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This research was conducted on the life history of the blue

chub, Gila (Gila) coerulea (Girard), inhabiting Paulina Lake, Oregon,

and the tui chub, Gila (Siphateles) bicolor (Girard), East

Lake, Oregon. The results are applied to the fisheries management

of these lakes. Both species are endemic to the Klamath River

System.

Blue chub eggs had an incubation period of 7 to 9 days at 58.1°F

to 69.3°F. Blue chub larvae first appeared in shallow water within

spawning areas, remained there until August and then dispersed into

all shallow areas of the lake. The juveniles remained dependent on

the shallow water until maturity as age III fish. Spawning occurred

from early July to mid-August in less than one meter of water and

never in direct sunlight. Spawning took place directly adjacent to the

shoreline in areas of clean gravel or large rock. The body weight-

fecundity relationship (R2 = 0.935) provides the most useful means



of predicting fecundity. The oldest, and largest, blue chub was an

age X female (234 mm). Growth rate was greatest in juveniles,

decreasing markedly at maturity and gradually diminishing further

throughout the remaining life span. The least squares regression of

length on weight for 895 blue chub (R2 = 0.96) was, Log body weight 7=

-L7129 + 3.1069 (-Log 25.4 + Log body length in mm). The blue

chub diet consisted mainly of diptera larvae, cladocerans, gastropods,

and amphipods, of which diptera larvae, cladocerans, and amphipods

were the most preferred food items of Paulina Lake rainbow trout.

Blue chub were vitually free of parasites. The osprey and a large

dragonfly nymph were the only observed predators on the blue chub,

but other possible predators were the rainbow trout, mink and marten.

Tui chub eggs incubated in 7 to 8 days at 5 8.3oF to 71.5°F. Tui

chub larvae first appeared within heavily vegetated areas within East

Lake, areas which were the most probable spawning sites. They

remained there until dispersal in August. Juveniles remained depen-

dent on the vegetation and shallow beach areas until maturing as

either age II or age III fish. Spawning most probably occurred in the

heavily vegetated areas during mid-June to late July, with deposition

of the adhesive eggs on to the vegetation. The ovary weight-fecundity

relationship (R2 = 0.87 8) provides the most useful means of predicting

fecundity. The oldest tui chub was an age IX fema,le (226 mm), The

longest (FL) was an age VIII female (249 mm). Growth rate was



greatest in juveniles, decreasing significantly at maturity and

gradually diminishing further throughout the remaining life span. The

least squares regression of length on weight for 940 tui chub (R2 =0.97)

was, Log body weight = -1.0518 + 2.8807 (-Log 25.4 + Log body length

in mm). The tui chub diet consisted mainly of amphipods, diptera

larvae, gastropods and cladocerans, of which amphipods, diptera

larvae and cladocerans were the most preferred food items of East

Lake rainbow trout and brook trout. Tui chub were virtually free of

parasites. The osprey and a large dragonfly nymph were the only

observed predators on the tui chub, but other possible predators were

the rainbow trout, :brown trout, brook trout, mink and marten.
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BIOLOGY OF THE BLUE AND TUI CHUBS IN
EAST AND PAULINA LAKES, OREGON

INTRODUCTION

East and Paulina Lakes, Deschutes County, Oregon are

renowned for their trout sport fisheries. In recent years, however,

these fisheries have declined, especially in Paulina Lake. Cyprinid

populations in both lakes have noticeably increased in recent years,

and the Oregon Wildlife Commission feels that these populations

may be a major cause of the declining trout levels. The purpose of

this study was to identify the cyprinids in the two lakes and study their

life histories. I hoped to obtain from this study the necessary biologi-

cal information on these fishes to initiate practical and effective control

measures.

East Lake was found to contain the tui chub, Gila (Sipha,teles)

bicolor (Girard), while the blue chub, Gila (Gila) coerulea (Girard)

inhabited Paulina Lake. The tui chub is found in the Columbia,

Klamath, and Sacramento River systems and also in a number of

isolated interior basins of California, Oregon and Nevada (Bailey and

Uyeno, 1964). The blue chub is found in the Klamath River system of

California and Oregon (Bailey and Uyeno, 1964). This distribution of

these fishes is the result of natural distribution. Since Paulina and

East Lakes contained no endemic fishes, introduction of these two
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species was probably accomplished by man. The first documented

occurrence of cyprinids in either lake occurred in the 1920s

(correspondence, Oregon Wildlife Commission). The method of

introduction was most likely the release or loss of these fish as a

result of a live bait fisheries.

Trout were first stocked in the lakes in 1912 (Linck, 1945). At

the present time East Lake contains populations of brook trout, brown

trout, and rainbow trout. Rainbow trout are the only salmonids in

Paulina Lake. There is a significant economic consideration in the

case of Paulina and East Lakes as the trout fishery is an attraction

for thousands of fishermen each year. A decrease in trout produc-

tion, therefore, produces a decrease in lake utilization. This has

especially been noticed at Paulina Lake where a reduction in trout

productivity and growth over the last few years has caused a reduction

in lake utilization by fishermen (correspondence, Oregon Wildlife

Commission). East Lake, a more productive lake than Paulina Lake,,

has experienced a similar though less marked trend.

Measures to control the chub had been carried out sporadically

from the 1940's to 1969 by the Oregon Wildlife Commission.

During the summer of 1969 spot chemical treatments of concentrations

of chubs were begun by the Oregon Wildlife Commission and con-

tinued through 1970.



Most of the reported life history work has been done on the tui

chub with very little on the blue chub. Kimsey (1954), in a study of

Eagle Lake, California, describes the life history of the tui chub for

that body of water. As part of the same study, Harry (1951) published

a useful, though incomplete study of tui chub embryology. In

Summerfelt and Ebert's (1969) study of the Piute sculpin in Lake

Tahoe, Nevada, slight reference to tui chub distribution was made.

Bond (1948) provided some pertinent information concerning the life

history of the tui chub in Lake of the Woods, Oregon. Vincent (1968)

discussed the distribution of both the blue chub and the tui chub in

Upper Klamath Lake, Oregon. Hazel (1969) analyzed the stomach

content of a small number of blue and tui chubs from Upper Klamath

Lake, Oregon. Kimsey and Bell (1955) provided information concern-

ing the life history of the tui chub in Big Sage Reservoir, Modoc

County, California. Bailey and Uyeno (1964) made a nomenclature

revision which provides the present scientific names of the blue chub

and the tui chub.

Additional publications which provide some scattered bits of

information on these fish are John's (1959) description of some aspects

of the life history of a related chub, Gila atraria, and La Rivers (1962)

provides some information on taxonomy, distribution, and life history

of the Lahontan tui chub, Gila (Siphateles) bicolor obesus (Girard).

Vanicek and Kramer (1969) studied the life history of the Colorado

chub, Gila robusta, in Green River, Wyoming.



STUDY AREA

The study lakes, Paulina and East, are located within Newberry

Crater, a part of the Pa,ulina Mountains of central Oregon. The

cauldera in which the lakes lie was created 20,000 to 25,000 years ago

by the collapse of Newberry Volcano (Williams, 1962). Volcanic

activity persisted within the cauldera as recently as 2,000 years ago

and even now thermal springs are active in many parts of the crater.

Many of these hot springs are located within the lakes themselves,

and exert considerable influence on the lake ecosystems by creating

areas of favorable thermal conditions for both flora and fauna. A high

ridge of cinder cones and lava flows, approximately one mile in

width, separates the two lakes. Phillips (1968) believes that the lakes

were at their present levels when volcanic activity within the creater

ceased, and that even though East Lake is topographically higher than

Paulina Lake (Table 1), there is no hydraulic connection between the

two. Paulina Lake is the only one of the two which has a surface

outlet. Percolating snow melt is the primary source of water for

both lakes (Phillips, 1968).

Weather conditions within Newberry Crater differ markedly

throughout the year because of the high elevation (Table 1). During

the period from October to May the lakes can be ice covered for up to

six months. During the rest of the year (June to September) it is

4



Table 1. A comparison of selected morphometric, physical and chemical characteristics of East and

Paulina Lakes, Oregon (from Alevras, 1970).

Character East Lake Paulina Lake Source

Surface elevation (mean, m) 1931 1930

Area (high level, km2) 4.17 6.16

Volume (high level, km3) 0.084 0.316

Maximum depth (m) 51.9 76.9

Mean depth (m) 18.3 51.2

Shoreline length (km) 9.2 11.0

Shoreline development 1.27 1.25

Volume development 1.1 2.0

Secchi disc depth1 (m) 8.0 7.6

Alkalinity' 105.60 327.36
(mg/1 as CaCO )

3

Total hardness' 115.00 234.60
(mg/1 as CaCO3)

pH1 7.9 8.4

mg 12C/m2/hr (15 m) 59.60 24.68

1
All these data were collected from 7/10 to 7/12/68.

Phillips (1968)

Oregon State Game Commission
(unpublished data)

calculated

Oregon State Game Commission
(unpublished data)

calculated

tI

D. W. Larson
(unpublished data)
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usually hot during the day and cool at night. Because of this extreme

seasonality, lake temperatures may vary from 0oC to 39oC over an

entire year. Both lakes formed a definite metalimnion during the

latter part of the summer (Figure 1), and the gradual development of

this thermal pattern is apparent from Figure 1.

Paulina Lake is deep, steep-walled and contains little littoral

area (Figure 2). Rooted vegetation is therefore limited even though

mineral levels and primary productivity are high (Table 1).

East Lake is smaller in area and shallower than Pa.ulina Lake

(Table 1). On the east and south sides of the lake are extensive

shallow areas (Figure 3) containing abundant macrophytes, some

exceeding 6 m in height. The mineral content of the lake is higher and

primary productivity more than twice that of neighboring Paulina

Lake (Table 1).
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Figure 2. Bathymetric map of Paulina Lake (modified from Oregon
Game Commission map), showing the ten common sampling
sites used to collect blue chub. Depth contours are in
meters.



Figure 3. Bathymetric map of East Lake (modified from Oregon Game
Commission map), showing the eight common sampling
sites used to collect tui chub. Depth contours are in
meters.



MATERIALS AND METHODS

Sampling sites, methods and dates of sampling for this study

were dictated by spatial and temporal distribution and abundance of

the species sought. Sampling sites were determined from the location

of the highest numbers of observed fishes. No attempt at establishing

a statistical sampling scheme was made since population abundance

studies were not conducted. The purpose of my sampling was to

obtain specimens for study. I feel that in most cases sample size

allowed ample opportunity to obtain accurate pictures of the total

population regarding the parameters studied.

In Paulina Lake the most frequently sampled sites were

(Figure 2):

Outlet area - encompassing the shallow water on both sides
of the outlet for approximately 150 m from bridge across
Paulina Creek;

Resort dock area;

Resort cabin area - encompassing area from the northern-
most cabin, perpendicular to shore and out into lake about
50 m;

Cove area - encompassing small cove approximately 1.4 km
north of site 3;

Doe Haven area - encompassing the broad, shallow, rocky
shelf along which thermal springs are located;

Black obsidian flow area - encompassing shallow water
extending out into lake from this area for about 175 m;

10
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Point of land about 750 m north of Little Crater Campground;

Boat launch area - encompassing area around first boat
launch on Little Crater Campground road;

Cove area - encompassing small cove located at the Paulina
Lake summer home site;

I. O. O. F. Lodge area.

The most frequently utilized sampling sites in East Lake were

(Figure 3):

Hot springs area - encompassing the area along the beach
and extending from the forest service floating dock south-
west to the first point;

The shallow area adjacent to the first point west of Site 1
and extending out into the lake approximately 50 m;

The rocky point immediately north of East Lake Campground
and extending out into the lake approximately 50 m;

East Lake Campground area - encompassing the shallow
area associated with the gradually sloping beach;

Oregon State Game Commission cabin area - encompassing
the area within this small cove and extending out into the
lake about 50 m;

Cove area - encompassing the small cove located at the
extreme northwest corner of the lake;

Northeast corner area - encompassing the shallows asso-
ciated with this corner of the lake;

East shoreline area - encompassing the shallow water
associated with the entire east shoreline and extending out
into the lake about 50 m.

With the exception of the rod and reel, all capture equipment

was provided by the Oregon State Game Commission from their Bend,

Oregon office. The capture equipment used in this study was:



I. Boat and outboard motor;

Trap net;

Gill net;

Seventy-five foot minnow seine;

Fifteen-foot minnow seine;
Long-handled, fine-mesh dip net;

Rod and reel;

Chemical treatment equipment.

Examination Procedure

All fish sampled during this study, with the exception of most

juveniles and a few adults from which lengths only were recorded,

were subjected to the following examinations:

The fork-length (FL) of each fish was taken as the distance,
in tenths of an inch, between the fork in the tail and the tip
of the snout.

Sex, maturity, and ripeness of gonads were determined by
examination of reproductive organs.

All fish were examined for external and internal parasites,
lesions and deformities, or any other unnatural characters.

In addition to the above, selected portions of the population were

sampled for fecundity, age, growth and food habit studies.

12

Embryology

My approach to studying the embryological development of these

two species of cyprinids was to develop and monitor an incubation
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system which would simulate actual lake conditions. Figures 4 and

5 show the incubator which Bob Pennington, a Game Commission

Technician, and I finally developed and set up near the Game Commis-

sion cabin on East Lake. The system consisted of six opaque-plastic

containers set into an elevated rack with locking cover. Each plastic

container had a one inch hole drilled in the bottom into which was

inserted a one-hole rubber stopper. A 16 cm section of hollow glass

tubing was inserted into each stopper and the other end was connected

by a section of surgical tubing to a reducing head, fabricated from

pieces of aluminum tubing. This reduction head was connected to

a garden hose that led from a pump which supplied water from East

Lake. Near the top of each container a small hole was cut and a hose

fitted to allow for overflow.

Water was pumped through an intake valve submerged 25 to

50 cm in East Lake into a take-off head for distribution to the indivi-

dual incubation containers. Water flowed through the bottom of each

container. After going through the containers, water flowed out the

overflow tube and into a sump. This allowed the runoff to settle into

the porous pumice soil before returning to the lake, thus preventing

the accidental introduction of blue chub to East Lake. The flow

through each container was approximately 0.9 liters per minute.

Temperature during incubation was monitored at all times.

1970, a 7-day Partlow thermograph with submersible temperature
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Figure 4. Top view of the apparatus used in incubating both
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The thermograph probe may be seen in the
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Figure 5. View of incubator with protective cover in place.
Note thermograph probe coming from right and
water supply hose coming from pumphouse to the
left.
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probe was used. In 1971 an 8-day submersible Ryan Instruments

Incorporated thermograph was used. The records obtained from the

thermographs were used to calculate the temperature units for

incubation.

Temperature units are the mean number of degrees above 32°F

(0oC) for a 24 hour period, and provide a means of determining how

long development normally takes with respect to temperature

(Leitritz, 1963). In my study I averaged the mean temperature above

32oF from fertilization for each hour recorded on the thermograph

charts and then calculated the mean 24 hour temperature for each

24 hour period from fertilization. The sum of the mean daily

temperatures minus 32 provided the total number of temperature

units for incubation.

Eggs from both species were incubated in 1970 and 1971.

Spawn was obtained by capturing ripe males and females in trap nets

during spawning. Two large females and four average size males of

each species were used to produce the fertilized eggs used in incuba-

tion for both years.

The fertilization procedure was simple and effective. Rocks of

a suitable size for placing on the bottom of the incubator containers

were cleaned, dried and placed in a two pound coffee can. The ripe

females were spawned by hand into the can and over the rocks. Milt

from ripe males was extruded over the eggs, and water added. After
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the water was added the can was swirled gently to mix sperm and eggs.

After the initial mixing the eggs were allowed to stand for a few

minutes and then thoroughly rinsed with fresh water. Upon addition

of water the eggs became extremely adhesive and clung to the rocks

and each other. The can and its contents was transferred to the

incubator site and the egg-covered rocks distributed in the five con-

tainers used for incubation. The sixth container was used for accom-

modating the thermograph sensing unit. Fertilization appeared to be

almost complete each time I used this method.

In 1970, observation of blue chub and tui chub incubation occur-

red whenever time permitted. As a consequence incomplete develop-

ment sequences were obtained. In 1971, more care was taken to make

complete observations. An attempt was made to observe and record

developmental changes on a 24-hour basis. Even then, however, a

truly complete picture of the development of these two species was

not obtained. But since so little information exists on the embryology

of these fishes, what I did record is sufficient to provide a general

developmental outline.

The actual observation of the developing embryo was aided by

the use of a Bausch and Lomb binocular microscope and Bausch and

Lomb binocular dissecting scope. A Pentax Spotmatic camera was

used for taking pictures through the two scopes. A Vivitar microscope

adapter worked fine for using the camera with either of the two scopes.
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After hatching in 1971 the larvae were placed in a 75 liter

aquarium, located in the Game Commission cabin, to observe post-

hatching development. Food was provided immediately in the form of

dried, prepared pellets and as live Daphnia (sp.) obtained from East

Lake. I felt that making food available immediately simulated

natural conditions encountered by post-hatching larvae.

Early Life History

My approach to studying the early life history of these two

species was to sample and observe activity from post-hatching to

maturity. This was possible because of the habitat of these fish as

juveniles. Young-of-the-year (YOY) chub were sampled with small

mesh dip nets as soon as they began appearing along the shore in the

lakes. Early in August it was possible to use a small aquarium dip

net, but in late August and early September a more sturdy, long-

handled dip net was required.

Age I juveniles were captured with long-handled, small-mesh dip

nets in early June and July. The rest of the summer these fish were

too active for dip nets and a small-mesh, 15 foot minnow seine was

needed. Age II and III juveniles were captured with the 15 foot net

and with a 75 foot minnow seine.
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All juveniles were accessible with these shallow water capture

methods. Also, all juveniles were easily observed under natural

conditions. My field observations of the activity and distribution of

juveniles were conducted in two ways. One method was to observe

movements from shore and boat. Another was to don a wet suit,

snorkle, and mask and lie motionless in the water in the immediate

vicinity of the juveniles. In this manner I was able to observe

activities at first hand.

Spawning

Spawning of blue chub in Paulina Lake was easily observed by

carefully walking along the shoreline before sunrise during the spawn-

ing period. Spawning fish were also easily detected from both shore

and boat at night by using a powerful light. Trap nets, gill nets and

chemical treatment provided all the samples of spawning fish from

Paulina Lake.

