We H. Dieffenbach
October 8, 1963
Fish Distribution

IT., Arkgnsas River: : ‘
Genus opecies
Family Petromyzontidae

Chestnut lamprey Ichthyomyzon castaneus (Girard) ;
Southern brook lamprey 1, cacel (Hubbs & Trautman)

Family Lepisosteidae
opotted gar Lepisosteus oculatus (Winchell)
Longnose gar L, 0SSeus (Linnaeus)
Shortnose gar L. platostomus (Raf'inescue)
Alligator gar L, spatula (Lacepede)

Family Amiidae
Bowf'in Amia calva (LihAngeus)

gm—

family Clupeidae
>kip jack herring Alosa chrysochloris (Rafinesque)
Ohio Shad A, ohiensis (Bvermann)

X Gizzard shad Dorosoma cepedianum (LeSueur)

Family Salmonidae
Sockeye salmon (Koksnee) Oncorhynchus nerka (Walbsum)
Cutthroat trout Salmo clarki (Richardson)
ég:#ﬁainbow trout Salmo gairdneri (Richardson)
& XBrown trout S, trutta (Linnaeus)

XBroock trout valvelinus fontinalis (Mitechill)
>dake trout 5 namaycush (Walbaum)

tamily Hiodontidae :
Goldeve Hiodon alosiodes (Rafinesque)

Moone ye H, tergisus (Le8ueur)

Family Esocidae
e U i A : i
XGrass pickerel Lspx americanus vermiculatus (LeSueur)
Chain i £sox niger (LeSueur)

Femily Charcidae
@ Banded tetra Astyanax fusciatus (Cuvier)

Family Cyprinidae
Stoneroller Campostoma anomalum (Rat'inesque)
® *Goldfish Carassius auratus (Linnaeus)
S0, redbelly dace Chrosomus erythrogaster (Rafinesque)
® *%Carp Cyprinus carpio (Linnaeus)
Ozark minnow Dionda nubila (Forbes)
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Arkansas River (continued):

Genus
Hybognathus placita (Girard)

Plains minnow

&Eecies

Brassy minnow

HVbovnathuS nankinséeni (Hubbs)

Silver minnow

Speckled chub Hvbon31s

nuchalis (Acassiz)
aestivalis (Girard)

Bigeye echubo h.
Hornyhead chub
Flathead chub
Silver chub
Gravel chub

XGold shiner

H.

amblops (Rafinesque)

bisuttata (Kirtland)

gracillis (Richardson)
Storeriana (Kirtland)

x-punctata (Hubbs & Crowe)

Notemigonus crysoleucas (Mitehill)

Pallid shiner Notropis

amnis (Hubbs & Greene)

Zmerald shiner N.
Blackspot shiner N,
Red River shiner N,
River shiner N,
Bigeye shiner N,
Ghost shiner W,
Bluntface shiner N.
Ironcolor shiner N.
Common shiner N,
Bigmouth shiner N.
Ribbon shiner N,

Arkansas River Shiner N.
ocreenel
111cceorosus (Girard)

Wedeespot shiner N,

Silverband

Shiner N,

atherinoides (karfinesque)
atrocaudalis (Evermann)

bairdi (Hubbs & Orénburger)
blennius (Girard)
boops ullbeﬁt)
buchanani (Meek)
camurus (Jordan and Meek)
chalybaeus (Cope)
cornutus (Mitchill)
dorsalis (Agassiz)
fumeus (Evermann)
girardi (Hubbs & Optenburger)
Hubbs & Ortenburger)

ied shiner
aillight shiner
Alamlcni shiner
Plains shiner
Colorless shiner
Chub shiner
Rosyface shiner
opotfin shiner
dand shiner
Topeka shiner
Redfin shiner
Blaektail shiner
Mimic shiner
oteelcolor Shiner
Bleeding shiner
Pugnose minnow

N,

Uﬂsopoe

whlhgle {

lutrensis (Baird &
maculatus (Hay)
obtenburgeri (Hubbs)
percobromus (Cope)
_Rerpallidus (Hubbs & Black)
potteri (Hubbs & Bonham)
rubellus (Acassiz)
ESETBEEEPuS (Cope)
stramineus (Cope)
topeka (Gilbcrt)
muratllls (Girard)
venustus (Girard)
volucellus (Cope)
Girard)

rirard)

zonatus (Agassiz)
dus emilise (Hay)

Suckermouth

minnéw Phenacobius

mirabilis (Girard)

Bluntnose minnow Pimephales

notatus (Rarinesque)

Fathead minnow i
S1lim minnow &
rBullhead minnow

bromelas (Rafinesque)
tenellus (Girard)

vigilax (Baird & Girard)
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Arkansas River (continued):

Genus Species

Longnose dace Rhinichthys cataractae (Valenclennes)

Speckled dace Re

osculus (Girard)

Crzek chub Semotilus ebromaculatus (Mitchill)

B > Tench Tinca tinca (Linnaeus)

Family

Family

Catostomidae

River carpsucker Carpiodes carpio (Rafinesque)

Plains carpsucker
Highfin carpsucker
Longnose sucker

C.
C.

Torbesi (Hubbs)
velifer (Rafinesque)

Catostomus catostomus (Forbes)

White sucker
Blue sucker

[N

commersoni (Lacepede)

Cycleptus elongatus (LeSueur)

Creek chub

Erimyzon oblongus (Mitchill)

No. hog sucker

Hypentelium nicricans (LeSueur)

Smallmouth buffalo Ictiobus bubalus (Rafinesque)

Bigmouth buffalo
Black buffalo
Spotted sucker
shorthead redhorse
River redhorse
Black redhorse
Golden redhorse

Ictaluridae
XBlue catfish

T
e

cyprinellus (Valenciennes)
nirer (Rafinesque)

Minytrema melanops (Rafinesque)

Moxostoma breviceps (Cope)

M,
M,

Ulg

carinatum (Cope)
duquesnel (Lesueur)
erythrurum (Raiinesque)

talurus furcatus (LeSueur)

Black bullhead
Yellow bullhead
XBrown bullhead
Flat bullhead
XChannel catfish
Mountain madtom 1

melas (Rafinesque)
natalis (LeSueur)
nebulosus (LeSueur)
platycephalus (Girard)
unctatus (Raifinesque)

oturus eleutherus(Jordan)

Slender madtom
Stonecat

Tadpole madtom
Brindled madtom
Freckled madtom

Angcuillidae

exilis (Nelson)
flavus (Rafinesque)
yrinus (Mitehill)
miurus (Jordan)
nocturnus (Jordan & Gilbert)

American eel Anguilla rostrata (LeSueur)

Cyprinodontidae
Northern studfish
Plains killifish

Blackstripe topminnow

ostarhead topminnow

fundulus catenatus (LeSueur)

]
e

i
e
P

kansae (Garman)
notatus (Rafinesque)
notti (Agassig)

Blackspotted topminnow ¥, olivaceus (Storer)

(3)




II. Arkansas Riverv(ccntinued):

Plains topminnow Fundulus sciadicus (Cope )

Family ©Poeciliidae | :
Mosquitolish Gambusia afiinis (Baird & Girard)

ramily Amblyopsidae
Southern caverish Amblyopsis resae (Eigenmann)

Family Gasterosteidae
Brook stickleback Hucalia inconstans (Kirtland)

Family Aphredoderidae
Pirate perch Aphredoderus sayanus (Gilbert)

Family Serranidae
XWhite pass Roccus chrysops (Raiinesque)
Yellow bass R. mississippiensis (Jordan & Eigenmann)
@ Stripped bass R. saxatilis (Walbaum)

Family Centrarchidae
XRock bass Ambloplites ruestris (Rafinesque)
Flier Centrarchus macropterus (Lacepede)
XWarmouth  Chaenobruttus zulosus (Cuvier)
Banded pyemy sunfish Elassoma zonatum (Jordan)
Redbreast sunf'ish Lepomis auritus (Linnaeus)
Green sunfish L cyanellus (Rafinesque)
XPumpkinseed La cibbosus (Linnaeus)
Orangespotted sunfish L. humilis (Girard)
XBluegill macrochirus (Rafinesque)
Dollar suhfish marginatus (Holbrock)
Longear suniish mecalotis “(Rafinesque)
Redear sunfish mlcrolopnus (Gunther)
Spotted sunfish punctatus (Valenciennes)
Bantam sunfish symmetricus (Forbes)
XSmallmouth bass Mlcrooterus dolomieui (Lacepede)
Spotted bass M, punctulatus (Rafinesque)
Xlargemouth bass M. salmoides (Lacepede)
*White crappie Pomoxis annularis (Rafinesque)
XBlack crappie Pd nigromaculatus (LeSueur)

BRREEEE

<9, Family Percidae
Crystal darter Ammacrypta asprella (Jordan)
Scaly sand darter A. vivax (Hay)
Mud darter Etheostoma asprigene (r'orbes)
‘ Scalyhead darter ::.. oarratti (Holbrook)
Gpeenside darter K, blennioides (Raiinesque)
~ Bluntnose darter E chlorosomum (Hay)
Ewpemic Arkansas darter I cragini (Gilbert)




IT. Arkansas River (continued):

_Genus Species
Fantail darter Etheostoma flabellare (Rafinesque)
Swamp darter E. gracile (Girard)
Slough darter E, grahami (Girard)
Harlequin darter & He histrio (Jordani dilbert)
Least darter EL mlcrOperca (Jordan & Gilbert)
Johnny darter B, nigrum (Rafinesque)
Goldstripe darter &, parvipinne (Gilbert & Swain)
Cypress darter E. proeliare (Hay)
Stippled darter B punctulatum (Agassiz)
Orangebslly darter E. radiosum (HUbbs & Black)
Orangethroat darter & Lo Spectabile (Agassiz)
Redfin darter B, whipplei i;lrard)
@ ¥Yellow perch Perca f'laVPmltcrlill}
XLogperch Percina caprodes (Rafinesque)
Channel darter P, copelandi (Jordan)
Blackside darter P T maculata (Girard)
Longnose darter P. nasula (Bailey)
Leopard darter F. pantherina (Moore & Reeves)
Slenderhead darter P.: phoxocephala (Nelson)
Dusky darter P. © 'sciera (Swain)
River darter Po shumardi (Girard)
Stargazing darter P. uranidea (Jordan &Gilbert)
@ XSaurer Stizosbedion canadense (Smith)
@ XWalleye Se vitreum vitreum (Mitchill)

Family Sciaenidae
XrFreshwater drum Aplodinotus grunniens (Rafinesque)

ramily Sparidae
oheepshead Archosargus probatocephalus (Walbaum)

Family Cettidae :
Banded sculpin Cottus carolinae (Gill)

Family Atherinidae
Brook silverside ILabidesthes sicculus (Cope)
Mississippi silverside Menidia audens (Hay)

family Acipenseridae
shortnose sturceon Acipenser brevirostrum (LeSueur)

family shouldsbe family number 2.. .
Dendes S{f’ec.'es introduced ndo  (olgraclo (BEJ('"‘M}/?‘Q')
# di " ODHlahoma (/7700re 5 951)

(5)
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W. \He Dief'fenbach
October 8, 1963
Fish distribution

III. Canadian River System:
Genus opecies
1., ramily Petromyzontidae

Chestnut lamprey Ichthyomyzon castaneus (Girard)
S50, Brook lamprey 1. gagel (Hubbs & Trautman)

Family Acipenseridae ;
shovelnose sturgeon Scaphirhynchus platorynechus (Rafinesaque)

ramily Polyodontidae
Paddlef'ish Polyodon spathula (Walbaum)

ramily Lepisosteidae
Spotted gar Lepisosteus oculatus (Winchell)
Longnose car L osseus (Linngeus)
Aligator gar spatula (Lecepede)

tamily Amiidae
Bowf'in Amia calva (Linnseus)

Family Clupeidas
Skipjack herring Alosa chrysochloris (Rafinesques)
Ohio shad A, ohiensis (LEvermann)

Gizzard shad Dorosoma cepedianum (LeSueur)

Family Salmonidae
X Rainbow trout salmo gairdneri (Richardson)
% Brown trout Se trutta (Linnaeus)

Family Hiodontidae
Goldeye Hiodon alosoides (Rafinescue
y |

ramily Esocidae
rass pickerel Esox americanus vermiculatus (Lesueur)

Family Cyprinidae
otoneroller Campostoma anomalum (Rafinesque)
XGoldtish Carassius auratus (Linnaeus)
20. redbelly dace Chrosomus erythrogaster (Ratinesque)
X Carp Cyprinus carpio (Linnaeus)
Ogark minniw Dionda nubila (Forbes)
Brassy minnow Hybognathus haenkinsoni (Hubbs )
Silvery minnow H, nuchalis (Agassiz)
Bigeye chub Hybopsis amblops (Rafinesque)
Hornyhead chub H, bicuttata (Kirtland)
oilvgr chub i storeriana (Kirtland)
-4 Gravel chub 1. X-punctata (Hubbs & Crowe)
“ﬂ*a}old Shiner lotemigonus crysoleucas (Mitchill)




(9 B8

!

12.

