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INTRODUCTION
In 1950, members of the Colorado Cooperative Fisheries Re-
search Unit began an ecological survey of Lonetree Reservoir,
Larimer County, Colorado. The survey is part of a long range
program aimed at improving the warm water fishing in Lonetree
and other similar irrigation reservoirs.
This report is based on a laboratory examination of intesti-

nal contents of the western white sucker (Catostomus commersoni

suckleyi Girard) taken from Lonetree Reservoir.

COLLZCTION OF cPuCIMENS

All of the fish used in this study were collected with gill
nets, in Lonetree Reservoir, during the months of June, July
and Auwgust, 1952. The nets were set daily and the fish were
removed the following morning. The weight, length and sex of
gach fish was determined and recorded and a scale sample was
placed in a cein envelope., When the fish was cut open for sex
determination, the intestine was also examined, If the intes-
tine was in good condition and contained sufficient material to
warrant examination, it was cut free at the pharynx and anus
and was carefully removed. All of the digestive organs were
left intact, given.a code number, wrapped-in cheesecloth and
preserved in a 10 percent formalin solution.

It should be pointed out that taking suckers by gill net has
some disadvantages. ©Since the fish are often entrapped in the
nets for several hours before they are removed, many of them

die and start to decompose.




LABORATORY PROCEDURE

A1l c.c. sample was removed from the most anterior part of
the intestine. This sample was placed in a 10 c.c. graduated
centrifuge tube and diluted with water to the 5 c.c. level,
The tube was agitated until the contents were thoroughly mixed,
then the mixture was poured into a watch glass. The material
was stirred with a probe until a homogeneous suspension was
obtained. A 1 c.c., sample was drawn off with a widemouth pi-
pette and placed in a container for microscopic inspection.

At the beginning of the study, a Sedgwick-Rafter cell was

tried for counting the organisms under the microscope. Since

the cell has a capacity of 1 c.c., the sample filled it to the
point that 'the organisms were bunched together so closely that
an accurate count could not be made.

Counting and identifying the organisms was simplified by mark-
ing off a Petri plate into 40 divisions and substituting it in
place of the Sedgwick-Rafter cell. The area of the Petri plate
permitted a wider and thinner distribution of the material,
thereby, easing the task of separating the organisms and debris.

A dissecting microscope was used for counting the organisms,
however, a compound microscope was used to identify many of the
smaller individuals. The identifiable invertebrate organisms
were tallied by actual count then multiplied by 5 which was the
dilution of the sample. All plant material and debris was con-
sidered separately and was recorded as an estimated percentage
of the total sample volume. The data was recorded on standard

fish stomach analysis shesgts.




An attempt was made to classify all organisms as to their
genus, but in some representatives this was impossible be-
cause they were partially digested. Some of the scientific
names have been changed to conform with those used by Pennak
(1953).

In the tabular presentation of the data (Tables 1 and 2),
the volume and frequency of occurrence of the debris is not
shown because 1t may create an erroneous interpretation of
the results. An analysis of the debris is given elsewhere 1in
the report,

The writer 1s indebted to Dr. 0. W. Olgen, Br. Jd: R. Olive
and Dr, T. O. Thatcher of Colorado A&M College for assistance

in identitying many of the organisms.

DISCUSSION OF FOOD HABITS

The suckers examined, in the study, were between 8,1 and 16,5
inches in length with an average of 11.8 inches. Although some
of them may not have been sexually mature, they were all of suf-
ficient size to be considered as adults. The findings of
Stewart (1927) indicate that suckers acquire adult feeding ha-
bits by the time they reach a length of 3 inches.

The data from this study shows that Diptera larvae represented
more than half of the animal diet of suckers in Lonetree Reser-
voir.' Of this group, midge larvae (Tendipes) were, by far, thé
most abundant., Although Tendipes pupae appeared in 40 percent
of the intestines examined, they were never present in very

great numbers.,

Kutkuhn (1953) found that phantom midge larvae (Chaoborus)




represented 34 percent of the bottom fauna in Lonetree Reser-
voir, However, these organisms constituted a very small part
of the sucker diet, Their low frequency of occurrence may be
due to the fact that the larvae are inhabitants of deep water,
where the absence of oxygen prohibited the fish from feeding.

The only other genus of Diptera which was utilized was the
larvae of the biting midge (Bezzia).

Two forms of caddis fly larvae were fed upon infrequently by

_the suckers. Limnephilidae larvae were taken most often dur-

ing the month of June, and Qecetis larvae were taken only dur-
ing the late summer, Neither of these insects could be consider-
ed an important food item.

Fragments of two small ants were found in the intestines of
two suckers, that were collected in the month of August., Their
appearance was thought to be incidental.

Entomostracans were found to be second in numbers and occur-
rence in the food of suckers in Lonetree Reservoir. Studies
made by Nurnberger (1930) show that these organisms are a major
food of the common white sucker in a Minnesota 1ake. Although
both copepods and cladocerans are quite small, their great num-
bers increase their importance as a food item.

The extremely high numbers of free-living nematodes (Qorylaimus),
which were found during the study, indicate that they are a very

important food of the sucker in Lonetree Reservoir. Surveys,. in

other localities, by Stewart (1927), Nurnberger (1930}, Thorpe

(1942) and Harrison (1950) fail to show an occurrence of nematodes

in the food of suckers. However, lMoore (1952) found Dorylaimus




to. be present in 54 perdent of 82 carp specimens taken from
Lonetrse, This leads to the assumption that nematodes may be
very abundant in the reservoir. It is probable that the fish
ingested them accidentally, along with the green plant fragments.
Since the nematodes are vegetable feeders, which live in and
around plants of the littoral zone, this may account for their
failure to show up in dredging samples that have been taken in
the deeper portions of the reservoir.

The constant and frequent occurrence of Hydracarina in the
sucker intestine samples may indicate that these individuals are
a preferred sucker food. Although their numerical count was low,
the specimens found were large enough to provide an appreciable
amount of nutrition,

One sucker contained two vertebrae of a small unidentified
fish, but this information is not shown in the tables.

Green plant fragments were utilized, by the suckers, through-
out the summer. Tender shoots and rootlets were the most common
forms ingested. Plant fragments usually are one of the staple
foods of suckers, but in Lonetree Reservoir rooted plants are
not available to fish except during times of high water. The

suckers used in this study were taken after the water in the res-

ervoir had started to recede, thus much of the shoreline had no

form of vegetation. This scarclty of vegetation is reflected in

the low volume of plant fragments which occurred in the samples.,
Filamentous algae was present in 50 percent of the intestines

examined, but it represented a minor part of the total diet.

Spirogyra and Mougeotia were the only two genera that could be




Table 1. The Summer Foods of 40 Western White Suckers in ILonetree
Reservoir, €olorado, 1952, Expressed as the Percentage of
Bach Food Item and the Percentage of Occurrence,
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The Summer Foods of LO Western White Suckers in Ionetree

Reservoir, Colorado, 1952-Showing the Average Number of

Ttems Per 1 c.c. of and Percentage of Frequency Occurrence,
BY MONTHS

June (9) July (6) August (25 )
Ave, % of Ave, % of Ave. 2 of
___Class RXos - Uces __No. Occ. No, Occa

Copepoda
Cyclops : 251.6 16 7.0 75

Cladocera
Chydorus . 83
Alona 0
Tyocryptus  ( : 15
Bosmina : 2 iy
Daphnia )

Ostracoda 0
Hydracarina ,, 50

Nematoda
Dorylaimus 123.8

Diptera
Tendipes L. 27
Tendipes P.
Bezzia L.
Chaoborus L.

Tricoptera
ILimnephilidae 2.7
Oecebis L. 0.0

Plant Fragments 100
Seeds 22
Filamentous Algae 88
Diatoms 2
Desmids L

Number in parenthesis indicates number of fish examined .
L.- Larvae
B.- Pupae




identified. Suckers are considered to be heavy algal feeders
in waters where the clinging types of algae are found. In

Lonetree Reservoir, free-floating algae is the type most com-
monly observed and is not easily taken by bottom feeding fish,

Diatoms of three genera, namely, Cymatopleura, Fragilaria and

Navicula appeared only in the suckers that were netted during
the month of June. Although they were usually found in trace
amounts, one intestine was half filled with them.

Closterium was the on1y>desmid found in the samples. Several

of these minute plants were present in the same fish that was
gorged with diatoms.

Inorganic, plant andvanimal debris represented an estimated 58
percent of the total volume of the samples examined. Of this
material, 25.5 percent was sand, mud and silt; 18 percent was
plant debris and 16,5 percent was animal remains. This is a
rather high figure, but Leonard (1940) discovered that organ-
isms present in the debris appeared to be in direct proportion
to those occurring in the recognizable materials. It is this
writer's opinion that a similar condition existed in the spe-

cimens examined in this study.

COMPETITION
An overpopulation of suckers is gquite common in mamny Colorado
reservolrs. In the Lake States, the larger predatory species,

such as the northern pike (Esox lucius) and Great Lakes muskel-

lunge (Esox masquinongy masguinongy), tend to control the sucker

population. Since no large Predatory fish inhabit Lonetree




Reservoir, suckers have become quite numerous. The results
of gill netting during 195C, 1951 and 1952 show that suckers
rank second in the numbers of fish collected.(Fisk 1952).
Although this study is limited to data covering a three-
month period, it does indicate that suckers consume an ap-
preclable quantity of organisms that are utilized by game
fishes of Lonetree Reservoir. (Fisk 1953, Kutkuhn 1953%), Half

of the diet of young largemouth black bass (Micropterus sal-

moides salmoides) and young yellow perch (RPerca flavescens)

was made up of dipterous larvae and entomostracans. Both of

these forms were found to be a major food of suckers.

Suckers have been known to eat large numbers of fish eggs,
but not one egg was found in the 40 intestines examined. In
the authors opinion, the destruction of aquatic vegetation 1i¢
the primary evil of suckers in Lonetree Reservoir., Because
plant 1life is so scarce, any curtailment of its growth will

have an injurious effect upon the food chain.

SUMMARY

The intestines of 40 adult western white suckers taken from
Lonetree Reservoir, Colorado, during the summer of
examined to determine the food habits of the fish,

The main food of the suckers was midge larva (Tendipes).
Second in importance was entomostracans, of which, approximately
one-third were copepods and two-thirds were cladocerans. The
nematode Dorylaimus was an important food item and appeared in
great numbers. Plant foods were taken regularly but not in as

great a volume as other surveys have shown,
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627 South lLoomis
Fort Collins, Colorado

Fetruary 26, 1957

Doctor Harold K, Hagen

Professor of Fish Hanagement

Colorado Agricultural and Hechaniecal College
Port Collins, Colorado

Dear Doctor Hagens
In compliance with your request of January 7, 1957, 1 am submitting

the following report concerning the food competition between the
¥ountain Fhitefish and the trout im the Cache la Poudre River,

The report covers the food orgsnisms found in the Cache la Poudre
River, also the food habits of the whitefish, rainbow, and brown trout,
and the populations of these three species in the river, This study was

seriously limited because I was not able to take samples from this river,
I econclude that the whitefish and the trout do compete for food

snd that this may become a sericus problem if the whitefish population

incresses,

Sincerely,

David J. Jones




; OF CONTERTS

I, INTRODUCTION + + seess o »
4, Object of the ’reg:az*t
Be Abstract .« ¢ o o + »
Hethods and Scope « «

Dy Conclusions « « « « « = » s » & »

11, & 3TUDY OF FOOD COMPETITION BETWEEN THE TROUT AND

SOURTAIN JHITEPISE IHN THE O : FOUDRE RIVER

Hature of the problem + « »
Food organiess . + « =
WALy & o o« 5 = &
Vaéuantity FXow s
FPood end Feeding Habits

Tront o« o o 5 & & % »

Bvaluation
Populstion .
Trout
untain ¥hitefish
E., Conclusions ., « « = »
313. APPRRDIE o v 4. % % &% & %
&, Illustrations of common fish food orgeniems
8, Hap of the whitefish planiings and siudy seclions

Ce Bibliography + o o « ¢ ¢« 2 2 5 4 2 3 3 ¢ s s 2 «




A STUDY OF
FOOD COMPETITION BETWEEN THE TROUT SALMO

AND THE

NEW MOUNTAIN WHITRFISH PROGOPIUM WILLIAMSONI (GIRARD)

IN THE

CACHE LA POUDRE RIVER




IRTRODUCTION




OBJECT OF THE REPORT
The object of this study is to determine whether there is a probability
of active food competition between the newly introduced whitefish and the
trout in the Cache la Poudre River in Colorado, The {rout population includes
annually stocked Rainbow and naturally reproducing German Brown Trout,
This problex wae assigned by Dr, Harold K. Hagen, ?rafeascr of Fish

Menagement, The study was made, and this report is submitted to fulfill

the regquirements of the course, Problems in Fisheries Studies,

ABSTRACT

The wmost cowmon organiems found in many mountain streams of the United
States are squatic earthworms, bestles, true fliss, mayflies, stoneflles,
and caddiz fliee, Heyflies are the most abundent of these in the Cache
la Poudre River, Rainbow and brown trout feed moslly on true flies,
mayflies, scaddis £lies, leafhoppers, beetles, scuds, snails, clems, and
fresn weter shrimp, True flies, caddis flies snd meyflies wers the
favorits food organisms of the whitefish, The rainbows are stocked anmually
at the rate of one hundred fish per every one~fifth mile during the
gpring snd summer, There are spproximetely thirly-three brown trout per
two hundred feet of the river, There has been a total of 1225 whitefish

planted at four locations on the river.

