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Abstract. An experimental reduction in trout density was carried out for 4 yr to determine 
whether the numbers or species composition of aquatic invertebrates would be affected. In a Colorado 
stream, the standing crop of trout (mainly Salvelinus fontinalis) prior to this study was 4.86 g/m2, 
typical of infertile trout streams. Repeated electroshocking of a 1220 m long experimental section 
kept trout stocks at 10-25% of this initial value during the summers of 1975-1978. 

Density of invertebrates in the benthos (number of invertebrates per square metre) showed no 
consistent differences between the trout removal section and upstream and downstream control sec- 
tions for the majority of taxa examined. Drift density (number of invertebrates per 1000 cubic metres) 
also failed to show an effect of the trout removal. Some taxa were significantly more abundant at one 
site than another, but this was attributable to changes along the stream gradient or differences in 
phenology among the sites rather than experimental reduction of trout. As trout stomach content 
analysis revealed very intensive grazing on a few taxa of aquatic insects, their failure to increase in 
the trout removal section was unexpected. 

Statistical analysis showed that because of the variability of the system, a doubling or halving of 
numbers must occur to be detectable. Within these limits, it is concluded that removal of trout had 
no significant effect on the prey community, and two explanations are offered. Trout may actually 
consume only a small fraction of total prey, although this conclusion is limited by inability of current 
techniques to sample the benthos fully. It is also likely that because streams do not provide areas 
where fish are predictably absent, the invertebrate community is highly adapted to fish predation and 
so is not sensitive to manipulations in fish density. 

Key words: aquatic insects; benthos; drift;field experiment; predator; prey; Salvelinus fontinalis; 
stream. 

INTRODUCTION 

The ecology and feeding of stream-dwelling salmo- 
nids has been studied extensively, from the standpoint 
of the fish. Production and population dynamics 
(Northcote 1969), growth and metabolism (Hoar et al. 
1979), and food consumption and composition of diet 
(Elliott 1973, Allan 1981) compose a voluminous lit- 
erature. Relatively little attention has been paid to the 
role of fish from the viewpoint of the invertebrate com- 
munity. As a consequence it is not known whether 
trout severely limit invertebrate abundance and per- 
haps determine community composition as Paine 
(1966) showed for the top predator, a starfish, in a 
marine intertidal community. Some authors (e.g., 
Mann 1978) have concluded that invertebrate stocks 
are very heavily grazed, which suggests that the pres- 
ence or absence of trout would substantially alter prey 
densities. Others (e.g., Mundie 1974) have speculated 
that food may be well in excess of requirements. 

The principal goal of this study was to determine 
whether the presence or absence of the top predator, 
trout, affected the numbers or species composition of 
the prey community, invertebrates, in a mountain 
stream. An indirect answer to this question may be 
provided by a comparison of amount eaten to amount 

' Manuscript received 15 September 1980; revised I Oc- 
tober 1981; accepted 8 October 1981. 

available, and Allan (1982b) makes such an analysis. 
The most direct approach is either to add or remove 
trout in a field experiment, as reported in the present 
paper. 

No demonstrable increase in population numbers or 
change in species composition compared to control 
sections resulted from a 4-yr experimental reduction 
in numbers of trout. Because trout apparently con- 
sumed a substantial fraction of prey present (Allan 
1982b), and only a few species comprised the majority 
of their prey, this was unexpected. It is suggested that 
actual invertebrate densities must be substantially 
underestimated to account for this discrepancy, and 
that invertebrates in streams are highly adapted to the 
presence of fishes, with the result that changes in pre- 
dation pressure do not markedly alter the prey com- 
munity. 

EXPERIMENTAL DESIGN 

The basic concept was to reduce predation by trout 
in one section of stream relative to natural control 
sections, and determine whether invertebrate popu- 
lations were affected. The trout removal (TR), or ex- 
perimental, section was a 1220-m length of stream 
(Fig. 1). The 700-m section upstream from the upper 
end of the TR section was designated the upstream 
control (UC); the first 1000 m downstream from the 
lower end of the TR section formed the lower control 
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(LC). The three sections appeared similar in habitat 
and cover. The sampling station within the experi- 
mental section was ~200 m from the downstream end. 
Downstream displacement or drift of invertebrates in 
streams is well known and potentially could cause 
enough dispersal through section TR to mask any ex- 
perimental response. The intent was to provide 1000 
m, as nearly trout free as possible, above the sampling 
station in the experimental section. 

The null hypothesis (He,) was that there would be 
no change in numbers or species composition within 
section TR. The most likely alternative hypothesis 
(H,1) was that invertebrates would increase in abun- 
dance when released from predation. However, it is 
possible that an alternate predator or competitive 
dominant might increase, thereby causing the decline 
of other species. Thus it seemed more cautious to 
broaden HA to include any change in TR compared to 
control sections. 

