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ABSTRACT 

The hypothesis that Arizona and brown trout regulate 

their numbers through the emigration of all individuals that 

are in excess of resources was tested experimentally. Dif

ferent amounts of food and cover were provided to mixed 

sizes of trout in artificial stream channels with escape 

routes. The number of both species of trout that became 

resident generally varied in direct proportion to the amount 

of cover present; the numbers that established residency in 

either species stabilized in response to cover levels within 

6 days. Emigratory behavior was much slower in response to 

food than to cover. The smallest Arizona trout showed the 

greatest decrease in numbers that established residency after 

being starved for 10 days; however they did not increase 

their numbers when food was increased above 30 g/day. Ari

zona trout over 14 cm SL and brown trout over 11 cm SL 

showed no change in the number of residents whether they 

were fed or starved for 69 days. There were consistent 

numbers of both species within 2 cm size intervals that be

came resident, suggesting that each size class independently 

regulates its numbers to its own resources. The small 

inter-replicate variance in numbers of trout that became 

resident at different levels of resources supports the 
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hypothesis that Arizona and brown trout use emigration as 

a behavioral mechanism for self-regulation of numbers. The 

numbers of trout that became resident in channels with co

existing species were close to those observed in single 

species tests wherein resources were the same; immigrant 

brown trout were able to induce emigration in resident 

Arizona trout whereas immigrant Arizona trout seldom dis

placed resident brown trout. Therefore, theories concerning 

self-regulation of population numbers should be expanded 

to include an interspecific mechanism. Management practices 

such as stocking programs, habitat manipulation and multi-

species fisheries can be ineffective unless the ramifica

tions of population regulation are included in their design. 



INTRODUCTION 

Population regulation has long been a controversial 

topic among ecologists (Tamarin 1978). Wynne-Edwards 

(1962) and Chitty (1967) have presented theories which sug

gest that animals are capable of limiting their own popula

tion densities in relation to available resources. within 

this broad theory, one hypothesis is that motile species 

regulate their numbers through the emigration of all indi

viduals that are in excess of available resources (Lomnicki 

1978). 

The emigration hypothesis may help to account for 

the observations made in field studies on Arizona trout, 

Salmo apache Miller (Harper 1978), brown trout, Salmo 

trutta Linnaeus (Milner, Gee and Hemsworth 1979; Arawomo 

1981), cutthroat trout, Salmo clarki Richardson (Benson 

1960), rainbow trout, Salmo gairdneri Richardson (Bjornn 

1971; Alexander and MacCrimmon 1974), coho salmon, ~

rhynchus kisutch (Walbaum) (Chapman 1962), and on sockeye 

salmon, Oncorhynchus nerka (Walbaum) (McCart 1967) wherein 

some individuals showed much movement and others moved lit

tle. Although several experimental studies conducted in 

artificial streams have tried to relate emigration to re

sources (Chapman 1962; Bjornn 1971; Symons 1971; Griffith 
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1972), none of these showed that emigration regulated the 

numbers in accord with resources: in some of the studies 

the number of residents did not stabilize or stabilized at 

different levels among replicates and in others only two 

replicates were performed. Only Slaney and Northcote 

(1974), using rainbow trout fry, demonstrated that emigra

tion regulates numbers to resources. However, both Symon's 

(1971) and Slaney and Northcote's (1974) studies fail to 

explain the field observations by Ellis and Gowing (1957) 

and Waters (1982) that densities of large salmonids are not 

affected by changes in food abundance. The variability in 

regulation among juveniles and the observation that juve

niles respond differently to resources than do adults indi

cates that the regulatory behavior of juvenile salmonids 

may not be fully developed. Generally, reproduction is 

timed so that the young emerge during a period of resource 

abundance and, therefore, their numbers may not have to re

spond to resources. Although the movements observed by 

these workers are probably regulating numbers in response 

to resources, none of these studies convincingly demon

strated cause-effect relationships between movements and 

changes in resources. Only studies made in highly con

trolled environments can adequately test the hypothesis 

that such movements are made to regulate numbers in con

sonance with resources. 
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In order to demonstrate a cause-effect relationship 

between resources and emigratory behavior, I tested the null 

hypothesis that numbers of resident juvenile and adult Ari

zona and brown trout vary randomly through emigratory be

havior in response to different levels of food and cover. 

I also tested the null hypothesis that numbers of coexist

ing Arizona and brown trout that establish residency vary 

randomly through emigratory behavior in response to each 

other and to resources. 



MATERIALS AND METHODS 

The Fish And Their Holding Conditions 

Arizona and brown trout were collected from natu

rally reproducing, sympatric populations which had been un

exploited. Eighteen Arizona trout 10.2 to 21.5 cm standard 

length (SL) and condition factor (Ksl) (Lagler 1977) rang

ing from 1.52 to 1.72 and 36 brown trout 11.0 to 21.1 cm SL 

and Ks1 ranging from 1.46 to 1.56 were electrofished from 

Big Bonito Creek (8200 ft elevation), White Mtns., Arizona 

(1090 35'10"W, 330 47'30"N) on October 31, 1981. Sixteen 

Arizona trout 13.2 to 21.4 cm SL and Ks1 ranging from 1.65 

to 1.89 were obtained from Page Springs Hatchery of the 

Arizona Game and Fish Department on October 15, 1981. 

