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| ABSTRACT 

It took three years following the construction of new sewage treatment 

facilities for a wild brown trout (Salmo trutta Linnaeus) population to recover 

its former numbers after being nearly destroyed by organic pollution. Four years 

after pollution abatement wild brown trout exceeded their prepollution stock 

levels, and both production and numerical density of trout continued to rise 

until the completion of the study in 1973. The highest annual production and 

highest biomass of wild brown trout in the study area was 39.6 g/m2 and 

458 kg/ha (409 Ibs/acre), respectively, in a 713-meter section in the center of 

the former zone of pollution during 1972-73. Before the fish kill in July, 1963, 

biomass of wild brown trout in April, 1963 was 219 kg/ha (195 Ibs/acre) in this 

section. The highest annual production of wild brown and domesticated brook, 

brown and rainbow trout combined was 47.2 g/m2 during 1961-62 in a 1,513- 

meter section of the former zone of pollution. 

There were significant inverse relationships between numerical density of 

trout and the average length of wild brown trout in September, 1972. Numerical 

density of age 0 wild brown trout alone accounted for 77 percent of the 

variability in the average length of this age group in September, 1972. When the 

number of older wild brown trout was added, an additional 15 percent of the 

variability in average length of age 0 wild brown trout was accounted for.
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INTRODUCTION | | 

at 264 to 368 mg/! (White 1964). 
During base flow, the volume of water 
entering the upper limits of the study 
area, at station 95, is approximately 

Research on trout and their Black discharged into Black Earth Creek 0.11 cms (5 cfs). At station 15 the 
Earth Creek environment began in from the sewage plant, depressing dis- volume has increased to 0.34 cms (12 
1954 and continued, except during solved oxygen levels below the toler- cfs) and below station 16, the flow 
1957 and part of 1958, to 1973. ance of resident fishes. Fish_kills con- rises to approximately 0.48 cms (17 
Restoration and protection of non- _ tinued during late summer in the zone cfs) with little increase to the lower 
woody vegetation in the channel and of pollution until 1968 when the station 19 (White 1964). Ground 
banks, and the removal of a head- incoming organic wastes received water is discharged at intervals along 
waters millpond in 1956 were major primary and secondary treatment in a the 8.2 km study area, holding water 
efforts which improved Black Earth new and higher capacity sewage treat- temperatures at moderate levels 
Creek for trout (Ensign 1955a: Snow ment plant. The wild brown trout throughout the year. Ice cover is 
and Brynildson 1957; White and showed their resiliency in 1969-1972 absent or intermittent during winter, 
Brynildson 1957; and Brynildson and responded by producing the while during summer, water tempera- 

1966). Before 1956, the 8.2 km (5.1 _ largest number of September young _ tures rarely exceed 70°F (21°C). 
mile) study area contained approxi- ever recorded in the study area of Nonwoody vegetation is lush on the 
mately 80 to 160 spawning brown Black Earth Creek. banks, with water cress (Nasturtium 
trout which produced 340 to 390 Our principal objectives were to officinale) and water buttercup 
September young (Brynildson 1955, determine the extent and severity of © (Ranunculus longirostris) the domi- 
1956a, 1956b). By September, 1942 the trout mortality following dissolved jyant instream plants (Fig. 2). 
the study area of Black Earth Creek oxygen depletion in Black Earth Creek Although more than 19 km (nearly 12 

contained a well-balanced population |§ during summer, and to document the miles) of Black Earth Creek contains 
of wild brown trout, with an estimated progress made by the wild brown trout —_—wijd and stocked trout, only the upper 
stock of 522 spawning trout and 1,781 to repopulate the former zone of 8.7 km is prime trout water and here 
September young. pollution after the new sewage plant the trout populations were regularly 

On 27 July 1963, most of the trout, | began operating. and intensively studied. 
sculpins (Cottus bairdi Girard), and Black Earth Creek drains 12.0 km Lying in the center of this 8.2 km 

| white suckers (Catostomus commer- (4.6 mile2) of rich farmland (Fig. 1). — section is the 3.4 km zone that was 
soni [Lacepede]) were killed ina 3.4 | Ground water discharge into Black first polluted by organic waste in the 
km (2.1 mile) portion of the creek,as Earth Creek is of the calcium- summer of 1963 (Fig. 1). In this 
heavy loads of primary domestic | magnesium bicarbonate type and the _ report, this zone will be referred to as 
effluent plus creamery wastes were carbonate hardness has been measured __ the “zone of pollution”’. 
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FIGURE I. The 8.2 kilometers of study 
area in Black Earth Creek, 

2 | | Stations 19 through 95.
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FIGURE 2. Black Earth Creek between 
Stations 5 and 4 was one of the sections 

suffering a severe fish-kill in July, 1963. 
Water cress and water buttercup are the 
common plants in most of the stream. 