The study area lies between altitudes of 3000 and 
3200 m in Cement Creek, Gunnison County, Colorado, 
USA. It is a stony-bottom, high-gradient mountain 
stream in which trout are the only fish present. Brook 
trout (Salvelinusfontinalis Mitchill), brown trout (Sal- 
mo trutta L.), and cutthroat trout (S. clarki Cope) 
maintain breeding populations, and rainbow trout (S. 
gairdneri Richardson) are stocked during summer, but 
below this elevation. The stream is in open meadow 
throughout the study region, with Salix spp. along the 
stream bank. Stream width was typically 3.5-4.5 m. 
Allan (1975) described the stream in detail. 

METHODS 

Physical measurements 

Temperature was measured with a maximum-mini- 
mum recording thermometer at about weekly intervals 
during the summer season, and when possible at other 
times of the year. Current was measured periodically 
with a pygmy current meter, and total discharge was 
calculated from triplicate current and depth readings 
at three points across the stream. 

Invertebrate sampling 

Benthos. -The benthos was sampled using a Surber 
sampler of mesh size 0.3 mm. At each site, 12 indi- 
vidual samples (area = 0.093 in2) were collected in a 
3 x 4 grid across the stream by moving upstream 1-2 
m after each row of 4 samples was collected across 
the stream width. The total sample size was 1.12 m2. 
I attempted to choose riffle areas <20-30 cm deep, 
except when high flows forced me to sample in deeper 
water (40-50 cm in some instances). A sample size of 
12 was chosen, as preliminary estimates of variability 
indicated that precision increased markedly with sam- 
ple size up to 10-15 samples, and more slowly there- 
after. As the initial intent was to rely on nonparametric 
statistics, and for ease of sample sorting, all 12 Surber 
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FIG . Map of Cement Creek, Gunnison County, Colo- 
rado, USA, showing trout removal section (1220 m long, be- 
tween fences) and upper and lower control sections. Ap- 
proximate locations of sampling sites are indicated by 
arrows. Dashed lines are intermittent streams which usually 
contain running water. 

samples were combined into a single sample at the 
time of collection in 1975 and 1976. However, in order 
to have an estimate of precision associated with each 
sample, in 1977 and 1978 each of the 12 samples per 
site was sorted separately. 

Samples were preserved in 10% formalin with some 
rose bengal added to facilitate later sorting. All sam- 
ples were sorted in their entirety and stored in an al- 
cohol-glycerine solution. All invertebrates were 
counted and identified to the lowest taxonomic level 
feasible (generally to species, except in the Diptera 
where the family level was used). 

Drift.-The drift was sampled using nets of mesh 
size 0.3 mm suspended from steel bars driven into the 
substrate. Care was taken that nets did not contact the 
bottom. Each net had a square opening of 0.1 In2, a 
length of 2 m, and was joined to the frame by a 20-cm 
sleeve of smooth Dacron? to minimize the likelihood 
of insects crawling out of the net. Nets were slightly 
greater in area ~0.2-0.5 m behind the opening to min- 
imize turbulence at the net mouth. Two nets were used 
at each site and sampled over a 24-h period. Contents 
were preserved as described for benthos. 

Flow through the nets was estimated from the prod- 
uct of percent of net opening submerged, area of net 
opening, and current estimated within the mouth of 
the net. Three estimates of current were made at the 
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TABLE 1. Estimated trout numbers in experimental section of Cement Creek at beginning of removal experiment (1975) and 
in subsequent years. Date is date of first fishing, Ci is the ith catch, N (with 95% CL) is the estimated number in the 1220- 
m section, and J3 is the estimated capture probability. 

Catch 

Date C, C2 Ci C4 C5 N and 95% CL P 

8 July 1975 
<12-cm trout 23* 72 68 32 27 261.9 + 46.8 .30 
>12-cm trout 83 68 56 29 38 385.2 + 73.6 .22 

Total 647.1 ? 120.4 

9 July 1976 115 54 31 235.0 + 26.5 .47 
25 June 1977 111 50 202.0 + 37.1 .55 
6 July 1978 100 93 45 42 382.9 + 66.9 .28 

Not included in estimate of N. 

beginning and end of each sampling interval, and av- 
eraged. Any loss of filtering efficiency was noted from 
beginning and end current readings; for the most part 
none occurred. Drift density (numbers drifting per 
1000 cubic metres of discharge) was calculated by di- 
viding number of invertebrates captured in an interval 
by volume (cubic metres) of water sampled, multiplied 
by 1000. 

Drift sampling procedures were varied during the 
study in an effort to reduce the effort of sample sort- 
ing. In all cases I collected eight paired samples at 3- 
h intervals over 24 h. In 1975, nets were submerged 
for the entire 3-h sampling interval. Because number 
of invertebrates collected was often very large, and 
some loss of net-filtering efficiency was observed, in 
subsequent years I used 1-h sampling periods at 3-h 
intervals. The only exception to the 1-h sampling pe- 
riod occurred near the height of spring runoff, when 
net clogging would allow only a 20-min sample. Be- 
cause of the well-known nocturnal increase in drift, I 
took care to time the first evening sampling interval to 
begin just after nightfall. 