Sixty-four Arizona trout 7.0 to 12.6 cm SL and Ks1 ranging 

from 1.52 to 1.81 were obtained from Sterling Springs 

Hatchery of the Arizona Game and Fish Department on October 

15, 1981. Preliminary experiments showed that all trout 

would establish residency and that there were no differ

ences in behavior among Arizona trout of hatchery origin 

and of wild origin. 

Trout were held in two 568 liter galvanized steel 

tanks. The tanks were kept dark to reduce aggression. 

Water temperatures in the holding tanks ranged from 12 to 

16 C. Water was aerated and changed weekly. Trout were 
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not fed in the holding tanks. No injured or sick trout 

were used in experiments. 

Experimental Conditions 

An indoor artificial channel 21.4 m long, 0.91 m 

wide and 0.76 m high was constructed of galvanized steel 

sheets sealed with silicone rubber sealant and was insu

lated with 2.5 cm styrofoam (Figure 1, I). At one end of 

the channel, two 1 hp water chiller units (Frigid Units, 

Inc.) in a reservoir 0.91 m x 0.71 m x 0.91 m maintained 

the water temperature between 13 and 15 C. Water was con

tinuously recirculated with two 1 hp Teel centrifugal pumps 

(Dayton Electric Mfg. Co.) which provided a combined output 

of 427 liters/min. Water was recirculated by pumping it 

from the channel into the reservoir, from which it flowed 

by gravity back into and through the channel to the pumps. 

During pumping, water depths in the channel varied between 

21.5 and 24.0 em and maximum water velocities were 3.5 

cm/sec in the absence of cover and 9.5 cm/sec in the pres

ence of maximum cover. Half of the water was changed week

ly and all solid debris was removed from the water with a 

fine-meshed net at the end of every experiment. The chan

nel was screened by a blind to minimize disturbances. 

Light in the building was from skylights which reduced mid

day light levels to 0.75% of outside levels; light levels 

5 



Figure 1. Overhead view of artificial channel. 

I. A 6.97 m2 channel section (A) and a 3.60 m2 

channel section (B). 

II. Two 3.60 m2 channel sections each with five 

overhead cover units. 

Each overhead cover unit consisted of two con

crete blocks with their holes aligned and ar
ranged so that trout had access to only one hole. 

III. Two 6.97 m2 channel sections .each with eight 

overhead and 16 vertical cover units. 
Each overhead cover unit consisted of three con

crete blocks aligned and arranged so that trout 

had access to only one hole. 
IV. Two 3.60 m2 channel sections each with 16 over

head cover units. 
Two overhead cover units consisted of two con
crete blocks with their holes aligned and ar

ranged so that trout had access to both holes. 

V. Two 6.97 m2 channel sections each with four 
overhead and eight vertical cover units. 

Each overhead cover unit consisted of three 

concrete blocks aligned and arranged so that 
trout had access to only one hole. 
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were measured by a submarine photometer (Ocean Research 

Equipment, Inc.). 

Experiments were conducted in two different sec

tions of the channel, one 7.62 m long for large trout and 

the other 3.96 m long for small trout. Traps were placed 

at each end of each experimental channel section (Figure 

1, I). A trap was constructed of a plywood sheet 0.91 m 

x 0.30 m x 1.3 cm coated with polyester boat resin; a 500 

cm2 hole was cut in the center of each sheet and was fitted 

with a hardware cloth funnel 60 cm long. The trap area did 

not contain cover. The channel floor was kept bare during 

experiments. 

Cover was provided by concrete blocks 19.7 cm x 

19.7 cm x 40.0 cm each with two holes 11.4 cm x 12.7 cm. 

Blocks were arranged to provide both overhead and vertical 

cover. Overhead cover was provided by placing the blocks 

with the holes against the channel wall to provide a dark 

area with a single opening. To obtain vertical cover, 

blocks with their holes facing upward were placed 4 cm out 

from and parallel with the channel wall and 4 cm away from 

both sides of the overhead cover blocks. Vertical cover 

provided trout with protection from the current and aggres

sion; trout could not use the inside of these blocks. 

7 

During experiments, trout were fed both thawed adult 

brine shrimp (San Francisco Bay Brand, Inc.) and trout 



pellets 3 rnm in diameter (from the Page Springs Hatchery). 

The wild trout were acclimated to pellet feeding before the 

start of experiments. Brine shrimp were introduced into 

the channel in small amounts over a 20 min period via a 

hose that emptied just below the upstream trap. The pel

lets were broadcast by hand over the channel. 