DETERMINATION OF TROUT percent of the original numbers cap- DETERMINATION OF TROUT 

DISTRIBUTION AND DENSITY _ tured, marked and released during the = PRODUCTION 
first run of the electrofishing units. All 
trout captured during the first run . . . 

Estimates of the trout stocks inthe were measured to the nearest tenth of Production as used here is defined 

8.2 km study area on upper Black an inch (0.254 cm) and weighed in as the growth in weight by all trout in 
Earth Creek were made in April and grams. On the second run, all trout the population during a period of 

September since 1954. The mark and were measured but only the unmarked time, including growth by trout that 

recapture method was employed, trout were weighed. For future identi- died during the period. Production was 

making two runs with 230 V de fication, selected fins were removed on calculated as the product of the 

electric shockers. Details on procedure trout before stocking and on age 0 average standing stock in weight and 

and efficiency of the electrofishing wild trout in September and age I wild th instantaneous rate of growth of 

gear were discussed in McFadden trout in April during the two electro- the trout. Instantaneous rate of 

(1961), Hunt et al. (1962) and White _ fishing runs. growth is the logarithmic rate of in- 

(1964). Stations varied in length from No estimates of the white sucker crease in weight of a fish during a 

162 to 610 m. Estimates of trout populations were made since 1962. period of time. 

stocks within the study area were Two estimates of the sculpin popula- The number of age 0 wild brown 

made by stations or by combining the tions were made since 1965 within the trout at time of emergence from the 

electrofishing catch of trout fromtwo zone of pollution, but these estimates redds in February was calculated from 
or more stations. were not reliable because the catch of the estimated egg production by the 

Recapture values on trout 15 to 43 marked sculpins on the second run was parent trout as determined for female 

cm in total length were 60 to 90 inadequate. brown trout in New Zealand (Allen 3



1951). The average percentage (80%) given period of time. Because maximum sag in dissolved 
of fry emerging was based on observed oxygen occurred at station 7 during 
success, over several years, of eggs WATER ANALYSES the monitoring in 1963-67, a Weston 
developing to sac-fry within redds in and Stack dissolved oxygen analyzer 
Black Earth Creek. Average weight of Dissolved oxygen was determined with a strip chart recorder was in- 
individual fry at emergence (0.1 g) was during the summer of 1963-67 at stalled at that station during 1968-70 
taken from scatter diagrams of Bagenal various locations above and below the to record dissolved oxygen levels. 
(1969). Production of stocked sewage outfall. The Winkler method Water for chemical analyses was col- 

| domesticated rainbow trout was cal- | and a Weston and Stack dissolved lected each season of the year at 
culated from date of stocking to a oxygen analyzer were employed. stations 13, 3 and 96 during 1967-71. 

RESULTS AND DISCUSSION 

TROUT | . 
400 © AGE O 

' ' i i eetatatetetatetetatatetetatatetetetatatetstatetatetel 6 AGE I Distribution and Density S2ONE OF POLLUTION 5 ACEH 
, weledeteletelaecedecetnceteseteaererestnsstaratetatee @ AGE 0 and OLDER 

As a result of removing the mill- SESE @ AGE Iland OLDER 
pond at station 97 in 1956 and pro- 200 SEE 
tecting the streambank from livestock, SESE 28 SEP-8 OCT I959 
lush nonwoody plants flourished on an 
the banks and in-the stream, narrowing 0 Tenn 
the stream’s channel and increasing 400 Sg 
water velocity. This resulted in a On SEE 
scouring of the silt off the gravel to > 7 SEE ge | 

. . 200 srenettetetatetate Me tetetatatateteM etatatetetete v 

- expand spawning grounds below, into ° SOR ” | 
and above the old millpond. The trout oo I ie \8-27 SEP 1960 
responded well to the habitat altera- 0 gee N, 
tion and by September, 1962 the Se 
stock of wild brown trout of all ages F 400 6 1S 
was well distributed in the 8.2 km fe SEES SSeS Q 
study area (Fig. 3). Relative number of 1 SE 
trout in each age group was also better © 200 7 y 
balanced in 1962 when compared with On yg gS A 7 

the two preceding Septembers in 1959 2 | gp eg A oie SEP I962 
and 1960. By April, 1963 there were = 0 ? nnn 
approximately 2,800 creelable wild 400 SEE 
brown trout age I and older in the 2 EEE 
study area a month before the trout [SEE 
fishing season in May. Important to 200 SEES ae 
the burgeoning stock of wild brown r es \ - -8 APR 1963 
trout in Black Earth Creek was the n SEE Ky ~~ " 

increasing numbers of trout over one 0 —_— See _— : 
year of age (mature) in the future zone : ESS 
of pollution. These trout would have 400 ueenuaunicactiaoeans 
spawned in November, 1963 had they guess a 
not been killed by organic pollution in Q RISES gy 