Drift samples generally were subsampled with a 
plankton splitter prior to removal of invertebrates. The 
range of subsample sizes was 12.5-100%', and in most 
instances 25 or 50%o was subsampled. Invertebrates 
were counted and stored as described for benthos. 

Trout 

Two fences were erected 1220 m apart in a meadow 
at 3050 m (Fig. 1) to form the experimental section. 
Fences were 2.5-cm vinyl-coated chain link secured 
to steel fence posts driven into the stream bed. Lo- 
cations were chosen for wide, shallow, and as uniform 
as possible bottom configuration to increase the effec- 
tiveness of the barrier. A flexible wire screen extend- 
ing up to the surface was then placed on the upstream 
side of the chain link fence, so that current held it in 
place. This screen was bent at a right angle so that 
-0.5 m was flush with the stream bottom, and then 
covered with stones. Thus a barrier was created which 
reduced the likelihood that trout could penetrate un- 

derneath the fence. The screen was 2.5-cm mesh under 
high flow conditions (July) and 1.3-cm mesh when low- 
er flow permitted. Fences were installed about I July 
of each year and removed in mid- to late September. 
As spring runoff peaked in mid-June, it was not fea- 
sible to install fences earlier. 

Trout were collected by electroshocking (pulsed 
DC). To census the population and also to remove 
trout from the 1220-m experimental section, repeated 
(two to five) electroshocking efforts were made in an 
upstream direction. Trout were kept alive and later 
released elsewhere, or killed for length and mass data. 
All fish were measured (fork length in millimetres), 
and the mass of each sample was determined to the 
nearest 0. 1 g on a triple-beam balance. 

As each individual catch tends to be large, relative 
to the population, in stream electrofishing, the catch- 
removal method is appropriate for estimation of num- 
bers (Seber and Le Cren 1967, Seber 1973:309). Be- 
cause it has been reported that the probability of cap- 
turing small trout is lower than that for large trout 
(e.g., McFadden 1961), I separated my estimates into 
two size-classes (< 12 cm, > 12 cm) where it improved 
the precision of the estimates. 

RESULTS 

Physical measurements 

Water temperature was 0C from early November 
until late April. Maximum summer temperatures were 
15?-18?, typically with a diel range of 10-120. Low flow 
conditions in 1977 resulted in warmer temperatures 
compared to 1978, a high flow year. Discharge (cubic 
metres per second) in Cement Creek typically peaked 
in mid-June, followed by a decline throughout the 
summer. Differences between years were evident: 
1975 and 1978 both were high-discharge years, 1976 
somewhat lower, and 1977 registered extremely low 
flows. In excess of 70W of the total annual discharge 
typically occurred between mid-May and mid-July. 
Further documentation of temperature, discharge, and 
water chemistry are available from the author on re- 
quest, and in Allan (1975). 
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FIG. 2. Standing crop biomass (wet mass) of trout in the experimental (trout removal) section, summers of 1975-1978. 
Horizontal dashed lines represent 100 and 25% of initial biomass. 

Trout 

During the initial trout census and removal from the 
experimental section, five electrofishing sweeps were 
made between 8 July and 15 August 1975. A plot of 
cumulative catch vs. catch for < 12-cm trout revealed 
that this size-class was very underrepresented in the 
first electrofishing, presumably because of high flow 
and inexperience. Accordingly, the numbers of this 
size-group were estimated from the second through 
fifth electrofishings, while number of trout > 12 cm was 
estimated separately from all five collections. The es- 
timates (with 95% CL) are 261.9 + 46.8 trout <12 cm, 
and 385.2 + 73.6 trout > 12 cm, for a total of 647.1 + 
120.4 trout in the 1220-m section (Table 1). A slightly 
higher point estimate, 661 trout, is obtained by the 
graphical method of Seber and Le Cren (1967). On 27 
September 1975, a final collection under low-flow con- 
ditions brought the number of trout collected to 616. 
Thus by the end of the first summer, 93-95% of the 
estimated initial population had been captured. Brook 
trout (Salvelinus fontinalis) comprised 95.5% of the 
trout present, with about equal numbers of brown 
(Salmo trutta) and cutthroat trout (S. clarki) in the 
remainder. 

The relation between wet mass (M, in grams) and 
fork length (L, in centimetres) was determined to be: 

M = 0.012 L298 (1) 

(r2 = .98) based on 244 brook trout collected at var- 
ious times from 1975 to 1978. Individual regressions 
from collections on different dates did not differ sig- 
nificantly, and so were pooled. 

