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‘ABSTRACT

t

This study was désigned_to'determine whiéh seral
stéges-ofﬁthe regéherating.coast fofesf are most efficient
Vat.éqnyertihg rédiant energy inté énergy available as seas-
onal deer foodé,’and if the most efficient sfages agé mdé%

intensively used by deer. Populéations of,Columbian black-

tailed deer.(Odocoileué‘hemionus columbianus Richéfdson) in

coastal.British Columbia have been reported.to fééch'maxiﬁum
levéls soon afterilogging and siash“burning,;and to décline

as succession advances. THe efficiency of a deer’range‘in

produciﬁg food has been Suggésted as é“faétor influenqipg‘

reproductive success and thus, population density..

Seasonalvfofage preferences were determined through
rumen content‘anaIYSié. ~ Cover composition up tovaur feet
~in ﬁeight, and summer and winter eStiﬁates'of quantity,
variety and nutrient qualify of the important food spgcies
were obtained in different seral stageé.v These data were
then related to the intensity to which deer utilized eacﬁ

seral stage, as indicated by the abundance of pellet groups.

-~ An early salal-catsear (Gaultheria-Hypochaeris)
association develops'three to five years after slash-burn-
ing., This type was preferred by deer ‘during spring and

early summer.  Herbaceous plants formed 60Q per cent of
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the spring-summer diet and were represented by more species,
covered more surface area, and produced more available forage

in' this seral stage than in any other.

A.salalfunglas‘fir (Gaulfheria—Pséudofsuga) associ-

atidnjdevélops;lQ to lS-yeérs after>slash—EUPning. mbThis‘
type &asApreferred during autumh and winter, Shrubiandv
gonifeboué-speéies formed 70'to‘801per cent of thevaufumn;.
_winter diét and Qere,représéﬁted by moré speCies,.povefed‘
'mqréASUrfacé érea, énd.broduced more available fofage in this
seral stage thaq,in_any other .- In:addition;.the’éru&e pro-
tein, minerai, and,ash.contents’of the important.éVérgreeh
foods were‘highervwhen eéten_(autuﬁﬁ—wiﬁter) thanjaf‘othen
timeé} ,bHeaviest deer_ﬁsé'océuprea in-the serailétageé where

- these evergreens uere most available.

The nutrient content of key foods changed.signifi—_'
-~ cantly wifh season, aﬁd there was evidence of selection by
deer of the most nutritious plants avaiiable. Tests. to
demonstrate deélineé in nutrient levels-as sefal succession
advanced between the fourth and fourteenth yeéps were incon-
clusive, particularly since there is a likelihood.of sighif-
"icant declines dccurfing in the initial fou? years. How-

_ever, seasonal and successional changes in food quality are

believed to be a factor influencing range selection,.
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It is concluded that the numbers of deer witﬁin-a
logged unit of coast forest are affected by the efficiency
at which food is produced. Numbers within the vhole com-
.munity are affected by the availability.of ideal fcod-
producing units for each season.. A further hypéthesis isg
‘suggested which states that sustained populations cannot be
expecfed in a logged coast foreéf because seral succession

will inevitably'causé'regréssidn of fangé quality.



-INTRODUCTI

Objec
THE STUDY
Locat
Topog
Clima

Veget
Loggi

METHODS OF

TABLE OF CONTLVT”

ON

tives ...... e et e e e e I

AREA

ion  t.eeieieeenn e .
raphy and Soils ..... e e e e e et
te T T S S T S
ation ....000.n. e e e
ng history ........ e et

SAMPLING AND ANALYSIS

Species Variety in Seral Communities. ...

Range Productivity e

-----

-------

-------
L A A )

-------

-------

Period OFf StuUdY v verennerrniotnnennenoneennns
Rumen ANalySiS it e e oonenenoanoineeeneeeenos
Range SUPrVEY . it ittt inoensoas sy PR
Range Productivity ........... e
Chemical Composition of Food Species ........
Deer Use of Seral Stages e e e e e
Estimation of Deer NUMDErsS .u'uvveneneeeensns
RESULTS
Food Habits veiiiiiirieineiednennnn A
Annual diet ...... . e e e e
Spring-Sumner tfaﬁsjtlondl diet - oo
Autumn diet .. it vt e e e e s
Winter diet ..o cveiiveeecnnons . e
Range Composition and Changes with ‘
Seral SUCCESSION  «ieunes et oo e e e e
Seral communities at Northwest Bay .
1) Senecio-Epilobium associaticn e
2) Gaultheria-Hypochaeris assoclation
3) Gaultheria-Pseudotsuga association .
4) Pseudetsuga subclimax e e e e

wn

o

(RN oo LN BES ]

1u

14
1u
15.

-
i

18
19
22

24

24
26
30
32
33

33
34
39
b0
43
Gy

hg



Page

‘Chemical Composition of Deer Forage Species .. 54
The effect of seral succession on ‘
forage nutrients .......ciiiiiiaeaenn 54
The effect of season on forage
nutrients v..ciiii e et e 57
Deer Use of Seral Communities ........ e e 65
Seasonal use in relation to seral ’
SUCCESSION v v iinewenssosnsioeseas e 66
The effect of slash-burning on
PANZE USE s u v v s te s oo anonosessnonoross 71
Estimated number of deer in the
Study a8rea ... iv ettt et i aia e 72
DISCUSSION ' 77
Limitations of the data ........... e 77
The relationship between food and the
selection of spring and summer range ..... . 82
The relationship between food and the
selection of autumn and winter range R 85
CONCLUSIONS ' . ) 87
'LITERATURE CITED : ' 8¢

APPENDIX . oo



Table

10.

- 'LTST OF TABLES

The logging history of the 10.1 sq. mile

(6464 acre) ctudy arez at Northwest Bay .....

The relative importance of food items to
blacktailed deer at Northwest Bay as indi-

cated by stomach contents of 72 animals

sampled in three different seasons ..........

The ten dominant items in the”annual diets

of Columbian blacktailed deer occupying

f

~three 3eparate TaANESE  vuvewivenrenoonnesenos '

The permanent rangé survey and pellet-group
study plots established at Northwest Bay,
1959 to 1961 ....iiviiiann e e s

Annual production of deer foods in various
post-fire seral stages, expressed as pounds
per acre wet-weight ........ e e e e b e e .

Winter availability of deer foods in various
post-fire seral stages, expressed as pounds
per acre wet-welght ........... .. 00

Results of a series of four analysis of vari-
ance tests designed to determine the effect
of seral succession on the nutrient content

of important deer forage species ........o..

The average seasonal composition of some
important deer forage species at Northwest
Bay, Vancouver Island ....ocoeeneoeoennsnanas

Analysis of Variance for differences in
nutrient composition of six important deer
forage species collected in July, December
and March v vee e rnerneensansenaeaneas L.

Results of Duncan's new multiple range test
applied to the seasonal means for crude A
protein and nitrogen free extract derived

for the analysis of variance shown in

Table 9 ,...... e e e s e e e

o

o
oa -

11

27

36

49

49

D

58

62

vii



Table

11.

12,

13.

Page

Mean indices of deer—-use in different~aged
seral sites R R I 6

-~

Age class1f1catlon of pellet groups encoun-—
‘tered during the regular bystenatlc Hay o ,
counts of 1861 and 1962 B 70

Estimates of the number of deer supported by

each age-class of regeneratlng land, and

the estimated deer populatlon in the study

ALEA v v e v s e s et e RO T4

TABLES IN APPENDIX

-Temperature and precipitation records
taken at the Nanaimo Airport, and aver-
ages for the four-year study period ...... .. U

Seasonal diets of blacktailed deer at
Northwest Bay, based on analyses of rumen ‘
samples from female deer v itveereroenneneeesn 85

Average cover-percentages for the major

categories of vegetation, the rank of

dominant species, and the mean number of

palatable species recorded in burned sites

of increasing successional age ......i.eea... 96

Average cover-percentages for the major

categories of vegetation, and the rank of

dominant species, recorded in unburned-

sites of increasing successional age ....... 39

Nutrient values of four groups of forage
species sampled in different-aged sites
and at different SeasonNs ..cvseneeian e e 100

viii



Figure

10.

11l.

ix

LIST OF FIGURES

Fage

 Southwestern.British Columhia showing the

location of the Northwest Bay lpggihg claim

‘and the intensive study area ...,....o00.00.us 6

Aerial'photpgraph of approximately 15 square

~miles of the Northwest Bay logging claim,

including the study area ...... e v e oo 13

Generalized seasonal use-pattern of the
-major vegetation types by Northwest Bay

deer, as indicated by rumen content ' '
analysis e e v e e e 25

.Composition of the seasonal diets of

Northwest Bay deer ....... e R 31

The Northwest Bay Study Area showing the
major logging roads and the location and
relative size of the 27 permanent study
plots Ce e et it e e e 35

Sequential development of folur major seral
associations and related cover percentages

~ by three vegetation types, slash-burned

sites only i e e e 38

Dense bracken fern growing in the moist
lower end of Plot J, 1u years after
slash-burning .......... e et e 42

An early Gaultheria- PSeudotsﬁga association
15 years after logging and burning (Plot M) . u2

Trends in the variety of palatable deer
foods present after 1ogglng and slash-
burning .. ii it i i e e e e - - L6

The weight of deer food produced in summer
and winter in cach of the major seral
stageo- e e e S e 51

The relative utilization by deer of early
seral stages during the summer and autumn-
spring period ... i e 68



Figure 4 . . . ‘ Page

12. A Senecio-Epilobium association:one year

after logging and broadcast burning

(POt A) vttt ittt ettt e . 73
13. An unburned area one year after logging e 73

FIGURES IN APPENDIX

lua. A Senecio-Epilobium association two years
after logging and slash-burning (Plot B) ... 102

14b. The same plot six years after slash-
: burning ......... e et e . 102

15a. An early Gaultheria- Hypochaerls association
nine years after burnlng ........ e e e 103

15b. The same plot as an advanced Gaultheria-
Hypochaeris association nine years after
burning ... il e e e e e e e 103

l16a. An advanced Gaultheria—Hypochaeris associ—
ation nine years. after logging and spot
burning (Plot I).. ........... e 104

16b. The same plot as an early Gaultheria-
Pseudotsuga association 13 years after

~deforestation . eeii et et e e .. 10H
17a. An advanced Gaultheria-Hypochaeris \
association 12 years after logglng and
spot burning (Plot K) i i iii i e 105 .

17b. Plot K as a Gaultheria—Pséudotsuga
- association 16 years after logging and-
burning .......... e e e e 105



" ACKNOWLEDGMENTS .

This project was financed by the British Columbia
Fish and Wildlife Branch, Dr, James Hatter, Director. T
am grateful for the support and encouragement offered by

members of the Branch. In particular I am indebted to

Dr. P.J. Bandy, Head, Wildlife Research Division who, with

‘meticulous thought, designed and directed the investiga-

tion and who has since offered much valuable assistance.

Dr. ian McTaggart Cowan, Dean of Graduate Studies,
and Drs. D.H. Chitfy and H.C. Nordan of the Department of
.Zoolggy freely offered advice and constructive criticism
‘during the preparation of' the manuscript. | Dr. C.W.
Roberts, Department of Poultry Scignce, helped solve ﬁany
statistical problems. Dr., W.D. Kitts and the staff of
the Divisioﬁ of Animal Science provided.laboratory faﬁil—

ities and assistance during the proximate analysis of for-

"age samples,

Fellow students W.B. Preston and M.A. Bigg worked
on the project as Research Assistarnts, Their accurate
and efficient methods of data collection are much apprec-

iated. Mr, Donald C. Thomas collected the rumen samples,



which were suhsequently analysed by Miss Rosemary Parker.
Mr. Ian D, Smith.provided sound .advice and assistance with

computer programming.

This study was made possible through tﬁe céopera—
tion of the Northﬁest Bay Division of MacMillan Bloedel
Limitéd, which allowed uﬁlimited aﬁéess to their land ana
supplied much of the_information onllpgging history; and
the British Columbia Forest Servicé, which provided summer

accommodation at Parksville.

Finally, I wish to thank my wife, Sharon, who typed

many revisions of the manuscript.



INTRODUCTION

It has been postulated that in the absence of wild-
fires and prior to the development of the logging industry,

few blacktailed deer (Odocoileus hemionus columbianus

Richardson) were supported by tﬁe molst coniferous forest
bioﬁe.df the PacifiC'Norfhwest (Cowan 19&5, Leopold 1950,
Dasmann and Hines 1959, and Browﬁ 1861). Bariy in the‘twen—
fieth century extenéive logging opérations developed,_énd a
wide-spread conversion of climax forests back to early seral
stages began. Marked increases in deer numbers~were'noted
.by_these workers to coincide with the regeﬁeration of new

A'growth.

Reasons for fav&rable respﬁnses by ungulates to th;
creation of pioneer floral conditibns have been discussed by
bQWittAand Derby (1955), and have beén attributed to an
impfoved nutritional quality of the range. Increased vari--
ety and abundance of herbaceous plants and shrubs (Storer‘
1932, Buckland’lgul, Cowan 1945; ﬂeopold 1950, Dasmann and
Hines 19591, as well as improved nﬁtrient-coﬁtent of the
préferred food species (Einarsen 1946, Cowan, Hoar and Hat-
ter 1950, and Swank 1956) have.been suggezted as causative
factors. In this regard, Pecent.investigatiéhsiwith deer

reveal that more rapid growth rates, larger body size, in-



creased prqducfivity, and greater population densitiés result
from a better nutritional regimen (Taber 1956, Taber-and
Dasmann 1958, Severinghaus and Tanck 1864, Bandy 1965, Klein

1965, Murphy and Coates 1966, and Ullrey et al. 1967).

It cén'bé_hypothesized, therefore, that within regen-
erating units of lénd the ﬁumbe?s of deer are affected by the
‘ efficienéy at.wﬁich solar energy is‘converted4into available
food.A Effiéiency ié Eeliéved'to'be greétest soon after ”
deforéstation; and to decline aévélimax cbndifioﬁs are ap;
proached (Brown, 1961). Deer nuﬁbérs may be expected to
‘vary accordingly. TherefOPe; if othef factors such as pre-
dation, weather, and hunfing.are constant or have negligible
éffécfs, largest deér’populétions can be expected when theb
number of ideal féod;producing units for each season is at &

maximum.,

Within regenerating units} optimum efficiency should
be reflected by.thelgfeatest intensity of -deer use. - It
.shquld occur when‘the greatest4Variety of nutritious amnd
productive foocd species occupies the greatest surface area.

Decreasing efficiency should be reflected by a declining

n

intensity of deer use, It should occur when variety, nutri-
tive quality, and surface coverage of foods decrease, and

-when large amounts of energy become trapped in unpalatable

or unavailable plants.



Studies of quality and Quantity of forage, as relat-
gd to blacktailed deer numbers, are limited to work bvaaber
and Dasmann (1958), Brown (1961), and Klein (1965). Thesé
investigations compare conditions on separate ranges of
different biotic or seral structure, thus,demonstrating
biological differénces in isolated deer herds. In oraer
that extraneéus influences wefe'kept to a minimum,. thé pres-
ent -study atfempted to measure these factors as they occurred

within a single range.

" Objectives

Specifically the purposes were to éxplore.the nature
of changes in vegetation:growing in logged and burned areas
of the coast forest, and to relate these changes to a pat-
tern of range selection by blacktailed deer. In order to
»test the basié hypothesis, five aspects were investigéted in
detail: (1) fhe seasonal food habifé of deer occupying the
rahge ;.information essential.for definihg the‘relati;e
impoftance of various plant species; (2) the changes in
species composition and vegetéti&é cover as seral succession
progresses; (3) the annual productioﬁ of deer foods in éif—
ferent éeral éommunitiés; (4) the changes with succession
and season in the nutritive content of important deer foods;
and (5) the magnitude of use by deer of various seral commun-

ities.



