ASFECTS OF THE WINTER ECOLOGY OF BLACK-TAILIED DEEF

——— — — s o — V——

CN NCRTHERN VANCOUVER ISLAND

by

GREGORY WILILIA¥ JCNES

B.Sc., University of British Cclumbia, 1971

A THESIS SUEBMITTED IN PABRTIAL FULFILMENT OF
THE REQUIREMENTS FOR THE DEGEEE CF

MASTER OF SCIENCE

ip the Faculty
of

FORESTRY

We accept this thesis as conforming tc the

required standard

THE OUNIVERSITY OF BRITISH.CCIUMBIA

March, 1975



In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, | agree that
the Library shall make it freely available for reference and study.

t further agree that permission for extensive copying of this thesis
for scholarly purposes may be granted by the Head of my Department or
by his representatives., It is understood that copying or publication
of this thesis for financial gain shall not be allowed without my

written pemission,

. // /
Department of /L?7f*€ff 7%% s/
T

The University of British Columbia

2075 Wesbrook Place
Vancouver, Canada
V6T 1WS

vace (L Aol 6, /575




ABSTRACT

Black-tailed deer  {0doccilevs  hemionus  columktianus
Richardson) were studied in the ©NKimpkish Valley on northern
vancouver Island to determine the effects of clearcut lcgging
upon the ecolegy of the deer in wintexr, Eecause FErovincial
government biologists suspected that logging was decreasing the
amcunt of winter range, and therefore the nuwmter «cf deer, cn
Vancouver Island, mcst epphasis wWas placed upon the

interrelationships between logging, sncw derth, habitat

selection bty deer, ard nutriticnal conditicn of deer.

The study was dcne during during the winters of 1¢71-72 and
1972-73. The first wipter was severe and had heavy snowfall, and

the second winter was mild aand had light sncwfall,

If deer sink deerer in snow than their chest height, they
have a hard time moving. In the Nimpkish Valley, fawns had chest

heights of about 17 inches, and adults atout 22 tc 23 irches.

During the first winter, spow in the 1logged habitats
averaged u’ ft deer, but spow in the méture timber hatitats
averaged less than 2 ft deep. There was more spcw at high
elevations than at lcw elevations. Snow was less deep than deerx
chest height only in mature timber habitats at low elevations,
Snow was also shallowest in mature timlter tabitats havirg a high
crcwn closure. During the .severe winter, cnly rature tiszber
hatitats at low elevaticns with crown clcsures greater than 65%

were used heavily by deer.



The most important asgect of snow is nct sirple srcw derth,
" but how‘deeply deer sink in it. When a hard crust formed on deep
snow in the regenerated logging slashes, deer were akle tc nove
freely on top of the crust, and made heavy use cf these areas

for feeding.

Deer also wused mature timber habitats heavily during the
mild winter, Deer made more use of timkter hatitats haviné a
shrub understory than thcse having a conifer wunderstory,
probably because there was more food available in the timber
having a shrub understory., Many deer remained as high up the

mountains as snow ccrditicns and fcod availability permitted.

Generally, decer made 1light wuse of the 1logged hatitats

-during both winters, but they used these habitats teaviiy in the

spring,

Deer were collected to measure their food habits and
physical condition., Leer were not able to eatv as wmary ftlant
species in the severe winter as in the mild winter, and were in
worse physical condition in the severe winter than in the mild

winter,

In the Nimpkish Valley,l deer made heavy use cf mature
tiober hatitats during winter. In many other areas of western
North Amefica, black-tailed deer usé& logged hakitats fcr winter
range, However, the Nimpkish valley is mﬁch more mountainous and
has more snowfall than many other areas in which deer ecclogy
has been studied. The habitat selecticn patterns of deer in the

Nimpkish Valley probably occur only in areas havirg similar
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topography, vegetation, and climate.

Most other studies of black-tailed deer have ccrcluded that
logging is beneficial tc deer, Hcwever, continued clearcut
logging in the regions of Vancouver Island having high snowfall
will eliminate deer winter range and reduce éeer pcrulaticns, It
is recommended +that 1lcgging ccmpanies leave strips of mature
timber, gcing from the =subalpine tc the valley Lottom, and
including winter range habitats, in all thcse arcas where deer

populations are desired.
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1. INTRODUCTION

1.1 TDefinition of the problem

In many areas, black-tailed deer (0dcccileus hexgicnus

e o o V— — - —

columtianus Richardscn) rrefer early seral types as wirter
range. There is more food availalkle in the early seral tyges,
and the plants in the early seral types are often more

nutritious (Brown, 1961; Einarsen, 1946; Gates, 1968).

Until recently, many tiologists felt that cp Vanccuver
Island, deer use early seral types fcr winter range. However,
some previous workers suggested that in those regions of
vVvancouver Island where winter is severe, deer require rwmature
timber seral types as shelter frcm deepr snow (Cowan, 193563
Edwards, 1956). Similarly, in high sncw areas deer populations
have decreased when all timber has teen removed {(Edwards, 1556;
smith, pers. comm )., If deer depend ¢n mature forest for winter
survival, then continued clearcut 1logging in the regions of
Vancouver Island having high snowfall will result in lcwer deer
populations. The ypurpose cf this study is to investigate the
vinter ecology of black~tailed deer in the reqgicms cf Vanccuver

Island having high spcwfall,

1.2 Otjectives and sccpe

The study was designed +to determine the relationships
between clearcut logging and the winter ecclogy <¢f deer. The
hypothesis was that 1lcgging decreases winter rarge because

mature timber is necessary fcr shelter from deep snow. 1



originally attempted to study the effects of lcggirg cn the
‘winter ecology of deer by weasuring deer-use of logged and
unlogged habitats, within classes of aspect ard elevaticn,
However, this approach was kcc simple to produce meaningful
results, and therefcre I included some relaticnships Letween
environmental conditions, hatitat selection, ard Fhysical
condition of deer, and also descrilted some characteristics cf
déer winter range habitats. This study was intended to ke useful

in the management of deer, and in planning further research,

The study does not deal in depth with any single tcric cf
deer winter ecclogy, but deals superficially with several
related topics, and thus provides an overview c¢f deer wirter

ecology. The specific torics examined include:

1) vegetation characteristics of varicus habitat types,

2) food habits of deer,

3) deer~use of habitat tyres,

4) effects of vegetation, snow, and season (winter versus
spring) on deer-use of hatitats,

5) movements of deer,

6) physical conditicn cf deer,

7) chest heights of deer.
2. STUDY AREA AND STUDY PERIOD

2.1 Description of the study area

The study area 1is 1located in the Nimpkish Valley on



northern Vancouver Island (Figure 1), and mcst field wcrk was
~done near the Dévie River. Since the Tavie River is a major
tritutary of the Nimpkish River, the study area is referred to
as the Nimpkish Valley. Willms (1971)y descrited thke rwrajcr
ecological characteristics of the Nimpkish Valley, and his

description is surmarized belcw.

The Nimpkish Valley was glaciated in the ©Fleistocene, and
therefore the soils are deep only on the valley bcttcr, and
outcroppings of tedrcck are common on the sidehill areas., Most
of the valley area below 2000 ft elevation has been turned ty
wildfire within the last 1000 years. Logging in rparts cf the
vailey cutside the study area began in 1915, but logging in the
study area itself began in 1947 and ccntinues at present. The
vailey bottous and some Of the sidehill areas were pIrCglessively
clearcut, but at present, sost logging settings are separated Ly
mature timber which is left unlogged for 3 cr mcre years. The
Nimpkish Valley is mcuntainous, with many peaks bigher than 4000

ft, and there is often much sncw during winter (Figure 2).

The following biogeoclimatic zones are present in the study
area: .Wet Douglas Fir, Dry Western Hemlock, Wet Westerr Hemlcck,
Mountain Hemlock (subalpine), and alpine (Fackee, 1972) . Most of
the field work was done within the Dry Western Hemlock and the
Ret Western Hemlock zomnes, althoggh some work was dcmne in the

other zones.

2.2 Period of field wcrk

Most of the field work was dcone in the consecutive winters



Figure 1

Location of the Nimpkish Valley study area

on northern Vancouver [sland
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of 1971-72 and 1972-73, with fpreliminary field work from
September through November, and intense study frcro Decetrber
through April. Sorme additicnal data on deer movements were

collected from May of 1973 through Fektruary of 1974,
3. STUDY METHOLS

3.1 Classification cf habitat tyges

Iin order to @measure deer-use of different hatitats,
measurable parameters must be used to classify hatitat types.
Initially, habitats were classified acccrding tc seral tyre,
elevation, and aspect, because previous workers have considered
these variables important to deer winter range (Gates, 1968#
cf scsral tyrpe and elcva

Loveless, 1967). Thriee cla tico

ics,

n
m

- a
e ete

)

tvo classes of aspect were used., The seral types distinguished
are clear slash, second-growth slash, and mature ticber. Clear
slash refers to logged areas without ckvicus ccnifer
regeneration, second-grcwth slash refers to logged areas having
obvious conifer regeneration, and mature tirter 1refers to
unlogged babitats. W®here arprorriate, clear and second~growth
slash hatitats are called logged habitats. The elevaticn classes
used were low (500-1500 ft.,), medium (1500-2500 ft.) and high
(2500-4000 ft.).

The aspects used were scuth-facing and north-facing slopes.
South aspects include all aspects frcm west thrcugh scuth to

southeast, and north aspects include all other aspects.




3,2 Kinds of data ccllected

I collected data descriting all cf the study tcpics 1listed
in section 1.2, and have organized the methods acccrdirg tc the

type of data collected,

3.2.1 Peer-use data

Three methods were used to measure deer-use:

1) deer track counts in the snow,
2) daytime deer counts,

3) nighttime deer ccunts.

