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Appendix G

Fish Carr

Species or Species Group

Gars

Bowfin

Gizzard shad

Threadfin shad

Picker 15

Carp

Minnows
Carpsuckers

Suckers

H.og sucke..s

Buffalofbhes

Redhoraes

Bullheads

Catfish S

Mad toms

Silvers ides

Temperate basses

Sunfish

Black basses

Crappies

Perches
Freshwater drUID

All other species
Total

Buckhorn,

Gars

Bowfin

Gizzard Shad

Threadfin shad

Pickerels
Carp

Minnows
Carpsuckers

Suckers

Hog suckers

Buffalof1sbes

Redhorses
Bullheads
Catfisbes

Madtoms
Silversides
Temperate basses

Sunfish

ying Capsc ty Arranged by Species snd Malar Reservoir Groups

Carrying Capac1r:y Bi ss in Pounds per Acre
Supported by Each Food CompartmentCarrying

Capacity Detritus Bent-has Zooplankton Fish Terrestr ial
Culf and South Atlantic Drainage Area

0.6 0.6

0.5 0.5

25.5 24.2 1.3

6.4 4.5 1.9

0.8 0 .8

18.1 10.9 5. 1.8

0.7 0.1 0.6

5.2 4.2 0.3 0.8

5.2 5.2

2.5 0.7 1.4 0.5

6.8 1.2 5 . 5

0.8 0.8

18. 8 0.9 12.8 1.7 3.4

10.0 0.8 8.6 0.6

8.2 0.3 1.7 1.5 4.8 0.6

1.4 0.3 0.3 0.9

1.2 1.2

112.8 45.7 33.6 4.9 24.7 4.0

Flannagan • Sutton. and Summersville Reservoirs Drainage Area

0.8 0.5 0.2

1.4 0.9 0.4 0.1

1.2 0.2 1.0

0.2 0.2 0.01 0.03

0.2 0.2 0.01 0.03

1.1 0.9 0.1 0.2

1.7.8 17 .8

0.8 0.2 0.5 0.2

3.2 0 . 6 2.7

0.1 0.1

17.6 0.9 12.0 1.6 3.2

(Continued)
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Appendix G (Continued)

Carrying Capaci ty Biomass in Pounds per
Carr)'ing Supported by Each Food COilpartment

Species or Speci es Group Capacity Detritus I1enthos Zooplankton Fish

Buckhorn. Flannagan, Sutton, and Summersville Reservoirs Drainage Area

Black baues 11.5 ,.,0.'
Crappies 3.1 0.1 0. ' 0.' 1.8

Perches O. , 0. 1 0.1 0.3

Freshwater drum 1.4 0.1 0 . 8 0.5

All other species 0.1 0.1

Total 61.0 3.' 34.3 2.0 17.D
Green and Cumberland Rivers and Dewey Reservoir Drainsse Area

Gars 0.1 0.1

Bowfin

Gizzsrd shad 60.6 57.6 3.0

Threadfin shad 5.' 3.' 1.7

Pickerels
Carp 32.4 19.4 ' .7 3.2
Minnows 0 . 5 0 . 1 0.4

Carpsuckera 0.4 0.3 0.02 0.1

Suckers 4.1 3.3 0.2 0.'
Hog suckers
Buffalofiahes 16.7 7.5 0.8 8.3

Redhorses 15.8 15.8

Bullheads 2.0 0.5 1.1 0.4

Catfishes '.2 1.1 5.1

Madtoms

Silveraides

Temperate basses 1.3 1.3

Sunfish 15.8 0 . 8 10.7 1.4

Black basses 11.5 ,.,0.'
Crappies 8.2 0 . 3 1.7 1.5 4.8

Perches 1.5 0 . 3 0.3 0. '
Freshwater drum 10.8 0.' '.3 3.7
All other species 0.3 0 . 3

Total 193.9 94 . 6 53.8 14.4 27.6

4.' 4.'
Bowfin 0 . 4 0.4

Gizzard shad 62.5 59.4 3.1
Threadfin shad

Pi ckerels

Carp '.2 5.5 2.8 0.'
Minnows 4.3 0.' 3. 4

Carpsucke ra 0.4 0.3 0.02 0.1

Suckers 3.5 2.8 0.2 0 . 5

ltog suckers

Buffalofishes 70.9 31.9 3.' 35.5

Redhorses 0.4 0.4

(Continued)

Acre

Terreatrial

(Continued)

0. 7

3.'

2.8

0.7

3.5
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Appendix G (Continued.)

Ca rrying Capacity Biomass in Pounds per Acre
Carrying Supported by Each Food Compartment

Species o r Species Group

Bullheads
Catfishea

Madtoms
SUversides

Temperate basses

Sunfish

Black bssses

Crappies

Perches

Freshwater ,,~

All other species

Total

Gars

Bowfin

Gizzard shad

Threadf in shad

Pickerels
Carp
Minnows

Carpsuckers
Suckers

Hog suckers

S"ffalofishes

Redhorses

8ullheads

Catfishes

Madtoms
Silversides
Temperste basses

Sunfish

Black basses

Crappies
Perches

Freshwater ,<~

All othet speci..s

Total

Gars

Bowfin

Gizzard shad

Threadfin shad

Pickerels

Carp

* Bl"e Hountain, Ni

Blue

mrod,

Capacity Detritus Benthos Zooplsnkton Fish Terrestrial

Lower Kissi ssippi Valley Drainage Area (Continued)

0. ' 0.1 0 . 2 0.1
24.9 '.5 20.4

0.2 0. 1 0.1 0 .04

1.0 1.0
10.4 0.5 7.1 0 . ' 1.,

15.5 1.2 13.3 0.'
17.8 0.7 1.6 3.1 10.3

26.1 2.1 15.1 8.'
0.1 0.1

253.1 103.4 42. 9 43.6 60 .4 2.8
Mountain, Nimrod, and Wister Reservoirs Drainage Area

17.3 17 .3

49.7 47 . 2 1.5

39.2 23.5 11. 7 3.'
1.1 0.1 0.'

7.8 6.3 0 . ' 1.2

264.2 11B.9 13.2 132.1

0.3 0.1 0.1 0.1

12 . 1 1. 1 ,.,

'.0 6.0

10.3 0.5 7.0 0.' 1.,

16.6 1. 3 14.3 1.0

26 . 3 1.1 5. 3 '.7 15.3

55.4 ,., 32.1 18 .8

506.3 201.9 76 . 1 142.8 B2.6 1.'
Arkansas River hain Drainage Area*

1.7 1.7

125.8 119.5 6. 3

1.3 0.' 0.'

58.0 34 .B 17.4 5.8

(Continued)

Wister, and Greal Salt Plains excluded. Sheet 3 of 5



Appendix C (Continued)

Carrying Capacity Biomass in Pounds per
Carrying Supported by Each Food Compartment

Species o r Species Group Capacity Detritus Benthos Zooplankton Fish Terre.trial

Arkansas River Basin Drainage Area (Continued )

0.' 0.1 0. 3

Carps uckers 29. 1 1., l.'
Suckers

Hog suckers

Buffalofishes 86.1 38 . 8 ' . 3 43. 1..Redhorses ..
Bullheads 3.7 1.0 2.1 0.7

Catfishes 21.8 3. ' 11.9

Temperate bas••• ' . 3 '.3
Sunfish 17 .1 0. ' 11.6 1., 1.1

Black basses 13 .5 1.1 11.6 0.'

Crappies 19. 0 0.' 3.' 1.' 11.0

f e rche.

Freshwater 49,2 3.• 28.6 16.7

All othe r a pecie.

Total 446 .9 229.6 85.9 58.0 69.5 1.'
Red River Basin Drainage Ar..

Cars 1.3 1.3, 0.' 0.'
Gizzard 66.8 63 . 4 3.1

Threadfin '.7 2•••••
Pickerels 0.' 0.'

' . 2 .. 2.' 0.'
Minnows 1.2 '.2 1.'
Carpsuckers ,.,Suckers ,.. '.3 0.'
Hog suc ker .

