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Stream insects that drift downstream in the water column are at risk from fishes that feed visually in r-r~id- 
water, and the restriction of drifting to nighttime is hypothesized to have evolved as an avoidance response 
to this type of predator. I tested the hypothesis that low daytime drifting is a proximate response to the pres- 
ence of drift-feeding fishes by manipe~lating fish density (brook trout, Salvelinus dontinalis) in two field 
experiments. Daytime drift activity of five prey taxa (all mayflies: Ephemeroptera) was low in both exper- 
iments and did not change following fish removal. By night, however, nighttime drift activity of two 
mayflies, Baetis and Paraleptophlebia, was increased in areas containing fish. The other three mayflies, 
Ephemerella, Stenonema, and Eurylophella, which showed less drift activity overal I ,  displayed no con- 
sistent responses to fish presence. The original hypothesis predicts that risk from drift-feeding fishes should 
result in reduced daytime drifting. The increases in nighttime drifting away from patches dense with trout 
were not predicted by the original hypothesis, but may be an additional avoidance response to reduce long- 
term predation risk in streams where trout are distributed patchily in space. 

Les insectes des cours d'eau qui derivent en descendant le courant dans la colonne d'eau sont exposes aux 
poissons qui se nourrissent par reperage visuel dans les eaux intsrrnkdiaires et I'on suppose que Ee fait que 
les insectes ne derivent que la n u i t  constitue une reaction d'evitement de ce type de predateurs. Pour 
verifier I'hypothese voulant qu'une faible derive diurne soit une reaction immediate a la presence de 
poissons qui se nourrissent dans le courant, nsus avons manipule la densite du poisson (ornble de fontaine, 
Salvelinus donainalis) dans deux experiences sur le terrain. L'activite de derive diurne de cinq taxons- 
proies (tous des kphkm4ropt&res) etait faibie dans les deux experiences et n'a pas change 2 la suite du retrait 
des poissons. La nuit, cependant, I'activite de derive de deux 6ph6m6ropteresf BaeaEs et Paraleptophlebia, 
etait accrue dans les nones poissonneuses. kes trois autres eph6rneroptGres, Ephemerella, Stenonema et Eury- 
Isphella, dont I'activite de derive globale ktait moindre, n'ont montre aucune reaction csnstante 2 la 
presence du poisson. Selon I'hypothese de depart, le risque lie aux poissons se nourrissant dans le courant 
aurait dil provoquer une diminution de la derive diurne. Les augmentations de derive nocturne hors des 
zones densement peuglees par I'omble de fontaine n'etaient pas prevues par I'hypothese de dkpart, rnais 
elles peuvent constituer une reaction d'kvitement additionneile visant A redesire le risque a long terme 
de la predation dans les cours d'eau oh I'omble est inegalement distribuee dans I'espace. 
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redatsrs have important influences on behavioural deci- 
sions made by their prey, including decisions about 
when and where to engage in activities such as feed- 

ing, mating, and dispersal (Edmunds 1974; Sih 1987; Lima 
and Dill 1990). Prey often limit their activities to places 
and times which reduce their frequency of encounters with 
predators. Many taxa vulnerable to visual predators, for 
example, tend to enter areas containing these predators only 
at night because these predators usually feed ineffectively, or 
not at all, after dark. (e.g., Gentry 1974; Nelson and Vance 
1979; Ohlhorst 1982; Edwards 1983; Holomuzki 1986; 
Haney 1988). Many benthic stream insects, including mayflies 
(Order Ephemeroptera), disperse by drifting short distances 
downstream in the water column (Waters 1972). Drifting 
insects are at risk from predatory fish that hunt by sight in 
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midwater, and feed mostly during the day (Walsh et al. 
1988; Angradi and Griffith 1990). Fish predation should 
select against behaviours that result in daytime drifting and, 
for this reason, the widespread pattern of concentrating drift 
activity in the hours of darkness (Waters 1972; Miiller 1974) 
is hypothesized to have evolved as an avoidance response to 
drift-feeding fishes (Allan 1978). 

Support for the predator-avoidance hypothesis comes from 
the observation that larger individuals of some insect species 
are more nocturnal than smaller ones (they show a greater 
ratio of nightday drift density) (Allan 1978, 1984; Skinner 
1985). This supports the hypothesis because fish tend to 
select larger prey (e.g., Ringler 1979; Newman and Waters 
1984); lager insects are therefore more at risk and so should 
be more nocturnal than smaller ones. More direct evidence 
for the hypothesis is that drift is less nocturnal in streams nat- 
urally lacking water-column predators than in streams where 
these predators are present (Malmqvist 1988; Flecker 1992; 
Douglas et al. 1994). 
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Behaviours that evolved because they result in predator 
avoidance may be either fixed (sensu Stein 1979), where the 
prey no longer respond to present-day variation in predator 
density, or phenotypically plastic, in which case prey behav- 
iour is varied according to the current risk. Die1 behavioural 
shifts in other systems can be the result of either fixed or 
plastic responses to predators (e.g., Fawcett 1984; Neil1 1992; 
Semlitsch and Reyer 2992). Early work on the drifting and 
activity patterns of stream invertebrates implicated light cues 
as regulators of nocturnal periodicity (Elliott 1965; Miiller 
1966; Holt and Waters 1967; Bishop 1969), suggesting that 
stream insects would not respond to present-day variation 
in the density of water-column predators (Allan 1978). More 
recent studies indicate, however, show that die1 periodicity in 
feeding and positioning on the substratum can be the result 
of facultative responses to drift-feeding fishes (Culp and 
Scrimgeour 1993; Cowan and Peckxsky 1994). Further, sev- 
eral studies have demonstrated that stream insects alter their 
drift rates in response to predatory invertebrates (Corkum 
and Pointing 1979; Peckarsky 1980; Walton 1980; Malmqvist 
and Sjostribm 1987) and benthic-feeding fish (Kohler and 
McPeek 1989; Culp et al. 1991); suggesting a potential for 
plastic drift responses to water-column predators. 

Specific tests for flexibility of drift periodicity in response 
to the presence of drift-feeding fishes have produced vary- 
ing results. Gammarid amphipods have shown both reduced 
(Williams and Moore 1985, 1989; Holomuzki and Hoyle 
1990) and increased (Andersen et al. 1993) drift density 
and overall activity in the presence of midwater predators. 
Drift densities of insects have, however, usually been unaf- 
fected by manipulations of the density of drift-feeding fishes 
(Allm 1982; Williams 1990; Flecker 1992). Exceptions to this 
pattern are Williams' (1990) report that a few insect taxa 
increased their daytime drift density in response to trout 
removal, and Douglas et al.'s (1994) finding that a baetid 
mayfly reduced its daytime drift rate following trout addition. 
The varying results of these studies, and the lack of repli- 
cation of the treatment in two of them (Allm 1982; Williams 
19981, suggests a need for further tests for plastic responses 
of stream insects to drift-feeding fishes. 