Theoretically, each of the;e aspects could be’stuaied
within a single regenerating unit of iand, but onlylover an
extended‘pgriod of time.  In order to make the. study prac-
ticable, the alternatiVe of studyiﬁg a number of adjacent,
block-logged units, each at a diffgbent stage of régéneration,

was chosen.



THE STUDY AREA
Location

The privatély owned forest land of the Northwest Bay
Division of Maclillan Bloedel Limited encoﬁpasses approxi-
matgly'lBS square miles on the east side of Vancodvér Island,
i8 hileé northwest df fﬁe city of Naﬁaimé (Figure i). The
land lies on the south side of the'Englishman River and in-
cludes the drainages of fhe soptﬁ and middle forks of the
Englishman River and Moriarty Creek. It is Bouﬁded on the
west by Mt. Moriarty (5283 ft) and Mt. Arrowsmith (5962 ft),
on the south by Mt. Dersmos (44hl4 f£t), and on the eastAby

Okay Mt. (2826 ft).

The area selected for intensive study included ten
square miles in the northeast corner, lying between the
south and middle forks of the Englishman River. It is

centered at coordinates 49° 13'N and 124° 18'VW.

Topography and Soils

A_genefal northerly aspect and gently rolling slopes
'brevail throughout. A few steep slopes are confined to the
river banks and to minor areas of rock outcrop} " Physio-

graphy is intermediate between that typical of the Georgia



Fig. 1. Southwestern British Columbia showing the
location of the Northwest Bay logging claim
and the intensive study area (center).
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Depression (Nanaimo Lowland) of the Coastal Trough and that
typical of the Outer Mountain Area of Vancouver Island
(Holland, 1964). .Elevations -range from 500 ft in the

north-east corner to 1600 ft in the south-west corner.’

Deécriptiqns of soil profiles in the Nanéimo Lakes
area ten miles to the south (McMinn 1957, Mueller-Dombois
1960) are considered representafive of the study area.
Pérént'materials aré'deﬁi&ed from‘ElUtdniC_gfanite and Uppéf
Cretaceous-sandstone and sedimenfary vrock. 'Giaéial drift
and alluvial deposits have contributed most of the soil,
~with minor and localized‘éontributiéns from rock-outcrop-
‘colluvial matefials. The soils belong to the Brown or Red-
Brown Podzolic and Gley'gréhbs characteristic of'warﬁ, moist
climétes with dense vegetative cover. They are weil drained,

slightly acid and possess a relétively'thin organic layer.
Climate

Northwest Bay lies in the rain shadow of the_Van—
couver Islaﬁd Mountéin Range 12 miies to the west (Cowan and
Guiguet, 1965). Weather records taken at the Nanaimé Air-
pdrt dufinglthe four year field study (Appendix Aj.provide a
'_ggnerai indication of climatic conditions. Anﬁuai precipi-
tation in the study area:itself during that period was prob-
ébly Sliéhtly higher than the average of 42.6 inches record-

ed at Nanaimo, This is based on the c¢bservations of Mueller-



Dombois (1960), who repérted thét‘in the Nanaimd Lakes area
a signifiéant west—east precipitation'gradient exists, with
as much as.a 50 inch decrease in precipitatidn over a dis-

tance of 14 miles, | Northwest Bay appears to experience the

same gradient.

Temperatures are modeféte fhroughdut'the year as
indicated by a four yeérlméan January tempefaturejof 38.1 F
'and a four yéar meaﬁ'Juiy tgmperatﬁfe of 64.§uf at:Nanaimo‘
Airport. Here again, mean temperatufeé and daily fluctua-
tions are assumed to have beén moré extreme in the study
area than at Nanaiﬁd Airport, since the former is two miles
further inland from the stabiliziné influence of the sea and

‘is 500 to 1600 ft higher in elevation.

Vegetation

Vegetation is typical of the Douglas Fir Bioclimatic
Zone described by Krajina (1959) and Mueller-Dombois (1959).

The climatic climax forest consists mainly of Douglas fir

(Pseudotsuga menziesii var menziesii), with the edaphic

climax species western hemlock (Tsuga heterophylla), western

red cedar (Thuja plicata), balsam fir (Abies grandis) and

lodgepole'pine (Pinus contorta) comprising the remainder of
the upper canopy. The timber yield from the area is approx-
imately 50,000 feet-board-measure {(f.b.m.) per acre, with a

range of from 35,000 f.b.m. to 60,000 £.b.m.. Species com-



position averages 70 per cent Douglas.fir, 17 per cent west-
ern hemlock, 10 per cent western red cedar, 2 per éent
balsam fir, and 1 per cent western white pine. (E. Touz-
eau, Forest éngineer, N.W. Bay Division ofIMacMillan Bloedel

Ltd., pers. comm. 1963).

The climax and subclimax understory is dominated by

salal (Gaultheria shallon), with lesser amounts of Oregon

~grape (Mahonia nervosa), dwarf rose_(Rosa gymnocarpa), bear-

berry (Arctostaphylos uva-ursi), pipsissewa (Chimaphila

umbellata), and twinflower (Linnaea borealis).

All seven of the associations of the virgin forest
described by Kfajina (1952) -and Muellér~Dombois (1¢59) can
56 recognized in the study area, either in their natural
form or in residual form following destruction. Two of

these - the salal (Pseudotsuga-Gaultheria) and the salal-

lichen (Pseudotsuga-Gaultheria-Peltigera) associations -

completely dominate the others.

Logging and slash—bufning_have encouraged establish-
ment of most of the edaphic¢ and seral species listed by
Krajina (1959) and Mueller-Dombois (1960). Noteworthy

among these are red alder (Alnus rubra), trailing blackberry

" (Rubus vitifolius), black raspberry (Rubus leucodermis),

willows (Salix species), hairy catsear (Hypochaeris

radicata), pearly everlasting (Anaphalis margaritacea),
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vanilla leaf (Achlys triphylla), fireweed (Epilobium angusti-

"folium), bracken fern (Pteridium aquilinum), and swordfern

(Polystichum munitum).

Logging History

Logging first began in the study area in 1945, and
‘except in 1946, some timber waé'removed'each year until thé
end of the fieid work in 1962 (Table I).. Sixty-four per
cenf 6f the mature foresf was removed in that 18 year period,
an average annual harvest of 3.5 per cent. The maximum an-
‘nual harvest, in 1948, wds 22 per cent. By June,.1962

slightly more than 2300 acres of mature forest remained.

Logging was by clear-cutting of selected 30 to 35
"acre stands (setfings), followed by drag—hauling.with a spar
céﬁle or bulldozef to a roadside loading sife. In the
early years up fo ten adjacent setfipgs were cleared in a
continuous cperation. In the latter years this was reduced
to a maximum of two or fhreéladjacent éeftings,-thus becom—'A

ing more typical of patchnlpgging;

Slash-burning was practised fegularly before and
during the study. As a result, almost all settings were
subjected to at leaét some degﬁée of burning. The extent
and intensity of the fires varied greatly, from effactive
and thérough broadcast burns in which almost'all slash ana

vegetation was destroyed, to localized spot burns in which,



TABLE 1 The logging history of the 10.1 sq. mile (8L64

acre) study area at Northwest Bay.

Annual Cut Accumulated Remaining
Year Acres % Cut " Timber
' ' L % %
l945 - 99.9 1.6 . 1.6 - g8.u4
1946 nil nil 1.6 98.4
1947 266.2 4,2 5.7 94.3
1948  1436.8 22,2 27.9 72.1
1949 159,2 2.5 30.4 69.6
1950 hgou, 1 7.6 38.0 62.0
1851 171.8 2.7 4Lo.7 - 59.3
1952 ' 390.1 6.0 be .7 53.3
- 1953 . 205.5 3.2 ‘49.9 51.1
195 73.8 1.1 51.0 4g.0
1955 26 . U 0.4 - T 48.6
1956 l79.1 2.8 54,2 5.8
1857 ‘ 92.5 1.4 55.6 h3.y
1958 18u.4 2.8 58.5 b1.5
19549 103.1 1.6 - 60.1 39.9
19606 - 121.0 1.9 62.0 38.0
1961 138.4 2.1 64.1 35.9
1962_ 14,3 0.3

Bu4.3 35.7

1 . . . '
» Data derived from logging company operations maps
and from planimetric measurements of aerial photographs.



only portions of the light slash and vegétationgﬁére

destroyed.

12

Conifer regénération depended_primarily upon natural

seed drift from'adjacent'mature trees. Only portions ofA

sbmé-large,'exposed‘areas wére reforested with t&o—year 0ld
Douglaé fir Seedlings (10-14 inches hiéh)fat‘densities.Qary—
ing from:370 td 450 trees pervécfe (E. Touzeau,Forest Engin;

eer, pers. comm. 1963).

By léé? a‘mdsaiclof discréte land units had béen_ 
creatéd. Seventeen différent age~cla§ses of seral commun-
ities, intérsperéed_with-ifregular standé of virgin forést
weré present (Fiéure 2); A highly varied-habitaﬁ with an
aﬁundaﬁce of edge was createa for deer, énd‘a'wiQe choicé
of seral stages.waS'available for the study of changing

floral composition, food productions, and deer-use.



Aerial photograph of approximately 15 square miles
of the Northwest Bay logging claim, including the
study area. Mature and submature forest stands
occupied approximately one third of the area when
the photograph was taken in June 1962. (Photograph
by Air Division, Province of British Columbia).

w
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METHODS OF SAMPLING AND ANALYSIS

Period of Study

Most field work was conducted in the summers of 1959
to 1962, with brief periods in March and December of 1962
devoted to the collection of plant samples for chemical

analysis. _ Rumen samples were collected .in 1963 and 1964,

Ruman Analyses

Rumén samﬁlesAfrom éeventy%five female deer were
.analysed to determine seasonal diets at Northwest Bay. | The
.animals, representing ail age-classes from five mpnths to
12-1/2 years (Thomas, 1963), were collected in the autumn and
winter, énd in the transition between the spring and summer

feeding seasons described by Ccwan (1845).

One-pint samples of thoroughly'mixed digesté were
preserved in the field in 10% fcrmalin (Tabef and Dasmann,
1958) and subsequently washed ovérlU.S. Standafd No. 3-1/2"
and No. 5 screens, The material remaiﬁing on both screens
was separated-manually and ideutified with thevaid of a dis-
secting microscope'and reference piant'collection.v Where
poésible, trees; shrubs,'ahd forbs were identified to spec-

ies while other plants were identified only to family. No
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attempt was made to identify grass and sedge species, and all

fine residue was listed as "unidentifiedV.

The separated frégments were sponge-dried-and meas-
‘ured Volumetriéally to .the nearest half millilitre by water
displacement (Cowan 1945, Brown 1961). For each species
and for each of the three collection periods, frequéhéy per-

centages and average volume percentages were calculated.

The moét imporfant food plants, on the basis of fhe
three periodsvsampled, were determined by a modification of
the "consumption index" method described by Cowan (1945).

For this calculation the spring-summer transition period Was
 givenva length of one and oné—half months, from early May to
mid-June. This corresponds closely with the mid-point of

the combined spring and summer feeding seasons for Vancouver

Island blacktailed deer (Cowan, op. cit.). The consumption
indices obtained provided an importance rank for the food
'species consumed during a total period of nine months.

Early spring aﬁd late summer forage preferences were not
sampled, and therefore could not be eﬁtered into thé compu-

tation.

"Range Survey

Permanent range survey plots were established in

representative stands of mature timber and in a chronclogical
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sequence of régenefating units. Sites'eXhibiting-minimum
slope, constant aspect, and a relatively homogeneous plant
community were selected so that inferaptiqns ﬁetween Vari;
ous environmental factors would be minimal. - Replicates of

- '

age-classes were surveyed wherever possible.

The cover compoéition of each site was determined by
a lin¢~point survey method modif?eavas follows from Dasmann
“and Blaisdel (1954) : transects were selected at random from
all.possible_lOO—foot intervals along a base line (usuaily a
logging road) and were run at right angles to the base line
through the depth of the plot; the number of transects
selected was governed by the sample size requirements for
lpellet_group counts‘(See Methods below);. at each foot mark
along a tau{ 100-foot tape oﬁly thé uppermbst plant or item

"hit" between ground level and four feet above ground level

(the normal maximum browsing height of deer) was recorded,

The successional age of burnéd»bvér_sife% Was
'recofdéd as fhe number of growing seasons since burning,
éven though in those few plots burned in early spring an in-
significant amount oflgréwfh may héve occurred immediately
after the burn. Those plots in which less thap half the
area had been subjected to fire were considered unburned

was recorded as the num-

® .

sites, and their successional

g

o
el

ber of growing seasons since logging.



Cover-percentages for each species and item were
determined for each study plot and mean values were used to
describe those age-classes for whiéh replicaté samples were.
obtained. Data for burned and unburned éites were treated
separafél&. In fhe summer of.1962, selected plets were.re—
surveyed one, two, or three yeafs after their origiﬁal sur-
veys, thus providing composition ratings for previously un-

‘surveyed age-classes.

Range Productivity

Annual plant productivity was estimated in ten of
the burned survey plots repfesenting six different age-
classes, Four were sampled in July, two in August and
four'in_Decémber. In those plots sampléd in July and De-
cember, the current year's growth was clipped from belt-
transects 25 ft long, 2 ft wide and & ft high, each selected
at random from one-quarter of the permanent 100 ft range
survey transects. In those plots sampled in Auvgust, two
randomly selécted belts 100 ft long, 2 ©t wide and 4 ft
high were sampled. With both methods an average of 0.10
per cent of all new growth in the plot, which was available

“to deer, was clipped.

Clippings were placed in air-tight bags and trans-
ported to the laboratory for weighing. Fach species was

weighed separately and total production was expressed in
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pounds net weight per acre. Those species which appeared
in greater than trace quéntities in the rumen samples or
which were rated no lower than "moderately palatable" by

Cowan (1945) were included in calculating food production.

Chemical Composition of Food Species

To provide sufficient material for proximate analy-
sis, specimens of important foods collected during the
browse-production study were supplemented with:annualvgrbwth

collected randomly from the same survey plot. A represen-

0

tative sample was obtained by combining small sub-samples

taken from many individual plants.,

Four age-classes of seral commuﬁities were chosen
 for sampling, including sites which had undergone four, five,
nine, and fourteen years of regeneration. Collections were
ﬁade in June, July, August, December and March. C;ippings
were transferred to a laboratory within 12 hr of colliection,
aﬁd moisture contents were defermined (Ohaus Moisture'DeteriA
mination Balance). Samples were dried for 24 hr in a tem-
porary oven constructed of alumihum foil and heated by
infra-red lamps. An average of less than five per. cent
moisture remained in the plants after the drying period.
Subsequently, each sample was ground in a Wiley Mill to pass
through a 40 mesh screen, thoroughly mixed, placed in an air-

tight bottle, and stored at room temperafure until analysed.



Procedures outlined by the,Assdciationkqf:foicial
Agricultﬁbal_Chemists (1960) were folloued-for thevproximaté-
vanalysis." Nitrqgeﬁ free éxtract'(N!F.E.).was calcu;atédvas‘
the différenée,between 100 per'cént and the sum of thevﬁer—:"'
centages'pf crude fat, crude‘proteiﬁ,'crude'fibfé-apd ash.
Results were ¢§rrected for residuél méistﬁrevremainiﬁg after

the dryingvprécessAand expressed on a @ry weight basis.

»Qveréall diffgrénces in nutrient levels between
_spebies; between Serai stages, and between seasons wefé
“tested for-sigﬁifﬁcance by.agrangiﬁg'pércentagé valueé fér
eaéh'nutrient'intové randdmized'designﬁ "Pefcehtage; were
transfofméd by meéns éf the:érc—siné transfopmatidn énd’

- tested with an énalyéis‘of variéncé libréry prpgrém {MFAV)
at‘thévComputing Ceﬁtep'of the UniVérsity of British Colum-

bia.

