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ABSTRACT 

Abundance, growth and food of yellow perch (Perea 

flavescens) were studied from 1974-1976 to evaluate the 

effects of a tertiary wastewater treatment plant which 

began operation in 1973 on eutrophic Shagawa Lake, Ely, 

Minnesota. Trawl, seines and gill nets were used in 

sampling. No conclusive results were obtained to relate 

tertiary wastewater treatment to changes observed in 

abundance, growth and food of yellow perch in Shagawa 

Lake. 
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INTRODUCTION 

Shagawa Lake (964 ha.) receives the sewage effluent 

from Ely, Minnesota (population 5000 in 1977). In 1973, an 

experimental tertiary wastewater treatment plant was put 

into operation by the U.S. Environmental Protection Agency 

(EPA) to control eutrophication in Shagawa Lake and to 

study the processes by which culturally enriched lakes may 

be returned to a more rnesotrophic condition. The plant was 

tested from January-March, 1973, and in April, 1973, it 

commenced operation to remove more than 99% of the phos-

phorus from all municipal wastewater effluent (Schults, 

et al., 1976; Dunst, et al., 1974). Schults, et al. (1976) 

estimated that the treatment would reduce total phosphorus 

loading to the lake by 70-80%. 

I studied abundance, growth and food of yellow perch 

(Perea flavescens) to determine the effects of the tertiary 

wastewater treatment plant. My study was part of a 

larger investigation to describe changes in the fish corn-

munity of Shagawa Lake (Swenson, 1974; EPA Grant R-803673). 

The hydraulic residence time (lake water volume 

replacement time) in Shagawa Lake is 0.65 year (Schults, 

et al., 1976). Therefore, in 1974-1976, the period of 

this study, the lake should have been reversing its 

trophic condition and becoming more mesotrophic (Schults, 
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et al., 1976). However, internal cycling of nutrients has 

reduced the speed of recovery, and Shagawa Lake reached its 

lowest eutrophic condition during 1974 (Corvallis Environ-

mental Research Laboratory, 1977). 

Description of the Lake 

Shagawa Lake, 964 ha., has mean and maximum depths 

of 6.2 m and 14.7 m (Larsen and Malueg, 1976; Figure 1). 

Lake volume is 59.5 million 3 m. The Burntside River on 

the western end of Shagawa Lake is the major tributary, and 

provides approximately 70% of the yearly inflow from oligo-

trophic Burntside Lake (Larsen and Malueg, 1976). The 

Shagawa River is the only outlet and is located on the 

western end of the lake. The tertiary wastewater treatme~t 

plant is located midway along the southern shore. 

A survey in 1937 indicated that the substrate was 

70% muck, 29% sand, and 1% submerged rock outcroppings 

(Moyle, 1957). Numerous small rocky islands occur through-

out the lake basin. 
------ ~~--~-------~------------~-----~-~ 

Surface temperatures generally reached 22°C in sum-

mer during this study, and bottom temperatures reached 

20°C (Table 1). The lake is dimictic, stratifying at 3-6 m 

during summer (Bradbury and Megard, 1972; Larsen and 

Malueg, 1976). The thermocline is subject to breakdown 

by cold fronts and strong winds (Schults, et al., 1976). 

Anaerobic conditions occurred in deep areas during summer 

stratification (Table 1) and late winter under ice cover 
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Sampling Effort 

Slalions .. Seine Trawl 
'1Fs+m~~~,6~1-m Hauls 

Gill Net 
Sets 

Trawling Depth 
Range 

lml 

Temperature °C 
and 

Oxygen jppm)b 
Surface Bottom 

----------------------·- ----------------j------------------------------------

June !i, 6 l,Jl,III,A,B,D,E, 
I, 3 4 

.July 12 ll,ljl,B,O,E,l,2, l 
AU<J. 211 22 II,lll,B,E,4,5 2 
s .. pl . ;!0 II,III,E,O 2 

1~.1~ 
M<.ty 29, :10 II,IU,IV,A,E,F 2 2 
,Juuu 10-12 11, Jll,IV,C,E,l. 2 
,June :n, 28 Jl,IJl,lV,V!,A,E 2 
.luly I I, 12 ll,III,lV,Vl,C,E 2 
.July 2!1-.H U,UI,IV,VI,1 
Aucj. 20, 21 II,lll,IV,VI,l,O 
:iul•t. • 12, ll JJ,lll,lV,V,8,ll 
Sept. 26- :.!11 l,li,Ill,lV,V 
lkl. :n-211 II, 11I,lV,V,9,ll 
Nov • I I, 14 11,III,V,6,10,12 

.t.n§. 
Juue 2-4 I,U,lii,V,A,~: 3 
.luuu Ill, 19 l,Il.,lll,9 
.July 0-lll II,Ili,C,D,E 5 
.luly 22, 2J IU,IV,O,ll 
AU•J· •• 5 I,Jl,III,JV,C,D,E 4 
AII<J. 19, 20 I,II,VI,l,8 
St.tpl. 1-J J,II,III,IV,C,D,.E 4 
SuJ:.ol. 17, 18 ll,Ul,V,4,5 
Oct. 6,'1 II,lll,VI,C,D,E 4 
~~h .. 20 d! _________ !!.t.Vl t.L.l) 

'l'utc~l: !>2 l9 2 
···-~-· ·-- -----~·- ·-·-- ----- ---·-------

~'l'l<~WI ut.~Lions ~L-u do.motc•t IJy Rum<~.n~·nwntn·ats, seine 
J .• uo.:~ l'i un11 "u~ j dunl if iud i 11 ~· .i gure 1 • 

11oxy<Jun conctmlcaLJ.orui at BrJ.1:1110ns P int !Station 81 
IH·ojucl Ul-dtt. , 

I 

16 2 1. 5 - 10 16110.5) 121 2.81 
11 2 1.5 - 6 221 9.0) 151 ),8) 

9 2 1. 5 - 9 211 9.6) 201 4 .5) 
7 2 1.5 - 11 131 8.41 121 8.31 

ll l. 5 - 12 19110.2) 101 5.11 
10 3 1. 8 - 12 161 9. 91 81 1. 31 
16 1.5 - l) 201 8.91 121 0. 5) 
13 2.4 - 13 211 8.1.1 111 O.ll 
16 ) 1. 5 - 9 22( 9.01 191 o. 21 
15 3 1.5- 1) 201 8.61 201 0.81 
14 l 1. 5 - 10 151 8.61 151 8.01 
22 1. 5 - 12 13( 8.51 lll 7.31 