METHODS ABD SC0PE
The guantity and quality of the food organiems ae well as the
population of fish in the Cache la Poudre River were determined. Also,
an investigation of the food habits of the Hountein Whitefish, Rainbow
Trout, and German Brown Irout was made,
Some data on the food organisme in the river was obtained from a

sample, but most of this information was teken from the literature, The




fish populstion of the river was determined from the information supplied
by the Colorado Game and Fish Department and the Fish Management Clesses
of Colorado A, and ¥, CUollege, The food habits of the fish were determined
only from the available literature, and no stomach samples were tsken

because of limited tive and funds,

CORCLUSIONS

The conclusions of the repori are:

(1) The Cache la Poudre River contains nearly the same types and

mambers of trout food organisms as other trout streams,

{2) The MHountain Whitefish, Rainbow Trout, and the German Brown
Trout eat generslly the sawe organisms,

{(5) W¥ith the present population of whitefish, there ie probably no
gerious competition; however, as the whitefish population incresses, this
competition may become serious,

The study of this problem should be pursued more fully in the
future by tsking stomach samples and walching the population trends

af these fish in the Cache la Poudre River.




HATURE OF THE PROBLEM

The Colorsdo Game and Fish Department has undertsken the project of
establishing the Mountain Whitefish in the Cache la Poudre River, The
following report and study were made to determine if there is food
competition between these whitefish and the trout presently found in
the river, This problem was ny assignment for the ?reﬁiama in Fisherles
Studies course taught by Dr. Harold K, Hagen, The information on the
fish f@ in the river and the food habits of the figﬁ wes taken from
the litersture., The population of the fish in the river was considersd
in detsrmining the degree of food competition as well as the effects of

the competition between the trout and whiﬁaf&sﬁ;

FOOD ORGANISHS
suality
The search of the literature revealed that agustic esrthworms

{Cligoochaeta), beetles {Coleoptera), true flies (Dipters), mayflies

{Bphemeroptera), stoneflies (Plecoptera), and caddis flies (Trichoptera),

were the most commwonly found organisms in,the'mény mountain streams of the
United States., {(Zppendix A.) The 1950 study made on Convict Creek in
California showed that all six of the above named orders of organiems

ware present in the streem during the winter, The insects, as well as the
worms, were all found dwelling on the botiom of the stream, which is thelr
natural habitat, (Maciolek and Heedham, 1951). Waddell Oreek in California
also has similar bottom life during the winter. The study on this streanm
during the summer found plant lice (Hemiptera) floating in the water,
although they are terrestrial insects, (Needham, 1940). Scuds (Amphipoda),
flstworms (Platyhelamenthes), and orayfish (Decapoda) live along with the

souatic insects in a trout stream in West Virginia, (Surper, 1956). (Appendix 4,)




Two separate studies on the Cache la Poudre River are being considered
in this report. One is an extensive siudy nmade in 1950 at an area just
helow the Port Collins' water works, which ineludes samples from all
bottom types, The most important bottom types in the Cache la Poudre are
silt that is found in pools and rubble, snd rocks and gravel, in the riffle,
fast running arees, Hidges {Teﬁiipsdiéaéﬁ black flies (3imulidae), nete
winged midzes (Blegharaceridae), and enips flies (Rhagionidae), are the
fauilies of the true £lies that were found, The caddis flies of the Cache
is Poudre Hiver belong io two Temilies: Brachycentridae and Hydropsychidae,

family, Pteromarcidas, of the stoneflies was found in this study.
and Heptasgenildae were the two families that éep?a&eﬁtgd the
in the study earea, (Gruchy, 1951). |

In the spring and fell of 1956 the Pish Management Ulusses of

Qolorado A, and M, Uollege made population studies of the fiache la Poudre,

at which tive they also took bottom samples of the study areas, All of

the semples except one, however, have been lest. This one somple was

tsken in an ares with a 3ili bottom by the means of a Peterson dredge in
April, 1956, The sample contained aguatic earthvorns, Tendipedidas,
Braﬁhyaantridga, and Hydropsychidae, (Hagen, 1956). “

The Cache la Poudre River, ae determined by this limited study,
has nearly the same types of organisms as other trout streams in the
United States,
Juantity

The orsnisms in Convict Oreek were classified in two groups, (Haciolek
and Weedham, 1951). These ars the organisms that were taken in bottom samples
and the organisms that were caught in nets as they drifted down stream,

Caddie flies were the most mumerous orgenisms found in the bottom semple,




Beetlsse and mayflies were also numerous in the bottom samples, (Table 1.)
Of the drifiing organisms the caddis flies were again the most mumerous,

with mayllies and bestles also present in important numbers,

Table 1, The Percentsges by Sumbers of the Urganisms Taken in the
Bottom Samples and Drift Net Samples in Conviet Oreek, California,
{Maciolek and Neédham, 1951).

Qrganism Percont of total mumbers in all of the
tow types of samples

Bottom Samples Drift Ssmoles

Caddis flies (Trichoptera). « . .« v s 2B.5% 28,5
23.

MayTlies (Bphemeroptera). « s « . s 10 8
True £lies (Diptera). « + « « & 1%.3%
Stoneflies (Plecopters) « « « « = & 3.0%
Agustic earthworms {Oligochaeta) 10.7%
Beetles {(Coleoptera). « » « » = & 22.0% 27.0%

Hisoellonoous . 4 « ¢« = 5 2 5 » » 2*6% 5&1}%

In the ¥addell Oreek study, silt was found to be the most productive
bottom %ype in the stream. The silt bottom areas produced 3.47 groms of
organisme per square foot., FRubble and course gravel produced 1.84 grams
and 1,27 grams of food organisms respectively. Fine gravel, muck, and
sand produced considersbly less orgenisms, Samples were taken from
riffles, fast running sectiocns, during the four seasons, and the spring
semples were found to be the most productive., During the spring there
were 4,92 grams of food organisms per square foot of bottom area, The
weight of the food present dropped to 1.94 grams per square foot in the
summer end 2,14 grems per square foot in the fall, Only .75 grams of

erganisms were found per square foot in the winter samples,




Comparison of the relative abundance of the organisms showed mayfly
nymphs, impaturs meyflies, to be the most sbundant in the riffle areas
snd the true fly larvee most abundant in the pools, (Needbam, 1940},

{(Table 2,)

Table 2, The Percentsges of the Total Urganisms in the Hiffle and

g

Pool Aress in Yaddell Cresk, California, (Meedham, 1940},
Orzanisnm Riffle
32,65
21,55
3%onefly nymphs ; 4,75
Trae iy larvae & 15.5%

Beetle larvee & pups

3 ——
Crayfieh and Souds

Thig study shows there is considerably lese zvallable Tood in the
winter than in the other sessons, This condition may be partially ceused
by the action of anchor ice. Anchor ice is slushy jce that forms on the
bottom of rivers when the water is super cocled, ‘This anchor ics washes
downstiream as the water warms and knocks some organisms free from the
bottorm, The organisme are then temporerily available, but the supply soon
becomes depleted, Also, ice domming causes severs fluctuations in water
flow which frequently leaves the organisms exposed to the air where they
are killed by extreme temperatures., This hypothesis was demonstrated by
taking bottom samples from Convict Creek before ice formed and sgain after
the ice left in the epring. The firot sample contained 107 organiscms per

square foot while the sample itsken after the ice had left tho stream

contained only thirty-six organisms, (Beimers, 1957).




In the West Virginia stream considered in this report, scuds (Gammarus)
were by far the most rumerous organisme, The souds rumbered fifteen hundred
per square foot in June., Oaddie flies were the second most numerous
erganisms in the stiream, October and Hovember were the months during
which they averaged 129 individuals per squere foot, which was their

greatest abundance, (Surber, 1936}, (Table 3.)

Table 3, The Average Populations per Month of the Important Organisme
in a stream in West Virginia, (Surber, 1956).

Jan, Feb, Mar, Apr, Hay June July Aug. Sept. Ocit, Hov, Dec,

Seuds 260 310 310 500 800 1500 900 1000 750 200 400
Moyflies 87 82 W ¥ o%n 42 -0 B6 5] 8 &
Caddis Pliass 0 68 6 87 -6 85 30 33 A4 129 31290 6)
Bestles ¥ 38 30 20 A% 61 69 62 185 S0 B 37
True flies 25 %7 am 2§ 8f 17 16 % 16 153 4 )5

Total insects 215 217 157 177 221 205 185 215 220 310 348 141

The highest numbsr of insects was 348 psr sguare foot in Hovember
and the lowest was 141 per square foot in December.

The one sanple from the Fish Management Classes' studies taken in a
ailt bottor area in April 1956 contained 1.35 grams, webl weight, of
organisms per square foot, Aquabtic sarthwornms wers predominant in the
gample, with 135 worms per square foot, There were 129 midge larvae and
pupag; also, there wers twenty-one caddis fly larvas in the sample,

July and April were the low and high monthe respsctively in organienm
production in the 1950 study on tha Cashe la Poudre River, Hayflies made
up 37.75 per cent of the total population over the year, (Table 4.)

The trus flies and caddis flies were 31,47 per cent and 20.71 per cent

of the total population respactively, {(Gruchy, 1951).




Table 4, The Honthly Average ﬁguiﬁiLO 13 of Bottom Organisms per
Square Foot of Substrate in the Ceche la Poudre River, (Gruchy, 1551).

July aug. Sept, Cct. Nov, Dee, Ja Feb., Har. Apr. Aver-% of

age POP. -
10,4 21.0 19.1 : 40,6 54,1 20.3 37.755%
26 34,3 152 | f;i-%.s. 9.4 17.0 31.71%
19.6 4.8 24.0 2 10.6 6,3 11.1120.71%
5.8 76,5 6.7 , 88,9 72,7 53.7 100%

Hay{liesn
True £lies
Stonaflisn
i,zu(g\i,;.u f.s..r. 80

ohal

.

