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W. H. Dieffenbach 
October 8, 1963 
Fish Distribution

Species
Family Petromyzontidae

Chestnut lamprey Ichthyomyzon castaneus (Girard) 
Southern brook lamprey I. Ra^ei (Hubbs & Trautman)

Family Lepisosteidae
Spotted gar Leplsosteus oculatus (Winchell) 
Longnose gar L. _____ osseus (Linnaeus)

platostomus (Rafinesque) 
spatula (Lacepede)

Shortnose gar L. 
Alligator gar

Family Amiidae 
Bowfin Amia calva (LiBR&iUS)

Family Clupeidae
Skipjack herring Alosa dhrysochlorls (Rafinesque)
Ohio Shad A*_ ohiensis (Evermann)

^Gizzard shad Dorosoma cepedianum (LeSueur)
Family Salmonidae

Soekeye salmon (Kokanee) Oncorhynchus nerka (Walbaum) 
Cutthroat trout Salmo clarki (Richardson)

>*$ia inbow trout Salmo gairdneri (Richardson)
S. trutta (Linnaeus)/förown trout 

-^Brook trout 
-XL$ke trout

Family Hiodontidae 
Goldeye 
Mooneye

Salvellnus fontinaiis (Mitchill) 
S. namaycush (Walbaum)

Hi onion alosiodes (Rafinesque)
H» tergisus (LeSueur)

Family Esocidae
^(jrass pickerel Esox americanus vermiculatus (LeSueur) 
Chain w Esox niger (Le'Sueur)

Family Chareidae
®  Banded tetra Astyanax fusciatus (Cuvier)

Family Cyprlnidae
stoneroller Campostoma anomalum (Rafinesque) 

^Goldfish Carassius auratus (Linnaeus)
S°. redbelly dace Chrosomus erythrogaster (Rafinesque) 

$ *Carp Cyprinus carpio (Linnaeus)
Ozark minnow Dionda nubila (Forbes)
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ii. Arkansas River (côntinued):
Genus

H.
Hybopsis

ÎkHT
H.
H.

N.

Plains minnow 
Brassy minnow 
"■Silver minnow 
Speckled chub 
Bigeye ehubo 
Hornyhead chub 
Flathead chub 
Silver chub 
Gravel chub 

-^Gold shiner 
PAllid shiner 
Emerald shiner 
Blackspot shiner N.

:; Red River shiner N. 
River shiner 
Bigeye shiner N. 
Ghost shiner ¥7 
Bluntface shiner 
Ironcolor shiner N, 
Common shiner N, 
Bigmouth shiner 
Ribbon shiner N. 
Arkansas River shiner 
Wedgespot shiner N. 
Silverband shiner N. 
Red shiner N. 
Taillight shiner-"N.
Kiamichi shiner 
Plains shiner 
Colorless shiner 

0  Chub shiner 
Rosyfaee shiner 
Spotfin shiner 
Sand shiner 
Topeka shiner 
Redfin shiner 
BMektail shiner 
Mimic shiner 
Steelcolor

Species
Hjbognathus placita (Girard) 
Hypognathus nankinsonl (Hubbs)

nuchalls (Agassiz) 
aestivalis (Girard) 
amblops (Rafinesque) 
bieuttata (Kirtland) 
gracilis (Richardson) 
storeriana (Kirtland) 
x-punctata (Hubbs & Crowe)..- v a w  \ Ü U .U U  o  tu, w u n e

Hotemigonus crfrsoleucas (Mitchill)
Notropis amnis (Hubbs & Greene) 

(Rafinesque) 
(Evermann)

atherinoides 
Atrocaudalls v-,Uiwam 
bairdi (Hubbs & Orenburger) 
blennius (Girard) 
boops TGilbert) 
buchanani (Meek) 
camurus (Jordan and Meek) 
Chalybaeus (Cope) 
cornutus (Mitchill)

(Agassiz)dorsalis 
fumeus TEvermann ) 

ik girardi (Hubbs 
greenei

Sc Ortenburger)

Ik 
IkN.
N.
Ii
N.
Ik 
Ik 
Ik 
Ik 
Ikshiner
N.

y.______ iHubbs Ortenburger)
lllecebrosus (Girard)

lutrensis (Baird & Girard) 
maculatus (Hay) 
oi?tenburgerl (Hubbs) 
percobromus (Cope) 
-gerpallidus (ffilhhs & Black) 
potteri (Hubbs & Bonham) 
rubellus (Agassiz) 
spilopterus (Cope) 
stramineus (Cope) 
topeka (̂ Gilbert ) 
umbratilis (Girard) 
venustus ÇGirard) 
volucellus (Cope)
Whipplei (Girard) 
zonatus (Agassiz)Bleeding shiner

Pugnose minnow Opsopoedus emil-îflfWHfl-vh 
Suckermouth minn&w Phenacobius mirabilis (Girard 
Bluntnose minnow Pimephales notatus~TRSfinesque)*

promelas (Rafinesque) 
fenellus (Girard)

Jk yigilax (Baird & Girard)

Fathead minnow 
Slim minnow 
Bullhead minnow
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II.

1 0 .

11.

1 2.

13.

Arkansas River (continued)

Longnose dace 
Speckled dace 
Creek chub 

®  Tench
Family Catostomldae

Genus Species
Rhinichthye Cataractae (Valenciennes)
R¿

Semotilus
oscuius

a.troma cùl a tus 
Tinca tinca (Linnaeus)

(Girard) 
(Mitchill)

"River carp sucker Carpi odes 
Plains carpsucker C. 
Highfin carpsucker C. 
Longnose sucker 
White sucker 
Blue sucker 
Creek chub 
No. hog sucker 
Smallmouth buffalo 
Bigmouth buffalo 
Black buffalo 
Spotted sucker 
Shorthead redhorse 
River redhorse 
Black redhorse 
Golden redhorse

carpio 
forbesi

(Rafinesque)
_______ (Hubbs)
velifer (Raf ine s que) 

Catostomus catostomus (Forbes)
(Lacepede)commersoni

TheSueur)
(h_ ________
Cycleptus elongatus 
Brimyzon oblongus (Mitchill) 
Hypentelium nigrlcans (Le Sueur) 
lctiobus bubalus (Rafine s que)
TI cyprinellus (Valenciennes)17 nlrer ( Raf ine s que)
Minytrema melanops (Raf ine s que) 
Moxostoma breviceps (Cope)
M. carinatum (Cope)
M. duquesnei (Lesueur)
MT erythrurum (Rafinesque)

Family Ictaluridae
jtBlue catfish 
Black bullhead 
Yellow bullhead 

^Brown bullhead 
Flat bullhead 

^Channel catfish 
Mountain madtom 
Slender madtom 
Stonecat 
Tadpole madtom 
Brindled madtom 
Freckled madtom

Family Anguillidae

Ictalurus furcatus (LeSueur) 
mêlas (Tafines que) 
natalis (LeSueur) 
nebulosus (LeSueur) 
platycephalus (Girard) 
punctatus (Rafine s que)

I.
17
I.
H17
Noturus
li.N.
N.
Ñ7
N.

eleutherus(Jordan) 
exilis (Nelson) 
flavuS (Rafine s que) 
gyrinus (Mitchill) 
miurus (Jordan) 
noeturnus (Jordan & Gilbert)

American eel Anguilla rostrata (LeSueur)
Family Cyprinodontidae 

Northern studfish 
Plains killifish
Blackstripe topminnow F. 
Starhead topminnow F. 
Blackspotted topminnow F.

Fundulus catenatus (LeSueur)
F. kansae (Garman)

notatus (Rafinesque)
notti (Agassig) 
olivaceus (Storer)
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II. Arkansas River (continued):

Plains topminnow Fundulus sciadicus (Cope)

11+. Family

15. Family

16* Family

17. Family

18. Family

m
$

Family (

■2,0.

Mosqultorish Gambusla affinis (Baird & Girard) 

Amb lyop s i dae
Southern cavexish Amblyopsis rosae (Eigenmann) 
Gas teros te idae
Brook stickleback Eucalia inconstans (Kirtland)
Aphredoderidae
Pirate p e r c h Aphredoderus sayanus (Gilbert)

Serranidae
Milite bass 
Yellow bass 
Stripped

Roc cus ehr y sops (Rafineaque)
R. mississlppiensis (Jordan & Eigenmann)

bass R. saxatilis (Walbaum)

Smbloplites ruestris (Rafinesque) 
Centrarchus macropterus (Lacepede) 
Chaenobruttus gulosus (Cuvier)

zonatum (Jordan) 
(Linnaeus)

/Jibckbass 
Flier

^Warmouth _________
Banded pygmy sunfish Elassoma 
Redbreast sunfish Lepomis 
Green sunfish L,

^Pumpkinseed L.
cvane1lus 
gibbosus

Orangespotted sunfish 
JtBluegill 
Dollar suhfish 
Longear sunfish 
Redear sunfish 
Spotted sunfish 
Bantam sunfiah 

^Smallmouth bass 
Spotted bass 

^CLargemouth bass 
^White crappie 
JKBlack crappie

auritus
(Rafinesque)
(Linnaeus)

_______ (Girard)
macrochirus (Rafinesque) 

(Holbrook)
L. hurailis

L, marginatus
L. megalotis (Rafinesque)
L. microlophus (Gunther)
L. punctatus (Valenciennes)
L. symmetricus (Forbes) 
Hicropterus dolomieui (Lacepede)
M. punctulatus (Rafinesque)
17 salmoides (Lacepede)
Pomoxis annular i s (Rafine s que)
P. nigromaculatus (LeSueur)

Family Percidae
Crystal darter Ammacrypta 
Scaly sand darter A.
Mud darter Etheostoma
Scalyhead darter E,
Greenside darter E. 
Bluntnose darter E. 
Arkansas darter E.

asprella (Jordan) 
vivax THay) 
asprigene (Forbes) 
barratti (Holbrook)

(Rafinesque) 
(Hay)

blennioides
chlorosomum 
crag ini’ (Gilbert )
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II» Arkansas River (continued):
Genus Species

Fantail darter Stheostoma fiabe Hare (Rafinesque)
E.Swamp darter 

Slough darter 
Harlequin darter“ 
Least darter E. 
Johnny darter e 7 
Goldstripe darter E. 
Cypress darter Ej_ 
Stippled darter E. 
Orangebelly darter" E. 
Orangethroat darter E 
Redfin darter E, 
ellow perch 

^Logperch
Channel darter FT 
Blackside darter p« 
Longnose darter P. 
Leppard darter P. 
Slenderhead darter P, 
Dusky darter P^
River darter P*
Stargazing darter“P. 

48 ̂(TSauger 
^  XWalieye

gracile (Girard) 
grahami (Girard) 
histrio (Jordan& Gilbert) 
microperca (Jordan & Gilbert) 
nigrum (Rafines que) 
parvipinne (Gilbert & Swain) 
proeIlare“ ( Hay) 
pünctulâlum (Agassiz) 
radiosum (HUbbs & Black) 
spectabile (Agassiz)

__ Whipplel (Girard)
Perea flavescens (Mitchill)
.Porcina caprodes (Rafinesque)

copelahcTi (Jordan) 
maculata (Girard) 
nasula (Bailey) 
pantherina (Moore & Reeves) 
phoxocephala (Nelson) 
sclera (Swain) 
ahumardi (Girard) 
urani desi (Jordan ^Gilbert) 

Stizosfeedion canadense (Smith)
S. vitreumH/itreum (Mitchill)

2$. Family Sciaenidae
^Freshwater drum Aplodinotus grunniens (Rafinesque)

1,1-
-23r. Family Sparidae

Sheepshead Archosargus probatocephalus (Walbaum)
P-22-i Family Cettidae

Banded sculpin Cottus carolinae (Gill)
tA
-23% Family Atherinidae

Brook silverside Labldesthes sicculus (Cope) 
Mississippi silverslde Menidia audens (Hay)

iA
• 2^* Family Acipenseridae

Shortnose sturgeon Acipenser brevirostrum (LeSueur)

<0

'This family shouldsbe family number 2.. .
S f e i ‘* s i n - f ' o d o c e j

»• " " ,
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W. V\H • Dieffenbach 
October 8, 1963 
Fish distribution

III. Canadian River System:
Genus Species

1. Family Petromyzontidae
Chestnut lamprey Ichthyomyzon castaneus (Girard)
So. Brook lamprey XT gagei (Hubbs & Trautman)

2. Family Acipenseridae
Shovelnose sturgeon Scaphirhynchus platorynchus (Rafinesque)

3. Family Polyodontidae 
Paddlefish

1+. Family Leplsosteidae 
Spotted gar 
Longnose gar 
Aligator gar

5. Family Amiidae 
Bowfin

Polyodon spathula (Walbaum)

Lepjsosteus oculatus (Winchell) 
L. osseus (Linnaeus)
L._____  spatula (Lacepede)

Amia calva (Linnaeus)
6 . Family Clupeldae

Skipjack herring Alosa chrysochloris (Rafinesques) 
Ohio shad 3T7 ohiensTs (Evermann)
Gizzard shad Dorosoma cepedianum (LeSueur)

?. Family Salmonidae
Rainbow trout Salmo gairdnerl (Richardson)

>  Brown trout S, trutta (Linnaeus)
8. Family Hiodontidae

Goldeye Hlodon alosoldes (Rafinesque)
9. Family Esocidae

Grass pickerel Esox americanus vermiculatus (LeSueur)
10. Family Cyprinidae

Stoneroller Campostoma anomalum (Rafinesque)
Goldfish Carassius auratus (Linnaeus)
So. redbelly dace Chrosomus erythrogaster (Rafinesque) 

* GapP Cyprinus carpio (Linnaeus)
07ai»k minniw Dionda nubila (Forbes)
Brassy minnow Hybognathus hankinsoni (Hubbs)
Silvery minnow nuchalja. TAgaasiz)
Bigeye chub Hybopsis amblops (Raf inesque )
Hornyhead chub Ĥ _ biguttata (Kirtland)
Silver chub ih storeriana (Kirtland)

cbub ~  # x-punctata (Hubbs & Crowe)
Gold shiner Notemigonus crysoleucas (Mitchill)

(1 )



(continued) 
Genus

III. Canadian River System
Pallid shiner Notropis 
Emerald shiner N.
River shiner N.
Bigeye shiner N. 
Bluntface shiner ¥7 
Bigmouth shiner N.
Ribbon shiner IT 
Wedgespot shiner FT 
Silverband shiner 
Red shiner N.
Kiamichi shiner N»_
Plains shiner N. 
Rosyface shiner NT 
Sand shiner N«
Topeka shiner Nj_ 
Redfin shiner JL.
Mimic shiner N. 
Steelcolor shiner N. 
Bleeding shiner N. 
Pugnose minnow 
Suckermouth

Species
amnis (Hubbs & Greene)
atherinoides (Rafinesque) 
blennius [G ir ar d )
boops (Gilbert)
camurus (Jordan & Meek) 
dorsalis (Agassiz) 
fumeus (Evermann)
greenéi (Hubbs & Ortenburger) 
illecebrosus (Girard) 
lutrensis (Baird & Girard) ortenburger! ( Hubbs) 
perpallidus (Hubbs & Black) 
rube Hus [Agassiz ) 
stramineus (Cope)
tooeka~( Gilbert) 
umbratilis (Girard) 
volucellus (Cope) 
whipole1 (Girard) 
zonatus (Agassiz) 

Opsopoeodus emlliae (Hay) 
minnow Phenacoblus mirabilis (Girard)

Bluntnose minnow 
Fathead minnow 
Slim minnow 
Bullhead minnow 
Creek chub

Piranhales notatus (Rafinesque)
P. oromelas (Rafinesque)

tenellus ( Girard)
P. vigilax (Gaird & Girard)
Semotilus atromaculatus (Mitchill)

11. Family Catostomidae
River carpsucker Carolode3 
Highfin carpsucker C. 
Longnose sucker 
White sucker 
Blue sucker 
Creek chubsucker 
No. Hogsucker 
Smallmouth buffalo
Bigmouth buffalo ___
Black buffalo I. _
River redhorse Moxostoma
Black redhorse M. ,
Golden redhorse M,

carpio (Rafinesque) 
velifer (Rafine s que) 

fiat os temp a patos torma (Forbes)
C. commersoni (Lacepede)
Cvcleptes elongatus (LeSueur) 
Erimvzon oblongus (Mitchill) 
Hvpenteliuro nigricans (LeSueur) 
letiobus bubalus (Raf ine s que)
I. cyprinellus (Valenciennes)

nieer (Rafines que) 
carinatum (Cope) 
duquesnei (LeSueur) 
ervthrurum (Rafinesque)

12. Family Ictaluridae
Blue catfish 
Black bullhead . 
Yellow bullhead 
Channel catfish

Ictalurus furcatus (LeSueur)
I. mêlas (Rafinesque)
I. natalis (LeSueur)
I, punctatus (Rafinesque)
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III. Canadian River System (continued);

Mountain madtom 
Slender madtom 
Stonecat
Tadpole madtom _ 
Brindles madtom 
Freckled madtom 
Flathead catfish

Noturus eleutherus (Jordan) 
N. exili3 (Nelson)

flavus (Raf ine s que)
gyrinus (Mitchill) 
miurus (Jordan)
nocturnus (Jordan and Gilbert) 

Pylodictis olivaris (Rafinesque)
li
li

13. Family Anguillidae 
American eel Anguilla rostrata (Le Sueur)

IÌ4.. Family Syprinodontidae
No, studfish Fundulus catenatus (Storer) 
Plains killifiah F. kansae (Carman)
Blacks tripe top-minnow F» no Fatui. (Rafinesque) 
Starhead topminnow F, notti (Agassiz)
Blackspotted topminnow F. olivaceus (Storer) 
Plains topminnow F. s dadi eus ( Cope )

15. Family PoecillidaeMosquitofish Gambusia arfinis (Baird & Girard)
16. Family Amblyopsidae

Southern cavefish Typhlichthys subterraneus (Girard)
17. Family Centrarchidae

Rock bass Ambloplites rupestris,(Rafinesque)
Wormouth Chaenobryttus gulqsus (Cuvier)
Green sunfish Lepomis cyanelius (Rafinesque) 
Orangespotted sunfish L. humilis (Girard)
Bluegill L. macrochirus (Rafinesque)
Longear sunfish L, megalotis (Rafinesque)
Redear sunfish L. microloohus. (Gunther)
Smallmouth bass Micropterus dolomieui (Lacepede)
Spotted sunfish M. punctulatus (Rafinesque)
Largemouth bass M. salmoides (Lacepede)
White crappie Pomoxis annularis (Rafinesque)
Black crappie P. nigromaculatus (LeSueur)

18. Family Percldae
Scaly sand darter Ammocrypta vivax (Hay)
Greenside darter Etheostoma blennioides (Rafinesque)

chlorosomum (Hay) 
flabellare (Rafinesque) 
fusiforme (Girard) 
histrio (Jordan & Gilbert) 
microperca (Jordan & Gilbert)

Bluntnose darter E#
Fantail darter
Swamp darter
Harlequin darter B.
Least darter
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III. Canadian River System; (continued):

Johnny darter Stheostoma nigrum (Rafinesque) 
Cypress darter E. orpellare (Hay)
Orangethroat darter E, spectabile (Agassiz)
Re di'in darter E. whlpplei (Girard)
Logperch Pereina caprodes (Rafinesque)
Channel darter P,. copelandi (Jordan)
Blackside darter P. maculata (Girard)
Longnose darter P. nasuta (Bailey)
Slenderhead darter P. phoxocephala (Nelson)
Dusky darter P. sclera (Swain)

^Sauger Stizostedion canadense (Smith)
If. Family Sciaenedae

Freshwater drum Aplodlnotus grunniens (Rafinesque)
20. Family Cottidae

Banded sculpin Cottus carolinae (Gill)
2 1. Family Atherinidae

Brook silverside Labidesthes sicculus (Cope)

(k)



I. Platte River System: (continued)
13. FamilyCyorinodontif orme s .

Banded killifish Fundulus diaphanus (LeSueur)
Plains killifish F. ~ kansae rearman)
Plains topminnow F.______  sciadicus (Cope)

Ilf. FamiJby Gasterosteidae
Brook stickleback Eucalia inconstans(Kirtland)

15. Family Serriaidae
White bass fíoecus chrysops (Rafinesque)
Yellow bass R.____mississlppiensis (Jordan and Eigenmann)

16. Family Centrarchldae
^Rock bass Ambloplites rupestris (Rafinesque)
Warmouth Chaenobry11us gulosus (Cuvier)
Green sunfish Lepomis c:fane 1 jus" (Rafinesque)

^Pumpkinseed L._ gibbosus (Linnaeus)
Orangespotted sunfish L.______  humilis (Girard)

& Blue gill L._____ macrochirus (fíafine s que)
Redear sunfish L. microlophus (Gunther)

j^Smallmouth bass Micropterus dolomieui (Lacepede) 
^Largemouth bass M.____ ____  salmo ides ( " )
* White crappie Pomoxis annularis (Hafinesaue^-
* Black crappie P,_____ nigrornaculatus (LeSueur)

17• Family Percldae
Rainbow darter Etheostoma ceruleum (Storer)
Iowa darter E._________ exile (Girard)
Johny darter E._______  nigrum (Rafinesque)
Orangethroat darter E._________spectabile (Agassiz)
Striped darter E._______  vjrgatum (Jordan!

Banded darter E._______  zonale TGope)
-^Yellow perch Perea flavescens (MItchill)
^rLogpench Percina caprodes (Rafinesque)
Blackside darter P. maculata (Girard)
Sauger Stizostedion canadense (Smith)

«^Walleye S,__________  vitreum vitreum (Mitbhill)
18. Family Sciaenidae

Freshwater drum Aplodinotus grunniens (Rafinesque)
19. Family Percopsidae

Trout- perch Percopsjs omiscomaycus (Walbaum)

j* &Í.É) mb»*«** '"*> <ro/o'
ado P/a-ffe. ŷ%S-e*n . /9S2-)



PISH DISTRIBUTION
OP

ARKANSAS, PLATTE, AND CANADIAN RIVER SYSTEMS

BY
William H. Dieffenbach 

Submitted 4a partial fulfilment of 
requirements in RW * 290, Pish Zoogeography.



W. H. Dierfenbach 
November 1963 
Fish Distribution

Arkansas, Platte, and Canadian River Systems.
Endemic Species: (18 species)

Speckled chub Hvbopsls aestivalis 
Blackspot shiner Notroois atrocaudalis 
Ghost Shiner Notropis buchanani
Arkansas River shiner Notropis glrardi 
Tail light shiner Notroois maculatus 
Colorless shiner Notroois oeroallidus 
Piebkied madtom Noturus nocturnus
Mud darter Stheostoma asprigena 
Scaly head darter Etheostoma barratta 
Arkansas River darter Etheostoma cragini 
Slough darter Etheostoma grahami 
Harlequin darter Etheostoma histrio 
Goldstripe darter Etheostoma parvipinne 
Orangebelly darter Ethrostoma radios-am 
Leopard darter Pereina pantherina 
River darter Pereina shumardi 
Stargazing darter ^Eexnina. uranldae

Native Exotic Total
Families 25 2 27

Genera 77 6 83

Species 179 12 191
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Family Scientific Name

1. Petromyzontidae
Chestnut lamprey Ichthyomyzon castaneus 
So. Brook lamprey _____I!______ gagel

2. AcipBnseridae
Shortnose sturgeon Aeipenseruhrevirofetrum 
Shovelnose sturgeon Scaphirhvnchus platorvnohus

3. Lepisostéidae
Spotted gar Lepisosteus
Longnose gar ”______
Shoi?tnose gar 11______
Alligator gar ”

oculatus
osseus
platostomus

Í4.. Polyodontidae
Paddlefish Polyodon spathüláa

5» Amiidae
Bowfin Amia calva

6. Clupeidae
Skipjack herring Alosa chfeysochlorls 
Ohio shad  ̂ -ohiensis
Gizzard shad Porosoma cepedianum

7. Salmonidae
Mt. Whitefish Prosopium williamsoni 
Kokanee Oncorhvnchus nerka 
Cutthroat trout Salmo clarkl 
Rainbow trout Salmo gairdneri
Brown trout S.___  trutta
Brook trout Salvelinus fontinalis 
Lake trout ” namavoush
American grayling Thymallus signifer

8. Hiodontidae
Goldeye Hiodon alosiodes 
Mooneye H teraisus

9« Esocidae
Grass pickeral Esox americanus 
Chain pickeral ” niger
No. pike ,r lucius

10. Characidae
Banded |£§rga Astyanax fusciatus

Classification
Water Area

Ll S.E.
1*11 S.E.

I S.E.
I S.E.

Ll S.E.
L 1 S.E.
Ll S.E.
Ll S.E.

Ll S.E

KL S.E.

I S#E.
I S.E.
Ll S.E.

S N.W.
L L Introduced
S N.W.
S-i'cL ^Introduced
S-L IntroducedS a
L
L

Ll S .E.Ll S.E.

L S.E.L S.E.L S.E.

L CSw.
^Introduced^



11. Cyprinidae
Stoneroller Campostoma anomalum I S.E.Goldfish Carassius auratus LL Introducedoo. Redbelly dace Chrosornus ervthrogaster I S.E.No. Redbelly dace eos I S.E.Carp Cyprinus carpio L Introduced
Ozark minnow Dlonda nub ila. I S.E.
Brassy minnow Hvbo.e:nathus hànkinsoni I S.E
Silver minnow nuchalis I S.E.
Plains minnow placita LI S.E.
Speckled chub Hybopsis aestivalis I EndemicBigeye chub T? ambiops LI S.E.
Hornyhead chub It bleuttata LI S.E.
Flathead chub ft gracilis I S.E. - s.w,
Lake chub tt plumbea LI S.E*
Silver chub ft storeriana LI S.E.
Gravel chub ft x-punctata I S.E.
Gold shiner Notemigonus crvsoleucas LI S.E.
Pallid shiner Notropis aranis LI S.E.
Emerald shiner n atherinoides I S.E*
Blackspot shiner ” átrocaudalis I Endemic
River " -f!- blenniiis I S.E.
Bigeye n it boons LI s .e TGhost ” tt buchamani LI EndemicBluntface " tt camurus LI §,1 .
Ironcolor ” ft chalvbaeus LI j&Okmi cCommon It cornutus L S.E.
Biemouth .ff««— dorsalis LI S.E*
Ribbon " ft fumaus I S.E.Arkansas R.” —i— girardi I EndemicWedgespot ” TT greenei LI S .£.
Silverband " it Illicebrosus LI S.E.Red w ft lutrensis I S .E ♦Tailight " Í! aia cui at user i LI Endemic?
Kiamiiehi ” ft ortenburgeri LI S.E.Colorless n Tf pernallidus LI Endemi c
Chub " ft pottapi LI Endemic
Rosyface tt rubellus LI O • ill •Spotfin ” ft _ spilooterus LI S.E.Sand w ft _ stramineus I S.E.Topeka ” tt topaka I S.E.Redfin 11 ft umbratills LI S.E.Blacktail " P venustus LI S.E.Mimic shiner ft yfeltroà&liis LI S.E.Steelcolor shiner Notronis whioblei I S.E.Bleeding •” __!I____ zonatus LI S.E.Pugnóse minnow Opsopoedus emiliae I S.E*nuekermouth minnow Phenacobius mirabilis I S.E.
Plains minnow Notronis pereobrormia LI S . E .
Blacknose shiner Notronis heterolenis. LI S.E.
Spottiil shiner Notronis hudsonius LI S.E.

(3)



11. Cyprinidae (cont)
Bluntnose minnow Plmeohales notatus 
Flathead ”
Slim minnow 
Bullhead minnow 
Blacknose dace 
Longnose tt 
Speckled n 
Greek chub
Tench Tinea tinea

LI

1

S.E.
” ..... prórnelas L S.B*

tenellus LI S.E.
" vigilax. LI S.E.

Rhinichthvs atratutus LI S>EV
cataraotae I s.g.

" ..  os cuius. I S.E.
¡motilus atromaculatus I-L S.E.