The aim of this study was to test whether drift periodic- 
ity is a fixed or plastic response to drift-feeding fishes by 
manipulating the density of drift-feeding fish in two field 
experiments and observing any resulting changes in the drift 
activity of five prey taxa. Specifically, the first experiment 
tested the combined effect of brook trout (Salvelinus fonti- 
nakis) and black-nosed dace (Rhinichthys atratukus) on drift 
densities of five mayflies, whereas the second experiment iso- 
lated the effect of brook trout on the propensity of mayflies 
to drift, measured as the rate of departure from a patch rel- 
ative to benthic density within it. During both experiments, 
I also tested whether drift responses to fish were more 
strongly expressed in larger size classes of prey taxa, because 
larger insects are more vulnerable to drift-feeding fishes. 

Methods 

Study Site and Study Organisms 

The experiments were done in Stoney Brook, New 
Hampshire, (43"23'N, 72"0IpW), a second-order stkern, 6 km 
long, which drains into Lake Sunapee, New Hampshire. The 
0.6-km study section was located 3 krn above the lake outlet 
(elevation = 300 m; mean summer discharge = 3.74 rni.min-I) 

and was shaded by riparian vegetation, consisting mostly of 
eastern hemlock (Tsuga canadensis) and mixed deciduous 
trees. Habitat in the experimental section was composed 
mostly of flowing riffles and runs, with a gravel and cobble 
substratum. 

Fish populations were surveyed by electrofishing (pulsed 
direct-current, Smith-Root model 12) during August 1989, and 
June and August 1990 using the removal method (following 
Bohlin et al. 1989). Unblocked sections of stream (5-16 m 
long) were fished three times, 2-3 h apart, working upstream. 
The number of fish present ( j )  was estimated as 

where C ,  C , ,  and C ,  represent the total, first, and third 
catches respectively. Brook trout were present 'at densities 
ranging from 0.6 to 2 . 4 ~ m - ~  (mean = 1.2 A 0.1.m-' (SE)). 
The trout size distribution was bimodal, with one peak 
around 55-68 mm fork length (FL) representing young- 
of-the-year trout and a broader, shallower, peak around 
80-110 mm FL representing older trout. During the day, 
brook trout feed predominantly on invertebrate prey drifting 
in midwater (McNicol et al. 1985; Grant and Noakes 1986; 
Forrester et al. 1994). The only other fish present were a 
few black-nosed dace (mean density = 0.889 k 0.001.m-', 
which feed on benthic invertebrates (Johnson and Johnson 
1982; Fuller and Mynes 1987). 

The prey were five genera of mayflies (Ephemeroptera): 
Baetis, Paraleptophlebia, Ephemerella, Eurylophella, and 
Stenonema, the first two of which are bivoltine in Stoney 
Brook, whereas the last three are univoltine (G.E. Forrester, 
unpublished data). These mayflies constituted 29% of the 
benthic community in the study area and were all consumed 
by the brook trout (Forrester et al. 1994; Forrester 1994). 

Experiment 1 
The hypothesis that mayflies adjust their drift density 

according to the presence of fish was tested in a prelimi- 
nary experiment in September 1989. Fish presence was 
manipulated in 35-in-long sections of stream, enclosed at 
the ends with mesh fences. Brook trout and black-nosed 
dace were present at natural densities in two stream sec- 
tions, but were removed from two other sections. Drift den- 
sities of the five mayfly prey taxa were measured at the 
downstream end of each stream section 3 and 10 d after the 
fish manipulation. 

Manipulation of fish density was done on 29-30 August 
by fencing the ends of the four contiguous sections of stream 
with hardware cloth (mesh size = 3 mm) that extended 10 crn 
into the sediment and 30 cm above the water's surface. Fish 
were removed from the sections second and furthest down- 
stream by making four passes through each with an elec- 
trofisher. One pass was also made through the nonremoval 
sections to control for possible effects of electrofishing on 
drift rates. 

Drift was sampled at the downstream end of each stream 
section on 2 and 9 September using a stationary drift net 
(mouth = 0.3 X 8.3 m square, net length = 1 m, mesh size 
= 0.3 mm). Drift was sampled from 13:08 to 23:OO on the 
first sampling date and the nets were emptied every 2 h. 
On the second date, however, sampling was done from 12:80 
to 01:30 and the nets were emptied every hour, except 
between 18:00 and 20:38 when they were emptied every 
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half hour. To calculate the volume of water sampled by the 
nets, I measured the depth of water and current velocity at 
the net entrance before and after sampling (using a pygmy 
meter, Gurley Instruments). The drift samples were stored in 
refrigerated stream water after removing any large preda- 
tory invertebrates, and the mayflies were counted under a 
dissecting microscope within 4 d. 

To ensure that all drift collected in a given section orig- 
inated from within it, nylon mesh (mesh size = 0.15 mm) 
was placed over each of the fences 1 h before sampling 
started and then removed after sampling ceased. The mesh 
reduced flow in the upstream 1-2 m of the stream sections, 
but the drift measurements at the downstream end of the 
sections (33-34 m away) were unlikely to have been affected 
by the flow reduction. The mesh was cleaned with a brush 
halfway through the sampling interval to reduce clogging. 
Drift sampling was interrupted during cleaning, and for 
15 min afterwards, to prevent capture of invertebrates dis- 
rupted by the cleaning process. 

Mayfly drift densities were consistently low during the 
day, increased markedly after dark and remained at a fairly 
constant higher level throughout the night (Forrester 1992). 
I, therefore, pooled the samples into two groups, day and 
night, for statistical analyses. For 2 September, day samples 
were defined as those taken from 13100 to 17:00 and night 
samples as those from 19:00 to 23:00. For 9-10 Septem- 
ber, day samples were defined as those taken from 12:OQ 
to 18:30 and night samples defined as those taken from 
1 9 3 0  to 01~30.  Drift samples straddling the dusk period 
were not used because their day-night status was uncertain. 
Differences in daytime and nighttime drift densities between 
fish removal and control sections were tested using repeated 
measures analyses of variance (ANOVA), with sample date 
as the repeated measure (Winer et al. 1991). 