Experiments 

8 

In preliminary experiments, I determined the ap

proximate maximum number of trout that would remain under 

any given experimental condition. Thereafter, at the start 

of each test, trout were introduced in groups in numbers 

great enough to ensure that at least two in each 2 em size 

interval emigrated. Tests were run until no emigration oc

curred for a 24 hr period. Preliminary tests showed that 

less than five percent of the residents emigrated during an 

additional 6 day period. Trout that had emigrated were 

removed from the traps in the morning and in the late af

ternoon on the first day of a test and thereafter only in 

the morning. The standard length of each trout was measured 

to the nearest 0.10 em after the trout were removed from 

the traps and at the finish of each test. Trout used in 

tests were always kept in the holding tanks for at least 6 

hr before using them in another test. Trout were accli

mated to new food levels for at least 10 days; preliminary 

tests showed that 4 days of acclimation were insufficient 



to condition trout to new food levels. Four replicates 

were performed for each test. 

Arizona Trout 

Experiment 1: The effects of food abundance on 

emigratory behavior of small Arizona trout. In each of 

three tests, 30 Arizona trout 7.0 to 12.6 em SL were placed 

in a 3.60 m2 channel section that contained five overhead 

cover units (Figure 1, II). 

Test 1: Trout were not fed for 4 days. 

Test 2: Trout were fed 20 g of brine shrimp and 10 g of 

pellets once per day. 

Test 3: Trout were fed 15 g of brine shrimp and 5 g of 

pellets four times per day. 

Experiment 2: The effects of food abundance on 

emigratory behavior of large Arizona trout. In each of two 

tests, 34 Arizona trout 12.0 to 21.5 em SL were placed in 

a 6.97 m2 channel section that contained eight overhead and 

16 vertical cover units (Figure 1, III). 

Test 1: Trout were not fed for 4 days. The acclimation 

period varied from 37 to 65 days. 

Test 2: Trout were fed 30 g of brine shrimp and 10 g of 

pellets once per day. 

Experiment 3: The effects of cover on emigratory 

behavior of small Arizona trout. In each of three tests, 

Arizona trout 7.0 to 12.6 cm SL were fed 20 g of brine 
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shrimp and 10 g of pellets once per day. 

Test 1: Fifteen trout were placed in a 3.60 m2 channel 

section that did not contain cover. 

Test 2: Twenty-nine trout w~re placed in a 3.60 m2 channel 

section that contained five overhead cover units (Figure 

1, II). 

Test 3: Forty-six trout were placed in a 3.60 m2 channel 

section that contained 16 overhead cover units (Figure 1, 

IV) • 

Experiment 4: The effects of cover on emigratory 

behavior of large Arizona trout. In each of three tests, 

Arizona trout 12.0 to 21. 5 cm SL \.;ere fed 30 g of brine 

shrimp and 10 g of pellets once per day. 

Test 1: Ten trout were placed in a 6.97 m2 channel section 

that contained no cover. 

Test 2: Thirty-four trout were placed in a 6.97 m2 channel 

section that contained four overhead and eight vertical 

cover units (Figure 1, V). 

Test 3: Thirty-four trout were placed in a 6.97 m2 channel 

section that contained eight overhead and 16 vertical cover 

units (Figure 1, III). 

Brown Trout 

Experiment 1: The effects of food abundance on 

emigratory behavior of large brown trout. In each of two 

tests, 36 brown trout 11.0 to 21.1 cm SL were placed in a 



6.97 m2 channel section that contained eight overhead and 

16 vertical cover units (Figure 1, III). 

Test 1: Trout were not fed for 4 days. The acclimation 

period varied from 37 to 65 days. 

Test 2: Trout were fed 30 g of brine shrimp and 10 g of 

pellets once per day. 

Experiment 2: The effects of cover on emigratory 

behavior of large brown trout. In each of three tests, 

brown trout 11.0 to 21.1 cm SL were fed 30 g of brine 

shrimp and 10 g of pellets once per day. 

Test 1: Twenty-eight trout were placed in a 6.97 m2 chan

nel section that did not contain cover. 

Test 2: Thirty-six trout were placed in a 6.97 m2 channel 

section that contained four overhead and eight vertical 

cover units (Figure 1, V). 

11 

Test 3: Thirty-six trout were placed in a 6.97 m2 channel 

section that contained eight overhead and 16 vertical cover 

cover units (Figure 1, III). 

Arizona And Brown Trout 

Experiment 1: Ability of Arizona trout to elicit 

emigration in resident brown trout. After emigration had 

stopped in test 3 of experiment 2 with brown trout, five 

Arizona trout 12.0 to 21.5 cm SL were introduced into the 

brown trout population. 
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Experiment 2: Ability of brown trout to elicit 

emigration in resident Arizona trout. After emigration had 

stopped in test 3 of experiment 4 with Arizona trout, five 

brown trout 11.0 to 21.1 cm SL were introduced into the 

Arizona trout population. 



RESULTS 

Arizona Trout 

In all experiments, no trout emigrated for at least 

6 hr after a test was started. Most (> 70%) of the emi-

grants left within 24 hr and almost none left after 4 days: 

tests were run for 2 to 5 days. Emigrants showed no sig

nificant preference for either the upstream or the down-

stream trap. 

Experiment 1: The Effects Of Food Abundance On 
Emigratory Behavior Of Small Arizona Trout 

Numbers of the smallest resident trout « 10.9 cm 

SL) showed the greatest increase in response to food after 

10 days of starvation; however, no trout responded to in-

creases in food above 30 g/day (Figure 2). 

