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Columbia : Relationships with environment and primary substrate

Herbert VANDERMEULEN* and Robert E. DEWREEDE

Department of Botany, University of British Columbia,
British Columbia, V6T 2Bl, Canada

VANDERMEULEN, H. and DEWReeDE, R.E. 1987. Analysis of a population of Colpomenia peregrina
in British Columbia: Relationships with environment and primary substrate. Jap. J. Phycol. 35:
91-98.

An intertidal population of Colpomenia peregrina (Sauv.) HameL (Phaeophyceae) macrothalli was
studied and the data were analysed using Principal Components Analysis. The plant’s relationship
with other members of the community and various physical factors were examined. Colpomenia pere-
grina was found to occur in environments with intermediate values for temperature, salinity, daily
solar radiation, daylength, daytime air exposure and nightime air exposure. Seasonal extremes of
these variables (winter and summer) coincided with low C. peregrina percent cover. The floristic
composition of the community did not seem to influence the occurrence of C. peregrina other than

high Lithothrix aspergillum cover coinciding with low C. peregrina cover. Colpomenia appeared to be

selective of its substrate in some cases.
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Colpomenia peregrina (Sauv.) Hamel is a
saccate brown alga which is widely distri-
buted in temperate seas. It is an ephemer-
al plant which overwinters as a microscopic
filamentous thallus (VANDERMEULEN 1984).
The macrothalli are frequently epiphytic
and have some characteristics which sug-
gest an opportunistic role in algal com-
munities (VANDERMEULEN and DEWREEDE
1986). Laboratory experiments have in-
dicated that the seasonal abundance of C.
peregrina in British Columbia may be pri-
marily driven by fluctuations in the physical
environment (VANDERMEULEN 1986).

The research presented here describes the
relationship between Colpomenia abundance
and the physical and biological environ-
ment in which the plants are found. A
population of C. peregrina was monitored at
Bath Island, British Columbia. Informa-
tion was gathered on Colpomenia percent
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cover, the cover of all primary substrate
algal species in the community (non-
epiphytes) and selected environmental var-
iables. Principal components analysis was
used to help elucidate relationships in the
data set.

Materials and Methods

Details of study site and sampling methods
are presented in VANDERMEULEN and De-
WREeEDE (1986). The study site was at
Bath Island in Georgia Strait, British Co-
lumbia (49° 09’ N, 123° 40’ W). An in-
tertidal Colpomenia peregrina population was
studied on the southeast side of the island.
The shore is a large sandstone rock slab,
moderately exposed to wave action but
with strong tidal longshore currents.

The site was usually sampled at high tide
by use of SCUBA. The logistics of under-
water sampling and the length of time that
could be spent at the field site prohibited
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examination of more than three quadrats
on any one field trip. Three permanent
quadrats (1 mX1m) were established at
the field site between April and May 1979.
Ql at 1.3m, Q2 at 0.5m and Q3 at 0.3
m above Canadian Chart Datum. The
quadrats were marked on the shore with
expansion bolts secured in the substrate
(holes were made by a pneumatic drill
powered with compressed air from a SCUBA
tank). Aluminum frames strung with nylon
garden twine provided 81 or 100 coordina-
tes used to estimate the true percent cover
of C. peregrina.

At the same time as percent cover of C.
peregrina was estimated by the line intercept
method the percent cover of all primary
substrate, including algal species and bare
substrate, was also estimated. When a
Colpomenia plant was seen at a line intercept
the substrate it was growing on was re-
corded as well. In this manner the pri-
mary cover within a quadrat was calculated

to a total of 1009, and C. peregrina was con-
sidered secondary cover upon the primary
substrate. Colpomenia was the only second-
ary cover organism examined. The quad-
rats were examined approximately once a
month from April 1979 to September 1981.
Twenty nine visits were made in total (28
for Q1).

Three measures of diversity were calcul-
ated from the percent cover data from each
quadrat on each sampling day, species rich-
ness (S), the Shannon-Wiener index (H')
and equibility (J') (Pierou 1974). The
numbers obtained from the calculations
were just used to estimate the heterogeneity
of primary cover within a quadrat, not to
measure the true species diversity. The
percent cover of C. peregrina was not in-
cluded in the calculations as it was consider-
ed secondary cover. For comparative pur-
poses bare substrate was also considered a
“species” which could add to “diversity”.

The information gathered on the sub-
strates upon which individual C. peregrina
plants were growing was used to measure
substrate preference of the Colpomenia

plants. A chi-square method outlined by
Brower and ZAr (1977) was utilized to
test if Colpomenia was being selective. The
calculation required that at least two C.
peregrina plants be recorded in the quadrat
and at least two different substrates be a-
vailable in the quadrat.