Introduced

irpsucker, «
«
ir

12. Family Catostomidae
River carpsucker Carplodes 
Quillback 
Plains c 
Highfin
Longnose sucker 
White sucker 
Blue sucker 
Greek chub Erimvzon dblongus

carolo 
cvorinus 
Torbesi 
veliferCatostomus ---H------ catostomus

_________  commersoni
Cvcleotus elongatua

Hog sucker Hvoentelium 
Smallmouth buffalo letiobus 

” Ictiobusit »Bigmouth 
Black 
Spotted sucker 
River redhorse

Minvtrema 
Moxostoma

cvorinellus 
niger 
ne lan ops

LI
LI
LI
LI
I
I
I
I-L
LI
LI
LI
LI
I
LI

S.E.
S.E.
S*E.
S.E.
S.E.
S.E.
S.E.
S.E.
S.E.
S.E.
S.E.
« • Ü» • 
ii*E*
S .E •

Black tt W - _ duQuesnei LI S.E.
Golden * 1 ÌÌ 1 ' "" erythrurum LI S.E.
No. « ’■TfT“ macroleoidotum LI 3»SUmic?
Shorthead redhorse 11 breviceos LI

13. Family Ictaluridae 
Blue catfish Ictalurus furcatus I S . E .
Black bullhead ft me las Ll-L Si's iYellow " ." ft T natalis. LI S # E »
Brown ” n " nebulosus. Ll-L o • E •
Flat n n platyceohalus I-LI S.E*
Channel catfish, n ounctatus I S «E .
Mountain madtom Noturus eleutherms I-Ll 3 • & .
Slender ” ff exilis LI S.E#
Stone catfish n flavus I-Ll S «E#
Tadpolemadtom it ji TXO s LI S.E.
Brindled madtom tt miurus LI S . E .
Freckled ” it nocturnus I-Ll Endemie?
Flathead catfish Pylodictis olivaris I-Ll S.E*

hi-* Family Anguillidae 
American eei I-Ll 5.E.



15. Family Cyprinodontidae
No. studfish Fundulus catenat.us.
Banded killifish Fundulus diaphanus 
Plains " ” kansae
Blackstripe topminnow Fundulus notatus
5 tar he ad ” .— notti
Blackspot ” " olivace.ua
Plains ” ” sciadicus

16. Family Poeciliidae 
Mosquito fish Gambusia affinis,

17. Family Amblopsidae
Southern Cavefish Tvnhlichthys subterraneus

18. Family Gasterosteidae
Brooks Stickleback Bucalia inconstans

19. Family Percopsldae 
Trout-perch Percoosls

20. Family Aphredoderidae
Pirate perch Aohredoderus savanus

21. Family Serranidae
White bass Roccus chrvsoos 
Yellow bass ” mississippiensis
Striped bass ,T saxatilis

22. Family Centrarchidae
Rock bass Ambloplites ruestris 
Flier Centrarchus macro,oterus 
Warmouth Chaenobruttus gulosus 
Banded pigmy sunfish Elassoma zonaturn 
Redbreast sunfish Leoomis auritus 
Pumpkinseed ” 11 gibboausa
Orangespotted sunfish '* humiliSd 
Green sunfish 
Bluegill 
Dollar sunfish 
Longear *
Redear "
Spotted M 
Bantam n
Smallmouth bass 
Spotted bass 
Largemouth bass 11 salmoides
White crappie Pomoxis annularis 
Black crappie ____ 11 nigromaculatus

23. Family Percidae
Crystal darter Ammacrypta asore1 1a

rt
TT

cvanellus 
macrochlrus 
margins tus... 
megalotis 
mlcrolophus
svmroetricus 

Micropterus dolomieui
” ounctulatus

LI S.E.
LI S.E.
LI S.E.
LI S.E.
LI S.E.
LI O  .Ttlo • E •
LI 3 * Hi .

LI S.E. (-Introduced)

L s.ftw.)

I-Ll S. E .

LI S.E.

I-LI S.E.

Ll-L S.E.
Ll-L S.E.
L (Introduced)

Ll-L S.E.
Ll-L S.E.
Ll-L S.E.
Ll-L S.E.
L S.E.
L S.E.f^ntroduere-d)
L S.E.
L 3 • Hi a
L S.E.
L 3, E »Jeintr 0 duced)
L S.E.
L S.E.
Ll-L S. E •
L S.E.
I-L S.E.
L-Ll S.E.
L S.E.
Ll-L S • E •
Ll-L S.E.

I Endemic?

(5)



23 . Family Percidae 
Scaly sand darter 
Mud darter

(con't) 
_Ammacrvpta 
Efrheostoma

vlvax
asprigena

Scaly head darter v f! barratta
Greenside darter ft blennibides
Bluntnose n It chlorosomura
Arkansas " ft cragini
Rainbow M It caeruleum
Iowa darter ff exile
Faintall darter ft flabellare
Swamp darter It gracile
Slough " t! graham!
Harlequin darter ft
Least darter If mi.cr.Q.p..e.r-ca
Johnny M It nigrum
Goldstripe darter ft oarvioinne
Cypress darter 
Stippled ”

11 oroeliareft nunctula turn
Orangebelly darter radiosum
Orangethroat ”' n snectahile
Redfin darter whinnlei
Banded M zonale
Yellow nerch Perea flavescens 
Loe»erchvkP.n:iPPercina. caprodes 
Channel darter ” cooelandi
Blackside darter " macula,£&
Longnose n ” nasula
Slenderhead darter Per cina phoxoeephala 
Dusky darter Percina sclera 
River " ** shumardi
Stargazing darter f uranldae~
Sauger Stizostedion canadense 
Walleye H vitreum vitreum

21).. Family Sciaenidae
Freshwater drum Anlodinotus grunniens

2$, Family Sparidae
Sheepshead Archosargus nrobatocephalus,

26. Family Cottidae
Banded sculpin Cottus carolinae

2?• Family Atherinidae
Brook s livers ide Labide stlies sic cuius 
Mississippi silverside Menidia audens

I-LI
LI
LL
LI
LI
LI
LI
LI
LI
LI
LI
LI
I-Ll
I-Ll
LI
LI
LI
LI
I-Ll
LI
LI
I-L
I-Ll
LI
LI
LI
LI
LI
LI
LI
LI
I-L
I-L

L-Ll

L-Ll

I-Ll

I-Ll
I-Ll

S.E. 
Endemic 
Endemic 
S .E .
S .E • 
Endemic

ic
S.E.
S.E«
S.E. 
Endemic 
Endemi e 
S.E.
S.E.
Endemic
S.E.
S.E.
Endemic?
S.E.
S.E.
S.E.
S.E.
S.E.
3 .E.
S.E.
S.E.

fEndemic
S.E.
S.E*
Endemic ? 
Endemic 
S.E. "* 
S.E.

Intro duced

S.E.

S.E.
S.E.

(6 )



W. H. Dieifenbach 
Fish Distribution 
October 15» 1963

The drainages presented in this paper include:
A ...... Arkansas River
P ....... Platte River
C ....... Canadian River

E. or I. denote:
E...
I . . .

Endemic
Introduced
Species present in that river,

W$ter classification type:
Species not present in that river,

S
I
L

C3a ssification of area:

Denotes swift type water.
Denotes Intermediate type water. 
Denotes Lake type water.

N Northern origin
E Eastern origin
¥ Western origin
S Southern origin

A total of 191 species were found to be present in these 
three drainages.



William H. Dieffenbach 
Fish distribution 
October 15, 1963.

Family Common Name Drainage Classification
A p C

Ef OR I. Water Area
1. Petrompzontidae

Chestnut lamprey X 0 X I N. E
So. Brook lamprey X 0 X I N

2. Acipenseridae
Shortnßse sturgeon ? X X i,s E
SBbvelnose sturgeon X X X I n,E3• Polyodontidae
Paddlefish X X X I S

k. Lepi©ostidae
Spotted gar X 0 X L 1,#Longnose gar X X X I E & SEShortnose gar X X 0 I SEAlligator gar X 0 X L - I S5. Amiidae
Bowfin X X X I E

6. Clupeidae
Skipjack herring X 0 X I SEOhio shad X 0 X I EGizzard shad X X X L SE

7• Salmonidae
MT. Whitefish 0 X 0 s WKokanee I NWWCutthroat X X 0 S,L NWRainbow trout I WBrown trout I EuropeBrook trout I EastLake trout I NEAmerican grayling 0 ? 0 L N

8. Hiodontidae
Goldeye X X X I NEMooneye 1 X 0 0 I

9. Esocidae
Grasspickeral X X X L E
Chain pickeral I X 0 0 L E
No. Pike I X X 0 L E

10. Characidae
Banded tetra I X 0 0 I S

11. Cyprinidae
Stoneroller X X X S E
Goldfish I X X X L OrientSo. Redbelly dace X X X I E

(i)



Common Name
E. or I.

Drainage 
A P C

Class ifiaat ion 
Water Area

11. Cyprinidae (continued)
No. Redbelly dace 
Carp
Ozark mcbnnow 
Brassy minnow 
Silver minnow 
Plains minnow 
Speckled chub 
Bigeye chub 
Hornyhead chub 
Flathead chub 
Lake chub 
Silver chub 
Gravel chub 
Gold shiner 
Pallid shiner 
Emerald shiner 
Blackspot 
River 
Bigeye 
Ghost 
Bluntfaee 
Ironcolor 
Common 
Bigmouth 
Ribbon
Arkansas R. ' 
Wedgespot 
Silverband '
Red shiner 
Taliight " 
Kiamiichi V 
Plains "
Colorless "
Chub "
Rosyface " 
Spotfin 
Sand shiner 
Topeka "
Redfin " 
Blacktail "
Mimmic 
Steelcolor 
Bleeding 
Blacknose 
Spottail " 
Pugnose minnow 
Suckermouth " 
Bluntnose " 
Flathead 
Slim mifnow • 
Bullhead minnow 
Blacknose dace 
Longnose 
Speckled "
Creek chub 
,Tench

shinerft

E..

E..

E?

i



Family
12. CatostomicLae

Common name Drainage Classification

13. Ictaluridae

li+. Anguillidae

16. Poeciliidae

E. or I. A p C Water Area

River carpsucker X X X I,S N,S
Quillback 0 X 0 I,L E
Plains carpsucker X X 0 I N,S,E.
Highfin " X X X I N,E
Longnose sucker X X X I E
White sucker X X X I E
Blue sucker X X X I N
Creek chub X ? X I E
Hog sucker X 0 X I E
Smallmouth buffalo X 0 X I S
Bigmouth X X X I N & S
Black X X X I N & S
Spotted sucker 1 . ? X 0 0 I N 8s E
River redhorse X 0 X I NE
Black redhorse X 0 X I N 8s E
Golden redhorse X X X I N 8s E
No. Redhorse i. ? 0 X 0 I N 8s E
Shorthead redhorse 1 . ? X 0 0 I N

Bluecatfish XX X X I,S S
Black bullhead X X X L E
Yellow " X X X I S,E,N.
Brown " X ? ? L E
Flat " B-. ? X 0 0 I E
Channel catfish X X X I,S SE
Mountain madtom X 0 X S E
Slender X X X I N
Stonecat X X X I N
Tadpole madtom X X X I E
Brindled " X 0 X I S
Freckled " E... X 0 X M
Flathead catfish 0 X X I,S N

American eel X X X 1 N

lae NNO. Studfiah X 0 X 1
Banded killifish 0 xr10 1 NE
Plains killifish X X 0 1 E
Blackstripe topminnow X 0 X 1 N, E,
Starhead " X 0 X 1 SE
Blackspot X 0 X 1 E
Plains " X X X 1 N,S,E

MOsquito fish I... X X X L SE

(3)



Family Common Name
E. or I.

17* Gasterosteidae

18. Amblyopsidae

19* Percopsidae..

Brook stickleback

Southern cavefish

Trout-perch
20. Aphredoderidae

21. Serranidae
Pirate perch

White bass 
Yellow bass 
Striped bass

1 ?

22. Centrarhhidae

23. Percidae

Rock bass
Flier
Warmouth
Banded pigmy sunfish 
Redbreast sunfish 
Pumpkinseed " 
Orangespotted "
Green sunfish 
Bluegill 
Dollar sunfish 
Longear "
Re dear "
Spotted "
Bantam "
Smallmouth bass 
Spotted bass 
Largemouth bass 
White crappie 
Black caappie

Crystal darter 
Scaly sand "
Mud darter 
Scaly head darter 
Greenside "
Bluntnose "
Arkansas "
Rainbow "
Iowa darter 
Faintail darter
Swamp darter 
Slough " 
Harlequin darter 
Least darter 
Johnny "
Goldstripe darter 
Cypress "
Stippled

». ?

i t ?

I

I..

! . .

f?

E. ? 
E.E* * *
f . ?
E...
I?

E.. 
E...

E.,

Drainage Classification
A P C Water area

OXX S NE

x 0 x L SE

0 x 0 S,L •>

00X I N & S

x x 0 I HIx x 0 L E
x ? x L E

X X X L E
X 0 0 L SE
X X X L N, S, Ex 0 0 L S & E
x 0 0 L E
x x 0 L n & :
X X X L N, E.
X X X L H,S, E
X X X L E.
x 0 0 L SE
x 0 0 L SE
X X X L SE
x 0 x L SE
x 0 0 L
X X X I N &E
x 0 0 I NE
XX X X L N, E, S,
X X X L N, E.
X X X L N, E.

x 0 0 I,S E
X 0 X S NE
x 0 0 I,S
x 0 0 1,8
0 0 x S (E)
x O x I NE
x 0 0 I
0 x 0 I N, E.0 x 0 I N
x 0 x I N, E.x 0 x I E
x 0 0 I (SE)
x 0 x I (S)x 0 x I NS
X X X I N, E, Sx 0 0 I E'
x 0 x I SEx x 0 I SE



Family Common Name

23• Percidae (continued).
Orangebelly darter 
Orangethroat "
Redfin darter 
Banded "
Yellow perch 
L0gperch 
Channel darter 
Blackside "
Longnose "
Leopard " 
Slenderhead darter 
Dusky darter 
River "
Stargazing darter 
Sauger 
Walleye

2k. Sciaenidae
Freshwater drum

*' 2  5. Sparidae
Sheepshead

f26. Cottidae
Banded sculpin

27 Atherinidae
Brook silverside 
Mississippi Silverside

Drainage Classification
or I. A P C Water Area

E ? X 0 0 S ,I E.
X X X 1 SE.
X 0 X 1 S.
X X 0 s, 1 N,E.
X X X L E.
X X X I N
X 0 X S-I. E
X X X s E
X 0 X S- I SE

E.. X 0 0 S-I -
X 0 X I E.
X 0 X I N.

E ? X 0 0 I (HE)
E.. X 0 0 I

X X X I NE
X X X L NE

I X X X L N, s,

X 0 0 L S &E

X 0 X I-S N

*  x 0 X I N, s,
I ,  . . X 0 0 I

(5)





W. H. Diei'ienbach 
October 8, 1983 
Pish Distribution

I. Platte River System: Genus Species
1. Family AcioenseridaeShovelnose Sturgeon Scaphirhynchus platorynchus (Raimesque)

2.

3.

k-

Polyodont idae 
Paddlefish
Lepisosteidae 
Longnose gar 
Shortnose gar
Araiidae
Bowfin

Polyodon spathula (Walbaum)

Lepisosteus osseus (Linnaeus)
LT ” platostomus (Rafinesque)

Amia calva (Linnaeus)

£. " Glupeidae
& Gizzard shad Doro soma cede ianum (LeSueur)

6. " Salmonidae
Mountain whitefish 
Cutthroat trout 

^Rainbow trout 
¿■¡Brown trout 
Brook trout 

^tLake trout 
Kokanee Salmon

Prosopium williamsoni (Girard)
Salrno clarki (Richardson)
S. gairdneri (Richardson)
£>'. trutta ("Linnaeus)
Salvelinus fontinalls (Mitchill)
Salvelinus namaycush (Walbaum) 
Oncorhynchus nerka (kennerlyi)(Suckley)

7.

8.

9.

^(?)American grayling Thymallus signifer (Richardson)
" Hiodontldae

Goldeye
" Ssocldae

Grass pickerel 
$ Northern pike

” Cyprinidae
Stoneroller 
* Goldfish

No. Redbelly Dace 
So. Redbelly Dace 

* Carp
Brassy minnow 
Silver minnow 
Hornyhead chub 
Flathead chub 
Lake chub 
Silver chub 

Golden shiner

Hiodon alosoides (Rafinesque)

Esox americanus vermiculatus (LeSueur) 
Esox Lucius (Linnaeus)

Campostoma anomalum (Rafinesque) 
Carassius augatus (Linnaeus) 
Chrosomus eos (Cope)
Chrosomus erythrogaster (Rafinesque) 
Cyprinus carpio (Linnaeus) 
Hybognathus hankinsoni (Hubbs)
H. nuchalis (Agassiz)
i-lybopsi's' b'igufctata (Kirt land)
H.______  gracilis (Richardson}
H. plumteea (Agassiz)
H.______  storeriana Kirtland)
Notemlgonus crysoleucas (Mitchill)



Species
I. Platte River System: (continued)

9. Family
Genus

Cyprinidae 
Pane raid shiner 
River shiner 
Common shiner 
Blacknose shiner

Notropis atherinoid.es (Rafinesque) 
iJ. blennius (Girard)
N._____ cornutus (Mitchill)
NT
1.

Spottail shiner N. 
Red shiner 
Plains shiner 
Spotfin shiner 
Sand shiner 
Topeka shiner

heterolepis (Eigenmann)

N.
¥7
N.
I.

hudsonius (Clinton) 
lutrensis (Baird and Girard) 
percobromus (Cope) 
spilo,oterus (Cope) 
stramineus (Cope) 
topeka [Gilbert)

(Girard)Suckermouth minnow Phenacobius mirabilis 
Bluntnose minnow Plmephales notatus (Rafinesque) 
Fathead minnow P. prometas (Rafinesque)
Blacknose dace 
Longnose dace 
Speckled dace 
Creek chub 

%r Tench

Rhinichthys atratutus (Hermann)
R._________  cataractae (Valenciennes)
R» ______ oscuius (Girard)
Semotilus altromaculatus (Mitchill) 
Tinca tinea (Linnaeus)

10. Family Catostomidae
River carpsucker Carp diodes carplo (Rafinesque) 
Qullback _ cyprinus (LeSueur)Plains Sarp sucker (h_ forbesi (Hubbs)
Highfin carpsuckei? C._______  velifer (Rafinesque)
Longnose sucker Catoatomus catostornus (Forster)
White sucker C«   commersoni(Lacdpdde)
Blue sucker Cycleptus, elongatus (LeSueur)
Bigmouth buffalo Ictiobus cyprlnellus (Valenciennes)
Black buffalo 1»_____ . niger (Raflnes que
Golden redhorse Moxostoma erythrurum (Rafinesque) 
Northern redhorseM. faacrolepidotum (LeSueur)
Mountain sucker Pantosteua'platyrhynchus (Cope)

11. Family Ictaluridae
*Blue catfish Ictalurus furcatus (LeSueur)
Black bullhead 1. me las (Rafine s que)
Yellow bullhead I_._______  natalis(LeSueur)

*  Brown Bullhead I._______ nebulosus (LeSuBur)
Channel catfish X._ _ punctatus (Rafinesaue)
Slender madtom Noturus exilis (Nelson)
Stonecat N. flavus (Rafinesque)
Tadpole madtom N, gyrinus (Mitchill)
Plathead catfish Pylodictis ollvaris (Rafinesque)

1 2. Family Anguillidae
“American eel Anguilla rostrata (LeSueur)

(2 )
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D istributions of Juvenile Steelhead and C u tth ro at T ro u t 
0 Salmogairdneri and S. clarki clarki) W ithin Stream s

in Southw estern B ritish  Colum bia1

By G. F. H artman and C. A. Gill 

Fish and Wildlife Branch
Fisheries Research Division, c/o Institute of Fisheries 

University of British Columbia, Vancouver, B.C.

ABSTRACT

Trout were collected and identified from 66 streams or stream systems of different size 
and gradient. Total dissolved solids (T.D.S.) and pH  were determined on most streams. Size 
and profile of streams to a large degree determined the species of trout present. Large streams, 
with drainage area over 130 km2, were predominantly occupied by steelhead. Small streams, 
drainage area under 13 km2, were predominantly occupied by cutthroat. Streams less than 120 
km2 in drainage area with steep gradients, and emptying directly into the sea, usually supported 
steelhead, as did large rivers. Those which dropped steeply and then levelled and ran through 
several miles of sloughs usually supported cutthroat. Where both species occurred, cutthroat 
were most often predominant in the small tributaries and headwaters, and steelhead in the lower 
reaches of the main stream. Stream £H ’s were usually lower in winter than in summer, but had 
no obvious effect on trout distribution. Many cutthroat streams had high T.D .S. readings in the 
lower reaches in summer and low T.D.S. readings in these areas in winter. Otherwise there were 
no marked differences between steelhead and cutthroat streams in terms of T.D.S.

INTRODUCTION

T he  distributions of different species of fish within stream systems have 
been related to a number of physiographic factors, including temperature, 
pH, gradient, and size (Shelford, 1911; Thompson and Hunt, 1930; Trautman, 
1942; Burton and Odum, 1945; Starmack, 1956; and Huet, 1959, 1962). 
Previous studies on distributions of salmonids in southwestern British Co­
lumbia (Hartman, 1965) showed that juvenile steelhead trout usually existed 
in close association with underyearling coho salmon along the lengths of 
streams. Steelhead and cutthroat trout juveniles, on the other hand, appeared 
to be segregated into streams of different sizes or into different areas of the 
same stream system.

In the present study a large number of collections of trout were made in 
a series of streams of different sizes and gradients in an effort to describe more 
fully the differences in distribution of young steelhead and cutthroat. The 
field work for the investigation was carried out between 1960 and 1966. Most 
of the data were gathered in 1964 and 1965. Stream profiles were determined 
and measurements of pH, total dissolved solids, temperature, and stream

1Received for publication May 29, 1967.
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discharge were taken to determine if any of these factors bore an obvious re­
lationship to the distribution of one species of trout or the other. The work 
is not intended to describe completely the distributional differences between 
the two species but is presented rather as a preliminary to a better under­
standing of their ecological relationships.

STUDY AREA, M ATERIALS, AND METHODS

The 66 streams sampled lie in the following regions of southwestern 
British Columbia: the east coast of Vancouver Island, 16 streams (Fig. 1);

F ig . 1. Locations of streams sampled on the east side of Vancouver Island. 
Names of streams given in Table I (see text). Inset map shows locations 

of the two major sampling areas.

the Squamish area, 7 streams; and the lower Fraser Valley, 43 streams (Fig. 
2). Names corresponding to stream numbers on Fig. 1 and 2, and approximate 
drainage areas, are given in Table I. The smaller streams are characterized 
by high winter and low summer discharge. The larger rivers normally have 
winter and summer run-off maxima, corresponding with heavy rainfall and 
snowmelt farther inland respectively.

Wherever access permitted, collections were made at a series of sites along 
the full length of each stream. Some inaccessible streams were sampled only 
at one location.
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F ig. 2. Locations of streams sampled in the lower Fraser Valley and 
Squamish area. Names of streams given in Table I (see text).

Most collections were made with 3 X  2 m and 9 X  2 m seinqs with mesh 
size approximately 7 mm stretched mesh.

A 440 v, d-c fish shocker, Smith Root Laboratories Type IV, was used 
to make a limited number of collections. In situations where water depth or 
bottom topography prevented seining, fish were angled with No. 14 or No. 
16 hooks and bait.

In many locations where streams were turbid or very turbulent, explosives 
were detonated in the water a few meters upstream from a positioned seine 
net, as described by Hartman (1965).

Measurements of pH were taken with a portable pH  meter, Beckman 
N or E .I.L ., 30C, within 1 min of the time the water sample was drawn from 
the stream. Total dissolved solids (T.D.S.) of stream water samples were 
determined in the laboratory with a conductivity bridge, Industrial Instrument 
R.C.7. Stream discharge data and some drainage areas were obtained from 
publications of Canada Department of Northern Affairs and National Re­
sources (1960-1963). Stream discharges were estimated at collection sites by 
visual observations of cross section and velocity, where possible. Data on 
water chemistry, stream discharge, and drainage area are on file with the Fish 
and Wildlife Branch.

Trout were identified using six characters which were diagnostic on 
hatchery-reared fish of known parenthood (Hartman, MS, 1956). The char­
acters were hyoid teeth, hyoid red pigmentation, mid-dorsal parr marks,
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T a b l e  I. Names and drainage areas of streams shown in Fig. 1 and 2. Drainage areas with 
an "asterisk (*) are from Water Resources Branch Papers (Canada Department of Northern 
Affairs and National Resources, 1960-1963). Other areas were calculated with a planimeter.

Drainage Drainage
No. Stream area (km2) No. Stream area (km2)

Fig. 1

1 Campbell R. 1461.0*
2 Quinsam R. 277.1*
3 Oyster R. 181.3*
4 Black Cr. 65.1
5 Tsolum R. 251.5*
6 Puntledge R. 518.0*
7 Little R. 4 .2
8 Millard Cr. 3 .6
9 Cougar Cr. 24.0

10 Chef Cr. 21.0
11 Nile Cr. 17.9*
12 Hunts Cr. 16.4
13 Big Qualicum R. 147.6*
14 Little Qualicum R. 246.1*
15 French Cr. 73.3
16 Englishman R. 287.5*

Fig. 2

17 Squamish R. 1981.3*
18 Cheakamus R. 813.3*
19 Culliton Cr. 66.7
20 Brohm Cr. 24.5
21 Schoonover Cr. 6 .2
22 Mashiter Cr. 46.0
23 Mamquam R. 384.0
24 Serpentine R. 105.0
25 Mahood Cr. 19.7*
26 Nicomekl R. 99.5
27 Anderson Cr. 29.0
28 Murray Cr. 33.0
29 Salmon R. 83.0*
30 Nathan Cr. 35.0
31 Blaney Cr. 18.9
32 Blaney Cr. (east trib.) 2 .0
33 S. Alouette R. 205.0*
34 S. Alouette R. trib. 2 .0

Fig. 2 (corit)

35 Kanaka Cr. 55.0
36 York Cr. 5 .3
37 Whonock Cr. 20.0
38 Steelhead Cr. 14.6
39 Silverdale Cr. 21.2
40 St. Mary’s Cr. 2 .5
41 Draper Cr. 5 .6
42 Hatzic SI. 55.0
43 Legace Cr. 5.2
44 Allan L. outlet Cr. 9 .4
45 Pattison Cr. 7.3
46 Atchelitz Cr. 7 .4
47 Luckakuck Cr. 4 .8
48 Chilliwack Cr. 15.2
49 Semmihault Cr. 8 .3
50 Elk Cr. 16.0
51 Ford Cr. 8.5
52 Nevin and Dunnville cr. 18.0
53 Bridal Falls Cr. 13.0
54 Fraser R. trib. è mile

west of Jones Cr. 7.0
55 Fraser R. trib. è mile

east of Jones Cr. 1.1
56 Lorenzetta Cr. 35.0
57 Sakwi Cr. 18.6
58 Weaver Cr. 48.2
59 Chilliwack R. 1250.0*
60 Liumchen Cr. 52.0
61 Chilliwack R. trib. i  mile

west of Tamihi Cr. 6 .0
62 Ryder Cr. 7.3
63 Chilliwack R. trib. 5

miles east of Foley Cr. 2 .4
64 Foley Cr. 80.0
65 Hope SI. 85.7
66 Camp SI. 13.6

maxillary length, and dorsal fin shape and color. Many trout under 1-year 
old, and some of those 1-2 years old, could not be classified with certainty, 
even though six characters were used. These fish are included in the results 
because of the possibility that they represent hybridization in some situations, 
particularly where both species are known to occur.
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Stream profiles were calculated from topographic maps (British Columbia 
Surveys and Mapping Branch) with scales of 1:50,000 and 1:126,720. In 
cases where maps showed different elevations at a known point, the data were 
taken from the larger scale map.

Stream profiles shown (Fig. 3-7) begin at the ocean or where the stream 
in question enters a substantially larger tributary. Where a system consisting 
of two or more tributaries is shown, tributaries are placed in the horizontal 
scale to indicate where they enter the main stem of the system (see Salmon 
River, Fig. 7). If only a segment of a stream is shown (as is the case with the 
longer streams) the upper end of the profile is delimited with two diagonal 
lines.

RESULTS

Stream Size and T rout D istribution

The principal differences in distribution between steelhead and cutthroat 
juveniles related to stream size and profile. Steelhead trout appear to be adapted 
to large rivers or swift tributaries. In 34 of 40 collection sites on the mainstems 
of 13 large streams, drainage areas greater than 130 km2 (50 miles2), the iden­
tifiable trout were steelhead (Fig. 3). Cutthroat trout made up a minor part 
of the six other collections.