L4

-
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*
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The largest monthly aversge in this study wae 88.9 organisms per
sguare fool, thus indiocating thst the Cache la Poudre is less productive
than Conviet Creek, which had a high of 107 crganisms per sguare foot,
However, ths other sample of the Cache ls Poudre River conteined 285
organisms. The stream in Yest Virginia had the highest production, with
548 per square fool,

POOD ATD PREDING HABITS
Trout

The Rainbow Trout, Salmo gairdnerii, feed nearly exclusively on inmsects,

These insects sre generally in the larval *worz" stage, but insect adults
srae resdily saten when available,
In a study made in the winter at Uonvict Creek in California, it was

found from & sample of fifty-three rainbows that true flies were the mosi

frequently eaten insects, Caddis flies were second, snd mayflies were the

third most numerous inseots found in this sample, (Table 5,) Aguetie
earthworms, beetles, and etone flies were also found in the trout stomachs,

{(Maciolek and Needham, 1951),




Table 5, The Organisms Found in the Stomachs of 535 Rainbows Taken from
Convict Oreek, Celifornis, from December 29 %o Harch 22, (Maciolelk and
Heedhan, a%l},

Food Crgenism Percentage of Total Nuwber
True flies (Dipters) + « « = « « . « o ShGR
Ceddis flies (Trichoptera) « « » . : . . » 2105
Mayflies (Ephemeroptera) . . . canines B
Beetles (Coleoptera) 2 « » » + » = . W e 3.9%
Aquatic eerthworms (Oligochasta) 4 R , 345
Stonefligs (Plecopioraje « » « . ‘ , : 5%

Mlogallandous . 4 v v v 4 bwe : ‘ 142

The trout in Conviet Creek were noted to bs active during the entire

winter, and there was no apparent reduction of their feeding activity,

{¥agiolek and Weadham, 1951).
& study made in the winter of 1956 on ths same stresm showed that
sixty percent of all of the items found in the 5 chs were indigestible

=3
*

debris, There was an average of eleven foed items per fish, of which may-
fliea were ths most abundant, The mayflies made up 42.8% of the total
diet while the true flies and caddis fliss comstituted 33,5% and 16.8%
respactively. The trout showed no lack of denirs to feed in the cold
weather but, rather, there was a lack of food for them to eat, (Reimers,
1957)«

The rainbows sampled in the summer in Yaddell Ureek also ate more

mayflies than any of the other insects., (Table 6,) Others eaten in

order of their importance were true flies, caddis flies, bestlesz, and




Table 6, The Foods Consumed by 80 Rainbow Trout Caught during May, June,
and July in Waddell Creek, California, (Needham, 1940},

Food Organisms Percent of Total Number
gayfzzaa.k. i . ek e x s 31,08
Tras L1868, & & & » DR T , , s o a0 355
Oaddis flies . . . % w s n : ' 18.7%
Boetion , . o 4 o 65 0 40655 8 . %% e Ta9R
ints, bees, and wasps . . . : : : ; . B.65%

%Qnafli@g *# 5 %2 ® = = L 3 = §‘%

SR T T R , . , B.68

Ten miﬂi}é&m were taken from the Merced River (in the Yosemite Valley
of California), in which leafhoppers were the most i?&?ﬁr%an‘t food item.
This sample was taken in Uctober when the leafhoppers were abundant on the
trees near the river. Beetles, both adults and larvae, were the next
most sbundant insects found in the ten stomachs, (Needham, 1935).

Table 7. The Food Organisme Found in 10 Rainbow Trout Taken from the
Herced River, Yosemite Valley, California in October, {Nesdham, 1935),

Food Organisums Percent of Total Mumber
JeslhopPars & & ¢ s 2 s b nn N & s 20 v« 35,58
Aquatic beetles (Colecptera). , " 35.5%
True flies (Diptera)s « » » » , .« 13, %
Caddis flies (Trichoptera) : . : , To3%
Heyflies (Ephemeropteraj. . e : 2.7%
Stoneflies (Plecoptera) . « - : e 2.5

_—

Miconllanoous +« « «» » » = & & . L o Stk
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Scuds {(Qammarus) were the favorite food of the rainbow in s
stream in Yest Virginis, Hayfly nymphs were also found in many stomachs

of the sampled rainbow, {(Surber, 1936), (Table 8.)

Table 8, The Foods of 131 Rainbows Taken in August from a West Virginia
Stream, (Surber, 1936).

Organisms = Yumber of fish in which these were found
Souds (Camparus) « « s« = = » » . . + o0 0B
¥ayfly nymphs (Bastia) + +« « & : R : 59
Juns bostles (Ssarabidse) . .

¥idge fly larva (Tendipedidae)

Caddis fly pupse {Glossosoms)

ﬁatéri?csmiciéaﬁ) > 4w D

Midge fly pupse (Tendipedidae)

Crayfish (Cambarus). o « « & »"
Grasshoppers (Acrididae) . .
Hasps (Hymenoptera) .+ « «
Algae R
@Ground beetles (Carabidae)
Pater bostmen (Corixidae)
Snaile (Mullusca) , « s =

Caddis fly larve (Glossosoma)

Three orders of insects seem to be the staple food items for the
rainbowg during the winter, spring, and early summer, These are mayflies,
true flies, and caddis flies, all of which have aguatic swelling immature
stages, They are saten while on the strsam bottom or while drifting,
if they have been dislodged and carried down stream. In the summer and

fall the numbers of terrestrial inssecis incressed in the dista of the




rainbow., Leafhoppers, June bestles, ants, graschoppe and wasps are
the moet important terresirial insects ths 16 rainbows ate sz the
insscts fell into the water, Aguatiec beetles and scuds, and other fresh
water crustaceans were also importent in the diet of the rainbows during
Rainbows' diet generally is determined by the number and kind

of food organisms present in the streanms,

V}fergermam Brown Trout, Salmo iruita, eaﬁ~gag§§g%gy the peme
Q?gfsiaﬁﬂbﬁa the rainbows, slthough in different propertions,

The 1951 study on Conviet Creek showed caddis fly lgrvas are the

favorite food of the browns, The true flies were the second most

important food item, wiih aguatiec sarthworme, beetles, mayflies, snd
» g 3 s 5 s

stoneflies also important food iteme, (Maciolek and Needhem, 1951). (Table 9.)

Table 9. The Organisms Found in the Stomach of 40 Brown Trout Taken
from Conviot Oreek during the Yinter of 1951, (Maciolek and Needham, 1951).

Foed Parcent of Total Humber
Caddis flise. . ‘ : : « 3728
True flies . . : , + 31.6%
Moyflies . . . . w 11.6%
Soctles o » » & 4 \ , ; 7.5%
iguatic earthworma : . % & : 4,75
Stoneflies .+ v +» « . . . 2.8%

¥iscellaneous . , . » . . : 4, 7%

Hayflies were by far the most importaent brown trout food in
Waddell Creek, The Mayflies were 79.% percent of the totsl food of
the browns teken during thet study., Ceddis flies, true flies, and
squatic earthworme made up 9.5 percent, 2.5 percent, and 2,1 pereent

respectively, (Heedham, 1940),
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Snails and small clams (¥ollusca) were the most important food
items of the browns in Hot Cresek, ¥ono County, Oalifornia. The other
items of importance were fresh water shrimp (Decapeoda), caddis fliss

and dameel flies (Odonata), (Meedham, 1935). (Table 10,)

Table 10, The Foods Consmumed by Eight Cerman Brown Trout from Hot COresk,
Mono County, Califernia, (¥eedham, 1935).

Pood Percent of Total Foods
Snails snd small clams (Follusca) : . 55,6k
Fresh water shrimp {Dscapoda) . . ; i 33.5%
Caddis flies (Trichoptera) .+ « s * 5 7.5%
Damesl £lies (0doneta) o+ s « s » = » » e & 208

Hincellaneous . » 4 + % = » & # : : . . "‘}%

Vountain ¥hite Plah

The Hountain ¥hite Fish 1s a gamefish native to the intermountain
area of several western states, including western Colorado, The whitefieh
is not closely releted toc trout, but is hes similar féed and hebitet
roguirements, A thorough study of the food habits of the whitefish vere

made on samples taken from the Yellowstone and Gallatin Rivers ir Fontenas,

Both adults and young fieh were collected and their stomech contents

analyzed, Hidge larvae were found 4o be mest importent food items of

the young whitefish, (laakso, 1950). (Table 1l.)




Table 11, Table of Stomach Contentes of 35 Pingerling 7hitefish Token from
the Yellowstone River in June and July, {laskso, 1950),

Average munmber of items per fish

Pood organism June 22 July 21
True flies (Diptera)
et £ly lsrvae {Simuliidas).
¥idges (Tendipedidae
Larvay . o« % «
PUDBR & « » & & »
Adults o 4 o 2«
Oaddis fliss (Trichoptera)
Paychomyildae larvas . . A
Hydropaychidae larvae ., 4 « « »
¥ayfly nymphs & adults (Ephemeropters) : 2.0

Stonefly nympha (Plecoptera) . . « 4 « 0 y D

1

The foocd of the adult whitef'ish, although composed almost entirely of

irmoture insecis, was quite different from that conasumed by fingerlings.

b

Also the average voluwe of food per stomach was more than twisce as great
in the fish over sixteen inches long than in the group less than fourteen
inches long, ¥ stoneflies, caddis flies, and true flies were

the most imr food items of the whitefish in the Yellowstone River,
Fish ergs, snaile, water mites, and ante were found only as traces in the
pamples, The family Rhyacophilidss

important food found in the samples teken in the spring. (Tzble 12)

The wost important food in the summer wss the Baetidae family of the
mayflies, while the Lepidostomatidae family of the caddis flies and the

Tendipedidao family of the true flies were the wost important fanmilies of

Fd

food itom 1 the £all and winter respeciively, (Lagksc, 1950},




Table 12,

The Important Food Organisms Found in the Stomachs of &éalt @hitafisb
During the Year Taken from the Yellowatone River, Montana, (Laskso, 1950).

Average mumber of organisms per fish

Food Spring - Suzomer Fall Winter

Hayflies
Heptageniidsa . o w5 & % & ue Dl 25 ‘ 3.6
Baetidas . . . o .0 52,8 5.7 : 13
Caddis flies .

Lepidostomatidae , 4% % ok aw o trens 154.8 24,1

Hydropsychidase . «1,0 6.6 6.1

Leptoceridas , . 1,0 trace trace

Bachyoentridae . 1.0 8.3 11.4 trace

_Rhyacophilidae , 81.5 trace _ trace 29,4
True flies

Simuliidae « & £ &5 % & % ® ® 5-3 1712 6?90

Tendipedidae . 3.0 13.9 36,5 195.,0
Stoneflies

Pteronarcidag . « « 5.0 trace 3.0 Ltrace

Porlodidas « « « « « 4.0 trace 14,6 15,4
Water mites (Hydracarina) . « « » +« « 10,9

?iﬂhg’ggﬁuo»-qetuccﬂotc'avontglf’c,r) trace

The whitefish of the Gallatin River ate nearly the same insects es
thos in the Yellowstone River. The most important food item in both
summer and fall was the Tendipedidae family, instead of being the most
important food in the winter as it was in the Yellowstone River, (Table 13,)
The Bydroptilidae family were the insectes most often eaten during the
spring in the Gallatin River, and the Hydropsychilidae family was the
preferred food item in the winter, (lLaskso, 1950),

This difference in food habite can probably be attributed to the

availability of the organisms, rather than different tastes of the fish,




Table 13, The Important Food Orgsnisms Found in the Stomachs of Adult
¥hitefish During the Yesr Taken from the Gallatin River, Nonlans,
{Laskso, 1950),

Average mumber of organisms per fish

Food Spring Suaner Fall Winter

Hayflies
Heptangeniidae . . . trace trace trace trace
*Bonbidam ¢ « « » » » 11,6 55 trace “  Lrace

Usddis filss
Lepidostomatidae 46,1 trace 40,5 27.3
Fydropaychidae . 717 4,3 3.9 57.0
Hydroptilidee . , o 64,1 trace 4,6 trace
Brachycentrides 12,9 {race 9k 27.5
Fhyacophilides trace trace Bal trace

True flies
Tendipedidas , Phg 3o o0~ 16,8 55.1 i s 275 4

Stone flies
Pteronarcidse. » ; 2.0 trace .1
Parlodidae « « + « - P trace 21,0 99

Byaluation

it is noted that rainbows prefered true fllies, caddis flies, mayflies,
bestles, and scuds, Brown trout prefered caddis {lies, true flies,
snails and olams, and shrimp, The whitefich ate more mayflies, true flies,
and caddis flies than any other orgenisms in the stream. Competition
is therefore very likely between these three species,

The #hitefish and the brown trout tend to feed on the botiom more
than the rainbow, However, as pointed out earlier, when food is scarce
trout will eat anything they can get.