Canadian River System (continued):

Family

Genus opecies
Pallid shiner Notropis amnis (Hubbs &% Greene)
Emerald shiner N, atherinoides (Rafinesque)
River shiner blennius (Girard)
Biceye shiner N boops (Gilbert)
Bluntface shiner W, camurus (Jorden % Meek)
Biemouth shiner N dorsalis (Acassiz)
Ribbon shiner N Lumeu° (Bvermann)
Wedegespot shiner N vreenel (Hubbs & Ortenburcer)
Silverband shiner N illecebrosus (Girard) :

Red shiner ‘ lutrensis (Baird & Girard)
Kiamichi shiner 1 ortenburgeri ( Hubbs)

Plains shiner perpallidus (Hubbs & Black)
Rosyface shiner rubellus (Agassiz)

Sand shiner . sStramineus (Cope)

Topeka shiner ] topeka (Gilbert)

Redf'in shiner N umbratilis (Girard)

Mimic shiner ML volucellus (Cope)
Steelcolor shiner N, whiponlei (Girard)

Bleeding shiner N, zonatus (Agassiz)

Pugnose minnow " Opsopoeodus emilige (Hay)
Suekermouth minnow Phenacobius mirabilis (Girard)
Bluntnose minnow Pimphales notatus (Rafinesque)
Fathead minnow Ry promelas (Rafines que )
Slim minnow Py Lgnel!us ( Girard)
Bullhead minnow _P, vigilax (Galrd & Girard)
Creek chub Semotilus atromaculatus (Mitehill)

Catostomidae
"River carpsucker _Carpiodés carpio (Rafinesque)
Highfin carpsucker C. velifer (Rafinesque)
Longnose sucker _Catostomus catostomus (forbes)
White sucker o g commersoni (Lacepede)
Blue sucker Cveleptes elonzatus (LeSueur)
Creek chubsucker _Erimyzon oblong us (Mitchill)

No. Hogsucker Hypentelium nig 8 (LeSueur)
Smallmouth buifalo Ictiobus bubalus (Rafinesque)
Bigmouth buffalo _I. cyprinellus (Valenciennes)
Black buffalo e niger (Rafinesque)

River redhorse __Moxostoma carinatum (Cope)

Black redhorse . P duguesnei (LeSueur)
Golden redhorse _ M, erythrurum (Bafinesque)

Family Ictaluridae

Blue catfish Ictalurus_furcatus (LeSueur)
Black bullhead I, melas (Rafinesque)
Yellow bullhead 1. natalis (LeSueur)
Channel catiish I punctstus (Raf'inesque)




III. Canadian River System (continued):

Mountain madtom Noturus eleutherus (Jordan)
Slendsr madtom N, exilis (Nelson)
Stonecat N, flavus (Rafinesque)
Tadpole madtom : gvrinus (Mitchill)

Brindles madtom N, miurus (Jordan)

R

Freckled madtom _N, nonfurnus (Jordan and Gilbert)
Flathead catfish PJlodictls ollvarls (Rafinesque)

Anguillidae
American eel Anguilla_rostrata (LeSueur)

Cyprinodontidae

No, studfish Fundulus gatenatus (sStorer)
Plains KlllillSh F, _kansae (Garman)
Blackstripe tog mlnnow e notatus (Rafinesaque)
Starhead topminnow F. notti (Agassiz)
Blackspotted topminnow_ F, olivaceus_ (Storer)
Plains topminnow _f. sciadicus (Cope)

15. rfamily Poeciliidae :
Mosquitol'ish rambusia aifinis (Baird & Girard)

16, Family Amblyopsidae
Southern cavefish Typhlichthys subterraneus (Girard)

17. ft'amily Centrarcnidae
Rock bass _ Ambloplites rupestris (Rafinesque)
Wormouth Chaenobryttus gulosus (Cuvier)
Green sunfish Lepomis cyanellus (Rafinesque)
Orangespotted sunfish L. humilis (Girard)
Bluesill lis ‘aCPOPhlPuS (Raf'inesaque)
Longear sunllsh L W@“Q7Otls (Rarfinesque)
Redear sunfish _L., _ microlophus, (Gunther)
omallmouth bass hWﬂPOQtePuS dolomieui (Lacepede)
potted sunfish M. punctulatus (Rafinesque)
Larcemouth bass M, salmoides (Lacepede)
White crappie Pomoxis annularis (Rarinesque)
Black creppie P nigromaculatus (LeSueur)

Percidae

Scaly sand darter _Ammocrypta vivax (Hay)

Greenside darter Etheostoma blennioides (Rafinesque)
Bluntnose darter &, chlorosomum (Hay)

Fantail darter e flabellare (Rafinesque)
Swamp darter K, fusiforme (Girard)

Harlequin darter E, histrio (Jordan & Gilbert)

Least darter Do Mg microperca (Jordan & Gilbert)




Canadian River System:(cont

Johnny darter Etheostoma nizrum
Cypress darter_i, proeliare
Orangethroat darter E, Spectabile
R darter _E. whipplei
‘ercina caprodes
copeland]
maculata
nasuta (I
phoxoceph
sciera (Sv
otizostedion canac

Scilaenedae
freshwater dru Aplodinotus zrunniens (Rafinesque)

2l. IFamily Atherinidae
Brook silverside Labidesthes sicculus (Cope)




Platte River System: (continued)

familyCyorinodontiformes
Banded killifish Fundulus diaphanus (LeSueur)
Plains killifis o kansae (Garman)
Plains topminnow F. sciadicus (Cope)

famidy Gasterosteidae :
Brook stickleback Hucalia inconstans(Kirtland)

Family Serriaidae
Xxwhite bass Roccus nqrysaos (Rafinesque)
Yellow bass R, mississippiensis (Jordan and Eigenmann)

Family Centrarchidae

~Rock bass Ambloplites rupestris (Rafinesque)
Wwarmouth Chaenobryttus gulosus (Cuwvier)
3reen sunfish Lepomis cyanellus (Rafinesque)

X Pumpkinseed L. h;bbosus (Linnaeus)
Orangespotted sunf'ish L. humilis (Girard)

#4Bluecill L, macrochirus (Raf'inesque)
Redear sunfish L, i microlophus (Gunther)

XKSmallmouth bass Micropterus dolomieui (Lacepede)

*Largemouth bass M, Salmoides ( " )

¥* White crappie Pomoxis annu.iaris (Ralinesque¥

¥*Black crappie P, nicromaculatus (LeSueur)

Percidae
Rainbow darter Htheostoma ceruleum (Storer)
Iowa darter H, exile (Girard)
Johny darter o, nigrum (Rafinesque)
Orangethroat darter I spectabile (Agassiz)
Striped darter &, virgcatum (Jordan)
Banded darter H, zonale (Cope)
FYellow perch Perca flavescens (MItehill)
¥ Logperch Percina caprodes (Rafinesque)
Blackside darter P. maculata (Girard)
Sauger otizostedion canadense (Smith)
dWalleye 2 3 vitreum vitreum (Mitkhill)

a
YL

18. Family Sciaenidae
X Freshwater drum Aplodinotus grunniens (Rafinesque)

19. Family Percopsidae
Trout- perch Percopsis omiscomaycus (Walbaum)

Jovado Platte Lier sys/em.(gec‘fman /952_)

X Denotes mtvodueced into Co
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W. H., Dieifenbach
November 5, 1663
rish Distribution

Arkansas, Platte, and Canadian River JSystems.

Endemic Species: (18 species)

Speckled chub Hybopsis aestivalis
Blackspot shiner Notropis atrocaudalis
Ghost Shiner Notropis _buchanani
Arkansas River shiner Notropis girardi
Tall light shiner Notropis maculatus
Colorless shiner Notropils perpallidus
Freckied madtom  Noturus nocturnus
Crystal darter Ammacrypta asprellsa
Mud darter Etheostoma asprigena
Scaly head darter EKtheos tcma hcrrattn
Arkansas River darter ,thhosboma cragin
Slouch darter Etheostoma crahami
Harlequin darter Etheostoma histrio
roldstripe darter Etheostoma parvipinne
Orangebelly darter Ethrostoma radiosum
Leopard darter FPercina pantherina
River darter Percina shumardi
Stargazing darter _Percina uranidae

Total

Families 25 St

Species




Seientific Name Classification
Wate b o

Petromyzontidae
Chestnut lamprey onthyomjzon casbaneus_ Ly
50, Brook lamprey ___gagel L]

2. Acipenseridae

Shortnose sturgeon Acipenséri brevirostrum

shovelnose sturgeon Scaphirhvnchus Pplatorynchus

3. Lepisostéidae
Spotted gar Lepisosteus oculatus
Tongnose gar ¥ osseus
Shortnose gar " platostomus
Alligator gar T T T

i. Polyodontidae
Paddlef'ish Polyodon spathula.

Clupeidae
Skip jack herring Alosa chiryscochloris
Ohio shad o __-ohiensis
rizzard shad Dorosoma cepedianum

7. Salmonidae
Mt, Whitefish Prosopium williamsoni i i
coxenes  Qncorhynchus nerke L Introduced
Cutthroat trout Salmo claprki ;
hoon tpenoly Sadmo galrduopd Sl Introduced
Brown trout S, trutta , : o A
Brook trout Salvelinus fontinalis ) : :
Lake trout 3 namaveush ey
American grayling Thymallus signifer i Mo, koo

0. Hiodontidae
Goldeye Hiodon glosicdes
Mooneve i tergisus

2keral Esox americanus
kopal i Aigen

luciusJ

tetra Astyanax fusciatus

{Introducedy
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Cyprinidae
stoneroller

Campostoma anomalum

Goldfish Carassius

auratus

S0,
No.
Carp

Redbelly

dace
Cyprinus carpio

Redbelly dace Chrosomus erythrogaster

"

eos

“zark

minnow Dionda nubila

rassy minnow

hybo natnuu

hankinsoni

oilvgr minnow

nuchalis

Plains minnow

11

placita

opeckled chub

_ybonsis aestivalis

Biceye chub

amblops

Hornyhead chub
Flathead chub

1n

bicuttata
gracllis

Lake chub

(]

plumbea

Silver chub

1

storesriana

ravel chub

LA

X-punctata

Gold shiner

Notemigzonus

crvsoleucas

Pallid

shiner Notropis amnis

Emerald shiner
Blackspot shiner

"
b1

v . P

atrocaudalis

River "

hi)
"

boops

Bigeye "
Ghost

n

buchamani

Bluntface

camurus

Ironcolor

chalybaeus.

Common

cornutus

Bigmouth

dorsalis

Ribbon

fumeus

Arkansas R.

cirardi

Wedgespot

greenel

Silverband
Red

illicebrosus
lutrensis

Tailight

maculatus:

Kiamiiehi

ortenburgeri

Colorless

perpallidus

Chub
Rosylace

potteri
rubellus

Spotfin
Sand
Topeka
Redfi'in

spilopterus
S tl:a?“ i ne 1S

lr0

umoratilis

Blacktail

venustus

Mimic shiner

Steelcolor shiner

Bleeding i
Pusnose minnow

o

b) ok

Notropis whipplei<

i

Oosopoedus emillde

Suckermouth minnow Phenacobius mirabilis
Plains minnow Notropls percobromus
Notropis heterolepis
Notropis hudsonius

Blacknose
Spottail shiner

shiner

(3)
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11, Cyprinidae (cont)

Bluntnose minnow Pimephales notatus
flathead i e promelas
Slim minnow 3 ~ tenellus
Bullhead minnow q _vigilax

' Blacknose dace Rholnichthys atratutus

‘ Longnose # w cataractae

Speckled ' 5 csculus.
Creek chub Semotilus atromaculatus
Tench inca tinca

=
=

P b

!
5

2 ethe

Introduced

EHHHEEE

12. Family Catostomidae
River carpsucker Carpicdes carpio
Quillback o cyprinus
Plains carpsucker_ " forbesi
Highfin " i velifer
Longnose sucker Catootomus catostomus.
whit“ sucker commersoni
Blue sucker Cycleptus elonvatus
Creek chub _Erimyzon QQ;QﬂauS
Hog sucker _Hypentelium nigricans
Smallmouth buffalo _Ictiobus bubalus
Birmouth Vi Ictiobus cyprinellus
Black i L ___niger
Spotted sucker Einy-rema melanops
River redhorse loxostoma carinatum.
Plspk M e . duguesnei
Golden " erythrurum
No. i _ macrolepidotum
. Shorthead redhorse — breviceps
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i3t Ramlly Ictaiur
Blue catfish Ict
Black bullhead_w
Yellow i

e o YRE BEEAS
Brown " el — nebulosus
Flat 4 platyvecephalus
Channel catfish s Dunctatus
Mountain madtom 1°uy 1erus.

41

Slender
Stone catfish A N
Tadpolemadton T gypinus
Brindled madtom ____ Siminpus.
Freckled nocturnus
flathead catfish _Pylodictis olivaris

1y, Family

. American




vprinodontidae

Fundulus catenatus

“ish rfundulus diaphanus

i kansae

Blackstripe topminnow Fundulus notatus
Starhead M Bl T IR
Blackspot L eblivyBcel s
Plains - sciadicus
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17. Family Amblopsidae
Southern Cavefish 1

18. Familv “asteroste
Brook:stiekleback

16, Family Percopsidae
Trout-perch Percopsis om

(] .

20. FPFamlily Aphredoderidae
Pirate perch Aphredoderus sayanus

Sk

21, PFamily Serranidsae
White bass doeous chrvsops
Yellow bass & micsissippiensis

Striped bass " ¥ ilis ' ntroduced)

Family
Rock bass
fMier Centr rehus chrojterus
Warmouth Chasenobruttus gulosus
Banded pigmy sunfish Hlassoma zonatum-
Redbreast sunfish Lepomis sauritus
Pumpkinseed " LR atbhe Ada
Orangespotted sunfish
ireen suni'il sh
Bluegill
Dollar sunfish __ marcinset
Longear ¥ 4 megalotis
Redear 5 crolophus
Spotted i : i ,pvnotﬂuus
Bantam 6 symmetricus
osmallmouth bass licr erus dolomieud
Spotted bass punctulatus
Largemouth bass woamn e iagdetdes,
White crappie Pomoxis annular
Black crappie " nigromaculatus

e 75
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. Family Percidae
Crystal darter Ammacrypta asprella




23. HFamily Percidae (con £)
Scaly sand darter _Ammacrypta vivax -L S.E.
Mud darter _hihﬁﬂﬁéﬂmé_&&ﬁnlﬂﬁn_ Endemic
Scaly head darter barratta Endemic
Greenside darter blennioides I S.H.
Bluntnose - chlorosomum ' S.E.
Arkensas i cragini Endemic
Rainbow caeruleum
Iowa darter
FPaintall darter

Swamp darter o graclile

Sdough. DAL 5 1 Bndemic

Harlequin darter L e R e i e e ' Endemic

least darter T L Rl e D e e g -1 Sele

Johnny o nigrum S o B

Goldstripe darter parvipinne

Cypress darter v proeliare

Stippled " punctulatum

Orangebelly darter radiosum

Oransethroat " _ Spectabile

Redfin darter whipplei

Banded " zonale

Yellow perch _Perca flavescens

Logperch Percina caprodes

Channel darter i copelandi

Blackside darter_ " maculata

Longnose a i nasula

Leopard #oOTR T S ARt hanlias

Slenderhead darter Percina phoxoeephala

Dusky darter Percina sciera i S.Ee

River " a0 shumardi : Endemic?

