
An ecological analysis of the quality
fishery for rainbow trout in Becker Lake

Item Type text; Thesis-Reproduction (electronic)

Authors Satterthwaite, Thomas Dee, 1953-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:28:03

Link to Item http://hdl.handle.net/10150/566464

http://hdl.handle.net/10150/566464


AN ECOLOGICAL ANALYSIS OF THE QUALITY FISHERY

FOR RAINBOW TROUT IN BECKER LAKE

by

Thomas Dee Satterthwaite

A Thesis Submitted to the Faculty of the

SCHOOL OF RENEWABLE NATURAL RESOURCES

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE 
WITH A MAJOR IN FISHERIES SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 8



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship, In all other instances, however, permission must be obtained 
from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

Lecturer in Fisheries Sciences



ACKNOWLEDGMENTS

I would like to thank Mr. Charles D. Ziebell for the numerous 

suggestions which improved the study and the manuscript. Thanks also 

go to Dr. Elisabeth A. Stull and Dr. Jerry C. Tash for their critique 

of the manuscript. Lesley Fitzpatrick, Brian Hunter, Carl Mesick, Jim 

Novy, Max Oroma, and Gayle Vandermark assisted with the field work. 

William Taylor confirmed the identification of Daphnia pulex and 

Dr. H, H. Hobbs, Jr. confirmed the identification of Orconectes 

causeyi.

This study was supported by the Arizona Cooperative Fishery 

Research Unit which is maintained by the U. S. Fish and Wildlife 

Service, the Arizona Department of Game and Fish, and The University 

of Arizona,

iii



TABLE OF CONTENTS

LIST OF TABLES  .......... ............................... v

LIST OF ILLUSTRATIONS.......................................... vi

ABSTRACT..............    vii

INTRODUCTION ................... ...............................  1

DESCRIPTION OF THE STUDY A R E A .................................  3

METHODS ........................................................  6

R E S U L T S ........................................................  10

Water Q u a l i t y ....................... *........... .. 10
Aspects of the Ecology of Potential Prey Items.............. 11
Food Habits of Rainbow Trout . . . . . . . .  ................  15
Rainbow Trout Condition . . .  ........  . . . . . . . . . .  18

DISCUSSION......................................................  21

Forage Availability ........................................ 21
Trout Dietary Patterns .....................................  24
Biological Implications of Trout Condition .................. 25
Management Considerations .................................  27

APPENDIX A: SUPPLEMENTAL D A T A .................................  29

REFERENCES CITED ................................................  34

Page

iv



LIST OF TABLES

1. Summer (August) extremes in water quality .................. 10

2. Macroinvertebrate abundance within habitat
zones in Becker L a k e .................................  12

3. Comparative abundance of crayfish in macro
phyte beds and on exposed sediments................... 13

4. Diel crayfish activity patterns ............................ 13

5. Monthly abundance of young of the year golden
shiners in the eulittoral z o n e ..............   15

6. Five most important foods consumed by rainbow
trout on a monthly b a s i s .............................  16

7. Five most important foods of three size
groups of rainbow trout............   17

8. Percentage of stomachs containing prey items
of various sizes for three size groups of
rainbow trout .......................................... 19

9. Mean prey volume in three size groups of
rainbow trout .......................................... 20

10. Interpolated of rainbow trout of different
sizes..................................................  20

Table Page

v



LIST OF ILLUSTRATIONS

1. Morphometric map of Becker Lake. Depth
contours are shown in meters............................ 4

2. Location of sampling stations on Becker Lake ............  7

3. Size distribution of crayfish captured in
minnow traps and in dip n e t s .......................... 14

Figure Page

vi



ABSTRACT

The Becker Lake "quality" rainbow trout fishery was studied from 

June-October, 1977. Water quality, forage distribution and abundance, 

and trout food habits and condition were investigated.

Water quality was found to be acceptable. A total of 26 inver

tebrate taxa and one fish species were identified as potential forage 

for trout. Small forage items (^3 cm) were more abundant and more 

available than large forage items (2»3 cm). The scarcity of large for

age items forced trout of all sizes to utilize small types of forage. 

Condition coefficients revealed that trout smaller than 40 cm were in 

good shape, while trout larger than 40 cm were in poor shape.