Daily salinities and temperatures for sur-
face waters (0.9 m) off Entrance Island
(49° 12" N, 123° 48’ W) were obtained
from Dr. L.F. Giovanpo, Institute of
Ocean Sciences, Sidney, B.C. This was
the closest site to Bath Island where daily
sampling of surface waters occurred (ap-
prox. 9km distant). There was some
evidence that the physical characteristics
of the water at Entrance Island were very
similar to those at Bath Island due to
prevailing longshore currents (Grovanpbo
1973). Salinity and temperature data col-
lected at Bath Island were similar to the
data from Entrance Island collected on the
same day (VANDERMEULEN 1984).

Daily solar radiation and daylength
measurements for Departure Bay, Nanaimo
(49° 12" N, 123° 57" W) were obtained from
Environment Canada’s monthly radiation
summary reports (ANoNyMous 1979, 1980,
1981). This was the closest site to Bath
Island where daily pyranometer informa-
tion was recorded (approx. 22 km distant).

Daily tidal information for Silva Bay,
Gabriola Island (49°09'N, 123°42’'W)
was obtained from Canadian Tide and Cur-
rent Tables Volume 5 (ANonyMmous 1979,

Table 1. Variables used for ordinations of
environmental data.

Variable Item

s

Temperature (°C)

Salinity (%)

Solar radiation (Megajoules/m?/day)
Daylength (hours/day)

Number of days plants exposed
Number of hours of day exposure
Number of nights plants exposed
Number of hours of night exposure

O WO U N

Percent cover of Colpomenia
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1980, 1981). This was the closest “tidal
secondary port’” to Bath Island (2 km dis-
tant).

A list of variables used in the environ-
mental ordination is given in Table 1.
The information on environmental varia-
bles gathered for each Bath Island quadrat
was divided into 14 day time periods.

Each time period represented the two
weeks prior to a particular sampling day
in the field. This length of time was re-
presentative of the life span of C. peregrina
(VANDERMEULEN 1984). The average val-
ue for a particular variable was then cal-
culated for each time period at each quad-
rat. A similar method has been employed

Table 2. Variables used for ordinations of percent cover cover data.

Seasonality*
Var. Item Q*+*
Spring  Summer Fall Winter
V1 Fucus distichus ++ ++ +4++ e+t Ql
2 Bossiella orbigniana--Corallina ++++ +++ +++ +++ Q2
vancouveriensis
3 Lithothrix aspergillum ++4++ +4+++ 4+ -+ Q3
4 Rhodomela larix +Odonthalia floccosa ++ ++ + + + Q2
5 Ralfsia fungiformis+-other species +++ +++ +++ +++4+ QI
6 crustose base of Prionitis lanceolata ++++ +++ ++ ++++ Q3
7 bare sandstone substrate ++ +++ +++ + Ql(—)
++ +++ +++ +++ Q2
8 Hildenbrandia spp. ++ ++ ++ +++ Ql
9  Prionitis lanceolata + ++ + + Q3
10  Sargassum muticum + + + - Q2(+)
11 Lithothamnium (?)+ Lithothrix crust + + + + Q2(—)
12 Analipus japonicus ++ ++ + 4+ Ql
13 Ulva spp.-+ Monostroma spp. + ++ ++ + Ql
14 Botryoglossum farlowianum + + - — Q3
15  Microcladia coulteri+ M. borealis + + + — — Ql
16 Iridaca heterocarpa, I. cordata + + + + Ql(+)
+Gigartina sp.
17  Lomentaria hakodatensis + + + — Q2
18  Petrocelis franciscana ++ +4+++ + + Ql
19  Cryptosiphonia weodii + ++ — — Qi
20 Ceramium spp. + — + 4 - Q1
21 Calliarthron tuberculosum + + + + Q2
22 diatoms ++ + — - Q1
23 green crust (not identified) + — + — Ql
24 Colpomenia peregrina + — - — Ql
++ + +++ = Q2
+ + + - Q3
25 H’
26 J’
27 S
* Dates for the different seasons as defined in VANDERMEULEN and DEWREEDE (1986). (—)

not present; (+) <5% cover; (++) 5-15%; (+++) 16-30%; (++++) 31-70%.
** Seasonality data taken from this quadrat (item most common here). (+4) or (—) annual
fluctuation in cover for this item correlates (p>0.05) with Colpomenia.
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Fig. 1. General form of data matrix used.
=variable, and D=sampling day.

by Taom (1983). The form of the data
matrix produced is shown in Fig. 1.