Tui chub spawning in East Lake was not as easily observed

because of the dense vegetation in which they are found during this

period. Attempts were made to determine spawning method and

location using boats and SCUBA for observation. Samples of the

spawning population were obtained with trap nets, gill nets and

chemical treatment.



Fecundity

Fecundity of both the blue and tui chubs was determined by the

gravimetric method (Bagenal, 1968). During the spawning season,

immature and mature ovaries were taken from 18 blue chub and five

tui chub and preserved in Gilson's fluid (Bagenal, 1968) for later

examination. After being placed in this solution the bottles were

shaken vigorously, breaking the eggs loose from the ovarian tissue.

This shaking process was repeated several times in the next 24 hours.

Thus preserved, the eggs could be safely held for counting at least

18 months.

To count the eggs, the contents of the bottles were poured over

a screen basket with a mesh fine enough to prevent the eggs from

dropping through. The eggs were rinsed with cold tap water, spread

thinly over the screen which had been placed on highly absorbent

paper and allowed to stand for five minutes. During the drying time

the ovarian tissues, not rinsed away, were picked from the eggs with

fine forceps. The eggs and screen were then weighed to the nearest

hundredth gram on a tared Mettler balance. After the total weight of

the eggs had been determined, and while they still rested on the

balance, an aliquot of about 25 percent of the total egg weight was

measured out into a dry petri dish. The weight of the aliquot was

determined as being the change in weight of the total egg weight after

the aliquot was removed.

19
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The eggs in the aliquot were next placed in a petri dish under a

dissecting scope. Each egg was counted and at each 100 eggs, a

counter was punched. The total number of eggs in the ovaries was

then computed from a direct ratio. Body length and number of eggs

were determined for all females sampled. On all tui chub and 16 blue

chub, preserved, rinsed weight of the eggs was measured exclusive of

ovarian tissues. On all tui chub and seven blue chub body weight was

determined. Regression equations were calculated for the relation-

ships of number of eggs to body weight, body length, and ovary weight

for each species.

Age

Age analysis of the blue and tui chubs utilized two common

methods. These were the Petersen method (length-frequency analy-

sis) and the scale method (Tesch, 1968). The Petersen method was

applied to the total sample population of 3,507 blue chub and 1,709

tui chub, but was found to be useful only for the juveniles. The two

methods were applied to produce the age distributions of 1,563 blue

chub and 985 tui chub.

All scales used for aging were taken from a point above the

lateral line and in a line with the anterior edge of the dorsal fin and

the anal fin. In each case a small, stainless steel spatula or dull knife

blade was used to scrape off at least 10 scales. These scales were
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placed in a small scale envelope. Sex, length, weight, sample

number, and location were recorded on the envelopes.

For mounting the scales for study I removed all scales from an

envelope and placed them on the glass platform of a dissecting scope.

Upon examination I removed two (only one in 1970) of the best

scales, cleaned them in my mouth, and mounted them on a numbered

gum card having the sample number, date and location recorded on the

top. The best scale was considered to be one with a clear focus with

as little obliteration of circuli as possible. The scales were placed

rough side up on the gum card. The cards were then impressed into

cellulose acetate sheets 0.25 mm thick. This was accomplished by

placing two sheets of cellulose acetate adjacent to the side of the scale

card having the scales and subjecting all three sheets to 6,600 psi

and 110°C for five minutes. This was done using a Wabash hydraulic

press. The cellulose acetate impressions were used in reading the

scales for age determination.

All scales were read with an Eberbach scale reader having a

magnification of 43 times. Complications in determining the location

of the first annulus created a major problem in accurately aging all

fish. I discovered, through known young-of-the-year (YOY) and age I

fish examination, that approximately 50 percent of all YOY form

scales their first summer and the rest form their first scale during

their second summer. This causes half the fish to form the first
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annulus during their first winter and half to form it during their

second winter. By locating the first annulus with respect to the focus

I was able to age each fish with what I feel are good results.

Several attempts at obtaining otoliths for aging purposes were

made but were unsuccessful. Apparently the size of the otolith pro-

hibits ease of location and extraction since I located none after several

major lobotomies.

Aging by the scale reading method was easy up to the fourth

summer and became increasingly more difficult with older fish. This

agrees with what Kimsey (1954) found in his study of Eagle Lake tui

chub. Spawning marks were impossible to detect as they were formed

near or on the annulus.

Growth

Analysis of growth consisted of the determination of fish length

and weight at all ages, with a least squares analysis of the length-

weight relationships calculated for 895 blue chub and 940 tui chub.

The length-weight relationship was determined for 1970 and 1971 and

for the two years combined for all fish, all males, all females, and

all immatures of each species. The form of the regression equation

used is:

Log Body Weight = c + n(Log Body Length),

where c is the intercept and n is the slope of the line, or the
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regression coefficient (Tesch, 1968). The coefficient of determina-

tion, R2, the square of the correlation coefficient, was also calculated

to show goodness of fit of the calculated regression line to the actual

data. To convert from inches to millimeters in the length-weight

relationship shown above, the following equation was used:

Log Body Weight = c + n(Log Body Length, mm) - Log 25.4),

where 25.4 is the number of millimeters in one inch. The Oregon

State University Computer Center facilities were used to calculate all

2regression equations and R values used in the above analyses.

Comparisons of the regression coefficients ( ), using the F-test,

were made between all fish and all males, all fish and all females,

all fish and all immatures; between all males and all females, and all

males and all immatures; and between all females and all immatures.

This was done for both species. I tested at the 0.01 level to deter-

mine if any significant difference existed between the slopes of the

lines of the above relationships (Snedecor and Cochran, 1969).

Food Habits

Several methods of collecting specimens for the food habits

study were used. Depending on the size of fish available, or sought,

the methods were either a 15 foot or a 75 foot minnow seine, gill nets,

trap net, hook and line snagging or chemical treatment. For this
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aspect of the study, 57 blue chub and 39 rainbow trout were sampled

from Paulina Lake in 1969 and 1971, and 39 tui chub, 15 rainbow trout

and three brook trout were sampled from East Lake in 1971.

From each fish I collected the contents of the digestive tract

from the mouth to the posterior end of the stomach. The stomach in

these species is evident only as an enlargment in the anterior portion

of the digestive tract, The posterior end of this stomach is identified

by a sudden reduction in the diameter of the digestive tract, This is

the site of the first bend in the digestive tract and is the point at

which the tract will usually separate if pulled on from both ends. This

is convenient because when the tract is severed at this point none of

the contents are lost through the open end of the tract. The anterior

end of the tract was severed at the point closest to the mouth, and the

contents removed from this end.

A wash bottle containing 10 percent isopropyl alcohol was used

to wash the contents of the digestive tract into a two ounce, wide

mouth bottle. I always opened the tract after washing to remove any

material not removed by the washing. Only one sample per bottle

was taken since I wanted to analyze each stomach separately.

The numbers and kinds of organisms present in each sample

bottle were recorded. The data analysis consisted of frequency of

occurrence, food type, and numbers of food organisms by sample date

for both trout and chubs, and distribution of food organisms by fish
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size. I also compared the food organisms consumed with organisms

found in bottom samples taken by the Oregon State Game Commission

in 1969, 1970 and 1971.

Distribution

The blue chub and tui chub distribution study has been incorpo-

rated into the discussion of the other phases of this study. The data

are based on field observations and net records and deal with both

spatial and temporal distribution patterns. I attempted to correlate

distribution with water temperatures, seasons and food habits. Lake

temperatures were measured in one to three foot intervals to 60 feet

every one to two weeks with a hydrographic thermometer. I used the

English system for depth since the cable was precalibrated in feet.

Water temperatures were measured in degrees Fahrenheit and con-

verted to degrees Celsius. Also, once each summer a statistical

bottom sampling program was carried out by the Oregon State Game

Commission. This information was used both in the distribution

studies and the food habit studies.

Parasites and Diseases

The blue chub and the tui chub were examined for external or

internal parasites and diseases each time a fish was handled. No

special effort was made, however, to examine each individual
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specifically for either malady. Rather, the examination was made

incidental to other examinations and sampling. Also, any observed

instances of predation on either species which occurred during the

course of the study were recorded. Similarly, any possible predators

for either species were also noted and recorded, regardless of

whether active predation was observed.



RESULTS

Embryology

Blue Chub

Table 2 shows the time and temperature units necessary for blue

chub egg incubation in 1970 and 1971. The short time to incubate for

the eggs in 1971 was due to the 11.2°F higher average temperature

for that period. The higher mean temperature caused the tempera-

ture units for 1971 to be higher than 1970. This inverse relationship

demonstrates that the temperature units to hatching is not a constant

number when the mean temperature during incubation varies greatly

from one year to the next (Leitritz, 1963; Solberg, 1938).

Table Z. Results of incubating blue chub eggs at East Lake, Oregon
in 1970 and 1971.

Dates of Hours for
Incubation Incubation

Temperature
Range Mean Units(oF) (°F)

'Mean temperature minus 32oF times the number of days

Tables 3 and 4 show some of the more important stages of

embryological development which occurred during blue chub incubation

in 1970 and 1971. The development described for 1970 agrees
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7-22-70 to 7-31-70 223 42-69 58.1 243

7-22-71 to 7-29-71 168 64.5-74 69.3 261



Table 3. Description of the development of blue chub from fertilization to post larval stages in 1970.
Temperature units are accumulated from time of fertilization.

Temperature Developmental characters
units

Fertilization Chorion becomes clear and is thin, resilient and tough; perivitelline space is about
one of the egg diameter; yolk material condenses and becomes centered within
chorionic membrane.

134.5
(117 hours)

164.7
(143 hours )

219.0
(202 hours)

Continued on next page)

Heart visible with obvious atrium and ventricle; heart is beating; blood flow visible
within system though not reaching periphery; blood pigmented; notochord extending to
posterior edge of auditory vesicle; eye lens clear and visible; violent movement of
organism within chorionic membrane occurs at infrequent intervals; auditory vesicle
obvious, each containing two otoliths; brain ventricles obvious with fore, mid and
hind brains well developed.

Rudimentary anus visible at posterior edge of posterior lobe of yolk sac; choriod
fissure almost closed; blood circulation reaching into peripheral areas via well
defined capillary system; essentially no new developments.

Circulatory system greatly expanded with more extensive capillary networks; gill
arches evident by aortic arches; optic cup completely formed with choroid fissure
closed and pigment layer black and lens clear and distinct; pectoral fins visible;
caudal fin becoming homocercal with skeleton becoming slightly upturned; melano-
phores present on dorsal part of head and along the back to aboud mid-body; mouth
forming and movement visible; posterior lobe of yolk sac almost absorbed; muscle
cross striations visible within muscle fibers; heartbeat very strong; brain well
developed.



Table 3. (Continued)

Temperature
units

242.8
(223 hours)

310.8
(288 hours)

337.8
(312 hours)

364. 9
(336 hours)

391.5
(360 hours)

Developmental characters

Hatching; mouth open and working; larva is 7 mm long; melanophores along side of
body to tip of notochord; operculum working; water flowing through gill chamber;
larva able to swim with short darting movements; anal fin and dorsal fin becoming
distinct from fin folds; each myomere has only one artery and one vein passing
through it; olfactory pit developed.

Operculum working well with gill rakers and gill filaments visible; vascular network
extending into fins and outer areas of the body proper; fish not feeding yet; yolk sac
almost gone; larva is 8 mm long.

Heartbeat is 101 beats per minute.

Air bladder visible within body; caudal fin almost entirely homocercal internally;
anal and dorsal fins have become distinct from fin folds but have not assumed the
adult configuration.

Eyes movable; punctate, as well as stellate melanophores now present; yellow pig-
ment is now visible in the epidermis; pectoral fins and caudal fins have rays.



Table 4. Description of the development of blue chub from fertilization to post larval stages in 1971.
Temperature units are accumulated from time of fertilization.

Fertilization See Table 3.

4.9
(2.5 hours)

13.3
(9.0 hours)

35.6
(24 hours)

53. Z
(36 hours)

70.9
(48 hours)

143.6
(96 hours)

(Continued on next page)

Blastodisc moving down yolk; no embryonic shield formed yet; blastula is high.

Germ ring formed; embryonic shield visible; blastodisc covering about one-half of
the yolk; keel formed on embryonic shield.

Blastodisc has advanded over about two-thirds of the yolk.

Blastopore almost closed, visible as slight indentation on yolk; brain and eye appear
as obvious enlargement of the anterior tip of the embryo; embryo about three-fourths
the circumference of the yolk; spinal cord is developing.

Blastopore closed; tail lifted from yolk sac; eye obvious but no lens yet visible; body
somites visible (18 to 20); brain ventricles becoming defined though not completely
obvious yet.

Heart has formed and is beating; blood is pigmented and is flowing into head, eye,
yolk stalk, yolk sac, and dorsal aorta; notochord visible, extending anteriorly to the
posterior edge of the auditory vesicle; auditory vesicle well defined with two small
otoliths in each; brain ventricles well developed with the forebrain, midbrain and
hindbrain well defined; eye lens well developed and clear; eye pigmented black;
movement occurring within chorionic membrane, sometimes violently.



Table 4. (Continued)

Temperature
units

183.1
(120 hours)

221.0
(144 hours)

261.2
(168 hours)

Developmental characters

Olfactory pit visible; 38 somites visible, not all are myomeres; one artery and one
vein per myomere; capillary network well developed, extending beyond the myomeres
and seen as small loops; choroid fissure not entirely closed yet; brain ventricles
well defined; posterior tip of spinal cord beginning to turn up in the process of pro-
ducing a homocercal caudal fin.

Melanophores appearing on anterior lobe of yolk sac; all rnelanophores are stellate;
mouth visible and working; gill arches evident by presence of aortic arches; 36 myo-
meres visible; auditory vesicle slightly smaller than eye in diameter; essentially,
this stage is merely an amplification of the characters already developed.

Hatching; mouth open and working; operculum working; water passing through gill
chamber; swimming by darting quickly; anal and dorsal fins are distinct from fin
folds (hatching could possibly have occurred earlier since it appears as though
hatching is more dependent on the ability of the chorionic membrane to withstand the
violent movements of the embryo rather than some temporal indicator. After 96
hours the embryo was able to survive well in an aquarium even though natural hatch-
ing did not occur until this time).

396.0 Digestive tract complete; larva actively feeding; yolk sac still visible with both lobes
(312 hours) equal in size and the entire sac now four-tenths as long as the body and one-third as

deep; the air bladder has formed, and is one-half as long as the larva and one-fourth
as deep; mouth not yet terminal; melanophores visible on the epidermis over the
dorsal side of the dorsal myomeres and the ventral side of the ventral. myomeres,
with one pun.ctate melanophore per myomere; stellate melanophores appear over
much of the head and back with a concentration over the dorsal surface of the air
bladder.

(Continued on next page)



Table 4. (Continued)

Temperature
units

586.0
(432 hours)

738.0
(528 hours)

Developmental characters

Mouth terminal; eyes movable; tail completely homocercal; vertebrae visible;
caudal and pectoral fins have rays; punctate melanophores on epidermis of brain;
larva very active, will pursue and capture cladocera (Daphnia) as food organisms;
yolk sac evidenced by slight remnant of anterior lobe; air bladder now about as
long as the pectoral fins and as wide as the body.

Larva is about 10 mm at this stage; air bladder is one-sixth as long as the body and
one-half as wide as the body; dorsal fin and anal fin have not yet assumed adult con-
figuration; pelvic fin not apparent yet; adult body configuration is almost achieved.
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generally with that observed for 1971 with respect to time and tempera-

ture units. The two years were treated separately since I felt that

the differences in incubation times precluded any combination of the

data. On a temperature unit basis only, however, the two years data

could probably have been combined.

The survival rate of fertilized eggs was extremely low both

years. From approximately 40,000 eggs fertilized each year, less

than 50, or about 0.1 percent, reached the post-hatching larva stage.

An unidentified fungus produced the high mortality.

On 8 July, 1970, I observed a group of spawning blue chub along

the northeast shoreline of Paulina Lake. After spawning had ceased,

I noted great numbers of fertilized eggs adhering to the undersides of

rocks. On 14 July, 1970, I returned to the site and after careful

examination saw no eggs within the site. In the intervening time

between observations a heavy growth of filamentous green alga had

formed over the rocks, the water temperature at the site had risen

from 16.1°C to 17.8°C and the lake level had dropped several centi-

meters. Since hatching had not yet occurred, the absence of eggs

was probably due to a high incidence of egg mortality. All of the

above factors may have contributed to the mortality by enhancing

conditions conducive to the development of fungus. In this case, how-

ever, no fungus was observed because no eggs were present. In one



Tables 5 to 7 are analogous to Tables 2 to 4 discussed above

under the blue chub embryology section and also display the same

relationships regarding incubation, development and temperature

units.

Table 5. Results of incubating tui chub eggs at East Lake, Oregon
in 1970 and 1971.

Temperature
Dates of Hours for Range Mean
Incubation IncubationUnits'(°F) (oF)

Meai temperature tninus 32°F times the number of days.
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other instance, however, fungus was observed to be a major

mortality factor.

On 6 July, 1970, I observed spawning in the rocks contained

within the dock bulwarks at Paulina Lake Lodge. By removing several

boards on the dock I was able to gain access to the spawning site.

I noticed fertilized eggs adhering to rocks both singly and in large

masses. I removed several egg-covered rocks and placed them in the

incubator. I then kept close watch on both the eggs at the dock site

and the incubator. After 11 days those eggs which had survived had

hatched, both at the dock and in the incubator. In both groups of eggs

an extremely high mortality had occurred from the effects of fungus.

Tui Chub

7-30-70 to 8-7-70 192 51-65 58.3 210

7-27-71 to 8-2-71 142 69-74 71.5 227



Table 6. Description of the development of tui chub from fertilization to post larval stages in 1970.
Temperature units are accumulated from time of fertilization.

Temperature Developmental characters
units

Fertilization Chorion becomes clear; perivitelline space develops rapidly; yolk material becomes
condensed and is granular in appearance.

2.2
( 2 hours )

31.2
(29 hours)

50.8
(48 hours)

101.4
(94 hours)

129.8
(119 hours)

(Continued on next page)

Blastodisc forming on top of yolk.

Obvious blastodisc formed as a dome-like protuberance on top of yolk and extending
down sides about one-fourth of yolk circumference; oil droplets visible within yolk;
germ ring obvious.

Embryonic shield very apparent; 12 somites visible; blastoderm covering about two-
thirds of yolk; optic vesicles forming; spinal cord visible; brain lobes barely apparent.

