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ABSTRACT
LARVAL FISH SAMPLING AND POPULATION DISTRIBUTIONS
RELEVANT TO ESTIMATING POWER PLANT ENTRAINMENT IN
WESTERN LAKE ERIE
By

John Randelph MacMillan

Larval fish were sampled near the west shore of Lake Erie in 1973,
1974, and 1975. Sampling efficiencies were compared for a l-m, 571u-mesh,
plankton net, a Kenco pump, and a modified, "high-speed', Hardy, plankton
sampler. The sampling effectiveness was also evaluated for different mesh
apertures and the length of towing time. Studies of larval fish distribu-
tions included day and night assessments of vertical stratification and
the relationship between distance from shore and relative larval abundance
along a 16-km transect. Spatial distributions, abundances, and species
composition were estimated at seven stations in and around the cooling
system of an electric generating station in 1973, 1974, and 1975. The
mortality of larval fish was estimated following condenser passage in the
cooling system.

The most effective sampling technique tested was an oblique tow from
a deep position near bottom to the surface at night using a 571lu-mesh,
l-m, plankton net towed for 1-2 minutes. During the daytime, the most
effective technique tested was a combination of oblique tows with the
same net from a deep position to the surface and a 1-m, 571lu-mesh, plank-

ton net attached to a bottom sled.
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Vertical, spatial, and temporal variation was great, requiring exten-
sive sampling to identify significant differences in larval fish abundance.
However, the analysis indicated considerable differences in the relative
vulnerabilities of different species to entrainment. Freshwater drum and
clupeids appeared especially vulnerable. Estimated mortalities, following
condenser passage, were high for all species captured. Therefore, power
plant entrainment potentially has a measurable impact on adult populations
of a few particularly vulnerable species, especially if cooling water re-

quirements continue to expand.
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INTRODUCTION

Any environmental alterations affecting larval fish survival may
significantly influence the subsequent abundance of reproductively mature
fish. But, the early life history of most wild fish populations is poorly
understood. This is particularly true in the Great Lakes, where demands
on lake resources could influence the survival of young fish. Once-through
cooling at steam-electric generators uses more water than any other process
on the Great Lakes. More importantly, potential for this use could grow at
several times the rate of other resource development on the lakes. This
increasing demand for cooling water could drastically modify the ecology of
early life stages of fish in some environments. The purpose of this paper
is to present data on larval fish distributions and discuss the potential
impact of a large power-plant cooling system on larval fish survival.

Marcy (1973) concluded that virtually all larval fish died after they
passed through a cooling system on the Connecticut River. Edsall and Yocom
(1972) called attention to the potential for damage of larval fish entrain-
ment into Great Lakes power plant cooling systems. However, because data
on distributions is practically non-existent, potential damage is usually
calculated on the assumption that many important Great Lakes larval fish
are totally planktonic and concentrated close to shore.

A series of mechanistic questions follows as a consequence of the
indicated need to assess the impact of power plant entrainment on larval

fish populations. Where are larval fish located in relation to the intake?
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For how long are their movements determined mostly by currents? What currents
are they associated with over that period of vulnerability? How are the
currents determined? How many larvae pass through the cooling system? How
many die following passage? 1In short, what proportion of the larval fish

from the lake community are entrained and killed by the power plant cooling
system.

These questions were addressed in order to attain preliminary estimates
of the potential impact of intake entrainment at the Monroe Power Plant on
western Lake Erie. Several commonly used sampling techniques were compared
for sampling effectiveness. Vertical distributions were examined under day
and night conditions. Horizontal distributions were sampled in the cooling
system and the lake waters for a distance up to. 16 km from the intake. Larval
fish mortality was estimated in the cooling system. These data were then dis-
cussed in light of statistical complications, the local hydrodynamics as
reported by other investigators, and the potential impact of intake entrain-

ment on fish populations in the western basin of Lake Erie.