The proportions of eaddis fly larvae, stonefly nymphs, and whitefish
egze wore approgimately the same for the browne and whitefish in the
Gallatin River. A comparison of stomach coptents £aken from Decenber

to Pebrusry showed that the whitefish contained five times as mmch food
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per stomach as the trout. This would indicate that whitefish have more
forasing ability than trout. Both specles sat surfsce organisms as a

supplement to aguatic organisms during the suzmer, {(lLaskso, 1950)

POPULATION

Trout

The rainbow trout do not nsturally reproduce in the Cache la Poudre
River and are slocked anmaslly by the Colorado Came and Fish Department,

The Game and Fish Department starts their stocking program near ihe
first of April, They plant a five-gallon bucket of lezul sized rainbow
every one-tenth mile of the river that is in the national forest lands,
They do no atocking in areas privately owned that are not open to publie
fishing, The legal-sized rainhew average eight to sleven inches long

and there are approximetely one bundred troul per five gallon can, The

trout were planted approximately every two weeks, (Till, 1957). At this

rate of stocking it cen be assumed that there would be 500 rainbows every
520 fest by the start of fishing season, which is near the end of Hay.

The Game and Fish Department contime this general stocking program
throughout the swmmer until Labor Day, sfter which there is no stocking,
There is no information on the rainbow population during the fishing
season, bul it is assumed to graduslly decrease {rom opening day of the
fishing season to the end of the fishing season, Dctober 31, It is
believed that very few rainbows survive the fishing season and live through
the éintér‘ The data from the populstion stndies of the Fish Mansgement
Classes revealed that only eleven rainbows remained in a two hundred

foot section of the Cache la Poudre River on October 6, 1956, (Hagen, 1956).




4 direct-current shocker was used to eapture the fish for this study,
The estimated efficiency of this operstion was that seventy-five percent
of the existing fish weres caught, Therefore, the population of rainbows
in t}*zek two hundred fest in Ccotober was sbout Tiftesn, as e&n@:@%@é o
approximetely 115 rainbows ai the siart of the season and the additional
fish added during the season,

The same sectlon of river when studies in April of 1956 produced

five rainbows or sbout half the number found in the fall, (lisgen, 1956).

If similar results sre found this apring, i1 would Iindicals thal, in this
particular situation, the fisherman sre the gresteect snemy of the rainbow
and not ﬁ};a severe winter conditions or food sam@eti;icn..

The browun troul do reproduce in the Cache la Poudre fiver and are
not stooked by the Geme and Fish Depariment, The Fish Hanagement Classes'
studies last spring found that there were an average of thirty-three
browvns per two hundred feet of the river., The one section wiith records
availsble on this fall's study yielded fifty-seven brown trout last
spring, and it yielded ninety legal sized brown trout this fell, (Hagen,
1956), One of thaeé things may have csused this apyvarent ineresse, One
is that the trout mey have moved inte that ares in é;l;w fall, Ancther is a
greater efficiency in the cre& collecting them in the fall; while the third
possibllity is that the very small brown trout were not rscorded in the
spring, and they grew encugh during the swmmer to bes counted in the fall
study.

Combining the two caz@zawa populations gives & total posulation
of approximately 148 trout per two hundred fest of river during the
summer and about 40 trout in the same length section in the winter.

The trout that vwere caught in the spring study wers all terved with

metal jaw tege, These {ags have numbers on them which were recorded along




with the lenzth and weight of the fish before it wes reles

the stresm. During the season elight of these tags were roturnsd
fisherman that caught the fish, and five of the tagged fich were
recaptured in the shockine operation this fall,

The thirteen brown troul were all messured, and the growth was
caloulated, The average growth per Pish during tle summer was .89 inches
per one hundred days with the range in growth from zero to 4,07 inches
per one hundred day, {Hagen, 1956). This rate of gmg%%h can be considered
fairly good, -

B on s & 4 G P
Hountain #hitef ish

The ‘;’%“z’s@ﬁnﬁt&in ¥hitsfish were introduced into i;hs“?emhs la Poudre

River in tha spring of 1956, The original plant of 475 agiult. white fish
wa&l made ji;éfh' downetrean from the Poudre Ponds Ra&riﬁg ‘ﬁga%,’mﬁ.
{Appendix %3} .

“tuml of 750 whitefish were planted in thrm ?I&Gﬁi this fall,
*ihasa plaass were upstream from the rearing zha%ian, ﬁz %hs ﬁzmian of
:marmg Ureek and the Uache la Poudre River, and near f:»he Big Fouth
Fork Camp Grounds, ~Presently the total mznx’iserrc? adult whitefish that have
been stocked in the Cache la Poudre Hiver is 123?. ’f‘he CGame and Fish
I}apartmm‘& plan to stock approximately this same number 'iﬁ 1957 and
1958, which, if they all lived, would give a total population of 3675
white £ish in the river, (Till, 1957). '

- The whitefish are adapted to spawning and reproducing in the Cache
la Poudre River. They spawn in the fall when the river is clesr and the
water level is not fluctuating; also, they naturally spwn in grevel and
rubble riffle areas which are numercus in the river, Female whitefish
from ten to seventeen inches long will produce 1420 to \?2}’0 eggs

respectively, (Brown, 1952). Thua the whitefish should reproduce and




inerease its numbers until there is a large established population,

This will meen that If the river can support only a given number of fish,
some of these fish will now be whitefish instead of trout, This is parti-
cularly true in the winter, vhen both the whitefish and brown trout will
inhabit the srea. The rumber of rainbows, however, will still be
determined by the state's ectocking program, but the rainbowe may experience

incressed food compebition in the swmer,

CORCLUSIONS

The Chehe la Poudre River containe nearly the same types and

numbere of food orgeniems as most other trout streams, Thess organiems
are the types that whitefish snd trout readily eat, and the Ouche la
Poudre is sullsble to maintain a populstion of whitefish, The Rainbow
Trout, German Brown Trout, and the Mountein Whitefish all prefer the same
three orders of insects as food, Thus there is food competition between
these fish when they live in the same ares,

At the present time there are comparatively few whitefish in the Cache
ls Poudre River, therefore there ies probably no serious food competition,
However, if the whitefish populstion increases, they will compete seriously
for food with the trout., Another poasibility is that the whitefish will
not be sble to inoresase its numbers because of the competition from the
trout, This condition would result in failure of establishing whitefish
in the Cache la Poudre River by the Game and Fish Department,

I recommend that the problem be studied more thoroughly in the
next year or two by taking samples of the fish from the river, Their
stomach contents should be examined as well as the population trends

of the fish,







APPENDIX A

Illustrations of Typical Representatives of the following: {
(Pennak, 1953).

A. Aguatic Barthworms, adult, (Dowsal view)
B. Beetles, adult, (Dovsal view)

Ce True Flies, larva, (Lateral view)

D, Mayflies, nymvh, (Dorsal view)

Stoneflies, nymph, {Dorsal view)

Caddis Flies, larva, (Dorsal view)




Hap of the upper portion of the Cache la Poudrs River

Supplinmentary Legend
A, Iosation of the population study sections:
dection 11, Township 3 Horth, Renge 75 West,
Section 32, Township 9 North, Range 74 West,
B, Location of bottom sample:
Section 35, Township 9 Horth, Range 75 Yesmt,
¢, Location of the whitefish plantings:
B3action 32, Township 9 Horth, Hange 75 Yest,
Gaction 31, Township 9 FHorth, Range 75 ¥West,
Section 50, Township 9 North, Range 74 West,

Section 3, Township 8 North, Range 72 West, (Wot S
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APPENDIX A

Illustrations of Typical Repressentative of the following:
{Pennak, 1955).

As Flatworms, adult, (Ventral view)

Figurse 2,

B, douds, sdult, {Lateral wview)

C. Orayfish, adult, {(Dorsal view)
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by ovar
onus into
2111 reaker number, In 12 cases
ol trangplantation the mean gill raker count remained un-
chanved or diverped irom that of the parental stoeck on an
BvVersa ‘
specles of Coregonus
“or this pasper two of the best known white-
woprld-wide distributed broad whitefish, Coregonus
and the Worth Ameriecan humpback

F

{Miteohell) will be discussed, synonyms for

the mHne ek whitei .i»;ﬁ,

ce Clupesiorm include {. Rennicotti

~
L*
"

(Fllbert), €. richardsoni {Gunther), and £+ nelsoni (Bean),

hroad whitefizh is déﬁbwibmﬁ@é Beyross8 the Arctie

xuhgratia from the xﬁﬁigﬁjlﬁ systom in

Csnada, achoss Alaska, Into 5iberia and westward

18re is disagreement smoung the
spawning period of the broad whiteiish Berg (194d),

ate that whi alish 8pawns

accurate intthe n ol spawning time,
continoents the

Quaste




ion then is, are these populations of the seme apecies

if they have different spsuning times? Using the rainbow
trout, Salmo geirdneri (Richardson), a8 an example, it is
evident morphologically that the rainbow fpont 1s a def-
inite specles but 1t has populations that spawn in spring,
summer and fell, OSpewning time 18 not as significant as
many other taxgaamieal charasters in the determining of
valid speciation,

The taxcnomy va@iatimn between the broad whitefish

=

end humpback whitefish 1s summerized by Lindsey (1962),

in a2 study of the whitelishes of the Yukon and Macké®nzie
River drainages. The specles occupy the same waters withe
out apparent interbreeding and caen be distinguished cone
sistantly by the use of two taxonomical characters ( gill
raker lenzth and intercrbitel width). If these characters
are gan@tieai then it can be accepted that the two speciles
are hot interbreedinz and hence are distinot species.
Although these charascters varied within the species at
difierent geographl "Ba8 he variation between species
was consistant. The humpback whitellsh eonslstantly mein-
a i’ii;f“.“;fﬁ? oerbiltal width and gill »r
stezes of life) than did ths broad

18 cne of




stabllity of these populations iz due to the lack of glacial

interference and meddling during &hﬁ@l&tn rleistocene, also

mentioned earlier.
Svardson (1957), discusses the plastielity of the genus
_Coregonus in Seandinavia. e states that sy ontanecus hybridd
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The parental members of the genus Salmo made
way across from Slberia to Horth America via the
Land Bridge (Mep 1), during the peri@dlgé'th
Ice Bheet covered much of the ﬁfrt}aaatwrn sart of the
continent, The land bridge thecry 1s strongly supported
by the presence of saltwatsr intolerant specles common to
fsla and North America on St,. wgence island In the Bering
Sea, Lenham (1962), points out the existance of a t???t

8imilar to the North American cutthroat trouts en{h&nchatkégi
a Siberlan peninsula, as evidence that the genus 355;5-_//
originated in ﬁaia a8 a cutthroat-like trout,

The parent type Salmo moved southward down the Pacifie
coast end spread Iinland through the me jor river systems,

ineluding the Columbia and Colorade Rivers, Migraticn up

either the Columbila or Colorado River would

salmo access to the Pluvial lakes of the n*QRt Basin more

than 50,000 years ago. It 1s during the pluvial lake
verlod that speciation of the members of the genus <almo
is belleved to have began,

In the pluvial lakes fluctuatiﬁg watﬁr levels, daming
and flooding, headwater capture and other factors were cone

stantly at work. Any of these faetors could have lsolated




a part of the parent Salmo in an area where isclated from

the maln population, an inelplent specles could atbempt

to evolve into a full species.

The reinbow trout, (Riechardson),

1la trout, 3. gllise (ﬂi'iayi, and possibly the peséntly
noted Arizona cutthrost trout (no scientific name), all
began to diverge during the peplod of pluviation.

