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Introduction

Non-crop vegetation on regenerating
forest lands is often viewed as being
uniformly detrimental to the estab-
lishment and growth of commercial
tree species. This assumption is in-
grained in our traditional concepts
of land stewardship and efficient
commodity production. The “free-
growing” designation for a regener-
ated stand defines the extent of basic
silviculture for which forest licensees
are responsible in British Columbia,
and the free-growing definition re-
quires that crop trees be taller than all
surrounding vegetation, regardless of
species. Such a policy may represent
an inappropriate extension of agricul-
tural paradigms to silviculture, for
evidence is mounting that () not all
effects of vegetation are negative, and
() different plant species are not
equivalent in their effects.

An experiment was undertaken in
the UBC Malcolm Knapp Research
Forest near Maple Ridge, B.C., in or-
der to measure the competitive effects
of the dominant, non-crop, plant
species found in early, post-logging,
successional vegetation. This work
quantifies some of the impacts of
different plants described by Haeussler
et al. () in their review of the

earlier literature. The study was
conducted on two cutblocks in the dry
maritime subzone of the Coastal
Western Hemlock biogeoclimatic zone
(CWHdm); results may or may not be
more widely applicable.

Methods

Seedlings of + PSB B Douglas-fir,
western redcedar, and western hem-
lock were planted into the dominant
patches of vegetation naturally found
across cutblocks logged and slash-
burned in  and . Over 

seedlings were first planted in the
spring of , with  trees each of
the three crop species planted in 
kinds of single-species patches and in
bare ground; also,  seedlings of each
tree species were planted into a wide
range of naturally occurring mixtures.
Dead seedlings were replaced by new
plug stock in the spring of 

and , and all survivors were meas-
ured (for basal diameter and height)
and excavated for dry-weight
determinations in the fall of .

Competitive treatments were sam-
pled during or after the experiment in
order to characterize them in terms of
plant cover, canopy height, above-
ground biomass, relative soil moisture
regime, and light attenuation (Table ).





Vegetation attributes were measured
by species in .-m diameter, circular
plots centred on each seedling. The
relative soil moisture regime ()
of each plot was determined using
the local B.C. Forest Service site diag-
nosis key, though these keys are less
applicable to disturbed sites. It
should be noted that Polytrichum
and Festuca treatments were strongly
influenced by shallow soils, and
Anaphalis, Alnus, and bare treatments
were characterized by the absence of
a developed humus layer. Measure-
ments of light availability at the
leader of each seedling were made
with a Decagon Ceptometer, and
were expressed relative to measure-
ments made above the vegetation.

Results

Seedling survival levels were generally
high for all species: expressed on an
annual basis, survival averaged
.%/yr for Douglas-fir; .%/yr for
western redcedar; and .%/yr for
western hemlock. Winter mortality did
not differ significantly among competi-
tive treatments for any of these tree
species, and only some extreme differ-
ences in summer mortality of hemlock
varied significantly among neighbour-
hoods: from no mortality in bare and
Populus treatments and .%/yr under
Salix canopies, to .%/yr in Festuca
patches. While high mortality levels can
be related to extremes of spot-to-spot
differences in  (Burton ),

Dominant Vasc. Canopy Shoot Rel. Subcan.
Code Species Cover Height Biomass SMR Irrad.

% m g/m
2 (0 to 8) % full

No Vascular Vegetation
BG none 9 0 16 2.0 100
PJ Polytrichum                 

  juniperinum
24 0.06 325 0.7 97

Herbs
FO Festuca occidentalis 75 0.68 335 0.9 51
JE Juncus effusus 73 0.83 553 5.8 24
AM Anaphalis margaritacea 75 0.81 313 2.8 32
EA Epilobium                     

  angustifolium
66 1.60 490 3.3 23

PA Pteridium aquilinum 103 1.43 804 3.4 3.4

Shrub
GS Gaultheria shallon 91 0.47 744 3.5 22
RP Rubus parviflorus 101 1.51 937 4.7 7.4
RS Rubus spectabilis 135 1.78 1686 4.5 9.8
SD Spiraea douglasii 121 1.74 1670 3.7 15
SS Salix scouleriana 104 2.34 — 3.6 21

Young Trees
AR Alnus rubra 106 5.85 — 2.9 11
BP Betula papyrifera 119 3.68 — 3.9 22
PT Populus trichocarpa 101 2.76 — 3.9 23
TH Tsuga heterophylla 108 3.08 — 4.0 1.8

Natural Mixtures
MX GS, PA, PJ, BP 119 2.29 657 2.8 10

table 1 Average conditions in competitive treatments

— = not measured





more of the variance in the survival of
all three crop species was explained by
competitive treatments than by .
Nevertheless, a summer drought in
 was especially hard on hemlock
(.% overall mortality in one
season).