July, 1963. 200 . ee 
In mid-September, 1963 the QS ges A 12-19 SEP 1963 

number of mature wild brown trout peg RR aS 

between stations 12 and 5 was reduced 08 oT BB eb Se 198 9695 
drastically from the number present in ree 
April, 1963, after dissolved oxygen STATIONS UPSTREAM __ 

levels in July, 1963 dropped as low as 

1 ppm (Fig. 11 Append.). By Septem- FIGURE 3. Distribution of wild brown trout 
ber, 1967 and April and September, in 8.2 km of upper Black Earth Creek 

4 1968, after successive but less drastic during selected periods.



summer fish kills, the population of | 0 trout were scarce in that section of present in the former zone of pollu- 

wild brown trout was further reduced _—_ stream (Fig. 4). tion in September, 1971 were still 

in the zone of pollution from station Since 1969 the population of wild there during the latter part of April, 

12 up to station 3 (Fig. 4). During brown trout in the former zone of 1972 (Fig. 5). By that time, the 

mid-April, 1969 wild brown trout age pollution and in the rest of the study population of wild brown trout in the 

I and older (age 0 trout were too small area increased (Fig. 5). Even the rela- | study area was well represented in age 

to catch consistently by electrofishing) tively low number of wild breeders groups, as it was in September, 1962 

were present in the former zone of (174 age II and older) in September, and April, 1963, (Fig. 3) shortly 

pollution in higher numbers than at 1969 produced a large year class, of before the fish kill in July, 1963. The | 

any period of electrofishing since | which 3,001 were estimated to be in wild brown trout stock increased in 

September, 1963. By late September, the 8.2 km study area (with a good the former zone of pollution from 

1969 there were nearly as many wild representation in the former zone of | approximately 1,700 creelable (TL 

brown trout of age I in the former pollution) during September, 1970. 152 cm [6 inches]) trout in April, 
zone of pollution as there were in The brood stock had increased to 366 1963 to 2,100 in April, 1972. 
April, 1969, indicating a high survival by September, 1970 and produced Among those creelable trout in 

rate. Moreover, wild brown trout ageO 3,168 September young in 1971, April, 1972 were brood fish from a 

(7 months) were present in the former many of which, along with older trout, potential spawning stock of 567 which 

zone of pollution in relatively large | were resident in the former zone of — were present in the study area Septem- 

numbers during September, 1969 in pollution. Moreover, most of the 1971 ber, 1971. This stock produced a 

contrast to September, 1968 when age _—year class (now age I) and older trout record-breaking crop of September 

young of 4,239 in 1972, many of 

which were resident in the former 
zone of pollution. The potential 

400 ZONE OF POLLUTION © AGEO spawning stock (age II and older) of 
TT idee . & AGE I . ; 
See: 0 AGE I wild brown trout was estimated to be 

: See @ AGE Tl and OLDER 1,122 fish after the trout fishing 
200 | [EERE @ AGE Ill and OLDER season closed in mid-September, 1972. 

Se 3-16 SEP i967 | The highest number present in the 
EEE study area (approximately 600 were in 

0 O00 innit niinceseocsss the former zone of pollution) since the 

200 AE SEEEEE 7 trout population studies began in 

CSE 1954. A small number of trout in the 

| oS : 4-10 APR 1968 spawning stock were migrants from 
O SA sseiectlsseeliners below the study area, trout that never 

“SS were fin-clipped in the past as trout in 

600 “Ses the study area were during electro- 

P “Hannes fishing operations. 

SEs Because the best spawning grounds 

: 5 400 | OTEREESEEIIREREEEEEEESENES : and the most redds were above station — — 

fe suueniecuaaceeeeane. , 99, many trout age 0 that were resi- 

L500 unahaiaaiecuiecian dent in the former zone of pollution in 
© Ep September, 1969-72, may have 
a {SESE See ~ 1-13. SEP 1968 hatched above station 99, but due to 

5 0 SS a oe high densities of young trout above 

CIT EEICCS SESS station 99, moved downstream into 

400 uuhuaianaiouenae more sparsely occupied areas. In 
ESS November, 1955 stations 6-1 (Fig. 1) 

p “Sanne contained only 1 redd, whereas 9 

200 | SEs A redds were present above station 99, 

SY te apriseg | and yet the density of age O wild 
aa. SRR tne aoe n - brown trout in stations 6-1 was nearly 

0 eee ee double the density above station 99 in 

400 “IEEE Senses: Q September, 1956. 
r Se The added stress caused by the 

EEE REP | release of large stocks of age I domesti- 

200 SEER . cated brown trout above station 99 in 

eee S April, 1956 may have triggered the 
[A es Pp. 22-25 SEP 1969 downstream migration of the young 