Cutthroat trout were found in the very small streams or in headwaters. 
In the 21 small streams with drainage areas up to 13 km2 (5 miles2), all iden­
tifiable fish were cutthroat in 24 out of 33 collections and steelhead in 5 out 
of 33 collections (Table I, Fig. 4-7). Both species occurred in 3 collections.

Table II, showing the numbers of streams in various drainage area cat­
egories in which one species of trout or the other or both occur, indicates that 
cutthroat trout are predominantly a small stream form. In the four large streams 
where they occurred, cutthroat made up a minor portion of the trout fauna. 
Steelhead occurred frequently over the range of stream sizes investigated.

E ffe c t  of Stream P rofiles

If all streams with drainage areas under 120 km2 (46 miles2) are con­
sidered it becomes evident that stream profile as well as size affects the trout 
species composition. The nine streams of this size in which all the identifiable 
trout were steelhead drop steeply into a large river or the ocean (Fig. 4). In 
those streams in which the identifiable trout were cutthroat the gradient is 
low to moderate (Fig. 5) or is near level and then increases sharply (Fig. 6). 
Eleven of these streams drain into large slough systems.

Spawning cutthroat trout enter Hope and Camp sloughs but young cut­
throats were not obtained in these bodies of water. It is presumed that cut­
throat spawners move through the sloughs and spawn in the steep tributaries. 
Figure 6 shows that cutthroat occur in streams with steep profiles. In all 
cases except Chef Creek, however, these streams flatten and run through an
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F ig. 3. Profiles of streams with drainage areas greater than 130 km2, showing locations of 
sampling stations and sizes and compositions of trout collections. Legend showing sample sizes 
and composition applies to Fig. 3-7, all of which have the same scale. See text for further expla­

nation of Fig. 3-7.

extensive area of meadowland or slough. The profiles of medium and small 
streams occupied by cutthroat trout are usually different than those occupied 
by steelhead trout. However, within either type of stream, cutthroat and 
steelhead trout were each generally found in rifHe-pool complexes or in rocky
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T a b l e  II. Numbers of streams of different drainage areas in 
which the trout sampled were cutthroat only, cutthroat and 

steelhead, or steelhead only.

Stream drainage 
area (km2)

No. of streams with:

Cutthroat
Cutthroat 

& steelhead Steelhead

0-40 23 11 6
41-80 0 4 4
81-120 0 3 0

121-160 0 0 1
161-200 0 0 1
>200 0 4a 7

aCutthroat comprised about 3 and 12% of the trout in 
two of the four streams and 25 and 29% in the other two.

FT M

STREAM DISTANCE

F ig . 4. Profiles of streams with drainage areas under 120 km2 in 
in which all identifiable trout were steelhead. Sampling stations, sample 

size, and composition are indicated. See Fig. 3 for legend.
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Fig. 3 for legend.

stretches of stream. The micro-habitats of the two species appear to be similar 
although the major gradient characteristics of the stream they select are 
different.

In streams with drainage areas under 120 km2 which supported both 
species of trout, those with relatively steep gradients, such as Cougar, Hunts, 
Brohm, and Weaver creeks (Fig. 7), were occupied predominantly by steelhead. 
On the other hand where collections were predominantly cutthroat, as in 
Kanaka, French, Pattison and Blaney creeks (Fig. 7), the profiles level at 
the downstream ends, where the creeks run through sloughs.

In the stream systems where both species occurred, cutthroat were the 
predominant species in upstream collections in 10 of 13 cases. Differences 
in distribution of . steelhead and cutthroat along the length of a stream are 
best illustrated in the Salmon River, where trout collections were predominantly 
steelhead in the lower part of the main stem of the stream, and predominantly 
cutthroat in the upper part of the main stem and in the tributaries (Fig. 7).
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F ig . 6. Profiles of steep gradient streams which enter sloughs or 
level out in downstream areas. Drainage areas are under 120 km2.
All identifiable trout were cutthroat. Sampling stations, sample size, 

and composition are indicated. See Fig. 3 for legend.

E ffe c t  of pH  And D issolved Solids

Data on pH  for the two periods (November 1 to March 31 and April 1 
to October 31) are not strictly comparable because numbers of readings and 
stations chosen were not all replicated. However, the pH  values were generally 
higher during the April to October period than from November to March 
(Fig. 8). In the April to October period most of the pH  values for streams 
with steelhead only, cutthroat only, and the species mixed, fell within the same 
range. During the November to March period, streams occupied by steelhead 
only had a narrower range of pH ’s than those occupied by cutthroat only. 
However, mean values for pH  were near 7.00 for both groups of streams. 
The range and mean of pH  values for streams in which both species occurred 
were slightly lower than for streams which supported only one species.
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black bars are from slough areas of streams.

Total dissolved solids values in the various streams ranged from 15 to 
192 ppm in the April to October period and from 15 to 95 ppm in the November 
to March period (Fig. 8). During the November to March period virtually 
all the readings for streams with species both separate and mixed fell between
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15 and 80 ppm. During the April to October period all the values fell between
16 and 105 ppm in the streams with steelhead alone and steelhead and cut­
throat together. However, many T.D.S. readings in streams in which only 
cutthroat were obtained were high in the April to October period. Most of 
these high values were obtained in the slough areas of the cutthroat streams. 
Readings taken in corresponding locations in the November to March period 
were much lower (black bars in Fig. 8). Cutthroat streams were thus some­
what different from other streams in that their conductivity characteristics 
in many cases exhibited greater seasonal change. Neither pH or T.D.S., 
however, appeared to have any clear effect in limiting the distribution of either 
species.

DISCUSSION

A considerable degree of variability in the types of stream occupied by 
Salmo gairdneri and S. clarki clarki leads to some overlap in the distribution 
of the two species. Whereas large and steep streams support mainly steelhead 
and small and level streams mainly cutthroat, both species were found in a 
number of streams which were intermediate in drainage area (Serpentine and 
Nicomekl rivers and French and Kanaka creeks, Fig. 7) or profile (Kanaka, 
Cougar, Weaver, and Whonock creeks, Fig. 7). In some cases steelhead enter 
small streams which are not characteristic of streams usually chosen by them 
(Blaney and St. Mary’s creeks, Fig. 7).

The occurrence of cutthroat in certain streams may be related to their 
existence in nearby lakes in the system, e.g. Brohm Creek, Puntledge and 
Quinsam rivers. Cutthroat juveniles are known to move down through fish 
ladder facilities at the outlet of Comox Lake. This may account for their 
occurrence in the lower Puntledge River. Lakes in the Quinsam River system 
may contribute cutthroat to the river. The occurrence of cutthroat in the 
downstream collection in the South Alouette River (Fig. 3) is almost certainly 
related to their localized presence in the small tributary (Fig. 7) which enters 
the main river at that location. Trout sampled a few meters up the small 
tributary of the South Alouette River (Fig. 7) are predominantly cutthroat. 
In view of the foregoing, it seems likely that the occurrence of cutthroat in 
the large streams and in Brohm Creek represents special, though not rare, 
circumstances for the species.

Previous hatchery introductions as early as 1930 may have altered the 
distributional relationships of rainbow and cutthroat. Cutthroat were in­
troduced into the Nicomekl, Serpentine, and Salmon rivers and Kanaka 
Creek in 1933, according to British Columbia Game Department records. 
Many fish plantings in the past have not been well documented; therefore, it 
is not clear to what extent past introductions of fish might affect present 
distributions. However, since introductions to occupied stream habitats are 
generally not successful, it is unlikely that the distributional characteristics 
of cutthroat have been seriously confounded by these plantings.
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It was beyond the scope of the study to distinguish migratory and resident 
races of trout. But it was noted that resident populations of cutthroat occur 
in a tributary of Blaney Creek. Females 111-132 mm long contained eggs 
which were nearly mature. Small, sexually mature male trout were taken in 
a number of streams. Steelhead Creek, which contains cutthroat trout in 
abundance, is not accessible to fish from the Stave River into which it flows. 
Presumably Steelhead Creek fish are resident in the stream system. Sumner 
(1952) reports the occurrence of resident cutthroat in migrations in Sand 
Creek, Oregon. Neave (1949) reports coastal populations of cutthroat trout 
above impassable falls and in small tributaries in the Cowichan River system, 
indicating further the occurrence of some non-migratory forms. Neave (1949) 
also reports coastal populations of resident Salmo gairdneri. There was less 
evidence of residence among S. gairdneri in the present study: few small ripe 
male fish were obtained. The existence of non-migratory fish is pointed out 
because the role of migration in determining distribution is speculated upon 
later in this discussion. Although the size and age of most fish sampled suggest 
that the juvenile coastal trout are largely progeny of migratory forms, some 
distribution patterns in stream systems are more extensive because of resident 
forms.

The stream pH values did not bear obvious relationship to differences 
in trout distribution. The data gathered from April to October indicate that 
stream systems used by cutthroat have greater gradients in T.D.S. (con­
ductivities increase greatly in meadowland and slough areas) (Fig. 8) than 
those used by steelhead. Although data on pH  and conductivity do not shed 
light on the differences in trout distribution in this study, they should not 
be ruled out as having no effect. Conductivity, pH , and probably other features 
of stream limnology relate to gradient and size. Such features may differ in 
various stream systems, and hence affect fish, in fashions not indicated by a 
superficial series of measurements made over all systems.

The existence of ecological zones and specific faunistic groups within 
streams can be related directly and indirectly to gradient characteristics 
(Huet, 1959, 1962; Burton and Odum, 1945). Although many British Co­
lumbia coastal streams contain zones with different faunas, the distributions 
of the two species of Salmo do not depend only on a stream slope-breadth 
relation. As already pointed out, juvenile cutthroat occur as a minor species 
in large streams with drainage areas over 130 km2 (50 miles2). Within streams 
below this size both species occur over a wide range of stream slopes (Fig. 9).

Although the estimations of stream width are extremely rough, the data 
for British Columbia indicate a high slope-breadth relationship among the 
smaller streams. The difference between these high values and the curve given 
by Huet (1959) probably represents a difference between local trout (steel­
head and cutthroat) and brown trout as well as a difference in topography.

The micro-habitats in which Salmo gairdneri and S. clarki are found are 
very similar; these areas include pools, gravel riffles and runs, rocky turbulent 
stretches and plunge pools in white water torrent areas. In many streams the
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F ig . 9. Approximate relationship between stream gradient and 
breadth in British Columbia coastal trout streams and in the 
trout (Salmo trutta) zone of western European streams. Data for 
steelhead and cutthroat are for streams both above and below 

130 km2 in drainage area.

differences in species composition appear to be related to stream conditions 
below the areas where the fish occur. Such a situation leads to the speculation 
that differences in juvenile trout distribution may be related directly to dif­
ferences in the migratory patterns of adults. Adult cutthroat trout presumably 
enter slough systems, slow-moving streams in meadowland areas, and small 
tributaries. The much larger adult steelhead, on the other hand, remain in 
larger streams or enter preferably into fast-flowing tributaries. At present, 
little comparative information on the migratory responses of the two species 
is available to support or contradict the idea that differences exist in their 
migratory behavior or choice of spawning areas.

Although sample sizes were small in some streams and collections were 
not numerous in others, the evidence that is available strongly indicates that 
stream size and profile affect trout distribution either directly or indirectly.

The implications of differences in distribution of juvenile steelhead and 
cutthroat trout in management are significant. In general the small cutthroat 
streams which run through farmland or sloughs are vulnerable to relocation,
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straightening, obstruction, and pollution. Fish habitat in the steeper regions 
of the streams may be destroyed by scouring and debris accumulation as a 
result of logging activities over a small area of the watershed. Steelhead trout 
growing in small streams are vulnerable to the same influences as cutthroat. 
Many steelhead trout, however, dwell in larger rivers, which are less susceptible 
to local influence or destruction.
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Haeraulon parra« ffo"scui@ri|"Kyohqsus incisor. ¿U analogue.

I*» Non-endemic amphi-American genera: Chaetodon (7 Atlantic species, 2 Pacific species), 
Eqinephelus (10,3), Scaridae (19,4), Eutianidae (22,8), Sparidae (21,1).

5« Heterosomata genera of the warm-water Atlantic: European-African-Asiatic: Bothusj. 
Zeugopterus. Fiesue , subfamily Soleinae. American: Citharichthys, Paralichthys, 
Liopsetta« subfamily Achirinae.

6. Mediterranean species which also extend north to boreal region: Raia clavata.
Clupea sprattas. Gadus virensf Gadus merlangus. x.olva molva. Bothus maximusV 
¿isaEBS§SM§ SlmmimiSM oiatjjii, Qign̂ labrus s^yaug, Trigla gurnardus. 
Scomber scombrus, Gobius mjnutas. ■



7» Endemic species of meditarranean-Atlantic region: Sardinia 
encrasicholus» Gobius (2$), Blennius (15), Creniî ô s  ^).

8. Common genera of. EasWitlantic and Indo-hest-Pacific: M P s  2agWt* âgj&lfojWphsaus,

9* Endemic boreal species of North Atlantic: ^Qcntrolabrus 8Xpletusa •nCottus bubalis. 
«Agonus cataphractus, -«Gobius niger, Phclis guneUus, Ẑoarces vtviparus, ^mmcdytes 
lannaolatus. «Zeugopterus punctatiiSy *6copb.thalmus oarESgiciiS» *fo1.flr.o»:fcninim kitty 
»Pleuronectes limanda, Soinaohia spinachia, *Syngnathu_3 rd̂ teliatafi» G§£y&
Gadus aecrlefinus. Gadus virens. -::-Qadus esmarki. feolva molya. R̂aniceps gajijnus,
Clupea harengus. (* indicates exclusive European distribution)

10. Endemic boreal genera of North Atlantic: *Cnrstallogobius« «ChirolppMs. »Zeugopterus. 
»Scophthalmus. -«iianiceps, Cvcloptorua, Soinachia. (ift indicates exclusive European 
distribution)

(9 and 10 are indicators for European North Atlantic)
11. Endemic boreal speies of North Atlantic: «Taatogolabrus adspersus. -«Cottus octo- 

declmsoinosus, -«Hemitripterns aiaeriearius, Cvclopterus lumpus. Pholis guns Hus.
«Zaarpes. americanus. iie2S£iIa§M§ hippQglpssus, b̂ioosê La putfiami, G^us tomcod,
Gadus morrhua. Gadus aeglefinus. Gadus virens, Clupea (* indicates
exclusive American distribution)

(11 are indicators for American North Atlantic)

Total NumberCharacteristic for the North Pacific including the 
neighboring parts of the Polar Sea 

Characteristic for the North Atlantic including the 
neighboring parts of the Polar Sea

Common to Doth regions

Species Genera
725 335

550 (76%) 230 (b9%)

150 (2Qb) 51 (15%)

25 (3*) 5U (16%)

North Pacific and
North Atlantic s h e lf  region:
Genus Purely North Purely North Species coi

Pacific species Atlantic species to both

Bate 16 8 o

Icelus 7-8 o X
Artediellus 6 1
CareDroctus 17 3 «5»

5 1 .1
Gadus 5 5 1
Limanda •U 2 «5J>
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John 0« Hopkirk , 
November 22, 1961

"Origin and Affinities of the Freshwater 
Fish Fauna of Western North America"

Follett, W. 1« 1961* The freshwater fishes— their origins and affinities.
In: Symposium: The biogeography of Baja California and adjacent seas. 
Syst. Zool., I960, 9(3 and U):212-232.

Miller, H. H* 1959. Origin and affinities of the freshwater fish fauna cf 
T.e stern North America* In: Zoogeography. Amer. Assoc. Adv. Sci.,
Publ. 1̂(1958)-.187-222.

_______ 1961a. Man and the changing fish fauna of the American Southwest.
Papers Mich. Acad. Sci., M>:365-UGh.

________ 1961b. Speciation rates in some fresh-water fishes cf Western
North America. In: Vertebrate Speciation, p. 537-560. University of 
Texas, Austin.

Uyeno, To 1961. late Cenozoic cyprinid fishes from Idaho with notes on 
other fossil minnows in North America. Papers Mich. Acad. Sci., 1*6: 
329-3W*.
"Only about 100 species of strictly freshwater fishes are known west 

of the Rocky Mountains and north of Mexico —  a depauperate fauna 
characterized by relicts, monotypic genera, and much regional endemism" 
(Miller, 1961a). The western fauna has one-half as many families and one- 
fourth as many species of primary and secondary fishes as the eastern fauna. 
Twenty of the 100 species mentioned above are locally endangered and may 
soon vanish because of environmental changes.

The sequence of events responsible for this impoverished fauna began 
with a trend of increased aridity in the Eocene, an aridity which has been 
felt more by the western than the eastern portion of North America. Since 
then our climate, vegetation, and animal life has changed from humid 
tropical to arid temperate in character (Axelrod, 1952). Species and 
genera were either gradually extinguished er (Priscacara, aylocyprinus) or 
restricted in range (Archoplites, Mylopharodon, Cyprinodon, etc.).

Complicating this scene was the fluctuating Pacific coastline, 
which was covered with salt water until the Miocene, whereupon a distinctive 
freshwater fauna begins to appear. The Coast Range, Sierra, and Rocky 
mountains, with their respective drainages, were in their present form by 
late Pliocene and early Pleistocene times and geographically isolated 
primary freshwater fishes into provinces (see map). Exchanges cf primary 
fishes between provinces were favored during Pleistocene times of increased 
runoff from glacial melting.

According to filler (1959), three families (Jmbridae, Cyprinidae, 
aid Catostomidae) of Eurasian origin account for 97 per cent of the 
primary fish fauna of western North America. Although the differences 
between the western and eastern fish faunas are recent (post-Miocene), 
three genera (Novumbra, Columbia, and Archoplites) may be of pre-Miocene 
age. Only five per cent of the total number of species present overlap, 
or occur in, both faunas.
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Numbers of fam ilies, genera, and species of 
North American primary freshwater fishes

Number^ Number‘d
p

Number*
Province1 of fam ilies of genera of species

1 Alaskan 5 5 5

2 Columbian h 12 19

3 Hudsonian 10 27 52

h Huronian 12 itU 112

5 Laurentian 6 17 26

6 Deleitar ian 9 33 63

7 Floridan 10 38 no

8 Alabaman 9 36 lou

9 Mississippian 13 52 260

10 Chihuahuan 6 26 55

11 Coloradan 2 12 23

12 Bonnevillian 2 8 12

13 Lahontan 2 7 8

Hi Klamathian 2 5 7

15 Sacramentan 3 11 12

16 Mohavian 2 3 u

17 Santaanian 2 3 3

18 Sanlucan 0 0 0

19 ¿Mexican 6 21 50

20 Guatemalan 5 9 23
21 Panamanian 7 38 70

22 Bahaman 0 0 0

Province names proposed, by J © D« HopKirK* Nov# 2¿9 
2 Numbers as given by filler, 1958, Fig. 1

1951
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ANNOTATED LIST OF FISHES NATIVE TO THE COLORADO RIVER BASIN

Colorado Cooperative Fishery Unit 
Colorado State University 

Fort C ollins, Colorado

INTRODUCTION

The following accounts attempt to  concisely summarize the current s ta te  

of our knowledge of the native fish  fauna of the Colorado River basin and 

to c a l l  attention to  those forms which are most in need of further study.

The geologic history of the Colorado River basin, Indicates the present 

basin was once a series  of Independent basins providing areas for fishes 

to iso late  and d ifferen tiate  in diverse environments. The d iv ersity , high 

degree of endemism, and marked distinctions of the faunal components of var­

ious segments of the basin support such a view.

For th is report, the term Colorado basin includes several independent 

desiccating basins without present connection to the Colorado River system; 

however, the fishes found in these basins were derived from previous con­

nections with the Colorado system.

I t  is  sign ifican t to note that of the 22 fishes listed  by the U.S. 

Department of In terior as rare or endangered in the most recent checklist 

(196?) -  10 are endemic to the Colorado basin, as construed in th is paper.

The following notations are used;

U - Denotes a distribution re stric te d  to  the upper basin, 
above the Grand Canyon, but not including the L i t t le  
Colorado River.

L -  Includes the L i t t le  Colorado River, the Grand Canyon 
aad below to  the mouth of the Colorado*

V - For the Virgin and White River section of the basin 
containing a number of small desiccating basins with 
w l i c t  populations derived from previous connections 
with the Colorado River.
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K • Endemic specie« mhos« natural distribution is  
limited to the confines of the basin.

K • Includes the species reported on the meet recent 
rare and endangered species l i s t .

Family Salaonldae: Trouts, Whitefishes, Graylings 

Salmo c la rk li pleurltlcus Cope. Colorado liv er cutthroat trout - U

The native trout of the Colorado basin closely resembles the Yellow­

stone subspecies, S .c . lewisl which has been widely introduced throughout 

the basin. Pure populations of the native trout, uncontaminated by hybrid­

isation with Introduced Yellowstone cutthroat or rainbow trout undoubtedly 

are rare. Current studies by the Colorado Cooperative Fishery Unit ere 

investigating the systematica of the native subspecies, atteupting to dis­

cover differentiating characters allowing recognition and separation from 

hybrid populations and Yellowstone cutthroet. The original downstream 

distribution of the cutthroat trout Included the San Juan Fiver system, 

but probably not the L ittle  Colorado or the Grand Canyon area.

Salmo gllae M iller. Gila trout - L I E

The native trout of the upper Gila Elver system is  quite d istinct from 

the upper Colorado Elver cutthroat. The origin and true a ffin it ie s  of th is 

trout are not known. I ts  range has been drastically reduced, the only pure 

population identified with any degree of certainty occurs in a tiny head­

water section of Diamond Creek, Gila National Forest, New Mexico. Popula­

tions of native trout are known from the headwaters of the Black and White 

rivers, tributaries to the Salt Elver of the Gila basin in eastern Arizona, 

and from the headwater tributaries of the L itt le  Colorado Elver near Mt. 

Baldy in the same general v icin ity . These trout, sometimes referred to as 

Apache trout, show relationships to S. gllae but are differentiated su ffi­

ciently to be regarded at least as a subspecies, indicating long separation
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from the Gila trout of New Mexico, The Apache trout is  also included on 

the rare and endangered species l i s t .

Prosopium williamsoni (G irard). Rocky Mountain Whitefish -  U

This species, as the cutthroat tro u t, is widespread throughout the 

western United S tates . The original distribution in the Colorado River 

system apparently was re stric te d  to the Green River division of the basin.

No study has yet compared the Colorado basin whitefish with populations from 

other basins to indicate the amount of v aria b ility  and divergence occurring 

in the whitefish of the Colorado system.

Family Catostomidae: Suckers

Catostomus latlpinnis Baird and Girard. Flannelmouth sucker -  U L E 

Once widespread in a l l  of the larger streams of the basin, i t  has 

disappeared from many areas p articu larly  in the lower basin.

Catostomus insignis Baird and Girard. Sonora sucker - L E

The common coarse scaled sucker of the Gila River division of the 

basin. The complete distribution has not been authoritatively  established.

Pantosteus delphinus(Cope). Northern bluehead mountain sucker - U L 

A recent publication by Smith (1966) revised the taxonomy of the 

suckers of the genus Pantosteus. Smith considers Pantosteus as a subgenus 

of Catostomus. and his research changes many former conclusions concerning 

co rrect names, distribution of species, and endemic species. For th is  

report i t  is  not c r i t i c a l  i f  Pantosteus is considered as a genus or subgenus, 

but Smith's findings on nomenclature, d istrib ution , and relationships are  

followed in the following accounts of Pantosteus. Smith stated the co rrect

species name for the bluehead sucker should be discobolus Cope and not
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delphinus. The species discobolus is  not endemic to the Colorado basin 

hut occurs in the Bonneville basin and the Snake River. The bluehead sucker 

is known from the L i tt le  Colorado basin but not below the Grand Canyon» 

Former records of the bluehead sucker from the Virgin River basin and the 

B ill Williams River of Arizona actually  belong to the species P. c la rk i. 

according to Smith.

Pantosteus clark i (Baird and G irard). Gila sucker - L E

Formerly considered only from the Gila River division, but the popula­

tions previously considered as P. utahensis (Tanner) and P, intermedius 

(Tanner) from the desiccating White and Virgin basins are in re a lity  P. 

c la rk i.

Pantosteus platyrhvnchus (Cope). Mountain sucker -  U

Smith greatly enlarged the lim its of the species platyrhvnchus to  in­

clude the Bonneville, Lahontan, and upper Missouri mountain suckers pre­

viously considered as the species virescens. lahontan. and lordani. He

platyrhynchus in the Green River division of the upper Colorado basin, 

together with the bluehead sucker P. delphinus (» discobolus). This makes 

a new addition to  the native fish fauna of the Colorado basin. I t  is  be­

lieved the species name delphinus actually  was based on the species platy­

rhynchus and thus is  not available for use as the sp ecific  name for the 

bluehead sucker.

Xyrauchen texanus (Abbott). Humpback sucker -  U L E

This highly modified sucker has suffered a great decline in abundance 

due to the changing environment of the basin. L i t t le  is  known of i t s  ecology

or taxonomy.
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Family Cyprinidae: Minnows

Gila robusta- elegans- in te rmedia complex. Roundtail and bonytail chubs - U L E 

This group of chubs, including Gila cypha. comprises one of the most 

fascinating problems in systematic ichthyology. The extreme v a ria b ility  

in morphologies found in the roundtail and bonytail chubs have been described 

as no less than 12 species. The true situation  is not known concerning 

the actual number of species and subspecies which should be recognized and 

the pattern of geographical d ifferen tiation  and intergradation. Do two 

or more d istin ct types of Gila occur together without interbreeding? Are 

there consistant patterns of d ifferen tiation  associated with geographical 

divisions? To what degree does environmental modification control the 

phenotype? The genus Gila of the Colorado basin is  a ttra ctin g  well deserved 

attention as a fru itfu l field  of biological study; however, an immense amount 

of work w ill be necessary before th is genus is  fully understood.

Gila jordani Tanner, described from Pahranagat Valley, Lincoln Co.,

Nevada, a g lacia l r e l i c t  of the disrupted White River, is probably more co r­

re ctly  considered a subspecies of G. robusta.

Gila cypha H ille r . Humpback chub -  U L E R

This fish p arallels the humpback sucker in the development of a peculiar 

morphology, evidently adapted for bottom living in rapid water* Some 

specimens indicate a tran sitio n al series and perhaps gene flow from the 

Gila robusta-e legans type to Gila cypha. The specimen on which the name 

is based came from the Grand Canyon. Further collections from the Grand 

Canyon should provide sign ifican t information on Gila cypha. and how i t  

re la tes  to the robusta- elegans complex. Recent humpback chub specimens 

from Lake Powell resemble G. cypha. but are fully scaled.
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Ptvchocheilus lucius Girard. Colorado River squawfish -  U L E R

The largest North American species of the minnow family. This species 

has disappeared through most of i t s  range. L i t t le  is  known of i t s  l i fe  

history and ecology.

Rhinichthys oscuius (G irard). Speckled dace - U L V

This species has a broad distribution in western North America, In ter­

sp ecific  v a riab ility  throughout i ts  range is  not well known.

Agosia chrysogaster Girard. Longfin dace - L

This genus and species cannot s t r ic t ly  be called endemic to  the Colo­

rado system because i t  is found in the headwaters of the Rio Yaqui. The 

origin and evolution of Agosia most probably occurred in the lower Colorado 

basin. I t  is  locally  abundant in the Gila River system. The v a ria b ility  

of Agosia and the existence of more than a single species or subspecies 

has not yet been established.

Tiaroga cob itis Girard. Loach minnow - L E

This genus and species is  known only from the Gila River system. I t  

has declined greatly in abundance.

Moapa coriecea Hubbs and M iller. Moapa dace - V E R

This genus and species is  endemic to warm springs of the Moapa River, 

a tributary in the White River system, in Clark Co,, Nevada. A r e l ic t  

species now restric te d  to  warmer waters, typ ically  of 87° -  93°F,
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Xribe Plagopterini - The Spinedaces.

This group consisting of three genera and s ix  species is  found only 

in the lower Colorado basin and i ts  disrupted trib u tary , the Virgin River 

system. They are the only North American cyprinid fishes with spinous fin  

rays. I t  is  believed they were derived from the genus G ila.

