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ABSTRACT

Environmental parameters correlated with attached
algal standing crop are investigated in this
report. Three groups were recognized on the basis
of standing crop levels and seasonal standing crop
patterns. Factors which appeared to influence the
separation among the three groups were substrate
size and water temperature. Standing crop levels
among the discharge transects, intake and areas
outside the station were found to be correlated
with a combination of parameters. Standing crop
levels outside the station were inversely correlated
with wind speed but positively correlated with sub-
strate particle size"and depth. Algal standing crop
at the intake also was inversely correlated with
wind speed. Differences in standing crop levels
between the intake and areas outside the station
may have been attributed to substrate particle size.
Low standing crop level among the discharge tran-
sects may have been attributed to higher current
velocities and periodically to high water temperature.
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THE ATTACHED ALGAL COMMUNITY NEAR
PICKERING GS (II)

FACTORS INFLUENCING ALGAL STANDING CROP

1.0 INTRODUCTION

Factors appearing in the literature and believed related to
algal standing crop are numerous (Herbst 1969, Whitton 1970).
Water temperature has received considerable attention. Results
however, vary with species investigated. McNaught (1964) and
Zuraw (1969) reported that Cladophora grew best in a water
temperature range of 20° to 25°C. Kishler (1967) observed that
Cladophora growth was reduced when water temperatures exceeded
26°C. Storr and Sweeney (1971) found optimum growth at 18°C
and cessation of growth at 25°C. Bellis (1968a) reported that
Cladophora glomerata grew well at temperatures between 15°C
and 30°C. Few studies have investigated the temperature
requirements for other attached alga species. Rosmarin (1980)
suggested Ulothrix zonata flourishes in Lake Ontario over a
range of 4 to 15°C. He noted that Stigeoclonium tenue is
found in Lake Erie during the Spring between peaks of Vlothrix
and Cladophora, suggesting a temperature range of 8° to 18°C.

How substrate type or size influences algal standing crop is not
known although there is general agreement that it is a function
of substrate stability. In addition, Neil (1974) noted that
Cladophora seems to prefer fissures in rocks as opposed to flat
surfaces, suggesting a substrate texture requirement by algae.

The importance of water movement to Cladophora standing crop
levels has also been recognized by numerous authors (Neil and
Owen 1964, Mason 1965, Herbst 1969, Whitton 1970). This is
believed related to an inherent current demand by species
originally from lotic waters (Whitford and Schumacher 1961).

Little appears to be known of the light and pH requirements of
attached algae. Cladophora has been observed to prefer areas
of high light intensity and relatively hard water (pH 7.5-9.0)
(Whitton 1970, Bellis 1968b).

The effects of phosphorous and nitrogen concentrations on
Cladophora has received most of the attention. Concentrations
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of 0.3 mg/L for inorganic nitrogen and 0.03 mg/L for phosphates
are generally accepted as the critical concentrations assuming
that all other conditions remain favourable for growth
(Herbst 1969). Numerous authors generally support the belief
that there is a casual relationship between high phosphate
content and an over abundance of Claophora (whitton 1970,
Bolas and Lund 1974, Pitcairn and Hawkes 1973).

This study is the second of three reports investigating the
influence of the Pickering generating station on selected
ecological aspects of attached algae. The objective of this
report is to determine whether the environmental parameters
measured are correlated with algal standing crop and to discuss
their ecological significance.

2.0 MATERIALS AND METHODS

Study Site Description

The study area, sampling locations and algal sampling technique
have previously been described in Ontario Hydro Research Division
Report 82-101-K. Transects sampled were located between 2 km
east and 2 km west of the Pickering GS 'A' as shown below:

Transect 1 - 2 km west of the intake
Transect 2 - 1 fan west of the intake
Transect 3 - 10 m west of the discharge
Transect 4 - discharge
Transect 5 - 10 m east of the discharge
Transect 6 - 1 km east of the discharge
Transect 7 - 2 km east of the discharge

Physical-Chemical Parameters

The criteria for the selection of these parameters were:

(a) the parameter could be accurately measured under field
conditions or measured at a later date without the delay
contributing to analytical error.

(b) a range of values could be expected within the study site.

The parameters chosen were:

1. Depth. The three depths, 1, 2 and 3 m, sampled at each
shoreline position, were held constant throughout the
sampling period.