0 Lg Ope wild brown trout (Brynildson 1957b). 

IS 17 4 Res 1 9B 96 95 However, migration downstream by 

ee ATIONS UPSTREAM young wild brown trout must 

rd generally occur before mid-July. Of 

—_——— 196 age 0 wild brown trout marked 13 
FIGURE 4. Distribution of wild brown trout July 1962 in stations 98-96, only 2 of 

in 8.2 km of upper Black Earth Creek during these trout were found in September, 5 

selected periods. 1962 below stations 98-96 (1.6 and



6.4 km below) while 79 percent were 
still resident in stations 98-96 400 sedetellatellelelelateleleleteleleteloteeteteletes | 
(Brynildson 1963). During the inter- ZONE OF -POLLATION: , 
mittent pollution of Black Earth Creek EEE 
from stations 3-14 during 1964-67, 200 WHEREIS " 
migrant young wild brown trout were =e: ~ pg 13-I7 APR 1970 

- probably killed or failed to establish : oR __£ | | 
residence in the zone of pollution (Fig. 0 ~ eee 

4) because of low dissolved oxygen es 
levels during early mid-summer morn- Se 
ings throughout that zone. In 1968, Se eee 
the migrant young wild brown trout Seo 
probably could not tolerate the high SSeS 
chlorine levels (2 to 3 times recom- 800 Suan See oe aoa 
mended levels) in the effluent from JCS "1 O AGED 

. . ee ee ene eee es 0 @ AGE I and OLDER 
the new sewage plant during April, - SERIES SSS @ AGE I and OLDER 

1968. Moreover, the stock levels of age | 3 0 a eas 
O and older wild brown trout were all F Sc nnnaoeeiceneeiioc 
low in stations 12-3 in September, 5 SaoSe eens: | 

1968 when dissolved oxygen levels | a 400 ee 
were relatively high during early | ee 
August (Figs. 13 and 14, Append.). > CER 

In addition to pollution, trout in 200 Ohana Neapnleic 
Black Earth Creek were periodically eee wo A 14-18 SEP 1970 
subjected to the ravages of late winter Ta gg yo 
floods that scoured the streambed and 0 I 
wrought havoc with the trout eggs and unuuigunnnuanna 

sac-‘fry nestled in the gravel (Brynild- See eee eee 
son 1956b, 1957a; White 1961, 1964). seat uuu 
Flood damage to trout redds have SHES | 

been reported by other investigators 400 GE 
(Allen 1951; McFadden and Cooper P opcnainiaes Seeer 
1962; Elwood and Waters 1969; eae oe: 
Seegrist and Gard 1972). In Black 200 fein ainecommge yo 

| Earth Creek, the 1959 and 1967 year 4 YEE iiioyennnse n | 
classes of wild brown trout were ee ee A [3-17 SEP 1971 

: drastically reduced (Figs. 3 and 4) in O seepep chron | 
numbers by late winter floods. The I9 17 4S ees 1 9B 96 95 | 
near loss of the 1967 year class to late “STATIONS UPSTREAM 
winter floods did not, however, 

dampen the upsurge of the year classes FIGURE 5. Distribution of wild brown trout in 8.2 km 
in 1969-72 (Figs. 4 and 5) because 
there were adequate numbers of 
potential brood trout hatched in 1966 
and 1968 to produce strong year 
classes up to 1972. of wild brown trout (Brynildson 1960; only small, isolated gravel beds for 

An example of how a strong year White 1964; Dunst 1970). spawning. | 

class can emerge, even with a small Some of the wild brown trout now 
number of brood trout, occurred in resident in the former zone of pollu- Production and Growth 
1960. In September, 1959 only 61 tion probably hatched there. As evi- 
wild brown trout (42 females and 29 dence that trout are utilizing the sec- Production of trout per square 
males) age II and older were present in tion between stations 6-4 as a spawn- meter of stream surface in relation to 

| the 8.2-km study area (Fig. 3). In ing area, 25 active redds (as many as _— number of trout per 100 square meters 
November, 1959 these brood trout, found in the entire 8.2 km study area (0.01 ha [0.025 acre]) of stream 
and possibly a few additional from in 1959) were counted in that stretch surface is presented in Figures 6 and 7. 
below the study area, constructed 25 of stream 6 November 1972. However, Production of wild brown trout in the 
redds, the third lowest (18) recorded none were found from stations 3 to 1. 8.2 km study area increased with an 
up to that period (White 1961). From The highest previous number recorded increase in numerical density of trout. 
the 25 redds, 2,307 September young in this section of stream was 14 in Numerical density had a greater influ- 
were in the study area in 1960, nearly November, 1960 (White 1964). With ence on production of wild brook 
six times more than ever recorded an increase in brood trout in the trout in Lawrence Creek than did 
since the studies began in 1954. In- former zone of pollution, spawning in variation in growth rates in different 
creased ground water discharge in that zone should expand even though sections (Hunt 1966). Chapman 
1959-60 is probably the main factor in most of the former zone of pollution (1965) concluded that variations in 

6 the high survival of the 1960 year class has a bottom of rubble and silt with survivorship of coho salmon in streams



stocked in mid-June, 1961 at 4 

600 CIA iets le months of age (Brynildson et al. 1966) 
ZONE OF POLLUTION and before being exposed to angling, 
SSS ag produced 25.1 g/m? of trout flesh in 

