83

20 ; Age 3-4
Branched Oak

15 -

10 1

Pawnee

15 1

10 A

Frequency (%) of white perch consumed

0 20 40 60 80 100 120

Standard length (mm)
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squares) in Branched Oak Lake, Nebraska. All stock-length fishes were considered
predators, except white perch. Predators captured were largemouth bass (LMB), white
crappie (WHC), black crappie (BLC), channel catfish (CHC), flathead catfish (FHC),
hybrid striped bass (HSB) and walleye (WAE). Predator size categories were stock to
quality length (S-Q), quality to preferred length (Q-P), preferred to memorable length
(P-M), preferred length (P) and memorable length (M). Prey captured were bluegill
(BLG), black crappie (BLC), white crappie (WHC), gizzard shad (GZD) and white
perch (WHP). Prey size categories were 80-99 mm and >99 mm for all prey, except
white perch. Prey size categories for white perch were 100-129 mm, stock to quality
length (S-Q) and quality to preferred length (Q-P).
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Figure 5-4. Stable isotope signatures for predators (open circles) and prey (solid
squares) in Pawnee Lake, Nebraska. All stock-length fishes were considered
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prey, except white perch. Prey size categories for white perch were 100-129 mm,
stock to quality length (S-Q) and quality to preferred length (Q-P).



Appendix A. A complete summary of food habits (O; = frequency of occurrence, %V; = percent composition of volume displaced and
MSF; = mean stomach fullness) for white perch by season in Branched Oak (BO) and Pawnee (PA) reservoirs, Nebraska during

2006 and 2007.

Year Season Reservoir Prey item O;i (£ SE) %V MSF; (+ SE)

2006 spring BO cladocera 77.3 (x6.3) 80.4 23.0 (= 4.9)
coleoptera 4.6 (£3.1) 1.6 0.3(x0.2)
diptera 27.3 (£ 6.7) 8.1 2.7 (x1.0)
rock 6.8 ( 3.8) 3.7 2.3 (x2.0)
unidentifiable fish 11.3(x4.8) 4.8 1.1(x0.5)
unidentifiable plant 9.1(x4.3) 1.5 0.2(x0.2)

summer algae 2.9 (x2.0) 1.7 0.5(x0.3)
annelida 1.4 (x1.4) 0.02 0.005 (= 0.005)
araneae 1.4 (x1.4) 0.05 0.01 (£ 0.01)
cladocera 55.7 (£ 5.9) 27.4 6.0 (£ 0.9)
coleoptera 15.7 (£ 4.3) 4.5 1.4 (x0.5)
diptera 72.9 (£5.3) 41.9 10.4 (x 1.3)
fish eggs 4.3 (x24) 1.5 0.3(x0.2)
hemiptera 14.3 (£ 4.2) 35 1.0 (x0.4)
hymenoptera 1.4 (x1.4) 0.3 0.1(x0.1)
trichoptera 1.4 (x1.4) 0.5 0.2(x0.2)
unidentifiable plant 14 (x1.4) 1.7 0.4 (x04)
white perch 7.1(x3.1) 16.9 2.7 (x1.7)
autumn algae 21(x2.1) 2.9 0.5(x0.5)

amphipoda 4.3 (£2.9) 2.9 0.4 (£0.3)
araneae 2.1(x2.1) 0.1 0.02 (£ 0.02)
cladocera 74.5 (£ 6.4) 39.4 6.5 (x0.8)
coleoptera 8.5(x4.1) 54 0.8(x0.4)
diptera 25.5 (£ 6.4) 12.5 2.6 (x1.0)
hemiptera 31.9 (£ 6.8) 321 4.7 (£ 1.6)
rock 2.1(x2.1) 0.07 0.01 (£ 0.01)
unidentifiable plant 12.8 (x 4.9) 4.6 1.9(x0.7)
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Appendix A. Continued.

Year Season Reservoir Prey item O; (= SE) %V MSF; (+ SE)
2006 spring PA cladocera 93.8 (x 3.5) 87.9 36.8 (= 4.6)
coleoptera 2.1(x2.1) 0.01 0.007 (£ 0.007)
diptera 37.5(x7.0) 8.0 45 (£ 1.5)
hemiptera 21 (x2.1) 0.3 0.1(x0.1)
white perch 4.2 (£2.9) 3.7 0.4 (£0.4)
summer algae 1.6 (= 1.6) 1.6 0.3(x0.3)
cladocera 81.0 (= 4.9) 71.6 13.3 (£ 1.5)
coleoptera 4.8 (£ 2.7) 1.0 0.2(x0.1)
diptera 41.2 (£6.2) 15.2 2.3 (x0.6)
hemiptera 6.3 (x3.1) 0.9 0.1 (x0.07)
rock 1.6 (£ 1.6) 3.8 0.7 (x0.7)
trichoptera 1.6 (= 1.6) 0.5 0.04 (£ 0.04)
white perch 11.1 (£ 4.0) 55 0.6 (£0.2)
autumn annelid 4.4 (£ 3.1) 0.4 0.1 (x0.01)
cladocera 95.6 (+3.1) 94.2 27.2 (x1.7)
coleoptera 4.4 (£3.1) 0.3 0.09 (+ 0.06)
diptera 13.3(x5.1) 1.8 0.5(x0.2)
hemiptera 6.7 (£ 3.7) 1.7 0.5(x£0.3)
hymenoptera 2.2 (£2.2) 1.2 0.4(x0.4)
white perch 2.2 (x2.2) 0.4 0.1(x0.1)
2007  spring BO amphipoda 29 (£2.8) 0.08 0.02 (x 0.02)
cladocera 85.7 (£5.9) 63.8 14.8 (+ 2.8)
copepoda 62.9 (x8.2) 6.7 1.9 (£ 0.5)
diptera 48.6 (+8.4) 22.5 5.3(x1.6)
fish eggs 28.6 (£ 7.6) 6.7 1.4 (£ 0.5)
trichoptera 2.9 (£2.8) 0.2 0.1(x0.1)
summer amphipoda 12.1 (£ 4.3) 3.8 1.4 (£ 0.6)
cladocera 37.9(x6.4) 6.1 2.0(x0.9)
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Appendix A. Continued.

