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ABSTRACT 

Aravaipa Creek is one of the few, small, permanent desert 

streams in Arizona. It has diverse fish and invertebrate faunas 

but the invertebrates are not well-known. I collected benthic 

and 24 hr. drift samples there during 1980-1981 and found 31 taxa. 

The most abundant species were Baetis insignificans and Choroterpes 

inornata (Ephemeroptera), which exhibited the nocturnal drift 

periodicity characteristic of drifting invertebrates studied else

where. 

In the laboratory, observations of the drifting behaviors 

of five species of mayflies were made in 5 and 10 cm/s current 

speeds. These provided evidence that drifting insects are not 

necessarily swept away by the current (accidental drift), but are 

probably exhibiting a specific behavior triggered by local conditions 

such as lack of cover or food (active drift). 

I also tested the relationship between drift rates and the 

presence and absence of food (periphyton) using B. insignificans 

and ~. inornata. With both species, the number of insects drifting 

increased significantly when periphyton was not present; therefore 

lack of food may be an important cause of drift. The sizes of the 

nymphs used in these experiments were determined; I found that 

drifters were either similar in size to non-drifters (~. inornata), 

or that drifters were larger than nymphs that did not drift 
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(!. insignificans). These results suggest that direct competition by 

size does not playa role in determining which individuals drift. 

Drifting appears to be a dispersal mechanism for benthic 

invertebrates; it maintains the numbers and distribution of the 

benthos according to the rapidly changing distribution of their 

food resources which occurs in streams. This process fits some 

recent models of population regulation by dispersal. 



INTRODUCTION 

The causes of the widely documented phenomenon of inverte

brate drift in streams are controversial. Presently some investi

gators believe invertebrates drift after being dislodged by the force 

of the current (this is referred to as the passive or accidental 

drift theory). According to this theory most drift occurs at night 

because benthic invertebrates are more active at night, and therefore 

are more likely to be dislodged then (Elliott 1967, Bishop and Hynes 

1969a, Chaston 1972, Waters 1972). A logical consequence of drifting 

by accidental dislodgement is that the probability of an animal 

drifting should increase as current speed is increased. This 

should not be true if drifting is an active process. Experiments 

have been run to see if the number of drifters varies directly 

with current speed; results have varied with the species used 

(Corkum, Pointing, and Ciborowski 1977, Ciborowski, POinting, and 

Corkum 1977), the type of substrate provided (Walton, Reice, and 

Andrews 1977), and even with the interpretation of similar results 

by different experimenters (Hughes 1970, von Meijering 1972). Thus, 

it still remains to be convincingly shown by replicable experiments 

whether drifting is affected by current speed. 

Muller (1974) suggested that most nighttime drift occurred 

because invertebrates purposefully enter the current in order to 

move to a site more favorable for survival (this process is referred 
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to as the active drift theory) and that only daytime drifters 

(which he referred to as constant drift) are accidentally dislodged 

from the bottom. 

Theoretical studies indicate natural selection in unstable 

environments will promote capabilities for rapid dispersal as well 

as rapid growth of individuals and populations (Andrewartha 1961, 

Gadgil 1971, Southwood et al. 1974, Gill 1978). These theories 

appear to apply to the benthic environment of streams, and rapid 

individual and population growth among benthic species has already 

been thoroughly documented (Hynes 1955, Cushing 1963, Anderson 1967, 

Harper 1973, Cloud and Stewart 1974, Grafius and Anderson 1979, 

etc.). Active drift is also consistent with these theories as it 

may be a mechanism for frequent and rapid dispersal in response to 

changes in the availability of resources. 

2 

In addition, some frequently made observations suggest that 

when benthic invertebrates must move, drifting is a likely mode of 

transport, therefore implying that active drift has survival value. 

These include the fact that upstream movements by the benthos usually 

involve only minor proportions of animals compared to downstream 

drifters (Bishop and Hynes 1969b, Elliott 1971), probably because 

such movements are relatively difficult (Muller 1954, 1974). Also, 

colonization of empty substrates in streams is mostly by drifters 

(Muller 1954, Waters 1964, 1965, Ulfstrand 1968, Kerst and Anderson 

1975, Townsend and Hildrew 1976). 

In this paper I evaluated accidental and active drift. I 

evaluated accidental drift by examining the relationship between 



drifting and current speed, in which the probability of drifting 

should decrease with exposure to faster currents if drift is 

accidental. I evaluated active drift by examining the relationship 

between numbers of drifters and the presence or absence of food, 

expecting the number of drifters to increase in the absence of 

food if drift is an active process. The relationship between 

sizes of drifters and non-drifters was tested at the same time. 

I also made field observations to establish that the species I 

tested in the laboratory did in fact drift in a natural stream. 

3 



THE STUDY SITE AND BACKGROUND INFORMATION ON THE BENTHOS 

The study site was in Aravaipa Creek, Arizona. Aravaipa 

Creek is a spring-fed, permanent tributary of the San Pedro River 

in Graham and Pinal Counties. An average discharge of 0.8 m3/s 

was recorded several kilometers from the mouth of the creek (Anon. 

1975). The vegetation, geology, and climate in this part.of the 

Sonoran Desert were described by Barber and Minckley (1966). 

I studied an area extending several kilometers downstream 

from the eastern entrance to the Bureau of Land Management Primi

tive Area. I chose this location because it had relatively high 

numbers of aquatic insects and is easily reached by road. Drift 

and benthic samples were collected just downstream from the entrance 

to the Primitive Area. 

At the beginning of the study in July 1980, stream discharge 

had been low since February or March (Anon. 1982). The stream at 

the collecting area was about 3 m wide, 0.75 m deep, with a maximum 

surface velocity of 1.0 m/s. Shallow, slow-moving backwaters 

occurred at irregular intervals along the creek where current 

speeds were less than 12 cmls (the slowest I could measure with 

a Pgymy Current Meter). The substrate in the main channel consisted 

of beds of rounded stones, mostly less than 20 cm in diameter, 

lying on sand. These beds alternated with stretches of sand without 

stones. 
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Even at relatively low flow, a large volume of sand moved 

continuously downstream. This sand caused rocks I placed in the 

stream (to observe colonization of periphyton and invertebrates) to 

disappear within 7 days. 

