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ABSTRACT

The diel feeding of brook trout (Salvelinus fon- 
tinalis) was examined in relation to invertebrate stream 
drift and benthos during seven 24-hour sampling periods 
from May to September, 1975• Samples were taken in the 
East Fork of the Little Colorado River in the White Moun
tains of Arizona.

Diel differences were found in the feeding ability 
of brook trout. During the day trout fed efficiently on 
what was available, while at night their feeding efficiency 
decreased. These differences in feeding ability resulted 
in a high consumption rate of day active invertebrates com
pared to a low consumption rate of night active inverte
brates. Trout were non-selective in their utilization of 
drifting invertebrates.

Different factors controlled the availability of 
aquatic and terrestrial invertebrates to trout. This has 
significant implications to trout stream management. It 
appears difficult to increase the availability of aquatic 
invertebrates, since they apparently have developed escape 
mechanisms to avoid predation. Terrestrial invertebrate 
availability, however, depends largely on their abundance 
near the stream. The relationship of land management

vii



practices along streams to terrestrial invertebrate availa
bility for trout food is discussed.
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INTRODUCTION

The relevance of invertebrate drift to the feed
ing of trout has been the subject of several investigations. 
Elliott (1965) suggested that invertebrate drift may be 
an available source of food for trout; conformation of 
Elliott's suggestion was made by Tusa (1969) and Elliott 
(1970) when they found that aquatic invertebrates were 
utilized by brown trout (Salmo trutta) in proportion to 
their abundance in the drift. Similarly, Jenkins, Feldmeth 
and Elliott (1970) reported that rainbow trout (Salmo 
gairdneri) consumed both terrestrial and aquatic inverte
brates in quantities correlated to the seasonal and hourly 
drift. Griffith (1974) found that five insect orders com
prised 97$ of the total drift and represented an average 
of 92$ of the numbers of organisms eaten by brook trout 
(Salvelinus fontinalis). These findings suggest that a 
relationship may exist between diel drift abundance and the 
diet of brook trout, but this has not been substantiated.

Several different drift patterns have been report
ed for aquatic invertebrates. Many species have a peak in 
drift abundance that generally occurs at night (Waters, 
1962; Kroger, 1974)• Others drift with no apparent diel
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rhythm (Bendy, 1944; Horton, 1961; Waters, 1961, 1962). 
Increased abundance in the drift due to physical distur
bances such as high water have also been reported (Horton, 
1961; Minckley, 1964). Waters classified three basic types 
of aquatic drift as behavioral (diel periodicity), constant 
(no diel periodicity), and castastrophic (related to pertur
bations).

The terrestrial invertebrates in the drift vary by 
order and abundance on a diel and seasonal basis. In Walla 
brook, a small stream in England, Elliott (1967) reported 
that terrestrial drift was most abundant during the summer 
days. Chaston (1969) found terrestrial drift most abun
dant in the summer and fall days. Jenkins et al. (1970) 
also observed more terrestrial drift during the summer mid
day and afternoon periods.

The patterns of invertebrate drift and their utili
zation by brown and rainbow trout appear to be reasonably 
well established. Although the results of previous studies 
suggest that drift may be important in the daily feeding of 
brook trout, it has not been clearly demonstrated that these 
relationships exist. In this study, I examined diel in
vertebrate drift and the feeding of brook trout to determine 
what factors influenced invertebrate utilization.



DESCRIPTION OF THE STUDY AREAS

The East Fork of the Little Colorado River is a 
small stream located in the White Mountains of Arizona (Fig. 
1). The stream originates on the northeast side of Mount 
Baldy at an elevation of approximately 3,049 meters, and 
flows northeast about 16 kilometers before merging with the 
West Fork. The drainage basin consists of basalt soils. 
Vegetation covering is primarily spruce-alpine fir forest 
and grassy mountain meadows.

The mean annual precipitation in the study area is 
114 cm, one half of which falls in the form of snow. Stream 
levels are ordinarily high when the snow melts between 
April and June. Fairly constant levels are maintained from 
July to April except for the sudden floods which may occur 
during heavy thunderstorms from July to September. Flow 
rates during this study ranged from a high of approximately 
9 cfs in May and September to a low of 1 cfs in August.