To test effects of fish on the size of drifting mayflies, 
I measured the head-capsule widths of the two most common 
mayflies, Bae~e's (n = 143) and Para!epPoph&e&ia (n = 152). 
Measurements were made from a video display of a micro- 
scope image using a computerized image-analysis system. 
Measurements were pooled to calculate a mean size for each 
time of day (day and night), in each stream section, on each 
sampling date. These means were using as replicates in a 
repeated measures ANOVA to test effects of fish on the size 
of mayflies drifting during the day and at night. Sample 
sizes for ParakeptophLebla during the day were too small 
to permit analysis, so a test was performed only on the 
nighttime data. 

Experiment 2 
A second experiment was done in August 1990 to test 

the hypothesis that mayflies adjust their propensity to drift 
according to the density of brook trout. H manipulated trout 
density in fenced 35-m-long stream sections and removed 
all dace from the study area to isolate whether effects of 
fish in the first experiment were due to trout or dace. Trout 
densities in the stream sections were adjusted to one of 
three levels: (1) zero (no trout), (2) medium density (mean = 
0.88 k 0.02-m-', and (3) high density (mean = 1.56 A 
0.12-m-'), with three replicate stream sections assigned to 
each treatment. Changes in drift of the five mayflies in 
response to trout manipulation were measured 6 and 10 d 
following the manipulation. Drift was quantified as the 
proportion of mayflies that drifted from small patches of 

substratum. This drift measure was adopted because it pro- 
vides a better indication of mayfly behaviour than drift den- 
sity, the measure used in the first experiment. 

Experimental stream sections were enclosed at each end 
with a mesh fence made of hardware cloth (mesh size = 
7 mm), and separated from one another by 17-20 m long 
unmanipulated areas. Trout-density treatments were estab- 
lished on 16-18 August by removing trout from zero-density 
sections with the electrofisher (four passes) and holding 
them in pens downstream. The remaining sections were also 
electrofished (three passes) to estimate trout densities, and 
to control for possible electrofishing effects on prey taxa. 
Trout numbers in high- and medium-density sections were 
then adjusted to the appropriate levels by adding trout from 
the holding pens, or removing trout, as necessary. Assignment 
of fish to sections was done so that different trout size- 
classes were roughly equally represented in each section. 

Treatments were interspersed among sections in a way 
designed to reduce biases that might arise because a given 
stream section may receive trout cues andor drifting mayflies 
from neighbouring upstream section(s). The assignment of 
treatments to stream sections, from upstream to downstream 
was as follows: high, high, zero, zero, medium, zero, high, 
medium, medium. Under this arrangement, the three sec- 
tions immediately above the three zero-density sections 
were: a high-density, a medium-density, and a zero-density 
section. The same was true for the other two treatments, 
assuming that the unmanipulated area above the section fur- 
thest upstream was equivalent to a medium-density manip- 
ulated section. This should avoid any consistent bias that 
might have occurred if, for example, all of the zero-density 
sections were immediately downstream of high-density 
sections. 

The propensity of mayflies to drift was measured from 
2-rn-long patches of gravel substratum with uniform flow 
(range of velocities = 21-29 cm-s-I). A small fence (width = 
1 m, mesh size = 1 mm) was placed across the upstream 
end of the patch to prevent sampling of mayflies drifting 
from upstream. The fence blocked drift of over 90% of 
mayflies (Forrester 1992), but reduced flow over the patch 
only slightly (mean reduction = 11%). Mayflies drifting 
from the patch were collected in a drift net placed across 
its downstream end for 2 h, startin 1 h after the fence was 8 set up. A benthic sample (0.09 m ) was then taken imme- 
diately upstream of the drift net. The drift propensity of 
mayflies was calculated as the number caught in the drift 
net divided by the number in the benthic sample. This cal- 
culation may be biased by variation in the area of substratum 
from which mayflies caught in the net originated, but any 
biases should be consistent among treatments so effects of 
trout can be tested. 

Drift was measured in two randomly selected stream 
sections from each treatment on each of two dates (24 and 
28 August). Two daytime (11:OO-14~00) and two nighttime 
(19:30-21:30) measurements were made in each section on 
each date and the daytime and nighttime averages were used 
as replicates in analyses. Effects of trout density and sampling 
date on daytime and nighttime drift propensity were tested 
using ANOVA, where data from different dates were not 
considered repeated measures because they were taken in 
different stream sections. 

To test for size-specific drift from the patches of sub- 
stratum, I compared the head widths of mayflies that drifted 
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- DAY + = FISH PRESENT 

= NIGHT - = FISH ABSENT 

FIG. 1. Daytime and nighttime drift densities of five mayfly taxa in sections of stream where 
fish were either present at natural densities or had been removed (experiment 8 ) .  Error bars are 
standard errors. 

during the night on 24 August with those that remained in the 
substratum (measurement technique described above). One 
pair of samples, consisting of mayflies that drifted from the 
patch (== drifting) versus those remaining in the sediment 
(= benthic), was picked from each of the stream sections. 
All of the mayflies in the chosen samples were measured, 
except some large benthic samples from which I measured 
only 10 individuals. En a few cases, mayflies from a sec- 
ond pair of samples were also measured to increase sam- 
ple sizes. Measurements were pooled to generate a mean 
size for the benthic and drifting mayflies from each section 
and these section means were used as replicates in analy- 
ses. Effects of trout density and source (benthic vs. drift- 
ing) on the size of mayflies were tested using ANBVA. 

As a second test for size-specific drifting, I compared the 
sizes of mayflies captured in drift nets placed at the down- 
stream end of the sections with the size of mayflies col- 
lected in benthic samples randomly located within the sec- 
tions. Drift was sampled for six, 1.5 to 2 h periods spaced 
over 24 h on 29 August by placing a drift net at the down- 
stream end of each stream section. Two randomly located 
benthic samples (Surber samples: 0.09 m2) were taken in 
each section after drift sampling ended. Samples were pre- 
served in 70% alcohol and later sorted in the laboratory. 
Intact mayflies in the samples were measured (using the 
method described above). I pooled individual measurements 
to generate mean sizes of both benthic and drifting mayflies 
for each section. Effects of trout density and source (benthic 
versus drifting) on mayfly sizes were tested using ANOVA 
with section means as replicates. 

degrees of freedom for tests (see Hurlbert 1984). In addition 
to calculating the statistical significance of effects, I also 
calculated the proportion of the total variation in the data 
attributable to each term in the ANBVA models (following 
Vaughan and Corballis 1969; Dodd and Schulz 1973). Non- 
significant terms were removed from ANBVA models by 
pooling to allow more powerful tests for effects of fish den- 
sity, but terms were pooled only if they explained less than 
5% of the total variation in the data and if P was >0.25 
(following Winer et al. 1991). When effects of fish density 
were not detected, I calculated the power of the test, i.e., 
my ability to detect an effect if, in fact, one existed. Bower 
calculations were done following Cohen (1988) and Koele 
(B982), and are conditional on P (set at 0.05), the sample 
size, and the size of the effect to be detected. When 
I removed terns from ANOVA models by pooling, power eal- 
culations were made on pooled models because these were 
the ones used for significance testing. 