Buffalof ishes
Redhorses 22. 8 22.8

Bullheads '.2 .., '.1•••
Catf i sh.. 10.0 1.' ' . 2

Silversides '.1 0.03 '.1
Temperate basses 3. ' 1.0
Sunf i sh 35.8 1.. 24.3 1. 2 ..

b.....s 17 1.1
Crappia. 7. 2 '.3 1.3
Perches .., 0. 1 0.1 '.3
fr ellhw.ter '.0 0.' '.7 2.7
All o the r species 0.1 '.1
Tot.l 196 .1 80. 4 65.3 4.1 39.3 7.'

(Continued)
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Append1a C (COllc.1...ded)

C. rrytna C.p.dty liou.•• in Pou:nd. per
Curyina S~ppo~ted by Eich food Ca.p.~t~nt

'«<
Spedu 0 ' Species Group C.pacity Decrit~. Ilen thos Zoophnkton Ft.h Terres t ri.l

Vhi te River a.aifl Drdn.ae ,",U

C.r . 0.' O. ,

a-Un

Chaard .... 66.9 63.6 1. 1

11'Irudf iJ:l " .. ,.,'.0 2.1

Plckarelll

C", 10.8 .., 1.2 LI

KinnOVll O. , 0.1 0.'

c.rp.~ckere 2•• 2 . ' 0. 1 0.'

S~cl<.re 2.' L9 0.1 0 . '

Hoa .~cl<en

r.uff.lofishes 27 . 8 12 .S ,.. 1l.9

\lItdhor... 34.9 34.9

Bullhead. 0. 8 0.2 0.' 0.2

C.tfish•• ,., U ,.,
l1edt-. 0.2 0 . 1 0. 1 0."

Snverddes 0 . ' 0. 1 0.'

T.perate b•••es ,., ,.,
SunfLsh 19.5 LO U.2 L' ,.,
Black b......

Crepples

110.1 1.1 12.1,.. 0.2 1.1 1.0 '.2

0 .'

Perch••

fn.""'.ter d,_
L> 0.' 0.1 0.'

2.' 0.2 l.5 0.'

All o ther .pedltS 0 . ' 0. 1

Teu.l 211.4 93.3 6S.3 17.9 3D.6 ..,

Sheet S of 5



APPENDIX H: ANNUAL FISH HARVEST



Appendix R: Pnt 1

Annual Sf ort Fi .h Harvelt

DrainaAe Areas

Centra l and South Pacific

Cent ral VaUey

Columbia Ba.in

An a- Weight ed
Sport Flah Harvest

27 .S

31. 1

•• S

Area-We i ghted Sport Fi sh Harvel t Support ed by Each Food Compartment .
Plant Material Detritul Benthos Zooplan kton Fi ah Terre str ial

Ib / acre , .. Ib/acre Ib/acre Ib / acra Ib/ acre 1b/ acre%T' , T' %T' %T' %T',..2.' S. ' 1 .1 14. 3 52 .0 I .• ' .1 22 .2 2 .7 ' .S•••
2.o 1. 2 '.S 10.2 32.8 2.' S•• 1l .4 43. 1 1. S ' . S•••
c. 2 ' . 2 0. 04 •. S 2. 2 45 . 8 c., 10. 4 1.6 33.3 ,.. • •2

Great Ba.in

Colorado Ba.in

Miasouri Basin

White River 8a.in

Ark3nsa. River Ba.in

led liver B...1n

Rio Grande and Gul f

Lower Mi•• i •• ippi

26.8

1.1

' . 1

25 .9

51. 0

32. 1

57.5

S.S

1.) ' . S 15 .9 59.3 lIt. 9 2.' 10 .8 2.7 10 . 1•••,.. O.OJ 2.S 39 .4 S•• 2. ' 36.6 S.'••• ••• ••• •••
1.S 11. 8 1. ' 29. 4 7. S 2. 2 43 . 1 c. 2 ,..••• ••• •••

1.) .,. 2.) ,., 21.2 1.7 16.2 62.5 • •S '. 1••• •••
2.1 ,..' .3 2.c 11.9 23.3 4.2 S.2 28. 4 55. 7 • . S 1 . '

, .o1. ' 1 .1 3.' 10.9 34. 0 1. 7 5.3 14.9 46 . 4 1.9 ,...., ,. ,. ..2.' 2.2 ' . S 13.1 22 .8 33.9 59. 0 2. 1 3.'.., ..,' . 7 4.5 2.2 25.0 10.2 51. 1 c. 2 2.3••• •••
Upper Hi•• i •• ippi '1'2. 1 2.1 16. 5 2. ' 19 . 7 3. ' 27. 6 O.S ' .3 3.2 25.2 c. 2 1.'

Tennessee Va 1l ay 10 .3 0. ' '. S ••• 3 . ' 2. 7 26.2 •. S 7.S '.S 56 . :1 o.2 I .'

Ohio Ba.. in q . 4 • . S ••• ••• • . S 3. S 30. 6 0 .1 , .s , .s 47.6 0 . ' '.S

South - Gulf 11. 1 ••• '.1 ••• 3.' 3.0 25 . 6 O.S '. S ' .3 50.8 o,s ' .3

Sout h - Atlant i c 7. ' 0 . 3 3 . ' o. 2 2.. 1.s 21.0 ••• 7•• ' .1 61. 8 0 . 2 2.'

Middle Atlant1c 19 . 0 1. ' 7•• 1.3 ' . S ' . 1 32.1 0 . ' 3. 2 S. 2 43 .2 1 . 3 ' .S

New England 2.' •• 1 ••• 0. 045 1. S •• S 32 . 0 0.2 S.O 1. 3 52.0 c.1 '.0

Great LIke.. and St. Lawrence

Area-Welght ed Average

11. 7

12.1
•••
•••

7.1.., • . S

0. '

' .S

' . 3

3.0,.. 25. 6

28. 1

1. 2

0. '

10.2

1••

' . S

' .3

49.6

52 . 1

0 .1

O. s
•• S

' . 1

* TH • t otal harv. at



Appendix H: Part II

Annual Commercial Fish Harvest

Area-Weighted Harvest Supported by Each Food
Compartment in Pounds Per Acre

Drainage Area Plant Material Detritus Benthos Zooplankton !.!.!h
Colorado Basin 0.3 1.0 0.4 1.1 0.3

Missouri Basin 0.2 0.8 0.4 0.8 0.2

Upper Mississippi 2.5 9.1 4.4 10.1 2.9

Rio Grande and Gulf 0.3 1.0 0.5 1.1 0.3

Arkansas River Basin 0.4 1.3 0.6 1.4 0.4

Red River Basin 0.1 0.3 0.2 0.3 0.1

Tennessee Valley 1.3 4.6 2.2 5.1 1.4

Ohio Basin 0.3 1.1 0.5 1.2 0.3

Great Lakes and St. Lawrence 3.3 11. 9 5.8 13.2 3.8

Area-Weighted Average 0.6 2.4 1.1 2.4 0.7



APPENDIX I: MAXIMUM SPECIFIC DAILY GROWTH RATES IN WEIGHT
FOR RESERVOIR FISH SPECIES



Appendix I

Maximum Specific Daily Growth Rates in Weight for Reservoir Fish Species

Age Class
11 III IV VSpecies I

Golden redhorse 0.00662 0.00274 0 . 00138 0.00130

s..l~uth buffalo 0.OO2~0 0 . 00256 0.00139 0.00113

BigMOUth buffs10 0 . 00398 0 . 00289 0 . 00066~ 0.00144

BIsek buffalo 0.00190 0.00l24 O. OOi71

Cup 0.00560 0 .00~09 0.00245 0 . 00195

Uver earpsuebr 0.00723 0.00377 0.00317 0.00270

Coldeft shinn 0 . 00344 0.odoa5~ 0.00103 0 . 000~94

White sucur 0.00520 0.002~~ 0.00170 0.00212

l.oftaJIoSe sucur 0.00371 0.00207 0 . 00160 0 .00156

f'r.sbvster dnm 0.00703 0.00342 0.00240 0 . 00.181

Loa~e pr 0 . 00177 0.000797 0.0006~2 0 . 000299

rsdd1eJbh 0.006~

Houots1n whitefish 0.00282 0 . 001.59

Ilound whitdbh 0.0018] 0.000lI~6

Brook trout 0.021] 0.0216* 0.00270 0 . 000707

Lake trout 0.00190 0.00207 0 . 0017) 0 . 00190

Brown trout 0 .00727 0.00267 0.0028] 0.00169

b..1nbow" trout 0.00683 0 . 00302 0 . 0017 1 0 .00082]