Six sampling sites, within and above the Phelps Re
search Natural Area, were utilized for this study. The 
average width of these sites varied from 0.7 to 2.4 meters, 
and the average depth ranged from 10 to 35 cm. Stream bot
tom materials ranged from boulders (rocks greater than 30.5 
cm in diameter) to sand and silt (particles less than 0.25
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Figure 1. Location of the study area and sampling 
sites.



cm in diameter) with gravel (rocks 0.25 to 7*4 cm in diame
ter) the single most important material at all sites.
Stream side vegetation varied between sites which consisted 
of mountain meadows (variety of grasses and shrubs), willow 
thickets and forest (spruce-fir). The specific physical 
characteristics of each site are presented in Appendix Table 
Al.

The brook trout (Salvelinus fontinalis) is the dom
inant species of fish in the sampling areas. Small numbers 
of the speckled dace (Rhinichthys oscuius) and the gila 
mountain-sucker (Pantosteus clarki) also are present.
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METHODS

Samples were taken from May to September 1975• Sam
pling sites, 100 meters long, were selected to include all 
stream side vegetation types. The physical parameters of 
each site were measured using the stream classification sys
tem described by Herrington and Dunham (1967)#

Six benthic samples were collected from three riffle 
areas (upper, middle and lowest) within each 100 meter site. 
Samples were taken with a circular box sampler (0.093 m [1 
ft^]) as described by Edmondson and Winberg (1971). The 
sampler was turned into the stream bottom and the substrate 
thoroughly stirred and scrubbed by hand. Invertebrates and 
organic debris were then swept into a hand collecting net. 
The entire sample was then preserved in 10$ formalin and 
transported to the laboratory for analysis.

Seven 24-hour drift samples were collected; one from 
each sampling site. Samples were taken with a modified ver
sion of the drift net described by Waters (1962). The net 
had an opening of 15.2 X 45*7 cm (6 X 18 in) and was con
structed of 0.95 mm mesh monofilament netting.

Drift sampling periods began at 6:00 PM MST and 
ended at the same time the following day. Nets were emp
tied every four hours over the 24-hour period. A deviation 
from this procedure occurred during the August upper brush
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and forest sampling when only two samples (a day and a 
night) were collected at 6 AM and PM each day. All drift 
samples were preserved in 10% formalin for later analysis.

Fish (5 to 13) were collected every 12 hours (6 AM 
and PM) during the 24-hour drift sampling, with a battery 
operated electric backpack shocker. They were measured to 
the nearest 0.1 cm total length and weighed to the near-, 
est 0.1 gm. Stomachs were then removed and placed in 10% 
formalin for subsequent analysis.

Macroinvertebrates found in the benthos, drift and 
stomachs were sorted, identified and counted with the aid 
of a dissecting microscope. Identification was done using 
keys by Pennak (1953) and Usinger (1968).

Fish population counts were made in three 50 meter 
stream sections. Each section was in a different stream 
side vegetation type. Vegetation types consisted of for
est, brush and meadow. Populations were determined by 
removal of fish within the section using a electric back
pack shocker.

A monthly estimate of stream discharge was obtain
ed using the formula described by Hynes (1970):

D= ajal

where D=discharge, w=width, d=mean depth, l=the distance



which a float travels in time t and a=coefficient for stream 
bottom roughness which varies from O.d to 0.9#

Comparisons of diel samples were made using a linear 
regression according to Steel and Torrie (i960) to determine 
the relationships between invertebrate abundance in the 
benthos and drift, and their utilization by the trout.



RESULTS

Collections were made during seven 24-hour sampling 
periods. Emphasis was placed on obtaining information on 
the relationships between diel invertebrate availability 
and trout feeding.

Stream Benthos
The aquatic invertebrates identified from the ben

thic samples comprised six orders (Table 1). Four of these 
(Trichoptera, Diptera, Ephemeropt era and Plecoptera) made 
up 8?% of the total bottom fauna collected and were present 
at all sampling sites. The other two orders, Oligochaeta 
and Gastropoda, were absent from many sites. They account
ed for a large percent (3750 of the benthos, however, during 
the July sampling period.

Considerable variation existed in the percent occur
rence of the six orders at the different sampling sites 
(Table 1).