Year Season Reservoir Prey item O; (= SE) %V MSF; (+ SE)
2007 summer BO coleoptera 1.7 (x1.7) 3.8 0.1(x0.1)
copepoda 13.8 (£ 4.5) 6.1 1.4 (x0.7)
decapoda 1.7 (x1.7) 1.1 0.1(x0.1)
diptera 89.7 (£ 4.0) 4.0 19.3(x 1.9)
ephemeroptera 1.7 (x1.7) 0.2 1.6 (x1.6)
plecoptera 3.4 (x24) 50.5 0.7(£0.7)
trichoptera 1.5(x1.6) 4.8 0.1(x0.1)
unidentifiable fish 10.3 (x 4.0) 2.1 7.4 (x 3.6)
unidentifiable plant 3.4 (x24) 0.5 0.1(x0.1)
autumn cladocera 63.0 (+ 6.6) 32.0 52 ((x0.7)
coleoptera 9.3(x3.9) 2.6 0.6 (£0.3)
diptera 57.4 (£ 6.7) 35.6 8.7(x1.7)
hemiptera 7.4 (£3.6) 2.4 0.6 (£0.4)
unidentifiable fish 56 (x3.1) 27.3 6.1 (x5.7)
spring PA amphipoda 2.2 (£2.2) 0.04 0.02 (x 0.02)
cladocera 53.3(x7.4) 12.3 3.2(x0.9)
copepoda 20.0 (= 6.0) 1.1 0.4(x0.2)
diptera 40.0 (£7.3) 11.3 3.1(x0.8)
fish eggs 24.4 (£ 6.4) 56.5 7.5 (£ 2.8)
trichoptera 13.3(x5.1) 13.9 46 (x£3.2)
unidentifiable invertebrate 4.4 (£3.1) 2.2 0.3(x0.2)
unidentifiable plant 8.9(x4.2) 2.6 0.3(x0.2)
summer amphipoda 1.8 (£ 1.8) 0.3 0.09 (£ 0.09)
cladocera 63.6 (£ 6.5) 53.2 14.3 (£ 2.2)
copepoda 38.2 (£ 6.6) 13.9 45 (x1.5)
diptera 63.6 (+ 6.5) 325 9.3(x£2.3)
autumn cladocera 60.5 (£ 7.5) 44.9 57 (1.3
diptera 41.9 (£7.5) 30.4 44(x1.2)
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Appendix A. Continued.

Year Season Reservoir Prey item O; (= SE) %V MSF; (+ SE)
2007 autumn PA hirudinea 2.3 (£2.3) 3.7 0.3(£0.3)
unidentifiable fish 23.3(x6.4) 16.9 1.4 (x0.4)
unidentifiable plant 2.3 (£2.3) 4.1 0.4(x0.4)
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Appendix B. A complete summary of food habits (O; = frequency of occurrence, %V; = percent composition of volume displaced and
MSF; = mean stomach fullness) for largemouth bass (LMB), white crappie (WHC), black crappie (BLC), channel catfish (CHC),
flathead catfish (FHC), hybrid striped bass (HSB) and walleye (WAE) by season in Branched Oak Lake, Nebraska during 2006
and 2007. Species with fewer than 10 individuals containing prey items per season were not reported because sample size was
insufficient to reliably describe food habits.

Species  Year Season Prey item O; (x SE) %V MSF; (x SE)
LMB 2006  autumn bluegill 4.8 (£4.7) 2.7 0.3(x0.3)
coleoptera 4.8 (£ 4.7) 0.03 0.02 (= 0.02)
decapoda 23.8 (£ 9.3) 12.0 1.4 (x1.0)
gizzard shad 14.3 (= 7.6) 7.7 24 (£ 1.4)
goldfish 4.8 (£4.7) 13.3 1.4 (x1.4)
green sunfish 4.8 (£4.7) 22.7 1.6 (= 1.6)
unidentifiable fish 9.5(x£6.4) 1.7 0.1(x0.1)
white perch 57.1(x 10.8) 39.9 10.0 (= 3.8)
WHC spring amphipoda 4.0 (£2.8) 0.2 0.03 (£ 0.02)
cladocera 22.0 (= 5.6) 1.3 0.2 (£ 0.08)
cyclopoida 4.0 (£2.8) 0.2 0.02 (x0.02)
diptera 64.0 (£ 6.8) 10.9 1.4 (x0.4)
ephemeroptera 2.0 (£ 2.0 0.03 0.003 (£ 0.003)
gizzard shad 48.0 (£7.1) 73.9 11.8 (x 2.6)
hirudinea 2.0 (£2.0) 0.1 0.01 (x0.01)
unidentifiable fish 12.0 (x 4.6) 4.2 0.6 (x0.3)
unidentifiable invertebrate 2.0 (£ 2.0 0.09 0.009 (£ 0.009)
unidentifiable plant 4.0 (£ 2.8) 0.1 0.01 (£ 0.01)
white perch 8.0 (x3.8) 8.9 1.0(x0.8)
summer cladocera 2.5(x2.5) 0.08 0.01 (£ 0.01)
decapoda 50(x3.4) 0.06 0.01 (£ 0.01)
diptera 15.0 (£ 5.6) 0.8 0.1 (£ 0.08)
gizzard shad 475 (£7.9) 60.6 125 (x3.1)
heteroptera 2.5 (£ 2.5) 0.2 0.05 (x 0.05)
unidentifiable fish 50(x25) 1.9 0.4 (x0.3)
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Appendix B. Continued.