METHODS

Power Plant Description

The study was conducted at the Monroe Power Plant which is operated
by the Detroit Edison Company on the western shore of Lake Erie at the
mouth of the Raisin River. All four of the plant's 800-megawatt units
were completed for operation by mid-1974 with a net total capability of
3,150 megawatts. The cooling water demands for the once-through cooling
system depend on power generation and ambient water temperatures, but maxi-

3 per second. The water is obtained in

mum requirements are about 85 m
varying proportions from the Raisin River and Lake Erie. During spring
runoff the Raisin River may contribute more than 95 percent of the total
cooling water requirements while during the loﬁ flow of late summer it
contributes about 5 percent of the total. The biota of each water source
is different so the species and numbers of individuals passing through the
condenser system vary accordingly.

Water enters the cooling system through a 100-m long intake canal that
is located about 650 m upstream from the river mouth. Prior to condenser
entry, the water passes through a traveling screen with l-cm diagonal
openings. Water then enters the condenser where water velocities usually
excee& 2 m/sec and the temperature rises to 10-12 C above ambient at full

operation. But, both power generation and pumping rates have varied widely

so temperature elevations have ranged from 0 to 13 C. The highest temperature
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elevations were recorded in winter when pumping rates per unit of power
generation were reduced to supply heated effluent for a recirculation
system that is used to control ice accumulation.

The cooling system has a 27,917 m® double-flow, Type M, single-pass,
divided-surface condenser with 18,154 tubes. Each tube has an effective
length of 17.6 m and 2.54 cm outside diameter. The heated condenser water
is released into a 350-m long concrete conduit where water velocities are
about 1 m/sec at full operation. The water then passes into a rock-walled
discharge canal which averages 175 m-wide, 7 m deep in the upper end, 3 m
deep in the lower end, and is 2000 m long. At full pumping, the upper dis-
charge canal velocities average about 6 cm/sec and lower canal velocities
average about 12 cm/sec. However, the velocity is not cross-sectionally uni-
form because high velocity waters approaching 1 m/sec enter the discharge
canal from the overflow conduit and form an eddy of slower water on the
east side. This adds to the variability of organism residence times in the
discharge canal. Plum Creek drains into the discharge canal but contributes
less than 1 percent of the volume-flow through the canal.

The time of water passage through the cooling system back to Lake Erie
averages 4.5 hrs at full operation. Calculated times are 7 sec through the
condenser, 20 min through the conduit, and 4 hrs through the discharge canal.

The first plant unit began in May, 1971, and the remaining units were
started at approximately one-year intervals thereafter until completion in
May, 1974. Operation began erratically but stabilized as more units
contributed power; 94 percent of all plant shutdowns to date occurred in
1971 and 1972. Total heat loss from the condenser to the lower discharge

canal was about 10 percent of that added. After leaving the discharge canal,



the heated effluent forms a plume which may extend over 4 km from the mouth
of the canal. The largest plume measured by the Detroit Edison Company
(1976) encompassed about 760 ha to the 1.7 C isotherm. The plume position
and size depended on the pumping rate, power generation and the direc- -
tion and velocity of the wind. Heat dissipation within the plume occurred
in 1 to 2 days.

Chlorine was added to the cooling water at the intake to control growths
in the condenser; two times per day during summer and once per day during
winter. During the warm months (April-October) chlorine was added at one-
hour intervals for four hours starting at 0700 hrs and then again for four
hrs at 2030 hrs. In winter, chlorine was injected for half-hour periods
at 0700, 0900, 1100, and 1300 hrs. Forty-five kg of chlorine were added at
each application. The highest concentration of chlorine measured in the

discharge canal by the Company was 0.20 mg/liter (The Detroit Edison Com-
pany, 1976).

The Cooling Water Sources

The western basin of Lake Erie is a shallow (7.3 m mean depth), highly
turbid water body which is partially separated from the rest of Lake Erie
by the Bass Islands and Point Pelee. Beeton (1961) attributed the high
turbidity to the wind-generated resuspension of sediments, river discharges,
and plankton densities. Submarine photometric measurements made during this
study indicate that only 0.1 percent of the total mean surface light pene-
trated to the 5 m depth during spring and summer. Wind-generated mixing
usually maintains vertical homeothermy in the basin but calm spells may allow
temporary stratification for a few days (Carr et al., 1965). Water tempera-

tures are presented in Figure 1 for selected dates during the study.
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The surface area of the basin is 3,276 km® (Carr Ei.él;’ 1965) and
the shoreline is well developed by islands, peninsulas, spits, and flooded
river mouths. The spatial diversity along the shores provides many kinds
of fish spawning habitat including marshes, rocky reefs, and sand and gravel
bars. The bottom sediment near shore is composed primarily of coarse, medium,
and fine sand which grades into silt and clay in the deeper waters off shore
(Kelley and Cole, 1976).

