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AB§TR ACT
The physical characteristics of ‘conifers that had been

fed upon by porcupines (Erethizon dorsatun) and of unused

conifers were examined on two areas of nontanc forest in
southuestern Alberta. The three vegetation types examined
included a windward community co-dominated by limber pine
and Douglas fir; a leeward forest of Douglas fir with
scattered hybrid.spruce; and a leeward com-unlty, also co-
dominated by llmber pine and Douglas fir, whlch appeared to
be seral to the Douglas fir forest. The average age of
oonifers in'these forests was approximately 65 years.

Of the factors considered, exposure and age were most .
: influential in deternining the size and form of trees
imeasured on both areas, although density was also important
lln leeward forests. The superior growth rates of leeward
trees relative to windward trees and the associated
differences 1n Phloer production probably account for the
preference of porcupines for leeward trees. Although spruce
grev more rapidly than Douglas fir and 1nd1v1duals of both
spec1es grewvw faster than windward llmber plne, porcuplnes
did not exhibit apparent 1nterspec1f1c'preferences. |

The trees used by porcupines oommonly had extensive
crovns and vere‘larger and more vigorous than unused trees,
. so that they probably prov1ded greater access to more N
abundant, bether quality food.v Thls type of tree wvas nost

frequent ir low density stands of the leeward forests.

h

iv



A dgreater éroportion of the conifer§ on the Zoratti
area were ug@f by porcupines, even though tregs on the
Skelton area vefe more vigofous. This differeﬁce between
areas appears to have been associated with the proximity of
the-Zoratti forests to summer feeding areas rather thah
diﬁferénces in food or habitat quality. Because of the
large number of porcupines.using the Zofatti area, the
;verage size of used trees was smaller thah‘On thb-Skeltoh
areé. In addition, the battern of repeated use of Douglés
fir in.the leeward pure forests differed betueén areas. -

The use ofvboth areas by porcupines peaked and declined
in relétidn to the agé; of the fpresﬁs; suggesting that
trees ﬁéy become too large to be cliﬁbed and/or the-feg

‘declining growth rates of trees are associated with a- \\

reduction in the guality of inpner bark. During uinters'okf
° f ! A

pqrcupine abundance, the use of poor quality stands .
increased. fhe nature of the observed preferences indicates:
some active selection of trees by porFupines. Although the |
actual mechanisms of tree Sele¢ti6n are unkpown, stand |
density and the physical characteristics of individual
trees, partichlérlj trunk.dianete; and crown size, are
correlated with porchpine,éreférenées, Winter food?apd. 

.habitat selection by'porcupines in these areas aﬁpéar,to be

, interdependent.
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INTRODUC ~ION

Environments are not homoaenerus. If'the telatlve
ability of a habitat to provide food and p:otection, during
both reproductive ane fallov periods, is taken as a measure
of habitat quality, thoqe aniasals that can consistently
detect and utilize the higher qualxty portious of their
environment shoulad nake the greatest contribution to fnturer
generations. Variation in the value of food (net N
) letabolizable nutrients) available vithin a patticnlar
babitat should 1ncrease the scope of selectivity that could
be exercised by a given consumer to optimize fitness e
(Eadie 1970). Food selection shonld therefdre be“an
integral part of the habitat utilization pattern of any

<€

nob11e anllal.

Porcupines (B;e;_izgg ggggggg_) are particularly good

snbjects for exapining the assoczatxon betveen food and

[l

habitat selection becanse evidence of their uinter feeding
is both obvious and long-lzved. -During the sul-er;
porcupines feed on herbaceous vegetatiOn aad theafo;iage aan \
catkins of some deciduous trees (Dodge_%967; Btandere19i3);
Concurrent with the cessation of plant growth add the'enset
of breeding in the fall, porcupines move to areas more
heavilj ueoded than tﬁeir sSumAler ranges and.begin to;feed on
the‘innerlﬁarkvof voody plants and the foliage of seve;al
coniferousaspeciee (Gabrielsoa and Horn 1930; Cnttis'aﬁa

Eilson~1953~-8tander'1973). When feedxng on inner bark,

porcupines remove both the calbiun and the phloel, exp051ng




the xylem. Durihg subsequent growth periods this exposed

xylem is slowly covered by~the centripetal growth of callus

{
tlssue formed from the surroundlng camblum (Brovn 1971b) .

The resultlng scars are a semi- permanent record of the

amount and location of bar& removed and of the Year in whlch

feeding occurred. Although barklng may occur at ground

level, especially in sapllngs, most feeding occurs within - |

t

‘the crown of.the tree (Teflor 1935) . 'Since porcupines often

v

use the same tree for food and shelter, winter food and.

habitat selection by this species may be intimately related.
« ;// - R .. .

The preferential use of a porticn of a resource need

not be a direct result of selective behav1our because the

dispersion of a group of ‘consumers may be controlled by the

distribution of_other essential resources (Wlens 1976).
Porcupines could exhibit preferences at four succesSively
finer subd1V151ons of a forest- forest type5'-stands vithin
a type; 1nd1v1dual trées' and pC'd§ons of a tree. The
buaiity of each of these subd1v1510ns is dependent upon the
quallty of every other subd1v151on as uell as the dlrect

1nf1uenc ® the phy51cal env1ronment (Bllllngs 1952), and

1t was-“he ef_ect of these 1nterrelat101shwos on porcuplne

preferen v w..ch formed the focus of this study. oOf

- particular _.cerest were characteristics of feeding that

, Were suggestive of active food or habitat selection.

Previous ecological studies of porcupines have .been

largelyudirec d- dt\\the silvioultural'signifioance,of this

species (Taylor 1935; Curtis 1941; Krefting et al. 19625



van Deusen and Myers 1962). Aithough these sfudies are the
source of mﬁchrof'fhe infornation regarding porcupines,
their ultimate 1nterests were with the fgrest rather than
with the anllals. An alternatlve approach, which empha51zed
the dependence of porcuplnes on. the nature of the forest,

was adopted during this study.



STUDY AREAS

Two areas wve-e intensively examlned durlng the course
of thls study, both located on the eastern fringes of the
foothllls belt that:.runs along the base of the Front Ranges
of the Rocky Mountains. The Zoratt1 study area
(49°27% N; 114°04' W: Sec. 10, 15, 16 Tp. 6 R. 1 w. 5),
located 11 km west of Plncher Creek Alherta, covers an area
. of 36.3'ha‘and varles in elevatlon from 1210 to 1320 n
(Figure 1) . The Skelton study area (49034' N{ 114013 §;
Sec. 21, 22 Tp. 7 R. 2 W. 5, 51tuated 16 knm northwest of
the Zorattl 51te, encompasses 115.4 ha and ranges in |
elevation from 1180 to 1360 m (Figure 2) » Cw

Parallel rldges of thrust-faulted and folded Cretaceous_
vsandstones wlth a northwest-southeast orientation
characterlze the foothills of this region. Fault blocks in
the area .were thrust over adjacent blocks to the east so
* that west- fac1ng slopes are gentler than those facing east.
With the exceptlon of portlons of the rldgetops, the entire
~ region is covered by a veneer of gla01al tlll of varylng
thickness (Beaty 1975). Although both study areas vere'-
located on this system of rldges, exposure on the Skelton
51te was dominated by the valley of the Crousnest R1ver to
the north. This vaIley was carved by an early~Plelstocene
valley glac1er thCh cut across the system of rldges,

greatly alterlng local aspect (Beaty 1975)



Figure 1. Map of the Zbratti study area and its geographical

" location (inset). contour interval 10 m,






Figure 2. Map of the Skelton study area including the
- distribution of‘vegetation types and the
locations of the sampling plots (open circles).

Contour interval 10 m.



Pinus flexilis - ) .
Banudotauge manzinsii (windwerd)
Praudotsuga manzinay {leaward)

Eastuco - Danthonia grossiend

Bopulus tramulpidey -
Amslanchier ainifolig
Bodulus tremulaidas -



The proximity of this regiom to the Crovsnest Pass has
a marked effect on its climate. Opening directiy oﬁto'the
plains, this pass serves‘asAa‘cbannel fbr'Pacific aif‘
flouing into Alberta (Longley 1372). As a result,
prevailingvﬁesterly vinds are often intense and seémingly;
omnipreéent (Table 1). These Qinds'oftén take the form of a
Chinook (foehn), involving a warm, dry aif mass, . which
greaély'increases evapotranépiration in exposed locations,
The Pincher Creek region can expect almost 300 cm of snow
during the winter (Table 2), but because of the frequency of
varm, westerly winds the exposed slopes ofifhe foothills aré
bare much of the uiﬁtet, while the sheltered leeﬁat slopeé
are snow-covered.

The physiognomy and climate éf the foothills west of
£ihcher‘Creek;are together responsible for a distinct
'diétribution of plant communities iPigure'3: Moss 1944). A .
brief description of the fourlmajor vegetatidn types .
recognized on the two study areas (Figurés 2 and 4) follows;

more detail can be found in Moss (1944) and Moss and

Campbell (1947).

A Festuca-Danthonia community'(noss-1944), regarded by

Moss ang Campbell (1947) as an edaphic climax within the

Festuca scabtel;g'association maintained by moderate

grazing, doEinated south- and vest-facing slopes.

An open, limber pinme (Pinus flexilis)-Douglas fir

(Pseudotsuga menziesii var. glauca) qoddland occupied the

ridgetops and the more windswept westérp exposures. The
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Table 1. Percentage frequency and mean speed of winqs from
the most prevalent directions at Pincher Creek,
Aiberta, 1960-1972. (Information supplied by the
Atmospheric Environaent Service of Environment

(

Canada.)

Direction /

T e T R e e v - - - - - - - e e - - ——— -

.—---—--------——--_----_-——-------—-—----------—_-—---.

January 4 19.5 15 36.5 37 35.5 ' 6 20.0 15

February 4 18.4 18 34.6 40 33.9 s 18.1 14

March 6 18.7 20 29.9 33 28.3 5 16.0 4
April 7 19.7 23 30.4 30 27.7 5 14.9 12
Hay 7 18.2 13. 26.1 30 24.2 ¢ 14.9' 12
June 7 6.6 22 26.2 29 22.7 7 16.2 14
July - 9 16.6 18 22.6 28 21.1 -7 15.0 16
August 9 17.4 18 23.5 31 21.3 7 14.1 1

September 8 17.3 20 25.6 31 23.8 6 15.4 15
October 6 19.0 24 31.4 41 30.1 6 18.2 10
November 5 19.0 21 31.4 40 31.4 6 19.8 13

December 4 20.0 16 33.8 41 32.6 7 20.5 15
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Tahle 2. Temperature and precipitation means'fqr the
winter months atvPincher_Creek, Alberta, 1960-1972.

(Information supplied by the Atmospheric

Environment Service of Enviton-ent‘Canada.)

Temperature (°C) Precipitation (cm)

Daily Daily - Daily .

Month Mdximum Minimum Mean Total ) Snow
Toctober  12.9 . 0.6 e.8 2.79 251
Noveaber 4.8 “6.3 -0.7 - 2.59 I 0
December -1.6 ~12'.2_' - -6.8 3,33 42 -
January Z3.9 »'-.15'.5 -9.7 ©  3.89.  52.3
February . 2.2 -9.3 43.(; " 2.44 32.0
- March 3.9 8.1 -2.1 3.28 41.9
April 9;8 -2.4 3.7 | 6.12 66.5

S T T P T P T ™ @ = = o ~o o = o = - - - - - o - - > -~ — - - - o



Figure 3. A profile of the ZO;afti study area, takén'along
the fransect indicated by the opposing’po;nters ‘

in Figure 4,'illust;ating,the reiétionship '

betueeﬁ slope and exposure and tée distributibn. 

of vegetation.
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Figure 4,

v

'ﬂap of theAZOratti study area including the

distribution of vegetation types and the

locations of the sampling plots (6penicirc1es).

The left-right axis has been expanded by a factor

of five. " Contour interval 10 m.

1
'
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relative proportions of the two tree species varied.with the
degree of exposure and soil depth, limber pine being more
common on the 1easthheltered sites with exposed bedrock.
‘Most trees in this community exhibited the stunted,
asymmetricavaorm typical of trees growing near timberline.
"Douglas fir forest occupied the leevard slopes df'both

study areas. Eybrid spruce (Bicea glauca x P. engelmannii;

Daubenmire 1974) are a minor component of this community;
and other conlferous species, such as lodgepole‘pine ;
ﬁﬂlg— us contorta var. latifolia) and . subalplne fir
, _,x

b
! .
(Abies lasiocarpa), are rare. Rowe (1972) stated that the

-montane fopé;t of whlch this communlty is a part, developed
in respopse to the prevalllng dry cllmate, although the -
‘lower, and“presumably eastern dlstrlbutional limit of

~ Douglas flr is 1nfluenced by sunmer m01sture def1c1enc1es

(Daubenmire 1943). Areas to the west of, the study sites

receive'more‘precip;tatlon (Wyatt gt ‘al. 1939) and support

extensive stands of hybrid sSpruce characteristic of the

subalpine forest of the eastern. slopes of the northern Rocky
. uountalns (Rowe 1972).

With decreasing slope along the base of the ridge, the
% - , : : .
leevard Douglas fir-forest on the Zoratti study area dgraded

into a younger limber plne-Douglas fir communlty that is

2

apparently seral to a purer Douglas flr forest. The

presence- of limber plnefas a pioneering tree species may
have been a result of the isolation of this.area from the 7

-,

western subalpine“forest.q The usual pioneer of eastern



slope forests is lodgepole pine (Cormack 1953), but only a

single lodgepole pine was found on this study area.

0"

Aspen poplar {Pop ulus tremu101des) groves are located

in flatter areas which are well drained and protected from

the wind. As the'quality of drainaée declines, the aspen

give way to ba;sam‘poplar (P. baisamiferé) and then to

willow (Salix spp.) and water birch (Betula occidentalis).

Fillows (S. bebbiana, S. scouleriana, and others) are the

AN
only local de01duous sp°c1es that are used as wluter food by

porcuplnes.
Although a feﬁ fire-soarred trees exceeding 250 years
of age are known from both study areas, the vast majority
are less than 90 years old Dawson (1886) reported lerge
tracts of burned timber in the foothllls of southern Alberta
uhlch he attrlbuted to the initial use of the Crowsnest Pass
by white travellers‘during the latter half of the nineteenth.
‘century. The forestsxon bott studf areas are prObably'the
products of regeneratiqn follouing extensive fires at thetr'

time.



METHODS

A total of 2561 trees were sampled on 20 x 20 m plots
“dur'ing the summers of 1974 (zoratti) and 1975 (Skelton).
The 38 plots examined on the Zoratti area (Figure 4) wvere

+ .reqularly distributed along:transects, separated by 100 m
intervals, that traversed the ridge perpendicular to its
long axis. Centers of adjacent plots on the same tranmnsect
were 45 m apart so fhat 10 percent of the total area of the
coniferous forests wvas sampled. A preliminary analysis of
the data collected from these plots suggesteﬁ that'the
1nten51ty ‘of porcuplne use mlght have been related to stand

den51ty. To examine thls relatlonshlp more rlgorously, the

\

40 plots sampled on the Skelton area were chosen from
190 plots, distributed as on the Zoratti area, on the basis
of the number ofvtrees per plot and/or the uniformity of
treevdistribution (Figure 2). Several plots encompassang »
fewer than 20 trees were enlarged to cover an area.of
500 sq. o, Stand density (number of trees/100 sq. m) was
| calculated as thoughﬁeach plot was level. Slope and L
- exposure were measured for all plots using a éompass and" a.
~ Suunto clinometer. ‘

Spec1es, c1rcumference at breast helght (£ 0.6 cm),
'helght (t 0.3 m for trees under 7 m + 1.5 m for tall:r
trees), and ev1dence and the probable cause of leader damage

vere determined for all trees taller thanm 1.35 m (breast

height). A random selection. 0f:20 percent of the trees

s
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‘within each piot uere agedAusing an increment borer and a
'10x hand lens. Cores were extracted at stump'height since
the age'differential between conspecdfic individuals in
different ccmmunities vould be less at that helght than at
breast height. ©Each tree was then cllmbed and inspected for
porcupine feedlng scars, and a record made of the 1nten51ty
of use (four classes based on the total scar area) for the
tree as a whole and separately for the lateral branches and
the bole. 1In addition, the age of use was. established and
‘the height range and;intensity of use for each agee
estimated. Use age was ascertained bf removing a portion. of
the scar.tissue surrounding the feeding area with a knife
and- countlng the annual rings from the level of exposure by
the porcupine to the nost recent xylem surface. Thls
technlque was a modlflcatlon of -the procedure CBPloyed by
Spencer (1964) to document porcupine populatlon fluctuations
over a 225 year perlod.

