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Abstract

With the proliferation of nuclear power plants on Lake Michigan, much

concern has been expressed over the effects of plume "residence" and abnormal tem-

perature exposures on the physiology and migratory behavior of important fish

species. A mark and recapture study was conducted at the Point Beach Nuclear

Plant to describe the migratory behavior of fish at this thermal discharge.

A total of 1781 fish (7 species) were captured, tagged and released during

1972 and 1973. As of August 1, 1974, 14% of the tagged fish have been recaptured,

primarily by sport fishermen. Eighty four percent of the recaptures by fishermen

occurred at locations other than Point Beach, and the number of recaptures generally

decreased with distance. Rainbow trout tended to be the most migratory, but

individuals of each species showed extensive movements.

Experimental temperature sensitive fish tags indicated that the majority of

fish recaptured at Point Beach spent less than 10% of their time at discharge

temperature. Brown trout exhibited a stronger attraction to discharge waters than

did rainbow trout or Chinook salmon.

High percentages of recapture for most species suggest negligible mortalitites

due to plume "residence" or the tagging procedure and imply that Lake Michigan

sport fishermen are annually harvesting a substantial proportion of the fish stocks.



uucharges entering Lake Michigan from electric generating

, .sail nuclear) are popular and productive sport fishing

utv< however, there has been much concern and speculation

,,c» tmental effects on fish due to their apparent attraction to

exposure to abnormal water temperatures. This concern

of an increasing number of large nuclear power plants

• :i and a continuing desire to maintain and improve the recently

j.^3 fishery. Laboratory studies by numerous workers have

.^rred, optimum, and lethal temperatures for captive fish;

r .s known about the behavioral responses of free-swimming

• ' :;3h relative £o thermal discharges.

•-••* -• sr.d species composition of fish at the Point Beach thermal

- ; "-^ate widely with season, primarily as a result of the migrations

"- "- 'stream spawning) salmonids and alewife (Romberg et ah , 1973).

" «** 'A these fishes are in this area during their respective spawning

* J»-M .nably as a response to current and/or elevated temperature.

«> «*T t *• numerous power plant discharges on Lake Michigan also show

'.rational differences in the species and numbers of fish.

'*"> '% Sidles conducted primarily in the spring of each year, between

' ' '<*/ tho Wisconsin Department of Natural Resources (DNR) indicate

't'^my tendencies in Lake Michigan for trout species (Daly, 1968 -

'**'<" f, these studies may reflect different movement patterns than



those during the fall spawning migrations when the largest number of salmonids

are observed in and near the discharges. Limited tracking studies on displaced

coho salmon indicate that in the fall migrating fish exhibit an avoidance reaction

to a thermal plume (Robison, 1973). Unfortunately, very little information is

available on the migratory havits of species recently introduced into Lake

Michigan (coho, chinook and Atlantic salmon).

Answers to important questions such as the attractive influence of

thermal plumes, length of residence at the discharges, temperature exposures,

and effects on migratory behavior of fish are necessary before an accurate

assessment can be made of physiological effects or additive effects resulting

from numerous discharges into Lake Michigan. One approach to gaining this

information is through tag and recapture studies at power plant discharges. We

conducted such a study at the Point Beach Nuclear Plant during the fall of

1972 and 1973. Identification tags were used to determine movement patterns,

and an experimental temperature-sensitive tag was used to measure the

integrated temperature exposure of fish recaptured at the discharge.

Methods

The Point Beach Nuclear Power Plant is located on the western shore of

Lake Michigan near Two Creeks, Wisconsin. This plant has two electric

generating units of approximately 500 MWe each, which utilize separate

shoreline discharge flumes. Physical characteristics of the discharge and

resulting thermal plumes have been reported in detail (Green £t_al., 1972,

Frigo et a l . , 1973).



Fish for tagging were collected by seining (300m x 4m x 5 cm. sq, mesh)

adjacent to the discharges and by netting(dip-net and lift-net^ in the discharges.

Netted fish were promptly tagged and released back into the discharges,

while seined fish were placed in holding pens until they were tagged and

released in inshore water.