The Detroit River annually contributes about 95 percent of the flow}
to the western basin of Lake Erie while the Maumee River, the second largest
tributary, contributes 2.5 percent. The locations of these rivers are shown
in Figure 2. The Raisin River contributes less than 0.3 percent (Ecker and
Cole, 1976). Significant numbers of larval fish may enter the study area
from each of these rivers. The combination of tributaries and prevailing
southwesterly winds generally causes the water in the southwestern corner of
the basin to circulate in a clockwise eddy (Hartley, et al., 1966). But,
pronounced day to day variations may occur because of changing winds and
tributary discharge. ‘Detroit River water predominates off shore while water
from the Maumee and Raisin River dominate the inshore areas. Mean resultant
water velocities in the lake are 1.6 to 2.0 km/dgy, but during storms fish
larvae from either the Detroit or Maumee River could reach the study area
within a day and larvae from the island region of the basin could reach the
power plant in two days. Wind velocities of 51.5 km/hr or more occur on an
average of 23 days/yr. Mean wind velocity and direction are presented in

Figure 3.



Figure 2. MAP OF THE STUDY AREA SHOWING SAMPLING STATIONS IN WESTERN LAKE
ERIE AND IN THE COOLING SYSTEM.
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The lower Raisin River, until recently, was highly polluted with muni-
cipal and industrial wastes, particularly biodegradable organics. Anoxia
was once common during the summer, but improvements in waste treatment have
partially rectified this situation. Environmental conditions remain un-

suitable for spawning by at least some fish species.

Sampling

The efficiencies of different sampling techniques were computed at
station P17 (Figure 2) in 1975. A submersible, Kenco pump, with a realized
pumping capacity of 6.9 liters/sec, was submersed at the bow of an anchored
boat to a depth of 0.25 m and run for one hour. The pump effluent was
filtered through a 571u-mesh, nylon, plankton net with a 1.8-liter, plankton
bucket. Approximately 25 m® were processed in one hour. Five replicates
were made per sampling date.

A modified, Hardy, plankton sampler (Miller, 1961) was towed initially
at 0.5 m/sec but that was decreased to about 0.2 m/sec because larval fish
extrusion was suspected from the condition of 'mutilated larvae found in the
samples. The sampler was mounted off the side of the boat and towed at a
depth of 0.25 m for 15 min. Approximately 18 m? were sampled at the reduced
speeds. Five replicates were made on each sampling date.

The larval fish rate of capture in 1-m nets of different size was com-
pared using 361, 571, 760, and 1000y mesh sizes. Five replicate samples
were taken with each mesh size. The nets were towed at 0.1 m/sec at the

surface for 3 minutes, and filtered about 90 m® of water.
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The variation in catch with length of towing time was estimated with
a 571U-mesh, plankton net. Samples of 1, 2, 3, 4, and 5 minutes were made
at the surface at station P17. An average of 33 m’/min was sampled in the
tows with no apparent variability related to towing time. Five replicate
samples were taken with each length of towing time.

Samples of surface, midwater, deep (1 to 2 m above bottom), and oblique
tows were made at station P17 with a 571u-mesh net. Oblique tows were drawn
at a constant rate from the deep position, at about the 5-m depth, to the
surface. Five, 1-min replicates (filtering about 33 m® of water) were made
for each stratum sampled. The station was similarly sampled at night with
surface, midwater, deep and oblique tows. In addition, during the day a
571u-mesh, plankton net was towed on a bottom sled for 3 min at a speed of
0.2 m/sec. Approximately 31 m® of water was sampled (estimate based upon
known speed and net area). Five replicates were collected on each date
sampled. A General Oceanics (Model 2030) digital flowmeter was suspended
in the center of all l1-m nets to measure flow through the net.