Deer Use of Seral Stages

:Accumuiatedhpellef“group‘aensities were used to
determine the relative use by deer of yarious éeral stages.
Circular plots 100 sq.ft in area (radius 5.64 ft) wefe cen-
tered at every hundred-foot interval along the éerménent
line-point transects ahd wgre marked for relocation by ref-
. erence stakes. Sufficient plots were esfaﬁlished to meet
the 0.8 pef cent»sémplé size recommended by Robinette et al.

__3(1958),,ah-inteﬁsity designed‘to provide at,leasf 70 per



20

cent confidence with ten per cent sampling error.

When éach plot was established, and again in May and
September éf each year, pellet'groﬁps were countéd and re-
moved. . May counts providéd measures of autumn to spring
deer use; Septembér counts provided measures of sﬁmmer deer
use, Each group counted in May wuas aséigned an age classi-
.ficgtion of either "freshﬁ, "moderately fresh', o£ "aged".
Althouéh someﬁhat afbitréry, these qétegérie; provided a
means of determining the.approximate season of deposition.
The "fresh" énd ”modératély ffesh"fgroups were assumed to
“have beeﬁ dropped within two months of“thezcounting period -
subsequent to the start of plaﬁt.growth; the "aged" groups
were assumed to have been dropped between the time the plots
ﬁere laét cleared and early March. Age classificatiqn of
_gfoups counted in September was not necesséry since the
pléts«were cleared the previous May-and thus, all groups

vere known to have been deposited in.the summer.

'RemOQal of gr6ups facilitated calculation of the time
taken td accumulate the groups peéorded in each subsequent
'cpunt (the "time-lapse", Hazzard, 1958). Since this factor
Qas not constant for all plots, observed pellet group dens-
ities (groups per acre).were of no value in describing reia—
tive use byvdeer, and had to be converted to the time;
consitant index, deer per square mile. It is understood

that this latter unit expresses relative deer use rather



than the density of animals.actually occupying any'giVen
study plot.: Its calculatlon was by means of the follOW1ng
formula, modlfled from Hazzard (op ’clt,):

a x 6u4aQ acres

X =

b x ¢
where @ X = the number of deer per:square mile (per day)
a = the number of pellet_groups'per_acre

b = the time~lapse in days
c = thefdailyhdefecatiou rate of deer.
Factor c was given the value 13 pellet groups per deer day

',based on work reported by Rasmussen and Doman (1943), Das-

mann and Taber (1955) and Everhardt and Van Etten (1956)

Inltlal counts in each plot were not 1ncluded in the calcul?

ations because insufficient‘data were available regarding
the decompositiOn rate of deer pellets in the coast forest,

and thus the time-lapse could not be determined.

In an attempt to demonstrate differences in deer
exploitation attributable to slash-burﬁing, results for

burned sites were analysed separately from those of unburned

21

sltes. Between-treatment differences in deer use for sites

- of equal age were tested for significance with a t Test for

-paired observations.

Trends in use with advancing seral succession were

determined by plotting mean use~-Iindices against successional -

:égé;, -Regression‘curves were fittedﬂthrough,these points by.
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means of a.polynomial library program (PFIT) at the Comput-
ing Center of the University of British Columbia. _The.anal-
'ysis gas«prégrammed for rggfession»through the origih on the’

premise that deer do not make significant use of:a'site

immediately after logging and burning,

Estimation of Deer Numbers

A method was derived for estimating total numbers of
deer in thé study érea and. for meaéuring the.ééolpgical pofehQ
g tiél Of:thé iand tovsupport‘deer,‘ If made use éf the péllet»
‘:group density information and>was based upon the folloﬁing
 a$sum§tions: '(l) that sample sizes for obtainiﬁé deér deﬁsity
indices-in the 18 age«classés'of land Qithin;the stgdy-area
‘ wefe‘adequate,>and.(2)‘thét'any logged of burned site of a
lgiyen.agé was capablé of‘supp§rting the density of deer de-
ri&ea_for“that age-class by thé‘polynomial;eQUationu The
 §alculation required was.thé product of the‘number of deer
_ per_ééﬁare mile for each age~class'of land by the numbér of
‘square milés occupied by that age-class. .Planimétric meas-
ufements frém an aerial phofograph taken in. 1962 (Fig. 2),
combined with logging history information provided the acre-
ége estimates needed. - As an'exaﬁple of the calculatioﬁ,,it"
‘Was found that in the summer of'i962‘there wére 184.4-aCres'
(0,29 square mile)'oftland whichAhad.undepgone four yeapé>of

regeneration. According to the polynomial results, fcprf_ o



year old sites were used by deer .at an intensity‘equivaleht

"to lMO'deér'per.square mile. Therefore,

. 0729 square miles k_luo.deer per 'square mile = 40.6 deer3v'

23

.or about,ul deer were potehtially'Supported by the four-year .

- old sites. The sum of'the products.so derived for all age-

claéses.provided the estimate of total herd size.

.......
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RESULTS

Food Habits

Interpretation of factors dealing with range compo-
> , : :
sition, éeral_succession, and the production and availabil-
- ity of nutrients depends upon a knowledge of the annual.and
seasonal diets of the animal under ‘investigation. The anal-
ysis of digesta from .75 rumens provided sufficient knowledgé
to demonstrate that blacktailed deer at Nortﬁwest Bay, as on
other ranges (Cowan 1945, Chatelain 1947, Taber and Dasmann
1858, Brown 1961,‘M¢Cullongh 1961) depend primarily upon
shrubs and deciduous trees for fpod. Herbaceous plants are
preferred when succulent, ard coniferous trees are taken in
quantity during the ﬁinter. Theée and other plant types
undoubtedly supply necessary and oéherwise unavailable
nutrients. But by voiume, shrubsAmake:the;greaﬁest veqar-—

round contribution to the diet.

Seasonal use of the major plant classes is shown in
Fig. 3. During the spring-summer transition period nery
avaiiablevforbs dominated the rumen samples,'contributipg 59
per cent of the bulk.  Grass and sedge consumpticn reached

1

an annual peak, while shrub, conifer and lichen use were low.

the main

72}

During the autuwmn, shrubs replaced forbs a



as ‘indicated by

Seasonal pattern of use of the major vegetation

types by Northwest Bay deer,
rumen content analysis.

3.
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component, the latter becoming largelyvunavailagle.or un5.
’ : . - .
palatgble, Mushrooms  made up only seven per cent of‘fhe
autumn diet_but_uere important ih‘that they were'presenf in_
:73 per ceﬁt of the sampléé. The consumption of conifers
iﬁcrgased'slightly, and the'c&nsumption‘of.grasses‘énd :
sedges decreasediél;ghtly, between the tnaﬁsition and autumnl

periods, -

Iﬁ,winter thé.greatest diversity in the use of the
five plant categofies wa$ noted. Shriubs remained doﬁinaﬁt
but providéd less bulk than in autumn.- 'Conifers'énd lichens
increésed markedly in'imporfanpe, witﬁ both forms réacﬂing
énnual high levels. .GQasses,ksedges, and thejfew ﬁérenniai
forbs available were moreaabundant.in winter samplés'fhan in;
autumn éamples Eut were still relatively uﬁimportaﬁt-in terms

of bulk.

Agnual diet - The abpliéatioﬁ of Cowan's_(1945) "consumption
index" method to the seasomnal foothabits.data present in
Appendix B,_gives the rélative importance of foods cénsuﬁed
during a nine—moﬁth period. The fesults of thé-computations

are shown in Table 2.

The top eleven sources account for approximately 92
per cent of all food consumed in that period, Salal formed
more than a third of the total diet and was three times more

'7 impprtani.than any other species. Red .cedar (11 per cent)
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Table 2 The relative -importance of food items to blacktailed-
: deer at Northwest Bay as indicated by stomach con-
_ tents of 72 animals sampled in three different
'seasons. ‘ g ' S

 Season o Spring-Summer Autumn Winter - Total
: ' Transition

Length of season

in months - 1-1/2 3 u-1/2 9
Item - .SeaSonal Coﬁsumption Factorslv Coﬁsumption'
' ' : Index

Actual? %
Salal 8.1 167.7 1364 312.2 34.7
Red Cedar 2.9 6.9 94,0 - 103.8 11.5
Arboreal lichens 11.0 T 59.4 . 70.4 7.8
Pearly everlasting 69.0 0 0 S 69,0 7.7
" Grasses 22.6 7.2 - 36.9 ' 66.7 7.4
Trailing blackberry - 6.9 21.9 16.6 B5.4 5.0
Catsear 12.2 L.5 17.6 34,3 3.8
Mushrooms ‘T 21.0 12.6 33.6 3.8
Douglas fir 3.5 11.7 18.0 33.2 3.7
Bearberry b,1- 3.3 23.0 . 30.4- 3.4
Red alder T ' ©21.6 3.2 24.8 2.8
Other vegetation 9.8 3,2 32.4 76 .4 8.4
Totals ' A | 1900.2 100.0

T =‘Tface

lProduct of average volume % for each season by
the number of months represented by that season.

2Sum of Seasonal Consumption Factors. See Cowan
(19u45),



ranked sécopa,*folloued by arborsalsiichéns (8 ﬁéf cent),
'psarly'eygf;asting (8 per cent),-and gfasses_éndsssdges (7?

: peb éeht)}v 0f the tqfsl volume confributed-hy the ll"key
foods? shrubs andidesidﬁous tfees‘made.ﬁp 46 pér céﬁt;xcdn-_
"ifers_QSipeb‘seﬁt, hefBaceous piants-ll-éer»cent, lichens 8s
peb ceﬁt; and.ﬁushrooms 4vper cent. The balénce'bf-S péb

cent Qas_groupéd as mixed vegetation,

.dean (1945) and:Bpowh (1961), in fhéir‘studiés of
véoastai"blacktsiled deéh, foundiheavy ﬁse,sf Douglas fir,
tralllng blackberry, w1llow and grasses in eafly sprlng, ‘and
of salal ‘red alder,:anditralllng blackberry in latessummer.
Sincé {hsse(afe‘the tks ﬁeriods dufing thchvrumen‘saﬁpiss

- were not obtained at Northwes%’éay)*it is 1ikely that these
'speciessrate highersin the annual diétfthan fhey appear in
Table 2. For.fhis reassn a'tentativebiist of ths ten most
,Vimpcrtanfvannualvfoods'st NorthwestzBay was dsrived.from the.
combinéd‘data of Cowsn (1945), Brown (196l)vand the present
study. This and comparable llsts p”esented by the other

two authors are glven in Table 3.

Salal; Douglas fir, red aldér,.and_grasses are Veny
vimportant in all tﬁnee areas, FoPr other species important
- at Northwesf Bay (red’cedar; trailing hlackberry, srboresl
licheﬁs and-willow) are also impoftént in one of the other

,areas Only pearly everlastlng and catsear are unlque to

the Northwest Bay dlet and 1t is™ p0831ble that thesa would 
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'not have ranked in the first ten if sufficient data were

P

aVailablé on'late summer food habits,  Mushrooms,_fof
'example,_fankéd eighth on thé'basis of £he'chsumptiQn indeﬁ‘
(Tabié’2),Aand $ince somé are availablebto deer_by‘late sum-
mer, it isipésSible that ‘they are ﬁdre,impoftant!inithe'anf
nual.dietfthan either of theée fdr?s." |

Table 3 The. ten domihant iteﬁs.injthé annﬁai dietslof

~ Columbian bhlacktailed deer occupying three.
separate ranges.

R “l . Southern Vancouver2 v',Western_

. Northwest Bay™ Island . Washington
Salal ' o Douglas fir » Trail.blackberry .
Red cedar ' Salal . .~ Salal
Trail.blackberry =~ Arboreal lichen . Grasses
Arboreal lichens "Red alder B Red alder
Grasses and sedges Willow . © + . Vine maple
Douglas fir ' Mushrooms. . . v Western hemlock
Pearly everlasting Bracken _ " "'Douglas fir
Red alder ' Grasses and sedges Huckleberry
Willow Thimbleberry = = Fireweed

~ Catsear Equisetum | Red cedar

'lFrom present study with-interpolation from Cowan
(1945) and Brown (1961). See text.

2Prom Cowan (1945). .

3From Brown (1961). _ T,

Western hemlock, an important food to western Wash-
'ington deer, was never ohserved to have been browséd at..
. Northwest Bay. ' Dzubin:§l951)‘répqrted»that.it‘fqrmedﬁleng

than one per cent of the diet duridg'winter feeding fesfs
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with blacktailed déer, and Cowén'(lQQS)_ﬁated it asbépparenfly
unbalatable fo deer on southern Vancouver ISland;b 'Viﬁeg
maple was ﬁqt present in the étudy area ‘and red huckleberry
was of limited.disfributipn,A' Where availéble, howevéf, the
latter was sevefely hedgéd._  Bradken, thimBlebépfy, and
' Equisétumﬂ'fatéd importént'by:Cowan,'were eaten at ﬁorfhﬁesf
Bay but were fduna in only small émounts in thé stomach

samplesvanalyéed.

Sﬁring<sgmmer transitional diet - Pearly evériasting was the
most iﬁporfant food item'during the'late spring ahd.e;rlyv
summef,_forming 46 per cent of the aiet (Fig. ®). The new
ieaves and flower buds.wére the preférred‘portions aﬁd Qeré
fophd in.79 per!cent of the-stoﬁachs sampied. prah (19&55
"’reportea‘that’this sPeéiés was éppéfently nq£ eaten by.deer
in Southern Vancouver'Iéland. A Grasses aﬁd’sedgés,’at'ls
pef cent, were the»second-most impprtant item. Among.the‘
épecieslpresent in the_afea upon which grazing was reéorded

were Hulcus lanatus, Agrostis exerata, and Luzula multiflora.

Catsear, rated third by volume, formed 15 per cent of the

diet and occurred in more than half the samples.

- The arboreal lichens Usnez barbata and Alectoria sp.
‘were abundant in May samples bhut occurred less frequently as. .
the transition period progressed, Salal, trailing_black-

‘berry, bearberry, Douglas fir and red cedar eadh made ﬁp
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less than six per cent of the diet but are considered impor#—
ant because each was present in from 50 per cent to 71 per
cent of the samples. ‘ As with liéhens, each of tﬂese species |
was taken in decreasing quantities, while'peariy everlasting,‘
ca{éear aﬂd vanilla leaf weré taken in increasing quantities
as - the transition period progressed. Thus, a shift in pref;
erence from browse to sucéulent‘forbé is indicated &as soon as

the latter becomé'avaiiable in the spring.

Brécken was not recorded in %he spring rumen samﬁles
but the tendér sprouts were noted to be extensively browsad.
. High moisture and low fibre confent of the new:growth may
leave it, as weli as other succulent plants, unidentifiable
-in the rumen soon'aftér consumption (Bruggemaﬁn, Giesecke,

‘n .
and Walser-Karst, 1968).

Autumn diet -~ When ayailable, both green andAripe salal ber-
ries formed an average of 79 per cent of'the autumn diet.
After the berries had dropped in eérly.NoyemberL the leaves
alone contributed 16-per cent of the diet. . For the three-
month autumn season as a whole, théreforé, salal contributed

an average of 56 per cent by volume (Fig. u).

Trailing blackberry leaves ;were present in 91 per
cent of the samples but made up bnly 7.3 per cent of the
bulk. Brown (1961) found this the most important autumn

and year-round food in Western Washington, Chatelain {(1947)
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- found it of moderate autumn importance in Oregon, and Cowan
(1945) found it of little importance at any time of the year

on southern Vancouver Island.

"Red alder leave$:(7.2‘per cent), mushrooms (7.0 per
~cent), Douglas.fir_(S.g per cent) énd‘grasses (Q:ﬁ per cent)
‘were other important items duriﬁg the agtuﬁn, with musﬁ—

rooms and Douglas fir occurring in more tﬂan half the stom-
“achs. A variety'of bféwse specieé énd a few fofﬁs made up

the balance.

Winter dief -~ The consumption of salal from December through
March was about half that of the agtumn périod but the spec-
ies was still eaten by alﬁost all deer and was still the key’
food (Fig. u). Red cedar, af 21 per cent, rated second by
volume;and it too was presént in almost all éamples. Arbor-
eal lichens, made available by stréng winds and by snow and
logging damage to mature trees, contributed i3 per cent by
volume, Grasses and sedges'contributea.S'ﬁef cent.