9 3 1.2 - 10 8(10.01 8110.11 
6 4 1.8 - 9 5110.91 5110.6) 

18 1.5- 11 211 9.11 121 0.71 
14 2 1. 5 - 7 18( 8.21 161 6.61 
22 1.5- 8 23110.01 19( 1.41 
11 3 1.8 - 9 22( 9.71 20 ( 3.51 
16 1.8 - 12 22 ( 7.11 22( 0.2) 

6 3 1. 8 - 8 221 9. 91 211 3.71 
20 1. 5 - 8 191 7.4) 191 5.0) 
11 3 1. 8 - 11 18111.51 171 5. 51 
14 1. 8 - 10 121 8.81 lll 8.41 

3 ) 1.8 - 12 4 (11.0) 7' 9.7) 

310 42 

stations by letters and gill net stations by Arabic numerals. 

for 1974, 1975 and June 1976 were determined by E. P. A. 



5 

(Larsen and Malueg, 1976). The lake is ice covered approxi-

mately five months each year. 

Large blooms of diatoms and green algae develop in 

spring, and blue-green algal blooms dominate in late sum-

mer (Larsen and Malueg, 1976). Phytoplankton production of 

Shagawa Lake was unusually high compared to regional lakes 

(Bradbury and Megard, 1972; Larsen and Malueg, 1976; 

Megard and Smith, 1974). 

Fish species caught during 1974-1976 sampling in-

eluded: 

Yellow perch 
Walleye 
Cisco or Lake herring 
Northern pike 
Smallmouth bass 
Bur bot 
Bluegill 
Black crappie 
Rockbass 
Rainbow smelt 
Mottled sculpin 
White sucker 
Bullhead 
Redhorse 
Tadpole madtom 
Trout perch 
Logperch 
Johnny darter 
Iowa darter 
Fathead minnow 
Spottail shiner 
Golden shiner 
Common shiner 

Perea flavescens (Mitchill) 
Stizostedion v. vitreum (Mitchill) 
Coregonus artedii (Lesueur) 
Esox lucius (Linnaeus) 
MICropterus dolomieui (Laceped~) 
Lota lota (Linnaeus) 
LeP0m~acrochirus (Rafinesque) 
Pomoxis nigromaculatus (Lesueur) 
Ambloplites rupestris (Rafinesque) 
Osmerus mordax (Linnaeus) 
Cottus bairdi (Girard) 
Catostomus commersoni (Laceped~) 

Ictalurus ~· 
Moxostoma ~· 
Noturus gyrinus (Mitchill) 
Percopsis omiscomaycus (Walbaum) 
Percina caprodes (Rafjnesque) 
Etheostoma nigrum (Rafinesque) 
Etheostoma exile (Girard) 
Pimephales promelas (Rafinesque) 
Notropis hudsonius (Clinton) 
Notemigonus crysoleucas (Mitchill) 
Notropis cornutus (Mitchill) 



MATERIALS AND METHODS 

Three kinds of gear were used to capture yellow 

perch during the ice free period, May-November, 1974-1976 

(Table 1). Perch were caught day and night in various 

areas and depths throughout the lake basin. 

About 70% of the yellow perch (all ages) were caught 

in a 7.6 m head-rope, semiballoon otter trawl of 3 em bar-

mesh with a 0.6 em mesh cod liner. Trawl hauls generally 

lasted 5 min., covered about 970m2 , and filtered approx­

imately 1600 m3 at depths of 1-15 m. The trawl was towed 

at 3-3.5 mph by an 18 ft tri-hull boat powered by a 40 

horsepower outboard motor. Trawl distance was recorded 

occasionally during 1974 and 1975, and during each tow in 

1976. 

About 10% of the yellow perch (mostly ages IV-VII) 

were caught in experimental gill nets, 77 m by 1.8 m with 

five 15.4 m panels, each of 1.25, 1.9, 2.5, 3.8, and 

5.1 em bar-measure. Gill nets were set at near surface, 

midwater and on bottom. 

About 20% of the yellow perch (mostly ages 0-III) 

were caught in seines. A 15.4 m by 1.9 m seine with 1m2 

bag of 0.6 em bar-mesh was used in most shore area seining. 

A 62 m by 1.9 m seine of 1.9 em bar-mesh was used infre-

quently. 

The number of age 0 and older perch in each net 

catch was recorded. Representative samples from most 

6 
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catches were measured for total length in the field. Perch 

were selected by eye from the catch on the basis of size 

in an attempt to represent each age group, 0-VIII. For 

each scale or stomach sample taken, the following data 

were recorded: date, time, depth captured, fish length, 

fish weight, collector, gear used and sample station. 

Weather conditions, water temperatures, and dissolved 

oxygen concentrations during sampling were recorded daily. 

Water temperatures and dissolved oxygen concentrations, 

taken with a temperature/dissolved oxygen meter, were re­

corded at 1 m depth intervals (Table 1, Appendix A). 

Scales were taken from the left side in the key-

scale area, about two scales ventral from the fifteenth 

lateral line scale, and were placed in labeled scale en­

velopes. Most stomachs were removed and placed separately 

in labeled plastic whirl-pak bags containing 5-10% formalin 

solution. Ventral incisions were made on some of the 

perch which were preserved whole. 

Age, Growth and Abundance 

Age was determined and total length was back-

calculated from scales of 669 perch from the 1974-1976 

trawl, seine and gill net collections. Scales were 

pressed on cellulose acetate (Hile, 1941; Regier, 1962), 

and the impressions were read at least twice on an 

Eberbach scale projector (100 X). Growth was back­

calculated for nine year classes from body-scale 

. ... 
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relationships and nomographs (Carlander and Smith, 1944). 

Males and females were combined. 

Growth of age 0 perch was determined from length 

frequency distributions from each sampling period, and 

total lengths were plotted against time to obtain growth 

curves for July-September of 1974, 1975 and 1976. 

