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Evidence that hunger and limb loss can contribute 
to stream invertebrate drift 

D. DUDLEY WILLIAMS AND GREG P. LEVENS 

Division of Life Sciences, Scarborough Campus, 
University of Toronto, Scarborough, Ontario, Canada M1C 1A4 

Abstract. The relative gut fullness of stream invertebrates occurring in the water column and 
on the stream bed were compared over 24 hr in a hardwater stream. Guts of drifting philopotamid 
and hydropsychid caddisfly larvae were significantly more empty to 2-full than those of larvae in 
the benthos, during both day and night. Compared with those in the drift, a greater proportion of 
individuals of Gammarus pseudolimnaeus on the stream bed had full guts at night and during the day 
and a greater proportion of nymphs of Baetis vagans on the stream bed had guts 34-full to full during 
the day. The percentage of larval chironomids with empty guts was greater in the benthos during 
both the day and night. 

Guts of animals in the drift tended to be least full during the second half of the night, whereas 
drift density peaked at dusk. The laboratory-determined activity levels of starved versus fed G. 
pseudolimnaeus did not differ either in the day or at night. 

The modal number of legs missing on benthic insects was 0 while amongst insects caught in the 
drift it was 1-2. 

We conclude that there is a tendency for hungrier individuals of some species to drift more, 
particularly at night, although the response is not mandatory and considerable variation is seen 
between animals. This largely active-entry mode to the drift may be supplemented by the more 
passive entry of those individuals with one or more missing limbs. Together, these features con- 
tribute to the complex array of factors that result in stream drift. 

Key words: drift, benthos, feeding behaviour, Trichoptera, Ephemeroptera, Chironomidae, Gam- 
marus, activity, morphology. 

Downstream drift by lotic invertebrates is 

promoted by and associated with a complex ar- 

ray of factors that is still not completely under- 
stood (Statzner et al. 1984). Factors invoked in- 
clude environmental variables (biotic and 
abiotic) as well as properties of the invertebrates 
themselves such as physiological state and en- 

dogenous rhythms. 
Single factors have been shown to affect drift 

in some species and settings-e.g., photoperiod 
(Chaston 1969) and current velocity (Cibo- 
rowski 1983)-whereas, more recently, a hier- 

archy of interacting factors has been proposed 
(Statzner et al. 1984). Debate continues as to 
whether drift is an active or a passive process 
(e.g., Kohler 1985, Muller 1966, Waters 1965). 
While more longterm attempts are being made 
to unravel any hierarchical control, there is still 
need for further studies, especially in the field, 
that examine the role of single factors. Two ba- 
sic factors that have received little study are the 

degrees of hunger and limb loss in individual 
animals; thus the purpose of this research was 
to determine: 

(1) whether the amount of food in the guts of 

drifting invertebrates differs, in the field, 
from that in the guts of individuals of the 
same taxa on the stream bed; 

(2) whether the activity levels of fed and starved 
individuals differ in the laboratory; 

(3) whether the number of missing limbs dif- 
fers between drifting insects and those on 
the stream bed, with a consequent effect on 
their ability to resist dislodgement. 

Methods 

Samples of drift and benthos were collected 
at 1-hr intervals over 24 hr in August 1985, from 
a 15-m long, uniform riffle on Duffin Creek, 
Durham County, Ontario (43?58'N, 79?05'W; 180 
m elevation). At this point the stream was ap- 
proximately 5 m wide and had a substrate of 
mixed limestone gravels with some sand and 

clay patches underlain by clay at a depth of 20 
cm. Flat cobbles (up to 20 cm in diameter) were 
embedded near the surface and encrusted with 
travertine. 
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Two 250-Aim mesh drift nets were placed 2 m 

apart in midstream. Each net was 1 m long with 
an opening 45 cm wide by 30 cm deep and 
collected organisms drifting from the water sur- 
face down to about 10 cm above the stream bed. 
The nets fished simultaneously for an hour, then 
were emptied. At the same time, a 900-cm2 kick 

sample of benthos was taken with a 250-,um 
handnet immediately downstream of the drift 
nets. The drift nets were then reset, and col- 

lecting of drift and benthos was repeated every 
other hour for 24 hr. All samples were pre- 
served in a 15% solution of formalin and rose 

bengal immediately after collection to arrest 

digestion and stain the animals for easier sort- 

ing. 
Current speed over the sampling period 

ranged from 22 to 54 cm/s, depth remained 

relatively constant at around 20 cm, and water 

temperature varied from 16.0 to 17.8?C. Dusk 

began at around 19:30 hr; dawn began at ap- 
proximately 05:15 hr. 