Douglas fir and trailing.blackbérry were taken in moderate

amounts by at least 70 per cent of the animals, while bear-

berry, catsear and mushrooms were taken in slightly great

[

1‘5
amounts but by only one third of the animals. Many other

plants were eaten in minor amounts during this season.

Range Composition and Changes with .Seral Succession

Cover and species composition of various seral com-
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munities were derived from'é7vperﬁanent study plots éstaﬁ—.
lished and surveyed during 1959-61. Figufe 5 shows the lo-
cation and"relativé size of each ﬁlot;‘and théfdirection‘of
‘trgnsect.linés; Table b iists descriptive features of each.
The lpggéd patches studiéd included 17 burned sites fepre—
_sentipg eleven age-classes, eight unburned sites rebresent—
ing six-age—claéses, and two sténdé of 180-200 year old sub-
climax forest. The sizes of the plots ranged frém h.1
aqres (Plot V) to 69.0vacres (Plétié)‘and averéged ik,

acres.

_Average cover-composition by major plant categories
and the rank of dominant species in sites of increasing
successional age are given in Appehdix C (bﬁrned areas) and
Appendix D (unburned areas). Detailed da%a for the 27
"individual plots afe onifile with the Wildlife Research

Division of thevBritish'Columbia Fish and Wildlife Branch.

Seral communities at Northwest Bay - The major seral commun-

ities developing after logging or burning are basically sim-

ilar to those described for southern Vancouver Island by

Cowan (19u45). Four distinct associations were recognized:
(1) Senecio-Epilobium association.

(2) Gaultheria-Hypochaeris association.

(3) Gaultheria-Pseudotsuga association.

(4) Pseudotsuga consocies.
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‘ Table 4 The permanent range sufvey'and pélletfgroup-study
plots established at Northwest Bay, 1959 to 1961,

_ Age in Years at .
Year Logged InitialjResurvey Area
Plot ~or Burned Survey (Acres)

Burned-over sites

PERPOZUMOIOMNTOWE |

1958 A% 1 - 9.7
1957 A 2 - ‘13,1
1957 A 2 - 13.6
1958 A 3. T ‘ 9.5
1858 A 3 - - : 11.5
1956 S 4 - ~ 21.7
1954 A 5 - 8.9 N
1853 A 6 9 8.9
1956 S 6 - 11.4
1952 A 8 - 17.5
1949 A 10 - 8.8
1950 A 10 - 23.2
1950 A 10 - 17.u4
1948 A 12 L 23.3
1948 A 12 1y 9.8
1948 A 13 - 1i.4
. 1845 A 15 - ‘ 9.3
B. Unburned sites
D 1957 2 - 9.4
T 1956 5. . - 8.8
Q 1954 6 . - 16.2 -
I 1851 '8 - 8.9
Vo 1953 ' 8 - T
K 1947 12 - 9.7
X 1948 13 : - 13.2
2 1947 3 - 69.0
C. Subclimax forest sites
F - ~180-200 - © 8.3
3 - ' 180200 - 15.0
Average 1.5
"A —~-Autumn burn

S - Spring burn
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‘Cowan's "rock bluff'", "sedge meadow", and "alder-willow"
communities were of such limited distribution that they were

not considered in detail. o

The sequenée of the four dominant associations as 
they develop in burnéd-over sites, and the relationship to
-the amount of surface covered vaplant types age shown in
Fig. 6._varregularitiesAin the graph are attributable to
samplé size and to sife vafiability;_thevlatter-béipé par-
‘tialiy a result of differences in burning intensity. The

~general pattern of succession, however, is apparent.

Herbaceous plants reach peak cover-densities about

.

three years after burning, usually in the early Gaultheria-

Hypochaeris association. Thereafter they declinevgfadually

through competition ‘and shading and are of minor importance

by the fifteenth year (the early Gaultheria—Pseudotsuga

-association). Under the mature forest, forbs cover less

than one per cent of the surface.

Shrubs énd'young deciduous‘trees dominate the low stra-
.tum from the third year through to at least the fiffeenth year.
They dévelop rapidly, cover 60.to 65 per.cent of the surface

by the fifth year, mainfain that level until the tenth year,
and. then dgcline.>. By the fifteenth year onlvaO per cent

of the community consists of shrubs, and it is likely that

the downward trend continues beyond the fifteenth year as
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' shpubs are‘shaded and feplaced,by oonifeﬁoﬁs tneés, Under
the mature timber, shrubs (principally salél)bregain domin-

ance and reaCh:a peak cover density of almost 70 per cent.

Conifers comprise almost insignificant proportions .

" of the'Sonocio—Epilobiumfand early Gaultheria-Hypochaeris’

associations. Coniferous ground cover increases :very grad-

ually, remaining below-five per cent for the initial 12 to
lS,years{ ~ In the fourteenth and fifteenfh years, a marked

increase,occurs and it is at this time that the Gaultheria-

Péeﬁdotsuga association develops. This type, in turn,

quickly advances into dense secondfgrowth'Douglaé fir with

iittle subordinate vegetation, and eventually into a closed-

canopy forest with a salal or moss uhderstory.

The structural characteristics and the chronology of

theAfour fire-induced seral stages follow. Represeotative

photographs of each are presented in the Appendix.

(;)' Senecio-Epilobium association

Immediately after logging and intensive slash-burn-
" ing, a éparse and ephemerél forb association develops. . In

the first year (Appendik C) it is dominated by wood ground-
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- sel (Senecio sylvaticus), with the principal associates, let-

tuce (Lactuca muralis), thistle (Cirsium lénceolatus:and\g.

arvense) and willouherh_(Epilobiumlminutum). ~Shrubs and
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coniferous trees are rare and total plant cover may be less

than four per cent (Fig.-G).

in the second year, fireweed, thistles, catsear and
-a variety of ﬁoody species including saial, black raspberry
and western hemlock become well established. Plant éover
_incréases mapkédly'to approximaﬁely 20 per cent with shrubs
ahd forbs éontributing equally. Wood'gréundsei maintains a
relétively consfanf density, but sinée if'éro§s Eést on
scorched soils and is intolerant of changing scil conditions
(MHeiier-Dombois 1959), it and the association itself rarely

thrive in the third season.

(2) Gaultheria-Hypochaeris association

Fron approximately the fourth.to fourteenth year
(Appeﬁdix C), a mixed shrub and forb community dominated by
salal and catsear is fecpghizable." Both of these species
are far more abundant than any of the priﬁcipal associatés.
Rubus épecies, including tréiling Llackbérry, biack résp—

“berry and salmoﬁberry (Rubus spectabilis) are usually rep-

resented, and become more abundant with advancing vyears.

Willows, twinflower and Oregon grape are other ccemmon shrubs.

Associated herbaceous plants vary greatly with soil
and moisture conditions and with the intensity of burn.

Most prominent are thistles (Cirsium spp. and Carduus. spp.),
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1¢ttuaé, pearly éVefiastiﬁg, fireweed, and vanilla-leaf.‘n
Woéd groﬁﬁdsel isAgreatly reduced in cover percént from,ité
first:year abuﬁdancé, and_grasses éndvsedges are iLly ioqa1%,
‘iyjaistbiﬁutéd. Bracken fernvdévelops vigorpusly.in.ﬁoisfg
sun-exposed pockets (Fig.:7) and frequent;y préveﬁfs dévélop-
meﬁt of the typiéal»forb‘strétuhQ Salal, howeyer,rmay Perf 

sist under the bracken..

Thé earliest stagés of this association‘arf repre-
~sented by the three- and.fouf¥year-old sites‘(see Fig. 6).
'Typlcally, one—thlrd or less of the surface.ls ‘shaded by
Vplants. Forbs and shrubs are equally abundant, each occupy-
:ing;an'ayerage of 15 pef‘cent of the surface.  Grasses are
moré_aguhdant‘than in any other seral'stage bﬁt‘sfiil bccuPy
less than two per cent of the arvrea. Salal is‘the‘dominéﬁt
"speéles, w1th catsear and tralllnc blackberfy the lmportant
a85001ates, and black raspberry, willows, thlstle and let-

tuce present in moderate guantities.

The more advanced stages are recognizable in five-
to thirteen-year-old burns, areas in which total plant cover
rangés from 40 to 70 per cent. Sh?ubsAdominate.and may
'éover six to eight times more of thé surface than herbaceous
-piants. The impértant coniferous specles are generally
, pfesent hut frequenfly occupy .an average of less than fiYé

:-Apef.cent of the surface. vOnly under -ideal soil and moist- .,



Fig. 7 Dense bracken fern growing in the moist lower end
of Plot J, 14 years after slash-burning. In this
site salal persisted under the bracken.

Fig. 8 An early Gaultheria-Pseudotsuga association
fifteen years after logging and burning (Plot M).
Douglas fir regeneration was particularly rapid
in this site, even though reforestation was not
attempted. When surveyed three years earlier
this plot was classified as an advanced Gaultheria-
Hypochaerlis assoclation, o
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ure conditions is Douglas fir aominant (Fig.'S). salal is
_usually'mbst.abundant, occupying an a&erage of 38 per cenf of
the surféce. Catéear covers onl? four per'éenf of the éuf—
face but ranks second or third in éll areas where fire was
'in%ensiQe. Trailing'blackberfy (2_per ceﬁt), along with
Douglaé fir,. western hemlock, wil;ou,,black raspbefry, let-
tuqé and pearly everlasting (each aQeraging approximately

1 per cent) are the»other>principal components.

(3) Gaultheria-Pseudotsuga associaticn

Appfoximately fourteen yeérs after burning, Doug-
las fir‘begomes the principal aésociate with salal. Dense
salal common in the earlier serél étages does not sériously
hamper tﬁe establishment of conifers (Mueller-Dombois, 1959)
and once established in sufficient numbers they sodn surpass
forbs and shrubs in abundance. The fourteen- and fifteen-
year-old sites (Appendix C) represent the earliest stage of
this agsdciation. Str@cturally if is little different from .

the advanced Gaultheria-Hypochaeris association, the dis-

tinctive features being reduced galal and total shrub cover,
and incfeased Douglaé fir cover. ‘Trailing_blackberry,

Oregon'gfape, willow.and catsear rémain as subdominants but
become lgss abﬁndant Qith time, |

Since the earliest logging occurred only fourteen

years before the start of field investigations, more
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advanced Stages of this association were not avéilable for
survey.  However, undef-average conditions it is presumed
that Douglas fir sdrpasses salal as the dominant'speciES 18_”

_to 20 years after burning.

(4) Pseudotsuga subclimax

The mafﬁre; subcliméx férestvcommunity, or:"Pséﬁdof
';tsugaAconsocies" (Cowan 19u5), was represented by two étands
of 180— to 200—yeér—old timber. A dénéé‘canopy'cohsisting

.mdsfly Of Dopglas fif and western'hemlock restricfs_growth 
" in the understory'to only‘fhe most shade—tolefaﬁt sﬁecies.-
Téllfgfowing.salal_dominatéd the th sites studied, covering
"an:aVerage of 65 per cént of the:surfége. ' Rock—éu?cfdppiﬁgs
wefe‘preSent-in both sites, and'suppbpted a_moss c§mmuni£y

similar to that described by Mueller-Dombois (1959). Twin-.

:fl§Wer, Oregon grape, dwarf rose (Rosa gymnocarpa) and
Pipsissewa were present on these shalléw sdilé but, together, -
‘qovéréd only two per cent of the surface. | Limited regenera-
-tidn of western hemlock was noted in fhe.salal‘zones and a |
few low—hanging branches of western red . cedar made up.the
remainder of the low stratum, | As noted by_Cowan (1945),

plant variety in this association is very limited.
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Species Variety in Seral Communities

The vagiety_of palatable species present in_any uﬁit
'ofvregénefating3range is probably aS‘iﬁPOrtant”as’the tdtal
.production of-fobd{" Thatjdeef cénéuﬁe many;diffefenfjfobds
:at_allAseasbns'is clearly demohét?ated by the results of
.ruﬁen anaiyses preseﬁted earlier,iAnd'by food hébit studies
,rééofted by other workers‘(CowanleMS; Chételain'lSH?,'Rieck

1952, Brown 1961).

 Speci§s variety,‘asvit is'réiatéd to seral succession
at‘Northwest”Bay, ié:shown:graphicaily iﬁ Fig. 9. The data
from.ﬁhiéh tﬁe curveé were dérived ére_given in Appendix C..
Only'those-sPeciesvrecérded in.gfeater’than'trace qpantitiés
dﬁriné,tﬁe range SﬁbVéygéaﬁd;knowﬁlto cgﬁtribute sighifi—
éahtiy tO'fhe diet (see food haﬁifé results'abo§e; and Cowan
lgﬂS), are incluQed as "palatablé”udeerbfogds in this analy-
sié.' vSincevgrasseé apd.sedges were not idenfified to

" species, they are not included.

Peak variety_occurred in the intermediate Gaultheria-

Hypochaeris association six terighf ygaré aftervburning}

‘At this timé the ﬁﬁmber of species of shrubs-and the number
ofAherbéceous plahts importént»to deer4gere approximately
_equal. Thus, it waé at this time that theAgreatest'"divers-
ity index" (Odum, 1960) occurred, and, if &arigéy of fosds'is

bfindééd importént,_théfgbéatés?:attractivenessutb_deer_could”
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be expected.

Eleven.hérbacgdus.plants, eleven shrubs, and three
conifers ﬁere'the'maéimum.numbers éf palatable species‘ne—
- copded, but each form reached maximum variety at a different
time. Férbs invaded quickly, wifh ﬁany becoming established
in the first growing season,. Eollowing méximum diVersity in

the intermediate Gaultheria-Hypochaeris association (6 to 8

_years after burning) a gradual decline in forb variety
occurred, and in the fifteenth season only four palatable
forbs were recorded. Under the mature timber this number

had decreased to two. : N

The browse plants invaded at a slower rate than forbs,
not reaching maximum variety until development of the late

Gaultherila-Hypochaeris and early Gaultheria-Pseudotsuga

associations. Subsequently, there was indication of 'a sig-
nificant decline in browse variety probably owing to the

continued encroachment of salal and Douglas fir.

e L

The three palatable coniferous trees, Douglas fir,
western red cedar, and balsam fir, were not consistently
present in regenerating areas until the fourteenth to fif;
teenth year (Fig. 9), Red cedér:qas the only conifér found

within reach of deer -under the mature subclimax forest.
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"Range Productivity

The production of deer focds. in forest cbmmunities
varies>greatly with site,>séral structure, past land use, and
;fire_histofyA(Halls and Crawford 1960, Ehrenreich and Murphy
i962); Generally, after desfruction of subclimaxvand climax
sites,. food prqductibn increaseé for a period varying with
the biotic area, and then decreases.to a felatively low level
‘as the community approaches climax conditions. .in theFStudy
-area, estimates of the amount of palatabie new growth avail-
‘able,'and of the percent of thé surface covered by palatable
plants‘appéar to foiiqw this trend‘(Table 5). The former
figures were derived from‘the browse clipping in?estig;tion,
the latter byvsubfracting cover—pefcentages for non—palatableb
plants from the total cover—percenfageslgiVen in Appendix C,
Estimgfes of fhe amount of palatable browse in December |
’(Table 6)v¢annot'be expeéted to foilgw the same trend be-
éause they inclgde only the avéilable evergreen foods, and

do not account for total annual production.