Species  Year Season Prey item O; (= SE) %V MSF; (= SE)
WHC 2006  summer unidentifiable plant 125 (£5.2) 0.8 0.1(x0.07)
white perch 525 (x£7.9) 35.5 54(x1.5)
autumn algae 3.0 (£3.0) 1.1 0.3(x0.3)
decapoda 3.0(x3.0 0.2 0.05 (= 0.05)
diptera 12.1 (£ 5.7) 0.8 0.2(x0.1)
gizzard shad 57.6 (+ 8.6) 71.0 141 (x4.2)
unidentifiable fish 3.0 (£ 3.0) 0.01 0.002 (£ 0.002)
white perch 36.4 (£ 8.4) 26.9 6.5 (x 2.3)
BLC spring acariformes 16.7 (£ 10.7) 0.04 0.01 (= 0.01)
cladocera 33.3 (£ 13.6) 1.1 0.3(x0.2)
cyclopoida 25.0 (= 10.9) 0.3 0.1 (£ 0.05)
decapoda 8.3(x8.0) 18.4 55 (x£5.5)
diptera 66.7 (£ 13.6) 13.7 3.4 (x1.3)
gizzard shad 25.0 (£ 10.9) 32.2 7.2(x5.2)
unidentifiable fish 25.0 (= 10.9) 2.2 0.6 (£0.5)
unidentifiable invertebrate 8.3(x8.0) 0.3 0.07 (x 0.07)
unidentifiable plant 25.0 (= 10.9) 1.9 0.6 (£ 0.6)
white perch 25.0 (= 10.9) 29.8 6.6 (£ 6.6)
CHC algae 38.5(£9.5) 345 92.1 (£ 32.7)
amphipoda 3.8(x3.7) 0.03 0.1(x0.1)
coleoptera 7.7(£5.2) 0.07 0.1 (£ 0.09)
decapoda 15.4 (x 7.0) 5.6 3.6(x22)
diptera 15.4 (£ 7.0) 0.1 0.6 (x0.5)
fish eggs 11.5 (¢ 6.1) 3.9 15.5 (x 11.8)
ephemeroptera 3.8 (x3.7) 0.04 0.08 (£ 0.08)
gizzard shad 23.1(x8.3) 9.1 26.8 (£ 18.4)
hirudinea 3.8 (x3.7) 0.06 0.1(x0.1)
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Appendix B. Continued.

Species  Year Season Prey item O; (= SE) %V MSF; (= SE)
CHC 2006  spring unidentifiable fish 26.9 (£ 8.7) 28.1 99.5 (+ 54.6)
unidentifiable plant 15.4 (£ 7.0) 4.6 10.1 (£ 6.9)
white perch 30.8 (x9.1) 13.9 23.7 (£ 13.3)
FHC summer coleoptera 1.5(x15) 0.01 N/A
decapoda 21.5(x5.1) 10.5 N/A
diptera 6.1(x£2.9) 0.03 N/A
fish eggs 1.5(x15) 1.0 N/A
gizzard shad 31(x21) 0.3 N/A
rock 6.1 (x2.9) 1.5 N/A
unidentifiable fish 15(x1.5) 0.02 N/A
unidentifiable invertebrate 16.9 (£ 4.5) 0.7 N/A
unidentifiable plant 15(x1.5) 2.3 N/A
white perch 52.3 (x6.2) 83.6 N/A
HSB spring decapoda 19.4 (= 7.0) 13.0 1.2 (x0.8)
diptera 3.2(x3.1) 0.02 0.02 (£ 0.02)
gizzard shad 6.5 (x4.3) 341 6.2 (x4.3)
rock 3.2(x3.1) 0.03 0.01 (£ 0.01)
unidentifiable fish 22.6 (£7.5) 12.3 21(x1.1)
unidentifiable plant 16.1 (£ 6.6) 0.4 0.06 (x 0.03)
white perch 54.8 (£9.0) 40.2 7.5(x2.3)
summer algae 2.3(£2.1) 0.07 0.01 (x0.01)
decapoda 22.7 (£ 6.4) 24.6 2.4 (£ 1.0)
diptera 9.1(x44) 0.07 0.01 (£ 0.007)
gizzard shad 27.3 (£ 6.8) 40.3 7.8 (x2.9)
hirudinea 23 (x21) 0.1 0.06 (£ 0.06)
unidentifiable fish 15.9 (£ 5.6) 1.5 0.5(x0.3)
unidentifiable plant 45 (x3.0) 0.06 0.005 (x 0.004)
white perch 341(x7.2) 33.3 8.4 (x29)
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Appendix B. Continued.