Experiment 2: The Effects Of Food Abundance On 
Emigratory Behavior Of Large Arizona Trout 

Numbers of resident trout < 13.9 cm SL increased 

moderately in response to food after 69 days of starvation, 

but trout> 14.0 cm SL showed no increase (Figure 3). 

Experiment 3·: The Effects Of Cover On 
Emigratory Behavior Of Small Arizona Trout 

Numbers of resident Arizona trout 7.0 to 12.6 cm SL 

13 



Figure 2. Mean numbers from 4 replicate tests of Arizona 

trout that established residency in 3.60 m2 chan
nel sections with constant cover at three dif

ferent levels of food. Vertical lines indicate 

95% c~n£idence limits. = mean num

bers of all trout used in tests; ---------- = 
mean numbers of trout 7.0 to 10.9 cm SL; •••••• 

= mean numbers of trout 11.0 to 12.6 cm SL). 
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Figure 3. Mean numbers from 4 replicate tests of Arizona 
trout that established residency in 6.97 m2 chan
nel sections with constant cover at two different 

levels of food. Vertical lines indicate 95% 

confidence limits. ----------= mean numbers of 
all trout used in tests; --------- = mean numbers 
of trout 12.0 to 13.9 cm SL; ••••••••• = mean 

numbers of trout 14.0 to 21.5 cm SL). 
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increased in response to increased cover (Figure 4). All 

but a few of the smallest trout emigrated in the absence of 

overhead cover; trout took up to 4 days to emigrate in the 

absence of overhead cover. Every overhead cover unit was 

always defended by a single trout and they were darker and 

more aggressive than trout without territories. These trout 

often left their cover for short periods to search for food 

but always returned to the same territory. Resident trout 

that did not defend overhead cover swam in groups and only 

briefly used cover. 

Experiment 4: The Effects Of Cover On 
Emigratory Behavior Of Large Arizona Trout 

Numbers of resident trout 12.0 to 21.5 cm SL in-

creased in response to increased amounts of cover (Figure 

5). All trout emigrated in the absence of cover and those 

> 15.0 cm SL emigrated within 4 hr. 

Observations On Size Classes Of Arizona Trout 

Preliminary experiments showed that the number of 

small Arizona trout (12.0 to 13.6 cm SL) that would estab-

lish residency doubled when three larger trout (15.6 to 16.4 

cm SL) were introduced even though food and cover were 

held constant. Although emigratory behavior interactions 

occurred between size classes, the numbers of residents 

within 2 cm size intervals were consistent among replicates 



Figure 4. Mean numbers from 4 replicate tests of Arizona 

trout 7.0 to 12.6 cm SL that established resi

dency in 3.60 m2 channel sections at three dif

ferent levels of cover. Vertical lines indicate 
95% confidence limits. 
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Fig. 4. Arizona trout residency in relation to cover. 
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Figure 5. Mean numbers from 4 replicate tests of Arizona 

trout 12.0 to 21.5 cm SL that established resi

dency in 6.97 m2 channel sections at three dif

ferent levels of cover. Vertical lines indicate 

95% confidence limits. 
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of every test (Table 1). Standard deviation between rep

licates ranged from 0 to O.Bl for 2 cm size classes in all 

tests except those with no cover; the standard deviation 

19 

among replicates with 7.0 to B.9 cm SL trout in the absence 

of cover (test 1 of experiment 3) was 1.63. Usually there 

were more residents in the smaller size classes. 

Brown Trout 

In all experiments, no trout emigrated for at least 

6 hr after a test was started. At least half of the emi-

grants left within 24 hr and almost none left after 6 days; 

tests were run for 4 to 7 days. Emigrants showed no sig-

nificant preference for either the upstream or the down-

stream trap. 

Experiment 1: The Effects Of Food Abundance 
On Emigratory Behavior Of Large Brown Trout 

Numbers of resident brown trout 11.0 to 21.1 cm SL 

did not change even after feeding stopped for 69 days. 

There were 22.50 + 1.B4 (95% confidence interval) resident 

trout in the absence of food and there were 22.0 ~ 2.60 

(95% confidence interval) resident trout when they were fed. 

Experiment 2: The Effects Of Cover On 
Emigratory Behavior Of Large Brown Trout 

Numbers of resident trout 12.0 to 21.5 cm SL in-

creased in response to increased amounts of cover (Figure 



Table 1. 

Experiment 

1 

(5 Cover 
Units) 

2 

(8 Cover 

Units) 

3 
(30 9 Food 

per day) 

4 

(40 9 Food 

per day) 

20 

Mean numbers (4 replicates) of Arizona trout that 
became residents in response to different amounts 
of food and cover. 