The lack of available forage of appropriate sizes for trout 

larger than 40 cm indicates that the management goals for the Becker 

Lake fishery must be reconsidered. Any new management plan should take 

into account the biological characteristics of the lake. Rainbow trout 

10-20 cm in length should be stocked to make more efficient use of the 

forage base present.

vii



INTRODUCTION

Becker Lake was purchased by the Arizona Department of Game and 

Fish in 1973, The previous owners managed the lake as a put-and-grow 

sport fishery for rainbow trout (Salmo gairdneri), Subcatchable sized 

fish were stocked in the fall and harvested during the succeeding year. 

The productivity of the fishery was considered to be very high, with 

40 cm rainbows commonly appearing in the catch (Stewart 1967).

Bergersen (1969) attributed the high rate of trout production to be due 

to an abundance of. forage invertebrates.

Subsequent to 1973, the management plan for Becker Lake was
#modified. The new management criteria called for the establishment of 

a "quality" fishery for rainbow trout. The "quality" aspect of the 

program was enhanced by the initiation of special regulations and the 

stocking of large trout (30 to 60 cm in length). However, due to rela

tively poor growth rates and high natural mortalities, the return to the 

creel was about 75% of the biomass stocked (Novy 1977). A weight return 

of this magnitude compares unfavorably to weight returns of up to 200% 

from put-and-grow fisheries producing trophy rainbow trout in California 

reservoirs (Rawstron 1977).

The apparent reduction in the productivity of the Becker Lake 

fishery may be related to the change in stocking strategy. Hackney 

(1974) noted that lakes are capable of supporting a greater biomass of 

small fish than large fish. This disparity in carrying capacity could
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be a function of the difference in abundance of small prey items versus 

large prey items. In most lakes, small prey items greatly outnumber 

large prey items, reflecting a typical Eltonian pyramid. The reduction 

in the productivity of the Becker Lake fishery may be the result of a 

lack of abundant, proper-sized forage items which are required by large 

rainbow trout.

The purpose of this investigation was to evaluate the ability 

of rainbow trout of different sizes to maintain body condition in rela

tion to the types and amount of forage utilized. The basic objectives 

were: (1) to re-evaluate the suitability of water quality for rainbow 

trout; (2) to determine the types, abundance, and availability of poten

tial prey; and (3) to determine the food habits and condition of rainbow 

trout of different lengths.



DESCRIPTION OF THE STUDY AREA

Becker Lake is located three kilometers northwest of the town 

of Springerville, Arizona (34°08' latitude, 109°17l longitude) at an 

elevation of 2106 meters. From November through April, lake level is 

maintained by the diversion of water from the Little Colorado River. 

During this period, the surface area of the lake is approximately 36 

hectares, and the maximum depth is 5.8 meters (Figure 1). Evaporation 

and irrigation withdrawals reduce the surface area to about 29 hectares 

(maximum depth about 4.8 m) during late summer.

Precipitation from June through October averages 4.2 cm per 

month. Mean air temperature for this period is 16.2°C. During the 

remainder of the year, precipitation averages 1.1 cm per month (mean 

air temperature 4.4°C). Winds are common in the area, preventing lake 

stratification.

During the summer, submerged macrophytes become very abundant. 

Chara is the predominant macrophyte in the eulittoral zone, while 

Myriophyllum exalbescens, Ceratophyllum demersum, and Potamogeton sp. 

predominate in deeper water. The distribution of submerged macrophyte 

beds during the summer is shown in Figure 1.

Stocked rainbow trout are the most abundant species of fish in 

the lake. Of the three other species present, only the golden shiner 

(Notemigonus crysoleucus) successfully spawns in the lake. The other 

two, an unidentified sucker (Catostomus sp.) and brown trout (Salmo

3
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Figure 1. Morphometric map of Becker Lake.
Depth contours are shown in meters.



trutta), apparently migrate into the lake periodically through the 
diversion canal.



METHODS

Field work was conducted June-October, 1977. Monthly water 

quality data was collected two to three hours after sunrise at Sta

tion 1 (Figure 2). Temperature and dissolved oxygen were determined 

at meter intervals with a YSI model 54 oxygen-temperature meter. An 

Analytical Instruments pH meter was used to determine hydrogen-ion 

concentrations at one and three meters. Total alkalinities at one and 

three meters were determined by the potentiometric method (American 

Public Health Association 1971).