~3.2.1.1 track count plcts

I ccunted deer tracks in the sncw tc obtain instantaneous
indices of deer-use,and attempted to count cnly tracks that were
less than one-day old, but varying weather conditions often made
tracks difficult to age. A different design of track ccunt plct
was used during the second winter than the first, and the method

used during the second winter is described later.

During the first winter, a radial plct design was used to
measure deer-use (Appendix 1). The Fplcts were terpcrary and
unmarked, and the centre cf each piﬁt was a fresh deer track.
All plot centres were at least 100 feet apart, ard each flot
consisted of four 50-foot long compass lines radiatirg ir the

cardinal directicns.




The instantaneous deer-use index 1is the tctal rurber cf
tracks crossed by the fcur ccmnpass lines. It was difficult to
count tracks accurately whén there were more than four or five
tracks on each 50-foot line, and the centre +track was ccurted
only if it crossed a 50-fcot lina, If a track crossed a 5C-foot
line twice or more, it was ccunted c¢nly once. It was often
impossible to determine if a track crossed more tharn cre 50-fcct

line,

I walked through the area under study and took track-count
data as deer tracks were =ncountered. I walked thrcugh the area

in one direction, such as uphill, downhill, or sidehill,

Eighteen snow depth measurements were taken ir scme areas
sampled with track ccunt plots (Appendix 1). The snow depth for

the area is the mean of the eighteen measures,

3.2.,1.2 daytime deer counts

I counted deer din daylight +tc measure deer-use cf toth
logged and unlogged habitat tyres, and wused ordinary hunting
techniques to see deer. The deer-use index is deer seer fper unit

searching time,

3,2.1.3 pightime deer ccunts

I counted deer at night to measure deer-use cf clear slash
habitats, My assistant and 1 each had a spctlight, and we

counted deer as I drcve the truck at 5 tc 15 mph. The measure of




deer-use is deer seen per mile of road.,

I counted deer cn twelve transects, totalling 2C.Z miles cf
road, at intervals cf approximately two weeks, but occasionally
missed some transects Ltecause of lad wgather. It was nct
normally possitle tc «ccunt all the transects in cre right, so
the counts were taken cver several nights, There were 9 sampling
periods, and for data analysis i£ was assumed that all ccunts

were done on the middle date of the sampling periods.

3.2.1.4 rpermanent track ccunt rlcts

The TrTesults of the first year of field wcrk suggested that
deer-use of habitats was influenced Ly &=mcre thar elevaticn,
aspect, or seral type. Ccnsequently, I designed a permanent plot

from which the following data were collected:

1)‘deer-use, measured by track counts,
2) percent cover cf scme Flant srecies,
3) deer track depth in the snow,’

4) sncw depth,

5) estimate of the abundance cf lichen litterfall,

I also recorded the elevaticn, aspect, seral type, and percent

cCrown closure of each plot.

Most of the permanert plcts were lccated in areas visited
during the winter cf 1971-72. Each permanent plot consisted of

20 subplots, and the design of the plcts is shcwn ir Arrendix 2.




The number of fresh deer tracks in the snow bLetween each
pair of subplots was counted, and the deer-use irdex fcr the
plot is the mean cf the 15 individval track count samples, The
sncw depth at the centre of each subplct was measured, and the
snovw depth for the plot is the mean of the snow derths cn each
sutplot., I measured deer track depth from 5 clear footprints of
a representative track that crossed the track ccunt 1line, rut
did not measure track depths fromn all track ccunt lines. The
individual track depth is the mean of the measvres taken from a
single track, and the track depth for tke plot is the mean cf

the individual track degths,

The abundance cf lichen litterfall (Alectoria sp only) was

estimated on a four point scale: 0,1, 2, 3, 2 value of '0'-

$ e NS e ko A PR L T S, P [ LN I e 222 mn b a1
indicates that no a1Chneln I CE) availaile, T iraidaxe 4

T
iaa

mn

lichen litterfall was "light®, *2* indicates that 1lichen
litterfall was M"medium”™, and *3¢ indicates that lichen
litterfall was "heavy". The 1lichen index fcr the plct is the

mean of the indices frcm the 20 subrlcts.

The percent ccver c¢f vegetaticn on each sukplot was
measured, excluding plant species which are comrcnly less than 1
ft bhigh, and considering c¢ply plants with living parts above
ground during winter. I measurgd the maximum length and width of
each species-specific <clump of vegetaticn, apnd rcunded all
measure€s tc the nearest cne~q£arter foot. The horizontal
coverage was then calculatzd as the area of an ellipse. If there
vere a large number of small clumps, the percert ccver was

estimated, High overhanging branches were excluded from the
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vegetation data,

I measured the fpercent crcwn clcsure cf the vwature tircber
plots by wusing a 35-rm single lens reflex camera to photograph
the canopy directly above the centre of each subplct., A wide-
angle lermns (focal'length = 35 mm) was used én the camera. I tcck
the percent cover ty delineating cancpy and non-canopy on a 3.5
by 5 inch print, and using a dot grid (64 dcts per square inch)
to measure percent cover from a 2 inch ty 2 inch square at the
centre of the print. The crown clcsure measure was rcunded to
the nearest 5%, and the crown closure measure fcr the plct is

the mean of the measures from the 20 subrlcts.

It was impossitle tc ccllect many data froem the low
elevation plots because of the unusually light sncwfall during
the winter of 1972-73, and 16 c¢f the 19 permanent plots were in
low elevation habitats. Therefore, 5 unmarked temporary plots,
identical to the permanent plots, were measured ir varicus high
elevaticn batitats where there was a significant snowpack. 211
temporary plots were placed in mature timber habitats 3400 ft or

more in elevation,
3.2.2 Deer collection data
I collected deer in late January and late March of each

year and tcok the fcllcwing data frocm each deer collected:

1) whcle weight and eviserated weight,
2) total weight of kidney fat,

3) chest height (sternum tc tip c¢f nail),
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4) a rumen sample,

I modified the method of Anderscn, Medin, and Bcwden (1972)

to calculate an index of deer ccnditicn:

Ic = F/Ww x 100

Ic

H

deer conditicn index

F = mean kidney fat weight of the twc kidneys

=
i

whole weight of the deer,

Anderson, Medin, and Bcwden (1972) trimmed the kidney fat square
with the kidney, but I did not do this because I felt that their -
me thod introduces bias into the results., I assune that the deer
condition index is directly prcpcrticnal to “putritional

condition" or the "ability to survive winter stress",

A lab technician analyzed the rumen sawrples, usirg the
standard methcd emplcyed by the British Columbia Fish and
Wildlife Branch (Appendix 3). The plants gaten were classified
into 8 fcod types: ccnifers, shrubks, forkts, ferns, 1lichens,
mosses, liverworts, and miscellanecus; and the percent volume
and percent occurence of individual species and fccd types in
the rumen samples was calculated. The species listed in Figures
7 and 8 include only the most commch species found in the rumen

samples,

I also sampled deer in Ncvemler cf 1972, tut tcck cnly the

data necessary to calculate the ccnditicn index from these
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samples,

3.2.3 Deer movement data

I used radio telemetry tc study deer movements and tagged
one deer in January cf 1973 and six in April of 1973. I 1located

the tagged deer from the ground and from fixed-wirged aircraft.
4, RESULTS

4,17 Atictic data

Snow data were taken because snow has a great effect upon
the ecology of deer in winter. An understanding cf the factors
that influence sncw depth is essential for an understanding cf

deer ecology.

4,1.1 Comparison cf the winter cf 1971-72 with the winter of

1972-73

Much more sncw fell during +the winter of 1¢71-72 than
during +the winter of 1972-73 (Figure 2). The tctal snowfall at
500 feet elevation was 125 inches over the winter c¢f 1971-72,
and only 10 inches cver the winter of 1972-73. Turing toth
vinters, the snowfall at elevations above 500 feet was greater
than the snowfall recorded in FPigure 2. The data shcw that the
vinter of 1971-72 was wmcre severe than the average since 1854,
and that the winter of 1972-73 was less severe. However, neither

vinter was the most severe, or the least severe, winter cn

record.
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Figure 2
Monthly snowfall at Woss Camp

These data were provided by Canadian Forest Products Ltd.

and were collected at 500 feet elevation.
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Figure 3
Relationship between snow depth and elevation

These data were collected from

December of 1971 through March of 1972
Test of common equation: F = §7.19 p <0.001

The slopes of the two equations are not

different at the 5% level of significance
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Figure 4
Relationship between snow depth and crown closure

These data were collected From

January through March of 1973.

These data were collected in mature timber

habitats above 3000 feet elevation
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4.1.2 Relationships between snow depth, elevaticp,

and crown clcsure

Within the elevation range sampled during the winter of
1971-72, snow was deepest at high elevations ard ir tke lcgged
hatitats (Figure 3). Snow is less deerp in the tinkter because the
dense crown closure reduces the amount of fallirg =snow that
reaches the ground surface (Meiman, 1968), In the Niwpkish study
area, sncw was about twice as deer in the logged hatitats as in
the mature timber habitats (Figure 3). A dense CICWL clcsure
intercepts a greater fprcpcrtion of a spowfall thar an crem cCICWD
élosure, and therefcre sncw depths decrease with increasing

crown closure (Figure 4).

Much of the variation shown in Figures 3 and 4 wurdcubtedly
arcse from sampling over time and frcm sampling in different

areas,

4,2 Vegetation in the habitat types

I measured vegetaticn because deer-use of halkitats is
influenced Ly vegetaticn. The vegetation data presented were
taken from the permanent plots during the autumn c¢f 1972. I have
presented only data describing several of the mere ccmucn rlant

species found on the plots.

