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. support of the current populatlon densrty

Abstract

. Flve thousand. eight hundred fourteen trees were examined on 239 vegetation plots at Elk

Island National Park, Alberta to test three hypotheses about beaver lCastor canadensis)

food fselectlon: (1) beavers select, certain classes of woody vegetatlon (2) selectron

' mcreases with i mcreasmg distance. from water, and (3) preferred classes of vegetatlon are

A

. those with hlghest nutrient levels. Large young trees were selected over other classes &f
\

- aspen poplar (Po,ou/us tremu/om'es) Whereas selectlon for balsam poplar (P. balsamifera)

was strongest for those thh a high rate of radial growth Beavers never selected in

favor of birch (Betu/a papyrifera). All classes of balsam poplar and Iarge, fast -growing

~

aspen were prefe"rred by beavers vvhlle small, slow growrng aspen poplar ‘and birch

growung more than 17 m from water were avoided. "No selectlon for’ spécrfuc plant ‘

species could be detected wuthm 10 m of shore although beyond that distance there was
a tendency for selectlon of balsam poplar to lncrease with dnstance from water. Befavers

removed crowns and some branches fror trees they cut down but except for a‘tendency

' for the range of sizes of aspen poplar cuttings removed to decrease with dlstance from

shore, there were no obvlous patterns of removal. Aspen and balsam poplar were hlgh in

most nutrients before and after storage in an artificial food ca_che.- Alder _had the highest

protein levels while birch was low in all nutrients analyzed. “Plant species selec‘ied mo'st .

| -frequently were those highest i in most-nutrients; however, within plant ,specres selectlon

,.

for high concentratrons of nutrients was not evident.- 'Other factors' such as competmc)n

from other herbivores and energetlc cost:benefit ratlos may »mv,fluenoe;, mtraspe_cnflC'

selpction. ‘ .o L ﬂ."

‘Qt‘.

sad

“1“" o

‘Beaver populations at Elk IsIand Natlonal Park (0.94 per km’) are amonb the hnghest .
reported in Canada. A high number of animals per colony Iow reproduc&lve rates and )

colonization of prevrously abandoned colony sites suggest 1 that beaver habltat is saturated

Rates of regeneratlon -of preferred classes of trees do not appear adequate for long-term

13

&
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I. INTRODUCTION _
Beavers (Castor canadensis) feed on a variety of plant material including herbaceous

aquatic and terrestrial vegetation and woody vegetation. During fall, they charac-

teristically- shift from a diet of predominantly herbacéous material to the almost exciusjve '

-

use of woody foods (Svendsen 1980al. Some trees cut down |n fall are used immediately
but others are transported to the vicinity of a lodgeror bank burrow to serve asa cache of
food whﬁ winter activity Is restric;ted by ice cover. Since northern beavers are unaole to
forage for alternative foods in winter, it is cruc:al that the cache contain sufficient
reserves of energy and nutrmon to mamtaln the colony until the ice breaks up in sprmg
Adult beavers defend exclusive home ranges (Brenner 1967, Aleksnuk 1968). This
allows the resgarcher to attribute foraging patterns and food caches to specific colonies.
Beaver food preferences have been studied by many workers (Aldous 1938 Hiner
1938 Shadie et a/. 1943, Stegeman 1854, Hall 1960, Brenner 1862, Novakowskl 1967,
Aleksiuk 1970, Northcott 1971, Jenkins 1975, Slough -and Sadleir 1977, Jenkins 1979,

Jenkins 1980) Most food habit StUdleS have concentrated prlmarnly on selection ‘of

species -and many (Hall 1960, Northcott 1971, Slough and Sadlelr 1977) have indicated

that aspen poplar (Popu/us tremu/om’es) is used preferentially where it is available, while '

. willow (Salix spp.} and alder (Afnus spp.) are important in the absence of aspen (Hall
11960, Novakowski 1967, Northcott 197 1). . A

| ’ Some workers have attempted to assess the effect of tree diameter on selection.

Hall, (1960) lndncated that willow in the 5 cm class was\selected preferentially while

Stegeman (1954) reported a preference for aspen 2.5 cm in diameter. _Jenkins (1980)

reported that the size of felled trees diminished with dlstance from water Chabreck

(1 958) brneﬂy examined the effect of growth rate on selection.

The nutritional regimen of foods used during winter was‘exar'nined by Novakowski
(1967). He assumed that small twigs were entirely consumed but Asubsequent studies by
Aleksiuk (1‘.970) indicated that this was not the case Jenkins (1979)" reported seasonal
changes in preferred species. He postulated that they resulted from varcatlons in nutri=
tional stabnhty between species of woody vegetation.

Food selection by beavers in Massachusetts was studied by Jenkins (19785, 19\7”8,

1979, 1980). He reported that selection was affected.by stem diameter in some genera
Y ‘ e
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but not in others (Jenkins* 1975). However, most studies ot beav'er~ foodf habits have -

concentrated mainly on selection at the plant species level. Few workers have attempted

to determine {1} whether beavers select woody vegetatnon in partlcular duameter ‘or.age .

‘classes and\(Z) the crlterua governing any sulh selectnon ‘ I ', T .

o

examined. Specifically, the hypotheses tested were o o : o : “‘-' L

1. .beavers select partlcular species, sizes, and age classes o‘f woody vegetatnon

foruse as winter food.  y ° SR }',.‘ :

. . R
2. selectron of woody vegetation lncreases as beavers travel farther mland Q.

\3 . a-.” ?.'.J

“obtain forage. - « -~ ",‘.,‘..

3. preferred classes of vegetatlon are those contalmng hughest con'centratuons o‘f
: m e

nutrients. Since overwmter _storage in water may result in the leacrnng of

i‘-f,;«.

nutrients, the effects of immersion were examuned

C e [

‘! N " The focus of the present study was to examme the overall foragnng patterns ofia
—~——
large population of beavers in the southern boreal forest Althoygh sute specuflc (Jenkms

1975) and temporal (Jenklns 1979) varlatlons in foraglng have b"een reported I did not

examine them in the present study . T K

\

Foragmg patterns of beaver in the southern boreal forest of central Alberta were .

@ -
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l.>STUDY AREA

The study was conducted at Elk Island National Park ‘a fenced area occupying 194 km?, in
central Alberta, 35 km east of Edmonton (Fig. 1). The park is located in the Beaver Hl“S a
region of knob and kettle terraln characterlzed by large numbers of small Iakes that
prowde habitat for beavers 4

A four lane hlghway dlwdes the park into the Main Park to the north and the

" Isolation Area to the south. Major aquatic features of the Main Park are Astotin and

Tawayik Lakes while Flymgshot Lake is a dominant feature of the lsolatlon Area

The park is located at the- southern frlnge of the Mlxedwood Section of the Boreal
Forest Reglon (Rowe 1972) Aspen poplar and balsam poplar (Popu/us ba/sam/fera)
typical of upland sites and monst lowlands, respectlvely are the dominant tree species.
Birch (Betu/a papyr/fera) OCCUFS commonly in poplar forests or as’ small, pure stands. :

White spruce {Picea glauca) ocours'infrequently N pure stands and occasionally in the

.understory of. decaduous stands. However itis rnost common on islands in lakes. Larch

{Larix /ar/cma) and black spruce (P. mariana) are sparsely dlstrlbuted

Domnnant shrubs mclude rose (Rosa ac:cu/ar/s) beaked. hazel (Cory/us cornuta)
raspberry (Rubus strigosus), and saskatoon. (Ame/anch/er,a/n/fo//a)., Wlllow, red osier
dogwood 4’(C'ornus sto/onifera)‘,v and alder. (Alnus tenu/fo/ial)t are lass common. Sedge
(Ceréx spp.)v rn'eado\\'/v‘s are often associated with water hodies.

The. climate is typical of the central, cool, temperate zone y\}ith cold. winters ancl'

. short, cool summers (Longley 18967). January is the coldest month With a mean temper-
ature of -16°C ‘while July, the warrnest month, -has a mean témperature of 17°C. Annual

snowfall averages 140 cm. Ice typically covers standing water from November until May.

Y



ll. METHODS

x

o

A, Foragfng Inventory

Thirty-three locations within Elk Island National Park were examined to dete}mine

- beaver foraging strategies. One location was undisturbed by beavers and 2 were recently

abandoned colonjes,'established 1 to 19 years pre,viously and recorded as active during
the. April 1981 aerial survey conducted by Parks C.an’ada.. The remaini_ng 30 had active |
colbnies. | | |

The colonies studied were selected because the;y\had beqn oc‘cupied continuously
over a humber of years according to aerial survey data provided by Parks Canadé. Since
aerial surveys were not conduqted‘énnually, | was unable to determine the precise age of.
coloniés and they were therefore grouped into 4 age categories (Table 1)

At each colony, plots 5 m wide, extending 30 m perpendicular from the water's
edge were established;iat 25 m intervals along fhe shoreline. One plot was usually placed
directly behind thé beaver lodge. Generally, plots.‘were‘ placed on each side of the original
until é plbt in each direction from the lodge was established beyond the foraging range of
the colony. The number of plots ranged from 3 to 1_4 {(x=7:2) per.colony.

At each piot, bank height and slope were measured with a clinometer. Trees and

shrubs were tallied if at least one-half of the trunk was within the plot and the basal

-diameter was greater than 2 cm. For each tree tallied, the following information was

/

recorded:

1. -distance from open water
2 "species )
3. basal diameter

47 age |

5.' cut by beavers or not

‘ Trees and 'erubs less than 2 cm in diameter were not included bécause of the.
diff'iculty of distinguishing beaver, fro_r:n: snoWshoe hare {Lepus americaﬁus) browsing in
small size classes of shrubs. The distance of each tree from open water wa§ measﬁred
‘to the neéres_t meter with a‘meésuring tape or.i.ent'e‘d along the 'long axis of the plot. Plant

4
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identification followed Budd (1979). Willows were identified to species unless extensive

A\ cutting precluded identification at that level. However, for analysis, all willows were

included in a single category. Basal diameter was measured at a height of approximately
0.5 m afitkage was determined by counting annual rings from an incremerit bore. + Ages of
poplars, however, often were r}ot determined because of decay at the center of the
trunk. Trees cut down by beavers were classified as fresh (cut within the last year) or old

v ’ ;

by the coloration of the stump.

Diameters and ages of branches removed from felled trees were estimated by
examining portions of them remiaining on trees. The distance of terminal ends of trees
from water also was recorded. Where foraging extended -beyond the limit of the

standard'plot the plot was extended to include it.

An invehtory of 239 plots and 5814 trees was undertaken by this method.

' Because old cuttnngs were unlikely to mdlcate current patterns of use; they were not

xncluded in data analyses Therefore, the data used-included mformatlon on 1006 aspen
poplar, 1025 balsam poplar, 1347 berh 106 willow and 62 alder. ‘ '

The location of each plot was recorded. on a 1:25,000 airphot_o mosaic. The

‘ )
‘mosaic was used to determine overwater distance from the lodge to each plot and the

- ‘surface area of each waterbody. Because methods were changed slightly near the

beginning of the study, data from three colonies sampled early were not included in data
analyses _ ' ]

B. Necropsies »

) Twenty beavers to be examined. for tularemia (Francisella tu/arensis) and'G/ardia
spp. were‘collected at Elk Island National Park from‘ 30 April to.10 Adgust 1982 by the
Warden Serwce They were weighed, measured (total length and tail length), sexed, and
tnen necropsued to determine reproductlve condition, age, composntlon of the stomach
contents, and general health

Reproductlve rates were determlned by countlng embryos or placental scars. Age
was determlned from the amount of root closure and number of annuaf cementum layers

L

in the mandibular molars-(Van Nostrand and Stephenson 1964). Stomach cbntents were
. . . Al

' rneasured volumetrically. The oontents were then allowed to dry anda 1.5 g subsample

L )



was examined. Because/stomach contents were thoroughly masticated, an analysis of the

speciescomposition-of-ingested-food wasnotconducted;-instead stomachcontents-w re

examined to determine the weight of herbaceous material, wood, and bark within th
sample. If materials were present in trace amounts, they were assigned a minimum weight

of0.1g.' ' , " \

C. Food Cache Composition
In October 1982, 24 food caches were sampled to determine species, ages, and
diameters of constituent woody vegetation. Because access by boat to most locations

sampled during the *foraging inventory was poor, only 5 food caches examined were

‘associated with those colonies. Twenty-one of the 24 food caches were 6n Astotin or

Tawayik Lakes and the remainder were located on smaller ponds.

~

At edch food cache, 20 samples each consisting of a single- cuttmg were’

removed. Because Slough (1978) reported that surficial materials dxffered from those in

'the remamder of food. cache.s 5 samlees were taken from the surface of the water and

the remammg 15 from below the suvzface by means of a grapplmg hook with a 90 cm.
shaft, Snnce most caches vvere estabhshed in less than 1 m 'of water, the Iength of the
shaft was adequate to allow sampltng to ‘the bottom of alI caches For each sample
removed species, diameter at the pomt of cuttnng age, and Iocatuon in the cache (surface’

a0

or subsur_face) was recorded.’ S =

D Nutnent AnaIyS|s

“In November 1982, 86 palred samp?'es of various species, sizes, and age classes

of woody vege_tatlon were collected from areas ad jacent to beaver ponds sampled durmg

the foraging inventory. Branches of various sizes were also collected’from Iarger trees;

’ however because of the dlfflculty of obtaining adequate volumes of material for analysis

from branches of apanucular tree ages of branches were not recorded
/

Bark was removed from one member of each pair and submitted to Alberta.

 Agriculture Soil and Feed Testing Laboratory .for ah assessment of nutrient content. Com-

ponents assayed included percent moisture, protein, calcium, phosphorus, and fibre.
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The remaining member of each pair was wrapped in wire mesh, attached to a

leh‘gth‘of_‘ro.pe‘and‘placed‘ih‘Astotin*take-to-mimic—the~effects-&f-storége~in—afwinter—food
oache. _ '
Sixty-two (72%) of the .safnples in the _artifioial food cache were-recovered in May
;I983. The .Iosg of material was partially a result of vandalism; a rope used to moor thev
éamples to a nearby island y;/aé removed during‘winter. There was also evidence thatvthe
artificial cache had been disturbéd by beavers.. .The material recovered was subjected to

the same analyses as the controls.