Yellow perch abundance was determined as trawl 

3 catch per 100 m for ages 0 and 1, and ages 2-8. Abun-

dance was described separately for depths above and below 

5 m. 

Food 

Food habits were determined from 642 stomach samples 

collected from May 29-November 28, 1975, and June 2-

October 21, 1976. Food items were counted and identified 

at least to order under a dissecting microscope. I identi-

fied contents from the upper esophagus to the pyloric 

sphincter using keys by Becker and Johnson (1970), 

Hilsenhoff (1975), Penak (1953), and Usinger (1973). 
--------- --------

Volumes were determined by water displacement after excess 

moisture had been removed by blotting. Only stomachs con-

taining food were included in determinations of percent 

frequency of occurrence and percent total volume. 

The food of yellow perch under and including 70 mm 

total length (TL) and over 70 mm TL were described sepa-

rately. This length was selected arbitrarily as the 

stage at which Shagawa Lake yellow perch switched from a 
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predominantly zooplankton diet to one of other inverte­

brates and fish. This or similar lengths have been used by 

other authors (Alm, 1946; Smyly, 1952; Clady, 1974) as the 

size at which feeding of perch undergoes a change, and it 

approximates the length attained at age I by Shagawa Lake 

yellow perch. 



RESULTS AND DISCUSSION 

Abundance and Distribution 

Abundance (catch per effort) of ages 0 and 1 yellow 

perch was greater in 1975 and 1976 than in 1974 (Table 2) 

indicating that one or two year classes produced after 

1973 were stronger than the two previous year classes. 

However, since variation in year class strength is not un-

common in yellow perch (Hile and Jobes, 1941; Forney, 1971), 

the difference in abundance observed in this study may or 

may not be related to operation of the tertiary wastewater 

treatment plant. 

Most yellow perch were found in the upper 7 m of 

water throughout the sampling periods. More accurate 

distribution profiles were not obtainable for perch due to 

variability in trawl depth and gill net catches. 

Age and Growth 

-·--·--------------· ··-- -··---- -- ------------- ·-----·--- -·---- ·------- -··- ·---

The linear functional regression (Ricker, 1973) of 

the body length-scale radius relationship for 669 yellow 

perch caught in 1974-1976 from Shagawa Lake was: 

Y = 29.380 + 0.589 X 

where Y is total length (mm) and X is anterior scale radius 

(mm under 100 X magnification). 

10 



! 

TABLE 2. Yellow perch abun~ance (number caught/100 m3) from 1974-1976 trawl samples 
for ages 0-1 and , -8. Numbers in parenthesis indicate lifts or catch in 
depths over 5 m. 

Days Net Number :eer 100 m3 
Period Sample Lifts Ages 0 and 1 Ages 2-8 

1974 
June 2 14 ( 2) 0.0 0.0) 0.8 (1. 8) 
July 1 8 ( 3) 24.2 7. 3) 0.3 (0 .1) 
August 2 8 ( 1) 61.5 3.0) 0.9 ( 0. 5) 
September 1 4 ( 3) 3.2 1. 0) 0.4 ( 0. 2) 

1975 
-"June 5 13 (13) 19.5 ( 0. 8) 0.6 (0.2) 

July 5 11 (18) 38.3 (25.1) 0.9 ( 0. 5) 1-' 

August 2 7 ( 8) 111.4 (11.1) 0.4 ( 0. 3) 
1-' 

September 2 22 (14) . 28.2 ( 11. 3) 0.5 ( 0. 7) 
October 2 6 ( 3) 66.9 ( 1. 7) 0.1 ( 0. 2) 
November 2 4 ( 2) 1.8 ( 0. 9) 0.2 (0. 4) 

1976 
June 5 26 ( 6) 4.3 ( 1. 8) 0.3 (0.4) 
July 5 22 ( 11) 90.9 (33.4) 0.7 (0. 2) 
August 4 18 ( 4) 45.3 (24.3) 0.3 (0 .1) 
September 5 28 ( 3) 45.6 ( 3.2) 0.1 (0.2) 
October 4 12 ( 5) 31.6 ( 1. 6) 0.2 ( 0. 2) 
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The functional regressions (Ricker, 1973) of the 

length-weight relationships for 641 yellow perch caught 

in 1974-1976 from Shagawa Lake were: 

19 7 4 ( 7 3 ) ln W = -12 • 7 9 + 3 . 2 7 ln L , 

1975 (181) ln W = -12.21 + 3.17 ln L, 

1976 (387) ln W = -11.82 + 3.11 ln L, 

where natural log W is weight (g) and natural log L is 

length (rom) • 

Annulus formation began in mid June for age classes 

I-IV, and in mid to late June for older perch. All fish 

had formed an annulus by the second week in July. Kelso and 

Ward (1976) found annulus formation to be completed by July 

for yellow perch in West Blue Lake, Manitoba. 

Perch growth in Shagawa Lake was generally greater 

than perch growth in area lakes. The growth rate of yellow 

perch in Shagawa Lake was higher than in Red Lakes and Lake 

of the Woods, Minnesota; Green Bay, Wisconsin; Northwestern 

Lake Michigan; Mill Lake, Michigan; Red Deer Lake and the 

Bay of Quinte, On"t:~!' io; _and Heming_]:.ake, Manitoba (Table _ 

3). Growth of yellow perch in Shagawa Lake was similar 

to that in Wilson Lake, Minnesota; West Okoboji Lake, 

Iowa; and Saginaw Bay, Lake Huron; and lower than in Lake 

Erie and the Severn River, Maryland. Shagawa Lake age 0 

yellow perch empirical growth in 1974, 1975 and 1976 was 

greater than age 0 yellow perch empirical growth in 1969 

and 1970 in Lake of the Woods, Minnesota (Figure 2). 
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TABLE 3. Mean back-calculated total lengths lmml at each annulus of yellow perch 
(sexes combine<il captured in Shagawa Lake in 1974, 1975 and 1976; and 
comparison with means for other waters. 

