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StupiEs were initiated in March 1974 to assess
attached algal growth and production in Carna-
tion Creek Experimental Watershed, Vancouver
Island, B.C. The 1974 program was the 5th con-
secutive yr of intensive prelogging data collection
on Carnation Creek, and the last year the water-
shed remained undisturbed. The overall objectives
of the Carnation Creek Project are: a) to develop
a better understanding of how undisturbed coastal
rainforest—salmonid stream ecosystems work in
order; b) to explain and quantity the impacts of
timber production activities on stream environ-
ments and their capacity to produce salmonid
fishes in sufficient detail; and ¢) to provide con-
tinuous input to the further development of
integrated resource management guidelines (Nar-
ver 1974).

Within the scope of these broad objectives was
the assessment of prelogging autotrophic stream
production including an appraisal of factors
known to influence attached algal growth and
distribution in these ecosystems.

Description of Study Area

Carnation Creek flows into Barkley Sound on the
west coast of Vancouver Island, B.C. The watershed
is in the western hemlock biogeoclimatic subzone
with a very high annual rainfall of 2.8-3.6 m (Fig.
1). Stream flow is highly variable, ranging from
.025 in summer to 39 m® s during winter freshet.
The stream supports small populations of resident
cutthroat trout (Salmo clarki) in its upper reaches,
and is accessible for only 3 km to anadromous fish,
namely chum salmon (Onchorhynchus keta), coho
salmon (O. kisutch), and steelhead trout (S. gaird-
neri). The watershed area is approximately 10 knv’,
and contains no lakes.

Methods

The extreme ranges of flow common in Carnation
Creek necessitated use of samplers capable of with-
standing considerable variation in flow velocity. Con-
crete blocks 31 X 31 X 18 c¢cm with two threaded
steel pins embedded in their upper surfaces were
constructed (Fig. 2A). Each block weighed between
45 and 50 kg. Plates of 1-cm thick plexiglass were
bolted to the pins, 5-7 c¢cm above the surface of the
block. The upper surfaces of the plexiglass plates
were roughened with fine steel wool and divided into
four 100-cm* quadrants (Fig. 2B).

Six samplers were placed in Carnation Creek in a
variety of habitats within predefined study areas
(Table 1). Two were placed in Ritherdon Creek in
an adjacent watershed that was clear-cut logged and
burned to the stream edge in 1969. Remaining
samplers (two in 1974 and four in 1975) were
placed at various tidal heights on the Carnation
Creek estuary (Table 1; Fig. 1). At each station the
sampler was embedded in gravel to a depth of about

............. Lumt of Watershed
- ® Sample Stations

|
/

Fic. 1. Southern portion of Vancouver Island
showing location of Carnation Creek, and detailed
map of Carnation Creek watershed with station loca-
tions.

18 c¢m. The corner of the block was placed perpen-
dicular to the direction of streamflow to reduce
resistance and ensure a more even flow over the
plexiglass plate.

In 1974 sampling intervals varied from 2 wk at
times of high production (good light, low flow), to
4 wk during periods of low production (high flow
and/or low light). In 1975 samples were obtained at
monthly intervals. It was initially assumed and later
verified, that time between sampling periods (3-4
wk) was of sufficient duration to enable a relatively
stable population to develop.

Sampling consisted of removing the plexiglass
plate from the block, scraping the accumulated
growth from each quadrant into a glass jar, and
immediately returning the cleaned plexiglass plate to
the block. The most efficient scraper was a clean
glass microscope slide.