Two types of tags were used in this study: 1) a standard commercial

vinyl dart tag used for identification, and 2) a temperature sensitive dart

tag used to measure integrated temperature exposure. The temperature

sensitive tag was developed at ANL and contained thermoluminescent dosimeter

(TLD) materials (Ca SO.rMn) which were pre-irradiated and subsequently lost

light energy (faded) as a function of temperature (Romberg and Prepejchal,

1974). Fade in fish tags was translated into temperature history by comparison

with fade rates in temperature controlled laboratory baths and-field~co~ntrolrs

in ambient and discharge waters (Romberg and Prepejchal/ 1974a). Temperature

sensitive tags were also color coded to distinguish different tagging periods.

During the tagging procedure, fish were restrained in a padded trough

but were not anesthetized. Tags were attached at the base of the dorsal fin

by inserting the anchor portion between the bony fin supports. Data on

species, sex, length, weight (1973 only) and external marks or fin clips

were recorded, in addition to tag number and time of release. The entire

tagging and inspection procedure required only 10—15 seconds per fish.

The number and species of fish tagged were determined partially by

availability and also by choice of those species which are important in the



Lake Michigan sport fishery. A total of 1781 fish representing 7 species

prown trout (Salmo trutta), rainbow trout (Salmo gairdneri), lake trout

(Salvelinus namaycush), brook trout (Salvelinus fontinalis), chinook salmon

(Oncorhynchus tschawytscha), coho salmon (Oncorhynchus kisutch) and carp

(Cyprlnus carpio)! were collected, tagged, and released at Point Beach; 789

fish during 1972 and 997 fish in 1973. Except for 54 fish tagged from June

through August 1973, all others were tagged during September and October,

at the time of fall spawning migrations. Losses attributed to tagging were

estimated to be less than 1% for 1972 and even lower for 1973.

Recaptures were made by Lake Michigan sport fishermen, commercial

fishermen and by ANL and other research groups. Tagged fish (primarily

temperature-sensitive tags) were also selectively collected from the discharge

flumes by means of spears and nets by ANL personnel at weekly intervals' ~

during September and October of both years. Information posters and news

releases alerted the public to our tagging program and encouraged the return

of tags and catch information.

Results

A total of 14% of the fish tagged during 1972 and 1973 have been recovered

as of August 1/ 1974. The number of fish tagged and recaptured are reported

in Table 1. Recaptures by Argonne personnel were made only at Point Beach

and are reported separately because of the more efficient and selective sampling

methods used by us . However, recaptures by sport fishermen account for 76%

of the total tag returns. The proportion of recaptures by sport fishermen was
2

significantly greater (P<.005; X test) for 1973 tags than for 1972, primarily



due to increased rainbow trout returns in 1973. Despite an intensification

of Argonne recapture efforts at Point Beach during 1973, the proportion of

recaptures was not significantly different (P>0.1; X2 test) from that in 1972.

Combined tagging and recapture statistics for 1972 and 1973 are

summarized by species in Table 2. There were significant differences in the

proportions of each species recaptured by fishermen (P<.01; X^ test) . Brook

trout, chxnook salmon and rainbow trout had significantly higher (P<. 005; X2

test) returns than brown trout; returns from tagged brown trout were higher

(P<. 005; X test) than those from coho salmon, lake trout and carp. There was no

significant difference (P>. 05; X2 test) in the proportion of Argonne recaptures

for chinook salmon, brown trout and rainbow trout. Only one lake trout and no

carp, coho salmon or brook trout were recaptured by Argonne. For each species,

there was no significant difference (P>.25; X^ test) in the proportion of

recaptures between size classes (10 cm. groupings).

The locations at which all fish were recaptured are shown in Figure 1.

In general, the number of recaptures decreased with distance from Point Beach.

Sixty-one (66%) of the 91 recaptures at Point Beach were made by Argonne,

the remainder were caught by fishermen. Fish that migrated away from Point

Beach were taken primarily in the inshore fishery at tributaries (35%), bays

and harbor piers (28%) and other power plants (22%) rather than in the offshore

fishery (15%). The directions of movement from Point Beajh for fish recaptured

by fishermen are presented in Table 3. For all species, the majority of fish

caught by fishermen (84%) had migrated away from Point Beach. The predominant

direction of movement was north. Only brook trout and chinook salmon had more



recaptures from southerly locations.