400 CEE os stations 8-6 from date of stocking to 

SoS mid-April, 1962. Production (13.5 
CSREES =, g/m2) by these rainbow trout during 

200 SIE a eee n the colder months from mid- 
Oceania igen” a 17-25 APR 1972 September, 1961 to mid-April, 1962 

« Be was also high (Table 1), and rivaled 

° Pooeeanennnnnnnnanes annual production of trout in most 
Eee areas of the world. 

ee © ace 0 As the wild brown trout stock 
800 SR O AGE I recovered and gained in numbers in 

SEU 0 AGE 0 _ the former zone of pollution during | 
b : fe ee © AGE Mont OLDER | 1970-72 (Fig. 5) so did the trout 
© 600 Eee > : production. The annual production of 

E (ee wild brown trout in 1971-72 (Fig. 7), 

os of EN however, was higher in the former 

© 400 SIs zone of pollution than in 1961-62 

a y See oop: 4 (Fig. 6) before the fish kill occurred in 

2 aan AN July, 1963. 
200 VEER pai ee The annual production of wild 

5, SS we Z-~ , brown trout in the heart of the former 

LE 18-25 SEP I972 | zone of pollution (stations 8-6) 
O Se reached 39.6 g/m during the period 

See April, 1972-73 (Fig. 7 and Table 1), 
600 SSS SS boosting the weight of the wild brown 

JESS Soom trout stock-to 357 and 458 kg/ha (318 
ene and 409 Ibs/acre) in September, 1972 ) 

400 onan CERES a | and April, 1973, respectively. The | 
peta p a highest previous biomass of wild 

oo brown trout before the July, 1963 fish 

200 r 1 SEEN kill through stations 8-6 was 217 kg/ha 

aN (194 Ibs/acre) in April, 1963. 
|) ee 25-30 APR 1973 The annual production of wild 

oi eager . brown trout (39.6 g/m?) in stations 
| 19 7 ESO ees 198 9695 = | 8-6 washigher than the highest annual 

STATIONS UPSTREAM ___ production of 25.8 g/m2 and 32 g/m2 
recorded for wild brook trout in any 

of upper Black Earth Creek during selected periods. section of Lawrence Creek and Max- 
well Springs, Wisconsin, respectively, 

) (Robert Hunt and Robert Carline, 
pers. comm.) or the 7-year range of 
12.0-14.0 g/m2 published for Lawrence 

has a strong impact on production. the next September. Thus, a signifi- Creek (Hunt 1966, 1971), the 30.0 

These observations are supported by cant amount of production was tied g/m2 in Big Spring Creek, Penn- 

| the similar production:biomass (P:B) up in gain and loss of sexual products sylvania (Cooper and Scherer 1967), 

ratios in the fertile stations 8-3 andthe during late summer and late fall, re- and 6.2 g/m2 in Valley Creek, Minne- 

less fertile station 95 of Black Earth spectively. sota (Elwood and Waters 1969) and 

Creek (Table 1). Although the average Production of wild brown and 2-12 g/m2 of brown trout in small 

instantaneous growth rate of wild domesticated (domestic) rainbow streams in England (LeCren, 1969). 

brown trout from April, 1972 to trout in 1961 and 1962 (before the | However, a combination of stocked 

April, 1973 was 1.14 and 1.02 in fish kill in July, 1963) was high in the domesticated brook, brown and rain- 

stations 8-3 and 95, respectively, the | upper zone of pollution (stations 8-3) bow trout plus wild brown trout had 

relatively higher numerical density of | where numerical density of trout was the highest annual production calcu- 

wild trout in station 95 (Table 1) high (Fig. 6 and Table 1). This indi- lated to date in Black Earth Creek 

sustained the uniform P:B ratios found cates that limited amounts of domestic when 47.2 g/m2 of trout flesh were 

in stations 8 to 3. sewage effluent, low in BOD, could produced in stations 8-3 during the 

Generally, the wild brown trout in have a beneficial influence on trout period from April 1962 to April 1963 
the study area of Black Earth Creek growth, especially in infertile trout (Table 1). Even these high trout pro- 

older than age II weighed less on an streams of northern Wisconsin where duction figures fall short of the annual 

average in April than they did the numerical density of trout are often average production of 54 g/m2 in the 

previous September. However, weight relatively high. For example, a group Horokiwi of New Zealand (Allen 

lost would be more than regained by of 10,000 rainbow trout (5-8 cm) 1951). ]



TABLE 1. Numerical density, biomass and production of domesticated and wild trout in selected | 
sections of Black Earth Creek 

ee 
Stations Avg. No. Average 
Along Trout Trout Production Biomass 
Stream Groups Periods of Production Per 100m2 (grams perm2) (grams perm2) P:Bl 