Stargazing darter "  uranidae I ﬂndeMLc

Sauger ut17ostedlon canadense S.
O

Walleye ____yitreum vitreum

i

’lle Family Sciaenidae
Freshwater drum Aplodinotus grunniens : Intro: duced

28. HFamilly Sparidae
sheepshead _Archosargus probatocephalus

26. FrFamily Cottidae
Banded sculpin Cottus carolinse

desthes sicculus
Menidis audens




We He Dieifenbach
Fish Distribution
October 15, 1963

The drainages presented in this paper include:
Arkansas River
Platte River
Canadian River
I. denote:

Ki, Endemic
Lot Introduced

X Species present in that river.,

0 pecies not present in that river.
Water classification type

&

S Denotes swift type water.

I Denotes Intermediate type water,
L Denotes Lake type water,

Cla ssification of

Eastern orig

Northern origin

n
Western origin
Southern origi

n

A total of 191 species were found to be present
three drainages,




Family

Common Name

. Petromgpzontidae

Chestnut lamprey
So. Brook lamprey

. Acipenseridae

Shortnose sturgeon
SHovelnose sturgeon

. Polyodontidae

Paddlefish

. Lepisostidae

. Amiidae

. Clupeidae

. Salmonidae

8. Hiodontidae

9. Esocidae

10. Characidae

. 11. Cyprinidae

Spotted gar
Longnose gar
Shortnose gar
Alligator gar

Bowfin

Skipjack herring
Ohio shad
Gizzard shad

MT. Whitefish
Kokanee

Cutthroat

Rainbow trout
Brown trout
Brook trout

Lake trout
American grayling

Goldeye
Mooneye

Grasspickeral
Chain pickeral
No. Pike

Banded tetra

Stoneroller
Goldfish
So. Redbelly dace

William H. Dieffenbach
Fish distribution
October 15, 1963.
Drainage Classification
AP 0
B¢ OR I. Water Area
L E
I




; Common Name Drainage Classifieation

: Faer Ll v P Water Area
'11. Cyprinidae (continued)

No. Redbelly dace

Carp X

Ozark monnow

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 B

Bluntface

Ironcolor

Common

Bigmouth

Ribbon i

Arkansas R.

Wedgespot

Silverband

Red shiner

Taliddght o

Kiamiichi Y
Plains iy
Colorless
Chub 7
Rosyface "
Spotfin /Y
Send shiner
Topeka "
Redfin "
Blacktail "
Mimmic i
Steelcolor shiner
Bleeding i
Blacknose
Spottail t
Pugnose minnow
Suckermouth "
Bluntnose
Flathead 4
Slim minnow
Bullhead minnow
Blacknose dace
Longnose "
Speckled "
Creek chub
yTench

NE
Orient.
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.
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1"

1"
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X
X
X
X
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X
X
X
0
X
X
X
X
X
X
X
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X
X
X
X
X
X
X
X
X
X
X
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Faﬁily Common name Drainage Classification
' AaPrig Water Area
12. Catostomidae
River carpsucker
Quillback
Plains carpsucker
Highfin %
Longnose sucker
White sucker
Blue sucker
Creek chub
Hog sucker
Smallmouth buffalo
Bigmouth 4
Black 5
Spotted sucker
River redhorse

N,S
E

N,S,E.
N,E

g Bl e

HHHHHHHHHHHHHHHH*‘L_‘V(D

M=

=

==

KU XM HEMHMHKNNNRKON
=
ZRRPLPLERPRN

Black redhorse
Golden redhorse
No. Redhorse
Shorthead redhorse

>
OQOKMMOKHMUNEMHKKKKMKKMKOON

OK M OOOK MK OOIK M MK X XXX

X O X

13. Ictaluridae
Bluecatfish
Black bullhead
Yellow b
Brown ¢
Flat i
Channel catfish
Mountain madtom
Slender ”
Stonecat
Tadpole madtom
Brindled "
Freckled "
Flathead catfish

ol
b

B OOX KX ONMO=DK XX
X KO 9K MK

MK KX KX

O K K XXX
MoK XXX

14, Anguillidae
American eel

15. Cyprinodontidae

NO. Studfish

Banded killifish
Plains killifish
Blackstripe topminnow
Starhead 4
Blackspot "
Plains i

¥ OOOK K O

16. Poeciliidae
. MOsquito fish




Family Common Name Drainage Classification
2 E. VDR S 6 Water ares

17. Gasterosteidae
Brook stickleback

. Amblyopsidae
Southern cavefish

. Percopsidae
Trout-perch

Aphredoderidae
Pirate perch

. Serranidae
White bass
Yellow bass
Striped bass

. Centrarchidae
Rock bass
Flier
Warmouth
Bande& pigmy sunfish
Redbreast sunfish
Pumpkinseed "
Orangespotted "
Green sunfish
Bluegill
Dollar sunfish
Longear "
Redear
Spotted
Bantam
Smallmouth bass
Spotted bass
Largemouth bass
White crappie
Black czmappie

"

n

1

b
X KKK M MK NN M X MK NN
PFEKOKOOKOONMKNKKNOONRON
B
LR R B R e ol el B B

X
0
X
0
0
0]
X
X
X
0
0
X
X
0
X
0
X
X
X

23. Percidae

3
-
€3]

Crystal darter
Scaly sand "

Mud darter
Scaly head darter
Greenside H
Bluntnose
Arkansas
Rainbow
Towa darter
Faintail darter
Swamp darter
slough! !
Harlequin darter
Least darter
Johnny "
Goldstripe darter
Cypress i

Stippled

=
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Family Common Name Drainage Classification
G e Water Area

23. Percidae (continued).

Orangebelly darter
Orangethroat "
Redfin darter
Banded i

Yellow perch
Logperch

Channel darter
Blackside "
Longnose "
Leopard
Slenderhead darter
Dusky darter

River. "
Stargazing darter
Sauger

Walleye

E.

SE.
S.
N,E.
8

13}

B MMM MMM MMM MNKMMNYNX
MM OOOOOOM OHNMNMONO
MWHOOKMMKMOMKMKENKEMENKK ON KO

24. Scizenidae
Freshwater drum

“25. Sparidae

Sheepshead

26. Cottidae
Banded sculpin

27. Atherinidae
Brook silverside
Mississippi Silverside




Part III

Fishes by Individual Drainage




Platte River System:

Family Acipenseridae
Shovelnose Sturgeon

Polyodontidae

Paddlefish

Lepisosteidae
Longnose gar
shortnose gar

Amiidae
Bowfin

Clupeida
Gizzard snad

Salmonidae
Mountain whitefish
Cutthroat trout
XRainbow trout
*Brown trout
*Brook trout
X Lake trout
X Kokanee Salmon

X (9)American grayling

Hiodontidae
Goldeye

#t3raso pickerel
# Northern pike

Cyprinidae
Stoneroller
r0ldfish
No. Redbelly Dace
S0. Red 1Lv Dace
Carp
Brass ¥ minnow
311vcr minnow
Hornyhead chub
flathead chub
Lake chub
silver chub

# Golden shiner

We. He Dieiienbach
October O, 1963
Pish Distribution

Genus Species

Scaphirhynchus platorynchus (Rafinesaue)

Polyodon spathula (Walbaum)

Iepisosteus osseus (Linnseus)
Teer platostomus (Rafinesque)

Amia calva (Linneeus)

Dorosoma cegelanum (LeSueur)

Prosopium williamsoni (Girard)
Salmo clarki (Richardson)

b gairdneri (Richardson)

- i trutta (Linnaeus)

Salvelinus fontinalis (Mitchill)
Salvelinus namaycush (Walbaum)
Oncorhynchus nerka (kennerlyi)(Suckley)

Thymallus signifer (Richardson)

Hiodon alosoides (Rafinesque)

ssox americanus vermiculatus (LeSueur)
msox lucius (Linnaeus)

Campostoma anomalum (Rafinesque)
Carassius auratus (Linnaeus)
Chrosomus eos (Cope)

Chrosomus erythrogaster (Rafinesque)
Cyprinus carpio (Linnaeus)
Hybognathus hankinsoni (Hubbs)

Hi nuchalis (Acassiz)
Hybopsis biguktata (Kirtland)

He gracilis (Richardsoni

A plumbea (Agassiz)

H storeriana Kirtland)
Notemigonus crysoleucas (Mitchill)




I. Platte River System: (continued)

Genus opecies

ffamily Cyprinidae _
tmerald shiner Notropis atherinoides (ﬁayineaque)
River shiner N, blennius (Girard)
Common shiner N, cornutus (Mitchill)
Blacknose shiner N heterolepis (Eigenmann)
Spottail shiner N hudsonius (Clinton)
Red shiner ] lutrensis (Baird and Girard)
Plains shiner N percobromus (Cope)
Spotfin shiner N, spilopterus (Cope)
Sand shine N, stramineus (Cope)
Topeka shiner N. torpeka (Gilbert)
osuckermouth minnow Fhenacobius mirabilis (Girard)
Bluntnose minnow Pimephales notatus (Rafinesque)
Fathead minnow | prometas (Rafinesque)
Blacknose dace Rhinichthys atratutus (Hermann)
Lonznose dace e cataractae (Valenciennes)
Speckled dace I A osculus (Girard)
Creek chub semotilus atromaculatus (Mitchill)
Tench Tinca tineca (Linnaeus)

Catostomidae

River carpsucker Carphodes carpio (Rafinesque)
Qullback o cyprinus (LeSueur)

Plains eéarpsucker C. forbesi (Hubbs)

Highfin carpsuckek C. veliirer (Rafinesque)
Longnose sucker Catostomus catostomus (f'orster)
White sucker Ce commersoni(Lacdpdde)
Blue sucker Cycleptus elongatus (LeSueur)
Bigmouth bufialo Ictiobus ecyprinellus (Valenciennes)
Black buffalo s niger (Rafinesqueg)

Golden redhorse Moxostoma erythrurum (Rafinesque)
Northern redhorse M, “macrolepidotum (LeSueur)
Mountain sucker Pantosteus platyrhynchus (Cope)

1l. rFamily Ictaluridae

H Blue catfish Ictalurus furcetus (LeSueur)
Black bullhead T, melas (Rafinesque)
Yellow bullhead 1. naptalis (LesSueur)
Brown bullhead I, nebulosus (LeSusur)

#*Channel catfish 1. punctatus (Rafinesque)
Slender madtom Noturus exilis (Nelson)
Stonecat N, f'lavus (Rafinesque)
Tadpole madtom W, gyrinus (Mitchill)

* Flathead catfish Pylodiectis olivaris (Rafinesque)

. 12. Family Ancuillidse
American eel Angcuilla rostrata (LesSueur)




Distributions of Juvenile Steelhead and Cutthroat Trout
(Salmo gairdneri and S. clarki clarki) Within Streams
in Southwestern British Columbia:

By G. F. HARTMAN AND C. A. GIiLL

Fish and Wildlife Branch
Fisheries Research Division, c¢/o Institute of Fisheries
Unaversity 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 km’, were predominantly occupied by steelhead. Small streams,
dramage area under 13 km®, were predominantly occupied by cutthroat. Streams less than 120
km® 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 pH’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

THE 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

'Received 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, MATERIALS, 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);

VANCOUVER N0,

=

ISLAND / AN
QK
N / S

0

—_—_—

@
10 MILES 1 (‘

10 KM

BRITISH

COLUMBIA

F16. 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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FiG. 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 seines 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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Names and drainage areas of streams shown in Fig. 1 and 2.
anasterisk (*) are from Water Resources Branch Papers (Canada Department of Northern
Affairs and National Resources, 1960-1963). Other areas were calculated with a planimeter.

Drainage areas with

Drainage Drainage
No. Stream area (km®) No. Stream area (km®)
Fig. Fig. 2 (con't)
i Campbell R. 1461.0* ) Kanaka Cr. 5570
2 Quinsam R. 20 1 36 York Cr. 5.3
3 Oyster R. il gk 37 Whonock Cr. 20.0
4 Black Cr. 65 1 38 Steelhead Cr. 14.6
5 Tsolum R. 25155 39 Silverdale Cr. 2492
6 Puntledge R. S51810% 40 St. Mary'’s Cr. 255
7 Little R. 4.2 41 Draper Cr. 5.6
8 Millard Cr. 5 (0) 42 Hatzic Sl. 5580
9 Cougar Cr. 24.0 43 Legace Cr. 522
10 Chef Cr. 2180 44 Allan L. outlet Cr. 9.4
11 Nile Cr. 1Eok 45 Pattison Cr. 73
12 Hunts Cr. 16 .4 46 Atchelitz Cr. 7.4
13 Big Qualicum R. 147 . 6* 47 Luckakuck Cr. 4.8
14 Little Qualicum R. 246.1* 48 Chilliwack Cr. 152
15 French Cr. 73.3 49 Semmihault Cr. 85
16 Englishman R. 281 5% 50 Elk Cr. 16.0
51 Ford Cr. &5
Fig. 52 Nevin and Dunnville cr. 18.0
17 Suarish.2. 1081 3% 58 Bridal Falls'Cr.1 ; 1320
18 Ll e 313 3* 54 Fraser R. trib. 3 mile
19 ChllllonCr. 66.7 Gl e i
20 Brchm Cs. 24 5 55 Fraser R. trib. 3 mile
i east of Jones Cr. il
21 Schoonover Cr. 622
22 Mashiter Gr. 46.0 56 Loren'zetta Gt 3580)
23 Mamquam R. 384.0 57 Sakwi Cr. =
24 Serpentine R. 105.0 58 We.a\-fer Cr. 48.2
25 Mlsren O 19 7% 59 Chilliwack R. 1250.0
2 Nl kR 99 5 60 Liumchen Cr. 520
27 Nl e 29 0 61 Chilliwack R. trib. 3 mile
28 Murray Cr. 330 west of Tamihi Cr. 6.0
29 Salmon R. 83.0* 62 Ryder Cr. 7.3
30 Nathan Cr. 3540 63 Chilliwack R. trib. 5
31 Blaney Cr. 18.9 miles east of Foley Cr. 2.4
32 Blaney Cr. (east trib.) 2.0 64 Foley Cr. 80.0
33 S. Alouette R. 205.0% 65  Hope Sl 85.7
34 S. Alouette R. trib. 2.0 66 Camp SI. 136

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 TROUT DISTRIBUTION

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 km? (50 miles?), 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 km? (5 miles?), 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.