Monthly samples of macroinvertebrates were collected with an 

Ekman Drege along two transects (Figure 2). Samples were taken at 

0.3 meters and at one meter depth intervals along each transect line. 

Each sample was categorized according to three habitat types: the

profundal, macrophyte, and eulittoral zones.

Dredge contents were placed in a washbucket with a #30 mesh 

screen and rinsed. Samples were stored on ice and then sorted.by hand 

within 72 hours. Organisms were identified using keys in Pennak (1953) 

and Usinger (1971) prior to preservation in 70% ethanol. The abundance 

of each taxa was judged to be absent (0), rare (1-5), common (6-50), or 

abundant (^50) in each sample. Every organism was categorized accord

ing to it's total length. Size categories were in 5 mm increments.

Young of the year crayfish (Orconectes causeyi) were collected 

with a dip net and older crayfish with baited minnow traps. Carapace

6
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length was recorded to the nearest 1 mm. Total length was estimated by 

multiplying carapace length by a factor of 2.5.

Young of the year were collected at four sample sites during 

September and October (Figure 2). A 35 cm x 22 cm (5 cm mesh) dip net 

was swept about one meter through a stand of Chara.

Mature crayfish were sampled during July and September. In July, 

19 traps were fished during daylight hours and again during nighttime 

hours. In September, 16 traps were fished in macrophyte beds and 16 were 

fished on sediment substrates.

Forage fish were collected monthly with a 9.2 m x 1.8 m (1 cm 
mesh) beach seine at four locations (Figure 2). Three seine hauls were 

made at each location during the late afternoon. Fish were preserved 

in 10% formaldehyde and identified with the key in Hinckley (1973).

Total lengths were recorded to the nearest 1 mm.

Rainbow trout were collected each month by electrofishing. 

Electrofishing was begun near sunset and completed within two hours.

Newly planted trout were not collected for a period of at least three 

weeks. Angler harvested trout (> 41 cm) were weighed, measured, and 

stomachs preserved during a partial creel census made from April-October 

by Arizona Game and Fish personnel.

Rainbow trout gastrointestinal tracts were preserved in 10% for

maldehyde. The volume of the stomach contents was determined by water 

displacement. The relative importance of each forage type was assessed 

using the Mean Bulk Index (Saiki 1976). All prey were placed in size 

categories (5 mm increments) according to total length. Prey items were 

identified using keys in Pennak (1953) and Usinger (1971).
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Weights of rainbow trout were determined to the nearest 0.01 kg

on either a triple beam balance or on an Accuweigh model M-40 scale, and

total lengths were determined to the nearest 1 mm.

Length-weight relationships were calculated by regression analysis.

The model used was w = al^; where w is weight in kg, 1 is total length in

cm, and a and b are constants (Tesch 1971).

Regression models were used to interpolate weight for given

lengths. Trout condition coefficients were then calculated using the

model K = 2? ; where K is the condition coefficient, w is weight in 
l3

kg x 1000, and 1 is total length in cm (Tesch 1971).

f



RESULTS

Water Quality

The ranges for temperature, dissolved oxygen, and pH occurring 

in the water column from June-October in Becker Lake are presented in 

Appendix A. Summer extremes in water quality occurred during August. 

Dissolved oxygen was near saturation at all depths except at the 

substrate-water interface, and pH reached a high of 9.7 (Table 1).

Table 1. Summer (August) extremes in water quality

Depth
(m)

Temperature
(°C)

Dissolved
Oxygen
(mg/1)

pH
Total

Alkalinity 
(mg CaCOg/l)

Surface 20.3 7.7
1 20.2 7.6 9.7 262

2 20.2 7.3 •

3 20.2 7.4 9.7 265
4 20.1 7.4

5a 20.1 2.1 9.4 263

a Lake bottom at 5,0 m

10
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Aspects of the Ecology of Potential Prey Items 

Analyses of 60 Ekman Drege samples revealed a heterogenous dis

tribution of macroinvertebrates in Becker Lake (Table 2).. A total of 

26 taxa were collected. Six taxa were captured in the profundal zone,

17 in the macrophyte zone, and 25 in the eulittoral zone. Of the 26 

taxa collected, only two (Anax junius and Orconectes causeyi) contained 

individuals larger than 3.0 cm (TL).