Ag:e Groue No. in 
Year Class I II III IV v VI VII VIII Sample 

1967 65 ll5 169 221 248 268 282 7 
1968 62 109 168 214 246 269 290 309 11 
1969 65 116 179 228 255 273 286 13 
1970 66 108 170 215 237 251 76 
1971 66 121 175 213 238 53 
1972 65 118 166 206 239 
1973 61 107 157 54 
1974 59 103 161 
1975 61 55 

Mean 63 112 169 216 245 265 286 309 669 

Wilson Lake, Minna. O.N.R. 
~.;::. Minna. 67 117 157 181 246 268 11975) 

Red Lakes Heyerdah1 & 
Min."le. 74 132 173 201 221 234 Smith (1971) 

Lake of the Car lander 
Woods , Minna. 84 ll8 154 117 199 219 229 . 243 (1949) 

Green Bay, Hile & Jobes 
Wisconsin 61 99 134 166 191 220 239 (1942) 

!I.W. Lake Hile & Jobes 
Michigan 61 96 128 154 183 212 (1942) 

~ill !.ake, Schneider 
s. ~chigan i6 119 150 170 196 226 241 (1971) 

Saginaw Bay 65 115 170 208 234 265 284 Hila & Jobes 
(1941) 

Red Deer Lake, Chadwick 
Ontario 53 as 112 144 176 178 (1976) 

---- -·------
--~--~----- -----~ 

a:emtng L&Jte, ------------ -- -· ------

Lawler 
~itoba 71 86 124 142 170 2!3 231 259 (1953) 

r.a~e Erie, Harkness 
Or.~ario -- 168 196 215 251 274 279 (1922) 

Bay of Quinte, Sheri .;, ?ower 
Ontario 158 172 182 202 2i6 209 257 11969) 

Severn Ri •Ter, ~uncy 
!<'.ar:,•land 108 166 202 230 253 2-, 283 293 11962) ,_ 

ii'es~ Okoboji Moen 
::.aite, Iowa 53 127 183 2!.5· 244 264 (1964) 
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A relation of growth of yellow perch to tertiary 

wastewater treatment was obscure. Growth rate (annual 

increment} in 1974 and 1975, the years following tertiary 

wastewater treatment, was significantly lower (P > 0.01} 

than in earlier years for all ages except 6-7, where the 

differences were not significant (F = 0.14; 19 d.f.; 

P < 0.05} (Table 4}. This trend is to be expected if 

the waste treatment reduced the trophic state of the lake 

sufficiently to affect growth of yellow perch. However, 

length increments were greater in 1975 than in 1974 for 

four of the six age groupings (Table 4}, a trend not to 

be expected if the treatment · were influential. 

Growth of age 0 yellow perch also was greater in 

later than earlier years. Increments for age 0 perch 

determined from measured lengths (Figure 2; Appendix B) 

agreed with the back-calculated increments (Table 4). 

Lengths at or near the end of the growing season were 

similar___i5_7 rom empidcal,. 59 mm back-calculated -in-1974; -----­

and 61 mm empirical, 61 mm back-calculated in 1975). For 

both determinations, the increment was greater in 1975 

than in 1974. Also, empirically determined growth for 

age 0 perch in 1976 (70 mm at end of September) for which 

there was no comparison with back-calculated lengths, was 

greater than in 1975 (Figure 2), and it was greater than 

the back-calculated growth of young-of-the-year perch 

(Table 4) before operation of the tertiary wastewater 

treatment plant. 
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TAIIU: 4. Yeilrly inc~1 ements (nun), standard deviations (in parenthesis), 
sample siz s (in brackets) for back-calculated lengths of 669 
perch cauqlt in 1974, 1975 and 1976. 

! 

··- ............... ·-----· ·-- ··------··-----··--.. ·----------·---~-t---~~-

and 
yellow 

Ycur 
CliiitiiiUti 

A es ·----------------------.. ----+ -----------===:._--------------....,.--------

196'1 

19&11 

19119 

I!HI 

I 9 '/.J 

19'14 

0-1 

65.41 
14.541 I 71 

62.45 
(6.55) I 111 

64.92 
~~- 771 I Ul 

6~.H 
(!>.4"/l I 761 

i>5.51 
(5. JO) I 53) 

64.~2 
(5.96) !2..l!J) 

bl.4J 
14.711 I 541 

51).111 
(4.64) 1161) 

60.51 
(5.12) ( 55) 

l-2 

49.29 
111.221 I 71 

46.45 i 
I 9.971 I ltl 

51.23 i 

110.16) I ttl 

42.07 I 

110.08) I 7fl 

55.15 i 
112.871 I 5~1 

53.11 : 
9.94) 123~1 

46.10 ' 
7.51) I 5H 

I 

44.93 ! 

7. 46) Ill~ I 
! 

2-l 

54.43 
110.60) I 71 

59.27 
I 8.791 I 111 

62.69 
110.111 I 131 

62.28 
I 8.07) l 761 

54.79 
oo.so) I 531 

48.20 
9.13) 1202) 

51.00 
6.66) I 341 

3-4 4-5 5-6 6-7 

51.71 27.14 20.00 13.57 
4.64) I 71 (7. 80) I 71 (4.32) I 71 (2.07) I 71 

45.45 32.18 22. 7J 14.67 
(10.67) ( 111 (6.90) 1111 (3.44) 1111 (5 .09) I 61 

48.85 27.77 17.69 11.57 
9.51) I lll (5.02) (13) (4.29) (13) (l. 27) I 71 

44.99 23.21 17.60 
7.64) [ 76) (5.66) 148) (2.80) (15) 

37.98 23.48 
(10. 75) I 461 (4 .17) [25) 

40.65 
( 7.05) 1119) 

..... - ·------ 6f.'i6'- --·--·--· '--~49---:-i'i~ ~~-~~-~--~-s-2"':94'~~---~~-4·2':'34~~~~ 
MUd II 

-- 2'5:'15''67~~--~19;22 ~~--~~~l:-3'.20 ~ 

(19&7-1975) 15.37) (669) ( 9.58) (58 1 ( 9.00) (394) 8.18) (272) (5.57) (104) (3.65) 146) (3.ll) (20) 
··-- ----·--------------------------- ----------------------t----------------------------------------

I 

1-' 
0\ 



17 

The increased growth of young-of-the-year in 1976 

over 1975, and the fact that most increments for all ages 

were higher in 1975 than 1974, suggests that the signifi­

cantly lower growth in 1974 and 1975 compared with earlier 

years may have been fortuitous and not related to tertiary 

wastewater treatment plant operation. 