EFFECT OF STREAM PROFILES

If all streams with drainage areas under 120 km? (46 miles?) 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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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 riffle-pool complexes or in rocky
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TaBLE II. Numbers of streams of different drainage areas in
which the trout sampled were cutthroat only, cutthroat and
steelhead, or steelhead only.

No. of streams with:

Stream drainage Cutthroat
area (km?) 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 4? if

2Cutthroat comprised about 3 and 129, of the trout in
two of the four streams and 25 and 299 in the other two.
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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 km? 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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ErrecT oF pH AND DIsSOLVED 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 wvalues 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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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 km? (50 miles?). 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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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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ANNOTATED LIST OF FISHES NATIVE TO THE COLORADO RIVER BASIN

Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado
INTRODUCTION
The following accounts attempt to concisely summarize the current state
of our knowledge of the native 7ish fauna of the Colorado River basin and

to call attention to those forms which are most in need of further study.

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

basin wac once a series of independent basins providing areas for fishes

to isolate and differentiate in diverse environments., The diversity, high
degree of endemism, and marked distinctions of the faunal components of var-
ious segments of the basin support such a view.

For this 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,

It is significant to note that of the 22 fishes listed by the U.S.
Department of Interior as rare or endangered in the most recent checklist
(1967) - 10 are endemic to the Colorado basin, as construed in this paper.

The following notations are used:

U - Denotes a distribution restricted to the upper basin,
above the Grand Canyon, but not including the Little
Colorado River,

Includes the Little Colorado River, the Grand Canyon
aad below to the mouth of the Colorado,

For the Virgin and White River section of the basin
containing a number of small desiccating basins with
relict populations derived from previous connections
with the Colorado River.




Endemic species whose natural distribution is
limited to the confines of the basin,

R - Includes the species reported on the most recent
rare and endangered species list,

Family Salmonidse: Trouts, Uhitefichol, Graylings

Salmo clarkii pleuriticus Cope. Colorado River cutthroat trout - U

The native trout of the Colorado basin closely resembles the Yellow-
stone subspecies, $.c. lewisi which has been widely introduced throughout
the basin, Pure populations of the native trout, uncontaminated by hybrid-
ization with introduced Yellowstone cutthroat or rainbow trout undoubtedly
are rare, Current studies by the Colorado Cooperative Fishery Unit are
investigating the systematics of the native subspecies, attempting to dis-
cover differentiating characters allowing recognition and separation from
hybrid populations and Yellowstone cutthroat, The original downstream
distributicn of the cutthroat trout included the San Juan River system,

but probably not the Little Colorado or the Grand Canyon area,

Salmo gilae Miller. Gila trout - LER
The native trout of the upper Gila River system is quite distinct from

the upper Colorado River cutthroat. The origin and true affinities of this

trout are not known, Its 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 River of the Gila basin in eastern Arizona,
and from the headwater tributaries of the Little Colorado River near Mt,
Baldy in the same general vicinity. These trout, to-atin;n referred to as
Apache trout, show relationships to §: gil::_but are differentiated suffi-

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

the rare and endangered species list.

Prosopium williamsoni (Girard). Rocky Mountain Whitefish - U

This species, as the cutthreoat trout, is widespread throughout the
western United States. The ~riginal distribution in the Colorado River
system apparently was restricted 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 variability and divergence occurring

in the whitefish of the Colorado system,

Family Catostomidae: Suckers

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

Once widespread in all of the larger streams of the basin, it has

disappeared from many areas particularly 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 ¢f the genus Pantosteus. Smith considers Pantosteus as a subgenus
of Catostomus, and his research changes many former conclusions concerning
correct names, distribution of species, and endemic species. For this
report it is not critical if Pantosteus is considered as a genus or subgenus,
but Smith's findings on nomenclature, distribution, and relationships are
followed in the following accounts of Pantosteus, Smith stated the correct

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
but occurs in the Bonneville basin and the Snake River. The bluehead sucker
is known from the Little Colorado basin but not below the Grand Canyon,
Former records of the bluehead sucker from the Virgin River basin and the
Bill Williams River of Arizona actually belong to the species P. clarki,

according to Smith,

Pantosteus clarki (Baird and Girard). 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 reality P,

clarki.

Pantosteus platyrhynchus (Cope). Mountain sucker - U

Smith greatly enlarged the limits of the species platyrhynchus to in-

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

viously considered as the species virescens, lahontan, and jordani. He

found 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, It is be-
lieved the species name delphinus actually was based on the species platy-
rhynchus and thus is not available for use as the specific name for the

bluehead sucker,

Xyrauchen texanus (Abbott). Humpback sucker - UL E

This highly modified sucker has suffered a great decline in abundance
due to the changing environment of the basin, Little is known of its ecology

or taxonomy,
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Family Cyprinidae: Minnows

Gila robusta-elegans-internedia complex. Roundtail and bonytail chubs - U L E

This group of chubs, including Gila cypha, comprises one of the most
fascinating problems in systrumatic ichthyology. The extreme variability
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 differentiation and intergradation. Do two
or more distinct types of Gila occur together without interbreeding? Are
there consistant patterms of differentiation associated with geographical
divisions? To what degree does environmental modification control the
phenotype? The genus Gila of the Colorado basin is attracting well deserved
attention as a fruitful field of biological study; however, an immense amount
of work will be necessary before this genus is fully understood.

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

Nevada, a glacial relict of the disrupted White River, is probably more cor-

rectly considered a subspecies of G. robusta.

Gila cypha Miller. Humpback chub - UL E R

This fish parallels the humpback sucker in the development of a peculiar
morphology, evidently adapted for bottom living in rapid water. Some
specimens indicate a transitional series and perhaps gene flow from the

Gila robusta-elegans 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 significant information on Gila cypha, and how it

relates to the robusta-elegans complex. Recent humpback chub specimens

from Lake Powell resemble G. cypha, but are fully scaled.
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Ptychocheilus - lucius Girard, Colorado River squawfish - ULER

The largest North Am=rican species of the minnow family. This species
has disappeared througl: wost of its range, Little is known of its life

history and ecology.

Rhinichthys osculus (Girard), Speckled dace - ULV

This species has a broad distribution in western North America, Inter-

specific variability throughout its range is not well known.

Agosia chrysogaster Girard., Longfin dace - L

This genus and species cannot strictly be called endemic to the Colo-
rado system because it is found in the headwaters of the Rio Yaqui. The
origin and evolution of Agosia most probably occurred in the lower Colorado
basin. It is locally abundant in the Gila River system, The variability
of Agosia and the existence of more than a single species or subspecies

has not yet been established,

Tiaropga cobitis Girard, Loach minnow - L E

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

has declined greatly in abundance.

Moapa coriacea Hubbs and Miller, Moapa dace - V ER

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 relict

species now restricted to warmer waters, typically of 87° - 93°F,
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Tribe Plagopterini - The Spinedaces,
This group consisting of three genera and six species is found only
in the lower Colorado basin and its disrupted tributary, the Virgin River
system, They are the only North American cyprinid fishes with spinous fin

rays. It is believed they were derived from the genus Gila,

Lepidomeda mollispinis Miller and Hubbs., Middle Colorado spinedace - V E

Miller and Hubbs recognized three subspecies of this species:
m. mollispinis of the Virgin River system; m. pratensis, known only
a spring in Lincoln Co,, Nevada, now believed to be extinct; and m,

albivallis, from the White River segment of the Virgin River basin,

Lepidomeda altivelis Miller and Hubbs, Pahranagat spinedace - V 'E

This species was known only from two sites in Pahranagat valley,
Nevada, It is now believed extinct due to introductions of carp and

mosquitofish,

Lepidomeda vittata Cope, Little Colorado spinedace - L E R

The known range of this species is limited to the upper Little Colorado
River system in eastern Arizona, It was once believed extinct, but a few

populations have been discovered in recent years.

Meda fulgida Girard, Spikedace, - LE

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

Plagopterus argentissimus Cope, Woundfin - V E

Apparently now restricted to the Virgin River system; once inhabiting
the Gila River, but the last specimens known from the Gila basin were

collected in 1894,
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Family Poeciliidae: Topminnows

Poeciliopsis occidentalis (Baird and Girard). Gila topminnow - L E R

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

localities,

Family Cyprinodontidae: Killifishes

Cyprinodon macularius Baird and Girard, Desert pupfish -~ L

Formerly wide ranging in the lower Colorado basin, this species is
rapidly declining. One inimical factor is competition from the introduced

mosquitofish, Gambusia affinis,

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 Cyprinodon access to these
basins,

Subsequent isolation has produced an array of species and subspecies,

The described forms include: C. salinus Miller, the Salt Creek pupfish of

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

Eigenmann and Eigenmann, the Amargosa pupfish with six subspecies recognized;
and C, diabolis Wales - R, the Devil's Hole pupfish, restricted to a single
tiny pool.

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

Meadows poolfish, Empetrichthys merriami Gilbert, (now believed extinct)

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

other known species in this genus, occurred in three springs (two springs
now destroyed) in Pahrump Valley, Nye Co., Nevada,
The genus Crenichthys has two known species, C. baileyi (Gilbert),

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

from a desiccating basin just west of the White River system, Nye Co., Nevada,
The cyprinodont £~ 3 of the desert areas of the western United States
reveal information on = - conditions and connections of the Colorado basin

and provide insight intc the mechanisms and rates of evolution.

Family Cottidae: Sculpins

Cottus bairdi Girard, Mottled sculpin - U L

A widespread species across the northern United States.

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 Eigermann, 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 spaculate on when and how these distribu

-

tions
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
detail two types of zoogeographical areas. One fully affected by t
Pleistocene glaciation and where the present fish distribution is explained
by relatively recent events, rhaps in the last 10,000 years--the other,
such as the Colo}ado River basin, whose origins and isolation extend back
the Miocene or 10 million years or more. Each student will write and pre-
sent a report, based on a Jiterature survey. This report can emphasize
the geological history, explaining the present distribution of fishes, or
it can emphasize a particular grouj (or group of fishes) illustrating the
geological and hydrclogical histories explaining their present dist¥ibution
and speciation. We will get into some controversial areas such as "local

3

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.

Bobh Behuke




POSTGLACIAL REDISPERSAL OF BASTERN NORTH AMERICAN FRESHWATER FISHES

by Codtee R Gillet /f/"ﬁ\/ :

Abstract

Probebly no group of eastern North American enimels is better suited for
the study of zoBgeogrephy than the freshwater fishes. Beocause they sre so much more
olosely oonf'ined to their enviromment than are most other enimals, and beceuse
the character of the lekes end streems in which they live is a direct result
of the effects caused by tho advences and retreats of the Pleistocene ice sgheets
(speaking of course of those living in previously gleciated aress), their present~
day distribution throws e great deal of light on the velidity of the wvarious
hypothesized glscial outlet stresms which are thought to have existed in the
past,

Since the fossil record in emstern North America is so poor, we have no
wey of knowiny what the distribution of fishes was in the giaciated sreas of
North America during the first three interglacial periods. We are ooncernad,
then, only with the Wisconsin glaciation and the dispersel which resulted
following the retreat of that ice sheet..

This paper is a study of fish distribution within the Greet Lakes ares.
During the Pleistocene this region was entirely covered by ice end, as a
result, the fish now present have lived there for a reletively short period
of time, It is thought that the various netive fishes found refuge during the
last glacial advence (and presumebly during the other advances as well) in
one, or sometimes two, or three areass Aluaska, the Miseissippi valley and
the Atlantic ccast:. Iollowing the retreat of the glscier; fishes reentered the
Great Lakes by one or more temporary outilots, outlets which existed only for
relatively short periods of timo., The most importent of these outlets were
the Mohawk River, which conneocted glacinl Lakes Lundy and Iroquois (forerumers
of lakee Erie and Onterio) with the Hudson River, the Warren River, whioch
dreined into the Mississippi valley from glaciel Lake Agassiz, and the following
four rivers, all of which drained into the Mississippi valley:s the Ft. Wayne,
which drained the forerunners of Lake Krie (first Lake Meumes and later Lake
Lundj} the Illinois, which dreined lake Chicego (predecessor of Lake Michigan)s
the Fox River, which also drained Lake Chioegos and the St. Croix River, whioh
dreined Lake Duluth (forerunner of lake Superior). Distribution patterns show
that all of these outlets probably were used. The fisheé which entered the
Great Lakes from Alaske ars thought to have migrated across Cenada by means
of the temporury glacial lakes which existed at the foot of the retreating
glacier.