Chironomid larvae and oligochaete worms were the dominant macro

invertebrates in the profundal zone, while ostracods were common, 

Chironomid larvae were the dominant macroinvertebrates in the macrophyte 

zone, while common taxa were: oligochaete worms, ostracods, lymnaid

snails, coenagrionid damselflies, and the amphipod, Hyalella azteca.

H. azteca, lymnaid snails, and chironomid larvae were the dominant 

macroinvertebrates in the eulittoral zone. Common macroinvertebrates 

in the eulittoral zone included: oligochaete worms, ostracods,

coenagrionid damselflies, leeches, planorbid snails, and baetid mayflies.

Crayfish were more abundant in macrophyte beds than on the 

sediment substrate (Table 3), In macrophyte habitat, crayfish were 

caught at a rate of .151 per hour as compared to a catch rate of .065 

crayfish per hour on sediment substrates.

Crayfish were more active at night than during the day (Table 4). 

Crayfish were caught at night at a rate of .147 per hour while the catch 

rate during the daytime was ,048 crayfish per hour.
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Table 2, Macroinvertebrate abundance within habitat 
zones in Becker Lake

Abundance3
Habitat Zone profundal macrophyte eulittoral

Taxon

Chironomidae A A A
Oligochaeta A C C
Ostracoda C C C
Nematoda R R R
Chironomid Pupae R R R
Heleidae R R R
Hyalella azteca * C A
Lymnaidae * C A
Coenagrionidae * C C
Hirudinea * R C
Baetidae * R c
Planorbidae * R c
Orconectes causeyib * R R
Anax iuniusb * R R
Phryganidae * R R
Chaoborus sp. * R *
Planariidae * * R
Hydracarina * * R
Libellulidae * * R
Corixidae * * R
Notonectidae * * R
Limnephilidae * * R
Hydrophilidae * * R
Dytiscidae * * R
Halipiidae * * R
Physidae * * R

a A - abundant, C = common, R = rare, * = absent 

k Organism larger than 3.0 cm (TL)
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Table 3. Comparative abundance of crayfish in macrophyte 
beds and on exposed sediments

Habitat Type
Number of 
Trap Sets Hours Fished

Crayfish 
Trap Hour

Macrophyte 16 352 .151

Exposed Sediments 16 352 .065

Table 4, Diel crayfish activity patterns

Period of Day
Number of 
Trap Sets Hours Fished

Crayfish 
Trap Hour

Nighttime 19 213 .147

Daytime
f

19 183 .048

A broad size range characterized the crayfish population 

(Figure 3). Crayfish captured by dipnetting ranged between 2 and 7 cm 

(TL), while those captured in minnow traps ranged between 6 and 14 cm(TL).

Young of the year golden shiners were the only fishes captured 

using beach seines (Table 5). Golden shiners were first caught in 

August at a rate of 4.8 per seine haul. The catch rate increased to 

34.0 per seine haul in September and then dropped to 16.8 per seine

haul in October



Total
Number

of
Crayfish
Caught

30 -

Total Length of Crayfish Captured (cm)

X//A Crayfish captured with dip nets 

1 | Crayfish captured in minnow traps

Figure 3, Size distribution of crayfish captured in minnow traps and in dip nets
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Table 5, Monthly abundance of young of the year 
golden shiners in the eulittoral zone

Month
Number of 
Seine Hauls

Shiners 
Seine Haul

Size Range 
(TL in mm)

June 12 0 -

July 12 0 -

August 12 4.8 5.3-40.8

September 12 34.0 14.5-63.9

October 12 16.8 21.3-68.4

Food Habits of Rainbow Trout

A total of 146 rainbow trout stomachs were examined. Of these, 

138 (95.2%) contained food items.

Food habits varied considerably from month to month (Table 6). 

Coenagrionid nymphs were the only taxon ranked among the five most 

important foods each month. Lymnaid snails were among the top five for 

six of the seven months. Six taxa (chironomid larvae, Daphnia pulex, 

terrestrial insects, planorbid snails, libellulid nymphs, and phryganid 

larvae) were ranked in the top five for one month only.

