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Natural Disturbance Rate and Patch Size Distribution of Forests in
Northern Brit ish Columbia : lmplications for Forest Management

Abstract
A comnon theme in cunenl forcs( llranascnent polic) i\ thrt har\esrjng should be designed ro achjdc tlrc lundsc|pe prLtrerrrs and
hrbilat condilx)ns lhat rfe Jnai.taincd ir n.rture b)- nalur.Ll disturhancc rcgine\. Tbi\ stud,v'. \\as undcrtrken to dere nine thc
irlluence of climate and bpograph) or dislurbance rate and patch sjzc a\sociared $ rth stand replaccmcnl \a ildlife. The purposc
$ ns to pftn ide ne$ inlor ation lo inprole lbrest nr.rnagement guidclines based on rppfo\imaring naruftl disturbances cuncnd!
being implemenlcd i  Bdt ish Clolunlb i

I rllodilled sland rge-chs,i drta iio r i lcnlor-- records \\'i$in r geographic inlonnation svstem iordcl lo derennine rnnual
dislu$rnce ftte and prtch size djslribution lirr 9 areas diftering in feglonal climde and topograph\, (plalcau \ \ montane). Resres
no. analvsis w.rs used to detennine thc inllucncc of cLnnate.rnd gross topogrrphl on fire ctcle. Patch \i/c distributi(D $rs
compircd gruphically rlnd statisticrll\'.

Annual di\turb.rnre rate rnd patch si/c distribution in nodhern nalural forcsts in British Columbia scrc clearlv fehred lo
rcgiontr l  c l inrr te rnd topogmphy. In nronlanc hndscapes. .L decrease in d istLrbrDce rate.  r  Jerre. i \ .  In Ine,rn prr(h \ ize rnd x
dccrcase in proportion of area in prlchcs > L000 ha \irs .rssocixted rith incrcasing pfecipiration. For pl,lcau area\. npographjc
uDils $ith intennediate prccipilrldon regine bad highef disturbancc ra|.s and I gfertef proponion in patches > 1.000 ha. ]\4onlrnc
.trers uhich $ere cli aticall,,' similar to .rdj ace nt f laieau areas had a lo\r ef distufbance ratc and lcss area in l.rfger patchc s.

CLrncnl biodiversrt!' guideline\ appear to undcr.stim.rte the fi.e c!cie ior man) arcas. \fu{imum allorab1c parch size in the
cunent guidcliucs ltrs lo$er than lhe maximnnr nalurrl disturbance prtch sizc dclcnnined fir an! ofthe landscapcs eIanlined.
Curent rccon cndirtiur\ rlso susle\r to mxnagc lor lnorc lreu in '10-250 ha patc|c\ lhen \\ s evident from lirc dam.

Introduction

Public crit icism of past practices and better un-
derstanding of natural s)istems lravc resulted in
the emergencc of nerv ideas about foresl nlan-
agement (Maser l988, Franklin 19U9. Hansen et
al. l99l). One such idea is that managed distur-
brnccs should be designed to achicr.e the land-
scape pattems and habitat coDditions that are
rnaintained in nature by natural disturbance re-
gimes. This suggestion is dcrived in part irom
emerging cvidence that disturbancc has a key
ecological lole in nany lorested ecosystems
(Zackrisson 1977. Van Wagner 1978. Hcssburg
ct al. 1994). The underlying assumptioo is that
the biota ol a fbrest is adapted to thc conditions
created by natural disturbances and thus should
cope more easily with thc ccological changes as-
sociatcd with timber harvest if thc patrerns cre
ated resernble thosc ofnatural distufuaDces (Hunter
1993. Swanson et al. 1993. tsunncll 1995. Delong
and Tanner 1996).

Naturrl disturbances maintain plant and ani-
nal dircrsitv over time and space by naintain
ing stmctural complerity within stands and bv
intluencing the size, distribution. edge charactcr-

istics. and dispersion of stands acloss the land-
scape (Zackrisson 1977, Harsen et a1.. 1991,
Hessburg eL aJ. 199.1). The size, shtrpe. and loca
tion of indiviclual lbrest patchcs or stands pro-
foundlv aff'ect lbrest comnrunity stability and pro-
ductivity (Fr-anklin and Forman 1987. Fmnk and
McNaughton l99l). The impacts of tbresr nan-
agcment appear now 1o cxceed and confound those
of natural disturbance rgents (Delong and Tan-
ner l996). Hence, understanding how the tbrested
landscape was allected by natural disturbancc is
needed to develop altcrnative management sys-
tcnrs which more closcly approximate natulal
disturbance in their el'fccts.

Within sub-boreal and boreal forests wildfire
is the donrinant natual disturbance regulating dis-
turbance rate and palch size at the landscapc scale
(Rowe and Scottcr l97l; Zackrisson 1977; Van
Wl tgner .  lQ78:  Hc i r r .e l rn ln .  la8 l  r .C l rmr r i i  r r i r
tion in time and space, and topography exefi a
strong influence on tjr-e disturbancc rate and tire
patch size distribution (Heinselnan 198l; Romne
1982, Banett et al. l99l ). A large body of l i tcra-
ture exists on the wildfire disturbance ratc firr sub-
boreal and boreal fbrests.(e.g.. Zackrisson 1977.
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Heinsclnran l9lJ l. Foster 1983, Pa.vette et al. 1989.
Vr .b inder  c t .  l l .  I  q ' l - )  iUrd  \ , , rne  l i te | r tu |c  e r i . t s
on parh sizc distribution (e.9.. Foster 1983, Pavellc
et al. 1989, Harvkes et. al. 1997). Honever. there
is no cvidcnce that these studies rvere intended to
assist in the developmcnt ol more ecologically
hr .ed  l i ' re . t  mJn: l [ :emen l .  Rc ien l l ) .  u ' ins  r i , l l r -
ra1 variabil ity us a basis 1br lbrest nanagcmcnl
has received considcrablc attention (Hunter 1993.
Swanson et al. 1993, Delong and Tanner 1996).
In Brit ish Colunbia, thc Biodiversit l Guidebook
(Bril ish Columbia Ministry of Forests 1995). a
suppofiing documenl l'(n thc F(nest Practices Code
Act of Brit ish Colunrbia (Pro\ incc of Brit ish
Columbia 199;1). uses natural valiabil ity as a ba-
sis lbr recommcnding serrl strge and patch size
distribution tbr dillerent natuml disturbance types.
Nil luraj Ji\ lrrrbJn.c l) fr ' \ .rrc meirnl (r, recof n i,/e
difltrcnt natural disturbance regimes under which
ecosystems havc dcvcloped ancl were tbnted by
groupi ng biogeoclinatic units (arcas of relativelv
homogeneous regional climate that are recognizcd
within the Biogcoclirratic Ecosystem Classification
system in use in Blit ish Columbia (Pojar et al.
1987)) rhaL werc assumed to have similar distur
bance intensities ald ftequencics (Tablc 1). How-
er,er, linited dala rvcrc available liom u'hich to
derive these reconmendalions. Numbers ti)r dis-
turbance return iDterval and recomnendcd patch
size distribution were based on erpert opinion and
are neant to be altered as ncw data becomes avail-
ablc.