Lepidomeda mollispinis M iller and Hubbs. Middle Colorado epinedace -  V E 

M iller and Hubbs recognized three subspecies of th is species:

2« aollisp in is  of the Virgin River system; m. praten sis. known only from 

a spring in Lincoln Co,, Nevada, now believed to be e x tin c t; and m, 

S ib iy a llis , from the White River segment of the Virgin River basin.

Si^P^QjBgda a lt iv e lts  M iller and Hubbs* Pahranagat spinedace • V!E 

This species was known only from two s ite s  in Pahranagat Valley, 

Nevada. I t  is  now believed extin ct due to introductions of carp and 

mosquitofish.

Lepidomeda v itta ta  Cope. L i t t le  Colorado spinedace - L E R

The known range of th is species is  limited to  the upper L i t t le  Colorado 

River system in eastern Arizona, i t  was once believed e x tin c t, but a few 

populations have been discovered in recent years.

ggfo fulgida Girard. Spikedace. -  L E

This genus and species is known only from the Gila River system.

Plagopterus argentissimus Cope. Woundfin -  v E

Apparently now re stric te d  to the Virgin River system; once inhabiting

the Gila River, but the la s t specimens known from the Gila basin were 

collected  in 1894.
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Family Poeciliidae: Topminnows

Poecillopsis occidentali8 (Baird and G irard). Gila topminnow - L E R

Once widespread in the Gila River system, now found only in a few 

lo c a l i t ie s .

Family Cyprinodontidae: K illifish es

Cvprlnodon macularius Baird and Girard. Desert pupfish -  L

Formerly wide ranging in the lower Colorado basin, th is species is  

rapidly declining. One inimical factor is  competition from the introduced 

mosquitofish, Gambusia a f f in is .

Perhaps during the Pliocene, connections of streams and lakes of the 

now desert areas of Death Valley and contiguous basins of California and 

Nevada, to  the lower Colorado system, allowed Cvprlnodon access to  these 

basins.

Subsequent isolation  has produced an array of species and subspecies. 

The described forms include: C. salinus H ille r , the Salt Creek pupfish of 

Death Valley; C. radiosus M iller, the Owens Valley pupfish -  R; C. nevadensis 

Eigenmann and Eigenmann, the Amargosa pupfish with s ix  subspecies recognized; 

and C. diabolis Wales -  R, the D evil's Hole pupfish, restric te d  to a single  

tiny pool.

Also in the Amargosa desert on the California-Nevada border, the Ash 

Meadows poolfish, Empetrichthys merriami G ilbert, (now believed extin ct)  

was found. Three subspecies of Empetrichthys latos M iller - R, the only 

other known species in th is genus, occurred in three springs (two springs 

now destroyed) in Pahrump Valley, Nye Co., Nevada.

The genus Crenichthys has two known species, C. baileyi (G ilb ert), 

the White River springfish found in warm springs along the White River
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drainage of Nevada, and Ç. nevadae Hubbs. the Railroad Valley springfish  

from a desiccating basin ju st west of the White River system, Nye Co., Nevada.

The cyprinodont f vî of the desert areas of the western United States 

reveal information on pa; t conditions and connections of the Colorado basin 

and provide insight into the mechanisms and rates of evolution.

Family Cottidae: Sculpins

Cottus bairdi Girard. Mottled sculpin -  U L

A widespread species across the northern United S tates.

Cottus annae Jordan and Starks. Eagle sculpin - U

This sculpin formerly believed endemic to  headwater areas in the upper 

Colorado River basin, is  considered identical to  Cottus beldingi Eigenmann 

and Eigenmann, of the Lahontan basin, middle and upper Columbia River system 

and the lower Bear River of the Bonneville basin, by Bailey and Bond (1963).
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The first few sessions will discuss principles, the distribution of major 
groups of freshwater fishes and speculate on when and how these distributions 
came about, the amount of speciation in the various groups, etc.. The remain­
ing meetings will be devoted to student seminars in which we will explore in 
detail two types of zoogeographical areas. One fully affected by the late 
Pleistocene glaciation and where the present fish distribution is explained 
by relatively recent events, perhaps in the last 10,000 years--the other, 
such as the Colorado River basin, whose origins and isolation extend back to 
the Miocene or 10 million years or more. Each student will write and pre­
sent a report, based on a literature survey. This report can emphasize 
the geological history, explaining the present distribution of fishes, or 
it can emphasize a particular group (or group of fishes) illustrating the 
geological and hydrological histories explaining their present distribution 
and speciation. We will get into some controversial areas such as "local 
forms or varieties", "dwarf races" and "landlocked races" and "ecotypes".
Some actual examples will be explored in depth in an attempt to understand 
some of the diversity that occurs in nature and its biological significance.
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POSTGLACIAL RfSDISPBKSAL OF BASTKRN NORTH AM BP. ICAH FRBSHHATKR FISHBS

. Cot\lo
Abatract

Probably no group of eastern North American animala is bettor suited for 
the study of soBgeogrephy than the freshwater fishes., Beoausa they are so much more 
oloaely confined to their environment than are most other animls« and beoausa 
the character of the lakes and streams in which they live is a direct result 
of the effects caused by tho advances and retreats of the Pleistocene ice sheets 
(speaking of course of those living in previously glaoiated areas)*, their present» 
day distribution throws a great deal of light on the validity of the various 
hypothesised glacial outlet streams which ore thought to have existed in the 
past 3

Since the fossil record in eastern North Amerioa is so poor*, we have no 
"»y knowing what the distribution of fiBhes was in the glaoiated areas of 
North Amerioa during the f irs t three interglacial periods« We are concerned* 
then* only with the Wisconsin glaciation and the dispersal which resulted 
following the retreat of that ioe sheet,,

This paper is a study of fish distribution within the Great Lakes areao 
During the Pleistooene this region was entirely oovered by ioe and*, as a 
result*, the fish now present have lived there for a relatively short period 
of timeo It is thought that the various native fishes found refuge during the 
last glaoial advance (and presumably during the other advanoes as well) in 
one*, or sometimes two, or three areas« Alaska*, the Mississippi valley and 
the Atlantic coast., Following the retreat of the glaoler0 fishes reentered the 
Great Lakes by one or more temporary outlets*> outlets which existed only for 
relatively short periods of time« Tho most important of these outlets were 
the Mohawk River*, which conneoted glacial Lakes Lundy and Iroquois (forerumers 

Brie and Ontario) with the Hudson River*, the Harren River*, which 
drained into the Iliaaiaaippi valley from glaoial Lake Agassis*, and the following 
four rivers*, a ll  of which drained into the Mississippi valleys the Ft« Wayne*, 
which drained the forerunners of Lake Brie (firs t Lake Maumee and later Lake

'fch* Illinois*) which drained Lake Chicago (predecessor of Lake Michigan)# 
the Pox River*, which also drained Lake Chicagoj and the St,, Croix River*, which 
drained Lake Duluth (forerunner of Lake Superior)« Distribution patterns show 
that all of these outlets probably were used« The fished which entered the 
Great lakes from Alaska are thought to have migrated aorosa Canada by 
of the temporary glaoial lakes whioh existed at the foot of the retreatin* 
glacier.

In some oases it  is difficult to determine the true original distribution 
patterns of certain fish< This may be the result of either introductions or 
the presenoe of man made canals, such as the Cahioago drainage canal and the 
canal connecting the Mohawk River with the Great Lakes.- Other smaller CMi 
canal« have also played a part in clouding the n atu ral d is tr ib u tio n  p a tte rn s  
Because of these one cannot be certain sometimes whether sertat a species 
has entered an area naturally or through these a rtif ic ia l connections^

Finally*, this paper shows how some of the fishes which-were thought to 
have existed during the Wisconsin glaciation on the east*coast actually made 
their way aoroas the drainage divide from the Great Lakes following the last 
retreat of the glaoler,.



Summary of the Fam ilies and Genera of Fishes found in the Great Lakes Region

lo Petromysontidae -  lampreys
Genera Petromyson (one epeeies), Iohthyomygon (three speoies), and Lampetra 
(one speoies)

2o Polyodontidae •» paddlefiah
Genus Polypdon (one species)

So Aoipenaeridae •» sturgeons
Genus Aolpenser (one speo&ds)

4 0 Lepisosteidae ~ gars
Genus Leplaoateus (two speoies)

5o Amiidae -  bowfin or dogfish 
Genus Amia (one speoies)

60 Hiodontidae -  mooneyes
Genua Hiodon (one speoies «=> a seoond speoies is discussed)

7o Clupeidae -  herrings
Genera Alosa (two speoies) and Dorosoma (one speoies)

80 Salmonidae iinoluding Coregonidae and Thymallidae) • whitefish, ciscos» 
grayling and trout
Genera Salmo (one native speoies) 0 Salvelinus (two species) 9 Coregonus 
(thirteen speoies)« and Thymallua (one speoies)o 

9o Osmeridae «=• smelts
Genus Osmerus (one species) 

lOo Catostomidae ■» suckers
Genera lotiobus (two speoies) , Carpiodes (one speoies), Catestomus (two 
speoies), HypenteHum (one speoies ) , Brimyson (two s p e c i e s Minytreaa (one 
speoies), Uoxoatoma (seven speoies), and Lagoohila (one extinct speoies)

11o Cyprinidae = minnows (including carp and goldfish)
Genera Somotilua (three species)* Hybopsls (six speoies), Khiniohthys (two 
species), Parexoglossum (one speoies), Bxoglossum (®ne speoies), Chrosomus 
(three speoies) , Clinostomus (one speoies), Opsopoeodus (one speoies), 
Notemigonus (one speoies), Notropis (twenty®one species), Phenaoobius 
(one speoies), Brioyaba (one speoies), Hfrbognathua (two species), Pimephales 
(two speoies), and Campostoma (one speciesjo

12 o Xotaluridae «• oatfish
Genera Ietalurus (four speoies), Pylodiotis (one^speoies), and Noturus (five

13 o Umbridao *» mudminnows
Genus Umbra (one speoies)

14o Ssooidae -  pikes and muskellunge 
Genua Bsox ffour speoies)

15o Anguilliclae <= eels
Genus Anguilla (one speoies)

16o Cyprinodontidae «• k illifish
Genus Fundulus (three speoies)

17 o Gadidae <=* oodfish
Genus Lota (one speoies)

18 o Peroopsidae troutperoh
Genus Peroopeis (one speoies)

190 Aphredoderidae ■= pireteperoh
Genus Aphredoderus (one Speoies)

20o Serranidae » true bass©©*
Genus Rooous (one s p e c ie s )
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Nummary of the plació! history of the Greet Lakss

As the Wisconsin ico sheet began to retreat, the resulting rasltweters formed 
lakes at the foot of the glacier« Because the glacier acted aa a "plug" to any 
northward flow of water, the rising lakes began to cut outlets to the aoutho 
The firs t and largest of those lakoo was called Lake Agassiz« It oovered an 
extensive area and drained into the Mississippi valley by means of the Warren 
River outlet,, which was looeted in the area of the present southern extremities 
of the Red River of the North* As the glacier retreated farther, it finally 
separated, opening a channel to the northeast, the origin of the Nelson River«
This drained Lake Agassiz to such an extent that the Mississippi outlet disappeared 
and the vast lake was succeeded by a series of smaller bodies of waters Lake of 
the '»'foods, Lake Winnipeg,and many lesser lakea<>

Soon after Lake Agassiz was firs t formed there appeared farther to the east 
Lakes Duluth, Chioagq and Maumee, the predecessors, respectively. Lakes 

Superior, Michigan, and Brie« These lakes, also plugged at their northern ex- 
trem ities, drained into the Mississippi valley by way of the St« Croix (Lake 
Duluth), the Fox and Chicago (lake Chicago) and the Fto Wayne (Lake Maumee) 
outlets«

As the glaciers receded farther, many changes took place« The lakes ohanged 
in shape and form and eventually united into a series of lakes, whioh finally 
approaohed in form, at least to the south, of the present“day Great Lakeso 
About this time there appeared another outlet, connecting what is now Lake 
Ontario with the Hudson River, thus uniting temporarily by a freshwater connec­
tion the waters of the Atlantic Ocean with those of the Great Lakeso

Finally there was a marine invasion of the St« Lawrence River basin« This 
body of water, called the Champlain Sea, inundated a large area of southern 
Canada and the northern United States, and was responsible for the invasion of 
a number of marine animals which s t i l l  remain isolated in this area0

Eventually this marine embayment disappeared, and the Great Lakes, as we 
know thorn today* war« formed©

Discussion

During the last ice a^e most of northern North America* including a ll of 
Ontario, lay baneath the glacier and any living organisms whioh had populated 
that area before the ioe age began were forced to withdraw into areas not 
affeoted by the glaciation or wore exterminated« Three regions whioh were not 
covered by the ice sheets, in Alaska and the Yukon, in the Mississippi Valley, 
and in the Atlantic ooastal plain, may be considered as possible sources of the 
present species of fishes occurring in the Great Lakes region by reason of the 
nature of the retreat of the glaoier«

Fishes utilizing the Alaska refugium
Aa might be expected, those species which remained in Alaska during the 

glacial advanoes were all cold-water species« These inolude all the Salmónida 
except the brook trout, the nine—spined stickleback (Pungitius pungitius), 
the northern pike (Bsox luoius) ,  the northern sucker (Catoetomus oatoatomus),. 
and the burbot (Lota lota)« Possibly Cottus cognatus should be inoluded in 
this group also« The northern pike, northern suoker, and the burbot might 
have had not only a refugium in Alaska, but ono in the Mississippi valley as 
well (see maps 3 and 4| aee maps 1 through 4 for a ll the Alaskan speciee)«

t
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them to successfully pass throu^h^*».. lhia made i t  possible for
—re temporarily connected aloiu the elecier»* int^ OOEnBcted —Itwater lake. which 
t h . . .  apioi.c o L l Z S ’ t .  n ^ n r f . M w T  P n ^ t o r ,  th.  r . ot that

SzST??5 =r E rair
.. j - u

if:they had ever been present Tn « ! .  “ 5 , d which should contain them

5 ^  « S E M T i ?

Fl_.h e .^ lo h t r .» a i„ d -„  th . M l.n tlc  cojm durinj, th . m .con.lo El .o i .t ic n
coastal ¡f f lM M .?  ia  b ,,ln  * r * f «>>^ «1* apacla. whTK .b r i c - l y  ¿ .a .  A tlantia  

. n i t ie s . These species,, Bxoglosaum maxlllingua, Notrcni* b if'n m .t.,.
g Sfffe — roE*£ analoetanus, Semotilus corpora lie »"end L oxT & «r .»•/

¿ - ‘L i s r s r s ^ . j ^ S ?  s s * c r s f e S ;  « .
- “ p 5- ^^¡rasurris; .lp*

6!u “  *°y on« of several «ayes entrance ooald have been into the Pinker Lakes
glacial Lakes Lundv or*®^*ed8 (Bailey, 1946), by the Mohawk outlet into
5«!!?  7 /  T *  Iroquois, or recently by dispersal through the Mohawk-Brie
pe“ . l  o^thase rnHBl<‘n"JnRdr °°^n9ctiv®8° Unfortunately, the true means of dU~ 
T i l l *  th98®u*“d cover«1 other species which ere native to the Great Lakes but
"i*  * reached some of the Atlantic coastal streams probably will always beclouded beoause of the canal systemsc wixx always be

It isPd if f i i i l t ° S  Z ^ 1 *?d “ ""“ i 8 rout° 8 ^ ro  utilised by some of the above. ll+t to draw conclusions about Notropls blfrenatus. Notropls Droone,
~ --08 âni>8.» °*; ^Qfcloooun maxil lingua,  since these foras ' .L

^ k9 Ou&rftdrainage. However, the other two, Semotilus cor»
118 *nd Jsox niger, almost oertainly reached the Great Lakes in pre-ColimbTan 

tjaes, since their present distribution oannot be satisfactorily explained otherwise.
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.Fishes which u tilised  both the Mississippi V illw  »»,,1 ¡>*.1 

A number of »pool®a h a ~ b ^ n  f W d ^ T S ^ f T T ^  
period on both aides of the Allegheny mountains T h ,.. L  f1? *  th® 1#8t fil««i*i 
be inoluded in the l i s t  ere a8 f o l l o i a T “1 ° Whi°h un9«®»tionably «hould

I Speoiea which entered the Great Law»« r.««, k-*- „
d ^ M o t-d lffe re n tia te into a r ® Ueia but which apparently

C *°  Salvelinua fontiriaM^
%o Catoatamua comnwTTSr 
3o Sepotllua atromaoulatua

No tom on us cryaoleuoae ( desnri h*H ..
So ITinlohthye aubooeM.. I f l S  ' ! !  f robtbly «lines)
60 Ictalurus nebulosua ® not •d*<Juctely studied)
7 a lotalurus natalia""*
So Woturus gyrinus

Stigoatedion vitreum 
I0o Peroa r i m  a 00116 

Xlo Lopomla glbboaua
11 ? ? !0i ! L " hi0h ®ntarad th« Great Lakes from both refuria mrfdid differentiate into subspeoJes Ufil d lrtlioh apparently

lo Srigyson oblon^us 
2« Khlniohthys atratulus 
3o Notrop is oornutus 
4o Motroplq hudaonlus
5 o JJao* americanus ~~
So ^undulus diaphanua

III Species which reinvaded ¿he Great Lakes from the Atlantic 00a •> onlv 
1 » Ifybognathus nuoh/.lls (two subapaM«.) * only

oU ^ 7,*"'d"d th* °r **‘  Uk*" fro"  **>• “ " ‘ » ‘ » .i » .U . ,  only 
2 o Lepisosteua ossjus (probably two subspecies)
3° Aphredoderus r^yanus (possibly two subspecies)
4o Notropia ehalybeeua
6 o Chaonobryt c-ua ^uloaua 
®o «Hopioxia ni^romaoulatUa

epec*esi0o t h e r « T J  * T  * « 1 * * ° ^  ®°m® of th* »pacies differenti*ted  into aub- 
i  d i f f l” ^ybofcnathus nuchal i s  (map 9) is  one form in which sub-

I T t t o Mifi2 S 2  v S ?"  d 0°CUT° Th9 r,nG® of thi8  *P*«i®« ia atypical inasmuch
eastern population I t J 1*7  pop“lation f" l l®d to reinvade the Greet Lakes, while the 
However ?if  ?*?? in oro»**ng over into the Lake Ontario drainage„
e S I S  ¿blf Si ^ Gin? 8 »iniUrpatterns of distribution for the other species,
U k «  * * * * 1  h0" 01'® 8 #t 1##Bt OD® ° f  the f«nr western Great 

Tht IJV ch*rftot®r i «tio  of the other species can be formed»
. . .  J ^ # bf°ok tro«b (Salvelinua fontinalis) and the yellow perch (Perea flavescens)
( « Dn  I S > 1  £lacial rafueU on both 8id* * of t h V ^ n t n s r —t S U  *iaibh*jVdifferenti«ted into subspecies howevero . The ranges of
mott ^i«hS n!l t  north are somewhat more extensive than is oU racteristio of 
S H S i w !  occupying multiple refugia, but otherwise they are typical» The
h ilh S t ,l t  “ y b* noticed* is confined in th e ^ a s t  to the

tfons °f ^ e  AppalachUn Mo.mtainso To the west there are only re lic t
£ lPW  ? L S  C6r S  ffiVOr,bl* habitats in the upper part of the Mississippi 
ref»nrili i l l  n̂ ®* th*"# ie much ®°r ® extensive now in the reinvaded than in the
I w  lb- r  a T9yall0W peroh* on tha other hand, is found in the lowlands 
a.ong the et-st coast, and, being more tolerant of warm wetera, is much more
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tolarsnt of warm waters, la much more widespread in the Mississippi Veliev then ia the brook trouto

Fishes whioh utilized the Mississippi Valley refugimn only
.. ®y fa r. th® number of fi8h uow found in the Great Lakea basin came from
vinn!ii88i88i?pi i^ll0y° -Moat °f thBm W88d 0nly thi8 although some (pre~vioualy mentioned) were found in the Alaskan or the Atlantio ooaat areae aa well,»

n her work on the diatribution of the fiahea of Ontario, Radforth (1944) 
considered about a dozen~and=a-half species which are now distributed on both sides 
o* the Appalachians to hove utilized both the Mississippi and Atlantic refugia. 
However, as Bailey (1945) pointed out, their diatribution ia more likely due to a 
poatglaciai redispersal of Miaaiaaippi species, probably by way of the Horaeheada 
outlet, fron what is now the Finger Lakes ration* These species are aa follows»

*0 Moxostoma aureolura 
2o Hypentellum nigricans 
3o Hybopsla mioropogon 

Seoiotilua margarita 
Campoatona anomalum 
Cllnoatonua elongatus 
Plmephalea notatua 
Pimephalea promela a 
Notropia heterodon 
Hotropia heterolepis

40
S o  
60 
7 * 
80  

90
10 o 
Ho 
12 *  

13. 
14o
15.
16. 
17.

Hotropia ^£Hopterua 
hotropia rubellus
Hotropia hudaonlue (western subspecies) 
Perolna caprodea 
Cottua balrdl 
Lota lota" '
Euca1la lnconatana

The spotfin î lner (Notropia ££ilo£t#ru#) = map 8 * has a rant® whioh ia typical 
of the above species. These fish occur in the Miaaiaaippi Valley, but they also 
are found un the Atlantic coast froma&uaquehanna drainage aa far south as the James. 
It ia signlfleant that they do not occur naturally in the Delaware, Connecticut, or, 
for the moat part, the Roanoke systems.

The beat moans for determining which forms are recent invaders and which are 
the older residents of the <tlantic coast ia to compare the faunas of the Susque­
hanna and Delaware drainages. Fishes coming from the Finger Lakes have.had access 
to the former system but not the latter. As a result, there are at least seventeen 
species which are found naturally in the Susquehanna but not in the Delaware, and 
these forms should be considered as recent invaders.

At the time of the above faunal invasion the ocean levels still were much lower 
than they ere at pn«ent. The shallow bobt®" ->f Cheseneek® Hnv wea abowr -«»ter 
find el? streams from the Susquehanna south tc the James were connected, a s av* r Ik JUSu _ __z x. j a m. . — -TO • * v ----------- —------- V •»***«»*(_. '*»wvv V V* WW tuo UUUj
as one might expect, the fish fauna of' the Susquehanne is, in many respects, more 
similar to that of the James than to that of the Delaware, even thoughtfche latter 
system is much oloaer geographically.

There ere a number of species found in the Great Lakes and Mississippi Valley 
which also ere found in the Mohawk River drainage. This would seem to indicate a 
pest dispersal through the Mohawk connection with glacial Lakes Lundy or Iroquois. 
It Is fairly certain that interchange actually did oceur by this means, but exactly 
to what extent will never be known, since the construction in the early 1800's of
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the Mohawk-Brie canal haa permitted certain  species to oroaa the drainage diride 
whioh would not otherwiae hare done soo The following ia a l i a t  of thoae more 
western species whioh are known to  occur in the Mohawk-Hudson r ir e r  systemst 

1» Hypentellum nii.rioana ( common^possibly entered naturally)
2 0 Moxostoma aureolum (ra re )
5o Piuephalea promelas (ra re )
4o Plmephalea notatua (common)
6 « Semotilus margarlta (ra re )
6c. Bybopa is**bl&utta ta  (ra re ) ♦
7 o Hotropis atherlnoldes (ra re )
8 o Botropia heterolepla (ra re )
9 0 Not r  op la rube ll'ua (iooally  oommon)

10c Notropla apllopterua (Iooally  common) 
llo  C lino atom us elongfr^ua (ra re )
12o Noturua flarua (moderately common)
ISa flwhra llml (ra re )
14c. Percopala omlsoosaaycua (moderately common«may hare entered naturally)
16 o Pgre p̂* oaprodea (moderately oommon)
16o Ktheoatoma blsnnloidea (ra re )
17o Btheostoma 7lab ellare~ (moderately oommon)
16o LabldeatKes sloculus (ra re )

I t  isp I think« sign ifican t* th at p ractica lly  a l l  of the abore species are 
re s tric te d  to the upper part of the Mohawk* and most of them also are rather rare»  
For th is  reason» i t  seems that the Mohawk-Brie oenal has been a much great facto r  
in the dispersal of moat of these fish  onto the A tlantic elopOo One of the main 
reasons for believing th is  is  the fa ct that the Mohawk connectire» eren during i t s  
la te r  stages» was always in rather close proximity to  the retreating  ioe fronto 
I t  is  rather unlikely th at the speoies whioh are re la tire ly  in tolerant to  colder 
water conditions would hare been able to u tilis e  th is ou tlet during its  e x is te n ce s\

Some species» such as Baox luciua and Cottua cotnatua. as well as those e x is t  
as r e l ic ts  in a number of the oold» deep lakes (Coregonua clupeaformis» Coregonus 
oylindraceus» Corego::us a r te d ll» Salveltnus namayoush» Catostomus oatostonus» and 
Hybopsis plumbeaj undoubtedly entered by natural means» either through the Mohawk 
outlet or (more lik ely ) by uorement through the temporary impoundments at the foot 

f  the glaoiero
There are a few speoies» suoh as ^jhrosomue eos» Chrosomus neogaeus» Hybognathus 

hankinsoni» and Buoalie inconstans that are re stric te d  to  the upper Hudson and/or 
A tlentic tributary streams whioh probably entered these drainages by a connection 
(or crossovers) from the Sto Lawrence »w*»* (»or further discussion on the dis­
trib ution  of Chrosomus neo&eous see t- soossquenr' paragraph) c There is  a rather low» 
f la t  area connecting the upper Hudson with in* ¿to  Lmwrsnoo» and i t  is  quite possible 
that these speoies oould have mire th eir way acroue in th is i»*yo I t  is  significant 
that a l l  of these fish  nro Inhabitants of cold*, sis 1 2 * usually boggy bodies of 
water and thus would hare been able to  f i l t e r  into the area without muoh d ifficu lty *  

The distribution of two other speoies whioh are found on both aides of tha 
Alleghenies makes l i t t l e  geographic sense* Srloymba buocata haa bean raoordad from 
the Potomac River but from no other streams on the A tlantic coasto For th is  reason 
i t s  ooourrenoe in tha Potomao probably represents an introduotiono Peroopsis 
omisoomayous ia known from the Mohawk—Hudson drainage^and Hubbs and Isg ler (1947) 
give i ts  range on the seat ooaat da "from the Hudson Rirer system south to  the 

-Potomao»" If  th is  is true the speoies must be quite rare* beoause
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report on the surrey of the Susquehanna end Delaware Hirer systems in New York 
ffeiled to mention it© It is possible that Peroopsis aotually does oeour in small 
numbers # at least© in the Susquehanna River in Penneylranlea

Of those speoies whioh hare nerer reached the east eoaat# there are a number 
of different combinations of ways in whioh they entered the Great Lakes and the 
lakes comprising what was formerly glaoial Lake Agassis© Greene (1936) and Redforth 
(1944) mentioned fire major outlets* the Warren Rirer outlet from glaoial Lake 
Agassis# the St© Croix Rlrer outlet from glaoial Lake Duluth# the Pox and Chleago 
Rirer outlets from glaoial Lake Chioago# and the Ft© Wayne or Maumee Rlrer outlet 
from glaoial lake Maumee© The presence of a fish in an area whioh formerly was 
drained by one of these glaoial outlets has been oonaldered eridenoe that the 
speoies in question used this particular path of entrance© For example# 
occurrence in both the Mississippi Valley and Lake Erie and it# tributiries strongly 
suggests that the speoies utilised the Ft© Wayne outlet© In most oases an assump­
tion of this sort is true© However# i t  is becoming increasingly evident that other 
factors sometimes may influenoe distribution© Beologloal conditions hare changed 
a great deal sinoe pre-Columbian times# and if  we had an adequate ploture of the 
situation as i t  existed then we would undoubtedly hare to revise our ideas oonoeming 
the mode of distribution of many speoies© This is espeolally true with regard to  
the northern speoies whioh inhabit eold# bog waters© The conditions under whioh 
these fish thrive hare praotioally disappeared in the more southern areasj this 
has been due to both natural and unnatural reasons © In most cases a few roliot 
populations are the only definite elue we hare to their former southerly distribution© 
The lowering of the water table# particularly within the last fifty  years# has 
eliminated the vast majority of the small springs in whioh auoh speoies had beam 
able to surviveo