After long periods without floods, the upper surfaces of 

stones in the streambed were covered with a dense black coat of 

periphyton with occas~onal sparse growths of filamentous algae. 

Watercress, (Nasturtium officianale) lined the banks of the main 

channel and covered much of the area of the backwaters. The back

waters contained dense beds of filamentous algae. Insects were 

relatively abundant underneath stones in shallow water near the 
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banks of the main channel, as well as in the slowly moving backwaters. 

Relatively few were found in the fast moving center of the stream, 

and few were seen in the sandy substrates. Insects were rarely 

seen on the upper surfaces of stones during daylighto Tricorythodes 

spp. (Ephemeroptera) and Capnia spp. (Plecoptera) (present in 

large numbers only from December to February) were the only taxa 

commonly observed on upper surface of rocks at night. The most 

abundant species, Baetis insignificans and Choroterpes inornata 

(Ephemeroptera), were seen only rarely on the upper surfaces of 

stones, even at night. 

Sizeable floods occurred in the collecting area in February 

and March of 1981, removing all filamentous algae and depositing 

some sand onto the gravel beds in the main channel. Insects were 

not drastically reduced, however. From March to June stream dis

charge gradually decreased (Anon. 1982), resulting in a surface 



current of 52 cm/s, while depth decreased to 12 cm. By June the 

stream had widened to 6 m, watercress was still abundant, but 

filamentous algae did not reappear and the backwater channels be

came dry. 

Another flood occurred in the area in late July 1981, 

completely burying this stretch of stream in sand and silt, and 

making the water extremely turbid. After this flood, no watercress 

remained and even the periphyton was gone. Only a few rocks were 

still visible above the sand. Invertebrates were extremely scarce 

under the few rocks not buried. 

It was not until December 1981 that the insects became 

abundant. During the recovery period, rocks that had been buried 

became exposed by the gradual removal of sand from the streambed, 

and periphyton then grew on the upper surfaces. 

Mild to severe flooding continued to occur between January 

and May 1982, in July 1982, and in December 1982 - January 1983. 

These resulted in the burial of coarse substrate by sand and 

maintained insects at low densities through most of that period. 

There is very little information available on the natural 

history of the aquatic insects which occur in Aravaipa Creek. 

~. inornata, Tricorythodes spp., Capnia spp., Graptocorixa serru

lata, and Paragyractis sp. have never been found in drift samples 

(Adamus and Gaufin 1976). !. insignificans, the most abundant 

species in my drift samples, was reported to drift in only one 

previous study (Gore 1978). In their previous study of drift at 

Aravaipa Creek, Schreiber and Minck1ey (1981) were probably 
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referring to many of the same species as I do, but they identified 

benthos only to the generic level. 

The life histories of !. insignificans and C. inornata 

(two of the species I used in the experiments) were previously un

known. Adults and a wide range of sizes of instars occurred contin

uously through the 2.5 years I collected experimental animals at 

Aravaipa, suggesting year-round reproduction. The larger instars 

of !. insignificans lived for only a few days before emergence in 

the laboratory, while those of C. inornata lived for 1 to 2 weeks. 

Therefore they appear to have relatively rapid life-cycles ( possi

bly as short as 2-4 weeks). Gray (1981) found rapid developmental 

rates are characteristic of Sonoran Desert mayflies, with ranges 

of 6-13 days for the life-span of several species. 
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METHODS AND MATERIALS 

Field Observations 

Data for analyzing invertebrate drift patterns in Aravaipa 

were obtained by collecting 1-hr. drift samples every other hour, 

over approximately 24-hr. periods in October, November, and December 

1980, and at 1400, 1600, 1800, and 2200 hrs. in June 1982. On 

each sampling date, drift samples were collected in 1 mm mesh nets 

that were attached to frames 41 cm tall and 14 cm wide. The frames 

were anchored into the streambed with a pair of steel rods. The 

frames were positioned so that only the lower 16 cm of the frames 

were submerged; the bottom of the frames was kept a few centimeters 

above the streambed to minimize the accumulation of sand. 

Benthic samples were collected just downstream from the 

drift nets by rinsing rocks into a bucket. Species were identified 

by Mr. Carl Olson, Department of Entomology, University of Arizona. 

Laboratory Experiments 

Insects for experiments were collected by the same method 

and in the same area as the benthic samples. Insects were placed 

in a cooler with rocks containing periphyton and taken to the lab 

within approximately 5 hrs. from capture. In the lab, insects were 

held in screened cages (containing rocks with periphyton for food) 

in a Living Stream Aquarium where temperatures were maintained at 

19 ± 2°C. Natural photoperiods in the experimental room were 
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obtained through translucent plastic panels in the ceiling. Experi-

ments were run to test the accidental and active drift theories. 

Accidental Drift 

H : 
o 

H : 
a 

The time to drift should decrease as current speed 
increases. 

The time to drift will not vary with current speed, 
or will decrease at lower current speeds. 

If drifting is accidental, then the probability of releasing 

hold of the substrate should increase with increased current speed; 

therefore insects exposed to faster currents should drift sooner 

than those exposed to slower currents. This hypothesis was tested 

by measuring the time required to drift for mayfly nymphs in differ-

ent current speeds. 

Experimental conditions: These were conducted in a clear 

p1exig1ass tank, 128 cm long, 5 cm wide, and 10 cm deep (Figure 1). 

A 1/12 hp submersible pump in a reservoir pumped water into one end 

of the tank, it flowed the length of the tank, out over a sill 

9 

at the other end, and returned to the reservoir after passing through 

a net. Flow and depth were controlled by a valve and by adjusting 

the height of the sill. Depth was maintained at 3.5 cm. Current 

speed was measured by timing the movement of non-toxic dye through 

the tank, and temperatures were kept at 19 ± 2°C. by a refrigeration 

unit in the reservoir. 