E. Aerlal Surveys o 4

' Aenal surveys to determme the current status (active or abandoned) of colonies, as
~well as to locate occupied bank burrows were conducted in Elk Island National Park on 14
and 15 November 1982. | \ -

» East-west transects spaced at 0.4 km mtervals were flown‘in a Cessna 172 at an
altitude of‘ 150 m above ground level and an airspeed of 150 Km per hr. Two observers
seated on'opposne sides of the alrcraft plotted observations of beaver lodges and food'
‘caches on'a'1: 25 000 airphoto mosaic. Although weather condmons were good at the
time of the survey observabnhty 'was tonsidered to be only poor to fair because of light

ice and snow cover which had formed a few days prevnously.




IV. RESULTS )

B

e

A. Abundance and Distribution of Beaver Colonies ?

<

During the 1982 fall survey, the presence of food caches indicated that 182

beaver colonies were active (Fig. 1). An additional 133 abandoned lodges were recorded.

Eleven {17.5%) of 63 lodges, the locations of which were known orecisely from summer

field studies, were not recorded from the air, an indication that actual densities exceed

recorded densities. Of 30locations checked from the grouhd, 1 (3.3%) was erroneously

g LI
n?

‘identified as active. '
Seventeen (53%>"bf 32 co!onies sampled during the summer foraging inverntofy
were\active in fall,"13 (4 1“}‘6) were inactive and the status of 2 (6%) not observed from the
air was unknown o | '
“Overall, the densuty of beaver colomes at-Elk Island Natlonal Park was 0.94
colonies per km?. The Main Park, whuch has an area of 129.5 km?, contained 134 colonies
(1.07 per km’) whule the Isolatlon Area had a density of 0. 74 colomes per km? (48 in ‘

64 8 km’) Thlrty five colonies were observed on the six largest lakes in the park,

. although most '(18) were located on Astotm Lake. The reglon east of Astotnn Lake was

also an area of high density.’ Other concentrations of beaver were observed along the

_park boundary west of Tawayuk Lake and near the south park boundary
: ! . .

B. Effects f Major Habitat Fe’atures D ' -

Maj r habltat features used in the follownng analyses were mean and maxlmum' »
bro_wsmg |stance from water; mean. overwater distance to foragmg areas; mean bank
height' mean bank sl0pe~' surface area of the water body; total basal area (cm2 of stem per
‘m? of grqund); den5|ty of woody stems (stems per m2); basal area and mean dlameters of
aspen p plar ‘balsam poplar, bll"Ch and. other species avallable within 30 -m of" water.

Variable's were tested for skewness and kurtos:s and where necessary transformed.




. , , |
Effects on Colony Abandonment amd'l(ge . 5

ey .. - R

g

A discriminant function analysis was usedsto compare habitat features of colonies

" that were 'active in fall 1982 with those that were inactiyé. None of the variables entered

fihto the analysis had sufficient discriminati,ﬁdg power to differentiate between the two
groups (p>0.05). The reeults were simil'ar"'when aptive and inactive age class 1 (less than
3 yr old) colonies were compared (pZ0.0S), which suggests that areas supporting active
beaver colonies are similar in habitat oharacteristics to areas that ha\_/e been abandoned.

‘ Similarly, a discriminant function analysis indicated that no ‘significant differences
existed among habitats occupied by difterent age classes of beaver colonies (p>0.05).

l

Effect on Forag"ing Patterns .

At each colony, mean and maximum foraging distance from shore was determined.

- These were used as dependent variables_ in stepwise multipie regression analyses with

major habitat features as vndependent variables.

Mean and maxumum foraglng dnstances were highly correlated r= 0 90) and the

factors explaining them were sumllar (Table 2). However the regressmn equatlon for mean

distance explalned more of the variance (r*=0.80) than the equation for maxnmum foragmg o

distance (r>=0.57). ‘For both dependent varuables total basal area, a measure of the total

amount of timber available within. 30 m of water, had the greatest explanatory power. |t

' explanned 59% and 4 1% of. the variance m mean dlstance and maximum dlstance respec- :

tnvely Basal area of birch explamed 14% of the variance in both dependent varlables

Both tote! oasal area and the basal area of birch were negatively correlated with foraging

distance; wi zh indicate‘s that beavers browsed farther'inland in areas of low timber avail-

" ability. Stem <ensity of shrubs was posmvely assocnated with mean foragmg dnstance

although the association was weak This may result from the increased density of shade

' mtolerant shrubs =z the overstory of timber is de;LIeted



. C. Selection of Woody Vegetetion

To examine patterns of selection, foraging was examined for each age class of

“beaver colony at four distance intervals: (1) O to 10 rrfrom shore, (2) 11 to 20 m, (3) 21

to 30 m, and (4) more than 30 m from shore.

Within each distance interval, selection at the species level was tested (G-test) for

goodness of fit. If departures from expected values were S|gnif|cant (p<0.05), selection ‘

‘for each species was tested (G-test) for independence The strength of selection was

determined by calculating the forage ratio as ' modified by Jacobs (1974) The forage ratio

measures selection from negative infinity to positive infmity and has the advantage of a

- symmetrical distribution When the frequency of cutting did not depart significantly from_

expected values, species comprising less than one percent of the sample were dropped
from the analysis. Silverberry (E/eagnus commutata) although comprising 1.3% of the
vegetative samples, was found at a smgle beaver colony and was therefore also excluded
from further analysis. ' ¢

. J ‘ ’
A two-way analysis of variance was used to compare the basal diameter of cut and

~ uncut trees of -each species at each distance interval. Prior to these analyses, the vari- ‘il

ances of celis in the model were compared by means of Bartlett's test.of homogeneity of

variances (Sokal and Rohlf 1981). Where variances were significantly different, the data

L
t

" were transformed. -

Y

o

The relationship of the ageof various tree specnes with cuttmg basal diameter and

distance . from open water was examined by means of a series of stepwuse multiple

X

'regressions (Kleinbaum and Kupper 1978). ,‘ Age (dependent variable) was regressed on

" diameter, distance from open water, the durnmy variable cut, and the interaction terms,

cut multiplied by diameter and cut r'nuitiplied‘by distance in the mode!: ’ o

4 , 3
Y(age) = 'B‘J + B,(dia) + B,(dist) + B,lcut) + B,(dia x cut)+ ’B,(dist x cut)

. \ . .,
. . " . :

if interaction was sugnificant indicating difference in slope the equation was gartitioned
into two regresswn equations one for cut and the other for uncut trees.- If the inter-
‘action terms were ‘insignificant, sugnificance in the dummy variable, cut, indicated a dif-

" ference in intercept. An analysis of covariance {ANOCOVA) Was then used to detect

o

g



11

dif ferences in age between cut and uncut trees.

[

Shrubs o .
|  Willow and alder were the only shrubs retained for data analysis. Statistically,
there was little selection for or against alder, since its use was always proportional to its
.frequency of occurrence. | '

- Because vof its sparse distribution, its use was not broken down by colony age
class or distance from open water. The diameter of uncut alder (x=6.6 cm) did not differ
significantly from the mean of 5.7 cm for those cut down by beavers (t=0.734, p=0.45).
Similarly a multiple regression analysis indicated no difference in ages of cut and uncut(ivi"
alder F=1.008, p=0.32. - | |

W|llow was used preferentially only at age class 1 colonles At distances of 11 to
20m from water, 3 forage ratlo (FR) of 1.552 indicated strong selectlon for that genus
'(G 18.915, p=0. 000) However, selectlon for certam dlameter (t 0. 898 p 0.40) and
‘age classes (F=0.014, p= 0. 91) was not evident. ' . /

There was ‘a strong tendency for the use of willow and alder to decrease as colony
age lncreased (G=13.448, p O OO 1). )lAt age class l colonies, beavers cut 35. 8% (24 of
67) of the willow and alder avallable ThlS decreased to 6.3% (4 of 63), 4.2% (1 of 24)
and 0% (0 of 22) at age classes 2,3, and 4 respectively. . k}.v . v

To determlne if th|s pattern indicated selection for willow and alder or selection
v'fo:r' diameter -cla\sses characterlstlc of those _specnes, a 99% con_fl_dence interval was con-
- structed around\ 'the. meah diameter of cut shrubs (3. 7<x<6. 7). The frequency of use of
aspen poplar balsam poplar and birch within this range of dlameters was then compared
among the four colony age classes Use of this diameter class in these specues Wthh

ranged from 9 3% to 13 8% of the trees avanlable (G=2.485, p*O 35) remained fairly

. constant among colony age classes The strong selectlon for w'Ilow in young colonies

and the tendency for the use of shrubs to decrease wuth mcreasmg colony age therefore
appears to represent selectlon at the species Ievel rather than selectlon for. specuflc size
classes of vegetatlon o . - o

Y

S
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».Aspen Poplar -

In general, beavers used aspen poplar in proportion to its availability in habitats

adjacent to beaver colonies. Beavers in coldn\) age classes 1 and 3 neither preferred nor
avoided aspen (Table 3) A forage ratio of 0.709 indicated that beavers in age class 2
colonies preferred aspen poblar growing 11 to 20 m from water while strongly avojding
that species when more than 30 m front shore (FR=-1.168). Beavers in age class 4 :
colonies selected very strongly against aspen poplar growing 11 to 20 m from water
(FR=-2.295) but selection was neutral at all other distances. '

At all except age class 4 colonles basal diameter of aspen poplar varied with

-distance from water and at all colonies, those cut down were significantly Iarger than

those left standlng (p<0.05). However, two-way ANOVAs indicated that the two effects

‘were not interrelated (Fig. 2) The difference in diameter was greatest in age class 2

colonies ‘(x cut=24.5, x uncut= 13 7) and smallest m age class 3 colon:es {x cut=24.9,

1
x uncut=19.2). This may result from class 3 colonies having aspen of the greatést

'

average diameter of any age class. Aspen of small d:ameter characterized sntes occupled

by class 1 and 4 colonles which resulted in beavers cuttlng down relatively small size

[

@
classes. In class 1,co|on|e_s;- the average dlameter ‘of cut trees was 19.0 cm

-

(x un0ut=12.4) while in class 4 colonies it was 19.3 em (x uncut=10.5). There is.a slight

tendency for the difference between diameters of cut and uncut aspen to increase with

distance,from water in young colonies (classes 1 and 2) and to decrease with distance in
i o ' . R

old colonies. _
In class 1, 2, and 4 colonies, ages of trees cut down by beavers and those-left

standing differed sign_ificantly for any given diameter .(Table,v4v). The difference tended to

. increase with increasing basal diameter. In age class 1 colonies, cut and uncut trees'2 cm

Coin diameter were approximately nine years old. In the 20 cm class, uncut trees averaged

toUr years' ol_der than trees of the same size felled by beavers. The age of aspen poplar in
class 2 colohies was affected by distance from water. 'Age in t;oth cut,an.d uncut trees:
decreased an _average of 0.18 yearsifor,each meter increase in distance from water.
Uncut aspen poplars 2-cm in dlameter were approxumately 0. 5 years older than cut trees :
of the same d:ameter whereas uncut 20 cm trees were approxlmately 5 years older than ..

cut trees of the same dlameter. The age of,aspen poplar in.age class 4 colonies was also ‘
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dependent on distance from shore. However in this case age increased 0.30 years for

[\

each addifional meter from water. Age class 4 colonies exhibited the greatest difference

between-the-ag‘eS"of*tr‘.eeSAfelledfby—beavers-and-those*left*stand'ing.—ln*the-2 cmclass;
standing trees were about 1 year older than felled trees while in the 20 cm class this
difference increased to 9.5 years. _ | 4
Therefore, where aspen poplar is concernad, there is little evidence that foraging
patterns differ because of colony age or di'stance from shore. in all age _classes, beavers
tended to fell the Iargest trees available and select the youngest trees. |n any dlameter

class.

Balsam Poplar =
’ s

The use of balsam poplar hy beavers.ranged from '.neutral to strong preference
(Table 3). In no colony age class, did beavers select at the species level at distances less
than 10 m‘\from water. - In classes 1, 2, and 4 the forage ratio indicated that the strength
of selection in favor of balsfam p.oplar increased with increasing distance from wate_r. No
selectlon for balsam poplar at age class 3 colomes was. evudent

The reIatlonshlp between the basal diameter of balsam poplars felled by beavers

s -~

and those Ieft standlng dld ot vary consnstently with colony age (Fig. 3). At class 1

colonles a two-way ANOVA indicated that the dlameter of cut balsam popl_ar was signif-

.|cantly greater than that of uncut (x cut= 19 2, x uncut—lB 5) However the relationship

did not vary sngnnﬂcantly with distance from shore. ln class 2 and 3 colonies, the rela-

tionship between diameter of cut and uncut trees depended on dlstance from water. ‘m

class 2 colonles the dlameter of cut trees fx= 26 9) was sllghtly greater than that of uncut
trees (x=22.8) less than 10 m from water whereas at dlstances of 11 to 20 m, standlng
balsam poplar trees (x—-17.8) were conslderably larger than trees cut down by beavers

(x=10.7). At distances greater than 20 m, cut and uncut trees had similar diameters.