In the laboratory, samples were mixed with 
saturated calcium chloride solution to separate 
floating animals from inorganic debris; then the 
animals were picked from the residue. Common 
taxa were identified and counted. The relative 
fullness of their guts was estimated with a mi- 

croscope by shining a strong light on each spec- 
imen from below so that the entire intestinal 
tract was silhouetted through the cuticle. Full- 
ness was then assigned to one of the following 
five categories: Full, 3/-f-full, /2-full, /4-full, and 

empty. Taxa present in low numbers (<5% of 
the total numbers of animals drifting, e.g., Ple- 

coptera) and those with thick, opaque cuticles 

(e.g., Elmidae) were excluded from analysis. 
To validate the visual gut index, we examined 

some of the most common taxa to follow percent 
gut fullness over time in the laboratory. Live 
animals (of mixed sizes) with full or near-full 

guts were placed individually in aerated, 9-cm 
x 9-cm petri dishes filled with clean river water 
at 14?C. Each animal was examined under the 

microscope at intervals of 1 hr when its gut 
fullness was estimated to the nearest 10%. 

The number of limbs missing, either whole 
or in part, from all insects with hexapod larvae 
was recorded for both drift and benthic sam- 

ples. Samples were treated gently throughout 
collection, preservation, and laboratory pro- 
cessing so as to minimize accidental damage to 
the specimens. To determine if limb loss might 

have occurred as a result of predation and/or 
turbulence during the time (maximum 1 hr) in 
which the animals were captive in the drift nets, 
we carried out the following procedure. Three 

empty drift nets were set up in the stream and 
intact animals were added from recently-taken, 
live-sorted benthic samples. Densities and taxo- 
nomic mix were based on an average of what 
had been collected in the drift samples. After 1 
hr, the animals were removed and the insects 
examined for limb loss. Limb loss was again 
examined after the samples had been preserved 
in a 15% solution of formalin and rose bengal 
for 1 week to determine if the preservation had 
made the specimens brittle. 

In the laboratory, we recorded the activity 
levels of Gammarus pseudolimnaeus Bousfield that 
had been starved for 72 hr (20 hr is required 
for complete evacuation of the gut in this species; 
Marchant and Hynes 1981) for comparison with 
animals that had continual access to unlimited 
food in the form of pelleted rabbit food. Indi- 
vidual animals were monitored in small-scale 
versions (3.5-L capacity; 380-cm2 bottom area) 
of the recirculating stream tanks (one animal/ 
tank) described by Williams and Moore (1982). 
Four such stream tanks were held in an envi- 
romental chamber under appropriate light (14L: 
10D) and temperature (14?C) regimes. Each con- 
tained a medium-sized, limestone gravel sub- 
strate (mean diameter = 11.0 mm) and water to 
a depth of 13 cm; current speed was 10 cm/s. 
Animals were allowed to settle into the tanks 
for 24 hr, then their activity was recorded every 
0.5 hr for 72 hr (1 trial) using an automated, 
light-beam interruption technique (Williams 
and Moore 1982). A mean activity/0.5 hr was 
calculated for each animal during both the light 
and dark phases of each trial. Twelve trials were 
done with starved animals and 12 with fed an- 
imals. It was not possible to repeat these ex- 
periments with any of the other taxa found 

commonly in the field as these were either too 
small to be detected by our apparatus (e.g., the 
chironomids) or were difficult to feed in the 

laboratory (e.g., Baetis and the hydropsychids). 