" No measure was thained of;the amountiof browse
which had already been consumed by;deer atlfhe time the
‘samples were collected. Therefore, the estimates represent
the standing crop in July and August (néar the end of the
_gfowing season), and in December . During‘the clipping bro-

. gram relatively little food was noted to have already been
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Table 5 Annual production of deer food in various post~fire

seral stages, expressed as pounds per .acre wet-
weight.  The numbers in parentheses express palat-
able fcod production as -a percentage of total new-
~growth production. '

Years . Mature
since burning L 10 12 in Timher
Forbs and grasses 151 125 13 a7 T
Ferns ' 15 69 140 166 - 2
Shrubs : 782 8u7 - 791 7hy . 423
Conifers T 2449 28 105 5
Total - S48 1230 972 1114 430
. ' : (93.5) (93.0) (83.9) (79.5) (95.5)
Percent of ground ' -
covered by palat- 1 _ :
able species ) 39.3 61.8 7.0 43.4 67.1

1. ' :
Figures extrapolated from range survey data.

Table 6 Winter availabilify of deer foods in varicus post-

fire seral stages, expressed as pounds penr acre
wet-weight.  The numbers in parentheses express
food availability during winter as a percentage
of total available'new}growth.

Years , o - Mature
since burning Y4 9 14 Timber
Forbs and grasses T _ T T T
Ferns ' T . 6 10 2
Shrubs : _ 10 ' 16k 299 421
Conifers 45 59 . 34 5
Total - 55 229 343 b28
(82.4) (87,7) (¢7.%) ~ (98.1)
lDer'ived from summer estimates by including'only'
the weights of evergreen plants.
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consumed, so it would appear that esfimates of the standing

’

crop closely approximate the total crop.

Data for the summér.ipdicate a rapid'increase in
total f§od préduction for the firSt‘ten years after a fire,
followed by a slight décline for at least the next four
years (Fig. 10A). This decline proﬁaply continues grad-
ually throygh to the subclimax forest stage. - Asfa_group,
fopbs énd.graéseslwéfe produced in_gfeétést duéntities'fouf‘
'years after burning, at which timeiappfbximately 151 pounds
per acre were‘available.'_ Their abundancé tended to decline
through subsequent yéars to trace quantities in the subclimax
forest. Ferns shéwed an opposite trénd, increasing in abun-
dance from the fourth to the fourteenth year, when approxi-
mately 166 pounds per acre were available. As with the
forbs andlgrasses, however, fern production under the mature
timber was negligible. ‘Shrub'growth Fformed the bulk‘of the
annual productioﬂ‘in all age—classés, aﬁd was most abundant
tén yeéré after burning. Apbroximately 847 pounds of pre-
ferred browse were available on each acre at this time, but
a progressive decline through td>the subclimax stage was

indicated.

Estimates of the annual production of coniferous
foods do not compare favorably with the cover-percentage

estimates shown in Tig, 6. They do not follow the expected
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trend of é very'gradual-increaSé for the first 10 to 12 years
followed by a more rapid increase at abouf 14 years. Thig
is likely attributable to variable rates of‘donifer_rggeﬁér_
atién in different soil types as réported.by Mueller-Dombois
(1959)( - In two seral stages, however, the results do.agfee.

Low annual production and negligible surface coverage by

conifers were recorded in the early Gaultheria-Hypochaeris

‘association and under the Pseudotsuga subclimax.

As Sﬁown in Fig. 10B, avaiiébility of preféfred'winm
ter foods in December increased constantly with seral succes-
"sionmn. Only 55 pounds.per acre were available four years
after burning, and-most of this waé Doﬁglas fir. In the
‘niﬁe~-and lu;year—old sites 229 pounds ﬁer acre and 343
pouﬁds pervacre ?espectively;were‘available)_with_shrubs the
dominant source. Under the mature timber, where availabil-
ity was estimated by subtracting‘the_weights of herbaceous
and deciduous growth from the weight of all énnual:gfowth
eétimafea in summer, approximétely:428 pounds weré av;ilabigv

on each acre, ¢7 per cent of vhich was salal.

It is apparent from Table 6 that as secondary suc-
cession advanced, an increasing percentage of new growth
available in December was important deer food. This can be
accounted for by theAgrédual replabément of dgciduous plants

by palatable evepgréens such as sazlal and Douglas fir, and
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points out the importance of the more advanced seral stages
to wintering deer.

 When the data in Tables 5 and 6 are relatéd to the

.seral associations described earlier, the intermediate Gaul-

theriasHypochaefis-association is cleérly most-ppoductive in

terms pf weight of food, and rétés'highbin.termsnof palatable
‘cover. _Fufthermore, its variea composition mékes it~capéble
of‘supplyipg food from spring to léte éutumn and early'wintef;

The mature Pseudotsuga subclimax has a relatively high cover

of palatable foods in both summer and winter, and is potential-
ly the greatest producer of evergreen winter foods. But -com-
pared with the salal and catsear-dominated seral- stages, it

- rafes relatively low in total production of annual_gfowth{

The eafiy]Gaulfﬁeria—Hypochéeris ass@ciétion produces
pnly modefate_amounts‘bf food.A'-Moreovef, subtraction of.the
.aﬁounts produced'by.hercheous piants ahd by piantsvnot eéten
in winter indidates that léss‘than sig pér cent of the total
Cis avai;ablé aS'Wiﬁtervfood. Therefore, forégiﬁg by deer.in‘
this association must>be cohfihed mainly tovforbs and»grasses

available during the spring and summer.

The Gaultheria-Pseudotsuga association was consid-
ered by Cowan (19u45) to be fhe_mqst impérfaﬁt food-producing -

community, particularly when'supplémented by fringes of sub-
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climax foreSt. The éombined.fesulté'of tﬁe.rumen content
vanalyses and of the rangé}survey indicate that this associa-
tion provides near optiﬁum conditions for late summer, autumn
and early winter feeding, but is less than ideal during the
'Spﬁiné and sumﬁer wvhen Qafioué succulent forbs are preferred.
Along with §ther early seral stages it is of limited value

‘when food availability is restricted by deep snow.

Chemical Composition of Deer'Forage Species

The purposes of obtaining data on the nutrient con-
.tent of various food species were to test the hypothesis that.
forage quality decreases with advancing succession (Cowan et

al. 1950), and to measure seasonal and species differences in

nutrient levels. Work by Einarsen (19&6) and Dietz SE_éi'
(1958) suggests that each of these.factors may be important.
in influencing range selegtion‘by &eer. Generally, the
results presented below indicate that the average nutrient
composition of selected_grbups'of impor£anf food species did
not change signifiéantly from the fqurth to the fourteenth
year of;suécession. Howeyer, éeasonal chanéesﬂand differ-

ences between species weére generally significant.

The effect of seral succession on forage nutrients - Table 7
summarizes the results of a series'of four analysis of vari-
ance tests designed to show the influence of advancing

regeneration on forage quality. For most species, means
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Table 7 Results of a series of four analysis of variance
: . tests designed to determine the effect of seral
succession on the nutrient content of important
deer forage species, The values tested are
~gilven in Appendix E, Tables 1-4, o
Test l: Five-year-old vs l4-year-old commun-
' ities; nine species sampled in March.
Values of F )
, Crude Crude ' Crude
Source df Protein Fat Ash .. Fibre, N.F.E.
Between Speciés 8 6.18%% 7,58%% 3, 8u% 79.,66%% 28,27%%
Between Ages 1 1.07 .82 .26 .02 1.73
Error 8 : '
Total 17
Test 2: Fbur*year—old vs nine-~yvear-old commun-
ities; four species sampled in December.
Values of F
: , Crude Crude Crude
Source df Protein Fat Ash Fibre N.F.E.
Between Species 3 14.72% 12.,28% 10.7u4% 75,60%% 20.13%
Between Ages 1 .07 2.72 .73 .63 .02
Error 3 )
Total. 7
Test 3: Nine*year—old_vs'lu-year—old commun-
‘ itiesy; three species sampled in
December.
Values of F
Crude Crude ' Crude
Source df Protein Fat Ash Fibre N,F.E.
Between species 2 23.13% 16.40 2.05 43.72% 663.67%%
" Between ages 1 5.25 L 4o .33 .01 130.37%%
Error 2
Total 5
* p< 0.05
#*% p < 0,01
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Test 4: Four-year-old vs nine-year-ocld vs
lli-~year-old communities; four
species collected in June,

e Values Of .F- e o

. t~~Cpud¢”.Crude ] ~Crude

Source _df Protein TFat ~Ash ~~ Fibre  N,F.E.
Between species 3 68.u48%% 1,03 15,19%% 40.66%% 50,85%%
Between ages 2 .57 . Q7 .30 .65 .09
Error 6 : e
Total 11 ,

* p < 0.05

®#% p < 0.01

derived from samples collected in two or more sites of equal
sucéessional'age were used in the analysis. However, for
some speciés only a single sample was obtained‘for a given
gge—class énd consequently the interaction factof'could not
be determined in the analysis of variance. The species inQ
volved iﬁ each tgst and theilr nutfient values aré.given in

Appendix E.

In only one test wefe ﬁheré significant'diffefences‘l
_attributablé to age-of-site; December nitrcgen-free extract
(N.F.E.) levels in Douglas fir, trailing blackberry and wil-
low, when treated as a'group; were higher fourteen yéars
~after burning than nine years after burning .(Test 3). A
similar résult was feported hy Couéﬁigﬁ_iij (1956) for three

coniferous species 'in central British Cclumbia, but no



physiolpgiéal explanation can he offered for the increase.
The levels of other nutrients in groups of plants collected
in Deécember, Maréh; and June were not -altered by seral suc-

cession.

In general, these results do not support those of
Cowan et al. (op c¢it.), who concluded fhat food quality dé-
'clines as forests regenerate téward‘climai conditions. As
will be'aiscq;séd iater, however, éignifiééntléhéhges might
have been recordgd in the preSenfvinvestigation if Samplés.
had been analysed from regenerating areas younéer tﬁan four

years of age and older than 1 years.

The effect of season on foragé nutrients - On - the basis of
the above results it was possible to use values obtained fron
ail'age—classes to defive avefagé seasonal nutrient ;evels
for each species (Table 8). These data then provided a
meansAofAtesting for differences a%tributablé to seasons.

" Values fof six of the mosf importantvbrowse species, sémpled
in summer (Jﬁly), early winter (December), and late winter ~
" (March), were-extracted from Tableﬂé, pooled,'testéd with an
analysis of variance, and where applicable, with a range
test.v The six species‘were Douglas fir, western red cedar,
salesl, trailipg.blackberry, red aléer, and‘willow. Resulfs

of these teéts are shown in Tables Q@ and 10.



Table 8 The average seasonal composition of ‘some lmportant deer foragé

species at Northwest Bay, Vancouver Island. , -

Browse Species . Percent of dry weight
% - Crude Ether '
Moisture Protein Extract Ash Fibre N.F.E.
Douglas Fir July 63.5 6.32 16,43 2.36 20,20 54.67
' Dec. 59.6 10.17 12.69 3.97 20.31 - 52,84
Mar. 53.9 7.63 13.76 2.60 18.96 . 57,03
Western July 61.0 4.68 18.04 4,22 25,34 47.71
Red Cedar Dec. 58.5 7.38 18.02 4,48 27.02 43,09
Mar. 51.6 4,75 9.55 3.40- 21.10" " 61.10 -
Salal June . 78.4 9.68 14,16 3.83 18.26 © 54,07
July - 71.4 7.97 . 13.63 4,46 22,93  51.56
Aug. 57.6 3.70 7.20 3.85 26.05 . 59.10
Dec. 58.5 6.40 10,142 5.23 24,48 53.45
Mer. 55.9 5.03 ° 10.20 4.66 - - 19,60 .. 60.50 "
Trailing July 66,3 15.04 12.64 6.22 . 13,13 52.96 .
" Blackberr»y Aug. 61.2 9,30 8.10 5.60 15.40 61.60
Dec. 63.0 13,23 12,70 6.57 13,92 53.56
Mar. 57.4 8.55 8.00 5,40 11.40 66,20
Red Alder July 56.5 17.47 13.66 4,14 o 11l.u41 _ 53.32-
: Aug. 59.4 13.70 10.50 3.30 16.50 55.90 -
Dec. 46.5 11.16 14.16 3.00 23.47. 47,47
Mar. 53.6 ' 7.90 17.17 2.50 , 21.17 . 51.23
Willow June 69,1 T 1u,us 12.69 6.30 © 15,78 50.77
July 62.9 12.35 14,27 . 6,46 . 16,26 50.63
Aug. - 5.40 4,60 5.70 22,90 6L.40
Dec. 5C.4 .-  9.u486 8.30 . 3.92 29,54 - L8.76
Mar. 50.5 ~ 6.25 10

.50 3.40 24,00 » 56,10

- 8§



Table 8 (cént)'

Percent of dry weight

% _Crude Ether }
Browse Species Moisture Protein Extract Ash Fibre N.F.E
Oregon - Aug. 50.8 4,40 - b.40 3.25 36.90 51.05
_grape Dec.. 50.2 10.72 7.61 2.87 33.10 45,70
Mar. 50.b4 7.53 5.30 2.57 29.53 55.07
Black June 75.9 18.38 12.17 6.92 13,79 48,74
Raspberry July - 15.04 12,57 6.96° 17.22, 4g.21
Aug. 53.0 8.30 3.20 5.50 22.00 61.00
Dec. 61.5 6.24 8.07 4,50 35.59 45.59
Mar. 41.6 6.90 3.95 3.15° 31.25 54,75
Salmonberry'JuneaF69;l - 17.10 12.50 5.50 13.32 51.58
July - ©12.35 13.31 5.41 13.31 . 55.62
Avg. 7.0 7.00 7.40 6.30 23.30 56,00
Dec, 51.1 7.37 6.86 3.72 23.33 56.72
Arbutus Aug. 56.0 4,70 7.20 3.60 13.30 71.20
Mar.. 55,1 5.93 4.53 2.97 9.37 77.20
Rose July 56.3 11.45 15.15 6.32 18.07 49,01
Aug. 49.6 b,10 6.20 6.20 26.90 56.60
Mar. 43.9 4,13 4.37. 6.10 34.10 51.30
Red :
Huckleberry Mar. 8h4.4 5.50 8.65 5.00 26 .45 SK,L0
Thimble-
berry : Auvg. 65.6 11.70 15.40 7.36 15.39 50.15
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" Table 8 (Cont)

Percent of dry weight

<

31.40

% Crude Ether
Moisture Protein Extract Ash Fibre N.F.E.
Herbaceous Species .
Catsear June 84.4 15.5¢0 16.97 8.67 14,80 . 43,95
July 80.5 13.42 16.83 8.37 17.45 Ly ,93
Aug. - 4,10 5.30 8.20 29,10 53.30
Fireweed June 75.8 14.85 13.42 '6.89 8.77 56.12
July 76.8 13.17 14.18 5.74 8.81 58.10
Pearly July 76.2 10.86 14.02 . 9.79 - 18.63 L6 .60
Everlasting Aug. - 5.00 5.20 5.80 - 28.90 51.10
Thistle June - 81.6 '11;28 12.55 10.81 16.73. L8.63
July 82.0 12.58 15.53 1C.356 26 .84 34.69
Aug. - 4,10 7.80 5.40 35.30 47,40
~Lettuce July 77.0 o 12.22 9.29 6.72 ©19.98 47.15
"Aug . - 3.00 5.00 6.40 ©35.20 50.40
White
Hawkweed Aug. - 3.40 5.20 3.70 36.00 51.00
Ferns.and Grasses
Bracken June 85;6 33.24 15.25 8.22 9.73 35.55
July 60.6 S 11.90 14,75 7.15 - 22,77 u3.,u2
Aug. 59.83 6.65 5.00 8.75 21.25 . - 57.35
Swordfern  Dec. 61.9 12.u48 10.84 4.56 28.79 43,32
Grasses July 53.0 8.10 9.84 5.30 43.56 ©33.20
Auc. - 3.1¢C L.80 6.3 54.40

09
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Crﬁde pfétéin'leVeis uéfe fouﬁd to be7s£gnificantiyl';
>highér (p ,Q5) iﬁ summén.than late'uinter?'buf nét signif-
”icantlyadifferent‘ﬁefﬁéep sumﬁef_and'éérlyﬂﬁinter.‘ Thevtwo
cgﬁiféfOQS';peéies iﬁcludgd in tﬁg'test (ﬁougléé'fif and -
-vweéféfnlred cedarj.sﬁowed éeasonal‘trénds in‘progein opposite
fo £ﬁ§se of the othér four spécies, both having highesf
leveiszin December and lowest levels in July (Tablé 8).
';Thesé t#p épecies weré éppareﬁtly5énough to offset é_genefal
;July tO'Decémber declinévinjpfoteih,indiéated‘ﬁy each of the

.ofhep four plants.