Although Douglas fir and limber plne vere suff1c1ently
abundant to be adequately sampled with plots, _Spruce were
‘poorly represented on both study areas and were generally
found in clumps Hlthln the pure fir forest. Since the
relative preferences for these species were of interest, the
leevard pure forest on the Zoratt1 area was systematlcally
searched for spruce trees. One tree wvas randomly selected
- from every three encountered and examined in the same.

fashlon as trees vithin the plots.
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'Several'parametersr not measured dlrectly, were‘
calculated for each tree. dDiameter at breast height
“(DBH £ 0.2 cm) was derived from the measured cirCumference.
The ratio of the‘DBH'to the heignt served as an index of -
growth form, based on the direct relatlonshlp betueen bole
diameter and crown width (Hltchell 1969). This conformation
index (CI), generally ranging from 0.75 to 3. 00, .vas only
useful for 1ntraspe01f1c comparisons because grouth form
varies betueen spe01es.

Upon examination of the data collected dnring,1974, it
becameiapparent that the measured dianeter’at breast hedght:
would only be indirectly related to the d1mens1ons
considered by'porcupines durlng prev1ous years. To
c1rcumvent this. problem an attempt was made to determlne the
- DBEH and height of each tree for the precedlng 20 years.
Cores “xtracted durlng the agelng of trees on the skelton
'Study area were placed in plastlc mllkshake straws untll
they could be 1nspected 1n the laboratory. In'addition,'the
thickness of the bark (z 0,025 mn), extracted at breast —
heignt with the‘increnent borer, vas neaSured using a pair
ofVVernier calipers.‘ Since the cores extracted om the
'Zorattl study area had been dlscarded thlS area was
rev151ted and cores . collected from 165 trees randomly
selected from the sanple plots. o .f

In the laboratory, the annual growtn increnent
‘1'5 X 10—¢ mm) for the past 20 years of each core was

‘measured wlth the ‘aid of a nlcroneter eyeplece and a Wild
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dissecting microscope (ZOOx). This process was aided by

cutting a flat surface, perpendicular to the long axis of

‘ \

'the tracheids, with a scalpe% and v1ew1ng the cores under

reflected light. The length of: each core, from the pith to

“its outer surface, vas measured Hlth vernier callpers.

Calculatlon of the DBH of any cored tree, x years prior
to Deasurement, employed the following basic algorithm.. The
radius inside the bark during:the year offinterest (IRx) was
taken as the product of the insidevraddus at the time of |
measurement ((DBH/2) - BARK) and the proportlon of “total
length (TC) represented by the length of the grouth

1ncrement X years preV1ous (TC 2 In, where In is the length

4\\\3

-0f the growth 1ncrement for any glven year, n). Therefore,

TRx=( (DBH/2)- BARK Je ((TC- 2 In)/10). | )
and the DBH during that year vas calculated using the llnear
regress1on equation relatlng the 1n51de radius at the tlme-
of measurement to the measured DBH (Husch et al 1972). The

error associated with thls:regres51on eguation is probably-
. y o

"-negligible since the smallest coefficient.of

determination (r2) calculated  was 0.997. ' o

Since cores were extracted at stump height, a

- correction term was required to account for the shorter

~total core length at breast height. The'age’of a tree at

breast height (ABH) was.estimated using regression

-‘equations, of the form log(HT)=a+h(1/AGE} {Huasch 1963),

relating height and age for each ‘Species in each communlty.

The 1ength of the prox1mal portion of the increment cores

N
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representing drowth oriOr to this estimated aoe waS'theo
subtracted from the total core length~providing anvestimate
of‘rhe.appropriate core length~(fC),for calculat;ng past
diameters. An examinatioa of the error'associated with TC
is presented‘in Aopendix 1.
| Using theee data for cored trees from each forest type;
muitiple regression equations describing the relationship

. ~
between the calcuiated DBH and the age and measured DBH were
codputed for each of the 20 years preceding measurement.
These equations were subsequently used to estimate the past:
diameters of uncored trees. Age was included in all
20 orediction equafions‘oaiydif it vas a significant
contributor to at least half'of the series; otheruise'the
' measured DBH was used anthe sole'predictor in all
equations. The use of age in these equatlons requlred an

estlmate of age for each tree derlved from the approprlate

linear regre551on equatlon relating the age and DBH of cored

trees.

—

The procedure applled in estlmatlng the helght of any
‘»tree, during the 20 years prior to measurement, utilized the
relationship betveen height and DBH. Of the four generali
-equations suggested by Huéch er al. (1972), the pouer curve

(log-log franSformation) provided the best fit to the
reqression'of.the measured height on the measured DBH. The
‘growth of any rree vas therefore taken as a stralght line,

on a log-log plot, between thermeasured height and DBH and a

height of 1.35 maandvzero DBH, allowing the estimation of
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the height corresponding. to ady previous.  established DBH.

- Each velue in this caiculation vas increased by one to avoid
the technical problesn inﬁoived in determining the log of
zero (Sokal and Rohlf 1969) . 1f the ﬁeight growth had been.
interrupted by a factor other than a porcupine killing the
leader or if Such porcupihe damage occurred greater then
tventy years before measurelent previous heights were not
calculated.' Had the leader been killed by porcupines vlthln
20 Years of the time of measurement, the growth since the
use occurred vas estluated uslng a regression llne between
the height of the top of the uppermost feedlng scar and the
calculated DBH for the year during which feedlng occurred
.énd the measurdd height and DBH.

Although errors in méisuring treevand use agehend
yearly groeth increment could have arisen by<overlooking.
'false and/or nissing rings (McGinnies 1963), this typevof
error was probably 1n51gn1f1cant. Douglas fir and limber
Pine are both con51dered excellent dendrochronologlcal
naterlal in part because of a high correlation between ring
formatlon and the annual climatic cycle (Schulian 1956) .-

' Schulmen exaniﬁed Douglas fir froﬁ~thre§fsouthuestern |
Alberta sites and found the freguepcy of localiy'absent bole
rings'rangedifrOm 0-1.1 percent of the total number of
(rings, dependlng upon the degree of moisture stress., _He
falso'stated that ",.,. false annual rlngs are of rare.
occurence 1n the dendrochronologlc species of the northern

Rocky nountalns...." (pg. 19). The age of very- old scars
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, located.on‘senescent branches at the base of the crown was
probably less accurately measured than tree age because
"these old branches often expend more energy in respiration
than they flx through photosynthesls and xylem rings are
produced irregularly (Reukema 1959).
| A variety of statlstlcal technlques was applled in

describing and 1nterpret1ng the relatlonshlps betveen

measured variables and in data reduction. ’st of these
tests are in common usage and.do not warra - ailed
explanation. The multivariate techniquee ar - . ever, not
as wideiy known and a brief description of the. e or

) features has been provided io Appendix 2. Discuss on »f the
statistical proCedhres folloyed in exaﬁining specific
problems generally orecedes the presentation of the related
; results. The log likelihood ratio test (G) was used in
preference to'the chi-square test for the reasons outlined
by Sokal and Rohlf (1969). A probability level of < 0.05
vas considered statistioally Significant for all tests.
Different parahetric tests were used in the coméarieonr
of tvo means, depeqding upon theﬂrelapioe-sfzes of~€heir“
respective variances as deternined by an F-fest (Sokal and
Rohlf'1969f.e The statistic derived from two sanples vlth
homogeneous variances is based on a pooled variance estlmate
and is dlstrlbuted as student's t with (m1 + 02 - 2).degrees
of freedom. If foe vaﬁiances were heterogeneous the pooled
varianceAestiﬁate1beoome5'meaninglese and the test statistic

is therefore Calculgted using separate.variance estimates
A ' ‘



25

and is approximately distributed as Student's t. with

L(S12/n1)+(322/n2AJ2 :'rouhded to the
((S12/n1)2/(nT- 1)]0[(522/n2f?7(n2 1)] nearest integer

degrees of freedom (Nie et al. 1975); As a result of these
differences all references to these tests will include: fhe'
test statistic (t); the probébility of a similar randon
difference; the type of veriénce estimate used (S=separafe;
P=poe1ed); and the approprlate degrees of freedom. |
Calculatlng past tree dlnen51ons and. the subsequent
statlstlcal analysis would not have been pos51ble ulthout
the fac1llt1es of the Department of Computing Serv1ces of
the University of Alberta. The_statlstlcal Package for the
Social Sciences‘kﬁie et al. 1975), supplemented by several
APL programs, provided all of the statistical teSts |
required. Problem-specific Portran programs were used for

data manlpulatlon.
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RESULTS AND DISCUSSION

Characteristics of Available Trees

}

"If the physlcal size of a tree influenced its selectxoq
_as a feedxng tree by a porcupine, the attractiveness of a h
: partlcular forest would be in part determined by the number

of avaxlable trees with the preferred proportxons. The

appeal of this forest would be further inf;uehced by the
relative quality of adjacent rOrests, so that the factors
affecting tree growth and diStributiou vould indirectly

affeCt the selecrion of food and habitat by porCUpines.'
ance a tree's dlmensxons change uxth age, the appeal of .a

' forest or tree could also be expected to change through

time. '

Although exposure was varied on the Shelton area, the
open ;imber pinefDouglas fir_forest (vindvard comlunity) |
occurred predominantly on vest-facing siopes while the
closed canopy Douglas fir forest (leeuard comiunxty)
voccupled more northern exposures (Table 3). .Since‘the
measured exposures for these two comnunltxes vere:
symmetrically dxstrxbuted around their respective.means
(mean, mode,_and median vary by only three degrees fo:iboth
“communities), these mean exposures have been considered rhe
optimum positions for each vegetarion type.. Only two
exposures existed on the Zoratti area, neither of which

- approached these suggested optimum positions, so that £he_'

equivalent leewvard for t (leeward pure)IOn the Zoratti area
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Table 3. = Exposure, slope, age, and species composition of
the conifer'dOIinated communities on the Zoratti
and Skelton study’aréas. Each entry includes the

mean, standard.deQiation and number of observations.

~

\

’ ‘Exposure - ;o _ Species
Porest (degrees and Slope - Age Composition .
Type - direction) (degrees) tyears) (% Douglas fir)
Windward
Zoratti (X) 220.0 SW 12.5 67.0 16.5
(s) ——— 6.93 26.71 18.86
v (n) - 18 18 ‘ 137 11
Skelton | = 265.0 W 15.8 4.4 " 68.9
: 35.00 . 79.30 : 19.31 34,79
11 LR RN 76 11 L
Leevard Pure’
Zoratti 40.0 NE 34.6 . 60.5 S 97.9 .
=== 5.59 s 19.31\ ' 4.10
13 13 e 112 . ‘ 13
skelton ,  357.1 N  20.1 66.5 ~ 98.6
33.70 .- 6.37 16.08 , 5.9
29 29 246 29
Leeward Mixed '
Zoratti .~ 40.0 NE = 24.9 ' ¢9.0 49.4
N 5.08 18.77 26.80
6 , 6 55 , 6
Combined
o ‘ : . ! ' . !
Zoratti : 61.6 '
. ' - - 23.790
304
"Skelton © ' . 68.4
’ 17.19
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wvas restricted to the steefper slopes (t=7.044 p<O0.001 P
df=#0) vhich receive less solar radiation. The younger:
(t=3.657yp<0.001 P df=165) mixed forest (leevnrd mixed)
described earlier; is colonizing the gentler slopes (t=3.575
0.01>p>0.001 P df=16).on the lees%de of the Zoratti area.
Dissimilar exposure and soil conditions\uere probably

responsible for the differences between the iinduand//
/ ]
&

comnunities on the two study areas. - Limber pine was

relatively more common on the Zoratti area (t=4.391 p<0:d§1
S df=15; Table 3) and a greater proportion of trees of‘both
species in the Zoratti windward comnnnity'exhibited the
'prostrate grouth fcrm characteristic of repeated moisture
stress (Tahle 4: Brown 1971c). Exposure explained a
significant proportion of the veriation in the DBH (Table 5)
of Donglas fir and the helght (Table 6) f both spec1es in
the Skelton windward community. The lore\northerly exposed
piots, although classed as windward on thé basis of the

associated herbaceous végetation, contained trees of a form
\

more typical of leeward plots.
Although aspect in pert‘deternines the intensity of

_ vinsolation and the tenperath:e‘and moisture content of both

the soil and the atmosphere (éearson f920- ucﬁinn;1952), it
does not affect plants dlrectly (Billings 1952). Tree
spec1es differ in their ability to deal v1th the avallable ;.
range of edaphic an. atmospheric conditions so that'éxposure'
can be,important'in,deternining.the7distributionland local

success of a species. Limber pime rely upon structural



Table 4. Proportion of prostrate treés in the windward

compunities on the Zoratti and Skelton areas.

Study Area
Species Zoratti Skelton
P. menziesii 29.3% 1.8%
' (27/92) (5/271) -
p. flexilis 30.5% 4.2%

- (163/535) (5/117)

- o - . A - AP - P S S W D - - -
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Table 5.

‘between diameter at breast height and the measured

< environmental parameters.
Ay . .
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Regression statistics describing the relationship

Additional statistics

havo been provided in Appendif 3.

Independent Variables
; Variables(1) ~"Beta(Z) Rz not in
B. menziesii
~ Windward
Zoratti ({3}¢3» Age, {4} -0.740 0.548 Slope
(55)(4) Density
Skelton (2} Age {4} =0.583 0.542 Slope
, (54) Expostre (1} " 0.553
, Density ({4} 0.276
Leeward Pure ’ ‘
' Zoratti {2} Age (3} 0.624 0.633 Slope
(104) ' Density -0.374
. Skelton (2} Age {3} 0.699 0 570 Slope
(247) Density {4} 0.288 Exposure .
Leeward Mixed
Zoratti {3} " Age {2} 0.823° 0.677 Slope
(28) 4 ‘ Density
P. flexilis
" Windward ) :
- Zoratti {2} Age {2} 0.664 0.469 Density
(94) Sldope {4} 0.210 '
Skelton {4} Age (4} 0.652 0.425 slope
(19) Density
_ Exposure
Leeward Mixed .
Zoratti Age ‘ 0.678 0.459 Slope
(31) ) ' ; Density
...................... B it .
1p<0.001 for all equations except Skel ton vindward . .
pine 0‘0059p>0 001, T

2Beta (standardlzed regression coeff1c1ent) is a neasure of
the average effect that a change of one standard deviation
in the 1ndependent variable has upon the dependent variable
(expressed in standard de71at10ns).
3Numbers in braces refer to the type of’ transformatlon
applied: {1} squared; {2} sSquare root; {3} .log;-
Braces following the study area name indicate that the
transformatlon was applled to the dependent varlable.
’Sample size, . .

{4}. inverse.

Ve

L5
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Regression statistics ngcribing ihe relationship

D e D D A - —— > —— e . =D i > - - e - - - - ———————————

Table 6.
between height and the measured environmental
parameters. Additional statistics have been
provided in Appendix 3.
) :Independent ' s Variables
Variables(1? Beta R2 not in
P. men21e511
Windward . ' ,
~ Zoratti [3}(2’ Age {4} -0.632 0.399 Density
(24) (3 . Slope
Skelton ({2} Exposure {1} '0.467 0.304 . Slope
(49) Age {2}~ 0.438 Density
‘Leeward Pure ‘ :
Zoratti . Age {3} 0.667 0.596 Slope
- (88) Density -0.277
Skelton(u Age {3} 0.701 0.487 Density
T(219) Exposure {4} -0.109 . Slope
» Leeward Mixed ' - .
Zoratti (3} Age {3} 0.792 -0.628 Slope
(25) o Density
p. flexilis
" Windward :
Zoratti {3} .. Age {3} 0.566 0.356 Density
(83) ‘Slope {4} 0.255
Skelton {3} Exposure {1}- 0.720 0.519 Slope
112) - : - Density
B , Age
Leevard Mixed . :
Zoratti- {2} -Age (2} 0.878 0.551 -Density
(26) Slope {1} -0.391

1p<0.001 for all equatlons except Skelton windward

pine 0. 025>p>0 01.