Blastopore almost closed, yolk plug apparent; embryo as long as yolk circumference;
heart beating at 39 beats per minute; auditory vesicles forming with two otoliths
visible in each; blood apparent in heart, dorsal aorta and yolk sac; blood not yet pig-
mented nor is it flowing continuously; notochord visible; choroid fissure not closed;
eye lens apparent; eye not pigmented yet; olfactory pit and olfactory placoide appa-
rent; brain ventricles obvious.

Embryo is slightly longer than the yolk circumference; notochord slightly anterior of
the anterior tip of the auditory vesicle; heart has moved to a central position in the
embryo as viewed dorso-ventrally (this is due to the changing in position of the
embryo with respect to the yolk sak); heartbeat is 79 beats per minuts; blood is now
pigmented; blood flow is through a continuous system of arteries; capillaries and



Table 6. (Continued)

Temperature
units

182.2
(166 hours)

210.4
(192 hours)

Developmental characters

veins now, with each myomere containing one artery and vein; choroid fissure still
evident but optic cup is complete; eye is now pigmented black.

Heartbeat 110 beats per minute; choroid fissure barely visible; eye lens complete;
melanophores present on sides; fin fold is visible dorsally, and ventrally;
pectoral fin present now.

Heartbeat is 106 beats per minute; aortic arches evidence of future gills; anal and
dorsal fins are separated and distinct from fin folds but do not yet have adult
configuration.

Hatching; heartbeat is 122 beats per minute; fish is 6 mm long; dorsal aorta extends
posteriorly to the tip of the notochord for the first time; choroid fissure still
apparent; four aortic arches plainly visible; melanophores present on head, back
and sides.

129.8
(119 hours)

(cont'd)

159.7
(146 hours)



Table 7. Description of the development of tui chub from fertilization to post larval stages in 1971.
Temperature units are accumulated from time of fertilization.

Temperature Developmental characters
units

Fertilization See Table 6.

7.2 Blastoderm about two-thirds of the way around the yolk; perivitelline space one-
(4.5 hours) fifth of egg diameter; chor ion very flexible and tough.

28.5 Blastoderm is about two-thirds of the way over the yolk; embryonic shield barely
(17.5 hours) apparent.

38.5 Embryo quite apparent, extending two-thirds the circumference of yolk; 6 to 8
(24 hours) somites visible; blastopore still open.

78.8 Embryo very apparent, flattened on yolk with tail lifted and free; embryo active
(48 hours) within egg case but not enough to cause rotation of the embryo within the egg case;

heart forming with slight pulsation; brain ventricles very apparent with forebrain,
midbrain and hindbrain distinct; eye with lens visible but with no pigmentation; otic
vesicles, each with two small black otoliths visible; yolk sac has become two lobed.

119.3 Embryo is about 1.1 times as long as the egg circumference; heart visible and beat-
(72 hours) ing strongly; notochord continuous with brain; optic cup closed, choroid fissure not

yet apparent; eye is pigmented on top two quadrants with the lens clear; anus is
forming just posterior of yolk sac.

158.3 Stellate melanophores visible on sides along myonneres and on back; skeleton becom-
(96 hours) ing slightly homocercal at posterior tip of tail; capillaries in myomeres and fin folds

well developed; blood flowing through a continuous system not; mouth formed and
working.

(Continued on next page)



Table 7. (Continued)

Temperature
units

198.2
(120 hours)

274.0
(168 hours)

342.0
(312 hours)

494.0
(408 hours)

Developmental characters

Gill arches well developed, located just ventral to the auditory vesicle; 40 somites;
heartbeat is 159 beats per minute; pectoral fins distinct; notochord to posterior edge
of eyes; melanophores on head back and sides, but on the sides appear only on ven-
tral side of ventral myomeres and dorsal side of dorsal myomeres.

Twenty-two hours past hatching; one punctate melanophore per myomere, both
dorsally and ventrally, and on the head and back; air bladder is one-third as deep
as the body and one-eighth as long as the body; digestive tract complete and func-
tional; larva actively feeding on small zooplankton; mouth has rotated from sub-
terminal to terminal; gills are visible and functional, with operculum visibly work-
ing; anal and dorsal fins becoming distinct from fin folds, but have not yet assumed
adult configuration.

Little change except for increase in size; air bladder depth is now four-tenths of the
body depth and still one-eighth of body length in length; eye diameter 0.07 of body
length,

Heavily covered with rnelanophores, pigment now obscuring much of internal charac-
ters; vertebrae are visible; tail section completely homocercal; about 38 myorneres;
air bladder length is one-eighth as long as the body and one-third as deep as the
body.
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The survival of tui chub eggs in the incubator from fertilization

to hatching was even lower than for the blue chub. The main reason

for this may be because tui chub normally spawn on vegetation

(Kimsey, 1954), and I spawned these fish on rocks. This may have

somehow made them more susceptible to the fungus which killed them.

No observations concerning tui chub egg mortality within East Lake

were made since no actual spawning sites were discovered.

Early Life History

Blue Chub

Figure 6 and Table 8 show the immature blue chub sampled in

1969, 1970 and 1971. Immature blue chub were age II or less with

age III fish being either immature or mature, depending on sample

dates.

Young-of-the-year (YOY) first become apparent in the shallow

waters around Paulina Lake during the first week in August (Figure 6).

However, first appearance of these fish does not necessarily coincide

with the first hatch of these fish. Their first days are spent either

closely associated with the substrate in which they are hatched or

interstitially within this substrate. Displacement from the home

substrate is caused by increased size and activity.
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Figure 6. Mean length and ranges of immature blue chub sampled in the summer and fall of 1969,
1970 and 1971 (June 1 is considered day 1 and November 8 is considered day 161).
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Table 8. Mean length and ranges of juvenile blue
chub collected from Paulina Lake in

41

1969, 1970 and 1971.

Sample
date

Sample
size

Mean
(mm)

Range
(mm)

7-12-69 4 60 51-66
93 91-94

7-18-69 6 65 63-69
3 92 91-94

7-24-69 54 65 53-71

6-22-70 12 85 74-96
7- 2-70 8 88 76-96

6- 3-71 9 25 22-28
6-18-71 14 28 25-31
6-23-71 16 28 23-32
6-29-71 209 31 24-38

4 55 49-61
7-21-71 99 60 51-74

H 1 31 31

8- 9-71 52 9 6-12
8-11-71 118 10 7-14
8-19-71 118 12 7-19
8-28-71 150 19 11-27
9- 7-71 107 18 9-25

11- 6-71 209 26 19-34
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When YOY first appear in large numbers in the shallows, they

actively feed on small aquatic organisms. The majority of these

small food organisms were small dipteran larvae (Table 9).

YOY hatched in the incubator in 1971 were immediately placed

in an aquarium and were capable of voracious feeding upon Daphnia, a

zooplankton. However, in YOY sampled from Paulina Lake in 1971,

no zooplankton appeared in the digestive tracts. The reason for this

was the apparent lack of zooplankton in less than about three feet of

water (Ruttner, 1963).

From the time of hatching of the blue chub, dispersal of the

larvae is constantly occurring. When first hatched, the larvae

appeared only within prescribed spawning areas (Figure 7). Within a

few weeks the larvae were distributed around the entire lake in a band

extending from shoreline out to about the one meter depth. By late

August or early September YOY extended their range out into about

two meters of water. On 18 August, 1971, YOY were observed in this

area for the first time in 1971. This area was the habitat occupied by

YOY when lake conditions were in transition from summer to fall.

They do not extend their range beyond this habitat until they appear

as age I fish the following summer.

By November, water temperature is less than 4.4oC, ice is

forming around the edges, vegetation is receding, and growth of the

YOY has been terminated until the following year. This is evident in



Table 9. Distribution, by fish length, of food organisms collected from 57 blue chub digestive tracts in 1971. (Neg. = negligible or less

than 0.1)

(Continued on next page)

Size,
FL

(mm)

No. of
fish

Amphipoda A rac.hnid a Cladocera Copepod a Diptera Ephemeroptera

xi
-
x

0-9
10-19
20-29 1

3 3.0

30-39 3
52 17.3

40-49
50-59 4 1 0.3 5 1.3

60-69 10 3 0.3 1 0.1 121 12.1 1 0.1

70-79 1 1 1.0 2 2.0 3 3.0

80-89 4 2 0.5 2 0.5 14 3.5 6 1.5

90-99 6 2 0.3 1 0.2 14 2.3 2 0.3 86 14.3 3 0.5

100-109 2 500 250.0 1 0.5

110-119 2 717 358.5 6 3.0

120-129 2 800 400.5 1 0.5

130-139 1 1 1.0

140-149 2 3 1.5 555 277.5 89 44.5

150-159 3 5 1.7 262 87.3 5 1.7 9 3.0

160-169 2
20 10.0

170-179 1 1 1.0 10 10.0 10 10.0

180-189 1 496 496.0

190-199 3 7 2.3 268 89.3 17 5.7 2 0.7

200-209 3 33 11.0 1 0.3 30 10.0 31 10.3 32 10.7

210-219 2 5 2.5 150 75.0 18 9.0 1 0.5

220-229 2 6 3.0 285 142.5 1 0.5

230-239 2 39 19.5 121 60.5 7 3.5

0-239 57 105 1.8 3 0.1 4214 73.9 2 Neg. 489 8.6 57 1.0



Table 9. (Continued)

Size,
FL

(mm)

Gastropoda Hirudinea Megaloptera Ostracoda Pelecypoda Total

-cc

0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99

100-109
110-119
120-129
130-139
140-149
150-159
160-169
170-179
180-189
190-199
200-209
210-219
220-229
230-239

0-239

1

1

0.5

Neg.

1

1

1

6

0.1

0.3

0.5

1.0

0.5

0.5

0.1 1

0.2

Neg.

8

45

6
25

3

1

5

8

121

2.0
4.5

1.0
12.5
1.5

1.0
2.5
1.7

5.0

0.3
3.0

3.5

2.1

1

4

9

0.5

1.3

0.2

3

52

14
172

6

25

115

527
726
801

3

652
286

22

26

496
299
136

175

292
180

5008

3.0
17.3

3.5
17.2
6.0
6.3

19.2
263.5
363.0
400.5

3.0
326.0

95.4
11.0
26.0

496.0
99.6
45.0
87.5

146.0
90.0

87.7
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Figure 6 where the mean length of the fish sampled on 6 November,

1971, was the same as for the age I fish sampled on 3 June, 1971.

The same thing applies in general for the age I to age II, and the age II

to age III fish.

The 209 YOY sampled on 6 November, 1971 (Table 8), were

collected in less than 50 cm of water having a surface temperature of

2.2 oc. They were lying dormant and concealed in a large bed of dead

vegetation. On 14 May, 1972, I checked the only beds of similar

vegetation which had been exposed by receding lake ice and observed

no blue chub. The YOY would have had to move into a little deeper

water because of lake ice depth.

The YOY were considered to be age I fish when they entered

their second growth period, or their second summer. The second

line from the bottom in Figure 6 shows the growth pattern of the age I

fish from 3 June, 1971, to 21 July, 1971, the last date on which an

age I fish was captured. Based on the information known for the YOY,

the line for the age I fish is extrapolated to November, indicating

approximately the growth accomplished that season. The same thing

applies for the age II to age III fish.

The age I and age II fish were first observed by the thousands in

late May and early June in the outlet area of the lake (Figure 7). This

area is the earliest portion of the lake to become ice free. On 14

April, 1972, there was about one acre of exposed water, and on
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14 May 1972, there was about 10 acres of open water. Water

temperatures and food abundance account for distribution of age I and

age II fish at this time of year. Early in the growing season this area

is the most productive and consequently contains the greatest number

of age I and age II fish. Also found in the area at this time were large

numbers of adult fish.

This particular area is made more productive than the adjacent

lake waters because of conditions created by spring runoff. The area

is subjected to high water from May to late July. This high water

creates several transient acres of excellent habitat in the outlet area.

Water depths in the flooded area range from zero to one meter and the

area is heavily vegetated. Because of the shallowness and the dense

vegetation, water movement through the area is slow. Because of

the slow water replacement, high water temperatures and subsequently

high productivity prevail. On 23 June, 1971, water temperatures in

the area varied from 10°C to 15.6°C, depending on depth and location

of measurement, while the open water lake temperature was 8.3°C.

Food organisms of juvenile blue chub (Table 9) were abundant in

this area. The most abundant organisms in the area were fresh water

shrimp, dipteran larvae, mayfly numphs and water beetles.

There are several other small, highly productive areas around

Paulina Lake which contain concentrations of juvenile blue chub. One

large area is located at the hot springs on the north side of the lake.
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Another is the cove at the summer homes. The small coves located

at the I. 0.0.F. Lodge and the campground north of Paulina Lake

Lodge are also highly productive areas. When juvenile blue chub were

first observed in the spring, they were generally within, or near, the

areas mentioned above. As the summer progressed, the range of

these fishes was extended, until they were found around the entire

lake. The dispersal was characterized by large schools of juvenile

fish becoming more active and seeking a greater variety of habitats.

On 19 July, 1971, several large schools of juveniles were

observed roving the shallower waters of Paulina Lake. This roving

school behavior continued until water temperatures declined in late

summer. In late October and early November of 1971, no juveniles

other than yoy were observed within the range of visibility (8 m).

Water temperatures at this time were very cold, being 4.4°C on the

surface on 23 October, 1971, and 2.2°C to 3.9°C on 6 November,

1971. As age III fish in their fourth summer, the juveniles mature

and join the spawning population.

Tui Chub

Figure 8 and Table 10 show the immature tui chub sampled in

1969, 1970 and 1971. Immature tui chub were age II or less with age

III fish being either immature or mature depending on the sample date.

Young-of-the-year (YOY) were first observed in mid-August
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Table 10. Mean length and ranges of juvenile tui
chub collected from East Lake in 1969,

50

1970 and 1971.

Sample
date

Sample
size

Mean
(mm)

Range
(mm)

8-15-69 12 41 33-48
7 66 56-71

8-22-69 9 15 11-17

6-25-70 2 93 89-97
7- 2-70 1 58 58
8-12-70 2 67 64-71
8-20-70 4 42 37-48

It 8 17 15-19
It 3 57 57-58

9- 1-70 2 43 40-46
It 28 21 14-25

8- 5-71 200 40 31-50
8-25-71 118 15 7-25
9- 6-71 150 20 8-31

11- 6-71 22 22 14-34
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(Figure 8). This is apparently some time after hatching since the fish

when observed had the full complement of fins and were much larger

than newly hatched fry (see embryology section). The reason these

fish (YOY) were detected so late is because they were difficult to

detect in the dense aquatic vegetation found in most of the littoral area

of East Lake (Figure 9), The water in these vegetated areas varied

in depth from about one meter to more than seven meters. Another

reason for not detecting YOY soon after hatching was their translucent

bodies, a characteristic rendering them almost invisible under water.

In a vegetated area, YOY can be found anywhere within a given

column of water. However, the majority will be located within the top

third to one-half of the column and very closely associated with some

part of the vegetation. This is the area of the warmest waters, the

greatest food abundance and the most protection from predators.

On 20 August, 1970, I examined the entire digestive tract of

eight YOY having a mean length of 17 mm (Table 10), and found their

diet consisted mostly of small zoopla.nkton (Daphnia) with a few small

dipte ran larva also present. This agrees with the diets of the 30 to

50 mm group in Table 11. Young-of-the-year placed in the aquarium

immediately after hatching in the incubator adapted readily to feeding

on Daphnia collected from East Lake.

Dispersal of the larvae begins almost immediately after hatch-

ing. Dispersal results from the effects of crowding, feeding
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Table 11. Distribution, by fish length, of food organisms collected from 39 tui chub digestive tracts in 1971.

(Continued on next page)

100-109
110-119
120-129
130-139
140-149
150-159
160-169
170-179
180-189
190-199
200-209
210-219
220-229
230-239
240-249

Total

2

3

5

2

1

2

5

1

3

2

2

1

2
1

39

5

56
8

1

19

9

1

39
2

7

47

102

310

1.7
11.2
4.0
1.0
9.5
1.8
1.0

13.0
1.0
3.5

23.5
102.0

8.0 15 0.3

75

195

61

36

45

37

595

37.5
65.0
12.2

7.2

15.0

37.0

15.2

2

2

1.0

0.1

35

51

7.0

1.3

1

2

20
5

2
6

2

4
7

2

11

142

0.3
0.4

10.0
5.0
1.0
1.2
2.0
1.3
3.5

2.0
5.5

3.6

Size,
FL

(mm)

No. of
fish

A mphipoda Arachnida Cladocera Coleoptera Copepoda Diptera
-
x

0-9
10-19
20-29
30-39 39 2 0.6 2 0.6 13 4.3 4 1.3 11 3.7
40-49 4 12 3.0 13 3.3 133 33.3 12 3.0 69 17.2
50-59
60-69
70-79
80-89
90-99



Table 11. (Continued)

100-109
110-119 1 0.5 2 1.0 78 39.0

120-129 3 1.0 5 1.7 3 1.0 212 70.7
130-139 1 0.2 2 0.4 1 0.2 66 13.2 2 0.4 226 45.2
140-149 1 0.5 23 11.5 1 0.5 55 27.5

150-159 1 1.0 15 15.0 22 22.0
160-169 6 3.0 27 9.0
170-179 2 0.4 5 1.0 3 0.6 1 0.2 62 12.4
180-189 1 1.0 33 33.0 37 37.0
190-199 1 0.3 3 1.0 4 1.3 23 7.7 1 0.3 120 40.0
200-209 40 20.0 49 24.5
210-219 39 19.5 46 23.0
220-229 10 10.0 2 2.0 51 51.0
230-239 3 1.5 20 10.0 2 1.0 1 0.5 84 42.0

240-249 23 23.0 5 5.0 1 1.0 131 131.0

Total 8 0.2 186 4.8 3 0.1 21 0.5 186 4.8 4 0.1 1523 39.1

Size,
Ephemeroptera Gastropoda Hymenoptera Nematoda Ostracoda Trichoptera Total

FL

(mm)

0-9
10-19
20-29
30-39 19 6.3 51 17.0

40-49 33 8.3 272 90.5
50-59
60-69
70-79
80-89
90-99
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pressures and water currents, and by mid-August the larvae are

distributed around the entire lake. Even though the majority of YOY

are still in the vegetation, small schools or single fish may be seen in

the shallow beach area separating the vegetation and the shoreline.