Trout Size x Residents (95% confidence interval) 
(em SL) 

0 food/cay 30 9 food/day 80 9 food/day 

7.0 - 8.9 0.00 :!:. 0.00 3.75 :!:. 1.59 4.00 :!:. 0.00 
9.0 - 10.9 1.75:!:.1.59 5.75 :!:. 1.59 5.75 :!:. 1.59 

11.0 - 12.6 3.25 :!:. 1. 59 4.75 :!:. 1.59 4.75 :!:. l.59 

0 food/day 40 9 food/day 

12.0 - 13.9 6.00 :!:. 2.60 11. 50 :!:. 1.59 

14.0 - 15.9 4.75 :!:. 1.59 4.50 :!:. 1.84 
16.0 - 17.9 3.00 :!:. 0.00 3.00 :!:. 0.00 
18.0 - 19.9 2.50 :!:. 1.84 2.75 :!:. 1.59 
20.0 - 21. 5 1.00 :!:. 0.00 1.00 :!:. 0.00 

0 Cover Units 5 Cover Units 16 Cover Uhits 
7.0 - 8.9 2.00 :!:. 5.20 3.75 :!:. 1.59 10.25 :!:. 1.59 
9.0 - 10.9 0.00 :!:. 0.00 5.75 :!:. 1.59 9.75 :!:. 1.59 

11.0 - 12.6 0.00 :!:. 0.00 4.75 :!:. 1.59 8.75 :!:. 1.59 

0 Cover Units 4 Cover Units 8 Cover Units 
12.0 - 13.9 0.00 :!:. 0.00 10.75 :!:. 1.59 11.50 :!:. 1.59 
14.0 - 15.9 0.00 :!:. 0.00 4.75 :!:. 1.59 4.50 :!:. 1.84 
16.0 - 17.9 0.00 :!:. 0.00 2.00 :!:. 0.00 3.00 :!:. 0.00 
18.0 - 19.9 0.00 :!:. 0.00 1.00 :!:. 2.60 2.75 :!:. 1.59 
20.0 - 21.5 0.00 :!:. 0.00 0.00 :!:. 0.00 1.00 :!:. 0.00 



6). Every overhead cover unit was always defended by a 

single trout and they were darker and more aggressive than 

similarly-sized trout without a territory within overhead 

cover. In the absence of overhead cover, most (78%) trout 

17.0 to 21.1 cm SL emigrated after 4 to 6 days. The rest 

of the residents established territories behind vertical 

cover. Occasionally a single vertical cover unit was de

fended by two trout that greatly differed in size. All 

trout defended their cover at all times and never left it 

21 

to search for food. In the absence of cover, resident trout 

did not establish territories but swam in groups. 

Observations On Size Classes Of Brown Trout 

Preliminary experiments showed that the number of 

small brown trout (11.0 to 12.7 cm SL) that would establish 

residency tripled when three larger trout (15.9 to 17.2 cm 

SL) were introduced even though food and cover were held 

constant. Although emigratory behavior interactions oc

curred between size classes, the numbers of resident trout 

within 2 cm size intervals were consistent among replicates 

of every test (Table 2). Standard deviation between rep

licated ranged from 0 to 0.96 for 2 cm size intervals in all 

tests. Usually there were more residents in the smaller 

size classes. 



Figure 6. Mean numbers from 4 replicate tests of brown 
trout 11.0 to 21.1 cm SL that established resi
dency in 6.97 m2 channel sections at three dif

ferent levels of cover. Vertical lines indicate 
95% confidence limits. 
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Fig. 6. Brown trout residency in relation to cover. 
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Table 2. 

Experiment 

1 

(8 Cover 

Units) 

2 

(40 9 Food 
per day) 

23 

Mean numbers (4 replicates) of brown trout that 
became residents in response to different amounts 
of food and cover. 

Trout Size 
(em SL) 

11.0 - 12.9 

13.0 - 14.9 

15.0 - 16.9 
17.0 - 18.9 
19.0 - 21.1 

11.0 - 12.9 
13.0 - 14.9 

15.0 - 16.9 
17.0 - 18.9 

19.0 - 21.1 

X Residents (95% confidence interval) 

o food/day 

11.25 :!: 1.59 

2.50 :!: 1.84 

1.75 :!: 1.59 
5.00 :!: 0.00 
2.00 :!: 0.00 

o Cover Units 

8.75:!: 1.59 

3.50 :!: 1.84 

1.75:!:. 3.05 

1.25 :!: 1.59 
0.25 :!: 1.59 

40 9 food/day 

10.75 :!: 1.59 

2.75 :!: 1.59 

1.75 :!: 1.59 
4.75 :!: 1.59 
2.00 :!: 0.00 

4 Cover Units 

9.75 :!: 3.05 

3.50 :!: 1.84 

2.50 :!: 1.84 
3.25 :!: 1.59 

1.75 :!: 1.59 

8 Cover Units 

10.75:!: 1.59 

2.75 :!: 1.59 

1.75 :!: 1.59 

4.75 :!: 1.59 
2.00 :!: 0.00 



Arizona And Brown Trout 

Experiment 1: Ability Of Arizona Trout To 
Elicit Emigration In Resident Brown Trout 

Generally, immigrant Arizona trout were unable to 

establish residency in saturated brown trout populations. 

Only one Arizona trout 20.6 cm SL out of 20 immigrants was 

able to establish residency. It displaced a brown trout 

24 

from overhead cover and a brown trout 16.2 cm SL emigrated. 