The two experiments can be considered independent tests 
of the biological hypothesis that fish affect mayfly drift 
activity. P values from the two experiments can, therefore, 
be combined using Fisher's method to generate an overall 
P value for the hypothesis (Sokal and Rohlf 1981). I used this 
method when P values for effects of fish in both experi- 
ments were low ( P  < 0.15) but not conclusive individually, 
and the difference between means was in the same direc- 
tion in both experiments. 

Results 

Effects of Fish on Drift Activity of Mayflies 
Statistical Analyses Nighttime drift of Baetis was consistently increased by 

Most drift measurements involved subsampling within the presence of fish. During the first experiment, Bcketis 
the replicate stream sections, but 1 always pooled subsamples drifting at night were at higher densities in stream sections 
and used stream sections as replicates when testing for containing fish than in sections lacking fish (F1 ,2  = 48.3, 
effects of fish density to avoid inappropriately inflating the P = 0.82) (Fig. 1). During the second experiment, nighttime 
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= M Y  TROUT DENSITY 

= NIGHT 
Z = ZERO 
M = MEDIUM 

- - 
ZMH Z M H  Z M H Z M H  Z M H  Z M H  Z M H  Z M H  ZMW Z M H  

Fnc. 2. Daytime and nighttime propensities to drift (drift rate divided by benthic density) from 
small (2-rn-long) patches of substratum for five mayfly taxa exposed to different densities of 
trout (experiment 2). Error bars are standard errors. Horizontal lines underneath bars indicate 
means not significantly different at P < 8.05 (Tukey's HSD test). 

drift propensity of Baetis increased with increasing trout 
density (F,$ = 17.3, P = 0.001) (Fig. 2). The effect of trout 
in the second experiment was greater than that of fish in 
the first experiment, and explained 63% compared with 
6.5% of variation in drift activity. Nighttime drift of Para- 
leptophlebia also increased at higher fish densities during 
both experiments (Fig. 1 and 2), but P values were too high 
individually to allow firm rejection of the null hypothesis 
(experiment 1: F,,, = 7.31, P = 0.11; experiment 2: F2,, = 
4.61, B3 = 0.046). Combining the P values from the two 
experiments to calculate an overall P value for the effect 
of fish density on drift activity strengthens the conclusion that 
the presence of fish increases nighttime drift of Paralep- 
tophlebia (X' = 12.68, df = 4, P = 8.013). The magnitude of 
response to fish was more consistent among experiments 
than for Baetis; fish density explained 31 and 47% of vari- 
ation in drift of Pamleptophlebia during the first and second 
experiments, respectively. 

Ephemerella showed a lower propensity to drift at night in 
stream sections containing trout than in sections without 
trout during the second experiment (F2.* = 7.81, P = 0.013) 
(Fig. 2). Nighttime drift density was, in contrast, unaffected 
by fish in the first experiment (F,,, = 2.19, P = 0.28), but the 
power of the test to detect an effect of the magnitude 
observed in the second experiment was low (power - 0.36). 
The weak test provided by the first experiment, and the fact 
that the difference between means was in the opposite direc- 
tion in the two experiments (Fig. 1 and 2) precludes any 
firm conclusion about the effect sf  fish on Ephemerella. 

I detected no influences of fish density on nighttime drift 
density or drift propensity of Eurylsphella (experiment 1: 
F,,, = 0.85, P = 0.45; experiment 2, analysis on log 
transformed data: F2,8 = 2.70. P = 0.13) and Stenonema 

(experiment 1: F,., = 0.10, P = 0.79; experiment 2: F,,, = 
0.07, P = 0.94) (Fig. 1 and 2). If Euxylophella had responded 
to trout to the same extent as Baetis, the response would 
probably have been revealed by the analyses (power = 8.44 
and 0.83 for the first and second experiments respectively). 
For Stenonema, my chances of demonstrating a response of 
the strength exhibited by Baetis were slightly less (power = 
0.44 and 0.66 for the first and second experiments, respec- 
tively) but, overall, 1 conclude that Eurylsphella and Steno- 
nems did not alter their drifts rates according to the local 
density of fish. 

Daytime drifting by all five mayflies was low through- 
out (Fig. 1 and 2). Baetks tended to drift more frequently 
in the presence of fish in both experiments (Fig. 1 and 2), but 
the response was not significant in either experiment sepa- 
rately (experiment l: FlS2 = 9.62, P = 0,09; experiment 2: 
F,,, = 0.93, P = 0.43), nor when the two tests were com- 
bined (XZ = 6.50, df = 4, P > 0.1). No significant responses 
to fish density were detected for any of the other four 
mayflies (P always >0.30) and the tests generally had rea- 
sonable power to detect effects sf the magnitude shown by 
Baetis at night in the second experiment. For the first exper- 
iment power was 0.44 for Baetis, Paraleptsphlebia, and 
Eurylophella, and the other two mayflies were too rare to test, 
For the second experiment power was 0.66 for Eurylophella 
and 0.83 for the other four mayflies. Overall, these results 
suggest that fish density does not influence the daytime 
drift activity of any of the five mayflies. 