~ Conversely, in age class 3 colonies, beavers cut down trees (x=27.3) much larger than . -

those they left standing (x=19.1) 11 to 20 m from shore. At other distances the diameter
of both groups was snmllar _ o . - '
' Because none of the transformatlons stablllzed cell variance, no two- way ANOVA

was calculated for age class 4 colonies. Instead,- a KruskaI-Wths test-was_used to
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4

explore the relationship between basal diameter and distance from shore.. At each’

-distance interval, a Mann-Whitney U test was used to determine whether diameters of

felled-and- standmg balsam -poplar- were- significantly- dlfferent

The Kruskal Wallis test indicated that the dlameter of balsam poplar which ranged

8

' ~.from an average of 13.1.cm at distances of 21to 30 mto 17. 7 cm at greater than 30 m,
varled srgnlflcantly wnth dustance from water. However dlameters of trees felled by
beavers did not differ srgnlflcantly from those of standlng trees at any distance from
shore. Nevertheless, there was a slight tendency for cut trees to decrease in size relatlve
to standing trees as distance from water ‘increased (Fig. 3). Near vvater, the mean
diameter of trees cut down was 19.0 cm compared to an average of 15.7 cm for uncut®
“trees. (;=799.5, U;=1234.5, p=0.141) whereas at distances of 2116 30 m, cut trees |
tended to be smaller than those left 'standing‘ (x cut=9.3, x uncut=13.4, U,=19575,
'u, =231.5,5=0.083). | | o | | |
Selectlon for ages of balsam poplar appeared to be related to the use of diameter
classes. ln age classes 1 and 3, where the size of cut trees generally‘ exceeded that of -
-uncut- trees, th.'ere was'little selection for age “(Table 5). However, in classes 2 and 4,
where standlng trees tended to be larger, felled trees of any given diameter were younger
than standmg trees of the same -dlameter. In class 2 colonles trees cut down by beavers
were an average of 3.4 years younger than uncut trees of equal diameter (ANOCOVA)
- while at class 4 colonies the difference in age increased)vvith- increasing diameter Balsam
__. poplar 2 cm in dlameter cut by beavers was an average of 0.5 years younger than uncut
2.cm balsam,poplar whereas cut 20 cm trees were approxlmately 4.6 years younger than
uncut trees of the same diameter. '
Except for a tendency for beavers to select more: strongly in. favor of balsam
poplar as distance from shore lncreased there were no evrdent patterns of selectlon that
could be related to dlsta_nce from shor,e‘or colony age. Selection for diameter and age
was related, with beavers sel'eoting in favor of young trees where th_ose-of sma_ll diameter .

were taken. . .
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~ Birch

Beavers always either used birch in proportion to its availability or selected against

it (Table 3) __In_all colony age classes _the_use_of birch_ was proportional to its availability

wnthln 10 m of shore Beavers in class 1 and 2 colonles strongly avoided birch beyond
that dlstance while in older colonnes [classes 3 and 4), avoidance was not/evndent up to
21 m from the water's edge. '

" There is Ilttle lndlcatlon of a consistent pattern of selection based on tree diameter.
The ANOVAs indicated that in class 1 and 4 colonies, the relatlonshup between cut and
standsng trees varied wuth di%tance from shore (Fig. 4), although the patterns were dlffer-
ent. In age class 1 colonigs, diameters of cut and,uncut trees were S|mllar fromOto 10m
from water. Between 11 and 20 m, the mean diameter (10.9 cm) of trees felled by -
beavers greatly exceeded the mean {3.0 cm) of those left standing. This difference
decli»n-ed t;eyond 20 m, although the diameter of cut birch (x=7.5) was still substantially
greater than that of those not-cut (x=3.5). In class 4 colonles the dlameter of birch used
by beavers (x= 3 5) was smaller than that of uncut birch (x=6. 5) near the water approx-
imately the same at 11 to 20 m, and larger (x cut-—6.6, x uncut=4.9) beyond 20 m. Inthe
remaining colony age classes, the diarneter of cut and uncut trees'was not significantly
different. " L o ‘ V N | A

Selectlon for diameter class was associated with selection for age in birch trees

R

In class 2and 3 colonles there was no evrdent selection for enther%meter .or age classes
| of birch. However, in class 1 and 4 colonies younger trees were selected (Table 6). In
."class 1 colonles the age dlfference between'trees cut down and uncut trees varled with
_dlameter cut trees 2 cm in dnameter were an average of 2.8 years older than uncut trees
" of the same size, ‘while standlng birch 10 cm m dlameter was about 4. 8 years older than

cut 10 cm brrch. At. class 4 colonies, cut birch 2_cm in diameter was 4.2 years younger
than those_.left standi\yg -wnile in the 10 cm class, c'ut trees were about one ,year.‘older than

uncut trees. | ' E B . \‘ . ' : o

Yo ‘
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Overall patterns of selection . :
) 1 . Y

in the three trees species considered, selection for age was associated with selec-

tion for diameter. Large diameter and young age characterized aspen poplar cut down by

beavers. For balsam poplar, selection for age was not evident where beavers cut down
large trees; where cut trees.were small, beavers tended to. use young trees in any dia-
‘meter class. Selection/for‘age in 'blrch was also associated with selection for size,
although in this case, young trees were selected where there was selection for certain-
diarneter,;classes. ‘Overall, balsam poplar wasv—most strongly selected while bir'ch_was
| avoided; The use of aspen poplar generally reflected its availability. ~
However, except for a tehdency for beavers to become more selective for vbalsam
| poplar as distance from water increased and the absence of selectlon at the plant spec'es |
level within 10 m of water, there were no obvious patterns of selectlon that could be
related to colony age or distance‘g\from shore. There_tore, all colony age classes werel
combined irl the remaining analyses o
. The relatlonshlp between thé proportion of trees cut down in each one meter

interval and_distance from water for the three principal tree spec:es was explored with
stepw:se polynomlal regressions. Proportlons were, transformed by the angular method

" The regression equations mdlcated that cuttmg patterns in asp\eh\a,'\d balsam poplar
were similar while those of birch were somewhat .dlfferent v(F.|g 5). The equation for
_aspen poplar prol/ided a moderate explanation of the: distribution of the data (r’=0..39)., In
general, the proportion of cut trees remained constant at about 32% over the 8 m nearest
the water and thereafter declined, reaching 0% at 33 m, The equatien for balsam poplar
explained only 20% of the varianee {r*=0.20). It indicated that about 29% of the available
balsam poplar'arelcut down by'beavers‘ in the first 16 m. After 16 m, the proportion of
trees cut down declines'. rapidly te‘ 0% at 33 m. Distance from water explained 65% of the '
© proportion of blrch used by-beavers (r?=0.65). In this :case 50% of the trees available
" near the water were cut down. The proportlon of cut trees declined rapldly with dis-
" tance, reachmg 0% at 29 m.

To determine how beavers selected among classes of woody vegetatlon the vari-
ables dlameter age, growth rate, and distance from shore were entered lnto a discrim-

inant function analysis to identify characteristics of cut ,and uncut trees. Slgmflcant

4
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. variables were then used to classify trees into groups which were tested to. determine~if

the frequency of- cuttlng was* proportlonal to-the- frequency of- occurrence Forage ratios-

t

Ce
. correctly classnfled 74.1% of cut and uncut birch.

were calculated where significant departures from randomness occurred.

The duscrlmmant function analysns indicated that age and basal dlameter were the

best discriminators of cut and uncut aspen poplar (Table 7). Beavers tended to cut down

trees that were l:oth iarge and'young. On the basis of those variables, the analysi.is

. . N : .
correctly classified 70.6% of cut and uncut aspen poplar. The only discriminating variable
derived for balsam poplar was growth rate, which was greater for cut than uncut trees.
However, the ability of the function to classify balsam poplar correctly was weak (69.0%

correctly c:_las'sified). - The significant discriminating variables for birch were growth rate

and-distance from water Again, beavers tended to cut down fast-groWing trees and

those they cut were closer to water than those they left standing. These varlables

1

Trees were generally separated into categones based on the discriminating varl-

_‘ables deruved from the analysns However because of the large dnameter of felled aspen

" poplar| \yery few trees could be classified as both large and young. Therefore, since

/.

' previous analyses showed that 'beave'rs cut down the faste‘st—growing trees in any

dlameter class, growth rate mstead of age was used to separate aspen poplar into groups.

_The m:dpomt between the mean of cut and uncut’ trees was used as the pount of

separatuon Therefore, four classes of aspen poplar were recognlzed
1. basal dlameter greater than 15 cm and annual growth Iess than 0.39 cm.
2. ‘ basal diameter greater than 15 cm and annual growth O. 39cm or more. -
| 3. basal dlameter less than 15 cm and annual growth less than 0. 39 cm. |

.4, - basal dlameter less than 15 cm and annual growth 0. 39 cm or more

Slmllarly four classes of birch were recogmzed

1. annual growth less__than 0.30 cm and distance from water-17 m or I',ess.i. »
2. annual growth less than O. 30 cm and distance from: water greater than 17@
3. annual growth 0.30 cm or more and dlstance from water 17 morless:
o 4. annual growth 0.30 cm or more and distance from water more than 17 m.
In balsam poplar only two classes were recognlzed those ‘with annual growth of more

o

than.0. 42 cm and those W|th annual growth of Iess than 0.42 cm.
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The forage ratio indicated that beavers preferred three classes of trees (Fig. 6).

Fast-growing balsam poplar (G=87.086', p=0.000, FR=0.938) had the highest preference‘

rating followed by large, fast-growing aspen poplar (G=16.481, p=0.000, FR=0.616}and

slow-growing balsam poplar (G=18.236, p=0.000, FR=0.432). An additional three

classes were avoided by beavers. Slow-growingbirch, more than 17 m from water was
avoided most strongly (G5=124.394, p-—;0.000, FR=-2.020) followed by fast-growing
birch at the same distance ‘(G=39 41.1' p=0.000, FR=-1.235). Beavers also selected

. agalnst small diameter, slow- growmg aspen poplar (G=22. 183 p=0. OOO ‘FR=-0.845).
| . Selection for the remamlng four classes was not statistically sngnlflcant (p>O 05).

Slnce basal’ diameter appears to be an important factor in the selectlon of .aspen

poplar, the effect of the relatlve diameter of aspen.and balsam poplar on selection was

tested by means of a Spearman s rank order coefﬂcuent Because there was. no selection

for species w:thm 10'm of water and beavers cut down few trees more than 30 m from

" water, those dlstance intervals were omitted from the analysis. The results |_nd|cated that

. selection for balsam over aspen poplar was weak where basal diameters of aspen were

greater than th‘ose'.o.f' bals’arn ‘p.oplar. Where aspen poplars were smaller .than balsam,
balsam poplar was selected preferentially {r=0.87, p=0.010). ‘ '

A similar test was performed to determine if relative selection for aspen and

balsam poplar was affected by the relative density of the two species. With all colony

- age classes and the previous distance intervals included, the relationship between selec-

tion and relative density of aspen and balsam poplar was weak (r=O 18). However, if

"three areas where basal dlameter of aspen poplar greatly exceeded that of balsam poplar

lare excluded from the analysis, the correlatuon between relatuve densnty and relative selec-

" tion increases dramatlcally (r=0.98, p=0. 060). The strength of selectlon for the two ’

species IS most sumllar where densities are almost equal and mcreases in favor of balsam '

k poplar as densuty ofrbalsam poplar increases in relatnon to that of aspen poplar

It therefore appears that relative diareter and relative densnty were two ma jor
factors governung the selectlon of aspen and balsam poplar by beavers. Although balsam
poplar was almost always the principal speqles selected, the avall,ab_lllty of large diameter

aspen poplar weakened the strength of this seleotion.v The second factor, relative den-

sity, does not appear to exert much effe_t:t on selection where the diameter of aspen was,

v . .
B - *

A
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greater than that of balsam poplar. In remaining areas, selection for balsam poplar over:

aspen poplar depended on their relative abundances.

D. Use of Cuttings 4

Although large trees'felled by beaver were usually hot entirely removed from
~ cutting sites,}' bark on the trunk was often eaten and ‘branches were remov_ed. Balsam
. poplar was the principal material removed from fcutting.sites by beavers, constituting
48.6% (500) of all freshly-cut removals while aspen poplar was second with 37. 3%'(383)
Birch, alder, and wnllow represented 9.9% (102), 1.6% (16), and 1 4% (14) respectlvely '

: Other shrub species made up 1.3% (13} of the material removed by beavers.

. Patterns of_RemovaI _ -
P'attern's'of removal were examined for'aspen ‘and‘ béi;‘a“m» poplar Other woody - '
plant specnes were not. mcIuded since most were. of small enough dlameter that entire
‘_ plants were removed for example 98 of 102 l96 1%) berh trees were completely
','removed from cuttlng sites. Therefore patterns. of removal were very similar to patterns

: _'of selectlon in specnes other than aspen and balsam poplar B . ' '
_ Beavers generally removed the crown and some branches from Iarge trees they
Afelled The crown represented the largest part removed from the s:te and was usually cut
where the dlameter of the trunk was about 13 cm. Any branches removed tended to be

much’ smaller and v_average_d 4.6 and 4.9 cm in diameter in vaspen and balsam poplar, )

- respectively. The relationship of each of these two categories of material with distance

- from water was examined separately and m comblnatlon wuth that of trees Wthh had been ‘_ '
enturely removed to determine if-an overall pattern of removal existed. '

_ Stepwnse polynomial regressuons were used to explore the relatlonshlp of dla--r

| meter, age, and growth rate (cm/yr) to' dlstance'from-water for material which had been |

re‘moved from.shore by beavers ‘ Similar analyses were conducted on the variance of diav-“

meters ages and growth rates at each one meter lnterval from shore to’ determme if the

) ranges over WhICh they were selected varied with dlstance from water The vresults are

2

, reported only if p<O 05 and r2>0 10
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The regression analyses. indicated that, in general, there ylvas little relationship

between distance from open water and pattern of removal. Only the regression including

the variance"in diameter of all aspen poplar removed from cutting sites was significant. It
indicated that there wasatenden'cy _for' the size range of these materials to decrease
exponentsally with distance" (Flg 7) It therefore appears that while the mean. diameter of
aspen. poplar removed by beavers does not vary substantially with dnstance from water"
there is a tendency for beavers to select. more specrflcally for certain dlameter classes as

: F o2
dlstance from water increases. .

7

Disposi.tion of Cuttings

| Woody.materials-cut by. beavers can be uSed either in constructi'on of 'dams and
lodges or as a source of food. At EIk Island Natlonal Park, many waterbodnes occupied. by-
' beavers have not been dammed and constructlon materlals are used prmcnpally for lodge
. contructnon Recently constructed beaver Iodges were smaller than oid. lodges and '
5 consisted malnly of unpeeled woody maternal about 3 cm in dlameter. The -materlal‘used " '
for'construction,appeared to re’flect the' occUrrence of--species of that size on the shore .'