The contents of one jar were filtered onto a
5.5-cm Whatman glass fiber filter. One milliliter of
saturated MgCOQO, solution was added to prevent
acidification prior to analysis. Filters were folded,
placed in aluminum weighing dishes, and frozen.
Chlorophyll was extracted using methods of Yentsch
and Menzel (1963), with minor modifications used
when algal growth was exceptionally heavy. Filters
were macerated in a tissue grinder with 10 ml of
90% acetone, and the filtrate was analyzed for
chlorophyll @ on a Cary (Model 15) recording

FiGc. 2. A,
B, Plexigla
growth.
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TABLE 1. Salient information on station locations in Carnation and Ritherdon creeks, 1974
and 1975.
Current
velocity %
Station cm:-s~?t available
no. Location Description (at low flow) light
Estuary
1 extreme edge of predominantly marine — 100
estuarine fan 10 m from creek channel
exposed on a 0.8-m tide
1A extreme edge of predominantly marine — 100
estuarine fan in creek channel
exposed on a 0.6-m tide
1B 100 m from edge brackish —A 100
of fan
2 edge of forest brackish — 65
canopy
Carnation
3 630 m pool 9 47
4 1150 m run 24 39
5 1480 m pool 11 37
6 2000 m riffle 64 42
7 2350 m run 36 36
8 4500 m pool 4 5
Ritherdon
9 riffle 56 72
10 pool 20 72

*Current flow variable, dependent on tide level.

forest canopy of 40, 39, 40, and 36%, respec-
tively. Stations on the estuary received full sun-
light, while Station 2, on the edge of the estuary
was beneath streamside vegetation and received
only 65% of available light. Both stations in
clear-cut-logged Ritherdon Creek received 72%
of total available light.

Late fall, winter, and early spring discharges
in Carnation Creek were extremely variable, with
an annual mean of 1.56 m3-s—1 (Fig. 3). Sta-
tion 1 on the estuary fan was away from any
direct current influence, but was subject to con-
siderable wave action. Flow velocity over Sta-
tions 1B and 2 was dependent upon tidal height,
but never exceeded 35 cm s—1. Velocity of flow
over samplers in Carnation ranged from 4 cm s—1
at Station 8 to 64 cm s—1 at Station 6 (Table 1).

An arbitrary classification of current velocities
into pool (0-20 em s—1), run (21-45 cm s—1),
and riffle (46-100 cm s—1) was made. Stations 3,
5, and 8 were located in pools, Station 4 and 7
in runs, and Station 6 in a riffle. Stations 9 and
10 in Ritherdon Creek were in riffle and pool,
respectively (Table 1). This classification is prob-
ably an accurate representation of conditions

during summer low-flows, but not during most
winter flows or sudden freshet periods.

Water temperature at B weir (Fig. 1) ranged
from lows of 2.0 C in January to highs of 12 C
in August in both years (Fig. 3). Diurnal stream
temperature variation did not exceed 2.5 C.
Temperatures in Ritherdon Creek ranged from
winter lows of 2.0 C to summer highs of 18 C.
Diurnal variation in Ritherdon was up to 4.0 C
in summer.

Water temperatures on the estuary were sub-
ject to greater seasonal and diurnal variation
because of tidal conditions, variable stream flow,
and more open exposure to direct sunlight.

Dominant major ions in Carnation are calcium,
sodium, bicarbonate, chloride, silicate, and sul-
fate, with only trace amounts of iron, manganese,
potassium, and magnesium (Scrivener 1975). The
extremely low total dissolved solids value in both
Carnation and Ritherdon creeks is indicative of
the oligotrophic nature of surface water dis-
charges from both watersheds (Table 2).

Nutrient concentrations in both Carnation and
Ritherdon creeks are very low, with silicate the
most abundant nutrient (Table 2). Almost all of

105
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TaBLE 3. Mean values of attached algal biomass, net production, and percentage diatoms at 10 stations in study
area in 1974 and 1975. Grand means for estuary (Stations 1, 1A, 1B, 2), Carnation Creek (Stations 3-8), and Ritherdon

Creek (Stations 9 and 10) listed below station means.