Shoreline distances traveled by fish (both north and south) between

release and recapture are plotted as a function of elapsed time in Figures

2 , 3 , 4 and 5. Two time periods of 0—90 days and greater than 90 days are

used to distinguish fall movement trends from those at other times of the year,

and to allow comparisons with chinook salmon recaptures since no chinook

salmon were taken after this time (adults die after spawning). A simple linear

regression was fitted by least squares to the 0—90 day data for each species.

Regression equations are given in the figures.

During this period rainbow trout were the only fish which showed a

significant correlation (P<.001; t test) between distance traveled and elapsed

time. Maximum distance traveled by a rainbow trout during the first 90 days

was 270 miles (435 km) and the maximum rate of travel'wasr tOrJ'mtles/day

(16.6 km/day). Distance traveled by lake trout also appeared to have a

correlation with elapsed time slope = 1 . 7 miles/day (2.7 km/day); however,

there were too few recaptures to show statistical significance. Maximum

distance traveled by a lake trout was 95 miles (153 km) at a maximum rate

of 3.3 miles (5.3 km)/day, Regression slopes for brown trout and chinook

salmon data was not significantly different from zero; however, there were

individuals of each species which moved at rates faster than either rainbow

trout or lake trout. Furthest distance traveled by a brown trout was 90 miles

(145 km) and at a rate of 22.5 miles (36.2 km)/day. The maximum rate of

movement observed for any fish was for a chinook salmon caught on the opposite

side of Lake Michigan only three days after tagging. Even when distance
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traveled was assumed to be directly across the lake (rather than shoreline

distance), a rate of 50 miles (80.5 km)/day was calculated. While there

was no correlation between distance traveled and elapsed time for either

brown trout or chinook salmon, the mean distance traveled by chinook salmon

(44 miles = 71 km) was significantly greater (P<.005; t test) than that by

brown trout (16 miles * 25.7 km). For recaptures made at greater than 90

days, there was no significant correlation between distance traveled and

elapsed time (P<.01;ttest). The mean distance traveled by brown trout re -

captured after 90 days (148 miles = 238 km) was significantly greater (P<.001;

t test) than the mean distance traveled before 90 days (62 miles = 100 km).

The mean distance traveled by rainbow trout recaptured after 90 days (47 miles

= 76 km) was significantly less (P<.05; t test) than the mean distance traveled

by brown trout recaptured after 90 days.

Maximum time that a fish could have remained at discharge temperature

was estimated from the total fade in each TLD tag. In Figure 6 maximum discharge

residence times are plotted as a function of the total tag time. Percent lines,

show the percentage of total tag time spent at discharge temperature. These

preliminary results show that although the percent times at discharge tempera-

ture ranges from 0—100%, no fish tagged for more than 100 hours spent more

than 50% of its time at discharge temperature. In fact, the majority of the

fish spent less than 10% of the time (generally less than 50 hrs) between

release and recapture at discharge temperature. Specifically, brown trout

had the longest residence times followed by chinook salmon and rainbow trout.

However, based on percentage of total tag time, the increasing order of time



r
spent at discharge temperature was chinook salmon < rainbow trout < brown

trout. A few individuals of each species spent no appreciable time at elevated

tsmperatures (points on x axis in Figure 6).
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Discussion

The large percentage of recaptures by fishermen (total = 11% as of

August 1, 1974) suggests a substantial annual harvest of sport fishes in

Lake Michigan. Our data would seem to indicate that at least 20% of the

rainbow trout, brook trout and chinook salmon which frequented the Point

Beach area were caught within one year by sport fishermen. The recovery

rates in our tagging studies were generally higher than those experienced

by the Wisconsin DNR in similar tagging studies. Such high proportions of

recapture suggest that few mortalities resulted from plume residence or tagging.