A test area of 3 x 3 cm, 17 cm from.the outlet was roughened 

by sandblasting the bottom of the otherwise smooth tank. Nymphs on 

the bottom were restricted to this area because they could not attach 
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Figure 1. The tank used to test the effect of current speed on drift. 
The arrow indicates the direction of the current and "T" 
indicates the roughened test area on the bottom where 
insects attached. 



to the smooth plastic. To facilitate a rapid drift response among 

insects that normally hide under rocks during the day, the test 

area was lighted with a 100 watt bulb suspended 36 cm above it. 

No food or cover was provided during the experiments. In each test, 

a single nymph was pipetted onto the test area. The time the 

nymph remained on the test area was measured with a stopwatch and 

the behaviors of numphs during tests were recorded. Tests were 

run until the nymph drifted or 10 minutes had elapsed. Three 

species were tested at two current speeds and a varying number of 

replicates were run with each (see Table 1). 

Table 1. Species used and replicate experiments run in testing 
the effect of current speed on time to drift. 

current speed number of 
in cm/s replicates 

Choroterpes inornata 5 30 
10 29 

Baetis endymion 5 13 
10 6 

Baetis insignificans 5 7 
10 5 

Active Drift 

To be an active process, drift should be triggered when 

resources (such as food or substrate space) become limiting. 

H (1): 
o 

H (1): 
a 

Drift of benthic organisms is random with respect to 
the presence or absence of food. 

Drift will be greater when food is absent than when 
it is present. 

11 



This hypothesis was tested by providing a constant amount of 

substrate and numbers of insects, while 1) recording drift rates 

12 

with food present; and 2) recording drift rates with no food available. 

Experimental conditions: These experiments were run in five 

clear plastic tanks (referred to as "sections"); each one was 90 cm 

long, 15 cm wide, and 10 cm deep (Figure 2). Water flowed through the 

sections in a cascaded series, entering the first and highest section 

from a 3.5 cm diameter pipe pointing downward at the closed end of 

the section. It flowed the length of the section, out over a sill, 

and down into the closed end of the next lower section; then flowed 

similarly through the rest of the sections until returning to the 

reservoir. A 1 hp pump circulated the water, with flow and depth 

controlled by a valve and the height of the sills at the outlets of 

each section. Current speed was measured with dye and a stopwatch. 

Depth was kept at 5.6 cm and current speed at 10 cm/s in all experi

ments. Drifting insects were trapped in nets placed below the section 

they drifted from. 

Food was provided in the form of periphyton growing on rocks 

collected at Aravaipa Creek. ~. insignificans and f. inornata were 

assumed to utilize periphyton since other species in these genera 

had been found to eat it (Merritt and Cummins 1978). 

Experiments began by providing one rock with food (natural 

periphyton) in each section, with 15 to 30 insects per rock. The 

rocks were located about 25 cm from the outlet of each section. 

Replicate experiments were run with a constant number of insects in 

each section in order to complete a series of tests with food 
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r---------+--~ 

Figure 2. Two of the sections used in the food-drift experiments. 
Water flowed in the direction of the arrows, through the 
upper tank, out the right-hand end and down into the next 
section. Nets placed between the sections to capture 
drifting insects are not shown. "R" indicates the 
position of the rocks (where insects attached) on the 
bottom. 
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(Table 2). Series of experiments without food were run using the 

same rock in each section but with the periphyton removed. Rocks 

with periphyton were kept in flowing water in the sections between 

experiments, while rocks without it were kept dry. I used rocks 

that were 2-3 cm thick and with relatively flat lower surfaces. 

Table 2. Species used and replicate experiments run in testing the 
relationship between food and drifting. 

Number of Number of Number of 
Insects Replicates Rocks 

Species Food Per Rock Per Rock " Tested 

~. ins ign if icans Present 15 5 5 

~. insignificans Absent 15 5 5 

c. inornata Present 20 6 3 

c. inornata Absent 20 6 3 

f· inornata Present 30 6 3 

c. inornata Absent 30 6 3 

At the start of an experiment there was no current; this 

facilitated the rapid attachment of nymphs to the rocks. Nymphs 

were pipetted into the sections until the desired number (Table 2) 

had attached to a rock. When all of the nymphs were attached, I 

gradually increased the flow to 10 cm/s over a 10 minute period. 

Experiments were started at approximately 1600 hrs. and 

ended the next day at 0800 hrs. (only natural illumination from the 

ceiling panels was used). At the end of each experiment all nymphs 

in the nets (and the rare ones unattached to a rock) were counted 

as drifters; all those attached to rocks were counted as residents. 
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Although nymphs were seldom lost during tests, during the few times 

when more than 3 nymphs disappeared from a section (sometimes due to 

emergence), the data were discarded. 

The statistical significance of the effect of food on drifting 

was determined by Chi-square tests of differences in numbers of 

drifters from rocks with and without food. 

Rocks with periphyton were used for an average time of nine 

days (range = 7-13), and an average of 29 days (range = 8-15) after 

the periphyton was removed (these times do not inc.-1ude the period 

from when a rock was first collected until the first experiment). I 

needed to determine whether the condition of insect food on the 

rocks was relatively constant over these times, and calculated 

linear correlation coefficients between time and number of drifters 

for each experiment as an index of possible changes. Trends might 

be caused by the death or consumption of the periphyton on rocks 

with food, or the growth of microorganisms (which might be food for 

nymphs) on rocks that had been cleaned. 

H (2): 
o 

H (2): 
a 

Sizes of invertebrates that drift from a site are 
either randomly distributed over the sizes occurring 
or they are larger than residents. 

Drifters are smaller than residents. 

The rationale is that if spacing behavior occurs, larger 

animals are likely to be more competitive and able to exclude smaller 

ones. 

To test this hypothesis, I measured headwidth sizes of the 

nymphs used in the food-drift experiments in which food was present. 