Visual inspection of the data suggests that vegetation
cover varied a greét deal within seral tyres {Tabtle 1). Fcr
example, cover of Yaccipium sp in mature timkter hatitats on

south aspects, and between 500 and 1500 ft elevation, varied




Years

Habitat winter1 Crown since Vaccinium 2/ Douglas Western )
type range Elevation closure burning . species Salal Cedar fir hemlock  True fir
Clear slash; No 1000 0 9 2+ 3 1+ 3 0 1+ 2 0 0
south aspect No 1300 0 4 1+ 2 13 + 21 0 <1 1+ 2 0
No 1400 0 5 0 0 0 0 0 0
Second growth; No 1000 0 20 7 £ 10 <1 9 % 13 13 £ 19 15 + 23 0
south aspect No "1100 0 20 1+ 2 9+ 17 13 = 12 16 + 24 7 13 0
No 1300 0 19 <1 0 2+ 8 11 = 20
Mature timber; Yes 1100 75 £ 10 3+ 6 0 0 0 54 + 42 9 22
south aspect Yes 1400 80 *+ 23 3+ 4 76 + 31 0 0 12 £ 23 0
Yes 1800 75 = 15 <1 0 0 0 8 + 21 1
Unsure 1100 55+ 11 30 £ 30 16 = 26 0 0 20 £ 27 10 £ 15
Yes - 1000 70 = 15 Lo + 24 0 0 0 L+ 9 0
Unsure 700 60 = 20 35 £ 27 0 0 0 18 £ 25 0 .
No - 3600 ks £ 20 56 + 26 0 6 + 10 0] 0 L+ 8
No ’ 3000 50 £ 25 78 = 32 0 2+ 5 0 3+ 8 9 + 11
No 2900 75 £ 19 52 + 35 0 0 0 L+ 8 9 + 14
Mature timber; No 1600 70 + 13 31 + 23 1 0 0 2+ 5 18 = 19
north aspect Yes 1200 65 * 13 1+ 2 0 0 0 10 £ 17 0
No 1500 60 + 10 27 = 27 0 0 0 34 + 39 5+ 11
Yes 1500 10 £ 15 27 + 16 0 1 0 23 £ 30 L + 7
Table 1 Percent plant cover on the permanent track count plots as measured in the autumn of 1972 (mean st. dev.).

1/ indicates whether or not this area was used as a winter range during the severe winter of 1971-72,

2/ Red cedar and yellow cedar.

Each value is the mean of 20 subplot samples.

/1
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from 3 tc 40%., Because of the high variaticn within types, troad

seral types cannot be used to predict vegetaticn ccver.

The habitat classification system used dces rct adequately
explain the variaticn in the vegetaticn data. There is as nmuch
variation within hatitat types defined by elevation, aspect, and
seral type as there is Letween these baktitat types (Iable 1),
Given that’vegetaticn influences deer-use, it follows that deer-

use of these babitat types will vary a great deal.

4,3 Winter and spring fccd habits

To understand deer ecology, one wmust kncw the factcrs
influencing deer nutrition. In this study, severe wirter weather

had a Aefinite effect upcn the diet cf the deer,

4,3.1 Fcod habits during the severe winter of 1971-72

bnuring the severe winter deer ate mostly conifer and shrut
ma terial (Figure 5). The only food types occurring ir mcre than
50% of the samples were ccnifers, shruts, and lichers {(Figure
6) . Red cedar, salal, Dcuglas 'fir and western hemlock each
contributed more than 10% to the total vclume eaten; and Ecre
red cedar and sa}al was ecaten than any other plant =stecies
_(Figure 7). The only sgeciesvoccurring in more than 50% of the

samples were red cedar, [ouglas fif, western hemlcck, =alal, and

The food habits during early spring were different frcm the

food habits during winter. Deer ate less conifer material and
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more forb, fern, and lichen ﬁaterial, kut the amcurt cf shrub
material in the diet remained constant. MAll € food types
occurred in more than 5C% of the samples in early sprinmg, tut
only 3 food types occurred in more than 50% of thke sanples frco
winter. The species shcwing the greatest increases in volume

from winter to spring were deer fern, Alectcria species,

e;ch contributed more than 10% to the total vclume eaten in
spring. The species occurring in more than cne half cf the
samples in early spring were red cedar, salal, deer fern,
Douglas fir, western hewmlock, Vacciniup species, bunchterry,

- ———— ——

grasses, Alectoria species, and Icbaria species (a foliose

—— v . o i . e - ———— -

lichen).

4,3.2 FPood habits during the mild-winter of 1972-73

During the mild winter, deer ate mostly ccnifers, =<shrubs,
and ferns. A greater vclume cf fcrbs and lichens was eaten
during the mild winter than during the severe winter, The fccd
types occurring in mcre than 50% cf the samples were ccnifers,
shrubs, forbs, ferns, and lichens. Deer fern and red cedar each
contributed more than 10% to the total vclume eaten. Hemleck and
Douglas fir were less heavily used during the r1ild winter than
‘?uring the severe winter, suggesting that they were utilized
when more palatable species were difficult tc <cktain. The
following species occurred in more than S0% of the sarples: red
cedar, western hemlcck, salal, deer fern, Vaccinium species,
bunchberry, twinflower, Rutus species, and Polystichur species

e i o o —— oy  —Ca . o s -

{(a fern).
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Figure 5

Percent volume of the food types in the rumen samples

1 Conifer p = 0.003
2 Shrubs p = 0.911
3 Forbs p = 0.036
L Ferns p = 0.001
5 Lichens p = 0.028
6 Mosses ___.__
7 Liverworts = aaca-
8 Misc .

used as one sample. The statistics are calculated with the
Kruskal-Wallis H test. ‘

The probability value given is the probability that the percent
volume of a food type is equal in the 4 sample periods.
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Figure 6

Percent occurrence of the food types in the rumen samples

FOOD TYPE

Conifers
Shrubs
Forbs
Ferns
Lichens
Mosses

Liverworts

O N OV W N A

Misc
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Figure 7

Percent volume of the species in the rumen samples

= O WV W d O WUV I WM
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and the statistics are calculated as
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pecies in each rumen sample was calculated
explained in Figure 5.
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Figure 8
Percent occurrence of the species in the rumen samples
Red cedar
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Although the fcod habits durirng early spring were similar
to the food habits during the mild winter, deer ate 1nmuch less
deer fern in spring than in winter. Cf the species occurring in
more than 50% of the winter samples, cnly twinflower and Bultus
sp failed to occur in at least 50% of the sarples frcm early

spring.,

4.3.3 Summary and discussion

The data indicate that severe winter conditions 1limit the
availalkility of many fplant sgecies +to deer. In the severe
winter, most of the diet was conifers and shruts, but in the
mild winter, <conifers, =shrukts, forks, ferns, and lichens were
used. In the severe winter, 5 species cccurred in more than 50%
of the sample§, whereas in the mild winter 9 species cccurred in
more than 50% of the samples, Mcre species were utilized in
winter than in spring, which again suggests that winter

conditions restrict food availakility to dcer.

Some of the conclusions from the fcod haltits data differ
from those based upcn subjective field cbservations of deer food
habits, The most important difference is in wutilizaticn cf
lichens, Field observations. suggest that arboreal 1lickens
(principally élgctogig sarmentosa ) are much mcre heavily

A o e e o o -—— - - ——

utilized than shown in the data. Cnhe reason that Blectoria was

e . — — s

not more conmon in the rumen samples is +that 1xost deer swere

- s . vt e e S

However, because some deer taken from lcgged hatitats had tbeen

eating Alectoria , thcse deer must have done some feeding in

— v s — . s o S
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ma ture timber habitats. The data presented in the 1next secticn
indicate that in winter, deer used mature timber hatitats more
heavily than logged habitats. 1In other areas cr Vancciver
Island, arboreal lichens made availatle as litterfall ccmprised
3u% and 14% of the winter diet of deer (Cowan, 1945; Gates,
1968) . Future studies will protatly show that deer in the
Nimpkish Valley eat more 1lichen than was suggested in this

study.
4,4 Winter habitat selection by deer

4.,4.1 Habitat selecticn during the severe winter

of 1971-72

Duriny the severe winter much snow Zfell from December
through carly March, and temporary track ccunt plots were used
to ‘measure deer-use. The results show that deer-use c¢f mature
timber and second-grcwth habitats was highly variatle (Figure
9), and deer-use indices taken from clear slash habtitats (c¢n
south aspects at low elevaticns) ranged from 0 tc S.4 (Arrendix
4y . Deer generally used south aspects more than north aspects,
and low elevations more +than high €elevaticns, but the

differences were not ccnsistent (Figure 9 and Apperdix 4).

Much of +the variation in deer-use of logged hakitats was
. probably caused by differences in snow conditicns., Few deer used
logged hatitats when the sncw was deer and soft, tut they vtcsed

mature timber habitats where sncw was less deep, However, many

deer used logged habitats when the snow tecame hard crusted,
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Figure 9

Range and median of the deer-use indices

taken during the winter>of 1971-72

The data presented in this figure

were taken from south aspects



Mature Timber Second-growth Slash
251 251
X -
x 3]
-§ 201 B 20} ]
- - "
c - - 5 | N:3
8 15 N:8 8 15
o ]
~ . %
8 10 \ e 10+
[ =
5F 5l N:2
B (NO DATA?
| 1
500 500 1500 2500
1500 Ay 22 1o
1500 2500 4000
ELEVATION C(FT)

B9



27

especially the seccnd-grcwth =slash where the upper parts of
shrubs and conifers were eaten, The deer-use indices frcm an
areca of second-growth were O and 2,3 when the sncw was scft, but
when the snow became hard crusted the deer-use index increased
to 2.6, The crusted snow conditions occurred fecr akcut 10 days

out of the three-and-one-half-month winter pericd.,

During wmost <c¢f the =severe winter, deer made more use of
mature timbter hatitats thap logged habitats, apparently because
snoWw was shallowest in the timber hatitats (Figure 3). The mcst
heavily used mature timber habitats ueré those havirg a dense
crown clcsure, probtably because snow depth is inversely related

to crown closure (Figure 4).