The other 19 Arizona trout immigrants 12.0 to 21.5 cm SL 

emigrated within 24 hr. The total number of trout resident 

in the channel did not change after the Arizona trout were 

introduced. 

Experiment 2: Ability Of Brown Trout To 
Elicit Emigration In Resident Arizona Trout 

Eighty percent (16) of the immigrant brown trout 

were able to establish residency in saturated Arizona trout 

populations. Eighty-eight percent (14) of the successful 

brown trout immigrants elicited emigration in an Arizona 

trout that was an average of 1.6 cm smaller. Fourteen of 

the successful brown trout immigrants 12.6 to 18.4 cm SL 

defended territories behind vertical cover. Only two brown 

trout, one 20.1 cm SL and the other 20.9 cm SL, were able 

to displace Arizona trout from overhead cover. The four 

brown trout 11.0, 12.6 19.2 and 21.1 cm SL that did not 
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establish residency, emigrated within 24 hr after being 

introduced. The total number of trout resident in the chan

nel did not significantly change after the brown trout were 

introduced. 



DISCUSSION 

Theories of population regulation are basic to the 

use of ecological and evolutionary theory in the practice 

of modern fisheries and wildlife management. Population 

regulation involves an organism's ability to establish resi

dency within a population. Residency confers the ability 

to obtain resources and the opportunity to reproduce, thus 

each organism's evolutionary fitness is directly related to 

its regulatory behavior. Because population regulation is 

a cause-effect relationship between individual organisms 

and their resources, many of the past ecological theories, 

such as those on niche and on competition, must now recon

sider the ramifications of population regulation in order 

for them to be correctly interpreted. Schoenfeld and Hendee 

(1978) have emphasized that ecosystems should be managed in 

consonance with their natural processes. This goal cannot 

be achieved unless the ramifications of population regula

tion are both understood and included in developing the 

practices used for management. 

Many theories have been presented in an attempt to 

explain why populations do not increase without limit. 

Early theories of population regulation stated that various 

combinations of biotic (competition, predation, disease and 

26 
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parasitism) and abiotic (weather) factors regulated pop

ulation numbers (Tamarin 1978). Numerous experiments with 

small mammal populations have indicated that population 

regulation can occur without the effects of these above 

mentioned biotic or abiotic factors (Chitty 1967; Krebs 

1978). Subsequently, Chitty (1967) presented a theory that 

stated that all species of animals have a form of behavior 

that can prevent unlimited increase in population density. 

One hypothesis within Chitty's self-regulation theory states 

that motile species regulate their numbers through the emi

gration of all individuals that are in excess of resources 

(Lomnicki 1978). Unequal resource partitioning is thought 

to occur so that individuals that are denied access to re

sources emigrate. Lomnicki (1978) postulated that individ

uals become resident or emigrate solely based on their en

vironmental experience and are not influenced by genetic 

differences in behavior. 

The emigration hypothesis has received support from 

several studies on sa1monids (Chapman 1962; Bjornn 1971; 

Symons 1971; Griffith 1972; Slaney and Northcote 1974). 

Chapman (1962) showed that populations of subyear1ing coho 

salmon exhibit density-dependent emigration in artificial 

stream channels with constant levels of food and cover. 

The ability to establish residency was shown to be affected 

by prior residency and size. Emigration was shown to 
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increase in response to decreased water depth and increased 

current speed. However, experiments on the effects of food 

abundance on numbers failed to demonstrate that emigration 

regulates numbers to resources. In addition, there was a 

high degree of variability among the number of salmon resi

dent in each replicate. This could imply that either there 

is a high degree of genetic variability in their spacing 

behavior, suggesting that regulation does not always occur 

as hypothesized by Chitty (1967), or that regulatory behav

ior of juvenile salmonids is not fully developed. However, 

the environmental conditions that Chapman (1962) set up may 

have caused the variability between the replicates because 

in other experiments in larger channels, he found identical 

numbers of residents per replicate. Bjornn (1971) performed 

experiments with subyearling rainbow trout and subyearling 

chinook salmon, Oncorhynchus tshawytscha (Walbaum), in 

artificial stream channels. He showed that emigration was 

density-dependent and that in the absence of rock piles 

providing cover, greater numbers emigrated. However, his 

results were not statistically significant due to a high 

degree of variability among replicates. This variability 

could suggest that the individual fish may have different 

genetic traits that resulted in the different spacing be

haviors. A more likely explanation is that the variability 

was caused by variance in environmental factors (in my 
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experiments, variance in the nutrititional condition of 

juvenile Arizona trout caused them to show different behav

ior; they emigrated when food was absent and subsequently 

required greater than 4 days of feeding before they would 

establish residency again.). Bjornn used subyear1ing trout 

that were captured while emigrating and were fed for only 

24 hr before starting tests. Therefore, his experimental 

fish probably would have different nutritional conditions 

which caused differences in their emigratory behavior. 