Cutth rost trout 0 . 00516 0.00234 0 . 00114 0 . 000734

I:ounee 0.00282 0.OOO~9] O.OOO~1S

Larl_th bas. 0 . 0291 0 . 00721 0 . 00344 0.00395 0 . 00283

SasU-...th ba•• O.Oln" 0 . 0121" 0 .001051 0 . 00180 0.OO2~1

Spotted ba•• 0 . 00287 0 .00317 0 . 00166 0 . 000988

Creen sWIft.h 0 . 00847 0 .00679 0.00198 0 . 00145

Pumpkinseed 0.00349 0 . OOll5 0.00163 0 . 00131 0 . 000716

81ue 8 111 0 . 00631 0 . 00681 0 . OO~27 0 . 003)) 0 . 002]2

Redear sunfish 0.00533 0 .00360 0 . 00294 0 . 00199

SpotUd sunfis h 0 .00713

Wsrmouth 0.00742 0 .00414 0.00246 0.00169

R.oc k basa 0.00644 0.005)7 0.00210 0.00156 0.00130

White crappie 0.00226 0 .00263 0.00237 0.00206

alsclt crappie 0.00669 0 .00408 0 . 00180 0 . 00145

White baas 0.00812 O.OOl3O 0.000967 0 . 00245

1ellow ~rch 0 . 00494 0.00082 1 0.00133 0.00109

Walleye 0 . 00351 0.00190 O.OODS 0.000902

Salllu· 0.000715 0.00293 0 . 00094~ 0.000512

Chain pickerel 0 . 00303 0.00190 0.00262 0.00114

Norche rn pike 0.00684 0.00301 0.00411 0.00174

CMnnd cat fish 0.0213 0.00853 0.001089 0.00184 0.001034

Fl sthesd cstflsh 0.00913 0.00478 0 .00291 0 .00275

,. Lsborstory .tIlCUU O'Vet Ua1ted t1&e periods. lUI ot_r dBta sre fras field atudies and
repr••ent the -ax~ values r eported in the literature.



Appendt. I (Concluded)

Age Class
Species I 1I III IV V

Blue catfish 0.00558 0.00377 0.00262 0.00140 0.00179

Yellow- bullhead 0.00703 0.000913 0.000614 0.000509

Brown bul lhead 0.000857

Black bullhead 0.00522 0.00685 0.00350 0.00304

Silver redhorse 0.00496 0.00260 0.00188 0.00123

Northern redhorse 0.00560 0.00223 0.00440 0.000493



APPENDIX J: DIGESTIVE EFFICIENCIES AND FOOD CONSUMPTION OF FISH



- 4
_

~
•0

•
~

0-
>•

0
;:

c
-

0
0

4
-

~
-•

•
-

~
-

4
•

-
~

,
i

i -
"

•
~

•
,•

-
~

-- •
•

-
0

•
-

~
0

•-
~

-
-

-
~

0
0

•
--

-
0

0
-

g
•

I
-

I
0

-
•

0
•0

c
•0

0
•

0
"•e

-
.-

.
4

0
•

•
•

•
0

.
~

.
~

~
~

•
•

O.
0

!
0

•
-

-
••

-
••

•
0

-
c

•
-

-
.-

•
.-

-
~

•
~

- ,
!

•,-
.--

~
,

.-
•

-
-

•
•

-
"

••
U

•0
e

•
,

,
~

J
,

'
U

-
•

4
U

4
U

•
•

-
••

_
-

•
,.

'.
0

.-
e

•
-

,
0

-•
·

,
~

•
•

_
' 0U

•
•

E
•

•
•

B
..

!
•

-,-
"

•
,

•
e

,-
,

,-
•

•
_

-
•

'
N

'
'-• ON

•
-

•
:1

--
I

•
,

t:..s
1'&.s

•>
•

I
I

.
0

_
4

•
~
.

0
o

•
U

-
,;,

_
N

•
•

•
•

•
0

,
,

•
•

g
-

,
-

,
,

!;'
•

'
~

~
~

g
..k'6

0
•

-
I,;,

~
•

'
0

'
N

t
'

,
~

•
•

•
'
~

•0
•

-
••

•
§

':
..I

•
.-.

•
s

•
0

_
~

.
'_

0
•••

<
'

_
0

..
•

<
-

•.-
0

'
-

-
••

u
u

u ...
•

-
-

!
•

'
4

.
••

s
.
'
b
~
.
-

•
•

•
...""...

"
,

.,-
_

N
_

j
...
~

...
~

...
C

J\
o• ~

•
....

O
b

.
.
.

•
.:--g

go';
---~

_
O

Il
A

l>
0-

4
0

-0
'"

......
g

;,IC
I

O
_

_
'_
4N

...
......

>
.......

I;>
....

.
"

·-.
0

,
,

,
,

4
,

,
,

,
,

,
0:..0

.......
0

......
•

•
•
•

.!H
.;.=

~
...............

00
...

.........
:i!......

...;
~...;

...;
~
-

••0e.
-•

-•
•

~
'
5

e
!0

:;"!
<i

•
0

o
_

.
~
~
~
~

-.-.,-
_

N
_

•U
. ,-'_

.........,"'<1)
.
~

~
•

•
-

_.
·.

.
..

~
--

0
...

"
'

....
...

--- _. _..0
~

-
c

N
....

...
...

<'I
N

0
•0

.-
"-.

••
~

.:
-

0
1

•
0

0
-

•
0

"
>

•U
•<

...
!

-
•

.-.
•

,
e

.
0

_
••0

..
...-. ,

--
~
~
~

0
-.

•
...

_
N

N

!"
0

0
e

.-
-

•
•

•
o

.-
••

--
-e ••

~
~
o

b
~

0 --.0
•

·
'

,
'

0
0

~
.
-

o
•

0
.
0

0
.
~.

-..
••

••0
•

•
•

•0
"

0
•

I
- 0

..
0

0
~
~-

•
•

•
0

•
•

_
I

•
•

~.
c

o
...... •

•
•

- i. ~- .--
~

,
-

••
_

•
••

•
-

.'
.

4
N

•
-

"'...
'''"
''''~

'"
•
4
~

0-
0

~
_-

--
_

..
0 .

,
•

,- -
.....

.
.-

• ,_
,

--
0

-
-

.!:;::C;;::::...
_

0
...............

:
.

4
-.

0
81

~
.

_
4

-.
""...........-

....
"

'P
i

....
...

•-
--

~

•,
-

~
;

•
!

•
0

;
0

•
.
~

•0
- 0

"
0

•g
~

g
!

•
O

.
•

,•
3

•
_

•
-

>
>

>
•

•
, U

•
>

>
•

~
e"

~
0 •

•
•

-
,

0
e

~
~

2
i
~

•
•

0
0

•0
t

.s
•

•
•

•
•

•
•

•
•

•
•

•
•

~
0

c
e

•
•

•
•

•
,

.. ..
e

Z
•

,
.

-.,.
•

•
•

••
•

o
•

•U
.l

.l
.l

•U
.lll

•
~

.l
~
"

"
0

0
0

•
•

•
0

0
•0

0
•

•
•

•
•

•
•

•
J

•
•

•
•

•
•

•
•

•
•0

;;
0

•
•

•
•

•
•

0
0

•-
•

~
•

-
-

0
•

•
•

•
•

•
•

§
•

-
I

I
•

-
•

•
I

0
I

!
•

-
-

•
•

•
,

•
-•

- •
•

•
•

•
•

•
-

•
•

•
•

•
•

•
-

~
•

•
.l

•
I

.l
.l

3
•

;
•

i
•

-•
"

"



Append ix J (ContInued)

I!cologl cd
Age, .length, AI I I.lhtlon Gr owr h Ddl, Mi d IS

Species St udy LocIUon or vdaht !ffldem:y EffldencI 1 Bocly We lsht CoIuDenu Rd .rlnci

BluegUI lAbout ory 29. 1 e 97 . 2 (p rote i n
lorp t lon)

I b- 32-Kld_
protdn llt ll l u -

l.OO-..lIn _
t en l n ee.