'AQerage N,F.E. ievels for thé six>species»were;higher
in'late_winfer;than in eifher summéri(p 0.05) or eérly.win-
‘teg (p' -Q.Ol)1_“ Digtz:(lSéS) repgrted,that'ﬁ.FrB;;cohfent
of shrubsvaﬁd tfées.gehéraily increases as éhéﬁblogy:adVancésv
"towérdjwihter dormancy, fhus‘céntribufing significantly to the
winter'maihfenancé ration of ungulates. ‘ The only Speéies'in
the_groupvwhich was not consistent.with this trend‘was>:ed
alder, in which highest.N.F.E} levels were recorded in July
and-Aﬁgust. ' it is perhaps significént that only in late
August ané Septemﬁer was current browsing on this plént'

noted. ‘ ' ;
Differences in the seasonal levels of the remaining

N

nutrients bordered on significance'(all p 0.14). .The

-~ general relationships and conclusions which can be.




Table 9 -Analysis of variance for differences in nutrient
~ composition of six important deer forage species
collected in July, December and March, Values
of F are showun,?

....... -
. . : Crude Cruae. Crude

Source df  Protein Fat  Ash Fibre N.F.E.

Between species 5  U4.,39%  1.78  5.9u%% 4, 21 1.85

Between seéasons 2 L.65% 2,31 2.67 3.11 9.97%%

Error 10 : ! '

Total 17

: ‘lDougias fir, western red cedar, salal, trailing
blackberry, red alder and willow.

2 .

Interactions were not separable from error mean
squares because replicate samples were not available for
all species,.

*Differences significant at p < 0.05
#**Differences significant at p < 0.01

Table 10 Results of Duncan's new multiple range test
applied to the seasonal means for crude protein
and nitrogen free extract derived for the analy-
sis of variance shown in Table 9. Any two
means not underscored by the same line are sig-
nificantly different at p' < 0.05. '

Mean percentage for: Mar. Dec. July

Crude protein , 6.63 - 9.63 10.48

Nitrogen-free extract 58.69 49,91 51.81
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suggested, theréfore; are that: ééh’(mineral),levelé were
highest during early winter in the'evergfeen plants and
.highest during sumﬁer in the debi&uoué plantég Acrude fibef
-leyels were highest in early uintef fér all six speéies but
had declined slightly hvaarch; crude fiber levels during
summer wWere lower in the deciduous plants thaﬁ in tge ever-
~greens; crude fat (ether extraétive) lévels werejhigh in
botﬁ summer ahd winteér bu% showed no'cdnsistént seasonal
trend; moisture pefcentages weré highést duriﬁg the summer

~growing period and lowest during late winter.

al. (1958) reported that Colorado mule deer

‘Dietz et
"choose browse éontainipg the highest amounts of important
<nutrients during'each seasén, especially'in the case of pro-

;

tein™. A simiiar relationship 1is indicated at Northwest
Bay. For example, June samples of bfacken fern shoots, typ-
ically the portion eaten by deer, gvefaged 33.2 per cent
crude protein (range 29.7 per_cent‘to 35.6 ber cént);, One
month later, when almost all plants had_réached the open
frond stage ahd'were rarely browsea, average protein had dé—
creased by‘aimost two thirds totllﬁ9 per cent (range 11.6
per cent to 12.1 per cent). Moisture and ash content were.

also higher, and crude fibre lower in the preferred new

shoots than in the mature fronds.

Another example was noted with red alder and thimble-



0

berry. Among August samples;.fhe higﬂest proteinvand fat
levels, and the lowest fiber .levels wefe recorded in the
leaves of these two species (Table 8). As noted above for
red alder, both were brouwsed only in late éummer and autumn,

at-a time when other plants sampled were of low nutritionai

quality.

8ix evergreen species, including Douglas fir; western
red cedér, saial,rtréiliﬁg blackbefry, é&ord fern, and Ofeggﬁ
_grape contained‘suprisingly high perceﬁtages of protein and
fats in early winter. Altho#gh séme of these were eaten .in
other seasons when their chemical compositions had changed,
as a group they cqmprised about 60 per cent of the winter

diet,

Finally,.the crude protein, fat, and ash contents of
pearly everlasting and catsear declined markedly between June
and August, ' coincidental with a decrease of these foods in
the rumen saﬁples. A similar rglatioﬁship was found- -with
black raspbepry and salmonberry. UAlthough not abund%nt in
the rumen saméles, signs of curren%‘brbwsing on these latter
two plants were observed'oniy between spriﬁg and mid-summer -

at a time when their nutrient contents were highest,

It can be concluded, therefore, that there is signif-
icant seasonal variation in the chemical composition of major

plant groups as well as of individual'species. ~ Since floral
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compositioﬂ.differs in eaehiseral stege,.ovefaarl seasoﬁai
cﬂahgeS'ingtheAnutritionalestatus:ofveachﬁof';hese eeral
eteges.must alsoeoccur, .The relationships betweeneseaSOhal
vaeiation in'nutrieﬁt.ievels and food habits tend to support
" the centehtien'that deer not only select the ﬁest nutritious
plants;‘but also the most nutritious seral association avail;

“able_at each season,.

Deer Use of Sefal Communities

‘Pellet_grouﬁ densities ere a function of.deer numbers

.and'the time spent by:the.animels in a-commﬁnity.: After
equal’time interﬁals;ehighest densities reflect the moet.
'vheaQiiy used or preferred'communitiee (Harper; i967);,  This
ecriterion<was usea aé'the basis for.determihingepfeferenee’by
deer:fOT (1) aifferent;aged seral efegee,.and.(Q) differently
treated'serel stages of equal age.: It is understood that

fﬁe deer density'indiees’used in fhis.study are actually con-.
.Qerted expressions of "deer-days of use" bccurring over
relatively short periods of time} The index "deer-days per
square ﬁile", or as used here, simply "Qeer per. square mile',
»was.chosen in preference to !deer-days ﬁer acreﬁ te avoid eeh-
fusion associated with the use of decimal nuhbere. ‘Results
are based uponAdata from 85 spring_aﬁd autumn counts conducted
in eérly seral units representing 17 age-classes and the

adjacent mature timher,



Althqqgh.it'is shoﬁn later that slasﬁ*bﬁfning sigal
nificanfly'gnhgnées range selection by:deer,‘éhé combined
means for both hurned and unburned:afeasvéiven in Table 11
were uSed‘td'deécribe trends in site selection;. -Thiélpro—‘

. vided a»méré reélistic appfoach'fd'thé ecélpgical relafioﬁ;
ships betweenfdeer and forest‘régéneration_ipvthe study area,
since'burqed; partially burned,'and‘unbﬁhned.sites wefe

closely associated.

.Seasonal use in relation to seral succession - Trends in

_deer‘usé,for the summer period and for the.autumn~épring
- periodbare shown graphically in Fig. 11. During the_summer,
 exploitation of developing seral communities began soon after

‘logging or burning and reached peak intensity in thexearly

Caultheria¥Hypochaefis»association5 three to four yéabs after
disturbance. At thét time, use-indices equivélent to- 140
deer per sqﬁare mile (4.5 acres per deer)vwere‘recorded. A
marked decline throﬁgh'the next six years into the late

Gaultheria-Hypochaeris association followed, by which time

use equivalent to 55 deer per squarevmile (12 acres per deer)

was recorded.

A slight upward trend beginning in the 12th year of
succession may refiect a‘tendency of deer fo take édvantage
'of:aense'pfotectivé cover develbpipg in the more advanced
.seral‘stages, ” It‘may alsp rgflect;greater:use of the late

'Gaﬁltheria—Hypéchééfis>aésociatioﬁ‘and‘fhe’eérly'Géulfheria--




Table 11 Mean indices of deer use in different-aged seral sites. Values were
determined by pellet group counts and are expressed as deer per square
mile.t The number of replicate samples obtained for each age-class
is shown in parentheses. ' o

Years since : Summer Use-period Autumn to Spring Use-period
logging and Burned ~ Unburned Pooled * Burned Unburned Pooled
burning Sites Sites data ~ sites ' sites data
2 106.6 (1) 106.6 (1) 110.4 (1) 110.4 (1)
3 118.8 (3) 99.3 (1) 113.9 (u) 111.7 (&) 79.3 (1) 103.2 (5)
I 181.2 (5) 113.4 (1) 169.9 (6) - - - = -
5 152.8 (3) 166.2 (1) 156.1 (u) by ,2 (1) 71.8 (1) 58.0 (2)
6 58.5 (2) 85.5 (1) 52.2 (3) .~ 60.5 (2) . - 60.5 (2)
7 97.0 (4) 37.8 (1) 85.2 (5) 65.4 (1) 25.0 (1) 47.2 (2)
8 35.4 (2) 111.5 (1) 61.8 (3) - 85.2 (1) 95.2 (1)
9 126.6 (2) 70.9 (2) 98.8 (4) 688.7 (1) "6u4.7 (1) 66.7 (2)
10 . 99,6 (1). .683.2.(1) - 81l.4 (2) - - : - :
11 24,8 (3) 86.4 (1) B0.2 (4) 2¢.u4 (3) - 29.u4 (2)
12 50.1 (3) - 50.1 (3) - - L- ~ '
13 75.1 (3) 43.1 (1) 67.4 (&) ~ 57.4 (3) ug.u (2) 53.7 (5)
1y B1.4 (3) 54.1 (3) 57.8 (6) - 45.9 (1) 45,9 (1)
15 - 86.1 (2) 86.1 (2) - - -
16 by, 2 (1) - bu,2 (1) 3.3 (1) - 3.3 (1)
17 w7.,5 (1) - = u7.5 (1) - - -
Mat. timber - - 55.0 (5) - - 42,9 <(2)

See page 22 for method of comnverting ‘group densities to

deer per square mile.
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Pseudotsuga assoclation where, as shown above, preferred sum-

mer and autumn browse species are most abundant and varied.
The shift to these associations likely occurs after herba-

ceous growth dries and becomes unpalatable.

From autumn to spring, deer use of the various seral
stages was basically parallel to that of the summer months

(Fig. ll)svbut'in_most age-classes was substantially lower

in intenéify.- Early Gaulfheria—Hyﬁochaéris siteé were ﬁost
héavily used, supporting densities:equivélént to 100 déer
per square mile (six acreé pér deer) - abopt 26 per cent
lower than peak densities recorded‘during summer, Simil-

" arly, the iﬁtermediate Gaultheria-Hypochaeris association,

3

‘the Gaultheria-Pseudotsuga association, and the mature

- Pseudotsuga subclimax were used less intensively in the

autumn-spring period than in summer. The late Gaultheria-

o

Hypochaeris association, however, received equally intensive

use during both sample periods. Evidence will be presented
later indicating that feﬁer deer were §reéent withiﬁ the
study area in'the autumnfspring beriod than in summer. This
being the case, it would appear that during éutumn and win-

ter, deer tend to concentrate in this late Gaultheria-

Hypochaeris association in preference to other seral stages.

Age classification of the pellet groups counted in
the spring of 1961 and 1962 (those used t6 derive the autumn-
spring curve of Fig. 11) are summarized in Table 12. The
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Table 12 Age classification of pellet groups encountered
during the regular systematic May counts of 1861

and 1962.
'Age'Categorieé of Pellet Groups
Mod. '
Age of Site " Fresh ) Fresh _ Aged
: . (years) © No. (%) No. (%) No. (%)
1 to 6 16 (4.9) 1uu  (u3.7) 169  (51.4) .
7 to Mature o N
“timber ' 7 (1.3) 128 (23.0) u2l1 (75.7

. "fresh" and ”ﬁoderately ffesh"‘groﬁps wére consiaered to have
been deposited within tWo,moﬁths of the céunting period -
éubsequent to the oﬁset of spring growth. In age-classes
one to six, 48.6 per cent of all_éboups counted were élas—
sified as ”fresh” or "moderétely freéh"; in fhe'advénced
serél Stéges only 24.3 per cenf of theAgroups‘were placed in
these'categories. Therefore, approximately half the use of
the‘very early seral stages (where[sﬁring foods were plenti-
ful) occurred in the early spring.:” In the more advanéed
stages (where spring foods were not ﬁlentiful); only about
one quarter of the use occurred in spring, thé other 75 per-
cent occurring in autumn and winter.  Thus, the autumn-
spring curve of Fig.‘ll can be.conéidered a'syntheéis of two
distinct seasonal patterns of deer-use: a spring pattern
which increases rabidly soon after deforestation, reaqhes
peak intehsity in the third or fourth year, and declines

relatively quickly after the sixth}year; and an autumn-
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winter ﬁattern which rises very.graduaily after‘Héforesta_
tion, reaéhes a peak_in'the eleQeﬁfhitd_thi?teenthuyear, and,
&epending_on thé_depth'and‘dﬁratién of:anﬁfall,,declines
relatively little throggh to the'subclimax_étége; ““The two

seasonal peaks are apparent.in Fig. 11.

The effects of slasﬁéﬁurnihg on’range'use'v Avédmparison>of
the data forvburned and ﬁnburned.sitesApfesénted in‘Table>li_.
indicated’thaf,areas,subjeéted to slash-bgrﬁing were more
intensiﬁélj'ﬁsed_by déer than unbgrned areas. - A E'TeSt.of
these.déta was egecuted, u§ing_only the agé‘classés f;r WEiCh
samples-frém both_treatmehts were aQéilable{' THe diffef-
‘ences wére-significant-for bﬁth thé:summer:(p <bb.015-§nd.fﬁe

autumn-spring period . (p < 0.05).

isaac and Hopkins.(1937) ﬁeported thét an average of
v29,000 cu ft ofvslésh remains on each écre affer clear-cut |
logging of coastal Douglas_fir‘forésté. They also concluded
fha%\even light slash-fires remove. as much as 90 per cent of
the smailer debris and 10 per cent‘of_the larger wood. |
Thgrefofe, the more intgnsive usé'by deér of burned sites
' ﬁrobably'réfiects freer movement within ‘the site. It may
élsé reflect.greatef yariefy and availability of foods, and
perhapé even higher nutrient levels in fooas'growing in

burned than in unburned sites (Einarsen, 1966),




figures 12 and 13 compare early seral conditions'ih
two lpgged.units,'one in which the slash was thoroughly
burned, the other in which burniﬁg was not'at%eﬁpted. WOdd
_groﬁndsel, léttuce, black raSpberry and willowherb arevabﬁnf
dant in the burned site; residualvsalai is the.  only planf

available in quantity in the unburned site.’

. Estimated Number of Déer in the Study Area

Thé method of estimating numbers of deer within the
study area, based on pellet group aensities,.ié described on
page 52. The first of the conditioné ﬁpon thch.thé accur-
.acy of the method depends was fUlfilled. Estimates of pel-
'let.group‘densitiés'in each plbt, when transformed with the
squére—rootﬁfransformation and applied to Stein}s two-stage
sampling procedure (Steele and Torrie? 1960: 86), indicated

that the desired sampling level of 70 per cent confidence

with 10 per cent sampling error (Robinette et al. 1958) was

obtained. The sécond'aSsumptioh may not have been entirely
fulfilled. For some age-classes of land, large differences
between replicate estimates of deer use were noted. For

most, however, the replicates were reasonably consistent,
and the method can be expected to produce an acceptable

. approximation to the true population size.

.The results of the calculations are presented in

Table 13. In the winter of 1361-62 there were estimated to



Fig. 12 A Senecio-Epilobium association one year after
logging and broadcast burning (Plot A). Deer
use in this plot was intensive.

o~y Wi
Fig. 13 An unburned area one year after logging. Pro-
"~ ductivity was limited to salal surviving from
the mature timber stage. Access to, and move-

ment through the area by deer was noticeably
restricted.
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Table 13 Estimates of the number of deer supported by each age-class of regen-
erating land, and the estimated deer population in the study area.