8- (713m) Brown* 

Rainbow* Sep 1961-Sep 1962 14.0 28.0 12.2 2.3:1 
8-6 (713m) Brown — Sep 1961-Apr 1962 7.8 4.1 11.1 0.4:1 

Sep 1961-Sep 1962 7.4 12.8 11.4 11:1 
8-6 (713m) Rainbow** Jun 1961-Apr 1962 26.9 25.1 8.7 2.9:1 

Sep 1961-Apr 1962 17.0 13.5 8.5 1.6:1 
8-6 (713m) Brown Sep 1971-Apr 1972 15.4 11.1 19.4 0.6:1 

Sep 1971-Sep 1972 16.1 31.9 24.7 1.3:1 | | 
Brown Apr 1972-Apr 1973 17.1 39.5 35.3 1.1:1 

Sep 1972-Apr 1973 17.9 | 19.0 40.8 0.5:1 

8-3 (1,513m) Brown 

Brown* 

Brook* 
Rainbow* Apr 1962-Apr 1963 40.2 47.2 38.0 .  1.2:1 

5-3(800m) —_ Brown Sep 1961-Sep 1962 10.9 16.8 12.6 1.3:1 
Brown Sep 1971-Sep 1972 13.9 29.3 19.7 1.5:1 
Brown Apr 1972-Apr 1973 14.7 33.3 27.3 1.2:1 

: Sep 1972-Apr 1973 16.1 12.1 31.2 0.4:1 
95 (499m) Brown Sep 1961-Sep 1962 2.0 2.3 3.9 0.6:1 

Brown Sep 1971-Apr 1972 17.3 8.3 18.2 0.4:1 
| Sep 1971-Sep 1972 21.6 25.0 17.8 1.4:1 

Brown Apr 1972-Apr 1973 22.9 25.6 21.6 1.2:1 
Sep 1972-Apr 1973 25.8 8.9 19.6 0.4:1 

*Stocked domesticated trout. 
**Domesticated winter-hatched rainbow trout (5 to 8 cm) stocked 12 June 1961 at age 0. 

1 Production:biomass. 

It appears that numerical density of 20 oaths: WILD BROWN TROUT [ 20 
| wild brown trout in Black Earth Creek — NUMBER OF FROUE SoS 19-25 SEP I96I- 3-7 APR 1962 

has not reached a high where further >>> PRODUC TIORI-OF TROUT: 050050005 
increase in numbers of wild brown 0 SEES Saat 10 
trout would slow production of. trout ea | 
flesh. LeCren (1972) reported that Le 0 
increased population density increases 20 Hanae 20 trout production to a point until a a7 apRige2-Io4 SEP i962 maximum is reached which is then SRE: 
maintained regardless of further in- Io Seneca Ky i 
crease in numerical density. “. oe OO “ 

Even though the stock of wild 8 pore an nnn He ocean SD o 
brown trout by 1971-72 had increased s 0 Te - 0 * 
in the study area above the level of 3 20 ee WILD BROWN TROUT [20 3 April, 1963, the average total lengths F Suga I9-25 SEP 1961-12-14 SEP 1962 - 
of the year classes were similar at 5 Seema ote n u. | 
different stations of the study area in ts lo EE SS lO z | 
April, 1963 and 1972 (Fig. 8, = SE EN \ 6 
Append.). However, competition from = 6 SR ooaoCSENSRCCCRREES 0 8 
the large stocks of age 0 domesticated Couuuuuaugdddadiagdadas i 
brown and rainbow trout released 30 SURES = DOMESTICATED RAINBOW TROUT [ 30 
(10,000 stocked) in the study area in SESSSca yoo I2 JUN I96I—3-9 APR 1962 
June (Brynildson et al. 1966) 20 canneries cco 20 

. sate ag we erele rele ferelelete weretet eters apparently slowed the growth in See RE 
length of the 1962 year class of wild NN 
brown trout during the summer 10 SESS SSS i AMS 1 
between stations 14 and 6 (Fig. 9, [0 ESSE ESS 
Append.). This decrease in average we SSS SSS 

length of the 1962 year class was 8 MES Ss | oe 0 os ° apparent by April, 1963 when com- ee “STATIONS UPSTREAM 
pared with the average length of age I — 
wild brown trout in April, 1972 from ZONE OF POLLUTION 

8 Station 12 upstream to station 95 (Fig. FIGURE 6. Production of wild brown and domesticated rainbow trout 
in 5.2 km of upper Black Earth Creek during selected periods.