2Numbers in braces refer to the type of transformatlon

applied:

{1} squared;

{2} square root;

{3} 1log;

{4} inverse..

Braces follovlng the study area name indicate that the
transformation was applied to the dependent varlable.

35sample size.

*Height of Skelton fir pure is not normally distributed.



adaptations such as stomatal reduction, thickened epidermis,
and clustered leaves for protection against water loss, but
in so doing restrict thelr ability to make use of light.in
photosynthesis. Douglas fir and spruce have‘adopted an
| alternative strategy, reducing water loss through
physiological adaptatlons which are not as effective in
extreme conditions of vlnd and dryness, but enhance
photosynthe51s and, therefore, grovth (Bates 1923). As a
result,’llmber plne-is at a competitive disadﬁantage on all
‘but the mage Xeric sites'nhich are often exposurally
.dlstlnct from closed canopy Douglas f1r spruce forests
(Pearson 1920; Bates 1923; Marr 1967) . o

‘Although increaslng sloPe appears to have had a
negative effect on the size and form of vlndward limber pine
on the Zorattl area (Tables 5, 6, and 7), the factor
responsible for variation was probably soil depth since the
"slope of”thevsteepest plots was domihatéd‘by the inclination
of the beddlng planes of the exposed bedrock. Slope may
have acted nore dlrectly on the helght and form of llmher
"Pine in the leevard mixed forest._ This connunlty appears to
be advancing slowly on_to~flatter-groundbat'the base of the
ridge. The proportion”of linber pine increases‘with':
decreasing lepe (Spearman's rho=-0.900 t=3.576 df=3
0.05>p>0.01) suggestlng that the developlng plne trees
amellorate the condltlons of the lower slopes allowing the

‘ establlshment of Douglas flr which eventually replace the

pine. Reduced llght condltlons in the presence of the
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Table 7. Regression statistics describing the relationship
between conformation index-and the measured
environmental parameters. Additional statistics

have been provided in Appendix 3.

Independent. : Variableé
Variables(1) Beta R2 not in
P. menziesii
Windward : . o ‘
Zoratti Age {4}¢2» = -0.674 0.573 Density
(24) €32 slope” (4} 0.298
Skelfoni[3} Density (1} -0.417 0.260 Exposure
49) Age {4} -0.335 Slope
Leeward Pure : .
Zoratti {2} Age {4} -0.354 0.265 ' Slope
(88) - " Density {3} . -0.312 ,
o . _ s _ v
Skelton {3} Age {4} -0.565  0.431 Exposure
(219) » Density {3} -0.372 Slope g
Leeward Mixed o ’
Zoratti {2} Age S 0.829 0.687  Demnsity
(25) : o Slope
p. flexilis - '
Windward ' ' - ~
- .Zoratti Age ({2} 0.670 - 0.459 Density
183). Slope {1} -0.200. X o
Sskelton .  Density (4} =-0.585 0.343 Age
12y : S Exposure
‘ . i : Slope
Leevard Mixed o _ : .
Zoratti . Age : 0.951 02647 /”\
(26)‘-. . "Slope {1) -0.490 S

‘Density (4} 0.338
.tp<0.001 for all equations except Skelton windward
fir (0.005>p>0.001) and Skelton windward pine (0.05>p>0. 025).
-2Nupmbers in braces refer to the type of transformation
“applied: {1} sguared- (2} square root; {3} log; {4} inverse.
Braces following the study arca name indicate that the
transformation was applled to the dependent varlable.

3sample size. , , —
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faster growing Douglas fir could have caused limber pine on

the steeper slopes to develop longer, relatively thinner

i

stems (see Brown 1971c).
Variation in. age accounted for a significant proportion

of the intraépecific variation in the DBH (Table 5), height

.{Table 6), and form (Table 7) of conifers in the three

vegetation types examined, with the exception of limber pine
in the Skelton windward community. The initial attempt at

demonstrating the expected correlation between the age and

DBH of the Skelton windward pine was unsuccessful until

‘three of the small sample of aged trees (21) vere excludéd

from the analysis. These trees were proﬁably growing at a
slower thap normal rate since two forked a short distance

above ground level and the third had partially fallen over.

The ineffectiveness of age in explaining variation in the

height of Skelton pine presumably resulted from a small

Q

 sample size {n=12), compounded by the pattern of primary

growth of 'limber pine, which involves a ioss of vigour by
the-d:iginal leader (Marr 1967) and proﬁuction»of . more

spherlcal crown than is typlcal for conlfers (see

Assmann 1970, pg.,39).

Stand density was another iamportant factor influencing

the size (Tables 5 and 6) and forn:(Tablév7) of trees in the

leewvard pure forests of both Study'areas. The~ipverse

relationshib betveZn density and DBH and height is a well

known - phenonenon that serves as the baSLS for the

51lv1cultural practlce of thinning (Assnann 1970). 'Croudlng
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restficts the size of the crown (Mitchell 1969) and
  thetefore réduces thé|5upply of photosynthetic products
required for the growth Qf nev tissues (Brbwn 1971a énd b).
'Tﬁe variation ip age and density, which seeminglf
pléyed an importan£ role in determining the form df the
trees availabie to.porCUpines, was prbbably'a result of the
pattern of foreét regeneration following bufning. Sevéial”
limber pine and Dougias fir, in excess of 200 years of age,
'vere presenf on gothvstudy areas. The densest stands'ih the
lgeyard forests gemnerally occurred tqfthe east (dovnvindj
of; and in close proximity to, these older trees, suggésting'"
that stand densify is related to the distance from.a seed |
séﬁrce. Irées in the vindward community, especialiy limbet
‘v.piﬁe, appeared:tO-be,relatively more succeséfﬁl in‘sgrviving
fire,.presumably having been proﬁected by the sparSe ground
vegetation and the opég nature of this conﬁunity.» Bééau§eﬁ
of a more eveniy distributed seed stock, this protection,
hqiéver slight, may éxplaiﬁ the generally greatér age éf thé
‘windward community (ZOratéi t=2.228 0.05>p>0.02 S'df£243;
Skelton -£=3.246 0.01>p >0.001 S df=109; Table 3).
'Apparently the Zoratti>afea ués bu:ned §omeﬁhat lafer‘th;p
‘the Skelton area since its forests were appréciably’ycunger
{(t=4.209 p<0.001 S df=550; Table 3). o
- At ﬁhe time of meaéuremenf, ﬁost‘of the trees on the
Skelton area were older and larger than those on the‘Zoratti.
area (Tabies.s;_Q; 1oa_aﬁdA11a). Jithin eacﬁﬁ;tudy,area,

trees %n the leeward-forest ié;é'generally"large: than

Q



Table 8. 'Descriptive statistics of the age and size of

individual trees including the mean, standard

deviation, and number of trees examined.

DBH
(cm)

Height
(m)

-t e s s e - ) W - WD - - . - W - - - -

- p.

P.

menziesii

-Nindward

Zoratti ‘f)
(s)
()

Skelton

Leeuafd Pure
Zoratti

Skelton

Leevard Mixed
Zoratti

flexilis

Windward
Zoratti

skelton ,

Leeward Mixed
Zoratti

Picea spp.

Leeward Pure -
. Zoratti

74.2

18.36

54

60.5
19.31
112

66.5 -

16.08
246

47.4
19.83
27

D A D - - —— - - - - - - WD D - —— - ——— =
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Table 9. Comparisons of the ages of conifers on the Zoratti
and Skélton areas. Comparison of Douglas fir in
the three Zoratti communities is presented ih
Table 13.

‘Mean : :
Comparison! (yr) t " p aft Type

1Comparison code:
First character Z-Zoratti S-Skelton :
Second character W-Windward ' P-Leeward pure M-Leewvard mixed
Third character F-Douglas fir P-Limber pine S-Spruce



Table 10.

Comparisons of the diameter at breast height of

- trees on the Zoratti and Skeltom study areas.

Comparison of Douglas fir in the three'ioratti
communltles is presented in Table 13. 'The'
extrene rlght hand colunn bears the follovlng code
for 1nterpretat10n of the analyses of cova~“-nce:
1 - Similar growth rates throughout'
2e- leferent 1n1t1al growth rates-
3 - Different growth rates throughout,
a) leference in growth curves corrected by
log-log transformatlon‘ : o -
b) Interactlon - the%slopes of the individual

-growth curves ar not equivalent.
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Table 11, Compérisons of. the heighf of treés on the Zoratti
and Skelton study areas. Comparison of Douglas
fir in thé three Zoratti communities is |
pfeseniéd in. Table 13. The‘extreme'right-ﬂand
column bears the follﬁuing code for interpretation

-of the énalyses of covétianceg

' - Similar growth rates throughout;
2 - Different initial.growth.rates;
-3 - Diffefent growth rates throughout,
a) Difference\in growth curées cofrected by
log—logutransformation - d
b) interacﬁion - the slopes o. the individual

growth curves are not equivalent..
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windward trees, even though the vindward forests were older.
Although fir tended to be larger than pine within the .
vimduard coamunity, there ¥as no 31gn1f1cant difference in
the average size ‘of these tvo species in the leeward mlxed
forest, Flmally, the spruce in the leeward pure forest on
thebéorattl area vere larger, though not older, than the
surrounding Douc¢las fir. o .

Conformation of tfeee also varied between forest types
and study areas (Tables 12a and 13). (Interspec1f1c
comparlsons 1nvolv1ng llmber plne do not appear in Table 12
because of its umusual pattern of primary growth.) The
.crowns of ulndward trees and leeward trees in low denslty
stands often extended to within -a meter of the ground,
wvhereas often only ‘the upper third of_leevard_treeS‘in demse
stands was foiiated; Windvard trees had stout trunks,
compared to.leeuarq trees.of‘simiiar height, probably
beoaus “£ the stimulatory effect of wvind-induced sway on -
secondary grovth'(Jacobs 1954); TherDomglas fir in the
leeward purecforest on the Zoratti areaéhad more extensive
¢rowns on average than their counterparté on the Skelton
area as a result of a higher mean dens1ty on the latter area
(Zorattl welghted mean (t se) 12 18 t+ 0. 286 trees/100 sq. m
(n= 359). Skeltdn weighted mean (t se) |
17.08 2 0.163 trees/100 Sqg. m (n= 1221). t=5.61 p<0.001 P
d£=1578) .

The obeerved 51mllar1t1es and differences in the size

and form of trees can be 1nterpreted by three complementary



Table 12. comparisons of the conformation index o§ trees
on the Zoratti ahd Skelton study ageés;
Comparison of Douglas fir in the thr;e Zoratti
communities is presented in‘Tabie 13. The.
extreme right-hand coluan bears-the folloving code

_for iaterprétation'df the andlyses of covariance:
1 - similar growth rates throughout;
12“- pifferent iﬁitial growth rates;
3 - Diffeteht-grouth rates throughout,

Q

a) Difference in grovwth curves corrected by.
: T, )
log-log transformation
. b) Interaction - the slopes of the individual

growth curves are not equivalent.
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Table 13. Comparisonsvof the age, diaﬁeter at ‘breast heigh{;
'height“and conformation index of Douglas fir in
:the‘three conifer domihated communiﬁies on the
Zoratti study area.‘
Age ~ One-wvay énalyéis‘of variance
F=4.522 0.01>p>0.025 2 and 162 df

Mixed Windward Pure : . .
47.4 59.5_.60.5 (Student-Ner~an-Reuls test p=0.05)

log DBH
a) One-way analysis of variance

P=31.790 p<0.001 2 and 509 4f . L \

\

Windwvard Mixed Pure : C —_
8.4 11.4 17.1 (Student-Newman-Keuls test p +05)

)
¥

b) Analysis of covatiance -

covariate - log A e F=177.281 p<0.001
F=11.457 p<0.001 2\and 161 4df |
djusted means)

-udent-Newmnan-Keuls test p=0.05)
0 ,

- Windward Pure Mixed
6.6  12.3

log Height
a) One-way analysis of variance
F=75.822 p<0.001 2 and. 420 4af

Windward Hixed Pure : '
3.7 " 5.4 3.4 (Student-Newman-Keuls test p=0.05)

b) Analysis of covariance
significant interaction

- F=9.607 p<0.001 2 and 136 df
CI - Heterogeneous variances
a) Apprbximaté F-test (Sokal.and-Rohlf'19695'376-379)

T :5.238 0.01>p>0.005 2 and 102 df

're  ixed- ¥indward - . ‘
T 1.7 2,03 -(based on t-tests p=0.05)-
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growth rate relationships revealed by aaalyses of covariance
(Tables 10b, 11b, 12b aad 13). « In applying an analysis of
covariance, several assumptions must be satisfied. If the
variances under examination are not homogeneou s, eveq
followlng a suitable transformation, thls test is
'inappropriate'(Steel and Torrie 1960). Agditionally, the
linear- regression equations explaining the association-
betveen the independent variable (age) and.the dependent
va;iable'(DBH,kheight, 6: CI) for eaeh of ﬁhe'samples must
share a common Slope. Failure to fﬁlfill-this requirement.
also inﬁalidatesfthe analysis ef covariance, but in the
| present context the demonstrated 1nteract10n (1 e. dlfferent
'slopes) 51gn1f1es dlfferent growth rates fo;/th% two groups
of trees belng conpared ' S '

The lnablllty to demonstrate a.difference between two
means after adjusting for the affect of age suggests similar
.growth ' 2tes -during all periods of developnent. If these
meaas differed pfior to adjustment for the effect of the
independent variable (as demqnétrated by a t-test),'fhe
inequality was probably due to a'dffference in age, A 4.
significant difference between the adjusted means may arise
for two different reasons. If the dependent ;ariable
remaias aafransfgrmed,_dispafity between means reveals
dissiailar Y-intercepts for the regreSsion equatiohs’(see:,
figure 5a and b). sSince tree growth tends to follow a
sigmoidvcurve (Husch‘égvg;. 1972) and'the majorify of frees
vere measured after they vere greater than flfty years of

age, extrapolatlon of the ~growth curves to age zero is



-Figure 5.

~r

’

The effect of log transformation on grovth'cu:ves;
A and B are drawn from the regtession equationv
used in the analysis of covariance comparing the

3

height of Douglas fir treés in‘the,leeuérd'pure'
forests 6n the twvo Sﬁudy.areas (iorétti'A :
Skelton o). Ciand D are drawn from similar

equafions used in conpariﬁg tﬁé height of'Douglaé

fir in the windward communities (Zoratti e :

Skelton m ).
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'unrealistic. The observed difference therefore indicates
unequal ‘initial growth rates;, Conversely, if both the
dependent and independent variables were .1log transformed
prlor to analy51s7 the trees in guestlon must have grown at
perennlally dlffereit>rates (Figure 5c¢ and d).

Douglas fir in both the windward and leeward
communities on the Skelton area enjoyed superior rates of
height growth (at least initially) relative to fir on the
Zoratti area, even though there‘vas_uo difference between
.areas in the rates of diameter groeth. Hhile Douglas fir
grewvw more rapldly in dlameter than p1ne in the wlndvard
comnunltles, .the 1nterspec1f1c difference in the leeward
mlxed conmunlty vas not statistically significant, On both.
| study areas, grovth appears;to have been most vigorous on
leeuard sites. The comparison of spruce and.Douglas fir.-in
the Zoratti leeward pure fores; is ‘unique in that spruce
grew 51gn1f1cantly faster in both DBH and helght and also
malntalned a more rapid 1ncrease in conformatlon index.