Lower percentages of recapture "for the other tagged species are attributed to

generally lower fishing success rates for these species and possibly to higher'

natural mortality rates (this may be the case with brown trout, Daly, 1974)

It is difficult to estimate the percentage of recaptured tags which were

not returned. However, we are confident that our return rate was improved

in 1973 as a result of the addition of return instructions to the tags and increased

public notices via information posters and news releases.

General Migratory Behavior

Perhaps the most significant result of this study is that 84% of the

recaptures by fishermen were made at other locations, despite heavy fishing

pressure around the Point Beach discharges (Spigarelli and Thommes, 1974).

In fact, all recaptures at Point Beach (by ANL and fishermen) accounted for

only 35% (90/258) of the total number recaptured. These data certainly indicate

that although large numbers of trout and salmon do encounter this thermal
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discharge during their normal diel and seasonal movements, the majority of

these fishes are not permanent residents but transient visitors which migrate

to other locations. The relative attraction and plume residence times obviously

differ between individuals and species, apparently as a function of season,

migratory behavior, sexual maturity, and preferred temperature.

Based on recaptures made away from Point Beach, approximately 60%

of the tagged fish moved north . Only chinook salmon and brook trout tended

to prefer southerly locations (Table 3). Although it is impossible to determine

the stocking locations of most tagged fish (very few bore identifiable fin-

clips), we suspect that many fish were recaptured near the locations where

they were stocked, particularly those recaptured during their respective

spawning seasons. Many of the common recapture locations (e .g . , Kewaunee,

Sturgeon Bay, Algoma, Manitowoc and Sheboygan) are areas af-extensi-ve

salmonid stocking by the Wisconsin Department of Natural Resources (Wisconsin

DNR 1967—1973).

Reinbow trout

Tagging studies by the Wisconsin DNR during the spring of 1968—1970

suggest considerable random movement with no directional trends by spring

spawning rainbow trout (Daly, 1969, 1970, 1971). Our study suggests con-

siderable movement by this species, and possibly a preference for northerly

locations. However, the rainbow trout population in Lake Michigan now

consists of both spring and fall spawning fish.
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The relationship between distance traveled and elapsed time (Figure 2)

indicates that during the fall many rainbow trout move long distances while

some tended to remain in the local area. This difference, coupled with the

fact that recaptures during the following spring tended to occur at lesser distances

suggest that spring and fall spawning rainbows are exhibiting differential

migratory patterns. Since recaptures during winter and spring (90—280 days)

showed no correlation between distance traveled and elapsed time, and since

most of these fish were taken in tributaries, it is hypothesized that this group

was comprised primarily of spring spawners*

Although some rainbow trout tended to migrate long distances, it is

interesting to note that 24% of the recaptures by fishermen occurred at Point

Beach (Table 3), primarily during the fall, and shortly after tagging. However,

this trend is understandable since the sport fishing catch at Point Beach during

the fall has been predominated by rainbow trout (Spigarelli and Thommes, 1974).

Analysis of temperature sensitive (TLD) tags recovered from rainbow

trout at Point Beach show that these fish spent very little time at discharge

temperature (mean = 16.8%, range = 0—60%; n = 7). Most recaptures at Point

Beach were made by fishermen from the near-field plume rather than in the

discharge flume (byArgonne). In addition, body temperature measurements

made on rainbow trout caught from the immediate outfall area (Unit. 1) show

that few fish were equilibrated to maximum discharge temperature (Spigarelliet^al.,

1973).
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Brown trout

Recaptures of brown trout tagged at Point Beach suggest limited movements

during the fall spawning period (there was no correlation between distance

traveled and elapsed time as shown in Figure 4). However, recaptures made

after 130 days indicate substantial movements during the spring and summer,

and possibly a tendency for return to the local area in the fall. In contrast to

our results, tagging studies during 1967—1969 by the Wisconsin DNR suggested

that most adult brown trout did not migrate long distances (5—6% return). The

higher rate of return in our study (10%) may be a reflection of the increased

sport fishery in Lake Michigan since 1967 and therefore our results may be

more representative of brown trout behavior.