The presenoe of southern speoies in the Red Rlrer of the North and in the 
lakes now found within the area of former lake Agassiz has been oonsidered as in­
dicative of a poet-glacial connective between the Mississippi Valley and Lake 
Agassis© This is a logioal assumption and probably a valid one in most instances# 
espeolally when the fish in question is widely distributed to the north© In soma 
oases# however# suoh as that of Notropls spllopterus# Notropls anogenus# and 
No tr  op is dorw li*, this assumption should oe made with caution sinoe these speoies 
are found only in the southern headwaters of the Red Rirer# in olose proximity to 
the headwaters of both the upper Mississippi and Minnesota Rivers© Present 
evidence has shown that the barriers connecting both these river systems with the 
Red River hay&been broken, at least momentarily# quite recently (Underhill, 1967# 
pp© 7-8)©

It is also possible that some of these speoies whioh failed to go very far 
north in this drainage are limited by the 65° July isotherm (see Radforth# 1944 and 
Keleher# 1966)© To determine# the(| whioh speoies aotually entered by the glaoial 
outlet and whioh ones came in at a later time is very difficult# sinoe some fish 
whioh entered reoently could hare moved well up the rirer whereas some of those 
which entered through the Warren Rirer may have been restricted in their northward 
dispersal by the tsmperature factoro

The discovery of S second# eastern outlet from Lake Agassis (Elson# 1966) 
means that a number of speoies whose presenoe in this area had been attributed 
solely to entrance through the Werran Rirer outlet may aotually have entered 
through the eastern outlet or may hare utilised both outlets© Nor i& i t  impossible 
that the upper Mississippi may hare furnished some sort of a dispersal route into 
Lake Agassis# although this was probably of minor importance compared to the. Other 
two© In order for one to khsMwith any oertainty that the Warren Rlrer was the sole 
outlet utilised by a particular speoies of fish# several requirements must be met©
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M r«t, the speoies must be fairly widespread throughout ths Lake Agassis reclon, 
end seoond, It must be absent from both the upper Mississippi Hirer and the^leke

^ T 111 only minnows and'darters) £ £ *
tl» t  three apeóles met these requirements» H^bopaia atorarlana. Peroine maculate,

£?.ro^  »humard l Probably most* if  not all» of the other apeóles; utilised
*rr *® ■•J J**at in oombin*t i on with the other outlets, but i t  is im­possible to be absolutely sure of thiso
Underhill also believed that the eastern outlet to Lake Agassis was of malor 

importance in the distribution of at least two speoies» Hybopais plúmbea and 
Chroaomua noogaeusc, These two fish are found on the northern Atlantlo slope and 
in a few isolated areas in the upper Mississippi Valley» Although these forms 
survived the last glaolal advance in the latter area» Underhill fe lt that they did 
not disperse from that oenter0 As evidence he pointed to the fact that these 
apeóles are absent both in the 8to Croix River system end in the upper Mississippi 
River above Sto Anthony falls» Rather he thought i t  probable that they had a 
second refugium on the Atlantlo ooaat and that their present distribution, which 
extends to the Red River of the North and (for Hybopsls planbea) s t i l l  farther west, 
oan be aocounted for on the basis of a westward migration through the Great lakes 
and into glaolal Lake Agassis through the eastern outlet»

explanation seems to be more convincing for Chrosomus neocaeus than for 
flybopsls plúmbea» The la tter has a more extensive range than the former, and its  
présanos throughout western Canada and even onto the Paoifio slope led Walters ‘ 
(1955» p» 544) to hypothesise a Paoifio refugia for this species as well as for 
Selvellons J2*®5£ou8hc Catoatomus oatostomus, Rhinlohthys ostaraotas, and Lota 
lota0 The Atlantlocoastal distribution of riybopsls plumbaa agrees well with that 
of other speoies (previously mentioned) which are thought to have arrived there 
very soon after the retreat of the glaoler» The finding in 1954 of a tiny re lic t  
population in a snail iprlng creek near Dubuque, lows, is definite proof that 
this speoies probsbly had a wide distribution throughout the Mississippi Valley 
during the Wlsoonsin, and its  present absence from the upper Mississippi and St» 
Croix rivers may posiibly be attributed to eoologloal factors»

Presence in the Lake Superior and/or the upper Sto Croix River has been oited 
by Greene (1956) as evidence that the speoies in question penetrated the Oreet 
Lakes drainage by mepna of the Sto Croix outlet» As Underhill (1957) pointed out, 
this is not always a. Valid criterion» "Sto Croix fa lls ,"  which Greeneconsidered 
to have formed an impaisible barrier to the dispersal of fishes into the upper 
reaohes of th is  river in reoent times are really not falls  at a ll but only a 
lengthy (about six miles) stretch of rapids in the vioinity of Taylor's Falls,
MinnssotSo Although i t  would be difficult at present for a quiet-water form such 
•s Hotemigonus orysoleuoas to traverse this stretoh of stream, it  would not seen 
so improbable when oonsidered over a long period of time, especially i f  i t  is 
realised that considerable change could have oocurredin this area over the past 
several thousand year«»

Three other speoies, ¿¡¡m bsU botrop-s delioioaus, and No tro pis
dorsalis, present in the Lake Superior basin, may not have used the Sto Crolx- 
Brule connect iva in their poat-glaoial dispérsalo The bigmouth shiner (Notropis 
dorsalis) is absent from the Lake Superior drainage of Wlsoonsin, and has a rather 

local distribution in this same basin in the Upper Peninsula of Miohlgan (Taylor»
1954)o Its absenoe from the western end of Lake Superior and its  abundanoe in the 
Sto Croix River suggests a post-Lake Duluth migration from the lower Great Lakes» 

The horayhead ehub (Rybopals blguttata) and sand shiner (Notropis deliciosus) 
present a more complex problem; bothers present, but not oonuon, in the take 
Superior drainage of Wlsoonsin and Miohlgan« It is difficult to explain the



nlnnOW8 fro?  th0 Sto Loui8 Riror «a •oologioal grounds, since suitable habitat« are present there& That they are absent from the St« Loui* »!*•«•
X f c S T X *  **  M®3rl* Rnd Keny°n (« * 7 )  lulled to obtain speoimeM,although they made 267 collections in this river and it« tributaries„ The presence
f f r  ^ ld 8*  J i - n! L in t i <* HUd#0n B*y dr* ln*6® (Kadforth, 1944),, indicates a tolerance for cold waters and weakens any conclusion based on temperature aa a barrier to
th£ir8r°nc *Th!  r8!? r i °?®d di8tribwtion of these species could be explained by 

•lr £®°®nt migration into the Lake Superior basin from the lower Great Lakes 
along the south shore of Lake Superior in post-Lake Duluth time, as access to the
t h  I [ a\ by ^P8881*1® fan s at Scanlon, Minnesotao Falls near
the mouths of the north shore streams and possibly the laok of suitable habitats
«*a3u?3tplai?  th8ir abaenoe from the remaining streams of the Lake Superior watershed 
in Minnesotao Taylor (1*64) suggested that the hornyhead ohub may have migrated 
northeastward along the shore, of Lake Superior end taka Michigan! M  « Z tM  
are oommon in the Sto Croix and upper Mississippi divers and if  they used the Sto

SuperiorCroix-Brule oonneotive in Lake Duluth time their rareness in 
drainage is difficult to explain« While existing evldenoe £U » „ u « .« ,* ,,, .  
post»Lake Duluth route of disporsal into the Lake Superior basin is not iunrobable 

It oan bo seen from the preoedlng that a new set of orlteria should be used 
for determining the validity of dispersal into the Great Lakes through the 8t„
Croix outlets (1) distribution throughout the Sto Croix River# (2) distribution 
in the Lake Superior watershed and showing a oenter in western Lake Superior# this 
may be spotty because of the nature of most of the tributary streams bordering 
take Superior# and (3) assuming a suitable habitat therein, presenoo in the Sto 
Louis River above the falls  at Scanlon, Minnesota,  In addition, the presence ot  a 
species on Isle Royals is excellent evidanoe that the Sto Croix outlet was used, 
although absenoe from this area does not neoessarily mean that the speolea in 
question did not enter in this way (Hubbs and tagler, 1949)

The distribution of Hybognathus hankinsoni does not warrantits inclusion among 
those fishes using the St« Croix outlet, although Bailey (1964) inoluded this  
stream as a dispersal route for this speoieso There are no reoords for the Sto 
Louis River and the reoords for the upper Sto Croix drainage and western take 
Superior are very spottyo It would seem that this species most likely entered the 
Great takes through the Fox River oonneotive and then worked its  way around to the 
shore of take Superior, as did Xybopsls biguttats, Notropis delioiosus. and Botroola 
dorsalis« T . —......* 1 ■

Greene (1936) disoussed the two main problems oonneoted with hypothesising a 
dispersal into take Michigan through the Fox River oonneotiveo F irst, the Portage 
oanal has permitted some species to enter the Fox River drainage whioh otherwise 
would not have done soj these usually can be recognised because of a limited dis­
tribution centered around the outlet of the oanal (io«o Fundulus notatus and 
Btheoatoma oaeruloum)«. Seoond, the distribution in the i ta  River system of some 
of the big-imter species, such as Rocous ohrysops and Iotalurus punctatua is .lust 
as readily, if  not better, explained by attributing their presence to migration 
through take Mlohlgan and Green Bay«

Thus, fish whioh definitely oan be said to have utilised the Fox River outlet 
should ( 1 ) be smaller—stream speoies whioh are not likely to migrate through a 
large body of water such as take Michigan, and (2) have a reasonably wide dis­
tribution throughout the Fox River systeoo Perolna phoxooophala (map 16) is an 
example of a fish that has entered the Great- Lakesthrough this outlet alone.

The picture of fish distribution into take Miohigan by means of the Chioago 
River outlet has also been clouded by the construction of the Chioago drainage 
oanalo Passage through the oanal is believed to be responsible for the oooesional 
reoords of Mississippi Valley speoies, suoh as Ictlobus bubalus, Polyodon apathula.
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the Great Ukea within the Ia s i  Half cenVirv t ^ TU ***" *r * knoi*n to have entered
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U4 v.<Th° f *f8 t ithraa epeoi*6 are further charecterised by a range which in
includen0h i T i 8. ? r t i n rd TOlw t0  ab°Ut 42° Ko lBtituda* *nd ^<-eh f e l l ,  to 

: twMrf' ° * " h?*ttribute(l  ta • preaetrt leek of the cold, bog
<?. -* ! - ) °}_lJ h*S" u _ M, t  th#v °ocur ^  Nor. Sooti.

Inli r S l T ’ , L , V  S? to th#nWfBWrf TW Jr^n eastern flritlah Columbia (Carl 
throuih^ r ? i i 963 ° TH! f  fcl! !  h8V° entared the upper Hudson drainage, probably 
ililiiiiln  oonn8ctiva f**0® th® St. Lawrenoe River. Occurrence inthe

18 mostly limited to northern tributaries, with a few re lic t  
populations ferthor south (Uubbs and L&^ler, 1947)©

The other species show a similar range, but do not extend so far east or 
west, are not found in the upper Hudson River drainage, occur in Ohio and southern 
upper^Mississippi* * ®lifeltty mor# 8° ’j therly distribution in tributaries of the

, The m08t i®Po**tant oharaoter 1s t ic of the above range, is the fact that all 
species concerned occur in the Mississippi drainage to the west but ^ e  sblen“

V M rthof bTi0?8l? 'v  thelr 6 l»cial refugium was only in the western
thrn.. h 4-vi ^i 88 8̂8iPPi Galley. They probably reentered the Great Lakes only 
through the fox River end in some cases the St. Croix outlets, then spread ' 
eastward into Lake Brie an^or through the Trent River outlet into the St.
Lawrenceo Their presence in tributaries of Lake Michigan and Lake Erie. then, 
does not constitute absolute proof that these species reentered the Great Lakes 
through either the Chicago River or the F t. Wayne outlets.
.. * Occurrence of the bogwater forms as far west as British Columbia indicates 
that .hey may have entered Lake Agassis and then worked their way westward. If  
so, their seeming lack of abundance in Manitoba (Keleher and Kooyman. 1966) is 
rather pussling. At the same time, the eastern outlet of gleoial Agassis oould 
also ha^e been utilised in their eastward dispersal.

Lastly, the distribution of Hlodon alosoldes is interesting inasmuch as 
.hi® is the only species which isi*ound in the Lake /gassis area but which 
has never been recorded from the Greet Lakes drainage. Its pussling absence 
from the latter area has been thought by some to be due to competition with the 
closely related Hlodon tergisus. However, the two live together in many other 
parts of their ranges, so this hypothesis seems to be invalid. It has also 
been suggested that sinoe Hiodon alosoldes is an inhabitant* of large, silty  
waters, the glacial outlets into the Groat Lakes were not large enough nor 

urbid enough tor i t  to enter them. Although this is probably the best hypothesis
so far, i t  s t i l l  falls far short of a satisfactory explanation of this problem.
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Migratory Tendencies of Lake-run Brown Trout

Marlin L. Hornberger 

ABSTRACT
Migratory tendencies of lake-run brown trout (Salmo trutta) 

in selected Swedish, Scotch, and American lakes are reviewed. 
Environmental stimuli and effects of adverse environmental 
conditions on>thè spawning runs are discussed.

^  , v'* IMTRQBUCTIOH
Brown trout^re native to Europe, Some brown trout, like 

many salmonids, migrate to spawfe. The purpose of this paper 
is to describe^the,migration¿ofi.apawning brown trout in selected 
Swedish, Scotch, and American lakes and to discuss environmental 
stimuli and the effects of adverse environmental conditions 
on the spawning runs.

DISCUSSION
Shoal ihg " ip,|

Before fish which are to spawn enter streams, they collect 
into shoals off stream mouths. Shoal formation indicates a
. ‘ , , ' lecktchange in brown trout behavior (Stuart,1953). In a largeAthe 
appearance of trout shoals may be proceeded by a gradual movement
of fish toward areas where shoals will form (Pyefinch,I960).

Reasons why trout shoal are not fully known, but maturation 
of ovaries aid testes is probably an important factor. Trout in 
these shoals, however, vary considerably in their ripeness'(PyefInch,I960)



Spawning
Although dates of shoaling correspond very closely each year, 

the time that the first fish ascends the stream varies from 
three to fifteen days. In a typicd spawning season In Dunalastalr 
Reservoir, Scotland, the spawning migration is composed of 
a series of runs which increase numerically from the first 
small run to a major run during the middle of the spawning 
period, thereafter decreasing regularly until the first few 
fish have spawned (Stuart,1957). Generally each year the chief 
runs are made in a stream rislrig after a variable period of 
low water levels or in falling water levels after a flood or 
freshet. Normally each run is completed within a period of 
2lf hrs aid continued from early mokning until late afternoon 
or from one afternoon until the following morning, depending on 
the state of the stream level (Stuart, 1957),

Eventhough runs occur unifopmily from late summer through 
early autumn, the timing of the runs varies considerably Epom 
one location to the next, Niemuth (1967) reported that migration 
from Lake Superior intb the Brule River, Wisconsin, begins in

early July, peaks in August, and is virtually completed by 
mid-September although there is a small upstream movement through 
December, He also showed that trout that migrated upstream 
early (Ausust-September) one year usually moved early the following 
year and trout moving later (October-November) showed up later. 
Although trout migrated as early as July, no spawning occurred 

until October, Gustafson (1951) reported a very similar migratory



run In Lake Storsjon, Sweden in which the main migration occurred 
during July and August with a peak during the early part of 
August, Brown trout in Lake Rons jon, Sweden, migrate in August 
and September (Rurmstrom, 1957)#

Sex ratio and age composition of the run vary from locality 
to locality, Gustafson (195D and Munro and Balmain (1956) 
reported that females were more numerous than males, while 
Stuart (1957) reported that males were more numerous 
than females, Gustafson (1951) reported that 90$ of the spawning 
stock were 7 to 10 years old; Runnstrom (1957) reported that 
spawning fishes were from Ij. to 12 years old; Niemuth (1967) 
reported that the spawning fish were from ij. to 5 years old.

Stimuli initiating spawning runs
In 1938, Carl remarked that the spawning runs up Cowichan 

River, Vancouver Island were Induced by freshet conditions 
immediately following heavy rainfalls, Stuart (1953) and Munro 
and Balmain (1956) also determined that increase in water level 
was a stimulus to upstream migration of spawning brown 
trout. Niemuth (1967) demonstrated that periods of high turbid 
water stimulated migration, but this was not the only trigger 
which Induce^rout movements because even during July and 
August, when there was little or no rain and the water was 
low and clear, migratory brown trout still moved into rivers 
in significant numbers, Niemuth also found that shallow 
clear water does reduce the daytime migration of trout and that 
more trout migrated om dark nights than on bright moe«3?tfe nights.

There is no one consistant rule conserning the role of



temperature as a stimulus to migratory runs, Carl (1938) felt that 
temperature differences were of minor importance, Munro and 
Balmain (1956) also reported that $here seemed to be no relationship 
•between water temperature conditions and the incidence ofl the 
runs. In Dunalastadr Reservoir, however, shoaling occurred 
only when the loch temperatureofell to about 9°C (Pyefinch,
I960), Pyefinch reported that the main spawning run took place 
when the temperature of the stream dropped below that of the loch 
and never when the temperature of the spawning stream was higher 
than that of the loch, Niemuth (1 9 6 7) believed that warm waters 
of the Brule River during spawning runs (in contrast to cold 
Lake Superior) may be an attraction. He reasoned that the warmer 
water temperatures may aid or accelerate the development of the 
reproductive orgaps.

Effects of floods on migratory runs
According to Gustafson (1951) swiftly rising water levels 

in a stream have pronounced negative effects on the intensity 
of migration, Stuart (1957) noted that the pattern of runs 
was completely altered and the run was extended for a totifl. 
of if9 days compared with the previous average figure of 36 

daysmen heavy rains and flooding persisted. The major runs 
were more widelyvseparated than befohesnd were individually 
composed of a greater number of fish. Pish will neither run, 
noi*, if they have attained the spawning ground, continue their 
spawning activities at high water levels. Hydraulic barriers 
to the running fish are formed when the water reaches a certain 
height in relation to its channel and the activity of spawning



fish on the redds is arrested by associated physic ail phenomena

Effects of drought on spawning migrations
The most obvious effect of-an extended drought is to 

reduce water levels to a point where trout cannot possibly enter 
the stream. Pyefinch (I960) reported that shoaling seemed 
unusually late during a season of extended drought. If the 
drought lasts long enough, t$e spawning run may be greatly 
reduced because of physiological changes of the gonads (Stuart, 
1957).

Post-spawning trout dispersal
Brown trout dispersal after spawning is quite variable. 

According to Stuart(1957), when conditions on the redds are 
favorable for spawning the majority of female trout spent 
less than 21j. hrs in the stream while the greater, proportion 
ofl males remained several days. Niemuth (196?) reported the 
following: (1 ) brown trout dispersal after spawning is quite 
erratic; (2 ) some fish remain in the spawning area while other 
fish tend to move slowly downstream seeking out deeper pools;
(3 ) at times 25 to 50 or more largd trout congregated in a 
single pool; (ij.) the downstream movement starts Immediately 
after spawning and continues into early winter.

O’Donnell and Churchill (195ij-) reported only limited 
fish movement after the winter temperature dropped below 
l4.0°PU Pallia and Niemuth (1962) also reported little or no 
fish movement during the cold winter months when water 

__ temperatures were In the lower 30's. Niemuth (1967) found



that water temperatures in the spring were not an influential 
factorin trout movemeng, bui> downstream movement closely followed 
ice breakup in late March or early April. Runnstrom reported 
that §8 spawners returned to Lake Rensjon (Sweden) until spring 
and early summer.

Migration of immature trout
Niemuth (19 6 7) observed a spring and fall downstream 

movement of 3 yr old, 6 to 11 in brown trout which had spent 
the past two years in the parent stream. Furthermore, he noted 
that although the number of migrating fish varied from day to day 
and month to month,the overall downstream movement can best 
be summarized as a continual trickling of fish from the parent 
stream into Lake Superior* Stuart (1957) described the downstream 
migration of juveniles in Lochan an Daim, Scotland as follows:
I D  there is a well defined downstream migration chiefly of 
1^and 2'*' fish each autumnwith axproportion of fish migrating 
at this time; (2 ) this migration normally occurs before adult 
spawners enter the stream from the loch, but the two separate 
movements may coincide; (3) although a small proportion of 
1 and 2 male trout become sexually mature and delay their 
downstream migration until after the arrival of the adult 
trout, no female trout have bean observed to do so; (ij.) a 
similar well defined upstream migration in the spring has also 
been noted, and this generally takes place aroudd the same date 
each year; (5) while the seasonal migrarion may be performed 
by 0 , 1 , and 2 trout, no fish of either sex above this age 

—have been found to reside in the streams during the summer.



Pyefinch (i960) noted the following in Loch Tummel, Scotland:
%X) once fry have dispersed from redds, they become distributed 
along the stream In which they were hatched but they do not 
Immediately leave this stream to enter the loch; (2) fifty-one 
per cent of the young fish spent two years in the nursery stream 
before migrating, 21% spent three years, migrated after
one year, and 1% spent four years or longer before migrating;
(3 ) fastest growing fish leave the nursery stream firat (i.e. 
those that migrate when a year old are longer than those that 
remain and the same seems to be true for two-year-old and older 
migrants); (I4) once the young fish has left the nursery stream 
it does so as a mature fish to spawn* Runnstrom (195?) observed 
that young trout mainly of age groups I to V (II and(III age 
groups dominate) ascend into the lake around the beginning 
of June after the ice has broken and after the water has warmed. 
He also stated that migration terminated in October when the 
temperature of the water dropped considerably.

SUMMARY
1. Before fish which are to spawn enter streams, they collect 
into shoals off stream mouths.
2. Although dates of shoaling correspond very closely each 
year, the time that the first fish ascends the stream varies 
from three to fifteen days.
3. Eventhough runs occur uniforrally from late summer through 
early autumn, the timlmg of the runs varies considerably from 
one location to the next.



8.

ij.. Sex ratio and age composition of the run vary from locality 
to locality.
5* Increasing water levels are a stimulus to upstream migration 
of spawning brown trout.
6. There is no one consistent rule concerning the role of 
temperature as a stimulus to migratory runs.
7. Swiftly rising water has a pronounced negative effect on 
the intensity of migration.
8. The most obvious effect of an extended drought is to reduce 
water levels to a point where trout cannot pessibly enter the 
stream.
9. Brown trout dispersal after spawning is quit# variable.
10. The age of immature fish and the season of migration 
are highly variable.
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Distribution of Salmonids in Streams, 

with Special Reference 

to Food and Feeding

ABSTRACT
Autecology of fish distributions is treated with particular attention to behavior of young chinook 

salmon and steelhead trout in Idaho streams. Behaviour of other fish species and races is examined and 
discussed.

In the warmer months young chinook salmon and steelhead trout are associated with velocities and 
depths in proportion to body size, shifting to faster and deeper waters as body growth occurs. 
Interaction for space between species is minimal because of differing times of fry emergence. 
Distribution close to high-velocity water is food-related and density is socially-controlled with the 
greatest distributional role of social behavior played among fish of near-equal size. During the day the 
fish remain in a small home area, then settle at night to the bottom, generally after moving inshore.

Beginning in September many young steelhead and chinook salmon move downstream from 
tributaries to overwinter in larger streams, often living in the stream substrate. Most fish disappear into 
the substrate at temperatures below about 5 C, and winter cover is important in holding over-wintering 
fish.

Distributional behavior.of young salmon and steelhead in the warmer months is similar to that of 
several other salmonid species. Winter hiding behaviour is common in stream salmonids, often 
preceded by downstream movement in the fall. Return upstream movements in spring often occur. 
Such behavior in the Colder months is probably directly related to water temperature.

For several years we have been trying to understand why young chinook salmon 
(Oncorhynchus tshawytscha) and steelhead trout (Salmo gairdneri) are found where they 
*re within streams in Idaho. Some components of their distributional behavior have been: 
obvious diurnal-nocturnal changes in locations occupied: occupancy during summer, and 
sometimes longer, of specific home areas, downstream exodus of fish in the fall, arid 
winter hiding behavior^

We present Widenbe in support of the conclusions and speculations listed below about 
distributional behavior:
It, In the warmey months the young fish are associated with velocities and depths in 

proportion to body size, shifting to faster, deeper waters as they grow, and in a given

INTRODUCTION
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space interaction between juvenile Chinooks and steelhead is minimized by differing 
times of spawning and fry emergence. Distribution close to high velocity water is 
largely food-related, arid density within suitable habitat is socially controlled, the 
greatest distributional role of social behavior being played among fish of near-equal 
size. During the day the fish remain in a small home area, and at night settle to the 
bottom, usually after moving inshore.

2. Generally beginning in September, many young steelhead and chinook salmon move 
downstream from tributaries, then over winter in larger streams, often living in the 
stream substrate. This behavior appears to be a function of water temperature, with 
most fish hiding in the substrate at temperatures below 4.4 - 5.5 C. Winter cover, 
especially large rocks, is important in holding over-wintering fish.

3. There is much similarity in behavior among several salmonids in streams around the
world. Distributional behavior of young salmon and steelhead in the warmer months is 
similar to that of brown trout (Salmo trutta), Atlantic salmon (Salmo salar), eastern 
brook trout (Salvelinus fontinalis), and coho salmon ( kisutch),
although there are some differences in cover preferences. In winter, hiding behavior is 
common among stream salmonids, often preceded by downstream movements in the 
fall. In species not demonstrating anadromy, return upstream movements in spring 
often occur. Such movements and behavior in the colder months are probably directly 
related to water temperature.

In our discussions we will deal largely with the autecology offish distributions. In the 
interest of conserving space and time we refer to the excellent treatment of interactive 
segregation between fish species by Nilsson (1967) and such reports on species 
interactions as those by Hartman (1965), Kawanabe (1959) and Kalleberg (1958).

FOOD-RELATED DIURNAL DISTRIBUTION
In observing the behavior of 0 age chinook salmon in a stream aquarium, we have 

found distributions of fish to be closely associated with food inlet points (Fig. 1). We fed 
brine shrimp ( Artemiasp.) throughout 13-hour days, introducing food at 2, 4, and 
multiple inlets and found that Chinooks distribute themselves both horizontally and 
vertically to adjust to food supply. One could argue that the fish were conditioned by the 
food regime, but they certainly adjusted their distribution readily. On January 30,1966, 
an upstream shift of the food inlet by about 2 m resulted in a marked upstream shift of 
chinook distribution within 4 hours (Fig. 1). -

Aggression was high downstream from points of food concentration, yet young 
Chinooks concentrated and persisted there when food was abradant. This implies that
Chinooks, at least, can take advantage of short-term food abundance, subordinating any I
minimal-space requirement to do so.

Keenleyside and Yamamoto (1962) reported that Atlantic salmon in aquaria will shift j
distributions in response to food availability, the territories and groupings of fish •
disintegrating as food enters aquaria. Coho salmon were observed by Mason (1966) to 
concentrate near the point of drift-food entrance in his experimental stream channel.

Some shifts in salmonid distribution during the day are probably caused by activity *
rhythms. Confined brown trout have been reported to be active from dawn to dusk, with 
peaks in activity frequently occurring at dawn (Swift, 1964). These fish were fed 
supplementally with beef liver. Swift (1962) also reported that confined S. trutta feeding 
on natural foods which entered their cages in Lake Windermere also wen/in active at night 
and active during the day. In most months there was a peak in activity^) dawn, according

DAILY DISTRIBUTION
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1/16/66 AT 1300 1 /2 0 /6 6  AT 1315

-------  FOOD INLET
• • • • •  * FISH

f 2 /4 /6 6  AT 0 9 0 0  1/18/67 AT 0830

FIGURE 1
DISTRIBUTION OF CHINOOK SALMON FRY IN A STREAM AQUARIUM IN 
RELATION TO LOCATION OF FOOD INLETS. CURRENT IS CLOCKWISE.

to Swift. Pinsky (1962) has noted that S. salar fed intensely at dawn and dusk.
Coho salmon in a stream aquarium moved onto riffles at dusk, often remaining there 

i at night (Mason, 1966), and riffle occupancy was accompanied by increased aggression.
Mason noted active feeding by coho at night, especially when moonlight was available. He 
observed feeding at light levels below 1.076 lumen/m ,̂ the cone threshold. Mason felt the 

* diel pattern of riffle occupancy by coho was indicative of a feeding rhythm, and that the
higher retinal cone ^ensitivity of coho fry, with threshold to 1.076 lumen/m  ̂ as 
compared with 10.8 lumen/m  ̂ in pink (Oncorhynchus gorbuscha) and chum 
{Oncorhynchus keta) salmon fry (Ali, 1959), might be of adaptive value in exploitation 
of the diel organic drift cycle in streams (Waters, 1962). It is time for further research on 
retinal sensitivity and eye mechanics in several salmonid species.