Of the 19 permanent plots, 6 were in areas that deer csed
extensively in the severe winter, and 11 were in areas that were
used ‘only slightly (Tatle 1). Five of the 6 plots wused
extensively during the first winter had 6Et% <cr greater crcsn
closure, and 1 bad 60% crcwn clcsure. Cnly 2 of the plots that
were uséd slightly had 65% 6: greater crcwn closure, and 1 of
these plots was at 2900 ft elevation where snow was tcc deer fcr
deer. 1Also, 3‘of the 5 temporary plcts located auring the mild
vinter (at elevations of 3400 ft or greater) had 65% or greater
crown closure, and 2 of thgse were used extensively by deer,
None of the plots having less than 65% crown closure were used
extensively. From these data, I éonclude that in general, only
habitats having 65% or greater crown cleosure are suitable fcr

winter range habitats when there is much snowfall.

The results indicate that habitat celection is variatle,
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and depends upon more than elevation, aspect, ard seral tyre.
Field ohservations suggested that sncw depth, snow hardness,
crown closure, and food availability had more influence wupon
habitat selection than seral type, elevaticn, cr aspect. The
experimental design was mcdified befcre the second winter of
study to determine if haltitat selection was clcsely related to

these variatles,

4.4,2 Babitat selecticn during the mild winter of 1972-73

The habitat classification scheme was exparded in the

second year of study to include the fcllcwing habitat tyres:

1) mature timber having a shrult understory,

2) mature timber haviung a conifer understory.

Ther predominant understcry species in the conifer understory
timber types were western hemlock and Aties species, and the
predominant understory species imn the shrub understcry tjypes
were salal and Vaccinium species. When snow was fpresent, I used

the permanent track ccunt plcts to measure deer-use, and when

snow was abksent, I ccunted deer to measure deer-use.

Because of the unusually 1light sncw conditions 1ittle
useful information was collected from the permanert track ccunt
plots, and several assumptions were wmade when the data were

analyzed:

1) when there were no deer tracks cn a plct, I estinmated
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“the track depth frcm measured track depths taken from
similar plots,

2) to take advantage of sporadic snowfall, I saved time ty
not measuring vegetaticn if the snow depth was similar
to the snow depth at the previous samplicg date, It was
assumed that the vegetation ccver on the plot was

ijdentical to the cover at the previcus sanplipg date.

4.4.2.1 selection of logged versus unlogged hatitats

In the rild winter, habitat selection Lty deer was
apparently not correlated with elevation, crown closure, the
estimate of 1lichen abundance, snow depth, or percert ccver cf

food plant species (Table 2). The track count indices were alsc

o pd

1-;.,\_2 v A
dacelu Wi

©

poorly cort
deer made egqual use of all seral types. This suggestice is
incorrect, hcwever, tecause wmany of the permanernt flcts in
tinber habitats were located in areas that were used heavily ty
deer during the severe winter of 1971-72, During the pild
winter, deer made light use cf these areas, and they rade mcre
use of neightouring mature timber habitats at high elevations,
The data taken by counting deer in the daytime shcw that in
winter, deer made mcre use of mature timber hatitats than of
logged habitats (Table 3). The mean deer-use index frcm Decernber
through March was 2.1 in all témher hatitats, ard 1.5 in all
logged habitats. During April, deer made more use of the logged

habitats than of the mature timter hakitats (Takle 3).
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Timber, above
A1l habitats 3100 ft. only

2/

r= r =
Elevation 0.17 -0.08
Seral type ' 0.131/ -
Crown closure 0.24 0.53
Lichen est. 0.22 0.36
Snow depth -0.18 -0.51
Track depth - -0.10
Percent cover 0.06 | -0.29
food species

n = 30 n=29

2 Correlations of the deer-use indices with other habitot
measures taken during the winter of 1972 - 73.

These data were taken from the permanent track count plots.
1/ Spearman rank correlation.

2/ Total cover of Vaccincum species, salal, deer fern,
western hemlock, cedar, and Douglas fir.

These data were collected from the permanent track
counts plots.




Mature timber

Compare habitat

Period Logged habitats habitats types
December to 1.6 £ 2.1 2.1 £ 1.8 H= 4,07
March n =24 n =38 p = 0.044
April 23.5 * 53.3 1.3 £ 1.8 H=6.18
n=29 n=13 p = 0.013
Table 3 Deer-use of logged and mature timber habitats during the

winter and spring of 1972-73 (mean * st. dev.).

These indices are calculated from the daytime deer counts

as deer seen per 100 minutes of searching time

Each day's count is considered as one index of deer-use,

and all statistics are calculated with each daily index

used as one sample. The statistics are calculated with

the Kruskal-Wallis H test.

o1



Shrub Conifer Compare habitat
Period understory understory types
December to 2.8 £ 1.9 1.1+ 1.0 H=9.19
March n = 24 n= 14 p = 0.002
April 0.9 = 0.8 2.0+ 2.8 H = 0.35

n=28 n=25 p = 0.553
Table 4 Deer-use of mature timber habitats having a shrub

understory and a conifer understory, during the
winter and spring of 1972-73 (mean * st. dev.).

The deer-use indices and the statistics are calculated

as explained in Table 3.

32
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4,4,2.2 selection of mature timker hatitats

Curing the wmild winter, deer made mnmore use of timber
hatitats having a shrub understory than those having a conifer
understory (Table #4), The shrut understcry habitats were
protatly preferred because they provided mcre Ltrcwse than the

hakitats having a ccrifer understcry.

The track count indices from mature timber hakitats (3400
ft elevation or greater) were poorly correiated with elevaticno,
track depth, and percent cover of fccd‘species (Takle 2) . Leer-
use of the high elevation timber habitats was positively
correlated with the estimate of lichen litterfall, aithcugh the
correlation coefficient was 1low. Use of the high-elevation
timber hakitats was also pcsitively correlated with crown

closure and negatively correlated with snow-depth (Takle 2).

Many deer wintered in mature timker bhalkitats at high
elevations where sncw was present and browse scarce (Figures 10
and 11). I feel that these deer wintered as high ir elevaticn as
conditions permitted, and sutjective clservaticns suggest that
Alectoria 1litterfall was a heavily used food item on the high
elevaéion winter ranges. Mcst high elevation areas that were

heavily used by deer had shallow'snow and high crcur clcsure

(Figures 10 and 11).

4.4,2.3 selecticn cf lcgged habitats

The data taken by counting deer at night shcw that deer

made little wuse of clear slash hatitats in Janruvary, and the
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Location of the track count plots.

1
Elevation (ft.) 3800
Crown closure 70%
Deer-use 0
Snow-depth (ft.) 1.2
%2 cover of 1%

Vaccinium sp

Figure 10

Plot number

2 3
3600 3000
L&y £o%
0
3.2 1.8
<1% 19%
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1500
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Location 5 was a heavily

neoad wintoar ran
used winter rangs

the mild winter of 1972-73.1
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with plots.
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Figure 11

Location of the track count plots on Abel Ridge

Elevation (ft.)
Crown closure
Deer-use
Snow-depth (ft.)
Track-depth (ft.)

% cover of
Vaccinium sp

1

3900

35%
0.5
3.5
0.4
0

Plot number‘

2
3700
65%
6.6
0.8
0.4
12

3
1800
75%
1.2
0.6

<1%

Location 4 was a heavily used
winter range during the mild-
winter of 1972-73. This area

was not sampled with plots.
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intensity of use increased lipearly frcm Janvary through mid-May
(Figure 12). The data points shown are the mean values cf the
individual counts taken during each sampling pericd. Because
deer did not make egqual use cf all clear slash areas, only 32%
of the variation in individual deer-use indices was explained Ly

the time variable,

In areas where large rumbers cf deer wintered ip the rmature
tinber habitats, wuse cf neighbcuring logged areas did not
increase linearly from January through April. The Ttate cf
ijncrease of deer-use was gJreater in March apd April thar in
January and February (Figure 13). In early spring, heavily used
deer trails led downhill from the bigh elevaticn winter rarnges
to the logged spring ranges. Deer—use of clear slashes did =nct
continue to increase after mid-May of 1973 (kKochelle, pers.

COEM,)

4,4,2.4 effect of snow on deer-use of a lcgged hatitat

In mid-March of 1973 there was a brief pericd wher abcut 10
inches of snow fell at 1000 ft elevation. when the roads were
passatle near the end ¢f the sncw period, I counted deer at
night. The results indicate that the snow caused = deer tc make
less use of the.clear slash habitats (Figure 14) . In sone areas
nost of the deer that were seen were on the border of the timter

and the logged habitats.

4.4,.3 Characteristics of winter range hatitats

The data are nct sufficient to descrite winter range
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Figure 12

Deer-use of clear slash habitats during the

winter and spring of 1972-73

The deer use index is calculated as the number of deer
seen at night per mile of road. The data points shown
are the mean values of all counts done within each sampling
period but the statistics are calculated with the individual

deer-use indices (n=107)

The independent variable was 'day', with January 1 equal

to '1' and May 17 equal to '137'
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Figure 13

Deer-use of two clear slash areas during

the winter and spring of 1972-73

Each data point represents the number of ‘deer

counted each night the transect was sampled
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Figure 14

Effect of snow on deer-use of a clear slash area

during the winter of 1972-73

Each data point represents the number of deer

counted each time the transect was sampled

The intervals shown are 95% confidence intervals

of the proportion P, where

P = Ni / Nt Ni = deer counted at each
sampling
Nt = total deer counted over

all sahplings
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habitats gquantitatively. However, suhjective'evaluaticns gllcw
me to descrite the characteristics typical of deer winter range
in the Nimpkish study area. I realize that more detailed wcrk is
necessary to gquantify the relationships expressed, and have
presented these descripticns so that wildlife and forest
managers can identify winter range hakitats. Twc types cf winter

range hatitats are described:

1) habitats i1sed during the severe uintér,@yhen SNCW Wwas
deep and soft,
'2) habitats used during the mild winter, wher sncwW Wwas

seldom present belcw 2500 ft elevation.

