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‘Columbia. The quantified beaver habitat components were then related to

‘ .::J)‘.

ABSTRACT .

Beaver (bastor canadensis- Kuhl) habitat factors and beaver colony

site density were sampled on 136 lakes (about 1140 shoreline miles) and

45 stream sections (90 stream miles) in the northern interjior of British

beaver colony site density by multiple regression analyses.
’ b g
On the basis of the results of the analyses, a land capability

clagssification system for beaver was developed, The regression equations

' i

are also useful as models of beaver-habitat relationships and can be used
for beaver inventory by prediction of colony site density.

Conservation of existing aspen stands;‘common thrdughéut the beavers
range in North America, is considered the most powerful management tool
for the maintenance of high beaver populations. o

Evidgnce-is presented whigh shéws that alder, commonly foﬁnd in
beaver food caches; is more £mportant as a-construction material (used

1

to suBmerge more preferred foods) than as a food species.
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CHAPTER 1

o,

INTRODUCTION

»

& t

The exploitation of nigﬁfaiéiesources in wildland areas has
resulted in conflicts of inter;st between land uses, necessitating
multiple land use planning.l The Canada Land Inventory (C.L;I.) was
established in 196} to assess the land resources apd capabilities for
various uses inclﬁding wildlike, agriculture, forestry and‘recreation;
Such an inventory sHouldwféfle;t the inherent capacity of the land to

e

provide the physical and bi&iBgical'gnvironmental requirements for
these several uses. Biobhysical land classification projects were
initiated by the C.L.I. to "differentiate and classify ecologically

significant segments of the-land surfacg, rapidly and at a small-

-

scale (reconnaissance survey); it is to satisfy the need for an //

initial overview and inventory of forest land and associated wildland ;
. {

resources. This inventory will serve as the ecological basis for. land

“use planning" (National Committee on Forest Land, 1969, p. 2). Land

capability classification involves assigning capability classes, which

féflect the\;BfLipy of the land- to provide the needs of a specific use, *

and capability subclasses, which specify the biophysical limitations

=
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on the production of the resource. , In this way the resources of an area

= . can be assessed and related to the land and other resources., Wildlife
! 5\ b

classification systems have been devised for economically important
specdies, such as ungulates and waterfowl, These-classification syste;s
are beingkfefined and new,sPecieé are being added. The next

priority of the C.L.I. is fur—bearers,ﬁin parficular beaver, which
conmtribute to é significant portEPp of the economy ofrwildlands. The

purpose of this study was to develop a land capability classification

system for the beaver (Castor canadensis Kuhl).

I3 >
"

% Beavers are highly appropriate for use in developing a land

capaBility methodology. Suitable habitat is sought out and exploited

by beavers to an extent that allows one to conclude that unexploited

habitat isunstitable. Beavers are not cryptic in habitat use, making

5
<
.

suitable habifat easily observable. Thus, the species requirements

which areilacking'ig unsuitable habitat and are present in suitable
Habitat are determinable, i -

Efficient habitat exploitation by bé;ver is achieved primarily
through the extensive dispersal characteristics of the species,
Young beavers leave their parent colony at one to three years of
age in search of new habitat (Bradt, 1938; Novakowski, 1965L//;

Gunson, 1970; Boyce, 1974). This emigration bccursiﬁefore new
kits are bofﬁ in the spring (Bradt, 1938), The dispersal age depends
primarily on the quality of -the hagitat (Gunson, 1970) and the :
é - . degfee of habitat saturation (Boyce, 1974), with beavers remaining

] -4

in the coiony longer in gaturated, highﬂquality habitat. It is

not known whether beavers are driven out by the adults (Bradt, 1938)

-



or leave because of an innate tendéncy to migrate (Leege, 1968), In

any case, emigration of young beavers has been clearly established.

. . <
iad b

Emigration of young beavers may involve movements over considerable

distances, both over land and via waterways (Leege, 1968). Distances

——
o .

travelled average about 5-T0 stream miles (Denney, 1952; Hodgdon and
Hunt, 1953; Beer, 1955; Hibbard, 1958; Berghofer, 1961; Léegge, 1968),
but distances up to 148 stream miles (67 airline ﬁiles) have been

recorded (Hibbard, 1958). The demonstrated ﬁobility of beavers

should allow all suitable habitats to be explored. Since habitat

_selection is based on instinctive and habitual preferences of an

animal, rather than being a trial,of new situations (Miller, 1942), it
can be assumed that only suitable habitat will be selected. Beayers
may very well bevthe wildlife speciesém;st suited Fowland capability
classification.

Adult beavers are non-migratory, occupying 4 set home raﬁge
and territory (defended agaimst conspecies) (Townsend, 1953; Aleksiuk,
1968). The location of the territory is evidenced by signs of beaver
activity such as dams, lodges, dens, felled trees, and food caches,
Territoriai boundaries are ﬁarked with "scent mounds" which act to
reduce ﬁhe.need for active territorial defence.

The nature of;fhg habitat itself explains why beavers e*pléit

their habitat through migration of the young and subsequent terri-

toriality of the adults, Beavers are associated with subclimax plant

communities (discussed in a later section). These are either E

edaphic climax communities (offen pulse-stabiliggd) on the ;5 S

shores of lakes and streams (some alluvial soils along watercourses

o
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preclude the growth of climax conifer species), or are temporary
communities which follow fire (and in some cases are. initiated by
windthrow, insect outbreak, and logging (Lawrence, 1964)). There

is a selective advantage for the young of beavers which are exploiting

- . o
either type of community to-disperse over large areas in search of
new habitat, Exploitation of the former habitats is necessary for the
" long-term stability of beaver populations, while temporary habitat -
. : ' ; : ,‘v

allows‘loéal populatiqn increments. Sinpé the locations of tempdréry'
habitat are unknown to beéver, dispersal of the yéung‘is a way to
locate and exploit them., Limitations imposed by the relative
scarcity ofipermanent habitat favour territorialit? of adults.,

Adaptations of moose (Alces alces andersoni Peterson), an ecologically
L
similar species to beaver, to efficient hébitat exploitation were

discussed by Geist (1971, pp. 121-124):7

To assess the preseh; land capability to support beaver it is

necessary to relate land use by beavetr to measurable factors of its
' &

biophysical environment., These factors are the habitat requirements
of the beaver, The habitat requirements-are generallyfkﬁown and have

been used .in the past to assess beaver land capability (see Literature

Review). The major difference between the land capability methodology

developed in this thesis and other capability analyses is the

quantification of the relationship between beavers and their environ-

@

ment. Multfple regression analysis was the technique used to maximize

the objectivity of the classification system.



® -

In addition to the development of a land capability methodology

. for beaver, this study provides:

1) ajmodel of the relationshib of beavers to their

habitat
2) 2 means of beaver'invéq;pry
3) a basis for bgaver management
4) a‘iand capability methéaology which may be applied

.

to other wildlife species or resources.

3
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L CHAPTER 2

4

LITERATURE REVIEW

A) Beaver Habitat Requirementé

The habitat requirements of beaver are well documented in the
literatu}é.; They are readily oéservable in the field and so have
been recorded independeﬁtly by numerous authors., Authorities will
not be citednin the discussion of the environmentél factors be}oy
éxcgpt in the case of food requirements. where definitive'studies
have been necéssary.

Perhaps the most concise definition of the beaver biotope,
given by Zharkov and Sokolov (1967), is a body of water with a stable
wéter level and banks lined Qith deciduous trees and shrubs. Water
is the prerequisite to beaver habitat, The water supply mus; be
permanent and the depth %usp be sufficient to accommodate lodges
and banks, dens, and aliow}free movement from the lodge-to the food
cache during the winter. The water level should preferably be
stable., Bednarik (1971), summarizing 23 years of'beaver study in
Ohio, believed water level stability to bemthe"most important

factor determining sustained site habitation, with woody plant

composition ranking next in importance. Seasonal water fluctuations,

}

o



N v including flash floods and droughts, are dampehed‘by Lhe damming of

streams (including lake outlets), which éilows beavers_té éffectively’

; - ' i . control the water level., Wave action’should also be minimal so thaﬁx
lodges and food caéhes>are not destrofed.; Bank materialstﬁust be

ablée to support dam and lodge construction, Finally, a suitable .

source of food and construction materials must be present and

accessible. Accessibility depends on distance from shoreline and

e,

B local topography. The food species should preferadbly be within
100 feet of the water. Hall (1960) found that 90% of all cutting
was done within that distance although distances up to 650 feet

% . -
(Bradt, 1938) have been reported. This distance is further limited

by steepltoéography. Streams flowing in and outvof lakes, and low
maéshy areas adjacent to the habitat encourage channeling and
damming to make more food available.
Quantity as wéll as quality of foodbspecies will afﬁect
* beaver habita; éuitability. ,Tﬁeﬁdistributioﬁ and abuﬁdahce of food ~»
species ‘are limited in éurn by such factors ds climadte, elevat?on,
soil’types, aspect and the seral sfage of'éommunity devéiopment
(succession), Although beavers are known to ,sample almost’any woody
or hgrbaceous plant (Bradt, 1938), they show distinct prefe;gnces
\\‘ipr a small number’of such species. Jpenney (1952) reviewed the
1ite£ature on béaver foods in North Americavand published a preference

B list. The four most preferred species that he reported are co?ﬁon

in British Columbia. They are, in order of the beqvers' preference:
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1) Aspen (Populus tremuloides Michx.)1

2) Willow (Salix L. spp.) ’ ;
WL 3) Cottonwood- (P, balsamifera L. ssp. ﬁfichocarga T. & G.)
4) Alder (Alpus Mill spp.)

The preference for aspen throughout the beavers range in North

Mmerica is well known. It is the tree most commonly felled for food

and building material by Beaver (Denney, 1952; Hall, 1960). The preference

list must be determined by the relative palatability, or the benefit/cost

ratio to the animal, An analysis of the chemical composition of
speciesvfrom Cowan et al. (1950),indicates that preference may be

_determined by two opposing factors; protéin content and resinous fat

content., The protein contents (% dry weight) (Cowan et al., 1950) of

the major food species are:

s
1) - Aspen (bark) 12.66
Aspen (stem) - 7.10
] ’ : U
2) Willow (stem) 6,32 - g 'fl
3) Cottonwood (stem)  6.08 — A\
R g
4) Alder (stem) 9,95 B

. : y . . ! g
Preference declines with decreasing protein concentration,

&7 -

Although the more resinous species are high in protein

concentration, they are “unpalatable.'" White birch (Betula papyrifera

Marsh), resin birch (B. glandulosa Michx.), and conifers are other

unpalatable and nonpreferred Qpecieé.

lplant nomenclature is after Hitchcoék and Cronquistﬂ(l973).
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f ) | Utilization of aspen ts directly proportional to availability,
and the supgly>uSua11y declines §teadily tb°a complete ‘loss under
constant use 11, 1960), Size c1a§s utilization of aspen also
depends Bn availability, excéptrfor the use of 2-inch trees which are
preferred in the fall when dam and lodge construction are increased

(Aldous, 1938; Hall, 1960). As the aspen is cut the land becomes

occupied by either herbaceous vegetation, or by coniferous vegetation ’ }///Q%

such as subalpine fir (Abies lasioca[pa Nutt.,), spruce (Picéa A.

Dietr. spp.), or lodgepole pine (Pinus-contorta Dougl.).

<

Willow and alder can sustain beaver in the absence of aspen.

=

Both are renewable resources With%n the life of a single beaver’
0 . colony. The yield is sustained by block-cutting, or/E\jhifting of

_the cutting site, to allow regrowth and regeneration of cut trees }

N .

(Hall, 1960; Willow: Northcott, 1971; Alder: Bednarik, 1971).
Severely overhtowsed‘sites may be abandoned to allow regrowth,

but this vacancy is usually only temporary. Regrowth of alder is

% .
sllghtly sloweﬁ than that of willow (Aleksiuk, 1970).

- - Coqtonwoodgusually occurs with aspen and so is considered to
Ay . ) ,
be only of minor ' importance to the beaver.
S .
Aquatic vegekatlon (mainly NuEhar J. E. Smith spp.) and
terrestrial vegetatlon (mainly Ericaceae shrubs and herbaceous plants), where
N

present, may be the most important summer foods of beaver (Northcott,

1971, 1972).- It is éoubtful that they impose any limitations on beaver

R

numbers as woody species are also available at this time, During
v o ) .
the winter only woody species are stored in any quantity, so it is their L

availability which ultimately determines the location and survival of

-
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_a given colony, ° Summer foods may act as a buffer to the exploitation
: - Y ~ § . .
of winter foods, and hence prolong the period that a site is able to

>support a colony. This effect has not been studied to date.

B) Previous Beaver‘Land'Capability Classification Systems

The capability of various habitat types to support béaver

depehds on the ability of the environment to supply the requirements

@

of the species: - The early beaver land capability classification

systems differentiated habitat types into primarily descriptive and

Al

arbitrary units., For example, Atwater (1940, p. 10l1) classified

waterways on the basis of their genefal biophysical suitability
for beaver:

. "Class l--Most favourable location for beavers. Ample
forage of preferred types; room for expansion; reliable
water supply; topography favourable for dams, lodges,
and feed production., Support at least 6 colonies/mile. N

"Class 2--Favourable location for beavers. Same require-
ments as above but expansion limited by topography.
Support at least 4 colonies/mile.

"Class 3--Fair location for beavers. Forage not so
plentiful or made up to some extent of less desirable
types. Room for expansion strictly limited. Water
supply variable., Support at least 2 colonies/mile.

"Class 4--Marginal locations fgr beavers, Forage made j
up of less desirable types:  alder, swamp birch, etc.
Topography steep and rocky, water supply unreliable.

Support only scattered beavers.

""Class ST-Unfavouréble."

Scheffer (1941, pp. 321-322) observed that beavers transplanted in 3

Oregon would .not settle in sites with the following characteristics:
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<:\$:;) Lack Qf shelter;

- ZT*EStream banks too low or slope too steep;
‘ afforded for deep ponds that would not freeze solid.

in anter.

no plaee

Elevation,too great in regions of heavy snowfall,

The maximum elevation in eastern Oregon for satisfactory

planting of Beavers is thopghtwto-be about 6,000 feet.
ﬁ4) Streams too swift or subject to excessive flooding.

5) Lack ofspalatable foods; “asPen, or poplar.
‘of these species and the ability of willow and aldér
to regenerate determlned the duration of permanency

of the plantings,'
Scheffer then grquped colonies in physicalty suifﬁble'sites in

relation to their present food supply (pp. 322-323):

"Group 1--Colony in nearly pure stand of aspen, leading
to speedy exhaustion of trees and emigration of beavers.

"Group 2—-C010ny in willow not_yroduc1ng foliage as fast
as required leading gradually to depletlon of food and

emlgratlon of beavers.