The activity cycle noted by Swift (1962), with some peaking at dawn, may also be an 
adaptation to the nocturnal peaking of drift organisms. The diel drift cycle is well-known 
to aquatic ecologists who fairly consistently have found larger numbers of drifting insects 
beginning near dusk and ending about dawn.
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Symposium on Salmon and Trout in Streams

We believe most stream salmonids occupy stream depths and, more important, 
velocities appropriate to their body size, at least in the period from spring to fall. Everest 
(MS) has data which illustrate the positive correlation between certain habitat features, 
particularly water velocities, and sizes of young chinook salmon (Fig. 2) and steelhead.

r = .45 .92 .87 .65 . 0 0 9 .77

FIGURE 2
THE RELATIONSHIP BETWEEN CHINOOK SALMON OF VARIOUS LENGTHS AND 
SELECTED PHYSICAL VARIABLES OF THE LOCHSA RIVER AND JOHNSON 
CREEK (EVEREST, UNPUBLISHED).

FIGURE 3
NUMBER OF INSECTS CAUGHT PER 15 MINUTE DRIFT-NET SAMPLE AT TWO 
CURRENT SPEEDS. CROOKED FORK CREEK, 11 JULY 1967 (EVEREST, 
UNPUBLISHED).
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We feel that much of the indirect or underlying reason for positive correlations between 
fish size and selection of higher-velocity water is food supply. Higher-velocity waters bear 
a greater stream of food per unit of time. Everest (MS) confirmed this in an Idaho stream 
(Fig. 3). Everest also briefly examined the proposition that higher velocity waters bear 
larger organisms than slower waters (Table 1). There was a difference, perhaps not 
important, between mean sizes of organisms captured in velocities of .39 and .83 mps. 
This question should be re-examined with the addition of velocities from near zero to .30 
mps. Everest did find that organisms drifting at night tended to be larger than those taken 
in daylight.

TABLE I
MEAN SIZE OF DRIFTING ORGANISMS, IN RELATION TO WATER VELOCITY 
AND TIME OF DAY, TAKEN IN DRIFT NETS ON 11 JULY, 1967 IN A TRIBUTARY 
OF THE LOCHSA RIVER, IDAHO. (EVEREST, MS).

Water
velocity Time

Mean size 
o f  insects d.f. t value

Probability
o f

larger t

.39 mps Day 2.75 mm
123 1.04 0.15

.83 Day 2.99

.39 mps Night 3.79 mm
448 1.82 0.04

.83 Night 4.30

Combined data Day 2.92 mm
for both 572 6.67 .0005
velocities Night 4.12

We might conclude from the foregoing that fish go where the food is, but we have not 
been able to assess the relative importance of food supply versus the cover provided by 
depth and turbulence in causing fish to move toward faster, deeper water as they grow.

The shifts of fish distribution with fish size in large streams in Idaho are similar to 
shifts of other species in smaller streams. Coho fry in tributaries of coastal rivers occupy 
very shallow, quiet edge areas and move onto the relatively shallow glides such as those at 
the tails of pools as they grow. As age I pre-smolts they are found in deeper waters near 
the heads of pools. Saunders and Smith (1962) reported that brook trout fingerlings 
occupy riffle areas while larger trout are found in “flat water” near hiding places or in 

I pools. Coastal cutthroat (Salmo clarki) often inhabit very shallow, small tributaries of
slight velocity as fry, then drop downstream gradually as they grow (Lowry, 1965). The 
age II and older cutthroat occupy areas of heavy cover such as cutbanks close to the edge 

* of the current in deeper waters. P. Reimers (1968) observed that young fall chinook
salmon in an Oregon stream were often in groups organized largely on the basis of size 
hierarchies, and patchily distributed where food was abundant and positions could be 
maintained such as eddies where riffles entered pools. Egglishaw (1967) observed that 
Atlantic salmon shifted distribution as they grew. In river stretches where stones were 
small and water shallow, large trout or salmon parr were rarely found although fry used 
such reaches.

In our research on spatial interaction of juvenile steelhead trout and chinook salmon 
we have developed the hypothesis that differing times of emergence of the two species 
minimize mutual demands for a given habitat (Fig. 4) at any instant. Newly-emerged fish
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D E P T H  D I F F I C U L T Y
FIGURE 4

GENERALIZED RELATIONSHIP OF FISH SIZE, TIME AND VELOCITY-DEPTH 
FEATURES USED BY FISH OF VARIOUS SIZES, THE DASHED LINES ARE USED 
TO INDICATE THAT IN EARLY AUGUST THE DIFFERING SIZES OF FISH OF 
DISCRETE AGES AND SPECIES LEAD TO SPATIAL SEPARATION IN THE 
VELOCITY-DEPTH GRADIENT.

prefer or indeed can tolerate only nearly-still water. As growth proceeds the young fish 
shift toward faster and, to a degree, deeper water. At any one time there are several age 
and species size groupings which overlap very little, leading to maximal separation on the 
basis of physical habitat. This shift to deeper, faster waters is probably food-related, 
although there could be other habitat features contributing to the shift. Cover would be 
one such feature in larger streams where overhanging objects of mid-day shade are 
generally absent. Overhead cover provided by turbulence and shelters afforded by large 
rocks in deeper water tend to be more abundant away from the stream banks in deeper 
water. As streamflow declines in late summer, velocity becomes less important in
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controlling use of habitat, and opportunity for interspecific interaction would be 
maximal.

Egglishaw (1967) suggested that the “alternate spacing”, of S. salar and S. trutta that 
he observed in stream habitat occurred because of differing sizes of trout and salmon at 
any one time. He stated trout were generally larger at a given time, possibly because early 
agonistic encounters between trout and salmon fry were generally won by trout, resulting 
in occupancy by trout of the most favorable habitat.

Steelhead and chinook salmon actually face velocities at home station or focal point 
which are lower than those near the home station. For example (Fig. 2), on the average a 
70 mm chinook may face a velocity of .23 mps but lie under a velocity of .45 mps and 
have a maximum velocity .6 m laterally of .6 mps. To a degree facing velocity must 
dictate usable stations but a fish of given size must perform consistently on feeding darts 
into food-bearing, higher velocity waters near the feeding station without being swept 
downstream excessively. Carline (1968) felt that juvenile coho do not take up positions 
where they must maintain high activity levels.

COVER-RELATED SHIFTS IN DISTRIBUTION
The cover preferences of juvenile chinook salmon and steelhead trout are not clear. 

Our general impression is that Chinooks of a given size are found in deeper water with a 
smaller substrate particle size than are steelhead trout of the same length. Steelhead are 
almost invariably associated with rubble particles and are in somewhat shallower water 
than Chinooks. We have noted in laboratory work that chinook fry are easily frightened, 
darting away on very slight provocation. Steelhead by comparison are almost placid. It 
could be that steelhead have a “security blanket” resulting from adaptive association with 
cover provided by rubble, while Chinooks must rely on darting flight to escape from 
predators such as birds. Male (1966) reported that when confronted by overhead stimuli 
fish of hatchery stock dart wildly about while fish of wild stock tend to move directly to 
nearby cover feature. Conditioning in wild stocks probably leads to reactions in survivors 
appropriate for predator avoidance.

There are large differences among salmonid species in their diurnal cover needs during 
the spring-to-fall period. Brook and rainbow trout often seek overhead cover. Newman 
(1956) noted that brook and rainbow trout (Salmo gairdneri) swam from place to place 
in a pool in Sagehen Creek in relation to overhead cover, remaining in the edge of 
shadows. R. Hunt (personal communication) has indicated that brook trout in Lawrence 
Creek spend much of their time hiding even though considerable quantities of food may 
be drifting past in more open, unshaded waters. He also noted that wild brown trout 
remain well-hidden under cover while planted “domestic” brown trout are feeding in the 
open. The domestic trout may grow faster, according to Hunt, but are more vulnerable to 
anglers and, presumably, to predators.

Wickham (1967) studied microhabitat of albino brook trout, finding that the fish 
occupied stations close to cover and spent about 94% of their time in shaded areas. This 
may partly have been due to the lack of eye pigmentation of albinos. Albino brook trout 
stations were usually in relatively slow water (mean velocity .1 mps) overlain by swifter 
water (mean velocity .26 mps). This fast water “overstory” may perform a cover role, but 
is also likely to provide a food supply.

Saunders and Smith (1962) increased the number of hiding places in a small stream, 
thereby nearly doubling the brook trout population over age I. Le Cren (pers. comm.) has 
noted that “lies” or cover are important to older brown trout. He mentions that 0 age 
trout in the Lake District are distributed in the open, mostly in riffles early in life; that 
the age I fish are in the open for a while early in the year but otherwise lie under banks,
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stones, or moss; but that larger fish could rarely be seen.
Lewis (1967) showed that brown trout preferred pools with extensive cover, and that 

velocity was of lesser significance in correlations of brown trout density with 
environmental features. For rainbow trout the reverse was true, velocity assuming much 
more importance than cover. These correlations were undertaken where brown and 
rainbow trout were sympatric. The results could have been different if allopatric groups 
were studied.

Brown, brook, and rainbow trout were reported by Butler and Hawthorne (1968) to 
make use of shade as overhead cover, with browns making the most use, rainbow the 
least, and brook trout intermediate use of shade. Coho salmon, on the other hand, often 
use open glide or pool areas in sunlight. Ruggles (1966) reported that pool-like 
environments of low velocity in experimental channels held twice as many coho as did 
riffle-like areas when volitional residence was permitted. The addition of shade reduced 
the initial holding capacity of an experimental channel, and Ruggles suggested coho may 
avoid areas of dense shade. This conforms to our general impressions of coho and might 
be adaptation to (1) decreased fall of terrestrial insects in densely-shaded areas as opposed 
to open areas, or (2) interaction with coastal cutthroat trout, which prefer areas of dense 
cover. The interaction could be spatial or predator-related.

DIURNAL PERMANENCE OF STATION
Permanence of station of young steelhead during two summers was studied by 

Edmundson, Everest and Chapman (1968) in Johnson Creek, a Salmon River tributary. 
Young steelhead (100-175 mm long) were captured, branded, released at the point of 
capture, then observed with snorkeling and SCUBA for several weeks in the summer of 
1965 and 1966. Edmundson et al., found little extensive movement (Fig. 5), 60% of all 
sequential sightings taking place less than 3 m apart, 85% less than 6 m apart. No 
difference in distances between sightings was noted in sequential observations in the 
periods 0830-1000 to 1300-1430 and 1700-1830 each day. In the area studied in Johnson 
Creek, the stream averaged 20 m wide, 1.2 m deep, and flowed at 4 m^ps during many of 
the observations.

Because chinook salmon were so small and numerous, Edmundson et al (1968) used 
aquarium observations to examine permanence of station in young chinook salmon. The 
stream aquarium used was 12.2 m long, 0.6 m wide and about 0.4 m deep. Water flowed 
in it at an average velocity of 0.15 mps. A downstream trap permitted volitional 
residence, and fish could be observed through a glass wall in the aquarium. Individual fish 
were identified by parr-mark configuration. Sixty-seven percent of sequential sightings 
were less than 0.6 m apart (Fig. 6), and there were no significant differences in distances 
between sequential sightings from 0830 to 1300,1300 to 2000, or 0830 to 2000.

Edmundson et al observed that yound steelhead and chinook salmon resided in a very 
restricted home area. These fish were in rather large streams in habitat that could be 
called “rubbly-glide”. The rubbly-glide habitat was extensive and there were no close-by 
opportunities for fish to move onto riffles for feeding.

Brook trout (Shetter, 1937), brown trout (Schuck, 1943), cutthroat trout (Miller, 
1958), and Atlantic salmon (Saunders and Gee, 1964) all are reported to remain in a 
limited home area during some or all of their stream life phase. In brown trout and 
Atlantic slamon (Kalleberg, 1958) and in coho (Mason, 1966) feeding is usually 
performed from a particular spot. Wickham (1967) reported that the albino brook trout 
he studied were quite faithful to a limited station or focal point during each daylight 
period.

Certainly permanence of station confers benefits, familiarity with escape cover and
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DISTANCE MOVED (meters) DISTANCE MOVED (meters)

FIGURE 5
THE MOVEMENTS OF BRANDED JUVENILE STEELHEAD IN JOHNSON CREEK 
DURING THE SUMMERS OF 1965 AND 1966. A MOVEMENT IS DEFINED AS THE 
DISTANCE BETWEEN SEQUENTIAL SIGHTINGS OF BRANDED FISH ON THE 
SAME DAY. OBSERVATION DIVES WERE MADE MORNING, NOON, AND LATE 
AFTERNOON. (EDMUNDSON, ET AL, 1968).

food sources being obvious ones.
DIURNAL-NOCTURNAL SHIFTS IN DISTRIBUTION

Juvenile steelhead trout often occupy positions at night that are quite different from 
daylight stations. Edmundson et al (1968) observed individual branded steelhead trout at 
night positions in inshore, shallower waters, generally on the bottom, beneath rocks or in 
crevices in the substrate. Hoar (1953) also reported that juvenile steelhead were inactive 
at night. The night location of one fish was observed by Edmundson et al to be 20 m 
from the known daytime station and most sequential sightings between day and night 
were 3 m or more apart. In Figure 7 are plotted some sequential sightings between 
daylight and darkness, and single sightings of individual branded fish at night. A 
movement inshore by young steelhead at night was evident. Northcote (1962), reported
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DISTANCE MOVED (meters) DISTANCE MOVED (meters)

DISTANCE MOVED (meters) DISTANCE MOVED (meters)

FIGURE 6
THE MOVEMENTS OF JUVENILE CHINOOK SALMON IN A STREAM AQUARIUM 
AT VARIOUS TIMES OF THE DAY. A MOVEMENT IS THE DISTANCE BETWEEN 
SEQUENTIAL SIGHTINGS OF INDIVIDUAL CHINOOK ON THE SAME DAY. 
OBSERVATIONS WERE MADE AT 0830-0900, 1300-1330, AND 2000-2030. 
(EDMUNDSON ET AL, 1968).

onshore movements of rainbow trout at night, the movement appearing to be positive 
rather than slow and irregular. Kalleberg (1958), after observing fry of S. salar and S. 
trutta, reported that “at least some fry with stations near the glass wall of the aquarium 
night after night made use of the same sleeping places in fissures between stones, no more 
than a few centimeters from their daylight stations.” Edmundson et al noted that 
Chinook salmon were sometimes observed at night on the stream bottom as well as near 
the surface in quiet shallow waters.

There is evidence that fish of several salmonid species shift positions at dusk and dawn. 
Newman (1956) noted that brook and rainbow trout in Sagehen Creek, California, moved 
inshore to shallower waters at night, remaining there until morning, but some fish did not 
return to daytime feeding stations before mid-day. Mason (1966) reported that coho
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THE LOCATION OF DAYLIGHT AND DARK SIGHTINGS IN THE SAME DAY OF 
BRANDED JUVENILE STEELHEAD IN SUMMER IN THE LOCHSA RIVER (RIGHT 
DIAGRAM) AND JOHNSON CREEK (LEFT DIAGRAM) (EDMUNDSON, ET AL,
1968).

salmon in stream aquaria used a shallow riffle area at dawn and dusk, dropping 
downstream into a deeper pool area during the day. Mason also noted increased riffle 
occupancy at night, with fish moving from an adjacent pool onto the riffle.

Hoar (1953) and Chapman (1962) noted that coho salmon are found on or near the
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stream bottom in relatively quiet water at night, but the previously-cited data of Mason 
(1966) were more extensive and routinely obtained and may be more representative. 
Other reports of inactivity by stream salmonids at night have been made for Atlantic 
salmon (Hoar, 1953) and brown trout (Lindroth, 1955;Swift, 1962,1964). Elson( 1942) 
noted that planted S. salar fingerlings lie quietly at night in a few cm of quiet water.

The suitability of night-station habitat may be a factor influencing density of fish in 
stream environments.

FIGURE 8
THE ESTIMATED NUMBER OF CHINOOK SALMON MIGRATING DOWNSTREAM 
PAST TRAPPING SITES ON THE SALMON RIVER AND SOME OF ITS 
TRIBUTARIES.
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SEASONAL DISTRIBUTION

EFFECTS OF FOOD SUPPLY ON SEASONAL DISTRIBUTION
In studies at Big Springs Creek, in the Salmon River drainagein Idaho, we have 

observed juvenile steelhead moving downstream throughout the fall, winter and spring 
months. Similar fall and winter movements of juvenile chinook salmon and steelhead 
trout have been observed in other streams of the Salmon River drainage (Fig. 8, Reingold 
unpublished data).1

The fall-winter and in some cases spring movements of fish downstream are not 
seaward smolt migrations. Mains and Smith (1956) and Raymond  ̂ (Unpublished data) 
observed only one major downstream migration of salmon and steelhead in the lower 
Snake River and that was in the spring months. Fall-winter emigrants from Salmon River 
tributaries apparently spend the cold months in the Salmon and mid-Snake Rivers. Those 
salmon and other steelhead which are smolts the subsequent spring resume their 
downstream migration. The steelhead which have not reached smolt size remain in the 
streams to rear an additional year or two.

The fall-winter exodus of juvenile salmon and steelhead from most smaller streams in 
Idaho coincides with decreasing water temperatures. But could the shift be due to 
reduced food supply? Hartman (1963) and Waters (1962) reported that drift food was 
less abundant in the winter in the streams they studied.

During 1966 and 1967 we collected samples of drifting aquatic invertebrates and 
steelhead trout stomachs from Big Springs Creek. Drift insect samples were collected in 5 
nets each 30 cm wide, spaced across a uniform riffle at two-hour intervals during a 
24-hour period once each month. The calculated daily mean number of insects in drift 
samples was the mean of 60 samples each collected for 15 minutes. Stomachs were 
collected from 10 steelhead of the 1966 year class each month beginning in September 
1966.

Our data on numbers of drifting insects are in general agreement with the findings of 
Hartman and Waters, with fewer insects drifting in the winter months (Fig. 9). However, 
the decline in drift insect abundance did not occur until well after the exodus of 
steelhead from Big Springs Creek had begun. Many fish started leaving the creek in 
September while the abundance of drifting insects did not decline until December.

Althouth there were fewer drifting insects in the winter months, the mean number of 
organisms in fish stomachs increased during the winter. The increase in stomach contents 
was undoubtedly due at least in part to reduced digestion rates of fish during the winter 
(Hess and Rainwater, 1939; N. Reimers, 1957). N. Reimers (1957) reported that rainbow 
trout in Convict Creek required 12 to 16 hours to digest half-gram meals of aquatic 
organisms at 10 C, but 25 to 44 hours at 1.6 C. The fact that the increase in stomach 
content of Big Springs Creek steelhead was approximately proportional to the probable 
decrease in digestion rate suggests to us that perhaps the food supply (drift insects) was 
adequate even at the lower winter levels.

After extensive studies of trout survival over winter periods, N, Reimers (1957) felt 
that in streams exposed to severe winter conditions, food is of secondary importance in 
determining trout survival. The data obtained by Reimers indicated that adverse and 
exhaustive physical conditions in the stream were the primary cause of fish losses.

Swift (1964) found that the locomotor activity of four brown trout confined in 
separate cages on the bed of Lake Windermere and artificially-fed was relatively very low 
when water temperatures were below 5 C. In another experiment with 4 separately-caged

1 Melvin Raingold, Idaho Department of Fish and Game, Salmon, Idaho
2 Howard Raymond, U.S. Bureau of Commercial Fisheries, Seattle, Washington
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FIGURE 9
THE ESTIMATED NUMBER OF JUVENILE STEELHEAD TROUT LEAVING BIG 
SPRINGS CREEK, INSECTS COLLECTED IN DRIFT NETS, AND AQUATIC 
INSECTS IN STEELHEAD TROUT STOMACHS COLLECTED FROM BIG SPRINGS 
CREEK DURING 1966 AND 1967.

trout feeding on natural foods entering the cages, Swift (1962) learned that locomotor 
activity was relatively low in winter.

Thomas (1962) found that S. trutta and S. salar continued to feed in winter, when 
water temperatures were as low as 5 C. Maitland (1965) also reported that these species 
fed in winter. McCormack (1962) captured trout which had been feeding in one beck at
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3-6 C, and some in another beck had been feeding at 1-2.5 C. Mills (1964) reported S. 
salar fry and parr fed in winter, and that in the River Bran the numerical density of 
benthic invertebrates was higher in the period November to March than in the warmer 
months.

Hartman’s (1963) observations suggest that at least some S. trutta strains in Sweden 
are relatively inactive in winter. Maciolek and Needham (1952) reported brown and 
rainbow trout to be active in Convict Creek during winter, feeding regularly. But N. 
Reimers (pers. comm.) notes that the work was done in a relatively mild winter, and that 
the evidence for trout feeding in Convict Creek through the winter is inconclusive.

We believe that a decline in abundance of food, either drifting or benthic, is not the 
primary factor causing the downstream movement of salmon and steelhead juveniles in 
the fall and winter months. Probably food scarcity also does not cause the shifts in 
seasonal distribution noted in other stream salmonids.

EFFECTS OF TEMPERATURE AND COVER ON SEASONAL DISTRIBUTION
We have pointed out earlier that the fall-winter downstream movement of juvenile 

salmon and steelhead in Idaho streams coincided with declines in stream temperatures. In 
Big Springs Creek the migration also coincided with the loss of aquatic vegetation beds 
from the stream. Since extensive vegetation beds are not present in the other streams 
(Fig. 8) where the downstream migration occurs, we believe the loss of vegetation in Big 
Springs Creek is a secondary (if any) cause of the migration.

Our observations in the Salmon and Clearwater Rivers in winter agree with those of 
Hartman (1965) that young steelhead tended to be under large stones in the winter when 
water temperatures were below 4 C. We also observed that young chinook during the 
winter were under large rocks and debris in the substrate. Based on these observations, we 
theorized that winter cover was required and that winter hiding behavior was triggered by 
low water temperatures.

We conducted some tests of the response of young steelhead (age 1+) to low 
temperatures in tanks 1.3x1.3x1.3 m deep in early November of 1967, when steelhead in 
the field were on the verge of entering winter hiding cover. We placed rubble in the tanks 
and counted the number of steelhead visible above the rubble at various temperature 
levels. The day length was constant at 13 hours, with light from a 40-watt incandescent 
bulb gradually brightened and dimmed over one hour at start and end of the day. Fish 
were fed brine shrimp near the surface, with shrimp being offered in a current produced 
by an air stone. Steelhead were obtained from Salmon River tributaries in Idaho by 
electro-fishing and 10 were introduced in each of the tanks within 5 hours of capture. In 
Figure 10 we depict the numbers of fish visible above the rubble in a tank controlled at 
11.6 - 13.9 C and in another in which the temperature was dropped from 12.8 to 1.6 C in 
4 days, then gradually raised to 11.6C in several days. The number of experimental fish 
visible was directly related to temperature in this experiment, and most fish were beneath 
the rubble at temperatures below 4.5 C.

In each tank at the same time as the tests with steelhead we had placed 10 chinook of 
the year. In comparing the test and control results we found little evidence of a vertical 
shift in distribution of chinooks in response to temperature changes. There is the 
possibility that agonistic behavior in the larger steelhead below the rubble limited the 
available space in rubble for the smaller chinooks.

In a similar experiment with 20 chinooks (6 weeks old) alone in early spring of 1967 
the fish remained above the substrate when temperatures were dropped from 12.2 to 1.1 
C. We know that chinooks do often emerge in nature when temperatures are below 4 C. 
Everest (MS) has observed large numbers of newly-emerged fry in Johnson Creek before
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THE WATER TEMPERATURE AND NUMBER OF AGE 0 STEELHEAD TROUT 
VISIBLE ABOVE THE SUBSTRATE IN TEST AND CONTROL VATS.

any steelhead juveniles or yearling Chinooks had come out of winter hiding. More testing 
is needed to establish temperature-related vertical distribution of Chinooks.

In December, after young fish in the field had entered the substrate and water 
temperatures were consistently below 1.6 C, we electrofished in Johnson Creek and held 
captured fish at 1.6 C until experiments were underway. Ten 0 age steelhead and 10 
pre-smolt Chinooks (which were larger than the steelhead) were placed in each vat. One 
vat held the control group, the other held fish exposed to gradually-increasing 
temperatures. There were no fish above the substrate when water temperature was below 
2.8 C (Fig. 11). Numbers of steelhead visible increased gradually until half of the 
experimental fish were visible at about 5.0 C. At temperatures of 5.5 C or higher, nearly 
all steelhead were visible and actively feeding. For steelhead in this experiment, 
temperatures of 5.0 - 5.5 C appeared to mark the boundary between activity and 
inactivity. Chinook behavior was more erratic (Fig. 11), with about half or more of the 
fish consistently visible beginning at about 7.2 C.

We also conducted tests in four troughs 1.3 m wide, .6 m deep, and 7.5 m long to

168

T
E

M
P

.



Distribution o f Salmonids in Streams, with Special Reference to Food and Feeding

0 I 2 3 4 5 6 7 8 9 10

T E M P . -  C.
* FIGURE 11

THE RELATIONSHIP BETWEEN WATER TEMPERATURE IN THE TEST AND 
CONTROL VATS AND NUMBER OF FISH VISIBLE ABOVE THE SUBSTRATE.

•

determine the effect of water temperature and substrate rock size on downstream 
movements. Spring water (11.1 - 12.2 C) was used in two of the troughs while Hayden 
Creek water (0 - 10.0 C but generally below 7.2 C) was used in the other two. Of the two 
troughs with spring water, one had a gravel substrate (1 to 5 cm diameter) and one had a 
rock substrate (15 to 45 cm diameter). The two troughs on creek water were similarly 
arranged, one with a gravel substrate and one with a large rock substrate.

Zero-age (7.5 - 12.5 cm) steelhead and chinook were used in the tests. The fish were 
placed in the troughs and forced with a barrier to remain for a 24-hour acclimation 
period. The barrier was then removed and the fish allowed to leave as they wished. All
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SUBSTRATE

T E M P .- 0 -  10 C. 12.2 C.
FIGURE 12

THE PERCENTAGE OF FISH LEAVING EXPERIMENTAL TROUGHS IN 10 DAYS.
TWO REPLICATIONS WERE COMPLETED WITH CHINOOKS AND STEELHEAD IN
2 WATER TEMPERATURE CONDITIONS AND 2 SUBSTRATE TYPES.

fish used were taken from downstream-migrant traps in the Lemhi River drainage and 
were moving downstream. As the fish left the troughs they were captured in a Wolf-type 
trap. The fish were fed dry meal once each day.

Steelhead trout virtually ceased their downstream movement when placed in the 
troughs with the warmer spring water irrespective of bottom type. The number of 
steelhead which left the trough with the colder creek water and large rock substrate was 
about half the number which left the trough with cold water and a gravel substrate (Fig. 
12).

In the tests with chinook salmon, about 25% of the fish left the trough with the spring 
water and large rock (Fig. 12). More than half the fish left the trough with spring water 
and gravel substrate. Nearly all the fish left the trough with creek water and gravel but 
fewer left the trough with large rock and creek water.

Our tentative conclusions after these tests are that downstream movement of steelhead 
is controlled primarily by temperature and modified by the substrate (quality of winter 
cover). At low water temperatures the reaction of chinook and steelhead to the trough
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environment was similar. At the higher water temperatures, chinook appeared to find the 
environment less satisfactory than steelhead.

The extensive fall-winter downstream migrations observed in Idaho streams do not 
occur in Pacific coastal streams. Chapman (1962) in Oregon, Salo and Bayliff (1958) in 
Washington, and Shapovalov and Taft (1954) in California found little or no downstream 
movements of juvenile coho salmon during the fall and winter months. Shapovalov and 
Taft did observe some downstream movement of juvenile steelhead in Waddell Creek 
during the fall and winter months but the number was small compared to the number 
migrating in spring. In many Idaho streams, 50% or more of the juvenile salmon and 
steelhead which leave the stream (as pre-smolts or smolts) do so during the fall and winter 
months.