Species  Year Season Prey item O; (x SE) %V MSF; (+ SE)
HSB 2006  autumn decapoda 5.7 (£ 3.6) 2.7 0.93 (x0.7)
gizzard shad 85.7 (£ 6.4) 90.4 38.2 (£ 6.7)
rock 2.9 (£ 2.8) 0.09 0.02 (£ 0.02)
unidentifiable fish 8.6 (x4.7) 0.6 0.3(x0.2)
white perch 17.1 (£ 6.3) 6.2 1.9(x0.9)
WAE spring algae 53(x3.5) 0.4 0.06 (x 0.06)
ephemeroptera 2.6 (£ 2.6) 0.04 0.01 (x0.01)
gizzard shad 31.6 (= 7.5) 19.8 5.6 (£2.0)
unidentifiable fish 15.8 (£ 5.8) 2.7 0.9(x0.5)
unidentifiable plant 53(x3.5) 0.3 0.04 (= 0.04)
white perch 63.2 (+ 7.8) 76.7 18.5 (£ 5.0)
summer common carp 3.7 (£ 3.6) 16.7 22 (x2.2)
diptera 3.7 (£ 3.6) 0.02 0.002 (= 0.002)
gizzard shad 29.6 (= 8.8) 22.6 9.5 (£ 3.6)
unidentifiable fish 22.2 (£ 8.0) 1.5 0.3 (£ 3.6)
white perch 63.0 (£ 9.3) 59.2 15.9 (£ 3.6)
autumn gizzard shad 100.0 (x 0.0) 90.3 27.6 (£ 3.7)
unidentifiable fish 7.0 (x3.9) 0.4 0.1(x0.1)
white perch 27.9 (£ 6.8) 9.2 21(x1.1)
WHC 2007  spring algae 2.9 (x29) 0.09 0.02 (£ 0.02)
cladocera 59 (x4.0) 0.3 0.05 (x 0.04)
copepoda 59 (x4.0) 0.1 0.02 (£ 0.02)
crappie 29 (x2.9) 6.4 1.1(x11)
diptera 50.0 ( 8.6) 7.6 1.5(x0.7)
ephemeroptera 59 (4.0 0.2 0.04 (£ 0.03)
gizzard shad 235 (£ 7.3) 29.3 45 (£ 2.3)
trichoptera 26.5 (£ 7.6) 0.8 0.1 (x0.04)
unidentifiable fish 38.2 (£8.3) 3.0 0.6 (x0.2)
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Appendix B. Continued.

Species  Year Season Prey item O; (x SE) %V MSF; (+ SE)
WHC 2007  spring unidentifiable plant 26.5 (x 7.6) 1.9 0.4(x0.2)
white perch 29.4 (= 7.8) 50.2 7.9 (£ 2.6)
summer brook silversides 6.3 (£6.1) 8.8 4.3 (x4.3)
diptera 25.0 (£ 10.8) 0.6 0.4 (x0.2)
gizzard shad 62.5 (x12.1) 56.2 26.9 (= 6.6)
unidentifiable invertebrate 6.3 (£6.1) 0.1 0.09 (x 0.09)
unidentifiable plant 12.5 (£ 8.3) 0.3 0.2(x0.1)
white perch 12.5 (+ 8.3) 42.8 5.0 (x34)
autumn cladocera 45 (x3.1) 0.2 0.05 (x 0.03)
decapoda 23(x2.2) 0.7 0.2(x0.2)
diptera 6.8 (+ 3.8) 0.1 0.05 (£ 0.04)
gizzard shad 88.6 (+ 4.8) 95.8 28.6 (x 4.3)
hirudinea 2.3(£2.2) 0.1 0.04 (x 0.04)
unidentifiable plant 23(x22) 0.05 0.02 (£ 0.02)
white perch 6.8 (£ 3.8) 3.1 0.9 (£0.5)
FHC spring decapoda 9.1(x8.7) 3.8 N/A
gizzard shad 9.1(x£8.7) 65.7 N/A
unidentifiable fish 36.4 (£ 14.5) 0.8 N/A
white perch 45.5 (+ 15.0) 29.7 N/A
summer decapoda 46.4 (£ 9.4) 47.6 N/A
larval fish 179 (£7.2) 0.7 N/A
unidentifiable fish 10.7 (= 5.8) 0.3 N/A
unidentifiable plant 7.1(x4.9) 0.8 N/A
white perch 32.1(£8.8) 50.6 N/A
HSB spring decapoda 6.3(x6.1) 5.0 0.2(x0.2)
diptera 6.3 (£6.1) 0.2 0.09 (x 0.09)
gizzard shad 6.3 (x6.1) 0.8 0.05 (£ 0.05)
unidentifiable fish 25.0 (+ 10.8) 5.5 0.8 (£ 0.6)
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Appendix B. Continued.