By September, huge schools of YOY were seen in these areas. Areas

most commonly accommodating these schools of YOY are shown in

Figure 9 as the areas within the dotted lines. Young-of-the-year

remain in the vicinity of the aquatic vegetation at least until November

6, the latest date on which I have collected fish from these areas.

By November, growth terminated for the YOY and did not com-

mence until the next season, or summer. As in Paulina Lake, con-

ditions at this time are essentially those of winter and most life

within the lake is at its lowest level of activity. I am sure, therefore,

that the YOY sampled in late fall would have almost the same mean

length as the age I fish sampled in early summer, or the beginning of

the growth season. However, I have no samples of age I tui chub

before August, so I have no confirmation of this. But the fact that the

age I fish sampled on 5 August, 1971, had a mean length almost double

those YOY fish sampled on 6 November, 1971, and that two months of

the growing season had elapsed (June and July) before the August 5

sample, led me to believe that I am correct in saying little or no

growth occurs between November and May. This would also apply to

the rest of the population.
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The 22 YOY sampled on 6 November, 1971 (Table 10), were

collected in water two to four meters deep having a surface temperature

of 2.2°C. They were lying dormant in the thickest sections of the

dead bottom-to-surface vegetation located on the east side of the lake.

The YOY tui chub were considered to be age I fish when they

entered their second growth period, or second summer. The second

line from the bottom in Figure 8 shows the growth pattern of the age I

fish collected from 5 August to 1 September in 1969, 1970 and 1971.

These fish, plus the age II and possibly some age III fish, were first

seen by the thousands early in the year in the hot springs area of the

lake (Figure 9). On 18 June, 1970, I observed several large groups

of fish approximately 20 to 30 mm long in less than 15 cm of water in

this area. Also present in large groups were several thousand fish

approximately 30 to 80 mm long.

The hot springs area is the richest in terms of types and

abundance of aquatic vegetation, and one of the richest in diversity

and numbers of food organisms. The area is also the first to lose its

covering of ice in the spring. On 14 May, 1972, I observed a very

small line of open water extending from about one-fourth mile out in

the lake towards the corner at the hot springs. This was the only

area of open water visible at this time.

Because of its richness this area has the highest use by tui chub

during early life history. Also there are several other less rich
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areas which are utilized to a lesser extent by the age I, age II and

age III juveniles. These major nursery areas are outlined in Figure 9.

Except for possibly the winter period the entire life span of the tui

chub is spent in or near these areas.

Sexual Maturity and Spawning

Blue Chub

The blue chub in Paulina Lake normally attain sexual maturity

during their fourth summer as age III fish, and enter the reproducing

population at that time. Figure 6 and Table 8 show the length distribu-

tion of juvenile fish sampled in 1969, 1970 and 1971.

Age III fish, which were considered juveniles, are also shown.

Tables 12 and 13 show the length distribution of the mature male and

female populations sampled. Figure 10 shows the length distribution

of the total sample population by age groups.

The gonads, in maturing, gradually change from a grayish,

translucent amorphous mass in the juvenile to the characteristic color

and configuration of the mature male and female gonads. The change,

in juveniles, was gradual, generally occurring between the initiation

of growth in May or June and the beginning of the first spawning in

July or August.



Table 12. Mean length, range and sample size
of age groups III to VII for mature
male blue chub collected from
Paulina Lake in 1969, 1970 and 1971.

Table 13, Mean length, range and sample size
of age groups III to X for mature
female blue chub collected from
Pa.ulina Lake in 1969, 1970 and 1971.
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Age
Sample
size

Mean
(mm)

Range
(mm)

III 5 117 107-132
IV 12 135 109-173
V 31 142 112-185
VI 58 165 145-208
VII 51 183 157-221
VIII 17 198 173-231
IX 5 226 216-231
X 1 234 234

Age Sample
size

Mean
(mm)

Range
(mm)

III 13 109 91-119
IV 67 119 107 - 150
V 60 137 109-163
VI 37 152 135-175
VII 7 170 142-201
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In the mature female, ovaries begin forming soon after spawning

each year. The period between growth initiation and spawning the next

year was the period when the final development to mature and ripe

ovaries occurred. The development was the same as that for a juve-

nile just maturing.

At maturity the ovaries were visible as two equal parts arranged

longitudinally within the body cavity and ventral to the kidney. Each

lobe of the ovaries extends the length of the body cavity and was

connected posteriorly at the vent via two short oviducts. Each lobe of

the gonad was a light yellow mass of small, distinct, opaque eggs.

In pre-spawning development, the eggs change from the firm, opaque,

light colored eggs of the maturing female to the soft, transparent,

straw-colored eggs of the ripe female. During development eggs

ripened in a posterior-anterior direction within the lobes. During

this process the eggs increase in size until they were between one

and two mrn in diameter. At this time all eggs were ripe within the

ovary and extremely soft and transparent. When a female reached

this stage she was easily detected in the water by her obese, egg-

laden body.

Male gonads ripened in conjunction with the female gonads,

changing from the gray, transparent mass to a semiliquid, pure white

mass at ripeness. The testes were bibbed being connected posteriorly

to the vent via two short vas deferentia and extending anteriorly along

the ventral side of the kidney.
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There were several external signs indicating approaching spawn-

ing. The females had obese, egg-laden bodies, swollen vent areas and

occasionally orange tinted fins. The males had many small, white

tubercles on the dorsal and lateral sides, especially prevalent

anteriorly. The male fins were orange tinted, much more so than the

females. These characteristics were also in evidence during spawn-

ing.

The fecundity of mature female blue chub varies with body

length, body weight and ovary weight. Table 14 shows the results of

the least squares regression analysis for the relationship between

fecundity and these body features. Figures 11, 12 and 13 illustrate

these relationships graphically. The coefficient of determination (R2)

shows that the body weight-fecundity relationship (Figure 12) is the

most useful. However, there is also good correlation between

fecundity and body-length (Figure 11), and fecundity and ovary weight

(Figure 13).

From the time the mature blue chub were first observed in the

spring, there was a slow development of behavior patterns which

culminated in the spawning act. When first observed in early June,

most adult blue chub were congregated into several large schools at

different locations around the lake and in 0 to 8 m of water. These

schools ranged in size from about 50, 000 to only about 1,000 fish.

During this period there appeared to be some sort of sexual separation
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Table 14. Relationship between fecundity and body length, ovary
weight and body weight for blue chub. The calculated
linear regression equation is: Number of eggs = constant
+ (n)independent factor.

occurring between these schools. For example, on 17 June, 1970, I

observed several of these schools. The schools were either resting in

a long strung out group along shore or in a peculiar nose-to-tail

circular formation in deeper water and within inches of the surface.

The fish in shallow water (less than one meter) were larger, more

rotund fish than those in deeper water (1 to 3 m). Even though I was

never able to sample these schools, I believe that the larger, rotund

fish were females and the smaller, thin fish were males.

On 2 July, 1970, and 28 June, 1971, I observed no schools of

large fish or any schools in circular formation. Rather, I observed

that distribution of adults was in a band around a large portion of the

lake in water about 3 to 5 m deep. I believe this may be the typical

distribution pattern prior to breaking up into spawning schools.

On 5 July, 1970, and 6 July, 1971, between 5 and 6 a. m., I

observed the first instances of blue chub spawning each year.

Calculated Regression Terms Coefficient
Independent Sample Regression of Determin-

Factor Size Constant Coefficient tion
(n) (R2)

Body length 18 -27512.3 6314.2 .597

Ovary weight 15 1850.8 1023.2 .721

Body weight 7 2780.8 188.5 .935
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Surface water temperatures at the time were 16.1°C and 12.2°C

respectively, showing that spawning was time rather than tempera-

ture dependent.

Beginning from the dates mentioned above, the frequency of

observed groups of spawning fish increased rapidly to a prolonged

peak extending from about 9 July to 21 July in 1970, and about 9 July

to 22 July in 1971, and then gradually decreased. August 4, 1970, and

3 August, 1971, were the last observed instances of spawning fish

each year. However, on 6 August, 1970, out of 97 adult fish sampled,

9 were ripe and had not spawned and the rest had either recently

spawned or spawned some time ago. On 31 August, 1971, all eight

fish sampled had either spawned and contained no gonads or had

spawned and were forming new ones.

Spawning was typically conducted by schools of fish numbering

from several hundred to several thousand, each school consisting of

a large number of males and a small number of females. The ratio

appeared to be about four or five to one. At time of spawning these

schools were seen adjacent to the section of shoreline upon which

they spawned. They were usually observed just offshore of the spawn-

ing site in water from about 1 to 7 m deep.

The type of spawning sites most frequently used are illustrated

in Figures 14 and 15. Figure 16 shows a spawning area used infre-

quently and only at the peak of spawning. Figure 7 shows the areas in
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Figure 14. The beach pictured here is a high use spawning
area for blue chub. It is lava gravel from about
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Figure 15. The shoreline pictured here is a heavily used
spawning area for blue chub in Paulin.a Lake.
Spawning typically occurred at the water line in
a small area between the boulders. The rocks
shown here are from fist-size to about 2 in in
diameter.
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Figure 16 The area of Paulina Lake pictured here is very
seldom used for blue chub spawning. This is a
very small-gravel-to-sandy shoreline. This
area, however, was a high use nursery area,
as large beds of vegetation occurred adjacent
to the beach.
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Paulina Lake which contain these shoreline types. Neither sandy

areas nor rocky shelfs were utilized by spawning fish. All observed

instances of spawning (130) occurred where the eggs could be covered

sufficiently to be protected from sunlight, yet not completely buried

such as would happen with sand or muck as a spawning substrate.

The blue chub have developed unusual vent characteristics for

accommodating the placement of spawn on the undersides of rocks.

The release of milt from the male is in a posterior direction while the

release of eggs from the female is in an anterior direction. The

reason for this is seen in the later discussion on method of spawning.

Spawning took place in water from only 2 cm deep to water

about 1 m deep, and in all but one instance occurred in the period

shortly after complete darkness to the time when direct sunlight hit

the spawning site.

The spawning act itself occurred over several hours, and was

characterized by a tremendous amount of splashing and furious activ-

ity. In all observed instances of spawning a large group of fish was

seen milling in the spawning site with the majority of the fish appear-

ing to be actively spawning, Occasionally a fish, obviously larger

than the majority, would leave the spawning mass. This fish, con-

sidered to be a female by her distended abdomen, would circle away

from the mass and within seconds would be accompanied by four or

five smaller, thinner fish (presumably males) all attempting to
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nuzzle her vent. After a few minutes of this behavior, the female

and her escort of males would enter the spawning mass. In the spawn-

ing mass, the larger fish (females) were observed in vertical posi-

tions with their noses against the substrate and their tails vigorously

flipping. The smaller fish (males) were arranged horizontally in a

vent-down position, or more commonly, at an angle to the bottom with

their tails down and in various positions around these larger fish and

working their tails vigorously.

Although I never observed milt or eggs actively being extruded

while fish were in these positions (impossible due to the great number

of fish and the furious activity), I assume it did occur at this point.

For instance, the peculiar position of the female correlates with the

anteriorly directed flow of eggs from the vent. Also, the position of

the male correlates well with male vent characteristics. Another

reason for males assuming this attitude was the facilitation of sperm

distribution. The vigorous flipping of the tails caused the sperm-

containing water to mix with the eggs at spawning. This assured the

high percentage of fertilization. After fertilization the eggs incubated

from one to two weeks before hatching, depending on water tempera-

tures. Spawning occurred only once each year.

After spawning, the small spawning schools gradually formed

several large schools or aggregations which persisted for some time.

At daylight on 11 August, 1971, I observed several very large schools
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of adults in water about 7 m deep on the northeast side of the lake in

an area not used for spawning. On the same day I observed a band of

adult fish on the east side of the lake, over 1/3 km long containing,

by my estimate, in excess of 100,000 fish. These fish were over a

bed of bottom vegetation 5 to 7 m deep and may have been feeding.

They were not in an area utilized for spawning either. This last area

was exceptionally rich in food. Four of the 16 transects in the

bottom samples taken for 1969, 1970 and 1971 produced 43 percent of

the total number of organisms taken. These transects covered the

area in which this large school of fish was seen (Oregon State Game

Commission).

There were several signs of spawning evident in post-spawning

fish. On the females the vent was usually hemorrhagic and swollen,

and the abdomen no longer distended. Instead, if one felt the ventral

side of the abdomen there was a depression caused by the lack of

gonads. On the males the loss of tubercles, reddish fins, and the

depression on the ventral side of the abdomen were signs of a spawned

out fish. I found no evidence to indicate that fish do not spawn at

least once each year or spawn more than once each year after attain-

ing sexual maturity.

Tui Chub

Tui chub normally attain sexual maturity during their fourth
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summer as age III fish, and enter the reproducing population at that

time. Some fish may attain sexual maturity as younger or older fish.

Figure 8 and Table 10 show the length distribution of juvenile fish

sampled in 1969, 1970 and 1971, with those age III fish which were

considered juveniles also shown. Tables 15 and 16 show the length

distribution of the mature male and female sample populations.

Figure 17 shows the length distribution of the total sample population

by age groups.

The gonads, in maturing, gradually changed from a grayish,

translucent amorphous mass in the juvenile to the characteristic color

and configuration of the mature male and female gonads. The change

was the same as that for the blue chub discussed earlier except a

slightly different time schedule was followed. The maturing and

ripening process occurred slightly earlier in tui chub since spawning

was earlier. In the juvenile the change was gradual, generally occur-

ring in May and June.

In the mature female, ovaries began forming soon after spawn-

ing each year. The period between growth initiation and spawning the

following year was the period when the final development to mature

and ripe ovaries occurred, The development was the same as that

for a juvenile just maturing.

At maturity the female gonads were visible as two equal sections

arranged longitudinally within the body cavity and ventral to the kidney.



Table 15. Body length mean and range, and
sample size of age groups III to VIII
for male tui chub collected from East
Lake in 1969, 1970 and 1971.

Table 16. Body length mean and range, and
sample size of age groups III to IX
for female tui chub collected from
East Lake in 1969, 1970 and 1971.
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A ge
Sample
size

Mean
(mm)

Range
(mm)

III 22 123 97-145
IV 27 161 127-180
V 49 177 145-224
VI 49 209 165-269
VII 38 221 185-251
VIII 15 226 206-249
IX 1 226 226

Age Sample
size

Mean
(mm)

Range
(mm)

III 48 116 89-142
IV 45 140 117-170
V 35 161 137-198
VI 29 176 152-201
VII 12 182 160-208
VIII 4 185 170-216
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Figure 17. Mean length and range of each age group of tui chub col-
lected from East Lake in 1969, 1970 and 1971.
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Each section extends the length of the body cavity and is connected

posteriorly at the vent via a short oviduct. Each lobe of the gonad

becomes a light yellow mass of small, distinct, opaque eggs. In pre-

spawning development, or ripening, the eggs change from the firm,

opaque, light yellow eggs of the mature female to the soft, trans-

parent, straw-colored eggs of the ripe female. In ripening, eggs

were formed in a posterior-anterior direction within the lobes.

During this process the eggs increased in size until they were between

1 and 2 mm in diameter. The eggs were then all ripe and extremely

soft and transparent.

External signs of spawning, or ripeness, in the females were

similar to those discussed by Kimsey (1954). These were a swollen

abdomenz swollen and enlarged vent and reddish fins.

The earliest I collected ripe females was 25 June, 1970, and the

latest I collected ripe females was 30 July, 1970. The earliest date

on which I collected freshly spawned out females was 25 June, 1970,

and the latest date 24 August, 1971. On 4 August, 1971, all 18

females caught in a gill net had spawned. Signs of spawned out

females were retained eggs, a depression in the belly due to loss of

eggs, and a swollen, hemorrhagic vent area.

Male gonads ripened in conjunction with the female gonads,

changing from the gray, translucent mass to a semi-liquid, white

mass at ripeness. The testes were bibbed, being connected
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posteriorly at the vent via two short vas deferentia, and extending

anteriorly along the ventral side of the kidney. External signs of

ripeness were reddish tinged fins (much more so than for the female

and many small, white tubercles on the dorsal and lateral sides,

especially anteriorly. The earliest date on which I collected ripe

males was 25 June, 1970, and the latest date was 30 July, 1970 and

31 July, 1971.

The fecundity of a mature female tui chub ranges from almost

15,000 for a 137 mm fish to 49,000 for a 190 mm fish and varied

according to body length, body weight and ovary weight (Figures 18 to

20). Table 17 and Figures 18 to 20 show the least squares regression

analysis describing the relationships between fecundity and body

length, body weight and ovary weight. The coefficient of determina-

tion (R2) shows that the regression of fecundity on ovary weight

(Figure 20) is the most useful.

I was unable to determine exact prespawning or spawning

distribution and behavior for the tui chub, the reason being the

habitat occupied by these fish during these periods. Kimsey (1954)

experienced the same difficulty with the Eagle Lake tui chub. How-

ever, some speculation can be made from the observations and the

samples collected.

I believe tui chub spawn in mid June to late July (see earlier

discussion on ripeness), in dense vegetation located in water from
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Table 17. Relationship between fecundity and body length, ovary
weight, and body weight for tui chubs. The calculated
linear regression equation is: Number of eggs = constant
+ (n)independent factor.

about 1 to 3 m deep. This dense vegetation is located extensively

over several areas around the lake (see Figure 9). In June, July and

August, especially late June and early July, there were tremendous

concentrations of adults in these areas, most notably in the hot springs

area. On 25 June, 1970, in one overnight set of a trap-net at the hot

springs, ten 30-gallon barrels of tui chub containing an estimated

12,000 to 20,000 adults were removed. We found only eight trout in

the net. The next day we removed an additional 60 gallons, or about

3,000 fish.

One hundred of the fish removed on 25 June, 1970, were

sampled. Several were found to be ripe and all were sexually mature

with well developed gonads. This indicated that spawning was occur-

ring in this area at this time. Later, in mid August, thousands of

YOY appeared in this area, as well as the other highly vegetated

areas.

Calculated Regression Terms Coefficient
Independent Sample of Determina-Coefficient

Factor Size Constant (n) tion (R2)

Body length 5 -55898.4 12087.1 .624

Ovary weight 5 11329.2 1291.0 .878

Body weight 5 2447.6 267.4 .567
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The composition of the spawning population was not definitely

known. However, on 17 July, 1969, from an overnight trap-net set in

a highly vegetated area at the Game Commission egg-taking station, I

removed 250 adults. This school may have been pre spawning in

composition. There were 227 males ranging in size from 97 to 228

mm and only 23 females ranging in size from 145 to 264 mm. This

lopsided sex ratio may be typical of a school of spawning fish.