: | 8, Append.) where an additional 3,000 
| domesticated brook trout age O were 

30 — NUMBER OF: FROMT scsuct 14-18 SEP I9S70-13-I7 SEP 1971 [30 stocked in September, 1962 (Mason et 

sr teins al. 1967). Also evident was the inverse 
20 “HRS 20 relationship of numerical density of 

ema we a | age O wild brown trout and their 

Sanaa Sage iy ™ average length between stations 98 and 
10 SSE 10 95 in both September, 1963 and 1972 , 

| Sasa Ne (Fig. 9, Append.). Experiments with 
Oe ee fry or brown trout (LeCren 1962; 

0 peppnopnonoanonsasnonaas 0 Backiel and LeCren 1967), rainbow 
20 /SaESEEEI . 20 trout and coho salmon (Fraser 1969) 

Wma showed that growth was negatively 
SEES ws correlated with numerical density of 

é ° mm 0 § fry. | 

<4 POE S37 gep 1g 71-17-25 APR 1972 - There were negative correlations 
B 0 on 02 _ between numerical density of various 

° (SEES, fe groups of trout and the average length 
F 20 SSS eee 20 us of age O and I wild brown trout in the 

~ 7s I z | _ study area of Black Earth Creek (Figs. 
& 10 OST PEN 0 5 10-11 and Table 2, Append.). The 
= Yo As 2 highest correlation coefficient (1 = 

a | sonsssnse/ (UES 17-25 APR 1972-18-25 SEP 1972 ° -0.956), significant at the 0.01 level, 
O ee o * was between density of wild brown 

—sirseptsn—w-es ser ore trout of all ages and average length of 
SESS age 0 wild brown trout (Fig. 10, 

30 O00 ESEEESEINHIIESo Secs SO Append.). The lowest correlation co- 

1 EER Sos: wee efficient (r = -0.660), not significant at 
20 es a 20 the 0.05 level, was between density of | 

Ef wild brown trout of all ages plus 

oa ee domestic brook, brown and rainbow 
| 10 TS Ie) trout age I, and the average length of 

eof EEE ics age I wild brown trout (Table 2). 
ol < ee | ° Numerical density of age 0 wild 

SES brown trout alone accounted for 77 

30 Ee ESSE 18.26 SEP 1972-25-30 APR 1973 [ 30 percent of the variability in the aver- 
EEE age length of age O wild brown trout in 

a Po ESESESESSNSSEESSSSS | {|__| September, 1972. When the density of — a 
| 20 soon SSA 20 age I and older wild brown trout in 

ES September, 1972 was added, an addi- 
0 EEN, _ 0 tional 15 percent of the variability in 

PBN “1 average length of age 0 wild brown 
. TE > trout in September, 1972 was ac- 
8 ot+—— ener o § counted for. However, correlation 

ES B | between numerical density of 
1 ISS ESSE fr domestic brook, brown and rainbow 

| L 40 JOSE Se 17-25 APR 1972-25-30 APR 1973 [ 40 4 trout plus wild brown trout age I, and 
° SSS z average length of wild brown trout age 
Wi 30 Seco 30 * I in April, 1963 was not significant at 

= SESS - 3 the 0.05 probability level (Table 2) 
= ee cee cc when growth vs. density in the entire 

0 ee 20° study area was examined. This may be 
Ee f due to the inherent differences in 

0 foe Ne” 0 growth of trout in different sections of 

woe GLE Black Earth Creek. 
ge SSS The greatest biomass of domesti- 

O vege O cated trout in April, 1963 was 259 
IS 17 Se Be 1 98 96 95 kg/ha (231 lIbs/acre) within stations 

STATIONS UPSTREAM ___ 8-6. In numbers, there were 17.1 
ZONE OF POLLUTION domesticated trout per 100 m2 com- 

, peting with wild brown trout at a 
density of 9.6 per 100 m? a total of 
26.7 trout per 100 m2 (1 ,080/acre). In 

contrast, the density of domesticated 
FIGURE 7. Production of wild brown trout and wild trout in stations 8-6 during 9 
in 8.2 km of upper Black Earth Creek during 
selected periods.



| 400 Lec enc ce cece ee | 

| April, 1972 was 0.4 and 15.6 per 100 | ' Egg APRIL 1988 

| - m+, respectively. Because of suspected Siege gos | 

| competition with the younger wild Sua | 
| brown trout for food and survival, 2 Un @ Ace m1 and OLDER 
! domesticated trout are no_ longer | SE & AGE 0 

stocked in Black Earth Creek above 300 Soren igS , ace I 

| station 18. SEES 

| WATER ANALYSES jouiieuncuniaa sae 

Concentrations of dissolved oxygen 200 Sonia eal ua a 
in the water were variable at different SEE 

stations of the study area, especially oumonaniuuuennnnieann 
before the new sewage plant began E Tg Oc: 

operations in 1968 (Fig. 12, Append.). s sciumeniununieuniutn 
After 1967 the dissolved oxygen was = ae a ca ea 
relatively stable and adequate for trout 2 100 eennnnnnnnnnnenen 

within the study area. These dissolved = 400 eee APRIL 1972 
oxygen determinations were made fg (HEISEI 

from approximately midnight to 2 SAREE RRR RRR 
dawn, during a time when dissolved Oe 
oxygen generally sags to its lowest SEES, 
level during the 24-hour day. “IESE Sein 