Trout of different size groups used similar types of prey 

(Table 7). Lymnaid snails, coenagrionid nymphs, and chironomid pupae 

were the three most important foods for each size group of trout. Baetid 

mayflies and the amphipod, azteca, were the fourth or fifth most 

important foods,



Table 6. Five most important foods consumed by rainbow trout on a monthly basis

Mean Bulk Index Ranking

Month N 1st 2nd 3rd 4th 5 th

April 10 Coenagrionidae Chironomid
Larvae

H, azteca D. pulex Chironomid
Pupae

May 3 Chironomid
Pupae

H. azteca Lymnaidae Corixidae Coenagrionidae

June 6 Coenagrionidae A. iunius Lymnaidae Terrestrial
Insects

Corixidae

July 11 Coenagrionidae A. iunius Planorbidae Lymnaidae Corixidae

August 23 Coenagrionidae Lymnaidae Baetidae Phryganidae A. junius

September 26 Chironomid
Pupae

Baetidae Coenagrionidae Lymnaidae Libellulidae

October 27 Lymnaidae Chironomid
Pupae

Coenagrionidae H. azteca Corixidae
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Table 7. Five most important foods of three size 
groups of rainbow trout

Size Range of Rainbow Trout (TL in cm)

25-35 35-45 45-55

Sample Size 33 54 49

MBI
Ranking

1st Chironomid
Pupae

Coenagrionidae Lymnaidae

2nd Lymnaidae Lymnaidae Coenagrionidae

3rd Coenagrionidae Chironomid
Pupae

Chironomid
Pupae

4th Baetidae Baetidae H. azteca

5 th H. azteca H. azteca Baetidae
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Each size group of trout utilized prey of similar sizes 

(Table 8). Over 90% of the trout in each size group contained prey in 

the 0,5-1.0 cm size range, Less than 10% of the trout in each size 

group utilized prey items greater than 3.5 cm.

Mean volume of stomach contents ranged between 1.73 mis for 

trout in the 35-45 cm size range to 2,65 mis for trout in the 45-55 cm 

size range (Table 9).

Rainbow Trout Condition

Trout condition dropped in conjunction with increasing trout 

length each month (Table 10). This was most pronounced in the September 

samples, when 30 cm trout exhibited condition coefficients of 1.10 while 

55 cm trout exhibited condition coefficients of .80, For all months 

combined, the mean difference in condition between 30 cm trout and

55 cm trout was .19.



Table 8. Percentage of stomachs containing prey items of various 
sizes for three size groups of rainbow trout

19

Size Range of Prey 
(TL in cm)

25-35
Trout

Percentage of Stomachs 
Containing Prey

cm 35-45 cm
Trout

45-55 cm 
Trout

0,0-0,5 94 74 74

0.5-1.0 97 94 90

1.0-1.5 88 76 76

1.5-2.0 30 41 37

2.0-2.5 12 15 12

2.5-3.0 3 4 2

3.0-3.5 6 6 8

3.5-4.0 0 2 0

4.0-4.5 0 0 0

4.5-5.0 0 0 2

>  5.0 0 2 6
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Table 9, Mean prey volume in three size groups 
of rainbow trout

Size Range of Trout 
(TL in cm)

Mean Prey Volume 
No. (mis)

25-35 33 1.76 

35-45 54 1.73 

45-55 49 2.65

Table 10. Interpolated of rainbow trout of different sizes

Month No. 30

Trout Length (TL in cm) 

35 40 45 50 55

June 12 * * * 1.06 1.04 1.01

July 54 1.13 1.07 1.02 .97 .94 .91
August 33 1.05 1.01 .98 .95 .93 .91
September 30 1.10 1.02 .95 .89 00 .80

October 50 1.05 .99 .94 .90 .87 .84

All Months 179 1.08 1.03 .98 .94 .91 .89

* No trout of these sizes examined



DISCUSSION

The success of a fishery is greatly dependent upon the forage 

base present. As they become larger, predacious fish require prey of 

increasing sizes if growth is to continue. The data collected during 

this study indicates that prey large enough to maintain trout growth 

past 40 cm is too sparse to provide forage for very many large trout in 

Becker Lake. The following discussion is designed to support this con

tention.