AVI. ... ter teap .-
24.60C.

Cer U nl (195 5)

t i on for growth . ) . 5-_d lDl.llI
InUk.,

Bl llegill \/hit. Ol k LlkI , TIl I ll , IV 4 .2-Apr-OC t 0 .8- ) ,2, J un- Jln Kolehaldnen (1974)
1-1,75

111.'''1111 Wyhnd LIke, IN II- V 11 .2 f or prot d n . 3.6 In LI b . AVI . .. . tl r t~ .- Cer U nl (1 972)
1to-85 g 23 .90C . Dati I re I

rlvlelon o f C"rUll.g

Bl"'''II11 Li ke Op t n lcon ,
Ontario, Clnada

11. 1-58 I ,-.
(1962). Su_ er .

,." Kel st Ill.d We l . h
(1968)

Ca rp

Cer p

laborator y

Whit e Olk lA ke , TM I-VI I

74 II

' .0 ].. r ad on Ch l r oll. l .lds.

Annua l c yc l e .

rvtev (19)9)

Kevern (19 66)

Cup " DIIU 1ft doubt . Kob,..hl Ind D.guc hl
(19 71)

1111,1" c l t f h h Labora t o ry ) . 78 g 35.5 200t , 16-h r . photo- Tyler and Kl1 l mbl
8 .69 g pldocl . (1 913)

ChAnnel catf i s h Llborato r y 5.5 g 62 . 5 12- hr . phot ope r i od . St lckne, I nd And re..

C.... nnel c a t U I Ii lAboratory

23,., 62.5

55.6 @ 220C
41. 1 @ 180(;
52 . 6 ~ 26°C
16. 1 (t r eec
)) . 3 (t 220(:
30 8 260C
9 .4 @ ievc
18 .2 (t 220C
28.6 (t 26°C

,,,
•••,,,

(1 911)

Andrews a nd St l c kn.,.
(1972 )

Channel c a t f hh Labora t ory 9.56 )2CC-opt l mum telllpera- Kl1 _ bl I t a l.
ture f or f ood ecevee- (1910 )
iloilo . 14-hr. photo-
period @ )2OC.

Jleck c rappta Hapl e and Grove
Lake., I{N

122 -368 _ Hepll Lat e :
2 . 12 @ 64,

AV I ...a ter temp .-
22 . 20C. Sl,lUIIIler .

Seaburl a nd noy 1e
(1 964)

2 . 00 ~ 1010 I
1. 58 t 190 g

(Con tinued )
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.pp."dl. J (Conthu.d)

Eco l ogi cal
A&e . l eng t h , A. d .. n . tion Growt h Deny Meal as

Sp.de- St udy locat ion or weis ht Et U d eney. Eff iciency %80dy Weight C~enta Rah rence

Ihck uapph Maple and Grove Lak.... Crova Lake :
(Can't ) KN (Con' t) 2 .00 @32g

1.00 @ 100 g
0 .58 tI 159 I

Florida la r Laboratory 7l>-l)2 I , 2.81 Fed lDOaqu l tof lah or Hunt (1 960 )
e-n o & 1DD1l i.e . W,lt a r Temp .
) 0 , )5 I 4. 26 H - 25"C .

Lonl no. a gar Pliaaourl creeka and 6.00 g 64 . 0 10 . 1 Water temp. -26. 4"C. Ne t ech a nd Witt
r ivera , an d Labora­ 1) .88 & 49 .5 11.3 (1962)
to ry 2.10 . 69 & 40 .9 ' .3

)3 •.10 9 & 34. 7 8 . 0
1-20 . 96 g i -U. l 1-9 .1

Gold.fiah Laborat ory 71 . 5- 86 . 5 At .. In t enance lavd Davl .. (19 64)
I!I 21.50C.

Blueback her r ing Jamea Ri ve r . V. and 1 . 16- 3 . 97 & 80 . 0 ' .3 Water tlllllp.-16. 4­ Ilurbldl e (1 974)
Labora t ory 28. 7OC . Cona t ant

light. Jun-NO'I .

Muakellung. Laborato ry )6 . 7 Wat er teap.-17~22oC• Ce_ (1963)' 78 ••• s-re.sec. Fed on
Il1nnove . 12-hr
photoperiod.

Yellow perch lAke Opi n i con , 7 . 8-26 . 5 g J. , le.. t and Welah2-'
Ontar io , Ceneda (1968)

Northe r n pll"a Laka Wi ndemere, 150 g 72 lO Data In doubt . Fed JOhneon (1 966 )
Grea t Brita in minnowa . Annua l

cycle.

Nort hern pika Labora tory ' .0 red IIlnnova and Konleau (195 .10 . 19 55)
i ne ec ta

P\IIIpkin..ed Lake Optn !con , 18-62 & J. , Ke.. t end Welah
Ont a r io , Canada (1968 )

p". pl<1n..ed MlI pla and Gro v. 100- 179 ... l'Iap l e La ke : S.m.er . AVI . " at er Seaburl end Hoyle
Lake ., KN 36- 114 g 1.38 @ 36 & tearp. -22. 2"C • (19 64 )

1.03 @ 68&
1. 0 1!l1 27g
Cr ove Lake :
1. 13 (! 77 11
0. 61 (! 11.10 II

(ContJnue41
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Appe ndiK J (eont inu~O

Sp!c1u

Sockeye ..11DOt1

Socbye sal-on

Brown ttout

Cut t hr oa t trou t

lIe 11eya

WIlley a e nd Sa~ler

"emout h

Ret i eulate
'cu I pin

Stickl ~beck

St ud y Loca tion

Laboutory

Labou tory

Ll bor s t ory

Labout ory

Llbo u t ory

Lake o f the IIood• •
Ont lr l o, Ce na dl

Lilbo rltor y

Leb o ratoty

Lebo rat ory

Ale , l e nl th ,
o r _ia ht

Fi ngerling l

Young

40 .7 I
85.Z I

Unda r-
yurU ng

160-Z05 ••
u-vr

l1t , tV

12·113 I ,
t-93 g

iear ltng

Adult

Eco lol1ic:d
A..i . i bt i on Gr owt h

EU i c:iencr Eff i ciency

i -Z O, "'lI ta1.m-
25

12 . 9
12. 0

! 4 . 9. 86 .1 , 5.Z - 11. 8 In
x-85 . ) t he field.

EZ-96 . 85 1- 0 .004)1I ; 111 .3 • zOO<:

r-0 . 824

I:Z-82.10 3- 0 . 004 1W; 12 . 1 • 16"c

r " 0. 8 59

£- 8 3 . 5) 5- 0 . 004 5w 11 . ) @ 8_160 C

1:-91 .8 11- 0 . 004 511 1). 9 @ i aec

16 . 9 f or J~n .

ZO tor ot her
lIlont h l .

18. 4- 84. 4 , ) 8 . 6-opt l I1U1lI
i - e ! .9 • 8 .)- lS .OOC.

(Cont inued)

Deily H... l e.
% Body Welaht

Y- O.)U +
0 . )08X .
X-temp. »c .
- ) . Z • 15OC .

1. ) - 11 .3 for
fingerl i n.'...,
1.)-7 .6 fot
yu d inas •

lI.o-opti_

), 0 i n J un ,
2 . 0 i n Jul,
3 . 0 in A~II­

Sl!'p.

4 .37

1.8-5 . 1,
; -2 .7

comment' RefltlnCI

o,ti_ n . p . -1S"t . Bratt I t a l . (1969)
Spr i ng-'eU .

Annual con ' ulllp tion ltrokhin (1959)
llIOun n t o 8- 9 t"'l
final wd a ht , which
11 t",tc d o f
planthotu .

' 14 on C_ ru l . Pl nulov (1939)

100C !linilllulll Ilr oeben (1 966 )
"' ia Uetion
efficiency.

red on e,e 0 pe r ch . keho (1 972 )

r e d on eaph lpod s .