After spawning the tui chub may break up into new schools,

remain in the same schools, or distribute themselves singly or in

small groups about the lake. On 18 July, 1970, while skin diving in

2 to 3 m of water, I observed a non-spawning school of about 1, 000

adult tui chub. These fish were of all sizes and were located in heavy

vegetation. They were in all attitudes in the water with most being

absolutely stationary and a small number appeared to be feeding. I

was able to approach within the circumference of the school and

observed them for over 30 minutes. I found no indication of spawning

in the area. On 29 July, 1970, I observed what may have been the

same school in the same place. This time they were not in the vege-

tation but on the shoreward side immediately adjacent to the vegeta-

tion. All fish were perfectly stationary and were in all attitudes,

just as before. A school was similarly observed in the area on 12

August, 1971. At no time was there any indication of spawning occur-

ring here. Yet at this time in this area YOY appeared in the vegetation.
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On 15 July, 1971, I skin dived in the hot springs area and

observed several hundred adults in vegetation up to 3 to 5 m tall.

None of the fish were active but all appeared to be resting singly and

in small groups in the shade of the vegetation. I was unable again to

find any signs of spawning (eggs or spawning fish). The above

observations were probably of post-spawning fish and this type of

distribution and behavior was typical after spawning. After spawning

fish remain in these vegetated areas until at least October.

During October each year, the Oregon State Game Commission

places several trap-nets in these vegetated areas for capturing brook

trout. Each year several adult tui chub are captured, showing some

distribution in these areas. These fish are never taken in large

quantities and they are not ripe (Oregon State Game Commission

Age

Blue Chub

Figure 10 and Tables 12, 13 and 18 show the age distribution of

1,563 blue chub. The oldest blue chub was a 10-year-old, 234 mm

female. The oldest male was a 7-year-old, 201 mm fish. From

age III through age VII the mean length of the males for any particular

age group was almost the same as for females of the preceding age

group. There was considerable overlap between length ranges of

adjacent age groups, especially in the older groups.



Table 18. Body length mean and range, and sample
size of age groups 0 to X for the total
population of blue chub collected from
Paulina Lake in 1969, 1970 and 1971.
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Age Sample
size

Mean
(mm)

Range
(mm)

0 - August 438 13 9-27

0 - September 107 18 9-25

0 - November 209 26 19-34

I - June 248 30 22-38

I - July 1 30 30

I - August 2 48 48

II 176 62 49-74

III 44 97 74-132

IV 81 122 107-173

V 91 140 109-185

VI 95 160 135-208

'VII 58 180 142-221

VIII 17 198 173-231

IX 5 226 216-231

X 1 234 234
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Scales first form when the fish are 25 to 30 mm long. These

fish are either YOY or age I fish. Approximately half of the YOY

sampled on 6 November, 1971, had scales and half did not. In a

sample of nine age I fish on 3 June, 1971, six had formed scales the

previous summer and three had not. Those with scales ranged in size

from 25 to 28 mm and those without scales ranged in size from 22 to

23 mm. On 18 June, 1971, a sample of 14 age I fish had ten without

scales and four with scales. They ranged in size from 25 to 30 mm

and 29 to 30 mm, respectively. On 23 June, 1971, a sample of 16

age I fish had seven with no scales and nine with scales. They ranged

in size from 23 to 28 mm and 28 to 32 mm, respectively.

Scale formation is apparently size dependent and those fish

hatched late in the summer cannot attain the necessary growth by the

time growth ceases for the winter. Because of the size requirement,

half the population of YOY form their first annulus in their first spring

and half form it their second spring. This produces age I fish, by

the scale method of aging, which are both one and two years old. The

formation of the annulus took place sometime in late May or early

June of each year, depending on lake conditions.

Tui Chub

Figure 17 and Tables 15, 16 and 19 show the age distribution of

985 tui chub. The oldest was an age IX female 226 mm long. The



Table 19. Body length mean and range, and sample size
of age groups 0 to IX for the total population
of tui chub collected from East Lake in 1969,
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1970 and 1971.

Age
Sample
size

Mean
(mm)

Range
(mm)

0 - August 8 15 7-25

0 - September 178 20 8-31

0 - November 22 22 14-34

I - August 216 40 31-50

I - September 2 43 40-46

II 34 75 56-102

III 93 114 76-145

IV 77 149 117-180

V 80 173 137-224

VI 78 197 152-269

VII 50 212 160-251

VIII 19 218 170-249

IX 1 226 226
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oldest male was eight years old and 214 mm long. From age III to

age VIII the mean length of the males became progressively less than

the females for any particular age group (Figure 17 and Tables 15

and 16). There was also considerable overlap between length ranges

of adjacent age groups, especially in the older groups.

Scales first form when tui chub are 23 to 25 mm long, On

22 August, 1969, a sample of nine YOY with a maximum length of

17 mm had not formed any scales yet. A sample of 26 YOY collected

on 1 September, 1970, and having an upper size limit of 25 mm, also

had not formed scales yet. In a sample of 22 YOY collected on

6 November, 1971, having an upper size limit of 34 mm, scales had

formed on those fish above 23 mm. The two fish in the 23 to 25 mm

group had formed only a focus with no circuli. Those fish 17 to 23 mm

had no sign of scales yet, while those 25 to 34 mm had from two to

four circuli formed about the focus.

Scale formation is apparently size dependent since those below

23 mm had not yet formed scales. This fact is important in deter-

mining time of formation of the first annulus. Those YOY forming

scales their first summer form the first annulus prior to the second

summer as age I fish. The rest, forming scales their second sum-

mer, form the first annulus prior to their third summer as age II

fish. However, these fish show up as only age I fish upon scale



examination. Annulus formation occurred sometime in late May or

early June each year.

Growth

Blue Chub

Results of the growth study are shown in Tables 20 and 21 and

Figures 6, 10, 21 to 24, and 25 to 28. Table 20 shows the least

squares regression analysis of length on weight with the coefficient of

determination (R2 ), indicating goodness of fit of the calculated regres-

sion lines to the actual data. The R values were high in all instances.

Table 21 shows the results of the comparison of selected

regression coefficients (slope of the line) with the F-test at the .01

level. There were significant differences in all comparisons except

the total sample versus the total male sample.

Figure 6 presents an incomplete picture of the growth of juve-

niles (YOY to age III) through the growth period. This was mentioned

earlier under early life history. This figure presents the same

material found in part of Figure 11 but in greater detail.

Figure 10 shows the growth by age groups of all fish sampled

for age and growth. A change in growth rates occurred at age III.

This is the age of maturing and the point at which the difference in

growth rates between males and females was first detected. From

87
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Table 20. Length-weight relationships for blue chub collected from
Paulina. Lake in 1970 and 1971. The regression equation
is: Log body weight = constant + (n) Log body length; and
to convert to millimeters, Log body weight = constant
+ n(-Log 25.4 + Log body length in mm).

Parameter
evaluated

Sample
size

Calculated Regression
Terms Coefficient of

(R2)
DeterminationCoefficientConstant

(n)

All fish 895 -1.7129 3.1069 .96
All males 459 -1.1800 2.7812 .82
All females 388 -1.3943 2.9386 .96
All immatures 49 -1.6643 2.9314 .76

1970

All fish 400 -1.0588 2,7567 .96
Males 174 -1.1371 2.7916 .90
Females 217 -0.0910 2.6860 .95
Immature s 9 -0.2771 2,0338 .84

1971

All fish 496 -1.7129 3.2029 .96
Males 285 -0.9086 2.5877 .75
Females 171 -1.8015 3.1544 .97
Immatures 40 -1.7816 2.9618 .82



Parameters Sample Calculated F value Significant
tested size F value from table at .01 level

All fish 896 1.16 1.19All males 459

All fish
All. females

896
388

2.41 1.19 Yes

All fish
All imm.atures

896
49

2.71 1.36 Yes

All males 459 2.81 1.16 Yes
All females 388

All males 459 2.33 1.38 Yes
All immatures 49

All females 388 6.53 1.3$ YesAll immatures 49

89

Table 21. Results of the comparison of regression coefficients (n)
using the F-test at the .01 level for blue chub collected
from Paulina Lake in 1970 and 1971.
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hatching to age III there was a steady increase in growth rates, while

after age III there was a leveling off and slight decline in growth

rates. Females grew faster and for a longer period of time than did

males.

Figures 21 to 24 graphically illustrate the calculated regressions

listed in Table 20. This was done to better grasp relationships between

parameters.

Figures 25 to 28 show another approach to growth analysis.

These graphs show the length frequency distribution of all fish sampled

in the study. The differences in male and female populations with

regard to size are obvious. The smallest mature male in each of the

three sample years ranged from 86 to 91 mm while the smallest

mature female ranged from 104 to 109 mm. The largest male ranged

from 188 to 213 mm while the largest female ranged from 239 to

282 mm.

Tui Chub

Results of the growth study are shown in Tables 22 and 23 and

Figures 8, 17, 29 to 32 and 33 to 36. Table 22 shows the least squares

regression analysis of length on weight with the coefficient of deter-

mination (R2 ) indicating goodness of fit of the calculated regression

lines to the actual data. The R2 values were very high in all cases

except the immatures.



Table 22, Length-weight relationships for tui chub collected from
East Lake in 1970 and 1971. The regression equation is:
Log body weight = constant + (n)Log body length, and to
convert to millimeters, Log body weight = constant
+ n(-Log 25.4 + Log body length in mm).
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Parameter
evaluated

Sample
size

Calculated Regression
Terms

Coefficient of
Determination

(R)CoefficientConstant (n)

All fish 940 -1,0518 2.8807 .97
All males 430 -0.8189 2.7384 .95
All females 436 -1.1659 2.9456 .95
All immatures 74 -1.0279 2.8698 .78

1970

All fish 443 -0.9409 2.8209 .97
Males 177 -0.5869 2.6160 95
Females 192 -1.1224 2.9147 .95
Immature s 74 -1.0279 2.8698 .78

1971

All fish 497 -1.3077 3.0159 .96
Males 253 -1.1416 2.9123 .96
Females 244 -1,2575 2.9997 .95
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Table 23. Results of the comparison of regression coefficients (n)
using the F-test at the .01 level for tui chub collected from
East Lake in 1970 and 1971.

Parameters Sample Calculated F value Significant
tested size F value from table at .01 level

All fish 940 1.28 1.19 Yes
All males 430

All fish 940 1.09 1.19 No
All females 436

All fish 940 2.39 1.44 Yes
All immatures 74

All males
All females

430
436 1.17 1.24

All males
All immatures

430
74 3.06 1.47 Yes

All females 436 2.60 1.47 Yes
All immatures 74
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Figure 29. A comparison of the length-weight relationships of the total sample, male, female, and I-.

immature tui chub collected from East Lake in 1970.
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Figure 33. Length-frequency of the total sample of tui chub collected
from East Lake in 1969, 1970 and 1971 (n=1709).
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1.0 2.0 3.0 4.0

106

sf

All samples (n=1992)

Females n=192

iftirdlirill 1111116111-1-fril itri

.

;ellIL
Males (n=294)

J . .

Immatures and fish of
undetermined sex (n=1506)

1 1 i i



30

20

10

0

10

<4.4

n

10

10

0
1.0 2.0 3.0

Figure 35. Length-frequency of the total sample, male, female and
immature tui chub collected from East Lake in 1970.

107

Length (mm)
75 100 125 150 175 200 225 250 275

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0
Length (inches)

-
-

I

All

I

fish (n=433)

-

1-LibAritfillinir1
ILL il

Inin-,
Females (n=186)

-

A n ri rinr911-41b' "11111,' r'

Males (n=173)

-

Pr Frillir 41:1-1
f'11-1-11fr 1-

Immatures and fish c
undetermined sex-

I I rt

(n=74)

i



Length (mm)
125 150 175 200 225 250 275

I I I I I I I

All fish (n=287)

11
L.L.

-1"1"1fl

10

Females (n=25)

L..

108

Immature s and fish of
undetermined sex

(n=22)
ill-J-1e In sr "tt In 1-11 t i II . I

1.0 2.0 3.0 4.0 5,0 6.0 7.0 8.0 9.0 10.0 11.0
Length (inches)

Figure 36. Length-frequency of the total sample, male, female and
immature tui chub collected from East Lake in 1969.

0 25 50 75 100
30

I I I I

20

10

0

10



10 9

Table 23 shows the results of the comparison of selected regres-

sion coefficients (the slope of the line) with the F-test at the .01

level. There were significant differences in all comparisons but two.

These were all fish versus all females and all females versus all

males.

Figure 8 presents an incomplete representation of the growth of

juveniles (YOY to age III) through the growth period. This was men,

tioned earlier under early life history. The figure presents the same

material found in part of Figure 12 but in greater detail.

Figure 17 shows the growth by age groups of all tui chub

sampled for age and growth analyses. Between the age II and age III

fish, or about the age of maturing, there was a diverging of the

growth rates between males and females. Growth was greatest in the

total population from hatching to age III. From age III on, the growth

rate for males decreased at a greater rate than that for females

until at age VII an asymptote was reached in the males. This means

that females grow faster and for a longer period of time than do males.

Figures 29 to 32 graphically illustrate the calculated regressions

listed in Table 22. There is no marked difference between the lines

but enough exists statistically to separate them (Table 23), These

figures illustrate the relationships between parameters much better

than Table 22.
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Figures 33 to 36 show another approach to growth analysis.

These histograms show the length-frequency distribution of all fish

sampled in the study. Obvious here are the differences in male and

female populations with regard to size. The smallest mature male

for all three sample years (1969-1971) ranged from 89 to 99 mm while

the smallest mature female ranged from 94 to 135 mm. The upper

limits of the ranges are 226 to 234 mm and 252 to 262 mm for males

and females, respectively.

Food Habits

Blue Chub

Tables 9, 25 and 26 show the results of the food habit study for

blue chub. Table 27 shows the results of the analysis of stomachs of

rainbow trout taken from Paulina Lake. Table 24 shows the orga-

nisms taken in the 1969, 1970 and 1971 statistical bottom sample

program in Paulina Lake. These data were used for comparing food

organisms most commonly found on the substrate with those most

commonly found in blue chub digestive tracts. Pelagic and more

motile bottom organisms naturally do not appear frequently in this

type of bottom sampling scheme.

Blue chub showed a preference for small zooplankton, with

84.1 percent of the total food organisms consumed being cladocerans.



Table 24. List of organisms taken from Paulina Lake bottom samples during July or
1970 negligible or less than .01 percent).August in 1969, and 1971. (Neg. -

Organism
1969 1970 1971 Total

No. To No. No. % No.

Amphipoda 240 18.7 717 28.2 1064 29.9 2021 27.5

Annelida 295 23.0 350 13.8 135 3.8 770 10.5

Coleoptera 2 0.2 0 0.0 0 0.0 2 Neg.

Copepoda & Ostracoda 0 0.0 0 0.0 0 0.0 0 0.0

Diptera 640 49.9 1145 45.1 2160 60,7 3945 53,6

Ephemeroptera 0 0.0 2 0.1 2 0.1 4 0.1

Gastropoda & Pelecypoda 66 4.7 217 8,6 94 2.7 377 5.0

Hirudinea 12 0.9 57 2.3 47 1.3 116 1.6

Megaloptera 20 1.6 49 1.9 52 1.5 121 1.6

Odonata 8 0.6 0 0.0 0 0.0 8 0.1

Total 1283 24 37 3554 7364



Table 25. The type and number of food organisms present in the stomachs of 57 blue chub collected from Paulina Lake in 1971 .
or less than 0. 1)

(Neg = negligible

Organism
July 9 July 22 August 31 September 1 September 3 Total

No. of Percent of
organisms total sample

No. % No. % No. % No. % No. %

Amphipoda 27 3.1 0 0.0 21 1.8 32 9.9 25 4.2 105 2.1

Arachnida 1 0. 1 0 0.0 1 0. 1 0 0.0 1 0. 2 3 0. 1

Cladocerans 562 65.3 2024 99.0 1044 88.3 278 83.8 306 51.4 4214 84.1

Copepoda 0 . O. 0 0 0.0 0 0.0 0 0.0 2 0. 3 2 Neg.

Diptera 183 21.3 9 0.4 95 8.0 2 0.6 200 33.6 489 9.8

Ephemeroptera 0 . 0.0 0 0.0 13 1.0 9 2.8 35 5.8 57 1.1

Gastropoda 0 0.0 0 0.0 0 0.0 1 0. 3 0 0. 0 1 Neg.

Hemiptera 0 . 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Hirudinea 0 0. 0 3 0. 1 0 0. 0 0 0. 0 3 0. 5 6 0. 1

Megaloptera 0 0. 0 0 0. 0 0 0. 0 0 0. 0 1 0. 2 1 Neg.

Ostracocia 79 9.2 8 0.4 9 0.8 2 0.6 23 3.8 121 2.4

Pelecypoda 8 0.9 1 Neg. 0 0. 0 0 0. 0 0 0. 0 9 0. 2

Trichoptera 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Total 860 2045 1183 324 596 5008

Sample size 8 17 5 3 24 57



Table 26. Frequency of occurrence of food organisms expressed as a percent of the total sample of
digestive tracts in which the food organisms occurred. Digestive tracts obtained from
blue chub collected from Paulina Lake in 1971.

Organisms

Frequency of occurrence
July 9

(Sample
size = 8)

July 22
(Sample
size = 17)

August 31
(Sample
size = 5)

Sept. 1

(Sample
size = 3)

Sept. 3
(Sample
size = 24)

(Total
sample = 57)

Amphopoda 50.0 0.0 40.0 66.7 33.3 26.3

A rachnida 12.5 0.0 20.0 0.0 4.2 3.5

Cladocera 25.0 29.4 100.0 100.0 45.8 45.6

Coleoptera 0.0 0.0 0.0 0.0 0.0 0.0

Diptera 0.0 76.5 60.0 33.3 75.0 73.7

Ephemeroptera 0.0 0.0 40.0 66.7 33.3 21.1

Gastropoda 0.0 0.0 0.0 33.3 0.0 1.8

Hemiptera 0.0 0.0 0.0 0.0 0.0 0.0

Hirudinea 0.0 17.6 0.0 0.0 12.5 10.5

Megaloptera 0.0 0.0 0.0 0.0 4.2 1.8

Ostracoda 50.0 35.3 20.0 66.7 20.8 31.5

Pelecypoda 25.0 5.9 0.0 0.0 0.0 5.3

Trichoptera 0.0 0.0 0.0 0.0 0.0 0.0



Table 27. The type, number, and frequency of occurrence of food organisms present in the stomachs of 39 rainbow trout collected from Paulina Lake

in 1969 and 1971. (Neg. = negligible or less than 0.1)
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37 4.1 3.7 88.9 107 2.8 3.2
26 2.9 2.6 55.6 26 0.7 0.8
31 3.5 3.1 33.3 2031 52.1 60.3

2 0.2 0.2 22.2 3 0.1 0.1
883 98.2 87.3 100.0 1083 27.8 32.2

24 2.7 2.4 66.7 24 0.6 0.7
2 0.2 0.2 11.1 11 0.3 0.3
1 0.1 0.1 11.1 7 0.2 0.2
1 0.1 0.1 11.1 1 Neg. Neg.