Most of the transformations reguired by the analyses of
‘covarlance suggest that the trees on both study areas, with .
the posslble exceptlon of those in the Zoratt1 leewvard mlxed
'51tes, are beyond the perlod of most rapld grouth. Even on
poor 51tes,'1nter10r Douglas fir reaches the point of
‘inflection of the growth ourve at about 40 years of age

(Forestry Handbook for Brltlsh Columbia 1971), after whlch
the 51ze of annual 1ncrenents begins to decrease (Husch

et Al 1972).

papor
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Characteristics of Trees Used by Porcupines

The relative proportions of used trees, as revealed by
the presence of feeding scars, are an expression of the
interspecific and 1nterhab1tat preferences of porcupines,
Analy51s of this information was based on a sample
representlng many years of feedlng, So that the influence of
'1nd1v1dual preferences is suppressed and the resulting |
conc1u51ons rerlect only the majority response. These-
preferences are assumed to be constant through tlme,
InterspeCific Preferences

Interspecific conparisons of the proportion‘of used
trees suggest thatrporcupines that have inhabited the tvo
'study areas did not prefer one conifer species over another
within a given communlty (Tables 14 and 15).} This
,observatlon confllcts ulth the publlshe -ccounts ofl
porcupine food hablts, which generally characterlze this
spec1es as a selectlve feeder. The accuracy of many of
these reports IS, hovever, difficult to assess because data
.were not provided regarding the avallablllty of the tree
spe01es involved and preference ranklngs are apparently
' subjective (Gabrlelson 1928' Taylor 1935 Curtis and
Koz1cky 1944-‘shap1ro 1949) . Two other studles descrlbe
1nterspec1f1c preferences that are, unsupported by the data
presented Gill and cCordes (1972) Stated that llmber p1ne,_
vas the preferred species in low elevatlon krumnholz,

. 51mllar to the windward coumunitles described here, even
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Table 14, Proportion of trees used within species an..

community categories from the ZOratti and Skelton

study areas.

1

o Number
Number  Not - %
Used Used Used .
Windward
Zoratti ,
P. menziesii 11 56 16 .4
P. flexilis 96 274 . 25.9
Total - 107 330 24.5
Skelton , ' ) o
P. menziesii 37 2117 4.6
. P. flexilis 9 104 8.0
Total - 46 321 . 12.5
Leeward Pure.
Zoratti-
P. menziesii C
_ High Density 119 76 61.0
Low density 124 59 67.8
Total 243 . 135 64,3
Picea spp.t = 36 13 73.5
Skelton
P. menziesii ' .
High Demsity 147 702 17.3
Low Density 164 205 44.4 -
Tota:’ 311“ - 9€7  25.5
Leeward Mixed ]
Zoratti -
P. menziegii 23 44 34,3
P. flexilis- . 22 72 23,4
Total 45 116 28.0 .

1sSpruce and Douglas fir were not sanpled with the _
same techniques (see Hethods), consequently spruce
does not partic1pate in the Zoratti leeward pure
total. :
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Table 15. Selected inter- and intraspecific comparisons of
the proportion ‘of trees used by porcupines. on
the two study areas. Each entry includes the
log likelihood ratio statistic (G) and the
probability of a similar or gréater differencé
betveen groups; One degree of freedom is associated

with each test.

I G=2.448 |
ZWP1 I
I p>0.1
— —
I 6=53.203) -
ZPF | ( e
| p<0.005
— { —
1 I G=1.276 |
ZPs | | |
[ I p>0.1 |
F % - —
| 6=4.836 | G=19.649
ZMF 10.05>p - ‘
|

| | |
p>0.025¢1 p<0.005

i
|
‘r‘ 4 + L g —~ 1
. (I | I 6=0.140 | 6=1,793 |
24P | l l l I
N 1 I p>0.5 | p>0.1
— ——4 4 { —
- 1 G=0.034 | I [ i
SWF | | i ( i
I p>0.5 N [ I
F 4 —y + —+ —
o | 1.6=17.9704 | 6=2.706 |
SWP | N o | o
- + — ~4 + —
P 1G=182.568] { I G=14.584
SPF - 1 5 i l |
| . I p<0.005 ] i p<0.005
l_. A 4 - A - jv 3
ZWF ZPF ZWRP - ZMFP SWF

R - - s = -
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thougb.it was the only species available, Kreftlng et al.
{1962) ranked the four najor tree specxes on their Hlscon51n
. study area accordlng to porcuplne use but re- analy51s of |
these data indicate that the proportlon of used trees does
not vary statlstlcally between species (G=1. 634 daf= 3 p>0. 5).
‘Although porcupines in some areas do exhibit 1nterspec1f1c
,preferences (Curtis 1941 ; Rudolf 1949~ Brander 1973) thls
habit is apparently not unlversal.

_Ind1vidual trees are occasionally used during several
‘Years (see Tables 25 and 26) . If rhese trees are ueighted
for the number of times they have been used, i.e. a tree
used in two different Years is recorded as tHO-USed trees,
SpPruce were used Proportionately more often than fir in the
Zoratti leevard pure'forest (6=9.943 df=1 p<01065) and fir
were used nore freguently than pine in the skelton wvindward
commun1ty (G=5, 367 df~1 0.025>p>0. 01). Hovever, it was not
pPossible to uelght trees for the nunber of times they vere
rejected by porcuplnes So that unused trees may be ' -»$$\;

underrepresented

Interconnuni{y Preferences

In contrast to this apparent lac& of interspecific.
discrimination, poreupines on the Skelton and Zoratti areas
exhibited marked conmunlty preferences tTables 14, 15,
»and 16) . Wlthln a study area, the communities most amenable
to tree grovwth received the greatest attention from

'bporCupines. Douglas fir, in both the leeward pure and
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Table 16. Selected intercomuunity comparisons of the
- proportion of trees used by pbrchpines on the two
study areas. Each entry includés the 1log
iikelihood_ratio statisiic (G) and the'probabilitf

B9, similar or greater difference between grotps.
. . /

gree of freedonm is associated with each

———————
Zoratti 16=132.637)

Leeward N/ 1
Pure I p<0.005 ¢
v . — + 3]
Zoratti § G=0.567 | G=59.639¢{
Leeward i { l
Mixed { p>0.1 | p<0.005 |
: . — —4 —
Skelton 1 G=18.2244 |
Windward | | . |
{ p<0.005 | {
Skelton | 16=182,.568] 6=29.210(
Leeward | | | I
. I { p<0.005 | p<0.005 {
[ & A . A J

Zoratti Zoratti Skelton
"#indward Leeward Windward
Pure
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leeward mixed forests, were used proportionately mdre
frequently than vindunrd fir. The seeming preference for
leeward pure fir over'firlin the leevérd mixed forests on
the Zoratti area probably reflects the relative lengths of
tlme these twvo communities have been subject to porcup .ne
‘ feedlng rather than preferentlal utlllzatlon. As a whole,
the Zoratti leewvard mixed community was used-in ‘
apgroximately equal proportion,to‘the windvard conmnnity
because of anveﬁuivalent level of fee@ing‘on limber pine.
The relationship between use bynpercqpines and
individual tree‘viéour has'been>iidelyedocumented
{Rudolf i94§; Curtis and Hilson'19$3; K-ef:ing e _3 al. 1962)
and wilL‘be examined in more detaii later. If the ,

porcuplnes that have fed on the Zorattl and skelton areas

selected trees on the basis of v1gour the collective —

o response would be nanlfest in 1ntercomnunity preferences

51m11ar to those observed. Lack of 1nterspec1f1c
preferences, in the llght of differences in growth rates,.
_suggests that ~the 1nportance of v1gour is not con51stent
'between spec1es. The 1nf1uence of the intensive winds |
: common in the vlnduard conmunltles on the. se1ect10n of
feedlng trees by porcupines is uncertaln, since Doueias fir
in this communlty on the ZOrattliarea vere used less f\\\
frecnently: than leevard ‘mixed flr, but llnber pine in these
twvo forest types were used in equlvalent proportlons.

Affirmation of interconlunity,preferences is provideﬁ

by the outcome of multiple regression analyses relating the
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proportion’of trees used'by porcupines per plot to the
proportion of Douglas fir per plot, plot density, erppe,A
exposure, mean DBH, theight, conformation index and age. Of
these, the two variables that vere the'nost effective 
' predictors of *he intensity . of use onithe tuo”study areas
(Tabie 17) also alloved the greatest discrimination Betveen
comnunltles (ZOrattl - proportlon of Douglas flr/Plot
Skelton - exposure).' Varlables that subsequently entered
the equatlons were norexuseful in dlfferentiatlng between
stands within a vegetation type than between types. '

| Stand density is the host.ipportapt single varieble in
explaining variation in the proportion'of trees used-uithin
a plot, but becadse denslty ie .1nfluent1al in determlnlng
the 51ze, forn and grovth rate on both' study areas, its role
in food selectlon by porcupines may be multlfaceted.
_Den51ty may have been considered directly by porcupines
"feedlng in at least the ZOrattl wvindvard connunlty, as the
dlsperSLOn of trees did not account for a 51gn1flcant
proportlon of variation in the 51ze or form of elther tree
sSpecies (Tables 5, 6 and 7). The ‘inverse relatlonshlp

~

between density and the intensity of use, also reported by

van Deusen and uyers (1962), may not be con51stent B

throughout the ‘range of p0551ble densities, since Curtis ‘and

HllsOn (1953) found that use 1ncreased with den51ty in very

dlspersed stands of Ponderosa plne (Plnus pond gggg mRean

3.

density=3.32 trees/100 sq. m).
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R
Table 17. Regression.statistics describing the relationship

between fhe-proﬁortiog of trees uged by porcupines
- per plot and various plot attribute§. Addit;onalA

statistics have been provided in Appendix 3.

N}

Independent .
Variables Beta R2 o p
Windward . - _ » : 5
Zoratti + = Density (4}¢1? 0.744 0.553 0.025>p>0.01
(9) ¢z , _ EE -
Skelton ) | . p>0.05

Uﬁ11)

Leewéfé Pure . .
Zoratti {5} Density {1}¢32-0.833 0.499 0.05>p>0.025

(1) Slope (4} © =0.690
" skelton Density {3} -0.500 0.717 p<0.001. —

(29) ' Slope {3} 0.396
. Exposure {1} 0.307

Leeward Mixed

. ‘Zoratti #fir/#total = 0.958 0.917 0.025>p>0.01
Tr o (5) ' : :
Combined . ' ‘ . S -
Zoratti ¢fir/#total 0.456 0.713 p<0.001
(27) Mean DBH {2} 0.429
Skeltoh . Exposure {1}("0.479 ‘0{638 p<0.001
o (40) . Density (4} 0:492 - i ' -
Slope {4} -0.,235"

- - - - - — - h ---——--———--—--_--—----q—--- e -

iNumbers in braces refer to the type of transforamation
applied: (1} squared' {2} square root; {3} log; {4} inverse,
{5} arcsin. Braces {~llowing the study area name indi te

~ that the transfornatlon wvas applied to the dependent
variable. )

2sample size. ;

3proportion of Douglas fir vas the first independent
variable to enter this equation, but it dropped out aftep
the addition of slope.

*Medn DBH was the first independent varlable to enter -
this equation, but it dropped out aftet the addltion of
den51ty. . _ ' . .. . e

. .
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The role of slope in the_selection}of stands in the
‘lleeward‘pure forests is unclear because slope is apparently
not important in explaining variation in tree stature : _?
(Tables 5,v6 and ’3. Slope.could"be related to an aspect of
porcupine blology other than feedlng, or it could be highly.
correlated with unmeasured factors that 1nfluence porcuplnes
more directly. Although van Deusen and Myers (1962) 0
reported a'similar correlation betueen slope and the
proportlon of used trees, they llkev1se offered no
explanatlon of its: 1mportance.

The regression'analysis for the Zoratti leeward mixed.
.forest is4presented with reservation. .Altmoughggpe .
| proportion'of Douglas fir pe plot uas the only variable to.
explain a significant'pcrtion of the vaﬁ@atlon in the |
~intensity of use, a tho:ough‘}nalysis was,not possible o
because the number 0of var.ables 1n the equatlon rapldly .
approached the number of observatlons (Draper and i .
Smlth 1966).“ The proportlon of f1r per plot vas also the
first varlable to enter the regression eguation ln the'_ . T
Zorattl'leeward pure analys1s, but it was removed from the_

equatlon followlng the addltlon of density and slope because

it had ceased to nmake a 51gn1f1cant contrlbutlon to the

L4

NN

'Study Area‘Diffefences -

s
El

The Zoratti area has- been more exten51vely used . by

‘porcuplnes (Tables 14 and 16) than the Skelton area, but-

v -
o .




59

because individual porcupines probably could .not have
jexercised a choice betveen'these tvwo areas, inferences
reéarding the. relative quality of these forests wonld

| probably be nnfounded. Taylor (1935) stated that the
prevalence of porcupine feeding in a particular forest is .
primarily deternined by the number »f 7 orcupines present,
vhichais greatiy'affected by the physical location of the

| forest and need not be relateu to the type of trees

avallable. ~Both Taylor (1935) and van Deusen and

f&yers (1962) have reported that ,trees on the perlphery of a
forest recelve the greatest attentlon from porcuplnes and
’?that this -habit wvas related to the proxinity of the forest

”edge to‘sunmerffeeding areas. The Zoratti area is a narrov,

i}

llnear rldge parallelllng the edge of the prairie so that
the entire forest is essentlally perlpheral, vhegeas the .

Skelton areaflles perpendicular to the prairie and is a
S

,larger, more continuous block of tlnber.‘ This dlfference in
SLze and ‘ entatlon nay explaln the difference in

‘utillzatlon hetween the two areas.

(
!

{
|
/

Ind1V1dua1 Tree Preferences -<Re1ative

The prefezentlal use of .a speczflc connun1ty or type of

/

.\ﬂstand by’ porcuplnes ultlnately depends upon the deliberate

use of iqﬂ1v1dual trees.f Comparison of the size and
% .

confornatlon of uSed trees relatlve to unused trees counld
/

disclose the existence and forn of porcuplne preferences.

The average position of each tree in'relation to the

' o , ) . PR

y v 4
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Y

conmunity mean, during the 20 years prior to measurement,

has been examined rather than the tree's absolute size or

. age because, with the ~xception of the leeward.pure forests,

only a snall pr _ortio. of the available trees was uSed'by

porcupines during » given year. Z-transforlatlonsu(Xi X/s-

Sokal and Rohl. J) of age, DBH, helght and gg?iormation

'1ndex vere calculated for each tree for each of the 20 years

prior to neasurement. ~The average transfornatlon of the

EIPNL

four variables for each tree during'this period is a neasurqﬁgl

of its relative status in the community, measured in -
standard deviations(from‘the‘mean of zero.: |

Porcupines have used trees that vere‘comlonly'larger
and had more extens1ve crowns than the trees they neglecteﬁ\
(Tables 18a, 19a and 20a),‘even though these trees wege u
generally not older than unused trees (Tahle'21)i" Although
analyses ofxco?ariance’could not be applied.universally, the
resultsiindicate that the trees used by porcupines vere

faster grov1ng than unused trvés (Tables 18b 19b and 20b),

.an observatlon vhlch has been uldely reported (Rudolf 19#9.

Curtls and wllson 1953 Kreftlng eb .al. 1962' Spencer 1964) .

‘Dlscrinlnant analyses (Table 22) 1ndicate that DBH and

growth form are more effectlve than age or helght at
dlStngﬂlShlng used trees from unused trees and suggest that
any tendency for used trees to be older or taller vas an

artifact of ‘the strong 1ntercorrelatlons between all four

r/ . - v . i L4

. varlables. a I

ﬁis 1&&:



Table 18.

Comparisons of the relative diameters at breast

-

"height:of pofcupine feeding trees wvith unqséd

trees on the'Zoratti and Skelton areas:'jThef
sizes of used and unused limber pine ip the
Skelton vindbard community were not compared
because énly two trees uére‘uséd4during thé

20 years preceding measurement.

.iﬁﬁa

.
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Table 19. cComparisons of the-relat;ve heights of porcuplne
feedlng trees with unused trees on the Zoratti -
and Skelton areas. The sxzes of used and unused
llmber plne in the Skelton v1nd&ard communlty
vere not compared because only two trees were
used during the 20 years- precedlng measurement.

st
‘\<.

3
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Table 20. Comparisoﬁs‘of the relative conformation
indices of porcupine feeding trees with unused
trees on the Zoratti apdrSkelfbn areas. The
form of used and unuséd limber pine in the
Skelfdn vindward compmunity was not compared .
because 6nly two trees wvwere used during the

20 years preceding measurement.
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Table 21.

67 .

-

Comparisons of the relative ages of porcupine

- feeding trees with ugused trees on the Zoratti
:ﬁ

and Skelton areas. e ages of used and unused
limber p1ne in the Skelton vlndward conmunlty

vere not compared because only two trees were

.used during the 20 years preceding measurement.