As all trout were measured when collected, it was 
possible to convert all population estimates to biomass 
using Eq. 1. The few brown and cutthroat trout were 
presumed to conform to the same regression, and this 

seemed reasonable based on inspection of the data. 
Applying the mass distribution obtained from the 616 
captured trout to the point estimate of 647.1 trout gives 
an estimated biomass of 25.18 kg. Based on an esti- 
mated stream area of 5182 m2, the standing crop of 
trout was 4.86 g/m2 at the beginning of this experiment. 
Censuses conducted in other years from source to 
mouth of Cement Creek were consistent with this es- 
timate. 

TABLE 2. Friedman's nonparametric ANOVA for trends in 
benthic densities (number per sample) among upper control 
(UC), trout removal (TR), and lower control (LC) sections. 
For each taxon, density was ranked among the three sec- 
tions on each of 16 dates. Significant differences between 
means based on an a posteriori comparison of ranked sums 
(Hollander and Wolfe 1973:151) are indicated by inequality 
signs. 

Taxon P Result 

Ephemeroptera 
Baetis bicaudatus NS >. 1 
Cinygmula sp. NS >.5 
Epeorus longimanus <.01 UC < TR LC 
Ephemerella coloradensis NS >. 1 
E. infrequens NS >.05 
Rhithrogena hageni NS >.5 

Plecoptera 
Alloperla spp. NS >.1 
Perlodidae NS > .5 
Zapada haysi NS >. 1 

Trichoptera 
Rhyacophila acropedes <.025 UC < TR = LC 
R. valuma <.05 UC > TR = LC 

Diptera 
Chironomidae NS >.5 
Simuliidae NS >. 1 

Total aquatic invertebrates NS > .5 
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FIG. 3. Number of individuals per square metre in the trout removal (U U), upper control (-----0), and lower 
control (0-- -) sections over 4 yr. Lower panel: Baetis bicaudatus; middle panel: Cinygmula sp.; upper panel: Epeorus 
longimanus. 

From electrofishing returns each year, it was pos- 
sible to estimate the population of trout in the exper- 
imental section at the beginning of the 1976, 1977, and 
1978 seasons (Table 1). Numbers ranged from 31-59% 
of the original value on about I July of each year owing 
to invasion of the experimental section during the win- 
ter and perhaps especially during spring runoff. The 
estimates obtained by separate treatment of <12-cm 
and >12-cm trout were very close to estimates based 
on all trout combined, and only the estimates based 
on total trout are presented. 

The estimated biomass of trout present in the ex- 
perimental section was estimated from electrofishing 
and length-frequency data throughout the 4-yr study 
(Fig. 2). On any date, numbers present prior to elec- 
trofishing were estimated from N = (number cap- 
tured) . J, where fi was based on data from an oc- 
casion when repeated electrofishings were conducted 
under similar flow conditions. Number remaining was 
estimated as N-number caught, and all figures were 
then converted to biomass. Values were highest at the 

beginning of each summer, but were not as high as 
numbers alone (Table 1) would suggest because most of 
the trout were small. After the first week in July, bio- 
mass present was generally in the range of 10-25% of 
initial biomass. 

Invertebrates 

Benthic collections. -Benthic densities were esti- 
mated in the trout removal and the two control sec- 
tions on each of 16 dates between 30 July 1975 and 11 
September 1978. Samples were collected at the lower 
control site on some additional dates to better define 
population fluctuations. 

Average numbers per square metre are presented 
for Baetis bicaudatus, Cinygmula sp., and Epeorus 
longimanus (Ephemeroptera) in Fig. 3, and for the 
stonefly Zapada haysi, the Chironomidae, and the 
Simuliidae in Fig. 4. For some 31 data sets where 12 
replicates were sorted separately, 95% confidence in- 
tervals were calculated from log(x + 1) transformed 
data. They are omitted from Figs. 3 and 4 for clarity. 
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FIG. 4. Number of individuals per square metre in the trout removal ( ) upper control --- 0), and lower 
control (Es- - -G) sections over 4 yr. Lower panel: Zapada haysi; middle panel: Chironomidae; upper panel: Simuliidae. 

Typical 95% confidence intervals were + 50W of the 
mean (J. D. Allan, personal observation). The mini- 
mum detectable difference between means is dis- 
cussed in a later section. Seasonal fluctuations typi- 
cally encompassed three orders of magnitude. Densities 
also varied among years, perhaps owing to annual 
variation in water discharge. 

None of the six taxa presented in Figs. 3 and 4 
showed a consistent trend toward more individuals 
in the trout removal section compared to the two con- 
trols. However, it is clear that on some dates, at least 
two of the sites differed substantially. On 12 October 
1977, for example, Baetis density at the lower control 
site was exceeded by Baetis density at the other two 
sites by at least an order of magnitude. 