Results 

Gut fullness differed significantly between 
Gammarus pseudolimnaeus caught in the drift nets 
and those in the benthic sampler during both 
the day and night (Fig. 1; X2 = 46.92, p < 0.001 
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FIG. 1. Percent frequency comparison of the gut fullness of common taxa in the drift and benthos in a 

riffle of Duffin Creek for a single 24-hr period in August 1985. (Day drift represents individuals combined 
from two sets of seven 1-hr samples: 06:00-20:00 hr; day benthos represents individuals combined from a 

single set of seven kick samples taken over the same period. Night drift and night benthos represent samples 
similarly combined over the 10 hr of darkness: 20:00-06:00 hr.) 

and X2 = 30.51, p < 0.001, respectively, from a 

Chi-square Goodness-of-Fit analysis in which 

expected frequencies were based on the fre- 

quency distributions of benthic samples). On 
both occasions a greater proportion of individ- 
uals with full guts was on the stream bed. On 
the stream bed during the day, a greater pro- 
portion of nymphs of Baetis vagans McD. had 

guts that were 3/4-full to full compared with 

nymphs in the drift (x2 = 63.02, p < 0.001). At 

night, however, the proportion of nymphs with 

guts that were 3/-full to full was the same (70%) 
between drift and benthos (Fig. 1). 

Larvae of the philopotamid caddisfly Dolo- 

philodes distinctus (Walker) drifting during both 
the day and night had significantly more empty 
to /2full guts than those in the benthos (X2 = 
252.29 day, 530.79 night, p < 0.001; Fig. 1). This 
was also the case for hydropsychid caddisflies 

(a mixture of Hydropsyche species and Cheuma- 

DAY 
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NIGHT 

C) 

z 

uL 

:3 
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FIG. 2. Comparison of the approximate mean fullness of guts of animals (all common taxa combined except 
for Chironomidae) in the drift and on the stream bed over 24 hr (x ? 1 SE) together with the combined 
numbers of animals collected in the two drift nets. 

topsyche oxa Ross) (X2 = 402.04 day, 1098.80 night, 
p < 0.001). Although the proportion of empty 
guts in these hydropsychids was larger in the 
drift in the day, the proportion having full guts 
was the same in both drift and benthos. 

Gut fullness of larval chironomids (90% Eu- 

kiefferiella spp.) was significantly different be- 
tween the drift and benthos during both the 

day and night (Fig. 1). On both occasions the 

percentage of larvae with empty guts was great- 
er in the benthos (x2 = 17.88 day, 126.55 night, 
p < 0.05). 

Examination of the temporal variation (over 
24 hr) in gut contents (all species combined 

except chironomids) in both the drift and ben- 

thos showed a trend in that animals drifting 
during the second half of the night had less full 

guts than those animals on the stream bed at 
that time (Fig. 2). It is important to point out 
that the mean values compared are approxi- 
mations only, as the data were recorded in five 

categories and therefore are not strictly contig- 
uous. The peak in drift density occurred at dusk 
(Fig. 2). 

In the laboratory, the volume of material in 
the guts of all three of the taxa tested decreased 
over time (Fig. 3). The time taken for complete 
evacuation was approximately 24 hr in G. pseu- 
dolimnaeus, approximately 30 hr in B. vagans, and 
less than 24 hr in the hydropsychids. 
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FIG. 3. Reduction in gut fullness over time in the 
laboratory in three common taxa. Means ? 1 SE (left- 
hand side of mean) and range (right-hand side of 
mean) are shown; for G. pseudolimnaeus n = 20; B. 

vagans n = 20; Hydropsychidae n = 12. 

Activity levels of starved versus fed individ- 
uals of Gammarus pseudolimnaeus, determined in 
the laboratory, were not significantly different 
in either the light or dark phase (p = 0.5 from 
a Mann-Whitney test; Table 1). 

The frequency distribution of the number of 

legs missing on drifting insects (all taxa with 

hexapod larvae combined) was significantly dif- 
ferent from that of insects collected, simulta- 

neously, on the stream bed (X2 = 278.76, p < 
0.001 from a Chi-square Goodness-of-Fit anal- 

ysis; Fig. 4). Amongst benthic insects, the modal 
number of legs missing was 0 (x + 1 SE = 1.05 
? 0.04) while amongst drifting insects the mod- 
al numbers were 1 and 2 (x = 2.56 + 0.14). The 

percentage of hexapod insect larvae missing one 
or more legs ("non-intact") in the drift was 82.9% 

compared with 41.9% in the benthos. 
Limb loss attributable to captivity in the drift 