Although growth of yellow perch has been found to 

be related to temperature (Coble, 1966) the lower growth 

in 1974 and 1975 could not have been caused by lower water 

temperatures in those years (Appendix A). One-way analy­

sis of variance of temperature comparing years 1971-1973 

(before wastewater treatment) to years 1974-1975 (after 

wastewater treatment) were not significantly different 

(P < 0.05) with groupings of: May-August (F = 0.20; 

414 d.f.); May-September (F = 0.13; 510 d.f.); June­

August (F = 2.46; 310 d.f.); and June-September (F = 

0.34; 406 d.f.). 

Growth of yellow perch was not clearly related to 

levels --0-f_ chlorophyll -A-.-- -Although chlorophyll--A- declined 

in Shagawa Lake following tertiary wastewater treatment 

(Corvallis Environmental Research Laboratory 1977), I 

could not find a consistent relation between growth of 

various age groups and chlorophyll A levels. Nakashima 

and Leggett (1975) found growth of yellow perch in Lake 

Memphremagog, Quebec-Vermont, to be independent of produc­

tion at lower trophic levels. 
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Instantaneous growth rates G , G and G from the 
X 

1974, 1975 and 1976 samples were similar (Appendix C), 

and were not significantly different when tested with the 

Wilcoxon Sign Rank test (Zar, 1974) at the 95% level of 

significance. Instantaneous growth rate G varied from 
X 

1.998 to 0.194, G varied from 1.923 to 0.121, and G 
varied from 1.888 to 0.181 during the years 1974-1976. 



19 

Food Habits 

Changes in foods eaten by yellow perch in Shagawa 

Lake could not be related to tertiary wastewater treament 

plant operation. 

Young perch, ages 0 and 1, of 70 mm TL or less in 

1975 ate zooplankton predominantly, followed in order by 

Diptera and Ephemeroptera (Table 5). In 1976, young 

perch ate Diptera predominantly, followed by zooplankton 
' 

and Ephemeroptera (Table 6). In both years zooplankton 

had the highest frequencies of occurrence. 

Young perch in 1976 ate several items not found 

in stomachs in 1975, including Trichoptera, Odonata, 

Hemiptera, Hydracarina, Nematoda and yellow perch. Young 

perch ate less Hexagenia and more other Ephemeroptera in 

1976 than in 1975. Mean food volume of young perch in 1976 

was about three times greater than in 1975, in part be-

cause of the larger volume of insects eaten in 1976. 

The mean food volume of perch 70 mm TL or less in 1975 

was 0.018 ml, and 0.054 ml in 1976. The difference in 

food diversity and volume may be attributed to lack of 

samples in June, 1975; and also to sampling in June-

July, 1976, of age 1 (not age 0) perch, which tended to 

eat macroinvertebrates rather than zooplankton. 

Larger perch,over 70 mm TL,in 1975 ate Ephemeroptera 

predominately, followed in order by Dipteraand fish 

(Table 7). In 1976, larger perch ate Ephemeroptera pre­

dominantly, followed by fish and Diptera (Table 8). In 



TABU: 5. Food in 10~ yellow perch 70 111111 TI. or leu in 1975 expressed 111 percent trequency of 
stomachs c ntaininq food, percent ot total food volume (in parenthesis) and tood 
VOl\111111 (mil, • Mflan tenqth ot perch, 55 mra. 

Collection Date J ly ll July 28-29 Auqust 21 Sept. 12 Sept. 26 Oct. 27-28 Nov. 14 

Stomachs 
Con:aining Feed 16 14 l4 14 14 12 10 
Stomach~ 
Fmot l 0 0 0 0 2 4. 
CRCSTJ\\""EA 
c: . .J.d.ocer.l 

o .. l::lhni.J 75 (30) 93 (26) 79 (46) 79 (21, 93 (29) 100 (60) 80 (47) 
L·!:t"Nora 6 ( l) 36 (191 so (22) 64 CHI 86 (21) 50 ( 9) 10 ( l) 

Cu~''I''-'Ja 381 ( l) 7l (10) 64 (19) 93 (37) 7l (28) sa ( 6) 70 (34) 
Atr.phipoda 

251 (201 H·::•llcl,:, l) 
G.\ia.T.":\rus r-

o;tr.-\C'Od:i ... _ 
57 ( 51 36 ! 31 50 ( 2) 21 (tr.) 

Dc..:.lpoJ-.~ 1--

I!< SECT:.. 
Diotet·a 
Ch~ronomidae 

.&..u·•Jat! 251 ( 6) 7 (201 7 ( 7) 14 ( 51 29 (19) 8 ( 51 
t:·nr.J.~ 13 ( 3) 

C~~H.JlJorirlAe 
61 (tr.) Lt;v.Je 25 (20) 20 (131 

p·J~'·l'~ 

{"' 
7 ( 1) 

Er-h·-·~croptera 
II·~X'l.Cj(!Oi.l. 7 (201 7 ( 3) 
Oth~r 13 (231 

Tricho;:>tera 
CJo:'\ata 
Hemiptera ~-

OTHER I 
Hydr.Jc.J.rina 1--
:<e:natoda· !"-
relycopoda -~ Annelida I 

Hiru<.!ir.ea r-
Gastropoda 
Un1.:!cntified 6 ( 21 21 ( 21 7 ( 3) 10 ( 51 

F:::::a 
'i·~! low Perch 

, __ 
Wh1t~ Sucker 1--
~ion:1.ny Darter 1--
Spott...1il ~hiner 
T:-out-c-erch 
Unld\~ni:i:ied 

Plu\:\r 7 ( 1) 

Tot.> I 
! • 39<;1 VolU .. "r.t! (ml.) .2467 • 114 s .3490 .2708 .1748 .1515 

All Oates 

94 

7 

85 (33) 
44 (151 
66 (19) 

5 51 

24 ( l) 

14 91 
2 l) N 

0 
6 ( 3) 
l (tr. ~ 

4' ( 7) 
2 ( 51 

6 ( ~I 

l. 7334 



i 
TI\DI.E 6. Food ln 105 ~·cllow Fch 70 - TL or less in 1976 e><preaaed as percent frequency of stoanachs 

c~,ntaini 1\(J food, pc. ent of t.otal fOO<l volumo (in parenthesis) and food volume hal.). Mean 
lcnqt h of porch, 59 '· 