ln this papcr I cxanrine the variation ln an
nual disturbance rate and patch size distribution
bet$,een dil'fcrcnt areas of relatively homoteleous
mlrcroclinate and topography within tbrests of
n , ' r ' thern  Br i t i sh  Co lurnb i l .  Mr  ob jcc t i rc  i .  t , '
pro!idc new infbrmation about the influence of
climate and topography on largc-scale disturbance

pattero that nay ultinratcly be used to improve
i  re r {  n r iUn!e  re r ) l  iu rL le l in . .  hJ \cd , ,n  upp l  o \ i
malin-s nrtural disturbance containcd in the
Biodiversity Guidcbook (Brit ish Columbia Min-
istry of Forests 199-5). SpccificalJv. Iwil ltestthe
hypotheses that annual disLurbance rate is signifi
cutly related to cenain climatic variables and that
patch size distribution is signiticantly dif lerent
among distinct uniis of homogcneous nracroclimate
lnd gross topography. I wil l also cxarnine the
implications ol the findings to assumptions in-
her-ent in the guidebook and the placement of
paticular biogeoclimatic unils within natural dis
turbance tvpes.

Study Area

The study was conductcd in Brit ish Colulrbia
within a large area rvhich includcd roll ing pla-
Lcilu and mountainess terrain near Princc George.
Thc study arer extends bet\\,een 53 - 57"N and
120 - 126"W. Areas included in the study fcll wihin
eilhcr the Sub-boreal Spruce (SBS), Engclnrann
Spruce - Subalpine Fir (ESSF) or Boreal Whitc
and Black Spluce (BWBS) zone (Meidinger and
Pojrr 1 991). Fofests within thc dricr portions of
thc study area ale dominated by lodgcpolc pine
(PitlLts .ontottd) or hybrid rvhite sprucc (Pi'ea
glauru x eneehrurnil) while foresls within the
$ettcr portions are doninated by hybrid *hite
spruce al clcvations < 1.000 m and either Engel-
mann spruce (Piceu engelmannii) ol subalpine
fir (Abies lusiocarpu) at highcr clevations. At el
cvations < 1,000 m throughout the study arcathere
are localized arers dominated bv trembling as-
per, (.Populu.s trenulolrics) ol black sprucc (Pi'ea
rnariana). rnd scattered patches dominated by
Douglas-lir (Pseadotsaga r?er:i{,rii) or papcr bi rch
(RetLtl.r pdp) riJerd).Throughout most of the study

TABLL L Descriplioll ol NrlLrr.rl Disturbltllcc Tlpe\ rnd cuffenr placemcnl ol units cxlrmired in this studv

Nrtufrl
DinurbrLnceTipe Descdpr ion Crrrent  Placc cnt  of  t i r i rs  Lxanined

NDl I

NDT2

NDT3

N I)t .t

N I)T5

Eco\, , - \ lemJ Ni th f  l t le  r t . rnd- in i t i r t ing erents

Fco\ \ \ tcrn!  r i th i  ;equent s lard- in i t iat ing evenls

Eeos)- \ tems $i th f rcquerr t  s tand in i l ia l r  g c\cnLs

!!os) \tems u itb fiequent strnd mainuinjng iirc!

Alpine tundr.r and ,tLrbalpine parkla]ld

\ \et  cool  r l ront ln le.  \ 'ery $et  cool .  moisMr\  cold

dfr- \ill|nr plrte.ru. moist cold platciru. moi\t cool
pl.rteru. moist cool montane. r'ct cool plillcau
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alea co|nmercial forest harvesting has been lim
itecl to the last 40 years. Based on intcnsive tield
studies by Andison (1996) ancl Delong and Tan
ncr (1996) in a nresic pofi ion ol the study area
and by Delong lunpublishecl data) in a $'etter
poltion of the study area it appcars that larger
disturbances (i.e.. > 5 ha) ale generally a rcsult
of stand rcplaccment wildtire.

The main ponion ofthe study area enconpasses
a strong precipitation gradient frorl wcst k) east
and considerable topographical vrriabil ity while
maintaining consistency \\"ithin a climalic lbrcst
context (i.e.. all within one biogeoclimatic zone).
aod lire q'pe (i.e.. primarily stand replacement
i r r r , l r r  l i re . r .  Th i .  u l lou .  an  oppor tun i t l  t , '  e r -
amine thc ct'fccts ol climate and topography on
llre disturbance rate and patch sizc clistribution
rvhile ninimizing the etl'ects of tbrest composi
tion and fire type. The study also includcs some
units lron othcr biogeoclimatic zones for com-
padson. A summarl'of climatic data tbr the 7
biogeoclimatic units included in this sludy is shown
in Tablc 2.

Methods

Thc sludy arer was subdivided into units of rela-
tively homogeneous macroclimate and topogra

phv in order to determine the eft'cct of these tac
lors on disturbancerute and patch size. The subzotre
and variant lcvcls of the zonal classification of
the Biogeoclinatic Ecosystem Classil ication
(BEC) (Poial et al. 1987.) were used to delineate
arcas of relatively honogeneous macroclinate.
The zonal classilication breaks the landscape up
into biogeoclimatic units which are classes of
gcographically related ecosystems that are dis-
tribuled within a \.egetationally infened climatic
space (Pojal et al. 1987). Subzones and varianLs
are mapped in lalge pafi using distributional in
lirrmation tbr sampled zonal climax ecosystens.
Using x set ofpre defined rulcs adi11'erent subzone
or radant occul s where a diflercnt plant associa-
tion is reprcscnted tbr a zonal clinax ecosystem.
Zonal ecosystcms are those in which the intcgrated
intluencc of climate on vegetation, soil. and other
ecosystem components is most strcngly expressed
and thus best retlects the regional climate of an
area (Poiar et al. 1987). Whcre l itt le data existed
lbr zonal climar ecosystems, relationships betwecn
these ecosystcms and lbrest co\rr. topography and/
orelevation were used to map biogeoclimatic lines.