The rainbow trout followed the receeding fce up the
west coast and und a8 far north as Prince William
sound, Alaska The Glla trout mad the Arizona cutthroat
trout hsve remained within & few hundred miles of theilr
suspected place aé origin, The Gile trout in the Gile

exicc and the Arizona cutthroat trout
River of Arizona, both rivers are pert of the
@c%ﬁx? do River system.
Sytological studles by Simon and Dollar (1963), indic-
the cutthroat trout to be a vaiid species since it is
lstinet with respect to chromosome number and morpholosy.
he diploid number of the ralnbow trout is 60, consisting
of 16 acrocentrie and Li metacentrie chromosomesy Twenty-
two aerceentrie and ;2 metecentric chromosomes make up the
dipleid compliment of 44 in the cutthroat trout. Arm

ers are 104 and
The following scheme (Fig. 3) 1s presented by Simon

and Dollar to explein t 18NZE ne chromosomal makeup
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a reduct rn ol ehromozome nma

acrocentric chromesomes,
duetion in arm number by one cent:
loas of one arm from a metace ;";t rle
haplecid set tu'l,u alsc account for

encesd in q,a number, but this &e ems
- ol on VR 2 - b . ]
pe deflicie 9 are ummi lethal,
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of the brown

the genus

i1tehill), lake trout, Salvelinus namaycush (Walk

(Linnesus), have &l,

The brown trout
chromosomes fits very well iInto the group unti
taxonomically we study the expressién of the chromosomes,
brown trout has a toothless flat vomer,
spots on a light background, s d has fewer tha

its lateral line, all characters of the

PR S L % e, | i o
opposite of the genus Salvelinus,
o

Mayr (1963) states
iy
thelr chromosomes and differ on ¥y in their gene contents,
The old theory of instentanecus speec Atlon through chromosomal
mutation esn not
zenlec or chromosomal alte “"ﬁlﬁq
without the specles or population passi
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of heterozygosity., It would be during this
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A MORPHOLOGICALLY BASED STUDY OF THE GILA COMPLEX OF THE UPPER
COLORADO RIVER DRAINAGE

FOR

Dr. Robert Behnke
FiW 130
Systematic Ichthyology

by

Paul Holden




INTRODUCTION:
The cyprinid genus Gila is presently divided into four subgenera;

Gila, Siphateles, Snyderichthyes and Richardsonius which includes the

former genus Clinostomus (Uyeno, 1961). This study is concerned with
the systematics of the subgenus Gila of the Colorade River basin with
emphasis on the upper basin forms presently recognized as Gila r.

robusta, G. rebusta elegans and G. cypha.

Baird and Girard (1853), working on fish collected by the Pacific
Railroad Surveys, described the genus Gila and several species frem
the Colorade River basin, included were G. robusta and G. elegans.
Cope and Yarrow (1875) named several Gila based en collections of the
Wheeler Survey in southwestern United States, included was G. seminuda

frem the Virgin River, Utah.

By 1896, 14 species and 5 genera had been used for the Celerado

River basin Gila., The revisien of Jordan and Evermann (1896) reduced

these to 2 genera (Gila and Leuciscus) and 5 species, Listed in Gila

were 3 species, robusta, elegans and seminuda, with 6 synonyms.

Leuciscus contained 2 species, intermedius and niger, with 3 synonyms.,

Ellis (1914), with little critical examination, suggested that

robusta and elegans might be considered one pelymerphic species with

a subspecies seminuda. Jordan, Evermann and Clark (1930) retained

robusta, elegans and seminuda as full species, and the two species

of Leuciscus listed by Jerdan and Evermann (1896) were both included

under Tigoma gibbosa (Baird and Girard).

Miller (1946) described a new species, G. cypha, from the Grand

Canyon of Arizona and suggested that robusta and elegans were only

subspecies, Tanner (1950) named a new species, G. jordani from the




White River of Nevada, it is presently considered a subspecies of

G+ robusta.

Bailey, et., al, (1960) mentioned only G. robusta and G. cypha

as full species, this was probably based on Miller's opinien. Uyeno
(1961) established some of the relationships between fishes allied
to the genus Gila in an esteelogical study. His classification is

the one presently recognized.

The present classificatien of G. r. robusta and G, robusta elegans
does not fit the idea of subspecies being geographical units of species,
for these two forms are sympatric. It suggests rather that these forms
are ecosubspecies which show rapid parallel evolutien in ' disjunct
yet similar habitats, and therefore precludes the idea of a single

evolutionary line for each form.




ANNOTATED SYNONYMY OF THE SUBGENUS

robusta - Widely distributed in the Colorado River basin.

Gila robusta Baird and Girard, Prec, Acad. Nat, Sci, Phil,, VI
1858, 368, Zuni Rivers

Gila gracilis Baird and Girard, Prec., Acad., Nat. Sci., Phil., VI
1853, 369, Zuni River, Synonymized by Jordan and Evermann
(1896). Gunther, Catalog Fishes, VII, 1868, 241; placed
Gila in genus Leuciscus and substituted L. zunnensis for
G. gracilis because gracilus was occupied in Leuciscus.

Gila grahami Baird and Girard, Proc. Acad, Nat. Sci. FPhil., VI
1853, 389, Rio San Pedro, tributary te Rio Gila, Arizona.
Syn. by Jor. & Ever. (1896).

Ptychocheilus vorax Girard, Proc., Acad. Nat. Sci. Phil., VIII,
1856, 209, Locality unknown. Syn. by Jordan and Gilbert (1883).

@Gila affinis Abbet, Prec, Acad. Nat. Sci. Phil., X, 1860. 47k,
type erroneously ascribed to Kansas River. Syn. Jor. &
Ever. (1896).

Gila nacrea Cope, Hayden's Geol. Surv., Wyoming for 1870, 1872,
L4l, tributary of Green River, Fort.Bridger, Wyoming.
Syn. dJer, & Gil, (1883).

robusta seminuda - Virgin River of Utah,Nevada and Arizona.

Gila seminuda Cope and Yarrow, Zool. Wheeler's Expl. W. 100th
Mer., V, 1875, 666, Rio Virgin, Utah, Tentatively retained
here as a distinct subspecies pending further study.

robusta Jjordani Remnant white River of Nevada.

Gila jordani Tanner, Great Basin Nat., X, 1950, 31-36, White
River, Lincoln Co., Nevada. Tentatively retained here as
in La Rivers (1963) as a subspecies.. It is probably closely
related to G. r. robusta but may be closer to G. r. intermedia
of the Gila River basin of Arizona. No work has been done
on this form since it was desdribed by Tanner.

robusta intermedia - Restricted to the Gila River division of basin
in Arizona and New Mexico.

Gila gibbosa Baird and Girard. Proc. Acad. Nat, Sci. Phil.,
1856, 206, Rio San Pedro, Arizona, “Eisted as Sguali
intermedius. by Jor., and Gil., 1883; listed




Jor. & Ever. (1896). Put in Tigoma gibbosa by Jordan,
Evermann and Clark (1930).

Tigoma intermedia Girard, Proc. Acad. Nat. Sei. Phil., XEIT,:3856,
206, Rio San Pedro, Arizona. Listed as Squalius intermedius
by Jor. & Gil. (1883). Listed as Leuciscus intermedius by
Jor. & Ever. (1896). Symonymized under Tigoma gibbosa
by Jor. Ever. & Clark (1930). i s

y : ) %ﬁ(ﬁ‘fm) g ol e (e

Tigoma gibbosa Girard, Proc. Acad. Nat. Sci. Phil., XIII, 1856, e
207, Gila River, Arizona. Synonymized under Scualius niger
by Jor. & Gil. (1883). Placed under Leuciscus niger by
Jor. & Ever. (1896). Used as Tigoma gibbosa by Jor.,Ever.

& Clark (1930).

nigra Cope, Wheeler Surv., Zool., V, 1875, 663, Ash and San
Carlos creeks, Arizona. Listed as Sgualius niger by Jor. &
Gil. (1883). Listed as Leuciscus niger by Jor. & Ever. (1896),
Synonymized under Tigoma gibbosa by Jor., Ever. & Clark

(1930).

Squalius lemmoni Rosa Smith, Proc, Calif, Acad. Sci., 1884, 3,
Rillito Creek, Arizona. Syn. under Leuciscus intermedius
by Jor. & Ever. (1896).

An explanation of the synonymy of intermedia is in order. This

form was described twice in each of the genera Gila and Tigoma before

1880, Jordan and Gilbert (1883) placed them in the genus Squalius
and revised the 4 species to 2, S. niger and S. intermedius. Synony-

mized under niger was Gila gibbosa, Tigoma gibbosa and Gila nigra;

gibbosa was preoccupied in Squalius so niger was used. Tigoma inter-

media became S. intermedius.
Jordan and Evermann (1896) kept the 2 species recognized by
Jordan and Gilbert (1883) but changed the genus from Squalius to

Leuciscus, and synonymized under intermedius, S. lemmoni.
DEULLDLUD, ) M

Jordan, Evermann and Clark (1930) combined the two Leuciscus

species of Jordan and Evermann (1896) to Tigoma gibbosa. Since this

time the form has been placed as a subspecies of Gila robusta under

the name intermedia. Examination of the literature shows the species




Gila gibbosa Baird and Girard, Proc, Acad. Nat. Sci. Phil., VII,

1854, 28, Rio Santa Cruz, Arizona. Synonymized in Squalius
niger by Jor. & Gil. (1883). Placed in Leuciscus niger by




name gibbosa has priority for this form in the genus Gila, and that

present use of intermedia is in error,

DESCRIPTION AND DISTRIBUTION OF THE FORMS:

"The large amount of taxonomic confusion in these forms can be
attrivuledto: instability of a few morphologic characters, notably
squamation; and an apparent cline in morphology adapted for varying
current conditions. The present ecosubspecies concept is primarily
based on this adaptive morpholory. The most generalized form, robusta,
is hypothesized to be a slow to moderately swift current form; elegans
is the intermediate form with characters adapted for life in large
swift rivers; cypha shows morphology highly adapted for life at or
near the bottom of torrential, turbid channels.

As the most generalized, robusta is usually fully scaled, more
robust than the other two, and a nuchal hump is absent or greatly
reduced. The very streamlined elegans has a pencil-like caudal peduncle,
has reduced squamation on dorsal, ventral and peduncle regions and a
well developed nuchal hump. The extreme form, cypha, is characterized

by a long, fleshy snout, a very abrupt nuchal hump, thin caudal

peduncle and few scales. (Refer to Figure 1)

All three are endemic to the Colorado River basin; robusta and
elegans were once common throughout the basin, but now are scarce
in the Gila River division and the large, lower basin reservoirs.
Distribution and abundance of cypha has not been investigated in great
depth. The type specimen of cypha was collected in the Grand Canyon of
Arizona. It has been reported from the Dinosaur National Monument .
area of the Green River in eastern Utah, and I have several specimens
from the Lake Powell area of northern Arizona which morphologically

fit the description of cypha.




FIGURE 1

Gila cypha

Gila robusta elegans

'Gila robusta robusta




Distributien of Present Collections |
Cartocraft Desk Outline Map, Western United States. No. 7177

1120] (1Y) 110] 109]
i i

e 5 |

Scale of Miles
[l 1

100 200 ; :
Polyconic Projection

100 J110] 109}
Printedin U 58 . Published by DENOYER-GEPPERT CO. Chicago EontiEn:

115}




To date, 212 specimens have been partially or wholly examined.
They represent collections from the upper Green River, White River
(Colorado), parts of the Colorade River and the Salt River of the
Gila River basin of Arizona. (Refer to Map 1)

A total of 35 morphometric characters will be recorded for each
fish according to Hubbs and Lagler (1958). X-rays have been taken of
103 of the specimens for vertebral and fin ray counts, the remaining
109 will be x<rayedin the near future. The vertebral count includes
the urostyle and the 4 Weberian ossicles.,

The taximetrics program for computers outlined by Rogers and
Estabrook (1966) will be used to help in classifying the fish.
Preliminary work with this program demonstrated efficacy in grouping
the forms. At present only 17 specimens have been tested with this

program.

PRELIMINARY FINDINGS:

The data collected to date indicates that robusta and elegans

are probably two species, Table 1 is a comparison of the forms for

L meristic characters. This data shows robusta and elegans to be

very distinct throughout their range, indicating they are species
rather than ecosubspecies as previously hypothesized.

Eighteen characters were used in the taximetrics program which
showed strong seperation between the two forms., Several characters

that have been tested for only a few (apprex. 30) specimens, but seem

useful for sep:rating robusta and elegans, are: head length/standard

length, peduncle depth/ standard length, head depth/standard. length,

distance from caudal base to anal fin origin/ standard length.




TABLE 1

Principle Dorsal Principle Anal Vertebrae (including Gill Rakers (combined anterior and posterior
Fin Rays Fin Rays urostyle & 4 Weberian counts of first left arch)
B _ ossicles) o
8.0 1G] 7.8 P 011 Xok5 L6 BT A8 49 50 X 18-20 21-23 24-26 27-29 30-32

Gila r. robusta
Green R. 1 49 i 36,13 s lin 12 0 46,0 2 26 16 2

Colorado R. : Qi 2 920 3 46,0 1k 2
White R. ¢ 1562 Ol (2 b,

Sallt i, 9.0 6 9.0 3

Gila r. elegans
Green R. LT G000 146916 10,2 Al lehezal G

Colorado R, - Lake Jeeia 9.8 242 9o
Mohave

Gila cypha
Lake Powell area e T DY

Colorado R. i 10:0
(unknown )

elegans x cypha ?