Douglas-fir seedlings put on an
average of . mm in basal diameter,
and . cm in stem height over the
three growing seasons of the experi-
ment. Resulting stem volume varied
ten-fold from the poorest (. cm

under Betula) to the best (. cm

under Populus) non-crop environ-

ment. Mean annual increment in basal
diameter (in mm/yr) is a good indica-
tor of overall crop-tree response to
competition. Basal diameter growth
was significantly greater in bare and
Populus treatments and was poorest
under Betula, followed by Tsuga,
Pteridium, and mixed-species treat-
ments. These differences are shown in
a standardized manner (expressed as a
percentage of maximum mean per-
formance) in Table . Mean annual
productivity (calculated as total seed-
ling biomass divided by seedling age)
shows an identical trend (Figure a).

Competitive Western Western Overall
Neighbourhood Douglas-fir Redcedar Hemlock Average

% of max.* % of max.** % of max.*** % of max.

No Vascular Vegetation
bare ground 100.0 a 74.3 abc 100.0 a 91.4
Polytrichum juniperinum 53.5 abc 51.9 abc 67.4 abcd 57.6

Herbs
Festuca occidentalis 85.2 ab 73.2 abc 57.7 abcd 72.0
Juncus effusus 68.6 abc 84.4 ab 46.6 abcd 66.5
Anaphalis margaritacea 85.5 ab 50.2 abc 64.0 abcd 66.6
Epilobium angustifolium 54.3 abc 44.8 bc 23.8 cd 41.0
Pteridium aquilinum 27.4 cd 40.9 bc 43.8 abcd 37.4

Shrubs
Gaultheria shallon 60.9 abc 19.8 c 8.4 d 29.7
Rubus spectabilis 49.7 abc 45.3 bc 68.2 abcd 54.4
Rubus parviflorus 55.5 abc 50.6 abc 61.3 abcd 55.8
Spiraea douglasii 64.3 abc 60.6 abc 38.2 bcd 54.4
Salix scouleriana 66.3 abc 62.0 abc 71.6 abc 66.6

Young Trees
Populus trichocarpa 88.5 a 100.0 a 89.9 ab 92.8
Alnus rubra 49.1 abc 58.4 abc 44.4 abcd 50.6
Betula papyrifera -1.8 d 25.2 c 20.7 cd 14.7
Tsuga heterophylla 21.7 cd 36.8 bc 19.7 cd 26.1

Natural Mixtures
mixtures 35.0 bcd 32.9 bc 22.5 cd 30.1

Average (mm/yr) 1.00 0.75 0.92 0.89

table 2 Effects of different non-crop neighbourhoods on the mean annual increment in
basal diameter of three species of conifer seedlings, expressed relative to each
species’ maximum mean performance

Greatest mean annual increments in basal diameter were:  *. mm/yr for Douglas-fir, **. mm/yr for
western redcedar, ***. mm/yr for western hemlock.

a,b,c,d:  means sharing the same letter in any given column are not significantly different at p=. level.





Western redcedar seedlings grew an
average of . mm at the base and
. cm in height during the course of
the experiment. Stem volume at the
time of harvest ranged from . cm

in Gaultheria patches to . cm

under Populus crowns. Mean annual
increment in basal diameter was
significantly greater under Populus
and significantly less when growing
with Gaultheria or Betula (Table ).
Mean annual productivity of redcedar
was much more uniform, being
significantly different (greater) only
in the Populus treatments (Figure b).