Invertebrate Drift
All aquatic orders frequently collected in the ben

thic samples were found in the drift (Table A2). In ad
dition, winged terrestrials were taken only in the drift.
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Table 1. Percent occurrence of invertebrates collected in the benthos

Orders May 23 June 3 July 5 August 3 August 5 September 10 Total*

Trichoptera 23 4 10 2 9 7 7
Ephemeroptera 4 53 24 44 64 11 42
Diptera 60 28 18 15 6 38 17
Plecoptera 11 15 7 31 19 30 21
Oligochaeta — - 37 6 2 14 11
Gastropoda 1 — — — — — —

All sampling sites combined.
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Drift samples were divided into two major compo

nents, invertebrates exhibiting day drift activity and those 
primarily drifting during the night (Fig. 2). Two orders, 
Plecoptera and Ephemeroptera, displayed almost exclusive 
night drift patterns. Diptera, Trichoptera and Coleoptera, 
on the other hand, displayed constant day and night drift 
with a slight nocturnal peak occurring in some families. 
Terrestrial invertebrate drift increased during the day 
with a peak in abundance generally occurring in the late 
afternoon and evening.

Diel variations were also found in the quantity of 
invertebrates drifting. A large proportion (39$) of the 
total diel drift collected occurred during the night be
tween 10:00 PM and 6:00 AM MST (Table 2). Similarly, drift 
densities (insects/m^ of HgO) were highest in the early 
hours of the night (10:00 PM to 2:00 AM) in all diel drift 
collections except the one taken in September (Fig. Al).
The nocturnal drift was composed primarily of benthic in
vertebrates which increased in the drift at night (Fig.
A2).

Brook Trout Feeding Habits 
A total of 119 'fish stomachs were examined during 

the course of this study. Total stomach contents varied 
between sites which reflected the composition of the drift 
and benthos (Table 3). Terrestrials were the single most
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Trichoptera ------------------ Plecoptera

Ephemeroptera ------------------Coleoptera
Diptera  Terrestrial

Figure 2. Typical diel drift pattern (June 3 and
4, 1975).
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Table 2. Percentage of invertebrates in the 24-hour drift 

indicating differences between daytime and night
time.

Sampling Date
Percent

Day
6AM - 10PM

Drift
Night

10PM - 6AM

May 24 - 25 57 43
June 3 - 4 54 46
July 1 - 2 57 43
August S - 9 67 33
September 10 - 11 7k 26
Total* 61 39

All samples combined.



Table 3« Percent 
samples.

occurrence of invertebrate groups in the total fish stomach

Invertebrate
Group

May
24 - 25

June
3 - 4

July
1 - 2

August
8 - 9

August
4 - 5

August
5 - 6

September 
' 10 - 11

Trichoptera 30 23 24 35 8 9 11
Ephemeroptera 2 16 1 10 6 8 1
Diptera 11 18 16 4 6 7 7
Plecoptera 2 9 1 17 8 1 5
Coleoptera 10 7 9 12 3 6 3
Oligochaeta 3 - 7 1 1 . — 8
Gastropoda 2 2 1 1 - — -
Terrestrials 37 25 40 19 69 67 65
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important food of trout with trichoptera being second. 
Considerable variation between sampling sites existed in 
all other groups.

Correlation (significant at 0.10 or greater) exist
ed between the day stomach and drift contents in six of 
seven 24-hour samples. Only one such correlation, however, 
was found when night drift and stomachs were compared (Ta
ble k. Tables A3, A4, A5, A6). No significant correlation 
was found when benthos and stomach contents were compared 
(Table 5).

Brook Trout Populations
Brook trout population counts ranged from 47 fish 

in a forested section to 25 and 27 fish in brush and mea
dow sections respectively.
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Table k» Correlation between the percent occurrence of in

vertebrate groups in the drift and fish stomachs 
during the day and night.