To determine whether densities were consistently 
greater at one site compared to the others, I used 
Friedman's nonparametric test in which dates were 
treated as blocks, and mean density at each of three 
sites was ranked for each collecting date. Of 14 taxa 

examined (Table 2), 3 showed significant differences 
among ranked densities: Epeorus longimanus 
(Ephemeroptera), Rhyacophila acropedes, and R. val- 
uma (Trichoptera). The results with E. longimanus 
appeared consistent with release from predation. 
However, significance was obtained primarily because 
there were consistently fewer individuals at the upper 
control site, while numbers were not significantly 
greater in TR compared to LC (Table 2). A similar 
interpretation seems appropriate for the R. acropedes 
result, while R. valuma generally decreased in a 
downstream direction. Thus while three species 
showed significant differences among sites, they did 
not provide convincing evidence of release from pre- 
dation. 

For nine dates in 1977-1978 where individual repli- 
cates were sorted separately, I compared densities by 
one-way analysis of variance among the three sites. 
All data were transformed to logarithms (log[x + 1] 
when zero observations were present). Six taxa were 
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TABLE 3. Results of one-way ANOVAs among upper control (UC), trout removal (TR), and lower control (LC) for 1977- 
1978 benthic densities. Means which differed significantly (.05) by the a posteriori SNK test are indicated by inequality 
signs. 

Sampling date 

Taxon 16 Jun 77 5 Jul 77 25 Jul 77 17 Aug 77 12 Oct 77 5 Jul 78 23 Jul 78 23 Aug 78 11 Sep 78 

Baetis bicaudatus NS LC < TR NS TR < UC LC < TR = UC NS NS NS NS 

Cinygmula sp. UC < TR = LC NS NS TR < UC LC <TR = UC NS NS NS NS 

Epeorus longimanus UC < TR = LC NS LC > TR = UC NS NS LC > TR = UC NS NS NS 

Zapada haysi NS NS LC > TR = UC NS NS LC > TR = UC NS NS TR < UC 
Chironomidae NS LC < TR NS TR < UC TR > UC = LC LC > TR = UC NS NS TR < UC 
Sim uliidae NS NS ... ... ... NS ... ... ... 

*Number too few for analysis. 

chosen for this analysis based on their importance in 
trout diet and relatively infrequent zero observations. 

Of the 48 separate ANOVAS, fully 17 (35%) showed 
a significant difference among sites at the .05 level. A 
posteriori comparisons made by the Student-Newman- 
Keuls (SNK) test (Sokal and Rohlf 1969) allowed de- 
termination of which means differed significantly (Ta- 
ble 3). For example, TR > UC = LC would be ex- 
pected as a result of release from predation. Only the 
Chironomidae on 12 October 1977 showed this result, 
although 5 of the remaining 16 significant effects were 
due to higher densities in the trout removal section 
compared to one control section. However, the pat- 
tern of these significant differences is not consistent 
within a species over time; rather, on a particular date 
one site differs from the other two for several taxa. 
On 5 July 1978, for example, E. longimanus, Z. haysi, 

and the Chironomidae were each more abundant at 
the upper control site compared to the other two sites. 
Either chance selection of a rich location or seasonal 
phenology seem to be more likely explanations than 
do differences in trout density. 

In summary, analyses of trends in invertebrate den- 
sities by a nonparametric test over 4 yr and by F tests 
on nine dates in 1977-1978, failed to reveal a signifi- 
cant difference between the trout removal and two 
control sections. While a particular species may differ 
in mean density between some pairs of sites, no con- 
sistent trend emerges. 

Drift collections.-Drift samples were collected at 
the experimental and the two control sites (Fig. 1) over 
a 24-h period on 12 sampling dates between 13 August 
1975 and 24 August 1978. Results were calculated as 
drift density, or numbers per 1000 cubic metres of 

TABLE 4. Drift densities (numbers per 1000 cubic metres) estimated by two replicate nets (1, 2) at two sites (TR = trout 
removal; LC = lower control) for the 24-h period 18-19 August 1976. 

Invertebrates (number/1000 m3) 

TR I TR 2 LC 1 LC 2 

Invertebrates 
Baetis bicaudatus 9260.6 8080.0 14870.5 14474.7 
Cinygmula sp. 425.5 474.1 405.7 555.7 
Epeorus longimanus 404.0 303.0 440.5 588.0 
Ephemerella coloradensis 209.5 206.3 244.6 246.2 
E. infrequens 96.1 78.1 82.5 147.0 

Total Ephemeroptera 10 591.6 9202.8 16 213.1 16 066.6 

Alloperla spp. 243.4 68.7 396.7 220.1 
Perlodidae 29.5 139.4 15.5 206.9 
Zapada haysi 342.9 251.0 493.9 361.5 