Headwidths of 522 ~. insignificans and 703 C. inornata were measured 



to the nearest 0.04 mm, and averages were calculated separately for 

drifters and residents in each series of experiments. The signifi

cance of differences in average sizes was determined by Z-tests. 
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RESULTS 

Field Observations 

Thirty-one taxa were found in the drift samples (Table 3). 

Orders of insects with relatively diverse representation included 

the Ephemeroptera (8 species were identified), the Coleoptera (5 

families and 1 genus), and the Diptera (4 families and 1 genus) 

(see Table 3). Diversity of taxa and numbers of individuals reached 

a peak in the December-January drift samples (Table 3), however, 

differences in the number of taxa from the four sample dates were 

not significantly different (Chi-square, 3 d.f., p > 0.10). 

Most of the drifters were Ephemeroptera nymphs, these made 

up 86.7% of all animals collected in the drift samples. B. insig

nificans was the most abundant, accounting for 45.2 - 77.5% of 

the numbers of animals in the drift samples over the four collecting 

dates (Table 4). Tricorythodes spp. made up 6.4 - 20.2% of the 

drift samples, and~. inornata made up 5.0 - 15.4% (Table 4). 

Thirteen taxa were found in the benthic samples (Table 3). 

For all of the samples combined, Ephemeroptera again accounted for 

most of the insects (63%). c. inornata was the most abundant 

species (37.8 - 82.4% of the benthic samples), while!. insignificans 

included 14.7 - 29.8% and Tricorythodes spp., 2.9 - 10.8% on the 

different sampling dates (Table 4). Capnia spp. (Plecoptera) were 

relatively abundant only in the December-January sample, when they 

accounted for 15.2% of the numbers of insects. 
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Table 3. Aquatic invertebrates from the drift and benthic samples, 
listed according to presence in each sample. 

DRIFT BENTHOS 

EPHEMEROPTERA Oct. Nov. Dec. June Oct. Nov. Dec. 

Baetis insignif icans x x x x x x x 

Baetis endymion x x x x 

Choroterpes inornata x x x x x x x 

Tricorythodes spp.* x x x x x x x 

Rithrogena sp. x 

ODONATA 

Zygoptera x x x 

Anisoptera x x 

PLECOPTERA 

Capnia spp.** x x x x 

HEMIPTERA 

Graptocorixa serrulata x x x x 

Naucoridae x x x 

MEGALOPTERA 

Corydalus sp. x x x 

TRICHOPTERA 

Hydropsyche sp. x x x x x x 

Limnephilus sp. x 

Hydroptilidae x 

LEPIDOPTERA 

Pyralidae x 

Paragyractis sp. x 



Table 3. Continued: 

DRIFT BENTHOS 

COLEOPTERA Oct. Nov. Dec. June Oct. Nov. 

Dytiscidae x x x 

Ha1ip1idae x 

Peltodytes sp. x 

Chrysome1idae x 

Carabidae x 

Dryopidae x 

DIPTERA 

Simu1iidae x x x x x x 

Chironomidae x x x x x x 

Dixa sp. x 

Stratiomyidae x x x 

Tabanidae x x 

HYDRACARINA x x x 

Total Number of Taxa: 15 17 19 14 10 6 

*There were three species, minutus, dimorphus, and one unknown. 

**There were two species, werneri and frisoni. 
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Table 4. Numbers and percent occurrences of the organisms that made up at least 2% of 
one benthic or drift sample. 

DRIFT BENTHOS 

TAXON Oct. Nov. Dec. June Oct. Nov. Dec. 

Baetis insignificans 293 568 720 112 91 10 175 
(45.2) (77.5) (65.2) (55.2) (29.8) (14.7) (22.6) 

Choroter~ inornata 100 37 111 22 162 56 293 
(15.4) (5.0) (10.1) (10.8) (53.1) (82.4) (37.8) 

Tricorythodes spp. 134 47 95 41 33 2 62 
(19.1) (6.4) (8.6) (20.2) (10.8) (2.9) (8.0) 

Simuliidae 80 16 26 4 2 a 76 
(12.3) (2.2) (2.3) (2.0) (0.7) (0) (9.8) 

Graptocorixa 23 8 56 1 a a a 
serrulata (3.5) (1.1) (5.1) (0.1) (0) (0) (0) 

Hydropsyche sp. 2 18 36 6 1 a 16 
(0.3) (2.5) (3.3) (3.0) (0.3) (0) (2.1) 

Capnia spp. a 5 30 a a a 118 
(0) (0.7) (2.7) (0) (0) (0) (15.2) 

TOTALS: 648 733 1104 203 305 68 776 

N 
(includes all organisms) 0 
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Most drift in Aravaipa Creek occurred with a die1 periodicity, 

with 87 - 96% of the drift for a 24 hr. period occurring at night 

(Figures 3, 4, and 5). Although most ~. insignificans drifted at 

night, substantial numbers also drifted during the day, while ~. 

inornata drifted almost exclusively during the night (Figures 3, 4, 

and 5). Also the highest rate of drift for C. inornata sometimes 

occurred several hours later than it did for B. insignificans (see 

Figure 3). 

Laboratory Experiments 

Accidental Drift 

C. inornata. The average time to release hold of the bottom 

and drift for~. inornata was 47.03 s in the 5 cm/s current, and 

56.69 s in the 10 cm/s current. The decrease in average time to 

drift in the slower current was statistically significant (Table 

5). These data reject the null hypothesis. 

Every nymph that I observed in both current speeds probed 

the boundary of the test area with one to four legs before drifting. 

Thirty-two nymphs were observed in the 5 cm/s current, two of which 

failed to drift within the 10 minute period. One nymph drifted by 

first releasing one pair of legs and then the others. Eight drifted 

by first wriggling at the patch (similar to swimming motions in 

this species), releasing hold, and then swimming upward. Twelve 

drifted by swimming directly off the patch to the middle or upper 

layer of the current, while six released hold with all legs and 

reattached from one to five times before drifting. For five nymphs 
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Table 5. Statistical analysis of the differences in time to drift 
in 5 and 10 cm/s currents (statistics are based on two
tailed probabilities). 