In some cases it is diffioult to determine the true original distribution
patterns of ocertein fish. This may be the result of either introductions or
the presence of man-made canals, such as the Ca#hicago dreinege canal and the
canal csonneoting the Mohawk River with the Greet lakes. Other smaller eas?
cenals have also played & part in wlouding the natura} distsibution patterns
Beosuse of these one cannot be certain sometimes whether ssrtes a apegioes
has entered an aree naturally or through these artificial connectione-

Finally, this paper shows how some of the fishes which ware thought to
heve existed during the Wisconsin glaciation on the east.cosst actually made
their way across the drainege divide from the Grest lLakes following the las¢
retreat of the glacier.




Summary of the Femilies ond Goenera of Fishes found in the Great Lakes Region

b

Petromyzontidae - lampreys
Genera Petromyzon (ons species), Ichthyomyzon (three speciss), and Lampetra
(one apeoiou;

Polyodontidae = paddlefish
Genus Polyodon (one epeciss)

Acipenssridae - sturgeons
Genus fcipenser (ons specdés)

Lepisosteidee ~ gers
Genus lLepisosteus (two species)

Amiidae = bowfin or dogfish
Genus Amis (one apeocies)

Hiodontidee = mooneyss
Genus Hiodon (one species - a second species 1is discussed)

Clupeidae - herringe
Genera Alosa (two species) end Dorosoma (one species)

=

, Salmonidae &inocluding Coregonidae and Thymallidas) = whitefish, ciscos,

grayling and trout
Genera Salmo (one native species), Salvelinus (two species), Coregonus
(thirteen species), and Thymallus (one speciss),

, Osmerideas = smelts

Genus Osmerus (one species)
Catostomidee = suckers
Genera Iotiobus (two species), Carpiodes (one species), Catestomus (two
species), Hypentelium (one species), Erimyzon (two species), Minytroma (ome
species), Moxostoma (seven spocies), and Lagochila (one extinct species)
Cyprinidae = minnows (including cerp and goldfish
Genersa Semotilus (thres speciss), Hybopsis (six species), Rhinichthys {two
apecioa;g Parexoglcossum (one spooieo’o Fxoglossum (®ne species), Chrosomus
(three species), Clinostomus (one spociosj;'OanBooodua (one species),
Notemigonus (one species), Notropis (twenty-one species), Phenaocobiua
(one species), iricymbe (one speoles), Rgbognathus (two spscies), Pimephales
(two species), and Campostoma (one species)-
Iotaluridae - catfish
Genera lotalurus (four speciss), Pylodiotis (ong_apooiea)o and Noturus (five
species ).
Umbridse - mudminnows
Gonus Umbra (one species)
Esocides = pikes and muskellunye
Genus Esox &four species)
Anguillidee - esls
Genus Anguilla (one species)
Cyprinodontidae - killifish
Genus Fundulus (three spooies)
Gadidas = codfish
Genus Lota (one speocies)
Percopsidae = troutperch
Genus Peroopsis (one species)
Aphredoderidee - pireteperch
Genus Aphredoderus (one Bpecies)
Serranidee = true basaods
Genus Rocous (ons speciss)




'_rfa {one species) Hnd»;“ : \nins gpecies)
Centrerchidae - sunfish, tr.mud ing blac‘r bass

Genera Mioroptaerus (two spacies ), uhaonobrvttua (o1
avaiiue p

SPQQiQEY“thL’hEl ites (one anu*aas

ns species), Lepomis (five
Atherinidas

‘and 1omor;a {(two spsciss ).,
3i1vorsidae BT s
Genus Labideasthes (one spsciss)
Seiasnida ’“""dmi&??"

Genus nr-odinotus (one species)
Cottidae = uulpins

Genora Cottus (three speciss), and
Gusterosteidas aticklehacks

Eenera KEucalia (one species), Lestorosteus (one species),
(ons species

Myoxocephalus (one species)

and Punﬁitius
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urmery of the ;lscisl history of tha Greet Lakes

As the Wisconsin ice sheet began to retrest, the rosulting meltwetesrs formed
lakes at the foot of the glacisr, Becsuse the glacier acted as a "pluy" to any
northwerd flow of watosr, the rieing lakes begen to cut outlets to the southo
The first and largest of these lekes was called Laks fgassizo It covered an
extonsive arsa end dreinsad into the Mississippi valley by mesns of the Yarren
River outlet, which was loceted in the area of the present southorn extremities
of the Red River of the North., As the glacisr retreated farther, it finally
seperstad, opening e channel to the northeast, the origin of the Nelson River,
This drained Lake Agessiz to asuch an extent that the Mississippi outlet diseppeared
and the vest lake was succesded by e sariss of smaller bodies of watery Lake of
the Woods, Leke Winnipsg,and meny lesssr lekes.

Soon after Lake Agessiz was first formed there appeared ferther to the east
glecial Lekes Duluth, Chicegq end Maumes, the predecessors, roepodﬂﬂvely, Lakes
Superior, Michigan, and Erie. These lakes, also plugged at their northern ex-
tremities, drained into the Mississippi valley by wey of the Sto Croix (Lake
Duluth), the Fox and Chicago (Lake Chicego) and the Fto Wayne (Lake Maumos)
outlets.

48 the glaciers receded ferther, many changes took plece, The lakes ochanged
in shaps and form end evantually united into a series of lakes, which finally
epproached in form, at leest to the south, of the present-day Great Lakes.

About this time thers eappeared another outlet, connecting what is now Lake
Onterioc with the Hudson River, thus uniting temporerily by a freshwater connec-
tion the waters of the Atlantic Oecesn with those of the Crest Lakes.

Finally there was a marine invasion of the St. Lawrsnoe River basin. This
body of water, called the Champlain Sea, inundated a large area of southern
Canada and the northern United Stetss, and was responsible for the invasion of
& numbsr of marine animals which still remain isolated in this ares.

Eventually this marine embayment disappeered, and the (ireat Lakes, es we
know them todey, were formed-

Discussion

During the last ice age most of northern North Amoerice, inocluding all of
Onterio, lay benesth the glacisr and any living organisms which hed populasted
that arsa before the ice aye began were forced to withdraw into areas not
effected by the glaciation or were exterminated. Three regions which were not
covered by the ice sheets, in Alaska and the Yukon, in the Mississippi Valley,
and in the Atlantic coestal plain, mey be oconsidersd as posgiblse sources of the
present species of fishes occurring in the Greast Lakes region by r=ason of the
nature of the retrest of the glacier,

Fishes utilizing the Alaska refugium
As might be expected, those species which remsined in Aleska during the
glacial adveances were all cold-water species. These inolude all the Salmonids
oxcept the brook trout, the nine=spined stickleback (Pungitius pungitius),
the morthern pike (Esox lucius), the worthern sucker (Catostomus catostomus ),
and the burbot (Lota lota). Possibly Cottus cognatus should be included in V174h”ﬁgﬁ£“ﬁﬁt

this group elso. Ths worthern pike, northern sucker, and the burbot might
have hed not only a rafugium in Alaska, but ons in the Mississippi valley as
well (see maps 3 and 43 see maps 1 through 4 for all the Alasksn species).




The fishes which are thought to have mede their way from Alsska postglacially \\\
probably followed the retreeting glacier very closely, This made it possible for
them to successfully pass through the numerous intercomnected meltwater lakes which
wore temporerily comnected along the glacier®s southern perimeter, The fact that
these species oould migrete independently of eny of the permanent stream systems
explains why they now have such & wide renge across Cenade and Aleska and also why
rolict populations of such fishes as Corosonua clupeaformis, Corosonua cylindraceus,
Salvelinus nemaycush, and Catostomus catcetomus exist in certain isoleted aress
along the Atlentic coast, the latter species a&s far south a&s western Marylend,

Underhill (1957) says that the present distribution of the above fish, as well
@s othera, such as the other spscies of Coregonus found in the Great Lakes, Cottus
rioei, Myoxocephelus quedricornis, and Puqﬁitiua<ppngitiuao can best be explaine
by an eastern refugia during the laat glucial sdvanoce and subsequent dispersal
through an eastern outlet of Lake Agassiz (Elson, 1955), I find an east=to-wost
dispersal for these specles hard to believe for several reasons. In the first
place, the latter species have never been found in
Adirondeoks, areas which provide suitable habitet and which should contain them
if. they had ever been present, In the second place, the glacier retreated in a
northeasterly direotions thus the ice covering the emstern pert of North America
was the last to leave and the dispersal routes which could permit Atlantio coastal
fish to entsr the present Great Lakes are wers the last to open. By this time it
would have been too late for these species, which were now fres to migrete to the
west, to have reached Alaske since the connscted lakes found at the foot of the
glaoier had long since disappsared. The fact that all of the above species, with
the exception of Cottus ricei and those species of Coregonus which apparently
differentiated within the Great Lakes, oocour in Aleska means that they must have
been present there during gleciation,

Fishes which remained on the Atlentic coast during the liisconsin glacistion

In the Lake Onterlo basin are found six species whioh obviously have Atlesntic
coastal affinities., These apecies, Exoglossum mexillingua, Notropis bifrenatus,
Notropis procne, Notropis analostaenus, Semoti{gg corporalis, and Rsox niger are
widely distributed up end down the coast, and thus certeinly remained in this
area during the glecial advances, Their renges are typified by that of the ocutlips
minnow (Exoglossum mexillingua) - map 5o They oculd have entered the Great Lakes
dreinage in eny one of ssveral wayss entrence could have been into the Finger Lakes
region through the Horseheeds Outlet (Bailey, 1945), by the Mohawk outlet into
glacial Lakes Lundy or Iroquois, or recently by dispersal through the Mohawk-Erie
canal anq/br other man-made connectives, Unfortunately, the true means of dis-
persel of these and several other species which ere netive to the Greet Lakes but
which have reached some of the Atlantic coestal stresms probably will always be
clouded because of the canal systems.

Possibly both natural and man-made routes were utilized by some of the above.
It is difficult to draw conclusions about Notropis bifrenatus, Notropis procne,
Notropis analostenus, or Exoglossum mexillingua, esince thess forms are closely
restricted to the Lake Ontario drainage., However, the other two, Semotilus cor-
poralis and Esox niger, almost certainly reached the Great Lakes in pre=Columbian
times, since their present distribution cannot be satisfeotorily explained otherwise.




Fishes which utilized both the Mississippi Valley and Atlentic coast refu; ia
A number of species have been found which definitely spent the lest glacial
period on both sides of the Allegheny mounteins., Those which unquestionebly should
be included in the list are as followss
1 Speciee which entered the Great Lakes from both refugie but which @ppearently
f'fere e i speciesg
1o Salvelinus fontinali
o Latostomus commersoni
3o Semotilus atromsculatus
4. Notemizonus crysoleucas (described subspecic, are probebly olines)
So Rhinichthys ceaturscite (subspecies, if any, :res not adequetaly studied)
6o Ictalurus nebulosus
7o lotalurus natalin
8o Noturus gYrinus
9. Stigostedion vitreum
10, Perca flavescons
11. Lepomis £ibbosus v
11 Species which entered the Great lakes from both refugia .nd which epparently
did differentiate into subspecias
lo Erimyvzon oblongus
2, Rhinichthys atratulus
3o Notropis cornutns
4o Notropis hudsonius
6o lisox emericenus
6. Fundulus diaphanus
I11 Species which reinveded che Greet Lakes from the Atlanti. coe: only
1. Hybognathus nuchr.lis (two subspacies)
IV Species which reinvad.d the Great Lakes from the Mississip, : Villey onmly
1. Amin calva
2, Leplsosteus 083:us (probably two subspecies)
3o Aphredoderus rryenus (possibly two subspecies)
4o Notropis che'ybesua
6o Eﬂionobrszhs<5glosua
6o Pomoxis ni,romeculatus

As can be gseen from the above, some of the species differentisted into sub-
species; others did not. Hybognathus nuchelis (map 9) is one form in which sube
specific differentiation did occurs The renge of this species is etypicel inesmuch
as the Mississippi Valley populetion failed to reinvede the Greet lLakes, while the
ecstern populetion did succeed in orossing over into the Lake Ontario dreinegeo
Howsver, if one imagines similer pettarns of distribution for the other species,
oxcept thet the range in the west touches at least one of the four western Greet
Lekes, u picture of the renges characteristic of the other species ocan be formed.

//’w The brook trout (Salvelinus fontinalis) and the yellow perch (Perca flavescens)
are two other species which had glecisl refugie on both sides of the mounteins g
( (mapa 6 and 7). Neither differentiated into subspecies howsver. The renges of \
the two fish to the north are somewhat more extensive then is chsrecteristic of
most Tishes occupying multiple refugia, hut otherwise they are typicalo. The
distribution of Salvelinus, it may be noticed, is confined in the eest to the
highest portions of the hAppelachian Mountains., To the west there are only relict
populations in certein favoresble habitets in the upper pert of the Mississippi
Valley, Its range, then, is much more extensive now in the reinvedsd then in the
refugiel ares, The yellow perch, on the other hand, is found in the lowlands
along the erst coast, and, being more tolsrant of werm weters, is much more




tolorant of warm waters, is much more widespreed in the Mississippi Valley than is
the brook trout.

Fishes which utilized tho Mississipni Valley refugium only

By far the largest number of fish now found in the Creet Lekes besin ceme from
the Mississippi Valley, Most of them used only this refugium, although sone (pre=
viously mentioned) were “ound in the Alaskan or the Atlentic coast aress as well.