A transect perpendicular to shore was sampled to define differences
in larval fish densities at various distances from shore (Figure 2). Four
stations along the transect were sampled during the day with a 571u-mesh
net. At each of the transect stations, three replicates were collected
from the surface, three from deep water, and three with oblique tows from
deep water to the surface. About 100 m® of water were sampled during a
three-minute tow (1 m/sec). Stations P13, P14, P15 and P16, all along the
transect, were 2, 6, 11, and 16 km from shore, respectively.

Tows with 571py-mesh, 1-m nets were used during 1973, 1974, and 1975
to estimate larval fish abundance and distributions in the study area. Pre-

liminary sampling was conducted at different depths in 1973 (at stations
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Pl1, P2, P3, P4, and P5), but it indicated no consistent significant dif-
ferences among the surface, midwater, and deep samples (Nelson and Cole,

1975). Therefore, in 1974 and 1975, a 1-m, 571u-mesh, nylon, plankton

net was towed at an oblique angle through the water column at a constant

rate from a deep position to the surface for 2.5 minutes. Towing speed was
approximately 1 m/sec. A General Oceanics (Model 2030) digital flowmeter

was fitted at the center of the net opening and a 1.8-liter, plastic, plankton
bucket was attached to the codend of the net. Because of the unmixed nature
of water entering the intake, two stations were sampled in the Raisin River
channel (Figure 2). An upstream river site (P7) was located about 1 km
upstream from the plant intake and a '"downstream'" station (P6) was located

at the mouth of the river to sample lake water that was drawn up the old river
channel. An intake station (PO) abundance was calculated from concentrations
at P6 and P7, which were weighed for river and lake volume-flow contributions
to the cooling system. River discharge rates were provided by the U.S.
Geological Service and plant pumping rates were provided by the Detroit
Edison Company. Virtually all river water is drawn into the cooling system
before the balance is made up by lake water (Ecker and Cole, 1976). Samples
also were taken from the upper (P2) and lower (P3) ends of the discharge
canal, and three Lake Erie stations (P10, P11, and P12). The latter were
sampled to assess the concentration and spatial variation of lake larval
abundances.

Mortality was estimated at three stations within the immediate vicinity
of the plant. Larvae were captured with a stationary 1l-m, 571u-mesh, cone
shaped, nylon, plankton net with a General Oceanics (Model 2030) digital flow-
meter suspended at its center. A modified (bolting cloth on the inside rather

than the outside of the bucket) 582u-mesh, plankton bucket was attached to the
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codend of the net. The stationary net was set in a slow current of 0.15
to 0.25 m/sec to reduce mortality stemming from the technique and to en-
sure comparable sampling conditions. A reference station was sampled in
the intake canal at station Pl to estimate combined natural and net-caused
mortalities. The second station was located near P2 within 100 m of the
outfall from the concrete conduit in the discharge canal. Station P3 was
located 1,5000 m downstream, near the mouth of the discharge canal. Dead
or dying larvae were separated from live animals by color and mobility.
Translucent or mobile individuals were counted as alive while opaque,
immobile ones were assumed to be dead. A field observation device de-
scribed by Marcy (1971) was used to maintain the ambient and elevated
water temperatures around separation dishes while live larvae were counted.

All larvae collected were preserved in 5-percent formalin and later
counted and identified to the most specific taxa possible. Rose-bengal
dye was added to ease sorting. All samples were standardized to number
per 100 m3,

All data were tested for normality using the Shapiro-Wilk test (Gill,
in press) and homogeneous variance using Bartlet's test., A log (x + 1)
transformation was applied to all data to correct for non-normality and
variance heterogeneity. Then Bartlet's test'was-applied to' the transformed
data. Heterogeneous variance was usually indicated and a modified Scheffe's
post-data test (Gill, 1971) was applied when applicable. Tukey's multiple
range test was used to identify differences among means when departures
from homogeneity were minor. It was applied to the technique comparisons,
comparisons of stations along the transect, and the comparisons among
stations in 1975. Analysis of variance was applied to comparisons of day

and night abundances.