"GrouE 3—-Colony in satlsfactory balance with willow,
“producing foliage as fast as it is being cut.

K3

_"Group 4--C010ny 11v1ng at.a sub31stence level on
mediocre food. : “

Retzer et al.

(1956) ranked streams in the Colorado Rockies

by valley grade, valley width, and substrate type. This was one of

the first attempts made to quantify these kinds of habitat variables.

Beaver preferences, as indicated by'colopy density, were for valley

grades less than 6% and valley widths greater than 150 feet, - Stable

¥

B . . .
substrate E&pes such as granite and schist were considered to be more

suitable over the long term than'shale_or rhyolite. More recently

Boyce (1974) quantitatively related beaver densiry to food supply.

The presence

11

open meadow without concealing shrubbery.

k‘r
1
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‘In the U.S.S.R., beaver areas have beén ranked according to water
levelfétability, abundance of bank’ vegetation consisting of aspen or

<

different species of willow, and the degree of explbitation by man

(Zharkov, 1970)., _ B

Some authors have devised large-scale land classification
systems for beaver based on the suitability of gross landscape
features such as topography and parent materialg,ﬂand-the resuitant
characteristic types of lakes and stredmé (Thomasson, 1973;3deBock
et atl., 1?73; Traversy, 1974)f' Due to subjectivity, these classif%-
cation systems 1a¢k the detail and accuracy r?quiréd to assess the

capability of a single lake or stream for beaver inventory or

management purposes.

12
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‘and the Hafelton mountains of the west.

CHAPTER 3

-

. STUDY AREA -

The study area was signated in the northern interior of British
Columbia betweerr 54°0' and 55930° north latitude ,and 124°6' and 128°45"
west lqngitude,(Fig. 1). This area was chosen for se?eral reasons, (1) it

‘shows the highest annual beaver -pelt returns inilhe.ﬁrbyince (B.C. Fish

o . o . ) . Lo
- and Wildlife Branch-records), (2) the Environment  and Land Use Committee

‘Secretariat is involved in a—mdltiple land_use'stﬁdy inAthe/area, (3) there

ot

is a good:data base of topographic maps, fores;~co§ér maps and aerial

_photographs for the area, and (4) theré>is a diversity of climate, physiography

and vegetation.in the area, -which proviJes a range.of conditions sufficient

to develop and test the\capability analtysis,

) ; ‘ - - . » - .
A) Physiography

" Information on the ' physiography of the study area (see Fig. 1) has .

, . N ‘
been adapted from Holland (1964). The main landforms include the Nechako
. 3 s ‘ - - B ' ’ l
Pla%sau of fhe south an® east, the Skeena mountains of the northwest,

#~ . . I .. .
Most of the area under study is situated on the Nechako Plateau,

P, .. 3 . ;
whithkis the nofthernmost section of the Interior Pldteau, This is an

% A _ , !

5
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area of low relief and gentle, rolling topography. The average
elevation is‘about 4,050 feet above‘sea level, The last ice age
left the bedrock of the Nechako Plateau covered almost completely
with glacial drift. A; the ice mov;d across the plateau numerous
grooves and depressions were carvedvout. These are now occupied by
lakes of all siées, including many of the largest lakes in thew
province. The Skeena mountains extend from Telkya on the east side
of Bulkley River, northward beyond the boundary of the study area.
Cirqué and valléy glaciers have had a.majof effect in shaping the
mounfains, leaving'rugged peéks separéted by wide valleys. The Skeena
méuntaips rise abrupﬁly above thé plateau to elevations of 6,560
feet.‘ The Hazelton mou;tains lie ;o the west of ghe Bulkley River,
They rise to elevations of over 8,000 feet in the study area.

Many high gradient streams typify the mountains of the study

area. The mountains contaih‘many small lakeé; only a very few

are large.

B) Climate

The climate of the studyrarea is a continental type with long,
cold winters and short, warm summers. The mean annual temperatures
vary from 34,09F, at Bab%ne Lake to 39.8°F. at New Hazelton in the
weét whgre the maritime climatic influence of .the Pacific.Ocean

becomes increasingly evident. Mean monthly temperatures vary from

5.1°F. - 14.3°F. in January to 55.2°F; - 59.4°F. in July at the

- same locations.

14
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Precipitation is generally light (less than' 20 inches per year),
being slightly higher in the mountains of the west. From 25-50% of
the total annual precipitation falls as snow, again depending on local

- topography and proximity to the Pacific Ocean. Temperature and

. precipitation data from selected climate stations in the area are

summarized in Fig, 2, Climate data from all Atmospheric Environment
Service (1973) weather statiors in the area is given in Appendix A.

Locations of the stations are given in Fig, 1.
: ~

The lakes in thé study area are generally frozen over from
October to May at higher elevétioﬁé (34500+'feet) and from November
to late April--early May at lower elevations. Large lakes such as

Babine Lake may remain open until December. Those streams that

. B AR ke SO

.freeze (including shore ice) usually freeze later, and open up earlier,
than the lakes (L. J. Coxl,1976, pers, comm,; See also Appehdix B).
Low water occurs during the freeze-up period. Runoff is at its peak

2 . -

by May in the tributaries, and by June in the major streams (Fig. 3).

SO

The StQart River in the east does not peak until July due to the

colder climate over most of its drainage area., The Stuart system also
has a more stable discharge rate, being higher than that of the Bulkley
in winter and lower in the summer, even though mean annual total
discharges are almost equal, The seasons are probably more ;table in

the Stuart area in terms of both temperature and precipitation. Lake

'
b e vt e e e < 1

and Stream water data (Fig. 3 and Appendix B) are from annual reports
of the Water Resources Branch (1970 to 1975 inclusive, 1974). The surface

water stations are located on Fig, 1,

lRegional Protection Officer, Fish and Wildlife Branch, Smithers.
TN

] )
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Fig, 2 Mean monthly and mean annual temperature
and precipitation“from selected weather

Ve

stations in the study area.

.a) Babine Lake--Lowest mean annual temperaturé
and highest mean annual precipitation of
weather stations in the study area,

‘b) New Hazelton--Highest mean‘annual temperature.

Telkwa--Lowest mean annual precipitation.

— T e e b 8
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BABINE LAKE—TEMPERATURE AND PRECIPITATION

1 Snow (water equivalent)

Legend: Precipitation (in.)

Rain
- ~—- GGreatest Rainfall in 24 hrs .

" Temperature (°F)

/2

mean Daily o
O= —=0- -0 mean Daily max. and min.

*—eo—o

Extreme max. and min.

I
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Fig. 3

¢

Stream discharges and lake water levels from

selected gauging stations in the study area.

a)

b)

c)

d)

Mean monthly discharges (in cubic feet per
spcoﬁd, C.F.S.j of the major rivers. Means

to 1973,

Mean ﬁonthly discharges of two tributary
st;eams of the Bulkléy River. Means to 1973.
Comparison of daily water level éf Stuart Lake
with dail& discharge of Stuart River. On 15th
day of month, 1974. |

Compar ison of\daily water level of Babiné Lake

with daily discharge of Babine River. On 15th

day of month, 1974,
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C) Vegetation
Five biogeoclimatic zones (after Krajina, 1969) are represented
in the study area. These are, in inéreasing rank of area covered:
1) Coastal ﬁgstern Heﬁlock (éwH)
2) Alpine Tundra (AT) |
3) Engelmann Spruce--Suba}pine Fir (ESSF)
4) Cariboo Aspen--Lodgepole Pine--Douglas Fir (CALPDF)
QS) Sub-Boreal Spr;ce (SBS)
Thé CWH.zone is found in the extreme northwest corner of the

: . . L . ooB . .
study area. The climatic climax tree species:of this zone is western

-

hemlock (Tsuga heterophylla Sarg.), while western redcedar (Thuja
plicata Donn.) prevails 5n moister sites. The CWH zone occurs from ‘
valley bottoms to about 3,500' from 55° N, Lat., northwest along the
Bulkley River. Shrubs such as willows, red osier dogwood (Cornué

stolonifera Michx.), and hazel (Corylus cornuta Marsh) are abundant

as pioneer{species on moist and fine textured soils. Some of the
coarser textured éoils have regeneratipn‘of7Ereﬁb1ing aspen following Q
distufbance. Cotfonwood is common along streams on deep a11u§ia1 soils,
The AT zone generally occurs above 5,500 feet, It is

characterized by an absence'bf all major tree spg;ies. Some shrubé
such as low growing willows and many alpine herbaceous plants are
adapted to the extreme environmentél<conditions of this zoﬁe. At

the lowér eleﬁaqions of the AT zéhe, subalﬁiﬁe'fif and resin birch

may occur in krummhélz form, This zone is of little impértéﬁce to

beaver as sufficient food is lézying.—
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The ESSF zone extends from the AT zone ' (about 5,500 feet

'

elevation) dawn to 3,500 feet where it mixes with eithér CWH, CALPDF,

or SBS. In this ESSF zone Engelmann spruce (Eigga engelﬁannii Parry.)
dominates on wetter sites while subalpine fir dominates on drjier
sites. Subalpine fir is also prevalent foilowing,fires.' Lodge?ole
pine and resin birch are frequently found in thﬁ ESSF zone. Alders

commonly form thickets along streams and lakes,

4

From Smithers, southwest along the Bulkley River and to the
east of Burns Lake, the CALPDF iéne occurs below 3,500 fgef;’ The
forest climax species in this zone is'typically white spruce
(2. glauca Voss), Between 3,000 and 3,500 feet this is often mixed

with Engelmann spruce--subalpine fir. Hybrids between the spruces

are common. Douglas-fir (Pseudotsuga menziesii Franco) regenerates

under a canopy of trembling aspen in isolated areas to the southeast.

Lodgepolé pine is usually the pioneer speciesAfollowing light fire
disturbances, butntrembling aspen is prevalent on areas'répeatedly
burned and disturbed. Trembling aspen is presently the most,com$on
species of the CALPDF zoﬁe within the study area, Alders and wiilows
are common along the banks of lakes and stfeams. Alders favour
regularly disturbed banks with rich, rocky and moist soil. Willows and

cottonwood are found on sandbars and other well-drained soils,

but they also thrive in marshy areas at or below tfte water level,

They are able to withstand floeding and silting. These characteristics.

separate their habitat from that of alder.
The SBS zone occupies most of the study area and is found east .

and north of the CALPDF zone at altitudes below the ESSF zone (3500

21
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mariana B.S.P.) occurfing on poorly drained sites and subalpine L3

22
feet). White spruce- is the dominant tree with black spruce (2.
fir on areas which have been affected by recent forest fires.
Fires are common in this zone, and aspen and lodgepole pine are the
common colonizers, Douglas-fir occurs with resin birch on nutritiomally

rich sites. Willows and alders typiéally line banks of streams and

lakes.



CHAPTER 4

METHODS

)

A) Description of Data Collected

In order to asséss habitat suitability for wlldlife species it
is hecessary to measure the intensity of land use by -the species in
various habitat types. In wildlife capability classifications -
(e.g. Blower, 1974) the intensity of land use has. typically been
-measured b;\the cufrent species population density on a given area.
For populati%n levels to be representative of habitatjquality one |
critical assumption must be met; that is that the lan& is at its
species carrying capacity. Natural and human-induced population
fluctuations deny the fulfillment of this assumption for most species.
xThlé effect is augmentea ln speciés which are slow to disperse to new
or vacant ﬁ?ﬁitats. In ad@ition, ﬁopulation census methods are often
inaccqrate. ‘Beavers, although efficient habitat users through
juvenile dispersal (see Introduction, p. 2), have unstable population -
levels and are difficult to enumératé.

Beavers' populatiéns fluctuate yearly depending on the natural

demogyaphic characteristics of the population, a function of the

number of animals in a colony at any given time, and trapping intensity.
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The beaver colony is a social organization with distinct characteristics

which exploits the environment as a unit. BEaQt (1938, p. 145) defined

the colony as "a group of beavers occupying a pond or stretch-of stream
. , - I - .-

in common, utilizing a common food supply and maintaining a common dam

or dams. They may or may not be living in the same lodge or burrows,
Vl

is no evidence of overlapping in the colonies.'" The colony size

ranges from a singie animal{to_a complete family unit consisting of
two a@ults, kits, aqgjﬁéa;ifngs. Novaﬁbw;&i\fl965) énd éoYce (1974)
have noted 2-year old‘groups pregggi in some colonies in northern
Canada and Alaska. In most areas, two-year olds leave the colonyﬁf“_
pefore the new kits are bofn (Bradt, 1938). Since the litter size,\
varies from 1 to 9 kits or higher (mean litter size is 3:70 (Henry
and Bookhout, 1969)) thg number of individuals in a colony is highly
variable, | ;
Beaver populations are difficult to censugi even)thgugh cénsus,
techniques have been refined over thevyears. vThe'followingitechniqués.
have been tried and found unreliable: | ’
1. The average number of béé?érs/colony‘is‘hiéhly
variable (Townsend, 1953). This method is used;

[

however, in the U.S.S.R. for censusing large

areds (Zharkov, 1963). _‘ ‘ .

2, _ The number -of lodges is not related to-cblony

size (Bradt, 193é),/iColonieé of all siéés usuall&

have only one or two -lodges or bank dens,

24

as

.Béavers appear to maintain a system of territorial fights, and there
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3. The number and size of dams depends more on the
local conditions of topography, stream flow, water
depth and stream width than on the number of beavers.,
Bradt (1938) found no correlation between the number
of dams maintained by a colony and the number of
animals in the colony.

4, The area (Hammond, 1943) or volume (Pearson, 1958) of
the food cache show no relationship to colony size, The
size of the cache is a function of water depth, size of
trees used, and colony size,

5, .The caloric content of the food cache varies with the
age cémposition and size of the colony. Adult animals
may be able to live below the basal energy requirements
thus making the caloric content of the cache unrelated
to the individual energy requirements of beaver
(Novakowski, 1967),

Therefore, the beaver colony, irrespective of size, represents the best
unit of land use by the beaver. The density of beaver colony sites was
used, in the land classification system presented in this thesis, to
indicate beaver habitat suitability., Field observations of land use
from the ground consisted of an enumeration of all colony sites on
lakes and on stream sections, The primary indicator of land use was
the presence of lodges and bank dens. Some colony sites, however, were
inferred from the presence of dams and by the sequence of active and

inactive dams on streams.
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" According to Townsend (1953, p. 477), "colonies cannot be limited
arbitrarily by tbgrgpggping-of beaver structures . . . , where they are
are often continuous over wide areas.' During low population densities

the territorial boundaries of one coloﬁy mayrincludenlbdgeS»and dams

which wouldrnormally be 'in thg territories of other colqéies (now vacant).
‘This creates a difficulty in delinédting colony limits where the lodges’
are close togethér. Thérefore, the ";umber 6f~;olony‘sites" is defined in
fﬁis stﬁdy as ""an estimation of the number of colonies a body of water

COUIH'SUpport if all the present lodges (including bank dens) were occupied,

a

with each lodge representing a potential colony siteg" This number of lodges
was determineg_by direct observétion. Many éolonies build satellite bank

<
>

e 7 - , - -
dens for use.aéﬁiafety retreats whiler away from the main lodge. These are

usuall§ just simple holes in a bank and are easily distinguishable from
R Y -

dens used as residences by the. absence of typical lodge construction (used

to protect the entrances). Only dens which were obvious beaver residences

were enumerated. It was ;}so noted that sgmeucofonies built "twin lodges"
or two lodges of identicle size and construction, usually less than 25 feet

i'apart, and often with a single food cache between them. "Twin lodges" were

considered as a single colony site only, ‘ ' .

z

The definition of colony sites depends on three critical assumptions.

