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Leggett 1975) also supports the hypothesis pesented. The
productivity of Lake Mephremagog has been carefully measured
(Ross and Kalff 1975, Dermott 1974). These studies revealed
that high planktonic productivity existed in the lake. This
high productivity was associated with a pattern of early
fish growth similar to that of Sunfish Lake. Although
inconclusive, the data suggest that the growth rates
observed in the two lakes were both the result of high

planktonic productivity.

Sunfish Lake yellow perch exhibited strong size
selectivity when feeding on Daphnia. This selection of

larger individuals, higher in caloric content, has been well

documented in the literature (Hall et al. 1970, Galbraith
1967, Brooks and Dodson 1966). In each <case it was
determined that selection was visual rather then by

mechanical straining of swarms of Daphnia through the gill
rakersg, Werner and Hall (1974) determined that the sizes

selected by the bluegill sunfish (Lepomis macrochirus) in

laboratory tanks and in the field were optimal for each test
condition, The measure of optimality was based on caloric
return, density of prey (search time), and handling time.
As densities decreased the bluegills became less size
selective, choosing greater numbers of the smaller, but more

abundant individuals. Therefore, the strong size
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selectivity displayed by Sunfish Lake yellow perch further

supports indications of high zooplankton abundance.

The quality and quantity of food 1is of obvious
importance in the determination of growth rate, but it 1is
not the only factor. Temperature, pollution, heavy parasite
loads, and population density have also been implicated and
of these, temperature appears to be most important. Coble
(1966) found the growth of yellow perch in South Bay, Lake
Huron to show a marked relationship to mean water
temperature at a depth of 20 feet. LeCren (1958), working

with P. fluviatilis, found a correlation between total

annual growth and surface water temperatures in Lake
Windemere. Although temperature may be influencing the
growth rate of Sunfish Lake yellow perch, any effects of
temperature on growth would most likely be reflected in all
age classes. Therefore, temperature could not be
responsible for the size selective increases and decreases
in the growth of juvenile fish observed in Sunfish lake and
Lake Mephremagog. Temperature, no doubt contributes to the
observed growth rates in these two lakes, but the effects of
feeding still appears to be the most logical explanation for

these size selective responses.

The steep decline in the growth rate of yellow perch in
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Sunfish Lake ©between second and third year was probably not
due to feeding. More 1likely it was the result of the
attainment of sexual maturity and the redirection of surplus
energetic input into the development of reproductive
structures and increased fecundity. This argument assumes
that sexual maturity occurs in the fish’s third year (Scott
and Crossman 1973). Although the timing of sexual maturity
was not determined spécifically for Sunfish Lake, there is
evidence that initiation of sexual maturity dis largely
determined by age and not by growth or other external

factors (Keast pers. comm.).

There are indications that this diet of zooplankton was
not energetically beneficial, however, for the adult yellow
perch population of Sunfish Lake. Following the attainment
of sexual maturity, growth rates continued to fall at a
relatively rapid rate. Adult growth rates in other lakes in
which benthic organisms and fish constitute the diet fall
less rapidly, and in two <cases they appear to increase
(figure 16). Similar divergence in growth rates were
observed between planktivorous and piscivorous populations
of lake trout in several Algonquin Park lakes (Martin 1951,
1966) . It is possible that the planktivorous population of
Sunfish Lake experienced decreased adult growth rates as a

result of their diet. I should point out, however, that
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data was collected only over a two year period.
Consequently the decline in growth rate between the fourth
and fifth year classes may have been due to abnormally poor
growth earlier in the life of year «class five. These

considerations must be kept in mind.

Further investigation of the effect of a zooplankton
diet on the adult population should involve the measurement
of gonad weight. This would give some indication of the
reproductive potential of the mature individuals. If the
zooplankton diet selected is having adverse effects on the
growth performance of the adult fish, one might expect
similar decreases in gonad weight and reproductive output.
If such a decrease 1is not observed, then perhaps the

decrease growth rate is due to some other factor.