In her work on the distribution of the fishes of Onterio, Radforth (1944)
considered about & dozen-and-a=half spscies which are now distributed on both sides
of the Appalachisns to have utilized both the Mississippi end Atlantic refugieo
Howover, as Bailey (1945) pointed out, their distribution is more likely due to a
postglaciel radispersel of Mississippi species, probebly by way of the Horseheads
outlat, fron what is now the Fingsr Lakes region, These species are as followss

1o Moxostoma aureolum

2. Hvpentelium nigricans

3o Hybopsis miecro oizon

4o Semotilus margsrite

5. Campostoma enomslum

6c Clinostomus elon,atus

7. Pimephales notatus

8o Pimephales promeles

9. Notropis hetsrodon

10, Notropis heterolepis

11, Notropis spiloptarus

12, Notropis rubellus

13, Notropis hudsonius (western subspecies)
14, Peroina caprodes

15, Cottus bairdi

16 Lota lota

17, Eucelia inconstens

The spotfin giner (Notropis spilopterus) = mep 8 - has a range which is typical
of the above speciea. These fish oaggr in the Mississippi Valley, but they also
ars found un the Atlantic coast fromASusquehanna drainage as fur south as the James.
It is significant that they do not occur naturelly in the Delawere, Connecticut, or,
for the most part, the Roanoke systems. ;

The best means for determining which forms are raceut invaders and which are
the older residents of the *tlantic coast is to compare the faunas of the Susque-
henne end Delawsre drainagss. Fishes coming from the Finger Lakes h.w had sccess
to the former system but not the lattar. As a result, there are at lesast saventesn
species which are found neturelly in the Susquehanna but not in the Delaswars, end
these forms should be considerad as rascent invsders,

At the time of the above faunal invasion the ocesn lsvals still were much lower
then they ere at pracant~ The shallaw hattar ~f Chasaneeke Rmv wag abov- wutaer
end 21) streams from the Susquehenna south tc the Jemes werc connecied., is s
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as one might expect, the fish fauna of the Susquehanna is, in maay respects, more
similar to that of the James then to that of the Delawere, aven though tthe latter
system is much oloser geographically.

There ers a numbser of species found in the Greet Lakes and Mississippi Valley
which also ere found in the Mohewk River dreinege. This would seem to indicate &
pest dispersal through the Mohawk counection with glacial Lakes Lundy or Iroquois:.
1t i1s feirly certein thet interchange ectually did oceur by this meens, but exactly
to what extent will never be known, since the construection in the early 1800°'s of




the Mohawk-<Erie cenal has permitted certein species to oross the dreainayge divide
which wo'i1ld not otherwise have done so. The followiny, is & ligt of those more
western speciss which are known to occur in the Mohawk-Hudson river gystemss

1. Hypentelium nigricens (common-possibly sntered naturally)

2, Moxostoma sureolum (rare)

3. Pinephales promeles (rere)

4. Pimephales noteatus (common)

5. Semotilus margerits (rure)

6. Hybopsis biguttata (rere)

7. Notropis etherinoides (rare)

8. Notropis hetsrolepis (rare)

9, Notropis rubeilus (looally common)

10. Notropis spilopterus (locally common)

11, nostomus elongetus (rerse)

12, Noturus flavus (moderetely common)

13. Umbre 1limi (rere)

14, Percopsis omiscomeycus (modsretely common-mey havs entered naturally)
16, Percins caprodes (moderatsly common )

16 . Fitheostoma blannioides (rare)

17, Etheostome flsbellare (modarately common)

18, Tabidesthes sioculus (rere)

It Ts, 1 think, significant, thet prsctically all of the sbove species are
restrioted to the upper pert of the Mohewk, end most of them also ers rather rare,
For this reeson, it seems that the Mohswk-Erie cenal hss been & much ,reet factor
in the dispersal of most of these fish onto the Atlsntic slopec One of the main
ressons for believing this is the faoct that the Mohawk connective, even during its
later steges, was always in rather close proximity to the rotreating ice fronmt.

It is rather unlikely thet the spescies which are relatively intolerant to colder

weter conditions would have been able to utilizs this outlet during its existence.

i Some speoies, such as Egox lucius end Cottus coipatus, es well as those oxiating
/ a8 relicts in e number of the cold, deep lakes (Coroﬁouua clupeeformis, Core;onus |
[ gylindr-eouao Corego::us artedii, Selvelinus namaycush, Cetostomus cetostomus, and /
\\\\Hybopsia olumbea) undoubtedly entered by natural msans, sithsr through the Mohewk

outlst or (more likely) by movement through the temporery impoundments et the foot
of the glaecier,

There are a few species, such as Chrosomus eos, Chrosomus neogeeus, Hybognathus
henkinsoni, snd Kucelie inconstens that are restricted to the upper Hudson and/or
Ztilentic tributery streems which probebly entered these dreinsyss by s ocomnection
(or crossovers) from the St. Lawranns Piwar. (?og further discussion on the dis-
tribution of Chrosomus neogsous see : sooaqueni'pura&raph)v There is & rether low,
flat srea connecting the upper Hudson with tne St. Lawrence, and it is quite possible
that thess species ocould huve msce their wey sercue in this wy. it s elgnificent
that all of these figh nre inbsbitents of celd, susll, usunlly boggy bodlies of
wator end thus would have been sble to filter into the arsa without much diffioculty. .

The distribution of two other speciss which are found on both sides of the
hllegheniss makes little geo,raphic semse, Ericymba buocats has been recorded from
the Potomac River but from no other streams on the Atlantic coast. For this resson
its ocourrence in the Potomac probably represents an introductiono Percopsis
omiscomaycus is known from the Mohawk-Hudson dreinage,and Hubbs and Lobior (1947)
give 1ts range on the east coast de "from the Hudson River system south to the

-~ Potomso,® If this is true the species must be quite rare, because Gra»jg};'s(ﬁs-.;
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report on the survey of the Susquehsnna and Delawsre River systems in New York
failed to mention it. It is possible thet Percopsis aotually does oscur in small
numbers, at least, in the Susquehanns RivoE-IE_ﬁsﬁﬁzblvaniao

Of those species which have never reached the east coest, there are & number
of different combinations of ways in which they entered the Great Lakes and the
lekes oomprising what was formerly glascial Lake Agessiz. Greens (1935) end Redforth
(1944) mentioned five me jor outletss the Warren River outlet from glacial Lake
Agassiz, the St. Croix River outlet from gleaciel Lake Duluth, the Fox end Chicago
River outlets from glacial Laks Chiosgo, and the Ft. Wayne or Maumee River outlet
from glacial Lake Meumeo. The presence of a fish in an ares which formerly was
drained by one of these glaciel outlets hes been considsred svidence that the
spocies in question used this particuler path of entrance. For example,
occurrence in both the Mississippi Velley and Lake Erie and its tributiries strongly
suggests that the speoies utilized the Ft, Wayne outlet, In most cases an agsump-
tion of this sort is true. Howsver, it is becoming inorsssingly evident that other
feotors sometimes may influence distribution. Ecologicel conditions havs changed
8 great deal since pre-Columbisn times, and if we had en adequete picture of the
situation as it existed then we would undoubtedly have to revise our ideams ooncerning
the mode of distribution of meny species. This is easpocially true with regard to
the northern species which inhabit eold, bog waters. The conditions under which
these fish thrive have practically disappesred in the more southern areas; this
hes been due to both natursl and unnatural reasons. In most ceses a few reliet
populations are the only definite clue we have to their former southsrly distribution.
The lowering of the water teble, particulerly within the lsst fifty years, has
eliminated the veast majority of the small springs in which such species had been
able to survive.

The presence of southern species in the Red River of the North and in the
lgkes now found within the ares of former Leke Agassiz has been considersd as in-
dicative of a post-glacial conneotive betwsen the Mississippi Valley and Lake
hgassizo This is & logioal assumption and probably a valid one in most instances,
espacially when the fish in question is widely distributed to the north. In some
cases, howsver, such as that of Notropis spilopterus, Notropis saopenus, and
Notropis dorsalis, this assumption should be made with caution since these species
are found only in the southern hesdwaters of the Red River, in olose proximity to
the hesdwaters of both the upper Mississippi and Mimnesots Rivsrs. Present
evidence has shown that the berriers oconnecting both these river systems with the
Rod'Riv;r havd been broken, et least momentarily, quite recently (Underhill, 19567,
PPeo 7=8)o

It is also possible that some of these species which failed to £0 very far
north in this drainayge are limited by the 66° July isotherm (see Radforth, 1944 end
Keloher, 1956). To determine, then whioh species sctually entered by the gleoial
outlet and which ones ceme in at a later time is very diffiocult, since some fish
which entered recently could have moved well up the river wherees some of those
which entered through the Werren River may have been restricted in their northward
dispersal by the tsmpsrature faotor,

The d%scovery of a second, eastern outlet from Lake Agessis (Elson, 1965)
mopns that a number of species whose presence in this area had been attributed
solely to entrance through the Warren River outlet may actually have entersd
through the eastern outlet or may have utilized both outlets., Nor iA: it impossible
that the upper Mississippi may have furnished some sort of a dispersal route inte
leke Agassiz, although this was probably of minor irportance compared to the Other
two. In order for one to knew with sny certeinty that the Warren River was the sole
outlet utilized by a particuler species of fish, ssveral requirements must be met.
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First, the species must be fairly widespread throughout the Lake hgassiz region,
and seoond, it must be absent from both the upper Mississippi River and the Lake
Suporior drelinage. Underhill (1957, ’semsidering only minnows end darters) found
that three species met these requirementss Hybopsis atorerisna, Peroina maculata,
end Percina shumardi. Probably most, if not allg'of-§ﬁz~3§i;; 6;:3?:::'3§TTT;=3
the mﬁiwr, at leest in combination with the other outlets, but it is im-
possible to be absolutely sure of this.

Underhill also belisved that the esstern outlet to lake Agsssiz was of msjor
importence in the distribution of at least two species, Hybopsis plumbea and
Chrosomus noogasus. Those two fish are found on the northern Atlsntio slope and
in e few isolated aress in the upper Misaissippi Valley. Although these forms
survived the last glaciel advance in the letter ares, Underhill felt that they did
not disperse from that center. As evidence he pointed to the fact thet these
speciss are shsent both in the 8t. Croix River systom sand in the upper Missisaippi
River ebove Sto. Anthony falls. Rather he thought it probable that they had e
second refugium on the Atlantic comst snd thet their present distribution, which
extends to the -Red River of the North and (for Hybopsis plumbea) still farther wost,
can be accounted for on the basis of a westward migration ough the Great lakes
snd into gleocial lake Agassiz through the eestern outlet.

This explanation seems to be mora convinocing for Chrosomus neogseus than for

bopsis plumbes. The latter has & more extensive renge than the #ormsr, and its
presence throughout western Cansda and even onto the Peoific slope led Walters
(1865, p. 344) to hypothesize a Paoific refugia for this species as well as for
Salvelinus nameyoush, Catostomus ocatostomus, Rhinioht§¥a ocataraoctes, and Lote
Tota., The Atlantio cosstal d stribution of ﬁz opsis plumbes egrees well with that
of other species (previously mentionsd) which are ought to have arrived there
very soon after the retreet of the glacier. The finding in 1964 of a tiny reliet
population in a small spring oreek near Dubuque, Iowa, is definite proof that
this species probebly had a wide distribution throughout the Mississippi Valley
during the Wisoonsin, and its present absence from the upper Mississippi and St.
Croix rivers may possibly be ettributed to soologionl factors.

Presence in the Lake Superior sand/or the uppesr Sto Croix River has been cited
by Greene (1935) as evidence that the species in question penstrated the Grest
Lakes dreinage by mesns of the St. Croix outlet, As Underhill (1957) pointed out,
this is not elways a valid oriterion. "St. Croix fslls,® which Greene considered
to havs formed an impassible barrier to the dispersal of fishes into the upper
reaches of this river in recent times are really not falls at all but only a
lengthy (ebout six miles) streteoh of rapids in the vicinity of Taylor's Falls,
Mimnesoteo Although it would be difficult at present for a quiet-water form such
85 Notemigonus orysoleucas to treverse this stretch of streem, it would not seen
so improbeble when oonsidered over a long period of time, espscially if it is
realized thet considereble change could have occurred.in this srea over the past
soveral thousend years.

Three other species, iiybopsis biguttata, Mocropis deliocicsus, and Rotropis
dorsalis, present in the Lske guporior basin, mey not have used the St, EroIﬁ-
Brule connective in their post-glaoial dispsrsel. The bigmouth shiner (Notropis
dorsalis) is sbsent from the Lake Superior drainsge of Wisconsin, and hes & rather

locs] distribution in this seme bsein in the Upper Peninsuls of Michigen (Taylor,
1964), Its absence from the western end of Lake Superior and its abundance in the
St. Croix River suggests a post-Lake Duluth migration from the lower Grest Lakes.

The hornyhead chub (Hybopsis biguttets) snd sand shiner (Notropis delioiosus)
present e more complex problems both are present, but not common, in the Lake
Superior drainage of Wiseonsin and Michigen. It is diffiocult to explein the




absence of these minnows from the St. lLouis River on ecologiosl grounds, since
suitable habitets are present there. Thet they are abasent from the St. Louis River
is supported by the feoct that Moyle and Kenyon (1947) failed to obtein specimens,
elthough they made 267 oollsctions in this river and its tributeries, The presence
of the sand shiner in the Hudson Bay drainage (Radfortho 1944), indicates a tolerence
for cold waters and weakens eny conclusion based on temperature sz s barrier to
expansion. The restrioted distribution of these species could be explained by
their recent migration into the Lake Superior basin from the lowsr Great Lakes
along the south shore of Lake Superior in post-Lake Duluth time, a8 access to the
St. Louis River is berred by impassible falls at Soanlon, Minnesota. Falls near
the mouths of the north shore streems and posaibly the lack of suitable habitats
mey explain their absence from the ranaining streems of the lake Superior watershed
in Minnesota. Taylor (1954) suggested that the hornyhead chub may have migrated
northeastward along the shores of Lake Superior and lake Michigen., Both speocies
are common in the St. Croix and upper Mississippi rivers and if they used the St.
Croix-Brule connective in Lake Duluth time their rerensss in.t ke Superior
drainage is difficult to explain. wWhile existing evidence 22& 'concluaivbo «
post-Lake Duluth route of dispsrsal into the Lake Superior besin is not improbeble.