Species  Year Season Prey item O; (x SE) %V MSF; (+ SE)
HSB 2007  spring white perch 62.5 (x12.1) 88.5 6.5 (£ 2.0)
summer brook silverside 4.8 (£ 4.6) 0.5 0.09 (£ 0.09)
decapoda 4.8 (+ 4.6) 0.2 0.2(x0.2)
diptera 4.8 (+ 4.6) 0.003 0.001 (x 0.001)
gizzard shad 66.7 (+ 10.3) 88.4 19.9 (£ 4.8)
largemouth bass 4.8 (x 4.6) 0.5 0.6 (£ 0.6)
larval fish 4.8 (£ 4.6) 0.05 0.04 (£ 0.04)
unidentifiable fish 4.8 (£ 4.6) 0.7 0.1(x0.1)
unidentifiable plant 9.5(x6.4) 0.1 0.03 (= 0.3)
white perch 19.0 (= 8.6) 9.4 2.7 (x1.3)
autumn algae 2.0 (£ 2.0) 0.01 0.002 (£ 0.002)
decapoda 2.0(x2.0) 0.02 0.004 (£ 0.004)
gizzard shad 59.2 (= 7.0) 78.9 24.7 (£ 6.3)
hemiptera 2.0 (x2.0) 0.01 0.002 (= 0.002)
isopoda 2.0 (£ 2.0) 0.02 0.003 (= 0.003)
unidentifiable plant 4.1(x2.8) 0.03 0.006 (+ 0.004)
white perch 429 (£ 7.1) 21.0 8.9 (£2.3)
WAE spring algae 23(x22) 0.04 0.01 (£ 0.01)
gizzard shad 15.9 (£ 5.5) 1.8 0.6 (£0.4)
unidentifiable fish 20.5(x6.1) 5.6 1.7 (£ 0.8)
unidentifiable plant 45 (x3.1) 0.04 0.008 (£ 0.008)
white perch 65.9 (£7.1) 92.6 21.8 (x4.2)
summer diptera 24 (x2.4) 0.01 0.004 (+ 0.004)
gizzard shad 7.3(x4.1) 1.8 0.9 (£ 0.6)
unidentifiable fish 4.9 (x3.4) 0.8 0.2(x0.2)
unidentifiable plant 4.9 (£ 3.4) 0.06 0.04 (x0.4)
walleye 24 (x2.4) 4.4 3.9(x3.9)
white perch 80.5(x6.2) 93.0 28.1 (= 5.8)
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Appendix B. Continued.

Species  Year Season Prey item O; (x SE) %V MSF; (+ SE)
WAE 2007  autumn brook silverside 1.8 (x1.8) 1.2 1.2(x1.2)
gizzard shad 60.0 (= 6.6) 52.4 24.7 (£5.1)

rock 1.8 (£1.8) 0.04 0.02 (x 0.02)

unidentifiable plant 3.6 (x25) 0.05 0.01 (£ 0.01)
white perch 455 (£ 6.7) 46.3 13.2 (£ 3.1)
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Appendix C. A complete summary of food habits (O; = frequency of occurrence, %V; = percent composition of volume displaced and
MSF; = mean stomach fullness) for largemouth bass (LMB), channel catfish (CHC), flathead catfish (FHC), white bass (WHB),
sauger (SAU) and walleye (WAE) by season in Pawnee Lake, Nebraska during 2006 and 2007. Species with fewer than 10
individuals containing prey items per season were not reported because sample size was insufficient to reliably describe food

habits.
Species  Year Season Prey item O; (x SE) %V MSF; (x SE)
LMB 2006  spring common carp 59 (x£5.7) 0.1 0.04 (x 0.04)
decapoda 11.8 (x7.8) 1.0 0.3(x0.2)
unidentifiable fish 17.6 (£9.2) 2.5 0.1(x0.7)
unidentifiable plant 59 (x5.7) 0.1 0.02 (£ 0.02)
walleye 59 (x£5.7) 114 1.5(x15)
white perch 58.8 (= 11.9) 84.8 19.7 (= 7.0)
summer crappie 7.7(£7.4) 28.3 52 (x£5.2)
hemiptera 7.7 (x7.4) 0.04 0.01 (£ 0.01)
unidentifiable fish 38.5 (+ 13.5) 2.1 0.6 (£0.5)
white perch 69.2 (£ 12.8) 69.6 9.5(x4.38)
autumn caudata 53(x£5.1) 16.2 3.0(x3.0)
decapoda 36.8 (£ 11.1) 32.8 6.5 (x 2.5)
unidentifiable fish 53(x£5.1) 0.06 0.01 (= 0.01)
walleye 53(x5.1) 16.2 1.1(x1.1)
white perch 57.9 (x 11.3) 34.7 9.4 (£3.3)
CHC spring acariformes 2.8 (£ 2.7) 0.002 0.008 (£ 0.008)
algae 80.6 (£ 6.6) 95.3 86.0 (£ 15.2)
cladocera 2.8 (£ 2.7) 0.002 0.008 (+ 0.008)
decapoda 2.8 (x2.7) 0.1 0.09 (£ 0.09)
diptera 8.3 (x4.6) 0.01 0.02 (£ 0.02)
hirudinea 2.8 (x2.7) 0.1 0.07 (£ 0.07)
unidentifiable fish 8.3 (+4.6) 1.9 3.1(x2.8)
unidentifiable plant 11.1 (£5.2) 1.0 0.2(x0.1)
white perch 2.8 (x2.7) 1.6 0.9 (x0.6)
summer algae 69.2 (£ 12.8) 92.9 31.7 (£ 11.7)
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Appendix C. Continued.