Fe d on c r e yf tsh.

' e d on emerald , hi ner.
w-v., tlh t ( s ), EO'
..elaUatton , f­
fl e i ,ne, . 14-hr phot o­
period .

J un-Se p Swenson e nd Sli i t h
(197))

r ed on aoe 'luic:of hh Hun t (1960)
or a o l l le. . Weter
t .., . - 24-25° e .

10ue II1n1Jluli e .. lal­ Dayl ' end We t r en
h Uon eff ic ienc y . (1965 )

Kr okhln (1959)
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Appendix J (Cont inued)

Eco logical
Ag e . length , A.. lIIlh. t i on Gr owt h Dill l )' !'lea l iIS

Speeiu St udy Loca t i on or weiAht Eft l eien cy Efficiency 1 a od y Wd&ht eo-..nts R. f e r . nce

Green eunfish La bout ory II - IV o r Ava . w<lter telllp .· CroilS e t &1. ( 965)
68 - 110 IIlIII " 24 .70C. Jul - Aug

Green eun fi eh Leboret ory 7. 1-48.5 a 92.3 ( n i t r oge n l8 .7 f o r 7.1 & AVI . wilt el> t elllp. · Ger klnS (1952a)
.... x • sge·IV e be orptlon) wet ve , (1.59 I 24 . 5-25 .5 C. r ed

95 . 1 ( pro t ein d r y wt .) -grou ..a l woraa .
<lbeo r p t l on) p r otein utlli­

:ls t1on f or
I rowth . 32. 6 fo r
1l .2 g wet (2 . 18
d r y ) . 29 . 8 f or
18 .2 I wet (3 .54
dry ) . 19. 2 f or
48 . 5 g we t (12 .31
dry ) .

Longear sunf l eh Lebonto ry 9. 1-10l.3 a 94 .0 (n.U rolen ) 2 for 9 .1 g wd Avg . water temp•• Cerklnl (l952s)
...x . a ge"VI sbsor p t l on ) wt . (2 . 56 d ry 2lo . 5-25. 50C. Fed

97 . 10 ( pro tein wt . ) - lIr o && protein ..alWOt1ll.. .
ilbsor pt l o n) utllhatlon f o r

growt h. 27 .8 f or
23.6 g we t (6 . 64
dr y ) . 29.4 for
28.2 g we t (1 . 112
d r y) . 23 .4 for
51 . 9 I wet (17 .19
clry ) . 4 . 6 f or
10 3. ) g wet ( ) O. 6B
dry ) •

98 -240 _Br ook t r out Hetchu y 6.0 f o r l1.ex. a U owanc es f or t hi rd Ed . H.Y . State
Br o_ trou t 98- 122 mrn gr owth @15 . 6oC. Hatchery ' . e4ing
R.,i nbow trout r ieh. Cha r t (1 11 52)

2. 0 for
220-240 _

f hh.

Cic h l a soa.a Lsbore t or)' 82 .8 , 200e 3) .7 ' ed on .!!'!'.!!.!!.. Wa r ren. . od o.vb
b i..cul a t ua 810 . 0 ' 240 C 1,4 . 0 (1 9 67)

88 .6 • 2Boe 51 .7
1) . 6 , )Z oe 43 . 4
6'L6 , ) 60e 110 . 5

(Cont ln.uedl
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Appendix J (Concluded)

Ecological
Age, length , A5Sl.milation Gr ovth Daily Meal as

Speciea St udy Location or weight Efficiency Ef U ehncy t Body Weight Cl'>IIIlIlenta Reference

Roach Laboratory and River 21. 2 s 18 . 9 a.s Egeation and e~cre­ Hann ( 1965)
Bleak Tna...a, Great Britain 34.3 g 19 . 5 ,., t i on assumed t o be
Dtlce 2.8 g 19 . 4 4.1 20% of f ood int al<e.
Perch 1 .1 g 19.2 4 .8 Seasontll temperatura
Gudgeon 4 .5 8 19 .4 4.' fluctuations. Annual, 19 .4 '.0 cyc le .

Plaiee Laborat ory Young 20 Col man (1 910)

Bleal< Laboratory Young 69 .9 19.6 Water temp . 200 C. Ivlev (19 61)
Egestion"30.U: •

Carnivor ous fiah 80 20 General budga t baaed Winberg (1956)
on review of various
r esults up to 195 6.

Sheet 6 of 6



APPENDIX K: ANNUAL, DAILY, AND INSTANTANEOUS NATURAL
MORTALITY RATES FOR VARIOUS FISH SPECIES



Appendix J:

Annual, Da11y, and lnstantan ous Natural Mort 11ty
Ratea for Various Fish Species

Instant neOUB
Age or Annual Natural Daily N tural Natural

Sp cies Study Location I.ensth Mor ality Rate Kort 1ity Rate Mortality Rate Comments Refer nee

Large outh bass Brown s Lak , WI ..0.136 0.00037 Kra~ and Thre!nen (1955)
Gordy Lak , IN •V .0.24 0.00066 Poor sumpl • Cerking (1952b)
Beaver Reservoir, AR All ages 0.437-0.716 0.0015 0.575-1. 259 1968-1975 HOuser (unpublish d)

Roell b SII Nebhh Lake, \lI X-Xl 0.66 0.0018 Unexp10ited population Ricker (1947)
Xl-XlI 0.71 0.0019
XU-XIll 0.78 0.0021
XIII-XIV 0.79 0.0022

Bluegill Lodge Lake, KI 0.8519 0.0023 1.91 PatrIarche (1968)
Jewett Lake, loll 0.7961 0.0022 1. 9 %dist. of natural Patriarche (1968)

mort. : 7 (spring),
81 (auam r), 12 (fall),
o (wint r).

Cordy Lake, IN ~IV -0.47 0.0013 G rking (1952b)
Muskel1ung Lake, IN :=0.49 0.0013 Ricker (1945 1
(1942-43)
Shoe Lak , IN (1941-42) -0.57 0.0016 Ricker (l945 )
Shoe L ke, IN (1942-43) -0.59 0.0016 Ricker (1945)
Wawasee Lake, IN "'0.68 0.0019 20X s t. xploitation Ricker (1945 )

rate.

Gordy LlIk , IN ll-1I1 0.38 0.0010 0.481 Gerking (1952b)
Ill-IX 0.49 0.0013 0.667

Brown bullhead Clear I. k , CA 0.17 0.00047 HcCammon and Se 1 y (1961)
FolsOll Lake, CA 0.34 0.00093 RaWitron (1967)

Channel c tfi8h 0.314 0.00086 0.376 Ricker (1958)

White c fish Cle r Lake, CA 0.19 0.00052 0.21 McC..-on and Se 1 y (1961)
FolsOll Lak , CA 0.57 0.0016 RaWitron- "(-'-967)

Freshwat r drum Mis8i8 lppi River 0.H7 0.00070 Butler (1965)

Northern pike Ball Club Lake, liN III-VIll 0.60 0.0016 Johnson and Pet r.on (1955)
Lake in KN III-VIII 0.769 0.0021 Cro boer (1960)
Lake in KN Ill-VIII 0.708 0.0019 Croebner (1960)
liN 0.497 0.0014 Scidmore (1955)

Sauger Lake Nipigon, VIII-a 0.231 0.00063 Unexplo1t d population Ricker (1947)
Ontario, Cansda lX-X 0.26 0.00071

X-Xl 0.30 0.00082
Xl-XU 0.34 0,00093
XII-XIII 0.47 0.0013
XIII-XIV 0.60 0.0016

(Cont Inued)



Appendix K (Concluded)

Instantaneous
Age or Annual Natural Daily Natural Natural

Spec1e.s Study Locat ion Length Mortality Rate Hortality Rate Mortality Rate COIIIllen ta Reference

American shad Connecticut Rive.r 0.13 0.0020 Walburg (1961)

Longnose sucker Creat Slave Lake , 0.55 0.0015 Ceen et al. (1966);
No rthwest Terr i tories. Hanis (1962); Harrh
Canada (1952)