\ .
‘ .'adjacent to new beaver lodges Older lodges were made prlmarnly of wood from which . -

_bark had been peeled likely remams of prewous food caches. Overall barked wood was .

the most lmportant construction materlal of 227)p|eces of wood collected randomly e

from 11 lodges, 170 (74. 9%) were barked while unpeeled materlal consusted of 21”‘ '

-'poplar (9 3%) 14 ‘willow (6 2%) 13 bll’Ch (5. 7%) and 6 alder (2 6%) Three &ems (‘l 3%)3
’ ‘COHSISted of other woody plant species. Smce bark is used as food theﬁhlgh proportlon’ 3
. ‘of peeled wood found in lodges lndlcates that woody materlal was’ selected prlmaruly as;.-v
winter food L = 3 » B _
4 Surveys of 24 wnnter food caches mdncated that the specres composmon and dla-
- meter of ‘woody- vegetatuon in food caches did not accurately reflect those of cuttlngs .
‘ observed durmg the foragmg mventory (T able 8) Some of the dlfference was a result of :

-not collectlng data on materlal Iess than 2 cm in diameter durlng the foraglng mventory but

“even if only food cache ltems 2 cm in diameter or greater\are consudered the slze of' L

E matenals found in food caches is smaller than that of cuttlngs observed along the shore

L The dlfference is greatest for balsam poplar where the average snze removed from shore v

.
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(x=7. 4 cm) is almost twice as large as that found in food caches {x= 3 8, t= 11. 675,

'p 0. 000) Slmllarly blrch removed from shore averaged 5.9 cm at the point of cuttlng

~ whereas In food caches the -average dlameter was 4.5 cm (t=2.607, p=0.010). Alder -
removed from shore (x=5.8 cm) was also Iarger than that found in food caches {(r=4.0,
=2, 005 p=0. 052) The dlameter of both. aspen poplar (t 1 .348, p= O 19l and wnllow
(t 0.587, p= 0 57) was about the same for cuttlngs on shore and those in food caches
Slough (1978) noted that the specnes composition of . surfscnal materlals dlffered
from that in the remainder of food caches. At Elk Island Natlonal Park, specnes compo-
‘ 'smon and size of woody materlal varled W|th layer. Balsam poplar was foqu primarily m_ ’

Lt

) subsurface layers where lt constltuted 33% compared wuth 23% of surface layers.

L G= 3 337 p 0. 072) “The average dlameter of 5. 2 cm for balsam poplar in surface layers

‘was slgmfncantly greater than the 2 9 cm dnameter of subsurface balsam poplar, (t=3.216,
p=0. 007) Slmllarly hazel, WhICh made up 12% of subsurface layers and 4% of surface
. Iayers was prlnC|palIy a subsurface constituent of food caches (G 5. 165 p 0 024)
Peeled wood was the predommant materlal in surface layers of food caches It
o accounted for 25% of. surface Iayers and only 8% of subsurface Iayers (G 12.521,°
p= O 000) Alder was typlcally a surfucnal materlal l‘Q% surface and- 7% subsurface‘ .‘ .
- G= 9 .703, p =0. 00.3) and tended to be larger on the surface (x 4.2 cm) than in the.
.remalnder of food caches (x=2. 6 cm, t=1. 933 p O 066) Dogwood also occurred
sugnlflcantly more often (9%) on surface than m subsurface Iayers (3% G=5. 882 -
p=0.018). . e |

Aspen poplar wnIIow bll"Ch and rose occurred in approxumately equal proportlons
‘ throughout food caches However except for rose, ltems at the surface tended to be’
‘ , larger in dlameter than those in subsurface Iayers These dlfferences were statlstlcally' '
‘ sngmflcant for w:llow (x surf= 3 7 cm x subs=2.5 cm, t 2. 391 p 0.002) and birch
| (x surf 5.3 cm X subs—3 2 cm t= 2 557 p =0.015). For aspen poplar the dlfference '
(x surf -6.5 cm, x subs= 46 cm) was substanttal although _StﬂtlStIC?”_Y- msugmflca‘nt»

Ly

"(t—l 893 p O 066)
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»Importance of Food Cache Materlals

Novakowskl\l1967) reported that beavers completely’ consumed twngs less than

: _‘ length.

2.5 cm in diameter but AIeksnuk (1970) indicated that wood was not eaten by beavers AT
Elk-Island Natlonal Park, wood is consumed only in small amounts

\ :
Durlng field studles 39//Iocatlons where beavers had fed were examlned to

determine the mlnumum diameter ‘of peeled twigs. "Peeled twigs less than 2 5cmin dla- :

meter were found at 37 feeding areas with ‘minimum dlameters of 2 mm observed A

- survey of growmg tw1gs mdncated that the mlnlmum dlameter for a live branch |s 2 to |

' 3mm whlch strongly suggests that beaver do not mtentnonally consume even small twngs

Contents of beaver stomachs were exammed to determme the proportlon of bark

and wood mgested (Table 9). Although materlals such as grammmds and leaves were the .

_prmclpal components of stomach contents bark made up 17% of the contents almost .
chree tlmes the 6% of wood (t 2. 341 p =0.033). Wood accounted’ for a maxnmum of "
20% of the stomach contents Wthh |nd|cates that its mgestlon is largely accndental and

r oceurs whnle cutting down trees or feedlng on bark and leaves. Conversely bark constl-

‘tuted up to 81 % of the stomach contents mducatmg that it is used as food

To determlne the relatlve importance of food cache materlals each |tem was

E ‘assumed to be an open ended cyhnder m in length. with a ‘diameter equal to the dlameter '
_at the pount of cuttmg The total surface area of each specles was then estlmated as an
| mdncator of the amount of bark. provuded by each plant specnes ThlS method conserv-
: ., atlvely estlmates the lmportance of Iarge items, which often are longer than 1 min length

and usually have auxnhary branchlets and Inberally estlmates small ltems less than 1 m in

5 .

Thus procedure lndncated that, in terms of food stored m food caches balsam

- poplar WhICh provuded about 33% of the: avallable bark was the ‘most lmportant plant
E spemes It was followed by aspen poplar with 23% Wnllow blI'Ch and alder made up
K 14%, 13%; and 10%, respectlvely Although hazel represented 10% of the items in food
‘caches it provuded only about 4% of the avallable bark. Other plant speeles provnded

- about 3% of.the_totalbark. -
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E. Nutrient Composition of Woody Vegetation
\
Alberta Agriculture Soil and Feed Testlng Laboratorlesl\presented results of the

nutrlent analysns as percent™ composmon by weight. The™ results mdlcated_that thE*_—
percentage of flbre mcreased substantlally after overwmter immersion in water Since 4

_fibre. content is »unllkely to be altered by this treatment M. Micko pers coml, the ‘change

‘,probably resulted from leaching of water-soluble compounds from 'samples. Thus; :
nutrient concentrations in spring. samples represented the fraction of material that
remalned after Ieachmg Therefore, usmg fibre as a reference point, nutrlent concen-

, ;tratuons were recaICUIated to determlne the amount of fall sample that remamed by sprmg

The amount of materlal not analyzed (un_specnfled_) was cal_culated by subtractmg

assayed components from 100 -g of fall sample and standardizing for the spring sample

'Water content of sprmg samples was high as. a result of lake water replacmg other ‘," ”
components Therefore est:mates of loss of materlal from leachlng assumed that. a. |
lstandardlzed fractlon of the ongnnal moisture - content remamed Because results are

o expressed as a proportlon of a 100 g sample data were transformed by the angular

method.

Nutrlent Composntlon of Typlcal Fo‘od Cache MatenaIS/

To compare nutrlent composutlon between’ specnes of forage, all ltems between 2
R 'and 5 cmin dlameter a size range typlcal of that found |n food caches were entered into - |
an analysns of \/arlance Each component was. examnned both before and after overwinter | lb
. mmersuon in water— Sngmflcant (p<0 05) analyses of varlance were tested with Scheffe s

‘ method to Iocate specxfnc dlfferences
Protein'

; An analysis of yariance (F=4.55, p=01063), indicated significant differences in fall p.r.otein '
’content among specnes (Flg -8). Alder Wthh had -the hlghest protem content
‘(6 5 g/ 100 g sample) had sugmfncantly hlgher levels than _aspen poplar (4 8 g, balsam

" poplar l4 7 g) and berh (4 1 g) Beakedwnllow lSa/'/x;bebb/ana) and dlamon_d willow (S.

. discolor) were second in protem content.
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By(r’spring beaked willow (3.5 g} and diamond willow (2 6 g) ranked fifth and sixth,
repectively, in protem content (ANOVA F=2.81, p= O 028), sngnlflcantly lower than alder

- Phos,bhorus —

 Unspécified

4.9-g) -and- -aspen-poplar—{4.6-g): Aspen poplar—and- balsam poplar—whlch had- ranked——f‘j——

®
i

R

B

fourth and fifth in proteln during fall, had risen tolsecond; and third, respectlvely, by

© spring. | T o . | - /

)
C.a/cium"

v

Fall levels of calcuum were sngmflcantly lower |n birch (0.53 g) than in other specles

o {F=13. 20 p=0. OOO) Balsam poplar (1.58 g) and aspen-poplar (1.36 g} .tended to have )

greater concentrations of calcium than Willow-and alder (p>0'05) By spring, calcium
content m all specnes had decllned substantnally Balsam poplar (1. 34 o)) retalned the most,

calcnum followed by aspen poplar (O 98 gl.. However only the difference between birch

| (0. 62 gl and balsam poplar was statnstlcally S|gmf|cant (F=3.25, p=0. 015)

o ‘Phosphorus Ievels d|d not dlffer sugmfrcantly among specues durmg fal} (F= 1 05 p= O 42)
.'or spring (F= 2 26 p 0. 069l The hlghest fall Ievels of phosphorus (O 091 g) were found

‘ ln balsam poplar and-beaked willow. In spring, the phosphorus content of balsam poplar o

(0.056 g) remamed hnghest of the six species. analyzed whlle aspan poplar (0. 054 g) rose

from flfth to second Beaked W|||OW and dlamond wnllqw dropped from flrst and thlrd to

third and s:xthrepectlvely R .

Durlng fall birch had mgmf:oantly less unspecnfled materlal (34 0 g) than other specues _

F= 50.44, p =0. 000) Conversely aspen poplar (60 6 g) and balsam poplar (58. 6 g had

sngnuf:pantly greater amounts of unspecnfled materlal than other specues wnth the exceptlon -

: ' »'of diamond wnllow (55 9 g) Wthh rankep third.

7
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By spring, balsam poplar (40.8 g} had significantly more unspecified material than
-any species other than aspen poplar (37.2 g). Levels-of unspecified material in aspen

poplar_differed significantly from tho_se_o_f_beake_d__vxi,llp_w_(B_’O..S_g),_bjtch_(:io.4 g)._and

didmond willow. (26.6 g), which ranked sixth (F=12.00, p=0.000)." Alder (34.3 g)

\ contained significantly greater amounts of unspecified material than diamond willow.

Fibre

The concentration of fibre (Fig. 9) was significantly higher for birch (57.2 g) tran any other .
species (F=57. 88 p=0.000) while aspen ’poplar (28 29 was signifiéantly iower in fibre
B thah any specles except balsam poplar (30.6 g) Fibre contents of alder (37.8 g) and

beaked willow (34.4 g) were significantly greater than that of balsam poplar. "

: ,.I.eaching'

;e \
Leachmg was S|gn|f|cantly Iower for blrch (3.6 g) than for any other speCIes (F 18 66 ‘
; p =0. OOO) Balsam poplar (17.0 g) had the second lowest.rate of leaching whlle dnamond
 willow (30. 1 g had the highest. ' '

‘ .;R‘e/at/' ve importance of woody p/ant‘ ._species B

A Ioglcal foragnng strategy may be to attempt to maximize the amounts of protem

calcmm and phosphorus in food caches whlle mlmmlzmg the rate of Ieachmg and amount
- of flbre In such a strategy balsam poplar appears to be a superlor food cache materlal '
(Table 10) in both fall and sgting, it. ranked among the top two for all nutrients except A
protem It also had the second lowest rate of leachmg and flbre content Slmllarly aspen.“ -
poplar ranked hlgh in calcnum content durlng fall and sprlng in fall lt was relatlvely low in |
protem and phosphorus but by sprmg ranked 'second in those nutrlents Aspen poplar

had the Iowest flbre content of any spemes analyzed but was character:zed by a high rate'j

of Ieachung
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Ed

" Willows were. high in protefn and’ contained moderate ‘amounts .of most other

nutrients during fall but high Ieaching rates resulted in lovy-levels of most nutrients by

© spring. In particular, diamond w:llow whrch had the hnghest leachlng rate had the lowest

o

‘ concentratnons of protein and phosphorus by sprlng

Tyt .
R O

Blrch had ‘a lower rate of leaching than any specues examlned l'\towever in fall, it’

_ had very Iow levels of nutrients and had the hugh_est-‘ concentration of fibre. By Sprmg,

nutrient levels had risen slightly relative to other‘species' but remained among the lowest o

observed . Alder, which’ was charactenzed by the greatest protein content both before

and after immersion in water contained moderate amounts of most other nutrnents

/

Factors Affecting Nutrlent Composnt|0n~ e
Charactenstlcs of md:v»dual plantrom whlch bark samples were taken were used
to assess factors affectlng nutrlent Ievels W|th|n a spec1es Characteristics’ entered into

the analyses mcluded R R . A e ::tu

[l . Dlstance of the tree from water _ o

‘2. Dlameter of the main tree trunk | .
| 3. Age of the main tree trunk. N
g 474 Growth rate of the main tree trunk

5.‘ ‘Diameter of.the branch sampled

6. - Whether lmmersed in water or not

o 'The relatlonshlps of these characterlstlcs to nutrient le\7eIs in the main tree trunk were also
‘ examlned Slnce the dlameter of wullow entered mto the analysus ranged only from 2 to_ _ :

'5 cm, dlameters of the main trunk and branches were not lncluded in analyses for that .

genus '