At station 7, dissolved oxygen levels | 3 peer Om 
dropped to as low as 1.4 ppm during Fen 
the early hours of 30 July 1963 (Fig. Sg 
14, Append.), the lowest recorded in CEE 
the study area. This reading was ob- sooniaaueaauaauauaeen 
taind three days after the heavy fish 200 SSS 

kill 27 July 1963. The early morning WSS 
dissolved oxygen levels did not im- 
prové at station 7 (1.2 km [0.9 miles] | SEeonuociigauusomigs O77“ Ng | 
below the sewage outfall) during SEE : 
summer until after the new sewage OSS | 

plant began operating in 1968, after CO de® 198 9695 | 
which dissolved oxygen levels during ATION UPSTREAM 
the summer did not sag below 4 ppm 
up to 30 June, 1971 (Fig. 13, ZONE OF POLLUTION 

Append.). | FIGURE 8. Average length of wild brown trout in 

Up to the time the new sewage | various sections of the upper 8.2 km of 

plant began operating, the range of Black Earth Creek, April 1963 and 1972. 
ammonia nitrogen and organic nitro- 
gen at station 3 was 0.2-2.6 ppm and 
0.0-2.9 ppm, respectively. After the 
new plant was in operation these 
ranges were 0.1-0.4 ppm ammonia 

nitrogen and 0.2-4.0 ppm _ organic 

nitrogen. The range of nitrate nitrogen 

at station 3 was (0.14 km [450 ft] | 

below the sewage outfall) ranged from 
0.5-2.8 ppm, before the new plant 
began operating and 0.7-2.4 ppm after 
the new plant began operating. At 
station 96 above the sewage outfall, 

the range of ammonia, and organic 
nitrogen was 0.0-0.1 ppm and 0.1-0.3 
ppm, respectively, and these ranges 

have held through 1971 as has the 
range of the nitrate nitrogen from 0.3 

to 2.4 ppm. 
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7 FIGURE 9. Average total length of wild brown trout — a re | OO oe 

age 0 and the numerical density of wild brown 
and domesticated rainbow trout age 0 in 8.2 km of 
upper Black Earth Creek in September, 1962 and 1972. 

TABLE 2. Correlations between numerical density of various 
: groups of trout and the average length of wild brown trout age 

0 and Iin Black Earth Creek 

Average Length of Age 0 Degrees of Coefficent of 
Date vs. Densities of: Freedom _ Correlation (r) 

Sep 72 Wild brown (age 0) 11 -0.879** 
Sep 72 Wild brown (all ages) 11 -0.956** 
Sep 62 Wild brown and domestic 6 -0.832* 

rainbow (age 0) 

) Sep 62 Domestic rainbow (age 0) 6 -~0.757* 

Sep 62 ‘Wild brown of all ages plus 6 -0.835 ** 
domestic rainbow (age 0) | 

Average Length of Age I 
vs. Densities of: 

Apr 63 Wild brown and domestic brook, 6 -0.698 
brown and rainbow (age I) 

Apr 63 ~=— Wild brown of all ages plus 6 -0.660 
domestic brook, brown and rain- 
bow (age I) 

*Significant at 0.05 level. 11 
**Significant at 0.01 level.
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density of wild brown trout to average length 
of age 0 wild brown trout in 8.2 km of upper 

Black Earth Creek, 18-25 September 1971. 
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FIGURE 12. Concentration of dissolved oxygen at | | 
various stations on Black Earth Creek from 
2330 to 0300 hours on given dates before 
a new sewage plant was installed. 
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FIGURE 13. Concentration of dissolved oxygen at 
various stations on Black Earth Creek from 
0200 to 0530 hours on given dates after ; 
a new sewage plant began operating.
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| FIGURE 14. Concentration of dissolved oxygen at 
| Station 7 in Black Earth Creek during different 

periods of the day before (1963-67) and after (1968-71) 
installation of a new sewage plant. 

A wild brown trout population in pollution than above the sewage out- followed by expanded trout produc- 
Black Earth Creek that suffered high fall. Such diluted effluent when tion. The domesticated trout formerly 
mortality because of organic pollution stripped of high biochemical demand released in the former zone of pollu- 
in 1963, regained its original density could increase fertility of the water tion are currently being replaced by 
three years after a new sewage plant and, hence, increase production of wild brown trout. The domesticated 
began operating in April, 1968. After trout in infertile sand bottom streams _ trout not only competed for food with 
four years the wild brown trout had of Wisconsin. wild trout, causing slower growth in 

increased in numbers and weight above Production of wild brown trout in the young wild trout, but probably 
the levels of 1963 before the trout kill. the former zone of pollution has not displaced the young wild trout result- 

The relatively low levels of fertility as yet reached its potential, and con- _ ing in lower surival of the wild young. 
from the effluent sustained higher tinued increase in the wild brown 

14 trout production in the former zone of trout stock in that zone should be
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