Symons (1971) showed that populations of juvenile Atlantic 

salmon, Salmo salar Linnaeus, in artificial stream channels 

used emigration to regulate numbers in relation to food 

abundance. He also obtained much variability between rep

licates in the number that became resident and, therefore, 

his study is not convincing in its support of an emigration 

hypothesis. Symons (1971) used mixtures of different size 

classes (7 to 20 cm TL) of salmon which could have caused 

the variability that he found (in my experiments, large 

trout caused changes in the emigratory behavior of smaller 

trout.). Griffith (1972) showed that subyearling brook 

trout, Salvelinus fontinalis (Mitchill), and cutthroat trout 

in artificial stream channels used emigration to regulate 

numbers to constant resources. The numbers of residents 

were consistent among replicates and so his results support 

the emigration hypothesis. However, he performed only two 
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replicates with each species and he did not show that reg

ulation was in response to resources. Slaney and Northcote 

(1974) showed that populations of rainbow trout fry in arti

ficial stream channels used emigration to regulate numbers 

to food abuncance. The number of residents in their study 

was consistent among replicates indicating that regulation 

was solely influenced by the environment (food). Neither 

Symons' (1971) nor Slaney and Northcote's (1974) studies 

could explain the field observations made by Ellis and 

Gowing (1957) and by Waters (1982) who found that densities 

of large salmonids were not affected by changes in food 

abundance. 

Intraspecific Population Regulation 

I found that both Arizona and brown trout adjusted 

their numbers through emigratory responses to changes in 

cover. Arizona trout showed a much greater response to 

cover than did brown trout. Only a few (~lO%) individuals 

of Arizona trout under 9.0 cm SL established residency 

without cover. Arizona trout almost always occur near dense 

cover in their native habitat (Mesick, personal observa

tion). The close correlation between residency and cover 

in Arizona trout is not surprising considering their vul

nerability to predators in the small shallow streams in 

which they are native; their light color and their highly 

active behavior makes them very visable to overhead 



31 

predators. In contrast, brown trout 17 cm SL did not 

require cover to establish residency. Their cryptic color

ation and their sedentary behavior would reduce their vis

ability to predators and thus reduce their need for cover. 

Nevertheless, increased cover increased the numbers of all 

sizes of brown trout most likely because cover provided 

protection for subordinate trout from larger more aggres

sive trout. 

The emigration response was elicited much slower in 

response to changes in food than to changes in cover. Only 

small Arizona trout (7.0 to 12.6 cm SL) were shown to respond 

to changes in food abundance that occurred within 14 days. 

Larger Arizona trout (up to 14 cm SL) did not respond until 

they were starved for 69 days. Arizona trout > 14 cm SL 

and brown trout 2 11.0 cm SL did not respond to a lack of 

food for 69 days. Similar responses have been reported for 

other salmonids. Slaney and Northcote (1974) observed rain

bow trout fry in artificial channels emigrating in relation 

to changes in food abundance within 2 days. Ellis and 

Gowing (1957) and Waters (1982) found that densities of 

large salmonids showed little response to changes in food 

abundance that occurred over long periods of time in nat

ural streams. Salmonids in lotic areas have apparently 

evolved to ignore short-term changes in food abundance be

cause their food, supplied by invertebrate drift, is 
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probably dependable on a long-term basis. It is not sur

prising that large trout can wait for food for longer per

iods because large fish generally have lower metabolic rates 

and higher energy reserves than small fish (Phillips 1969); 

as an example, 19 cm brook trout suffered only 10% mortality 

when starved for 7 months whereas 7 cm brook trout suffered 

over 90% mortality after only 37 days of starvation (cited 

in Latta 1969). In order to maintain residency for as long 

as possible during periods with inadequate food levels, it 

would be advantageous for trout to increase their energy 

reserves at the highest rates during periods of food abun

dance. Even the smallest Arizona trout did not adjust their 

spacing behavior in response to an excess abundance of food. 

Chapman (1962) has shown similar results with subyearling 

coho salmon in artificial channels in that their numbers 

did not respond to different food levels. Ellis and Gowing 

(1957) showed that condition factors of brown trout in nat-

ural streams increased in response to increased food abun

dance. Therefore, salmonids probably have evolved a fixed 

space requirement that helps ensure sufficient energy to 

maintain their residency. This food-space relationship 

changes as the trout grow with larger trout requiring 

greater space than smaller trout in conjunction with their 

greater energy needs (Phillips 1969). 
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The population regulatory behavior of Arizona and 

brown trout seem to be a response of each individual react

ing to the availability of resources wherein similarly-sized 

conspecifics compete for and reduce the availability of re

sources. The small inter-replicate variances in numbers of 

Arizona and brown trout that became resident at different 

levels of cover, and to a lesser degree food, strongly sup

ports the contention that Arizona and brown trout have a 

genetically fixed behavior that allows individuals to (1) 

assess resources and (2) trigger either emigration or resi

dency in relation to the availability of resources. The 

only large standard deviation found in replicates, 1.63, 

most likely occurred because Arizona trout develop their 

behavioral responses to overhead cover at a range of sizes 

below 9.0 cm SL. I also found that individuals of both 

Arizona and brown trout only regulate the numbers of simi

larly-sized individuals. This indicates that different 

sizes of trout apparently require different amounts and 

types of cover. My study falsified the null hypothesis that 

numbers of resident Arizona and brown trout vary randomly 

through emigratory behavior in response to different levels 

of cover, and to a lesser degree food, and therefore, sup

ports the Lomnicki model. 