ZWF1t used_

TS WD DD e e . D A D "> D - - - D - W > - —— -

0.58 p>0.5 87 S
unused -0.06 '
ZMF used  0.73 h
) o 2.02 p>0.05 26 P
. unused -0.24
ZWP used -0.26 -
) 1. 61 p>0.1 38 S
unused 0.05
ZMP ueed 1.05 ‘ ' '
2.46 0 05>p>0 02 28 P
anuser j0.19 )
ZPS use. -0.17
0.80 p>0.4 6 P
unused 0.50 :
SWHF used 0419 S
. 0.44 p>0.5 51 P
unused <0.02 _
SPF used 0.40 ¢ ‘
2.98 -0.01>p>0.001v 43 S
unused -0.06 -

tExplanation of this comparison code is provided
"in Table 9. .

&
3
)

o



Table 22. Dpiscriminant apalysis & “2 istics detai€}§g~-
% measured variables that best distinguiched between

porcupine feeding trees and unused trees on the

Zoratti and Skelton areas.?
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In addition to increased shoot and xylem growth,

¥ : : _ » ‘
vigorous trees produce a larger annual increment of phloenm

than suppressed trees (Bannan 1955; G .l_.cs and smith . 1959).
B Rapidly growlng trees v1th large open c.owhs therefore
nprovide @aore potentlal-food for,po_cuplnes because they
support more foliage and.a greater volume»ef inner hark.than
crowded trees. Porcupines generally feed on inner bark that
is accessible_fron‘positions.that can be maintainedruithout
undue exertion'4Taylor.1935; Spencer.1964j.. This type of
tree, uniéhvis characterized by uore,large.branChes, vould
therefore alloy pbrcupines greater access to the potential
-feod. - |

Dlaneter at breast height and confornatlon 1ndex both
1ncorporate 1nfornat10n about crown width and stem dlaneter
and relate a measure of the potential food in a tree and 1ts ol
acce551b111ty. A porcupine that was cognlzant of this
'relatlonshlp could therefore assess at least the quantity of
food avallable 1n a’ given tree without- having- to expend B
energy. cllmbing it, Presunably, trees can becone too large
 to be successfully cllmbed (Taylor 1935; Curtls and

K021cky 1944 ; Curtis and Wilson 1953), resulting in a

decllne in their use by porcuplnes even thougn "' ey contain

‘large quantltles of - hlgh quallty food.

Individual Tree Preferences - Absolute
_ , _ . _ ”

\Only trees in the leeward pure foreéts were fed upon

with snfficient_freguenCy“to‘allow an'exanination of the

IS
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absolute size of used trees. The tendehcy for pc- ines to
use rees that vere larger than unused treesﬂ(Pig\ = 6-11)
has already been’noted. Although the ieaa DBH, height and
growth’ forn of used trees ir the Zoratti forest increased
through the 20 years prior to measurement, the average DBH
and height ‘in the skelton forest relalned relatlvely
constant (Table 23 and Pigures 6-11) .

The average diameters}ofrused trees.frop both.study
areas fall within the range of size preferences reported
from varlous reglons of North Aneri\a (Taylor 1935 Curtls
,and Wilson 1953 Kreftlng et a;. 1962; van Deusen and
ﬂyers 1962). The predilectlon of porcuplnes for a spec1f1c
size class of tree 1rrespect1ve of geographlc Locatlon or

N -
‘the spec1es of tree 1nvolved iends support to the

o

suggestion of Curtls aqd Wilson  (1953) that porcupines may
be most adept at clinbing trees betr~en 15 and 25 cm DBH; a

physical limitation which could ha’vw séieral consequences on

~ the pa¥Ytern of'forest“use. If porcupxnes favoured a

”partlc lar size of tree, the scope for addltional

1nat10n on the basis of other attrlbutes, such as
vould be reduced. In a relatlvely even-aged foregt,

vlgorous trees of the approprlate dlnensioqs vould only be

”avallable for a short perlod of time relative to the
existence of the. forest and the intensity of porcuplne use
vould be expected to peak and then decllne as v1gorous trees

became too large to cllnb.,
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Figure‘6l' Heans and standard errors of tae dlaoeters at
breast helght of Douglas fir used (rlght bar
of ~each- palr) and not ‘used by porcuplnes in
fhe leeward pure forest on the Zorattl study

area for each of the 20 Y= . nrior to

.
t

: measurenen,

sach year are - .+ |

‘used and unused trees. Ah

—’B ‘ the number
Al — asterlsk denotes a statlsklcally nlflcapt 5}:;6_
o : dlfference (p*&*ﬁ 05) between means as determlned

by a’t~test. All t tests enployed a pooled

#. . variance estliate._' _Ti | o

,'t'rxl' é? e R .
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Figure 7.,m;neans and stan@ard errors of the helghts ‘of o
,rDouglas f1r usaﬁ (rlght bar of eaoh palr) and
- 'not used by ¢y esfin the leeward pure forest
: " 2 e&Mk*“,
= “on the Zbrattl ‘Study 3rea for each of the }0 years
- B i P
g pElor to measurement. Alsb‘mncluded for ‘each xear‘
4«,/, A "lﬁz .\“" .
o L are the number~of used and inused trees. _An
Wy - - . s 0y
2 P,

asterlsk‘denotes a sfatlstlcally s?bnlflcant é

.difference (p < 0. 05) between neans as determlned
. ke 3 _, -
‘by a t«testa ALl t- tests emplqyed a pooleﬁlg

'variance estlmate..h_ . S0y . .
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Figlre 8.

Means and standard errors of the conformation

o

" indices of Douglas fir used (right bar of

each palr) and not used by porcupines in
! . ¢}
the leeward pure forest on the Zoratti study

area.for eacﬂﬁ%frthe'Zﬁ years prlor‘to

i
)

measurement.ﬁ Also 1ncluded for each year are _;J

.

4 3‘_. " . . . . %
. the number of used and unused trees. An am

) 3 e

asterlsk denotes a statistically 51gn1f1cant

dlfference (p = 0 05) betveen means as- determlned

>

by'a t-test.‘ All t-tests employed a pooled

variance estlmate. g
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Figure 9.

5

«@

»breast helght of Douglas flr used (rlght bar

v

A

,ﬁeans and standard errors of the dlameters at

u

of each palr) and not: used by porcupmnes in Q?K’

the leeward pure forest on the skelton study

area forieach of - the 20. years prlor to L

o v

measurement Also‘lncluded for each year are
the number of used and unused trees. An

asterlsk denotes a statlstlcally 51gn1f1cant
dlrference {(p < 0.05) betveenomeans as determlned
hy a't—test; All t- tgsts ey ployed a pooled

variance estlmate.
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Figure 10.

A

. Y]
Heans and standard errors of the heights of

Douglas fir used (right bar of each pair) and

not ﬁsed ijpbrcupines_in tﬁe leeward pure'forest
on the Skelton study area for eadh'df the 20 yeafs
prior to measufement., Also included for each year

are the'number of used and qgused frees. An

asterisk denotes a statistiéally significant

difference (p < OfOS) between means as determined

4

by a t-teSt;' All t-tests employed a pooled

»

variance estimate,

¥
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Figure'11.

' Means and’standard errors of\tbe confornation

,1nd1ces of Douglas flr used (rlght bar of

each palr) and not used byéporcuplnes in

the 1eeward pure forest on the Skeltc. study ®
5 'ﬂ( ' ’ { . o
area for each of thé 20 yeas%aeror to ~'¢

,,'nai‘ . “e A i
measurement. Also included £6f each year are

.the nunber of ‘used and unused trees. An

asterlsk denotes a statlstlcally §%§n1f1cant

dlfference (p = 0. 05) betveen neans as determlned

by a t-fest ALl t- tests gnployed a pooled

“

varlanﬁ est1 mate.
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Table 23, Regression statlstlcs describing attempts to
explaln Year to year varlation in the average 51ze
of Douglas flr used by porcuplnes in- the 1eevard

pure forests on the zorattl and Skelton study

(373

areag ee Figures 6f11). Independ/nt variables

that couid have entered the "equatio 1ncluded |
"use age, the umkper of plots used Per year and

the nunber of ttees used per year. Adle

o

Statlstlcs have béen prov1@nd 1n Appendlx 3.

Independent’ Heighted

- . : !
Varlable<2; .Beta  R2 p ; Meantse(2)
a 9 ’“’iy “) ' -
~ ' DBH Use Age {3} -0.831 0,690 .  p<0.001 16. 1120, '645‘ cm
L HE 'Z_ ER o | p>0.05 9. 1210, 298 n_
k CI {1} Use. Age {4} -0.487 0 23% 0. 05>p>0.025 ‘ﬁ 7510 056
Skeltonr ;3‘ ‘ - B o C :f'
(n=16) -~ L A N P
S o ) ; . :“. . & Q"..
- "DBEH ' T o ' p>0 05 25, 9610 799 cm
At I - pr0.10 12, 0040. aos 0

--------—---‘--c—_ --—-—-—-\4—‘qsg—_—--——---------—.—--—----._—--

tNumbers ‘in braces refer to the type. of transformatlon :
applied: .{1} squared; {2} Square root; {3} log; {4} inverse.
2If age explained a significant Proportion of the variation
in the particular. attribute, the corresponding mean was
~adjusted so\that the effect of 4ge betveen years is
negllglble. Vo . S

. ‘,.'”A’.'.'i - .

(&



. 5
same period (DBH t=9.647 p<0 001 P df—31- height t=5, 750 K
p<0.001 p df=31: CI t=6.156 p<0.001 P df=31; Table 23).‘ If
porcupines exercised size preferences Solely related to the
ease of clilbing trees, local differences in the’ size of

use9 tnees of the nagnitude ohservedwyould not be expected
unles§ the preferred size vas unavailable. Although trees

on t E’Skelton area ;ere generally larger than on the

Zoratti area- gTable’B),’this difference is not suffic1ent to

'explain the disparity in the size ofgused trees. ~The‘"
glatively greater 1ntensity of porcupine feeding on the ‘\*i

J
’ 'zoratti area (Table 14) may have forCed sonﬂ anilals to use

trees snaller than;the preferredfsizea Stoqn and

a tree fgr upsto‘ten years so-that-in a forest that haS/Leen
'Thea*ily used fqr several years, the nunber of rapidly / ~f$”:f

groving tree§ vithin the preferred size class uould be/-

vigorous ‘trees, Election hetteenithese two'alternativeskff -
Vwould depend upon the relative signifigance of- tree s1zé and ~
“Vigour to porcupines and upon a porcupine's ability to |
‘recognize indicators of” vigour such as the amount of annual;jt

s'“’branch extenSion or the guantity of recent needles., o f;‘;;,

,IV
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Temporal Changes ;githe\{ntensity Qg Use
The nunber"ofﬁplots used per year can be regarded as. an

index of the number of‘pdrcupines present on a study‘afea'
per vinter. Considering thls index of porcupine numbers for
a period of several decades should prov1de an 1ndlcatlon of
the number of porcuplnes 1nhab1t1ng the study areas through
time. This index is probably more reljable than an.iudex
ﬁbased on the number -of inéz;zauai\jrees used per“year since
individuai porcupihnes rend to concenlrate their feediné,‘ |
during a single winter, in a very small areaﬂ(Spencer 196u)
and the number of used trees counted for a partlcular wlnter
vould be greatly affected by the location of thewsampllng: |
plots with respect to these "feeding pockers".“:; -

Figure 12a illustrates that the intensity of use of an
" area by porcupines is not consistent through time. If.the
short-term fluctuafions are smoothed by plotting three year
means and the curves are shiftediso thar the uean‘ages of

‘ the forests are equivalent, the two curves follow one
another quite closely (Flgure 12b: r=0. 922 rz=0,850 p<0. 001
n=14), The final drop of the skelton‘curve (Figure 12b)
would seen to predict a'siniiar7depliue iu,porcupine numbers
on the Zorattl study area. Duringlthe vinter‘(1974-1< 5)
folfowlng the collectlon of the plot data from which the
Zoratti curve vas draun onlyvthree porcupines vere found.

" No porcupines couid be .o- ted on this{area during rhe

subsequent winter (1975-1976). This decrease in porcupine

numbers may, however, have been premature because the
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e
’ Figuré-12. The nelatlonshlp betveen tlne and the 1ntensxty

of” feedlng by porcuplnes on the Zoratti and
Skelton study areas. 'The—upper graph (a) depicts
:o - the number of plgff,gsed on each area per.w'
. year and the lower graph (b) 1llustrates the |
numbers of plots used in relatloh to the mean
age of ,he forest.
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landowneraof thlS study area had been shooting porcuplnes
for several years prior to the vlnter of 1974¢- 1975
A similar trend is also evident in the data presettted
.
by Crouch (1969) and Kreft;ng et al. (1962), although the
tlnlng of. the peak in use varles. Spencer (1964) described

three peaks in porcupine use, separated by 20 to 30 years,

from a large area of pifion pine (Pinus edulis) forest in

south-uestern Colorado, but did not reveal whether these

peaks were experiénced in all parts of the forest or in
stands of a similar size or age,

Changes in the average number of porcuplnes feedlng on
both stuay areas couid have been completely independent of

the quality of the habitat. Nothing is knovn of the

act1v1t1es of these porcupines durlng any season but the .

w

winter, although numerous studies have reported that €

porcuplnes frequent different areas during summer and winter
(Gabrlelson 1928; Tayior 1935- Curtis and Wilson 1953;

Brander 1973) . w The condition of summer habltats could

therefore affect the number of porcuplnes in winter habltats

(see Fretvell 1972), but the close assoc1at10n between the
number of plots used per. year and the mean ages of the
forests (Figure 12b) suggests that the 1nten51ty of use. of
the v1nter habltats was dependent on their guallty.

These observatlons support an earller suggestlon that

. the 1ntens1ty of use 1n a forest should rise and fall as the

size of v1gorous trees passed through the range of slzes

preferred by porcupines. The observed decline in the



inuensity_of porcupine use of both sthdy areas' could have
further résultéd from the concurreﬁt.reductidn of vigour ,
associatéd vitﬁ ageing in the entire forest. An additional
implication of these findings ié thét local changes in the
basic population size of p%rcupines'lay be the resﬁlt of
selection of a "better" habitat rather thaﬁ‘chanées in

natélity or mdrtality.

Lt s
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.Characteristics of Popcupine Feeding

Repeated Feeding in Individual Trees

Use of a particular tree during a given winter iéy
+influence its further use by porcupines in subsequent yéars.
Several studies have reported that porcupines return to the
same tréé year after year, offen en;arging old scar$
‘Curtis 1941; Shapiro 1949: Séencer 1964).° Although
porcuplnes may select trees that have been used in the past
‘repeated use of 1nd1v1dual trees could have been a randon )
‘event. The latter suggestlon can be tested by exanlnlng the
goodness of fit betveen a Poisson'distribution and‘the group
'frequencies‘éf trees classéd according to the number of"
Kyearsbthat they were fed upon by pofcupiﬂes (seé’Sokal and
Rohlf 1969). o | o

Hlth the exceptions of Douglas- fir in the leeward pure
forests, the trees on both study areas vere used fron year
to year in a random fashion (Tables 24 and 25). Thls
-implies that even though there ugé~a preéferred type of tree,
as shown earlier (Tables 18, 19 and 20}, there uere-enough_
of that type that they could be used in a mahner indepéﬁdent
of previous use. Curtis and ﬁilsqn 11953! also examined o
this relationship statistically dndacalé éo a similar
‘-conclusion; |

;Douglas fit in thé leéﬁégd pure forests were used in
.éontraéting patterns on the_tud,étu@y areas. Individqéll

e

trees in low density stands on both areas vere used diring -



Table 24,

The frequency of repeated use of ind@vidual trees

on the Zoratti study area. The log likelihood

ratio tests (G) are based on 4 comparison between

the dbserved frequencies (f) and the expected
frequencges (f) of a similar population . (i.e.

identical mean) Ulth a Poisson dlstrlbution.

. The degrees of freedon associated with thls

goodness of fit test are the nulber of

classes - 2 (Sokal and Rohlf 1969), sSo that this

test is 1nappropr1ate for less than three classes.