It can be soen from the preceding that a new set of criteria should be used
for detarmining the validity of dispersal into the Greet Lekes through the 8t.
Croix outlets (1) distribution throughout the St. Croix River; (2) distribution
in the Lake Superior watershed end showing a osnter in wostern lake Superiorj this
mey be spotty becsuse of the nature of most of the tributery streams bordering
Leke Superior; and (3) essuming & suiteble habitat therein, presenco in the St.
Louis River above the falls at Scenlon, Minnesots., In eddition, the presence of a
species on lsle Royale is excellent evidance that the St. Croix outlet was used,
although absence from this erea does not necessarily mean that the species in
question did not enter in this way (Hubbs end Lagler, 1549)

The distribution of Hybognathus hankinsoni does not warrtng&tn inolusion among
those fishes using the St. Croix outlet, although Bailey (1954) included this
stroam es a disperssl route for this speciss. There are no records for the Sto
Louis River and the records for the upper St. Croix drainage and western Lake
Superior are very spotty. It would seem that this species most likely entered the
Great Lekes through the Fox River connective end then worked its way around to the
shore of lake Superior, es did Hybopsis biguttata, Notropis deliciosus, and Notropis
dorsalis. '

Greene (1935) disoussed the two main problems oonnected with hypothesizing a
disperssl into Lake Miohigen through the Fox River ocomnective. Firet; the Portege
canal has permitted some species to enter the Fox River drainage which otherwise
would not have done s0; these usually can be recognized because of s 1imited dis-
tribution centered around the outlet of the cenal (1005 Fundulus notatus and
Etheostoma casruleum). Second, the distribution in the Fox River system of some
of the big-water speciss, such as Rocous ohrysops end Iotslurus punctatug is just
as readily, if not better, explainad by attri uting their presence to migration
through Lake Michigen and Green Bay.

Thus, fish which definitely can be said to have utilized the Fox River outlet
should (1) be smeller-stresm species which sre not likely to migrate through a
large body of water such es Leke Michigan, end (2) heve a reasonably wide dis-
tribution throughout the Fox River syster, Pereoina phoxocephale (mep 16) is an
sxample of a fish that has entered the Great Lakes through this outlet alone.

The piocture of fish distribution into Lake Michigan by means of the Chicego
River outlet has also been clouded by the construction of the Chicago drainage
oanal, Passage through the canal is believed to be responsible for the occasional
records of Mississippi Valley species, such as Ictiobus bubalus, Polyodon spathuls,




13

and Pylodictis oliverig, in the Lake Miohigen dreinage, This mey well be, although
the presence of very small populations of the latter two species in leke Erie is
belisved to be natural, If 80, 1t would seem logioal that their presence in Lake
Michigen could be naturs} a8 well. (For further disocussion of this see e subsequent
peragraph). The small-gtream inhebit ing species, such ss WNotropis chalybeeus (mep
14), which occur in various tributeries of southern Lake KTEETEEE-iF;-Eﬁs—S;:%
indicators of disgpersal through the Chicego River outlet,

Netural pessage of fish from the Webash River inte the Maumee is possible
today (Hillorg 19567 )3 the ares around Ft. Weyne, Indiana, is rather low end marshy
(et least it was in pre=Columbien times) end it is quite possible thet fish could
heve crossed thies berrier during high weter conditions. Mors recently the con-
struotion in western Ohio of the reservoir for the Miami-Erie canal, lake §%,
Marys, has opened a permanent comnection between these two river systems. This
body of water connects only headwater areas, thus making it improbable that fishes
inhabiting only the msin rivers would utilize this sonnection. Howsver, at least
two species, Phenacobius mirabilis and Lepomis humilis, ere known to have entered
the Greet Lakes within Ghe ast half ocentury by this means. On the other hand,
speoios such as Ammoorypta pellucids (map 13), Moxostoma osrinatum, Hybopsis
X-punctats, H!bogais storeriana, Notropis boops, and Noturus miurus, to name a
fow, must heve ontered through the original outlet,

It is known that during much of the existence of the Ft, Wayne outlet Lake
Erie was 1ittle more than e large, broad river, resembling little the Lake Brie
of today. As e result, there was no abrupt constriotion of the lake at its oon-
fluence with the Maumee River such as now exists. This has been eonfirmed by
ven der Schalie (1978 and 1940), who hes found thet & number of mollusecs which
usually ere confined to big rivers of the Missiseippi Valley ere known in the
Greet Lakes region only from strasms tributery to the western end of Leke Erie.
Thie is also reflected in some of the species of big-river fish which are known
to oocour naturelly in western lake Erie and its larger tributeries, such es
Hybopeis storerieans, Iotiobus oyprinellus, Pylodictis oliveris, Polyodon spathulas,
and Moxostome cerinetum. These species are all {ississippi Valley %nhnsitantl
whioh must have entered the Grest lakes through this outlet. It is possible thet

lodictis and Polyodon used the Chicago outlet, but beceuse of the circumstances
Just disocussed, their cccurrence in Lake Michigen is not as likely to be natural.
as 1t is in Leke Erie,

The possibility that a spociss such as Lepizosteus productus, which is found
both in Lake Lrie end in southern Loke Michigen, oould have oome in originally
through only one glecial outlet should ba considersd, During e wermer climatic
period then is not present, this species could have moved eround the lower penin-
sula of Michigan into the other leke; then, when the climate became colder again,
the range would have been restriocted to the more southerly ereas. Since égal:g;ﬁgg: ¢
productus is not found in the Fox River system, this method of dispersel prohably
‘diﬁ“EE?"Eccuro Howsver, when a species is found in lmeke Erie, southern Lake
Michigan end in the Fox River system, this possiLlc ueans of dispersal is not so_..
eeslily eliminated. S "““;“k“_d, e Lf'u.
T Thepe whe s Alinbar of spsciss.whose dietribubions are wide longitudinally
but rather nerrow latitudinelly, especially to ¢t Beiley's (1954) dis=
tribution mep of Hybognaethus hankinsoni illustrutes this points CUther species
show the same gensral(pattsrn, perticulerly with“ragerds to?%nﬂéf rengs from
southee stern Wige westorn New York, J'ish such ss Chrosomus neo,aeu
Chrosomus eos, Serfotilus waryeritsa, Notropis hogeﬁhs, Motropis heterodon@ﬁgﬁd
Moxostome valencienness ure strictly confined to the C(reet lekss drainsge within
the. longitudinel zone described above,
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The first three species are further charecterized by a renge which in
Michigen sxtonds southwsrd onlvy to about 42° No letitude, end which feils to
_includs Ohio st all; this own be attributed to a present lack of the cold, bog
"type of hebitat which these figh requ ®o Tq the east they occur in Nove Sootis
(Livingstone, 1963) and to thseﬁa%%gaé 'Tﬁﬁﬁghﬁn eastern British Columbie (Cerl
end Clemens, 1953), They also have entered the upper Hudson dreinage, probebly
through e filter comnective from the St. Lewrence River. Occurrence in the ¢
Misslssippi dreinage is mostly limited to northern tributeries, with s few relict
populstious ferther south (Hubbs snd Lagler, 1947),

The other species show & eimilar range, but do not extend so fer esst or
wost, are not found in the upper Hudson River druins,e, occur in Uhio and southern
Michigsn, and have & slighkly more southerly aistribution in tributeries of the
upper Mississippio

The most importent churecteristic of the sbove rengss is the fect thet all
speciess concsrned oocour in the Migsissippi drainage to the west but are sbsent
in the east, Obviously, then, their glacial refugium wes only in the western

ert of the Mississippi Valley. They probebly resentered the Grest Lakes only
through the Fox River end in some cesss the Sto Croix outlets, then spreed
sastwurd into Lake Frie anq/or through the Trent River outlet into the St.
Lawrence, Their presence in tributeries of Lake Michigen end Lake Erie, then,
doos not constitute absolute proof thet these species reentared the Grest Lekes
through either the Chicasgo River or ths Ft. Wayne outlets,

Ocourrence of the bogweter forms s fer west as British Columbia indicetes
thet they mey have entered Lake hgessiz and then worked their way westward., If
80, their seeming lack of abundance in Menitoba (Keleher end Kooymen, 1966) is
rether puzzling. At the sems time, the eastern outlet of glecial sgassiz ocould
elso heve been utilized in their esstwerd dispersal,

Lastly, the distribution of Hiodon alosonides is interesting inasmuch as
this is the only species which is found in the Lake Pgassiz ares but which -
has nevsr been recorded from the Gract Lakes dreinege. Its puzzling ebsence
from the latter ersee has been thought by soms to be due to competition with the
closely relatad Hindon tergisus. llowavsr, the two live togsther in meny other
perts of their renges, so this hypothesis seems to be invelid. It hes also
been sugyested thet since Hiodon alosoides is sn inhabitent. of large, silty
weters, the ylacisl outlets into ths Great Lekes were not larye enough nor
turbid enough for it to enter them. Although this is probably the bsst hypothesis
so far, it still falls far short of a satisfactory explanstion 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 effechbs of adverse environmental

conditions en-the spawning runs are discussed,

INTRODUCTION
(Seime
Brown trout/Bre native to Europe, Some brown trout, like
many salmonids, migrate to spawh. The purpose of this paper
i1s to describe.the migratioén:of spawning brown trout in selected
Swedish, Scotch, and American lakes and to discuss environmental

stimull and the effects of adverse environmentsl conditions

on the spawning runs,

DISCUSSION
Shoaling
Before fish which are to spawn enter streams, they collect
into shoals off stream mouths, Shoal formation indicates a
change in brown trout behavior (Stuart,1953), In a largéigze
appearance of trout shoals may be prec:ceded by a gradual mévement
of fish toward areas where sheals will form (Pyefinch,1960),

Reasons why trout shoal are not fully known, but maturation

of ovaries and testes is probably an important factor, Trout in

these shoals, however, vary considerably in their ripenﬁif (Pyefinch,1960)




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 typicdl spawning season in Dunalastair
Reservoir, Scobland, the spawning migration is composed of
a serigs of runs which increase numerically from the first
small run to a major run during the middle of the spawning
period, theresafter decreasing regularly until the first few
fish have spawned (Stuart,1957)., Generally each year the chief
runs are made in a stream rising after a variable period of
low water levels or in falling water lavéls after a flood or
freshet. Normally each run is completed within a period of
2li hrs and continued from early morning until late afternoon

or from one afternoon until the following morning, depending on

the state of the stream level (Stuart, 1957).

Eventhough runs occur uniformily from late summer through
early autumn, the timing of the runs varies considerably From
one location to the next, Niemuth (1967) reported that migration

from Lake Superior into the Brule River, Wisconsin, begins in

early July, peaks in August, and 1is 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 moﬁed 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 Rens jon, Sweden, migrate in August
and September (Runnstrom, 1957).

Sex ratio and age composition of the run vary from locality
to locality. Gustafson (1951) 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 I to 12 years old; Niemuth (1967)

reported that the spawning fish were from Iy to 5 years old,

Stimuli initlating spawning runs

In 1938, Carl remarked that the spawning runs up Cowichan
River, Vancouver Island were induced by freshet conditions
immediately following hesvy rainfslls, 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 inducqurout 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

meonlight
more trout migrated om dark nights than on bright meéﬁfiﬁ nights,

There 1s 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 fhere seemed to be no relationship

‘between water temperature conditions and the &ncidence of the

runs, In Dunalastair Reservoir, however, shoaling occurred

only when the loch temperature:fell to about 900 (Pyefinch,
1960). 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 (1967) 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 organs,

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 exsended for a totsl
of 49 days compared with the previous average figure of 36
daysrhen heavy rains and flooding persisted, The major runs
were more widely, separated than beforer-and were individually
composed of a greater number of fish, Fish will neither run,
nor, 1f 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 1ts channel and the activity of spawning




fish on the redds is arrested by associated physical 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 (1960) reported that shoaling seemed
unusthally late during a season of extended drought, If the
drought lasts long enough, tHe spawning run may be greatly
reduced becsuse 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 2 hrs in the stream while the greater proportion
of males remained several days, Niemuth (1967) 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 downsteeam seeking out deeper pools;
(3) at times 25 to 50 or more largd trout congregated in a
single pool; (L) the downstrean movement starts immediately
after spawning and continues into early winter,

O'Donnell and Churchill (195l ) reported only limited
fish movement after the winter temperature dropped below
L0°F. Fallis 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, bub downstream movement closely followed
ice breakup in late March or early April, Runnstrom repoeted
that no spawners returned to Lake Rensjon (Sweden) until spring

and early summer,

Migration of immature trout

Niemuth (1967) 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 paremt
stream into Lake Superior, Stuart (1957) described the downstream
migration of juveniles in Lochan an Daim, Scotland as follows:
(1) there 1s a well defined downstream migration chiefly of

1*and 2* fish each autumnwith axproportion of d* fish migrating

at this time; (2) this migration normaily 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 becoms sexually mature and delay their
downstream migration until after the arriva. of the adult
trout, no female trout have besn observed to do so; (4) a
simllar well defined upstream migration in the spring has also
been noted, and this generally takes place around the same date
each year; (5) while the seasonal migrarion may be performed

o7

by O*; 1 . amd 2*trout, no fish of either sex above this age

~have been found to reside in the streams during the summer,




Pyefinch (1960!) noted the following in Loch Tummel, Scotland:
{1) 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 snter the loch; (2) fifty-one
per cent of the young fish spent two years in the nursery sbream
before migrating, 27% spent three years, 15% migrated after

one year, and 7% 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 il

migrants); (l) once the young f4sh has left the nursery stream
it does so as a mature fish to spawn, Runnstrom (1957) 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
l. 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 variles
from three to fifteen days,
3. Eventhough runs occur uniformily from late summer through

early autumn, the timimg of the runs varies considerably from

one location to the next.