Forage Availability

Rainbow trout are considered to feed primarily by sight (Ware 

1972). Consequently, the size, exposure, activity, color and abundance 

of a prey species influences the extent of its availability for use as 

forage by rainbow trout. Most importantly, prey are available as forage 

only if the habitat in which they live is accessible to trout.

Rainbow trout in lentic systems may actively search for prey in 

a wide variety of habitats. Each of the four habitat types noted in 

Becker Lake harbored a different assemblage of macrofauna. The com

ponents of each assemblage differed greatly in their availability as 

trout forage.

The availability of the macrofauna found in the eulittoral and 

macrophyte zones was limited by physical factors. Dense beds of sub

merged macrophytes acted as a barrier to trout, limiting their access

21
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to a great portion of the eulittoral zone. Peripheral plants limited 

trout access to the inner portions of macrophyte beds. Negligible use 

of plant habitat was also reported by Johannes and Larkin (1961), who 

found that rainbow trout rarely entered dense macrophyte stands in 

pursuit of prey. Consequently, those prey items which inhabited blocked 

eulittoral areas or inner portions of macrophyte beds were unavailable 

as forage for trout. Forage organisms present on the periphery of the 

macrophyte beds, in habitat with sparse plant growth, or in exposed 

eulittoral areas were available for exploitation.

The availability of large prey items (golden shiners, crayfish, 

and dragonfly nymphs) was restricted by plant cover. Dragonfly nymphs 

and crayfish were commonly found within stands of Chara and beds of 

vascular macrophytes. The density of these organisms was relatively 

low as compared to the density of smaller organisms (Table 2).

In addition, crayfish availability was reduced by nocturnal 

activity patterns (Table 4), Increased crayfish activity during night

time periods was concluded to be a predator escape mechanism by Stein 

and Magnuson (1976). Apparently, nocturnal activity was a prominent 

factor contributing to the low availability of crayfish to rainbow trout.
Body size also influenced crayfish availability as forage.

Momot (1967) noted that 20-30 cm brook trout were effective predators 

only on crayfish smaller than 2.1 cm carapace length (about 5.3 cm TL).

In Becker Lake, crayfish ranged in size between 2 and 14 cm (Figure 3). 

However, when rainbow trout stomach contents were analyzed, only cray

fish smaller than 7 cm were found. Apparently, crayfish larger than 7 cm 

were unavailable to 30-60 cm trout as forage due to their body size.
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Golden shiners, the third large forage species found in the lake, 

were not abundant during 1977. Only three individuals older than young 

of the year were captured during the study. Golden shiner spawning was 

limited, but young of the year were captured in littoral areas after 

July (Table 5). In comparison to the large populations in nearby reser

voirs (Hinckley 1973), the golden shiner population in Becker Lake was 

small. Low abundance and use of macrophytes as refuge restricted the 

availability of this species to foraging trout.

In accessible inshore areas, small prey were much more abundant 

than large prey (Table 2), Pennak (1953) describes some relevant as

pects of the biology of inshore macroinvertebrates. Some are climbers 

upon aquatic vegetation (Physidae, Coenagrionidae), others inhabit very 

shallow water (Corixidae, Notonectidae); some are primarily nocturnal 

(Hirudinea, H. azteca). others exhibit diurnal activity patterns 

(Limnephilidae, Ostracoda); some move relatively quickly (A. junius, 

Dytiscidae), while others do not (Lymnaidae, Planorbidae); and the 

diversity of some groups (Chironomidae), make any generalizations diffi

cult, The biology of each group, coupled with the mosaic nature of the 

inshore environment, acted to present a myriad of prey types which 

changed in their availability to trout over relatively short periods of 
time.

Unlike the inshore areas, the offshore areas harbored only small 

types of prey items (Table 2). The fauna of the profundal zone was 

dominated by oligochaete worms and chironomid larvae. Efford (1969) 

noted that rainbow trout rarely foraged upon chironomid larvae that 

were closely associated with the substrate. Oligochaetes inhabit the
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sediments below the water-substrate interface (Pennak 1953). The in

efficiency of rainbow trout use of benthic invertebrates of these types 

restricted the availability of benthos as forage.