Effects of Fish on Size-Specific Drifting by Mayflies 
Size distributions of Baetis were not influenced by the 

presence s f  fish in the first experiment (daytime: F,,, = 
0.51, P = 0.51; nighttime: F,,, = 1.34, P = 0.3'7) (Fig. 3) 
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5 -- FISH PRESENT 

= FiSH ABSENT 

DAY NIGHT 
FIG. 3. Mean sizes of two mayfly taxa drifting in sections of 
stream containing or lacking fish (experiment 1) .  Error bars are 
standard errors. 

nor by trout in the second experiment (F2,, < 1.49, P > 
0.3 1). hsaetis that drifted in the second experiment were, 
however, significantly larger than those that remained in 
the substratum at all levels of trout density. This was true 
when mayflies were sampled from small (0.5 m2) patches 
of substratum (F,,, = 12.5, P = 0.017) (Fig. 4) and from 
35-rn stream sections (F , , ,  = 45.8, P = 0.001) (Fig. 5 ) ,  sug- 
gesting that larger Baetis were generally more prone to drift 
than smaller ones. Fish had no effect on the size distributions 
of Stenonema during the second experiment (F,?, < 0.79, 
P > 0.50), but Stenonema drifting from small patches s f  
substratum (F,,, = 7.20, P = 8.044) and from entire stream 
sections (FIv5 = 4.92, P = 8.077) tended to be smaller than 
those that remained in the sediment at all levels of trout 
density. Drift of Stenonema, thus also appears to be size 
specific, but the pattern is in the opposite direction to hat  dis- 
played by Baetis. 

The average size of Paraieptophlebka drifting at night 
during the first experiment did not vary significantly accord- 
ing to the presence of fish (&',,, = 0.78, P = 0.47) (Fig. 3). 
Trout density also had no influence on the size distribution 
of Pam&egtopklebia during the second experiment (F2?, < 
1.08, P > 0.481, nor did drifting Paraleptophlebia differ in 
size from those that remained in the sediment (F,,, < 0.17, 
P > 0.69) (Fig. 4 and 5). The mean sizes of the remaining 
mayflies, Ephemerell~ and Eurylophelka, were similar in 
the drift and benthos (F,?, < 0.09, P > 0.78) and were also 
uninfluenced by the density of trout (F,,, < 3.3, P > 0.12) 
(Fig. 4 and 5). 

Daytime feeding by predatory fish in the water column 
should select against drifting during daylight hours. Sur- 
veys of streams naturally varying in predator presence 
(Malmqvist 1988; FBecker 1992; Douglas et al. 1994) and 

ontogenetic changes in drift periodicity (Allan 1978, 1984; 
Skinner 1985) provide good evidence that nocturnal drifting 
evolved because it results in the avoidance of drift-feeding 
fishes. If nocturnal drifting is a plastic response to fish pres- 
ence, then drift should become less nocturnal (more evenly 
divided between day and night) following experimental fish 
removal. On the other hand, a lack sf  change in drift peri- 
odicity following predator manipulation supports the hypoth- 
esis that nocturnal drifting is a fixed avoidance behaviour. 

Three of the five mayflies I studied did not alter their 
daytime or nighttime drift activity respond to the removal of 
drift-feeding fishes. Thee  prior studies in which drift-feeding 
fishes were removed also failed to detect subsequent changes 
in the drift periodicity of most taxa (Allan 1982; Williams 
1990; Flecker 1992). The results of these experiments pro- 
vide apparent support for the hypothesis that drifting has a 
fixed die1 periodicity. Two other alternative explanations 
for the nondetection of plastic responses to drift-feeding 
fish cannot, however, be ruled out. The first is that responses 
to fish removal take longer to be expressed than the short 
duration ( ~ 2  wk) of these removal experiments (Magurran 
1990; Semlitsch and Weyer 1992). The second possibility 
is that mayflies rely on chemical cues to assess fish presence. 
Water-borne chemicals may be transported large distances in 
streams so removal of fish from small areas of a stream 
might not remove these chemical cues. The experiments 
cannot, therefore, distinguish whether low daytime drifting 
is a fixed response or a plastic response to chemical cues 
released by fishes. 

A solution to the confounding of removal experiments 
by chemical cues is to test for plastic responses by adding 
fish to areas of streams that otherwise lack fishes, or to 
work in laboratory streams filled with water never exposed 
to fish. In a recent study that adopted the former approach, 
trout addition cause reduced daytime drifting of Baetis, 
which suggests that the nocturnal peak in drift activity sf  
this mayfly is a plastic avoidance response to trout (Douglas 
et al. 1994). Experiments using the second approach showed 
that the amphipod, Gammarus pseudolimnweus, displayed 
reduced nighttime drift in laboratory streams when exposed 
to extracts from several fishes, including trout (Williams 
and Moore 1985, 1989). These results are also consistent 
with the predator avoidance hypothesis because prey may 
become more nocturnal in the presence s f  fish by either 
increasing daytime drift, reducing nighttime drift, or both. 

Bactis and Paraleptopklebia both increased their rate of 
nighttime drifting at higher fish densities my experiments, a 
response that does not conform to the predator-avoidance 
hypothesis. The response to fish density during the first 
experiment could have been to either the brook trout or the 
black-nosed dace, or both. The rarity of dace, and the sim- 
ilarity to the results of the second experiment, when brook 
trout alone were present, suggests that effects on mayfly 
drift propensity were due primarily to brook trout. Another 
study recently reported a similar response to trout by the 
amphipod, Gamm~rus  pealex, which displayed a transient 
increase in nighttime drifting but no change in daytime 
drifting after trout were stocked in two Banish streams 
(Andersen et al. 1993). 

The behavioural mechanisms for, and adaptive signifi- 
cance (if any), s f  the nighttime responses to trout 1 observed 
is unclear. There are three potential mechanisms for increased 
drift by mayflies in the presence of brook trout: (1) the 

Can. 9. Fish. Aquat. Sci., Vok. 51, 1994 



OJ2! M H Z M H  Z M H  Z M H  Z M H  
FIG. 4. Size-related patterns sf drift for five mayfly taxa exposed to different densities sf trout 
(experiment 2). Drifting mayflies are those departing from small (2-m-long) patches of substratum 
at night, benthic ones are those remaining in the sediment. Error bars are standard errors. 

Z M H  Z M H  Z M H  Z M H  Z M H  
FIG, 5. Mean sizes of five mayfly taxa in 35-m-long stream sections stocked with different 
densities of trout (experinaent 2). Open squares indicate mayflies from benthic samples within 
the section sand solid circles indicate mayflies collected in drift nets at the downstream ends of 
the sections. Other symbols as for Fig. 4. Error bars are standard errors. 

mayflies altered other behavisurs, such as positioning on 
the substratum or locomotor activity, which increased their 
probability of being dislodged into the water column; (2) the 
mayflies increased their rate of entry into the water column 
or distance drifted directly; or (3) mayfly behaviour was 
unchanged and trout were physically dislodging them from 
the substratum. 