C. inornata Current Speed 

5 cm/s 10 cm/s 

N (sample size) 30 29 

x (ave. in seconds) 47.03 56.69 

s (stand. dev.) 44.03 66.20 

F = 0.459 (variances not significantly different at the 0.05 level) 

t = 7.15 (significant at the 0.05 level) 

B. endymion 

N 

X 

s 

F = 13.43 

t = 1.419 

13 6 

61.20 29.00 

75.96 20.73 

(variances significantly different at the 0.05 level) 

(not significant at the 0.05 level; Behrens-Fischer test 
used because variances not equal) 

B. insignificans 

N 7 5 

X 34.57 no drift 

s 17.23 no drift 
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no particular behavior could be seen at release, although three of 

these began to swim upward or into the current after entering the 

water column. Four nymphs simply crawled off the patch in the 

dOWnstream direction and then drifted. Nymphs that made swimming 

movements drifted higher in the current than those making none. 

Some differences in behavior were observed for this species 

in the 10 cm/s current. Several were seen to release hold of the 

test area with one to five legs or raise their bodies away from 

the bottom by extending their legs, but without drifting. Several 

released hold with all 6 legs, but reattached before any downstream 

movement occurred. One nymph drifted by swimming vertically away 

from the patch to near the surface, and then drifted downstream. 

Four drifted by first releasing hold of the patch with their hind

and midlegs, extended their forelegs to allow the body to rise, 

and then drifted away. One animal just crawled off the patch before 

drifting, while for twenty, I did not detect any behavior resulting 

in drifting. Most of these swam forward into the current for a few 

seconds after release, before drifting downstream. 

Baetis endymion. The average time to drift for this species 

was less at 10 cm/s (20.73 s) than at 5 cm/s (61.20 s); however the 

difference was not significant. This was apparently due to the 

high variance in time obtained in the 5 cm/s experiments (see 

standard deviations in Table 5). The results reject the null 

hypothesis. 

All individuals of this species also probed the boundary of 

the test area with one to four legs before drifting, as indicated 
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for C. inornata. Fourteen animals were tested in the 5 cm/s current. 

Seven entered the current by swimming upward and upstream (then 

drifting) and three others by swimming upward and downstream. Three 

drifted by first releasing between two and five legs, and then the 

remaining legs, sometimes swimming upward after release. ~~o re

leased with no particular behavior but swam upward after release, 

and one nymph did not drift. 

Six were observed in the 10 cm/s current; two drifted by 

swimming upward or into the current, while no particular behavior 

was observed for four. One of these swam upward once off the test 

area, while two crawled off the test area and drifted. 

B. insignificans. The nymphs exposed to the 5 cm/s current 

required an average of 17.23 s to drift. When tested at 10 cm/s, 

none of the five nymphs drifted within 10 minutes, so the null hypothe

sis was rejected. 

All nymphs of this species initially probed the boundary of 

the test area before drifting, as described for the previous two 

species. Four of the seven nymphs tested in the 5 cm/s current 

drifted by swimming upward off the test area and one by releasing 

the hindlegs first and then swimming upward. Two simply released 

hold, drifted along the bottom a short distance, then swam upward 

and drifted in the water column. In several instances nymphs drifting 

in the upper layer swam downward to the bottom, but continued to 

drift. 

Nymphs tested in the 10 cm/s current (none of which drifted) 

remained still on the test area, oriented up- or downstream, and 



drifted only when I disturbed them by touching them with a needle. 

A similar drift response was noted by McLay (1968) for other species 

of mayflies. 

In addition I observed the drifting behavior of a few indi

viduals of two other species. Comparisons of times to drift were 

not made, but observations of drift behaviors follow. 
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Thrau10des speciosus. Six nymphs were observed in the 5 cm/s 

current. One released hold with all of its legs but reattached 

without drifting; it then drifted by first releasing its hind1egs 

and swam upward. Two extended their legs to raise their bodies away 

from the test area before drifting. One drifted by just swimming 

upward, while two appeared to just release hold with all six legs 

and move downstream along the bottom, by crawling, swimming, or with

out any movements. Two nymphs did not drift. 

Only one nymph was observed at 10 cm/s. At the time of 

drifting, it swam upward and upstream, then downward to reattach 

to the test area. 

Thrau10des dimorphus. Five nymphs were observed in the 10 

cm/s current. Three did not release or drift. Two others released 

all six legs, drifted passively only a few millimeters, and then 

reattached. 

Active Drift 

All three series of experiments using the two species, C. 

inornata and B. insignificans resulted in a strong rejection of the 

null hypothesis that drift is random in relation to food. 
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More~. insignificans drifted from rocks without periphyton 

compared to when periphyton was present (296 vs 237) and the differ

ence was highly significant (p < 0.005, Table 6). This occurred 

despite major differences in the pattern of drift rates off of 

different rocks used in this experiment. For example, the average 

number of resident nymphs actually increased from 3.0 to 4.2 after 

the removal of periphyton from rock 1, while the number of residents 

on rock 3 was the same in both food conditions (Table 6). No differ

ences in characteristics of these rocks were observed that could 

account for this variance. Possibly differences in composition of 

the periphyton were responsible, since this aspect of the experiment 

was uncontrolled. 

When C. inornata was tested with twenty nymphs per rock, 

all three rocks showed a consistent decrease in average numbers of 

residents after removal of periphyton, and again the difference was 

highly significant (p < .005, Table 7). In this experiment, rock 6, 

the largest rock used, had the lowest number of residents, both 

with and without food (on average for the two conditions). 

Results obtained for~. inornata with thirty per rock were 

similar, giving a Chi-square of 217 for the difference in drifters 

and residents in the two food conditions (p < 0.005, Table 8). The 

higher Chi-square value appeared to be a result of greater ratios in 

the differences between drifters and residents when thirty nymphs 

were used compared to the experiments using twenty nymphs (Tables 7 

and 8). A comparison of the two series of experiments indicates 

greater numbers of nymphs remained on rocks (both with and without 
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Table 6. Comparison of drifters and residents when 15 !. insignif
icans were placed on each rock and allowed to drift. 