Those western hemlock seedlings
that survived three growing seasons
grew an average of . mm in basal
diameter and . cm in height. Final
stem volumes ranged from . cm

(under Betula) to . cm (under
Populus). Mean annual increment in
basal diameter was significantly
greater in seedlings growing in bare
ground and lowest for seedlings grow-
ing with Gaultheria (Table ). Mean
annual productivity behaved likewise,

though performance with Gaultheria
was not significantly poorer than in
most treatments (Figure c).

Browse damage was higher in west-
ern redcedar (.%/yr) and Douglas-
fir (.%/yr) than for western
hemlock (.%/yr). Winter browsing
was more important than summer
browsing for all three crop species.
Western redcedar was especially
susceptible to winter browsing (pre-
sumably by black-tailed deer), with an
average of .% of all seedlings being
browsed each winter. Winter browsing
of redcedar was significantly influ-
enced by competitive environments,
however, being highest in the open
(.% in bare spots) and lowest
under the dense, evergreen foliage
of Gaultheria (.%) and Tsuga
thickets (.%).

Interpretations

Bare ground and/or Populus treat-
ments seem to have been the best
environments for the growth of all
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figure 1 Mean annual productivity (total dry biomass divided by age of seedling, 2 to
4 years) of three conifer species during growth in different competitive
environments. Neighbourhood abbreviations are defined in Table 1.
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figure 2 Relationship between relative growth in basal diameter and the natural log
of a competition index (as defined in the text). Shown for each crop species is
the least-squares regression line (solid), and the upper and lower 95% confi-
dence limits (dashed) for the range of individual observations.
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conifer species, while Betula and/or
Gaultheria neighbourhoods most
severely constrained conifer perform-
ance. But there remains a wide range
in mean growth behaviour among the
intermediate competitive environ-
ments, and the rank performance of
different competitors differs among
the crop species tested. For example,
Douglas-fir achieved only % of its
potential annual diameter growth
under Pteridium, compared to %
potential growth by redcedar and %
by hemlock. In contrast, Douglas-fir
achieved % of its potential diameter
growth rate when growing with
Gaultheria, while redcedar and hem-
lock grew to only % and % of their
potential, respectively (Table ). How
can these significant differences and
particular interactions of each crop
species with each competitor be ex-
plained and extended beyond the
competitive environments tested here?

Most aspects of seedling growth
(except height growth) were related

to subcanopy irradiance in a highly
significant manner. Still, the relative
irradiance measured at seedling
leaders explained only % of the
variability in annual Douglas-fir di-
ameter growth, % of the variation
in cedar growth, and % of the varia-
tion in hemlock growth. Somewhat
better predictions were obtained using
a competition index proposed by
Comeau and Braumandl (), in
which the percentage cover of each
species in a competitive neighbour-
hood is multiplied by the average
height of that species, then summed
for all species found in the plot and
divided by the height of the crop tree.
These competition index values
ranged from  to , and (when
expressed as natural logarithms) ex-
plained % to % of the variation
in the relative growth rate of conifer
seedling basal diameter, the most
responsive variable found (Figure ).
Contrary to expectations, such regres-
sions for mixed plots could not be

Competition treatments are denoted as

follows: 0=bare, A=Anaphalis, B=Betula,

D=Spiraea, E=Epilobium, F=Festuca,

G=Gaultheria, J=Juncus, L=Alnus, P=Populus,

Q=Pteridium, R=Rubus parviflorus, S=Salix,

T=Tsuga, U=Rubus spectabilis, X=mix, and

Y=Polytrichum
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improved by weighting the value of
each brush species by its known im-
pact on the growth of a crop species
(using values such as those in Table ).

Even if they have poor predictive
value, significant linear regressions of
crop performance versus the amount
of competition (as in Figure ) can tell
us much about the role of competi-
tion in the system under study
(Welden and Slauson ). The y-
intercept of such a graph denotes the
potential seedling growth in the ab-
sence of competition. The coefficient
of determination for the regression, or
R, denotes the overall importance of
competition to crop-tree growth,
relative to other factors. The slope of
the regression line indicates the inten-
sity of competition, or how much
growth is decreased for every unit
increase in competitors. Summarized
for the three conifer species under
study in Table , it is worth noting that
western hemlock and Douglas-fir had
almost equivalent growth potential
without competition. Competition
was more important, or “explanatory,”
to the performance of Douglas-fir
than to the performance of cedar or
hemlock (i.e., Douglas-fir had a
higher R). Douglas-fir also experi-
enced the most intense competition,
or had greater proportional growth
loss in its presence (i.e., the regression
had a steeper negative slope). Western

redcedar, in contrast, was lowest in all
categories: potential growth, competi-
tive importance, and competitive
intensity.