Total Plecoptera 615.7 464.7 906.0 811.7 

Rhyacophila acropedes 5.7 13.0 9.0 16.9 
R. valuma 4.3 9.3 2.6 6.3 

Total Trichoptera 21.8 48.3 63.8 63.2 

Simuliidae 1631.9 2013.5 3286.6 3262.9 
Chironomidae 519.5 515.1 404.4 774.4 

Total aquatic invertebrates 13 875.0 12 480.3 22 001.8 21 420.8 

Terrestrial invertebrates 133.6 72.4 332.9 310.6 

% of discharge sampled 5.29 6.44 7.93 4.84 

Discharge (m:'/s) 0.58 0.68 
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water sampled, to correct for differences in flow 
among sites. This figure was obtained by dividing total 
individuals collected over 24 h by total discharge for 
the same period, and so represents an average of day 
and night values. Although two replicate nets were 
used, I routinely analyzed only one net at each site 
because of the effort involved. On 18 August 1976, 
however, the contents of both nets were analyzed at 
two sites (TR, LC) to determine reliability of esti- 
mates. Replicate estimates of drift density were in- 
dependent because each was based on a separate es- 
timate of numbers captured and flow through the net. 
In general, results differed between the two sites more 
than between the two replicates, and numbers were 
greater at site LC (Table 4). The replicate samples at 
site LC were based on sampled water volumes that 
differed by nearly a factor of two, yet gave quite sim- 
ilar estimates. The eight individual estimates that pro- 
vide the 24-h total were compared by split-plot AN- 
OVA (between sites, times within sites, T x S). Total 
invertebrates and most major taxonomic groups were 
significantly more abundant at site LC. 

Because of the lack of information on within-site 
variation in drift density, apart from that reported 
above, statistical analysis was by nonparametric meth- 
ods only. As with benthic estimates, the drift density 
was ranked among the three sites on each of 12 dates 
to test whether numbers were consistently higher at 
one site compared to the others. Of the 14 taxa ex- 
amined (Table 5), five showed significant differences 
among sites. Four of these clearly were density 
changes along the stream gradient. Only Rhithrogena 
hageni showed a tendency to increase in TR compared 
to both controls (but not significantly with respect to 
LC), and possibly this species benefitted from reduced 
trout density. However, higher densities of R. hageni 
in the TR section were most apparent in 1975-1976, 
and less apparent thereafter, which appears inconsis- 
tent with the continuing reduction in trout biomass 
(Fig. 2). 

In summary, comparison of drift density among the 
three sites did not indicate higher drift from the TR 
section compared to the two controls. Some taxa 
showed significantly different drift densities among 
stream sections, but the pattern was more consistent 
with some factor or factors acting parallel to the 
stream gradient than with reduction in trout density. 

DiscuSSION 
Adequacy of the trout removal experiment 

In assessing results, one wishes to know the extent 
of the reduction in predation accomplished in the ex- 
perimental section. Initial density is known moderate- 
ly well, with the 95% confidence interval ? 18.6% of 
the estimated mean. Because mass can be estimated 
from length with high precision, values expressed as 
biomass are nearly as good. There is possible system- 
atic bias if trout differ markedly in catchability, leading 

TABLE 5. Friedman's nonparametric ANOVA for trends in 
drift density (numbers per 1000 cubic metres) among upper 
control (UC), trout removal (TR), and lower control (LC) 
sections. For each taxon, density was ranked among the 
three sections on each of 12 dates. Significant differences 
between means based on an a posteriori comparison of 
ranked sums (Hollander and Wolfe 1973:151) are indicated 
by inequality signs. 

Taxon P Result 

Ephemeroptera 
Baetis bicaudatus NS (>.5) 
Cinygmula sp. <.01 LC < TR = UC 
Epeorus longimanus NS (>.5) 
Ephemerella coloradensis NS (>1) 
E. infrequens NS (>1) 
Rhithrogena hageni <.05 UC < TR LC 

Plecoptera 
Alloperla spp. NS (>.) 
Perlodidae <.05 UC > TR = LC 
Zapada haysi <.01 UC > TR = LC 

Trichoptera 
Rhyacophila acropedes NS (>). ) 
R. valuma NS (>.I) 

Diptera 
Chironomidae <.01 LC < TR = UC 
Simuliidae NS (>.I) 

Total aquatic invertebrates NS (>.05) 

to underestimates of 15 or even 30W (Bohlin and Sund- 
strom 1977). No assessment of this bias is feasible, 
however. 

The amount of trout remaining in the experimental 
section over the course of this study, expressed as 
biomass (Fig. 2), reveals that a very substantial re- 
duction was accomplished. From early July until au- 
tumn when temperatures and feeding rates decline 
markedly (Allan 1981), trout biomass is only 10-25% 
of the initial value. During May and June, however, 
feeding rates can be quite high (Allan 1981), and bio- 
mass expressed as a percentage of initial value was 
48% (1976), 36% (1977), and 28% (1978). Overall, the 
reduction in predator abundance was substantial but 
not complete. It is possible that the remaining trout 
fed at a higher rate; however, inspection of length- 
mass relationships did not indicate such an effect (J. 
D. Allan, personal observation). 

Cement Creek, because of its high altitude, might 
be expected to be relatively unproductive. This is gen- 
erally true, although probably the study area is typical 
of less-fertile salmonid streams anywhere (see reviews 
by Waters 1977, Chapman 1978). The standing crop 
biomass from the experimental section of Cement 
Creek (4.9 g/m2), and production estimated by the 
graphical method of Allen (1951: 3.1 g.m-2 yr-1), are 
fairly typical values. 