Seasonal shifts in yellow perch diet were not observed
in Sunfish Lake. Shifts generally occur when the benefits
of feeding on the present food resource fall below potential

benefits obtainable from another (Werner and Mittelbach

1981 These fluctuations in resource abundance are common
in temperate lakes during spring and summer months
(Mittelbach 1981b). Based on zooplankton data collected at
Sunfish Lake, this lack of seasonal shifts is not

unexpected. Although the dominant Daphnia species changed




as

from D. retrocurva in May to D. rosea in July and September,

the combined abundance of all Daphnia spp. did not change
appreciably over the summer. According to Wynne—Edwards
(1981), benthic invertebrate abundance in 1980 was high in

May, declined from June to August, and increased again in
September and November. Assuming that the timing of major
invertebrate life cycle events 1s consistent from year to
yvear (Keast 1977), one might expect shifts in diet to occur
in May or September. Since these do not occur it can be
assumed that either a) zooplankton populations represented a
higher net energetic gain than did the benthos throughout
the season; or b) something was preventing the yellow perch
from wutilizing the larger food items. This first
possibility has already been examined; therefore, T will
restrict further discussion to a consideration of ©possible

restrictions to prey utilization.

Wynne—-Edwards”’ (1981) survey of the benthic resource
base of Sunfish Lake revealed a modevrately diverse community
closely associated with the presence of Chara. Pumpkinseed

(Lepomis gibbosus) and rock bass (Amboploites rupestris)

were both abundant in the lake and fed exclusivly on benthic
organisms. These two points indicate that the benthic
resource Dbase was present and available to the fish

population of the lake. It is possible, however, that it




46
was not available to the yellow perch. Pumpkinseeds are a
far more specialized benthic feeder than the yellow perch.
With its suctorial mouth, the pumkinseed would be more adept
at capturing benthic invertebrates din the Chara than the
vyellow perch with its larger, non—-suctorial mouth (Keast
1965). Competition would be intensified by the restricted
littoral zone, and the use of the abundant Chara as a
potential refuge for the benthic organisms. As a result,
the yellow perch could have been competitively excluded from
the benthic resource. This hypothesis could be tested using
large scale fish &enclosures excluding benthic feeding

competitors and observing changes in yellow perch diet.

An  abundance of =zooplankton would certainly lessen
pressure to enter into competition for the benthic resource.
In addition, competition for zooplankton in Sunfish Lake
appeared to be small. Unlike Lake Opinicon, where Alosa

pseudoharengus were present (Gibson 1974), no other

planktivore inhabits the lake except the young-of-the-year

for most species and the white sucker (Catostomas
commersoni)., The white sucker, however, did not appear to
select any particular size of =zooplankton based on

qualitative observations made during stomach analysis of
white suckers. By selecting only the largest Daphnia

individuals, yellow perch are able to decrease niche overlap




and competition.
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Even assuming that yellow perch are excluded from the
benthic resource, this still does not explain why a direct
shift to piscivory was not observed. The apparant size of
the fish population of Sunfish Lake would suggest an
adequate young-oftheyear population on which to feed.
Possibly experience with intermediate prey sizes 1is required
before progression into a piscivorous feeding mode; however,
Complak (1982) observed young yellow perch in Atkins lake,
Ontario to move almost directly into piscivory from
planktivory. Another possibility could be that the
young-of-the—-year and minnow populations of the lake are
finding refuge from predators in the Chara. Such behavior
has been observed in juvenile bluegill sunfish (Mittelbach
1981). This hypothesis could be tested by behavioral

studies on predator avoidance by young fish in Chara.