Redear sun fish Cordy Lake, IN 2.IV "" 0.40 0.0011 Cerking (1952h)

Brook trout Pigeon River, HI 0.012 Sprlng-SulDl1ler Latta (1962)
EaSt fish Lake. I'll 0.003-0.004 Alexander and Shetter

(1961)
New York Lakes 1.34 Su_er average Hatch and Webster (1961)
Lawrence Creek, WI 0.56 Winte.r average Hatch and Webster (1961)
r;,yrd and Hemlock Lakes, 0 . 75-0.96 McFadden (1961)

Cutthroat trout 0.16-0.75 0.00044~0.0021 Hansen (1971)
Yellowstone Lake. WY 0.614 0.0017 Ball and Cope (1961);

Welsh (1952)

Rainbow trout fi nger Lakes. NY 0.66 0.0018 1.08 Hartman (1959)

Wa lleye Many Points Lake. MN I- VII 0 . 0479 0.00013 0.0491 Olson (1957)

Whitefiah Lake Opeongo. Ontario, Vl-Vll 0.41 Unexploited population Rieke r (1947)
Canada VII-VIli 0. 46

VIII-IX 0.48
IX-X 0.5 1
X-XI 0.56
XI-XII 0.56
XII-XIII 0.59

Shakespeare I sland Xl- X11 0.08 Une.xploited population Ricke.r (1')47)
lake. Ontario. Canada XII-XlIl 0.09

XIII- XIV 0.10
XlV-XV 0.11
XV-XVI 0.11
XVI-XVII 0.12
XVII-XVIII 0.13
XVllI-XiX 0.15 Unexploited population Ricker (1947)
XlX-XX 0 . 17
XX-XXI 0.21
XXI-XXII 0.2~

XXII-XXIII 0.27
XXIII-XXIV 0.32
XXIV-XXV 0.36
XXV-XXVI 0.40
XXVI-XXVII 0.45

Ceorgian Bay of Lake >lIl 0.41 Cucin lind Regier (1965)
Huron, Ontario, Canada



APPENDIX L: METABOLIC RATES OF FISH



Appendix L: Part I

Regression Equati ons Relating Active Metabolism at Various

Species

Brook trout

Temper

Temperat ure , °c

5

atures to Fish Weight

Reg~essi9~ Equat i on·

l og Y - -0 .730 + 0. 942 l og W

Ref erence

J ob (1955)

10 log Y - - 0 . 461 + 0 . 862 l og W

15 log Y - -0.391 + 0.851 l og W

20 l og Y - -0 .075 + 0.750 l og W

Sockeye salmon

* Y c metabolic rate

15

(mg0 / hr )2

l og Y - -0 .050 + 0.970 l og X Brett (1965)

W -
X - weight (g)



Appendix L: Part I I

Species

Regression Equations Relatins Standard Metabolism at
Various Temperat ures t o Fish Weight

Temperat ure , °c Regression Equation* Reference

Goldfish 10 l og Y • - 1.56g + 0.882 l og X Beamish and Mookherjii (1964)
20 log Y • -0.348 + 0.913 log X
30 log Y • -0 .577 + 0.717 l og X
35 l og Y • - 0. 670 + 0 .887 l og X

Carp 10 log Y • -1.735 + 0.983 l og X Beamish (1964a)
20 log Y • -1.137 + 0.909 log X
30 log Y • - 0 . 733 + 0.876 l og X
35 log Y • -0.550 + 0.810 l og X

Brown bullhead 10 l og Y • -1. 696 + 0. 998 log X Beamish (1964a)
20 log Y • - 0. 986 + 0.903 l og X
30 l og Y • - 0 . 721 + 0.874 l og X

White sucker 10 l og Y • -1.460 + 0.994 log X Beamish (1964a)
15 l og Y • -0.772 + 0.828 l og X
20 log Y • -0.497 + 0.770 log X

Brook trout 10 l og Y • - 1 . 476 + 1 .107 l og X Beamish (1964a)
15 l og Y • - 0. 996 + 1 .014 l og X
20 l og Y • -0.905 + 1 .036 log X

Brown trout 10 log Y • -0.847 + 0.877 log X Beamish (1964a)

Sockeye salmon

* y ~ met abol i c

15 l og Y • -0.632 + 0.775 log X Brett (1965)

rate (mg02!hr)
X • weight (g)



Ap~ndb L: Put III

S..-ry of Fbh Keubol1c ~tu a t Var i ou. Tnpautuna.
Agea. and We i ,ht a

O!]gen Conauapt t on • • 10z/' /hr

Sp" c18a "'- ""Weight , I
T.p"ratur".

"c
'/4 1/ 2 3/4 f ull

Standard .!£.U.v.!. lliill~~~
Al:.ttve l
Standard

Rout ine /
Standard Rah rence

Socka ya aa l-.on harlin, 36 .1 , 0.0281 0 .360 12.5 Bret t (1 9&4)
I "arUn, 32 .9 10 0 . 0420 0 . 4)9 10 .5
Vurlinl 55. 2 15 0. 0491 0.0924 0 . 115 0.336 0. 621 12 . 6
Yearl1nr. 62 .9 20 0.0840 0. 596 7. '
YearUnl 52 . 2 24 0. 131 0 . 594 4.3
Unda ryear U ng
Unda ryear l lng
Unde rye&r U ng

3.38
8.U

19. 1

15
15
l '

0 . 161 0 .231 0 .)2 2 0 .4&2 0 . 644
0 .0170 0. 130 0 .210 0.361 O. ~l

0.0889 0 .490

4. 0,.,,.,
Brett (1965)

Adult (jacks) 74' 15 0. 0491 O.S82 0 .158 0 .2 81 0 .511 10 . 3
Adul t 1432 15 0 . 308 0 . 0616 0 .12) 0.245 0. 502 16. )

Brook trout ,,
15

,,,
0 .0240"
0 .0259·
0 .0861"

CUM a (1749)
Fl brlte a t ai , (1954)
Jab (19 55)

164 10 0.0480· 0 . 211 4. ' Cuh.. ( 1749)
'64, 10

10
0 . 224"

0 . (10)4"
B.." (1U9)
Fl CSr k" et al . (1954)

15 10 0 . 15)· Jab (19 55)
100 10 0,0555 0 . 0926 1.7 Seamtah (19&4a )
100 15 0 .0150 0 . 159 2.1
'64
'64,

15
15
15

0. 0800" 0. 343
0 .)4]"

0. 0100·

4. 3 Cra h•• (1 949)
Ba." (19 59)
Flork. e t d. (19 54)

15 15 0 .221· Job (1955)
15 20 0 . 281·

100, 20
20

0. 10)· 0 .152
0. 091·

1. , ham1ah (1964a)
Fl orke d aI. (1954)

' 64 20 0 . 110· 0.245 2.7 Cu ha.. (1949)
' 64, 20

2S
0 . 210·

0 .150*
Baau (19 59)
Crah.. (19 49)

Ralnb_ t r out , 0. 0420* Fl~rke " t aI. (1954)
10 0 .0100*
15 0. 105·
20 0 . 140*

8 rown tro"t ' 00 10 0 . 0566 Bea. tah ( 1964a)

* Deu rat ned f r Oll a a raph .