First, it is assumed that all suitable sites have at some time been exploited‘

(or are currently occupied) by beaver and that evidence of their use still

s

remains., This assumption is satisfied by the dispersal and habitat utilization

characteristics of the beaver as described in the Introduction. The second
assumption is that successive colonies occuéﬁingsa single site will repair

old lodges if possible rather than .construct new lodges or dens. This

e

oy
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assumption was verified by the repeated fieid observation of the reoccupation
of old lodges and the extreme rarity of construction ofxqompietely new lodges.
The third assumption is tHat the number of colony‘siteés is directly related

- to the colony carrying capacity. This assumption will be dealt with in the

Disscussion. Their dispersal characteristics (e.g., see Leege, 1968) allow - -~

) &

' beavers to find al% suitable coiony-sites. Tﬁé freqﬁency of recolonization
of old sites which are still suitable, and colonization of newly acquired
haﬁitat (due ﬁo sucéession andhéhysical cﬁ&ngeé in the environment) is.most
wfikglyrhigh enough to assure that signs of all potential colony.sjtesqare
present. Since habitat selection is-gfimarily instinctive, sucéessive

colenies should éhoose4the sameé locations for lodge construction. Therefore,

they should fe-oééupy old ilodges or build new lodges in the same location if

-

: the old lodges have degenerated ﬁéyond repaif;‘

Colonies ﬁtflizing both avlake and a stream were included in taé
estimate of both lake sites and stream sites regardless of lodge location.

As there are differences between lakes and séreams, the land capability
classification methodology was determined seperately for each. The definitions
of "lake" and ?stream" as used in this thesis are (National Committee on
Forest Land, 1969, p. 28): ‘
Lake: "Continuous uninterrupted expanses of N

permanent or intermittent standing surface

waters of various depths that lack any
continuous directional flow . . . "

Stream: "Surface water with a significant and
disgernible flow in a definite direction,
following @ gradient, and usually confined

. " to .a defined bed or course."
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The specific environmental variables used in the analysis were
selected on the basis of their importance as habitat requirements
for the beaver as described in the Literature Review. A desgription

of the biophysical variables and their methods of measurement are

Rt
given’below.

e

1) Lake Variables

1. Thé physical habitat was quantified by measuring lake area

‘and lake périmeter. Stability of a lake in terms of wave action and
destructiveness is dependent on tge reticulafioﬁ of the shoreline

and Qas inde’ked by cal;ulation of ;n area/pefimeter ratio, Per imeters
(in miles) wére measured witgua‘hmap measurer"l from government
aerial pﬁotographs (scales: 40 %ﬁd 80 chain; dates givén in Appendix
C). Areas (in acfes) were meas;rgd from the air photogrs;hs with

dot counters. TFor lakes with areas less ;han 50 acres a dot counter
was used which measuresAaccurately to-ijl‘acre. Lakes with areas
greater than 50 acres were measured with a dot counter accurate to

4 5 acres on 40 chain air photographs and + 20 acres on 80 chain
photographs. Areas of islands were not included in lake areas

and island perimeters were 1nc1uded in lake perlmegér.

2, Water level stability was indexed by the following

,7" N
characteristics of the lake outlet:

~

1The "map measurer" is used to trace the: perimeter with a
small wheel which shows the distance measured on a calibrated scale,
‘The' scale is calibrated to measure distances accurately to 1/4 mile
and 1/2 mile on 40 chain and 80 chain air photographs respectlvely
‘w1th measurements of smaller lakes being less precise.

0
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Water Level Stability . s
- Index Description
1 “..The outlet is not regulated. There is no evidence
" of past or present damming at the outlet. The
outlet is usually too wide or fast flowing to. .
allow damming. '
2 The outlet is regulated between spring floods.
Dams are constructed at the outlet but are
. usually washed out or destroyed by spring floods.
v Such spring washouts are evident only until
repairs are made, usually in the late summer
prior to the winter food storage activities.’
3 The outlet is regulated. The dam(s) shows no

B -evidence of damage by fluctuating water levels,
even when the colony site is abandoned.

The water level stability index was determined from ground field observfiions\'-

Eid PN

only. Three classes were chosen because of tﬁe ease of definition of theﬂI
two extremes (1&3). All intermediate conditions were then referred to the
middle class, -

8. A suitéble source of food\and construction materials was quantified
by/i;:ing measurements (in miles) with a "map measurer', of perimetefs‘of
1 _ .
lake shores which are lined (wiphin 1001fe;t of water) with important
"forest types, from British Columbia Forest Service forest cover maps.
The sngies chosen for analysis were the four most preferred species from
Dennei (1952): aspen, willow, cottonwood and alder. The amount of shoreline
covered by at least 10% gross volume (thé minimum amount classified by the
Forest Service) of the above spégg;;\?as measured. The maps are scaled at
1.5 inches to 1 mile. The map measurer is accurate to 1/3 of a mile.

The reliability of the forest cover maps was checked during the

L

summer field season of 1975. The classifications of aspen and cottonwood

o

stands were found to be extremely accurate. Areas of alder and willow
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aﬁuhdahéé COfréiateq,Qell wifh the-prés termedf"noﬁli?ﬁaﬁéfivéxhtg§h2,4#1~-//
and "swamp'' respectivéfy. It was found,‘however, that' "swamp' was
often misclassified as 'non-productive brush," Tﬂese two variables
were separated and combiﬁed in the analysis to»tést for similéfities
-and differences betweep‘fhem. "Swamp" is also commpnly associated
with abundances of the aquatic Qégetation which pf;vide summeg'food‘
~~and possibly buffer tHe exploitation 9§%§inter foods. The'for;st
cover mabs are updated by éhe Foreét Service about every 10 years,
i ’ . a3

SO'ingcgqracies”due to natural succession are rare, )

Elévation (in hundreds of feet) was also, included “in the
analysis of lakes to test primarily the harsh%f climate at high ]
elevaFions which might limit Beaver habitat quality. Uqfortuhately,

N

food species are also lim;ted here, making the effects hardﬁto
separate. | '

A special food spécies variable was cregted (for aspen on lakes)
by giving major stands (méfe than 20% gross volume) twice the
weighting given miﬁor stands (10-20% gross volume). The pur pose
was to test if the Forest Ser&ice classificationg could be used as

a more sensitive indicator of food abundance and hence of beaver

abundance,

: i
2) Stream Variablesg

: . A
1. The amount of aquatic habitat surveyed in a sample unit

was quantified as Stream section length (in miles). ~This measurement

is analogous to lake perimeter, and was measured in the same way using

a map measurer and air photos, Stream sections are of uniform gradient

as described below.
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2. Environmental stability was quantified by 3 parameters:

*

stream gradient, flow rate, and stream width, Gradient of the stream

sections was calc;iéfed“frembl;§93000 federal topograpﬁic maps by

measuring the stream ‘distance between 100 foot contour lines and —
diyiding by a scalar.. For example, a 1% gradient is represented by
100 foot contour line& which are 1-2/3 inches apart. The gradients
were then classed as follows:
L
Gradient Class Actual Gradient o
, o
1 0-1% 77
2 >1-2%
3 >2-3%
4 >3-6%
5 >6% +*
Stream sections which originally were comprised of more‘than one B

>~

gradient class were divided so that each section was characterized

by 6hly\one gradient class.

Flow rate was indexed from subjective field observations as

follows:
Flow rate index Description. .
¥ 1 slow ¥
2 ., med ium
3 fast
";- V “h
Stream width is the ‘average width of the stream section (in
/7/4:’—' o T T +

feet) as estimated in the field.
3. The amount of food was assessed in basically the same way
-for streams as for lakes. The length of stream in the sample section -

which was lined on either shore by the food species was recorded.

G,
U .
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) Cottonwood was not included due to its inf?equent occurrence in a
A statistically small sample of streams, Non-productive brush and .
swamp were combined for the same reason.
LField work was done from May to August in bdth 1974 and 1975
&
by foot‘gf, if navigable, by boat.
V Data used in the lake and stream analyses are sumﬁarized
in Appendix C and the sample locati;ns”are shown in Fig. 1,
Inl1974 the stud; was concentrated primarily in the Bulkley
giver drainage. This area consisted?éf many small lakes (Table 1)
and, though the lake sizes were rebresentative for the immediate
area, they were not representative of lakes of British Columbia in
general or even of the ndFthern interiorjh In 1975, the study area
Qas extended to inélude large lakes of the Babine, Stuart, and
Endako Rive; drainages. The comélete sample of lakes‘inc1u4es

all Si§S§ up to Babine Lake, the second iargest natural»laké En
British Columbia: The purpose of the field work in October, 1974,
was to check some of the colony site cqgnts; madé the previous,
summer , for accurdcy. It also,prOQided an opportunity to study
food cache confents in relation to the availablerfood supply.
Streams were also samp}ed in 1975 wi}h the dbject'of obtaining
a representative sample. Since the magz} &ééerminant of stﬁéam
morphblogy is topography, wi;hzstream gradient being:the ma jor
factor involved, the sample of streams included a range of stream
gradients\(Table 1). Beavers are most likely to be found on 10;7

I P
gradient streams. Thus it was necessary to bias the sample towards
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Table 1.--Distribution of lake siies and stream gradients’
' sampled

///a%//IEEE~;;;; classes. . '*“

Number Sampled
Lake Area Class Total

1974 1975,

1-10 acres 14, 19 33
11-100 acres 16 22 38
101-1,000 acres - 24 20 44 ‘
1,001+'acres 2 19 21
Total ' - 56 80 136

-5
¥

b) Stream gradient classes

" Stream Number
=y Gradient - Sampled
Index &
- 27 B
e .
z 9
5 3 4
4 3
. 5 \ 2
. .
Total 45
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low gradient, streams to obtain adequate variability in the other
factors which determine beaver habitat suitability (for example, the

abundance of food species). The stream sample included 45 separate

stream sections of approximately 90 miles total length.

=, R
B) Analyses Used e g

In order to relate the'distribution and abundance of beaver

colony sites to the enviroﬁment in an objective, meaningful way a
A g

valid statistical technique must Pe used. The téchpique should not
only describe the relationship of colonial sitésito individual
enviroffmental parameters, but also to a éombination of these parameters
allowing for interactions. The ;gchnique should also provide a means
for preditting the location of coloniégkifatbg\necessary environmental
parametérsr~are known./‘Such a-techniqué is multiéié“regréssion
analysis. N | :

; The use of rééression analysis reduces subjectivity in habitat
assesSmehf and subsequenp land capability‘classification. The
significance.of the hasifat variables as indicators of land capability
is tested with robusf statistical tests (F- and t- tests). Despite
gaining objectivity with.a;classification‘aevelo;ed from regression
analyéis, it doesinot demand a greater input of time and‘effort than
do the standard subjectivé methods such as fhe land capability classifi-

cation methodology for wildlife developed by the Canada Land

Inventory (Perret, 1969),



ﬁultiple Regression AnéLzsis
The folldwing dgspription of multjiple regression'analygis is
adopted from Ezekiel and Fox (1959) and Draper and'SmiEH (1966).
V‘Multiple regression analysis allows one‘éo study thq linear
;elationship between a set of independ;nt variables and a number of
dependent variables while t;king into account the interrelationships

among the independent variables, The basic concept of multiple

regression is to produce a linear combination of independent variables

which will correlate as highly as possible with thg/dépendent variable,

Thig linéar combinatiopucan then be used to "predict' values of the
dependent variable., The difference between.tge value of thé dependent
variable and the value predictggnpy t@g linear combination of the
independent variables is known as the residual. Therregreséion

equation is written as follows: o

LB 3

Equation 1. Y= Bo+ lel+ BZXZ + . o o -'+' kak

where Y is the dependént variable, the X's are the independent:

. &
variables, the B's are the regression coefficients, and Bo is a. o
constant. N

The predicting‘equatiéﬁ, which estimates the terms of
, : ' ’ A
Equation 1, is:
. V A —_ ) ) »
Equation 2f Y = b, + byX;+ b2X2—+ B by Xy + r
where r is the residual or error-of estimation,
g ~Many of thef%roperties of multiple regression may be understood

4" '
by considering the residual. The residual has mean zero, and the sum

35



of“the squared residuals is the smallest possible for any linear

M

combination of the giveh»independent variables. In other words the
"sum of Sqqares" is lowest for the b's of the regression equation.
In thié sense the regression equation provides an optimum prediction
of the depeﬁdent variable.

Step&ise regression is a variation of multiple regression which 
provides 'a means of choosing independent variables which will provide
the best‘prediction possibie with the fewest independent variables.
étepwiserregression adds (i.e., "forward stepwise'') or subtracts
(i.e., "backward stepwise' or "eliminai%on") one indepepdent variable
-at a time, If adding, one adds the best predictor in conjunction with
tﬁe vgriablég'élready addéd,'if subtraé;ing one subtracts the worst

possible predictor in cbnjundtion with the remaining variables.

Elimination was chosen for the present analysis because it

starts out with all the variables in the equation and drops thogse that -

do not act well with the rest. Fofward stepwise regression beginsu
with no equéti;n rather than with a "total interaction" equation,
‘thereby possibly ignéring Some significant interactions. .
The data was anaiygéﬁ“using a general ﬁurpose multiple
regression programme entitled "REGRO7" (J. S. Lewis, Statistics
Canada) "in an IBM 370/155 computer. ” :
>The analyéic measures which are used in the Results and
Discuséésn secfiéns are described below.
f;ior to the eliminationvanalysis itself, a correlation ma;;ix

is calculated. The correlation matrix gives the degree to which the

variables, including the dependent variable, are associated in all

%
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ﬁossible pair-combinations, The correlations between the dependent and
independent variables should theoretically be poor as the dependent'

variable is assumed to vary randomly with the indepgndent variables.

. 2 a

 High correlations between anthwo independent variables are also

L3 . . :
considered to be deleterious, as only one of the two will probably

be retained as a significant predictor with the other only providing

redundant information.
- S
H e

. L
The correlation matrix may also be used to construct a ''causal. :
A . .