The data matrix was analysed using prin-
cipal components analysis (PCA) on the
MIDAS statistical package (Fox and GUIRE
1976). All variables were standardized
(scaled to unit variance) where appropriate
in order to remove the effects of different
variable scales of measure. In many cases
the variables were tested for normality
using a G test (Sokar and Ronrr 1981)
prior to the standardization. The ordina-
tion methods were used to suggest relation-
ships between variables and the samples,
not to function as statistical analyses of such
relationships (JEFFErs 1978, JoHN et al.
1980, GaucH 1982).

PCA was also applied to the percent
cover data for the quadrats over the sampl-
ing period. Variables used for the ordina-
tion are shown in Table 2. Standardiza-
tions and G tests were done as for the en-
vironmental data.

Results

Almost all of the G tests showed that
the environmental variables were not sig-
nificantly different from normal. The or-
dination method used was assumed to be
robust enough to prevent the few instances
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Fig. 2. Scatter plot of a PCA of Bath Island
environmental data. Observations with greater
than 1.09, cover of C. peregrina are shaded. N=86.
O, Q1 observations; A, Q2 observations; [], Q3
observations. 50.49, of total variance accounted
for in Axis 1.

of non-normal data use from changing the
results (JoHN et al. 1980).

Fig. 2 shows the results of the PCA analy-
sis of environmental data. Axis 1 of that
scatter plot is composed almost equally of
each of the first eight variables (Table 3).
The far left of that axis represents an en-
vironment of low temperature, high salinity,
low solar radiation, short daylength, little
daytime air exposure and frequent night-
time air exposure. This was the winter-
time environment at Bath Island (Van-
DERMEULEN 1984). The summer observa-
tions are all on the right on Axis 1, an
environment of high temperature, low sali-
nity (due to the freshet of the Fraser River),
high solar radiation, long daylength, fre-
quent daytime air exposure and little night-



Table 3. Contribution of variables for Fig. 2
Refer to Table 1 for names of varia-

scatter plot.
bles.
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Variable Axis 1 Axis 2
V1 0.373 —0.007
2 —0.390 —0.109
3 0.419 —0.025
4 0.424 0.0009
5 0.333 0.387
6 0.319 0.388
7 —0.265 0.546
8 —0.264 0.546
9 —0.021 —0.301

time air exposure (VANDERMEULEN 1984).
The spring and fall observations occur be-
tween those two extremes on Axis 1.
Colpomenia is most abundant in interme-
diate positions along this axis (shaded

This means that the environmental condi-
tions in this quadrat fluctuated more over
time than in Q2 or Q3. Axis 2 is most
strongly represented by nightime air ex-
posure of the plants (V7 and V8). QI
again shows the widest range along this
axis.

About one half of the G tests of the per-
cent cover variables showed that the vari-
iables were not normally distributed, prob-
ably due to the nature of percent cover
data. Proportions are frequently not nor-
mally distributed and the many zero en-
tries in percent cover data compound that
problem. As for the environmental data
the ordination method used was assumed
to be robust enough to prevent non-normal
data from changing the results (JonN et al.
1980).

Fig. 3 shows the results of the PCA analy-

symbols). Note that of the three quadrats sis of percent cover data. Axis 1 is compos-
Q1 has the widest range along this axis. ed mainly of Fucus (0.283), Hildenbrandia
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Fig. 3. Scatter plot of a PCA of Bath Island percent cover data. N=86. Refer to

Fig. 2 for symbols.

20.5%, of total variance accounted for in Axis 1.
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Table 4. Contribution of variables used for
Fig. 3 scatter plot. See Table 2 for variable names.

Table 5. Substrate selectivity of Colpomenia

(Q1 data).

Variable Axis 1 Axis 2
V1 0.283 —0.122
2 —0.115 0.364
3 —0.357 —0.125
4 —0.253 0.269
5 0.260 —0.043
6 —0.165 —0.119
7 0.191 0.123
8 0.305 —0.079
9 —0.199 —0.183
10 —0.101 0.231
11 —0.133 0.234
12 0.260 —0.176
13 0.197 —0.051
14 —0.067 0.291
15 0.108 0.233
16 0.226 0.036
17 —0.010 0.177
18 0.104 —0.143
19 0.101 —0.010
20 0.186 0.025
21 —0.089 0.130
22 0.102 0.068
23 0.171 —0.057
24 —0.041 0.202
25 0.248 0.333
26 0.263 0.224
27 0.126 0.364