' ··------·-·----·- -·- ····--··-··--·----·· ------~ .. - ·--- ... -··--·-----·------ ... 
Collection D<~le Juno 2-4 June 18-19 July 8-9 July 22 Aug. 4-S AU~J· 19 Sept. 1-2 Sept. 18 Oct. 7 Oct. 21 All Dates 
----
Stf.."onliiChB 

Cont.:-inq t'ood 20 10 10 8 9 8 10 9 9 l 96 

Stum •. ~o~.:hs 
Elll{'ly 0 0 0 3 2 0 2 0 9 

CRUS'rACt:A 
ClddOt:l![l.l 

l.'·~•L·!•.n.! '! 65 (38) 40 ( 1) ! 100 (52) 100 (47) 89 (17) 25 ( 7) 80 (35) 22 171 78 (52) 100 (82) 68 (24) 
!•''t~.'-h~l!£!!. 30 ( l) 

10 (tr.l 
50 (14) 13 c 6) 78 (22) 50 (16) 90 (30) 22 (10) 35 ( 8) 

t;;.)(lt'}IOd.l 25 ( 8) 90 Cll! 88 (39) 44 c 7) 63 (25) 40 (10) 22 ( 3) 22 ( 1) 100 ( 2) 44 ( 7) 
Amphipud..t 

" I "I !!Y·!ll'll;! 25 5) 10 4) 11 2) 10 3) 
c.:.l!l1li\,,J'US 

otil·a·.,·c,·,:ra 10-~tr. 40 ( 6) 13 ( 1) 33 ( 3) 13 ( 2) ll ( 3) 11 t.r.l ll ( l) 
[ICI"~l}•IIJd 

--····--·-
lN~t·:l"'l'A 

Uipter..a 
Chitunumtdae 

l.H Vi:lU 45 (12) 20 ( 1) 10 3) 33 (10) 25 ( 7) 70 (19) 78 (51) 56 (33) J4 (16) 39 (11) 
JHlj•,lf.! 35 (20) 40 (81) 10 5) 22 (24) 25 (30) 10 ( 1) ll ( 5) ll ( 4) 20 (34) 

C'h.l••l.•I~L iti.JC rv 
l.u·v ••• ~ 1) 10 1) 10 3) 25 I 7) 11 ( 1) 13 ( 3) 20 1) 11 (10) 10 ( 2) ~ 
l'l!p.u.: 10 1) 1 (tr.) 

t;plil·r•t.:r•'Ptt!r,. 

!"'~ ''.J'''~'-·.! " ( 2) 11 (14) 13 (10) 11 (21) 4 ( 3) 
Olllt•l" 20 (11) 10 ( 6) 10 ( 2) 6 ( 5) 

·rr J ch1pt era s ( 11 1 (tr.) 
Ud••n.tt .\ 10 ( 2) 1 (lr.) 
IIVIII I j_•t t.'l ~~ ~ ( I) 1 (tr.) 

------ ·-·-· 
I 

O'l'lti:H 
10 (tr. 11 llydt •. ~.a.:a:-ina 5(tr.) 2 (tr. I 

N•:m-l:.t.•tL..t. 5 (tr.) 1 ( l r. I 
h..' I \'Copoda 
Amu!l id.J 

IIi Jlldint.•d 
G~lrO~Ki:i 
Urd1h.mtj f icd 

S)l t'ISII 
Yu I low Perch 10 ( 1 ( 2) 
Whi.tl! ~:uc:kcr 

Jl.•IUIIIY lldrtf..•r 
St•Ott ~ttl Shiner 
'fl·~Jut.-t•crch 
Uu ul....·n t 1 ( it!d 

PJ.AN'I' 

Tul.tl 
VolUIIIt.!, (ull.) 1. 446 1.589 .1233 .135 .502 .200 .6065 .193 .2611 .1238 ~.1797 

------------· 



Tl\BLB 7. Food in 133 yellow perch ove~ 70 mm TL in 1975 expressed an percent frequency of stomachs containin9 fo(}d, percent 
of total [o~l volume (in pare thosiBI and food volume (~1.1. Mean 1en9th of perch, 190 nvn. 

--·-----------
Collection o .. te M·•Y 29 July 11 J ly 28-29 l\ug. 20-21 Sept. 12-13 Se~t. 26-28 Oct. 27-28 Nov. 13-14 Nov. 28 l\11 Oates 

Sto.m:.t.. .. h!l 
c,-,nti1ininq Food l 5 22 27 l7 7 11 116 
Stomar.h!J tmpty 0 0 4 8 0 17 
·-----·-··-
CIW5'ri\CEII 

C1t1dP("('rf1 

n.,L•hn ~ ·~ 20 (2) 14 ( l) 5 (tr.) 29 ( I) 6.9 (0. 3) 
l.··L•t ~"~n.t:.~ 14 (tr). 7 (tr.) )0 ( 4) 29 ( )) 15.5 (1. 21 

CPl'''i•\\,t,, 
1\ntJ•hi"P('dl'tl 

40 II~··' 11~1~ lOO(Sf;l ( 3) 33 (tr. I 5 (tr). 14 ( 2) 9 (tr.) 7.8 (2.0) 
t:,,nu'l,t rus 9 (tr.) 1.7 (O.ll 

O~l i.;,;.o•i.\ 
Uf~COJII'UI.l 4 (tr.) 0.9 (0.2) 

------
INSt:C1'11 
Dipt.~t·a 
Chit on om idae 

},1[Vol.C 67 ( 2) 80 (42) 1

1 33 1) 59 (17) 44 (31) 39 (19) 57 (40) 73 ( 61 100 (100) 54.3(21.5) 
pup;l(ll 20 ( 2) 55 (16) 15 ( 1) 5 ( l) 14 ( 2) 17.2 ( 3.3) N 

Ch.:Hlh('l' idae N 
1.1 rV.'lP. 33 ( 31 20 21 23 (tr.) 7 (tr.l 11 1) 43 ( 2) 18 (tr.) 00 15.5 ( 0.4) 
pup.1~ . )) ( 3) -- 5 (tr.) 14 (tr. I 2 .6. ( 0.21 