The Nechako River vadant of the moist cool
Sub-boreal Spmce (SBSnkl) and Willow River
vxrialt of the wet cool Sub-boreal Spruce

'L \BI-1_- 
2 Corrc\pondcnce of lopocl imrt ic  uni ts !1, i Ih uni ts according lo Bioreoci imrt ic  Ch\s i i lcat ion and sumlnar!  ofc l imrt ic

data lor  the u i ls .

T0Poclim!tic Lhit ts iogeocl imal jc  L inr t r MAP NISP' NIWP] N,] AT]

Dr) \\'.lrln PL.rteru

lvloin Cool PlNL.rrLr

Nloisr  (bol  N4ontanc

I lo i \ t  Cold Plateru

\\rer Cool lvlonlane

Verr- \tI Cool \Iontrne

Drv (bol Borcal

tshckwarer \aria t ol lhc dr)- $ann
Sub-bofeal  Spruce (SBSdr l )

N{os\\.rle v.rriant oltlrc o;l c00l
Sub-boferLl Spruce (SuSnrk I )
Nftx\\.rle \,.rrirnt olthe oisl cool
Sub bofeal  Splxce (SBS'nkl)

Kluskus !a iunt  of  the lnoi \ t  cold
Sub-boreal  Sprucc (SBSi1c3)

Willo$ !afi.rnt of lhe $ei cool
Sub boreul  Spfuce (SBS\ lk l )

Willo$ \.rrirnt of dre \ler cool
Sub borcr l  Spruce (SBS$kl)

Sub boreal  Sprucc (SBS!L)

St ik ine laf ianl  of the dr \  cool

270

) . 7

) . /

Llil7-l

3:16

898 l ,16 516 2.1

1250 112 761 1.9

.118 221 221 0.1

no dalr n0 data no data

261

Borcal  White and Black Spruce (BWBSdk l )
\loist Ver) Cold Subalpine Nechako larian( ol the moist !ery cold no dar!

Engelmann Spruce Sub.r lp ine l i r  (ESSFmvl )

r see \Ieidinger and Pojaf ( l99l) ibr lurlhcr description.
N{AP = me.rn annurl trecipitation hnnl. NISP = nean seasonal precipitation (Nl,ty I Sept 30) (rnm). NiwP = mean $,inrer

prccipi|rtion locr. I April 30) (mm) . \,lAT = mcrn alnual temperature (,'C)
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(SBSrvkl ) wcrc subdivided into plateau and mon-
tane topography types (Table 2). Existirg digiml
biogeoclimatic lines u'ere modifi ed in a gcographic
information system (GlS) in tlIder to produce a
digital overla\, ol polvgons of relatively honro-
gcneous macroclimate and lopography. This layer
*il l  subsequently be referred to as the
''topoclimatic" layer.

Polvgons of forcst age were generated liom
exisling digital tbrest inventor) age inlormation
by a GIS in order to cxamine relative disturbance
rate and patch size. Regenention atier distur-bance
uas assumed 1o be prompt (i.e.. within 5 ycars).
therefbre disturbancc age and size could be dc-
rivcd f'nrm stand age data (Agcc 199;+). This as
sunption is supported bv age data collected
throughout a portion of thc study ar-ea (Andison
r 996).

The fbllowing proccdures were used to gen-
eratc annual disturbance rrte and patch size dis
tdbutior]. For the purposes of this study the deti-
nit icu of a patch is mcant to conespond to that
currcntl) being used by lbrcst planners 1br as
sessing existing patch size distributioD for com-
parison to that recormnended in the Biodiversity
Cuidebook (Brit ish CoJurnbia Ministry of For-
ests 1995). The detinit ion of a patch within rhe
Biodirersity Cuidebook is any conti-quous area
aftected by individual or rnultiple stand rcplace-
ment disturbance(s.) (e.g., harvesting. wildfire)
rvithin Lhc current 20-year period. For this study,
a patch is defined as any poly-eon that was en-
tirely \\,ithin thc same 20-year age class. F(n the
li)rest inventory. forest agc of a rrap polvgon is
interprctcd trom I :15.8.10 black and rvhite aeial
photographs by comparing height. crown closure
and crown condition with adjacent polygons.
Pcriodic ground-truthing is pcrforrned to velify
stratification and standards require polygon agc
to be within 157. of actual age (Brit ish Colum-
bia Ministry of Forests 1992). The estimated age
of cach polygon is subsequenLly assigned to an
age class which forms a portion of the inlbrnrr-
tion included for each map polygon in aGIS. Front
the digital f i les. maps of age classcs 3 (:t 1-60 yrs
old) and,l (61-80 yrs old) $'ere generated. Thcrc
uetc scveral reasons for using thcsc age-classes
based on a previous study clone by Delong and
Tanncr (1996) within aportioD ofthc prcsent study
area. This study indicated that f ire cont()l had
significantly reduced disturbance r.elated to wildfirc

1n staDds vounger thal 40 years of age and a sig-
nitlcant portion of stands older than 80 years had
been disturbed by subsequent wildfire. In addi-
tion, results l iom the study indicated that age-
class 3 and ,1 rcpresented the range in disturbance
rate over tive 20 year pcriods pdor to eflective
fire control. Also. there is l i tt le chrnce that age-
class 3 and 4 patches have been altered by har
vesting due to the lack ofthis activity in stands <
80 years of age. Using only age cJass 3 and ,1
data also reduces the chance of significanl over-
lap in areas disturbed which is one of the limita
tions otusing stand age-class distributiol'ts to prcdict
firc cycles (Andison 1996).

The topoclinatic layer and the rge-class laycr
rvere ovcrlaid to produce resultant polygons. A
database containing arca and perimeter of cach
polygon was produced fbr each of the 1 8 I :250,000
map sheets in the study arca. Prior to the final
database being generated. an automatcd GIS func
tion was used to removc any tbrest age class poly-
gon where over 20clr, of thc edge of the polygon
was bordcrcd by cultivated land. This was done
to avoid inclusion ofpolvgons that represenl frag-
ments of larger patches which havc been subdi
vided by recent land clcaring related to agdcul-
ture.In conlrast to tbrest hanest operations. stands
ofall ages have been cleared tbr agdculturc. Pdy-
gons removed by this l 'unction covered up to a
maximum ol approxinately 3% of the total area
of an individual I :250,000 map sheet in thc study
area.

