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A Comparison of Natural Regeneration Patterns in Old-growth Stands
and Clearcuts in the Mountain Hemlock Zone of Southern Brit ish
Columbia

Introduction

Regeneration pattcms on British Columbia's (BC)
coa5t change with increasing elevation. At low
eleviltions in the CoastalWestem Hemlock (CWH)
zone. trees regeneratc primarily in gaps (Spies et
41. 1990: Lertzman et al. 1996). At hi-eh eleva-
tions in the parkland Mountain Hemlock (MH)
.ub, /L,nr : .  Jcr . l  \n, ' \ \  rq.11lq1r lqggnglx l i r rn 11r l rgq

islands where snow mclts earliest (Brooke et al.
1970: Franklin and Dvrness 1973). At elevations
between thcse t$'o systems, in the forcsted MH
subzone, the lack of understandjng of legenera-
tion pattcrns hampers fbrest managcmcnt. We
there lh re  contpared rcgcncr r r t i , ' n  p i t l te rn5  on  \ i \
old growth sites and six adjacent sites that were
clearrut I I 12 years prior to sampling. All sites
\\ crc in the noist narit ine (MHmm 1 ) r 'ariant of
the iorestcd MH subzone (Green and Klinka 199:11.
They u'ere uphill ofSechclt. BC at elevatioDs from
1060-l 195 m. Three sites each in old-growth stands
and clearcuts were flat' ( l 7-25 % slope). and three
' i le r  r re lc  \ rce l  { -+5-5  l ' ,  . lopcr .  Four ' : i re .  in
each occupied *am aspccts ( 190-222' azimuth)
and trvo sites occupied cool aspccts (2,1-6.1'azi
muth). Site conditions fbr the old growth stands
and clealcuts were matched as closely as possible.
Soils were nutrient poot and rangcd fiom fiesh
to very moist (Green and Klinka 199;1).

Besults and Discussion

Mountain hcmlock (Tsugrr tnertensidtta) i\nd
Alaska yellow cedar l.Chamuectparis nootka-
/er.rl.r) dominated the old-growth canopy, but
Pacitic silver fir (Ables ar?.rDilis) dominated the
sub-canopy and undelstory layers (Figure l).
Canopy trces were 319- 1404 years old and aver-
aged .188 ycars to recruit to the canopy layer (a

pr" t" ' r " , , f ,h. r r ,  Snu*f  ine Ecoiogjcai  C|)nsul t rng.  Bo\  957.
Whi l r ler .  BC. Curda \"0N lB0

diameter at breast height of 40 cm). Virtually all
regenention was located on the undisturbed fbr-
est l1oor rather than on decaying wood or min-
eral soil. Mounds covered only 28ol,: ofthe ground
sudace but supported 417. ofunderstory trees and
6l % of sub-canopy lrecs. Regeneratlon was sta-
tistically unrelated to overhead canopv cover (i.e.,
gap vcrsus non-gap). which likely reflected the
openness of the canopy il] these stands and the
relatively homogeneous light levels below the
canopy. Distance to the nearest crnopy tee, how-
ever'. was related to regeneration patterns: there
wcre 1:loli: more understory trees and 567., morc
sub-canopy trecs than expected on microsites <2
m fr()m the nearest canopy trce. This patte[] was
Jnpffenll) r 'elatrtl t, ' 'n, ru melt patlen)\ \ in(( \n,,\
mclted earliest on microsites closest to a canopy
tree.

Ovcrall. regeneration patterns in old-growth
stands lesembled those in tree-island systems more
than those in gap-phase systcnts since trees were
more l ikely to survivc to the sub-canopy layer on
micrositcs close to canopy trees and on mounds.
This tendency was most apparent on flat and cool
aspect sites where snow remained into June. The
stecp sno\r'gradient at the hansition from the CWH
zone to the lorested MH subzone is reflected by
thc change fiom westem hcmlock (Z9rga hereii.r-
lt?_!/1.]) to mountain hemlock (Brooke et al. 1970)
rnd  l ru rn  ! . rp -phr .e  to  t re r - i . l rn r l  regenera t i , . rn
patterns. An example ofthis steep gradient is the
gap-phase structure of stands dominated by Pa-
cific silver fir and western hemlock (Lefizman
and Krebs 1991) that are at only slightly lorver
clcvati()ns than oul study stands.