0 0.0 0.0 0.0 1 Neg. Neg.

0 0.0 0.0 0.0 9 0.2 0.3
0 0.0 0.0 0.0 64 1.6 1.9

2 0.2 0.2 22.2 2 0.1 Neg.

0 0.0 0.0 0.0 0 0.0 0.0
1 0.1 0.1 11.1 2 0.1 Neg.

1010 112.3 100.0 3371 86.4 100.0

Amphipoda 70 2.3 3.0
Arachnida 0 0.0 0.0
Cladocera 2000 66.7 84.6
Coleoptera 1 Neg. 0.1
Diptera 200 6.7 8.4
Ephemeroptera 0 0.0 0.0
Gastropoda 9 0.3 0.4
Hemiptera 6 0.2 0.3
Hirudinea 0 0.0 0.0
Hymenoptera 1 Neg. 0.1
Megaloptera 9 0.3 0.4
Nem atoda 64 2.1 2.6

,Ostracoda 0 0.0 0.0
Pelecypoda 0 0.0 0.0
Trichoptera 1 Neg. 0.1

Total 2361 78.8 100.0
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Dipterans, ostracods, amphipods and epherneropterans made up

another 15.4 percent of their diet (Table 25).

Changes in food preference during the summer can be seen from

Tables 25 and 26. The numbers of cladocerans consumed remained

highest for each sample while the numbers of other food organisms

consumed fluctuated considerably. For example, on 9 July, 1971,

dipterans constituted 21.3 percent of the food organisms while on

22 July, 1971, 31 August, 1971, and 1 September, 1971 they provided

less than 8.0 percent. On 3 September, 1971. dipterans were again

consumed regularly and constituted 33.4 percent of the organisms

eaten. Similarly, the amphipods, ostracods and ephemeropterans also

fluctuated considerably between sample dates, with ranges being 0.0

to 9.9 percent, 0.4 to 9.2 percent and 0.0 to 5.8 percent respectively.

These figures reflect either a change in food numbers available, food

preference or a combination of both.

Even though cladocerans made up 84.1 percent of the food

organisms consumed, they only appeared in 45.6 percent of the

digestive tracts examined (Table 26). The most preferred food

organisms were dipterans, making up only 9. 7 percent of the total

number of food organisms consumed, yet appearing in 73.7 percent of

the digestive tracts. The third and fourth most preferred food orga-

nisms were ostracods at 31.5 percent and amphipods at 26.3 percent.

Ephemeroptera at 21.1 percent also was a preferred food organism.
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At different times of the summer amphipods, dipterans, or cladocerans

were most preferred food types (Table 26).

Table 9 shows changing food preference with changing fish size.

The first food eaten by YOY blue chub were dipterans. By the time

blue chub were to 50 to 60 mm, food habits have changed and they were

also consuming amphipods, cladocerans, ephemeropterans and ostra-

cods. These five food types remained the staple diet of the blue chub

throughout their life with preferences for one or the other being the

only change. For example, larger fish ate more amphipods than

smaller fish. There also appeared to be a reduction in numbers of

cladocerans and ostracods eaten in larger fish. This indicated that

larger fish pursued larger prey. Preferences for diptera appeared

to change only slightly from small fish to large fish, as did prefer-

ences for ephemeropterans. At no time was vegetation a major con-

stituent of the blue chub diet.

The average composition of the types of food organisms found in

the digestive tract of a typical blue chub at any given time was 74

cladocerans, 9 dipterans, 2 amphipods, 2 ostracods, 1 ephemerop-

teran and an occasional lesser organism, for a total of 87 food items

(Tables 9, 25 and 26).

Two of the most preferred food organisms, amphipods and dip-

terans, appeared as the most abundant aquatic organisms in Paulina

Lake bottom samples (Table 24). The most abundant organism,
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Annelida, is very soft and easily digestible so probably would not

show up in the digestive tract if eaten. The gastropods and bivalves,

though common (7.4 percent of the bottom sample), constituted only

a small portion of the diet.

The four food items preferred most by blue chub contain the

three most preferred rainbow trout food organisms (Table 27). These

three main constituents of the trout diet were cladocerans, dipterans

and amphipods, in that order, and constitute 95.7 percent of the total

number of organisms eaten by 39 rainbow trout. I found no indication

that trout fed on blue chub at any time.

Tui Chub

Tables 11, 29 and 30 show results of the food habit study for tui

chub. Table 31 shows results of the analyses of rainbow trout and

brook trout stomachs. Table 28 shows results of the East Lake

statistical bottom sampling program for 1969 to 1971. This table is

used to compare the food organisms most commonly found on the sub-

strate with those most commonly found in digestive tracts of tui chub.

The pelagic and more mobile bottom organisms naturally do not appear

frequently in this type of bottom scheme.

Tui chub showed a preference for small zooplankton with 39.0

percent of the total food organisms consumed being cladocerans.



Table 28. List of organisms taken from East Lake bottom samples during July or August in
1969, 1970 and 1971. (Neg. = negligible or less than .01 percent).

Organism
1969 1970 1971 Total

No. % No. % No. No.

1209 63.0 938 60.3 883 79.9 3030 66.2
Amphipoda

AnneLida 29 1.5 30 1.9 5 0.5 64 1.4

Coleoptera 0 0.0 0.0 0 0.0 0 0.0

Copepoda & Ostracoda 11 0.6 0.0 0 0.0 11 0.2

Diptera 456 23.7 483 31.0 167 15.1 1106 24.2

Ephemeroptera 2 0.1 3 0.2 0 0.0 5 0.1

Gastropoda & Pelecypoda 114 5.9 35 2.3 24 2.2 173 3.8

Hirudinea 90 4.7 59 3.8 16 1.5 165 3.6

Megaloptera 9 0.5 8 0.5 7 0.6 24 0.5

Odonata 1 Neg. 0.0 0 0.0 1 Neg.

Trichoptera 0 0.0 0.0 2 0.2 2 Neg.

Total 1921 1556 1104 4581



Table 29. The type and number of food organisms present in the digestive tracts of 39 tui chub collected from East Lake in 1971.

Organism
July 1 August 4 August 24 September 7 Total

No. of
organisms

Percent of
total sample

No. % No. No. % No.

Amphipoda 178 44.3 27 3.2 104 48.6 1 1.8 310 20.5

Arachnida 0 0.0 15 1.8 0 0.0 0 0.0 15 1.0

Cladocerans 0 0.0 549 64.6 0 0.0 46 81.9 595 39.0

Coleoptera 2 0. 5 0 0. 0 0 0.0 0 0.0 2 0. 1

Copepoda - 51 5.6 - - 51 3.2

Diptera 44 10.9 89 10.5 9 4.2 0 0.0 142 9.3

Ephemeroptera 0 0.0 3 0.4 4 1.9 1 1.8 8 0.5

Gastropoda 63 15.7 26 3.1 96 44.9 1 1.8 186 12.3

Hem iptera 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Hiradinea 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Hymenoptera 3 0.7 0 0.0 0 0.0 0 0.0 3 0.2

Megaloptera 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Nematoda 0.0 21 2.5 0 0.0 0 0.0 21 1.3

Ostracoda 110 27.3 69 8. 1 1 0.5 6 10.5 186 12.3

Pelecypoda 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Trichoptera 2 0.1 0 0.0 0 0.0 2 0.4 4 0.3

Total sample size 402 850 214 57 1523

Sample size _ 12 23 3 1 39



Table 30. Frequency of occurrence of food organisms expressed as a percent of the total number of
digestive tracts in which the food organisms occurred. Digestive tracts were obtained from
tui chub collected from East Lake in 1971.

Organism

Frequency of occurrence
July 1
(Sample
size = 12)

August 4
(Sample
size = 23)

August 24
(Sample
size = 3)

Sept. 7
(Sample
size = 1)

(Total
sample = 39)

Amphipoda 100.0 26.1 100.0 100.0 56.4

Arachnida 0.0 17.4 0.0 0.0 10.3

Cladocera 0.0 69.6 0.0 100.0 41.0

Coleoptera 16.7 0.0 0.0 0.0 5.1

Copepoda 0.0 17.4 0.0 0.0 10.3

Diptera 58.3 47.8 66.7 0.0 51.3

Ephemeroptera 0.0 8.7 66.7 100.0 12.8

Gastropoda 75.0 26.1 100.0 100.0 46.2

Hemiptera 0.0 0.0 0.0 0.0 0.0

Hirudinea 0.0 8.7 0.0 0.0 5.1

Hymenoptera 25.0 0.0 0.0 0.0 5.1

Megaloptera 0.0 0.0 0.0 0.0 0.0

Nematoda 0.0 30.4 0.0 0.0 17.9

Ostracoda 41.8 39.1 33.3 100.0 41.0

Pelecypoda 0.0 0.0 0.0 0.0 0.0

Trichoptera 16.7 0.0 0.0 100.0 7.7



Table 31. Type, number, and frequency of occurrence of food organisms present in the stomachs of 15 rainbow trout and three brook trout collected

Combined Data
( Sample size = 18)
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Diptera 1071 71.4 12.1 93.3 4 1.3 14.3 66.7 1075

Ephemeroptera 30 2.0 0.3 66.7 0 0.0 0.0 0.0 30
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Hirudinea 9 0.6 0.1 33.3 0 0.0 0.0 0.0 9

Nematoda 0 0.0 0.0 0.0 8 2.7 28.6 66.7 8
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2.0 0.4 44.4

0.4 0.1 27.8

491.9 100.0
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Twenty percent of the diet was amphipods and 12.2 percent each was

gastropods and ostracods. Diptera contributed 9. 3 percent (Table 29).

Even though cladocerans contributed the greatest numbers to the

tui chub diet they ranked only fourth in preference, or frequency of

occurrence. Amphipods occurred in the greatest number of digestive

tracts (56.4 percent), dipterans occurred in 51.3 percent, gastropods

46.2 percent, ostracods 41.0 percent and cladocerans 41.0 percent

(Table 30).

The frequency of occurrence data (Table 30) reflect to a high

degree the data obtained from bottom samples on numbers and types

of food organisms in East Lake (Table 28). This suggests that food

organisms were taken because of their abundance and not because of

any supposed preference. Also, the fact that the three most often

consumed organisms were bottom associated animals implies a pre-

valently bottom oriented existence.

Changes in food preference during the summer are seen to a

small extent from Tables 29 and 30. Amphipods, ostracods and

gastropods were eaten most frequently on 1 July, 1971, with no

cladocera consumed, while on 4 August, 1971, cladocera, diptera

and ostracods were consumed most frequently. on 24 August, 1971,

no cladocera were seen in digestive tracts, but rather the diet was

similar to the 1 July diet with amphipods, gastropods and diptera

preferred, in that order.
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Frequency of occurrence for ampliipods, gastropods, dipterans,

ostracods and cladocerans fluctuated over a large range during the

summer. Amphipods varied from a low of 1.8 percent to a high of

48.6 percent of the total number of organisms eaten. Gastropods

ranged from 1.8 to 44. 9 percent, dipterans ranged from 0.0 to 10.9

percent, ostracods ranged from 0.5 to 27.3 percent, and cladocerans

ranged from 0.0 to 64.4 percent (Table 30).

Table 11 shows changes in food types accompanying changes in

fish size. There are no definite patterns visible in the changing food

types. What is fairly obvious, however, is the increasing preference

for gastropods in the larger fish with a general decrease in the

importance of cladocerans and ostracods. Amphipods also seem to

be more preferred by the larger fish. On 20 August, 1970, I sampled

the entire digestive tract of eight YOY having a mean length of 17 mm

and a range of 15 to 19 mm. These fish were feeding exclusively on

cladocerans and small diptera larvae. This agrees with the slight

trend seen in the smaller fish in Table 11. There were four food

types which were preferred numerically over the entire range of fish

sizes. These were amphipods, cladocerans, dipterans and ostracods.

At no time was vegetation a major constituent of the tui chub diet.

From Tables 11, 29 and 30, the average composition of the food

organisms found in the tui chub digestive tract at any given time can

be considered to consist of 15 cladocerans, 8 amphipods, 5 ostracods,
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5 gastropods, 4 dipterans and 3 other less frequently consumed

organisms, for a total of 30 food items.

The four food items eaten in greatest quantities by the tui chub

(Table 29) also contain the three most preferred food items of trout in

East Lalk.e (Table 31). The three main constituents of the trout diet

are diptera, cladocera and amphipoda, and constitute 97 percent of

the total number of organisms eaten.

I found there was a slight difference in diets between rainbow

trout and brook trout. Rainbow trout stomachs contained 97 percent

amphipods, cladocerans and dipterans while brook trout stomachs

contained only 54 percent of these animals. Brook trout contained

almost 29 percent nematodes. I do not know if they were taken as

food items or were parasites within the stomach. Also, rainbow

trout were feeding on some terrestrial insects but brook trout were

not. I found no indication that trout feed on tui chub at any time.

Parasites and Diseases

Blue Chub

Blue chub were remarkably free of any physical afflictions.

found no instances of parasites and only two instances of possible

disease. On 31 August, 1971, I collected a 221 mm female having a

large, open wound penetrating the body wall. After dissection and



examination I concluded that the wound was predator caused. On

24 July, 1969, a 135 mm fish of undetermined sex was collected

which was partially covered with what appeared to be a form of fungus.

There was a white film over most of the body but no fungal hyphae

were observed.

Tui Chub

Tui chub were as free of parasites and disease as the blue chub.

Only two instances of possible parasitism were found. One was tape-

worms in a 168 mm male captured on 1 July, 1971, and on 4 August,

1971, I found that 30.4 percent of the 23 fish sampled for stomach

analysis contained small nematodes (Table 22). These may have been

parasites or food items. No other possible instances of parasites or

diseases were observed.

Several instances of physical deformities were also observed.

On 25 June, 1970, a 135 mm fish of unknown sex had a large predator

or disease caused scar below the dorsal fin. Also on that date I

observed a 234 mm female without a right eye. And on 17 July, 1969,

I observed a 145 mm male without a right pelvic fin. Several instances

of spinal deformities were also observed during the study.
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Predators

Blue Chub

I observed predation on blue chub by only two animals, the

osprey and a large dragonfly nymph. On several occasions I observed

ospreys taking large blue chub along the shoreline. The most ospreys

working the lake at any one time was two.

I also observed a peculiar but possible significant cause of high

predation mortality among YOY. In the aquarium I had set up at East

Lake, I had placed several varieties of aquatic insects and other

aquatic life which I had obtained from the vegetated areas in East

Lake. In this group was a large dragonfly nymph. As mentioned

earlier, all blue chub which hatched in my incubation were immediately

placed in the aquarium for observation. Within a day after placing

them in the aquarium I began to notice losses. Since I could find no

bodies I began observing activity within the aquarium more closely.

Within a span of an hour I observed the dragonfly nymph capturing

and eating seven small blue chub.

Several other possible blue chub predators were seen in or near

the water. These possible predators were mink, marten and rainbow

trout.
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Tui Chub

The tui chub is plagued by the same predators as the blue chub.

These include the osprey and dragonfly as well as the mink, marten,

rainbow trout, brown trout and brook trout as possible predators. I

have observed as many as six osprey working East Lake at one time,

and saw chubs in osprey talons several times,
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DISCUSSION

Species composition of the cyprinids inhabiting Paulina and East

Lakes illustrate the significance of apparently slightly differing

ecological requirements between two closely related species. The

first documented account of these fish occurring in either lake

appeared sometime in the 19201s (correspondence, Oregon State Game

Commission). Since the occurrence of blue and tui chubs in the same

system occurs only in the Klamath River System, the introduction of

these fish probably occurred from stocks present in that system.

Since the likelihood of obtaining juveniles of both species at the same

time and place from Upper Klamath Lake is high (Vincent, 1967),

introduction of both species to Paulina and East Lakes probably

occurred simultaneously. I believe that originally both species were

introduced to both lakes, but some ecological factor or combination of

factors, worked against that species now absent from each lake, thus

causing its eventual disappearance.

The most obvious reason for a species not to succeed in an

apparently suitable habitat would be its ability to cope with what

Warren (1971) calls the three prime movers of life; reproduction,

growth, and survival. That these fish can survive and grow in these

environs is verified by their continued persistence in the two quite

similar bodies of water. Consequently, reproduction is probably the

factor limiting each species to its respective lake.
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In the case of the blue chub occurring in East Lake, I found that

the requirement of having large areas of clean, large gravel or rock

to spawn on was not met. By being a fairly eutrophic lake, almost all

of the rock which would have been available for blue chub spawning

was covered with a heavy layer of muck, fine silt, or algae, thus

effectively eliminating most blue chub spawning. However, because of

the eutrophic nature of the lake and the extensive littoral area, large

sections of vegetation abound providing the tui chub with a medium for

spawning. Thus, the tui chub are the successful spawners in East

Lake.

In Paulina Lake, the tui chub encountered little vegetation to

provide the spawning medium they needed. Although this relative lack

of vegetation would not completely stop spawning, it would severely

handicap it. On the other hand, almost half of the shoreline of Paulina

Lake consists of excellent spawning material for the blue chub. Thus,

there exists within each lake spawning conditions favorable for one

species but not the other. Also, because of this, the species which

was most successful in reproducing in each lake would represent a

highly competitive force to the least successful species, thereby

further hindering its attempted successful establishment.

Embryologically, both species require a very short egg develop-

ment period. Most development occurs during the post-hatching

period, contrary to Kimsey (1954). He stated that the larvae, when
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they first appear, have absorbed the yolk-sac. I found that not to be

the case. However, Kimsey did not have the opportunity to observe

the larvae firsthand as they emerged from the egg.