May
24 - 25

June July 
3 — 4 1 — 2 8 — 9

August
4 - 5 5 — 6

Sept« 
10 - 11

Day
r 0.963 0.726 0.993 0.629 0.886 0.998 0.149
df 6 6 6 6 6 6 6
t 8.30 2.59 20.45 1.93 4.68 36.05 0.37

P <0.001 <0.05 <0.001 <0.10 <0.01 <0.001 >0.50

.Night •

r 0.300 0.073 0.082 0.231 0.102 0.829 0.288
df 6 6 6 6 6 6 6
t 0.76 0.18 0.20 0.58 0.25 3.62 0.74

P >0.40 >0.50 >0.50 >0.50 >0.50 >0.01 >0.40

r - correlation coefficient 
df - degree of freedom 
t - t statistic
p - probability of a larger value of t
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Table 5. Correlation between the percent occurrence of

invertebrate groups in the benthos and fish stom
achs .

May
24 - 25

June
3 - 4

July
1 - 2

August
4 - 5

August 
5 - 6

September 
10 - 11

r 0.188 0.207 0.000 0.212 0.224 0.085
df 4 4 4 4 4 4
t 0.96 0.42 0.00 0.43 0.46 0.17

P >0.30 >0.50 >0.50 >0.50 >0.50 >0.50



DISCUSSION

Many factors regulate the occurrence and distri
bution of trout in streams. One of the most important of 
these is the availability of food. Invertebrates are the 
most important food of stream dwelling trout and the fac
tors which determine their utilization are important in 
trout feeding ecology.

The availability of invertebrates to predation 
appears to be related to their abundance in the drift. 
Consequently, one of the fundamental questions in trout 
feeding ecology is the extent to which they can utilize in
vertebrate drift. Although previous investigators have 
shown relationships between diel drift and the food of brown 
and rainbow trout, a clearly demonstrated relationship of 
diel drift to brook trout feeding was lacking.

In this investigation, two aspects of brook trout 
feeding were important in determining the utilization of 
diel drift. The intent of the present section is to discuss 
these aspects and their broader biological and management 
implications.

Visual Feeding in Brook Trout 
Definite diurnal feeding rhythms were evident in the 

brook trout sampled in this study. Differences in the diel
18
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feeding of other salmonids have also been reported. All 
(1959) demonstrated that the feeding efficiency of Pacific 
salmon (Oncorhynchus) decreases greatly at 1.0 footcandles 
(early morning and late evening light levels) and that their 
feeding stops completely at 0.1 footcandles (equivalent to a 
clear new moon night). Ali further determined that this de
crease in feeding was due to their dependence on vision to 
locate and capture their prey. Similarly, Jenkins (1969) 
reported a reduced nocturnal feeding efficiency in rainbow 
trout, which Ware (1972) had observed to be visual pred
ators. In this study good statistical correlation between 
the percent occurrence of invertebrate groups in the drift 
and fish stomachs was found during the day. Correlation at 
night, however, was very low as invertebrates were not uti
lized in relation to their drift abundance. Thus, it ap
pears that brook trout feed by sight and that their feeding 
efficiency decreases at night.

The inability of brook trout to feed efficiently at 
night appears to have determined which components of the 
diel drift were consumed in the greatest quantities. Al
though invertebrates active during the day made up 63# of 
the total drift, they accounted for 89# of the total con
tents in trout stomachs. Invertebrates drifting at night, 
on the other hand, accounted for 37# of the total drift and 
only 10# of the fish stomach contents (Fig. 3). Similar



Night active Invertebrates 
in the diel drift

Night active Invertebrates 
in the diel stomachs
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Figure 3. Comparisons of the night active 
diel drift and stomachs.
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results were found in every individual diel sample. These 
data indicate that day active invertebrates were more avail
able to predation by brook trout, than night active inverte
brates.

The brook trout1s reduced feeding efficiency at 
night appears to restrict its use of many drifting inverte
brates. In this study 39# of the total invertebrate drift 
accurred between the hours of 10:00 PM and 6:00 AM. Even 
though some dawn and dusk feeding most likely occurs, the 
brook trout are limited in their ability to use most of this 
drift food.

There appears to be little relationship between the 
abundance of benthic invertebrates in the stream and their 
utilization by brook trout. Invertebrates may be abundant 
in the substrate, but not active on the substrate surface 
during the day. Elliott (196?) found that some inverte
brates showed a strong phototaxis and become active only at 
night. Since brook trout are visual feeders, they are re
stricted in their ability to utilize these night active 

• invertebrates. This appears to explain why low correla
tion was found between the benthos and fish stomach con
tents in this study.

