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Developmental Trends of Canopy Structure in Coastal Forests of
Brit ish Columbia

Forest stmcture changes substantially as slands
devclop over successional t ine. Thesc structural
changes are expressed in various charactedstics
of Iivilg trecs. dead trees (coarse rvoody debris),
and spatia) and vertical hcterogeneity (e.g. Spies
et al. l98lJ. Hansen et al. 1991).While somcbroadly
consistent developntcntal pattems have emerged.
there is substantial variabil ity among stands due
to diff 'erences in disturbrnce history. site condi
tions. and chance iictors inllucncing early suc-
cessional species mix (e.g. Huff 1995. Leftzman
et al. 1996). Because of mcthodological challenges
aDd grert spatial variabilitl'. canopy structure is
one of the least rvcll undelstood aspects ofthese
deYelopmcntal trends. Slructural charactcristics
o l - f t , re . l  \ Jnop ic \  h r re  n r i rn i io ld  u f fcL t . , 'n  cco-
system composition and function. including their
role as habitat and their inf'luence on thc nricr-o-
climatc and the distribution of resources on the
lbrcst l loor (e.9. Schowalter et al. 19U l , Canharr
c t  a l .  1990.  Canham e t  a t .  l994) .  In rh iss tudywc
investlgate changes in canopv structure o\rer suc-
cessional tine in chronosequences ofcoastal ten]-
perilte raiDforcst on the east and west coasts of
Vancouvcr Island.

All stancls in both groups of chronosequences
we studied are in thc Coastal Westcrn Hemlock
(CWH) zone of British Columbia s biogeoclimatic
classit ' ication system (Pojar et al. 1987). The four
chronoscquences on thc east side of Vancouver
Island are in very dry variants of the CWH
(CWHxrnl and arc dominated by Douglas-fir
(P.seudotsuga metEiesii). The tbul on the west
side of the island arc in verJ wet variants of thc
CWH (CWHvm) and are dominared by wcstern
hemlock (Z.rag.i nertensie o) and western
rctl,c ed,xt ( T huj a p I ic uta).

Foreach chronosequence. we examined stands
ofthree seral stages: immature (32 ,13 years old),

mature (66-99 years old.). and old (>200 vears
old). We used hemispheric canopy photography
and the LAI-2000 Plant Canopy Analyzer (PCA)
to cstimate canopy openness and effective Leaf
Area Index or L" (Chen and Black 1991, Welles
and Norman 1991. tcr Steege 1993, Frazer et al.
1997). Our analyses were based on 168 canopv
photographs and 1008 LAI-2000 measurements
from 24 plots (one plot in each ofthree seral shges
in each ofthe tbur chronosequences on each side
ol Vancouver lsland). The LeafArea Index is de-
llned as one half the lcaf area per unit ground
surtace area. and L. is an estimate of leaf trea
based on optical methods, such as those we used.
rather than dircct. physical nteasurements. L- o1'
ten varies somewhat ti-om true LeafArea lniex:
optrcal methods generally underestimate leaf area
in coniler stands because of the clumped distri-
bution of needles.

Ana l5sc :  hased on  thc  henr i .pher ic  c  nop)
photographs and thc LAI-2000 identit-red similar
overall developmental and regional trends in
canopy openness and stand L" despite signiftcant
quantitati\r differences in thefu estimates. As forests
age from immature to old stands, canopy open-
ncss increases and stand L declines. Theold stands
are not only more open, but are morc heteroge-
neous in their opcnness and their distribution of
leaf area than corresponding immature stnds.
However, the pattem of change in time tbr these
two attributes diff'ered: while leaf area dcclined
tairly consistently over the three seral stages.
canopy openncss increased more in the lransitiolr
lrom nature to old stands than fron irrrrnaLur.e ro
mature stands. The rnost significant changcs in
canopy openness did not occur until after the first
i 50 years of -qrowth. This is consistent with nodels
oflhe stand dynamics leading to the development
of old-growth stands (see review by Wells et al.
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in press). In these nrodcls, the mature/old-growth
transition is characterizcd b.v mortality ofcanopy
dominants leadiDg to a vcrtical reorganization ol
stand leaf irrea as understory deveiopment is
reinit iated in the rcsulting canopy gaps. This pat-
le rn  o l  i | | r  u \ l cndeL l  pcr iud  o l  L le r . lopn ten t  p r io r
to crnopy openness attaining old-growth l ike
charactel is coroborated by other analyses of
dcvelopmental processes in Vancouvcr lsland tilr-
ests which sho$ very long{efln clelelopmental
trajectories in thc trarsition liom mature to old-
growth forests (Wclls l996).

Whi le  there  uc .  -ub . t . rn t i r l  r1 r i .11 i , '11  x l l long
the ch.onosequences on each side ofVancouver
Island, some broad patterns distinguished the east-
and wcst side firrcsts. In gencral, tbe fi)rcsts on
the east side are morc open, morc heterogeneous,
and have a lower stand L. than the tbfests of the
west side of the island. We expect that much of
this pattern can be explaincd by the di1'ferences
in the geometq' of branching slructure and leaf
display of the species involved. This geographic
variation in fbrest stmcturc leads to a broad over-
lap in thc altributes ofillxnature and mature stands
when samples from both sides of the island are
compared. The least open and least vadable stands
werc young and mature stands on the west side
ofVancouver Island. The most open stands, and
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