Maps ofeach 1:250,000 nap shect were used
to lurther rnodily the generated databases. Areas
of any polygons which had becn arbitrarily sub-
dir,ided by l:250.000 rnap sheet edges wcre amal-
gamated into one total area. In order to eliminate
artillcial patch sizes created by the topoclimatic
lines, the total area ol any polygon which was
subdividcd by a topoclimatic line was entered into
the unit in u'hich it coverecl the most area and
subscquently eliminated from thc other unit. Poly-
gons such as strips of lbrest cover types that e
not assigned an age-class (e.g., nol commercial
brush) or clearing 1br loads or power l ines which
are indicated as a mi)re recent cultural disturbuce
can biscct a-qe-class polygons that should be con
sidered all one disturbance patch. In addition,
u,i ldfirc intensity otten varies spatially leaving a
bands oftrccs separating snall polygons fiom the
main disturbance. For these reasons. areas ofpoly-
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gons of the sane age-clirss which were less than
250 m rpart u'ere summed to producc one total
area. Sirnilar procedurcs are currentl l being used
tojoin polygons firr analysis ofexisting patch size
distribution in order to implcment reconmended
patch sizc distribution guidelines founcl in the
Biodiversty Guidcbook (Brit ish Columbia Min-
istry of Forests 199-5).

Once tlnal databases wcrc produced fol each
lopoe l i r r l t ie  unr t .  l . i , l \  u l r ted  \UntmJr \  : l r t i \ t i . \
lbrpolygon area by age class ti)reach topoclimatic
unit. I then subdivicled databases for cach
t , 'p , ' t l i n r  r l i r '  un i t /agc  c l r . '  e , ' t r th i r i l l i L ,n  in lo  in
dividual databases using dit'icrcnt patch size cut
otfs. The sum of polygon ;Lrea lbr each a-qc-chss
and patch size was subscquentlv calculated. Us-
1ng lhis data. I generated histograms of propor-
tion of total disturbance arca by patch size.

I calculated annual disturbancc rate (dr) tbr
ant glveD timc period, either 20 or '10 ycars. as
an average percent oflotal ti)rested arca disturbed
in:r vcar. The jnvelse ofthis rcsult, 1/(dr/100). is
equal to thc fir 'e cycle (Johnson 1992). Totrl tbr-
cstcd area rvas calculated for cach bpoclinatic
unit using thc inventor) database.

Climatic data lbr cach topoclinatlc umt werc
exlractcd fiom Reynolds (1996) wlrich sunrma
r i z c . . l i m r t r .  J r t r  l i ' r u l l  b i o g e o e l r m r r r r .  u n i t .  i n
Brit ish Columbia. Climate u'ithin topoclimatic
uni$ that resulted liolrl splitting ofa biogeoclimatic
unlt based on topography were assumed to have
thc same rclative climate as thc entire biogeo
climatic unit.

Analysis

I usecl rnultiple l inearregrcssion analvsis to model
the rcltrt ionship benveen fire cyclc and climatic
and topoglaphic rarilbles. The clirnatic variablcs
evaluated for inclusion in the model wcrc mean
annual precipitation (MAP), rnean seasolal pre
c i p i t r r t i , ' r r  r M S T r .  t t r e r n  u  i n t c r  p r ' , ,  r p i t i r t i u n
(\{WP), and mcan annual temperature (MAT).
Cross topoglaphy u'as included as a dunmy vari-
able and codecl as either 0 for platcau or I fbr
rnontane (Wilkinson ct al. 1996). I screened thc
indcpcnJcnt  r r r r i rh lc .  h1  .nnJu. t rng  J  . le lu  i .e
regression atrd selected Lhc final models on the
basis of the cquations which ninimized thc rela-
tive Inean square rcsidual ( I n nus adiusted Rr).
had unbiased lesiduals, and required the fewest
irdependcnt varirbles (Wilkinson ct al. 1996). For

all f inal regression models. I examined a plot of
the residuals against predicted variables in order
to assess honrogeneity of variance of the residu-
als (Wilkinson ct al. 1996).

Craph ic r l  ou tpu t  \ \ . r .  u \ed  lo  rn lkc  c , 'n r f i r r i ,
sons of patch size dish ibution between dif ' ferent
topoclinatic units. ln addition. I tested for dit '-
fcrences in patch size distribution between dif-
ferent topoclimatic units using the continuous fom
of the Kolmogorov-Srnirnov 2 sample test (2
kriled) $'hich tests whethcr rhe patches in the two
areas could have been d|awn from the same dis
tributiol (i.e.. samc rnean. standard deviation and
shapel (Wilkinson ct al. 1996).

Results

Annual disturbance rate and the frequencl dis-
tribution of patch size valied considerably over
the units examined (Table 3). The anount ol dis-
turbance liom l93l to 1950 was consistentl) lower
rhan trom l9ll to 1930 (Table 3). Mean annual
disLurbance rate over the total .l0-year period ranged
from 0.06 to 0.96% of the total fi)rested area per
yeal rvhich is cquivalent to a range in tire cycle
ol 10:1-1.667 years (Tablc 3). The lowest annual
disturbancc rate was fbr the very wet cool tnon
tane unit and the highest was lbr the moist cold
plateau unit (Table 3).

For the 7 topoclimatic units examined within
the SBS, 931i, ol thc variation i l mean firc cycle
could be accouDted 1br by mean seasonal prc-
cipitation and gross topography (plateau vs non
tane) (Table 4). Mean seasonal precipitation alone
could account 1br 9l% of thc variation and was
a superior predictor to mean annual precipita
tion (Tablc ,1).

Usin-q the data trom I9l0 to l930.threeofrhe
ll1ne unils studied had patch sizcs > 10,000 ha
and fbr the moist coi)l plateau unit they accounred
iur 6ll , , ' l  L,lr l d .lurb(d .r|cr. The proportion
ofdisturbed arca in patches l0l I,000 ha in size
varied considerably tiom a low of 12.3./c fir l the
moist cold plateau uniL to a high of 6l.5% lbr the
vcry wet cool nontane unit. The boreal and sub-
alpinc units included in the analysis had a simi-
lar patch size distribution to the wet cool plateau
sub-borerl unit bul annual disturbance rate was
lower (Table 3).

Mcr r )  i rnn l rx lL l i \ lu rhanee r l le  ln ,J  rnern ,  mat i
rnun and SD ol patch size for montane sub bo
rcal topoclinlatic units decreased with increasing
prce ip i t r t i , ' n  'T rb l< .  2 . .1&5) .  f r r r  lhe  . r rnc  r rn i t . .
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TABL[ ]. Distufb.Lnce exIe.I and rrlc atd pltch sire dis$ihution tbr ropoclunalic units e\ mined.