RESULTS

Species Composition

Out of 15 taxa captured from 1973-1975, the most abundant included

gizzard shad, Dorosoma cepedianum, and alewife, Alosa pseudoharengus (43.6

percent; hereafter referred to as 'clupeids'"); yellow perch, Perca flavescens

(25.3 percent); carp, Cyprinus carpio, goldfish, Carassius auratus, and their

hybrids (10.6 percent); white bass, Morone chrysops (7.3 percent); emerald

and spottail shiners, Notropis atherinoides and N. hudsonius (3.2 percent);

and freshwater drum, Aplodinotus grunniens (2.0 percent). The combinations

of species listed above could not be routinely separated to species as larvae.
These species accounted for 92 percent of the total catch. Yolk sac larvae
(prolarvae) represented 19.1 percent of the total catch and post larvae

represented 80.9 percent. Less abundant species are listed in Tables 1 and 2.

Comparison of Surface Sampling Techniques

The 1-m plankton net was the most effective surface sampling technique
tested in the comparison of the Kenco pump, the modified Hardy plankton sampler,
and the 571y, l-m, plankton net. Significantly (< = 0.05) more larvae were
captured by the 1-m net on most of the dates s#mpled (Appendix A-1). White
bass were captured only in the 1l-m plankton net (Table 3).

The Kenco pump was the least effective sampling technique tested.
Significantly (= = 0.05) fewer larvae of all taxa were captured (Appendix

A-1). Fish larvae were captured on June 18 and 19 only (Table 3). On these

14



15

Table 1. RELATIVE ABUNDANCES OF FISHES IN THE STUDY AREA BASED ON

TRAWL}, GILL NET2 AND TOW NET CAPTURES FROM 1970 TO 1975.

(A = abundant, over 5%; C = common 1 to 5%, S = scarce, less than 1%;

and NC = not captured).

Adults and
Species Juveniles Larvae

Gizzard shad, Dorosoma cepedianum A A3
Yellow perch, Perca flavescens A A
Emerald shiner, Notropis atherinoides A A"
Spottail shiner, Notropis hudsonius A A"
White bass, Morone chrysops A C
Goldfish, Carassius auratus A S3
Alewife, Alosa pseudoharengus A c3
Freshwater drum, Aplodinotus grunniens A C
Carp, Cyprinus carpio A c’
Channel catfish, Ictalurus punctatus C C
Common shiner, Notropis cornutus C NC
Brown bullhead, Ictalurus punctatus Cc NC
Carp-goldfish Cc 22
Trout perch, Percopsis omiscomaycus (o S
Walleye, Stizostedion vitreum C S
White crappie, Pomoxis annularis C S
Rainbow smelt, Osmerus mordax C A
Quillback carpsucker, Carpiodes cyprinus C NC
Silver chub, Hybopsis storeriana S NC
Log perch, Percina caprodes S S
Black bullhead, Ictalurus melas S NC
Pumpkinseed, Lepomis gibbosus S S
White sucker, Catostomus commersoni S S
Longnose gar, Lepisosteus osseus S NC
Bluegill, Lepomis macrochirus S S
Yellow bullhead, Ictalurus natalis S NC
Smallmouth bass, Micropterus dolomieui S S
Fathead minnow, Pimephales promelas S NC
Stone cat, Noturus flavus S NC
Northern pike, Esox lucius S NC
Rock bass, Ambloplites rupestris S NC
Chinook salmon, Oncorhynchus tschawytscha S NC

S NC

Coho salmon, Oncorhynchus kisutch

IFrom Cole (1976)
2From Cole (1976)

3Gizzard shad and alewife are difficult to separate completely
“Shiners are difficult to separate completely

5Carp and goldfish are difficult to separate completely
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dates, clupeids were the only identifiable taxa captured. About 40 percent
of the larvae captured were damaged. Of the total, 20 percent were damaged
so badly that they could not be identified or included in the statistical
analysis.