Clearcutting ofold-growth stands on sites that
wcre edaphically similar to those described above
apparenll) cru.e,.l ,.hrn[:e. in 'pceics ., 'mposi
tlon, stand structure, and regeneration pattems.
\  i r tu r l l \  i l l l  l ree \  >1 . .1  n l  r . l l l  un  c le i t reu l  . i t c .
establishcd two or more vears bcfi)re cutting. The
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Figure 1. Species co'nposition (in percent) ofold-gfo$th strnds colnptlred to the projected crnopy composition ofsecord gro$th

\tands on edrphicrlli-\nrilru clerrcurs. Onl) trees>l.l ln rall ar. includcd in thc old grolrh undcrlory cla\s. Abbrc
\ i.rtions: PSF = P citic sih,er iir:,{YC = Alaska lcllor ccdai IvlH = mountain hcfirlock: wH = $csicrn hc lock.

Old-growth Old-growth
understory sub-canopy

Old-growth Fost-cutting
canopy (proiected)

AlLhough undisturbed forest floor covered only
467c ofthe ground surtace on clearcut sites (com-
pared to 80% on old growth sites). it suppofied
86% of ail trees. Regeneration in clearcuts was
scarcest on the most disturbed substrates: friable
lbrest tloor (usually tbund around disturbed stump
mounds), exposed decaying wood, and logging
slash. Mounds were less important microsites for
regeneration than in adjacent old-growth stands.
though this may change as the stands develop and
snowmelt patterns alc afttctcd by tallcr trccs.

Management lmplications

Regeneration pattems that resemble those in tree
island ecosystems reflect the intluence ol deep
snowpacks. Our results show that late snowmelt
restricts most regenerrtion to raised microsites
that arc uDdemeath a canopy tee, eveD \\"here there
are no distinct tree islands. Any form of cutting
is therefore undesirable on late-snowmelt sites
where tfee island regeneration pattems are pro
nounced: e.g., at higher elevations, but also on
benches and cool aspect sites at lower elevations.
Since it is diff lcult to schedule site visits to deter-
mine the exact date of snorvmelt. indirect indica
tors of latc snowmclt can bc substitutcd. Some
iDdicators include a clumped patteru of canopy
and sub-canopy trees. large gaps coltaining no
snags or other evidence of past tree growth, and
snow tolennt species such as pink mountain heather

nean beight of these 'residuals' at the timc of
cutting was 0.5 ll. Pacilic silver fir conprised
the maiority of residuals (76%) which u,as con-
sistent with its proponion in the sapling laycr (fees
0.1-1.3 m tall) in rdjaccnt old-growth stands (79%).
An unexpcctcdly high propofiioD (,15%.) of trees
establishecl in a thrcc-ycar window from one year
bcii)rc cutling to one year atier cutting. Ingress
two or more yea$ after cutting accounted for only
204/t of all regereration. There were tar tewer
seedlings <10 cnr tall of all spccies on clearcut
sitcs (1233,fta) than on old growth sites (187,000/
hal which suggests that nost future canopy trees
are alreadl established. These results highlight
thc imporlant role of trees and germinants tiom
the previous old gro\\"th stand, especially where
there is not an adequate source of seeds tir con-
tinued ingrcss aftcr cLrlt i[g.

\{e lrl ' jc(lfLl lh( l l l lurc cirnl 'p\ (l 'mpu\il ion
of these second-grr)wth stands by applying the
growth rate ofPacific silvcr fir to all species. Based
on this assumption. and compared to the compo
r i t i  n  , ' l  rd j recn t  u ld  e rou th  \ l i l nds .  \ \e  p ro jec t
that Pacific silver fir will be much more com-
mon. Alaska yellorv-cedar rl i l l  maintain its rcla-
tive inponancc. and mountain hemlock will be
t'ar lcss comnon. ln contrast to the wide range of
canopy trcc agcs in adjacent old growth stands.
thcsc futurc stands (if left uncut.) will likel,v re
mr in  r  . rnp lc  s lo r ieJ  cohof l  lo l  r r r rn ]  cen lu r ie . .
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(Pht tlodoce enpetrifttnnis) and white-flowered
rhododendrcn (rRlrorlo d entl ron alh illo rLon 1.

The clearcuts that wc surveyecl wer-e at the
lowest elevations of the MH zone. u here snow
packs ale shallowest. Although trees are rc popu
Iating these sitcs, clearcutting has resulted in a
shift l iom nrountain hemlock to Pacil lc silvel t ir
and in greatlv reduced diversity in structure and
age compared to adjacent old-growth stands. Where
cutting is appr-opdate in the MH zonc. many of
thc negative teatures of clearcutting could be
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