Average numbers of residents are based on five replicates per rock, 
with and without food. Chi-square values were calculated using the 
total numbers of drifters and residents in the series of experiments. 

\HTH PERIPHYTON WITHOUT PERIPHYTON 

Rock Rock Surface Average Number Average Number 
Number Area (cm 2

) of Residents of Residents 

1 43 3.0 4.2 

2 135 7.6 3.4 

3 53 3.6 3.6 

4 65 5.2 2.2 

5 58 8.2 2.4 

Observed Expected 

Periphyton Present Absent Present Absent 

Drifters 237 296 266.5 266.5 

Residents 138 79 108.5 108.5 

Chi-square 22.6, p < 0.005 
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Table 7. Comparison of drifters and residents using 20 C. inornata 
and six replicates (with and without food) per rock. 

WITH PERIPHYTON WITHOUT PERIPHYTON 

Rock Rock Surface Average Number Average Number 
Number Area (cm 2

) of Residents of Residents 

6 127 13.3 7.8 

7 99 17.2 13.2 

8 66 17.7 10.3 

Observed Expected 

Periphyton Present Absent Present Absent 

Drifters 71 172 121.5 121.5 

Residents 289 188 238.5 238.5 

Chi-square = 63, p < 0.005 
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Table 8. Comparison of drifters and residents using 30 C. inornata 
and six replicates (with and without food) per-rock. 

WITH PERIPHYTON WITHOUT PERIPHYTON 

Rock Rock Surface Average Number Average Number 
Number Area (cm 2

) of Residents of Residents 

9 77 28.33 17.67 

10 95 21.16 16.67 

11 77 28.00 13.33 

Observed Expected 

Periphyton Present Absent Present Absent 

Drifters 39 254 146.5 146.5 

Residents 501 286 393.5 393.5 

Chi-square = 217, p < 0.005 



food) in experiments using thirty nymphs, even though total rock 

surface areas were larger in the twenty nymph experiments (Tables 

7 and 8). 

The correlation analysis between numbers of drifters and 

length of time in which rocks were used provided evidence that drift 

rates were not related to changes in the food source on these rocks. 

Only one significant correlation between time and drift was found 
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for the rocks with periphyton, as well as approximately equal numbers 

of positive and negative non-significant correlations (Table 9). For 

rocks without periphyton, only two singificant correlations occurred 

(one positive and one negative) with several positive and negative 

non-significant correlations. 

Upon introduction to a section of the artificial stream, 

nymphs either swam directly underneath and attached to a rock, or 

swam to a side or top, attached, and crawled to the lower surface. 

Observations every few hours from morning to early evening indicated 

most drift occurred at night and that the insects remained under

neath the rocks, at least during the lighted periods when I could 

see (corresponding to my field observations). 

The null hypothesis that sizes of drifters are randomly 

distributed or larger than residents was supported in all three 

tests. 

Most of the~. insignificans used in these experiments were 

between 0.70 and 1.10 mm in headwidth (Figure 6). For rocks with 

periphyton, the average headwidth of the drifters was 0.94 mm while 

residents averaged 0.91 mm (Table 10). The greater size of the 



Table 9. Correlations (r) between length of time rocks were used 
in food-drift experiments and numbers of drifters (using 
two-tailed probabilities). 

Rock r (With Periphyton) 

!. insignificans 
1 

(15 nymphs/rock) 
0.299 

2 
3 
4 
5 

c. inornata 
6 
7 
8 

c. inornata 
9 

1,() 

11 

0.690 
-0.120 
0.056 
0.713* 

(20 nymphs/rock) 
0.546 

-0.507 
-0.560 

(30 nymphs/rock) 
-0.290 
-0.277 
0.274 

*r significant at the p 0.05 level. 

r (Without Periphyton) 

-0.897* 
0.293 
0.750 
0.626 

-0.716 

0.206 
0.486 
0.813* 

0.219 
-0.128 
-0.056 
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Table.lD. Statistical analysis of the differences in mean headwidths 
between drifters and residents used in the food-drift 
experiments in which food was present (one-tailed 
probabilities used). 

Drifters Residents 

B. insignificans 

N 322 200 

X (in mm) 0.939 0.913 

Stand. Dev. 88.9 100.9 

Z 2.93* P 0.002 

C. inornata (twenty nymphs per rock) 

N 57 321 

X 1.l30 0.114 

Stand. Dev. 188.4 154.3 

Z 0.596 P 0.276 

C. inornata (thirty nymphs per rock) 

N 22 303 

X 1.169 1.139 

Stand. Dev. 172.8 146.8 

Z = 1. 30 P = 0.097 

*z value indicates highly significant difference in XIS. 



drifters was highly significant, (p = 0.002, Table 10). 

The Q. inornat~ nymphs used were mostly between 0.80 and 

1.40 mm in headwidth (Figure 7). Separate analyses were made for 

the 20 and 30 nymph per rock experiments. In the experiments using 

20 (with food present) drifters averaged 1.13 mm in average head

width, slightly larger than the 1.11 mm average for the residents, 

however the difference in average sizes was not significant (Table 

10). 

In the experiments using 30 nymphs per rock (food present) 

drifters were also larger (1.17 mm) than residents (1.14 mm) on 

average, and the difference was not significant (Table 10). 
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DISCUSSION 

Field Studies 

Changes in the Composition of the Benthos at Aravaipa Creek 

I found thirty-one taxa of aquatic invertebrates in drift 

samples taken in Aravaipa Creek from October 1980 to June 1981 

(Table 3), while Bruns and Minckley (1980) found 63 in the benthic 

samples that they collected in 1975-1976. The differences in the 

numbers of taxa found in the two studies may be due to differences 

in collecting areas or procedures, or it could indicate that some 

striking changes in the benthic fauna have occurred. The differences 

between the two studies do not appear to be only the result of 

differences in sampling techniques (most of my taxa were from drift 

samples) for the following reasons: 1) Drift samples are usually 

quite representative of the diversity of organisms in a stream 

(Waters 1969); and 2) Some of the species which I did not find are 

invariably found in drift samples when they are present, particularly 

Ephemerella spp. and Chironomidae (Adamus and Gaufin 1976). The 

most likely cause of these changes appears to be an increase in the 

frequency of severe flooding over the time period between the two 

studies. 