Species  Year Season Prey item Oi (= SE) %V MSF; (+ SE)

CHC 2006  summer decapoda 15.4 (£ 10.0) 5.6 1.4 (£1.3)
diptera 7.7 (x7.4) 0.02 0.006 (x 0.006)
ephemeroptera 7.7(x7.4) 0.06 0.01 (£ 0.01)
hirudinea 7.7(£7.4) 0.1 0.02 (= 0.02)
hemiptera 7.7(x7.4) 0.06 0.01 (£ 0.01)
rock 7.7(x7.4) 0.1 0.05 (£ 0.05)
unidentifiable fish 7.7(x7.4) 0.1 0.1(x0.1)
unidentifiable plant 7.7(£7.4) 1.7 0.4(x0.4)

FHC bluegill 9.1(x8.7) 91.4 N/A
decapoda 9.1(x£8.7) 7.1 N/A
diptera 9.1(x8.7) 0.04 N/A
hirudinea 9.1(x£8.7) 0.4 N/A
hemiptera 9.1(x8.7) 0.1 N/A
pulmonata 9.1(x£8.7) 0.2 N/A
unidentifiable fish 9.1(x8.7) 0.2 N/A
unionoida 9.1(x£8.7) 0.3 N/A
unidentifiable plant 9.1(x8.7) 0.1 N/A
white perch 45.5 (+ 15.0) 7.8 N/A

WHB spring cladocera 50.0 (x 11.8) 9.7 0.7 (£ 0.3)
coleoptera 11.1(x7.4) 5.8 0.3(x0.3)
diptera 38.9 (= 11.5) 2.6 0.1 (£ 0.05)
hirudinea 5.6 (x5.4) 0.6 0.1(x0.1)
hemiptera 16.7 (x 8.7) 2.7 0.04 (£ 0.03)
hymenoptera 5.6 (x5.4) 0.3 0.02 (£ 0.02)
megaloptera 56 (£5.4) 0.05 0.003 (£ 0.003)
unidentifiable fish 5.6 (x5.4) 74.6 3.8 (3.8
unidentifiable invertebrate 56 (£5.4) 0.1 0.008 (£ 0.008)
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Appendix C. Continued.

Species  Year Season Prey item O; (= SE) %V MSF; (= SE)
WHB 2006  spring unidentifiable plant 22.2 (£ 9.8) 2.9 0.1 (£ 0.08)
white perch 5.6 (£5.4) 0.7 0.05 (x 0.05)
summer common carp 4.8 (+ 4.6) 30.6 4.3 (x4.3)
diptera 4.8 (£ 4.6) 0.9 0.1(x0.1)
ephemeroptera 4.8 (+ 4.6) 0.7 0.06 (+ 0.06)
larval fish 19.0 (= 8.6) 10.7 1.7 (£ 1.0)
unidentifiable fish 19.0 (£ 8.6) 1.9 0.3(x0.2)
unidentifiable plant 4.8 (£ 4.6) 0.1 0.01 (£ 0.01)
white perch 57.1 (+ 10.8) 54.9 7.0(x2.9)
SAU spring unidentifiable fish 59 (x5.7) 1.8 0.7 (x0.7)
white perch 94.1 (x5.7) 98.2 36.5 (£ 6.9)
summer unidentifiable fish 36.4 (£ 14.5) 5.4 0.5(x0.2)
white perch 72.7 (£ 13.4) 94.6 8.7(x2.7)
autumn largemouth bass 4.2 (x4.1) 0.7 0.2(x0.2)
walleye 4.2 (x4.1) 0.5 0.1(x0.1)
white perch 95.8 (£4.1) 98.8 23.0 (x4.4)
WAE summer megaloptera 3.4 (£3.4) 0.06 0.01 (x0.01)
platyhelminthes 3.4 (x34) 0.2 0.02 (£ 0.02)
unidentifiable fish 6.9 (£4.7) 2.2 0.5(x0.5)
white perch 86.2 (£ 6.4) 97.6 31.4(£6.2)
autumn diptera 6.3 (£6.1) 0.02 0.01 (x0.01)
fathead minnow 6.3 (x6.1) 2.3 1.4 (x1.4)
white perch 100.0 (x 0.0) 97.7 32.9 (£ 8.3)
WHB 2007  spring annelida 7.7 (x7.4) 1.9 0.05 (£ 0.05)
diptera 38.5 (£ 13.5) 4.9 0.1 (x0.07)
hemiptera 30.8 (+ 12.8) 8.7 0.3(x0.1)
trichoptera 23.1 (£ 11.7) 4.1 0.1 (x0.09)
unidentifiable plant 61.5 (£ 13.5) 11.9 0.3(x0.1)
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Appendix C. Continued.

Species  Year Season Prey item O; (x SE) %V MSF; (+ SE)
WHB 2007  spring white perch 7.7(x7.4) 68.6 2.0 (£ 2.0)
summer decapoda 9.1(x8.7) 0.7 0.2(x0.2)
larval fish 9.1(x8.7) 0.3 0.07 (£ 0.07)
unidentifiable fish 36.4 (£ 14.5) 6.4 21(x1.2)
white perch 63.6 (x 14.5) 92.7 23.8 (£ 8.3)
SAU spring unidentifiable fish 10.0 (= 9.5) 0.1 0.02 (£ 0.02)
unidentifiable plant 10.0 (£ 9.5) 1.0 0.08 (x 0.08)
white perch 90.0 (£ 9.5) 98.9 10.1 (= 3.7)
WAE algae 2.8 (£ 2.7) 0.07 0.007 (x 0.007)
annelida 8.3(x4.6) 0.7 0.09 (= 0.07)
hirudinea 2.8 (£2.7) 0.5 0.06 (= 0.06)
trichoptera 5.6 (£3.8) 0.03 0.02 (= 0.02)
unidentifiable fish 44.4 (+ 8.3) 12.1 2.3 (£1.3)
unidentifiable plant 5.6 (+3.8) 0.08 0.02 (£ 0.01)
white perch 41.7 (£ 8.2) 86.5 12.1 (£ 3.4)
summer bluegill 2.7 (x2.7) 35.1 4.2 (x4.2)
fathead minnow 2.7 (£2.7) 1.4 0.5(x0.5)
larval fish 8.1 (x4.5) 0.3 0.08 (x 0.07)
unidentifiable fish 13.5 (£ 5.6) 0.8 0.4 (£0.3)
unidentifiable plant 2.7 (x2.7) 0.06 0.02 (£ 0.02)
white perch 75.7 (x7.1) 62.3 18.1 (£ 6.9)
autumn white perch 100.0 (% 0.0) 100.0 22.6 (£ 4.6)
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Appendix D. Stomach capacities of six freshwater fishes