Distufbrnce extcnl and rrtc Pilch \iz. distributilnr

Topocl imalic Totir l  loresred Pefiod I Period 2 Total PeiL'd <10 l0 100 t0t 1000 1001-10,000 >t0.000
fh r t  A rc r (h l r )  ( 1931 ,50 )  ( l 9 l l - l 0 l  f l 9 | |  50 )

(ha)
(7. of total forested area/yr) ({/. of total dinurbance ruer)

Dl \ \r rrm
plateau

Nloisr  cool

Moin co|) l

l\'loin c0ld
platcau

Df) cool hofeal

611.662

511.658

5.17.718

280 .116

3. .776

21t.92,1

195,601

6-11.38 |

t1).12t

l , l  Ll5 I
0.55

t82.2-10
0.19

90.365
0.;ll

10.1,981
0.96

19.825
0,37

l lJ.905
0.20

9.836
0.06

0.30

23.117
0.3,1

1 .1

1 .5

l 3

16 .5

22.0

2 1 . 1

1 9 . I

1 .6

t2. l

l 8 . l

12 .3

,13.7

36.0

6 1 . 5

55 .7

30 .5

55 .7

10.7

-r1.5

11 .0

2l., t

6 t . 2

6 0 . I

17 .8

11.7

0

0

U

,15.-168 95,983
0.36 0.75

,18 .919  l 33 . l l l
o.12 l . t6

3  r . l - r 9  59 ,226
0.28 0.5,1

17.6l l  69.964)
0.67 1,25

r9.72n 10.097
t.29 0.1.1

7 .213  11 .692
t1.15 0.21

1 .515  8 .321
0.02 0.1

28.'1.13 .17.281
o.22 0.38

6.5 |  |  16.836
0.19 0.:18

0.7

rt.iJ

3 .6

1 . 5 t 6

pa(ch \ i r .  d ist r ibut ion sho$ in dre lablc is  bascd on dr ta ibr  l9 l0-1910

the proportional amount of total disturbance area
in patchcs > 1.000 ha decreased with incrcasing
precipitation (Figurc 1). In each ofthe montane sub-
borcal k)p(xilimatic units. patch sizes > 100 ha donri-
natedthe landscape (Figurc 1). Using the patch size
distribuLion for 1931-1950 significant dift lrences
in patch size distribution $,ere apparent. Tlte
Kolmogorov-Snirono! 2-sample test (2 tailed) in
dicatcd significant dillerences belwccn the moist
cool montane unit as compared to the wet cool and
lcry wet cool montane units (p=0.002 and p=0 000
fespectively). Thcre $as no diftelence betwccn the
wetcooland vcry wetcool montane units (p=0.1 19).

T^lll-1--:1. Sumnlu)- of regfessidr outprx ior linal regfes-
sion nodel\ for fire feturn usnig dilicrent clim ic
!airbles and gfoss topography

li: F Ruri0 p

FC = 1.063 \  l \ ' lAPr -517.915

FC = 1.8,19 \  IUSP' 92E.916

F C  =  1 . . 1 0 9  x  N I S P  +  l l 7 . l 8 9  x
CT IJ39.085

0.763 20.311 0.006
0.907 59.78 0.001

0.927 39.18.1 0.00:

FC = lire c)cie NIAP = Jnean a..u[l precipi(Lrion (mnr).
NISP = mcan seanmal precipitation (N4a\' I Sept. 30) lrnJn).
CI = gro\s lopographl (l = plateau | = nontane.

lABl-E 5.  I le. rn.m.r \ inm|nandstandarddc! ia l ionofpr tch\ izel - (ndi f fercntsubborer l topocl inat icu. i isusingageLlr t t  f l .onr
l 9 l 0  1 9 5 0 .

T0p0clinlatic Lrnit

Uonttllle

l \ lLr i - t  Cool  \ \cr  Coul Vef) \tt Cool l)rt Warn I{o isr  Cold N{0isl Cod \{er Cool

\lern

\ l .u i rnu'n

SD

l t l

l0.. l5l t

906

62

r .081

296

19.0-r l l

1.601

179

.11.787

Lli58

96

l.5 t , l

210

11

1 .931

221

76

7.693

,l l l i
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7 V"ry wet cool
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For platcau sub-boreal topoclimatrc unlts. ar
nual disturbarce rate and mern. maxinum and
SD of patch size u as highest tbr units with inter-
mediate levels of prccipitation (Tables 2,3&5).
The proportional amount oftotal disturbancc area
in patch sizes < 1.0(X) ha wrs higl]er for thc dry
uJ f ln  J r )L l  ue t  e , ' , ,1  un i l .  lh : ln  lhc  2  n l , r l \ t  l tn i l \
(Figure 2). Using the patch sizc distribution lbr
1911-1930 s ig r i l i can t  d i f f c rences  in  pa tch  s izc
distribution were apparent. The Kolmogoror'-
Smironor,2 salrplc tcst (2 tailed) indicalcd sig-
niflcant dil-felenccs (p<0.05) bet$'een all unirs
.  \ i c f l  r l r (  n tn i . r  cu l . l  .Lnr l  m i . t  coo l  un i t r

The Kolmogorov-Smirolor, 2 samplc test (2
tailcd) indicated significant dilterences ir patch
size distribution bel\\,ccn the plateau and mon-
tane polioos of Lhc nroist cool unit using data

f ronr  bo th  the  l9 l l  1930 (p=0.000)  and 1931-
1950 (p=0.008) time periods. The proportion of
disturbed area in patch sizes > 10.000 was higher
for thc plateau portion then for the montane por-
tion (Figure 3.). Patch size distribution firr mon-
tane versus plateau portions oI the wet cool unit
rvas only significantly difterent using age-class 3
da la  (p=0.018) .

Discussion

In order to conpare the annual disturbance rates
estimatcd fiom this study to those 1br similar for-
e\t types. 1t is valuable to determine if the esti
mates lionr thi5 study are reasonable. The annual
disturbancc rates tbr the time period examined
(i.e., l9l0 1950) may not be lepresentative ofrhe
histodc disturbance cycle of the units examincd.

Disturbance Rate and Patch Size ofForcsts 4l
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I - igrrc l .  Percentrge of  t |n l r l  d i \ rurbance arer  in p.r tch s i res iorr fcdry l larm. moist  cold.  noi \ l  cool  a.d qet  cool  p lateau

()por lnn.r l ic  u i l \ .

Ratcs oldisturbance. especirl ly wildt'tre. are van-
able between one tine pedod and anolher and
therelbre the cyclc con.rputed over arelativcly shod
period wil l not accuratel,v rellect the truc distur
bance cyclc (Heinselnan l98l). A dcLailed ex
am inat ion of the lre c)'c Ie tbr an ffca near ly equl\ a-
lent to rhat of the moist cool k)poclinatic unit
\\ 'as cqrductcclby Andison ( 1996) using datafrom
all age-classes ol'forest. Andison ( 1996) cstimated
an average disturbance rate of 22.2 - 23.3% over
any 20-1ear period or an average annual dislur
bance rate of 1.1 I - Lll%/year. The annual dis
turbance ratcs of0..127c and 0.79%/ycar estimated
fi)r thc pcriods l93l 50 and 191 1-50 respectively,
are bclow this range. Hovevcr, the estlmate of
L 16'lr/year for the period of l9I I to 1930 is just
within the uppcr l init. The low annual disturbance

rate tbr 1931-50 could be related to sornc l imiLed
tire suppression activit ies. Consequently I wil l
fbcus on nrrking col'r-Iparisons using the estimatc
fbr the period of 19l I to 1930.