It has already been established that streams which flood 

frequently have fewer species and numbers of invertebrates than 

streams that don't (Hynes 1970). This principle may also apply 
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within one stream, such as Aravaipa Creek, over periods of different 

flood sequences and may account for changes in the number of taxa 

occurring there. For example, average yearly stream flows and maximum 

daily discharges were relatively low before and during Bruns' and 

Minck1ey's study when diversity was high. During their study mean 

daily discharge varied from 0.05 to 3.06 m3/s (Table 11); the peak of 

3.06 (a flood in July 1975) resulted in an approximate 3:1 decrease 

in total insect density (Bruns and Minck1ey 1980). They noted that 

some species failed to recover their previous densities even after 

that relatively mild flood. Much greater floods occurred frequently 

within the two year period before my study and continued through 

the study period. These included average daily flows (in m3/s) of 

181 in December 1978, 39.4 in January 1979, and 25.4 in February 1980 

(Table 11). The February flood may have been particularly important 

in causing the decreased diversity I observed for the benthos at 

Aravaipa from 1980 to 1981. 

The specific cause of the reduction in numbers and diversity 

of aquatic insects in Aravaipa appears to be due to the tremendous 

increase in the transport of fine sediment during floods. Sediment 

carried into the main channel may initially destroy insects by 

scouring, but more importantly, buries the coarse gravel habitat 

utilized by most of the species. Insects are probably kept at low 

numbers after floods because the unstable fine sediments are unusable 

habitat. I observed that periods of five to six months were required 

for the current to gradually remove sand and silt. 
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Table 11. Minimum and maximum daily discharges at Aravaipa Creek from 
1973 to 1981, with data converted to m3/s (Anon. 1973-
1983). 

Year Min. Max. Mean for Year 

1973 0.31 25.20 0.93 

1974 0.17 9.63 0.47 

1975 0.15 3.06 0.33 

1976 0.003 3.26 0.26 

1977 0.0 33.42 1.89 

1978 0.79 181. 20 4.28 

1979 0.79 39.36 1.62 

1980 0.59 25.37 1.07 

1981* 0.40 7.82 

26 Year Mean = 0.86 

*Data available through September only. 



In the unstable environment of Aravaipa Creek, short life 

cycles would enhance rapid recovery of insects by increasing the 

number of individuals that reseed areas decimated by floods. Also, 

the probability of some individuals surviving, if large numbers 

are present before a flood, is increased as some are likely to be 

in the few sites (with proper food and substrate) that are not 

destroyed, as well as occurring in terrestrial environments (Gray 

1981). In contrast, species with long life cycles will have reduced 

chances of recovery; because of their lower numbers these are more 

likely to become locally extenct. In Aravaipa Creek, the recovery 
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of gravel substrates and subsequent recovery of insects took as long 

as six months; therefore, during years with intense summer and winter 

floods, insects would be kept at such low numbers that rarer, long

lived species might disappear. 

Effects of Die1 Drift Periodicities on Fish Diets. Schreiber 

and Minck1ey (1981) collected benthic, drift, and fish stomach 

samples at Aravaipa. They found that mayfly nymphs accounted for 57% 

or more of the diets of Agosia chrysogaster, Meda fu1gida, and 

Rhinichthys oscu1us. These species consumed disproportionately more 

baetid nymphs than~. inornata nymphs and many fish stomachs contained 

no C. inornata, although both types of mayflies were abundant then. 

It is likely that the fish ate more baetids because significant num

bers of !. insignificans drift during the day, making them more avail

able to visual feeders than C. inornata, which drift strictly at night 

(Figures 3, 4 and 5). 



Primary Production. Bruns and Minck1ey (1980) observed many 

insects occurring within abundant mats of filamentous algae in 

Aravaipa Creek in 1975-1976. They believed that the filamentous 

algae were the major energy source for the benthos. However, during 

my study period filamentous algae were rare in comparison to peri

phyton, probably because periphyton recovers more rapidly than fila

mentous algae after floods (Bruns and Minck1ey 1980, also see Study 

Site). Also, the most abundant invertebrates in the benthos, £. 

inornata and~. insignificans probably cannot consume filaments 
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since they belong to taxonomic groups characterized as co11ector

scrapers (Merritt and Cummins 1978). These facts suggest periphyton 

is more important than filamentous algae as a food source for benthic 

primary consumers in Aravaipa Creek. 

Laboratory Experiments 

Test of Accidental Drift. Previous experiments on the rela

tionship between drifting and current speed have examined the number 

of invertebrates drifting in different current speeds. In such 

experiments, increased drift with increased current is accepted as 

evidence for accidental drift, while the absence of such a relation

ship is evidence for active drift. In some prior experiments, drift 

did not increase with increased currents, and sometimes just the 

opposite occurred, suggesting that drift is an active process. For 

example, Hughes (1970) found that fewer Garnrnarus spp. (Arnphipoda) 

drifted in a 22.6 cm/s current than in a 9.3 cm/s current. Corkum 

et a1. (1977) observed that fewer B. vagans drifted as current speed 



increased, using 0-50 cm/s current speeds. Walton et al. (1977) 

found that drift rates of Acroneuria abnormis (Plecoptera) were 

unaffected by current speeds of 9.5 and 19.0 cm/s over large cobble 

or "stone substrates. 
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Other eXperiments support the accidental drift theory. Walton 

et al. (1977) found drift rates of ~. abnormis did increase with 

current speed (using 9.5 and 19.0 cm/s currents) when small gravel 

substrates were provided. Corkum et ale (1977) found that drift 

of Paraloptophlebia mollis (Ephemeroptera) increased slightly when 

the current increased from 0 to 50 em/s. Ciborowski et al. (1977) 

found drift of Ephemerella subvaria (Ephemeroptera) increased with 

increased current speed when tested in 18.5 and 28.5 cm/s currents. 

