and
1989. Centroids are shown 3 2 standard errors in both X and
Y directions.
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Figure 7. Centroids of activity for beaver
River, Sumner and Fall, 199? and+ 2 standard errors in both X and

8R1834 living on
L988. Centroids
Y directions.

the Blind
are shown
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Figure 8. Centroids of
Gatlan Pond,
Centroids are
directions.

activity for beaver
Summer (Overnights)
shown t 2 standard

eP286, Iiving in Lower
1988 and Summer, 1989.
errors in bot,h X and y
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Figure 9. centroids of activity for beavers riving in the vicinity ofsaLt Lick Pond and satt Lick Bay. centroids are ehown É 2standard errors in both x and y directions. yãårring Mare =SL109, Juvenile Female 1 = SL16g6, Juvenile Female 2 =sL1682.
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APPENDIX 5

DNA AIJITORAD I OGR.APES
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Table 1. Summary of composition of families groups in DNA study.
Refer to Figure 1 in Chapter I for geographj.c location of
f amilies.



FAMILY
NI'MBER

L

2

IjfALE

ÀDI'LTS

3

4

FEI'IAI,E

1

5

6

1

7

IWO.YEAR OLDS

1

I

MAIE

9

t-o

FEI,TAI,E

L1

t_

1

L2

I

13

YEARI,INGS

ldALE

15

1

16

L

1

L7

1

1

FE}fAI,E

l_8

1

2

26

1

27

1

MAI.E

t

28

KIlS

I

2

I

2

29

4

Both aduLt females were pregnant, each with 3 fetuses, see Wheatley, 1993.
Sex of fetus undetermined.

FEI¡ÍALE

t-

1

FETUSES

1

1

1

1

2

1

1

1_

1

1

1

2

1

1

l_

1

5

2

5,t

7z

1

1
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Figure 1. Autoradiograph of DNA samples from beavers from families 1,
2, 6, 26, 27 and 28. See TabÌe 1 for summary of family
composition, and Figure 1 in Chapter I for geographic
location of families. V = visual conLroÌ, M = molecuLar
weight sizing standard, H = human control, square = adult
male, circl-e = adul-t female, triangl_e up = yearling or two-year ol-d femal-e, triangle down = yearling or two-year old
maÌe, diamond = kit.
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Figure 2 Autoradiograph of DNA samples from beavers from families 7
and 8. See Table 1 for surnmary of famiJ-y composition, and
Figure 1 in Chapter I for geographic location of families.
V = visual control, M = molecular weight sizing standard,
triangle up = yearling or two-year old femal-e, triangle down
= yearling or two-year old male, diamond = kit.
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Figure 3. Autoradiograph of DNA samples from beavers from families 3'
4,5f 10 and 29. See Table 1 for summary of family
composition, and Figure 1 in Chapter B for geographic
Iocation of families. M = molecular weight sizing standar:d,
H = human control, square = adult male, circle = adult
female, triangle up = yearling or tvro-year old female,
triangle down = yearling or two-year old male, diamond =
kit, small open circles = fetuses.
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Figure 4 Autoradiograph of DNA sampJ-es from beavers from families 11
and 12. see Table 1 for summary of family composition, and
Figure 1 in chapter I for geographic location of families.
V = visual control, M = molecular weight sizing standard, H

= human control' sguare = adult male, circle = aduLt female,
diamond = kit, small open circles = fetuses.
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Figure 5. Autoradiograph of DNA sampJ-es from beavers from families 13,
15, 16 and 17. See Table 1 for summary of family
composition, and Figure 1 in Chapter B for geographic
Iocation of fami-lies. M = molecular weight sizing standard,
H = human control, square = adult male, circle = adult
female. triangJ-e up = yearling or two-year old female,
triangle down = yearling or two-year oÌd male.
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Figure 6. Autoradiograph of DNA samples from beavers from famiLies 9
and 18. See Table l- for surnmary of family composition, and
Figure 1 in Chapter I for geographic l-ocation of families.
V = visual control, !J = molecular weight sizing standard, H

= human control, square = adult male, circle = adult female,
triangle up = yearling or two-year o1d female, triangle down
= yearling or two-year old male, diamond = kit.