4.4,3.1 bhabitats used during the severe winter

During the  severe winter, mcst deer used mature timter
habitats at low elevations, and having shallcw spcw. Sore

‘characteristics of the winter ranges were:

1) Crown closure: The habitats uged heavily bty deer during
the winter <c¢f 1971-72 had g;iwor greétcr crown closure
nyfrabie 1). White-tailed deer normally require winter
& babitats havihg‘a crown closure of 70%, althcugh in scme
babitat types Uu5% is sufficient (6i11, 1957). The most
important effect of crown ‘closure is the reduction of
snou’ accumulation on the ground. In the Ninpkish, Encw
ipn the mature‘timber habitats was about one-half as deep

4s snow in the iogged hatitats. Some heavily used wirnter

ranges in mature timber on the valley lLcttce had 1lcuw



2)

3)

4)

5)
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‘cro¥n closure (40 to 50% est.). Such areas were spall

patches of timber surrcunded by logged habitats.
subjective cbservations suggested that mortality was
very high in such areas, and therefore such fpatches cf
timber are prcbably not gccd winter range.

Food: The most important food items in the mature
timber habitats were red cedar, pouglas fir, =alal,
{Figures 7 and 8). Lichens, red cedar, and [ouglas fir
were made availakle as litterfall.

seral type: All heavily used winter ranges were mature
timber habitats. However, not all mature timter halbitats
were winter range, The most impcrtant characteristic cf
the winter range habitats was a high crown closure.
logged habitats were used when the =srcw was hard
crusted,

Timber type: ¥cst heavily used winter ranges had
Douglas fir and western hemlock in the cverstory. Timkter
habitats having cedar species or Akies species abundant
in the overstcry were normally nct used. The importance
of timber type was its effect on crown closure. fouglas
fir and hemlock types usually had bigher crcwr clcsure
than did types baving abundant Abies species or cedar

species. i

Bock bluffs: Some heavily used winter ranges had
exposed rock bluffs under the forest canopy. Such tluffs
were often free of show, and’often had food availatle.

However, some heavily used winter ranges did rnct have
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exposed trTock Dbluffs, The crcwn closure was very low in
some areas having exposed rock rluffs and therefcre sncw
was deeper. Deer use was lcw in such areas. In general,
areas having small bluffs were mcre heavily used than
areas having large bluffs.

6) Slope: Many winter ranges were on slopes steeper than
50%, and snow was often shallower on steer slopes than
on valley bottom or ridgetop areas. The relaticnship cf
snow depth with slcpe was not consistent in all areas
visited.

7) Elevation: Mcst winter ranges were below 2500 feet
elevation. However, elevation itself was not an
important factor. The most important factcr affecting
habitat selection was sncw depth, and elevation was onlyl
one of several variables affecting snow derpth,

8) Aspect: Many winter ranges were on south aspects., Ncrth
slope areas having a high croun closure and relatively
high food abundance were used ky deer. Scuth slcpe areas
having low crcwn closure wuere not used bty deer. In an
earlier study, 16% cf uhite—tailed deer winter ranges
were found on north, east, or northwest aspects, and it
was nncertain whether aspect cr vegetaticrn tyfpe was the
important factcr influencing habitat selection (Wett,

1948y,

4.4.3.2 habitats used during the mild winter

Deer were observed in all habitat types during the rild

winter. However, deer did nct make egqual wuse of all hatiteat
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Ssome characteristics of the haktitats that were heavily

used are:

1)

2)

3)

4)

Crown closure: Mcst.heavily used timber hakitats had
65% or lower (estimate) <crown closure., Hcuwever, scre
high elevaticn winter ranges had crcwn clcsure (greater
than 65%. High crcwn closure was important at bhigh
elevations because of greater snowfall, In general,
areas baving lcw crcwn closure bhad greater fccd
abtundance. Because of 1lcw sncwfall, a dense crown
closure was not necessary at mcst elevaticrs,

Food: The mecst impertant focd items durircg the mild

winter were red cedar, salal, Vaccinium species,

arboreal lichens; deer fern, frunckberry, ard twinflcwer.

Seral type: Many deer wintered in tirber habitats
having high abundance c¢f salal, Vacciniun sp, and

Alectoria sp. Scme deer wintered in second-growth slash

— A — s . 1 T s

babitats having high atundance cf red cedar, Yaccirium
sp, and salal, In mest areas, deer used logged habitats
heavily only in the sgpring.

Timber type: Most timker habitéts that deer used
extensively bad much Dcuglas fir and western heslcck, cr
mountain hemlcck, inf the cverstory. 1In some areas,
habitats having predominantly Aties species ard cedar
species in the <cverstory were beavily wused. The
composition cf the overstcry probably had less effect on

habitat selection than the compcsiticr cf the

understorye.
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5) Rock bluffs: Mature timkter areas having expcsed rcck
tluffs were cften used heavily by deer, Such areas often
had high atundance of salal, Yaccinium species and
arboreal 1lichens. W®hen soft sncw was deeper than one
foot on the areas having tluffs, deer moved tc habitats
having a derse crcwn clcsure where snow was less deep.

6) Slope: Many timker winter fanges were irp areas having
steep (greater than 50% est.) slopes. Such areas
generally had wmcre exposed rcck bluffs than less steep
areas, waever, in many areas, dcer made extersive  use
of flat-topped ridges. The relaticnship of deer-use with
slope was inconsistent between different areas.

7) Elevation: Many winter ranges were at elevations
greater than 250C feet. Hiéh elevaticn winter ranges
were usually on south slopes and had high crcun
closures, and fccd was scarcer in comparison with many
low elevation habitats. Some deer wuwcved tc lcwer
‘elevations when fresh snow was more tham cne fcct deep
and soﬁe rerained high until the snow melted.

8) Aspect: Deer did not appear to ccnsistently chccse any
single aspect, and fcod atundance, snow, and tcpcgrarhy
apparently had the greatest effect wupon hatitat

selection.

4.5 HMcvements of deer

The radic-lccaticn data are insvfficiently detailed to show
accurately the home range size of the deer. However, I have

specified the maximum amount of area that the deer used during
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the winter pericd. In both cases, the maximum area was

approximately one-quarter square mile (160 acres).

Cne yearling female deer was tracked thrcugh the winter cf
1972-73. During winter, this deer used a mature timber area of
less +than 160 écres, on a south-facing slope at abcut 2000 ft
elevation, On February 13 the deer was in a second-growth slash
area at 1100 ft, and frcm February 15 to February 20 it was lLack
in the timbered winter range. 1In early March it mcved tc an
adjacent clear slash area cf less than 160 acres., The deer was

found in that area until May 25 when the radio signal was lost.

A second yearling female deer, tagged in BApril of 1973, was
tracked on its winter range from Novemker 4 until February 8,
1974, Turing this pericd it used a 1200 ft elevaticr ratch cf

timber of less than 160 acres as its winter range.

The 1limited data collected suggest that deer on their
vinter ranges move very little. Both cf the tagged deer used

less than 160 acres as their winter range.

Of the seven deer tracked later than May 1 of 1973, three
moved from low elevation logged hatitats tc high elevaticn
mature timber hatitats. These movemgnt; occurred in June, July,
and Septemkter. In May, cpe deer moved from a low elevation
logged area into a low elevation area cf pature tirber. A11 cf
these movements were lcnger than 1 mile, Tkese results suggest
that about one-half (4,7) cf the deer that use logged areas in

spring move to unlogged areas in spring and sumrer, These

observations agree with thcse ¢f Ccwan (1956), who repcrted that
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Test equality
of ages

Fawn Yearling Adult (1umped sexes)
(inches) (inches) (inches)
Male 17.8 £ 1.0 (14) 20.9 = 1.0 (5) 23.4 + 1.2 (8) H = 43.045
p < 0.001
Female 17.5 £ 1.0 (9) 20.7 £ 1.0 (5) 20.9 * 1.2 (25)
test equality H = 0.122 H= 0,40 H= 15,004
of sexes p = 0.73 p = 0.53 p < 0.001
Table 5 Chest heights of deer (mean * st. dev.).

The sample size is in brackets.
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migrations from the spring ranges start in April cr Hay.

4.6 Chest heights of deer

01d deer had greater chest heights than young deer, and
male adult deer had greater chest heights than female adult deer
(Table 5). There was no sex difference in chest beights cf fawun

and yearling deer.

The data suggest that deer will have a difficult tinme
moving if they sink deeper than 17 to 23 inches ir =sncw. Adult
deer will ke able té mcve freely in deeper snow than will fawns,
and male adults will be able tc mcve in deeper snow than will

fenmales.

4.7 Sunmary and discussion

Snow 1is an impcrtant facter limiting the winter

distritution of black-tailed deer (Rdwards, 1956), mule deer

o s .

{0docioleus hemionus hemionus) (Walmo and Gill, 1971), and
white-tailed deer (Verme and Czaga, 1971). Where snowfall is
heavy, all 3 deer species winter in hatitats havirg the least

SNDOW.,

The ability of an animal +to survive in deep snow will
depend on its ability to move freely, and the alkility tc orgove
freely depends largely upcn how deeply the animal sinks in the
snow, The four most important factors governing hcw deeply an
animal sinks in sncw are chest height, snow depth, weight-

loading on the hooves, and snow hardness. For example, moose
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and are able to winter in deeper sncw than are the deer

(Kelsall, 1969).