The annual disturbance ratcs conputed for the
dry warm, moist cool and moist cold plateau units
are within the range of rates calculated for simi
lar foresttypes throughout the borcal forest (Tables
3 & 6). The wet cool plateau. moisl cool mon
tanc, and moist ver-y cold subalpinc have annual
distLrrbance rates which arc more conparable to
rates calculated for Acadian and high elevation
spruce subalpine fir forests (Tables 3 & 6). The
rcnaining units had aDnual disturbance rates lowcr
than those found in the litelature.

t l  Dc long
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Fi!ure 3.  Comp.r f iS|)n o l  pclccnragc ol  lonl  d ist r rba.ce r fer  b)  p.r t .h s ize l i r  the plateru morst  cool  uni t  \ersuslhe monte

nroi \ t  cool  L lnrL

The tindirg that the dry cool bo|ca) unit had a
lou'er annual disturbancc ratc than other boreal
forests reported in the literature is likely relatecl
to its physiography. This unit is rcstrictcd to val
l c r  bo t to rns  in  the  nor th  cer r t r l l  rnour r tu in  r rnge.
i r r  Br i t i .h  Cr ' lumhr r  u  hcr r : : r .  hu lcu j  un i l s  c \ i l rn
ined in previous studies have been situated on
plateaus or roll ing hil is.

The patch size distributions ti)r the hndscapcs
examined are morc hcavily skewed 1() patches uDder
|  { ) ,0O0 ha th rn  thn .e  c r lcu  l r ted  lo r  t l te  . ,  rme t ime
period firr a portion of the boreal lblest in Que
bec (Payette et al. l 9li91. Using data 1'rom PN) ctlc
et al. (1989). lbr lhc same tine period as this study
(i.e., l9l0 1950),93.37r ofthe totrl rreadisturbecl
{,ere ir patches > 10.000 ha. Only thc moist cool
and moist cold sub-borcal Lrnits had patches

>10.000 ha *ith a high of 60.1% tbr the noist
cool plateau unit (T ble 3 ). The patch size distri-
h u l i , ' n , ' l  l h .  m o i ' l  r c r r  i o l d . u b a l p i n c  u n i t  u u s
reasonably close to that tbr subalpioe torests rn
BanffNational Park. Using data lron White ( 1985.)
l iom I 9l0 to 1930 fbr l lres >,10 ha. there rvere
2.8. l:t.8, and 82.,1% of the total disturbance area
in patches of.10 100. l0l l,000,andl00l 10,000
respectively versLrs.l. '1, 31.7. and 63.9 tirrthe moist
\ e r ' )  . r \ l L l  . l l h r l l r n r ' u n i t  J u r r n g  I h c : c r n c  l i n r r
penod.

The frnding ofa lo*'er lnnual disturbance rale
and significantly nrore area ir smaller patches
r r  i th in  the  r r , r l rne  \e r \u \  lh f  f l J I .Ju  p , ' f l i , ' n .
of thc moist cool sub-boreirl units may be due in
large pafi to the relative proximity to other cli
maticallt aod sh-ucturally dil lerent t irrests. On a

Disturbance Ri.ite and Patch Sizc ol Forcsls .13



TABLE 6 DLsiurbance rate esrjnates lioln other studic! in iare!t t!Dcs simihr Lo thrt of thc studv trea.

arca./) r ) 1-oca(itln
Si/c ol arca Nlclhods and

(ha )  Pef iod l -ofest  l rpe

0.9

0 .7

C.uibou Rrnge.
N.WT.

Brnf fN t ioral

t0 500.000

180.000

(1966  72 )

Fife fepofts

{ 1961 6.1)

Hi \ Io r ic  feco fds .

(  1727 -  1910 )

{  l 9 l 0  1950 i

Llnd sur\.y

{  r 900  l 9 l 0 )

{ 1 8 8 1  1 9 1 0 )

Johnson rnd
R0$e ( l975)

Protected areas in Not. \u i lable
\.\\'.T.. noltherLst'
cm Alb.  rnd n0rt l lcrn

Boundar)  wxtef  115.000

\,linnesorr

),lonhernQucb.! 570.000

Boretl Pirca tndrid|a. Pinus bdttksidnd,

Pi(t( tldtka. Ld|ix hftid|d. Benld

pq.'riltn. Ptpttl s nuti Itifus

Boler\l I'it:.u utiunu. I'itur hdnk!tuun.

Pic?d slduca. Ldri\ ldrcit t. Bt td

paI ril0(. Popul u\ rr',i ul oi ttu \

Nerf boferl /'(r"r ,L,ndrd. /'tr&i

1 n nktitutu. Ah ie t bu I wuttea. R u uLt

B()rcrl Pi..,./ rr.rri.rr.r.
Pnu\ hdnk\itDlu. Lutir lutr iut1u.
BtILtd txtrtilttd. Potll s |rcnltloidt\

Acrdi . rn Pi .?.r  f r r rcn. Ib i . r
bdl  un i l&1.  I ( tL! Iu ( l  qtkni(n\ i ' .

Sub.rlpirc Pirrr..)r.0rld, Pi.c,
?ryr I DnDt i i,,\h it, \ | tls it\1t rpd,

No\ x Sc0l i r r 5.-r50.000

( 1 9 7 3 1

( 1989)

rnd lvloorc
r 1977J lron
Ferno\ ( lc) l l l

,A.drpred ti)r thi\

of 1900 19.10
frcmWhire (1985)

plateau, file may spread in any direction and it
* i11 sti l l  l ikcly bc buming in climatically ard struc
turally sinri lar torests. Howc\.cr. u'hcn buming
in a mountain valley it is more l ikely the tire *i l l
buln up the vallev sides jnto fbrests which are
nrorc opcn and have a distinctll' wetter. cooler
c11mate.