Appendix Ll reU III (Continued)

oxy,en Cone umpt ion , ml02!s thr

'" Temperat ure , 1 4 172 3/ 4 Full Active t Routine!
Spede- All Weight , 8 "C Sta ndard ~ mill~~~ Standard St andard Refaren!;a

Lake t rout Age 1 27 . 1 10 0 . 035 0* 0. 190 ,., Gi blon and fr)' (1 954)
27 , 1 15 0 . 0600* 0. 300 ' . 0
21 ,1 20 0 .900* 0. 280 3.1

Ase II 82 . 8 10 0 ,02 50* 0 .205 8.2
82 ,8 15 0 . 0400* 0. 265 e.e
82,8 20 0 . 0650* 0 .265 4.1

Whit e aucker 100 10 0.02~3 0 . 0512 2.4 lIelllliah (19Ma )
100 15 0 .0550 0 ,0725 1. '
100 20 0 . 011 3 0. 0962 1. 2

II rown b.. l1h ead 15 5 0 . 0252 * 0 . 0630 2.' Fry (19 41)
15 10 0 .0504* 0. 141 2.9
15 15 0, 105* 0 . 231 2.2
rs 20 0. 168* 0. 318 2. 3
15 2S 0 . 21)* 0 . 567 2.1
rs 30 0 . 351* 0 . 156 2.1
1l II 0 . 399* 0 . 945 2.4

' 00 10 0. 0140 0 ,0 311 2. 7 &e..l eh ( 1964a)
100 20 O. 0iI63 0 .0680 1. '
100 30 0 ,0143 0 ,0946 1. 3

Car p 100 10 0. 0119 lIea. l ah ( 1964a )
100 20 0.033 6 0 .0191 2.4
104 20 0 . 476* !Iu .. (1 959)
100 30 0 .0732 0 , 140 1. , !Ie..iah (1964a)
104 30 0 . 630* Baa.. (1 9n )
100 II 0 . 0821 !4aml ah (1964a )

Goldfish 3.8 5 0, 01 50* 0.0280 1. , Fry and Hart (1 1148 )
3. 8 10 O.OlSO* 0 .0600 2.4

74 10 0 . 196* \laa.. (l 1lS9 )
100 10 0 .0110 1le..1ah and Mookherj 11
100 15 0. 0140 (1964)

3. 8
3. 8

74

15
20
20

0 .0550*
0 . 0800*

0.11 5
0 . 155
0. 245*

2.1
1. '

Fr)' and Hart (1 948 )

"'a.. ( 1959)
100 20 0 .0211 llea. la h and Hooktlerj U
100 2S 0 . 0 315 (1 964)

3. 8 2S 0.145* 0 , 260 1.8 Fry and Hart (19 4B)
' . 8 30 0 .115* 0 .295 L7

74 30 0.3 50* lIaa.. (1 959)
100 30 0. 0504 Bea.l.h and Hoolr.herj i i
100 II 0 .0889 (1 964)

(Cont i nued)



Appendix L: Part 111 (Concluded)

Oxygen Consumptlon. _l02/s/hr
Temperature, 1/4 lIZ 3/4 Pull Active Routlne l

Species Age Weight 8 St.ndard Standard Standard Reference
Goldfish (Cont.) ',8 0.220* O.295 1.3 Fry and Hart (1948)

23-25 0.0750* 0.]28 4.4 Spoor (1946),Yellow perch 1 0 . 0126" st.l. (1954)
I 10 0.0259*
I 0.0420*
I 20 0.0700"
1 0 . 0980""Flsh in general •• 1.1 Winberg (19S6)



Appendix L: Part IV

Summary of Fish Metabolic Rates at 20oC.

Reference
Wet Respiration, mlO2!g!hr

Species Weight, s Standard Routine Active

Sockeye salmon 62.9 0.0840 0.596 Brett (1964)

Brook trout 100 0. 103 0.152 Beamish (1964b)

? 0.091 F10rke et a1. (1954)

164 0.210 Basu (1959)

Rainbow t rout ? 0 .140 F10rke et al . (1954)

Lake trout 27 .7 0.0900 0.281 Gibs on and Fry (1954 )

82 .8 0.0650 0.265

White s ucker 100 0. 0773 0.0962 Beamish (1964b)

Brown bullhead 15 0. 168 0 .378 Fry (1947)

100 0.0463 0. 0680 Beamis h (1964b)

Carp 100 0 . 0336 0.0791

104 0.476 Basu (1959)

Goldfish 3. 8 0 . 0800 0.155 Fry and Hart (1948)

74 0 . 245 Basu (1959)

100 0 .0211 Beamish and Mookherjii (1 964 )

Yell ow perch ? 0.0700 Fl orke et al . (1954)

General i ze d reservoir f ish 100 0.0500 0.150 0.300
(es t i mated va lues)

* For additional data see Winberg (19 56).



APPENDIX    M: FISH TEMPERATURE TOLERANCES



Appendix K: Part 1

Speciu

Chzard shad

Age or
Length

Acclimation
Telllperature

"

Tempe r a ru r e Tole r an c e an d Pr e f e r ence Da t a for Var ious Fi s h Spec ies

Reference

Kart (19 52.)

Best Tempe r atu r e
T, fo r Growth

Lowe r Lethal Opt lOlU1D
i elllperature or (Pr e fer red )i

10 . 8

Range

~

T,
Upper Lethal
Temperature Commen t s

34.3
30 14 .5 35 . 9

Ca r p 26 35 . 1 24-hr TL50 Black (195 3)

CDaII:IOn s h i ne r , 2.6.1 Hart (1941 )
10 2.8.6
15 0.0 30 . 3
20 ). J
as '" 31.0
30 31 . 0

Commo n Shiner Adul t s 2.6.1 Hart (1952)
20 28 .6
15 30.3
20 31.0
2S 31.0

Colden s hi n er 22.0 ' 40 Alpaugh (972)

Colden shiner Adult 10 29. 5 Hart ( U52)
IS 30 .5
20 32.0
2S 33.5
30 34.5

Emerald sh ine r 2J McCormick and Kischuk ( 197 3)

Emerald shine r , 2.3.2 Hart (1941)
10 26.1
15
20

1. ,,., 28.9
30 .1

" ' .0 30 . 1

Dus kya t r i pe 21.5 32.0 Ultimate upper Hickma n an d Dewey ( 1913)
. hine r Incipient l ethal.

Bluntnose minnow , 26.0 Hart (194 7)
10 2.8.3
15 1. 0 30. 6
20 e.a 31 .7

~ Al l temper a tur e s i n DC.

2S J.S 33 .3

Sheet I of 5
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App..nd b M, Part 1 (Cont inued)

Spectes

Ch.nne l c.tfia h

Aie or
Lt nlch

Aeel1.. tlon
te.perature

l '

'1
Lower l.<:'that
Te",pe u t ure

0.0

a••t

Of!.L

T.~pera ture Range
for Gr ov t h

Op l i_
(Pu re ned) - '-'- -

'.
Uppe r Le t hal
Te"'pera t u r e

30 .3

COIIIIIenu Referen ce

Hart (19 52)
20 2.' aa.s
2l 6.0 ) 3 . 5

Bluegill 21. 5 35 .5 Hielaaa.n . nd Dewey ( 191)

Bl ueSill Adult 15 2. ' 30 . 7 Kart (19 52)
20 5 .0 31.5
2l 1.5
)0 11 . 17 ]3 .S 7

Bl uesill Juven U e 12 .1 '.2 27 . 5 96-hr TL 50 ~nner lind V' n loman (1 973)
32 .9 15 .3 :n . 3 96 -hr TL SO

Sl ueg 111 n 22 McComilh (1911)

Lonse. r sunfi ,h Juve ni h 2l 35 .6 NeUI e t a1. (1966 )
)0 ]6 .8
2l 37. S

P,*pkinseed 2l 2~ . S Br e tt (19~4)

Smsl l mout h bal. JuvenUe 16-):; 1. 6 ~ 35 26. 3 ] S. O 96-hr TL SO (.ed i.n Hornin g .nd Puuon (197)
10 . 1 @ 26 t o h n nu U.It)

Sma l 1mout h b., a 28. 3 Peck (196S)

Largemouth b••a r" 15-30 27 . 5 and 30 . 0 St raVll (1961)

Larg....... t h b... 18- 30 2l NU.t a nd Bea. ilh (1914 )

La r l _ 01J t h bu' 20 5 . 5 32 .S Hart (1 9 S2)
2l 34 . S
)0 11 . 8 36 .4

Black c rappie 29 22-25 32. S Hokanson and Kleiner
(unpubl ished )

'id low pe rch 5 21.3 Kllrt (1947)
10 1.1 25 . 0
15 21 .1
2l ' .1 29 . 1

YeUow perc h 2l 30 . 9 Br et t (944 )

Ye Uow pe rch Ju" en l h " 20 . 0 23 .3 McCauley an d Re ad (1973 )
Adult " 17.6 20 . 1

(CQllt inued )

Shee t 3 of :;



Appendb H: Put t (Cont in ued)