4. 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 consistant rule concerning the role of
temperature as a stimulus to migratory runs,

T. 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 quite 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.

Pistributional 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.

INTRODUCTION

For several years we have been trying to understand why young chinook salmon
(Oncorhynchus tshawytscha) and steelhead trout (Salmo gairdneri) are found where they
are 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, and
winter hiding behavior.

We present evidence in support of the conclusions and speculations listed below about
distributional wehavior:
1. In the warme: 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
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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, and 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.

. 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.

- 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 (Oncorhynchus 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 of fish 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).

DAILY DISTRIBUTION

FOOD-RELATED DIURNAL DISTRIBUTION

In observing the behavior of O 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 (Artemia sp.) 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 abundant. This implies that
chinooks, at least, can take advantage of short-term food abundance, subordinating any
minimal-space requirement to do so.

Keenleyside and Yamamoto (1962) reported that Atlantic salmon in aquaria will shift
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. frutta feeding
on natural foods which entered their cages in Lake Windermere also were inactive at night
and active during the day. In most months there was a peak in activityat dawn, according
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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
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/mz, 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 sensitivity of coho fry, with threshold to 1.076 lumen/m2 as
compared with 10.8 Ilumen/ m2 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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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.
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FIGURE 2
THE RELATIONSHIP BETWEEN CHINOOK SALMON OF VARIOUS LENGTHS AND
SELECTED PHYSICAL VARIABLES OF THE LOCHSA RIVER AND JOHNSON
CREEK (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).

Probability
Water Mean size of
velocity Time of insects L larger t

.39 mps Day 2.75 mm
0.15

.83 Day 2:99
Night 3.79 mm

.83 Night 4.30

Combined data Day 2.92 mm

for both
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
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 I 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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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 O 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 pooldike
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 m3ps 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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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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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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FIGURE 7

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.
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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 I+) 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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FIGURE 10

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
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7

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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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 O+ 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
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
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 c¢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
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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 of stock comprised of non-residents in:

Period Number of Number of
fish present April (Age I+) fish present Sept. (Age 0+)

1961-63, before 1695 30% (509 fish) 3536 18% (636 fish)
alteration

1965-67, after 29% (845 fish) 35517 17% (605 fish)
alteration

Percent of residents moving out in:

Sept.-Apr. (Age 0+) Apr.-Sept. (Age I+)
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 (5894 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
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. frutta. 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. salar.

Incidentally, Keenleyside and Yamamoto (1962) and Owen Fenderson (pers. comm.)
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
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/m2 on the riffle and 27.7/m2 in the pool. In the channel
with more food, riffle and pool densities were 8.9/ m2 and 40/ mz, 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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ECOLOGY OF PARAPATRIC
DISTRIBUTIONS
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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 of
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 similag 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 finc
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, anc

1\
0066-4162/91/1120-0019$02.00




20 BULL

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
usuakly 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 arcas, 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
nuclear genome has been replaced (77).

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), 1mplyiﬁgja~;ae”f6r
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

0 ulailgn _f?,f two species w1th nearly id tlcal ecologlcal requirements.”
The two definitions include hypotheses for how parapatry is maintained.
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 can 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 be eliminated slowly, allowing wide overlap rather than
sharp separation along gradual clines. 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 (341

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 coévolve 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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cplacement clines 62% as steep as those from interspecific competition,
nplying comparable potential of the two processes to maintain parapatric
oundaries. More reproductive potential was lost by the numerically inferior
pecies, 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 %onto islands within the range of the other (3).

A similar proposal, the “satyr effect” (110, 111), has males mating in-
liscriminately, 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
0squito 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 conspecifics in
1e 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.

WO CASE STUDIES

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

One involves two morphologically similar frog species, Ranidella riparia
nd R. signifera, 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. signifera
92). No hybrids are found in the narrow overlap zone where R. riparia
reeds in swift, rocky, west-flowing creeks, and R. signifera in slower, more
nuddy, east-flowing creeks. Habitat suitable for each species is available
reyond the boundary, but neither species extends further into the range of the
rther (92).

Laboratory experiments showed that R. signifera tadpoles were displaced
nore by flowing water (91), and more often chose sheltered habitats, es-
ccially 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. signifera 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. signifera (97). These results suggest R. signifera
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.
signifera (92). Males of R. riparia have a relatively complex vocal repertoire
(99). Yet their advertisement calls average 24 dB lower than R. signifera and
may be inaudible to conspecific females in the dense continuous chorus of R.
signifera (98). Experimentally transplanted R. riparia males moved away
more rapidly from areas where R. signifera males were calling (94). Acoustic
jamming may prevent successful colonization by R. riparia of creeks where
R. signifera 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, | 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.

p 8
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 clines 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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'gure 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
itained. Once established, local populations persist on the ridges as long as
iere 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
ey 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
spersal 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,
«cludes 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

PARAPATRY 31

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
Anatomical to Population Perspective
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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
garner 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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freshwater such as gobies, some sharks, flounders, etc., 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.

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, adaptive radiation,
convergent evolution, species flocks, competition, predation, competitive
exclusion, coevolution and much more.

1. Extinction: Paleozoic fossils in and around Colorado are of marine
fishes including some montrous placoderms. Typical freshwater fauna
appear in Cenozoic times. Rich deposits of fossils are found in the
nGreen River Lakes", a series of large lakes of Paleocene and Eocene
age (40,000,000-60,000,000 years B.P.) in S.W. Wyoming, N.E. utah,
and N.W. Colorado. The fossil fishes represent stingrays
(Chondrichthyes, Dasyatidae), paddlefishes (Chondrostei,
Polyodontidae), gars (Holostei, genus Lepisosteus), bowfins (Holostei,
genus Amia), and following teleost fishes: mooneye (Hiodontidae),
bonytongue (0Osteoglossidae), herrings (Clupeidae) "African sandfish"
(Gonoryhnchidae), suckers (Catostomidae), catfishes (Ictaluridae),
trout perches (Percopsidae), perches (Percidae), and species of two
extinct families, Asineopidae and Priscacaridae.

Comparisons with present fish fauna reveals major extinctions,
replacements and a few surviving phylogenetic relicts. Chondrichthyes
now have no freshwater species in Nearctic or Palearclic regions. A
few species of Chondrostei and Holostei -- paddlefish, sturgeons,

gars and bowfin -- have persisted to present. Note genera Lepisosteus
and Amia occurring 50,000,000 years ago. Also species of families
Gonorhynchidae and Osteoglossidae indicate radiation of primitive
teleosts from Gondwanaland to Laurasia and into North America.
Osteoglogsidae is presently represented by one species in "Africa, one




species in Australia, and two species in South America. A few
species of Gonorhynchidae persist in Africa. Both families are
primary freshwater fshess

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

The Ostariophysi are represented by species of suckers (Catostomidae)
and catfishes (Ictaluridae), but no minnows (Cyprinidae), the most
speciose of all vertebrate families ( 2000 g

The order Percopsiformes (represented by family Percopsidae) is the most
primitive of the advanced teleost fishes. They exhibit characters
intermediate between primitive teleosts and advanced teleosts. They were
widespread in the Cretaceous but now persist as only a few species in
three families, endemic (but probably not autochthonous) to North America.
Most species are highly specialized cave fishes. Note similarities with
holostei (gars and bowfin).

Percidae is ancient family of nadvanced" teleosts. They persist in
Holarctic as a few, stable species of yellow perch, walleyes, and European
"pruffes", except for a great splurge of speciation of darters in North
America, evidently evolved to fill the neubstrate" niche, similar to
ostariophysean family Cobitidae ("1oaches"), which never made it 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. (Columbia River basin) into
the Pliocene. What could have caused their extinction? Centrarchidae
were common fishes of Miocene-Pliocene in western \.85 0 15 present
indigenous western distribution is limited to one species in Sacramento
River.

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

What is similarity among Gadidae, Sciaenidae and Embiotocidae? Why is
this phenomenon so much more prevalent in Australia (two species of
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
Neotropical-Gondwanaland)?

What is basis to recognize provinces (subregions) for freshwater fishes
(remember degree of endemism)?




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 speciation and
taxonomy? North America has, at most, mini species flocks -- a few

species of ciscoes (Core onus) in Great Lakes, perhaps the tui chub of
Lahontan basin, and whitefishes (Prosopium) of Bear Lake, which has 4
endemic species -- only three other species of this genus occur in Nearctic
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 interpreted by zoogeographic
evidence of primary freshwater fishes. Hint: fish live in water and water
runs downhill.

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 pmerica (Neotropical) has
about 10 times more freshwater fish species than North America (Nearctic).




Trout are the aristocrats of inland waters. Their heauty 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 rtun to the sea.

The term '‘trout! is loosely applied to & number of similar
species. The 'true trouts' belong to a group of fishes in the family
Salmonidae. This family is divided into three subfamilies: the
whitefishes, Coregoninae, the graylings, Thymallinae, and the trouts,
salmons and charrs, Saimoninse. These are relatively primitive forms

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

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

There is not much agreement in the use of the names trout, saimon and
charr. In Europe the name trout is given to the brown or sea trout,
Salmo trutta, and charr is used for the various forms of the arctic

charr, Salvelinus alpinus. The Atlantic salmon, although cailed a salmon,

is more closely related to our rainbow trout than it is to the Pacific

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

of native charrs which are often called trout. These are the eastern




brook trout, Salvelinus fontinalis, the lake trout, 8. pamaycush, the

boliy Varden, S. maima, and the Arctic charr, S, alginus; These are
more closely related to the Europedn and Arctic charrs than they are

to the true trouts.

q We have three native trouts in North America. These are the rainbow
or steelhead, Salmo gairdnerii, the Atlantic saimon, Salmo salar, and
the black-spotted or cutthroat trout, Salmo clarkii. The latter is so
called because of the crimson, slash-like markings on each side of the
throat. It was found originally from novrthern California to southern
Aleska in coastal waters, and was the only native trout in the interior
drainages of the upper Missouri, Colorado, Rio Grande and in the Great
Basin in Nevada and Utah. A number of subspecies of cutthroat have been

named. Among these are the coastal cutthroat, $. clarkii clarkii, the

black-spotted trout of Yellowstone Lake and the head of the Missouri
River, 8. clarkii lewisi, and the Lahontan or Nevada cutthroat, $. clarkii
henshawi. The record trout ever taken by angling weighed over &l pounds

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

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

distinct species, Salmo aguabonita by some ichthyologists, but only as a
subspecies of the rainbow by others. |t 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 California. Spawning in streams in late
June, it will readily hybridize with rainbow trout, producing fertile
hybrids. Recently, other forms of golden trout, much like the California

type, have been discovered in Mexico and Arizona.




In the genus Salmo, besides the species already mentioned, we have
$. ischchan of Lake Sevan and S. mykiss of Kamchatka, both in USSR, and

S. letnica of Lake Ohrid, Yugosiavia. There are three other genera of
troutlike fishes that are closely related to Salmo. These are Hucho,
Brachymystax, and Salmothymus. The genus Hucho has three speéies. One

in the Danube River, one in Siberia, and one in northern Japan. The genus
Brachymystax consists of a single species found in Asia. Salmothxmué
contains a few, little known species in tributaries of the Adriatic Sea

in Yugoslavia and Albania.

In the streams tributary to the Pacific Ocean, six species of Pacific

salmon, Oncorhynchus, spawn. Five of these species live in North America

and 8 sixth occurs only in northeastern Asia. Like the Atlantic salmon,
the Pacific salmon spawns in freshwater but spends most of its life in the

sea, returning to freshiwater to breed. But unlike the trouts, all Pacific

salmon die after spawning. One species of Pacific salmon, the sockeye,

_Oncorhynchus nerka, may live its whole life in freshwater, never going to
sea, This form is known as the kokanee, silver trout, or little redfish,
The whole family Salmonidae was originally restricted to the colder
waters of the Northern Hemisphere. Trouts, especially rainbow and brown
trout, have been widely introduced into suitable waters in Africa, India,
South America, Australia and New Zealand where they have produced fabulous
angling., The main requirement for successful trout habitat is clear, cold,
well oxygenated waters with suitable gravel for nest building during
gpawning., Fertilization of the eggs occurs externally as they drop into

shal low pockets made by the female in the gravel, after which the female
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carefully covers them with several inches of gravel. |Incubation occurs

in the gravel where they are protected from predators. Survival through
hatching is often over 90‘percent. Length of the incubation period

depends upon water temperétures. At SSOF rainbow eggs will hatch in 23 days.
At L3°F the incubation period may require as much as 130 days.

The brown trout, Salmo trutta, was originally distributed from North
Africa, throughout Europe and in Asia to the Aral Sea and its tributaries.
In the Caspian Sea this species has been reported by Russians to reach a
weight of 100 pounds. In the northern part of its range, the brown trout
has populations which go to sea to grow and mature, returning to freshwater
to spawn. A few sea-run brown trout have been reperted recently from the
Columbia River in Oregon. 1In this respect they paralliel the behavior of
At{éntic salmon. The brown trout has been successfully introduced into

4

wany American waters. It is the most wary of trout and more difficult to
14

/kateh than our netive American species,

The rainbow, or steelhesd, trout was native only to the Pacific coastal
streams of North Americe, from northern Mexico into Alaska. It is a
superb game fish, making epectacular leaps when hooked. Rainbows have been
known to attain & welght of more than 35 pounds. Temperature-wise, rainbows
are the most adeptable of the trouts and can stand water temperatures of
83°F if the oxygen remains high. They are the principal trout propegated
in fish hatcheries.

Most salmonids are carnivorous and predatory. When young they eat the
microscopic 1ife in water, later turning largely to insects and crustaceans.

When very large they are usually piscivorous. A great variety of artificial




e

lures used by anglers are imitations of their aquatic foods. Dry fly

fishing for trout is considered the highest form of the engler's art.
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