/
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Table 25, he frequency of repeated use of 1ndiv1dual trees
/

-

Qn the Skelton study area. The log 1ikeL1hood }
ratlo tests (G) are based on a COIparisoh betveen
the observed frequencies\{f) ‘and the expected
frequencies (f) of a Silllat population (i.e.
1dent1ca1 lean) uzth a P01sson dlstrlbution.

The degrees of freedo- a55001ated with thls
goodneSS of fit test are the number of -

classes -2 (Sokal and Rohlf" 1969), so that this

test is lnapproprlate for less than three classes.
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area hovever, the nuaber of resident porcnpines vas

“'frequented_ny a limite

97

more yenrs'than trees in high density stdnds (Table 26:

Zoratti G=10.608 p(O 001; Skelton G=16. 360 p<0.001 df= 1),

.suggesting that ‘the prefErred type of _ tree vas unconnon
'relative to the number of porcupines. Because of this

‘relative scarcitya desirable Douglas fir on the Skelton area

<|

. had a high probability of .being used dnring seVeral years'

(Table 25)~and trees_in low densitylstands vere used, during -

at ieast-one‘year; more freqnently than trees in high

density stands (6=104.676 p<0.001 df=1)." On the Zoratti

¥

L

. ‘apparently so great, dnring iany winters, that trees in high

and low density stands vere nsed, at 1east once, in .

‘iegnivalent proportiqns (G=2 8981 p>0.05 df= 1). If useﬂ_r

B

trees in high density stands on ‘the ZOratti area-vere of

"pd%r guality' ‘the probability of their being nsed during a

subsequent vinter vould have been louer than for 'good

_-quality“ trees,’&esnlting~in more trees- than, expected being

) . ]
O - , . P

used only‘once (Tahfefzn). . o . Lo

Porcupine Peeding and Sstand Densify;
_ .

The demonstratéd correlation between stand density and

. the proportion of trees used .by porcupines (Table 17Liand_

‘the relationshi between age ‘and the intensity of use

e(?igure 12b) -suggext two possible patterns of forest

uti}ization. When t forest wvas relatively young and E o-u'
number of porcupines, low denSity'

(nreferred)_stahds should have received the most attention.



~ b

Table 26. A compariscn of the frequency ok\Porcuplne

~feeding in\high"and low dens1ty plotc.\\The

L

numbers in parﬁjfheses are Tow percentages.

. ~
\ . bed
| ,\\! -
A Zoratti . ) : , ' 1
oo : N ’ ln;ber of Years Used
o bensity T - . o ;
(Ctrees/100 8q. a) 0. L A I
N ’ 127 95 s
‘ <1%1.00 - (48.7) (36.8)  (18.9)
R S 130
>11.00 t (40. 1 (52. 9) ’(7'0,’
Skelton" . ‘ M
: tnlber of !ears Used
. - 5 ‘-*----------“?---‘----
- Density o c e -
v (Otrees/100 sq. m). O IR B >1
- -o---‘--—--‘--qooo--h“-------’----‘------ d
206 119 © 55
. <11.00 ' _(Sa 2)  (31.3)  (14.5)
{ . ‘ : T
>11.00 703 - 128 - - 18

O (82.8)  (15.1)  (2.1) .

98

0‘.
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Asvthe‘fprest‘greq and porcuping numbers increased, the
‘percupines could have crowded into the preferred type of
‘stand or some anlnals could have moved into the less
preferred stands (see, Fretuell 1972).

ﬂ_whereas porcupines on the Zoretti drea used a similar
proportion of,trees fh high and leu dedsity plbts (see

Table 14: G;1.586 p>0.1 df=1), porcupines on the Skelton

area sheﬁed e preferedce for trees in low density leeward
ﬁ/plots (see.Table 14: 6=93.130 p<0.001 df=1): During the

‘32 year period from 1942 to.1974, an\averege (t se) of

.29;9 t 3.78 percent oflthe leevard pure Plots on the Zoratti °
area were used per yeér; vhile on the Skelton area duriﬁg a.i
similar period (1940-1972), 17.’0} 1.78 percent o_'f.@he )
leeward plots were used {t=2.968 o. 01}p>0 001 S df=44). The

hlgh intensity of use experlenced on the Zoratti area may

not have allowed the expression of a preference for stands

u1th:less than 11° trees/100 sq. m, o i

. w - o
Figure 13 illustrates an increase in the)use of high

density plots with inereasing porcupine numbers on the -

Skelton area and - . des additional evidence that high
v " . " .

4density stands ara'poorer'quality percupine habitat. (Only

° i

the_period'from,15“ tc 1970 (See figure iZa) was cons;dered‘
;beCAuse the chance u.. of a high'density plot when the |
‘population was smal} would have‘eﬂnuch greeterveffect on the
proportion of used’ plots that were high density: than during
population peaks.) gln addition,'this observatidn‘sdggests

 that individual;pereupines vere aware of the distribution of



Y

5o ‘
Figure 13.

ﬁ

. . b -
The relationship between the number of porcupines

feeding in the Skelton leeward forest, as measured

-

by the number of piots used per year, and the use
of high densit& stands.
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other porcupines around thea, even though they are generally

solltary animals (Taylor 1935; Curtls and K021cky 1944) ,

Locatlon and Amount of Feedlng Within Ind1v1dual Trees

Although porcuplnes feed on both the inner bark and\
foliage of conlfers, evidence of feeding on foliage is- “
ephemeral and cannot be adequately assessed aftervsemeral
years. Porcuplnes tend to feed in. the upper portions of_
copifers on both the bole and lateral branches (Tables 27.
and 28a: Gabrielson 1928; Taylor 1935; Shapiro 1949) .
Feelling scars on the upper\Surfaces of branches were'usually
encountered over a greater height range in a partlcular tree
than were scars on the bole. .

Usually less than 650 sq. cm of bark were removed from
an individuai tree, although many trees suffered greater
damage (Table 28b);v Feedlng most commonly occurred on
portlous of the tree unprotected by corky bark, such as the
distal ends of branches and the upper bole.‘ Porcuplnes
'often succeeded in - remov1ng bark from the entlre
'c1rcunference of the ‘bole of a tree resulting in the death
of the upper crown (Table 28c) . Thls type of damage has the

greatest conseguence on tree v1gour (Storm and - /
c -/
Halvorson 1967) and often can alter the form. of an /

1nd1v1dual tree, partlcularly if the tree is reglrdled in
later years.c Trees in low den51ty stands in the leeward
vApure forest often had more bark removed by porcuplnes during

s1ngle winters than trees in hlgh den51ty stands (Zorattl
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(3

‘The average (+ standard deviation).’

" Table. 27. position of
porcupine feeding within trees on the Zoratti
and Skelton areas. Except forAthe column on
the extreme right, 'position is measured on a.
scale on'which ground level has a value of zero
and the top of the tree has a value of one.

calculation of the position of the mode within
/
the feeding range involved a similar scale on
which the bottom and top of the feeding Tange
within a tree.had values of zero and one,
2] respectiiely.
o Mode
Top ' Bottom Mode of Feeding
of Peeding of Feeding of Feeding Within ,
Range Range Within Tree Feeding Range
ZWF! 0.5110.204 0.29#0.212 0.3840.207 0.62+0.243
, (12 - (11 » 9) 9)
ZPF 0.80+0.200 f0.3710.203‘.0.6510.190 ‘0;5910.181‘
(233) - 1233) (121) (165)
ZMF  0.580.275 0.20:0.170 '0.40£0.214 | 0.6010.164
To(244) - (24) (16) - \ (13)
ZPS  0.78£0.131 0.29:0.130 0.53£0.111 0.5920.148
(43) (43) (16) (18)
ZWP  0.63£0.275 0.33£0.242 0.5140.237 0.5740.242
: - (49) (49) : (40) » (40)
ZMP  0.66+0.249 0.42£0.199 0.57%0.109 0.5310.182
SL (16) Lo (12)
SWF 0. 7810'1f§ 0.37+£0.199 0.67£0.171 0,72+0.171
.19y (19) - - 10) (19)
SPF 0. 8210.1§7” 0.49+0,222 0.66+0.180 b.5910.244
(179) (179) (78) (182)
SWP -—— —-- ——— - 0.6710.313
2) 2) (2) (6)
.............................................. pe——————

1Explanatlon of this camparlson code is prov1ded in Table 9.
2sample 51ze.



Table 28,

Some characteristics of porcupine feeding in
1nd1v1dual trees on the. Zoratti and Skelton areas.
Each entry 1nd1cates the number of trees in the |
respectlve class. Part a) is based upon trees

that were~used'durin§ a siﬁgle year only,

~
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G=22.872 p<0.001 Af=2: skelton G=18.942 p<0.001 4f=2),

The porcupines 6n-the'zoratfi and Skglton areas appear
to hgve fed on the portions of trees in whicﬁ food was most
easily attainable andngrobably most nutritious. The phloenm
and fol}age of conifers.must.supply much of the nutrients
required for spring growth and therefore contain thefhighést
concentrations of fats and carbohydrates'of the aerial
tissues (see Kramer and Kozlowski 5960 for a review). -Tree
dgrowth i§ annually initiated at"the:bﬁd.bases and putrients
are drawn from the adjacent tissues (Kozlovskl and
Keller 1966) so that the bark and branches within the crown
are important storage_structures.' The tendency of
porcupines to feed on féliage froun yoﬁng bfanches
(Téylor>1935;_€urtis 1941; Shapifo“1949) and inner bark
\uithin the tree crown probably resulted in the consﬁnptijg)

of thérmost nutritious food available.
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CONCLUDING DISCUSSION

Preferences and Selection

~'ﬁhether porcupiqes actually selected their food ana
habitat in the Zoratti and Skelton forests or merely relied
upon chance, is central to understanding the patterns of
forest usé which have been observed. The disproportionate

utilization of a specific segment of a resource relative to

’

its occurrence in the environment has been fegarded as a
preferéoce throughout the preceding discussion. Selection,
the aotive expressionvof preferooces iﬁvolving’.
disorimination betweeo alternatives, is commonly inferred

- from a dehbnstratiop of preferences, ofter erroneously
(Wiens 1976). \Thé apparent relationship between the
location of a foroSt and the intenéity.of'its'utilization by
‘porcupines is a germane examble of the occurrence of
prefereﬁces{without the inQolvemeﬁt of selection.

Changes in the preferences of porcupines in relation to
the number of'individdels dging an area intimate selection.
The increased feeding in high denSity stands on fhe Skeltonv
érea wvhen porcupines were rélatively numerous (Figure 13)
implies that these'étands were‘acoessible'and‘usable; but
‘probably not aé desirable as low denéity stondé; Deviation
from randomness im the repeated use 6: individual trees in
ihe léeward puie forests on both study areas, even though
feeding'inftrees’in other communities was a réodon eyént’

‘(Tables 24 and 25), .is also suggestive of selective
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behav}our. These observed preferences were geeningly 7
“nediated by the porcupines themselves, indicai}ﬁg an ability
on theiripart to detect differences in qualit{.
Coﬂsuners cannot afford to be'seléctive vﬁen résources
éte limitéd (Emlen 1966, 1968) and the presence of
_selection-based~prefere;ces therefore inplies a relative
abundance of food and habitat. Eelaxation of selectivity
was probably nécesé?ty on ‘the moré extenéively\@sedtZQratti

area resulting ‘in the apparent pieferehke for smaller trees

than vere used on the Skelton area. The characteristics of

>

: 4
the trees used by porcupines on.the\§kelton area may '

’

consequently be a better reflection of the physical

qualities considered by porcupines‘in selecting trees.. "

Food Habits and Habitat Selection

)

Winter foéd'aqd Habitat selectién by porcupines are
apparently strongly interdependent; If d'patthtof bark or a
‘Stanch of foliage are considered the fooé items of a‘ 3;
portnpiné feeding within .a t;ee; thgltreé itself assﬁnes the
characteristicé of.é repeatable but uneven micrbhébitat
‘throughout which the food items are scattered. Each
indiiidua; tree supports nanj poteptial food iteas, although
some are probably nutritibnally or.energeticaliy - o
satlsfactory but ur c<caipable becauée of their pOSition. A
'porcuplne that 1s foraglng efficiently should therefore
select trees on the probablllty of obtalnlng a relatlvely

1arge quantlty of suitable food items (Royama 1970;
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MacArthur-1972).

This type of selection vould require the presence of

~ characters, such as bole dianeter or crown vldth, vhlch

f

could be used to reliably distinguish profitable trees,
preferably without unnecessarily expending energy in
clinbing. Chenmical characteristics may be of little

assistance in the selection of trees from ground Level

.because the liV1ng‘tissues at the base-of a tree are oftenf”

'

protected by several centileters of corky bark vhich could

‘ hinder assessnent of the'present nutrient quality of the

tree, wlth the exceptlon of 1nd1cations of porcupines
feeding at ground 1eve1 on ‘limber pine in vindvard |
connunities (see also Gill and Cordes 1972y, basal scars
were 1nfrequently encountered during thlS study. -

In addltlon to food hanltat must prov1de protection

fron predators and the elenents. Rock dens supply tﬂese'

¥
reguirements wvhen they are avallable to porcupines

‘(Curtls 1941 ; Shapiro 1949) , but 1n thelr absence, trees,

thickets of brush, and windfalls serve as shelter

(Taylor 1935 Curtls and Wllson 1953). Becauseeneither

1

‘siudy area offered suitable rock dehs, 1nd1v1dual trees must

have furnlshéd both food and shelter for the resident

3

porcuplnes.
The selection of'individual trees by porcupines.COuldu

have occurred by tuo alternate pnocedures. A porcupine

Q

“c0uld seek out ‘the approprlate connunity and, having found

it, search for a sultable stand and finally decide upon an



'indiv1dual or speCies 1s‘deterlined bw

anllals are often inactive for long periods durlng the "

110

attradtive'tree;fOr the“entire:selection'process could
involve only theisearch for ad acceptable tree. Although
either method of selection could ha;e resulted in ‘the
Observed preferences because large, vigorous, open—gnﬁvn_ \

trees uere most abundant in low density stands in the

leeward pure forests, the occurrence of inter-coamunity

preferences and the absence of interspecific preferences

)

suggest porcupines use the more efficient procedure of

examlnlng successively smaller unlts.

~intéraction of’

The strategy of food selection a d by arparticuiar
y th

various constraimts imposed by tinme, . energy and nutrlent
reguirenents iEllis et al. 1976)., Porcuplnes are probably

not confronted 11th -a need to m1n1lize the- time spent

-

feedlng durlng the vlnter because they enjoy protectlon from

most predators vhile situated in trees (Taylor 1935) and
they are nct 1nvolved in other tlne consullng activ1ties.»

- In addltlon, satlsfactldn of energy regulrenents is

presunably not difflcnlt fqr porcuplnes because these

winter (Taylor- 1935 Brander 4973) and’ they can witkstand

moderately cold telperatures vlthout dramatlcally elevatlng,

jo

their’ metabolic rate (Irv1ng al. J1955- Winter louer

..

cr1t1cal tenperatnre of Alaskan porcupines was -129 C), The

'fulflllnent of nutrient - requlrehents, part1cnlar1y in
Jforests tbat offer a rinxted nnlber of food spec1es, nay.

vtherefore be the mOSt 1nfluentia1 factor in deterninxng the

A
P

v
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' Taylor 1935). . . ' i " ;

\

selection of iinter food by-pOrcupines.