Interspecific Population Regulation 

I found that single species populations of Arizona 
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and brown trout regulated numbers to similar resources. The 

numbers of trout that became resident in channels with both 

species, after emigration ceased, were close to the numbers 

I 'observed in single species tests with the same resources. 

This result is a strong indication that the behavioral mech-

anism that triggered regulatory emigration intraspecifically 

also works with the same precision interspecifically. If 

true, then Chitty's (1967) theory should be expanded to in-

clude an interspecific as well as an intraspecific mechanism 

to regulate numbers to resources. Such an expanded theory 

is much more suitable for dealing with population regulation 

because it accounts for regulation of numbers in communities 

consisting of many species, the usual circumstance in nature. 

Management Implications Of Population 
Regulation In Trout 

The major management techniques, stocking, habitat 

manipulation and introductions of exotic species, have been 

used blindly, mainly because there has been too little known 

about the cause-effect relationship between trout and their 

required resources. 

I found that numbers of trout are regulated in all 

size classes at about 2 cm intervals and that, when there 

are sufficient numbers present, the resources available for 

each size class will be saturated, and excess individuals 

emigrate. Therefore, if habitats in streams are saturated 
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for any given size class, any fish stocked in that size 

class will emigrate. My results may explain the phenomena 

often observed wherein most stocked trout emigrate soon 

after being stocked in natural trout populations (Miller 

1958; Cresswell 1981). These results imply that we cannot 

initiate a knowledgeable trout stocking program until we can 

accurately measure, in the stream, the instantaneous levels 

that are present of those resources that are needed by trout 

and whether the resources present are saturated. We cur

rently do not have the techniques to make such measurements. 

Perhaps one way we can gauge trout-resource levels is by 

adding different size classes of trout into streams very 

slowly and stopping only when some trout of each size class 

emigrate. 

Habitat manipulation to improve the environment and 

make it capable of producing or holding more trout is a 

common practice that has been used with varying results 

(Saunders and Smith 1962; Hunt 1971; Mello and Turner 1980). 

Hunt (1971) showed that production of brook trout increased 

by an average of 17% in an altered headwater area but de

creased by 19% in downstream areas. Mello and Turner (1980) 

showed that even though stream improvement structures in

creased densities of Gila trout (Salmo gilae Miller), growth 

and condition factors were reduced. These observations may 

be at least partially explained by extrapolation from my 
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study. I found that large Arizona and brown trout regulated 

their numbers to changes in cover but not to short-term 

changes in food, indicating that trout numbers can be tem

porarily increased by habitat improvements to levels exceed

ing their food supply. We need to determine the presence 

of surplus food that would support the population increase 

caused by cover improvement before habitat manipulation 

should be implemented. 

My study may also help to clarify some of the vary

ing results observed by managers trying to develop mUlti-spe

cies trout fisheries. European brown trout have often been 

introduced into native populations of trout in the United 

States, presumable under the assumption that the browns 

would fill an unoccupied niche and thus increase total num

bers of trout in the area. However, when brown were intro

duced into native areas of brook trout (Nyman 1970; Kaeding 

1980; Fausch and White 1981; Waters 1983) and Arizona trout 

(Harper 1978), native trout decreased as browns increased. 

I found that brown trout (within similar size groups) uti

lized about the same food and cover resources as Arizona 

trout, indicating that there was no unoccupied niche for 

browns to colonize and therefore placing them in direct com

petition with the Arizona trout for the same food and cover. 

I also found that immigrant brown trout (within the same 

size classes of Arizona trout) were able to exclude resident 
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Arizona trout; there is no evidence that suggests that brown 

trout can not eventually eliminate Arizona trout from sym

patric populations. Although I haven't run experiments 

between brown and brook trout, I would expect a pattern 

similar to that which I found using Arizona trout. There 

is currently too little information about the precise re

source requirements for different species of trout for us 

to implement the multi-species concept; to do so will most 

likely cause problems similar to those described above. 



SUMMARY 

1. Arizona and brown trout regulated numbers in response 

to cover levels by the emigration of excess individuals 

within several days. 

2. Only small Arizona trout were shown to regulate numbers 

in response to short-term changes in food. Large 

Arizona and brown trout did not respond to a lack of 

food for 69 days. 

3. Regulation was shown to occur within 2 cm size intervals 

of Arizona and brown trout indicating that each size 

class requires different resources. 

4. Interspecific population regulation was demonstrated 

between Arizona and brown trout indicating that numbers 

at the community level are regulated in response to re

sources. Brown trout were more aggressive than Arizona 

trout and they were able to displace resident Arizona 

trout. 

5. Management practices such as stocking programs, habitat 

manipulation and multi-species fisheries can be ineffec

tive unless the ramifications of population regulation 

are included in their design. 
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