Tt

"model" which refleéts the total process in effect in addition to the

simpié bivariate relationships given by the correlation coefficients.,
For this purpose, partial correlation coeffiéientg;are calculated from
the correlation coefficients using normélize& regression coefficients
(i.e., allowance is made for the effect of the other variables in

the regression equation),

The ovekrall signifiééhée and linearity of the regression -~

equatipn}is~deférﬁined by an analysis-of-variance test. The rééultant
fﬁrggreséion F'" is then compared with a tabular F-value at the desired
level of significance. ‘"Partial F-values'" test the linearity of the
individual variables in the regression model, : ‘ .
The precision of the estimgted regression is given by the
coefficient of multiple determinatioﬁ, R2. This value coﬁverted
. . _ o
to a percentage (R2 x 100%) gives the percent variation in the dépendent
variable which . has béen‘explained by the independent variables.
The "b's" of the regression equation help provide an under-

standing of the relation of each indepéndent variable to-the

dependent variable, The direction (positive or negative) of this



=

o

H

A

relationship is obtained primaﬁil§ frd@éxhe regreSsionicpefficients.'

. .

It is worthwhile to test for independence of the b's, that is, to see

if the true values, or B's, are equal ‘to zero (Hy:p = 0). For this

ﬁdrﬁose*either the partialyF-vaiués described earlier or null t-values.

can be used. Both are given in the results. The statistic "t" can
also be used to test the hypothesis that B is equal to any other
than zero, and it can also be used for finding the confidence interval
of B.
. . ' 4 v .
Confidence limits for estimates, Y, weré: calculated using the

equation

N

A .
Y'i t x vwariance of Y .

The computation method is givén in Reese (1964, p. 74).

Although the regressand is a discrete variable the estimate,
Q, will be taken from the set of real numbers., The estimate should
not be rounded off to &he nearest integer vélﬁe as the equation is
not intended to estimate %nteger values.. This problem can be

alleviated by accepciﬁg‘éll integer values which fall within the

confidence limits as possible estimates.,

= In performing the regression analysis it was assumed that the

A
errors, (Y; - Y;j) were independent, have zero mean, have a constant

a

variance and follow a normal distribution (necessary for making

=

F-tests). The validity of these gssumptions was teétedjby assessing
plots of the data. The errors wefeﬁﬁlotted 1) in a frequency plot,
-~ £

2) against the fitted value Qi’ apd[l} aéainst the independent

variables. ; T ~ T

38
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Other assumptions were also made about the analysis. First, it
was assumed that X-values are measured with no error. The fulfillment
of this assumption is unlikely, It was also assumed that the dependent
variables were distributed normally about the regression surface., 1If
this is not the case a transformation or weighting procedure is
recommended. It is impossible to plot the distribution of the
independent variables about the regression surface in multiple
regression analysis, Plots of individual independent variables,
however, show a non-homogeneous variance of Y in many cases (Appendix D),

It's probable that the latter and other assumptions were not
adhered to, To test the consequences of this an independent check
was made on the validity of the regression model for lakes. The
sample size for stream data was not large enough to allow a valid
check to be made, Before the analysis was carried out a random
sample of 34 lakes (Appendix C2) was removed from the total sample
of 136, Then the predicting equation (given in the Results) was
used to predict the number of colony sites on the independent
sample lakes, The actual values for the dependent variable were
then regressed on the predicted values,

The variables used in the regression analyses are listed in
Table 2, Most of the independent variables were related to the
dependent variable in a non-linear way, making linear transformations
necessary. The type of transformations used were determined by
running a regression analysis with all the parent independent
variables, the X's, and all their common transformations (square,

square root, inverse, and common log). Inverse and common log
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transformﬁtions could be applied only to those variables with qon?éeroi.
values--all except forest cover‘variabies. All ‘those transformationsA
which improved the regression by increasing the coefficient of multiple
determination, R2, bgyoqd the incréase attributed to the parent
variable Wére includéa. Improvements could have been due either to
an individual effect or to a combined effect if the functional
nélationship of independent to dependent variaBle was comp}ex (e.gu,
Y=a +-b1X1-¥ b1X21).Intéfaction terms (e.g., X1X2) Wer; hqt;considerea.
" Appendix D gives the plots of the dependent variables (Tab1e42; COLS)
against the independent variables.
- The regregsion technique was used in 6ther'ways to aid in

interpretation of thg data. Tﬁe aspen variables, TA; and TASRL&‘

were replaced by the weighted variable: TARANKy anarTARANKSRL (p. 30 y
to test for sensitivity of the forest cover maps as indicators of

food abundance. The relative importance of habitat factors may

differ within differeqt physical types of lakes and streams as it

does between lakes and géféams. The sample of streams was not large
enougH fo test for such effects but lakéé'were grouped into two size
classes} lakes with areas less than and greater than 100 acres, giving
samﬁle sizes of 52 and 50 respecfively. These selected samples were

tested with the aspen variables and with weighted aspen variables

substituted for'thefaspen variables. Unless indicated the same

N R Al
variables (Table 2) were used in all the regression runs.

Béyqnd the biological interpretation of the relationship between
beavers and their environment is the application-of this knowledge to

beaver management, Practical use of the regression model was assessed

41



for two purpoées: 1) beaver inventory, and 2) beaver land capability

classification. The estimates of colony sites obtained using the

model were compared to ground and aerial inventory counts for a sample

of 6 streém sections totalling 11.5 miles of heavily used beaver
habitat,

Land capability was assessed by converting the numbér of beaver
tolony sites to capability classes (each class consisting of a range
of sites, fofiexample; Class 3: ‘2;4 sites per stream mile). The
biophysical limitations ﬁerg described for each claés. This is
similﬁf to thefégfhod described for ungulates by the British

.Columbia E.L.U.C. Secretariat (Blower, 1973), The,study‘érea was

then mapped.to illustrate the land capability classification system,

ANl

£
b
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CHAPTER 5

RESULTS

A) Simple Regressions and Correlations

Of the lake variables given in Table 2a and described in the
Methods section, only EIj was not significantly correlated with
COLSy, (P>0.05)1, the number of beaver colony sites on lakes (Table 3a).
The parent variable, E;, was, however, significantly correlated with
COLSL. The significant correlations were squared (to give the
coefficients of determination, or r2) and plotted in a histogram
(Fig. 4a) to illustrate the relative abilities of individual variables
to explain the total variation in the number of colony sites. The
food variables, NSy and TASR;, were the most significant, each of
which individually accounted for 71% of the variation in COLS;. A
physical variable, ASRj, accounted for 607 of the variation, Most of
the other variables were also highly correlated with COLSy. Much
less significant were Wp (16%) and Ep, (6%).

Many of the stream variables (Table 2b) were not significantly
correlated with COLSg (Table 3b). However, all variable families

(including parent variable with transformations), with the exception of

1350.05 is the level of significance used throughout the thesis:
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N

Ag and ASg, did have at least one member which was significantly
correlated with COLSg. The hiSEograﬁ of signifiéant r?-values

(Fig. 4a) shows the food variable NSS to have the greatest independent
effect on.variability in the number of colony sites;on stream

seciions (48%). Other variables showed much weaker correlations,

Co?ielations'only indicate relationships.of individual variables
to the suitqbility of sites for beaver habitation and do not provide
a t;tal m;del relating the quantified components of beavefihabitat."
Thus the diséqssion of the importance of individual variables should
be baéed on fhe models of variables interacting to determine %ite
suitability; The models ére derived from the elimination.analyses.

B) Elimination Analyses and Final Models

* The regressions of thelnumbers of Beaver_coloﬁy sites on
environmental variables were significant at each step for both lakes
and stream sections (Tables 4a and b, regression F—values): The
initial R%-values were 0.9332 and 0.8386 respectivély.

As all individual variables were not significant in-the early
steps of elimination (Tables 4a éhd b, partial F-values),- the models:
of interactiﬂg beaver ﬁabiiat variables were taken from the fi:g%
steps which contained only signifiéanp variablés, These are Step 10
for lakes and Steé 9 for stream sections. The following predicting
equétions, or mod@is in the forﬁ‘of Equéﬁion 2 (p.35), Y;rg constructed
from the regression coefficients of the variable; present ?t these

L

steps (Appendix E),' v -

e
1]
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Fig. 4 ~ - Percenthariatioq in number of colony sites ™

(COLS) accounted for by~Single variables

. and groups of variables.

a)

b)

ﬂr |
Single variables from simple regressions

(r significént, P<0.05).

Single variables and groups of variables -

from elimindation analyses (all variables
inclﬁdeh).
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SNOILOAS WV3HLS

~ VARIABILITY IN COLS

Eliminate , ASs Gs Fs NSgand Fls |830

EIiminafe WIS‘WS and WLs(tp Step 9) 80(%

Eliminate A 5

178%

Eliminate LLg LSs LRSs Ls |60 %

e

Eliminate WSy -
Eliminate Glg 39%
Eliminate NSS g . OO/O

54%

—h
) Q
o O O
= =S X
T T 7 S S S— — s e R
Total Variability Accounted for by all Variables |93 %
. i - I —:,;"u.u
Eliminate El, E . R TA_ NSSR_ S_ CSR_ C_ 939% Sk
and PS_ (to Step 10) 0
Eliminate- W 921%
Eliminate A_ P_ ASR_ RS, ,‘ 90%
Elvfminate N, 71 %
Eliminate ] TASR_ . 0%
& : -
- / N
~ & s C
& O O .
= RIS !
~1 T 1 T 1 1 I ™
Total Variability Accounted for by all = 0
/Variables ‘ ) - 84 /0




A - . .
Equation’ 3. Y (Lakes) = ~3.84 - 0.781(Pp) + 1.43E73(Ap) 4 0.555(ASRy)

- 5.10E"4(RSy) + 1.24(Wy) + 1.79(TASRy) + 6.32(Np)
A 4 e
Equation 4. Y (Stream sections) = 74,2 +’24 1(LS) - 0. 554(LSS) -
L3

[

98. 5(LSR )'+ 56,2(LLg) é%g 43E"4(WSg) + 4. 42(GIS)

40,954 (Ag) + 0.600(NSS Tl
( S) 0(NSSS) T
Fig. 4b shows the relative abilities of variables in the
- ~ RS
models to explain the total variability in the number ofvcolony
sites between samples, °
The significance QEH;H;\TEEE’variables in the model (those
remaining at Step 10) is shown .by the elimination sequence after
Step 10: “ : e,
N ) o
R” Difference
Step 10 ‘ 0.9260
. . . 0.0078
Step 11 W; eliminated 0.9182 ’
s ' _— 0.0209
Steps 12-15 AL’ P, , ASR  and RSy
L 0.8973
eliminated
’ o ) .1871
. Step 16 N; .eliminated 0.7102-
- TASRL remaining -
Clearly the most significant 1ake variables were those
quantifyiﬁg food, NL’ and, in particular, TASRL. Together these
variables explained almost 90% of the total variability in COLS;. s

The physical variables, Ap, P, ASRp, and RS;, explained an additibnal

2% of the variability while W explaihed less than 1%. The elevation,

cottonwood and swamp variables had no significant effect at all.

&



The elimination sequence of stream variables after Step 9 is //////”/////(

-as follows: . -
- . ///
e BE Difference
Step 9 ' ©0.8049
i . ‘ W>O 0224
Steg 10 , AS eliminated . 0.7825

0. 1776

V

Steps 11-14 LLg, LSS, LSRS and Lg

0.6049
eliminated ::::::>0
. Step 15 WSg eliminated 0.5411 ‘
— : : . >0.1447
Step~16_ GIg eliminated 0.3964
T _ v . s £ -
NSSg-remaining N

7—\,
- ﬂ,

Agaln a--food varlable, NSSS, had the‘greatest effect on the

» number of C°1°n¥L§}Fe§,(COLSS)’ explaining about 40% of the total
variability ie COLSg. Physical variables were much more importantrin
the stream model than in the lake model. Together they éccounted
for almost‘24%.of the variability in COLSg. On gﬁe other hand the
aspen variables were less significant in thefst;ea% model (contributing
2%). The Qieﬁ~rate inaex variable family was completely elimieated

" before Step 9. f ) ; ke

= All variables contributed-less inrthe medels (Table 4 and Fié.
4b) than they didfindividuaily (Table 3 and Fig. 4e) as a-result of
correlations between the variables., Thus all variables provided some
redundant-informatioﬁ.- The cottonweed:variables, CL and CSRL, were
SO hlétly correlated Wlth PSL and TAL (Table 3) that their 1nd1v1dui1

significance was lost in the model of interactions. Similarly, SL’ Whlch

was dropped at Step 7, was highly correlated with Ny. Many var1ab1es
. R e

I3

Ap



3 y"!"' ok

»

related through transformation were also redundant but some did provide

additional information indicating a more complex functional relationship

of the habitat'factbr to COLS>(e.g. LS and‘traﬁéfbrmations). - Lake

.

elevation and stream flow rate were the only variables which had low
correlations with other variables and'wLich were also non-significant

in the models.

“C) Causal Models
As stateé eérlier, the correlation métrices{banibe used to
construct causal models qf‘the total processes underlying the regréssions .
from which ecological inferences can be made.. By con;idering thek
partial correlation coefﬁjgients frdm Step 10 of }He lake analysis
and Step 9 of the stream anélysis (Appendix F), and correlation
coefficients relating independent variables to the number of colony
sites, the models in Fig. 5 weré constructed. The models quantify'
the interactions of all components of the regression equations

(Equations 3 and A)é, The relative importance of variables in: the

—#4

causal models is similar to that dérived‘from the sequences of

elimination. 1In addition,'it can be seen that most of thé variables

and variable fam%&ies,act4independently. Aiso, a strong dependenée

of NL on the phy§ica1 lake characteristics, EL, Ar, RS;, and ASR;, is
.. shown, The effe;t of WSS’on CbLSS is indirect’asrit acts through

an effect on the stream section length variables.

D) Other Elimination Runs
The weighted aspen variable, TARANKL, is a slightly more accurate

measure of food abundance than TA;, (Table‘4a). It increased the initial

3
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v, 7 . o . . .
Fig. 5 : Causal models of relatiomships between variables
i Lakes--Step 10, Equation 3

Stream sections--Step 9, Equatjion 4
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R2-value by 0.0010 over,Ehe value obtained using TA;, while the Step
10 R%-value was increased by 0.0005, The contribution of TARANKL to
an explanation of the variability in COLS; was about the same for lakes

with areas greater than and less than 100 acres (Tables 4c and d). In

all cases the effect is minimal so that the additional effort needed

g

~to measure and calculate this variable would not>appear to be worthwhile,

The sequence of eliminationﬁwas similar for 1akeé with areas
greater than 100 acres and the coéplete }ake sample1 (Tables 4a énd.c).
However, the Regressién F- and Rz—values were smaller and the
stgndagd‘deviations of the errors were larger, indi?ating that ;he
complete médel is a better predictor of thé'number of beaver c;iény

sites on large lakes,

- Lakes with areas less than 100 aéres showed a vastly different

selimination sequénce from the complete sample (Tables 4a and d),

Maﬁy of the differences are attributed to changes in positions of

highly correlated variabTles. One notable chahge,'howeverl is the
increase in relative importancevof ASR; for s@allér lakes over both

the complete lake sample and larger lakes. This may indicate a
density-deéendent effect on the number of colonies a suitable habitat
can supbort which would bé expected for a territorial species. Although
the partial model for small lakes showed a decreésed error standard

deviation, the diminished Regression F- and R%-values show that this

error is proportionally higher in relation to the actual vargftion in

[

lThe complete lake sample does not include the indepen&ent
sample of lakes which was rewoved before the analyses.