In the pelagial zone, zooplankton (primarily Daphnia pulex) 

abundance was high during April but dropped during May and remained low 

through October (W. Taylor, Department of Zoology, Arizona State Uni

versity, personal commun., 1977). Chironomid pupae were available during 

periods of emergence. The sporadic occurrence of emergence periods in

dicated that pelagial prey was available only on an irregular basis.

Assessing the availability of a species as forage is difficult 

due to sampling limitations, seasonal changes in population structure, 

and environmental heterogeniety. However, two properties of prey 

availability to trout in Becker Lake were apparent. First, the avail

ability of large prey was low within inshore areas and nil in offshore 

areas. Secondly, small prey items inhabiting inshore areas were more 

available than small prey items inhabiting offshore areas. These two 

aspects emphasize the importance of the inshore areas in the production 

of forage for rainbow trout in Becker Lake.

Trout Dietary Patterns

The diet of rainbow trout in Becker Lake varied greatly from 

month to month (Table 6), Organisms inhabiting the macrophyte zone 

were more important to the trout diet than benthic organisms. Swift 

(1970) attributed a similar observation in Castle Lake to the increased 

visibility of prey on submerged macrophytes. Changes in prey population 

structure and the physical characteristics of the habitat were responsi

ble for the monthly variations in the diet of trout in Becker Lake.
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Little variation was apparent in the diets of rainbow trout of 

different sizes. All three size groups utilized similar types of prey

(Table 7) and prey of similar sizes (Table 8). However, trout in the

45-55 cm size group contained about 50% more prey by volume than trout 

of the other two size groups (Table 9).

Usually, predacious fish utilize progressively larger prey items 

during their life cycle (Werner 1974). Crossman and Larkin (1959) found 

rainbow trout larger than 45 cm exploited larger redside shiners than 

smaller rainbows did. This indicates that a direct relationship exists 

between trout size and prey size when a variety of prey sizes are

present. The absence of fish or other large prey items in Becker Lake

trout reflects the lack of suitable sized forage items in the lake.

Rainbow trout smaller than 35 cm were apparently able to procure 

enough prey of the appropriate sizes. The mean volume of prey items in 

25-35 cm Becker Lake rainbow trout was similar to the mean volume of 

prey in 25-35 cm rainbows taken from Paul Lake (Crossman and Larkin 1959). 

However, the mean volume of prey present in Becker Lake rainbow trout 

larger than 35 cm was three to seven times less than the mean prey vol

ume in rainbows larger than 35 cm from other lakes (Crossman and Larkin 

1959; May et al, 1974; Pister 1965). This disparity suggests that rain

bow trout larger than 35 cm had difficulty procuring adequate amounts 

of food in Becker Lake.

Biological Implications of Trout Condition 

Novy (1977) reported that 30-40 cm rainbow trout grew less than 

3 cm after one year in Becker Lake. In Lake Powell, the 1971 year class
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of rainbow trout grew from 28 cm to 56 cm in two years (May et al. 1974). 

A comparison to growth data summarized in Carlander (1969) indicates 

that a growth rate of 3 cm per year for 30-40 cm rainbow trout is very 

slow.

Slow growth rates usually coincide with poor fish condition.

Brown (1946) noted a direct relationship between brown trout condition 

and rate of growth. In the field, fish in good condition exhibited 

good rates of growth (Percival and Burnet 1963). In comparison to the 

trophy fishery in Lake Powell, rainbow trout larger than 40 cm in 

Becker Lake were in poor condition. Interpolation of the length-weight 

relationship curve indicated that 40 cm rainbow trout in Lake Powell 

exhibited a condition coefficient of 1.25, while 50 cm trout exhibited 

a condition coefficient of 1.40 (May et al, 1974). Rainbow trout of 

analogous sizes in Becker Lake exhibited condition coefficients of .98 

and ,91 respectively. Thirty cm rainbow trout from both lakes exhibited 

a condition coefficient of 1.07.