2. Temperature. Water temperature was measured at the
substrate level of each sampling location during each
sampling period with a hand held thermometer. In addition,
continuous temperature recorders (Peabody-Ryan, Model H)
were placed at the substrate level of the eight/two meter
depth sampling locations. Mean monthly water temperatures
for each sampling location were calculated from these data.
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Continuous temperature recordings at the 2 m depth of
each transect were also assumed to be representative
of the 1 m and 3 m depth, since temperatures observed
along each transact never differed by more than 1°C
during monthly sampling.

3. Illuminance. Illuminance was measured at the substrate
level using a Licor 185 Quantum Radiometer - Photometer.
Data were presented in lux. Accuracy was one per cent.

4. Substrate Composition. The spatial variation of substrate
type in the study area was mapped using SCUBA during
August 1978. Photographs were taken of a square meter of
substrate using a Nikonos 35 mm underwater camera at each
sampling location and at 10 m intervals along the 1, 2
and 3 m depth contours. Changes in the substrate
composition along each transect (between photographs) were
noted. Per cent composition of substrate type was visually
estimated by laying a grid transparency over the photo-
graph of the square meter. The transparency was sub-divided
into a 10 x 10 matrix so that the substrate composition
could objectively be expressed as a percentage. Substrate
types were defined on the basis of particle size (Table 1).
In addition, to account for seasonal changes due to
scouring and sedimentation, substrate variation at each
sampling location was visually recorded during each
collection period. If the substrate could not be
categorized visually, a sample was collected for particle
size analyses using an open mouth jar and the west sieve
method (Folk 1968) .

TABLE 1

Wentworth Scale of Particle Size
Classification (Pettijohn, 1957)
(pHi units = -Iog2 (x) where x is
particle diameter in millimeters)

Class

Boulder
Cobbles
Pebbles
Gravel
Sand
Silt
Clay

0
0
0

Size (mm)

>256
64 - 256
4 - 6 4
2 - 4

.064 - 2

.005 - 0.064

.001 - 0.005

pHi (

-8.
-6.0 •*
-2.0 -
-1.0 -9-
3.9 -9-
7.6 -+•
9.9 -9-

0
-7.0
-6.0
-2.0
-1.0
3.9
7.6
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5. Water Movement. Mean direction of offshore winds was used
as an indirect measurement of littoral water movement as
it was assumed that in the 1 - 3 m study zone water move-
ment be primarily wind generated (via wave action)
(R. Farooqui, personal communication). Exceptions were
the intake and discharge where water movement was believed
to be primarily unidirectional and dependent upon station
currents. Continuous recordings of wind direction and
velocity were obtained from Ontario Hydro Hydraulic
Studies and Development Group. Their anemometer was
positioned one kilometer east of the intake, fifty meters
from the shoreline and at a 10 m height. The probable
exposure of each shoreline to onshore winds was determined
using a compass transparency overlaid on a bathymetric
map of the study area. A monthly mean wind velocity was
calculated from the onshore winds for each location. The
three sampling locations at each shoreline position were
assumed to have similar exposures.

6. Nutrient levels and pH. Monthly water samples were
collected by opening a glass jar using SCUBA at the sub-
strate level of each sampling location. Closed jars were
returned to the surface where pH was determined using a
Corning model-7 pH meter. Samples were delivered to the
Ministry of the Environment, Rexdale Laboratory the same
day. Samples were analyzed for total phosphorous, soluble
reactive phosphorous and total nitrogen. All analyses
were performed by the Ministry according to Outline of
Analytical Methods, (1975). Concentrations were reported
as mg/Li

Data Analysis

In Ontario Hydro Research Division Report 82-101-K, it was
observed that based on both standing crop levels and seasonal
standing crop, the samples collected could be divided into
three groups, intake, discharge transects and transects east
and west of the station. To identify which of the physical
variables measured best separated the three groups, a multiple
discriminant analysis was carried out using the following
variables; substrate particle size, bottom temperature and mean
wind velocity. If successful, the analysis should provide
ecologically interpretable information which could be used to
understand what limiting factors operated between the three groups.