This short duration of the egg stage is a useful and necessary

adaptation for species with a widely varying range of habitats and

living within a system subject to rapidly changing environmental con-

ditions. By having a rapidly appearing prolarva, both species maxi-

mize acclimation time in an ecosystem exhibiting a short growth

period. Any growth period for the larvae is further shortened because

of midsummer, or later, hatching, thus reducing the growth period

even more.

The differences in incubation times between 1970 and 1971 sub-

stantiate the inverse effect of temperature to development time

reported by Warren (1971). Also, Leitritz (1963) maintains that

temperature has the greatest influence on egg development. The

results of this study have shown that temperature is probably the most

influential nonbiological factor on the development rate of the blue and

tui chubs.

I have attributed the higher incubation temperatures of 1971 to a

higher level of insolation onto the surface of East Lake during the

early part of the summer. This occurred because of a noticeable

reduction in cloud cover during this period as compared to the pre-

vious year. As a result of this, the water used in the artificial



incubation of blue and tui chub reflected the higher East Lake

temperatures.

In 1951, Harry found that tui chub eggs kept at a constant 7.2oC

failed to survive. He also had several eggs incubated at a variable

1. 7°C to 28. 9°C which failed to survive. Whether the extremes

present at either end of this range proved fatal or whether some other

factor was responsible for their demise was not disclosed. Although

I incubated no tui chub eggs over such an extreme range, I did

successfully incubate blue chub eggs over a range of 5.6°C to 3°C.

An important point brought out by Smith (1957) and partially

verified by my results, is that a stable temperature regime during

incubation produces a shorter development period than a greatly

fluctuating regime. The results of my study ostensibly verify this

when a comparison of incubation temperatures between 1970 and 1971

is made. However, in referring back to Leitritz (1963), high incuba-

tion temperatures will also produce the same results. As to which

factor contributed most to the reduced incubation period from 1970 to

1971, I cannot say.

This ability to tolerate fairly low incubation temperatures and

widely fluctuating incubation temperatures is a valuable survival trait

for both species, especially the blue chub. Both species deposit their

eggs in water shallow enough to be affected by solar radiation and

back radiation cooling. However, this applies more to the blue chub
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than the tui chub since the former always deposits spawn in less than

a meter of water while the latter, being a broadcast spawner over

vegetation, deposits its spawn within deeper waters (Kimsey, 1954).

Temperature units are a means by which the rate of embryologi-

cal development can be compared at different temperatures. However,

doubt exists concerning the validity of using temperature units in this

manner. Leitritz (1963) claims temperature units display too much

variability to be reliable. I found that some variability did exist

within each species with the different temperature regimes, but that

between the two species the effect of increased temperatures on

temperature units was reflected similarly for each species. For

example, between 1970 and 1971, there was a noticeable temperature

increase in incubation waters which produced a pronounced increase

in development rates. Theoretically, even though the incubation

period was shortened, the number of temperature units for each

species should have remained the same. Instead, I found that with

the increased incubation temperatures, the number of temperature

units increased. What is important is the increase was almost the

same for both species (17 units for the tui chub, 18 for the blue chub).

Temperature, then, using temperature units as the reference,

influenced both species almost exactly the same. Thus, temperature

units could possibly be a useful tool if they were determined for a wide

range of temperature conditions for each species.
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Prespawning gonad development for both species commences

soon after spawning each year. In my examination of fish captured

after spawning, the majority were devoid of any reproductive organs

but a few had begun development of new gonads. In all fish examined

in the spring, gonads were well developed, with the females contain-

ing ovaries in which individual eggs were visible but much smaller

than the eventual ripe eggs. Gonad development must necessarily

progress rapidly from this point since spawning is only weeks away.

Factors exerting the greatest influence on prespawning develop-

ment and spawning are temperature and time, with the latter seemingly

the more important. Observation of the blue chub showed a greater

tendency towards time dependence than temperature dependency.

Since I did not observe the spawning of tui chub I cannot say which

factor was the more influential, though I suspect the two species are

quite similarly affected. However, by observing when the first ripe

tui chub appeared I was able to determine approximately when spawn-

ing first occurred. And by monitoring lake temperatures on a weekly

basis I was able to determine about what temperature spawning

occurred.

The existence of a time rather than a temperature dependency

for the blue chub in Paulina Lake is evident from my field observations.

The dates of first spawning in 1970 and 1971 were July 6 and July 7

respectively, while water temperatures within these spawning sites
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were 16. 1°C and 12.2°C respectively. A time dependency, assuming

it exists, has a certain survival value. A species which can spawn

early in the season, within a broad temperature range, is more

adapted to survive than one which depends on a potentially unstable

factor such as temperature. By spawning as early as possible the

blue chub maximizes growth and acclimation time for its young-of-

the-year. However, since blue chub spawning continues until about

the second week in August, there is potentially a segment of the

population of YOY which is deprived of much of the growth and acclima-

tion time that earlier YOY receive. Most of these late hatchers

probably succumb, or at least are more susceptible, to the effects of

the long and hard winter.

Blue chub were found to spawn during the hours of darkness in

almost all cases. The exceptions occurred in the early mornings and

at no time did I observe spawning in water which was directly bathed

in full sunlight. Also, blue chub eggs were deposited so that no direct

sunlight could touch them during the day. The implication is that

direct sunlight is harmful to fertilized eggs. According to Braum

(1968), some species must incubate out of the influence of either

ultra-violet or visible light. The tui chub probably has similar

restrictions concerning incubation and protection of the eggs from

ultra-violet and visible light, but handle them in a different manner.

Kimsey (1954) maintains that tui chub spawn in direct sunlight or at least
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deposit their eggs within the influence of visible light frequencies.

However, spawning most probably occurs at such a depth that all harm-

ful radiation is filtered out before coming in contact with the eggs.

Mentioned earlier as a possible limiting factor to the successful

introduction of these fish into either Paulina or East Lake was the

substrate upon which these species spawned. By inference from the

capture of great numbers of ripe male and female tui chub in areas of

dense aquatic vegetation, I concluded that these fish probably spawn

within these areas of East Lake. These fish most likely utilize the

vegetation as a spawning substrate much like Kimsey (1954) main-

tains the Eagle Lake tui chub do.

In spawning on aquatic vegetation, the tui chub has created a

self-imposed time limiting factor on spawning. Spawning cannot

possibly occur before the aquatic vegetation has emerged from the

bottom muck in sufficient quantities for their use. In a normal lake

at this latitude and elevation this would usually be about a month after

the ice melts from the surface of the lake. Since the ice leaves these

lakes about the latter part of May, then sufficient vegetation for spawn-

ing should exist in East Lake by mid to late June. However, in East

Lake there is a large section of the southeast portion of the lake which

is ice-free as early as mid-April because of the influence of extensive

areas of submerged hot springs. This might allow the tui chub to

spawn much earlier since the lack of ice cover could allow the
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emergence of significant amounts of aquatic vegetation, provided the

lake is shallow enough at this point to allow visible light to reach the

bottom. However, whether there is adequate aquatic vegetation for

early spawning and whether spawning does actually occur before about

the middle of June is not known. Possibly the tui chub are also par-

tially controlled by a time factor which would not allow such early

spawning. The blue chub, on the other hand, do not have to rely on

the emergence of aquatic vegetation for spawning, but need only find a

rocky substrate which suits their needs.

The possible evolution of the use of the two different spawning

substrates is important when we consider that these two closely

related species have been part of the same community for thousands

of years. Since blue chub appeared originally only in the Klamath

River system with the much more widely spread tui chub, the proba-

bility that the blue chub is a product of divergence from the tui chub

is very high. However, because these two species were probably

occupying the same niche during this period of divergence, strong

competition throughout the biological and environmental gamut was

inevitable. And since these two species are still successfully occupy-

ing the same habitats within the Klamath River system, one of these

species adapted in some way to reduce this strong competition.

Because these two cyprinids differ most markedly concerning spawn-

ing substrate, while remaining quite similar in most other respects,.
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the adaptation was most likely the adoption by the blue chub to rock

substrate for spawning. This slight change alleviated competitive

pressure at a most critical point in both species' life cycle.

As bottom spawners in a lake system, care must be taken by

both species to avoid areas which are not well aerated and which are

not covered with muck or silt. The tui chub deposit their eggs above

the bottom on aquatic vegetation and thus avoid mucky bottom and at

the same time subjecting the eggs to the slight lake water movements.

The tui chub, according to Kimsey (1954), must spawn upon the

vegetation and away from the influence of the bottom muck in order for

their eggs to survive. Blue chub avoid the problems associated with

bottom muck and silt by spawning only within areas of clean gravel or

rock.

Spawning in both species occurs only once in these high mountain

lakes. However, the possibility exists that under extended optimum

conditions, both species have the capability of spawning at least

twice. The reason is that both species on occasion contain well

formed, but immature gonads by the end of August. With an extended

favorable period such as exists in some parts of their range, then

spawning could possibly occur twice in one year. The possibility also

exists that these fish spawn continuously for an extended period of

time each year. However, at no time did I find ovaries or testes in

a partially spent condition. They were always either completely ripe
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and gravid or completely spent with perhaps a few retained eggs as

evidence of spawning.

When juveniles of both species entered the reproducing popula-

tion during their fourth summer they became known as mature fish.

In my study I designated 49 age III blue chub and tui chub as immature

fish. I could also have classified them as mature fish since these

fish would have entered the reproducing population later in the sample

year as mature fish. In that case then, the number of immature age

III fish which I would have originally classified would have been zero.

According to Bagenal (1968), fecundity is normally related to

fish length. In my analysis of blue chub fecundity this relationship

produced the lowest R value (0.597). Instead, the relationship of

body weight to fecundity produced the highest Rz value (0.935), an

indication that, based on available data, the relationship is sound.

However, the possibility does exist that my sample size was too small

and consequently the true relationships are being masked. Some

relative confidence, though, can be placed on the predictive value of

the body weight-fecundity relationship.

Tul chub fecundity is best predicted from the ovary weight-

fecundity relationship (R = 0.878). However, the sample size is too

small and too great of a gap exists in the data to assume with any

confidence that these relationships are truly representative.
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Blue chub young-of-the-year (YOY) first appear each year in

those areas utilized for spawning. At this time development has

progressed to where dispersal from the home substrate is necessary.

The major cause of this dispersal is the increasing size of these YOY

and the associated increase in energy needs. This increase in size

and energy needs produces an increase in activity as a means of

coping with the search for larger and more productive food items.

Hence, dispersal is a necessary result. An indication of the magni-

tude of this dispersal is evident late in the summer when thousands

of YOY appear in the shallow coves and beach areas of Paulina Lake.

These areas are not utilized as spawning sites initially and therefore

do not have large numbers of YOY initially.

From all indications tui chub YOY display similar patterns

concerning this "home" substrate and dispersal occurs for essentially

the same reasons as for the blue chub. Dispersal occurs first in the

heavy vegetation associated with the spawning sites, but not until YOY

are completely developed are they seen in the unprotected areas

separating the vegetation from the shoreline. By late summer YOY

are seen in great numbers in the shallow beach and cove areas of

East Lake.

In both Paulina and East Lake YOY return to the heavy vegeta-

tion in the fall. By this time vegetation is dead or dying and is

receding from its luxuriant summer growth. In November, 1971, all
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fish captured from both lakes in this vegetation were YOY, and without

exception were in a semi-dormant state. This may have been an

energy conserving behavior pattern because as soon as the external

stimuli of the net moving through the water and vegetation was applied

the fish became very active, attempting to avoid capture. The cause

of this behavior and the hibernation effect was probably the result of

the low water temperatures and the reduced food supply. One explana-

tion of their presence in these weeds and apparently nowhere else, is

that this would probably be the area of maximum warmth, food, and

protection at that time of year. The YOY most likely remain in these

areas until the ice or water temperatures become prohibitive. After

the lakes freeze over both species probably maintain a relatively

inactive existence within the deeper water of the lakes.

I had difficulty aging both species by the scale method. The

major problem, for both species, was the location and identification

of the first annulus. This problem was created because of the short-

ness of the growing season allowing only a few circuli being placed

down each year. Only by using the Petersen method (Tesch, 1968) for

aging and following the advice of Dr. Carl Bond, Oregon State Uni-

versity Fisheries Professor, was I able to develop a usable aging

procedure.

Dr. Bond informed me that in work he had done on the tui chub

at Lake of the Woods, Oregon, he had discovered that the first annulus
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was very close to the focus on many fish and that on some fish scales

was not even formed during the first summer. Using the Petersen

method I was able to determine the size distribution of the YOY, age

I and age II fish. After this I began examining YOY with a dissecting

scope for evidence of scales or lack of scales. I found that approxi-

mately half of the YOY formed scales their first summer and half

formed scales their second summer. By using the scale method of

aging, fish which put down annuli their second summer were ostensibly

YOY and age I, when actually they were all age I fish. This discrep-

ancy occurs since scale formation is size dependent and therefore

dependent on time of spawning, length of incubation, and length of

growing season. In Paulina and East Lakes, spawning occurs as early

as biologically possible, but the growing season is too short for the

late hatched young to have the growth necessary for attaining the size

needed for scale formation.

After discovering the scale formation problem I was still faced

with the problem of locating the first annulus in the older fish. By

locating the first annulus on each scale with respect to the focus I was

able to determine whether that individual fish had formed its scales

during the first or second summer. If a fish had formed scales the

first summer, the number of circuli would have been fewer than if it

had formed scales the second summer. The reason is that the growth

time allowed to deposit circuli is so much greater the second summer
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than for the first summer. Therefore, a fish forming scales the

second summer would have about 11 circuli before the first ann.ulus,

while the fish forming scales the first summer would have approxi-

mately one to six circuli before the first annulus.

The Petersen method of aging was useful up to age III for both

species. However, after that point the overlapping of age groups

caused by the increasing size difference between males and females

and the changing growth patterns associated with maturity precluded

the further use of this method. At this point I began using the scale

reading method, but with diminishing confidence with each succeeding

age group. With each succeeding age group I rejected more of each

sample because of non-agreement between the three separate aging

sessions to which I subjected each individual fish. The reasons for

the occurrence of differing ages between sessions were difficulty of

locating annuli, effects of spawning and age on the scale, reduction in

circuli number with each succeeding annulus, unequal absorption of

scale periphery, and scale reader error.

Two points show up on the length-frequency histograms which

require some discussion. These are the apparent lack of any fish

between age I and age II blue chub, thus creating a noticeable gap in

the data (Figure 25), and the relative lack of fish in the age II group

of tui chub (Figure 33). The obvious explanation for the first point is

that the age I fish had not grown into that size range yet and the age II
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fish had already grown through that size range. I find this hard to

believe, however, since the age I fish overlap with the 0-age group

and the age II fish overlap with the age III group. Also, two fish,

which I classified as age I, were on the up side of this gap. Other

possible reasons are selective mortality on this size group and non-

randomness of sampling methods, both of which seem unlikely with

such a large sample and over such a long period of time.

The most likely explanation of the second point is a combination

of selective mortality, selective sampling gear, and a certain degree

of non-randomness introduced due to some selectivity in sample area

and dates. One other possibility is that in aging these fish I inadver-

tently included some age II fish in the age I and age III groups.

The possibility of the existence of a selective mortality needs

some explanation since it would be important in any future population

control measures utilizing chemical treatment. In chemically treating

the cyprinids of these two lakes we discovered a varying susceptibility

to the two piscicides being used. These piscicides were antimycin A

and rotenone. The varying susceptibility was related to the low con-

centrations of antimycin being used and what appeared to be a developed

tolerance to rotenone.

We found that if we treated the YOY of both species with the

concentrations of antimycin called for there was an extremely low

mortality rate. I attributed this to a reduced intake of the toxicant
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because of the almost negligible amounts of water an individual YOY

takes in during respiration during the toxicant's period of toxicity.

At what size or age this effect disappears is not yet known, but antimy-

cin produced very high mortalities in the age I and older groups. We

found also that rotenone produced extremely high mortality for the

YOY. Therefore, a chemical treatment program utilizing rotenone

for the YOY and antimycin for all, other age groups should be effective

as a control measure for blue chub in Paulina Lake. And, if these

two toxicants are ever used concurrently, toxicity of the combined

chemicals is additive, being more effective than either one alone

(Howland, 1969).

The adult blue chub in Paulina Lake were found to have a high

tolerance to rotenone with a remarkable capacity to recover com-

pletely after becoming almost totally immobilized by the drug. I first

suspected a high tolerance to rotenone after a noticeable reduction,

over a 24 hour period, in supposedly dead fish lying on the lake bottom

after rotenone treatment. At the suggestion of James D. Griggs,

District Fisheries Biologist, I captured several of these treated and

immobilized fish and kept them in a live-pen in a non-treated area.

At capture these fish were lying on the bottom of Paulina Lake in a

belly-up position and displaying approximately one opercle movement

per minute. Without exception all of these fish recovered soon after

being placed in this pen. Neither species displayed any tendency
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towards piscicide tolerance when subjected to antimycin A.

Maximum growth in both blue and tui chubs occurs each year

from June through September. During this period the total energy

intake of each individual must compensate for its recovery from the

effects of winter, and also the demands of reproduction and growth.

Since reproduction takes place during June and July, this leaves

August and September as the months when the majority of growth must

occur. Also, during this latter period recovery from spawning must

occur, too. These demands on the energy intake, over such a short

time, necessarily create a reduction in the energy which can be

utilized for growth. That this might actually be what occurs is evi-

dent in Figures 10 and 12. The immature fish, a group not having to

contend with reproduction early in the summer, show a greater growth

rate than the mature fish. Obviously reproduction and advancing years

exact an increasingly heavier toll on the growth rate, and each indi-

vidual's ability to recover from biological and environmental influences

diminishes. Consequently, there is a reduction in growth rate with

age, until a point of no further growth is reached,

The type of sigmoid growth curve illustrated in Figure 17 is

almost universal among fishes. Usually, however, a smooth sigmoid

curve such as that seen here is only grossly representative and masks

any short term physiological or ecological events which might cause

any temporary deviations from this pattern. The significance of the



146

asymptote is that for a given set of environmental conditions growth

has reached a maximum potential (Warren, 1971).

An interesting variation to this sigmoid curve is the lack of an

asymptote in the blue chub sample illustrated in Figure 10. In this

case the growth rate does not appreciably change once maturity is

reached, thereby creating non-asymptotic conditions. There could be

several reasons for this. Lack of an asymptote could be an artifact

created by the difficulty of aging the older fish in the population. If

some of the fish in the upper age groups were much older than I had

determined, then an asymptote would probably become apparent. Or,

if conditions in Paulina Lake were such that death occurred to older

individuals before attaining zero growth rate, development of an

asymptotic curve would thus be impeded. Also, the lack of males of

this species beyond age VII would create a straighter line beyond this

point. This occurs because the influence of the smaller males is not

reflected in the average size of the separate age groups above age VII.