While use of this competition index
in conjunction with regression analy-
sis has value, the limitations of such
competition indices as predictive tools
are many (see discussion by Burton
). It was expected that other, more
comprehensive indicators might pro-
vide better predictions of crop-tree
performance. However, no meaning-
ful correlation was found between tree
growth and above-ground or total dry
biomass of the vegetation found
within . m of the target seedling.
Including  along with the compe-
tition index in a multiple regression
model explained only a further % to
% of the variance in the performance
by all crop species. A similar
improvement in predicting the growth
of cedar was obtained by restricting
analysis to sites with  > . (R

increased from . to .), but R

for Douglas-fir and hemlock growth
showed no increase.

Applications

There are several implications of this
work to post-logging vegetation
management:
. Not all non-crop vegetation

is equal.

Western Western
Parameter Douglas-fir Redcedar Hemlock

y-intercept 0.454 0.415 0.446
(potential growth without
competition)

R
2

0.248 0.164 0.177
(importance of
competition)

slope -0.0416 -0.0331 -0.0336
(intensity of competition)

table 3 Attributes derived from linear least-squares regression analysis of crop tree
relative growth rates in basal diameter as related to the amount of
neighbourhood competition (as portrayed in Figure 2)





• Some species have positive,
“nurse-crop” effects, or alterna-
tively may be indicative of
microsites where conifer seedlings
perform superlatively, e.g.,
Anaphalis margaritacea and
Populus trichocarpa on the sites
studied here.

• Some species are more detrimental
than others, and should be given
priority for control at the level of
treatment units and around indi-
vidual trees, e.g., established
patches of Pteridium aquilinum,
Gaultheria shallon, Betula
papyrifera, or volunteer Tsuga
heterophylla on the sites studied.

. Crop trees differ in their sensitivity
to competition, and to different
competitors.

• Vegetation is more likely to be
a significant constraint to
Douglas-fir than it is to western
hemlock, which in turn is slightly
more sensitive than western
redcedar. This trend reflects the
relative shade tolerance of these
tree species.

• Cedar should be planted more
frequently where brush problems
are anticipated.

. Some aspects of seedling perform-
ance are often over-ridden by site
factors and unpredictable events,
such as drought or browsing
damage.

• This is one reason for the generally
low importance of competition
in explaining conifer growth, and
the wide range of growth rates

observed even under negligible
levels of competition (Figure 3).
That is, even when vegetation is
controlled, only a small fraction of
crop trees can be expected to meet
their growth potential.

• Except on very good sites, with
no other limiting factors, it is
thus more useful to think of
competition as constraining
seedling performance rather than
determining it.

• Because interactions between crop
trees and brush species show signs
of being site-specific, it may be
inappropriate to generalize from
the results of a single study.

. Species-specific weightings of a
competition index failed to im-
prove the predictability of conifer
growth, despite highly significant
differences in the competitive ef-
fects of different plant species.

• A selected subset of plant species
should be tested again on uniform
sites over a range of densities, using
a larger sample size of crop-tree
seedlings; further refinements to
the competition index may also be
in order.

• The generality of differential
vegetation effects should be
confirmed across a wider range
of post-logging ecosystems,
perhaps in conjunction with opera-
tional vegetation management
monitoring (Comeau et al. ).

. Free-growing standards need to be
re-examined as we learn more
about differing effects of non-crop
species on crop-tree growth.

• Latitude is needed for accepting the
presence of non-injurious plants in
close proximity to crop trees.

• In the long run, locally calibrated
crop-species performance targets
(e.g., minimum expected leader
growth per year) may be more
appropriate decision aids than
visual estimates of competitor
abundance.
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figure 3 Frequency (proba-
bility) distribution of observed
growth rates (height increment
in cm during the third growing
season in the field) for all seed-
lings experiencing low levels of
competition (index levels of less
than 100, or 4.6 on the log-
scaled x-axis of Figure 2).
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