Et•hrll1t•rnptcra 

!'!'~~'!J'""1'J:! 100(36) 40 (11) ~00 (46) 32 (36) 67 (31) 49 (53) 29 ( 33) 55 (92) 50.8(45.21 
OllH"!t" 40 (13) 33 ( ll 2.6 ( 0. 7) 

Trirh••J•tera 20 ( 2) Ill (42) 18 ( 2) 8 ( 1) 14 (15) 8.6( 2 .1) 
Cdnni1tol 4 (tr.l 9 ( 2) 1.7( 0.21 
ll••!nlJ'lCI"ll i 

--··-·-·---
OTIIlm 

Uyth.lcarina 20. (tr. I 0. 9 (tr. I 
N<~m.l t oc1~ 20 (tr.) 18 ( l) 5. 2 (0. 31 
rc 1 yt:opod,, 
An rat" 1 ill a 

ttiruclinea 20 ( 2) 0.9(0.1) 
(:~·~t rtjj;(,J,;·- J ( 11 0.9(0.21 
UnitiPntiflr.d 4 (tr. I 0.9(tr. I 

FlSII 
Y(1llow fJrrch 20 (231 33 (10) 9 (13) 4 (lSI 5 ( 7) 6.0(9.61 
Whi lP. Sucker 5 (15) 4 (17) 1. 7(7.91 
,Johnny Darter 4 ( 3) 5 4) 2.6(1.81 
Sp,>lt.ai l Shiner J ~, 1.7(1.31 
Tr·ot.ll -p<.•rch 3 2) 0.9(0.41 
l'nich•nt if i<>d 5 21 1.7(0.51 

I'!JINT 

Tot., I 
Vuluntr• (ml. I 3.0"40 4. 730 2.392 16.426 29.220 20.846 2.641 14.682 .400 94. 377 
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TI\Dl.E B. Yond in 303 yellow ~rch over ~0 mm TL in 1975 expressed as pArcent frequency of atomnchs containing [ood, porcent 
of tot~l food vo1umu (in pare thesis) and food volume (ml.). Moan length of pexch, 185 mm. 

I 

Colle~~7~-;;-;,;;;--;~.:~=-~--:;,:;.,-18-19july 8-10 July 22 1\uq. 4-5 Auq. 19 Sept. 1-3 Sept. 17-18 Oct. 6-7 Oct. 21 All Dates 

Stoma..:hs 
C•.mtdinintJ FlH>d 37 28 28 20 25 23 29 29 32 4 255 

:~t('lnd•.~h~• t!mpty 6 13 0 6 3 5 48 
.... -··-·------·- ------

cRu~;·,·,\n'll 

t.'l',hll•l"l' .. ,, 

o .. 1 .1u~ i '·' H ( 4) 18 ( 2) 75160) 5.5( 1.1) 
I .• 'l'' t .''~I I~-!! 4 (tr.) 14 (tr.) 4 (tr,) 9 ( II 10 (ll".) 31 ( I I 38 ( 5) 75(12) 12.5 ( o. 5) 

Ct:Jot'l'\111.\ 5 (tr. l 7 (tr. l I 3 (tr.) 2.0 ( tr.) 
1\ITII'hll•tii!.J 

~1 ~!~·-tl I··!_:~ 51 ( 51 43 ( 9) ( 4) 4 (tr. l 9 ( l) 7 (tr. l (tr.) 3 Ctr. l lb.~ ( 2 .1) 
(;,11,\111.1 r II:\ I --u:jl, :,:_.;ld~l 

14 

-- 5 (tr.) 0. 4 ( tr. l 
l.JL'l'd(IC.IIitl 11 (22) 7 (13) ll 4 ( 2) 7 ( 7) 3. 9 ( 7.6) 

. ···- - .... ·--
JN:ii':L''l'A I 

Uipll~ld 
I 
i 

Chi to•uomic.lau 

1; J.11 V..JU 54 Jl 79 (23) ( 6) 25 ( 2) 16 ( 2) 48 (13) 86 (Jll 93 (61) 56 (16) 75 (28) 57.) (15. 8) 
l•lll•·h· 54 2) l2 ( 2) ( ll 25 (18) 20 ( 11 35 ( 3) 38 ( 2) 45 ( 7) 9 ( l, 29. B ( 4. 8) IV 

Ch..sPinn itl..t.o 
17 

w 
},,lV.J\! 39 ( 2) (tr.) (tr. I 7 (tr.) 13 (tr.) 7. B ( 0. 3) 
pupotc 36 ( 4) !7 (tr. I 5 (tr.) 5.1( 0. 3) 

t-:ptwnh .. :lllplcra 
~6 -~!··~-'-'!J!:!L!~ 81 (60) 36 (19) (111 5 (tr.) 44 (52) 87 (72) 72 (26) 38 (29) 63 (55) 52.5(37.01 

Ollh r 14 (tr.) 7 ( 11 i4 ( 11 3.1 ( 0.2) 
T.-h .. •hol•tcra 21 ( 2) 29 ( 6) i -- 10 (tr.l 16 ( 21 13 ( 11 10 (tr.) 25 ( 5) 14.9 ( 1. Bl 
0'-klll,lt .. l 5 ltr.) 11 ( 11 3 (tr.) 3 ( ll 2. 7 ( 0.2) 
lft·nuJ•l ''1"-" 0 ( t r .) i7 (tr.) 2. 0 ( 0.1) 

OTIWII 
17 Uy1h dCdL in<~ 5 (tr.) 25 11 11 4. 3 ( 0.2) 

tkm.Jlthill 8 (tr.) 14 11 5 (tr.) 22 ( 11 7 (tr.) ( ll 6. 3 ( 0. 3) 
i'c.: 1 ycu}•'•Ja 3 (tr.) 7" 11 I. 2 ( 0.1) 
Atw••l id~a 

IIi 1 u•llllt~a II ( t r .) 5 ( 11 2.0 ( 0.2) 
G.aSt• ,·,l,.·)~t.i- 3 (l r. l 11 (I) 

i7 
I. 6 ( 0 .1) 

Un&d . .;ullficd ) (l r.) 7 ( 2) (tr.) 4 (tr.) 2.4 ( 0.2) 
--- .. --~-- .. 
t'Hill 