Energy acquisition, through the consumption of food, is a requirement for
survival and growth of fishes. The importance of predator gape size to food consumption
has received much attention (Hambright 1991; Nilsson and Bronmark 2000; Husky and
Turingan 2001). In many situations, fishes are gape limited because they lack the ability
to disassemble and masticate their food (i.e., they swallow their food whole). However,
there exist many situations in which fishes are not gape limited. For example, adult
largemouth bass, Micropterus salmoides Lacepéde, are generally not gape limited when
consuming small bluegill, Lepomis macrochirus Rafinesque, in a lake containing a
stunted (i.e., high density of slow growing individuals) bluegill population. Further,
previous research suggests that fishes often select prey much smaller than the maximum
size ingestible (Paszkowski and Tonn 1994; Nilsson and Bronmark 2000; Truemper and
Lauer 2005).

When fishes are not gape limited or prefer to prey on smaller items, rate of
digestion and stomach size limit food consumption. Thus, stomach capacity plays an
important role in the consumption of food and, subsequently, predator-prey interactions
in aquatic systems. Herein, relationships of stomach capacity with length are reported for
bluegill, spotted bass, M. punctulatus Rafinesque, white crappie, Pomoxis annularis
Rafinesque, black crappie, P. nigromaculatus Lesueur, channel catfish, Ictalurus
punctatus Rafinesque, and white bass, Morone chrysops Rafinesque. We specifically

were interested in whether fish stomachs grew allometrically with fish length.
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Methods

We collected bluegill and channel catfish in Blind Pony Lake and Macon Lake,
Missouri, during 1998-2000 and spotted bass, white crappie, black crappie, and white
bass in Pomme de Terre Lake and Stockton Lake, Missouri, during 1987-1991. Detailed
descriptions of reservoir characteristics and sampling methodology are provided by
Michaletz (1997, 2006). In summary, bluegill and channel catfish were collected
monthly primarily by daytime electrofishing during May-October. Spotted bass were
collected monthly by nighttime electrofishing, white and black crappie were collected
monthly by overnight trapnetting and white bass were collected monthly by overnight
gillnetting during April-October. Captured fishes were identified and measured (nearest
1 mm; total length). Stomach contents were then removed using clear plexiglass tubes
for all fishes and preserved, except stomach contents were removed via dissection for
bluegill. Stomach contents were weighed to the nearest 0.01 g (bluegill and channel
catfish) or measured volumetrically using volume displacement (spotted bass, white
crappie, black crappie and white bass). Weight of stomach contents for bluegill and
channel catfish were converted to volume by assuming a specific density of one for all
stomach contents because the majority of aquatic organisms have a specific density
slightly greater than one (Lampert and Sommer 1997).

Species-specific assessments were completed. All fishes were divided into 10-
mm length groups, except bluegill were divided into 5-mm length groups. Length groups
with fewer than 10 individuals were excluded from analysis. The maximum total volume
of stomach contents found in each length group was plotted as a function of the midpoint

of each length group. Three obvious outliers were removed (one each for bluegill,
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spotted bass and channel catfish) and the next greatest stomach volume was used for the
respective length group. Stomach capacity theoretically increases with length; thus,
length groups whose maximum total volume of stomach contents was less than each of
the two previous length groups were removed because it was likely that no fish captured
within those length groups had full (or nearly full) stomachs. Remaining data points
were used to develop an exponential regression equation

V=al’

relating stomach capacity (V, ml) to total length (L, mm) (Knight and Margraf 1982).
The PROC NLIN procedure of SAS software (SAS Institute, Cary, North Carolina) was
used to obtain species-specific parameters and their associated standard errors for the
regression models. Statistical significance was set at a = 0.05. The 95% confidence
intervals for the exponent (b) were examined to determine if it encompassed (possible

isometric growth) or excluded (allometric growth) 1 (Ho: b =1; Ha: b # 1).

Results
We collected 719 bluegill and 663 channel catfish in Blind Pony Lake and Macon
Lake, and 649 spotted bass, 2,563 white crappie, 788 black crappie, and 1,333 white bass
in Pomme de Terre Lake and Stockton Lake. A significant exponential relationship
existed between stomach capacity and length for each species investigated (Figure D-1).
Parameter estimates for b for each investigated species ranged from 1.8 for bluegill to 5.0
for channel catfish. We failed to reject our null hypothesis that b = 1 for black crappie,

whereas we rejected our null hypothesis for bluegill, spotted bass, white crappie, channel
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catfish and white bass (Figure D-1) and concluded that stomachs grew allometrically with

length for these five species.