B.s t Temperature Ranle
f or Crowt b" "Age or Ate U _ t l on Lover Let h&1 T Opt1lwll r Upp" r L.chd

S.peei" Length T_perat ute Te!IPe ra t ur . --JL. or (Preferr,d ) ~ l e..p"ratur " Coaa enu Referenc e

Yellow pe reh Pi nger linl 8 (18 . 6 ) Fer&u son (1958)
10 (19 . 3 )
U ( 2l . 0)
20 (2 3.1 )
U (2 4 . 5)
30 (26 .7)

Europ ean pe r eh 30- 31 Independent of Weathe r Ie)' ( 1963)
aec1 ia& t lon
t mperature

Soc ke ye . &1_ Butt (1952)r" s o 22 .2
20 3 . 1 23 . 4
U 4. 1 24.4
20 4,7 24 .8,Soe keye .. I.c1n J uvenile 15 17 But t e e e 1. (1 969)

Coho • • 1_ "r" s 0. 2 22 . 9 Bre tt (19 52 )
10 1. 7 2 3 .1
15 3.' 24 . 3,.,20 25.0

Chinook ..1..,... 18.4 01aon a nd Poster (19.5.5)r"
Northe rn pi ke Larvae 17 .1 3 . 2 26 28 .4 Hokanson .t al. (191])

North. r n pike Juvenile U 32. 25 Se ot t (196 4)
21. 5 32.15
30 33.2 .5

t.. ke trO\lt Ye arling (11. 1) I ndepende nt of MeCau l , y a nd Tal t (1970)
ace l l l1at l on
t e. peratur ll

L.k. trout 10(8) ( 10) 18 Lah lou l .s, KuUn (H 52 )
Ont a r i o . cana da

Lake trou t 4(1) ( 13) 18 Ca YU l a Lake, NY Call 1a a n (1 962)

Lake trou r 8 10. 9 Lae l a Ronl " , Rawson (1961)
Sask. tthewan. Canada

Lah t rout 10 1) Koose b" a d Lak". MA Coop.r a nd Puller (1945)

Lah trO\lt t-rr I , 15, 20 16 . 5 22.1. 23 •.5. ClbltOn and Pry (1954)
23.5

(C.ollU,,-ued)

Sha e t " o f 5



Appendb: K: Pa rt 1 (Concluded)

Best Temper ature Range
T, f or Growth r

Age Or AccUttlation tQ>ler Lethal Optiml,llll Uppe r Lethal
Species Length Tempe r a t ur e Tempe r a ture o r (Preferred) Temperature..l cceeente Refe rence- '-'-

Rai nbo w t rou t J uvenile 18 26 .$ Alabaster and Welc OlIlllle (1 962)

Rainbow trout llnder- 15-20 17 (1 8 . /0 ) TO Kc Cau l e y and Pond (1971 )
yurling

/0-5 Clll

BrOOK t rout s 23 . 7 Fry ee a1. (1946)
10 24 . /0
15 25. 0
TO 2$. 3
2S 0.5 2$ .3

Brook trout 13 Bddwin (19 57)

Br ook trout 14 16 19 Grahs:ll (1949)

Brook t r out 15 . 4 McCormi ck et a l . (1972)

Brown trout Young 15 .6 Pe nt e l ow (1939)

Br own trout 15.4 Wingfi eld ( 1940)

Brown t rout 7- 9 a nd 16-19 Brown (1946)

Brown trout 8-17 , i-125 Bre t t ( 19 70)

Brown t rou t J\lvenile 5, 10, 20 22 . 2 , 23 .4, Bish.a. i (1960)
23.S

Kosqui tofish 15 1. 5 35.4 Harc (1952)
TO 5.S 37 .3
as 3 7 .3
30 37.3

Goldfish s 29 . 0 Fry et e i • (l94~)

10 30 .8
15 32.8
TO 2.0 34.8
2S 6.' 36 .6
30 9. ' 38 .6

Prid.ley 18- 19 24.1 BIsek (1953)
sculpin

Squll'lfish 19-22 28.9 24-hr TL50 Black (195»

Huskellung.. Juvenile 32.2 5 Scott ( 1964)"21.$ 32.75,. 33.2 5

Golden topm l nnow Adult 15 38 .5 Strswn snd Dunn ( 196 7)

Bayou ldllifish as 38.5 Strawn and Dunn (1967)

Sheet 5 o f 5



Appendix M: Part 11

SUIIIDlary of TeGlperatur e To le r ances a nd
Prefe r ences fo r Rese rvoi r Fi sh-

.... Tempe rat ure Range
T, for Gr owt h T,

Lower Let ha l Opti";lII Upper Let ha.l
Species Teaper a ture or Pr e f e r r ed Tempera t ure

Gizza r d s ha d 10 . 8 @ 25 16-181 36 . 5 @35

Thread fiQ s ha d ~1. 1 i n field

Northe rn pike 3. 2 @ 17 .1 26 {larvae} 33 .3 @30
f or larva e for j uveni l es

Gra.1iI picker el 25 .5

Chai n pi ckere l 26 .0 >36 . 1 i n
f i eld

Mus kellunge 24 .0 33.3 @ 30
f or j uveni l es

C.rp 0.7 32. 0 n. 1 @I 26

Gol d fi sh o , 10 28. 1 40 . 5 @ 35
{ul t i llla t e}

Gol de n s h iner 1.5 , 15 34. 7 @ 30,ElIler a l d s hi ne r 1. ' 15 27 30 . 1 @ 25
{ul t i aa t e}

COllIIIlOn s hi ne r o @ 15 32 @ 25- 26

Spot tail shine r ..::.35 in fie l d

Blun t nos e mi nnow 1.0 @ 15 33.3 @25

Flathead minnow 1.5 , 20 33 . 2 @ 30

Creek chub 0 .7 , 20 32. 6 @25-26

Duskyst r l pe s hi ne r 32.0 @ 21. 5

Lcegncse sucker 27 @ 11. 5

Whit e sucker 2.5 @ 20 27 31.2 @ 25- 26

Large lileale suc ker 29. 4 @19

Fine scale sucker 26.9 @ 14

BrO\om bullhead - 1.0 @ 20 37. 5 @36
(ul tima t e )

Bbck bu llhe ad 35 @ 23

Channel ca t fi s h o a t 15 30 38 . 0 @ 35 f or
year lings

Banded ki ll ifish ,,::,38 . 3 in field

Gol den t opainnOW' 38 . 5 @35

Mosqult Df ish 1. 5 @ 15 37 . 3 s 20-35

Stri pe d ba s s 32.2

Rock ba.ss 35 @30

* Al l t empe rat ur es i n °C .



Appendh. H: Pa r t II (Conclud ed )

Be" TellIpenttu re Range
T, f or Gr owt h T

4

Spe c i es

Lcngeer Bunfish

Lowe r Lethal
Temper atur e

<7 in fie l d

Opt 1.lllum
or Prefe rred2- ....l

Uppe r Lethal
Temperature

37. 5 @ 35 f or
j uven i l es

Green s un fish >34 in field

Red ea r sun f i s h <6 . 5 i n field

Blueg i ll 2 . 5 @ 15 27.7 37.3 @ 32 .9

SlIl8ll.outh bass 1., @ 15 21 28

f or j uveni l es

35

LargelllOUt h .... 5.2 @ 20 25 27 30 37.5 (aver a ge)

PWIlpk 1naeed 31.5 24.5 @ 25

Bl ack c r ap pie 22 25 32 . 5 @ 29

Yellow per ch 1.1 @ 1 0 24 . 2 30. 9 @ 25

Ra inbow erou r 0 13. 3 2B

Br own trout 12 15 . 5 18 25 . 3 @ 20+
(ul timate)

Kokanee o @ 5 14 . 5 24 . 8 @20
f or fry

Coho 0 .2 @ 5 25 .0 @ 20
f or fry

Lak. t r out 8 12. 0 12.0 23 . 5 @ 15
and 20

Br ook trout 0.5 @25 10 . 8 12. 8 14. 8 26.6

Prick1e y sc ul pi n 24 . 1 @ 18
and 19

Northern s quawf ish 29 .3 @ 19-22
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