»Stepwise m'ultiple regression analysis was used to determine the effect of plant- K
'gcharacterlstlcs on nutrient_ levels. - Plant charactenstlcs were mcluded in analyses onIy if -

p<0.05.° Generally plant characterlstlcs provnded a good explanatlon of the nutrvent -

content S R _ S



Aspen Poplar

: . ‘ ' ) f - ’ 4 )
The independent variables explained between 62% and 91% of the variance in nutrient

concentratlo\ns but were not sugmflcantly assocnated with the amount of leachlng or fibre
content in aspen poplar branches. They also accounted for. 55% and 91% of “the f
‘ phosphorus and fibre Ievele respectlvely in trunks -,
Distance of the tree from water appeared to have the greatestassomatlon wnth the
nutrient reglmen of aspen poplar Thls varlable was dlrectly related to protem and caIcuum :
.concentrations in branches "and explained 14% (F=5.02, p—0.008, r2—0.14l and 32%
(F=3. 96. p-O 021 r’=0.32), respectively of the variance in the two. It was also nega- :
tively: assocnated with flbre content of the trunk and explamed 70% of the variance. m that
“'varlable (F= 20 61, p=0, 005 ri= O 70) ‘ _
Dlameter of the trunk was the ma jor factor affectmg protein content. of branches
'(F‘—58 37, p=0. 000, r= 0. 56). lt also exerted a conS|derable effect on phosphorus levels.
| in branches F=32.49, p =0. OOO r:=0. 28) ln both cases the tendency was for nutrlent
‘ content to decrease as dlameter mcreased ' ' '

A thlrd factor branch dlameter was weakly and negatlvely assocnated with protem ,

(F=5.38, p= 0006 r2=0. 05), calcium (F= 8 24, p= O 001 ri=0. 1‘l) and phosphorus levelsa_'\ ‘

(F=5.62, .p=0.0 14, r’=0.06). ‘The .age of the trunk was posmvely assocnated with lts»flbr_e\

' content (F=12, 53 p=0.012, "\r2=0 22). Levels of ‘protein calcium> phosphorus and .

unspecified materlal in branches and levels of phosphorus in branches and trunks of aspen:
"decllned S|gn|f|cantly after overwmter mmersnon in water {p<0. 05)
E »Ba/sarn"Pop/ar |

| L |
Independent vanables explalned from 45% to 95% of the varlance in nutnent composltuon‘
of balsam poplar branches. As well they accounted for 65% of the variance in fibre
- content and 98% of the varlance in the amount of. Ieached materlal ' :
| o The age of the trunk was the prmcnpal factor mfluencmg ‘most of the criteria
: ex_ammed Increasmg the age of rrunks resulted-in lower proteln {F= 28 41, p= =0. OOO 7
r=0.64), calcnum (F—18 92 p= =0.000, r’—0‘.52),, and phosphorus » levels (F=24.60, ]
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p=0.000, r2 0. 4l)and higher levels of unspecxfled materlal (F= 6. 35, p=0. 010 r1=0.23) in
branches. Protein (F=25. 30 p=0.001, r2 0. 71) and phosphorus content (F 54 91

p=0. OOO r’=0.68) of trunks were negatlvely assocuated wuth their age while amounts of

calcium {F=6.71, p—0.024, 'r2=0.29) and flbre (F—13.99, p—OV.O_06, r’=0.63) were

positively associated. A | | 4' SR
Distance from water ‘was also an lmportant factor. It was'-positi\i,ely associated

: wnth Calcnum levels in branches (F=92.93, p= 0.000, r’—O 26) and trunks (F=13 22,

. p= -0.005, r=0. 40) and negatlvely assocnated with the fibre content of branches (F= 4 33,

» ’p—0.0Zfl,&r’—O.-l 1). However growth rate had the greatest assocnatlon with. levels of'

v

A1

‘fibre in branches (F=12.89, p 0.001, r= O 40) and a sxgmflcant assomatlon wuth the

- amount of calcuum F=15.92, p =0. OOO r’=0.17); the tendency was for fibre content to
- increase and calc1um to decrease as growth rate mcreased . The concentratlon of flbre

'(F 8 64 p=0.002, r=0. 14) and calcnum in branches (F= 12 75, p= =0. OOl r1=0; 06) had a

_‘sllght posmve relationship with thelr dlameter Branch dlameter was closely assocuated

with the amount of materlal Ieached from samples and explamed 98% (F=154.50,

p=0. OOO r2 0. 98) of the varlance in leached matersal leachlng mcreased wnth decreaslng

branch dlameter

: Nutrient concentratlons in balsam poplar appeared to be less mfluenced by winter

‘immersion than those of aspen poplar For balsam popIar only amounts of unspecified

materlal in branches protenn in tree trunks and phosphorus in branches and trunks .

decreased s:gnlflcantly after storage in a winter’ food cache (p<0 05)

_W/'//ow

} e
[ o . .
' ) ‘- )

‘ Except for calclum concentratlon in dlamond W|Ilow lmmerSIon in. water caused sngnlflcant -

: decllnes in Ievels of aII nutnents in both wnllows Calc:um was the -only nutrlent assocnated

'w1th other factors “In beaked willow, calcium tended to lncrease as age mcreased- "

-_(F =14. 52 p =0. 003 r1-0 47) whlle in dlamond w:llow it was posutlvely assocnated wuth

dlstance from shore '(F= 9 06 p =0.031, r=0. 64) Slmllarly fibre' levels in the Iatte,r:

\

specnes were hlghest when dlstance from water was hlgh F=7.67,, p= O 042 r2 0 60)

[



Alder

'The duameter of branches accounted for 9% and 12% of the variance in protem (F=5.34,

p=0.017, ri= O 08) and phosphorus Ievels (F=14.21, p=0. 001 r=0. 12) respectlvely ‘and
' was negatively associated with both dependent varsables. Calcmm level lnoreased with .
age of the trunk (F=4.71, p=0.02 1-- r=0 -1'5) while fibre cohtent increased with distance
from water (F=4.62, p=0.046, r'=0.20). - B
Immersion in water significantly. reduced levels of proteln phosphorus, and~‘
- unspeovfled material in trunks of alders (p.<0.05). .F':lbre content varl_ed directly wrth age
(F=27.98, p=o.oo7, r:=0.88). | | |
‘- ‘\\‘ :
B/'rch_.
Nutrlent composition of trunks of burch trees \)(as not assocnated wnth any of the mde- :
"pendent varlables entered into. the analyses “The: most ‘important factor affectmg the
nutrnent regnmen of branches was thelr duameter ~That varlable was negatlvely assocnated
- with proteun (F=28.52, p= =0. 000 rz 0.54), calcnum F= 21 72, p= =0.000, r2 0. 48) phos-
‘ phorus (F=9.36, p= O OO‘I r’ 0. 12) and Ievels of unspecufled material (F= 7.28, p= O 002
r=0. 36) It was mversely related to leaching rates (F= 8 35, p= =0. 017 r2=0.43) whlle. ’
dlrectly related to flbre content F= 14, 36 p=0. OOO r=0, 36) .Increased distance’ from -\
water (F 11.80, p=0.000, r2 0.11) and growth rate (F=3.31, p=0 032, r=0. 05) also
'resulted in mcreased flbre“content in the bark-of braaches Dlstance from water nega-
'tlvely affected amounts of unspecufued materlal (F=8.01, p=0.003, ri=0. 23). Phosphorus
‘ content WhICh decllned from fall to sprlng was the only component sugnlflcantly affected“

by overwnnter storage in water.

o pmen
N - .
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(f * . V. DISCUSSION

‘Beavers residing in northern latitudes are well adapted to winter conditions. Adaptations -

" include isolating themselves. from the external environment by restricting winter activity to
the‘lo’dge‘a‘n‘d“fo‘o‘d‘ca'éhe’.‘The‘lo*dge’an’d‘ice‘forrn“eff’ectiVe‘barrierS‘tO‘predation—during
winter. As well, the‘environment of the lodge provides protection against thermal stress
during extreme weather ‘conditions. Stephenson (1969) recorded an average daily
temperature fluctuation of 0.8 to 1.6°C within a beaver Iod'g'e while average ambient daily

temperature ranged from-21.0 to -6.8°C. 5

\
A

Beavers also. respond to northern ‘winter condmons through a serles of
energy- conservmg physnologlcal adaptations. These mclude cessation of skeletal growth
and decrease in body welght in subadults durmg winter as well as decreased metabollc

~act|v1ty as indicated by a reductlon in the snze of the thyroud gland (Aleksiuk and Cowan
' 1969). Body fat is deposited during late summer and fall, conserved during winter, and
mobilized in spring when ice breaks up and activity inereases Thus, beavers adapt to a
low quallty diet during winter by severely restrlctt/hg energy expenditure.

Novakowski (1967) studied the energe'ilcs of beaver coloaxes at Wood Buffalo
National Park and concluded that, hased on the energy contamed in wo9d and oar.lg in their
food caches, three o'f‘ five colonies  examined had a winter energy deficit." Aleksiuk

(1970) suggested that because beavers do not consume wood, Novakowski (1967) had

greatly overestimated the energy available to the colonies while underestimating effects

of the winter metabolic depression. \However, since the effects of immersion in water

were hot examined, Aleksiuk (1970) may have overestimated available energy as,well. in '

his study area, willow was the prlncipal winter food ot beavers and rny data indicate that,
: durmg lmmersnon in. water nutrients are rapldly Ieached from that genus. |

_ Smce nutrlent levels in wmter foods of beavers are generally low, It is lmportant
that the. foods selected are adequate for the malntenance of a colony, partlcularly since
the demands of gestatlon parturition, and lactatlon occur in late winter and sprlng Thus
.a Iogucal strategy would be to select those classes of vege{/auon %ghest in energy and

nutrltuon l\l’udds (1980) reported that feedlng strategy of deer (Odocm/eus spp) shifts

"from specrallzed |n mnld weather to generahzed in severe weather If this is the general .

‘case for her_blyores, beavers, which are not forced to forage under ggverse conditions,
‘ I . )

=
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should selectively attempt to optimiie the nutrient content of. vegetation in food caches.
In fact, Jenkins (1978)'report\e'd that'bea_vers'removed small pieces of hark from tre'e.s,
-presumably to assess their nutritional value. Simllar-sampling by beavers 'was observed at
Elk Island Natlonal Park, which, coupled with observed foragmg patterns, mdicates—

selectlve use of woody vegetatton by beavers in that area.

A. Pattarns of Selectlon _ ‘ .
: Jenklns (1975) reported that the spec:es selected by beavers depended on their
diameter and that selectlon was absent when var:ance in diameter was low: An lmportant
aspect of the present study is that it indicates - that a number of factors affect food
preferences of beavers and ‘that |mportant factors may vary with pIant specnes Thus,
‘ whether beavers prefer or avoid a tree species may depend on characterlstlcs.such as ;
f‘diameter age, or growth rate of that species and those of other plan‘t species in'the area.
At Elk Island National Park both age and d:ameter affected selectlon of aspen poplar with
aspen of small dlameter avouded however there 'was no apparent relatlonshlp between
selection and varlance of tree dlameter ' . A ' ,
alb” RS Many other studies (Aldous 1938, Shadle et al. 1943 Hall 1960 Brenner 1962

'\t

4%- ’ Northcott 1971, Slough and Sadlelr 1977) indicated that aspen poplar has the hlghest
! : W
preference ratlng of any tree specoes Most however were conducted in areas where

f"” balsam poplar was not avallable or elseﬁ,ﬁtt was combmed wnth aspen durlng data analysns

At Elk Island Natnonal Park balsam poplar’i l$ generally preferred over other. tree speC{es

,':alth0ugh the strength of selectlon depends on characterustlcs of both balsam .and aspen
poplar. However it appears that the ‘criteria’ for selection of balsam poplar are Iess
| ‘stringent than those of other specves There is selectlon in favor of all classes of balsam "
'vpoplar and a dlscrlmlnant functlon analysls could only. weakly dlscrnmlnate between cut and
Auncut trees, mdlcatlng little dlfference in the charactenstlcs of the two groups |
‘For aspen poplar, basal dlameter was a major factor governlng selectlon wuth
b'e"avers tendmg to. -cut ‘the largest trees.. Thus duffers from most other’ studues of
At selectnon Pmkowskl (1983) found that in North Dakota aspen poplars cut down by
beavers (x 10.2° cm) were smaller than those left standlng (x—l 2 0] cm) and that there was

a strong tendency for the dlameter of cut trees to decrease wnth mcreasmg distance from o




water. Slmllarly Hall (1960) reported that the use of small diameter aspen poplar (5.0 cm)
exceeded thelr avallabnllty this pattern was attrlbuted to the suitability of the size class as -
building material. ' a ‘ v

For spemes other than aspen poplar there was no consistent relatlonshlp between
diameter and selectlon These results are Slml|al’ to those of Chabreck (1958) who could .-
" find no evidence for selection of certaln dlameters Most other studles however '
bindicate‘ s'el.ection for small size classes in Ohio, Nuxon and Ely (1969) found that trees
less than 5 cm in diameter were selected most often while Henry and Bookhout (1970)
reported that 90% . of the trees cut by beavers were less than 7.5 cm in diameter. In
Massachusetts denkms (1980) lndlcated that selectuon based on dlameter mcreased and-
. the size of cut trees decreased with i nncreasmg distance from water e
_ At Elk Island Natlonal Park, the only obvnous snze dlstance relatlonshlp was ' a
tendency for the range of snzes of aspen poplar removed from cuttmg sites to decrease.

‘with dlstance whlch is consnstent with the results of Jenkm s (1975) study where the size

_ range of cut trees decreased wuth distance from water. - ance most trees’ cut down on hlS o

study area were less.than 6 cm in dlameter itis Ilkely that the ma;orlty of those trees were
-completely removed These patterns are loglcal from an energetlc standpount At some _
pomt energy expended to transport small ltems Iong dlstances across land must exceed

‘beneflts obtalned from lngestlng them Slmllarly movmg Iarge heavy matenals short'

dlstances to water may be. benef:cnal whlle the energy requnred to move ldentlcal ltems‘ |
- over Iong dlstances may be excessnve Hence it may be adaptlve to- concentrate‘

mcreasmgly on |tems of optimal size, as dlstance from water mcreases } :

Few studies exammed the size of materxals removed from cutting' sites by beaver '
.bHowever Shadle (1954) measured cuttlngs used. in constructlon of a dam Since most-'
- wood in the dam had been peeled thls method hkely sllghtly underestlmated the size when,
However the average dlameter of: poplar (Popu/us spp) removed by beaver as v__-

’calculated from his" data- was approxlmately 8.5 cm and the largest 16vcm This
| compares to an average dlameter of 7 cm for‘poplar removed from cuttlng sites at Elk .