Discussion

Stomach capacity is important for understanding predator-prey interactions in
aquatic systems. When predators are not gape-limited, the next logical limitation on food
consumption is how much the stomach can hold (i.e., stomach volume or capacity)
(Truemper and Lauer 2005). Stomach capacity and size of prey relative to predator
should provide important insight into ecological roles of fish. For example, large yellow
perch, Perca flavescens Mitchill, were able to consume a constant biomass of fathead
minnows regardless of available sizes of fathead minnows, whereas small yellow perch
consumed less biomass when only large fathead minnows were available (Paszkowski
and Tonn 1994). Therefore, fish with larger stomach capacities have more plastic diets
by being able to consume a wider range of prey sizes, particularly when they already
have prey present in their stomach, compared to fish with smaller stomach capacities.
Stomach capacities for bluegill, spotted bass, white crappie, channel catfish and white
bass grow allometrically with fish length (i.e., b # 1). In contrast, there was not strong
evidence of allometric growth of stomach capacity with length for black crappie. Other
species for which stomach capacity has been related to length include largemouth bass (b
= 3.2 [Pope et al. 2001]), walleye, Sander vitreus Mitchill, (b = 2.6 [Knight and Margraf
1982]) and yellow perch (b = 2.96 [Phelps et al. 2007]), though no measure of variance
was provided for b. For species with b > 1, the rate of increase in stomach capacity for a

given change in length is greater for large individuals of that species than small
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individuals. Further, the rate of change in stomach capacity for a given change in fish
length is greater for species with greater b values. Thus, spotted bass and channel catfish
experience the greatest rates of increase in stomach capacity with increasing length.
These differences are likely a function of different feeding strategies exhibited by these
species. For example, piscivory becomes increasingly important for spotted bass (Smith
and Page 1969) and channel catfish (Hubert 2000) as they grow and, thus, larger
stomachs relative to length might be beneficial to the handling of prey fishes.

We discussed the importance of stomach capacities and presented stomach
capacity information for six fishes. This brief investigation of stomach capacities of
fishes provides insight for the development of several hypotheses. Within a species, we
predict that differences in b exist between sexes and life-history stages (e.g., juveniles
versus adults), among habitats within a waterbody and among waterbodies with different
prey communities. Among species, we predict that differences in b exist between trophic
levels, feeding strategies (e.g., piscivory versus planktivory) and hunting modes (e.g.,

ambush versus active search).
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Figure D-1. Relations between maximum stomach capacity (V) and total length (L) for
six freshwater fishes collected from Missouri reservoirs. A point represents the
maximum total volume of prey observed in an individual stomach plotted as the
midpoint for each length group. Correlation coefficient and probability level for each
exponential regression equation (capacity = a - Length®) are provided along with upper
and lower 95% confidence limits for parameter estimates a and b.



Appendix E. A summary of the percentage of empty stomachs (PES) by predator species during spring, summer and autumn
in Branched Oak and Pawnee reservoirs, Nebraska. Predator species with fewer than 10 individuals that contained prey

items were not reported because sample size was insufficient to reliably determine PES.

Species Year Season Reservoir N PES (£ SE)
Largemouth bass 2006 autumn Branched Oak 31 32.3(x8.4)
White crappie spring 61 18.0 (£ 4.9)

summer 47 149 (£5.2)
autumn 45 26.7 (£ 6.7)
Black crappie spring 19 38.6 (£ 11.9)
Channel catfish 28 7.1(x4.8)
Flathead catfish summer 151 56.9 (£ 4.0)
Hybrid striped bass spring 40 22.5 (£ 6.5)
summer 67 34.3(x5.8)
autumn 46 23.9 (£ 6.3)
Walleye spring 70 45.7 (£ 6.0)
summer 46 413 (x7.3)
autumn 53 18.9 (= 5.4)
Largemouth bass spring Pawnee 47 63.8 (= 7.0)
summer 20 35.0 (£10.7)
autumn 32 40.6 (£ 8.7)
Channel catfish spring 40 10.0 (x 4.7)
summer 25 48.0 (+ 10.0)
Flathead catfish 37 70.3 (= 7.5)
White bass spring 55 67.3 (x3.3)
summer 52 59.6 (£ 6.8)
Sauger spring 21 19.0 (£ 8.6)
summer 38 711 (x7.4)
autumn 32 25.0 (£ 7.7)
Walleye summer 57 49.1 (£6.1)
autumn 28 39.3(£9.2)
White crappie 2007 spring Branched Oak 38 10.5 (= 4.9)
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Appendix E. Continued.

Species Year Season Reservoir N PES (£ SE)
White crappie 2007 summer Branched Oak 20 20.0 (x 8.9)
autumn 60 26.7 (£ 5.7)
Flathead catfish spring 16 31.3 (x 11.6)
summer 124 77.4 (+3.8)
Hybrid striped bass spring 25 36.0 (+ 10.3)
summer 52 59.6 (+ 6.8)
autumn 98 50.0 (£5.1)
Walleye spring 97 54.6 (£ 5.1)
summer 75 453 (£5.7)
autumn 67 17.9 (£ 4.6)
White bass spring Pawnee 20 35.0 (£ 10.6)
summer 17 35.3 (+ 11.6)
Sauger spring 13 23.3 (£ 11.7)
Walleye 81 55.6 (x 5.5)
summer 60 38.3(£6.3)
autumn 28 42.9 (£ 9.4)
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