It is obvious that if the sinking depth in snow exceeds
chest height for a long period, deer will have difficulty mcving
in search of food. In the Nimpkish Valley, chest heights of deer
averaged 17 to 23 inches, depending on sex and age (Tatle 5). In
the severe winter of 1971-72, snow in tbe 1logged habitats at
1000 ft was about U ft deep fcr several months., This snow depth
was much greater than the chest height of deer., Src¥ in the
mature timber hatitats was aktout cne-half as deer as srcw in the
logged hakitats (Figure 3). Sncw was least deep in mature timler
habitats having a high crown closure, tut even ir such habitats

-~ e
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deep enough to cause hardship for deer, but snow in the logged

habitats was deep enough to make deer-use impossitle.

When the deep sncw in the logged habitats formed a hard
crust, deer made heavy use cf these areas. The tops of shruls
and conifers projected above the snow and were wutilized during
the pericd when the sncw was hafd crusted, In the severe winter,
the most important factor influencing use of logggd hatitats was
not sinmple snow depth, but the conmtkined effect c¢f sncw depth and

snow hardness on deer sirpking depth.

In the mild winter, many deer used mature timker hatitats.
Use of second-growth habitats was less intense thar use cf the
timber winter ranges, and this observaticn contradicts theose of

Gates (1968). Gates found that tecause fcod was ncst abundant in
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12 to 15 year-old 1lcgged habitats in mid-central Vancouver
Island, deer preferred to winter in these logged habitats. The
different batitat selecticn Fatterns in the different areas are
protatly related tc the different environmental conditions.
Gates's study area has a generally wmilder winter clirate and
less sncwfall than py study area. The area studied Ly Gates is
fairly level and has no steep mcuntains, whereas the ©Nimpkish
area is flat only on the valley hottoms; and mcst cf the area is
mountaincus. In the HNimgkish area, the timbered hatitats that

were used heavily by deer in the mild winter were wusvally cob

steep mountains,

It is uncertain whether deer chose winter ranges having the
greatest food abundance. Many deer wintered in high elevaticn:
timber habitats where browse was nct abundant. The high
elevation habitats had 1less browse than the second-growth
habitats, but the second-growth was not used heavily during
winter. However, mcre decer used timber habitats having a shrut
understory than used timber  habitats baving a ccnifer
understory, probably because the shrub wunderstory had more
available food than the conifer understory. I feel that deer
didn't always use habitats having the greatest fccd abundance;
but they used those habitats having adequate food aktundance. 1In
Oregon, black-tailed deer often winter in hakitats wkere tctal
browse atundance is nct the greatest available to the deer, and

where the most palatable species are not abundant (Hines, 1973).

The areas that were used heavily bty deer durirg the severe

winter were lightly used during the ®mild winter. Subjective
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observations suggest that the ‘hatitats that were heavily used
during the mild winter were the same as thcse wused in autunmn,
The data on deer movements suggest that in suxmer, many deer
move froﬁ the spring ranges at low elevaticns tc high elevaticn
areas. I feel that the deer that make this movement are the same
deer that wuse high elevation areas in pild winters. These deer
will move to low elevaticn areas cpnly if forced dcwn by deer
sncw. Black-tailed deer (PLasmann and Taber, 1956), mule deer
(Dixon, 1934; Russell, 1932) and white-taaled deer (Ccck and
Hamilton, 1942; Severinghaus and>Cheatum, 195€) cften use high

elevation areas or summer range areas during mild winters,

In the mild winter there were 2 majcr habitat types that

were heavily used by deer:

1) mature timber hatitats having expcsed rcck kluffs, high
abundance of salal and JYaccinium species, and high
2) mature timber habitats above 2500 feet elevaticr, having

high crown <closure, high abundance of 2lectoria , and

-

——— e —

The pattern . cf deer-use ‘cf the 1logged habitats varied
considerably between the two winters., In the severe winter, use
of the logged haﬁitats was lcw eycept when =sncw was hard-
crusted. When the snow melted in April, many deer used the
logged habitats, In the mild winter, usé of the lcgged habitats

was low in January apd increased linearly through 2pril. A trief
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period of snow in March temporarily caused many deer tc stcg
using the logged hatitats. Subjective cbservations suggest that
deer made extensive use of the logged hatitats kefcre the new
year's growth of forbs had begun, Subjective otservations of
deer behaviour suggest that deer made heavy use of the logged

habitats in April because these areas were the warmest,

4.8 Condition of deer

In order toc understand deer +winter ecology, something
shculd ke known akcut the relaticnships between winter weather

and the nutritional condition of deer.

The kidney’fat nmethod was used tc estimate deer ccenditicn
in late January c¢f 1972 and 1973, late Farch - early April of
1972 and 1973, and November cf 1972. The results are shown in
Table 6. The Kruskall-Wallis H test was wused tc test fcr
differences Lketween the means cf the different samples of deer
condition. In all analyses discussed in secticn 4,8, favwns are
deer less than 1 year ¢ld, and adults are deer mcre than 1 yeacx
old. More age classes wculd have been used had the sample sizes
been larger. Probability values are given cnly when the results
are significant at the 5% level, I feel that the differences
discussed in the text are real, even though not all of the
differences are statistically siqnificant. It is prctable that
more of the differences wculd have been significant if 1larger
samples had been obtained, I was not atle tc cttair ccrplete
data describing the ccndition of all aée and sex classes cf

deer.
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4.8.1 Deer condition over the winters of 1971-72 ard 1972-73

Within all age and sex classes c¢f deer for which comparable
data are availakle (rale fawns, female fawns, female adults (p =
0.01)), deer condition worsened during the severe winter cf
1971-72, All age and sex classes from which sagples were taken
(male fawns, male adults (p = 0.02), female adults (p = 0.03)
a'lso lost condition during the mild winter. 211 aqge and =sex
classes for which samples are availalle were in wcrse ccnditicn

during the severe winter than during the mild winter (Talkle €).,

The linear regressicns cf deer whcle weight against deer
eviserated weight are presented in Figure 15. The regressicn
lines calculated for each winter cf the study bave siqgrificantly
different slopes (p = 0.C24, which means that the average whole
body weight for a given eviserated weight was greater in the
severe winter than in the gild winter . Therefore, a (greater
proportion of whole body weight was muscle and fat in the mild
vinter than in the severe winter. This result suggests that deer
were in better conditicn in the mild winter than in the severe
winter. The difference in condition was greater fcr large deer

(adults) than for small deer (fawns),

4,8.,2 Relationshirs between deer ccndition and

the sex and age of deer

In all sample rpericds for which <comparatle data are
availakle, female fawns were in better ccndition than male fawns
(January of 1972, #March of 1372, January of 1973); and ferale

adults were in better condition than male adults (March cf 1972,



Period Male Female Male Female
fawn fawn adult adult
January 1972 6.9 * 9.5 11.5 £ 2.7 - 43,1 + 24.0
n=>5 n=3 n= 17
March 1972 1.2 £ 3.3 3.8 £ 6.0 2.8 + 5.0 8.7+ 9.0
n==4 n=_5. n==a6 n= 11
November 1972 61.6 + 49,2 - 113.2 £ 79.0 113.9 + 25,3
n=3 n=3 n=2
January 1973 9.2 = 3.7 18.4 £ 9.0 5.6 + 27.1 100.5 + 55.8
n=3 n=2 n=3 n=7
March 1973 8.2+ 1.0 - 11.0 £ 6.4 41.2 + 30.5
n=2 n==6 n==5%
Deer condition indices (mean * st. dev.).

Table 6

53
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Figure 15
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January of 1973, March cf 1973 (p = 0.01); (Taktle 6)).

In all sample periods, female fawns were in worse condtion
than female adults (January of 1972 {(p = 0.02), March cf 1972,
January of 1973 (p = 0.04)); and male fawns were in wcrse
condition than male adults (March cf 1972, bovembter of 1972,

January of 1973 (p = 0.05), March of 1973; (Taktle 6)).

4.8.3 Summary and discussion

Deer conditicn detericrated nparkedly during the severe
winter of 1971-72, rprcbably because cf the severe weather, [eer
condition also deteriorated during the =®rild wirter, but less
than it 4id during the severe winter, Varicus authcrs have ncted
that even when fccd is abundant in a mild winter, deer
voluntarily reduce their food intake and therefcre 1lcse wufp to

25% of their tody weight (Bandy, 1965; Czoga and Verme, 197C).

In all sample pericds, fawns were in worse condition than
adults. Even in November of 1972, fawns had less tcdy fat than
adults. These results agree with all published studies cf black-
tailed, mule or white-tailed deer (Andersocon, ¥edin, and Eowden,
1972; Bartlett, 1950; PBartlett, 1955; Brcwn, 1961; Einarsen,
1956: Erickson, Gunualson, Stenlund, Burcalow and Blankenshigp,
1961; Lassen, Ferrel ard Léaéh, 1952; FEobinette, Cashwiler,
Low and Jones, 1957). Fawns are less able to withstand severe
winter weather than are vyearlings or adults, The relative
mortality rates of fawns and adults vary with the severity of
vwinter. In general, the proportion of adults in the mcrtality

increases with increasing severity of winter (Eartlett, 1955)
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and with decreasing range condition (Klein and Olscn, 1960).

The data suggest that male deer were always in wcrse
condition than ferale deer. In most areas, male Ltlack-tailed
deer (Taber and Dasmann, 1954), mule deer {(Rotinette, Gashwiler,
Low and Jocnes, 1957), and white-tailed deer (Bartlett, 1955) die
at higher rates than females. However, some authors have found
that female fawns sometimes die at higher rates thar male fawns.
Rotinette, Gashwiler, Lcw, and Jones (19¢7) found that althcugh
adult male mule deer had the highest mortality rates, female
fawns died at higher rates than male fawns. The 1results cf a
previous study on Vanccuver Island suggested that female fawns

have higher mortality rates than male fawns (Smith, 1968).