Physical dislodgments as a result of benthic foraging by 
trout cannot be excluded as a possibility because, although 
stomach content analyses indicate that salmonids feed mostly 
by day, a low level of nighttime feeding does occur (Allan 
1981; Walsh et al. 1988; Sagar and Glova 1988; Forrester 
ea al. 1994; for an exception see Elliott 1973). Indirect evi- 
dence indicates that brown (Sakrns tnatta) and rainbow trout 
(Oszcsrhynchus mykiss) are capable of feeding on drifting 

prey at night (Jenkins 1969), but there no direct observa- 
tions of nocturnal foraging by trout, so whether they feed 
only in rnidwater or switch to some degree of benthic for- 
aging is unknown. 

Baetis and Parezleptsphkebia show increased drifting in 
the presence of benthic fish (Kohler and MePeek 1989; Culp 
et al. 1991) and predatory invertebrates (Corkurn and Point- 
ing 19'79; Peckarsky 1980; Malmqvist and Sjtistrorn 198'7). 
Drifting in these studies was not correlated with changes 
in positioning or activity, suggesting that drifting was not 
a byproduct of these other behaviours. Baetis (Chmov et al. 
1976; Culp and Scrimgeour 1993; Cowan and Peckarsky 
1994) and other stream invertebrates (Williams and Moore 
1985, 1989; Andersson et aI. 1986; Feltmate et al. 1986; 
Feltmate a d  Williams 1989; Holomuzki and Hoyle 1990) do, 
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however, show altered positioning and activity in the pres- 
ence of drift-feeding fish, so changes in these other behav- 
iours could also potentially account for increased nighttime 
drifting by Baetis and Parakeptophlebia in my experiment. 

Predator-avoidance behaviobnrs are often size specific 
when the risk of predation varies among grey size-classes 
(Bertness et aH. 1981; Sih 1982; Harvey 1991; CuBp and 
Scrimgeour 1993). None of the mayflies, however, showed 
size-specific drift responses to brook trout density. There 
was also no tendency for the larger mayfly taxa to be the 
ones that responded to trout. This result was perhaps not 
surprising, because the mayfly responses to trout all occurred 
at night. Selection by trout for larger prey is strong during 
the day, but is weak or nonexistent at night (Allan 1978; 
Forrester et al. 1994) and so nighttime responses would not 
be expected to be size specific. 

Increased behavioural drifting at night by Baetis and Para 
legstophlebia exposed to high trout densities would imply 
that the benefits of this behaviour outweigh the immediate 
risk of being consumed by trout while drifting. Increased 
drifting might be an effective response to encounters with 
trout if a high proportion of nighttime feeding is on the 
benthos. If, instead most nighttime feeding by trout is in 
the water column then this behaviobnr appears, at first sight, 
to be maladaptive. One potential explanation for such a 
response, however, arises from the fact that trout are often 
patchily distributed in space over tens of metres (e.g., 
Egglishaw and Shackley 1977; Bohlin 1978; Bowlby and 
Woff 1986; Newman and Waters 1989). Baetis and Para- 
beptqhlebia nymphs therefore pass through many patches of 
varying trout density in their several months of nymphal 
life. Under these circumstances, drifting more frequently at 
night from patches of high trout density would result in 
spending a greater proportion of the daytime in patches of 
Bow predator density, when summed over several months. 
Because risk from trout is greater during the day than at 
night, this strategy may reduce the long-term risk of pre- 
dation by trout. 

Most studies of how prey respond to risk from visual 
predators have focused on activities that take place during the 
day (Stein 1979; Sih 1987; Lima and Dill 1990). The results 
of my experiments, and those of Aaadersen et al. (19931, 
suggest that visual predators can also influence the night- 
time behaviour sf  some taxa. These influences are not well 
understood and there is a need for further studies of the 
interactions between visual predators and their prey that 
occur after dark. 

Acknowledgments 

Advice and comments on the manuscript from Peter Sale, 
Dave Carlon, Doug Fraser, Jim Hsnney, Steve Kohles, Bobbi 
Beckarsky, and Jim Taylor are much appreciated. Thanks to Jeff 
Chace, Bill McCarthy, Linda B9Bryan, and BiHl Wiseman for 
assistance with field and lab work, and to Freeport Development 
Inc. for a2lowing me to work on their land. This research was 
supported by a grant in aid of research from Sigma Xi, a 
Theodore Roosevelt Memorial Fund Grant from the American 
Museum of Natural History, a Central University Research Fund 
Grant from the University of New Hampshire, and a Dissertation 
Improvement Grant from the National Science Foundation (BSW 
9016445). I was supported in part by Summer FeHlswshigs and 
a Dissertation Fellowship from the University of New Hampshire. 
This is part of my Ph.D. research at the University of New 
Hampshire, supervised by Peter Sale. 

References 

ALLAN, J.D. 1978. Trout predation and the size-composition of stream 
drift. Limnol. Oceanogr. 23: 1231-1237. 

ALLAN, J.D. 1981. Determinants of diet s f  brook trout (Sulvelinus fonri- 
nalis) in a mountain stream. Can. 5 .  Fish. Aquat. Sci. 38: 184-192. 

ALLAN, J.D. 1982. The effects of reduction in trout density s n  the inver- 
tebrate community sf  a mountain stream. Ecology 63: 1444-1455. 

ALLAN, J.B. 1984. The size composition of invertebrate drift in a Rocky 
Mountain stream. Oikos 43: 68-76. 

ANDERSEN, T.H., W. FRIDBERG, H.O. HANSEN, T.M. IVERSEN, 6). JACOBSEN 
AND L. KROBGAARD. 1993. The effects of introduction of brown trout 
(Salrno frutta) on Cammarus gukex L. drift and density in two fish- 
less Danish streams. Arch. Hydrobiol. 126: 361-371. 

ANDERSSON, K.G., C. BRONMARK, J. HERRMANN, B. MALMQVIST, C. OTTO, 
AND P. SJOSTROM. 1986. Presence of sculpins (Coaus gobio) reduces 
drift and activity of Gnmrnarus pukex (Amphipoda). Hydrobidogia 
133: 289-215. 

ANGRABI, T.R., AND J.S. GRIFFITH. 1990. Diel feeding chronology and diet 
selection of rainbow trout (Oncorhynch~s mykiss) in the Henry's Fork 
of the Snake River, Idaho. Can. J.  Fish. Aquat. Sci. 47: 199-209. 

BERTNESS, M.D., S.D. GARRITY, AND S.C. EEVINGS. 1981. Predation pres- 
sure and gastropod foraging: a tropical-temperate c s m p ~ s o n .  Evslution 
35: 995-1807. 