Invertebrate response 

In this experiment, the null hypothesis (H.,) of no 
difference among sites cannot be rejected. I conclude 
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that the presence or absence of trout did not play a 
major role in determining abundance or species com- 
position of aquatic invertebrates in this stream. 
Whether or not the taxa under investigation are heavi- 
ly preyed upon by trout, and whether or not the data 
are adequate to detect a difference, if one exists, are 
important concerns in accepting such a conclusion. 

Some a priori insight into the likely effects of trout 
can be gained from knowledge of the food web. Ex- 
tensive analysis of the food of brook trout provided 
estimates of the relative importance of different 
species in trout diet (Allan 1981). Two collections in 
June and July were similar to one another, as were 
three collections in August and September (Fig. 5). 
The diet of invertebrate macropredators is indicated 
by dashed lines from evidence presented in Allan 
(1982a) and Thut (1969). 

The food web of spring and early summer showed 
very heavy reliance on Bactis bicaudatus and larval 
blackflies (Simuliidae). Together these comprised 

76.3% of total numbers eaten. The food web of late 
summer and autumn differed in that emerging insects 
and terrestrial prey were more important (25. 1%), the 
plecopteran Zapada haysi was 14.1% of total prey eat- 
en, as was B. bicaudatus, while larval simuliids were 
unimportant. If one uses the frequency that a prey 
item appears in trout stomachs as a likely indication 
of the effect of the trout removal experiment, then 
clearly certain species should especially benefit from 
release from predation. These include B. bicaudatus, 
Z. haysi, and the Simuliidae. However, a very abun- 
dant species might withstand very intense predation, 
and a rare species might actually experience a greater 
proportional effect. The perlodid stoneflies are com- 
paratively rare, and are of large size, which increases 
risk of predation (Allan 1978). They also are the prin- 
cipal invertebrate predators. 

While B. bicaudatus, Z. haysi, the Perlodidae, and 
the Simuliidae each may be expected on a priori 
grounds to benefit from reduced trout density, none 
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of these taxa provide any basis for rejecting Hi). Thus 
the conclusion that trout have no effect on abundance 
of invertebrates does not appear to stem from choos- 
ing inappropriate taxa for comparison. 

In view of the considerable variability that charac- 
terizes stream benthos, it seems reasonable to ask how 
large a difference in numbers between sites must be 
to be detectably different. To determine this minimum 
detectable difference, I used the a posteriori SNK test 
which is based on the error mean square (EMS) of the 
one-way ANOVA with three treatments and 12 repli- 
cates used in Table 3. The EMS of log-transformed data 
was quite consistent and independent of mean density 
for each taxon examined. The antilogarithm of the 
amount by which two means of log-transformed data 
must differ is the "times-divide" factor (Elliott 1977) 
by which one arithmetic mean must exceed another. 
For B. bicaudatus, E. longimanus, and Cinygmula 
sp., mean densities at some pair of the three sites must 
differ by a factor of 1.9 on the average for rejection of 
H), at the .05 level (Fig. 6). As the inset of Fig. 6 
shows, the times-divide factor in any given data set 
will vary around this average value. Although this 
minimum detectable difference could not be estimated 
for 1975-1976, there was no indication that it varied 
between sampling dates or between years for the 
1977-1978 data. 

Thus, for the design used, roughly a doubling or 
halving of abundance is required to reject the null hy- 
pothesis. As Fig. 6 shows, the inherent variability of 
stream benthos allows increased precision only with 
very substantial effort. This magnitude for a minimal 
detectable difference, and its dependence on sample 
number, may be fairly typical of field data from other 
systems as well (Eberhardt 1978). 

The drift data did not permit an estimate of how 
large a difference may be detected, because of lack of 
replication. However, replicated samples of drift are 
generally more consistent than are replicate samples 
of benthos (Chutter 1975: Table 4). Had higher drift 
densities resulted from the reduction in trout preda- 
tion, this increase should have been detectable by the 
nonparametric test used, at a level of discrimination 
comparable to or better than that possible with the 
benthic data. 

Predation and community composition 

It has been suggested that predation is of overriding 
importance in determining community organization 
(Connell 1975). This view appears especially well sup- 
ported by studies of marine and freshwater ecosys- 
tems using manipulation experiments and comparisons 
of natural communities with and without the presence 
of certain species (e.g., Paine 1966, Dodson 1970). 
However, it is hardly plausible that removal of a 
species chosen at random will affect the structure of 
an entire community, and many species may be "weak 
interactors" in the terminology of Paine (1980). Paine 
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FIG. 6. The multiple that one mean must he of a second 
mean (times-divide factor) in order to differ significantly (P = 
.05), as a function of sample size. Result applies where three 
treatments are compared and the goal is to distinguish one 
mean from the other two. For 12 replicates per treatment 
(arrow, this study), roughly a doubling or halving is required. 
Solid line = Baetis bicaudatus, Cinygmula sp., and Epeorus 
longimanus; Dotted line = Zapada haysi. Results for Chi- 
ronomidae were intermediate. Inset shows actual times-di- 
vide factor from the F tests of the Table 3 ANOVAs; hori- 
zontal line is mean of points. 

defines a strong interactor as one whose absence or 
removal results in pronounced changes in other 
species. Such an effect is especially likely with a pred- 
ator that plays a key role in controlling a particular 
prey, and where that prey is competitively superior to 
other species in the food web. 