CONCLUSION

My data clearly- demonstrates that the adult vyellow
perch population of Sunfish Lake retained a juvenile diet
consisting largely of zooplankton. This contrasts with most
other published information on yellow perch feeding ecology.
This diet illustates the flexibility and adaptiveness of
feeding strategy of a fish species. Yellow perch
morphological features such as jaw structure and dentition
are designed for a "traditional" diet of large hard bodied
food items or small fish, yet Daphnia tended to be the
dominant prey item in Sunfish Lake. In an attempt to find
an explanation for this unusual diet, I have examined the
zooplankton resource base on which they were feeding. The
conclusion drawn is that the diet selected, and the
subsequent above average growth was due to a high abundance

of zooplankton present in the lake.

An interesting follow-up study might involve a
mathematical prediction of the diet of Sunfish lake based on
available resource abundance data (Mittelbach 198la). A
high correlation between this predicted diet and the actual

observed diet would lend support to the conclusion outlined

48
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above. I would predict, Thowever, that deviations would
occur in the adult age class diets due to competition.
Optimal foraging models formulated thus far have been unable
to include the effects of competition into their ©predicted
foraging strategy. I believe that in Sunfish lake, the
effect of competition for littoral zone organisms influenced
foraging strategy selection. Therefore, more work is
required to determiﬁe the magnitude of the effect of
competition in Sunfish lake if a complete explanation of the

observed yellow perch diet is to be' found.
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YELLOW PERCH - MAY COMBINED (AGE)

YEAR CLASS = 0-1 (N = 29-3)

YEAR  LENGTH WEIGHT Zoo Chi An Zyg Eph Amp Ter Fish OTHER

1980 61 2.0 84 i0 5 1
65 2.6 10 10 10 70
65 2.6 15 49 0.1 80
61 251 95 5
63 2.l EMPTY
59 L 60 40
55 L. 7 100
65 2.5 14 14 70 2
65 2.4 80 20
58 ! 95 5
58 1.5 25 75
63 2l 45 3 25 25 2
67 2.6 20 50 15 15
68 2.8 100
75 346 10 70 20
70 3.0 55 15 10 10 10
67 2.5 EMPTY
64 2.2 100
68 2.6 45 55
68 2.8 40 45 5
68 2.7 40 60
67 2.6 70 30% AN TISSUE
60 1.6 100
63 1.8 95 5
65 2.2 100
59 16 EMPTY
77 3.8 100
58 1.4 100
59 1.6 100
17.19 9.61 4.38 0
61.65 2.27 0.96 4.08

AN TISSUE = 1.15




YELLOW PERCH MAY COMBINED (AGE)
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YEAR CLASS = 2-3 (N= 21-3)

YEAR LEMGTH WEIGHT Zoo Chi An Zyg Eph Amp Ter Fish OTHER

1980 181 Th. 4 98 2
212 130.3 99 1
192 89.0 95 5
1981 186 60.0 85 15
191 63.0 100
194 73.0 98 2
171 41.7 65 35
203 87.3 40 60
187 69:. 1 85 13
215 98.2 80 20
174 31.8 25 75
221 114.7 EMPTY
230 115.7 EMPTY
204 82.3 80 20
209 85.2 90.5 9
190 160.5 7 8 85% ORGANIC
194 69.6 25 F
79 53.3 100
191 60.7 10 40 50
179 57.9 2 80 18% AN TISSUE
180 57 X EMPTY
22.44 0 0 2.78
59.97 0 3.33 3.3

YEAR CLASS 4+ (N = 11)

YEAR LENGTH WEIGHT Zoo Chi An Zyg Eph Amp Ter Fish OTHER

1930 233 1713 90 10
1981 255 197.0 98 2
252 191.0 100% DECAPOD
254 171.0 100
246 172.0 97 3
259 189.0 100% DECAPOD
247 175.0 96 4
214 112.0 86 8 6
209 98.0 97 3
250 215.8 0.5 1 98% DECAPOD
230 122.2 15 60 5% AN TISSUE 20% PC.TISSUE
8.23 4] 0 0
61.72 0 .64 0