nets occurred in 25.2% of the originally intact 
animals and ranged from 1 to 4 legs (Fig. 4C). 
The modal number missing was 0 (x = 0.33 + 
0.06). The frequency distribution was signifi- 
cantly different (X2 = 254.45, p < 0.001) from 
that of insects collected in the drift (Fig. 4A). 
Limb loss due to captivity in the nets and sub- 

sequent preservation in 15% formalin for one 
week occurred in 30.8% of the originally intact 
animals (Fig. 4D; modal loss = 0, x = 0.45 ? 
0.08, range 1 to 5). This frequency distribution 
of limb loss was also significantly different (X2 
= 212.50, p < 0.001) from that seen in insects 
collected in the drift. It is clear, therefore, that 
most of the limb loss seen in the drifting insects 

(Fig. 4A) was not due to sampling procedure. 

Discussion 

Nilsson (1981) found that 13% of the nymphs 
of species of Leptophlebia and Heptagenia in 
streams in Central Sweden had malformed legs. 
He later (1986) observed that legs were fre- 

quently "pulled off" in encounters with pred- 
ators such as Rhyacophila septentrionis MacL. and 

Hydropsyche angustipennis Curtis and suggested 

TABLE 1. Comparison of the half-hourly activity levels of fed versus starved adult Gammarus pseudolimnaeus 
in laboratory stream tanks exposed to a 14L:10D photoperiod (n = 12 in each treatment). 

Activity Levela 

Mann- Mann- 
Whitney Whitney 

Dark, Fed Dark, Starved U Statistic Light, Fed Light, Starved U Statistic 

f (+1 SE) 21.62b (+4.25) 13.61b (+2.23) 51.5 12.67c (+2.73) 13.70c (+2.71) 77.5 

Range 0-49.9 0-27.8 0-31.9 0-33.7 
Variance 217.1 64.7 89.4 88.2 

a Activity was measured as the number of passes through the light beam/animal/hr. 
b Difference between these activity levels was not significant (p > 0.5). 
c Difference between these activity levels was not significant (p > 0.5). 
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that this response was possibly a morphological 
adaptation for escape similar to tail release in 
lizards (Vitt et al. 1977) and leg release in har- 
vestmen (Opiliones) (Miller 1977). Compared 
with intact nymphs, recently-attacked individ- 
uals with one or more missing limbs tended to 
remain on the substrate in still-water aquaria. 
Survival rate of such deformed nymphs was 
lower as they were either more susceptible to 
further attack or preferentially selected by 
predators. Our data suggest that, in natural 
streams, water currents may sweep nymphs with 
less than a full complement of legs into the 
drift. 

Reviewing the literature, Statzner et al. (1984) 
cited no studies relating drift to food in natural 
streams but gave examples of laboratory studies 
that indicate either a negative relationship be- 
tween drift and an increase in food abundance, 
or no relationship. Bohle (1978) showed that 
the presence of food on the substrate of a lab- 

oratory stream tank caused local concentration 
and lack of drift in nymphs of Baetis rhodani 
(Pictet) but drift increased as food became de- 
pleted. Scarcity of periphyton induced drift in 
another mayfly, Ecdyonurus venosus (Fabr.), in 
the laboratory (Keller 1975) and drifting may 
have been the result of accidental dislodgement 
as nymphs were forced to seek food in areas 

exposed to the current (passive drift-entry hy- 
pothesis). Hildebrand (1974) similarly conclud- 
ed that the significantly greater drift of two 

species of Ephemerella and hydropsychid larvae 
at certain densities in outdoor stream tanks was 
due to increased activity in searching for food 
at low food levels, although this relationship 
did not hold for species of Tricorythodes. Kohler 
(1985) showed that drift of Baetis tricaudatus 
Dodds in laboratory tanks was greatest at night 
at low food levels and when periphyton was 
patchy although even nymphs fed ad libitum 
were more active at night, with greater pro- 
portions of individuals on the top of substrate 
surfaces, then during the day. Starved nymphs 
showed little day-night variation in activity or 

positioning behaviour and their behaviour dur- 
ing daytime was similar to that of fed nymphs 
at night. Based on his findings, Kohler refuted 
the passive drift-entry hypothesis in favour of 
active-entry which he considered to be a food- 
searching behaviour in which individuals 
abandon unproductive areas once "habitat 
quality" has fallen below some threshold. It has 
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FIG. 4. Percent frequency comparison of the num- 
ber of legs missing from individual insects collected 
in the drift (A) and benthos (B) over 24 hr in August 
(all samples combined). Frequencies of limb loss due 
to captivity in the drift nets (C) and due to captivity 
plus subsequent perservation in 15% formalin for one 
week (D) are shown also. 