The multiple regression analysis was used to identify the
variables which were most clearly correlated to the within group
growth (or standing crop) patterns observed. The variables used
in the analysis were; mean wind speed (km/h), depth (m),
temperature (°C) and mean particle size (<)>)•

3.0 RESULTS

Substrate Composition and Particle Size Analysis

The per cent composition of the bottom substrate components
found in the study area is shown in Figure 1. Components were
classified according to Hynes (1972).
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Clay and Sand
(0. 064mm) (0. 064-2m\

Cravel and Pebbles
(2- 16mm) (TS-64mm)

Cobbles and Boulders
(64- 256mm) ( > 256mm)

Per_Composition
76- 100%
0-25%

FICURE 1

MAP SHOWING THE PRESENT COMPOSITION OF THE SUBSTRATE IN
THE VICINITY OF PICKERING 'A1 NCS, DURING AUGUST 1978.

THE PERCENT COMPOSITION OF EACH OF TK€ MAJOR COMPONENTS
ARE SHOWN SEPARATELY --,

"06/2 ID



The annual mean particle size from sieve analysis for all
locations is presented in Table 2. The mean particle size
ranged from 2.29 to (-7.73<t>) • The larger values (>-3.0) were
generally found at the discharge, intake and locations east
of the intake. The lowest mean particle size was recorded
in the area situated two kilometers west of the intake.

Substrate particle sizes varied seasonally at transects east
and west of the station due to sand deposition and scouring.
Variability of the substrate composition at these transects,
as might be expected, was low. Particle size determinations
ranged between sand (3.0 to -1.0<j>) and cobble (-6.0 to 8.0$).
Cobbles were found at these sites through the Spring and
Summer. Sand generally appeared during the fall and winter.
The exception was transect 1 where sand dominated throughout
the year.

At intake and discharge locations, similar particle sizes were
generally observed throughout the year. However, at the three
sampling locations situated 10 m west of the discharge, particle
sizes fluctuated between sand and cobble. Substrate size at
this site varied throughout the year with no apparent pattern.

Wind Velocity

Mean surface wind speed and direction for four three-month
periods are summarized in Figure 2. The susceptibility to
prevailing winds of each sampling site is also shown.

June-August

Winds during this period were evenly distributed both in terms
of occurrence and direction. The greatest wind velocity was
generally off-siore (WNW-NW) and probably had little or no effect
on any of the sites. Of the on-shore winds, those from S-SSW
were the most frequent and had the greatest velocity (17-22.9
km/h). Only discharge transects 4 and 5 were protected from
exposure to these winds.

September-November

Winds during this period were again evenly distributed both in
terms of occurrence and direction. Off-shore winds were
predominantly from the north with an average velocity of 18.0
km/h. On-shore winds were predominantly WSW-SW with an
average velocity of 19 km/h. Discharge transects and trans-
ects situated west of the station (1 and 2) were most exposed
to these winds.

- 6 - 82-103



00

O

TABLE 2

The annual mean particle alJie (t) + S.D. at each
sampling location between June 197? - Hay 1979
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FICURE 2

SUMMARY OF MEAN SURFACE WIND SPEED AND DIRECTION FOR
FOUR THREE-MONTH PERIODS DEFINED BY NUMBER OF OCCURRENCES
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December-February

Winds during this period ranged from WSW to NNW, with an
average velocity greater than 22.7 km/h. The WNW and NNW
winds are generally off-shore and therefore would have minimal
influence on any of the sites. At this time the study site
was exposed to on-shore winds from the WSW only.

March-May

Winds during this period were predominantly off-shore, origina-
ting from the WNW to the east. The infrequent on-shore winds
were predominantly WSW to SSW in origin with an average
velocity greater than 22.7 km/h. Generally, only transects
west of the station (1 and 2) and station transects would be
affected by these winds. Transects east of the intake (7, 8)
were exposed to high velocity and frequent winds originating
from ENE to east.

Water Temperature

Discharge transects (4, 5) were the warmest, averaging 6-7°C
higher than the two transects situated east and west of the
station (Figure 3). An exception was discharge transect 3
which averaged only 1-3°C higher. Seasonally, water temp-
eratures at discharge transects 4 and 5 peaked in September
(28.6°C and 30.0°C respectively). Coldest temperatures (15.5°C)
at these transects were recorded during January. Temperatures
at discharge transect 3 were approximately 5°C and 3°C less
than the other discharge transects during these months.

Annual average temperatures recorded at the two transects
situated east and west (1, 2, 7, 8) of the station were
similar (11.5°C). Transects west of the station (1 and 2)
averaged 3.0°C warmer during the summer months than the two
eastern transects (7 and 8), but were generally cooler during
the rest of the year.