Autumn-Spring 1961-62 : : © Summer. 1962 A :
Years since .Total area Use index No. deer in Total area Use index No. deer in
logging or (sq mi) (deer/sqg age-class - (sq mi) (deer/sq  age-class
burning (c) mi) - (CD) (&) ‘ mi)  (AB)
: (D) - (B)
0 .22 - - .02 - -
1 .19 63 12.0 .22 .63 . 13.9
2 .16 98 15.7. .13 120 7 22.8
3 29 102 29.6 .16 140 220
i L1y ] 92 12.9 .29 140 . LO.6
5 .28 76 21.3 L 130. - . 18.2
6 .0k 63 2.5 .28 11y 1.9
7 .12 "53 - 6.4 . 0L . 86 ' 3.4
8 .32 49 S 15.7 L12 79 9.4
g .61 C 49 29.9 .32 ‘ 65 : 20.8
10 27 31 - ' 13.8 .61 : 56 34.1
11 .78 < 53 41.3 .27 53 1h.3
12 25 54 13.5 .78 - 54 42.1
13 2.26 L8 108.5 . .25 ) 60 15.0
ik LH2 38 _ 16.0 2.2 ' B4 144,06
15 - - ’ - .42 ; 65 27.3
16 .16 . 9 1.4 -~ - -
i7 ~ : - - .16 : 40 6.4
Timber . 3.6L 43 155.5 3.62 55 199.1

=
[to)
~J
}_J
o
l_J
%]

Totals 10.15 666 .



be 497 deer in the ten square miles - an averagebof one deer
for every 13 acres. In the summer of 1962, numbérs had in-
creased by approximately 34 per'éent-to anneétimatéd 566
animals - slightly less than'one deer for'evefy ten acres.
The iﬁcrease ié believed fo Be due partly to birth in June
aﬁd partly to immigration frdm adjacént winter.raﬁges.

Smith (1968) concluded that reéruitment through birth in the
Northwest Bayvherd'may be as high as '35 per cent”immediately
after fawnipgxand as low as 18.9 per cénf by August. The
average fécruitment fo August probably lies somewhere be-
tween these two extremes, perhaps in the order of 20 to 25

" per cent. If so, a balance of 10 to 1h per cent of the
‘total 34 per cent'increasernoted-above would bg attributable
to immigrétion. No specific data.wefe_gathered to support
this latter assumptibn, but limited observations and returns
of aeer tagged as fawns in the stuqy area (Smith, op.cit.)
indicate that at least some individuals whiéh summer in the
study area spend‘thelwinter-months at loweﬁ elevations just
outside fhe north and east boundaries. A significant win-
ter movément into the lower, peripheral areas is probable
because climatic conditions are lessArigoroué there and
winter food éroduction in the advanced second-growth stands
adjécent tb the Englishman River appears to be high. . Thus,
a 34 per cent increase iﬁ deer numbers from winter tTo summer

is considered entirely reasonable.



Also considered reasonable is a 26 per cent reduc-

tion in numbers between the summer.of 1962 and the winter of

1962;63.
.p0pulqtidn
i9$l—62.
yearé 1960

as much as

-cellaneous

_additional

winter and

This repreéents tﬁe theoreficalnréturn.of the

to the same leyel estimated for the winter of
Smith (gg.giz,) concluded that inieach of the

to 1962, annual hunting mortality accounted for
20 per cent of the ﬁorthﬁes% Bay herd; ahd mis-
mortalify, excluding summér fawﬁ deéfhs, for an
lO.per cent. Therefore, the.differences between

summer population sizes indicated by pellet group

densities are consistent with independent studies of the

~herd.
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' 'DISCUSSION

This investigatibn was designed to deécribe vege~—-
tative éhanges occurring in .seral communities, and to déter-
mine the role of these changes in influenéing range selec-
tion by.deer. “_The resulté ﬁave'demonstratedxthat, for four
of the five factors investigated,‘a close relationship
‘exists between stage of seral succession and deer use.
Chdnges occurring in floral composition, food variety, food
productioﬁ, and in the seasonal nutrient content of available
féods are closely associated with seasonal range selection.
-However, significant and consistent trends 'in the nutrient
content of important forage species were not found to occur

with advancing seral succession, and therefore could not be

implicated as influencing range selection.

Limitations of the data

Certain limitations in the data, due mainly to the
methods used, should be recognized as‘inflﬁenéing the re-
sults. The range survey, for example, may not have estim-
ated with equal accuracy the cover percentages of plants
displaying differentlgrowth'forﬁs, Only the uppermost
plant at éach'transect point was recorded, and siﬁce tall

broad-leaved shrubs are inhefently more likely to be "hit"
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than either single leader forbs br.grpund—level species,
plants such as catseér,vfireweed, pearly everlasting, gras-
ses and sedgés méy ha&e been proportidnateiy'underrated as
components of the coﬁmunity, Conversely, the shrubs may
.HaQé been overrated. 'Suéh.ahverror wouid,tend to be most
prevalent in‘the more advanced séral stages wheré shrubs
dominate. It is potentially sérious if cover estimates are
used as 'a measure of fqrage availability. - This was not the
AcaSe.here, hoﬁéver, as a separate clippiﬁg investigation was
undertaken to estimate fobd production. Thus, this error

is restricted to estimates of cover composition only.

Stocking density, whether natural or artificial, was
not measured separately in this investigation. Cover esti-
mates tend to overcome the need for such measureménts if
most species are normally distributed and if-sizes (diameters)
" of individuals within each species are relatively uniform.
However, where variability occurs (as it usually does in a
regenérating shrub—conifer community), sfocking densify may ..
.be important in modifying the chronology, the sequence, or
even the number of seral stages developing. A high natural
stocking rate of salal or Douglas fir, for example, may
prevent the development of some of the catéear?dominated
associations described above. As pointed out earlier,
artificial stocking was limited to Douglas fir seedlings,

and was mnegligible in the sites selected for study. Thus,
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any differences in species density or in cover composition

between equal-aged sites was due entirely to natural factors.

The pr§portion of the annual crop alréady taken 5y
deer at the time of measuremént was mentioned earlier as a
factor preventing accurate estimation of total food produc-
tion. Naturally the differencés between standing crop and
total préduction would be greatest in seral stages which at
anf giveﬁ>season are‘m§St ﬁeavily uged_bybdeer. VFof ex-
‘ample, figures estimating the standing crop of herbaceous

plants in early Gaultheria-Hypochaeris sites are probably

substantially lower than totél productivity, and dispro-
portionately so when compared with those for other seral
'staggs. It was in'these sites that highest spring-summer
deer use was exhibited‘(Fig. 11), and in fhe spring and sum-
mer‘months that herbaceous plants dominated the diet (Fig.
4). Therefore, the greatest discrepancy would probably
occur in estimates of the key foods pearly everlasting and

catsear.

Tabef‘and Dasmann (1958) discussed other factors
which produce errors in estimating available foods. Not
all new-growth én palatable plants is<potential fqod because
of certain behavioural characteristics shown by deer. In-
nat¢ habits such as the.tendency to avéid dense thickets and

central portions of large open areas (see also Harper, 1967),
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and the utilization of only.the lawer-sides of shruba aﬁd
trees»grgwing on hillsides (see also Cowan, 1945) must be
considered. o If nat} ovef*eétimafes af fooa praductibn
result. Although a few impenetrable thickets do exist in
1ocaliaedvunbarned aites; the gentle topography, patch-
logging methods, and extenéive élash—burning program at

" Northwest Bay teﬁd to-minimize fhe effect of beha?iour on

food aQailabiiity.

Food availability may also dépend to some extent
upon the variety of plants present. Seral associations
dominated by a single balatable species (such as salal) may
appear fo‘be highly productive. In realify, howevef, actu-
'al and potential utilization of this food may be low because
of the lack of variety. Therefore? production estimates
for the dense second growth Doaglas fir stands and for salal-
dominated associations are recognized as being higher than

the actual consumption of food by deer would ever be..

Results of the'broximate analyses do not completely‘
preclude the possibility that succession is an important
factor causing regrassion of forage nutrient levels. - Im-
mediately after slash-burning, soils are rich in calcium,
potassium, nitrogen, and possiﬁly other growth elements
(Isaac and Hopkins, 1937). In the initial two or three

years of succession, scil concentrations decline rapidly
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thrdugh erosion, leaching, and:stérage in ?erennial or
slowly decaying plant tissues (sSee also Tabér and Dasmann,
1958). 'Fér this reason, the age¥claéses of‘lahd sampled in
the présent study may have been unsuitable for testing the
effecté éf succession on nutrient availability. Major
changes méy already have taken place when samples from the
yoﬁngest (four-year-old) communitiés were obtained. The
'ége'of*fhe individual shfubé énd trees from which samples
were collected'may also have been important in:maskiﬁg
nutrient trends (Cowan et al. 1950, Cook and HarrisrlQSO,
Swank 1956). But since each sample analysed was pooled
from many individual plants, this,typé of error is consider-

ed minimal.

Finally, deer defecation rates have been repoftéd to
vary with differences in seasonal food habits. Daily rates
ranging from a mid;winter low of 10 groups per deer to a
‘high in early épring bf 17 groups per deer havé been record-
ed (Dasmann and Taber 1555, Rogers et al. 1958). | Since all.
calculations in this study were based on a daily aVerage of
lé_groups per deer (Eberhardt aha Van Etten 1956), it is
Pécpgnized that use-indices derived for the summer period
may be slightly high. Those for the autumn to spring per-
iod, however, aré probably reasoﬁably.accurate because, aé
discussed above, almost half the use of early seral Stages

exhibited during the autumn-spring period appeared to have



occurred in early spring. If so, high spring defecation:
rates would tend to balancellouvuinter defecation rates,

~with the average being close to 13 groups per deer.

The relationship Hetwe
and summer range-

Pellet group densities indicated that the seral
‘stage préferred dufihg the. late spring and summer was the -

;early GaultheriéQHypochaeris association, a stage deVeloping

after fhrgevto five years_of regeneration} In thesersites
the»inteﬁéify of deer useuwas eqﬁivalent'téllHO animals ber
'squére.miié. - There is llttle doubt that quallty and quan-
tlty of food are the primary factors- stlmulatlng such- heavy-
1usé of this association, partlcularly when other environ-
”ﬁéntal:féquiréments'suéh as ppéfecfiveICQVer are‘nét-readilj

évailable here.

Food-habifs, in coﬁjunction with the.bther rééulfs,
support this afgumenf;3 Herbaceous plants:were'shown to
dominate the spring;summer_diet of»Northwesf Bay deef;
ﬁeaéurements of chénges in range composition, as succession
advanced, indicated that these samé hefﬁaceous species'wefe:
‘most abundant ih terms of ground cover'three:years after -
logging and bufniﬁg; most available.on a welght bésis
fdﬁr years after loggiﬁg and-bufnipg;- present?in the

 greatest variety of species:five to six years after
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logging and burning. Furthermore, seasonal trends in
nufrient composition indicated that the quality of spring-
summer herbaceous foods wasAgenefaily.higH when compared to
other foods not éaten at fhis time of the.year. Although
fofage samples were not analysed at the begipning of the
_growing seasdn, it is likely that nutrient levels were max-
imal then and had declined slightly when June samples were
‘collected (Dietz,‘1965). -Nevertheless, not all individual
pPlants are ‘at the same phenologicai stage'at any given time.
If deer tendtfo select the youngest and therefore most nu-
tritious plants available, as suggested by Taber and Das-
mann (1958), it can be concluded that foods taken during
‘this period were not only ﬁutritionally adequate, but alsc

superior to” others available.

In terms of availability, variety, and nutritional

quality of food, therefore, the early Gaultheria-Hypochaeris

association appeared to provide ideal spring-summer condi-
tions. During the growing season, conversion of solar
energy into available deer food is considered to be greatest

in this early developing seral stage.

In an average summer, Iintensive exploitation of early

Gaultheria-Hypochaeris assoclations cannot continue beyond

the period of active plant growth. Most of the herbaceous

plants dominating this community become unpalatable as they
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approach maturity. Thus, with’advancing phenology, deer are

forced to feed more frequently in browse-dominated seral

stagés, particularly the advanced Gaultheria-Hypochaeris and

Gaultheria—Pséudétsuga éssociations. This shift iﬁ range
ﬁréference was‘reflectea By aﬁ increased intensity of ﬁée
noted in the 12- to l4-year agé—classes (Fig. 11). . Avail-
ability of various late summer énd autumn foocds, especially
salal berries, is likely an important'factﬁr stimulating
thismincreased:exploitation. Abundance of salal in terms

of ground cover and new growth production was highest at this
time, and tﬁe nutritive quality of the preferred portions may
have been higher here than under mature timber (Cowan 1945).
This latter possibility could not bg tested with the data

available.

Not all activity contributing to the second upward
trend in the use of seral stages ddring summer (Fig. 11) can
be associated with feeding. Brown (1961) reported a corres-

‘ponding trend after estimating pellet group densities in

logged areas of western Washington. He attributed it to
use associated with bedding and protective cover. The sit-
uation is undoubtedly similar at Northwest Bay. Alfhough

advanced seral stages provide very little in the way-of
spring and early summef'food, they are nevertheless heavily
used'in these seascns and form an important part of the ani-

mals' habitat.
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.The intensity to which deenﬂufilize the mature tim-
ber in summer (equivalent to approxiﬁately 55 deer per sqﬁare
mile) was surprisingly ﬁigh, and must be iﬁtérpreted-as beiﬁg
representative ohly of mature timber stanasvwithin the study
éréa.. Cowén <1945) eétiﬁatéd that, becaﬁse of low food
prodﬁction,‘undisturbed tracts‘of éoaét fofest may éﬁppbrt.
'as few as one deer per square mi;e. The heavy uée of timber
at Norfhwest Bay is a direct result of the interspersion of
small stands df maturé trees within the patch-logged envi-
ronment.‘ Séme late summer feeding on salal berries and
mushrooms accounts for part of the actiVify, but most of it
must be_attributed to bedding and protection.

‘The relationship between food and the selection of autumn
and winter ranges

Pellet groups accumulating between autumn and eariy
spring were most numerous in the two- to four-year-old
stages. However, results of three .other.aspects of this
invesfigation indicate thatimoét deer acfivity in theée

.young stages occurred in spring rather than in-autumn or
winter. First, production and variety of autumn-winter
foods were shown to be low in the early seral stages, the
principal items such as .salal, western red cedar, and arbor-

eal lichens being most abundant in the Gaultheria-Pseudo-

tsuga association and under the subclimax forest. Second,

important autumn-winter foods were not found to be nutri-
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‘.tibnally better in the young-thag in the'did seral stages.
-If they hédtbeen, fheAscant.productionvof annuai;growth in
'the:joung étages would‘probéblyjﬁe insufficient_folbverride'
the benefits of a higher:nﬁtrieht qéntent, | Third;:iiftie'A
'ﬁrotéétion fromviﬁclemeptlﬁinter,wéather is;avéilable'in"

tHe.regenerating coast forest until at least the dévelop—

ment of the'GéultheriaéPseudotsuganasspéiation, vPr¢SUmably,
thérefore,-sﬁécific méasur¢men¥s of peilefigroﬁp acﬁﬁmula-
vtith‘ip aﬁfuﬁn and winter Would‘havé'revealed thé-highest
’infeﬁsifies df‘usé-in the ;d§aﬁced,rshrub— and conifef;domin—'
afed seral stagés, and the lowest intensifies‘of use in théb
early, forb—dominéted éeralAstagés; Data concerﬁiD8_thé_aée 
'éf‘pellet‘groupsvreCOrdgd in‘spring ééﬁnts»supporﬁ this.
feaéoning. - So does the énalyéis.of popuiéfibnvesfimates.
‘derived from pellet group densitiés, thcﬁ revealed an ap-:
Parént shift of aﬁimalsvin»autumn and.winfér into the more

advanced and complex associations.