Lake Powell area 9 w2e100

Green R. 252 9%

robusta x elegans ?
Green K.

White R.




A few characters that are similar in both forms are: pelvic fin rays,
usually 9-9; caudal fin rays, invariably 19; pharyngeal teeth, usually
2,5-4,2 but several other combinations have been found; lateral

line scale count, 75-96 for robusta with a mean of about 82, 75-99

for elegans with a mean of about 85,

The status of G. cypha is not clear yet. Only a few specimens
were available for examination, therefore no decisive statement can be
made about this ferm. Only 2 specimens have been characterized in the
literature (Miller, 1946) thus the intraspecific variation of this
form is unclear, The main criteria outlined by Miller (1946) and used
here for distinguishing cypha are: 1) An abrupt nuchal hump (Compare

cypha and elegans in Figure 1). 2) A prominent fleshy snout and

subterminal mouth. 3) A small eye in comparison to either robusta
or elegans.

Many of the specimens from the Lake Powell area seem te be inter-

grades between elegans and cypha. The data from these fish haécnot
&€ompoTer), el i

been f&ﬁ~thpeugh~%he~eempu%ef, when this is done their relationship te

the other forms may be better understood. Four specimens from the
Green River also fall into this questionable category.
One specimen' from the White River and (3. from the Green River

are possible hybrids of elegans and robusta. The taximetrics pregram

will be of use in alligning these fish also.

COMPARISON WITH OTHER wORK:

Miller (1946:41L4) compares intermedia, robusta, seminuda, elegans

and cypha for 6 characters, My data disagrees with his in a few in-
stances. Miller considers robusta as fully scaled; my data shews this

form to be variable, usually being fully scaled but a few were found




with reduced scalation on the dorsal, ventral and peduncle regions.
These few approach elegans in this character. Miller considers
seminuda as an intergrade between robusta and elegans, but he does
not give locality information en’ the 5 fish characterized. I am

reserving the name seminuda for Gila from the Virgin River of Utah,

Nevada and Arizona which are reported to be distinct (Personal communi-
cation between James Deacon and Rebert Behnke).

The robusta Miller examined were from the Gila River system of
A rizona; they agree in character with the robusta I examined from the
upper basin. The elegans he used were from the middle and lower
Celorade river, these also agree in character with the elegans of the
upper basin., MillerSchart shows a good seperation between robusta
and elegans for 5 of the 6 characters used, pelvic fin rays were
the same, 9-9. The comparison of my data to his indicates that all
specimens of each form are guite identical te each other throughout
the Coleradeo River basin, and that each ferm is distinct; suggesting
two species rather than subspecies. In other words the intraspecific
variability is less than the interspecific, indicating twe monophyletic
gene pools with perhaps limited hybridization and neot polyphyletic
ecosubspecies.

Barber and
Gila r. intermedia as characterized by Miller (l9h6))andﬁMinckley

(196 6) scems to be a distinct form. It differs from robusta in dorsal

and anal fin ray counts (8-8 as apposed to 9-9 for robusta)and general

body merphology, expecially the peduncle depth (deeper in intermedia).
This form has been reported to live sympatrically with robusta and
elegans, but no reports of hybridization between intermedia and either

of the other twe have appeared in the literature. Specimens of the 3




forms collected together from the Salt River of Arizona by Gilbert and

Scholield (1898) were examined by Dr. Minckley ( Arizona State Univ.),
and he reported them as being distinct from each other. This indicates
that intermedia may be a  valid @ species.

G. r. joerdani ef the white River of Nevada appears very close to
robusta in meristic characters but differs in general body morpholegy,
being more robust or chunky (Tanner, 1950).

Miller (letters to Donald Franklin) and Hagen (1962) have reperted
cypha from the Green River in Dinoesaur National Monument. I have seen
several of the specimens refefred to and found they laked an abrupt
nuchal hump, and the snouts were not well developed. These were some
of the questionable fish mentioned earlier as possible intergrades
between cypha and elegans. Further study may show these characters

to be more variable in cypha than presently thought.

ECOLOGICAL DATA:
Ecological data on the Colorado basin Gila is scarce. Virtually
no life history data has been published feor any of the forms althaugh

some data for robusta and elegans should be forthcoming (Vanicek,1967

Ph.D. thesis, Utah State Univ.),

The distribution pattern of the forms I examined indicates robusta
is found in the large, swift, warm rivers (Middle Green) and also in the
large, cool tributaries (Upper Green, White R., Upper Colerado R.).

It appears that elegans is restricted to the swift, warm rivers
(Green below Flaming Gorge and main Colorade)., The extreme morphology
of cypha suggests it lives in very swift water., The little data we have

from collections supports this hypethesis,




EVOLUTION AND PHYLOGENY:

The evolution of the Colorado basin Gila is undoubtedly dintegrally
tied with the geological history of that basin. Unfortunately this
history is scmewhat obscure at the present time. Several general trends
seem to be indicated though (Smith, 1966).

1.) The Colorado Plateau, what is now the upper Colorado basin, up-
lifted in the late Miocene and probably had parts draining to lower
basins to the west, south and southeast.

2.) By early Pliocene a continuous river to the Pacific through southern
California probably was established.

3.) The Kaibab Upwarp during the early-mid Pliocene separated the upper
and lower basins, and ponded the upper basin waters.

L.) The river became continous again in the late Pliocene when the
water was raised enough to flow over the Kaibab Upwarp.

5.) Connections were severed between the Colorado and White rivers
during a period of aridity in the late Pleistocene.

The Colorado basin has over 80% endemism in its primary fish
fauna which is the highest of any North American river basin. The
approximately 27 endemic species indicate a long history with much
geographical isolation.

Gila is considered the most primitive American cyprinid genus

(Miller, 1958A). The genus Ptychocheilus was probably derived from a

iy WA
pterinli, tine

(Miller and Hubbs, 1960) i
spinedaces.a Species of Ptychocheilus probably originating from a

Colorado basin form are found presently in the Sacramento and Columbia
basins, Miller (1965) suggests these species had evolved by the late
FPliocene.

The tribe Plagopterini comprised of 3 genera and 6 species is




endemic to the middle and lower Colorado basins. The spinedaces strongly
indicate the opportunities for geographic isolation and speciation
associated with the early Colorado River basin.

Gila robusta jordani probably represents a population of robusta

that has recently become isolated in the White River, and subsequent
limited habitat has selected towards the present chunky morphology.

The classification of seminuda of the Virgin River is tentative
until specimens are examined, Therefore I will not speculate on its
evolution or phylogeny here.

The Gila river system undoubtedly was the site of origin for
intermedia. The time period involved and the ancestral form are not seo
clear. Miller (1958B) says the Gila divisien probably did not jein
the Colorade until the Quaternary. Smith (1966) infers that the Gila-
Colorado connection is much older, at least midePliocene., The Gila River
and the white River-Virgin River area have several fish species in
common, and both have several endemics, This suggests both a cennection
between the two and a long peried of isolatien. It is pessible that both
systems were connected by the Colorado until mid Pliocene, at which time
the Gila River system became isolated. It then rejoined the Colerado in
late Pliocene. This is merely speculation on my part but it is a
poessibility,

The relationships of intermedia te the other members of the subgenus
may give us information on the phylegeny of the Gila. G. atraria of

the Bonneville basin is the most primitive living species af the genus

according to Uyeno (1961). It is pessible that this form and intermedia

may be closely related. If so this would suggest an early origin for
intermedia. G. orcutti of southern California and G. purpurea and G.

ditaenia of nerthern Senora, Mexico seem to be closer to each other than




to any other form (Miller, 1945). These forms probably eriginated from
the Colorade basin, and most likely the lower Colerado basin. They show
affinities to intermedia in several morphologic characters (fin ray and
lateral line scale counts). It is pessible therefore that intermedia
or the ancestor of intermedia gave rise te these 3 isolated forms,

orcutti, ditaenia and purpurea.

The Gila of the Rio Grande basin (pandora and nigrescens) probably

came from a Colorado basin ancester. Their likely mede of intreduction

to the Rio Grande probably parallels that for Pantosteus plebeius

suggested by Smith (1966).
The extreme morphology of cypha suggests evolutien in a torrential
habitat. Present distribution information indicates the Grand Canyon=-

middle basin area as the probable center. This area is relatively new,

dating from the late Pliocene (Smith, 1966), therefore cypha is probably

of more recent origin than either robusta or elegans (see below). Its

extremely modified morphology also suggests a rather recent origin,
probably coming frem an elegans-like incestor.

The origin of robusta and elegans was probably early-mid Pliocene.

A mid Pliocene fossil Gila from Arizona had modifications for swift
water much like the present forms (Uyeno and Miller, 1965). A low
vertebrae count indicates it may be closer to robusta than elegans.

It was found in the Bidahochi Formation which is presently part of the
Little Colerado River system. This suggests that robusta may have
evolved in the upper basin during the time it was ponded by the Kaibab
Upwarp. It is poessible then that elegans evolved at the same time as
robusta in the lower basin. Both pessibly came from a common ancestor
that was much like the present robusta.

Another theory on the evolution of these twe forms is that robusta




is the older form; when the river became segmented a population was
isolated in a fairly swift current area and subsequent selection produced
elegans., Again the ponding of the upper basin does not suggest a swift
habitat so the lower basin seems the most likely site for the origin of
elegans.,

The only form whose origin is well founded is jordani, the evolution
of the other forms is pure speculation at this point. A better under-
standing of the relationships of the forms inveolved may give us new
input and help solve this preblem.

It is evident from this discussion that the Colerado basin pro-

vided ample opportunity for independant speciation.

FUTURE STUDIES:

Te prove the hypethesis that robusta and elegans are species,
reproductive isolation must be established. If this isolation exists,
what are the mechanisms causing it? Are they ecological or behavioral?
Is there a spatial or temporal difference in spawning between the forms?
If the two interbreed, are the hybrids fertile? These guestions must
be answered before a definite statement can be made about the classifi-
cation of robusta and elegans, or for that matter any of the Celorado
basin Gila.

Future studies should start with filling in the geographical
gaps in our collections., DMore specimens are needed from the Grand
Canyon and lower Green River, These areas may contain the answers to
many questions concerning the morphelogic diversity exhibited by the

fish ef the Colorado River,

Once the morphologic diversity is knewn, we will have an idea

on how to approach ecological and genetic studies. Investigations to




determine the niche of each morphologic form and extent and mechanisms
of reproductive isolation between the forms should be undertaken., If

known hybrids could be produced, then standard specifications would be

available for comparison with suspected natural hybrids.
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ABSTRACT

Schreck, G, B, 1 literature review of environmental

influence on revroductive nhysiblogy and migration

in fishes. Report for ES 560, Environmental Fhysio-

logy, Falliouarher, 1068,

A literature review of environmentel nphysiclocy in
fishes is presented in this paper. The pauelty of in-
formation on vhysiologlical processes and the multiplicity
of ldterature on Ehe migrateoryiaspectsofiirenroductiion
necessitate the discusslogiof three pertinent smopneecis:

1) Environmental, including the influence of 1light,
temperature, water flow, and physical characteristics

of the water; 2) physlological, including the affects

of the environmental aspects on the organism's reproduc-
tion, primarily via the pitultary ang/or thyroid:; and

3) migratory, including the ability of adults and fry

to home, and the directienal cues used in this proceXs,

It 1s concluded that thermal regimes and phetopericdicity
are the most influential environmental parameters, both
initiating gonad development and timing sexual activity.
Other extrinsic stressors, however, may also be intricate-
ly involved. Reproductive processes in fishes are control-
led by pituitary and thyroid hormones; the physiological
condition of the organism and extraneous physical features
of the environment are also influential. Thus, aﬁ envir-

onmental-cortex-hypothalamic-hypophysis-gonadal mechanisnm

!