Water temperature at the intake transect averaged 9.8°C for
the entire year. This site was warmest during August (19.9°C)
and coldest during February (1.5°C).

Additional Physical/Chemical Measurements

Monthly measurements of light, pH, phosphorous and nitrogen are
present in Appendix 1. Measurements were used only to determine
whether major differences between transects existed and any
point source Is) of enrichment.

Parameters Related to Differences in
Standing Crop Patterns

The discriminant analysis indicated that among the three groups,
the first two functions accounted 93% of the variability (Table
3). Both functions were heavily influenced by substrate particle
size and water temperature. The distribution of location groups
in a reduced environmental space defined by substrate size and
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TABLE 3

The Scaled Discriminant Function Coefficients giving the
Relative Discriminatory Power of each Variable for each of
the Two Functions.

Function

Environmental Variables 1 2

Substrate Particle Size (<f>) 0.79 1.00

Bottom Temperatures (°C) 1.00 -0.65

Mean Wind Velocity (km/h) -0.15 -0.66x10"l

Per cent of trace 47.3 46.1
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water temperature are shown in Figure 4. The optimum temperature
as well as the temperature at which Cladophora ceases to grow, as
reported by Storr and Sweeney (1971), is also indicated on the
graph.

At the intake, substrate size remained constant whereas water
temperature ranged between 7 and 10°C. Among the discharge
transects, substrate ranged between pebbles and boulder and 14
and 24.5°C in water temperature. Substrate at the east and
west transects where algae was observed varied between boulder
and gravel and 7 and 19°C in water temperature.

Environmental Parameters Correlated with
Algal Standing Crop Within Each Group

Results of the analyses for the discharge, intake and areas east
and west of the station are respectively shown in Tables 4,5
and 6. Standing crop levels among the discharge transects were
not correlated with any of the parameters entered. The
regression levels at the intake were negatively correlated
only with exposure to wind. This parameter, however, only
accounted for 19% of the variability. Algal standing crop at
transects east and west of the station were also negatively
correlated with wind velocity (km/h) but positively correlated
with substrate particle size (<f>) and depth (m). Together these
parameters accounted for 52% of the variability observed.

4.0 DISCUSSION

Parameters generally reported to govern standing crop levels
have been phosphorous and water temperature. During this
investigation the concentration of phosphorous measured
monthly was not significantly different among sampling loca-
tions (F = 0.647,92, p 70.05) and therefore probably accounted
for little of the variability in the standing crop levels
observed. Water temperature also failed to explain any of the
variability in algal standing crop. Most of the variability
observed, at least at intake and east and west of the generat-
ing station, was explained by an indirect estimation of water
movement, wind velocity. The lack of significance of wind
velocity among the discharge transects may have been due to
the influence of the discharge channel's water velocity and
direction which probably reduced the influence of wind by
creating a standing wave in which the horizontal momentum of
the wave is minimized.

In a riverine environment, such as found in the discharge and
intake channel. Homer and Welch (1981) suggested that two
offsetting mechanisms important to algal productivity were:

1. increase in water velocity increases algal productivity by
improving nutrient availability,

2. increase in water velocity increases the frictional shear
force tending to tear algal material from the substrate.
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TABLE 4

Summary of Steps of the Multiple Regression for Transects
situated East and West of Intake (1,2,7,8) when the Chlorophyll
"a1 to Phaeophytin Ratio is Greater than One. Dependent
Variable is Algal Standing Crop (fcn Ash Free Dry Weight/m*)

VARIABLE

Mean Wind Velocity(km/h)0.8869
Substrate Particle
Size (<t>)
Depth (m)
Bottom Temperature (°C)

STANDARD
ERROR OF
ESTIMATE

0.8869

0.7981
0.7272
0.7404

COEFFICIENT
OF MULT
CORRELATION

0.4954

0.6398
0.7256
0.7257

COEFFICIENT
OF
DETERMINATION

0.2455

0.4094
0.5265
0.5267

CHANGE IN
COEFFICIENT
DETERMINATION

0.2455

0.1639
0.1171
0.0002

SIGNIFICANCE
LEVEL

0.004

0.008
0.014
0.924

NUMBER OF
VARIABLES IN
THE EQUATION

2

3
4
5

TABLE 5

Summary of Steps of the Multiple Regression for Discharge
Transects (3,4,5) when the Chlorophyll 'a' to Phaeophytin
Ratio is Greater than One. Dependent Variable is Algal
Standing Crop (Hn Ash Free Dry Weight/m2)