To summarize, diel differences exist in the feeding 
ability of brook trout. During the day the trout feed effi
ciently on what is available, while at night their feeding 
efficiency decreases. These differences in feeding ability
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result in a high consumption rate of day active inverte
brates compared to a low consumption rate of night active 
invertebrates.

Food Selectivity in Brook Trout 
Data collected in this study indicate that brook 

trout did not feed selectively on drifting invertebrates. 
During the day good correlation (0.10 or greater) between 
invertebrate abundance in the drift and the contents of fish 
stomachs was observed showing non-selectivity. Differences 
between drift abundance and stomach contents during the 
night were probably due to the trout’s decreased feeding 
efficiency rather than to food selectivity. These findings 
support the conclusion of Needham (1969) that trout are op
portunistic in their feeding habits.

Biological and Management Implications 
The association between the brook trout and inverte

brates in this study provides an interesting example of 
predator-prey interaction. Aquatic invertebrates confined 
to the stream are subject to the selective forces of con
tinued predation by trout. One of the evolutionary conse
quences of such predation is the developement of predator 
escape mechanisms. Since trout feed most efficiently during 
the day, natural selection would favor an invertebrate with 
decreased activity during that time. Thus it appears that
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nocturnal drift by aquatic invertebrates may have evolved as 
one means of avoiding predation.

Since terrestrial invertebrates become available to 
the trout accidentally, they are not subject to the selec
tive process of predation by fish and have not developed 
escape mechanisms to avoid such predation. Consequently, 
their relative abundance in the stream drift and subsequent 
availability to the trout is dependent on their abundance 
and activity along the stream during the day. This may 
explain why in this study and in others (Benson, 1953; 
Elliott, 1967; Swift, 1970) terrestrial insects have been 
important in the diet of trout.

Different variables control the availability of 
aquatic and terrestrial invertebrates to trout. This has 
significant implications to stream management. To increase 
the availability of aquatic invertebrates for trout would 
appear to be difficult since they apparently have developed 
escape mechanisms to avoid such predation. Terrestrial 
invertebrate availability, however, depends largely on their 
abundance near the stream. The most important factor af
fecting this abundance appears to be streamside vegetation 
(Needham, 1969)• The fisheries manager may influence in
vertebrate abundance, provided he has some control over land 
use practices along streams.

Some land management practices appear to have a 
detrimental effect on terrestrial invertebrate abundance.



Chapman (1962) suggested that the removal of streamside 
vegetation by timber operations would decrease the availa
bility of terrestrial invertebrates as fish food. Similar
ly, Ensign (1957) indicated that heavy cattle grazing also 
decreases the abundance of terrestrial invertebrates. Ap
plication of insecticides by aerial spraying has obvious 
effects on terrestrial insect populations.

Information is also available on what types of 
stream side vegetation are most productive. Needham (1969) 
found that forested stream margins provided more terrestrial 
invertebrates per acre of stream surface (5.66 g) than brush 
(4.14 g), semi-exposed (3.96 g) and exposed (3.22 g) stream 
margins. Mills (1969) found that stream productivity varied 
over short distances due to the nature of the surrounding 
vegetation. In his study the standing crop of brown trout 
was higher in stream sections having dense over-hanging veg
etation. Differences in vegetation may partly explain why, 
in this study, brook trout populations were greater in a 
forested section (47 fish) than in the brush (25 fish) and 
meadow (27 fish) sections.

Much more information is needed on the relationships 
between streamside vegetation types and terrestrial inverte
brate abundance. Such information could allow the fisheries 
manager to increase the food available for trout in small 
streams. A subsequent increase in fish production, however,

24



may be expected only when other ecological variables in the 
habitat such as cover, suitable breeding areas and water 
quality are not limiting.
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Table Al. Summary of monthly sampling station characteristics.