1s provsed. Both adult and juvenile fishes have the pro-

pensity to home. . Olfaction, temperabture senzitivity,

celestial navigcation and other cues direct the fish in
this process; geneties, however, m=y 2lso be involved.
Essentially, further study is needed in all of the areas

mentioned here,




INTRODUCTION

A synthesis of the available literature discussing
the environmental influence on piscine reproductive phys-
iology is of great reference value., A broad definition
of reproduction is employed so as to include not only
the gonadal development and processes but also the more
extrinsic factors of the spawning migration because of
their integral role in parental success, There is a
great‘paucity of critical and detailed information a-
bout the vhysiology of fishes. Contrarily, the multi-
tudinbus literature on homing, migration, and natural hist-
ory of this group is beyond the scope of this presentation;
only selected references are included to provide a broad
perspective but not an exhaustive review of these aspects,

Teleosts (higher bony fishes) exhibit most of the

sexual reproductive mechanisms found in the Animal King-

dom, and they have developed several specializations
unique among the vertebrate animals (Hoar, 1957). It

is almost impossible to draw any generalizations from

so varied a group. Thls can easily be appreclated when'
one realizes that the phyletic differences between the
three major groups, the cyclostomes, elasmobranchs, and
boney fishes, are actually much greater than that separa-

ting the latter taxon from man. £or instance, some species




(e.g., the cyprinodont QOzyrias latives) have no period

of sexual inactivity, ovulation being alomost as continu-
ous as spermatogenesis (Amoroso and Marshall, 1960) . AL
the other extreme are the species such as the salmons in-
which the gonads mature only once and death inevitably

follows. The ceratioid angler-fish (Photocorynus spini-

ceps) is aberrant in that the male or males become para-
sitic on the female which is many times their size. The
males of this species are permanently affixed to the
female and dependent on her for their food supply (Norman,
1963). Gymnogenesis is also found among fishes, the
entire svecies consisting solely of females; some mem-

bers of the genus Xiphophorus reproduce by this means.

The gfeat ma jority of fishes are egg layers; some elas-
mobranchs and very few bony fishes, however, are vivi-
parous,

Matthews and Marshall (1956) give an excellent pre-
sentation of the temporal factors affecfing morphological
changes in the reproductive systems of various fishes, and
Brieder and Rosen (1966) exhaustively list all that is
currently known about the "modes of reproduction in fishes."
Nowhere, hbwever, can a complete discussion be found on
the relationships betwéen the environment and the repro-

ductive processes of fish. To portray the environmental

reproductive physiology in its broadest aspects, both

natural and experimental conditions are considered in

this review.




REVIEW OF THE LITERATURE

The material under discussion is considered from
three aspectss 1) the environmental, including cyclic
and stressor phenomenaj 2)7the physiological, including
endocrine and sexual features; and 3) the migratory,
including homing and orientation of both adult and ju-

venile fish.

Environmental Aspectss

Breeding activity in fishes is usually character-
ized by marked seasonal rhythms (Amoroso and Marshall,
_1960). The environmental parameters are manifested in
various ways, althougli thelr net effect on the organism
are essentially the same, Some aquatic habitats (e.g.,
rivers) are subject to cyclic changes or variations not
encountered 1ln terrestrlal ecosystems. Most phenomena
that set blological cloeks or induce physiological res-
ponses) are heowever bl quiittousiin matire’

Water flow can trigger reproductive responses in

certain fishes, John (1963) found that the reproductive

cycle of the speckled dace, Rhinlchthys osculus, 1s bi-

modal, with discrete peaks in early spring and late summer
1f precipitation is normal. Drought and the consequent

overcrowded, undernourished populations may cause a failure

in reproduction. John concluded that "rising temperature,




increasing daylength, and perhaps flowing water are es-
sential and adeguate stimull for spring reproduction,
but decreasing daylength, declining temperature, and
flowing water are inadequate stimuli for late-summer
reprbduction. Reproduction 1s greatest dn the spring
with streams swollen from melting snow and in late sum-
mer following freshets or flash floods. A single fload
in late summer induces spawning; a single flood in early
summer does not." Basically, however, the reproductive

period of Rhinichthys seems to be regulated by the photo-

period., Pickford and Atz (1957) reported that in addition
to photéperiod, certain Brazllian fishes require waterflow,
occurrence of rain, a critical temperature range, and
possibly a certain lunar cycle to induce spawning. Changes
in turbidity and chemical content of the water (e.g., pH,
hardness, salinity, and dissolved gases) may also be in-
volved.

Lewis (1963) propbunded that fishes may be crowded

to such an extent that reproduction 1s inhibited. In-
hibiting substances, if they exist, have not yet been
ldentified; they may simply constitute a toxic concentra- :

tion of waste materials.k According to Lewis, Swingle

claimed that fishes may produce a substance due to crowding

that represses reproduction,

Courtship activities may induce intense nervous ex-

citement that is responsibvle for nuptial coloration

(Crew, 1952). This nervous stimulation may control the




deposition of pigment and guanin in the skin for breeding
"plumage"; a more intense coloration can be associated
with a higher metabolism,

The environment helps to determine the age of

maturation in fishes; the more eutrophic (to a point)

is the habitat, the earlier the maturation. This can
directly influence the reproductlive period of a species.

Brown (1957) stated that the age at which female Atlantic

salmon return to spawn for bhe first time variess those

growiﬁg faster and migrating earlier, home to their
spawning grounds at a younger age than do those which
grew more‘slbwly and migrated later. Also, an increase
in population density may induce stunting in certain
species (Morris, 1966) and thus possibly influence re-
production.

Dissolved substances in the ambient medium that can

penetrate gill membranes and reach the pituitary, thyroid,
or gonad can cause a reproductive response., Hoar (1957)
reported an experiment illustrating the effect of dis-
solved steroids on gonadal development., Jacobi, cited

by Marshall (1956), fufther confirmed this by showing
that eels heed salt in their surrounding water for
genital development. That 1s, eels cannot repreductively
mature unless they are ih salt water,  Contrarily, the

salmons (Salmo salar and those of the genus Oncorhynchus)

can become completely ripe in freshwater although the

sea is an integral part of their normal life histories,




Viox (1967) stoted thati 20 out of hOAmale cutthroats

(S. clarki) from Newton Lake, Wyoming, had eggs in ad-
dition to testes., This condition is clearly the proe
duct of dissolved materials; the excesses of magnesium
(300 p.p.m. or above) and sulfates (900 P.D.&. OF above)
in the lake are probably responsible for the hermaphrodi-
tism,

Light and temperature, possibly working in concert,

are undoubtedly the most influential of the environmental
parameters, The latter 1s generally a direct product of
the fbrmer;'as daylength increases so does water temper-
ature. Consequentl&, it is almost impossible in field
situations to determine which, if not both, of these
variables is responsible for reproductive control., The
following experiments illustrate how light and temperaﬁure
initiate or time spawning in fishes.

The cichlid Tilapia when exposed to a greater amount
(duration?) of light breeds earlier and at a considerably
smaller slize than siblings not reciplents of this amount.

(Brown, 1957). Hoar and Robertson (1959) showed under

controlled conditions, that goldfish raised with a 16

hour i1illumination-8 hour dark periodicity had an increase
in ovary size (maturation) as opposed to those with an

8 hour light-16 hour dark regime., Hoar (1957) reported
evidence found by Baggermann that further substantiates
"the reproductive control by a light-temperature mech-

anism, Sticklebacks transferred from sea in December




o

(6° €, 8 hour daylight) to the laboratory (20° C, 16

hour daylight) bullt nests within 4 weeks. " Six-month
0ld fish (hatched in April and Méy), if brought into the
laboratory in Octobter and held at 20° C with 16 hours
illumination,'will mature in 50 days but fail to mature
in 8 months with only 8 hours illumination." The ac-
celeration produced by 16 hours of light was markedly
delayed at temperatures below 20° C,

Light without a thermal component can regulate trout
reprqduction. Different photoperiodic regimes marked-
ly affect gonadal cycles of both male and female brook

trout (Salvelinus fontinalis). Henderson (1963) also

pointed out that the influence of long or short photo-
periods depends upon the respective phase of gameto-
qenésis in progress and on the photoperied in effect
during earlier stages of the gonadal cycle. The maturation
of the "gonads may be regulated by the normal seasonal
changes of aay length.... An accelerated light regime
can hasten the time of functional maturity in adult
trout, but 1s without effect when applied to maturing
fish in which gametogenesis is taking place for the
first time." This stimulative effect of the environs
ment 1s probably devendent upon the operation of a
"hyoothalamic-hypovhyseal mechanism." The following
data supports Henderson's conciusions. "The rate of
gonadal development is the same at 16° as it is at 8,5°

provided that the fish are exposed to natural day lengths.




If fish are subjected to long or short photoperiods,
the gonadal response at 16° is quite different from
that at 3.50." The changes in quantitiy of gonadotropins
reieased from the anterior pitultary probably mediate
the environmental stimulation of reproduction; Hoar
(1957) stated that constant darkness cauéés hypertrophy
and eventual atrophy of the endocrine system of the
characin Astyanox,

Anhsan (1966) preformed experiments demonstrating dif-
ferent photonériod; at various temperatures do not appear
to dominate any stage of the spprmafogenetic process

of the lake chub, Couesius plambeus. He preéented evidence

showing that an endogenous rhythm was also present that
may be partially responsible for the timing of testicu-
lar changes. Harrington (1956, 1959) presented other
experiments of this nature.

'It is interesting to note that trout 1iving in the
northern hemisphere are operating under a photoperiocdic
regime 6 months apart from those in the southern hemisphere,
As a consequence, spawning of the two geographic popula-

tlons are separated by exactly one=half of "a year. 1t

would be of great vaiue to study the 1life history of the

trout in Lake Titicaca which lies essentially on the
equator. Does the great increase in light extend the
period of spawning?

The fate of the gametes, once independent of the

gonad, also determines reproductive success. In most




fishes the sex products are shed into the water and perish
within minutes unless they unite (Hoér, 195%). Froper
nutrition is essential for gamete development (Lewis, 1963).
The eggs of the fishes are either pelagic (buoyant
and generally with a thin non-adhesive membrane) or
demersal (sink and have a hard, smooth, or adhesive
membrane); the former is generally the rule in marine
species and the latter in freshwater forms (Boyd and
Hamilton, 1952). The pelagic eggs contain an 0il glob-
Hle (sy serving possibly as =2 food source and/or for
buoyancy. Mann (1964) stated that the eggs of the fat

minnow (Sarcocheilichthys variegatus) produce a substance

that activates and attracts spermatozoa, thus causing
their aggregation around the micropyle area, Hafez (1968)
pointed out, with reference to domestic animals, that

there may be a seasonal variation in metabolic activity
of sperm. The fertility and hatchability of eggs are

affected by the female's ambient conditions during mating

and by the environment of the eggs of birds prior to

incubation.

Spermatozoa in fishes are commégly stored ifor
prolonged periods; possibly for that feason they contain
a high 1lipid concentration (Mann, 1964). Parkes (1960)
cited Yanagimachi who foﬁnd that herring spermatozoa
retain thelr fertilizing capacity to a small exbtent

for 12 hours in 8 to 10° C sea water., Mature sperm of

the kilifish Fundulus heteroclitus are capatle of main-




taining motility following a 150,000 r X-ray exposure, The

eggs fertilized by these spermatozoa, however, have high

mortality or give rise to abnormal embryos. The X-ray

probably changes the state of DNA polymerization of the
sperm chromatin (Mann, 19f4). Mann (1964) further re-
ported that the sperm of some fish are very sensitive

to pH changes. The addition of water or dilute salt
solutions to trout semen provokes a short-lived burst

of activity followed by a gradual decline in motilitys
Oxygen has an activity effect on sperm motility and
prolongs its duration. A dilutent containing 0.15 %
potassium chloride in contrast to sodium chloride has

no activating éffect; the addition of potassium ions to

a suspension of motile sperm in sodium chloride solution
can render them motionless. This "reaction” is reversible.
Mamncites Schlenk's proposed explanation that trout Sperm-
atozoa show great activity upon dilution with water or
sodium chloride solution but not with trout seminal plasma
because of the high potassium content of the plasma (80
mg/100 ml). The rapid increase of motility after dilution
with water decreases the potassium concentration in the
seminal fluid, thus the potassium ionS from the sperm
cells can flow into the surrounding medium. Aprarently,
the potassium both preserves the Sperm's energy by in-
ducing quiescence and engenders a state of "preparedness

for action" ('Bewsgungsbereitschaft').