Chloro- Ash-free % of Net production
phyll a dry wt Algal cells Diatoms Algal vol Diatoms in  (ug org - em=2

Station (ug-cm~2)  (ug-cm~2) (no. - cm3) (no. - em=2) (mm?® - em=2) Total vol day™1)

1 1.73 805 2.23x 108 1.62x10° 1.53 92 30.9

1A? 3.99 635 1.25x10° 9.89x10° 0.88 90 18.8

1B® 0.46 344 2.18x 108 1.16x 10 0.54 86 10.8

2 1.26 302 3.04x10° 1.48x 108 0.96 66 10.7

3 0.19 110 1.28x 10° 2.20x 103 6.93x10°2 54 4.2

4 0.12 100 8.13x10° 1.85x10° 5.45%x10°2 70 3.9

5 0.19 144 1.01x10° 2.79%10° 6.16x 1072 52 5.5

6 0.12 38 4.55%10° 7.80x 10% 3.19x10°2 S6 1.6

7 0.21 86 9.56 x 105 2.11x10°% 7.53x10°2 52 3.5

8 0.09 43 1.10x10° 2.41x10% 6.55x 1073 68 1.6

9 0.19 98 6.55%10° 3.54%x105 2.26x 10! 78 4.0

10 0.26 138 7.34x10° 3.68x10° 9.83x1072 69 5.2

Grand means

1° 1.72 533 2.52%x10° 1.49x 108 1.18 82 17.8

i 2 0.16 87 8.02x10° 1.66x10° 4.99%x 1072 60 3.4

: 3 0.23 118 6.95%x10° 3.61x10° 1.62x107! 74 4.6
21975 only.

15

o

1.00

3.00

2.00

100

1.00+

0.50

CHLOROPHYLL a

RITHERDON CREEK
(STATION: 10)

[ CARNATION CREEK
(STATION: 5)

ESTUARY
{STATION: 1)

MONTH

F16. 4. Seasonal variation in chlorophyll ¢ concen-
tration at Stations 1, 5, and 10 in estuary, Carnation
Creek, and Ritherdon Creek, respectively.

*1, Carnation Creek estuary; 2, Carnation Creek; 3, Ritherdon Creek.

for both years was 533 ng org-cm—2, which was
over 6 times the Carnation Creek values, and
5 times the Ritherdon Creek value (Table 3).
Highest values were at Station 1 on the estuary,
and lowest at Station 8 under heavy forest canopy
(Table 3). Seasonal variation was similar to that
discussed for chlorophyll a (Fig. 4).

Diatoms were the dominant algal group by
{olume in all habitats in Carnation and Ritherdon
creeks. Achnanthes minutissima was the dominant
species at all stations except on the estuary, where
a more diverse diatom assemblage occurred, with
no single species dominant.

The most common diatoms on the estuary
were Cocconeis spp., Licmophora spp., Nitzschia
spp., Navicula spp., and Synedra tabulata. Di-
atoms occurring commonly in Carnation Creek
were Diatoma hiemale, Fragilaria sp., Eunotia
pectinalis, E. tenella, Gomphonema parvulum,
S. ulna, and Tabellaria flocculosa. Synedra ulna
and D. elongatum were more abundant in Rither-
don than in Carnation Creek. A complete species
list is presented in Table 4.

The most common nondiatom algae were
Microcystis sp. and an unidentified flagellate in
a gelatinous matrix closely resembling Chromulina
sp- Filamentous chlorophytes such as Drapar-
naldia sp., Mougeotia sp., and Ulothrix sp. were
more prevalent in Ritherdon than Carnation, at
times forming a mat covering large areas of creek

TaBLE 4. S
algae in Carn
Creek estuar

Diatoms

Achnanthes |
A. minutissin
Achnanthes s
Capartogran
Cocconeis pl
Cymbella tur
C. ventricosa
Cybella sp.
Diatoma heir
D. elongatun
Eunotia diod
E. lunaris (E
E. pectinalis
E. perpusilla
E. sudetica C
E. tenella (G
Fragilaria sp
Frustulia rho
F. rhomboide
Gomphonem,
G. lanceolat:
G. parvulum
Hannaea arc
Meridion cir
Navicula sp.
Nitzschia sp.
Nitzschia sp.
Stauroneis p.
Stauroneis s
Synedra uln
Synedra sp.
Tabellaria fe
T. flocculosa