Although a substantial brown trout fishery occurs at the Point Beach

Plant during the spring, no tagged fish were fecapturea'at'tHIs"trme^ Only

10 tagged brown trout have been recaptured by fishermen at Point Beach,

while 66 were recaptured at other locations. On the other hand, ANL personnel

recaptured 41 fish from the discharge area by means of spears and nets. These

data lead us to believe that during the fall tagging periods brown trout tended

to remain in the local area but generally were not recaptured by fishermen at

Point Beach. Many of the recaptures during the fall (0—90 days) occurred in

tributaries and harbors, suggesting reduced feeding activity by brown trout

residing in the thermal discharge area.

Temperature sensitive tags from brown trout tend to corroborate the above

hypotheses. Eleven TLD tagged fish were recaptured and analyses of the tags
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showed that brown trout tended to remain in warm discharge water longer than

rainbow trcut or chinook salmon (mean = 20.7% of the time; range = 0—100%;

n = 11). Visual observationsandfish sampling also suggested that many brown

trout were remaining in th~ discharge flumes in an apparent attempt to move

upstream.

Lake trout

There were too few lake trout recaptures to show a significant correlation

between distance traveled and elapsed time (Figure 3). The low rate of recapture

(4%) corresponds very well to that experienced by the Wisconsin DNR. Their

studies showed periodic migrations, especially during the spawning season

(late fall). Our studies seem to indicate a general northward movement by

lake trout. Although our recapture data do not reflect any other significant

migratory trends, it is apparent from bur studies that lake trout do make periodic

movements inshore when water temperatures fall below 12° C as a result of

upwelling (Romberg et a l . , 1973).

Brook trout

Brook trout tagged by the Wisconsin DNR during 1969 were generally

recaptured at some distance from the point of release. The recapture rate in

these studies was approximately 14%. Based on the few tagged brook trout

released by us, a 33% recovery from within 98 miles (near Milwaukee) seems

to correspond to the DNR results. No brook trout were recaptured at Point

Beach.
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Chinook salmon

A large increase In the number of chinook salmon at Point Beach during

the iaii of 1973 compared to 1972 is directly correlated with the first major

fall spawning run (Age IV fish) from the first Wisconsin chinook stocking at

Algoma, Kewaunee, Manitowoc and Sheboygan in 1971. In many ways, chinook

salmon behavior seemed to parallel that of brown trout. There was no correlation

between distance traveled and elapsed time (Figure 5), nor did the majority

of these fish migrate long distances (a few did move long distances at fast

rates). Most of the recaptures were made by L'.shermen and occurred in

tributaries or harbors (25/35 = 71%) reflecting the movements of fish to

spawning areas. Of those recaptured at Point Beach, 90% (9/10) were taken

by ANL, while only one was taken by a fisherman* Those remaining in the

plume area were apparently not feeding and often were observed and recaptured

in the discharge flumes. These fish were usually oriented into the current

and often attempted to jump a screen barrier. Analyses of TLD tags from

chinook salmon showed that these fish spent the lowest percentage of time at

maximum discharge temperature (mean = 9.3%; range = 0—19,9%; n= 4).

Coho salmon

Very few coho salmon have been captured at Point Beach, either during

routine netting (Romberg and Spigarelli, 1974) or by sport fishermen (Spigarelli

and Thommes, 1974). Only one tag has been returned from a coho and no

conclusions can be made, except that this species does not seem to be

attracted to the Point Beach discharges. The small number of coho collected
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by us support the results of coho tracking studies by the University of Wisconsin

(Robinson, 1973) which indicate that coho salmon tend to avoid this warm

water discharge area during fall migrations.

Carp

It is somewhat surprising that only one tagged carp has been recaptured

and that was by a commercial fisherman in Algoma. Our sampling and observa-

tional experience at Point Beach show that carp are quite numerous in the plume

area throughout most of the year. Many carp are caught by fishermen at Point

Beach, but no recaptures have been made. It is hypothesized that carp ex-

perience poor tag retention due to difficulty in attaching the tag. Also, there

is evidence that carp made periodic movements away from Point Beach (Romberg

et a l . , 1973).

Conclusions

An important aspect of fish migratory behavior and temporary residence

at thermal discharges is the number and proximity of discharges to Lake Michigan.