In a general review of food consumption by fish in 
nature, Mann (1978) concluded that food stocks usu- 
ally are very intensively grazed. In his classic study 
of the Horokiwi Stream, New Zealand, Allen (1951) 
concluded that trout consumed 40-150 times the 
standing stock of invertebrates present. Further stud- 
ies showed that figure to be high by a factor of two to 
three, but did not change the central point of very 
heavy utilization of available food. Warren et al. ( 1964) 
established that trout production could be increased 
in an experimental stream by increasing the benthic 
biomass through sucrose addition, and Brocksen et al. 
(1968) observed a decrease in benthic densities with 
increasing biomass of stoneflies and sculpins. Elliott 
(1973) concluded that trout were getting enough food 
in excess of maintenance requirements to permit 
growth on only one of three sampling dates. 

Mundie ( 1974), in contrast, calculated that drift rates 
were sufficient to support 10 times the number of salm- 
on fry present in a British Columbian stream, although 
he added the qualification that there is no knowledge 
of the amount current drift contributes to future feed- 
ing. The extent to which invertebrates are cropped by 
fish may have been underestimated in the past, based 



1454 J. DAVID ALLAN Ecology, Vol. 63, No. 5 

on recent indications (Hynes et al. 1976) that total ben- 
thic density commonly is underestimated due to the 
distribution of invertebrates deep in the substratum. 

In summary, a controversy remains as to whether 
trout heavily graze their prey or subsist on the surplus; 
any resolution is made particularly uncertain by the 
potentially very substantial underestimation of food 
available, especially in stony streams. Nonetheless, 
the weight of evidence lies closer to the view that trout 
crop a significant, rather than a trivial, fraction of their 
prey. 

Other fish manipulation experiments have caused 
few changes. Macan (1966, 1977) studied the effects 
of addition and removal of brown trout (Salmo trutta) 
on the fauna of a moorland pond. Some larger species 
which inhabit open water (tadpoles, Notcrnecta) were 
markedly reduced, while much of the fauna, especially 
that which lived in vegetation, was little affected. 
Gowing and Momot (1979) stocked brook trout (Sal- 
velinus fontinalis) at different densities in three small 
lakes in Michigan, and found that crayfish (Orco- 
nectes virilis) recruitment and production did not vary 
among the lakes. Zelinka (1974, 1976) compared ben- 
thos and drift in three sections of a small stream in 
Czechoslovakia having natural, high (186% by num- 
bers of natural density Salmo trutta, 135% Cottus poe- 
cillopus) and low (7% S. trutta, 73% C. poecillopus) 
fish densities. Total numbers of Ephemeroptera in the 
benthos actually increased slightly where fish were 
added, although fewer large nymphs occurred and drift 
decreased. The overall effect appeared slight. 

These studies provide some corroborating evidence 
of lack of response of a freshwater invertebrate com- 
munity to manipulation of predation by fish. The con- 
spicuous top predator in at least several instances has 
proven to be a weak interactor (Macan 1966, Zelinka 
1974, Thorp and Bergey 1981). Possibly this was be- 
cause no competitive dominant existed or was affect- 
ed, or because refuges in the substratum greatly re- 
duce the foraging efficiency of fishes. An additional, 
speculative explanation is that the fauna has adapted 
so well over evolutionary time to predation by fish, 
that community make-up is little affected by changes 
in fish density. Streams by their anastomosing nature 
do not provide habitats where fish are predictably ab- 
sent, in contrast to ponds. Nor is spatial patchiness 
likely to be sufficiently stable over time, because of 
the randomizing effects of drift, to allow a potential 
prey to complete its life cycle without encountering 
predators. The result may be a fauna highly adapted 
to fish predation and therefore less subject to its influ- 
ence. This adaptation includes at least small size, 
cryptic coloration, and nocturnal activity. Some 
stream invertebrates show a greater propensity to noc- 
turnal drift as they increase in size (Steine 1972, Allan 
1978, Fjellheim 1980) and thus suffer greater risk of 
selective predation (Ringler 1979). The primary effect 
of fish predation may be in limiting the foraging activ- 

ity of stream invertebrates, rather than their numbers, 
much as Stein and Magnuson (1976) demonstrated in 
laboratory experiments with bass and crayfish. 
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