-

Y
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’

-COLSy, than it was with the complete model, Therefore, the complete
model, which explains more variability: in COLSy, is both a superior

model and a supefior predictor than are either of the partial models.

-

E) Residual Analysis -

The residuals, or errors (Y; - §i)’ of the anélyses are‘listed
in Appendix G. The frequency plots (Fig. 6a) show normality with mean
zefo in the-case of bofh iake énd stream section residualé.’ The plots
againgt the estimates, ?i-(Fig. 6b), show approximate horizontal bands.
However, the plots of the errors against the independent variables
are difficult to charagterize as ho;izontal bands as assumed (Appendix
H). Many of the errors may be non-random because of‘natural biases
in the habitat variables themselves. For éxample, the natural
distributioﬁ of lake sizes is skewed-to tge‘left where itvends
abruptly at zero, as there are no lakes of negative size. Many

"other factors also have non-normal frequency distributions,

The outliers, or‘samples with errors which are abnormally
large relative to the others, are eviéent on the residual plots
(Fig., 6b and Appendix H). They are yaluable assets in the interpretation
of the analyses as they may provide information which other points
cannot, and hence merit furfher investigafion.

Outliers have been arbitrarily defined in this thesis as
having standardized errors (Erfor +-Erfor Standard Deviation) greater

than 2, The standardized errors afe listed in Appendix G. The outliers

are listed in Table .5,
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Residual analysis.

a) Frequency plots. of residuais.»
~ Errors from Appendix G, rounded to
nearest +1.0.

b) Residuals plotted against estimates,

Errors and estimates from Appendix G.
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The four lakes with overestimates of balony,sités (Bulkley,
Decker, Trembleur, and Nilkitwa) have unique»charac?eristics among

the lakes in the analysis. Bulkley and Decker Lakes are both long
. .

and narrow with rail lines running along their entire north shores, -

\

making food;treéérinaccessible~and the shoreline unsuitable for. \

"Ebagé construction. Burns Lake has similar chérachfistics but the
suitébié habitat is not uni%ormly'distributed around the lake.
Suitable habitats on this lake were éogcenirateg on - the convoluted
south shore so the resulting estimate {50.31) was very close to the
actual numbervof potential colony sites (53). The railway, the}efore,\
destroyed proportionally less beaver habitat on Burns Lakeéthan it
dig‘on Bulkley‘and Decker Lakes,
Trembleur Lake has a Qnique shoreline of steep,ksolid ro;k
pfohibiting'lodge construction and food gathering. All but one of
the 13 colony sites on this lake aré situated at inflowing streams,
NilkiEWa Lake is also unique, being a fairly large lake with
water no more than 10 feet deep in_ the cédtre. If lodges were
constructed on ‘the §Eoreline, winter ice would probably‘prevent
access to the food ééche in winter. There were no lodges construc£ed
on the lake shore--one colo;y.site made use of the lake at an
inflowing stream. Other 1ak;s,fsuch és Ogston (L41), Mooseskin

Johnny (I10) and Stern (128);‘aré also extremely shallow bht errors

of their estimates were low as the number of colony sites was limited

5

by other factors which Qere measured (e.g. food species). In addition,.

their small sizes resulted in relatively low estimates with small

P
standardized errors,
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Addif//nai 1nformation is prO;lded by the lakeé with under- ~
estimates. Fbur of these lakes, Day, Elwin, Swans, and Parrot (S.E. ),
Have some recognizable similarities: 1) They ag?”relatively small
(A;<1000 acreS), 2) they have high perimeter/;réé'rafios, and 3)

a considerable proportion of their shorelines are lined with aspen.

The interaction of these effects may be'underestimated by the model.

' Nakinilerak Lake was lined with more asper than was indicétedi

L.

vby the Forest Cover maps (field dbservétion). Forest cerr
measurements for this lake were -taken frbm "Interim ForéétFCoyer"
maps of the BaBiné Public Sustained &ield ﬁnit (PiS.Y.U.) which
covers Babine Lake and adJacent lakes north aﬁ*&east of the,ﬁidA

section of Babine Lake. These maps, dated pre-1960, are nétgés

accurate as the more recent maps which cover all other P.S.Y.U.'s

“

in the study area,; The effect on the. colony site estimates for
other lakes in the Babine P.S.Y.U, was not as severe,

The'single’outl&ing stredm seétion, Tatin .2, has no obvious
. i - .

characteristics whi%h distinguish-it from others. Either a {

t

combination of characteristics, a characteristic underrated by the
. L ¢ . ’ ! [ o, _
model (e.g. aspen on shoreline), or am unmeasured characteristic

was responsible for the underestimate,

F) 1Independent Test of Lakg<ﬂode1

The validlty of the lake model was'tej

(p. 52) and data from a sample of 34 randomly hosen Iakes (Appendix c2).

‘ed us1ng Equation 3

5 IMore recent maps were not available at the tim
writing of this the31s.

ok
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Results of the regression of the actual numbers of potential colony

sites, Y, on the numbers predicted by Equation 3, Y, are given in Table 6.
The lake model is apparently, therefore, a significant predictor

of beaver habitat suitability. Violations of any of the assumptions

mentioned in the previous section and in the Methods (Analyses Used)

section, if existent, have had minimal effects on the validity

of the model.

|
|
|
|
G) Beaver Inventory by Prediction :
The models given in Equations 3 and 4 have valuable applications 1
as aids in beaver inventory, Estimates may be made within any desired |
confidence interval, The 957 confidence limits for each lake |
(including the independent sample) and stream section are given in
Appendix G. The possible estimates, integers within these limits, |
are also given., It should be noted that less precise confidence
limits give narrower intervals.

The sample of 102 lakes had a total of 580 beaver colony sites.
The sum of integers representing the lower and upper 95% confidence
limits gave a 95% confidence interval of 502-676 colony sites, The
interval for the 45 stream sections with 145 colony sites was 94-225,
The 95% confidence interval for the 34 lakes which did not contribute
to the lake model was 124-175, while the sum of colony sites was only
113, The three outliers in this small sample caused a net overestimate
(sum of confidence limits of estimates less sum of actual colony sites)
of 22-40 colony sites (Table 5: Decker, Trembleur, and Nakinilerak

Lakes),
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Table 6--Regression analysis of actual® colony sites on
predicted numbers of colonies .

AF = 35.25 (1, 32)

M= 0.7240

Standard Efror of Estimate = 2,31 f P

Stamdard Deviation

A . b '
Mean Y 4,38 , 6.847 -
~ 2
Mean Y 3,22 3,29 .
. 4
Constant (bg) ] 1.80 . I N
 foefficient (by) - 0.35 0.06 Aull t = 5.94

NPL0.05

MR
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Results of-ihe comparison of stream flight inventory and ground

&

inventofy with statistical prediction using the regressidn equation
; 0

for streams (Equatibn'ébyare tabulated in Table 7. The prediction

method is far super?or to aerial reconnaissance where ground-

inveatory is not practical.

H
i

i

H) Beaver Land Capaqiiity Classification

Using “the knoWn density of beaver colonies on lakes and stream

[T

sections it is possible to distinguish beaver land capability
classes arbitrarily (present capability). The classification units
are individual lakes,/and stream sections of uniform gradient and

width, including laﬁd within an arbitrary distance of 100 feet of

S

the shoreline (where most beaver cutting occurs).. Five caéébility

‘classes were distinguished as follows in Table 8.

The limiting subclasses to be used in the classification were
derived from the analyses. Only significant biophysical factors
were uséd. Special subclasses were derived from the inspection of

outliers (residual analysis).
The capability map (Fig. 7) was constructed from the capability
classes and sublcasses of Tables-8 and 9. Only the subclasses with

s

major limiting effects on beaver productivity of the specific lake
or stream section jrated are giveﬂ with the capability classés. The

capability class thus reflects the degree of limitation imposed by

the given subclasses. ©os

LT

65



66

&1\

Table 7--Comparison of stream flight, ground check, and prediction
‘methods of beaver colony site inventory

. i <
k= -
‘ , 3

%; .

&

AN

Length . Colonies 95% Confidence

Stream No. . ; = T =~ Interval
R 5 (Mlles) ~Ground Predicted Fllgh;; fqg_Predictions

¥

Tchesinkut S4 . 1.50 - 6 5,54 1 47
Tatin 1 kS§'/ 0.75 ” 50 4.39 2 | 3-6
Tatin 2 $2 ' 1.00 12 4,53 2 _ 3-6

"Dun?aﬁ s1 1.50 4 2,9 2 155
Sutherland S$44  1.75 4 45 o . 3-5
Copper 59 5.00 14 - 16,98 - 13-21

Totals 11.50 48 © 38.63 8 27-50

P

. m(a;- =

~ -

‘7&'@

e

IFlown Wlth a deHaviland Beaver aircraft at about 500' (or
less) aboye ground level at ground speed of 60-80 m.p.h.

5



67

? =

Table 8--Beaver land capability classes

COLS ' OLS
Class Description. . 2 VL per COL L,p?r
‘ W shoreline mlle . stream mile
1 No biophysical limitations : \
' affect beaver production 3+ 6+
2 Slight limitations 2-<3 4-<6
3 Moderate limitations 1-<2 : 2-<4 %
- , P .
4 Severe limitations <l L <2 '
5 Limitations preclude
beaver production ' 0 " 0
IS ae T

| .u
1
:

oY



Table 9--Beaver land capability limiting subclasses

68 -

R Variable
Symboll . Subclass Description
ymbo € P Derivation?
Lakes S . Shoreline configuration allows RSy,
Lo ' buildup of waves,
"0 Outlet not regulated by -WL
beaver dam(s).3
Streams W Width restricts damming.3 WSg
G Gradient restricts damming. > Glg
Both F Absence of major food speciés.4 TASR;, Ag
NL’ NSSg
Special Subclasses
3
H Human disturbance of shoreline

(e.g., roads, railways, land
clearing) restrict food
gatheging and/or lodge
constFuction.

T Natural topography limiting
as above, ’ .

D - Lake depth limiting. Freezes
’ to bottom in winter.

lMay not be same variable codes used in analysis.
2From Equations 3 and 4, p. 52.

3These factors result in water level instability.
imposed by stream width are largely dependent on stream
(i.e., flow rate), )

b

4

4Aspen, alder and willow.

Limitations \7
gradient ;
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CHAPTER 6

DISCUSSION

A) Beaver ‘Habitat Requirements
- The success of the regression analyses indicates'that some of
the biophysfcal factors used in the analyses were measures of, or
were themselves, beaver habitat requireéments. Although the models
given are nét definitive representations of beaver habitat requirements,
a more precise definition of the habitat requirements can be given

. i 7{}2’; =7 ’ ) ’
within the realm of the components of the models. The accuracy of

the models as pfedictive tools implies an accuracy of their J
components as measures of habitat requirements., Other factors,
whigh caused outliers in the analyses, may be used as subjective

descriptors of beaver habitat. Measurement techniques may have

,\A_gauowmémﬁmmﬁg”pmea’sdrea VA¥1aBTes

to he underrated. The habitat requirements of the beaver will thus

be discussed in light of the limitations of the modelss ~ ° 7,

°

v

N o \ , : o . = . <
Aquatic Habitat o : s . . //-

!

‘ . ° . ’2:5 . B “l -!.4_' %’ N A

o The prerequisite %f“beaver_habitat.is water, L}pge lakesk(yith ////
\ : | S ‘ A ; ‘ e

more area,and shoreline-length) and long stream s tions;are_expect€&>;/
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to provide more beaver habitat than smaller lakes and shorter stream

sections. In a sense, the above factors are measures of suitable

. »
3

aquatic habitat. Special limiting factors such as waterJHébLh (which
must be sufficient to allow access to the food cache in the winter),

and shoreline topography (which must support lodge or den eonstruction

and allow. access to the food supply) normally vary in a random
- fashion along the shores of lakes and streams. Thus the fact that

they were not measured per se did not significantly affect the

F

accuracy of the models. Where water depth and shoreline topography =

occurred as non-random limitations; as they did on Nilkitwa Lake
(beaver colonizationh limitéd%By.shallow water) and Trembleur Léke
(and many lakes 6f the Interibr Platéau from Babine Lake east, where - f//
steep shoreline was limiting), the errérs of estimation showed the

~sample sites to be outliers, ~Other components of suitable aquatic

habitat- for béaver were measured more directly. Beavers prefer a

Vi

seasonally’'stable water level., For this reason low gradient streams

,érred. .The most stable emvironment for beavers is one which .

£
thqy/qan control themsgi&es by dawming, Thus, low gradient, narrow
pd

s R o '
_Atreams and lakes with dammable outlets-(also narrow). are preferred.

7 e

The unregulated aquatic environment, is rarely stable (gee surface

A

‘water datéd Fig. 3 and{ﬁépendix B). Wavé action on lakes also has

an effect on stability, A convoluted shoreline wﬂich*prevents the

buildup of large waves or provides-refuges from.léfge waves, for

= colony sites is also a beaver habitat requirement on large lakes. " *-
. . - s ' ¢

®

L.t

1
40
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Food and Construgtion Materials

In addition to a stable équatic habitat,ithe presence of an
adequate supply of food and building matérials is neceésary for the
establishment and maintenance of beaver colony sites.. Willow and
alder- are the key plants ih the beavers habitat. These ére the
edaphic climéx species of lake and stream shorelines which are
distu;bed by season;1 and beaver caused water fluct;ations. The
latter fluctuations are the result of cyclic beaver habitat
occupancy and abandonment (due to food depletion or trapping).
Willows also grow well in marshy areas, cbmmon along lake shores and

- e
e

low gradient streams, including areas flooded by beavers. . Typical
’

alder--and willow--beaver habitat is shown in Plates 1, 2, and 3.