The results of this gtﬁaf, and some previous studies,
indicate that when wingéf weather is severe, deer ccnditicn
that the deer lose, and the npumber of deer that die, are
directly related to the severity of thé winter (Severinghaus,
1947)., In Ontario, 6% of a herd of white-tailed deer died
during a severe winter, but cnly 6% died during a mild winter
{(Cumning and Walden, 1970). Fawns usuallj die at higlker rates
that adults, and males usually die at higher rates than females.

5, DISCUSSION

«

The following discussicn synthesizes the results of this
study with those of earlier workers, and is divided intc 3

sections:
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1) Effects of winter weather on deer
2) Ecclogical mechanisms mitigating the effects of winter
weather on deer

3) Management reccomendaticns

5.1 Effects of winter weather on Qdeer

Varicus anthors have reported that the severity cf uintgr
weather, or the amount and quality of winter range, are
important factors affecting ropulaticn sizes of black-tailed,
mule and white-tailed deer {Brcwn, 1961§ Ce¥io, 1938; Fdwards,
1956; Wallwmwo and Gill, 1971). The effect cf severe wcather is

to cause malnutriticn and =mortality.

Relativnships between deer ccecudition, mortality

rates, and winter weather

In'deep snow, deer have a hard time finding fcod (Coblertz,
1970; Moen, 1973) and mcving about (Vermevand Cz20g9a, 1971;
Wallmo and Gill, 1971) . The food plants availatle in winter are
less nutritious than the hertaceous plants availatle in spring
and summer (Gates, 1968). Movement through deep snow is
difficult and requires much energy (Verme and Czcga, 1971), and
cold winds or low temperatures cause additional energy lcsses

{Mcen, 1968a, 1958b).

Many authors have regcrted that deep snow in winter causes
pocr condition and heavy mortality of .tlack-tailed, =czule, and
white-tailed deer. Ip western Washington, sncw deprths cf 2 feet

caused 25% to 30% of a black~-tailed deer herd to die, Most of
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the carcasses were found in clear slash hatitats (Brcwn, 1961).
In Califeornia, a severe wirter resulted in death of 3¢% of a
mule deer herd and 1lcess cf 82% cof fawns (lassen, Ferrel, and
Leach, 1952). In another areé of Califorpia, 4-fcct srcw depths
resulted in death cf cne-third cf a mule deer herd ard lcss cf
alpost all of the fawns (lecpcld, Riney, P¥cCain, and Tevis,
1951) . In Utah, snow depths of 2.5 t¢c 3 feet resulted in the
déath of 42%, 26%, and 9% cf 3 mule deer herds, ard the 1lcsses
were inversely related to the amcunt of availatle trouse
(Robinette, Julander, Gashwiler, and Swmith, 1952). B =scevere
wvinter caused the death of 63% of fawns, 19% cf adults, and 35%
of a white-tailed deer herd (Bartlett, 1950). In other areas,
severe winters caused mortality rates of 10 to 25% and 60% of 2
white-tailed deer herds (Erickson, Gunualsce, stenltnd,‘
Burcalcw, and Blankenship, 1961; Bartlett, 19%55). It is clear

that severe winters can cause extensive mortality of deer.

Fawns and very old deer usually have tigher mcrtality rates
than prime age deer, Fawns protably die at high rates because
they have less becdy fat in rropcrticn to their weight than
adults (Table 6). Fawns have less fat than adults bltecause they
have a f;st rate of growth during their first sunmmer cf life
(Bandy, 1965). Fawns alsc bave more difficulty than adults in
deep snow because they havé lower chest heights than adults
(Table 5). Males often die at "higher rates thar fermales,
possitly tecause they 1lcse more ccndition in 1late autumn.
However, males have greater chest  heights thar females,
indicating that they have less difficulty mecvirg in deeé ENCw

(Tatle 5),
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51.2 - Relationships between winter weatter and

deer reproducticn

I was not able to assess the effects c¢f winter weather c¢n
deer reproduction, However, previous authors Lave fcund that
severe winters affect reprcducticn c¢f mule and white-tailed

deer,

Verme (1969) fcund that if white-tailed females are in rocor
condition during winter, they give birth to weak or stilltorn
fawns., Mule deer fawns born after a severe winter weighed 12%
less than those btorr after a mild winter (Robinette, Gashwiler,
Low, and Jcnes, 1957). There are fewer fawns per female
following a severe winter than follcwing a 1ild winter
(Rorinette, Gashwiler, Lcw, and Jcnes, 1957; Verme, 1967). 1In
California, the rates cf reproducticn were negatively correlated
with the degree of utilization of winter fccd (Dasmarn and
Blaisdell, 1954), Arrparently, severe winter weather causes
gréater prenatal and early mcrtality rates of males than females
(Rcbinette, Gashwiler, Low, and Jones, 1957). Klein (1970)
summarized the reascns why ea:ly mortality of ©rewbtcrn fawns

increases after a severe winter:

1) the fawns are in pcor conditicn,
2) the fawns are too small to reach thke teats,
3) the female delays lactaticn,

4) the female will nct allow the fawn to suckle.

The effects of severe winter weather cn future reproduction

depend partly wupon the rate of early fawn mcrtality {Verre,
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19¢9) . If a female successfullyA raises fawns after a severe
winter she must lactate all summer, kut if her fawrs die she
will not lactate all summer. Thcse fermales that lactate during
the summer may not be able tc regain condition, and will have
lower pregnancy rates the following autumn., Hcwever, thcse
females that do mnot lactate quickly gain condition, and will
probably have high productivity the following autumn. Foor
csndition of the summer range may also lower prcductivity the

following autumn {Verme, 1969).

5.2 Ecolcgical mechanisms mitigating the effects of winter

weather on deer

The preceeding discussicn shcwed that severe winter weather:

—— < P -~ L o e —
UC 11O, The infortmation

[N

reduces deer survival and reg:o

~ fu

discussed in the results indicated that deep srcw is a rajer
factor affecting deer. Severe cold alsc affects white-tailed
(Moen, 1968a and 1968Lk) and presumably tlack-tailed and smule

deer.

One adaptation tc winter weather is a reduction of
me tabolic rate (Silver, Colovos, Holter, and Hayes, 1969). Deer
protatly require less focd in winter than at other times cf the
year, and black-tailed and white-tailed deer voluntarily reduce
their food intake in winter (Bandg, 1965 Czcga ard Verme,
1970). The reduction in food intake is coincidental with the
onset of mating acitivity (Bandy, 196S5). The nét effect of
reduced food intake and reduced metabclic rate is weight loss

and reduction of body fat reserves. Severe winter weather
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increases the loss «c¢f weight and fat, as demonstrated in this

study.

In areas where winter 1is severe, deer alter habitat
selection and activity fatterns tc reduce the effects of severe
weather. In cold weather, white-tailed deer feed less (Czcga and
Verme, 1970), but increase movements +tc¢ sheltered habitats
(Ozoga and Gysel, 1972)., Deer cdnfined tc cold habitats seek out
the warmest micro-climates (Rotkinson, 1960). T[eexr ir fccr
condition feed more than deer in good conditicn (0Ozcga and

Vverme, 1970).

Many authors have demcnstrated that deep snow makes
movement difficult for deer, although =sncw hardress is also
important. Snow depths cf 18 inches (Gilbert, Wallmo, and ¢ill,
1970), 20 inches (Cumming and WwWalden, 1970; Telfer, 1970a;

Severinghaus, 1947), 15 inches (Kelsall, 1969), 2C tc 24 irches
(Loveless, 1967), and 24 inches (uiller, 1S6€) caused black-
tailed, mule, and white-tailed deer tc concentrate. Snow depths
of 24 to 36 inches (Russell, 1932), 4 tc 6 feet (Spiker, 1933),
and 4 feet (Leopocld, Riney, HMcCain, and Tevis, 1951) Were

disastrous for mule and white-tailed deer.

In all studies where snow depths greater than 20 inches
wWe re reported, deer moved to areas where sncw was less deegr. In
some are€as, nule and black-tailed "'deer move to lower elevations
where snow is very shallow or non-~existent (Walloc ard Gill,
1971 Dasmann and Taber, 1956). In regicns where sncw is deerp
at all <clevations, deer gmove tc mature coniferous timter

habitats where the dense canopy reduces sncw depth cr the grcund
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(Cumming and walden, 1970; Edwards, 1956; Kelsall and
Prescott, 1971; Ozoga, 1968; Telfer, 1970a and 1970L; Verre,
1965)., In Alaska, deer often winter ¢n beaches at sea-level,
where sncw is least deer (Kléin and Clscn, 1960). In Yellowstone
Park, mule deer have been known to winter near hot springs at
high elevations, Even though snowfall is heavy the heat frcm the

hot springs keeps the grcund bare (Russell, 1932).

White-tailed deer ir many areas have a behavioural pattern
known as "yarding" (Spiker, 1933; Wekk, 1948), A ‘“yard" is
typically an area where heavy cover is intersrersed with cpen
areas, The heavy cover rrcvides shelter while the open areas
prcvide food. Although snow is deep in the open arcas, the deer
maintain a network cf packed trails through the srcw. HMcvement.
is difficult exceprt on +the packed trails (Verme and Czoga,
1971) . A white-tailed deer winter coﬁcentration area is c¢rply a
true “yard® if it is a clearly defined area havicg a retwcrk cf
packed trails (Webkb, 1948). Ccver is the most important factor
of a deer yard. [eer will not use an oren area if ccniferous
timber cover is absent, but they will use an area where tirber
cover is present but fccd scarce (Hamerstrom and Elake, 1939;
Hosley, 1956; Webb, 1948). Gill (1957) suggested that winter

shelter and food should be a maximum of 100 yards apart.