Possibly, with a good sample of males in each age group the line

would tend more towards the expected asymptote. Also, as part of the

second reason named above, an asymptote may not be evident because

the species is capable of greater growth potential under existing

environmental conditions, but cannot reach this potential due to some

unknown factor or factors. Most likely the cause is a combination of

many reasons with the above reasons only part of the answer.



147

An indication that the blue chub are not attaining their maximum

growth potential is found in Vincent's (1967) work. In my total blue

chub sample of 3,507 individuals, only two are over 246 mm (269 mm

and 285 mm) for 0.06 percent (Figure 25), while in Vincent's round-

haul sample from Upper Klamath Lake, out of approximately 1,213

individuals about 115 are greater than 246 mm for 9.47 percent. The

maximum sizes attained by blue chub in the two different habitats are

285 mm and 345 mm respectively. Obviously, capacity for greater

growth of the blue chub of Paulina Lake does exist.

There are many possible factors which could contribute to cur-

tailed growth of blue chub in Paulina Lake. The most obvious of these

are the harsh winter conditions, the length of duration of these con-

ditions, and the subsequently short time allowed for growth in the

summer. All of these factors contribute to producing a basically

oligotrophic lake having a very short, moderately productive growing

season. However, the productivity which is possible in Paulina Lake

cannot be realized because of climatic conditions, and a lack of exten-

sive littoral area, such as found in neighboring East Lake. These

environmental conditions, plus the earlier discussed physiological

demands of winter recovery and reproduction, all contribute signifi-

cantly to reduced growth in the blue chub in Paulina Lake.

The tui chub in East Lake do not encounter such harsh conditions

as those found in nearby Paulina Lake. Because of the extensive hot
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springs located in fairly shallow water there are longer periods of

open water over a significantly large section of the lake. Also, the

extensive littoral areas allow greater productivity over a large area.

This is evident from Table 1 which shows East Lake producing more

than twice as much photosynthetic activity as measured by 14C uptake

(59.60 mg 'C /hr at 15 m) as the potentially more productive

12Paulina Lake (24.68 mg C/m2 /hr). Strangely enough, however,
12

even though East Lake is the most productive in terms of mg C/m

hr, Paulina Lake produced by far the greatest number of food orga-

nisms taken in three years of statistical bottom sampling of both lakes

(Tables 18 and 24).

The males in both species did not have as high a growth rate as

did females, nor did they grow as large nor live as long as did the

females. Although these characteristics are probably genetically

controlled and their development buried in antiquity, speculation on

the reasons for their existence at all is possible. These characteris-

tics have most likely developed as a result of, or as a means of,

coping with the demands of reproduction.

Through what was probably a slow development process, the

female of both species evolved into the more active and robust indivi-

dual. This was necessary as a means of providing the greater energy

requirements for producing the large masses of eggs and for dealing

with the rigors of spawning. Since the mass of the male reproductive
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organs is considerably less than that for the females, the energy

requirements for producing the organs were substantially less. This

produced an animal which required less food and therefore less effort

to obtain that food. Also, the males of both species had no reason to

be as large as the females. Put more concisely, the vessel needed

to carry and produce the reproductive organs is directly correlated to

the mass and volume of the organs and to the energy requirements of

reproduction. As compensatory mechanisms, however, I believe that

during the first year of maturity, the males may attain sexual maturity

sooner and spawn earlier than the females. Also, there appeared to

be more males in my samples.

Further proof of the differential in growth rates between males

and females of both species is illustrated in Tables 21 and 23. Here

the regression coefficients (n) of the relationships listed in Tables

20 and 22 were compared using the F-test at the .01 level. These

tests indicate that the blue chub males display a significantly different

growth pattern than do the females. However, the tui chub males

failed to show a similar significant difference at the .01 level. I did,

however, test at the .05 level out of curiosity, and found that there

was a significant difference at this level.

The R2 (coefficient of determination) values for the male blue

chub reveals a marked difference between 1970 and 1971 samples. The

R2 of 0.75 in 1971 indicates that a substantial amount 1 - R2, or
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25 percent) of variation is caused by something unrelated to the

regression of length on weight (Snedecor and Cochran, 1967). This

variation has in turn created a low R2 for the combined data of 1970

and 1971. Two possible explanations are that I introduced bias through

the sampling or some environmental factor, or factors, exerted

influence only on the 1971 male blue chub sample. This latter explana-

tion seems implausible since the entire population would seemingly

be affected by any environmental influences, I also doubt that bias

occurred through sampling because the 1971 male blue chub sample

size was 285 fish, and if this were the case, there should have been a

similar marked variation in the 1970 data since the sampling for both

years was essentially the sa,me.

Important physiological change is revealed by the R2 values for

the immature blue chub (R2 = 0.76) and the tui chub (0.78). Because

of rapidly changing growth rates in immature fishes a relationship is

produced in which variance is not attributed to the regression of

length on weight to the extent that it is in the mature fishes. One

major reason for this is that these immature fishes might pass through

growth stanzas which would create the need for the calculation of new

length-weight relationships. For both species major causes of

changing growth rates would be changes in food habits, food types,

and habitat, all of which could create an altered growth pattern on a

long term basis. Another major change occurring in immature fish
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is the transition from immature to mature. Error in both immature

and mature length-weight relationships could be introduced by incor-

rectly classifying the fish during this period, or perhaps even includ-

ing them in the sampling could create problems.

The food habits of both species suggest highly carnivorous

fishes. Morphologically, both species are adapted to a carnivorous

habit by having both a terminal mouth and sharp, pharyngeal teeth,

two physical characters which Warren (1971) deems typical of carni-

vores. However, Hazel (1969), Kimsey (1954), and Bond (1948)

indicate that tui chub feed fairly heavily on aquatic vegetation. Hazel

provides data which indicate that blue chub also feed heavily on

vegetation. I found only a slight amount of vegetable matter was COQ-

sumed by either species and believe that this was ingested incidental

to the capture of other food organisms. Similarly, the substantial

percentages of algae and detritus observed by Hazel in the stomachs

of both species might also be taken incidental to the capture of more

desirable food items such as annelids and gastropods, both bottom

dwellers, and which he has listed as being consumed, and various

aquatic insects, many of which are found closely associated with

aquatic vegetation. Another point to consider in all instances is

availability of food types. This might have some bearing on why

vegetation appears so frequently in other studies.
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Some useful information can be obtained on the food habits of

these fishes from their distribution patterns within Paulina and East

Lakes. The presence of relatively great quantities of zooplankton in

the blue chub of 100 mm in length and larger indicates an essentially

pelagic existence for these fish. On three different occasions, while

cruising the lake late at night, I have seen thousands of these fish

ostensibly feeding within the top few feet of water and distributed

extensively over the entire lake surface. There is no question but

what they were feeding on the large quantities of observed zooplankton

since I doubt if many benthic organisms would be present near the

surface of a 77 m column of water. During the day, however, these

same large numbers of fish, are not observed, especially in August

and September, the post-spawning growth period for these fish.

Either they are following a diurnal zooplankton migration or they are

feeding on the benthos at a depth beyond observation. Hazel also

found that blue chub fed extensively on zooplankton in Upper Klamath

Lake.

The frequency of occurrence data for the blue chub (Table 26)

further indicates a preference for zoopla.nkton over all other types

except dipterans. As further corroboration of essentially pelagic food

habits, the most preferred food items, by frequency of occurrence,

do not appear in the bottom sampling results. This is reasonable

since pelagic predators would be expected to pursue a pelagic, or
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motile prey, which in turn would be unlikely to be captured by a slow

Peterson dredge.

The tui chub in East Lake do not rely heavily on zooplankton for

food items. These fish have more benthic related feeding habits,

relying mostly on the bottom associated amphipods, dipterans, and

gastropods for food. In frequency of occurrence, zooplankton were

ranked low on the list. As confirmation of bottom oriented food

habits, the three most commonly taken organisms in the bottom

sampling were also the three most desired food items by the tui chub

as indicated by the frequency of occurrence results.

An important consideration in any food study is the size and

mass of the food items consumed. I have ignored this aspect of the

food study almost entirely except for some objective observations

made while studying the contents of each individual stomach. Taken

separately a numerical or frequency of occurrence analysis would be

almost useless except in the case where absolutely nothing is known of

the subjects' food habits. However, according to Windell (1968),

combination of methods is more useful than any single method. Con-

sequently, by combining two relatively simple methods and some

objective observation I was able to overcome the lack of an analysis

of the size and mass of the blue and tui chubs' food organisms.

For both species there was observed a positive correlation

between the sizes of most food items and the fish size. The only



154

exceptions concerned those food items which do not change appreciably

in size, such as diptera larvae and zooplankton. The relationship was

most obvious with the amphipods and gastropods. Also, the few

adult aquatic insects ingested appeared mostly in the larger fish.

The relationship between food size and fish size is influenced,

and perhaps even determined by the fishes' energy budget. A large

fish is not going to expend great amounts of energy pursuing a small

food organism which would produce a like amount of energy. Rather

he is going to expend about the same amount of energy to capture a

large food organism and extract a greater amount of usable energy in

the process.

There was a noticeable lack of zoo plankton as food items in blue

chub YOY. Ruttner (1963) offers the best explanation for this lack

when he indicates that zooplankton generally avoid shallow waters.

Since this is the habitat of the YOY then this lack is not surprising.

However, this same pattern was not evident in the tui chub. The

tui chub YOY appear first in aquatic vegetation found in fairly deep

waters and consequently are able to feed on the zooplankton which

enter their microhabitats.

These differences in YOY feeding patterns brings up an interest-

ing point concerning both species. There seems to be almost a

reversal between species from the YOY stage to the adult stage. In an

ecosystem containing both species, such as Upper Klamath Lake,
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this would tend to help alleviate the competition problem between

these fishes.

The results of the food habit studies indicate that these two

species of cyprinids feed almost exclusively on those organisms

which the trout species of Paulina and East Lakes utilize for food.

Because of this, and enhanced by the tremendous numbers of these

cyprinids, a high degree of competition for these food organisms

must necessarily exist. As a result of this direct competition from

thousands of blue and tui chubs, the trout populations undoubtedly

suffer significant reductions in both growth and population numbers.

That competitive numbers of these cyprinids exist in these

lakes is evident from the Oregon State Game Commission gill-net

records from Paulina and East Lakes from 1958 through 1971. During

this period the mean number of blue chub and trout per net set in

Paulina Lake was 39.1 and 31. 6, respectively, and that for East Lake

was 28.6 and 43.2, respectively. The range for the Paulina Lake

chubs was 2.6 to 121.5 fish per set and that for the East Lake chubs

was 0.3 to 90.3 fish per set. At the same time the range for the trout

in Paulina Lake was a more stable 17.5 to 75,3 fish per set, and that

for East Lake trout was a stable 21.3 to 60.3 fish per set. Keeping

in mind that these nets are set mainly to evaluate the trout populations

and not the chub populations, there is little doubt that these cyprinids

present a very real competitive problem. With more strategically
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placed nets, thousands of chubs could have been captured with virtually

no game fish captured. For example, I set a trap-net in the hot springs

area of East Lake overnight and the next day removed in excess of

12,000 tui chub and only eight trout!

The competition factor is further complicated because both

species of cyprinids are much more adaptable than trout and therefore

would have less difficulty coping with any environmental contingencies

which might arise. Vincent (1967) states that the only places in which

he did not encounter these cyprinids were areas under anoxic condi-

tions. Because of this ability they are also much harder to control or

manage.

A further complication to the competitive aspect is the almost

total lack of predators, parasites, and diseases inflicted upon these

two cyprinid species. The trout populations in both lakes, are, how-

ever, periodically heavily infested with several forms of parasites

and diseases. But, in the many thousands of fish of both species of

cyprinids which I handled and inspected during the course of this

study, I found only two instances of possible parasites and two

instances of possible disease.

To assume that these cyprinids are not plagued by parasites or

diseases implies that the original introduced stocks were also free of

these burdens. As unlikely as this seems the possibility does exist

contingent on the high quality of these original stocks. Kimsey (1954)
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also reports that the tui chub of Eagle Lake, California, were very

lightly parasitized. Consequently, because of the isolated nature of

these lakes, and the apparent healthiness of these cyprinids I am

inclined to believe that parasites or diseases to which these fish are

susceptible were non-existent in these lakes at the time of introduc-

tion, non-existent in the original stocks, and therefore, non-existent

even yet in both lakes and in the present stocks of cyprinids inhabiting

them. Because of this condition I also feel that introduction of

inherently pathogenic organisms of these two species should be con-

sidered as a management tool.

These cyprinids were not as free of predators as they were of

parasites and diseases. As mentioned in the results, the only

observed predation on either species was by the osprey and a large

dragonfly nymph. These two predators, however, plus the other

observed possible predator organisms, the trout, mink, and marten,

could not possibly create a substantial mortality factor for either

species.

In the preceding paragraphs I have shown that the common

mortality factors of parasites, diseases, and predation do not exert a

significant controlling influence on either cyprinid population. How-

ever, with some simple arithmetic, based on my fecundity results, I

can show that there is an undetected significant mortality factor

affecting that segment of both populations which is most susceptible,

the young-of-the-year.
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Assuming a rather conservative population estimate for both

species of 50,000 adults, then based on the breakdown of sexes for

both species, as determined from Figures 26 to 28 and 34 to 36, there

would be 22,000 female blue chub and 20,000 female tui chub mature

each year. If all of these females were successful in spawning there

would be deposited each year 396 million blue chub eggs and 700 million

tui chub eggs. This is based on 18,000 eggs per female blue chub as

taken from the midpoint of the line in Figure 12 and 35,000 eggs per

female tui chub as taken from the midpoint of the line in Figure 20.

Obviously not all of those eggs deposited each year hatch into YOY.

This period from egg deposition to hatching is where the vast

majority of the mortality on both species must occur. This is also the

segment of the population most susceptible. The cause, or causes, of

this mortality are probably related to environmental problems and

competitive pressure.

Because the YOY is the segment of the population most

susceptible to mortality causes, then it would also be the segment

most susceptible to control measures. Therefore, I feel that the key

to successful management of these species, especially the blue chub,

lies in controlling the YOY populations. The reason I say especially

blue chub is because the tui chub YOY are found in deeper waters and

are not as vulnerable.
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Because of the large populations and tremendous growth potential

of these species, and because of the associated competition for food

and space with trout populations, management procedures centered

around these fishes should be initiated. There can be no doubt that

these cyprin.ids are exerting a detrimental influence on the more

desirable game fish populations. Since these fish do not provide

forage for the game fish their presence is only a hindrance to the

lakes' extended function of providing a highly productive sports

fishery.

The problem stemming from these fish is most pressing in

Paulina Lake where the sports fishery has been on the decline for

several years (correspondence, Oregon State Game Commission).

feel that a chemical treatment program property conducted and based

on the results of this study can eliminate or greatly reduce the blue

chub population in Paulina. Lake. This program must necessarily be

conducted for an extended period, preferably for at least 10 years, to

ensure the complete treatment of all fish through the possible life

span.

In principle the procedure would be a dual approach utilizing two

piscicides and treating two different segments of the population. The

objective of the first approach would be to treat that segment of the

population participating in the spawning act. As mentioned earlier,

these fish spawn in very shallow water and consequently are vulnerable
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during this period. The treatment would have to be at night,

preferably between the hours of midnight and dawn, the period of

heaviest spawning, and would only have to include those areas of the

shoreline utilized for spawning. For reasons discussed previously,

the piscicide for this first approach would have to be antimycin A, an

extremely potent toxicant at very low concentrations and undetectable

in the water (Walker et al., 1964). While conducting this study I per-

formed several bioassays testing the effectiveness of this piscicide on

both cyprinids and found it quite effective. By treating once a week

during July and the first half of August, and continuing the program

for several years, hopefully this segment of the population can be

gradually eliminated.

Because the first approach will probably not be effective in

totally eliminating the adult population, the second approach will be

aimed at eliminating the YOY which emerge each year. This approach

should be the more effective since the YOY are more vulnerable than

the adults. Assuming this approach is 100 percent effective on the

YOY then eventually the adult population should be eliminated, either

from the effects of the first approach or from old age.

For reasons already discussed this treatment in the second

approach would have to be with rotenone and would have to encompass

the entire shoreline. Treatment should be at least once a week to

ensure treating all newly hatched fish soon after emerging. This
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portion of the treatment program should be conducted from at least

mid-July to the end of August and can be done during daylight hours.

Only the shallow shoreline need be treated. The efficiency of any

treatment program on the YOY decreases rapidly once they begin

dispersing into deeper waters. This will generally occur about the

end of August each year. These two approaches are not foolproof but

they should succeed if conducted in a conscientious manner. By this

I mean total treatment of the entire shoreline without skipping difficult

spots and treating on schedule each week. Even if this approach does

not succeed in eliminating the entire blue chub population, the effects

of the greatly reduced chub population will produce a desirable effect

on the trout population in Paulina Lake.

The problem of competition between game fish and the chub

population is not as pronounced in East Lake as in Paulina Lake. For

some reason the level of competition between the trout and tui chub

populations has remained at a fairly low level even though food habits

are similar and great numbers of tui chub exist. I believe the main

reason is that the major habitats of the two populations do not overlap

to a great extent. The tui chub inhabit vegetation while the trout are

more open water animals. The only significant overlapping of ranges

that I observed was between the juvenile tui chub and the juvenile

trout planted each year. This overlapping occurred in the vegetated

areas and shallow beach areas around the lake. An example of the
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separation of the two species which exists is the trap-net sample of

25 June, 1970. This sample contained ten 30-gallon barrels of adult

tui chubs (about 12,000) and only eight trout. This net was placed in

heavy vegetation in less than 3 m of water.

Because the habitats do differ significantly I believe that little

control is necessary since competition is not intense. That control

which is done should be conducted early in June in the heavy vegetation

areas for adults and in August in the very shallow beach areas for

YOY. This should effectively keep the tui chub population at a man-

ageable level.

The early control measures could consist of strategically placed

trap-nets and very selective chemical treatment with antimycin A,

and the late control measures could be strictly controlled chemical

treatment using rotenone. I realize, of course, that this type of

approach does not eliminate the problem, but only alleviates it.

However, I feel that with the difficulty and high cost of a total

elimination program, these measures are justified.
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