Largely in October a downstream movement of Age 1+, 2+ and some 0+ brown trout 
occurs in some streams in Scotland (Stuart, 1957), and there is a similar upstream 
movement in the spring. The downstream movements occur as water temperatures drop 

i or in advance of declines to normal winter levels (less than 4 C). Mallet (1963) found a
downstream movement of cutthroat in the fall and an upstream movement in the spring 
in the Middle Fork of the Salmon River, a stream which becomes very cold in winter. Le 

f Cren (pers. comm.) notes that brown trout seem to live in much the same places in many
streams year-round in England, where freezing of streams is rare. Perhaps quite significant 
is Allen’s (1951) report that in much of the Horokiwi stream, in which water temperature 
rarely was below 7 C, brown trout did not move seasonally, fed all winter, and generally 
had no winter check on the scales.

COVER-RELATED SHIFTS IN SEASONAL DISTRIBUTION
Lewis (1967) sampled 19 areas in a stream in Montana which contained brown and 

rainbow trout. In his extensive analyses he found that water velocity and cover accounted 
for most of the “explained” variation in brown trout numbers, and current velocity was 
the most significant correlate with rainbow trout abundance.

Elson (1942) stated that young Atlantic salmon prefer swift water but lie behind 
stones and where strong currents do not strike them directly, and noted that riffles on the 
water surface seem to satisfy certain cover requirements. In slower water the young fish 
use cover more and are in deeper water, but still water does not appear to satisfy 
requirements of the young fish, according to Elson.

Ruggles (1966) suggested that coho may avoid areas of dense shade in experimental 
channels. At the same time he showed that coho prefer pool habitat to faster, shallower 
waters. In the deeper water of pools, coho should escape avian predators more easily than 
would be possible in riffles, and might not require overhead cover. In addition, 
densely-shaded streams may contain fewer terrestrial and adult aquatic insects than do 
more open streams.

Dr. Hunt (pers. comm.) has noted that habitat improvement, chiefly increases in pool 
, area and cover, has brought about marked changes in year-round carrying capacity of a

section of Lawrence Creek. In-stream current deflectors and bank-covers were installed, 
increasing average depth of water 60% and pool area by 171%. Permanent year-round 
cover (15 cm overhead and 30 cm of water depth beneath) was increased by 416%. 
Movement into the section was about the same before and after the habitat was altered, 
but movement out of the section was much reduced after the habitat was changed (Table 
2). In the period September to April before habitat improvement, 43% of the residents 
(age 0 and older) moved out of the section, while after alteration only 15% moved out. In 
April to September, 30% of the residents (and I and older) moved out before alteration, 
and 11% moved out after improvement. Biomass in the altered section increased over

171



Symposium on Salmon and Trout in Streams

TABLE II
PROPORTION OF NON-RESIDENT BROOK TROUT IN ALTERED STREAM 
SECTION IN LAWRENCE CREEK, WISCONSIN IN APRIL AND SEPTEMBER, AND 
MOVEMENT OF NON-RESIDENT TROUT FROM THE SECTION IN APRIL TO 
SEPTEMBER AND SEPTEMBER TO APRIL. (R. HUNT -  DATA).

Percent o f  stock comprised o f  non-residents in:

Period Number o f  
fish present April (Age 1'+)

Number o f  
fish present Sept. (Age 0+)

1961-63, before 
alteration

1695 30% (509 fish) 3536 18% (636 fish)

1965-67, after 
alteration

2915 29% (845 fish) 3557 17% (605 fish)

Percent o f  residents moving out in:

Sept.-Apr. (Age 0+) Apr.-Sept. (Agel+)

1961-63 43% (1608 fish) 30% (645 fish)

1965-67 17% (601 fish) 11% (270 fish)

pre-treatment levels. It appears that the altered section of Lawrence Creek is now more 
attractive to resident trout.

Also of importance are the estimated total population sizes in April and September. 
After stream alteration, the mean April population size was 172% (2,915 fish) of that in 
pre-alteration years (1,695 fish). But in September the mean stock sizes before (3,536 
fish) and after (3,557 fish) treatment were also identical. To Dr. Hunt and to us this 
suggests that the principal benefit of habitat improvement in the stream section was in 
expanded winter holding capacity.

Ruggles (1966) added winter cover in the form of flat “patio” blocks on the bottom 
of one of his experimental channels. Presumably the coho could find cover beneath the 
rocks. In comparing a channel with cover and control channel without, Ruggles found 
that the cover appeared to reduce the channel capacity to hold coho over winter. 
Hartman (1965) found that coho do not go beneath stones in the winter. They tend to lie 
near or on pool bottoms in aggregations. Therefore we should expect that if cover in the 
form of patio blocks has any effect it would be to reduce the substrate suitable for 
over-wintering coho.

Lewis (1967) reported both brown and rainbow trout tended to move into pools in 
the winter. In summer fish tended to occupy pools and riffles about equally.

Allen (1941) regarded 7 C as a critical temperature in the life history of young 
Atlantic salmon. He reported that below 7 C the fish lay quiescent in sheltered places, 
feeding little and making no growth. In fall when water temperatures dropped below 7 C, 
the fish disappeared from open water and growth ceased. In spring, as soon as the water 
temperature rose about 7 C, the fish resumed active life, feeding actively and commencing 
growth. Allen had information on netting efficiencies in fall, winter and spring which 
supported the hypothesis of inactivity of S. salar below 7 C. He found that fish were 
much harder to net in winter and concluded they were inactive and under cover.

White (1939) notes that in winter in the Margaree River young salmon are quiescent —
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“during winter conditions we have found the salmon parr only beneath stones.”
Mason observed behavior of coho (58-94 mm) in February and March in a stream 

channel. The water temperatures in these months were 5.0 to 7.8 C in February and 5.6 
to 8.6 C in March. The fish were quiescent in pools, remaining near the bottom close to 
each other and rarely displaying aggression. Feeding began in early March, and by late 
March considerable aggression was noted.

Hartman (1963), working with brown trout in Sweden, found a stronger association of 
small brown trout with the bottom of an experimental stream in winter. Lower water 
temperatures tended to cause fish to associate closely with the stream bottom. The brown 
trout studied tended to remain more in one location in winter than in summer, and 
agonistic activity was less in winter. Hartman suggests that winter association with cover, 
shade, and low water velocity could be primarily a mechanism for gaining shelter and 
remaining in suitable stream areas in winter. He further suggests that summer association 
with cover, shade and low water velocity in one location may serve largely for efficient 

t feeding. Hartman also notes that the strong tendency of brown trout to hide among
stones in the winter and to avoid doing so in the summer, suggests differing seasonal 
emphases on food and cover. Northcote (1962) has suggested that cold water and short 

| day lengths may facilitate position maintenance by rainbow trout fingerlings from Loon
Lake.

The fall downstream movements, the shelter-oriented winter behavior, and absence of 
fish above the substrate in winter lead us to the conclusion that in relatively cold streams 
there are advantages in winter behavior which place fish in deeper, quiet waters associated 
with cover. Such winter behavior could be a means of (1) avoiding unprofitable energy 
expenditure, (2) predator avoidance, or (3) preventing physical damage by scouring and 
ice.
SOCIAL BEHAVIOR AS A DIRECT CAUSE OF SHIFTS IN DISTRIBUTION

Animal dispersals caused by social behavior have received considerable attention 
recently. Wynne-Edwards (1962), Lorenz (1966), and Ardrey (1966) have written on the 
subject, the latter two workers in semi-popular literature. Dispersal resulting from social 
behavior is a well-documented phenomenon accepted even by workers who may not agree 
with some of the attendant hypotheses for regulation of animal numbers.

In stream salmonids, Le Cren (1961) reported general observations of socially-induced 
downstream emigration in fry of S. trutta. Chapman (1962) suggested that downstream 
drift of coho fry in some Oregon streams was caused by aggressive behavior, the emigrants 
often being socially unsuccessful. Keenleyside and Yamamoto (1962) note generally the 
importance of territoriality as a means of insuring individual survival of young S. solar.

Incidentally, Keenleyside and Yamamoto (1962) and Owen Fenderson (pers. comm.) 
i have noted that at low densities, increased crowding caused increased aggression. As

density increased further, aggression rose to a maximum, then markedly decreased at high­
er densities. This phenomenon would be an essential prerequisite to successful hatchery 

1 operations, or course, but also is of significance in wild stocks. Fenderson (pers. comm.)
has noted high densities of brook trout in cold spring areas during warm weather. The 
normally aggressive trout apparently will tolerate high social loading under some 
circumstances, although the level of aggression in these circumstances is unknown.

Because of the differing habitat preferences of fish of different sizes it is logical that 
the greatest distributional role of social behavior is played among fish of near-equal size. 
Newman (1956) noted the greatest social conflicts between fish of the same size. In a 
detailed study of the effects of starvation on aggression, Symons (1968) found that the 
greatest conflicts, in both fed and starved fish, occurred between fish of similar size.

Within the micro-habitat suitable for fish of a given size, social interactions disperse
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the fish, primarily downstream, until densities are tolerable. This frequently-stated 
hypothesis (Le Cren, 1965; Chapman, 1966; Kalleberg, 1958; and others) has some 
interesting components. Some of the questions arising with the hypothesis are: (1) Is 
aggression increased when food is scarce so that unsuccessful fish emigrate and successful 
competitors secure enough food to survive and grow (contest) or is the limited available 
food scrambled away? (2) Is aggression reduced in times of food superabundance so that 
more fish use a given micro-habitat in times of plenty? (3) If food scarcity brings about 
increased aggression, what are the upper limits on the amount of aggression or size of 
territory?

Symons (MS) randomly alternated 3-days of starvation with 3 days of feeding S. salar 
parr, measuring aggression and activity in groups of parr. He found significant increases in 
aggression during starvation, and suggested that this could lead in nature to expansion of 
feeding territories in territorial fish. But Symon’s studies involved 8 parr (4.5 to 12.5 cm 
in length) which were confined in 60-liter aquaria and fed twice daily.

Mason’s study of coho in stream aquaria with volitional residence and a natural food 
supply more nearly approximated natural circumstances. One of Mason’s aquaria received 
37% more volume in potential fish food organisms, as assessed in 7 pairs of drift samples 
taken over one 24-hour period. Both channels received an initial stocking of 300 
advanced sac-fry which were allowed to emerge from simulated redds. After 3.5 months 
the channel with more drift food entering it held about 57 coho while the channel with 
less food contained 35 coho. The mean sizes of fish in both channels were about equal.

In the most upstream riffle and pool in the channel with less drift food, densities of 
coho over 3.5 months were 5.5/m^ on the riffle and 27.7/m^ in the pool. In the channel 
with more food, riffle and pool densities were 8.9/m^ and 40/m ,̂ respectively. The coho 
were generally territorial in riffles and often in pools, with size governing the outcome of 
social competition. If the foregoing densities are indices of territory sizes, Mason’s results 
do not contradict those of Symon’s, since there was a possible relationship between food 
abundance and density. This relationship could be reinforced by the fact that fish have 
more time for aggression when they are less busy with feeding. It does appear probable 
that food resources are not scrambled away in times of scarcity.

Question (2) above is to some degree answered when we postulate food-linked 
aggression rates or territory sizes. Another partial answer is that when food is abundant, 
despotic fish spend more time in feeding and less on aggression (Mason, 1966) which 
could lead to greater densities of fish in a given habitat. Some workers writing on the 
influence of abundant food upon aggression have noted increases in aggression after fish 
were fed to excess (Keenleyside and Yamamoto, 1962; Newman, 1956; Mason, 1966), 
but the feeding regime in these studies was artificial. Needed are studies of aggression and 
territoriality under sustained differential levels of food abundance that simulate natural 
drift patterns. For if salmonids in streams do generally display more aggression with more 
abundant food supply, the concept of food-linked territoriality cannot be true.

In answering Question (3) one can only postulate that there must be upper limits on 
aggression and territoriality fixed by piscatorial economics. Expenditures of energy for 
aggression must be adaptive and energetically efficient, producing more benefit than cost. 
Carline (1968) notes some of the interesting ramifications of the energetics of food 
consumption and activity. It is probable that emigration (appetitive behavior?) would be 
a more efficient means of finding adequate food supplies than would an 
excessively-enlarged territory.
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INTRODUCTION
Parapatry describes a distributional pattern in which pairs of taxa have 
separate but contiguous distributions, abutting along common boundaries. 
Smith first proposed the word “parapatry” (81, 122) to differentiate situations 
where the ranges of two taxa are in contact, both from sympatry where ranges 
overlap, and from allopatry where ranges are separate. The condition ot 
parapatry was known much earlier. For instance, Darwin (38) wrote that the 
location of a species border was often determined by the border of a related 
species.

More recently numerous examples of parapatry, from a wide range ol 
taxonomic groups and geographic regions, have been described (53, 61, 64, 
71, 82). Parapatry might previously have been more common since con­
tinuous patches of habitat where species ranges could have been in contact 
have now been fragmented by clearance. It may still be more common than is 
realized, because parapatry is difficult to detect. Detection usually involves 
taxonomic separation of closely related, morphologically similar taxa, and 
collection on a fine geographic scale (71). Parapatry has been most frequently 
reported in birds (40, 46), perhaps because their high visibility makes fine 
scale surveys relatively easy. Even among birds, detailed collection ma\ 
reveal parapatry where sympatry has previously been reported (51).

Initial discussion of parapatry revolved around speciation mechanisms, ant
P
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whether taxa with contiguous distributions actually were in contact and had 
the potential to interbreed. Smith (123) argued that parapatry was a special 
case of allopatry where genic interchange was possible without sympatry. All 
other cases of allopatry, where individuals of two taxa never meet, he defined 
as dichopatry (a term that has gained little acceptance). Others (14, 26, 70, 
80) claimed parapatry to be a special case of sympatry, because contact 
usuaUy implied some small range overlap.

Parapatry has now become a legitimate separate category of distribution, 
differentiated from sympatry by the extent of range overlap. For instance 
Futuyma & Mayer (48) defined two populations as parapatric if they “occu­
pied separate but adjoining areas, such that only a small fraction of in­
dividuals in each encounters the other." Key (71) said parapatry involved two 
populations that “occupied contiguous territories that overlapped only very 
narrowly in relation to both the length of the overlap zone, and the vagility of 
the individuals." He suggested the overlap should be no more than a small 
multiple of the dispersal range of individuals. These definitions recognize 
some overlap between parapatric taxa. There is no sharp demarcation, but 
rather a continuum between cases of allopatry, parapatry, and sympatry.

Parapatry is still invoked in discussions of the speciation process. An 
implicit, though rarely stated, assumption has been that the terms allopatry, 
sympatry, and (by implication) parapatry refer to closely related species 
(112), although the parapatric pair are not necessarily the most closely related 
in the species complex (63, 95). Haffer (52, 53) viewed parapatry as the result 
of secondary contact of differentiating taxa, reproductively isolated but in­
completely speciated because they are not yet ecologically compatible. In this 
context parapatry differs specifically from sympatry in that parapatric taxa 
have not previously co-existed and do not currently co-exist. Some mech­
anism prevents overlap of their ranges. Parapatry does not refer to the state 
where species have overlapping ranges in which they occupy different, 
mutually exclusive, habitats. This distributional relationship, allotopy (112), 
implies a form of ecological compatibility of the species, by use of different 
niches. Parapatry often results from the first meeting between taxa that have 
been isolated in geographical refugia and have spread so their ranges now 
abut. Overlap with habitat segregation may result from that contact, but 
parapatry is the state (which may be stable for a long time) before there is any 
overlap.

When two taxa first make contact, parapatry can go through two temporal 
phases: a non-equilibrium invasion phase in which the range of one expands 
as it replaces the other, and an equilibrium phase in which a stable boundary is 
maintained by some balance of the fitness of each taxon. Moving boundaries 
have been directly observed as one species invades and takes over areas 
previously occupied by the other (42, 65, 103, 118). This can result in local
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extinction of the invaded species. Moving boundaries of hybridizing taxa/ 
have been inferred from relict mitochondrial DNA in locations where the Y 
nuclear genome has been replaced (77). J

Whether or not Smith intended parapatry to include hybridizing taxa has 
been variously interpreted (81, 123). Nevertheless, parapatry is now taken to 
imply both hybridizing and nonhybridizing contact and, in the evolutionary 
context, to cover the range of differentiation of taxa from partial to complete 
reproductive isolation. Key (71) divided parapatry into two categories: 
hybridization parapatry where the contacting taxa form a narrow hybrid zone; 
and ecological parapatry, where they may have a narrow overlap zone, but 
without any hybridization. In fact, parapatric boundaries form a continuum of 
cases from those with no hybrids to those with many hybrids in the overlap. 
At the latter end of the continuum a genetic mechanism, negative heterosis, 
has been proposed as the major factor preventing range overlap of the parental 
taxa (13, 61). Key (71) defined hybridization parapatry as “parapatry in which 
the restriction of interpenetration results primarily from the populations mat­
ing more or less freely with each other, but either leaving no fertile progeny, 
or leaving progeny of reduced fertility.” Narrow hybrid zones, or tension 
zones, have been intensively investigated and reviewed (13, 61, 71). Many of 
170 cases coincided with environmental ecotones (13,61), implying a role for 
ecological factors in preventing overlap. Ecological factors should be more 
important in those parapatric boundaries where hybridization is more rare. 
This review concentrates on parapatry where there is little or no hybridization. 
Haffer (53) called taxa in this relationship paraspecies and saw them as further 
differentiated in the speciation process than those with hybridization parapat­
ry. They are referred to as species for the rest of this review.

Key (71) defined ecological parapatry as “parapatry in which the restric­
tion of interpenetration results primarily from a sharp ecological interface 
between the habitats of the two populations, sometimes reinforced by compe­
tition between them.” Haffer (53) further subdivided this relationship into: (a) 
ecological parapatry, as defined above, between species not necessarily 
related, which have distinctly different habitat requirements and occupy 
widely different ecological zones; and (b) competitive parapatry where “geo­
graphic exclusion in a uniform habitat zone results from competition between 
populations of two species with nearly identical ecological requirements.” 

(The two definitions' includF hypothese f̂or^^how^parapatry is maintainedL 
These mechanisms are inferred in many examples of parapatry but are rarely 
supported either by experimental tests or by adequate data on spatial and 
temporal dynamics (53).

The study of parapatry has wide implications. For studies of speciation, 
parapatric taxa may represent a rich source of information about the final 
stage of differentiation before full species status is achieved (136). For
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community ecologists, clues to ecological processes permitting coexistence 
may be derived from parapatry where pairs of species cannot coexist. In 
biogeography, parapatry provides patterns where the spread of a species could 
be prevented by another species rather than by physical features. Parapatric 
boundaries are also an ecological phenomenon in their own right. They are 
widespread among taxa and geographic regions, and a general theory explain­
ing £eir structure and maintenance needs to be developed.

MAINTENANCE OF ECOLOGICAL PARAPATRY

The central ecological question about parapatry concerns the mechanisms that 
prevent range overlap of the contacting species. Five major mechanisms have 
been suggested. Some are related, and at some boundaries combinations of 
mechanisms may be involved.

Ecotonal Change
This is the mechanism implicit in Key’s (71) original definition of ecological 
parapatry occurring primarily at a sharp ecological interface. Each species is 
better adapted for conditions on its own side of the boundary and avoids 
conditions for which it is less suited across the boundary. An extreme form, in 
which conditions are intolerable for each species across the boundary, does 
not require close evolutionary or ecological relationships between the contact­
ing species. Parapatric boundaries also occur on less extreme gradients of 
elevation (59, 131), climate (74), soil structure (84), water speed (92, 127), 
and vegetation (126, 127).

Small environmental changes may prevent range expansion of single spe­
cies. For instance the edge of the range of an established species may coincide 
with a specific altitude (90, 101) or climatic condition (50, 116, 135), and 
colonizing species can expand their ranges only into climatically suitable 
areas (41, 85). The range edge may represent the limit of conditions the 
species can tolerate physiologically (78, 117) or behaviorally (4), but the 
relationship between climate and population variables is rarely simple (115). 
More usually a combination of physical and biological variables influences 
distribution  ̂A single factor is rarely important (17,30), except where there is 
an abrupt distribution edge (17). Where boundaries coincide with climatic 
changes, other factors correlated with climate may have a more direct in­
fluence on an individual’s chance of surviving and reproducing (31). Distribu­
tion limits con be further complicated by dispersal causing labile boundaries 
(129).

In relation to parapatry many studies infer that an environmental gradient 
alone, without any biological interaction, can limit the ranges of both species 
at the same place. For instance,'Ford (45) suggested that cases of parapatry
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between species of Australian quail thrushes (Cinclosoma) at points of sharp 
habitat change were maintained by adaptations of each species to different 
habitats. Other studies comment on the coincidence of the parapatric bound­
ary with an environmental change (65, 76, 108) or suggest that parapatry is 
maintained because each species selects the habitat on its side of the boundary 
(68, 127).

However, it is unlikely that a small or gradual environmental cline will 
alone maintain a parapatric boundary. Key (71) originally proposed that the 
effect of a sharp ecological interface was sometimes reinforced by competi­
tion. Some form of biological interaction is probably required to prevent 
expansion into the less favorable habitat, except at extreme ecotones. The 
parapatry between two chipmunk species (Eutamias), at an ecotone, probably 
resulted from precise habitat choice, which had evolved in each species to 
avoid habitats where adverse interspecific interactions would occur (127). 
That is, the boundary is now maintained by the ecotone, although interactions 
played a role in the past.

An ecotone also represents a resource gradient. Slade & Robertson (121) 
suggested that along a gradient of increasing resources for one species and 
diminishing resources for the other, the resources of each may become too 
sparse in the center, so neither can spread, and a boundary, or even a gap, 
between the two species is formed. A more likely outcome (35) is that one or 
both species would switch from specialist to generalist resource use, and if 
there were no interaction, they would overlap.

Interspecific Competition
Interspecific competition may prevent species from invading each other’s 
ranges across parapatric boundaries (82). Haffer (52, 53) considered that 
many parapatric species pairs with nearly identical ecological requirements 
were ecologically incompatible. He thought competition and mutual exclu­
sion should maintain parapatry even in regions of uniform habitat. However, 
few competition models predict this result without some change in fitness of 
at least one species across the boundary.

Mayr (80) suggested interspecific competition combined with a gradual 
climatic cline could maintain parapatric boundaries. Key (71) disagreed 
because normal climatic fluctuations would allow periodic expansions of the 
ranges of each species. Then, with a delicate balance of competition, the 
colonists would only he eliminated slowly, allowing wide overlap rather than 
sharp separation along gradual dines. For this reason Key (71) considered 
competition less important than ecotones in maintaining parapatry.

Nevertheless, competition is often inferred to explain parapatry (44, 134). 
This view is supported by evidence of interspecific territoriality in the contact 
zone of some parapatric bird species (42, 79 ). Also, the experimental
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removal of one species from plots in the parapatric overlap zone led to 
improved performance, in salamanders (54), or increased range of habitats, in 
rodents (86), of the other species. Each of two chipmunk species (Eutamias) 
is more successful in interspecific agonistic interactions over food on its own 
side of a parapatric boundary (16). Similarly, the ant Wasmannia recruits to 
baits more efficiently and aggressively than the species it replaces parapatri- 
cally (34)L

Theoretical models show that competition along environmental gradients 
can lead to parapatry. MacArthur (83) modelled one species competitively 
replacing another along a resource cline. Modifications of this model (121), to 
include additional resource requirements for the cost of defending territories 
interspecifically, produced a gap between species on a resource replacement 
cline. Here neither species could persist, even with adequate resources for a 
single species. In this model, parapatric contact results from dispersal into the 
gap. From optimal foraging theory Cody (35) predicted that two potentially 
competing species along a resource replacement cline would abut parapatri- 
cally over areas where either species could exist alone, if they were K- 
selected, but would extensively overlap if r-selected.

The included niche model (84) combines a more abrupt environmental 
change with competition, to predict parapatric boundaries at the physiological 
limit of the competitively dominant species. The competitively inferior spe­
cies, with wider physiological tolerance, is restricted to a subset of its 
potential range where the dominant species cannot persist. This model ex­
plains parapatric boundaries, for instance in salamanders (69), gophers (84), 
and chipmunks (32, 58, 119).

Terborgh (131) compared the relative importance of competition and eco- 
tones as determinants of distributional limits of bird species on altitudinal 
transects in Peru. Using different slopes, where ecotonal changes occurred at 
different altitudes, and where congeners were variably present, he deduced 
that direct or diffuse competition accounted for about two thirds of all 
distributional limits. The general emphasis on competition and changing 
competitive fitness along environmental gradients in explaining parapatry 
may reflect its real importance. Alternatively, it may reflect a bias toward 
competition among ecologists (55, 105). Other ecological processes, dis­
cussed below, may also explain parapatry.

Predation
Predators can limit species distributions. Parapatry could result if a com­
petitively dominant species is more susceptible to predation, and if there is an 
ecotone or cline where the predator becomes less effective (55, 100). Alterna­
tively, where the combined density of two prey species increases the size of 
the predator population, the more susceptible prey may be eliminated by the 
increased pressure. For instance, one species of leafhopper is replacing
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another parapatrically in California. While less susceptible to an egg para- 
sitoid, its presence enhances the parasitoid population, to the detriment of the 
other species (118). This “apparent competition” (66) is analogous to an 
interaction through infectious disease, discussed in the next section.

Parasites and Disease
A parasite and host might coevolve to form a unit, which, through cross­
infection, reduces the fitness of naive hosts of another species (10, 47, 105). 
In Cornell’s (37) parasite model for parapatry, each host species has unique 
parasite and vector species. A vector can transmit its parasite to invading 
individuals of the other host species, to their detriment if they lack previous 
experience of, or evolved resistance to, the parasite. The numerical superior­
ity of the resident population and its parasites will prevent invaders becoming 
established, leading to parapatry without an environmental gradient. Parapat­
ry could also develop if a gradient limits the spread of one host species, when 
only that species has a parasite-vector system inimical to the other. Parasite- 
induced advantage has been an explanation for parapatric invasions (104, 
105), for instance of the white-tailed deer replacing other cervids (5).

Freeland (47) suggested that species could not coexist without effective 
barriers to interspecific parasite transmission. He proposed that species re­
lated ecologically or phylogenetically would be most susceptible to cross­
infection, and hence to interactions via their parasites. Thus, species di­
vergence should reduce parasite-induced interaction, and parasite-induced 
parapatry. This reflects Haffer’s (53) contention that parapatric species are 
those that have not yet diverged sufficiently for coexistence, although Haffer 
was contemplating interspecific competition as the mechanism.

In another model, “apparent competition” (66), one of two species that 
share parasites or infectious diseases can exclude the other because combined 
host density allows the level of infestation to become higher than on a single 
host population, and too high for one species to tolerate. That species is then 
excluded, even when it can persist alone with the disease.

Although these models can explain parapatry, and appear to be important in 
some cases of invasion parapatry (5,104,105), they have not yet been used to 
explain cases of stable parapatric boundaries.

Reproductive Interference
In narrow hybrid zones, reduced fitness of hybrids diminishes the vigor of 
colonization attempts across the boundary (11, 61). By analogy, interspecific 
pairing can reduce reproductive potential of colonizing females and generate 
parapatry, even where no, or very few, hybrids are produced. Anderson (6) 
proposed that completely intersterile species may still interbreed where their 
ranges come in contact, reducing fitness through wastage of reproductive 
potential. Simulations (6) showed that random pairing alone produced species
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eplacement dines 62% as steep as those from interspecific competition, 
mplying comparable potential of the two processes to maintain parapatric 
oundaries. More reproductive potential was lost by the numerically inferior 
pccies, so a resident established population would resist low density invasion 
6). This model was used to explain the parapatric boundary between two 
pecies of flycatcher in Europe, and the incursion of one through numerical 
upremacy tonto islands within the range of the other (3).

A similar proposal, the “satyr effect” (110, 111), has males mating in- 
iiscriminately, reducing reproductive potential of heterospecific females 
hrough the production of sterile eggs, or the blocking of, or physical damage 
>, genitalia. Simulations of a linear series of demes showed satyrization 
lone could generate stable parapatry if dispersal between demes was low. 
ncreased interdeme migration led to one species excluding the other (110, 
11). The satyr effect was used to explain the parapatric replacement of one 

ick species by another in Africa (111), and the stable parapatry of two 
nosquito species in the Bahamas (110, 125).