Physiological Asbedts:

K%vay (1967) concluded, with reference to man, that
the endocrine processes are a product of the environ-
ment and are held in unity by the nervous system., He
proposed a "cortex-hypothalamo-hypophysis-gonad system,"
The endocrine functions are so intimately intertwined
with reproduction in fishes that one cannot be mentioned
wlthout the other., There are several factors that con-
found a physiological discussion of fish reproduction.

There is very little known about the physiology of
fishes, There are two glandular tissues present in "all"
fishes for which there is né known function. These are
the corpuscles of Stannius associated with the kidney,
and the urophysis or caudal neurosecretory system lo-
cated in proximity with the spinal cord in the caudal
peduncle (Bern, 1967). Honma (1959a, b) indicated that

these glands may be involved somehow in migration'or

reproduction of the ayu (Flecozlossus altivelis); both

showed mark=d histological developments during the spawn-
ing migration. 3Bern (1967) stated that aldosterone and
prolactin are apvarently lacking in fishes. Tomlinson,
McBride, and Gelger (1967), however, cited a report that
the former was present in salmon plasma. The only chem-
ically-identified sex hormone to date (1960) found in
any cold—blooded vertebrate is 17B-estradiol, discovered

by Hisaw and Ringler in the dogfish shark, Saualus éudkieyi




(Dodd, 1960).

Another obstacle in the path of a physiclegical dis-
cussion is the ignorance about fish nutrition. As B;ack
(1957) reported, many species fast during spawning and

migration p~riods; consequently, ion balance can become

upset. For Instance, 1t is not known whether or not mi-

grating adult salmon have the biochemical ability to
digest or assimilate food.

Presently, almost nothing is known about sex deter-
minationlin filshes,  Infact il b idsinot known whether
or not fishes have sex chromosomes; to date, one report
shows evidence that these are present in the goldfish,
There are three factors that must be considered heres
1) The genetic control, 2) polymorphism of sex, and
B) the environmental influence on sex determination.

The synbranchiform fish Monopterus albus starts its

reproductive cycle as a functional female; males are
produced only by sex reversal. This may be a genetic
"switch mechanism {designed] to maintain the full re-
productive power of the population immediately after
periods of ecritical conditiens, and to prblong the
reproductive capacity of many members of the population

in fishes with sexual succession" (Liem, 1963). Sex

(Crew, 1952), and in one form, the entire popnlation s
female, reproducing by gymnogenesis. One variety of

Poeciliopsis also consists only of females; the sperm of

A Y




any closely allied species 1s needed to stimulate devel-
opment of the triplgid ova, but there is no actual penetra-
tion (Schuitz, 1967). That the environment influences
sexual differentiation can be seen from the monoecious
cutthroat population previuosly mentioned.

Chemlicals may also induce sexual development (Amoroso
and Marshall, 1960). Yamamoto and Kasjishima (1968) arti-
ficialiy induced sex reversal in goldfish in both directions:
that is, they produced heterogametic females (Carassius
auratus males are normally XY) and genetically female
males, <+his was done by administering estrogens or andro-
gens, respectively, during the critical period of
gonadal determination; the hormones were ingested in the
food.

Aberrant reproductive developments are encountered
in the ceratioid angler-fish and‘in the cyprinidont, sub-

family Rivulinae, As mentioned above, female Photocorynus

are permanently parasitized by the male of the species, to
such a degree, in fact, that the female provides nourish-
ment for the male through her bloodstream. These tish,
then, may be condidered pseudohermaphrodites. Numerous
species of the toothcarps inhabit ephemeral ponds of
tropical Africa and South America. During dry periods,
the adults perish, but the previouslyldeposited fertyiized
eggs resist the six month period of desiccation and hatch

when the rainy seasons come (Peters, 1963).

Dodd (1960) stated that in teleosts, as in cyclostomes
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(Jawless fish), but unlike all other vertebrates, the em-
bryonic gonad 1s.a single structure probably homologous

to the gonadal cortex of other vertebrates. Auxocytes
(early odcytes) are usually the most prominent cells in

the teleostian primordial gonads this may be a possible
protogynous condition. D'Anoca, according to Dodd, re-
ported that both gonia are initially present, the spermato-
gonlia being less obvious due to their smaller size. It is
belleved that a genetically mediated sex determining
Inductor substance(s) is secreted by certain gonadal

sfroma cells. "The chemical nature of the inductor
substances is unknown, though they are thought by some
workers to be identical with the sex steroids.... Exogenous
androgens and oestrogens can, under certain experimental

conditions, exert an effect on sex differentiation" (Dodd,

1960).

Forbes (1961) presented an excellent review of
reproductive endocrinology in fishes, and Honma (1959b,
1961) studied these processes in the ayu. Hormones have
recently come into use by the fish-culturist to artificially
induce snawning; thefe 1s much current literaturs on this
subject (Stevens, 1966),

The hormones of the pituitary (gonadotropins) and

sonads (androgens, sstrogens, verhaps progesterone) are
intimately involved in the regulation and timing of
reproduction and the céntrol ofi i S physiology.‘ Seasonal
variations of the environment affects the pituitary. Hoar

1957a) reported that the middle glandular area" of this

A
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gland has gonadotropin =ctivity and that it fluctuates

seasonally. Although temperature might act directly on the
gonads and thyroid, or water salinity might modify the
Yonle and osmotic convent of ithe blood thus stimulating
the thyroid, the pituitary is generally the bridge between
the receptor organs and the rest of the endocrine systemn.
Hoar concludes that the pituitary produces the tropic hor-
mones in flshes; changes in the thyrold or other glands
do not normally occur in the absence of the hypophysis.
"It is possible then, that changes in the external environ-
meﬁt may also effect the actiwvity of ithe pitultary. \Those
materials which can penetrate g£ill membranes will reach the
pitultary readiiy

It s not known if the pltultary cecontrols any part
of the sexual cycle of cyclostomes; the accessory olfactory
organ, however, is glandular and may be associated with
gonad development. Dodd (1960) further stated that the
source of teleost gonadotfophin is probably the basophil
(cyanopnhil) cells in the middle glandular region of the
pituitary. This cell type increases in number and activity
during gonad maturation. The hypophysectomy of male

Gobius paganellus by Vivien, reported by Dodd, caused the

testes to become atrophic, and two glands on the ejaculatory
duct of the vas deferens were greatly reduced in size. The

females exhibited follicular atresia and ovarian involution.

Y

Degenerative changes occur in the pituitary of At-

lantlic and Pacific salmon during sexual maturation; at this

15




/

time, the moso-adénohypophysis und=rgoes great cell multi-

plication and hypertrophy (Van Overbeeke, 196708 oot

philized pituitary extract obtained at seasonal intervals

from the perch, Perca fluviatilis, has been used to experi-

mentally time its gonadotropin content (Swift and Pleklford,
196510 iThie pituitary extract was administered to hypophy-

sectomized male Fundulus 5eteroclitus by interperitoneal

injection, The M. . movima) gonadotrophin content of the
hypophysis, reflected in stimulation of rezressed testes
and onset of nuptial coloration in the assay flsh iicoins~
cided with the peak of the natural reproductive cycle in
April.' In August the pltuitary was depleted of gonado-
trophin." Amoroso and Marshall (1960) reported that photo-
periodie control of pituitary function was illustrated

by experiments in which precocious sexual maturity was
achieved by control of flluminstion in & Velrate bvilo it Sl a
There is morpholocical evidence that suggests direct ner-
vous connections between the different peripheral sense
organs and the pituitary,.

The thyroid, probably controlled by the plfuit -y
may also be closely involved in thne reguiation and pre-
paration of the reproductive processes in fishes. Matty
(1960) reported that the changes observed in the teleost
‘thyroid was related to reproduction; spawning occurred
immediately following the period of greatest histological
activity of the gland. Swift (Agsc) injected labeled iodine

(IEIt) g e trout, Salmo trutta, periodically through-
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out the year. By measuring the radioactivity of the thyroid
with a G-M tube at various times after the administration,
hewasiiabl eltoldetermiinestiieta el vitoitine clishad Moy

plotling the decrease 1In counts over time. dhedilone

of the line thus obtained was, according to Swift, direct-

ly related to the thyroid's incorporation of iodine and
therefore 1its activity. He found that the brown trout's

peak thyroid activity was in midsummer (long day length,

warm water). The maturation of the gonads commenced in
females during June and in males during July and was completed
during October. Thus the thyroid "prepared®™ the gonad for
spawning, and these cycles were by seasonal rhythms. In

1959, however, Swift (195%9) reported that the thyroid activity
of 5. frutta was inversely related to water temperature

except for a short burst of activity in July. %he gen-
eralization was later made that thyroid activity increases

at spawning time because of the increased rate of loss of
administered radio-iodine by the brown trout and because

of the great increase in production of labelled thyroxine

by fundulus heteroclitus (Swift, 1960). Honma and Tamura

(1963) rerorted on thyroid and pituitary functions in the
ayu.

Crew (1952) stated that the phvsical condition of

Uncorhynchus durinz spawning may actually be pathological.

Tomlinson, MeBride, and Geiger (1967) found in force-fed

or unfed migrating adult sockeye salmon in freshwater that

the flesh "water and sodium content increased and the potas-
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sium content decreased...." They concluded that starvation
"plays no part in gringing about degenerative changes ob-
served in skeletal muscles of migrating,. spawning sock-
eye salmon...jthe development of the gonads is in some
manner directly concerned in the changes, for the skeletal
muscles of sexually developing sockeye has been found to
show marked berefit from feeding after the fish were gon-
adectomized, and a similar effect has been observed in un-
spawned male sockeye which commenced feeding some 6 months
after the time when they would normally have spawned." They
also stated that the changes in the flesh may be indirect-
ly induced by hormones, and they cited several reports
showing that adrenal corticoids injected dnto tront dns
fluenced the concentrations of sodium and potassium in

the blood and the excretion of sodium through the gills.
Possibly for osmotic regulation, “the king salmon, when it
returns to fresh water to spawn, immediately increases its
production of slime, and the skin thickens considerabnly

by the time the fish reaches the spawning ground" (Van
Oosten, 1957). 1t is interesting to note that freshwater
trouts, more primitive tharn the salmon, also develop a
thickened epidermis during spawning.

MeBride (1967) used histological examination to

show extensive degenerative changes in the thyroid, pan-

creas, and kidney during gzonad developﬁent of unfed adult
sockeye salmon. There was an increase in the large follicles

of the thyroid waralleling gonadal maturation, and when
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fully matured there was a decrease in cell height and

cell number. Regression of the kidney followed gonadal
development; there was a sclerosis of the glomerular
capillary bed, thickening of Bowman's capsule, decrease
in number of lymphoid cells, and a concomittant lincrease
in the pigmentation of kidney parenchyma. During sexual
ripening of unfed fish the pancreas exhiblted changes
in the ‘exocrine portion: there was a shrinkace dn the size
of the caeca as well as a reduction in the amount of exo-
crine, zymogenous tissue. Endocrine tissue exhibited
-hyperplasia. Feeding prevented the deterioration of the
thyroid, while it delayed and reduced that of the kidney
and pancreas in the adult sexually-ripening sockeye.
Robertson, et. al. (1961) examined the changes oc-
curring in blool constituents of migrating adult king

salmon (9~ tshawytscha). They reported that the glucose

content of the blood increased to about twice that found

in salmon in the sea, but rarely was glucose present in

the urine. The sodium and potassium concentrations de-
breased. Cholesterol values rose during migration and then
decreased during spawning to concentrations lower than those
of premigrants. Total proteins exhibited diminution as

did the protein-bound iodine. There was a progressive
rise. in the concentration of 1?-hydroxycort;costeroids

to very high levels at the time of Spawﬁing; consequently,
concomittant syndrqmes of Cushing's disease were observed
in both physiological and histological features.
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Sexual ripening in the stickleback, Gasterosteus,

induces hypertrophy of the museles of (theipeetoral finsg
so that the fish can "fan" the water over its nest (Marshall,

19560
A delay in fertilization (spawning) of % to 7 days in

brown trout caused a slight excess of males; under the same
conditions, rainbows produ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>