The modified, '"high-speed', Hardy, plankton sampler was most effec-
tive when larval densities at the surface were relatively high (Table 3).
This occurred only on June 18. On this date significantly (= = 0.05)
more yellow perch and clupeid larvae were captured than with the other

surface techniques (Appendix A-1).

Mesh Size and Length of Time Towed

The 363y—mesh, 1-m net usually caught more fish larvae than 1l-m nets
with larger mesh sizes (Figure 4). The 1000pu—mesh nets caught significantly
(x = 0.05) fewer larvae than the 363u or 571p-mesh nets on both dates for
which it was compared. The 760u-mesh net caught significantly (< = 0.05)
fewer larvae on only one of the two dates that it was compared. However, the
relative capture effectiveness. of the two smaller mesh sizes appeared to
depend on the species and size (age) of the larvae (Appendix A-2). Prolarval
fish were caught most effectively with the 363u-mesh net. Significantly
(= = 0.05) more smelt prolarvae were caught with the 363pu-mesh net compared
to the others on May 21. On May 20, significantly (= = 0.05) more yellow
perch postlarvae were caught with the 571y-mesh net. On June 21, signifi-
cantly (< = 0.05) more postlarval clupeids were captured using the 363u-mesh

net.
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No consistently significant (= = 0.05) or large differences were
apparent between 1, 2, 3, 4, and 5-min tows (Figure 4; Appendix A-3).
The 1, 2, and 3-min tows tended to catch slightly more fish larvae per
unit effort but on June 19, the 5-min tow caught more fish larvae per

unit effort than the others (Appendix A-4).

Vertical Distributions

Daytime Tows

Transect stations: Generally, oblique tows from deep water to surface

were as effective as the mean of stratified tows made at the surface and
deep position along the transect sampled perpendicular to shore. But, some
general species variations existed. Clupeids and smelt tended to be cap-
tured more effectively with stratified tows although they were not statis-
tically different from the oblique tows. Yellow perch and white bass tended
to be caught more efficiently with oblique tows (Figure 5). No consistent
differences in the catch effectiveness appeared between stratified and
oblique tows aloﬁg the transect, regardless of distance from shore or dif-
ferences in depth to the bottom (Appendix A-5).

Station P17: The daytime net capture efficiency at different depths
was inconsistent in time and by species but in no instances were the means
of oblique and stratified tows different (Table 4). Fish larvae appeared
to be concentrated near the bottom during the day (according to bottom sled
yield) but populations above the bottom did not exhibit any consistent
vertical distributional patterns. Significantly (= = 0.05) more yellow
perch prolarvae were captured using surface and midwater tows (Appendix A-1)

on May 21 and 23 than in deep or oblique tows, but on May 24, no yellow perch
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prolarvae were captured at the surface even though they were captured in
all othér tows. Similarly, the catches of clupeid and shiner larvae at

the three discrete depths usually were not significantly (< = 0.05) dif-
ferent from one another. Yet on exceptional dates, significantly (= = 0.05)
more clupeids were captured at the surface (June 19) and significantly fewer
shiners were captured in midwater (June 18). Much of the inconsistent.
variation that occurs in vertical distribution above the bottom appears

to be caused by day to day vertical changes in the clumped distribution

of larvae.

When the 571y,1-m,plankton net was towed on a bottom sled, it yielded
significantly (x = 0.05) more fish larvae of all important species than all
netting at other strata above the bottom (Appendix A-1). Capture rates
with the bottom sled were greatest on June 18 when clupeids and smelt
dominated the catch. On this date, over 100 times more larvae were cap-
tured with the bottom sled than with all the other tows tested. Daytime
catches of all taxa were greatest with the bottom sled. It appears that
most larvae concentrate near the bottom during the day, but any larvae
caught above that bottom concentration do not exhibit any consistent strati-

fication.

Nighttime tows

Nighttime capture rates in the water column above the bottom averaged
at least two to fhree times the daytime capture rates (excluding the bottom
sled) for all of the major taxa. The ratios ranged from 1.5:1 to 49:1.