Another form of reproductive interference is the jamming of reproductive 
ignals, such that one species cannot transmit as effectively to conspeciflcs in 
he presence of the other. Where the effect is symmetrical, a resident species 
vill resist invasion from a low density colonizer, leading to parapatry, as 
roposed in acoustically signalling frogs (98), and in chemically signalling 
icks (8). These examples are discussed in the next section.

TWO CASE STUDIES

here are few cases where a parapatric boundary has been closely mapped, 
nd where alternative hypotheses for its maintenance have been ex­
perimentally tested. Two such cases come from South Australia.

/  One involves two morphologically similar frog species, Ranidella riparia\ 
r nd R. signífera, which were once regarded as the same species (133).> 
Subsequent allozyme electrophoresis showed genetic differentiation five 
imes greater than between other sibling Ranidella species (95). Ranidella 
iparia, endemic to the Flinders Ranges of South Australia, has its southern 
imit at a stable parapatric boundary with the more widespread R. signífera 
92). No hybrids are found in the narrow overlap zone where R. riparia 
creeds in swift, rocky, west-flowing creeks, and R. signífera in slower, more 
nuddy, east-flowing creeks. Habitat suitable for each species is available 
>eyond the boundary, but neither species extends further into the range of the 
Hher (92).

Laboratory experiments showed that R. signífera tadpoles were displaced 
nore by flowing water (91), and more often chose sheltered habitats, es­
pecially in the presence of R. riparia (96). In field cages in still creeks, or 
heltered cages in flowing creeks, tadpoles of both species survived and grew
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equally well; but R. signífera had reduced success when mixed with R. 
riparia in flowing water (93). Even in still water tadpoles of R. riparia caused 
a feeding shift in those of R. signífera (97). These results suggest R. signífera 
is prevented from spreading into the swift flowing creeks beyond its range 
because its tadpoles are adapted to calmer water, and are competitively 
inferior to R. riparia.

Reproductive interference may prevent R. riparia from extending into 
calmer water, a habitat it successfully inhabits outside the range of R. 
signífera (92). Males of R. riparia have a relatively complex vocal repertoire 
(99). Yet their advertisement calls average 24 dB lower than R. signífera and 
may be inaudible to conspecific females in the dense continuous chorus of R. 
signífera (98). Experimentally transplanted R. riparia males moved away 
more rapidly from areas where R. signífera males were calling (94). Acoustic 
jamming may prevent successful colonization by R. riparia of creeks where 
R. signífera is established and calling (98).

The second example concerns three tick species that have parapatric distri­
butions in South Australia (124). All infest the same major host, the sleepy 
lizard Trachydosaurus rugosus, whose distribution is continuous across the 
tick boundaries. The boundary between Aponomma hydrosauri and Amblyom- 
ma limbatum near Mt. Mary has remained stable for over 20 years (C. M. 
Bull, in preparation). On three transects the boundary center oscillated by less 
than 800 m over eight years, with no unidirectional trend. The boundary is 
close to a vegetational ecotone (24, 102, 124). To the north, ground con­
ditions may be too arid for Ap. hydrosauri, which is less tolerant of desicca­
tion (25) and seeks less stressful conditions (73, 124). However, transplanted 
Am. limbatum survive as well on either side of the boundary in the litter 
microhabitats where they wait for hosts (24).

The mechanisms preventing Am. limbatum from spreading south across the 
boundary remain unknown. Interspecific competition appears an unlikely 
explanation because there are many underused hosts, and because neither 
species was affected by experimental coinfestation at or above maximum field 
levels (22). Predators, mainly ants, attack detached ticks, but the ant distribu­
tions do not coincide with the tick boundary (23, 33). There is no evidence 
that lizards from across the boundary are less suitable hosts for attachment and 
engorgement by ticks (24).

Reproductive interference could be involved in maintaining the boundary. 
Females initiate mating on the hosts by emitting an excitant pheromone soon 
after attachment (7). Attached conspecific males will not respond when 
females of the other species are also attached (8), perhaps because of signal 
jamming. However, only 13% of lizards close to the boundary carried Ap. 
hydrosauri females, so this would be an ineffectual barrier to colonization by 
Am. limbatum (C. M. Bull, in preparation).

Tick dispersal is slow (20). Over eight years very few Ap. hydrosauri
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colonized north of the boundary, while more Am. limbatum colonized south. 
At least one successful colonization, 1 km south of the boundary, persisted 
from 1985 to 1988. On the three transects studied, there were consistently low 
densities of hosts, and low infestation levels per host, in areas immediately 
adjacent to the boundary (C. M. Bull, in preparation). A role which this 
population trough may play in maintaining the boundary is explored below.

MODELS OF PARAPATRY

In some cases, such as the reptile ticks, conventional models cannot adequate­
ly explain the maintenance of stable parapatry. Other cases of nonhybridizing 
parapatry have seldom been studied in this detail, so there are few empirical 
data for generalizations to be developed. Where explanations for parapatry 
have been sought there was sometimes disagreement (58, 127), often no 
conclusion (49, 67, 68, 72), and rarely experimental testing of proposed 
mechanisms. Low dispersal rates, possibly with a population trough, may be 
key elements in the maintenance of parapatry. Troughs or gaps between 
parapatric species were often mentioned in early descriptions of parapatry 
(15, 37, 121) and were detected at the reptile-tick boundary. Low dispersal 
and the presence of troughs may influence.parapatry in two possible ways.

Density Dependent Advantage
The first mechanism is derived by analogy with narrow hybrid zones. Many 
of these coincide with environmental ecotones (9, 19, 107), but in others, 
ecological change is gradual relative to the abrupt hybrid zone (128) or 
undetectable (89). Many hybrid zones are maintained by negative heterosis 
(61), with a balance of selection against hybrids counteracting dispersal of 
parental individuals into the zone (11). Low dispersal rate relative to the zone 
width means that very small, maybe undetectable, levels of selection against 
hybrids are sufficient to maintain stable zones (12). Thus, in some examples, 
evidence for reduced hybrid fitness was not found (21). Hybrid zones may be 
located at density troughs, regions of local decrease of population, with no 
requirement for an environmental gradient (13, 60, 61). With low dispersal 
the zone becomes trapped at the trough because neither species can overcome 
the numerical disadvantage implicit in the negative heterosis mechanism (11). 
Simulation models show how this may persist for thousands of generations 
(87). The rarer species always suffer greater proportional losses from in­
terspecific crosses. A hybrid zone in Podisma follows such a trough (88).

Stable parapatry without hybridization may be maintained in analogous 
ways. This requires density dependent interactions which depress each spe­
cies more when it is less numerous. Interactions through reproductive in­
terference, and through parasites and disease, could act in this way as already 
discussed. With these mechanisms, both a slowly dispersing species and a
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species colonizing from a population trough will be numerically dis­
advantaged and less able to penetrate the range of the resident species. The 
outcome of the species contact will depend upon the strength and symmetry of 
the interaction and the dispersal rates. Where dispersal is slow, weak in­
teractions will be sufficient to maintain parapatry. Increased dispersal will 
require stronger interspecific interactions. An asymmetrical advantage to one 
species may cause the boundary to move and to stabilize only where an 
environmental cline alters the relative advantages. The greater the asymmetry 
the further the boundary will move along a cline, in extreme cases leading to 
the exclusion of one species.

The Deme Model
An alternative model, where interactions do not need to be density dependent, 
is derived from models of the dynamics of local and regional populations. 
Migration is a major, but often ignored, component of population dynamics 
(129, 130). Models in which migration influences the spatial dynamics of 
populations (43, 56, 57, 113, 114) view regional populations as groups of 
local populations occupying isolated patches of variably suitable habitat (2). 
The regional population in these models is only maintained when dispersal 
from local populations is sufficient to recolonize local extinctions. Empirical 
evidence supports these models. Local populations on small islands have 
measurable extinction rates that are higher for smaller or more recently 
established populations (109, 132); local populations of herbivorous insects 
frequently establish or go extinct on individual plants (1). Many local pop­
ulations rely entirely on repeated migratory recruitment for their establish­
ment and maintenance (36), a phenomenon called the rescue effect (18).

A characteristic of the edge of a species range is that there are fewer 
suitable patches where local populations can establish (17, 138). In peripheral 
populations of birds, death rates exceed birth rates, and local populations are 
only sustained by continual migration (137). Carter & Prince (27) developed a 
model from epidemic dynamics to show that a population could not persist in 
a region with a high ratio of the rate of patch extinction to the rate of dispersal 
to reoccupy vacant patches. Their model predicts the abrupt species boundar­
ies on gentle climatic or altitudinal dines that they found for the British 
prickly lettuce Lactuca (28, 29, 106). Small drops in fitness from the presence 
of another species could have an equivalent effect.

A model for parapatry is illustrated in Figure 1. Assume a species A is 
spreading its range from a source population onto a landscape of “dunes” of 
ecological suitability such that the distance between adjacent ridges is further 
than the dispersal range of individuals. Local populations can establish and 
persist for some time on the ridges. In the troughs there is normally no 
effective reproduction, and local populations are maintained by migration 
from the ridges. However, in good years, the trough population can reproduce
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igure 1 A model for parapatry with slowly dispersing species in a patchy environment.

ifficiently to generate dispersers itself, and the next unoccupied ridge can be 
ttained. Once established, local populations persist on the ridges as long as 
lere is occasional interpopulation migration via the troughs. Ephemeral 
resence in the troughs is maintained by dispersal counteracting extinction, 
ss effectively if dispersal is lower.
Now suppose there is secondary contact with another species, B. Assume 

iey interact so weakly that local populations of neither are influenced on the 
dges. In the troughs, however, small interactions may be sufficient to 
verbalance the equilibrium between dispersal and extinction. The lower the 
ispersal the smaller the interaction needed to exclude one species. Then 
ther (a) the ranges of both species are held at that trough in which contact 
as first made, because neither can now build up numbers sufficient to 
>lonize and permanently maintain the next ridge; or (b) one species, B, is 
Id, but A is better adapted, or less affected by interactions, and can expand 

ito the next ridge. There A coexists with B, then spreads to the next trough, 
êludes B from there, so B becomes isolated on the previous ridge. That 

cal population of B, now not supported by migration, will eventually go 
tinct. Meanwhile A expands further into the range of B, replacing it in this
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manner, until some environmental change along a gradient reduces its adap­
tive or competitive advantage in the troughs. The spatial and temporal pattern 
shown at the reptile tick boundary near Mt. Mary is that predicted by this 
model (C. M. Bull, in preparation).

CONCLUSION

This view of parapatry emphasizes dispersal as a parameter of prime im­
portance in influencing interspecific interactions. Relatively mobile species 
will have labile distribution edges and will frequently mix and interact in 
communities (129). They will be able to colonize and exploit patches within 
the distribution of other species (120). Only sharp ecotonal changes or strong 
ecological interactions will lead to parapatry in those species. In contrast, less 
mobile species like wingless orthopterans (61, 67, 71), amphibians (19, 64, 
69, 75, 92), and ants (34, 49, 103) will often form abrupt parapatric bound­
aries or hybrid zones (62). Even within a taxonomic group, birds tend to 
disperse less in the tropics (39), and to form more parapatric boundaries there 
(52, 131) than in temperate forests (90). Parapatry is a phenomenon where 
interactions with influences beyond the local population may have major 
implications. Cases of parapatry, previously dismissed as simple examples of 
competitive exclusion, or of the effect of an ecotone, may prove to be fertile 
testing ground in a new and richer perspective of past and present processes 
important in ecological communities.
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MATE CHOICE IN PLANTS: An 
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INTRODUCTION

Whenever the potential fathers of seeds differ in quality and whenever pollen 
is available in excess of the amount necessary to sire seeds, plants have both 
the opportunity and the selective pressure to mate nonrandomly (181). Plant 
mating may be nonrandom at several genetic, structural, and temporal levels. 
Genetically, mates may be sorted on the basis of relatedness to the seed parent 
(121, 137), complementarity of maternal and paternal genotypes (174), and 
the characters of pollen and pollen donors. Structurally, the physiological 
decisions that regulate mating may occur among the pollen grains and ovules 
within individual flowers and fruits (159, 181), among the fruits along 
branches (103), or across entire plants. Temporally, processes that produce 
nonrandom mating may occur both before and after pollen arrives on stigmas, 
during all of the steps from pollen germination through seed maturation, and 
under varying environmental and physiological conditions across seasons.

Nonrandom mating, which occurs whenever the paternity of seeds is 
different from that which would result from random use of the pollen avail­
able, can occur by mechanisms under the control of pollen donors and pollen 
tubes, maternal tissues, and embryos (134, 159, 181). All have clear fitness 
interests in the mating process: Pollen donors and maternal plants can improve 
fitness by increasing the number and quality of offspring, and embryos must 
gamer sufficient maternal resources to survive to maturity, germinate, and 
grow to reproductive size. The interests of pollen donors have been relatively
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V
Zoogeography of North American (North of 

Mexico) Freshwater Fishes

Class Agnatha
Petromyzontidae

Class Osteichthyes 
Chondrostei 

Polyodontidae 
Acipenseridae 

Holostei 
Amiidae 
Lepisosteidae 

o r d e r s  Teleostei
Hiodontidae

Lot’rt&S

C y p w

iT* i </r * f*r '‘’H 
F*£ r Cc M  « *£*rv*e s

P ere iX*y™'è*

£&o* D i s i v i

Anguillidae 
Clupeidae 
Salmonidae 
Osmeridae 
Esocidae 
Umbridae 

OstarTophysi 
Characidae 
Cyprinidae 
Catostomidae 
Ictaluridae 
Percopsidae 
Aphredodéridae 
Amblyopsidae 
Gadidae
Cyprinodontidae 
Poeciliidae 
Atherinidae 
Gasterosteidae 
Percichthyidae 
Centrarchidae 
Percidae 
Sciaenidae 
Cichlidae 
Embiotocidae 
Cottidae

Continental
Salinity Divide Other

. sp. tolerance E W Endemic regions

17 2 + + 1

1 1 + 4
7 2 + + 1

1 1 + +
5 2 + +

2 1 + +
1 2 + ’ 1
7 2 + all
35 2 + + 1
6 2 4* + 1
4 1 + 1
4 1 + + 1

1 1 + 2,3
150 1 + + 1,3,4
55 1 + + 4
40 1 + +
2 1 + + 4
1 1 + +
6 Ì + +
1 2 + 1
30 2 + + 1,2,3
15 2 + 2
3 2 + 211
4 2 + + 1
4 2 + 1,2,5
32 1 + + +
(3+130) 1 + (+130) 1
1 % •f all
1 2 + 2,3,4
1 2 + 1 (Japan)
25 2 + + 1

Key: Salinity 1, primary freshwater fishes; all or virtually all in family 
are restricted to freshwater (cannot osmoregulate in seawater); ancestral 
dispersal assumed to be only by freshwater routes.

Salinity 2, secondary freshwater fishes; most species in family are marine or 
euryhaline (osmoregulate in both freshwater and seawater); can disperse 
via ocean. Other species that "sp^Sdically" or "peripherally" occur in
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freshwater such as gobies, some sharks, flounders, e t c . ,  but are not 
dependent on freshwater (i.e. they freely move back and forth between 
river and sea) are not included.

Other regions: Other species in family are found in: 1. Palearctic 
* Neotropical 3. Ethiopian 4. Oriental 5. Australian

Endemic (+) means all species in family are endemic to North America.

The superorder Ostariophysi makes up about 90« of all primary freshwater  ̂
fishes of the world (ca. 6000-6800 sp), but only about 50% of the North
American fish fauna.

The (3+130) notation for Percidae denotes three species (yellow perch, 
walleye, and sauger) and about 130 species of darters.

Note the paucity of families (and species) west of Continental Divide. 
Considerable extinction of freshwater fishes occurred here and in other 
parts of the world in the Pliocene.

1 .

Topics for Discussion and Speculation

Using fishes as examples, we will attempt to review and synthesize the 
major principles of classical zoogeography, historical biogeography, and 
geographical ecology covered to date.

Featured in this all star review will be: extinction, adaP ^ t^ j f ion> 
convergent evolution, species flocks, competition, predation, competiti 
exclusion, coevolution and much more*

Extinction: Paleozoic fossils in and around Colorado are of ffi&rine 
fishes including some montrous placoderms. Typical freshwater fauna 
appear in Cenozoic times. Rich deposits of fossils are found in the 
"Green River Lakes", a series of large lakes of Pal eocene and Eocene 
age (40,000,000-60,000,000 years B.P.) in S.W. Wyoming, N.E. utan, 
and N.W. Colorado. The fossil fishes represent stingrays 
(Chondrichthyes, Dasyatidae), paddlefishes (Chondrostei,
Polyodontidae), gars (Holostei, genus LepisosteusJ, bowfinsJHolostei, 
qenus Ami a), and following teleost fishes: mooneye (Hiodontidae), 
bonytongïïë (Osteoglossidae), herrings (Clupeidae) African sandfvsh 
(Gonoryhnchidae), suckers (Catostomidae), catfishes (Ictaluridaie), 
trout perches (Percopsidae), perches (Percidae), and species of two 
extinct families, Asineopidae and Priscacaridae.

Comparisons with present fish fauna reveals majorextinctions, 
replacements and a few surviving phylogenetic relicts. Ch° ™ ^ hth^ 
now have no freshwater species in Nearctic A
few species of Chondrostei and Holostei —  paddlefish, sturgeon , 
gars and bowfin —  have persisted to present. Note_genera LepiS2|teus 
and Amia occurring 50,000,000 years ago. Also species of famines 
Gonorhynchidae and Osteoglossidae indicate radiation of primitive 
teleosts from Gondwanaland to Laurasia and into North AlJ®r^ a: 
Osteoglossidae is presently represented by one species in Africa, one
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snecies in Australia, and two species in South America. A few 
Ipeciel of Gonorhynchidae persist in Africa. Both families are 
primary fr6Shwater fishes.

The mooneyes (Hiodontidae) have persisted to the present with two 
existing species.

The Ostariophysi are represented by species of suckers (CaJ ° f ° ™ dae) 
and catfishes (Ictaluridae), but no minnows (Cypnmdae), the most 
speciose of all vertebrate families ( 2000 sp.).

The order Percopsiformes (represented by family Percopsidae) is the most 
J m ve oftSe danced teleost fishes. They exh b 1 characters 
intermediate between primitive teleosts and advanced f

threat ami 1 ies^endemic^but
Most species are highly specialized cave fishes. Note similarities witn 
holostei (gars and bowfin).

Percidae is ancient family of "advanced" teleosts. walleyes^and1 European 
Hoi arctic as a few, stable species of yellow perch, walleyes, a h
"mffps" except for a great splurge of speciation of darters in N

^ ra H ^ ly :ia "n Iiir Jo b u rd a r(^ ra c h « “r iM c h  n e M !  i t  to North 
America.

Speculate on explanations for persistence of phylogenetic relicts.

What similarities of historical distribution patterns are exhibited by 
Polyodontidae and Catostomidae?

Catfish (Ictalurus) occurred in western U.S. ^ ^ i ^ ^ ^ g ^ ^ c h i d a r 0 
the Pliocene. What could have caused their extinctio . a t
were common fishes of Miocene-Pliocene in 'western f^sac?amento
indigenous western distribution is limited to one species in sacrame
River.

Note the similar primitive distribution pattern, and persistence of 
relicts, in both Percopsidae and Umbndae.

What is similarity among Gadidae^Scijenidae¡ a n d . ^ K ° c^ae? Why is
this phenomenon so much more prevalent in Australia (two species o
primary freshwater fishes) and New Zealand (no species of primary 
freshwater fishes)?

Why are all of the endemic families "primary freshwater" (minor exception 
with gars)?

What routes of dispersal were used by primary freshwater fishes to become 
established in North America (Palearctic-Laurasia or 
Neotropi cal-Gondwanaland)?

What is basis to recognize provinces (subregions) for freshwater fishes 
(remember degree of endemism)?
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Understand problems of endangered species in terms of rapidly changing 
environments (changing more rapidly than adaptive evolutionary changes are 
possible) and sudden exposure to massive invasion of new species —  
coevolution has been disrupted.

What is a species flock? How do they "bend the rules" of spéciation and 
taxonomy? North America has, at most, mini species flocks -.- a few 
species of ciscoes (Coregonus) in Great Lakes, perhaps the tui chub of 
Lahontan basin, and whitefisties (Prosopium) of Bear Lake, which has 4  
endemic species -  only three other species of this genus occur nvNearctic 
and Palearctic ( a "relict genus"). Lake Malawi, Africa has more than 300 
endemic species of cichlids. Lake Baical has species flock of sculpins. 
Lake Titicaca of topminnows, and Lake Llanao (Phillipines) of true minnows.

How are past climatic and geological histories 
evidence of primary freshwater fishes. Hint: 
runs downhill.

interpreted by zoogeographic 
fish live in water and water

Freshwater fishes make up about 40% of the world's fish fauna (ca. 8000 of 
20,000 species) but freshwaters make up less than 1% of the volume of 
water on earth. With such comparative habitat volumes, it appears that 
freshwater fishes must speciate more rapidly and more profusely than 
marine fishes. Why?

Not all regions of the world are equally endowed with all major 
evolutionary lines (orders and families) and certain types of 
specializations may be lacking in species of various regions or provinces 
(ex. feeding on macrophyte vegetation). South America [Neotropical) has 
about 10 times more freshwater fish species than North America (Nearctic).



Trout

Trout are the aristocrats of inland waters* Their beauty and 

the charm of the waters in which they live make the trout the most 

highly prized of the world’s game fishes. The traditions* ethics, 

and refinements of angling are developed to a very high degree for 

the pursuit of trout. All dwell in boreal waters in hill or moun­

tain streams or in the northerly latitudes of the ocean if they 

are migratory forms that tun to the sea.

The term »trout* Is loosely applied to a number of similar 

species. The 'true trouts* belong to e group of fishes in the family 

Salmonidae. This family is divided into three subfamilies: the 

whitefishes, Coregoninee, the graylings, Thymellinae,end the trouts, 

salmons and charrs, Salmoninae. Thase are relatively primitive forms 

lacking spines in their fins, or any armor or other specialixed 

structures often seen in the higher fishes, such as bass or perch.

There is not much agreement in the use of the names trout, salmon and 

charr. In fiurope the name trout is given to the brown or see trout,

Salmo trutta. and charr is used for the various forms of the arctic 

charr, Salve!inus alpinus. The Atlantic salmon, although ceiled a salmon, 

is more closely r e l a t e d  to our rainbow trout than it is to the Pacific 

salmon in the genus Oncorhvnchus. In North America we have four groups

of native charrs which are often cal led trout. These are the eastern
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brook tro u t, Salvai imi» font Inal i s . the lake tro u t, S,. namavcush, the 

Polly Vardan. S. malma. and the A rctic ch arr. S. aloinus. Thase are 

more closely related to the European and A rctic charrs than they are  

to tha true tro u ts .

<1 -We have three nativa trouts in North America. These ara tha rainbow 

or stealhead. Salmo ga i rdner i i the A tlan tic sal »»on. Salmo s a la r , and 

the black-spotted o r cutthroat tro u t, Salmo d a rk ! i ♦ T h e lb tte r  is so 

cal led because of the crimson, siash-lik e markings on each side of tha 

th roat. Ik  originally  from northern C alifornia to southern

Alaska in coastal waters, and was the wily nativa t r o u t l n t h e i n t e r i o r  

drainages of the upper Missouri, Colorado, R'O Grande and in the Great 

Gaisin in Nevada and Utah. A number of subspecies of cutthroat haya bean 

named. Among these are the coastal Cutthroat. S. c lark li c la r k i i . tha 

black-spotted trout of Yellowstone Lake and the head of the Missouri 

River. S. clerk ! i l  awl s i . and the Lahontan or Ifavade cu tth ro at, J i. d a r k !  i 

henshawt. The record trout ever taken by angling weighed over ki pounds 

and was a henshawi and came from Pyramid Lake, Nevada.

The golden trout of California is a unique fish  and is considered a 

d istin ct sp ecies, Salmo aauabonlta bv some ichthyologistsi but only as a 

subspecies of the rainbow by o thers. It lives in high, cold streams and 

lakes, usually above 8 ,000  feet elevation. Its  native habitat was the 

South Fork of the Kern River in C alifornia,^  Spawning in streams in la te  

dunai i t  w ll1 readily hybridize with rainbow tro u t, producing f a r t i l a  

hybrids. Recently, other forms of golden tro u t, much Ilka tha California  

"type»;'’hiva been discovered in Mexico and Arizona. ■■■



In the genu» Salwo. besides the species already ment toned,we have

S. 1schehan of Lake Sevan and S . mvkiss of Kamchatka, both in USSR, and

Ju 1etnica of Lake Ohrid, Yugoslavia. There are three other genera of

treu tltk e  fishes that are closely related to Salmo. These are Hucho

Brachvmvstax. and Salraothvmus. The genus Hucho has three spacl asyf / Rna

In. the Danube River, one in Siberia, and one in northern Japan. The genus

Srachvrevstax consists of a single species found in Asia. Saimothymus 

contains a few, t i t t l e  known species in trib u taries of the A driatic Sea

in Tugoslavia and Albania

In the streems tributery to the P acific  Ocean, six,' species of P acific

salwon. Oncorhvnchus¿spawn. Five of these species live in North America

and a sixth  occurs only in northeastern A sia. Li fee the A tlan tic salmon

the P a cific  sa iwon spawns in freshwater but spends most of { ts  l i f e  In the 

sea, returning to freshwater to breed. Rut unlike the tro u ts , a ll  P a cific  

salmon die a f te r  spawning« One species of P acific  salmon, the sockeye, 

Oncorhynchus nerka. 'mayy,|;}^,>LtS whola. l i f e  In freshwater, never going to

sea. ■ ,Thi,sSi1 fôtMW tawNriRR fut# JWufhde le'?1'

The whole family Salmon idee was o rig in alty  re stric te d  to the co ld e rp  

waters of the Northern Hemisphere. Trouts, especial 1y rainbow and brown v

South America, A ustralia and New Zealand where they have produced fabulous

é leafy: cold

weiloxygenated waters with suitable gravel for nest building during 

spawning. F a rti lizatIon of the eggs occurs externally as they drop into 

Shallow pockets made by the fem alein  the g ra v e l.a fte rw h lcb th e  female
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then Ml III several inches of gravel. Incubation occurs 

In ti># gravel where they are protected from predators| Survival through 

h a t i ^ l b g o f t e n l e n g t h  of the incubation periodf L \/V*'4£r \iU I '  ̂ * a | 1 ■/ # " l| . H  - ' ; If 11 *' |j I Sp| | ] i '■■
depends 'Upon Water temperatures. At $5 F rainbow eggs will hatch in 23 days 

At l3°P  theineubationperiod  may require as much e* 130 days* |

the brown trout* Salmo trutta, was originally distributed from North

Africa;,/ throughout Europe and in Asia to the Aral Sea and its  trib u tarles

In th e  Caspian Sea this species has been reportedby Russians to reach a 

weight o f  ICO pounds, in the northern part o f  its  rangé» the brown trout 

has popu iat ions'which go to sea to grow and mature» returning to freshwater 

to s p a w n .â :few sea-run brown trout have been reported recently from the

Col umbia River i n Oregon. In thIs respect they pare)1el the behavior of 

A tl4n tic  salmon. The brown trout has been successfully Introduced into  

«|Ény American waters. I t  is the most wary of trout and more d if f ic u lt  to 

/jèatéh ' then- ©t*fs .nati ve American ! spec i as M. !

The rainbow» of steel head, trout was native only t o t h e  P acific  coastal

streams of North America* from northern Mexico into Alaska. I t  is a

superb game fish , makìng spectacular Iceps when hooked. Reinbows have been

known To atta in  a weight of mora than 35 pounds. Temperature-wise rainbows

ore the most adaptable of the trouts and can -stand water temperatures of 

83°F if the oxygenremains high. They are  the principal trout propagated

in fish hatcheries

Most splmonlds ere carnivorous end predatorym  When young they eat the

microscopic l if e  in water, ia te rtu rn in g  largely to insects and crustaceans. 

Whan very large they are usually piscivorous. A great variety  of a r t i f i c ia l
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lures used by anglers are Imitations of th eir aquatic foods. Dry fly  

fishing fo r trout is considered the higheit form of the engler’ s a r t .
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