%,
FS

-

7 Begver dams which cause the flooding of low forested areas create

new aquatic habitat (Plates 4 and 5), as well as new willow
habitat (Plétes ; and 7), the}eby increasfng beaver land capability.
Aspen, the most preferr<d food species, provides oni& temporary
beavér habitat."é§pen depends primarily on fires to open db new
areas for its colQnizatioq (Graham et al., 1963). As the timing and
locations of fires are essentially random, aspen stands usually
succeed to conifer forests. - Beaver utilization of aspen accelerates
this process, The magnitude of aspen cutting by beaver is shown in
Plates 8 and 9. If the aspen is not allowed to regenerate (i.e.,

if the suckers are cut), the stand will be destroyed and conifers

will be able to invade the site (Plate 10)., The current high

‘population of beavers in the study area (especially in the CALPDF

biogeoclimatic zone) is dependent primarily on transient aspen stands.
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Plate 1 Class 1 beaver-willow habitat on Howsen Creek
(S29)., Mooseskin Johnny (I10, background) is

‘Class 4 beaver habitat, beaver production limited

primarily by shallow water (July 7, 1974).

¥
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Plate 2 Beaver dam in willow habitat om Copper River
at inflow of Dennis Lake (I8). Dam is
constructed of willow., This colony made use

of both lake and stream (August 23, 1974),

Plate 3 ] Beaver dam in alder habitat on Copper River
at outflow of Dennis Lake (I8), The dam,
partially destroyed by spring flooding, is

constructed of alder (August 23, 1974),
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Platé 4

Plate 5

. "
- 77‘\;‘\\ P
. .
]
New aquatic habitat in low forested areas
' . _ ) z . * ‘‘‘‘‘ /‘\‘\-‘M
flooded by beaver dams. . . P
Stream north of Prince George (1973).
Aldrich Lake (I19; August 23, 1974).
7
o
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Plate 6

Plate 7

<

3

New willow-marsh habitat created by

beaver flooding,

Note aspen (light-green trees) cut back about
100 fqéL from the pond; and conifers growing on
dams (indicating aée). Netalzul Creek, about

6 miles northeast of Blunt Lake (116;

August 26, 1974).

Beaver lodge in marsh. Swans Lake (L8;

August 20, 1974).






Plate 8

Plate 9

|

Depletion of aspen stands by beaver.

Note uncut birch near shore. Elwin Lake

(L6; October 18, 1974),

Note uncut conifers and lodge near left-centre,

Pond (L53; May 25, 1975).

f
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Plate 10

Plate 11

White spruce and subalpine fir invading
overexploited aspen stand. Some aspen has been
able to regenerate by suckering. Lodge is

visible on’ the right. Elwin Lake (L6;

August 18, 1974),

Class 1 beaver lake habitat on Swans Lake (L8).
Yellow pond lilies, willows, and aspen are

abundant (October 18, 1974),
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A relatively stible base beaver population, which acts as a nucleus

3

: ) i - Y ) . . :
for expansion into new aspen areas, is supparted by edaphic climax

%

thickets of willow and alder. The stream sh&wn in Plate 6 was probably
3 - - ]1
H
originally colonized by beavers to exploit th%,aspeé. Although the
; : i . -
aspentis now depleted, beavers are able to subgist on willow-habitat

which they. created themselves (the dams were séable and willows

-

3
replaced the conifer forest on the ponds edges), The relative

rési}ienciéé of alder, willow, énd aspen habita% types to beaver
expléifati;n are diagrammed on ps 79. ;

An example of Class 1 beaver lake habitat %s Swans Lake (Plate
11). Favourable characteristics of this lake inélude:

+

1, A beaver dam on the outlet whichf

a) Stébilizes the water level
b) Créatés new aquatic habitqfifor beaver
c) Creates new willow habité; for beaver use
d) Makéé onshére woody species more accessible
2. A shoreline configuration which prevents wave buildup
and protects the shore from wave action
3. Abundant food species includipg aspen, willows, and
yellow pond lilies
The Class 1 stream habitat of Hoﬁsen Creek (Plate 15 is suitable
for beaver due to: A ) : -
l. Low gradient and narrow width which permit dammiﬂg;

providing the s%ﬁgﬁbenefits of a dammed lake outlet

2. Abundant willow.

78



a) Alder—willow: permanent beaver habitat

>

Beaver Colony
e -
Site’ Abandonment

Seasonal
Water -
Fluctuations

Alder and Willow
Colonization

Hydric
Shoreline Sites

o

damming

if depleted

79

Cutting

Regrowth
by -Sprouting

»

S-

b) Aspen: transient’ beavér habitat

Repeated cutting of suckers ultimately
destroys stand and leads to permanent
beaver colony, site abandonment

Fires,

{ also"logging,disease
windthrow, etc.)

" ‘Beaver Colony
Site Occupany

Beaver Colony
Site Abandonment

Aspen
Colonization

if
depleted

i
Cutting

Regrowth
by Suckering

Beaver Colony
Site Occupancy

-l




Willow and alder dgre usually more abundant along streams than along

lakes. Streams thyus provide'better beaver habitat than lakes in

areas where aspen does not ogcur.
Cottonwood is not an important food species as it is not

abundant enough to haye a direct effect on beaver numbers. It is

a preferred food, howéver, and is utilized where ‘found in a similar

-way to willow. Birch (also not abundant in study area) and conifers

are rarely eaten, although?they are occasionally used in construction,
Aqﬁatic apdyterrestrial he;baéeous vegetation, ﬁajor summer foods, are
rarely cached for winter use if woody qucies,are available. Yellow
pond lilies were observed iﬁ a few caches. Dennington and Johnson
(1974) noted a cache entirely composed ofllilieswon an Arctic muskeg
lake which lacked other food species.b

\Aspen and willow Vere thé most common species found'i&ifood
caches during the present study (Plwtem 12, 13, and714). Less
preferred foods, mainly alder, were often cached with aspen or willow,
even though the latter species were available, <Otﬁer authors

- .

reporting similar findings have concludgd that alder was a major food
species. On the:basis of observations of winter fobd caches before
and after their peribd of use I would suggest that the significance‘
of alder in a mixed cache is not as a food, but as a construction
material, Construction material isvusedrto depress preferred food
species under water where they will not freeze into the ice nor be
rendered unavailable as a Qinterrfood supply., If may also help
secure tﬁe cache in place, especially on fast flowing stfeams and on

9

lake shores which are subject to extreme wave action. The following
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Plate 12

el

7
T
.; ‘\\\\
, , V
Start of food cache, consisting of aspen and
willow, .Alder, present along shoreline, has
[
Nz »
not yet been cached. Swans Lake  (L8;
August 20, 1974),
S
. ’ ¢
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Plate 13

Plate 14

3

Mixed cache of aspen, willow, alder, birch,

red osier dogwood and yellow pond lilies.

" Alder, birch, red osier dogwood_and'peeléd

aspen logs are on top of cache. Seymour Lake

(L27; October 17, 1974),

Cache of aspen, willow’and alder near
completion, Alder and peeled aspen>logs are
placed on top of cache. Sﬁﬁéét Lake (L7;

October 17, 1974).

<L

.

A e

e






&

observations were made on the utilization of alder in food caches,

Citatiops indicate similar observations, .

- —
Beaver Food GCache Composition and Structure (Fall Observations)

1. A1th0ugh alder'ﬁésAoffen cached with aspén and/or willow,
1t wés never the sole species cached (eig., Novakowski,
-1967; Alék;iuk, 1970; Northcott, 1971).

2« Alder wasiusually placéd, in Egé cache, on top of aspen

and/o; willow (Plates 13 and‘li). |
3. Péeled aspen logs were occasionally placed on top of
food caches'aloﬁg wi;h other less preferréd spécies such
as white Bifch and conife;svﬁPlates 13 and 14), Dennington
apd Johnson.(l974, p. 31) Pbted two caches 6f pdnd lilies
which were "capped" with m;ts of ;}ack spruce. In the oﬁly’
such reference fOundiin the Lihéféture they proposed

g "sprucetis used only éo‘cover and>submefge more desirable

species." Other authors-have not reported on the locatious

l (i.e., availability). of species in food caches.

’
P

‘ 5.‘£Whereafloating marshes occur, caches are often'placed
under the vegetation mat, which is capped with mud and
sticks, In other cases larger cuttings, such as aspen
logs, are fixed into the substrate if,possible; Both‘
sitﬁétions-indicéte attempts by beavers tb submerge the

cache by other means. o

[



84

Beaver Food Cache Remains (SpFing}Observatioggl

1. Many food caches are nat completely browsed (Townsend,V

. 1953; Northcott, 1971; Dennington and Johnson, 1974).

) .o
=T

& é;' The most common unbrowsed species found in cache remaingl o
,ﬁgslalder (Northcott,>1971);';The ;ignificapce of cache
‘remains has not heretofore been interpreted. In northerq )
latitudes, where adult beaver have a depressed metabolism

\ .
in the winter (Aleksiuk énd Cowan, 1969), beaver ‘colonies

are able to survive on stored quantities (which may

be minimal) ofemore preferred food species.

5

3. The cache remains are occasionally %eft in plaece and
used to secure éndlsubmerge fresh food for the following
winter (Townsend, 1953)..

4.»xCacpe remains are more commonly used for lodge and d;%

£ tom
gf nxfﬁZ’ .
renovation.

o

The preferred use of alder for the construction And repair of
beaver dams and lodges is well known. The size.of alder stems
(averaging about 2 inches in diameter) makes it an ideal building
material (2 inches is the preferred size of aspen used in construction
(Aldous, 1938; Hodgdon and Hunt, 1953; Hall, 1960)).  Although
succulent ;1der leaves and twigs are occasionally eaten during the
summer (Tevis, 1950; Lawrence, 1964), alder cutting is not propdrtiqnal
to its use as a food, but as a structural material (Hazeltine, 1950;

Jackson, 1953a, 1954), Alder bark is rarely eaten at any time. O'Brien

(1938), who raised beavers on various foods, had to remove beavers



from an alder diet as they were rapidly losing Weight and he feared

for their lives. ;ndeed evidence of the use of alder as a majqr food

by beaver is scanty and has.been limited to its common occufrence .
in food caches. Evidence presented he:e'indicateSuthét alder, conifers,

and possibly other less preferréd species such as white birch serve

primarily as structural components of beaver food caches. ‘Such

materials are also ?mportant buffers to the exploitation of preferred

winter foods.

e

- The feeding habits of beaver should thus be evaluated in the
‘fg:ure with.consideration for the presence of construction materials .

in winter food caches.

étﬁmate . . .
Climate is probably not a significant factor influencing beaver ‘ ;
habitat selection. The micro-environment of the beaver pond (or
lake)~and lodge effectiveiy isolatefﬁhe animals from the macro-
“environment during the winter (Stephenson, 1969). Extreme,b
tempe;éture condftions regularly occur in the study area (Fig..Z2,
Appendi# A) and are of little consequence to the beaver populations

B

there.

B) Beaver Inventory

Application of the regression models aé an aid in beaver
inventory is a lbgical extension of the regression technique. The;
prediction method is superior to aerial reconnaissance where ground
inventory is not practical (Table 7). The wipk¥life manager musf

~

.
realize, though, that the models predict the!humber of potential
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a

colony sites, not the present population qf beavers, Although colony
sites are rarely all active simultaneously (temporary abandonmment may
bé due to trapping, food depletion, or death of the breeding female
(Townsend, 1953)) this number may be directly related to the presenﬁ
beaver colony carrying capacity of the land over a lgrge area, Data
presented in Appendik I1 shows that 39% of the colony sites on 8 lakgs )

(sugyeyéd,in October, 1974) were active. Dennington and Johnson (1974)

p23 .

found a éiéilar occupancy rate for }ake colony sites in the Mackenzie
Valley and northern Yukon, while 75% of the stream colony sites were
active (A%pendix IZ)._Thé'rg}gpionship of active sites to‘total sites

is lirear (Appendix IS;jﬁ;king it possible to estimate the numbers of.
active sites from counts of total beaver colony sites, Estimates would
probably only be accurate for counts over large areas and should not

be applied to specific lakes orkstrgam sections. An overestimite of
total colony sites is possible as the deterioration of lodges will lag
behind a decline in carrying capacity (e.g., after depletion of a transient
aspen stands. As aspen depletioh has just started in the study area, all
counts of beave£ colony sites should be accurate and show a direct
reiationship to the present beaver colony carrying capécity. Beavers -
prefer to reoccupy oid lodges rather than to build new ones unless a

new food source (e.g., aspen) becomes available (personal observation),

so an overestimate from this source is unlikely.

-
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Aerjal inventory will be considerably more accurate for surveys

of active sites than it will be for total colony sites. For example,
. R 4

in the U.S;S.R., Zharkov (f963) reported ‘that on streams, 447% of the

=

active colonies could be seen (99% for the river proper, 397% for the

{ i B ) - B
floodplafn). In the present study only 17% of total stream colony

sites were seen (Table 7, p.66). Vgloiin (1970) surveyeﬁvkﬁ“ﬁakes
(1,420 miles in 16 flight hours) and observed only 9%.of the 277
active colonies which were present. In a discussion of some
unpyblished Canadian Wildlife Service reports by various authors,
Dennington and Jéhnson (1974) reported comparable inaccuracies for
surveys of active beaver colonies in the Mackenzie delta. Active
colony sites éfe best seen-in the fail when broken dams are recon-
structed, new mud is placed on lodges to érovide a winter seal
against predators ‘and the weather, and food caches are built., The
visibility of lodges, ghether active or not, also depends on
characteristics of theﬁshoreline vegetation. A dense forest canopy
lining the shore obstgucts the view of mo;e lodges than a cléared—off
or marshy éhoreline. ﬁThe locations of stream colonies can also be
determined by the presence of active dams. Inactive dams may remain
indefinitely, as signs of beaVé; habitat suifgﬁility onrsmall,rlow
gradient headwater streams. No matter how accurate surveys of active
colony sites are, they may still be poor indicatofs of beéver habitit
suitability because of variation in degree of habitat saturation by<y

beaver in different areas.



The use of aerial photographs for delineating colony{;ites
(active or potential) has many of the limitations flying ngs. Many
1odées and dams aré not visible on aerial photographs beca;se Ehey
are obscured by vegetation or because theé are taken from such;an
al}itude that they lack detaii; In addition, air-photoé primarily
shqgrthose COlony’sites_which were active at the t{ge they were
. taken., With a combined knowlédge of beaver habit;tlggQuirements
and air-photo interpretive skills, one can recognize, however, areas
of general suitability to beavers. The use of aerial phétographs
for the recognition of potential colony sites ié discussed by
Dickinson_(197l). The value of aerial photographs lies in the
detection of population trends (by comparing photés taken in
successive years) rather than as a census‘technique.