" Island Natlonal Park "The’ dlscrepancy is probably caused by underestlmatlon of removal, .

'of items too small to be used as structural material by Shadle s (1954) method
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The structure of food caches observed- at Elk Island Natlonal Park was srmllar to

that recorded by Slough (1978) He mdlcated that alder was found at the surface of food:

. caches whnle aspen and wullow were found throughout caches Slough 4(197'8l'attributed

' ,the presence of alder “on the surface to its low food value and its. preferred use as

structural materlal Structural crlterla may also explaln size: dlfferences between surface

_ 'and subsurface materrals However itis more hkely that the hlgh buoyancy of large |tems
v makes it more drfflcult for beavers to: submerge them.. Durnng fall 1982 we presented an
adult beaver wnth balsam poplar logs about 20 cmiin dlameter The beaver was unable to
dive wrth them to’ lncorporate them mto the food cache although several attempts were
. made v '

_ The buoyancy of large |tems largely explalns the descrepancy between the srze of

: materuals removed from shore and that found in food caches. Large |tems appear to be’_

'transported from shore to the vncrmty of. food caches where they are stripped of

branches and bark. ‘The branches are then mcorporated into. caches but, peeled main stems

©.are often left floatmg on the surface The average dnameter of freshly peeled wood in-
v caches durlng 1982 was 6 4 cm compared with 5 1 cm for unpeeled aspen poplar the-- =

. second Iargest food cache materlal These Iarge floatmg branches are frequently blown ‘

.rntoopenwaterorshore . R S

Specres composutron also dlffered between shorelme cuttlngs and food caches ’
particularly for wrllow and alder Seasonal varlatlons in food preferences as suggested by &

Jenklns (1979) may have contrlbuted to the dlfference Between 14 and 21 September b_. :

1983 21 food caches were exammed at Elk Island Natlonal Park 33% (n= 7) of Wthh

o contamed wullow Twenty flve food caches mcludlng the prewous 2‘l were exammed

about three weeks Iater and: the percentage of caches contalnmg wnllow had more than ~' -

. _doubled to 72% n= 18) The frequency of occurrence oylder durmg the same penod.‘ '
‘rose from 14% (n 3) to 24% (n=6); however in many cases we were unable to find" areas - '

'where beavers had cut alder which suggests that they ranged over long dlstances to

""obtaln it. R

Seasonal use of erIow by beavers may be related to its high leachmg rate. Smce S

_ nutrlents appear to be rapldly depleted by i lmmerslon in water |t would be advantageous to_,

mlmmlze-the pernodof.wmter_storage Thls could be accompllshed by cuttlng willow in
. . j?J: ._" . .



34

late fahl and ingesting it durlng early wmter The hlgh den5|ty of. ungulates may also contri-’
bute to thls pattern of use for wnllow Browslng moose (A/ces alces) feed on willow.
‘ _pruncupally during winter thus aIlownng regeneratlon during the rest of the year. By-
delaylng cutting untll late fall beavers: would ma><|mlze the tlme avallable for willow to‘
-recover from the prewous wmter s browsung by ungulates :

» B Increased selectlon for wnllow and alder in young colonles may result from the use ‘
. of those shrubs as structural materlal Recently establlshed bealer lodges are usually % 3
constructed of small- dlameter unpeeled wood By usnng wnllorﬁkhnd alder for. thlsh'
;purpose it would be possble for beavers to conserve preferred aspen and balsam poplar

for use as food A concomltant result of removung shrubs would be to accelerate the' o

lnvasnon of shade- mtolerant poplars WhICh are a source of hlgh quallty wmter food.

-

: B.lliac_tors' Affec'tiné Selection

”Nutrition B
| A sngmflcant feature of the present study was the close assocmtlon between
' “’prefer“ence at. the specnes level and nutrlent content Of the three prmcnpal tree specnes
occurrlng at Elk lsland Natlonal Park, bal‘sam poplar had the hlghest preference ratlng ln

three of eught categornes that spec:es appeared to-have the’ most favorable concen- -

tratlons of assayed materials (T able 10) As well |t placed second in an addltlonal three.'_ o

. categorues Aspen poplar Wthh ranked second ln preference placed flrst |n one cate-’,

o _gory and second in four others Blrch was strongly avonded by beavers and ranked hngh m' ' o

.

only one category analyzed ‘ _ : ‘

' The relatlonshlp between nutrltlon and selectnon by beavers has seldom been“ ‘
studued although numerous studies on. nutrlent selectlon by ungulates and Iagomorphs have
B ‘been conducted Of the ungulates moose have foragmg patterns most comparable to
| those of’ beavers Moose feed largely on aquatlc vegetatnon durlng summer and shlft toa. '
. dlet of woody vegetatlon in late fall and winter. - Like beavers hares (I.epus spp ) have a

cascum and rely heavuly on a dlet of woody vegetatlon Moose and hares however

R

browse mamly on the current annual growth of twngs while beavers rely malnly on bark

|



in the present study proteln level was not closely assocnated wnth selectlon at the

specnes Ievel Alder had the highest proteln levels but selection for lt was neutral These

- results dlffer from those of Lindlof et a/. (1974) who studled nutrition- preference

.-relatlons of mountam hares (I.epus t/m/dus) and found a strong posmve correlatlon_
between prote|n content and. selectlon (r O 90) ‘ ' _

| Smclalr et a/ (1982) indicated that sufflcnent levels of - protem were extremely. »
lmportant to snowshoe harés. They. reported that captlve hares rapidly lost weught when
' proteln content of thelr food dropped- below 11%. and suggested that hares in the wild

- select forage of greater than average proteln concentratlon to overcome the pauc»ty of ..

. proteln in- most woody vegetatlon Levels. of protem in the present study were ruch '

f Iower than the threshold reported by Slnclalr et al. (1982) Alder whnch had the hnghest R

,protem content of all food cache materlals contanned only 6.5% proteln in fall and 4 9%

e ":after overwinter immersion, Iess than one- hatf the reported threshold for hares Balsam _

0 _ poplar, the _most common food _cache materual, had levels of 4.7% in fall and 3.8% by the

‘following spring' only-one-third of the threshold . Thre’é factors may ameliorate the.

effects of the low protem levels observed 1) the protem requurement of- beavers may bel» :

V,"‘lnherently Iower than that of hares {2) the wunter metabohc depressaon may greatly reduce i

' protem demand and (3) as mdlcated for hares (Slnclalr et a/ 1982) beav@may select . -
. only forage of hlgher than’ average quallty ' '

' However the greatest demand for protem by beavers llkely oceurs in sprmg coin-

. ‘ ,‘cndent wuth late gestation and Iactatlon -Since alder WhICh contauns hlgh concentratlons of

' .protem IS usually placed on. the surface of food caches |t gene;/ally remains unavallable"

. untll the sprmg thaw Thus the pattern of winter storage for alder may make avallable a.

" reserve of protem for reproductlve females in early sprlng A second effect of the.

posmon of alder in- food caches may be a reductlon in levels of plant secondary"'

compounds Bryant (1981a) reported that green alder (Al nus cr/spa) contams high levels_ i

of pmosylvan methyl ether ‘which is hlghly toxlc to hares Slnce ethers with low carbon o

" . numbers are sllghtly soluble in water (Morrlson and Boyd 1977) the Iong perlod of over- -
wmter storage may reduce Ievels of toxlns ' .
. Lindiof et a/ (1974) reported an extremely hlgh posltlve correlatnon between _ '

mountam hare forage preference and phosphorus content (r 0. 97). Although levels of ,‘

Lo
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;l

. .“ J
/’fractlons of plant materlal (Radwan and Crouch 1974) Several studles have ‘been "

. \u

o phosphorus and preference by’ beavers appeared to be related, levels among specnes '

' were not statlstlcally dlfferent In additio they were only about ong-half of the phos-

phorus Ievels of 0.12't0 0. 20% recorded by Lindlof et a/. (1974)

There is, however evndence that in mammals phosphorus uptake |s controlled by

-calcmm uptake. Clark l1969) conducted experlments on. Iaboratory rats lRattus

norveg/cus) and found that the proportlon of phosphorus absorbed did not vary accordlng

By

*to’ the requlrements of the ammals but was closely assocnated wnth the proportlon of

. calcmm taken up. Barkley etal. (1980) constructed a model to simulate the diet of brown '

‘ Iemmmgs (Lemmus S/beICUS) and postulated that excessnve levels of calcuum would cause

nutrnent depletlon because of resultant poor absorptlon of phosphorus -

Calcnum Ievels in beaver forage were greater than the O 34 to 0. 91% reported for |
" ' mountam hare browse in wmter by Lindlof et al. (1974) but similar to Ievels recorded in :

isummer by Llndlof et a/ (1978) At. the plant spec:es Ievel selectlon of forage byl_

‘beavers is asycnated w:th calciurn level a pattern snmllar to that of mountaln hares (Lindlof

, restrlct phosphorus uptake Because of the low levels of phosphorus avallable to
beavers it appears that an approprlate strategy would be to select specnes wnth Ievels of "

calcuum Wthh although hlgh do not exceed a beaver's ablllty to absorb it, thereby maxi- .

e
L

mlzmg phosphorus uptake

'conducted wnth ungulates Wthh are hlghly adapted to cellulose dlgestlon through the-”

‘_process of rumlnal mlcroblal fermentatlon For both moose (Oldemeyer et a/ 1977) and o

'.‘r_mule deer (Odocm/eus hem/onus)(Short 1966) dlgestlblllty was determmed by fibre

_content Addltlonal studles by Radwan and Crouch (1974) lndlcated that the order in Wthh =
vegetatlon was selected by black talled deer (Oh co/umb/anus) was. determlned byl ‘
'_‘cellulose dlgestlblllty Selectnon agalnst hlgh cellulose levels by beavers may be more -
o pronounced Beavers are capable of dlgestlng about 30% of the. cellulose in their diet
| _‘lCurrler et al. 1960 Hoover and Clark 1972) Thls is comparable to lagomorphs but -
'-g_-nconS|derably Tower than the range of 41 to 82% reported for rumlnants (Currler et af ..

1960) At Elk lsland Natlonal Park selectlon of tree specnes is strongest for poplars_‘ :

G

- Plant flbre consnsts largely of . cellulose WhICh |s among the most mdlgestlble :

r et al.: 1978) ‘This suggests that calcium levels ll"l woody vegetatlon are insufficient to © o

DN
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which are‘characterizedby low fibre ’content

Hazel was not sampled during shorellne vegetatlon surveys or nutrlent analysis in
' 1982 However because it was a common constituent of food caches in fall 1983l the
) selectnon of shrubs was exammed by establlshlng a25m transect with 4'ms -vegetatnon '
‘ plots‘ at 5. '15_., ‘a_nd 25 m di_rectly behind 26 beaver Io'dges.» Since snowshoe hare browse
in upland' si.tes is uncommoh (personal observationl all brOWSing not identified as'ungulate -
iwias assumed to‘have‘ been by beavers Only 5% {n= 211) of the shrubs and 6% (n 51) of‘
o the hazel had been browsed ThlS compares Wlth 42% (n 2265) of the trees larger than

2.cm |n dnameter in aII areas sampled in 1982 and mdncates that there is relatlvely llttle use"

of shrubs by beavers

e

Nutrltnonally hazel appearSrto be low quallty forage Peek et a/ {19786} lndicate‘d'

that crude: proteln levels in- hazel were. much Iower than those in. aspen poplar or w:llow

B Slmllarly phosphorus levels were lower in hazel than in the other two specues although

calcium content was much' greater Other studnes have lndlcated that cellulose content of”.

B _' hazel was comparable with that of alder (Radwan and Crouch 1974) lf these relatlonshlps' ‘

aare snmllar to those at Ek lsland Natlonal Park hazel ranks hlgh in calcnum content but low

ks

in most other nutrlents Further Iow foraglng rates on hazel and |ts relatlve ummportance

as a source of bark suggest that hazel is of little slgnlflcance to beavers as. forage

‘Other Factors

’.-:

Whlle selectlon among specues of woody vegetatlon appears to be closely assoc-
' lated wnth overall nutrlent levels the relatlonshlp between nutrlent concentratlons and' '

mtraspeCIflc selectlon is not. as ev»dent However several factors other than macro-. -

: nutrlent Ievels may mfluence selectlon WIthm a specnes Some of the obvuous factors are
'vl'. Levels of mlcronutrlents that were not consndered in the present study '

2. Levels of tOXIC plant secondary compounds

‘3. - The degree to Wthh beneflt obtalned from a food exceeds the energetlc cost'

-and risk assocnated wuth foragmg for |t

in the last case energy cost and the l’lSk of predatlon would mcrease with dlstance from ‘

"_water and tlme requnred to obtam forage Ultlmately however selectlon 1s probabl :

‘ 'determmed by a number of mteractlng factors

.0
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-Park, most areas are ‘wet to mesrc However distance from water was the prlnc1pal influ-*

g -

_ Peek et al. (1976) mdncated that nutrlent levels of pIant spemes browsed by .

moose, were hngher in wet and mesnc sites than in dry upland areas. At Elk lsland, Natlonal .