BISHOP, J.E. 1969. Light control of aquatic insect activity and drift. Ecol- 
ogy 50: 371-380. 

BOHLIN, 9. 1978. Temporal changes in the spatial distribution of juvenile 
sea trout Sairno drUftQ in a small stream. Oikos 38: 114-120. 

BOHLIN, %., S .  HAMRIN. T.G. HEGGBERGET, G .  RASMUSSEN, A N D  
S.J. SALTVEIT. 1989. Electrofishing-theory and practice with special ref- 
erence to salmoanids. Hydrobiologia 173: 9-43. 

BOWLBY, J.N., AND ROW, J.C. 1986. Trout biomass and habitat relationships 
in southern Ontario streams. Trans. Am. Fish. Soc. 115: 503-514. 

C K A R N O ~ ,  E.L., G.H. (QRIANS, AND K. HYATT. 1976. Ecological implica- 
tions sf  resource depression. Am. Nat. 118: 247-259. 

COMEN, J .  1988. Statistical power analysis for the behavioral sciences. 
Lawrence Erlbaum Associates, Hilldale, NJ. 567 p. 

CORKUM, L.D., AND B.J. POINTING. 1979. Nymphal development of Bastis 
vagans McDunnough (Ephemeroptera: Baetidae) and drift habits sf 
large nymphs. Can. J. 2001. 57: 2348-2354. 

COWAN, C.A., AND B.L. PECKARSKY. 1994. Diel feeding and positioning 
periodicity of a grazing mayfly nymph in a trout stream and a fishless 
stream. Can. J. Fish. Aquat. Sci. 51: 450-459. 

CULP, J.M., N.E. GLOZIER, AND G.J. SCRIMGEOUR. 1991. Reduction of pre- 
dation risk under the cover of darkness: avoidance responses of mayfly 
larvae to a benthic fish. Oecologia 86: 163-169. 

CULP, J.M., AND G.J. SCRIMGEOUR. 1993. Size-dependent dies foraging 
periodicity of a mayfly grazer in streams with and without fish. Oikos 
68: 242-250. 

DODD, D.H., AND R.F. SCHULTZ, JR. 1973. Computational prosedures for esti- 
mating magnitude of effect for some analysis of variance designs. 
Psychol. Bull. 79: 391-395. 

DOL~GLAS, P.L., G.E. FORWESTER AND S.D. COOPER. 1994. Effects of trout 
on the die1 periodicity of drifting in baetid mayflies. Oecologia 98: 
48-56. 

EDMUNDS, M. 1974. Defence in animals: a survey of antipredator defences. 
Longman Group Ltd., Harlow, Essex. 

EDWARDS, J. 1983. Diet shifts in moose due to predator avoidance. Becolo- 
gia 60: 185-189. 

EGGLISMAW, H.J., AND P.E. SHACKLEY. 1977. Growth, survival and pro- 
duction of juvenile salmon and trout in a Scottish stream, 1966-1975. 
J. Fish Bisl. 11: 647-672. 

ELLIOTT, 9.M. 1965. Daily fluctuations s f  drift invertebrates in a Dartmoor 
stream. Nature (Lond.) 205: 1127-1 129. 

ELLIOTT, J.M. 1973. The food sf brown and rainbow trout (Sakmo trutfa and 
S. gairdneri) in relation to the abundance of drifting invertebrates in 
a mountain stream. Oecologia 12: 329-347. 

FAWCETT, M.H. 1984. Local and latitudinal variation in predation on an 
herbivorous marine snail. Ecology 65: 12 14-1238. 

FELTMATE, B.W., L. BAKER, AND P.J. POINTING. 1986. Distribution of the 
stonefly nymph Poragnebina media (Plecoptera Perlidae): influence 
of prey, predators, current speed, and substrate composition. Can. 
J. Fish. Aquat. Sci. 43: 1582-1587. 

FELTMATE, B.W., AND D.D. WILLIAMS. 1989. Influence of rainbow trout 
(Oncorhynchus mykiss) on density and feeding behaviour of a perlid 
stonefly. Can. J. Fish. Aquat. Sci. 46: 1575-1580. 

Can. J .  Fish. Aquat. Sci., Val. 51, 1994 



FLECKER, A.S. 1992. Fish predation and the evolution of invertebrate drift 
periodicity: evidence from neotropical streams. Ecology 73: 438-448. 

FORRESTER, G.E. 1992. Predator-prey interactions between fish and insects 
in streams. Ph.D. thesis, University of New Hampshire, Hanover, NH. 
102 p. 

F O R R E S ~ ,  G.E. 1B4. Influences of predatory fish on the drift dispersal and 
local density of stream insects. Ecology 75: 1208-1218. 

FQRRBSTER, G.E., J.G. CHACE, AND W. MCCARTHY. 1994 Diel and density- 
related changes in feeding and prey sekection by brook trout in a New 
Hampshire stream. Environ. BioB. Fishes 39: 301-3 1 1. 

FULLER, R.L., AND H.B.N. H w .  1987. Feeding ecology of three predacious 
aquatic insects and two fish in a riffle of the Speed River, Ontario. 
Hydrobiologia 158: 242-255. 

GENTRY, J.B. 1974. Response to predation by colonies of the Florida har- 
vester ant, Pogonornyrmex badius. Ecology 55: 1328-1338. 

GRANT, J.W.A., AND D.L.G. NQAKES. 1986. A test of a size-selective pre- 
dation model with juvenile brook trout, Sadvelinusfuntinalis. J. Fish 
Biol. 29(Suppl. A): 15-23. 

HANEY, J.F. 1988. Diel pattems of zooplmkton behavior. Bull. Mar. Sci. 43: 
583-603. 

HARVEY, B.C. 1991. Interactions among stream fishes: predator induced 
life history shifts and larval survival. Qecdogia 87: 29-36. 

HOLOMUZKI, J.R. 1986. Predator avoidance and diel patterns of habitat use 
by larval tiger salamanders. Ecology 67: 737-748. 

HQLOMUZKI, J.R., AND J.D. HQYLE. 1990. Effect of predatory fish on habi- 
tat use and diel movement sf the stream amphipod, Gamrnaru.~ minus. 
Freshwater Biol. 24: 509-5 17. 

HOLT, C.S., AND T.F. WATERS. 1967. Effect of light intensity on the drift of 
stream invertebrates. Ecology 48: 225-234. 