~0-~741 Y•.d luw l'crc.:h 7 (lll 70 (67) 36 (33) 9 ( 8) 17 (33) 3 ( ll 3 (10) 18.8(24.~1 
\\hit•· !iuc:kcr 5 ( 71 0. 4 ( l. 0) 
,J,•hllny r,,ul c.•r 4 ( 71 6 ( 51 I. 2 ( I. 0) 
:;l·••tl.lll .:ihin~r 
1'IC1Ut-1J•.:ll.'h 5 ( 3) 0. 4 ( 0.4) 
llnld,•ntlfiud (tr.) 14 (tr.) 3 (tr.) 3 ( 1) 1.6 ( 0.1) 

--···-··---
Pl.AN'I' (tl" .) 4 (tr.) i 5 (tr.) 20 (tr.) 4 (tr.) (tr.) 3. 9 ( 0.1) 
--·----
Tut~t l I 
Volunh .. • (tnl.) 50.597 16.035 ~. '722 30.767 19.930 14-. ::; 34.909 18.720 16.530 0.250 214.875 __ ....... ____ 



24 

both years Diptera, especially Chironomidae, had the high­

est frequencies of occurrence. 

The diet of the larger perch was more diverse in 

1976 than in 1975, which could have been caused by lower 

prey availability or increased diversity of the Shagawa 

Lake invertebrate community. Fish occurred in 22.4% of 

stomachs containing food in 1976 and comprised 27% of the 

food.volume, compared with 16% occurrence and 21.5% vol­

ume in 1975. Cannibalism was greater in 1976 when age 0 

perch comprised 24.5% of the volume in comparison with 

6% occurrence and 9.6% volume in 1975 (Tables 7 and 8). 

Since the greatest cannibalism in 1976 occurred in July 

and August, the 1975 data may not be comparable since 

only 12 perch were sampled for stomach analysis before 

August 20, 1975. This low number of early to mid summer 

1975 samples may also have resulted in the differences 

in food volumes and diversity between the two years. 

Food volumes were similar ·in both years for 

perch -O¥e-r-1..Q_mm long. Mean -food uolumes-i.n older perch.····--- .... 

in 1975 and 1976 were 0.8136 ml and 0.8426 ml for stomachs 

containing food; and 0.7096 ml and 0.7092 ml respectively, 

for all perch over 70 mm TL. 

Any changes in the eutrophic state of Shagawa Lake 

that may have occurred, did not appear to be of suf­

ficient magnitude to be evident in the abundance, growth, 

or feeding of yellow perch in the first three years fol­

lowing tertiary wastewater treatment. Results of this 
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study may be compared with those from future investiga­

tions of yellow perch from Shagawa Lake. If reverse 

eutrophication occurs, comparison of future data with 

those of this study could show changes in abundance, 

growth or feeding that may occur over time. 

------- ~------------ -----
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APPENDIX A. Mean mont ly temperature (°C) recorded daily at 0.1, 0.5, 3.0, and 
6.0 m int rvals for 1968-1976 from Brissons Point in central Shagawa 
Lake. (U~published E.P.A. data, Shagawa Lake Project) 
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APPENDIX B. 

Year Class 

Back-calculatbd total lengths (mm.) of 669 yellow perch captured in 
sampling in spagawa Lake. 

1974-1976 

w 
N 



.APPENDIC C. 

Age 
Interval 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

l 

Instantaneous growthjrates (RickerL 1975) for population growth (Gx) , mean individual 
growth (G) , and true mean growth (G) for Shagawa Lake yellow perch of all age inter­
vals in 1974, 1975 a d 1976. 

Unweig:hted Weighted 

1974 1975 1976 1974 1975 1976 1974 1975 1976 1974 1975 1'976 
G G G G G G G G G G G G 

X X X 

1.998 1. 977 1. 708 1. 896 1.923 1. 761 1. 870 1. 831 1. 758 1.840 1. 888 1. 779 

1. 457 1. 327 1. 279 1. 058 1.076 1.220 1. 300 1. 324 1. 304 1. 346 1. 212 1.258 

.609 .727 .845 .756 .562 .689 .720 .720 .804 .760 .746 .733 

.302 .447 .213 .317 .432 .384 .385 .370 .295 .429 

.508 .165 .305 .219 .230 .272 .333 .286 .285 .451 .248 

.265 .194 .407 .167 .168 .121 .216 .181 .252 .203 .181 .317 

l 
l 
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APPENDIX D. Mean back-calculated total lengths (mm.), at each annulus, 
of yellow perch (sexes combined) captured in 1974, 1975 
and 1976. 

Year No. in Age Grou12 

Class Sample I II III IV v VI VII VIII 

1967 7 65 115 169 221 248 268 282 
1968 5 60 102 160 207 237 260 
1969 0 
1970 28 65 110 173 218 
1971 7 71 131 181 
1972 39 65 116 1974 
1973 3 63 

Weighted Mean 89 65 114 172 217 243 265 282 
Unweighted Mean 89 65 115 171 213 243 264 282 

Age Grou12 
Year No. in 

Class Sample I II III IV v VI VII VIII 

1968 5 65 115 175 217 251 273 288 
1969 6 64 110 174 224 253 271 
1970 33 66 108 171 216 231 
1971 21 66 123 176 210 
1972 81 66 119 167 
1973 17 60 110 1975 
1974 23 59 

Weighted Mean 186 64 116 170 215 236 272 288 
Ur..weighted Mean 186 64 114 1~3 21 ... _, 245 272 288 

Age GrOUJ2 · 
Year No. in 

Class Sample I II III IV v VI _.Yll_ _j[il_~-

1968 ' 64 111 , ... - 234 264 290 303 309 ... -'I 
l969 7 66 121 183 231 253 275 286 
l-970 :s 63 103 162 208 233 251 
1971 25 64 116 1"'" ... 215 238 
1972 ll9 64 116 165 206 
1973 34 62 106 157 1376 
1974 :.38 59 104 
2.375 55 61 

~Veighted Mean 394 62 2.10 165 2J3 240 260 28S 309 
;;nwei ;!'::t.ed Mean 394 63 lll 2.69 2:o1 ::.~a 272 295 309 

·---------