Delong and Tanner ( 1996) estimated the wild-
firc lnnual distnrbance rate lbr 1950 1970 lbr the
moisr cool platcau unit 1o be verl 1ow (0.02571
yr'). l ikely in rcsponsc k) clftctivc l lrc control.
The very )ou rate in this periocl coupled rvith the
lou'rate fbr 1930 1950 and relatively lo\\ 'rate of
fbrest harvesrin-s. estimarcd to bc 0.I7%/)r sta -
ing ir the l9-50's. lr ould have signiticantl,v altered
thc agc-class slruclure of these folests. Assum
in-g this same general pattcrn cxistcd throughout
the stud)'arer. fbrest age-class structure could
have been signitrcarrtly ailected in lrndscapes
rvhere t ' ire was colrlnon (i.e.. the plateau
topoclimatic units). Thc impacts of this shil i in
age class structure torvaLrds older lbrests il these
areas !u.e unknown. The build-up ofold filest could

have led to nore spruce beetle (Dendroctonus
ruli ltennis) activity because these insects preler
oldertrees. Extelsir,e areas killed by spruce beetle.
*hich wcrc harvcstod bctween 1960 and 1970
$'ithin the stud) area. may be partiallv attributed
to this age-chss shif 't. Reductions in young tirr-
est would likely alfect ungulatcs which prcf'erearly
selal habitats (e.g.. moose (ALcs alrrs)). How-
ever. the current harvesting rate. estimated by
Delong and Tanner (1996) at 0.67clyear for thc
moist cool plateau unit, should bring the age-class
distributioD in the dry to moist SBS back to his-
toric levels assuming rvildtire rates remain Io$'.
Bl comparison thc samc currcnt ratc ofharvest.
using mostl"v clearcutting, in the n.roist to wet forests
rvould significantly increase disturbance rates over
the estimated historic rates. leading to a rcduc-
tion in older fbrests. Older tbrests in the wet
nontane regions of the study area have been linkcd
t r r  the  f r r r t  i . i r rn  , ' l  r rh , ' re r l  l i . ' hen .  rn  imp l r r t rn l
food sourcc for mountain caribou (Raalgfi lr
torondus ssp. ntdtorirs) (Stevenson et al. 1994).
The preeedinp Ji.. u..ion i l lu.tnte. t lre irnporrrrce

l l DeLong



of placing the ellects of managenrent. both lire
control and harvesting, in context \\"ith the natu
ral disturbance dynamics of the diff'erent tbrcst
landscapcs bcing managed. The Blue Mountains
in Oregol, where insect outbreaks havc bccn at-
tributed to firc control in pondefosa pine (Pilrs
ponderosa\ forests, provides a uselirl example of
the dramatic eflects ofignoring natural disturbance
d-vnamics (Hessburg ct al. 1994).

The influcncc of climate and topographl' on
rate of disturbance and patch size within forests
ofnorthcrr British Columbia is signilicant. These
differences should be ref'lected in trny -tuidelines
$hich attempt to approximatc the spatial pattems
of natural dislurbance.

Management lmplications

Within Brit ish Columbia, disturbance rate and
patch size distribution associated vith tirrcst har-
vesting has varied primarily according to factors
such as supply and demand. cutting pdorities (e.g..
salvage ofbeetle klled or burned wtxrd ) and -guidc-
lines lbr single species (e.g., patch size l imit of
80 ha to increase edge for moose). Howe!er there
has been l recent shifi in focus lowards nanag
ing forests in context with natural disturbancc
processes. The Biodivcrsity Guidebook (Brit ish
Columbir Ministry of Forests 1995) \ ' i tten in
conjunction with the Forest Practices Code (Cov-
elnment of Brit ish Columbia 1994) in Bdtish
Colunrbia ucre developed to recognize differences

in natural disturbaDce processes during the tbr-
mulation of f irrest development plans.

One ,  ' l  the  h je i t i r  es  ,  ' l ' th is  p rpcr  i .  t ,  '  c r rn t -
ine the data with respcct to rccommleded seral
stage distributions and patch sizc distributions
contaired in the guidebook. Recornmended seral
stage dislributions for each Natural Disturbance
Type (NDT) JIe bascd on estimated mean lre retum
interval fbr the k)tal area ol a NDT. I madc com-
par-isons to these nunrbers using both the nore
conservative estimatc for thc whole period and
that fbr the period 1910-1930. Tablc 7 comparcs
the l ire return interval used in the guidelines with
estimates for the different topoclimatic units.
Becruse t'ire rcturn interval used to develop the
guidelines was based on a ncgativc cxponential
distribution of t i)rest age. it is not directly com-
parrble to the tire cycle computcd by this study.
Ho\l'ever, there are somc rnajor differences rvhich
indicate a possible need lirr change. For cxanrplc.
the very wet cool unit has been placed in a cat-
cgory with an estimated fire retum interval of 150
years, whereas thc cstinralcd fire cycle was over
950 years. Regardlcss ofthc accuracy ol the place-
ment of areas within an cstimated l lre retum rn-
terval. tlre return intcrval may nol be the mosl
suitable way to group landscrpes. The mcthod-
olog5r of estinatilg lire return interval requires
accurale age since last disturbalce data lbr the
whole forest and is most el'Gclive rvhere the fire
c_"-cle is shon conrparccl kl thc l imc co\ered by

TABLE L Firc c\clc cstimared from s dl, current flre return interv.rl uscd ilr Bjodilcrsity Cuidebook (lllinistrl ol Forests

19951. and prcposed distufbance rule clas\ ior ropoclinralic unjr! cxa rned.

lirc C\ clc
Esrinated iiorn l_lstinared from Current \DT Proposed Dinurbrnce

(Fi fe Return)  Rate Classrl , , f  , r  i f r .  t i (  U  r i I t 9  t 0  t 930 1910 -1950

DfI \\rrn Plate u

Moist  Cool  Pla leru

\{oist ( ool l\{onlane

\loisL Clold Plalcau

\Vet C00l Pltrreru

\\'et Cool \'Iont.rDe

Vefl $'et C00l \{onl,rnc

Dr) Cool Borcrl

N{oist Vet Cold Sub.rlpinc

r 3 3

87

185

80

tl

l l 7

952

261

109

li t  I

t) '7

2,11

101

21(.)

500

t666

333

19.1

3  ( l s (D

3 ( 15t,

I  ( 150 )

3  (  r 5 o l

I  ( 150 )

: (200)

: (:00)

I  ( 150 )

2 (20(D

3

+

.+

l

I

I

).
2

P r o p o s e d d i s t L r f b l t l l c e f r t e c l s s \ r i t h u n i t s c x p r c s s c d a s p c r c e n t o f l o i a l f o r e s t e d a f e a p e f l e a f I = < 0 . 3 . I = 0 . 3 - { ) . , 1 9 . I = 0 . 5 '
l .  . 1  =  > 1 .