Nondiatom

Batrachospe
Draparnaldi
Microcystis
Mougeotia s
Oscillatoria
Rhizocloniui
Spirogyra st
Ulothrix sp.
Zygnema sp
Unidentifiec

Diatoms

Achnanthes
Amphiprora
Amphora sp
Biddulpjia I
Caloneis sp.
Cocconeis p
Cocconeis s
Coscinodisc
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of D, for both
(Table 5). Stat
greater similarit
other stations in
Station 10 jn R
Stations 3, 4, an

years ranging from 16 to 22
Ons on the estuary showed a
Yy to one another than to any
Carnation or Ritherdon creeks,
itherdon was most similar to
d 5 in Carnation Creek (Table

twice the amount of chlorophyll ang organic
matter-em~2 on the nutrient-enriched trough
than on the control trough. The nitrogen and
phosphorus content in the enriched side was
always double the Carnation Creek values, and
differences in nitrate values between enriched and
control troughs showed greater variation than
did phosphate (Fig. 5A).

Discussion

If light were the major factor limiting algal
growth then removal of the forest canopy would
result in an immediate increase in production.
This has happened only to a limited extent in
Ritherdon Creek, on the adjacent clear-cut-logged
watershed, which suggests that factors other than
light may be limiting  algal growth in these
eless, the importance of light to

Values from Carnation Creek Stations 3-8 are
clustered near the ordinate and represent a low

Table 5 set up as an illustration,

LT c
Table 5. Mtrix of 1974-75 mean distance vnges D)} vaTues for Carnation ang %1 therdon creeks

Carngtion  Creek
/f Water

/'//
o)
el %
Notrents {1y | 4
\
Notnents 4] 18] Control
i l"
|

|
&= Nutnents - A U
@ =Control - 8

Header Box

l ASH-FREE
DRY WEIGHT
2 El

%" (ug-cm2)

4

CHLORO[’HYH a
12+ (pg-em?)
10+

|
084
|
0ot
i
04+

2
|
ol

BETS +

iz0
‘TD DIATOMS

iE aca VOLUME

100+ (Nox10%cm™2) B0t {mm X107 1)
| 250+
80+
| 200+
so}
| 150+
‘0+ 100+
| .
20[ 50+
0 - 0 e,
10 20 30 40 10 20 30 40
DAYS DAYS
Fic. 5. Nutrient enrichment experiment: diagram

; E, and algal volume; for both
experimental and control troughs,

light-low chlorophyl] condition. Values from the
estuary are separated from the other and repre-
sent a high light-high chlorophyll, as well as high
nutrient situation. When Ritherdon Creek values
arc plotted (Fig. 6). the relation is no longer
significant. This js because it js likely that nutri-
ents, not light, prevent

o greater growth in Rither-
4 Dy /é (X” xh); don, and produce the observed high light-Jow
— = BN h= A I
];iﬁf N \/;=. v chlorophyll condition.
ook orstance Tndex Another interesting observation was the rela-
e e e ‘“":Z’f?"::d”:r:'fm‘;ff:ffff“”" " tion between available light and contribution of
I ) tn ! . -
Py e 7 fra 7 anndaree of 3 tygrary < diatoms to total algal volume (Fig. 7). These
N - - tne 3°7 communit .
DAL e e e o data suggest that diatoms, as a group, are bgtter
0 L R R adapted to a moderate to high Tlight situation,
I i . . o
F R than to poor, diffuse light conditions under the
2 Y ! i
:/5—), 5 ; 90 . P4 . 95 ; 60 l 16 ‘A 22 f}ii’ CanOpy. . ' .
e K We consider nutrients the major factor regu-
s i + + r 1 t == ]
B R e s w lating attached algal growth in both Carnation
A R S ER ! - and Ritherdon creeks Nutrient content of both
8 ' gy 88 79 1 63 52 1 40 | so 52 | 4 ., g
‘% Too4- IR R A
ol