“ence on nutrient: concentratlons in aspen poplar and slgnlfncantly affected those of balsam

Vof water (Flg 5), Wthh suggests that, where aspen poplar is concerned the beneflts of

poplar The pronounced influence on aspen poplar llkely reflects its assoclatlon with.

mesuc upland sites as compa\'ed 1o balsam Wthh is common on’ monst shorelmes

‘ Although |t appears that beavers €tan obtasn consnderable nutrltlve benflt from using aspen’ '

'growung Iong distances from water the proportuon of. aspen cut was greatest W|thln 8m .-

: restrlctmg foraglng dlstance exceed those of maxlmlzmg nutrlent content

obtalned from mgestlng lt _ ; ‘? E I T AT IR

4 forage was mversely related to its dlameter Desplte this relatuonshlp, beavers selected_.-

' .constructlng a 95% confldence lnterval around the mean dlameter found in food caches"

Restrlcted foraglng dlstance was most evrdent for berh Although for thls-
specnes dlstance from water |s dlrectly related to flbre content the strong avordance of.

blrch growmg more than l7 m from. water probably also reflects the llmlted beneflts .

v
\

Nutrlent levels in aspen poplar lncreased as dlameter decreased WhICh is compar- _' R

_ able to the results of H;eljord et a/ (1982) who reported that the dlgestlblluty of moose

against. hlgh quallty.as‘pen poplar‘trees by _sele_ctively 'cutting:the lar‘gest indi_viduals avail- .
: “-able." SR : - S S . : C

In fall 1983 1 brlefly examlned the dlstrlbutlon of branches on poplars by _‘

4

- for each tree’ specnes and countmg the number of branches within thls range avaulable on

C trees 14 cm in. dlameter thereafter decllnmg to 8 at 18 cm. The number then mcreasedf' '

) exponentlally -as tree dlameter mcreased lt therefore appears that beaver can maxlmlze: '

< trees of. varlous/ diameters. Thq number of branches w:thm the confldence lnterval on .
‘balsam poplars varled lmearly with basal dlameter whereas wnth aspen poplar the pattern‘

was more complex (Flg 10) Here, the number of suntable branches lncreased to 15 on'.

the amount of woody materlal obtalned from aspen by cuttlng trees about 14 cm in
dlameter or very large trees Th:s however fanls to explaln why small trees are not taken.'

_since there are almost as many sultable branches on. an aspen poplar 14 cmin dlameter as

.ona 25 cm t_ree and the effort to cut down trees increases ln.relatlon to the. square of the

R
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diameter /,
. A pos5|ble explanatlon mvolves .the role of plant secondary compounds and
competnng herblvores The densnty of moose at Elk Island National Park is exceptlonally'
high. Telfer and Calrns (1978) reported that 436 moose lnhablted the area l2 25 moose

per km?}. This compares with.densities of 0. 64 per km2 nn slmllar l\abltats near Rochester

,Alberta (Mytton and Keith 1981) and 0 10 per km2 in marglnal habltat in northeastern

Alberta (Skinner and Westworth unpubl data) Browsmg pressure by native ungulates on

aspen poplar is generally much greater than that on balsam poplar lpersonal observatlon L

. Westworth pers comm) Bryant {1981b). reported that aspen poplar responded to heavy )
v browsmg by snowshoe hares by producmg adventltlous shoots which contained slgnlf-

- icantly: greater concentratlons of secondary compounds than mature- form plants

" Further; Iaboratory experlments by - Baldwm and Schultz (1983) mdlcated that poplars_
‘(Popu/us x euroamer/cana) :esponded to damage inflicted on nearb\ plar ‘s by elevating

"thelr productlon of phenollcs by as much as 58%. Thus browse on :z sinpie aspen rametv

may cause increased levels of phenols ina number of others: Bryant and Kuropat (1980)~

presented data Wthh mdlcated that browse preferences for moose and hares were

‘ sngnlflcantly and negatuvely correlated wnth concentratlons of plant secondary compounds -
o _. They ‘also. reported that levels of those compounds decllne as tree diameter increases.
o While hares and moose probably have little, nmpact on trees 14 cm ln dlameter they may
':'by brows:ng raise . levels of- secondary compounds in small size classes to greater' -
‘vconcentratlons than are found in large trees Slnce the ablllty of rodents to detoxlfy
‘ secondary compounds mcreases with lncreasmg stomach complexlty (Freeland and Janzen}

' 1974) and beavers have a slmple stomach _their. ablllty to deal wnth toxic compounds is .

probably low. The result may be an avondance of small size classes of aspen poplar _

‘ Beavers also selected |n favor of young aspen poplar in any dlameter class. Other
studles have md:cated that young vegetatlon |s characterlzed by hlgher nutrient levels _
lower amounts of fibre, and greater dlgeStlblhty by ungulates than older materlal (H jel Jord.‘

et al. 1982 Vangllder et a/ 1982) At Elk lsland National Park the, age of aspen poplar: ‘

trees has little effect on nutrlent concentratlons However since beavers select aspen* .

t
that are. large as well as young they are, m effect selectlng trees thh a hlgh annual rate.

- of -gro_wth. Chabreck (1958) found,that beavers selected -fast growing loblolly pine

!
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1

o

(Pinus.taeda). Because crown suze was dnrectly proportlonal to growth rate, he suggested

" “that beavers were selectlng rapldly growmg trees to lncrease the amount of forage

obtamed from each tree ‘
Nutrlent concentratlons in balsam poplar depended prlmarlly on the age of the tree

whereas trees selected most often were those: wnth a high rate of growth However, |t :

would be unfea5|ble for beavers to. select trees solely on the basis of age smce the ‘_

' [

o youngest and most nutrlent-rlch trees are also the smallest avallable It would therefore

be p0551ble for beavers to expend more energy to flnd and remove those items. than could

“be obtalned from eatlng them. If the relatlonshlp between growth rate and crown cover

| (Chabreck 1958) applles to balsam poplar beavers may be attempting to maximize the_

: forage avallable from any given age of tree by selectlng the fastest-growmg mdnvnduals

' perhaps by samplmg bark on standlng trees (Jenklns 1978) "As well, nutrient content

Vanablllty in Diet.

'would be lncreased by selectlng the younger and therefore faster growmg trees of any

dlameter -

\“’

: Although beavers at Elk lsland Natlonal Park appear to select specnes hlgh in overall_

nutrmon even plant specnes low in nutrlents were common in food caches For ex,ample

: caches Westoby (1978) suggested that there are several s:tuatlons in whn

.

* berh whach was Iow in most nutrlents analyzed comprlsed 11% of the n[aterlal in food'

ha varled dnet ‘

' “”"'IS benefucnal (1) A varlety of foods is |lk8|y to be taken where consuderable effort is

required to search for preferred forage 12) Optlmal foods may vary dependlng on search

costs and nutrition: {3)1f theoptimal dlet is variable, sampllng behavior may be used to

- assess foragve ‘quality. (4) ‘Complex diets provide a greater r'ange of nutrients than simple

diets. For example, at Elk island National Park, protein intake is maximized by feeding on

-~ alder while poplars'provide the greatest concentra‘ti‘ovns of most other nutrients

" Plant secondary compounds may also produce varied dlets (Freeland and Janzen"

1974)." Slnce plant toxins from- dlfferent species may have antagonistic-or synerglstlc '

' effects Freeland and Janzen (1974) suggested that varlable diets can act asa mechanlsm

for snmultaneously maxlmlzmg the . mtake of food and detoxufylng harmful plant .

: compounds
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C. Population Trends \

Densnty of Colonles \ '

The reported accuracy of aerial surveys for censusmg beaver varies widely.
',Slough and Sadleir (1977) observed 8 colonles from the air and 48 on the ground, an
accuracyhof\\ﬂ% In mannly conlferous habltats |n Newfoundland 81% of the beaverv
colonles were observed from flxed wmg alrcraft while 81% were located from hell-_
copters (Payne 1981). Swenson etal/. (1983) reported observatnon efficiencies of 70 to
100% from flxed wmg alrcraft |n Montana ' It therefore appears that in 1982, the,
accuracy of the beaver survey of Elk Island Natlonal E’ark (83%) was about average desplte
poor survey condmons ) l

) The denslty of colonies at Elk lsland Natlonal Park (0. 94 colonies per km’) appears: '

to be one of the hlghest reported ln Canada Densmes in good quality hab|tat in -

‘Newfoundland ranged from 0. 18 to-0.26 colonies per km? (Bergerud and Mlller 1977) In
) Saskatchewan Glnson (1970) reported colony densntles of 0.11 to O 34 per kmZ in lowr

'quallty habltats and 0 44 per km? in high quallty habitat. Larson and’ Gunson (1983) ,

exammed 20 areas across Canada and reported that colony densities at Elk lsland Natlonal .

'Park between 1973 and 1976 averaged 0.93 per km?; thns densuty was exceeded only by '

'the number of colomes at Rldlng Mountain Natlonal Park {1.06 per km’) They further’
suggested that 1.2 colonles -per km2 is the maxumum potentlal den5|ty for Canada.
\ Because of hlgh beaver dens:ty in the study area, most suntable areas have, at some tlme

" "been occupned by beavers {Fig: 1) Durmg foragmg surveys we visited over 60 bodies of _

, water only two of which showed no sign of occupancy v ’ |

Parks Canada censused beaver colonies’ from 1963 to 1981 Groundvsurveys
:'were conducted in 1963, ..1 968, and..l.9_70_;and _there were annual aernal surveys from o
1973 to 1976 A survey Was‘also flown in early spring' 1981- however because the
| results are mconsnstent wnth those of earller surveys and that conducted durlng the-
present study It is not consudered here The survey data mdlcate that the number of
colonles lncreased slowly from 1963 to' 1968 and then mcreased rapldly until 1976.
Between 1976 and 1982, the number of actlve colomes appears to have declmed sllghtly,'

[
i



42

Fig. 11). | |
Beaver coIonles in the park are frequently abandoned and Iater recolonlzedi

Survey data indicate’ that 92%. (n 65) of 71 colonles observed in 1963 had’ been

".abandoned at least once by 1982 However as of 1982 43% (= 28) of the 1963 colony -

sites were occupled Because regeneratlon of aspen and balsam poplar is'relatively slow

this may mdlcate that beavers recolonlzmg prevuously abandoned areas are occupyln_g.rela-

-~

-tlvely fow quallty habltats

Besrdes affectlng populatlon densutles (Gunson 1970 Boyce 1981b) hab/itat, '

quahty has an mfluence on other demographlc characterlstlcs Huey (1956) found that.-

I|tter size-in colonles usrng wullow as food averaged 2.1, compared wnth 4.2 for colonles .

in aspen- domlnated areas. “in Saskatchewan yearhng beavers lost welght over wrnter

/

where poplar constltuted onIy 9% of food cache" materlals whlle welght gains, were

recorded when caches contalned 45% poplar (Pearson 1960) ln Colorado beaver popu-,
: _'Iatlons lncreased more rapldly- and had ‘a greater number of beavers per- colony ih

' -aspen- domlnated areas than in Iocatlons domlnated by . wnllow (Yeager and Rutherford :

A

1957) Therefore to determlne the relatlonshlp between habltat food and populatlon' e

a trends a knowledge of colony suze and reprodUCtlve rates is fundamental S N :
' , : SO
R

: Colony Suze

Although there are rare reports of beavers movnng between colonles (Beer 1955

: Busher et a/ 1983) famlly groups of beavers generally occupy excluswe home ranges: B

__(Brenner 1967 Aleksmk 1968.. Bergerud and. Mlller 1977 Boyce 1981a) Famlly.groups,

usually comprlse an. adult male and female; Kits; yearhngs and somvetlmes.'2-ye'ar-old

,offspring”(Novakowskii 1965' 'Bergerud and Miller 1977, Sven'dsen' 1980'b) Since»

' beavers are often sexually mature before they are 2 years old (Larson 1967) potentlally S

reproductnve mduvnduals frequently remaln wuth thelr parents This is: most llkely to occur

among dlspersmg beavers (Bergerud and Muller 1977 Boyce 1981a) ‘The result is many

" lndlwduals per colony in saturated habltats of hugh quallty
Schwanke and Baker (1977) reported 8 6 beavers per colony at Elk Island Natlonal s

Park. Thls compares with: an average colony size of 6 0 in Ohlo (Svendsen 1980b) > '.

in areas where the saturatlon of hugh quallty habltat with colonles causes hlgh mortallty ‘

.
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\

| Bergerud and Miller (1977) found that colonies in various reghons of Newfoundiand

averaged from 2.2 t'o 5.1 individuals while Payne (1982) reported an average of 3.5 in that
province. - Novak (1977) calculated a mean colony size of 7.6 beavers near North Bay
Ontarlo in- Nevada areas of hlgh and Iow colony densny were studled over two years

(Busher et al. 1983) The area with high: colony densnty had more than 9 nndlvnduals per

o colony even though kits were not counted Moreover 2-year- olds were presentin 7 of .8

observatl_ons_. of colomes. Th|s compares wnth an . average of 5 beavers per colony ’

: (including ki‘ts) in an area of Iower colony densnty In that area 2- year- olds were present in
Uonly 2 of 8 observations The colony size for Elk lsland National- Park reported by 3

‘ Schwanke and Baker (1977) therefore appears typlcal of good quallty saturated habltat

Reproductlon , _ '
Gunson (1970) suggested that reproductlon by beavers is’ den3|ty dependenf“

Thus reproductlve females are Ilkely to produce low numbers of embryos and klts |n

) areas saturated W|th colonies.

Several North Amerlcan workers have reported lltter s:zes of approxlmately 2 7

young per reproductlve female (Bergerud and Miller 1977 Svendsen lQ@b Wigley et al.

19_83)_., In southern Flussna, rep_r.oductlve Canadlan beavers have an average lltter of 3 2

A y'oungv(D*rflovand Kan'shiev 198.3l Brenner { 1964) reported 5 5 young per female in ..~

._‘Pennsylvama whlle in Saskatchewan there were 4 1 young per reproductlve female

(Gunson 1897 0)

| Pearson §1960) lndlcated that the average litter size of 3.5 in stable populatlon of .

' beaVers at Prince Albert Natlonal Park Saskatchewan was exceeded by the average of 6.3 o

young per reproductﬂre female ina rapldly expandlng populatlon at Elk lsland Natlonal Park
in 1958 By 1975 Iltter S|ze in the latter area had decreased to an average of 5.1, an

|nd|cat|on that the populatnon was enteringa perlod of stablhty (Schwanke and Baker

- 1977) In 1982 based on embryo and placental scar counts 4. reproductnve female -
* beavers produced an average of 2.8 (range 2 to 5) offspnng per lltter * While this appears,
‘ to be about average for North, Amerlca it is much lower than lltter sizes. reported by‘
X Pearson (1860) and SchWanke and Baker { 1977) for the same area. Although the data are

.msuffncnent to. be-. conclusuve they mdncate that reproductlve rates may be decreasmg.,

\
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+ becauss of a decline in habitat quality. - L : ' R .