May
24 - 25

June
3 - 4

July
1 - 2

August
8 - 9

August 
4 - 5

August
5 - 6

September 
10 - 11

Number of transects 10 20 20 20 20 20 20
Section length (m) 100 100 100 100 100 100 100
Average width (m) 2.4 1.2 1.4 1.7 0.7 1.6 1.6
Average depth (cm) 30 35 17 13 10 10 10
Surface area (sq m) 240 120 140 170 70 160 160
Riffle area ($) 50 57 54 59 86 75 75Pool area (#) 50 43 46 41 14 25 25Bottom material (#) 

Boulder 11 _ 15 19Rubble 18 — 24 25 7 — —

Gravel 60 77 32 48 56 61 61
Sand-Silt 11 21 27 8 36 36 36
Other — 2 2 — 1 2 2

Stream side vege
tation type ($)

Forest 10 100 100
Brush — — 85 85 100 — —

Meadow 100 100 15 5 — — —

Stable banks (#) 85 100 81 93 93 95 95



Table A2. Percent occurrence of invertebrates collected in the diel drift•

Invertebrate
Group

May
24 - 25

June
3 - 4

July
1 - 2

August 
— 9

August
4 - 5

August 
5 — 6

September 
10 - 11

Trichoptera 25 13 13 7 1 1 10
Ephemeroptera 11 29 12 29 22 23 65
Diptera 3 4 9 15 45 7 3
Plecoptera 25 9 2 11 6 3 1
Coleoptera 10 6 34 12 3 5 6
Oligochaeta - <1 < 1 < 1 - - 10
Gastropoda — < 1 - — — — < 1
Terrestrials 26 37 31 26 13 61 6

rooa
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Time

a---a May 24  and 25 o --------O June 3 and 4
x--------x July I and 2 ■---------■ August 8 and 9

+ --------+ September 10 and II

Figure Al. Comparison of diel drift densities from different 
sampling sites. 3
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Table A3. Percent occurrence of invertebrate groups in the fish stomach samplescollected during the daytime.

Invertebrate
Group

May
2k - 25

June
3 - 4

July
1 - 2

August
8 - 9

August
4 - 5

August 
5 — 6

September 
10 - 11

Trichoptera 26 29 12 33 3 6 6
Ephemeroptera - 17 — — 4 1 1
Diptera 6 13 18 13 5 2 7
Plecoptera - 3 2 - 2 - 4
Coleoptera 11 8 9 13 4 6 2
Oligochaeta - - 1 — 1 - 3
Gastropoda 2 1 < 1 4 — 1 -
Terrestrials 52 28 56 38 82 84 78



Table A4. Percent occurrence of invertebrate groups in the drift samplescollected during the daytime.

Invertebrate
Group

May
24 - 25

June
3 - 4

July
1 - 2

August
8 - 9

August
4 - 5

August
5 - 6

September 
10 - 11

Trichoptera 16 19 7 6 4 - 13
Ephemeroptera 1 3 — 17 9 1 61
Diptera 2 4 16 16 25 2 4
Plecoptera 2 2 — 5 9 - —

Coleoptera 14 11 7 9 7 3 5
Oligochaeta - — 2 - - - 10
Gastropoda - <1 — - — — 1
Terrestrials 66 60 68 47 46 94 7



Table A5. Percent occurrence of invertebrate groups in the fish stomach samplescollected during the nighttime.

Invertebrate
Group

May
24 - 25

June
3 - 4

July1 - 2
Augusta - 9 August

4 - 5
August 
5 — 6

September 
10 - 11

Trichoptera 37 16 41 36 13 16 20
Ephemeroptera 5 14 2 16 7 21 2
Diptera 20 24 13 — 7 16 8
Plecoptera 4 16 1 27 14 3 a
Coleoptera a 6 a 11 2 7 6
Oligochaeta a - 16 2 < 1 - 20
Gastropoda 3 3 3 - - - —
Terrestrials 12 21 17 9 56 37 37



Table A6« Percent occurrence of invertebrate groups in the drift samplescollected during the nighttime.

Invertebrate
Group

May-
24 - 25

June
3 - 4

July
1 - 2

August
8 - 9

August
4 - 5

August
5 - 6

September 
10 - 11

Trichoptera 27 9 14 7 1 1 6
Ephemeroptera 15 47 16 37 25 39 70
Diptera 4 4 7 15 50 12 3
Plecoptera 34 13 2 15 8 4 1
Coleoptera 9 22 42 14 2 6 6
Oligochaeta - < 1 1 1 - - 10
Gastropoda - 1 - - - -

Terrestrials 11 3 19 11 4 38 5
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