; In fact, all dissolved

100

[elie)

AVAILABLE LIGHT (/)
8

Fic. 6. Lir
concentratio
light penetr:
Ritherdon v

+ o -RI
®-CA
L +-CA

AVAILABLE LIGHT (/)
19,
o

Fic. 7. Lir
total algal
through the

in addition
of nutrient
it is likely
growth at
phate alone
The nut
strated the
creased ni
under norr
canopy (F
separately
cannot be
cause phos
throughout
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phorus cor
in both stre
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TaBLE 6. Comparison of chlorophyll ¢ and net production accumulation of attached algal
communities, and average nutrient content of water from a variety of habitats.

Nutrients

Chlorophyll a Net (ng atoms - liter=1)
(mg Chlorophyll production -_
Community a-m~?) (mgC-m~2-day™') (NO;)N (POL)P
Carnation Creek 1.6 20 2.5 .05
Ritherdon Creek 2.3 30 5.2 .03
Carnation Estuary 10.7 120 7.0 .70
ALSEA streams, Oregon
natural substrate 60 380-580 13.8 .41
(Hansmann 1969)
Laboratory Streams, Oregon
Light adapted 480-2010 1200-3000 4.8 .31
Shade adapted 140-1300 800-1900 4.8 31
(MclIntire and Phinney 1965)
Logan River, Utah 300-1420 2000-8000 16.1 2.08
(McConnell and Sigler 1959)
Silver Springs, Florida 2950 10000 7.4 .20

(Odum 1957)

light conditions. In ultraoligotrophic lakes, dia-
toms tend to be less numerous than small motile
chrysophytes and dinoflagellates (Schindler and
Holmgren 1971). In Carnation Creek, although
diatoms were common, there was a greater num-
ber of algae from other groups, namely chloro-
phytes and chrysophytes. In Ritherdon Creek and
on the Carnation estuary, diatoms were the dom-
inant group throughout the year. In both lenthic
and lotic aquatic habitats, poor nutrient conditions
tend to reduce the importance of diatoms relative
to other algal groups.

The composition of algal communities on the
Carnation estuary went from strictly marine
species (Station 1) to a community composed of
species known to be tolerant to brackish water
e.g. Melosira nummuloides, S. tabulata, and Suri-
rella ovata (Pomeroy 1974).

Average values of chlorophyll «, net produc-
tion, and water nutrient content from Carnation
Creek and estuary and Ritherdon Creek were
among the lowest recorded in the literature
(Table 6). In a comparative evaluation of
chlorophyll a content of attached algae from a
variety of habitats by Moss (1968) and Odum
et al. (1958), values for Carnation and Rither-
don creeks were lower than attached algal com-
munities growing on arctic sea ice (10-12
mg-m~—2) (Appolonio 1965, as cited by Moss
1968) Among the highest chlorophyll @ and pro-
duction values were from Silver Springs, Florida
(Table 6).

Values from the Alsea watershed in western
Oregon were considerably higher, likely because
of the higher nutrient content of these streams

(Table 6). The upper threshold of autotrophic
production in flowing waters occurs in tepid
springs with abundant nutrients and light, while
the lower limit occurs in the nutrient poor con-
ditions typified by Carnation and Ritherdon
creeks.

Other evidence of the oligotrophic nature of
Carnation Creek can be seen in fisheries and
stream benthos data. Juvenile coho salmon nor-
mally spend a year in the native stream prior to
seaward migration, but in Carnation Creek about
50% require 2 yr to reach sufficient size to mi-
grate (Narver and Anderson 1974). The stone-
flies Alloperla sp. and Capnia sp. have a 1-yr
life cycle in most British Columbia streams, but
in Carnation Creek have a 2-yr cycle (J. C.
Scrivener unpublished data). These observations
substantiate our conclusions on autotrophic pro-
duction and collectively provide sufficient evi-
dence to indicate that these ecosystems are
among the least productive ever studied at tem-
perate latitudes.
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