Food value is the ultilate deterlinant of selection

behav10ur, even if the cﬁaracters con51dered durlng the

. selectlon process are only correlated vith a food's

nutrltlve gualities (Pretvell 1972) « The quality of a food
1ten is a complex property’ vhich 1nvolves not gnly its
natrient content, but als. tbe d1gest10n and a851111at10n
eff1c1ency characteristlcs of the. consullng individual
(Longburst et al. 1968) vblch'are subject to tbe ;nfluence .
of. secondary plant conpounds (Preelandiand Janzen 1974). In
addition, an ‘animal's respdnselto a’' pa t1cular stllulus,
such aéla“food vlth a specifréanutrient_content, can be
greatly modified by its pby51ologlcal state (Cabanac 1971).
An awareness bz porcup1nes of chemical qualities is. not an

assunptlon requxred to'explaln the observed porcuplne

. preferences ‘of conlunltles, stands or 1nd1v1dual trees,

. because v1goqous trees can be 1dentaf1ed by ob71ous phy51ca1

features. Cbenlcal attrlbutes nay, aovever, be more

' 1nportant ulthin 1nd1vidual trees because porcuplnes appear

to select food ltels through olfact1on (uurle 1326-

a
[y

Changes in foo&;quallty associated/vith agelng of the

forests (see Covan et al. 1950) have been su@gested as ‘a

'cause of tbe decllne in use of the ZOrattl\QnQ Skelton areas

N

by porcuplnes. Telporal varlablllty in food quallty places “

a preliul on dlspersal beba71our because dispersal allous

the occupatlon of babltats that bave recently becone
N _ . /

RS o4 : . oy,
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favouraple (V¥iens 19]6).,‘Porcupines are‘particularlf‘lobiie
| during the spring and fall vnen the aVai}abilrty of n
herbaceous food changes,(Gabrielson andtﬂorn~1930; |
Taylor'19§5; Curtis and Wilson 1953) so“that contact with
neu”habitats"couid be freguentl“ Whether the declinesuin-
Nutilization“of the ZOratti and Skelton areas were '
acconpanied by atconcurrent increase in thejuse'of adjacent
-forests is difficult to assess. Fifteen to 20'forests
.v1th1n "30 klloleters of these study areas were superficially
examined for indications of recent porcuplne actlvity,
v1thout success.‘ These forests vere all approximately the

‘ne age, probably because of u1despread fires

.uawson 1886), so that the general quality of coniferous

hs

forests that porcupines use’ as v1nter habitat 1n thls region

could be steadily decllning. “a

LS

~

Porcupines and gotaging Iggéil R
There exists inttne“ecologicalNliterature a large‘bodx

of information 2eyoted to the optimal use ofofood and

ha”bit’at (see Ellis e .t/al.' 1976 and Wiens 1976 for reviews).

Although the theorles pr oged by ind1v1dual studles often
nclude components whick are spec1f1c to a limited type of '

consumer (eg. 5choener 1969' Krebs et ale 1974'

Pulliam 1974), bas1c precepts .are apparent and they‘gorl the

folloving allegorical summary of. the observed dynallcs of -

-forest.utilization by porcupines.

S



113

Animals foreging optimally should specielize when
: ‘ . O .
confronted by a relatiiely predictable abundance of food
(Emlen 1966 {968).‘ On a short-term basis, this
pec1allzat10n 1s best accompllshed through 1ncreased
~select1v1ty. Abundant food often results in a numerlcal
, respohee on the'part of the consumer (Holling 1961), uhether
through immigration or increaseé succeSS in reproduction, .
and en increase ie censumer density. Cehtinued exploit;tion
of .the food suéply:qnd aﬂ.increase'in the freéeency‘of
behaviourdl interactions vith other .consumers concurrent
wlth this increase in den51ty (Holllng 196 1) consequently
reduce the relatlve SUltablllty of the habltat As this
dei}lne in suitability continues, the consumers must,become'
less selective and begin usin§ previously less aftractive
foods and habltat (Fretwell 1972). +The 1ncreased use of
| qygferent habitat types is accompanled by a change in the
dlstrlbutlon of consumers from0aggregation through
randdmnees tb dniformify {Grant and ﬂorris 1971). A deéiine
in .the overall quallty of the habltat, because of over-

exp101tat10nsor 1ntr1n51c factors, should be accompanled by

a decline in consumer den51ty.
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Appendix 1. Error in the Calculation of Past Diameters.

.The calculation of past diameters is based upon the

equation,
IRx=(a+'(beDBH) ) e[ (TC- :::I'In)/TCJ - (1)

in which: x represents the number of years prior to the
measurement .0f the diameter at breast height (DBH). IR i
represents the radius in51de the bark at\time x; TC
represengs-the total length of the 1ncrement corf breast
height- I represents the size of the annual 1ncrer n
accrued during year n; and a and b are the constant~ fr. a
_linear regression equation relating the measured DBH a. -’
inside radius. .All quantities on'the right of this equatzHn
vere measured directly, ‘Wwith the exception of TC which is a
. derived variable (see ‘Methods). Since increment cores were
’extracted.at stump height, ‘the core length can be subdimided
into the equivalent coréllength‘at-breast height (TC) and
the'core 1ength differential (CD) uhich4represents diameter
growth before the tree reached breast height. ‘The age'at
-breast height (ABH) has been calcnlated using regression
techniques (see Hethods)’and thevmeasured size of the groith
:increment corresponding to this age represents CD. Error in
calculating past diameters is therefore primarily associated
with the estimate of ABH and perpetuated through the
measurement of CD and the calculation of TC.‘

-The folloving examples are an examination of the

magnitude of the error involved in determining the past

o
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diameters.of coredvtrees and the relationship or this error
to tree age and stand densitf. Three Douglas.fir trees“from
the Zoratti leeward pure assoc1at10n have been used in thls
demonstratlon. Tree 2304 is from-a 1ow den51ty plot whlle

- 3727 and 3749 are from the same. hlgh den51ty plot. In
addition to the calculated value of Tcﬁ two values arel

- provided which represent t 0.5 cm-errors in the esiimatibn‘“

' : ‘ &

of CD. .
Since TC contrlbutes to both the numerator and the

‘ denomlnator of the Quantlty w1th1n the sguare brackets 1n
eguatlon (1), any ‘error 1nvolved in calculating CD tends to
cancel 1tself out and the 1nfluence of a relatlvely large
error in the vaiue of TC on the overall calculatlon of’past
diameters is therefore slaght. The effect of an |
overestimate is generally greater than that of an
underestlmate. In addltlon, the size of the error is '’
1nversely related to both the age of the tree and stand

' den51ty, but directly related to the number of years praor
to measurement of ‘the tree for which a dlaueter 1s desired.
Although no conclus1ve ev1dence is available it. 1s proposed
that theAmean error associated u1th the past dlaneters at “ﬁl
breast he;ght does not exceed five percent and that ‘this .
error does not significantly affect the conclusions

regarding the size and form of trees used by, porcupines..



Tree 2304
DBH=28.9 cm
Bark=1.02 cn
Age=69 yr - .
Core=13.22 cnm

TC=13.22-3.350
© " =9,.87 cm '

IR =(-0.160+(0.456

=12.0 cnm
‘DBH'=2Q:6 cm

~

.% Error -

IR =(-0.160+(0.456

=10.08 cm
DBH =22.4 cn’

% Error

CIR 3(-0.160+ (0.4

DBH =16.6 cnm

% Error

©10.37 cm - 9.37 cn

123

Age at Breast Height=20 yr
Core Differential=3.350 cm .

Density=7.77 tnees/100_sg. o

56-28.9;;.(9;8744.263;/9%87,

-28.9,)o((9.87-o.776)/9.57;f,;
- 12.04 "ca’ 11.94 cm
277 em - 26.5 cn
. | 0.38
°28.9))e ((9.87-2.228) /9.87)
‘ 10.22 ca . 9.92 cn
22,7 cmn - g 22,;qcm
| | 136
?7.67 cm o 7.10 cm‘w

17.2 cm ' 15.9 cm

4.40
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-
Tree 3727
pBH=13.3 ¢m = ° Age at Breast Height=20 yr
. .Bark=0.76 cm = . Core Differential=2,735 cnm
‘Age=73 yr - . o ' ,
~Core=5.32 cm = S Density=18.66 trees/100 sq. n
TC=5.32-2.735 o . ‘
. F2.59 ca -3.09°cn " 2.09 co
IR =(-0.160+ (0.456e13.3)) e ((2.59-0.083) /2.59) -
=5.71 cnm’ . 5.74 cnm 5.67.cm
s - . . . . _
DBH =12.9 ca o 12,9 e - 12.8 cm
SR Error .~ . 0 ' o »0.78;
IR =(-0.160+(0.456213,3))e((2.59-0.165) /2.59)
=5.52 ca ' 5.58 cm s "~ 5.43 cm
DBH =12.5 cm 12.6ca . - | 12.3 cm
% Error.. . - 0.79 T 1.e3
rg' =(-o{160+(o.456-13.3))-((2.59-0.418)/2x599 "o
=4.95 cm ; 5610 cm . o 4.72 ew
DBH =11.2 ca © 11.5 ca ~§.' . 10.7 ca
% Error : c2.61 4.67
.."
. x
_ - i ' .!? .



Tree 3749

DBH=7.3 cnm
Bark=0.53 ca
Age=49 yr
Core=3.14 cnm

TC=3.14-1.465
=1.68 cnm

IR =(-0.160+ (0. 45607, 3

=2.95 cn
DBH =6-8,cn .

% Error

IR =(-0. 1so+(o 456e7. 3

=2.81 cn.
DBH =6.5 cm

X Error

IR =(-0. 160*(0 456e7. 3

=2.68 cnm
DBH =6.3 cm

X Error

Age at Breast Height 20 yr -
Core Different1al 1.456 ci

125

Density=18.66 treeS/100 Sq. n

2.18 cm

1.18 cn

})e(1.68-0, 110)/1 68)

- 3.00 ca 2.86 cm
6.9 ca 6.7 ca
1.45 .49

))-((1 68 0. 187)/1 68)
2.89 ca 4 2.66 cn
6.7 cm. ~f '6.2 o] |
2. 99 _X 4.84 f

))O((1 68-0.253) /1. 68)

2.79 cm - 2.48 cm |
Ap,s Cm 5.8 cn
3,08 - 8.62

k]
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Appendix 2. Hultiveriate Statistical Techniques

Multiple Reqression

Multiple regression is a statistical technique designed
to examiné the extent of mathematical dependence of a
partlcular variable (dependent or criterion varlable, Y) on
a set of associated varlables (1ndependent or predictor
variables; X, ...X,). The outcone of an anale1s of this
© type is an equation'of‘the form
| f=a+b, 1, +b, X ¢e.b, X,

uhere Y is the predlcted value of the dependent varlable

under the specified condltlons of the 1ndependent varlqbles,

X, through ‘X, and a and b,...b are constants derlved by the

procedure of least squares. ThlS equatlon‘ls asynnetrlcal
»1n the sense that although changes in the magnitude of the

‘independent variables can be expected to elicit changes.in

the dependent variable, the reverse'is not true. ' )

The data must confora vith a seties of assunptlons to
/’u

be sultable for lultlple regre551on analysis (Poole 1974).

The dependent varlable must be normally distnibuted and the

relatlonshlps between it and the 1ndependent varlables must

S |

be llnear and addltlve. Although lultlple regresszon is

gulte robust, éxtreme correlations betveen the 1ndependent

variables can affect the resfilts. Finally, the dlfferehces

betveen the observed and predlcted .values of’ the dependent‘A

A'varlables (re31duals) must be ‘normally dlstributed with a

a

mean of zero and a constant variance.
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Since regression analySis is associat.u with an
esoterica that ofreniobscures irs usefulness, a list of more
COmmonly encountered térms is provided. The general form of
the multiple regression eguation given above contained two
' - types of constants:

a - represents the predicted value of the dependent
vatiable when the values of all the indepeudent
yariables are ‘'zero (Poole 1974). \\

h,{..b" - the partial regression coefficients represent
the magnitude and direction of change innthe dependent

. . . ‘ ST

: variable when the associated independent variable is
’1ncreased by one unit and there is no change in the
size of the other independent vvriables. If thesew
coeff1c1ents are calculated from standardized ¢ a
.(transformed to have a mean of zero and a. standard
deviation of one,_she unlt of measure being one,
standard deuiation)”they are‘known as beta veights
(Draper and Smith 1966) . Confidence in a partial
'regre551on coe£f1c1ent is expressed in its standard
‘error which describes the variability involved 1n
samplin$~a particular population (Kim and Kohout 1975);> ’ K;

The usefulness of‘a’ calculated equation can be measured in

o

several vays: R
L]

multiple.correlation‘coefficient (R) - describes the

mutual relationship betueen the observed value of thef/

dependent yariable and the value«predicted fron the ’

.

_prevailing values of the indepéndenr variables
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(T&tsuoka 1969) . The square of this value, R2
(coeff1c1ent of multlple determination), represents the
proportron of  the total ‘variation of the dependent'

variable exp! ined by the calculated regr9531on

-

equation (Draper and Smith ]966)3,
-standard error of the estimate - the dimension of one
standard‘deviation for observed values'of the;dependent
variable about the regressidn equation (braper and |
‘smith 1966). | C _
ouerall F—tesb~— a significance test thatiassesses"the
effectlveness of the regre551on equatlon‘to explaln
more variation in the’ dependent variable than would beﬂ

expected if the equatlon vere draun at random (Draper "

and Smith 1966). o S .
\ ‘

Although a particular equatlon offers a statlstlcally
51gn1f1cant explanatlon of ‘the variation in the dependent

varlable, the 1mportance of 1nd1vidual 1ndependent(varrables
!
could be negllglhle. -Exanlnatlon of each partial ‘regression

coefficient by a partial F-test demonstrates the ability of

I
v

the correspondlng 1ndependent variable to explaln varlatlon

N -

in the dependent ‘variable left unexplalned by other

variables in the equation. : ‘ ' . - - ;

Before attemptlng to calculate any regre551on equatlons
.the data wvere exanlned tvéensure that all assunptlons were
'satlsfled. If,(after conductlng,a Kolnogorov-Smlrnov‘
goodness of flt test, the dependent varlable was found not

. to be’ normally dlstrlbuted ‘a sultable transformatlon was

°
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applied. Simple-correlation coefficients were used as an

index of a linear relationship betfween the dependent

‘variable and flve forms of each

\ o

dependent variable
(untransformedq squar squdTfe roqt, log, 4i

'n{erSeiJ The

combination. Hlth the largest coeff1c1ent -was selected for

-

use in the analysrs. Pollovlng selectlon 'of the "best"
-V‘-u.‘
regression equetion, the predxcted values of the dependent
P »D
varlable were plotted agalnst the actual values and these

-plots wvere visually examiﬁed for patterns that could‘expose
‘violatiomns of the assgmptions regarding the distribution of

V&

residuals and the additivity-reguirement. ) -

ﬁ A torward‘se;ectipn‘procednre was nsed to derive

regression_equations\thatteontained Pnly those‘ind%pendent 4

variables which‘were.useful in explainind variation in the.
N . -

- dependent variéble.~ Independent qrlables vere selected to

-
P

enter the equatlon one ‘at a time on the basls of thelr

‘e

L \partlal correlatlon coeff1c1ent. Thls coeff1c1ent descrlbes

.

'”éke a55001at10n between the gependent varlable and a.
spec1f1c 1ndependent varlable when the effects of tne
'1ndependent varlables already in the equation are hEId
'constant. The process of adding 1ndependent varlables Hlth
the hlghest partlal coefficients contlnued untll none of the
'remalnlng potentlal 1ndependent varlables could explaln a

L"statlstlcally751gn1f1cant anount of the remalnlng
'unexplained variation as determined by partnel'rﬁtestsi(Kim .

and Kohout 1975).. Draper and Smith (1966) however suggest

' that the”foruard seleetipn technique is not completely
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édequafe since a variable uhich entered the equation at an
early stage may become superfluous'beéeuseiof'its |
relatibdship with variables that entered the equation later.
For this reason, each of the partial F-tesgs for all |
variables in the‘final eqnatibn‘were examined for
‘significance. If the éoniributien'of any variable had
fallen below the acceptance level (p $v0.05) it was removed

,from the equation and‘ghe selection"prOCess was resumed.

Edy g - , v

Independent yariables in the equation'may'be highly
correlated with unmeasured variables which are in fact
responsible for. varlation in the. dependent varlables

‘(BOx 1966) . Because the occurrenre of these "latent"'~
varlables is to be expected in the analy51s of~blologlcal
systems Austln (1971) has stated that the success of a
multiple regre551on equatlon is measured not, only hy the

. size of the coeff1c1ent of multiple deternlnatlon, but also

by the ablllty to prov1de a blologlcal 1nterpretat10n for

the terms in the eguatlon.