«j>

5

VARIABLE

Mean Wind Velocity(km/h) 1.0152
Bottom Temperature (°C)
Substrate Particle
Size (<f>)

Depth (m)

STANDARD
ERROR OF
ESTIMATE

1.0152
0.9913

0.9917
1.0000

COEFFICIENT
OF MULT
CORRELATION

0.2384
0.3458

0.3708
0.3770

COEFFICIENT
OF
DETERMINATION

0.0568
0.1196

0.1375
0.1421

CHANGE IN
COEFFICIENT
DETERMINATION

0.0568
0.0627

0.0179
0.0046

SIGNIFICANCE
LEVEL

0.096
0.074

0.333
0.625

NUMBER OF
VARIABLES IN
THE EQUATION

2
3

4
5



TABLE 6

Summary of Steps of the Multiple Regression for the Intake
Transect (6) when the Chlorophyll 'a1 to Phaeophytin Ratio
is Greater than One. Dependent Variable is Algal Standing
Crop (ftn Ash Free Dry Weight/m2)

VARIABLE

Mean Wind Velocity
<km/h)

Depth (m)

Bottom Temperature

STANDARD
ERROR OF
ESTIMATE

1.0324

1.0058

1.0081

COEFFICIENT
OF MULT
CORRELATION

0.4434

0.5217

0.5510

COEFFICIENT
OF
DETERMINATION

0.1966

0.2722

0.3036

CHANGE IN NUMBER OF
COEFFICIENT SIGNIFICANCE VARIABLES IN
DETERMINATION LEVE THE EQUATION

0.1966

0.0756

0.0314

0.030

0.154

0.353

O



The first of these mechanisms would have contributed to the
present attached algae in a growth phase throughout the year
(Ontario Hydro Research Division Report 82-101-K). The
increase flow (0.6 to 0.9 m/s, Ontario Hydro Design and
Development Report 80072) however, would offset the beneficial
influence of nutrient availability by cropping any increase
in algal standing crop from the channel, it might be expected
that these factors would result in attached algae in a growth
phase but at a consistent but low standing crop level, as was
observed. At the intake, the beneficial influence of nutrient
availability did not appear to be offset by frictional shear
force since standing crop levels were at least 10 times greater
than the discharge transects. This might indicate that the
reduced water velocity at the intake (0.3 to 0.6 m/s) (Arajs,
1980) was below the threshold of algal scouring.

At transects east and west of the station, wind velocity also
accounted for some of variability in algal standing crop (-25%).
Its influence on attached algae may have been more indirect
than among the station transects by precipitating shifts in
substrate composition as indicated by the correlation between
wind and substrate. Disturbance of substrate in these areas
may have required frequent recolonization resulting in the low
algal standing crop observed.

As might be anticipated, separation among the three location
groups was best explained by water temperature and substrate
size (Table 3). Differences in these two parameters among
the three location groups may also have accounted for differences
in the algal standing crop. At the discharge periodic high
water temperature approaching 25°C which is considered to be
limiting to growth for Cladophora (Storr and Sweeney 1971) may
have periodically inhibited algal growth and therefore would
also explain the lower algal standing crop observed there than
elsewhere in the study area. Both the intake and transects
situated east and west of the station experienced temperatures
well below 25°C. Transects outside the station, however, did
experience wide fluctuations in substrate composition which
may have limited standing crop levels by again requiring the
algae to frequently recolonize.

5.0 CONCLUSIONS

1. Separation among the three location groups (intake, dis-
charge and east and west of the station) were primarily
the result of substrate particle size and water temperature.

2. The factors which seemed to govern yearly standing crop
appeared to be location specific. Algal standing crop at
the intake was only correlated with mean wind speed.
Standing crop levels outside the station appeared to be
governed by depth, available substrate and water disturbance.
Algal standing crop among the discharge transects were not
correlated with any of the measured parameters.
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3. The low standing crop level among the discharge transects
may have been attributed to higher current velocities and
periodically to high water temperatures.

4. High standing crops present in the intake may have
resulted from the presence of suitable substrates and
a moderate current flow.

Approved: Submitted:

C.H. Clark S.R. McKinley
Manager Dnit Head - Biological Services
Chemical Research Dept and Resource Unit

Biological Research Section

SRM:rdm
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