Disturbance Rate ald Patch Size ofForests ,15



TABLE 8. E\timlted terccnlagc ol t|)trl distLrfbrnce area co lpitr.d ro recomnrended rnngc iD rhe Bnrdners;ry Cuidcbook (Vin
istr,"- of Fofests I995) rbr NDTI lbr diftefenr patch sizc calcgories.

Prtch SiTe (hn)

:10 250 251 - 1000 > 1000
(pcrccnrage of n)tal djsturbcd ar.a)

> 250 (ll|xnnunl (ha))
Topoclimutic Lhrl

Recommenclcd lor NDT3
Drv warm plalcrul

Voisl cold plateau
\loisl cool plrte.ru
\4oist cool !))0ntitne

Vcr) $et cool nnrntane
Dr) c0rt boreal
Nlorst  !crr -  cold sub.r lp ine

i0 2r-)
9

.1.5
5.5
1.1
10.,1
1 ) .6
l.+..1
9 .3

10-201
13 .1
1.1
I

9 .3
l 8 . l
t5.- l
13 .5
27 .5
l0 . l

60 80
r0.9

[ . 6
31 .8
:1 .6
,t9.1
)2.1
t1..1

56.7
12.)
l8.t)
73.1

38 .5
t 3

10.8
6 l . l

77.6 (7691)
88 .1  (19  030 )
87 . , 1 ( l l  7871
86.0 (10 .158)
7  t . l  ( 2515 )
6 2 . 1 ( 1 9 1 1 )
6 2 . 1 ( ] 0 8 2 1
6 .1 .1 (2691 )
85 .6  ( . 1171 )

Rccomnended range in percenhgc oi tulul di\turbance afea $jthin lhc parch size crregort ibr arcas \\ithin NDI'3 \\,ilhout a
major componcnl oi Douslas-fif according 1o lhc Biodnersitf cuidebook.
'Uni t  assigned to \D I3 u i lh mr jor  conponent o l  Douglas i i r  according to the Biodi lers i t )  Cuidebook.
'L:rit .rssigned io \D 1 I according tu the Biodivefsit] Guidebook.

the fire history data (Johnson and Van Wagner
1985) Also fire retum interval is not reallv mean-
i r rs l 'u l  \ \ i th  r ( \pe( l  lo  hcr \c : l ing  he , r r r .e  i t  pen
erally assumes disturbance wil l occur through-
ou1 thc lull range oftbrest ages. Annual disturbance
rate classes may avoid sorne ofthe atblementioned
problems rnd nay be simpler to calculate and
aPPl)' (Tablc 7).

Comparisons betweer the recomrnended lnd
observed patch sizc distributioDs rer,eal two fac-
tors which lead to differences. Onc is the maxi
nrum recommendcd patch size and the other is
the recommended relative proportion assigned to
each patch size catcgoly. In geleral, for NDT3
units without a trtaior component of Douglas fir.
t l lc rccommended limits for small 1<:10 ha) and
mid sized (40-250 ha) patches fit the data fairly
well (Table 8). However. thc arbitrary upper cut
off of 1.000 ha lcads to large differences (TabJe
1l). The assumptions behind setting an upper Iirnit

to patch size are that large opcnings may be so-
ciall l  unacceptablc and may have undesirable
short-term etlects on wildlife habitat. watershed
conditions, and recreational values (Hunter i993.
Swanson et al. 1993). However, these assump-
l iL rn .  rem: l in  un le \ tcJ .  For  the  topoc l r r  r r i t  un i t .
examined which cunently t 'all in NDT3, exlcnd-
ing the uppcr l imit to 10,000 ha would account
tbr the total natural variability in ali but the moist
cool and tnoist cold platcau units (Table 8).

For units in the NDT2 and units within thc
NDT3 with a major component of Douglas-fir'.
the reconrmended and observed natural patch size
distributions werc distinctly different (Table 9).
Bccause the methods uscd in this study could onl)'
consistently detect patches down to approximalcly
2 ha, amount of patches <:10 ha wil l have been
underestimated, especially where gap forming
processes (e.9.. individual tree death) are l ikely
to aff'cct a signiticant poflion ofthe topoclimatic

T,\tll-li 9. Iisl]lnrled percentrge oftolal dirtlrrbrncc area coDrpafed io reconrmcnd.d ftnge in the Biodi\crsiLv cuidebook tbr
djffcrcnl prrch size crtecofies.

Topocl imrt ic  t l  n i t Aclual and Rcconnended Range in Percent oi Total DistLrfb.rnce Arca

<.1{)ha ,10 80 hr 8 l  2 5 0  h a >25()  hr  >EU hJ

Dr! $ arm plalcau

\!r\ rel cool nnnnane

NIoist  IeN cold subalpjnc

9 (20 ,101

12.6 60 loi

l-1.-l (30-.10)

-1.I 60-.10)

3 (2s-10)

8.s (30-,r0)

l0.r (30 ,10)

2 .5  r10 l0 l

r0.1 (30 50)

16.8 (10 , l( ,

13..1 (20-.li))

7.8 (30 50)

62 . l

6 t . l

85.6

iJil

78 .9

75.5

93..1
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unit. ln l ight ofthis. it is the percentage assigned
to the:10-80 and 80-250 ha categories Lhat ap-
pear nost contrary to the observed natural dislri
bution. The obsened distribution tirr units assigned
to NDT2 is closcr to the r-ecomnended piltch size
distribution for the NDT3 (Table 8). When the
guiclebook rvas rvritlen it was presumed tbat thc
amount of area of nrid sized patches (i.e.,,10-250
ha) created by natural disturbance $ould decrease
with increasing tire returtr interval. Although the
data indicales that this is tnte it is not to the ex-
tcnt that was int'cned by expert opiniol. Thehighest
estimate fbr the:10-250 patch size rangc was 25cl.
1br thc wet cool montane unit, r 'hich is well be-
low the recomnended range of 50 80%. Thcre is
Do apparent ccological rationale lbr prettdng'10-
250 ha patches even if disturbance rates of har-
vesting exceed natural rales. Hou,ever there may
bc some benelits of allowing a greater amount of
larger (i.e.. >250 hal patches. Allowing some pro-
porlion of largef patches could hclp reduce road
dcnsity by l imiting the dispersion of harvesting.
Decreases in road density should benetil species
such as grizzly bcar and wolves. which are nega-
tivel), impacted by high density toad networks
(Mclellan 1990. Thurber-et al. 1994). The prc-
ceding discussion indicates that thc patch size
distribution recommended by the Biodiversity
Guidebook (BriLish Colunrbia Ministry of For
ests 1995) could be irnproved. Ho$'ever. these
currcnt guidelines are prelerablc lo the alterna-
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