¢

-y
c
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Discriminant Analysis (see Tatsuoka 1570 and ﬂorriSon-1974)‘
: : !
The objective of discriminanpt analysis is to devise a
classification sScheme that will pest distinquish bétuéen

several exclusive groups. This technique involves tpe

Z, =a, *b, Xuv *esob,, . xnl',

in which 2, and b“ ...b“ are constants,analogous to the

i

various regression coefficients., Unlike,regression analysis
\houever, the value of the discriminant Score does not bear
an'exact, intuitive connotation; it is Rerely a

classification scale. Tne probability of_an individual'uith

groups varies along this classifica;ion scale, 'By COnparing
each individual 5cCore with a critical value designating the

probabiiity boundary'netveen'tuogroups, eacn individual c&n‘
be ailotted to a gronn. Because discriminant functionscare”{

study (used and unused‘trees) SO0 that the co.plications
- involved in more detailed~analysis are not Considered here

(consult Tatsgpoka 1970) .
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Discriminfant analysis can be used in twd ways;.
classification and interpretation. Classifioation involves
deriv1ng a series of discriuinant fnnctions from known
1ndiv1duals and using them to categorize unknown ind1v1dnals
on the pasis of associated independent variables.
Inierpretation, the use to which thie technique was put in
this study, involves deternining which of the independent
~variables are most effectiye in groupinglindividuals. The
abiliny”of an independent variable to increase the power ‘of
'a discriminant funotion ié inversely measured by Eilks'
lambda, which can - be transformed into a cni?square statistic

for significance testing (Klecka 1975). 051ng a stepwise

vprocedufe, those independent variahles that . make a-

'significant.contribution to the discrininant function can be

identified.

.
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Appendix 3. Detailed Multiple Regression Statistics

.

’ ,
The‘statiétics that follow are ioré:éxtensiie
descriptions of the relationships between wvariables outlined
in Tables 5, 6, 7,'17 and 23. The~nahe‘of thé dependent
-variable is found in the upper left corner of’each'biock of
statistics, fo11owed by the test sfétiétic (Z) and |
; probability level for the Kolmogorov-Smirnov test for
normality. The first column of numbers below this
infotmation includes‘the statistics for the overall
.reéressidn‘equation: R2 - the proportion of variation
"e%plained by the.entire eguation:lse - the standard error of
‘the estimate; F - the overall F4£esti and cons. - the value
of the Y—intéfcept. Columggﬁto‘theprigﬁt‘FOBtain statistiés_
1'partiéular to tfe respective ihdepéndént variables: Se - the
sgandard'error of the regression coeffiéient; P ?’the |
'partial F-test; cons?y - 'the regression éoefficiéht;‘and
AAbéta ;.fhé standardizéd regression coefficient. Independent
variables are listed,frbm»iéft to right in the order in
which they éntered the regression equation; The R2 value
associated uitﬁ each:independent variable is a.measure.of
| _ité contribhtion'in explaining the variation that'renained_
unexplained bf the independent variables to its left. The
nurbers in braces refer to the\tjpe of transformation
applied.tb a variable: {1} équared; {2},squéreiroot;
{3} log; {4} inverse; {5} arcsin.

y
v : -
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R

i
g

N

Zoratti Windward Fir

. DBH {3} Z2=0.481  p>0.9

n 25

R - 0.740 i
R2 0.548

se 0.284 -

F 27.874

p p<0.001
cons. 1.591

beta

Height {3} ~2=0.460
n . 24 ‘

R ' 0.632 .

R2 - 0.399

se 0.175

F . 14.600

p ' p<0.001
cons. 0.898 -
beta

'CI  2=0.551 p>0.9

n 24

R - 0.757
R2 0.573
se 0.670
F 14,088
p . p<0.001
-cons. 3.393

beta

G-

Age (4}

Tables 5, 6 and 7

Age (4}

.0.548 "

7.215.
27.874

p<0.001
-38.094
-0.740

p>0.9 . ,‘\

Age {4}

0.399
¢4.463
14.600 .
p<0.001

- -17.054

~0.632

0.485
17.131
22,238
.-Pp<0.001
-80.734 .
-0.674

Slope {4}

0.088
0.971
4.335

- 0.05>p>0.025
2.022-
0.298
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Skelton Windward Fir

135

Tables 5, 6 and 7 -

DBH {2} 2=0.359 p>0.9
]
: Age {4} Exposure {1} ‘Density {4}
n 54 o
R 0.736
R2 . 0.542 0.217 0.251 0.074
se C.714 24,733 0.00001 2,221 .
‘F 19.695 35.592 ©31.509 8.084
p p<0.001 p<0.001. p<0.001  0.01>p>0.005
cons, 2.769 -147.556 .0.00004 6.316
beta -0.583 0.553 0.276
, j’ .
Height {2} 2=0.786 p>0.5
: Exposure {1} i Age {2}
n 49 . " : .
R 0.552 o ,
Rz 0.304. 0.125 0.179
se 0.493 0.000 0.072
F 10.066 13.452 11.854
p p<0.001 p<0.001 0.005>p>0.001 .
cons. =~0.729 0.00002 0.249 ) .
beta - 0.467 0.438 VaER
CI (3} 2=0.638  p>0.75
_ Density (1} Age-{h}
n 49 ' I
R 0.510 o : :
R2 0.260 OJ]QS G.111
se  0.095 0.0002 3.641
F 8.067 , 10.732 6.901
P 0.005>p>0.001 0.0055>p>0.001 0.0255p>0.01
cons.  0.580 -0.0006 -9.563
beta ' -0.417 -0.335
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Zoratti Leeward Pure Fir Tables-S, 6 and 7

DBH {2}  2=0.589 p>0.75

v Age (3} ' Density
n. 104 ' o
R 0.796 L '

R2 0.633 0.499 0.133

se 0.723 0.502 ' 0.014

F - . 87.071 102.123 36.701 \ 1
p , p<0.001 ' p<0.001 p<0.001" . ’
cons.. . -3.974 o 5.072 -0.084

Height  2=1.309 p>0.05

Age {3} Density

n . - 88

R 0.772 ‘ - o
RZ - 0.596 - 0.522 - 0.074
se 2.849 . 2.054 0.060

F 62,668 . 89.919 154501
P p<0.001 . p<0.001 p<0.001
cons. -21.228 } 19.474 - . -0.238

beta | 0.667 - -0.277

CI {2} 2=0.606 p>0.75

Age {4} Density (3}
n 88 _ -
R - 0.515 o _ ,
R2 "0.265 0.171 0.094
se 0.197 2.787 0.106
F 15,326 13.957 10.823
P p<0.001 - p<0.001 - 0.005>p>0.001
cons. 1.813 -10.41%11 C -0.347
beta : -0.354 _ -0.312



Skelton Leeward .Pure Fir . Tables 5, 6 and 7

DBH {2} 2=0.566 . p>0.9

: Age ({3} ~Density {4}
n 247 ; : '
R 0.755 ' . ' o
-R2 "0.570 © 0.487 " 0.083
se 0.733 - 0.370 1.098
F 161.590 ‘ 277.211 47.062
o] p<0.001 p<0.001 - p<0.001
cons., -7.525 6.168 7.534

beta- 0.699 . 0.288

Height Z2=1,680 p=0.007 (not nQrmaily distributed)

Age {3} Exposure {4} .
n 219 ‘ ' e
R - 0.698 ' o
R2 "~ 0.487 , 0.476 . = 0.012
se 3.025 ’ 1.487 . 7135.078
F 102.705 204.909 - 4.913
p - p<0.001 p<0.001 0.05>p>0.025
cons, =-21.765 21,289 -1629.386

beta 0.701 -0.109

-3

CI {3} z=0.845 p>0.25

- Age {4} ' Density {3}

o, 219 . ' '
"R 0.656 . o '

Rz 0.431° - 04293 0.138
se 0.116 ‘ 1.015 0.040

F ‘ 81.723 120.538 - 52.340
P . p<0.001 ‘ p<0.001 - p<0.001
‘cons. "0.679 ~-11.143 -0.288

beta | -0.565 . =0.372
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Zoratti Leeward Mixed Fir

DBH {3}  2=0.929 p>0,25

n
R
R2
se
F

p ..
cons.

beta

- Height
R2

se

cons.
beta

cI (2}
RZ
se

cons.
beta

28
0.823
0.677
0.271

. 54.537
- p<0.001

‘0 . 652

(3} 2=0.660

25
0.792
0.628
0.166

38.788
p<0.001

-0.695

‘Age (2}

0.617
0.032
54,537

p<0.001 ~

0.239
0.832

p>0.175

Age ({3} .

0.628
~0s 140
. 38,788
p<0.001
0.874 -
0. 792

2=0.672 p>0.75

25 .
0.829
0.687
0.182
50.395

- p<0.001
- 0756

Age

[

0.687
0.002
50.395
p<0.001
0.013
0.829

Tables 5, 6 and 7
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~ Zoratti Windward Pine

" DBH {2}  2=0.469 p>0.9

Age (2}
n 94 '
R . 0.685 .
R2 0.469 . ' 0. 425
se | 0.646 , 0.047
F 40.211 . 75.274
p p<0.001 - .p<0.001
cons. =-0.711 o 0.412
beta : - Oo 66“

Height {3]  2=0.807 p>0.5

©

*n
"R

‘ Age {3}
n 83 ' :
R " 0.597 | . .
R2 1 0.356 0.292
se 0.125 S 0.101
£ 22,137 39.408
P p<0.001 p<0.001
cons, -0,728 0.636
beta - . S - 0.566 ¢
CI  2=C.960 .>0.25
. ‘Age {2}
83 _ .
0.678. :
R2 0.459 0.420
- se Q.730 0.056
P . 33.964 65.556 .
P -+ p<0.001" * p<0.001
cons. ~-0.842 0.450
beta ' 0.670

I

Tables 5, 6 and 7

Slope (4} °

- 0.044
0.231
7.534

0.01>p>0.005

0.634
0.210

»

;SlopeN{Q}\’

. 0.064
0.047
7.984

0.01>p>0.005

0.133

0.255 -

Slope {1}

0.039
£ 0.0003
" 5.836

0.05>p>0.025

-0.0008
°0.200
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Skelton Windward Pine - Tables 5, 6 and 7
" DBH {4} Z=1.044 p>0.1 '

Age [“ib

n 19

R 0.652

Rz 0.425 0.425

se 0.043 - 1.772 :

P 12.585 12.585 . .
P 0.005>p>0.001 -+ 0.005>p>0.001 v

cons. = 0.010 6.287

. beta 0.652

. Height ({3} 2=0.803 p>0.5 "

Exposure ({1}

n 12 . )

R _g 0.720

R2 ~ 0.519 “ 0.519

se 0.084 . 6.000"
F-  10.780 v 10,780
P-0.025>p>0.01  0.025>p>0.01
cons. 0.327 g " 0.00004
beta ‘ - 0.720
CIL 2=0.498 p>0.9 , -
S -  Density (4}
n . 12 o

- R 0.585 '

B2 0.343 -+ 0.343

se’ . 0.439 8.008

F 5.211 . 5.211

p 0.05>p>0.025 0.05>p>0.025
cons. ' 4.55¢4 -18.280

beta ‘ -0.585



<

"Zoratti Leeward Mixed Pine

144

Tables 5,.6’and 7

¢

© Sslope '{1}

0.108 "

‘DBH Z=0.530 p>0.9 -
' , < Age
n 31 .

R 0.678

R2 0.459 "0.459

se . 5.296 N 0.048

F 24.623 24.623

p - p<0.001 p<0.001 -

cons. 0.472 . . 0.238

beta 0.678

Height {2} 2=0.771 p>0.5

. Age

“'n ‘26 -

R 0.742.

R2 . 0.511 0.443

se - 0.359 0.052 0.0004
F 14,099 27.831 » - 5,538
T p . p<0.001 - 'P<0.001 0.05>p>0.025"

cons. 0.932 ' 0.274 -0.001
beta ' . 0.878 -0.391
CI- 2Z=0.465 'p>0.9 . '

: o " Age Slope {1} - Density. {4}
n 26 - ' A o :
R 0.804 i : ‘

R2 0.647 0.427 0.110, 04110
se 0.585» -0.007 "0.001 2.238

F 13.451 36.056 . . 9.410 6.888
P p<0.001 p<0.001 0.005>p>0.001 0.005>p>0.001
cqQns. 0.877 - 0.041 -0.002 5.874
*beta - 0.951

=0.,490 0.338

'
K

£
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Zoratti Windward Table 17

Proportion of Trees Used 2=0.297 p>0.9

. ’ bensity ¢4}y - -
n 9 . .

R, 0. 74y : ‘ o \
R2 - 0.553 0.553
se 0.075 o 0.744
F - 8.656 8.656
« P 0.0255>p>0.01  0.025>p>0.01
cons. 0.043 2.189

Skelton Windward
-Proportion of Trees Used Z=O;618 p>0.75
- ,.Not sigmificant F=4,250 p>0.05

b
LS
b .
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Zoratti Leeward Pure Table 17

Proporﬁipn of Trees Used ({5} 2=0.264 p>0.9 N

pensity {1} slope (4}
n 12 '
R 0.706 : - . '
Rz 0499 0.185 : 0.314
se o 9.011 12.950. - 549,894
F -4.482 . © 8.222 5.633
p 0.05>p>0.025 '0.025>p>0.01 ° 0.05>p>0.025
cons. 129.933 . =37.132. ~ =-1305.128
beta . v//) -0.833 - ~0.690 -
Skelton Leeward Pure Table 17
Proportion of Trees Used 2=0.897 p>0.3 > - .
" . . yﬁ ) B -
. Density {3} Slope (3} Exposure {1}
n S 29 , S o :
R 0.847 - A o
R2 - 0.717 0.407 0.230, : 0.080
se 0.136 . .- 0.125 o 0.173° 0.000
F 21,117 o 20.533 " 12.336 7.099
p p<0.001 . p<0.001 0.005>p>0.001 0.025>p>0.01
cons. ~0,286 . =0.564 "~ 0.607 0.000003
beta -0.500, . 0.396 - 04307
.Zoratti Leeward Mixed Table 17
Proportion of Trees Used| 2=0.457 p>0.9 - o
Proportion 'of Douglas Pir
n 5 : . :
R . 0.95% .
R . 0.917 . . 0.917 . o
se 0.077 - 0.145 B : ' : o
D 33.162 - 33.162 : ‘
p 0.025>p>0.01 0.025>p>0.01 :
cons. ~-0.001 0.835 o

beta ~ 0.958



F

. n _. \QO' . .
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Zoratti Combined Table 17

.broportion‘of Trees Used 2=0.470 p>0.9

: , #fir/#total X DBH {2}
n 27 : ) L) :
R ° 0.844
R2. 0.713 0.652 0 061
se | 0. 146 0.120 0.060
F 29.782 . 5.7317 5.073
P p<0.001 0.05>p>0.025 0.05>p>0.025
cons. -0.193 0.287 0.135
beta , I 0.456 0.429
Skelton Combined Table 17

Proportion of Trees Used . 2=1.170 ?)0.1

Exposure {1} .

R Y 0.792 . o
‘Rz - 0.628 0.3u8 0.237
“se  0.151 - 0.000 - © 0.480
- F 20.238 17.387 . 23.422
P p<0.001" " p<0.001 " p<0-.001
cons. -0.256 - 0.000003 2.322
0.492

beta ( 0.479

A

'DenSity {4}

144

Slope {4}

0.043
0.916
4.196

0.05>p>0.025

-10875 -

]

©=0e235 °



Zoratti Table 23

X DBH  2=0.597

n 17 -
R _ 0.831
R2 - 0.690
se 3.089
F 33.337
P p<0.001

cons. 30.503

_beta

p>0.75

USe Age {3}

0.690
2.363
33,337
p<0.001
-13.644
-0.831

X Height (1} 2=0.619 p>0.75

Not significant F=3.815 p>0.05

X cI (13 2=0.758 p>0.5

‘Use ége.{aj

n 17 :

R 0.841

R2 0.707 : - 0.707

se  0.934 - 1.035

F. 36. 125 36..125

P . p<0.001 . p<0.001
- cons. 2.620 s 6,222

beta . 0.941,
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-Skelton Table 23

X DBH {1}  2=0.431 p>0.9

Not significant  F=4.277 p>0.05

X Height {1}  2=0.602 p>0.75
" Mot significant. F=1.446 p>0.1

¢

\\_;;gwcx {4} 2=0.593 p>0.874

P

Ose Age {4} .
n ‘ 16 -
. R 0.526 : : o
' RZ 0.2717 - 0.277 .
se - 0.050 0.0001
- F - 5.366 ' 5.366
o p 0.05>p>0.025 0.05>p>0.025
~cons.  0.409 0.0003

‘beta | . 0.526