The nighttime capture rates of yellow perch, white bass, and freshwater drum

were significantly (x = 0.05) greater than daytime capture rates on all dates
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sampled. Nighttime capture rates of clupeids, smelt, and shiners were
significantly (= = 0.05) greater than daytime capture rates on most of the
dates sampled. The mean ratios over all sampling dates of daytime to
nighttime captures were: freshwater drum, 0.07; yellow perch, 0.18; smelt,
0.20; clupeids, 0.24; white bass, 0.29; and shiners, 0.41. Although the
nighttime ratios of most larval taxa captured at each depth were not always
consistent over the whole sampling period, deep catches tended to be highest
and the surface catch lowest (Table 4). Relatively more yellow perch and
smelt were caught near the bottom at night compared to other species, while
relatively more shiners and clupeids were caught closer to the surface

(Figure 6).

Distribution in Relation to Distance from Shore

Daytime larval distribution along the 16-km transect revealed species
specific gradients. Clupeids generally were relatively abundant at near-
shore stations (Figure 7) where on June 9 and July 2, these stations yielded
significantly (« = 0.05) more larvae (Appendix A-6). Gradients were unrecog-
nizable when larval catch was relatively low. Yellow perch prolarvae were
significanfly (< = 0.05) more abundant at offshore stations as were smelt,
and, to a lesser extent, white bass and shiners (Appendix A-6). On May 22
and 23, yellow perch larvae were caught along a distinct gradient from
shore and station P16 had the greatest abundance. White bass were captufed
mostly at station P16. Freshwater drum were captured primarily on June 16.

On this date most (x = 0.05) were captured near shore at station P13.
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Distributions in the Cooling System

Seasonal

Figure 8 shows the seasonal variation in the capture of larvae of
several important taxa captured in the upper discharge canal and the intake
region. The comparative annual data from 1973 and 1974 were obtained partly
from Nelson and Cole (1975). Seasonal patterns repeatedly emerged in each
year even though there was very great temporal variation in the abundance
of larvae captured during the periods of time that they were found there.
Peak abundances of yellow perch and smelt were the first to appear in May.
followed by carp-goldfish and white bass, and finally, clupeids, shiners,
and freshwater drum. The differences in the length of time that different
species were present appeared more obvious than the time of peak abundance.
The earliest spawners tended to persist as catchable larvae for the shortest
time period, while the species that are most abundant later.in the year
were more likely to maintain catchable larvae for a longer period of time.
~Larvae of carp, white bass, and clupeids consistently appeared in the dis-
charge canal before they appeared in the intake region, indicating that
some recruitment took place in the discahrge canal. The larvae of one
rarer species, channel catfish, were almost exclusively captured in the
discharge canal and the intake region.
Spatial

The probability that recruitment of some species could be occurring
in the upper discharge canal is indicated by the annual comparison of total
larval numbers shown in Table 2. Carp-goldfish, white bass and clupeids

were captured consistently in greater numbers in the upper discharge canal
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than in the intake region. This was not apparent with the perch, shiners

or drum larvae. It also appears that larvae of most species are consis-
tantly less abundant in the lower end of the discharge canal than in the
upper end of the discharge canal. Most of the abundant taxa were relatively
common in the lake. The exception, carp-goldfish larvae, were much more
abundant in the river, like several of the rarer taxa including the ictalurids

and centrarchids (Table 2).

Variability of Results

Even though consistent annual patterns emerge in the temporal and
spatial patterns of larvae around the cooling system, great spatial varia-
tion only allows the statistical discrimination (x = 0.05) of major dif-
ferences at the intensity sampled. This variability appeared to be caused
by "patchy" distributions and strong fluctuations in recruitment during the
spawning season.

The influence of patchy variation is exhibited in Figure 9 which shows,
for important species, the dates that spatial variation was minimum and
maximum in the cooling system. Abundances tended to fluctuate at any one
particular station in ré3ponse to patches of larval fish moving through the
lake ecosystem and the cooling system. Differences in concentrations at
the three lake stations; which were all within 4 km of each other, could
exceed an order of magnitude on one date and be virtually indistinguishable
on another date.

The degree of variation determines the sampling intensity required to
differentiate concentrations in different areas at various permissable <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>