In Becker Lake, small trout were in better condition than large 

trout. Apparently, the presence of a restricted forage base was respon

sible, Trout in the 25-35 cm size range procured enough energy from 

their diet to maintain condition whereas trout larger than 35 cm did not

In lakes where small fish are abundant and available, excellent 

condition and growth rates are reported for large rainbows (McAfee 1966 ; 

Rawstron 1977; May et al, 1974), The ecological significance of this 

relationship is apparent. As a fish grows, energy requirements for main 

tenance and continued growth increase. To meet increased metabolic 

demands, a large fish must ingest more food for energy. Rainbow trout
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are morphologically adapted to feed upon larger types of prey as they 

grow. Consequently, modifications in the size of exploited prey are 

noted during the trout's life cycle. This process is pronounced in the 

diet of rainbow trout in most lakes. Zooplankton are consumed by small 

trout, insects and other macroinvertebrates by intermediate size trout, 

and fish by large trout (Moyle 1976).

The absence of abundant, available three to seven cm forage 

items in Becker Lake greatly restricted the forage base of the larger 

trout which were planted in the lake. It is evident that the current 

forage base in Becker Lake is insufficient to support high densities 

of rainbow trout larger than 40 cm in good condition, but is sufficient 

to support similar densities of trout smaller than 35 cm.

Management Considerations

The forage base in oligotrophic lakes is often inadequate to 

support a large fish population (Pennak 1977), This problem is less 

common in shallow, eutrophic systems similar to Becker Lake. Two man

agement options have the potential to alleviate the problem of a re

stricted forage base for trout larger than 40 cm in Becker Lake.

The first option requires a modification of the fishery to fit 

the forage base present in the lake. Implementation of this technique 

would require a stocking program which would make more efficient use 

of the biological productivity inherent to the lake. Historically, this 

type of program was successful in Becker Lake. Rainbow trout planted 

at a size of 18 cm during October grew to 35 cm by August of the next 

year (Bergersen 1969).
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The second option requires the introduction of an exotic species 

which may or may not provide appropriate forage for large trout. This 

has been successful in certain instances (Saiki and Ziebell 1976; May 

et al. 1974), However, exotic species often tend to modify the eco

system in an unforeseen manner, making introductions ecologically 

dangerous (Magnuson 1976).

A management scheme which takes into account the biological 

strengths of a system will ultimately be more successful than any plan 

which functions to override the carrying capacity of the system. The 

forage base present in Becker Lake, as in most small lakes, is insuf

ficient to support large numbers of trophy sized trout. The most prac

tical management plan for Becker Lake would call for a reduction in the 

size of planted trout in conjunction with a reduction in the minimum

size limit.
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Table A-l, Becker Lake water quality 
June-October, 1977

Date

Temperature (°C) 
Range in 

Water Column

Dissolved Oxygen 
(mg/1) Range 

in Water Column

pH Range- 
in

Water Column

6/20/77 16.9-16.5 7.9-7.4 9.2-9.1

7/16/77 19.0-19.0 7.5-7.4 9.5-9.4

8/11/77 20.3-20.1 7.7-2.1 9.7-9.4

9/8/77 19.1-18.9 8.0-6.8 9.6-9.6

10/4/77 15.1-14.5 7.6-5.8 9.3-9.3
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Table A-2. A list of all food items found 
in rainbow trout stomachs

Daphnia pulex

Hyalella azteca

Orconectes causeyi

Crayfish chelae

Terrestrial Insecta

Baetidae

Coenagrionidae

Anax junius

Libellulidae

Corixidae

Notonectidae

Phyrganidae

Dytiscidae

Chaoborus sp,

Heleidae

Chironomidae

Chironomid Pupae

Lymnaidae

Planorbidae

Physidae

Aquatic macrophytes
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Table A-3. Stocking data for rainbow trout contributing 
to the fishery in 1977

Date Mean Total Length Number

12/1/76 * 1000

12/8/76 * 500

6/3/77 30.5 1250

6/6/77 30.5 1250

6/9/77 30.5 1000

9/30/77 35.6 1400

10/4/77 35.6 608

* Data available as mean weight only; x = 1.14 kg for both groups
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Table A~4, Length-weight regression equations

Number of
Month Trout Examined log a b r

June 12 -4.31 2.750 .902

July 54 -4.06 2.643 .918

August 33 -4.38 2.757 .968

September 30 -3.68 2.483 .934

October 50 -4.11 2.650 .958

All Months 179 -4.22 2.696 .944
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