Eor an inventory of potential beaver colony sites andn
subsequent land capability classificatiQn, very l}ttle, if any,
field work is required. As described in the Methods section of fhis
thésis, most of the variables used in the models were taken from
readily available government maps (topographic and forest cover maps)
énd standard aerial photographs (e.g., flown at a particular height
for a particular purpose)., Only two of the significant Qariables in
7tﬁe models (Equations 3 and 4) required ground measuremehts. These
were the water level stability index for lakes (WL) and a widfh
variable for stream sections (WSg). When W, was dropped at Step 11,
RZ dropped by only 0.0078.' In other words, at that step Wy, was
accounting for only 0.78% of the 92.607% of the variation (in COLSL)

which was being explained (Table 4a). When WSg was dropped at

88



Step 15 (Table 4b) the equation for streams remained significant.
Thus, for a slight sacrifice in the accuracy of prediction, field
work is not required for the inventory of total beaver colony sites,
Anomalies in the general characteristics of lakes and streams
(outliers) may escape detection if fieldwork is completely abandoned,
Therefore, to avoid gross errors in estimation, large lakes and
lengthy stream sections should be surveyed for anomalies before the
prediction is made., The survey may involve aerial reconnaissance,
ground checks, or communication with people familiar with the area.
Common causes of outliers, such as rocky shoreline topography
(Plate 15) ahd many human activities (Plate 16), should be focused
on in the survey. Roads, railways, and land clearings invariably
follow waterways and are major limiting factors to beaver habitat
suitability, Artificial water regulation with man-made dams and
the artificial removal of beaver dams can produce severe water
fluctuations, decreasing the capability of many naturally suitable
areas to support beaver.l
Many of the variables requiring field measurements may be taken
more quickly (i.e., economically) and with comparable éccuracy from
low level colour aerial photographs (e.g., 70 m.m. photos, taken at
400 feet A.M.S.L.)., These include measurements of horizontal
distances (stream width), heights (water depth and stream gradient),

and local geology, physiography and bank vegetation (D.A, Currie,

1Beavers attempt to accommodate the fluctuations by extending
their lodges vertically on the shoreline, thus maintaining underwater
entrances and above water living space at all times.
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Plate 15

Plate 16

[P
\\’,“‘

¥

Colony site on fault in rocky shoreline in area
. s :

sheltered from wave action. Pinchi Lake

(188; June 3, 1975).

Artificial water level control by the Fisheries
Service (Canada Department of the Environment)
on Taltapin Lake (L46) produces severe water

fluctuations (May 17, 1975).

o
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1976, pers. comm.).! Possibilities fgx\the use of muﬂ?photogr@phé

7
in beaver habitqt modelling, inventory and land capability classification
are considerable and qﬁould be pursuéd in future studies. The accuracy
of most forest cover maps, topographic maps, etc., although limited,
was sufficient for the present sgudy (see Eliminatién’Analyses.and
FinéliModels section). Some of the subjective variables, such as the

water level stability (W) and flow rate (Fg) indices, might increase

the accuracy of prediction if they could be measured more accurately.

C) Beaver Land Capébility Classification and B;aver Management

The beavér>land capability classification Syétem presented
in this thesis is intended for the following .uses: |

(1) Land use plahning in ;he study area.

(2) -Asra methodology for‘other”land capability classification
projects involving beaver, other wildlife, or other
résourcés.

(3) As a basis for beéver management, including Beaver habitat

consérvation and improyement.

Land capability ciassifications are presumably meant to play a
ma jor role iﬁxmy};iple land use studiés where a decision must be made

B N .
as to/Ebich resaurce(s) should receive priority as a land use. A
discuézion of the bases on which these decisions are made, whether
social, economic, of aesthetic, is not within the scoﬁé of this study,

although certainly relevant to the future of the beaver. It is left

to the land use planners to evaluate beaver in the appropriate

1Dept. of Forest Hydrology, Faculty of Forestry, University of
British Columbia, Vancouver.
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categories (above), compare the results with results from other

-

resources and make their decisions regarding land use. Unfortunately,

conflicts of beaver with othéx land dges are common. These are well

. - v.\“
documented in the literature (see Jackson, 1953b; Knudsen, 1954, 1962;
Laramie, 1963; Vesall, 1947; Yeager and Hill, 1954)., Land use decisions

have traditionally not favoured the beaver,

-
L

/;f‘ The beaver land capability;fatings given (Fig. 7; Tables 8 and
9) reflect present land capability. Natural successién,\natural
catastrophes (fire, windthrow, insect oﬁtbregks, e;c.;.ané management
practices (see below) may alter thé cap;biiity from its present state,
Management techniques, in fact, may be used to improve ﬁhe capability

of a given area for a specific resource, such as wildlife.l For

example, Luckhurst (1974, p. 1) specifies the following technological

controls to improve land capability for ungulates: fﬁ
“a

"1) prescribed burning or grazing

"2) logging or slashing

"3) protection,ﬂinciuding protection from fire or any
other land use practice that will damage the land
base or reduce, the potential productivity of
ungulates." '

Although these controls were diréctqd towards ungulate management,

-they are also relevant to other herbivores, such as the beaver,

Since an ‘important factor limiting animal populations is
food supply (Lack, 1954), it is to be egpected that management

improvement of the food base would have significant benefit to animal

15 specified management input is assuﬁqd in many land capability
classifications (e.g., Luckhurst, 1974),  The term '‘present" capability
doesn't apply in these cases. '

-~
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populatlons. This is certainly true in the case of Beaver wheng the
avallablf&ty of food species determlnes beaver numbers on phy51cally g

5
suitable areas.

Ed

Food supply can affect the population ;{;e through density-‘

@

&
dependent changes in mortality (Lack, 1954). The main effect is on

-

juvenile beavers which are forced, ,thfough territotiality; to seek
out unoccupled su1tab1e sites to establlsh colonles (Aleksiuk, 1968),

Density- dependency in this case assumes that terrltoraes are set up - e

to optimizewfood utilization over a lohg period of time‘wit%Sthe function

of maintaining a stable population at or below the carrying capacity ’
of: the enviromnment,. There is no evidence in the literature which

contradicts this theory, even though the exact nature of territoriality T

in beavers ig;gtill uéclear (Hall, 1960;ﬁ&}eksiuk, 1968), The major -

. R

mortality factor of migreting‘individuals isiopporfunistic predation,
) o = - : o
Starvation is rare in all beavers (Novakowski, 1967),
Other density-dependent and -independent mortality factors such
as weather, parasites, and disease appear to have only minor effects

on beaver populations. Epidemics of Tularemia and other bacterial

diseases have been noted in extremely dense populations of beaver

o

= :
(Longley and M&yle, 1963)., These were always rare and are even less -

common today when trapplng keeps populations at moderate levels, = - B

-

s
In order. to maintain’ op;tmal populations of beaver and maximize
T
productivity for commetcial fur trappers, the food suppIy must be
managed and the physical habitat protected, As shown earlier, alder

and willow populations are stable and-are ab19§to coexist with beaver,

Aspen, on the other hand, is only a temporary occupant of lake and

'
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stream shorelines. Continuous %ﬁploitation of aspen by beavers

" (usually termed "overexploitation;”by game managers) accelerates
B »
e o B " 5

the process of local extinction of aspen, A prolongation of the

’ o

" lifetime of aspen stands is potentially the most powerful beaver

managementatool.' Equatlons 3 and 4 indicate that ever;\¥-mlles of

shoreline that is not already 107% gross volume'aspen could support

41“ *

1.79 x (X-miles COLS] or 0,954 x X-miles COLSs.
o ~
In many areas of North America overexploitation of aspen has

already occurred. This is most eviaent.in eastern North America
- where trapping was banned to insure repopulation of beavers in areas
where they had been extirpated through unrestricted trapping during

colonial times. There are only a limited number of alternatives

N v s

available for beaver-aspen management. They involve the stimulation

of natural regeneration, planting, and beaver harvest strategies.

The majority of aspen forests present in North America today

are the-result of natural forest fires which made aspen habitat

available for colonization. In the past beavers have depended on- -
fires to maintain early seral stage vegetation, Fire is especially

important in mountainous areas where stream courses are relatively
stable., Where stream courses change frequently, aspen often  w

regenerates on the disturbed sites. In British Columbia: stands of

aspen are typically fire-induced. The current practice of provincial-

»

and state governments to attempt to extinguish forest fires, along

with+beaver overutiliaation of aspen, will cause the extinction of

3.

A~
many aspén forests througheut the beavers range in North America.

L he 1 / —
é,/; resultant decllne in beaver populations can ¥Be expected if

t\\“ — . \ ¥
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- beaver-aspen management is ignored. Any d1sturbance that results in -~
' . . FET IS

an-increase in soil temperature, including fire, cutting of trees,

- removal of associated vegetation and scarification, will stimulate

)

- 'aspen suckering (Maini, 1968), The?suckering response increases

- with an increase in the intensity of the fire., The possibility of . 'é

usiag fire for -purposes of aspen‘reforestation has not been emplbyed

to date either for beaver, other wildlife or forest management. It
is likely tha¢~mative Indians and, more recently, even big-game
;v )\pf‘)@ ) . - . R 7

- guides have employed fires to maintain high quality forage material

- (in both the grassland and aspen forest) .characteristic of early r =

seral stage vegetatlon. T % .

—x

Another possiblermeanSQOf regenerating aspen on devastated

=T - %
N watersheds involves plantlng. There are two major problems associated

with this method 1) It would be dlfflcult to keep beavers out of

an area durlng reforestatlon (Graham et 1963) and, 2) Ungulates

would retard refofestation (Gese and‘Shadle, 1943). Art1f1c1a1 .

propagatlon of aspen is best done w1th cuttlngs rather than with seeds

- . .*

or root suckers (Gese and Shadle, 1943) ,The cuttings could be taken
from strains which‘are best suited to growth in the swampy conditions
surrounding most beaver'co}onies. Before letting beavers back into

an area, tree size and.density could be optfmized to give optimal

proauc{ion' ‘Gese and Shadle (1943) give 35 years as the Optlmum age N (

of aspen from the standpoint of ‘amount of beaver food producedﬂ The o f’i{
e : . B

Optlmum age of’ aSpen for complete utillzatlon is 20 years (Hiner, 1938).

Quantlty utlllzed per year of growth should be max1mlzed in the planting
4

strategy, but no informationr on this subject was found in the literature.
, « _ :
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Aspen harvesting and planting is not pra;tiééd im British-

volume of aspen here isiloW. He states that aspen planting could be

‘.;5;
justified if better and more economical wood was produced,
A third possibility for beaver-aspen managemént involves

prevénting the devastation of aspen stands by rotating trapping

localities. This wqpld'proVide aspen with the éﬁanpe to‘fegengrate

on some aréas while it i#s being harvested by beavers on other areas., -

Boyce (1924) suggeéts that a rotation period of no less than 4-5 _

years is required .to give/gf;aximum sustained yield. It is important -

to prevent beavers from.feeding on the aspen suckers that follow

L 5
e «

their cutting., Since small trees are preferred for ‘construction

materials (Aldous; 1938;'H@11,vi960), suckers are deeﬂ’cut and .

C61Umbia;."According‘td;Smfth'(1968), this is because the merchantable -

regéheration thus prevented (Christensen et 31., 1951).‘ Grahém ggagl.

"(1963) proposed integrated;beévér-aspen management as a solution to

>

‘the problem in the Great Lakes Stétés where-bofh are cqmmerciql <
resources. Cutting plans for béqvef could'be‘é;;géfable,gith tﬁe

“cutting schedules under a forest management‘plén.

BN

A final possibility’for @anagement'e#isfg. Tf a trappér could

-hold _the populat&bn on his trapline at a level low enough so that in

b -

p

amount of aspen

ahy one year the animals would Haryést only the
equivalent to the annual growth of the forest, then a rotation of
areas being trapped may not be needed.

The last two suggestions seem most practical for use in North

" America today as they involve the local proVincial and state govern-

ments as well as the trapper. The government bureauvresponsiblé for

1
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fur-bearer managément, the Fish and Wildliﬁe Branch in British
Columbia, could regulate trapping methods which will pféserve the
aspen-beaver community, Registered trapline systems, as in British
Colum§ia; stimulate trappers to Qé responsible for the management of
animals on tﬁeir own iines. A dialogue between<government'and trapper
may be all that is neéded to initiatevintegrated resource management
in the interesf of both the frapper and the beaver. |
Perpetuafion of'aépen for tﬁe pénefit of geveral wildlife
:species,vincluding degr) méose,'elk, porcupine,ksnowshoe hare, and
.ﬁﬁgdffﬁd:birdslas‘wehl as beaver, is §n.édditionai wothWEilé
bpjeptive,¢which wﬁﬁid‘jgs;ifyall types of aspen managémenffﬂ' ' IR
- : 3 . . _ o

=

t



(\4 o

CHAPTER 7

T

“ SUMMARY AND -CONCLUSIONS

1. The purpose of the study was to develop a land capability
.classification system for the beavér.

2, The nature of beaver,habitat’and habitat selection satisfy

the assumption that all suitable,beaver habitat has-‘been, or is being;

’ exploited. The characteristics of beaver structures insure that visible

signs of éxpigitation remain. -
3. The characteristics of beaver habitat were described from
the 1iteratﬁre.
“ 4, The study area, éovering over'10,000 square mileswin the
. northern interior of British Columbia,’provided a range of'biopﬁysical
conditions suffiéient to develop and test»théicapability classification

system, A total of 134 lakes (approxiﬁétely 266,000 acres, 1%100

shoreline miles)'éﬁd 45 stream sections (90 stream miles) wergiéampled.,«

. ,_ng‘“—»i—'—'\ o
5, Beaver colony site density is shown to be a practical measure

of the intensity of beaver‘land'usé. A total of 643 lake colony sif;s

and 145 stream colony sites were observed,

98
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6. Biophysical Variables representing the habitat requirements of

beaver were measured, The variables are described on p. 40.

7. The relationships of biophysical variables to beaver colony site
density on lakes and on stream sections were tested and modelled using

backwards stepwise regression analysis, The regression equations are given

on p. 52.

Nl
ey

- 8. An independent check of the validity of the lake model was made
on a random sample of 34 lakes.

9, Sample sites which did not fit the situation described in the

’

models were interpreted in the analysis of residuals and prov;ded valuable

information. ”/C}7

10, Statistically significant environmental factors were aquatic

habitat with a stable water level and an adequate food supply.

‘11. Colony densities indicated that edaphic elimax:comgunities
(such as,alder-willow.assoeiarions) providedkthe most stable habitats
for beaver while temporary plant communities (such as aspen associations)
support high but transient populations.

12i Evidence was presented which suggests that alder is importanr
as a construction materiei not only in dams and lodges, but in food caehes
where it is used to submerge more preferred food epecies (willow and
aspen), The presence of alder is a significant buffer to the exploitation
of willow and aspen.

13, Thevuse 9f the models as an aid in beaver'inveﬁtery was discussed
and compared with other methods, Inventory by prediction is considered

both more accurate and economical than aerial reconnaissance and aerial

photograph inventory of potential beaver colony sites.
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14, A beaver land capability classification system was devised

(pp. 67-68) and a capability map for the study area was constructed (Fig. 7,

appended), Management techniques which can be applied to increase beaver

land capability were discussed.