DECAPOD = 27.09%




YELLOW PLKCH JULY COMBINED (AGE)
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YEAR CLASS 2 - 3 (N = 28-1)
YEAR LENGTY WEILGHT Zoo Chi  An Eph  Amp Ter Fish OTHER
1980 206 165 EMPTY
203 117 75 25% AN. TISSUE
215 128 90 10
189 93 100
159 45 95 5
155 39.9 30 2 60 8% DECAPOD CLAW
1981 194 67.3 5 5 90
202 95.0 90 5 5% AN. TISSUE
178 63.3 2 38 60
198 88.2 100
186 68.3 100
214 101.9 100
198 86.1 100
212 110.1 100
203 93.1 100
198 89.2 100
202 89.4 100
192 77.9 100
188 77.1 100
196 90.4 100
191 79.0 100
183 77.1 98 1 1% AN. TISSUE
194 87.7 100
204 93.4 100
182 75.7 100
194 90.4 100
180 70.0 100
192 80.5 100 - .
2.15 9.26
79.62 4.41 __0.26 2.44
16

ANIMAL TISSUE =
DECAPOD =




-

YELLOW PERCH SEP..

COMBINFD (AGE)

YEAR CLASS 0-1 (N = 14-2) 57
COND. YTAR LENGTH WEICHT Zoo Chi  An Zyg Eph  Amp Ter Fish OTHER
8.9 1980 115 13.6 60 0.5 1.5 387 TRICHOPTERA(3.17)
9.4 113 13.6 100
9.4 111 12.9 98 2
B T 66 2.5 85 45
9.7 58 1.9 15 75 10
8.7 139 23.4  EMPTY
9.3 100 9.3  EMPTY
0.1 96 8.9 10 90% AN.TISSUE (7.5)
9.7 98 9.1 10 55 15 20
97 9.0 8 30 55 7% HYDRACHNID (.58)
64 21 40 20 40
62 2.2 20 40 40
62 1.9 50 50
60 1.7 40 60
31.29 0 13,75 0
42.16 0 1.54 0
YEAR CLASS 2-3 (N = 22-5)
YEAR LENGTH WELGHT Zoo Chi  An Zyg Eph Amp Ter Fish  OTHER
1980 211  102.7 100
199 94.4 100
199 86.4 100
193 80.8 100
180 65.1 100
171, 557 10 90% DECAPOD
165 44,5 EMPTY
129 19.8 100
206 93.5 100% DECAPOD
194 82.7 EMPTY
1981 200 94.0 50 50
235  141.9 EMPTY
191 82.2 100
198 106.3 EMPTY
151 33.0 60 407% PLANT TISSUE(2.35)
225  125.7 100
148 33.0 100
137 23.7 30 70
176 55.7 100
207  104.2 EMPTY
223 140.5 100
222 141.5 95 5% OLIGOCHEATE(0Q.29)
4.12 0 0 8.82 DECAPOD = 11.18
72.64 0.59 0 -




YELLOW PERCH SFPT. COMBINED (AGE)
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YEAR CLASS 4+ (N = 6-3)
YEAR LENGTH WEIGHT Zoo Chi  An Zyg Eph  Amp Ter Fish OTHER
1930 253 223.5  EMPTY
256 247.7  EMPTY
254 222.2  EMPTY
253 222.8 100
246 211.1 100
19381 220 119.8 35 65
0 0 0 21.67
66.67 0 0
YELLOW PERCH JULY COMBINED (AGE)
YEAR CLASS 4+
YEAR LENGTH WEIGHT Zoo Chi An Zyg Eph Amp Ter Fish OTHER
1930 264 241 75 25
247 182 50 50
1931 225 119.3 5 60 1 34% AN. TISSUE
238 118.3 75 20 2 3
230 135.7 100
27. 0 0 0.6 AN. TISSUE = 6.8
61.00 0 4. 0.4
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