HURLBERT, S.H. 1984. Pseudoreplication and the design sf ecological field 
experiments. Ecol. Monogr. 54: 1 87-2 1 1. 

JENKINS, T.M., JR. 1969. Night feeding of brown and rainbow trout in an 
experimental stream channel. J. Fish. Res. Board Can. 26: 3275-3278. 

JOHNSON, J.H., AND E.Z. JOHNSON. 1982. Diel foraging in relation to avail- 
able prey in an Adirondack mountain stream. Nydrobiologia 96: 
97-184. 

KOELE, P. 1982. Calculating power in analysis of variance. Psychol. Bull. 
92: 513-516. 

KOHLER, S.L., AND M.A. MCPBEK. 1989. Predation risk and the foraging 
behavior of competing stream insects. Ecology 78: 181 1-1825. 

LIMA, S.L., AND L.M. DILL. 1998. Behavioral decisions made under the 
risk of predation: a review and prospectus. Can. J. &ol. 68: 619448). 

MAGURRAN, A.E. 1990. The inheritance and development of minnow anti- 
predator behaviour. Anim. Behav. 39: 834-842. 

MALMQVHST, B. 1988. Downstream drift in Madeiran Levadas: tests of 
hypotheses relating to the influence of predators on the drift of insects. 
Aquat. Insects 10: 141-152. 

MALMQVIST, B., AND P. S J ~ S T R ~ M .  1987. Stream drift as a consequence 
of disturbance by invertebrate predators. OecoBogia 74: 396-403. 

MCNICOL, R.E., E. SCHBRBR, AND E.J. MURKIN. 1985. Quantitative field 
investigations of feeding and territorial behaviour of young-of-the- 
year brook trout, Salvelinus fontinalis. Environ. Bisl. Fishes 12: 
219-229. 

MULLER, K. 1966. Slur Periodik von Gcsmmarus pulex. Oikos 17: 207-211. 
MULLER, K. 1974. Stream drift as a chronobiological phenomenon in run- 

ning water ecosystems. Annu. Rev. EcoT. Syst. 5: 309-323. 
NEILL, W.E. 1992. Population variation in the ontogeny of predator-induced 

vertical migration of copepods. Nature (Lond.) 356: 54-59. , 

NELSON, B.V., AND R.R. VANCE. 1979. Diel foraging patterns of the sea 
urchin, Cenrrostephunus coronatus, as a predator avoidance strategy. 
Mar. Biol. 61: 251-258. 

NEWMAN, R.M., AND T.F. WATERS. 1984. Size selective predation on Gam- 
marus pseudolimnaeus by tmut and sculpins. Ecology 65: 1535 -1 545. 

NEWMAN, R.M., AND T.F. WATERS. 1989. Differences in brown trout (Salrno 
trutta) production among contiguous sections of an entire stream. 
Can. J. Fish. Aquat. Sci. 46: 203-213. 

OHLHORST, S.L. 1982. Die1 migration patterns of demersal reef zooplankton. 
J. Exp. Mar. Biol. Ecol. 68: 1-15. 

BECKARSKY, B.L. 1980. Predator-prey interactions between stoneflies and 
mayflies: behavioral observations. Ecology 61: 932-943. 

RINGLER, N.H. 1979. Selective feeding by drift feeding brown trout ($alms 
trutta). J. Fish. Res. Board Can. 36: 392-403. 

SAGAR, P.M., AND G.J. GLOVA. 1988. Diel feeding periodicity, daily ration 
and prey selection sf a riverine population of juvenile chinook salmon, 
Onc~rh~nche t s  tshawytscha (Walbaum). J. Fish Biol. 33: 643-653. 

SEMLITSCH, R.D., AND H. REYER. 1992. Modification of anti-predator khav- 
iour in tadpoles by environmental conditioning. J. Anim. Ecol. 61: 
353-360. 

SIH, A. 1982. Foraging strategies and the avoidance of predation by an 
aquatic insect, Notonecta hoflmani. Ecology 63: 786-796. 

SIH, A. 1987. Predators and prey lifestyles: an evolutionary and ecological 
overview, p. 203-224. In W.C. Kerfoot, and A. Sih [ed.] Predation: 
direct and indirect impacts on aquatic communities. University Press 
of New England, Hanover, NH. 

SKINNER, W.D. 1985. Night-day drift patterns and the size of larvae of 
two aquatic insects. Hydrobiologia 124: 283-285. 

SOKAL, W.R., AND F.J. ROHLF. 1981. Biometry: the principles and practice 
of statistics in biological research. 2nd ed. W.H. Freeman & Co., 
New York, NY. 859 p. 

STEIN, R.A. 1979. Behavioral responses of prey to fish predators, p. 343-353. 
In R.H. Stroud, and H. Clepper [ed.] Predator-prey systems in fisheries 
management. Sport Fishing Institute, Washington, DC. 

VAUGHAN, G.M., AND M.C. CORBALLIS. 1969. Beyond tests of significance: 
estimating strength of effects in selected ANQVA designs. Psychol. 
Bull. 72: 204-213. 

WALSH, G., W. MORIN, AND R.R, NAIMAN. 1988. Daily rations, diel feeding 
activity and distribution of age-0 brook trout, Salvelinus funtinalis, 
in two subarctic streams. Environ. Biol. Fishes 21: 195-205. 

WALTON, O.E., JR. 1980. Invertebrate drift from predator-prey associa- 
tions. Ecology 61 : 1486-1 497. 

WATERS, T.F. 1972. The drift of stream insects. Annu. Rev. Entomoi. 17: 
253-272. 

WILLIAMS, D.D. 1990. A field study of the effects of water temperature, dis- 
charge and trout odour on the drift of stream invertebrates. Arch. 
Hydrobiol. 119: 167- k 8 1. 

WILLIAMS, D.D., AND K.A. MOCIRE~ 1985. The role of serniochemicals in ben- 
thic community relationships of the lotic amphipod ~ ~ m m s l r u s  
pseudolirnnaeus: a laboratory analysis. Oikss 44: 280-286. 

WILLIAMS, D.D., AND K.A. MOBRE. 1989. Environmental complexity and the 
drifting behaviour of a running water amphipod. Can. J. Fish. Aquat. 
Sci. 46: 1520-1538. 

WINBR, B.J., D.R. BROWN, AND K.M. MICHELS. 1991. Statistical princi- 
ples in experimental design. McGraw-Hill, New York, NY. 1857 p. 

Can. J .  Fish. Aquat. Sci., Vol. 51, 1994 