Date Chi-square value E:eg;gﬁ of
May 12 1979 50.8* 8
June 11 1979 2.7 6
March 7 1980 38.8* 9
March 29 1980 23.1%* 8
March 1 1981 51.9*% 11
March 12 1981 4.1 11

(0.305) and Lithothrix (—0.357) percent
cover (Table 4). This axis separated out
those quadrats containing Lithothrix (Q2
and Q3) on the left, while Q1 data points
are on the right as it was the only quadrat
to contain Fucus. Axis 2 represents increas-
ing Bossiella percent cover and increasing
H’ and S as one moves up the axis. Q2
separates out on the upper half of the
scatter plot because of its high Bossiella
cover and relatively high diversity values
compared to Q3. It is interesting to note
that low diversity values coupled with high
percent cover of Lithothrix (the lower left
hand corner of the scatter plot) seem to
represent a community in which Colplomenia
was not abundant. No other trend could

* p>0.05 selection of substrate.

be noted between Colpomenia abundance
(shaded symbols) and the cover values or
diversity measures used.

Table 2 indicates that some components
of the primary substratum did have an an-
nual fluctuation in percent cover that cor-
related with that for Colpomenia. Bare
substrate and Lithothamnion crust were neg-
atively correlated while Sargassum and Iri-
daea were positively correlated to Colpomenia.

The information on substrate selectivity
of Colpomenia is presented in Table 5. Only
Q1 had data which could be analysed by
the chi-square method over a number of
sampling days. It can be seen that C.
peregrina does restrict its distribution to
certain substrata types on occasion.

Discussion

Colpomenia peregrina abundance appears
to be more related to environmental con-
ditions than to the nature of its primary
substrate (the algal community in part).
PCA analysis of environmental data at
Bath Island (Fig. 2) demonstrates that C.
peregrina is most abundant when environ-
mental conditions are not extreme (fall
and spring). Plots of percent cover data
over time verify this seasonality (VANDER-
MEULEN and DEWREEDE 1986) and similar
results were found if ordinations were made
on data from individual quadrats (Van-
DERMEULEN 1984). Further evidence sup-
porting a model of environmental control
of Colpomenia abundance comes from ex-
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amining individual quadrat points in Fig.
2. Ql is seen to have had the most ex-
treme environmental fluctuations (wide
spread of points along Axis 1), predomi-
nantly due to greater exposure, while Q2
and Q3 were quite similar and less variable.
Ql also had a different seasonal percent
cover pattern of C. peregrina than the other
two quadrats (VANDERMEULEN and De-
WREEDE 1986).

The composition of primary substrate
and the abundance of other algal species
does not seem to influence Colpomenia abun-
dance. The three quadrats were different
floristically (Fig. 3). Each had a different
dominant alga, Q1 with Fucus, Q2 with
Bossiella and Q3 with Lithothrix. The di-
versity measures were different in each
quadrat as well (Fig. 3). Yet the only
relationship that could be deduced was
that low diversity quadrats with high
Lithothrix percent cover coincided with little
Colpomenia growth (Fig. 3). Correlations of
Colpomenia percent cover with primary sub-
strate cover (Table 2) do suggest some
interaction between Colpomenia and the
biological environment. For example, the
positive correlation between Sargassum a-
bundance and Colpomenia abundance in
Q2 could be considered to be due to Sar-
gassum creating a microenvironment favor-
able for Colpomenia growth. However, when
Sargassum was experimentally removed from
this area on the shore no change in Colpo-
menia abundance or seasonality occurred
(VANDERMEULEN and DeEWREEDE 1986).
The other correlations indicated in Table
2 may also have no biological basis other
than similar patterns of response to environ-
mentally variable seasonality.

The results of the chi-square tests indicate
that Colpomenia is “selective’ of its substrate
in some cases. The selectivity may be due
to recruitment on specific surfaces or to se-
lective mortality on other surfaces. No
seasonal or quadrat specific trends could
be determined and this subject does warrant
further investigation.

The hypothesis of environmental control

of Colpomenia populations generated in this
paper has been tested experimentally. Cul-
ture work has shown that the high tem-
perature and low salinities of the water at
Bath Island in the summer prevent macro-
thallus formation in Colpomenia (VANDER-
MEULEN 1986). Low water temperature in
winter also prevents macrothallus formation
(VANDERMEULEN 1986). Field experiments
have indicated that Colpomenia abundance is
not affected by overstory algal species
(VANDERMEULEN and DeWReeDE 1986).
This result underscores the lack of influ-
ence of biological factors on Colpomenia
abundance. The field and laboratory re-
sults both support the environmental con-
trol hypothesis for Colpomenia abundance in
British Columbia.
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