Thus, on thé‘basié-df food»a&ailabilify, comfort,
and protection, the 12- to 15-year-old salai—catsear an&
salal-Douglas fir sites are considered to bé'tﬁe preferred
agtumn and'winter ranges. Conversion of solaf energy into

available food appears to be most efficient in these sites.



87

CONCLUSIONS

- This study indicates that quality.and quantity of
?food-aregthe'primary factors:governing range selection by

blacktailed-deér, with protective cover secondary.

In spring and Sumﬁer,.deér prefer seral étages’which
»prodﬁde’fh¢ gréatest>variefy and quantity of herbaceous foods.
Generélly; these are éites which have ﬁﬁdergoﬁe three- to fiVe
years‘ofvregenefatioﬂf From late summer‘tb'late winter, deér.
‘_pbefer éeral'stagesvwhich ﬁroduce the_greatest variety and
Aﬁaﬁtity éf shrubs (partiéuléfly salal) éﬁd céﬁifers.  Gener-
. ally; these are sites.which have undergone tﬁelve to_fiffeen
V“years_éflregeneratibn. When,snowfal; reduces foodﬁavailébil—
ity in fhe fégeneratiﬁg'areaé,-thé subclimax‘forest bécdmes an
’ imp§yfant producer of deer forage!“. It féilows then that food

quantity affects range selection.

’Thé hutritional quality of food changes with season
'and'perhaps with seral succession. ‘Furthermore, deer appear
to éeiect'the most nutritious foods available in each seéson.
Cdnsidering statements in the previous paragraph, it is.eétab—

lished then that food quality.also affects range selection.

The original hypothesis is supportéd: the numbers of
deer within a regenerating unit of coast forest are affected

'-<by;fhe;¢fficiency’ét’ﬁhiéh»radiént energy -is converted into ..
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suitable and available food, Lapgest.populati5ns within the
whole lbggéd community can be expected Khen_thé]number of

ideal food-producing units for each season is-at a maximum.

vThese;canlusipns iead to é further hypotheSis:
Athat_sustained’deer populations_in the coast fbrest can bé
realized oniy if:the>areé‘of land sﬁcceeding to subclimax:
ana Climax_conditions equals the area being stimulated iﬁto
1-r§géneration_through lpgging,-burning or some othgr formbof
fopesf destruction. - Since the rate of regenefation.to
maturity is frequently slbwér than current hanvestVrates, a
”balancg between‘habitat creation and habitat deterioration
'ﬁever océurs. ‘ Patch-l@gging_operations aﬁﬁroéch-the'ideal
mdrg,closely,than clear‘pﬁt, broadéast opera%ions,'buf_evep
Hepe, a-populatibh deéline is inevitablé because of eveﬂtual_

régression in the food-producing capabilities of the land.
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Appendix A Temperature and precipitation records taken at the Nanaimo Airport,
and averages for the four-year study period. ' ' ‘

Mean Daily

Temp. ©F. Jan. TFeb. Mar. 'Apr. May Jun. Jul. Aug. Sep. .0Oct. Nov. Dec.
1959 36.6 38.2 41.0 46,1 52,0 57.8 65.2 60.8 56.0 48.9 39.% 38.0
1860 35.6 28.4% 40,5 47,1 50,7 57.3 65.3 60,9 55.7 50.6 40,9 .37.7
1361 38.8 41.8 u42.5 47.2 53.2 '60.8 66.3 66.2 55.4 47.2 39.0 A36.4
1962 36.4 39.3 38.6 47.1 50.5 57.2 61.9 60.4 57,0 50.2 U43.6 2 39.9
Average 36.4‘ 39.4 43.1 46.8 51.6 58.3 64,7 62.1 56,0 49.2 40.8 38.0
Pre-
cip- : _
ita- . _ _ _ .Annual
tion ' _ : ’ ' Pptn.
(ins) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. (ins.)
1959 5.84 2,96 4.23‘ 1.40 1.98 2.56 .25 .66 2,85 2,02 4.53 3.u0 132.68
1360 7.62 5,10 3.56 3.05 2.25 .58 .07 1.35 .56 3.05 8.67 L.u7 “40.33
1961 9.76 9.93 6.76 1.94 2.88 .39 .83 .95 1.95 4,09 5,14 7,76 52.38
1962 3.32 2.43 3.78 3,57 1.99 1.35 .72 2.62 2.71 5.02 10.44 6.94 44,90
Avge., 6.64 5.10 4.58 2.49 2,29 1.22 ST l.QO 2.02 3.55 7.20 5.64 42.57
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Appendix B Seasonal diets of blacktailed‘deerjat Northwest Bay, based on
analyses of rumen samples from female deer.

Spring-summer Trans-

: ition Autumn® ' Winter®
Speciles Volume %|Frequency.% Volume %|Frequency % Volume %|Frequency
Salal 5.4 71 55.9 100 30.3 -9y
Red cedar 1.9 57 2.3 9 20.9 gy
Arboreal lichens 7.3 29 T g 13.2 49
Pearly everlasting 46.0 79 A
Grasses and sedges 15.1 57 2.4 27 8.2 68
Trailing blackberry 4.6 54 7.3 91 3.7 73
“Catsear 8.1 42 1.5 36 3.9 38
Mushrooms T 8 7.0 73 2.8 38
Douglas fir 2.3 54 3.9 B4 - 4.0 81
Bearberry 2.7 50 1.1 9 5.1 32
. Red Alder T 12 7.2 36 0.7 5
Vanilla leaf L.y 17 '
lardhack ' 2.5 27
Liverwort , S 1 32
Willow T ' 8 1.3 36 :
Lichen T : 12 o 0.9 41
Equisetum ' T. 4 1.0 .9 '
Rose ' : ' 0.8 9
Fireweed T ‘ 27
Moss . T 4 T 27 T 16
Sword fern _ T. A L T 11
Oregon grape : T 22
Unidentified ' _ T. 17 8.0 . -~ - 72.7 1.0 35

1

Twenty-four samples; May 5 to June- 15
5 .

Eleven samples, Oct. 2 to Nov. 27

>

OThirtymseven samples, Dec. 10 to March 25
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Appendix C

Average cover-percentages for the major categorles of vegetation,
the rank of dominant species, and the mean number of palatable
species recorded in burned sites of increasing successional age.

Years since slash-burning

Cover type 1 2 3 4 5
Herbaceous plants 2.8 7.1 16,6 11.1 11.9 lu4.6
Shrubs and - . : .
deciduous trees 0.5 12.0 14,7 27.0 49.9 38.6
Coniferous trees 0.1 0.7 0.4 0.t 0.9 1.6
All plants - 3.5 24.8 31.6 33.5: 62.7 54.8
Bare soil 60.9 by, 2 18.2 11.7 5.7 4.3
Dominant species: Wood Salal Salal Salal ' Salal Salal
groundsel Epilobium Catsear Catsear Catsear Catsear
" Lettuce. Spp Thistle  Trailing Raspberry Raspberry
_ Epilobium spp Thistle Epilobium black- Trailing  Trailing
“Thistle’ Wood Spp - berry "black= black~-
Salal groundsel Trailing Pearly berry- berry-
Mean number Catsear black- - ever— Pearly Lettuce
of Palatable berry lasting ever-
Species: Willow lasting
Forbs and ferns 7.0 7.0 9.0 9.0 8.0 11.0
Shrubs 4.0 4,0 6.5 7.5 9.0 10.0
Coniferous trees 2.0 1.5 1.5 1.5° 2.0 2.0
Total 13.0 12.5 17.0 18.0 19.0 23.0
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Appendix C (cont)

Years since slash-burning

“‘Cover type 8 g .10 12 .13 iy 15
Herbaceous plants 7.2 1.1 5.5 10.5 6.3 7.0 1.3
Shrubs and
deciduous trees 53.5 23.4 59.6 36.3 L3.4 30.1 25,7
Coniferous trees b.,8 4.9 2.8 5.0 1.8 4.4 9.2
All plants 65.5 42.2 66.3 51.7 51.5 51.6 36.2
Bare soil 1.6 2.0 1.4 1.8 3.1 1.7 4.8
Dominant species: Salal Salal Salal Salal Salal Salal Salal
' : Catsear Trailing Catsear Catsear Catsear Douglas Douglas
Douglas black- Trailing Douglas Trailing fir © fip
fir berry black- fir black-. Western Oregon
Western Catsear. berry Western berry hemlock grape
hemlock Vanilla Douglas hemlock Willow Catsear Red Alder
Trailing leaf fir Willow - -Oregon Trailing Catsear
Mean number - black- Black . Western grape ‘black~
of Palatable ~ berry ‘rasp- hemlock E berry
Species: . berry
Forbs and ferns 11.0 6.0 7.5 8.0 8.0 8.0 4.0
Shrubs 10.0 | 9.0 9.5 9.0 11.0 9.0 7.0
Coniferous trees 2.0, 2.0 2.0 2.5 2.0 3.0 3.0
. Total o 23.0 17.0 19.0 19.5 21.0 20.0 14,0
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Appendix C .(Cont)

Years since slash-burning

Cover Type Mature Timber
Herbaceous plants 0.6
Shrubs and deciduous trees 67.1
Coniferous trees 1.8
All plilants 69.5
Bare soil 1.3

Dominant species:

Salal

Western hemlock
Mean number Dwarf rose
of Palatable Twin flower
Species;: . Western red cedar
Forbs and ferns 2.0
Shrubs 8.0
Coniferous trees 1.0

0

Total 11.
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Appendix D Average cover-percentages for the major categories of vegetation,

increasing successional age.

and the rank of dominant species, vrecorded in unburned sites of

- Years since logging

Cover type 2 5 6 . 8 . 12 13
Herbaceous plants 12.6 2.8 b.,6 8.0 2.9 7.0
Shrubs and ' ' _
- deciduous trees 34.3 66.1 68.5 by, 7 71.4 b1.3
Coniferous trees 0.5 0.5 2.0 3.3 4.2 4.8
"All plants 47.4 63.54 75.2 56.1 78.4 -53.4
" Bare soil 17.0 2.2 1.0 8.5 1.9 2.5
Dominant species: Salal ‘Salal Salal - Salal Salal Salal
: Trailing Catsear Trailing Trailing Western Catsear
black- Grasses black- black- henlock Douglas
berry Twinflower ‘berry berry Douglas fir
Bedstraw Douglas Catsear Catsear fip Trailing
Bracken fir Lettuce Douglas Catsear black-
Vanilla Dwarf rose fir Trailing berry
leaf Willow . black-~ Willow
: berry
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Appendix E Nutrient values of four groups of. forage species
~ sampled in dlfferent*aged sites and at different
seasons, The- analyses of varlance for these
data are given in Table 7. ‘

Age of ‘ Percent Dry Weight

: Site - - Crude Ether Crude
Species (yrs.) Pbdtein"Extract " Ash Fibre N.F.E.
Test 1: Five-year-old vs lb-year-old sites in March
Willow . 5 . . 5,80 . 7.50 °3.00 25.00 58.70°
~ o ARTN 6.70  13.50 3.80 22.50 53.50.
Red ‘Alder 5 . 7.60 17.50 ~1.50 20.50 52.90
.- - 1u . 8.05 17.00 3.00 21.50  50.45
Red  cedar 5 4,40 9.80 4,30, 20.50 61.00
B : 1y - 5,10 . 9.50 2.50 21.70 61.20°
-Black raspberry 5 7.60. L.60 .3.50 30.60. 53.70
S - S T . 6.20 3.30  2.80- 31.90 '55.80
- Arbutus 5. 5.60 3.300 2.80 10.40 . 77.90
' E ART 6.10  5.15 3.05 -~ 8.85 76.85
‘Rose ' 5 3,10 6.30 8.00 .32.90 49.70
. - 1% © ° 4.65 . 3.40 5,15 34.70 52.10
Oregon grape 5 8.30 3.u0 2.60 ~28.30 .57.40
R 14 © . 7.15  6.25 ~2.55 30.15 53.90.
Salal - } 5 5.30 11.30 W.50 19.30 59.60
. ' Co1n 4,90 - 9.65 4,75 - 19.75 60,95
‘Douglas fir 5 6.30 . 9.80 2.80 20.10 61.00
o ' 14 . '8.30 15.75 2,50 "18.40 55.05
Test 2: Four-year- old vs nlne year- 0ld sites in.

December

Willow. 8.79 3.32 3.89 28.51 149.u9

I

. o 9 9.80 7.73 3.67 30.76. 48,05
- Douglas fir b - 12.09 12.24 2.87 21.19 51.61
; » _ 9 - 10.24 - 13.18" 4.4y 19.u40 52,72
Black raspberry L 6.85 8.69 4,21 35.54 4y, 71"

' - g - 5.64 7.45 - .4,79 35,64 uL46.u8
Trailing y 12,69 - 13.98 7.65 11.87 53.81
blackberry 9 14,18 11.26  7.14 1L.56 52.86




101

Appendix E (Cont) |

~

Age of ' IR fPenceﬂt”Drineight

_ Site Crude Ether ' Crude
Species (yrs.) Protein ' Extract ' Ash  Fibre N.F.E,

Test 3: Nine-year-old vs lh-year-old sifesvin
December

Douglas fir g ©10.24 013,18 4.4y 19.40 52,72
S u " 8,13 12.18 4,14 21.24 54,31

Trailing 9 . 14.18 11.26 . 7.14 14,56 52.86
blackberry 14 12.82 12.88 4,93 15.34% 54.03

Willow - - 9 9.80 - 7.73 3.67 '30.76 48.05

’ : 1y " 9.48 ‘8,42 4,47 28.16 49,47

Test 4: Four-year-old vs nine-year-old vs lh-year-old

sites in June

‘Willow . 4 . 15,72 11.66  6.28 15.50 50.8u
- » 9  13.52 12.90. 5.86 15.36 52,36
14 13.51 14.03  6.78 16.60 49.08

Catsear 4 14.50 17.94 8.62 15.28 43,67
BT 9 16.86 ©16.76 - 8.86 15.24 42,28

: o . 1lu 14.78 15.u47 8.38 13.50 u47.87
Fireweed 4 15.39 12:23 6.83  9.07 56.42.
C ’ : 9 S 12.11 15.46  6.88 - 9.54 56.01

: 4 16,79 13.16  6.74  7.54 55,78

- Bracken ' - 4 34,13 Iu.05 8.58 8.69 3u4.55
K : 9 32.28-  12.25 8,82 10.12 . 36.53

iy 33.79 13.85 7.4k 9.86 35.086




Fig.
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A Senecio-Epilobium association two years after
logging and slash-burning (Plot B). Wood

~groundsel and willowherb dominate, with catsear

and thistle the principal associates. Salal
dominates in unburned spots (upper left).

The same plot six years after slash-burning.
The area has developed into an intermediate
Gaultheria-Hypochaeris association, with

salal and catsear replacing the groundsel
and willowherb,.
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Fig. 15a. An early Gaultheria-Hypochaeris association
five years after slash-burning (Plot G).
Thistles, fireweed and trailing blackberry
are subdominants to the salal and catsear.

Fig. 15b. The same plot as an advanced Gaultheria-

' Hypochaeris association nine years after
burning. Trailing blackberry and natural
Douglas fir seedlings are the principal
associates. '




Fig.

l6a.

An advanced Gaultheria-Hypochaeris association
nine years after logging and spot burning
(Plot I). Trailing blackberry is subdominant
and forb cover is light. Note the debris.

The same plot as an early Gaultheria-

Pseudotsuga association 13 years after de-

forestation. Red alder, trailing black-
berry and willow are now the principal
associates.
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Fig. 17a. An advanced Gaulfheria~Hypochaeris association
12 years after logging and spot burning (Plot
K). Fireweed is abundant in the foreground.

Fig. 17b. Plot K as a Gaultheria-Pseudotsuga association
16 years after logging and burning. Douglas
fir has encroached sufficiently to replace
most herbaceous species.
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