Habltat
‘The distance that beavers will travel mland to obtain food may. provide an mducatuon _ ’
of habitat quality. In areas with an abundance of preferred foods, foraging llkely occurs
'primarily near water. In Ohio, Brenner (1967) reported beavers foraglng as far as 750 m
, from shore while Henry and Bookhout (1969) recorded maxlmum dlstances of 50 to
75 m. Yeager and Rutherford (1957) found maximum foragmg dlstances of 90 m in
' Colorado ' ‘ | . -
At Elk lsland Natuonal Park, mean.maximum foragung dlstance was 20 m, while the'. "
maxumum observed durung the foraging inventory was 78 m recorded in a wﬂlow flat.
The cuttmgs farthest from open water were observed at a pond surrounded by comfers‘
At that location, the conifers adjacent to the pond were unused while aspen poplar ,
' growmg approxlmately 200 m from open water had been used extensvvely ln both areas,
beavers had constructed a complex network of canals to faculltate removal of materlal '
These observatlons compare with those of Schwanke and Baker (1977) They reported a
‘ mean maximum foraglng dnstance of 22.7 mand a maxlmum of 41 m at 10 colonles they
exammed at Elk Island Natlonal Park between 1974 and 1976 . ' -
The dlstance mland that beavers foraged at Elk Island National Park was related o
prlmarlly to the total amount of timber avallable within 30 m of water rather than the avall-'
o ~ablllty of partlcular specues The lnablllty of the anaIysns to deflne |mportant specnes hkelﬂyb
, results from the absence of selectlon for plant specues within' ‘l 0 mof water. As the total
.amount.of timber in an area increases, the dnstance travelled,to obtain forage decreases
“and most cutting will be Iess than 10 m from wate‘r' ”The? availability of birch also-
negatnvely affected foraglng dlstance Since birch is avolded by beavers, there would be o
little mcentnve to range over Iong dlstances in. bll’Ch dommated forest, partlcularly since
selection against blI"Ch is greatest where distance from wateh is hlgh Moreover ln many Q
areas blkh tended towards dense monospecuflc stands Hence a reductlon in the. -
' amount of birch may |mpIy the greater avallabullty of preferred specues -

At Elk lsland Natlonal Park, no differences in habltat or forage avallablllty between :

actlve and abandoned colony sntes oramong colony age classes were detected In Alaska R
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(p>0.08), there were slight aithough msngmflcant (p>0.08), differences in the quantity' of -

A .
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Boyce (1981b) reported that colony sites occupled for-a smgle wlnter ‘were characterlzed

. by a Iower blomass of potential food cache material than sites occupled for two or more

consecutive years One- year -old” colonles could not'be posmvely ldentlfled in the present

_study but I was able to examlne the characterlstlcs of active and abandoned colonles less -

than 3 years old. However there was no apparent ‘relatiopship. between any habltat

varlable mcludlng total basal area, a varlable sumllar to blomass ‘and status of the’ colony

'The results were similar when habitat was compared- anl?bng colomes of different ages.

. These results are comparable to those of Henry and Bookhout (1970) who were unable to

-detect 'dlfferences m vegetatlon in the proxlmlty of colonies less than’ 3 years old and

)

,thoseolderthanSyears I o S o

i

Although habltats wuthm 30 m of water d|d no,t differ significantly 'among 'c“‘o‘l‘onies_

'preferred\classes of woody vegetatlon wnthln 10 and within 20 m of water. Within 20 m’

= of shore age class 4 colomes had a greater densrty of balsam poplar and young Iarge

' aspen poplar (2. 47 trees per 100 m?) than other age classes which had'a range of 1.63. to

“.'2 03 per 100 mz Wlthln 10 m of shore the densuty of preferred tree classes was only '
S fO 41 per 100 l'n2 .at age class 1 ‘colonies.’ ThlS is Iower than the range of 0.60 to 0. 77 .
a found at other colonles The oldest surviving colomes in Elk lsland Natlonal Park appear to

occupy areas that have an abundance of winter food Wthh suggests that those colonles

’\'were orugmally establlshed in" areas partrcularly rich in preferred classes of woody vege-

tatlon~ Lower densntles of preferred classes of woody vegetatlon adjacenﬁto Young

‘ colonles |mply that recent colonlzatuon is occurrmg in relatlvely Iow qualxty habltats

Schwanke and Baker (1977) used an’ estlmate of foragmg dlstance to assess the

~ area avallable to foraglng beavers at lO colonles in, Elk Island Natlonal Park Areas where

foragmg had prevuously occurred were also measured They' calculated: that 2 8 ha was |

-

“the average foraglng area avallable and that a mean of 0.4 ha had already been used The

‘average ‘age of the colomes studled based}on aerlal survey data provuded by Parks

' Canada was about 3 years. ThlS mdlcates that if the entlre area avallable to beavers ls of .

snmllar quallty to that prevnously used most areas are capable of supportm&.a beaver

colony for about 20 years. If beavers initially browse in the best areas, the, potﬁntlal llfe

N \
N of the colony wull be somewhat Iower however in some poﬁds beavers are able to

s

‘
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year) is greater than that reported by Yeager and Rutherford (1957) at high- elevatlons |n:

.. Colorado (0 16 cm per year) but lower than the 0. 70 cm per year observed in New York

expand the area avallable for foraging by raising water levels by constructmg dams

The annual rate of growth for aspen poplar at Elk Island Natlonal Park (0.43 cm per

"(Stegeman 1954). Growth rates for balsam_ poplar (0.44 cm: per year). at Elk island

" National Park were similar to those of aspen. - Since the .average diameter 'of*as’pen and

' balsam poplar felled by beavers was 21.4 cm and 17 O.cm respectlvely the regeneratlon

of balsam poplar of approprlate size would take over 35 years whlle that of aspen poplar E '

would approach 50 years Although these calculatlons are lmpreC|se they are an mdlc- )

atlon that regeneratlon rates of preferred classes of- trees are madequate for long-term

support of the current populatlon of beavers If decreasung avallabullty of balsam and

,aspen poplar forces beavers to forage on poor quahty vegetatlon further reduo;nons |n

1

numbers may result from reduced rates of reproductlon v B

’
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" Table 1. »Age cIassufucatnon of beaver colomes at Elk lsland Natlonal Park durmg i

1982 and 1983

.Age Class Actual- Age’ (Yr) -

No. of Colonie‘sv % of Colonies, BRI

-—

a8
7 9 |
>9

AW oN o

222 -
333
25.9°
- . 185
IS

oy O o |

-

*Three . colomes were not mcluded in. the data analysns because of changes i

fnethods L
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s Ave’rade Foraqinq‘ Distance
~Tota| basal area =

Basal - area of blrch T 10433 o O.IOjO37.

~ TOTAL N

habitat' variables,

~Table 2 Relatlonshlp of average and maxvmum foraglng dlstance W|th ma)or

" Varigble . - . F e Prob. -

' Slope

* . Stem d_ensnty .of shru.bs'ﬁ',f . 7'437 .' 0_0120'  E

65.577: . 0.0000

°-0.999
4871
'50.383

0589
0.144
. 0.065°

C;Maxnmum Foraqmq Distance - - ' o
-.."Total basal area . = . - '-15{2-4»1 s "0".0007

o B_asal arga. of birch .. 7.790 . . 0.0101

o~
.- .

-0.832.
-6.327

© TOTAL .

0856 -
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Table 4. Relatlonshlp of age and dlameter for uncut aspen poplar. and aspen
poplar cut down by beavers. Equatlons are. partmoned from a smgle
¢ multiple regressmn (see text) e TR - _

o Independve_nt”"'

o 'Variéblé Slope” ' F ' Prob. . 7 Equations >

' A e >Cla‘ss -"1‘ . | R o . Tl
" diameter - 2.064 1207.22 '0.000 - Y(uncLJt) ="5563 + 2.06did™
cm x dia “r0.210 '?'9:43,0.002_”,', Y(cut) = 5.63 + 185d|a '

".Age Class 2

out x dia  -0.247 10.21- 0.002 :‘_,'.Y(‘cuti":'?..g;'1'2' +2.06dia - 0.18dis
: distané_e‘, -0.178 - 5.21 f,o.oz?é‘ L B

. Age Class 3

| diameter 2,286 . 7858 0.000 Y = 4.75 + 2.29da .,
Age Class 4 - -~ o - SR

Jout x dia’ <0476  '12.79 0.001  Yiclt) = -2 09 + 1.98da + 030dls
distance - 0.301.  11.01 0.001 | |

" diameter © 2.452 592.05 0.000 Y_(un'cutr -2,09 + 245d|a + 0. 30d|s .

dlameter 2.309 1283.14 0.000 _Yiuncut. = 9.12 + 2.31dia - 0.18dis" - . .

.n:g- .
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) Table 5 Relatlonshlp of age and diameter for uncut balsam poplar and balsam.
poplar cut down by -beavers, Equations are partmoned from a smgle
_ multlple regressuon Isee text) ' : v

S

Independept o . » | B ”
" erable  Siops | FProb. . Equtons

'lAg'é.'Ciéés TR R | AT }
" diameter. i‘;;7'7o-' ‘681’;:7.4 .-_o.o'o_o'_ Y= 8.-2'8' + 1;.7'7a{a'

| ',Age Class 2. T

o ;’»d‘lameter g2 2. 646 2’051'.,18' jo.ooo R Y(uncut) S%, + 205dla

.’\

Ceut 0 -3.439. . 1425 0,000 - Yleu = 1.51 + 2.05dia [

e ’Age Class 3

dlameter "1'\,5‘95‘1‘ 782.38 0,000 . Y‘_'=j'/2:..o7,"f 1.95dia + 6.‘24d;'s."
dlstance :'-‘._ 0236 9728 0.002 I R LI TE
.“,Age Class4 | ,..‘ _ S L v ‘
diameter - }h‘ 2252 871 80 0; ooo'_., - Yiuncut) = 5.39- ¥ 2.25dia
Cout x dia 0234 _ ‘:7:.'68 0.006 . . Yiewt) = 5.39 + 2.02dia
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, Table 6 Relatlonshup of age and. dnameter for uncut birch. and birch - cut down
by beavers. Equations are partmoned from a smgle multtple
regressuon (see text)

Independent

' _‘\,/a’ri.ab’le :

Nl
~Slope  F. . Prob. .

~

S Equations

el

‘-,.:Age Class IR | e
- "',':@;1 928 '568.11 . 0.000
" -0.945  48.96 0.000
apes’ 1391 ,o.objo_', )

dnameter

cut X. dla

o ) j‘.'Cut‘_ D
. .Age'-CIas's 2.
' dlameter ’

Age Class 3 -

" distance

Y cut a

“cut x dia -

- dlameter D
Age ‘C_Iass 4 ,"
. _ diar_n’éter
e -0.093 11.01 0.001
5488 957 0.002
0654 494 0.027

1,792 382.65 Q.000 -
1,669 456.28 0.000 - -

1 376 391.95. .0.0007 %Jncut)_

" Yiuncuti = 699 + - 193d|a
Y(.cuty-—"11.,65 + p.s_sd.a_ '

<
N

8.92 % 1.79dia
'9.93 .+ 1.67da .

< "
T

8

13166 + 1.38dia’ - 0.09dis
. Yieut''= 8.16 + 2.03dia - 0.09dis

e
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viTable 7. Results of discriminant function analysis: characterlstlcs of trees cut

<

\

down by beavers -and uncut trees. o S R~

Standardlzed dlscrlmlnant\ - - . Prediction’

“Species . Variable functlon coefflcnent . F " Prob. accuracy(%)

Aspen poplar  diamefer . 1.961 . 6427 01000 ' .
. age ¢ . /-112° . - 38.16 0.000 7056

PN N K . .
\"| . ‘ . . D.

, Balsam poplar 'grcivx\rth‘.-"ralte_ 1000 : -'-19.5_5" 0.000 "’ 58.95 -

~

‘.‘Birch E ‘growth rate ~0.316 69.83 0.000

§

Cdist from 0937 | 12584 0000 7414

. water .




Composmon “and size of woody material - removed from: the shore and

Table 8
. . observed in beaver food caches.

F]

- 54

n
_ Remeved from Shore - Observed in Caches . .

. ) X
|/ - - - - !

‘Species Ne. %.

*  Dialxts.e) - No. - % _

‘ Dialx£s.e.)

o "./f\spén : ‘poelar

. Balsam po'pl_arb

~ Willow’
‘Birch

‘Alder

‘Hazel -

Others

383
500

14
102
ieh

| 13

73
”“48.,6"
"1_'.'4_ ,
9.9
1.6

1.3

6.5:0.24
7.4£0.21

1 3.6:0.38
5.9:0.28! . 43
| 5.840.73

41

29

80
125,
69

14.8. -,
30.8
17.0

106/ © 3.9:0.40

9.6 32%042

10.1 .

1.4+0.08
7.

5.120.45
34%¥0.20
2.740.19 "

N

I<’a

o vt
N

0



55
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Stdmat:hs of 20 beavers collected at Elk Istand -

30 Apr“il’\é&o' 10 August, 1982.

& L R
Specimen - O : o e ] .
No.. . Volumeilcc) . . % wood ° - % bark © % other
" | 1 - 1010 - : 6.3 37.6" " 56.3
Y2 - 350 o © 125 1256 75.0
: 3 . -+ .300 59 59 88.2
4. 0 . 700 . 6.3 6.3 . « 875
5 .~ 200 6.7 6.7 T 88.7
6 750 13.3. 13.3" .. 73.3:
7 . 350 6.3 6.3 ~87.5
-8 625 .- : 13.3 -B53.3 7 33.4 -
-9 525 Co, .59 5.9 . - 88.2
- 710 . 500 N ' 5.9 ©.88.2
5 1 350. 6.7 66.6- - 26.7
12 - 525 13.3 46.7 - - 39.9
13 350 6.7 - 33.4 ©60.1, .
14 600 . 12.5 81.2. 6.3
16 475 - 20.0- - 20.0° 6041
16 - 150 - 8.7 6.7 . . 86.7
17 . ‘400 o - .0 - 100.0
18- 200 .70 e 0o .. 100.07"
19 . 425 0. : 13.3 . 86.7- 0 - .
20 . 800 6.7 8.7 . 86.7
MEAN . 479.3 - .. .86.3 17.1 74.4
S
\)
o ?
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