15, Aspen is the moét important beaver management tool. The stimulation
of natural regeneration and aspen plantiﬁg,a;e‘not considered -practical
management techniques unless wildlife values in general are higﬁ. Conservation'

of existing aspen stands can be acheived with'Various harvest strategies,

as discussed.

B
s o
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Plots of COLS against independent variables

Appendix D
with correlation coefficients,! a%drmeans and

standard deviations? of independent variables..

BN
.

lFrom Table 3,

2Mean =M, Standard Deviation = S

M(COLS; ) = 5.69, S(COLS.) = 9.31

M(COLSg) = 3.22, S(COLSg) = 3.72
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Appendix E.--Regression coefficients and null t-values for variables in
all steps of elimination analyses: (Tables 4a and b) '

El Lakes
Step- 1 2 - 3
Variable Coefficient Null t Coefficient Null t Coefficient 'Null t
EL -0.106 -0.55 -2,96E-2  -0.50 - --
EIp,  -59.7 -0.42 -- -- -- --
Py -0,965 -2,73~ -0.993 -2.88X -0.958 -2.85M
PSy, -9.83E-4  -1.44 -9.88E-4  -1.45 -9.36E-4  -1.40
Ap 1.73E-3 2,96 1.76E-3  3.,06M 1.72E-3  3.04>
ASRp, 0.719 3,227 0.738 3.38% 0.710 3.38%
Rp -2,73E-2  -0.87 -2,95E-2  -0.96 T -2,74E-2  -0.90
RSy, -5.36E-4  -4,31\ -5.43E-4  -4,43N -5.31E~4 =444
Wy, 1.39 - 3,312 1.38 “3,32M 1.37 3.32M.
TA], -0.199 -0,96 -0.212 -1.04 - -0.224 -1.11
TASRy, 2,31 2,65 2,37 2,75 2,51 3.12M
cr 1.31 217> 1.36 2,29 1.31 2,25
CSR], -2.40 -1.80 -2.50 -1.92 -2.38 -1.86 .
NL 6.32 8.35M 6.33 8.41M 6.28 8.46N
1.57 1.51 1.57 1.51 1.55 1.50
NSGR, -1.74 -1.36 -1.71 -1.34 -1.64 -1.30
Constant 1.45 0.14 -2,93 -1.34 -3.79 -2,93A
Step : 4 _ 5 : 6
Variable Coefficient Null t Coefficient Null t Coefficient Null t
P, -0.769 -2,94 N -0.808 -3,13% -0.746 -2,89M
PSL, -1.18E-3  -1,92 -1,14E-3  -1.86 -1.10E-3  -1.79
Ap " 1.73E-3 3.05M 1.56E-3 2,89M 1.61E-3 . 2,96N
ASRy, 0.568 4,120 0.592 4,36~ 0.538 4,04
RST, -5.28E-4  -4,42M -5.33E-4  ~4,47N -5.06E-4  -4,24N
Wy 1.39 3.372 1.41 3,420 1.23 3,06
TAj, -0.199 -~ -1.00 -- -- -- --
TASRL, 2,51 3.12M 1.92 3.50% 1.82 3.31M
C, 1.26 2,16\ 1.00 1.92 . 8.76 1.67
CSRy, -2.44 -1.91 -2,18 -1.74 -1.75 -1.42
N, 6.20 8.42\ 6.36 8.84N 5.83 8.98 M
.Sy, 1.60 1.56 1.79 1.76 0.563 0.81
NSSRy, -1.77 -1.42 -2.03 -1.65 -- --

Constant - -4,05 -3,21A -3.98 -3.16 M -3.71 -2,94>



Appendix E.--Continued

Ey Lakes .

Step
Variable

P

Constant

Step
Variable

Constant

7
Coefficient

-0,793
-1.16E-3

1.81E-3

- 0,561
-5.34E-4 '
1.28 '
1.77
0.871
~1.74
6.04
-3.76

10
Coefficient

-0.781
1.43E-3
0.555

-5,10E-4
1.24
1.79

6,32

-3.84

Null t

C-3,16M

-1.89
3.71>
4,33M

-4,69M
3.23A
3.22A
1.67

-1.42

10,27 M

-2,99A

Null t

-3.82M
3.43 N
4,81M

-4,62 A
3,142
4,09
11.23 A

T =3.05M

8
Coefficient

-0,751
-4,87E-4
1.58E-3
0.554
-5.26E-4
1.28
1.53 -
0.246
6.16
-3.89

11-
Coefficient

-0.695
1,38E-3
0.453

-4 ,48E-4
1.96
6.12

-0.160

Null t

-3,00M

-1.25
3,42M
4,26N

-4,60M
3.,21A
2,93A
0.87

10.52A

-3.08 A

Null t

-3,28A
3.15A
3.91™

-3,95A
4,31M

10.47 M

-0.33

9
Coefficient

-0.676
-2.20E-4
1.41E-3
0.517
-5.02E-4
¥ 1.29
1.78

6.17
-3.87

12
Coefficient

-3.68E-2
0.124

-1.05E-4
2. 16
4.56
0.584

128

Null t

%.88 N
-0.92

3,37M
4,21
-4,53M
3.24 N
4,07 N
10.55A
-3.08™

Null t

-0.97
2,35A
-3.15M
4,61 M
14.16 M
1.32
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Appendix E.--Continued

E]. Lakes

Step
Variable

RSy,

TASRj,

NL
Constant

Step
Vaniéble

TASRL
Constant

13 B
Coefficient Null t

8.23E-2 2,69M
-8,16E-5  -3,49A

2,20 . 4,69\
4,60 14,50 M
0.865 T . 2,60A
16 .
Coefficient Null t
3,90 15,66 A
1.15 1.99 A

14
Coefficient

-3,17E-5
3.31
4,40
0.939

Null t

-2,16
14.76 A
13.84 A
2,74 N

129

15
Coefficient Null t

2.97 18,102
4,32 13.43 M
1.02 2,94\
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Appendix E,--Continued

&
b

E2 Stream Secfions

Step

* Variable

Ls
LSg
LSRg
LLS
Ws
WSg
WIS'
WLg
Gs
GIS
JFS
FIS
Ag
A-SS
NSg
NSSg
Constant

Step
Variable

L
1§
LSRg

LLg
WSg
WIS
WLg
GIg
Flg
Ag
NSg
NSSg
Constant

1
Coefficient

26,0
-0.611
-106
6.4
0.113

-5.21E-4

-11.5
-8.34
-8,31E-2

5.12
-0.200
-1.90

0.868

4,86E-4

0.723.

0.423
89.6

4
Coefficient

26.1
-0.613
-106
61.6
0.117
-5.34E-4
-12.3
-8.70
5.47
-1.38
0.910
0.651
0.445
89.3

Null t

2,79 A

- -1,97

-2,85AM
“ 2,80 A
1,18
-1.99
-0.85

-1.28
-0.11
1.71
-0,13
-0.45
1.00
0.00
0.62
1.31
3.15A

Null t

3.68 A
-3.71 A
-3.48 A\

3.28 A

1.42
-2,33 A
-1.11
-1.56

4,52 N
-0.91

1.44

0.63

1.60

N

2

Coefficient

26,0
-0.610
-106
61.4
0.113
-5,21E-4
-11.5 |
-8.35
-8.31E-2
5.12
-0,201
-1.90
0.870
0.723
0.423
89.6

5

Coefficient

26.4
-0.624
-108
63.1
0.126
-5.61E-4
13.8
-9.36
5.60
-1.14
1.09
0.605
91.4

Null t

3.52 A
-3.55M
-3.30 X

3.10A

1.24
-2.07 M
-0.89
-1.34
-0.11

1.75
-0.13
-0.46

1,22

0.64

1.33

3.46 N

Null t

3.76 M

T =3,84 A

-3.58 A
3.41 A
1.57

-2,51 A

-1.29

-1.72
4,75

~0.78
1.9
5.43
3,732

3

Coéfficient

26.0
-0.610
-106
“61,2
< 0,116
-0.529E-4
-12,1
-8,60
5.40
-0.230
-1.96
0.867
0.706
0.425
89,4

6

.Coefficient

25.9
-0.600
-107
62.9
0.141
-5.,88E-4
-15.1
-10.5
5.28
0.869
0.588
91.2

130 . _
. <

Null t

3,58 A
-3,61 A
-3.36 A

3.16 A

1.37
-2.25A
-1.07
-1.50

4,15
-0.16
~-0.48

1.24

0.64

1.36

3.52 A

Null t

3.73 M
-3.87 A
-3.56 N

3,42\

1.80
-2,68 A

- -1.43

-2,01
4,81 A

1.80

5.42 N
3.74 A



Appendix E,--Continued

E, Stream Sections

Step
Variable

Lg
. LSg
- LSRg
: LLS
Ws
WSS
WLg
GIg
Ag
NSSg.
CQnEtant
W

~

Step
Variable

Ls
LSg
LSRg
LLg
WSg
GIg
NSSg
Constant

7
Coefficient
25,6
-0.573
-107
63.7
5.12E-2
-3.62E-4
-3.68
5.24
0.730
0,580 -
83.8

10
Coefficient

22,3
-0.481
-89.0
50.3
-2,25E-4
4,79
- 0.517
66.4

Null t

3.63M
-3,58M

-3.,51A
3.41A
1.07

-2,.33A

-1.68
4,70M

1,52

5.,27M
3.46A

Null t

3.10A
-3,06M

-2,86M -

2,65M
-6.34M
4,54\
4,77M

2,72M

8
Coefficient

23,8
-0.524

99,5

59.1
-2,02E-4
-1.64
5.10
0.751
0.590
77.0

11
Coefficient

3.89
-0.105
-7.27
-1.94E-4

5.28

0.468

2,00

Null t

3.47M
-3.41A
-3.35A
3,24\
-4 ,60N
-1.51
4.,59M
1.56
5.36M
3.29M

‘~

. Null t

1.90

T -1.42

-1,52

-5¢38>\
472N
4,07
0.76

,,9,
Coefficient
24,1,
-0.554
-98.5
56,2
-2,43E-4
4,42
0,954
0.600
74,2

i

12
Coefficient

1.09
-1.31
-1.78E-4

4.91

0.533
-0.861

131

Null t

3.45M
-3.57A
-3.26M
3,052

-6.91M

4,28N
2,03A

. 5.37M

3.13A

Null ¢t

1.82

5.13A
4 45

ho99n

-0.49

g,



Appendix E,--Continued
T |
ol E, Stream Sections
* Step 13 14
& Variable Coefficient Null t Coefficient
w  Lg 0.776 4,18M --
WSg -1.75E-4  -5,14A -6,99E-5
GIg 4,76 449N 5.34
NSSg 0.511 5.19A 0.616
Constant -1,71 ~2,07M -1.23
Step 16
Variable Coefficient Null t
NSSg 0,691 5.31M
Constant 2,39 5.12>
-AP<0,05

Null t

-2.57M
4, 29N
5.47N

-1,27

15
Coefficient

4,74
0.578
-1.05

132

Null-t

3. 64N
L.86N
1.02
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Appendix F.--Path coefficients from first elimination sSteps cohtaining
all significant variables?@ .
F, Lakes (Step 10)
2,

AL -0.987 AL

ASR, ~ -0.94 0,887~  ASRf, .

RS - 0,98~ -0.95% -0.97% RS, |

W -0.13 0.04 ~0.28~ -0,18 Wy,

TASR;  0.17  -0.15  -0.39  0.27% -0.12  TASRp

NL -0.83%  0.85  0.76 -0.83 0.11  -0,29*

E'.; )
Fy Stream Sections (Step 9) » ' "
: LTS < |
LS ) . - -

., LSg -0.97 ' LSg |

LSRg  -0.99"  0.94™  LSRg

LLy  0.97% -0.90 -0.99"  LLg - T

e > N owe S e

WSg -0.43% | 0.46  0.40" -Q,sf WSg - :

GIg -0.12 0.10 0.15  -0.20 -0.01 . GIg

Ag 0.12 -0.23  -0.15 0.16 -0.25  -0.18 'Ag

NSSg 0,12  -0.07  -0.19 0.21 - 0,00  -0.24 0.37>

“P<0,05, v =95 (lakes) and v = 37 (stream sections).

8From output of REGRO7 (Statistics Canada), Partial F-values
of all variables significant, P<0,05.
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Appendix H ‘ Plots of residualsl against independent variables,

lrrom Appendix Gj and Gj.
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Appendix I,--Occupancy rate of beaver colony sites

I, Food cache observation from selected lakes in the study area,

Data collected October 16-19,

1974,

B 3

Number Name COLSy, Active COLS % Active COLS;

L3 Maxan 8 4 50

L5 Day ~ 13 5 " 38

L6 Elwin 18 4 22

L7 Sunset 8 3 38

L8 Swans 22 10 45

L27 Seymour 7 3 43

I1 Torkelsen 7 3 43

14 Gilmore 5 2 40
Totals 88 34 39

I7 Food cache observations in the Mackenzie Valley and Northern Yukon
(after Dennington and Johnsom, 1974). '

. Lakes Streams
Survey COLS;, Active % Active COLSg Active % Active
Unit COLSL COLSL . COLSS COLSS

1 61 19 31 5 3 60
2 29 6 21 14 14 100
3 0 0 C- 48 27 56
4 23 22 96 8 8 100
5 4 1 25 20 18 90
6 0 0 - 26 25 96
7 ‘ 0 0 - 16 12 75
8 i 27 10 37 1 1 100
9 2 2 100 0 0 -
10 21 10 48 0 0 -
11 23 6 26 0 0 -
12 49 24 49 - - -
13 105 42 40 1 0

14 33 8 24 0 0

15 3 1 33 0 0 -
16 54 23 43 0 0 -
17 69 -39 57 0 0 -
18 35 25 71 0 0 -
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Appendix I.--Continued

I» Food cache observations in the Mackenzie Valley and Northern Yukon
(after Dennington and Johnson, 1974),

Streams

Survey COLSy, Active % Active COLSg Active % Active

Unit COLSL COLSL COLS COLSS
19 14 2 14 0 0 -
20-21 58 17 29 - - -

214 6 2 33 0 0 -
23 0 0 - 2 1 50-
24-25 72 32 44 0 0 -
26 54 15 28 0 0 -
27 19 2 11 0 0 -

- 28 5 0 0 0 0 -
29 13 3 23 1 1 1,00
30 0 0 - 0 0 -
31 0 0 - 9 5 56
32 12 2 17 1 0 0
32A 16 3 19 0 Y -
33 47 18 38 3 2 67
34 9 1 11 0 0 -

Totals 863 335 39 155 117 75
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Appendix I--Continued

I3 Regressions of active colony sites on total colony .
sites (after Dennington and Johnson, 1974).
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