Approximately 50% (128/258) of all tag recaptures were made at power plant

discharges; 91 fish were taken at Point Beach, 30 at the Kewaunee Nuclear

Power Plant (4.5 miles north) and 6 at other power plants scattered around the

lake. Although temperature sensitive tags indicated that most fish spent less

than 50 hours at maximum discharge temperature, the actual time spent at

intermediate discharge temperatures could have been substantially longer

(fade is proportional to temperature). Thus, based on our results, it is possible

that migratory salmonids spend a considerable amount of time at various thermal
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discharges during the course of normal migrations, thereby altering migration

patterns or schedules and substantially increasing their exposure to above

normal temperatures.

Whether such behavior would necessarily be detrimental to the fishes

in question is yet unknown. Discharge temperatures during the fall were

above the final preferred temperatures of salmonid species, however, there was

an abundance of these fish in the discharge flumes during this period. Tag

returns indicate that the majority of these fish do not remain for extended

periods, but continue their spawning migrations and enter streams and

rivers. The high percent of recaptures for salmonids certainly do not suggest

lethal effects due to residence in warm water areas, but indicate that sport

fishermen annually harvest a substantial proportion of the fish stocks. Also,

Since the sport fisheries at power plant discharges are often extremely pro-

ductive for salmonids, there appears to be a beneficial effect to man. The

combined temperature exposure at warm water discharges and the affect on

spawning success (fecundity and egg viability) are yet to be determined, however,

these studies indicate that most of the salmonids which encounter the Point Beach

thermal discharge continue their spawning migrations to streams and rivers.
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Tai>le 1. Comparison of recaptures for 1972 and 1973 tagged fish as of
August 1, 1974.

Year

1972

1973

TOTAL

Total
tagged

784

897

1781

Fisherman
Recaptures

64 (8%)a

133 (13%)

197 (11%)

ANL
Rs captures

22 (3%)

39 (4%)

61 (3%)

Total
Recaptures

86 (11%)

172 (17%)

258 (14%)

Percentage of total tagged



Table 2. Combined 1972 and 1973 tag and recapture data by species as of
August 1, 1974.

Species
Total
tagged

Fisherman
Recaptures

ANL Total
Recaptures Recaptures

Brown trout

Rainbow trout

Lake trout

Carp

Chinook salmon

Coho salmon

Brook trout

Total

821

404

230

173

122

19

12

1781

84 (10%)a

72 (18%)

9 (4%)

1 (1%)

26 (21%)

1 (5%)

4 (33%)

197 (11%)

41 (5%)

10 (2%)

1 (<1%)

0

9 (7%)

0

0

61 (3%)

125 (15%)

82 (20%)

10 (4%)

1(1%)

35 (29%) .

1 (5%)

'4 (33%)

258 (14%)

'Percentage of total tagged



Table 3. Locations of recapture and directional movements of tagged fish caught
by sport fishermen as of August 1, 1974.

Species

Brown trout

Rainbow trout

Chinook salmon

Lake trout

Brook trout

Coho salmon

Carp

TOTAL

Total
known

76

72

26

9

3

1

1

188

LOCATION

At P t . Beach

10 (13%)a

17 (24%)

1 (4%)

2 (22%)

0

0

0

30 (16%)

Away

66 (87%)

55 (76%)

25 (96%)

7 (78%)

3 (100%)

1 (100%)

1 (100%)

158 (8 %)

DIRECTION

North

44

33

11

6

0

1

1

96 (61%) b

MOVED

South

22

22

14

1

3

0

0

62 (39?

aPercentage of total

'Percentage of total recaptured away from Point Beach



FIGURE LEGEND

Fig. 1. Locations where tagged fish have been recaptured dvring 1972

and 1973.

Fie. 2. Plot of distance traveled vs elapsed time for rainbow trout.

Fig. 3. Plot of distance traveled vs elapsed time for lake trout.

Fig. 4. Plot of distance traveled vs_ elapsed time for brown trout.

Fig. 5. Plot of distance traveled vs_ elapsed time for chinook salmon.

Fig. 6. Plot of maximum time spent at discharge temperature vs_ total

elapsed time from tagging.
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Fig. 1. localions where tagged fish have been recaptured during 1972 and 1973.
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