The studies reviewed suggest that white-tailed deer and
black~-tailed deer in ncrthern areés are subjected to severe
winter snow conditions, Pood and cover are serarated in many
areas used by white-tailed deer during winter, bLut +the mature

timsber habitats used by black-tailed deer in the timpkish valley
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provide both food and shelter., My okservaticns suggest that
salal, Vaccinium species, and litterfall (red cedar, Iouglas fir
and artoreal lichens) 'are the most important fcods in the mature
timkter., Litterfall and windfall wmaterial is sometimes a
significant source of winter food for tlack-tailed, mule and
white~tailed deer (Ccwan, 1945 and 1956; Dixon, 1934; Gates,
1968; O0zoga and Gysel, 1972; - Spikér, 1933). In South ILakota,
the amount of litterfall lichen (Usnea species) eater by =mule
and white-tailed deer increases with dincreasing =snow depth

(Schneewis, Seversen, Petersen, Schenck, Linden, ard Richardscn,

1972).

In all areas where winter is severe and black-tailed, mule,
or white-tailed deer cannot move to areas where =srcwfall is

£

fercus timber is upecessary for winter shelier.

[N
e

1ight, mature con
However, deer 1in different areas choose differert seral types
for use during mild winters, Gates (1968) repcrted that c¢n
Vancouver Island, deer wused 12 tc‘15-year 01d seral types in
mild winters. In other areas, early seral types are the tlest
winter ranges during mild winters (Brown, 19€1; Taber, 19€1).
However, receﬁtly burned areas are pcor winter range because the
shrub communities are destroyed and there are few plants alive
during winter (Interstate Deer Herd Cormittee, 1954). Use cf
very early seral types is lcw in winter and increases ir spring
(spiker, 1933). 1In the VWimpkish valley, many deer used high
elevation mature timber hatitats in the mwild winter, ard use of
logged habitats was lowv in January and increased thrcugh April
(Figure 12)., It arpeared as if most deer remained as high in

e2levation as snow conditions permitted. In cther areas, deer use



64

summer or autumn rarges durirg sild winters (Cumming and Walden,
1970; Dasmann and Taber, 1956) and deer in the Kibpkish valley

behave similarly.

Deer-use of winter ccrcentration areas is heavy only during
severe sncow or temperature ccnditicns., This behaviour pattern
results in the food plants on the critical winter rarges being

heavily utilized only whep necessary.

5.3 Management reccrrendaticns

This study was intended to provide informaticn wuseful in
the management of deer in the mountainous, high srcw regicns cf
Vancouver Island., The fcllcwing recommendations should not te
generalized to regions having climate or torpcgrarhy different.

from those of the Nimpkish Valley study area.

The results and discussicn shcw that deer depend upon
ma ture timber during severe winters. Logging remxcves mature
tisber and therefcre reduces winter range and deer pcpulaticns.
In the Nimpkish valley, céntinnaticn cf rrevious logging methods
will <create extensive areas of early seral tyres with rc rature
timber available for deer winter range. Therefore, the nmost
important recommendation is that heavily used uwinter ranges te

excluded from future logging plans.

The results of the radic-tagging rrcject suggest that at
least one-half of the deer using low elevation logged hatitats
in spring move to high elevation wmature tister thLabitats in

supmer and fall. In winter, the deer remain in high elevation
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ma ture timber habitats until forced to lcw elevaticrs by =srcs,
and possitly bty «ccld weather., In the Rimpkish vValley there is
little logging abtove 3000 ft elevaticn, and when snow is shallow
many deer winter in timber at this <elevation, Hcwever, +when
snowfall is heavy the deer wmove to 1low elevation timkter
habitats. Observations suggest that deer move thrcugch rmature
timber bhakitats tc the low elevaticn winter ranges. If mature
tiober is not available for downhill movement, and if snow is
deep in the logged habitats, many deer are fcrced tc repain at
the lower edge of the thigh elevaticn timber, Therefore, I
recommend that strips of mature timber be left extending from
sub-alpine to the low elevation winter ranges. Such strips wculd
be used as winter range during wpild winters and as downhill
movenent routes during severe winters, Subjective cbservaticns
suggest that such ccrridcrs shculd ke @ minimum cne-half mile in

width.

Not all low elevation mature timber habitats are suitatle
for deer winter range. The m®most impertant characteristic cf
timber winter range is a dense crcwn clecsure. The data taken
from the permanent ©plots suggest that crown closure shéuld te
65% or greater., White-tailed deer require tirker baving a
minimum crown closure cf 45 tc 70% (Gill, 1957) or 5C% (Verme,
1965) , depending on fcrest typeé. When sncwfall is heavy, the
amount of shelter provided bty a hatitat type deterwines which
hatitats are availatle fcr use by deei. Within +the halkitats
available for their use, they will make most use of those having
the best food supply. I recommend that cnly thcse habitats

having crown closures greater than 65% be left for deer winter



66

range, A more detailed list of the characteristics cf winter

range was presented in secticn 4,4,.3,

It is uncertain hcw wuch area is required for winter range,
and much will depend on how many deer are desired in ar area, c¢n
the frequency of severe winters, and cn the nurker cf deer that
a habitat can suppcrt. My subjective cbservations suggest that
good winter habitats may support up to #00 deer fper square 1gmile
over a 3 to 4 month winter pericd, a fiqure consistert with sore
previous studies cf white-tailed deer (Davenport, Shapton, and
Gower, 19U48), Previous authors have stated that  winter iange
occupies 10% (Cog?n, 1950), 13% (Dgyic, 1938, 7 tc 8%, 10 tc
13% (Severinghaus and Cheatum, 1956), and 5 to 15% (Telfer,
1970a) of a given region. If these figures are relevant to the:

-V 2t ~ 11 — P - e S e P s ne e ) . PR A OE Y- | -
Nad@PRISL 'v'ul.x.ej, clich app;valmatclj 0% ¢f tahs areca ZnCUa4d De

left as winter range,

The guidelines given are general because any given valley
is a separate éase, and should te studied dipdividually to
determine a management flan. The guidelines relate to the
current situation and state cf kncwledge, and will undoutedly te
altered in the future. The necessity for cld-grcwth timber as
winter range will decrease as new growth on logged areas;

ma tures.
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]
\‘ A) Method of measuring deer use
1
!
/ The area under study was sampled
! with 1 to 20 temporary track
FT ”” .
W—" SOFT — |- E count plots
4
- ,/ The deer use index is the total
,/ \ / nuaber cof tracks crossed by all
! 194 L fifty foot lines.
\~—’ 1 50 FT ‘
i /
/
7
2
/
S S
/’, .
CENTRAL DEER TRACK
* L] ] 150FT L) * ]
¢ s e ¢ o .\gFT B) Method of measuring snow depth
] e o . . «
The snow depth measure is the
mean of the 18 samples
.Appendix 1 Methods used to count deer tracks and measure snow depths

during the winter of 1971-72.
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Design of the permanent track count plots used during
the winter of 1972-73.

The five lines were parallel and were roughly perpendiculaf
to the elevation contours,

Vegetation, snow depth, and crown closure were all measured
from the subplots.

Track count and track depth measures were taken from the
50 foot lines between subplots.

All linear and area measures were taken along the ground
surface. No attempts were made to correct for effect of
slope on horizontal, or map, distance.
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Laboratory: The contents of each jar were placed into a 0.1-mm gauge
nylon cloth and squeezed to extract excess moisture. The entire contents
were then placed into a graduated 500-ml beaker partially prefilled with
water in order to determine the total volume. The contents were then
thoroughly washed with tap water through number 3% and number 5 sieves
(5.66 and 4.00 mm). The contents remaining on the screens were washed
into a white porcelain dish and separated with the aid of forceps. Each
plant species of each sample was then placed into the nylon cloth and all
excess moisture was squeezed out. Measurements of all samples 1.0 ml and
over were done by placing the moist material into a 250-ml. graduated
‘cylinder partially prefilled with water. The volumetric displacement of
all species under 1.0 ml. was done by occular estimation with frequent

checks for accuracy utilizing a 100-ml. graduated cylinder.

Note: In the event that plants were not identifiable as to species, the
volume of the various recognizable rumen components were measured and
placed into coded separate plastic bags together with a small amount of

10 percent formalin.

Appendix 3 Method used to analyse the deer rumen samples.

The description of the method used to analyze the rumen

samples was provided by the Fish and Wildlife Branch.



Seral type
Elevation Second growth
(ft.) Clear slash slash Mature timber
500 to 0, 8.4, 9.4 0, 2.3, 24.6 3.5, 3.7, 4.1,
1500 : : 4.3, 4.7, 9.9,
4.1, 16.6
1500 to 0 0, 2.0 2.8, 4.6, 9.2,
2500 9.3, 15.2
2500 to 0 no data G, 2.2, 2.8,
Looo 2.8
500 to 0, 7.0 no data 0, 1.5, 1.5,
1500 4.0
1500 to 0 no data 0, 1.6, 2.2
2500 2.2, 4.5
2500 to no data no data 0, 0.8
Looo
Appendix b Summary of the track count data taken during the

winter of 1971-72.

The data presented were collected under all snow

conditions.

South aspect

North aspect

Zero deer use indices were taken many times in the

logged habitats, however, only one zero value is
given for each logged habitat.
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Common name

Botanical name

Red cedar

Yellow cedar (cypress)
Douglas fir

Western hemlock

Mountain hemlock

Thuja plicata
Chamaecyparis nootkatensis
Pseudotsuga menziesii
Tsuga heterophylla

Tsuga mertensiana

True fir Abies sp.

Salal Gaultheria shallon
Bunchberry Cornus canadensis
Twinflower Linnaea borealis
Deer fern Blechnum spicant
Appendix 5 Botanical names of the plant species

discussed in the text.