been pointed out several times that drifting is 
the most energy-conserving form of motion for 

foraging and is an integral part of the behav- 
ioural sequences involved in seeking new feed- 

ing sites (Otto 1971, Schuhmacher 1970). How- 
ever, Ciborowski (1983) showed that the 
proportion of Baetis tricaudatus and Ephemerella 
inermis Eaton leaving the substrate in stream 
tanks was independent of the amount of food, 
in the form of sterile detritus, present. Water 
beetles of the genus Helophorus have little food 
in their guts when dispersing by flight com- 
pared with non-fliers (Landin 1980) and this 
seems to be a general characteristic of migrating 
insects (Kennedy 1961). Food deprivation or se- 
vere shortage increases flight activity, for at least 
a brief period, in many terrestrial insects (Ran- 
kin and Singer 1984). 
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Our data indicate that certainly for G. pseu- 
dolimnaeus, D. distinctus, and Hydropyschidae at 

night, drifting individuals generally had less in 
their guts than their compatriots on the stream 
bed. This dichotomy was true also for all the 
caddisflies, G. pseudolimnaeus, and B. vagans dur- 

ing the day. These findings conflict with those 
of Ploskey and Brown (1980) who found no 
difference in the weight and caloric content of 

guts of Baetis flavistriga McD. collected in the 
drift and on the stream bed at the same time of 

day. It is important to point out, however, that 
in our study not all animals in the benthos had 
full guts-indeed some had empty guts-and 
not all individuals in the drift had empty guts; 
some were full. Further, in the case of the chi- 
ronomids, our data indicate that individuals in 
the benthos tended to have less in their guts 
than those in the drift. Thus although our data 
show significant trends, they also reveal vari- 
ation between individuals and taxa. This vari- 
ation is further exemplified by the fact that, 
contrary to our findings, Marchant and Hynes 
(1981) found no diurnal rhythm in fullness of 

guts of G. pseudolimnaeus from the Credit River, 
Ontario. They found few individuals with emp- 
ty guts and concluded that feeding is necessar- 

ily continuous in this species because of its low 
assimilation efficiency (approximately 10% when 
fed on decaying maple leaves). We did not find 
differences in activity level between starved and 
fed animals in the laboratory although the high 
variance within replicate treatments indicates 
considerable individuality in behaviour among 
test animals. 

We conclude that in most taxa hungrier an- 
imals do tend to drift more, particularly at night 
when they are safe from visual predators, al- 

though the response is not mandatory. This sug- 
gests that the most likely mode of entry into 
the drift is an active one but that accidental 

dislodgement may occur simultaneously, per- 
haps accounting for the presence of some of the 
individuals with fuller guts. However, the time 
when animals in the drift had least in their guts 
(latter part of the night) did not coincide with 
the peak drift period (late evening). Drift den- 
sities of European species of Baetis have been 
found to be highest at night, coincident with 
low benthic densities, with gut fullness greatest 
in the evening (Statzner and Mogel 1985). In 
contrast, drift in B. flavistriga in Arkansas has 
been shown to be independent of benthic den- 

sity with feeding occurring concomitantly with 
maximum drift at night (Ploskey and Brown 
1980). Perhaps the amount of food in the gut 
is, in some instances, less significant than the 

quality of the material, as sub-optimal food types 
have been shown to induce flight in some ter- 
restrial insects (Rankin and Riddiford 1977). 
Thus some animals in the water column may 
have full guts but the contents may be of such 

poor nutritional value that the individual is still 
stimulated to drift. Clearly there is room for 
further research here. The presence of animals 
with empty guts in the benthos may represent 
capture of recently-reattached individuals that 
are assessing local food resources before con- 

tinuing to drift, or individuals in some different 

physiological state, perhaps approaching a 
moult. Occurrence in the drift of individuals 
with a greater number of missing limbs is prob- 
ably the result of lost footing and therefore rep- 
resents a passive means of drift-entry. 
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