For my experiments, I assumed that the probability of drifting 

will increase as current speed increases if drift is accidental; 

this should result in decreased time to drift with exposure to faster 

currents and will not be true if drift is active. All of my results 

supported active drift since~. inornata required less time to 

drift in the 5 em/s current than in the 10 cm/s current; and ~. 

insignificans nymphs did not drift at all in the fast current. 

Although the~. endymion nymphs drifted a little sooner in the 

faster current, the average difference in time to drift was not 

significantly different for the two current speeds. My results 

may be considered preliminary, however, because the 5 and 10 cm/s 

current speeds I used encompass only the lower range of current 

speeds in which the test species exist in nature. 
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Observations of Drift Behavior. Most direct observations of 

invertebrate drift suggest that drift is an active process. Eddington 

(1965, 1968) found that Hydropsyche sp. (Trichoptera) larvae actively 

swam away from unsuitable substrates and then drifted. Minshall 

and Winger (1968) observed that Baetis sp., Ephemere11a sp., and 

Ame1etus sp. (Ephemeroptera) nymphs drifted by releasing hold and 

swimming upward into the current. Wallace, Hynes and Kaushik (1975) 

observed similar behavior by Gammarus pseudo1imnaeus as a response 

to the addition of food. Hi1drew and Townsend (1980) stated that 

drift of P1ectrocnemia conspersa (Trichoptera) started with a rapid 

flexing of the body followed by swimming movements. Pekarsky (1980) 

observed mayfly nymphs initiated drift by swimming into the current 

when they encountered predators. I Hughes (1970) was the only worker 

to report drifting as caused by the accidental release of the 

substrate, based on his observations of Gammarus pulex in a laboratory 

stream. 

Drift is unlikely to be accidental in most cases because of 

the ability of nymphs to hold onto the substrate in fast currents. 

This has been examined in previous experiments which showed that 

dislodgement of various species required speeds much faster than 

those that are known to occur under normal conditions in natural 

habitats (Phillipson 1957, Stuart 1958, Hynes 1970). 

My observations of the behavior of mayfly nymphs just before 

drifting also indicate that they are unlikely to be simply swept off 

the substrate by the current. I observed that nymphs of C. inornata, 
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~. endymion, T. speciosus, and T. dimorphus could release one to six 

legs and then reattach without drifting, or could reattach after 

drifting only a few millimeters. This indicates that the nymphs would 

have little difficulty maintaining hold of even the very small grains 

which occur in natural substrates. 

I also observed other behaviors which suggest active drift. 

In all species except for ~. dimorphus, the nymphs swam upward when 

leaving the substrate; some f. inornata even began to wriggle while 

still attached just before they released hold and swam upward. Both 

f. inornata and~. endymion released pairs of legs while extending 

the body upward until they drifted. 

Muller (1974) suggested that the low numbers of daytime drifters 

in species which drift mostly at night has accidental causes. However, 

no one has previously attempted to determine whether daytime drift 

occurs by a different mechanism than nighttime drift. My observations 

of apparently active drift all occurred in bright light during the day; 

therefore the most parSimonious explanation is that daytime drift . 

has the same causes as nighttime drift; that is, invertebrates drift 

(actively) in response to unfavorable local conditions. 

Although the status of accidental drift has not been 

sufficiently clarified such that it can be denied, it now appears to 

have much less support than active drift. 

Active Drift. Support for the active drift theory implies 

that drifting is an adaptation for emigration when conditions become 

unfavorable, where the conditions refer to the availability of re

sources. Previous experiments suggest a cause-effect relationship 
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between drift and food availability in which drift increased at lower 

food levels. This occurred when benthic species that eat periphyton 

or detritus were used, including Q. pulex (Hughes 1970), Ephemerella 

needhami, ~. serrata (Hildebrand 1974), Q. pseudolimnaeus (Wallace 

et al. 1975), Ecdyonurus venosus (Keller 1975), Baetis rhodani 

(Bohle 1978), and Stenocron interpunctatus (Walton 1978). 

Walton (1978) found no difference in the drift rates of A. 

abnormis, or for a net-spinnin~ trichopteran, Chimarra atterina, 

in the presence or absence of food. However, in these cases, lack 

of correlation between drift and food may be due to a temporal 

feature. These species are relatively immobile predators and filter

feeders; since they rely on waiting for mobile food to come to them, 

they may simply not react quickly to a lack of food. 

I found strong support for the contention that drift in may

flies is triggered when food becomes unavailable. Both C. inornata 

and !. insignificans showed significant increases in drift when food 

was absent compared to when it was present. However, in those tests 

many insects drifted even when food appeared to be abundant (from 

rocks with periphyton) , suggesting that other factors are important 

in determining the relationship between resource quantities and drift. 

A likely factor is that the insects also require a minimum amount of 

space as well as sufficient food. 

The other hypothesis tested concerns factors determining 

which individuals drift first when food is present but numbers of 

animals are in excess. I found that drifters were either a random 

mixture of size classes (for f. inornata), or that drifters were 
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larger than residents (for ~. ins ignificans, Table 10). These 

results suggest that direct competition by size does not playa role 

in determining which individuals obtain access to resources, although 

my results are only suggestive. Further tests are still needed to 

determine the relationship between size and spacing behavior of 

benthic invertebrates (i.e., by varying the size distribution of 

animals while food and space are held constant). 

My results are useful in reassessing a hypothesis developed 

by Allan (1978) who suggested that drifters should be smaller than 

residents because smaller individuals are less likely to be seen 

and eaten by fish. The species I studied are known to be eaten by 

several species of fish at Aravaipa Creek (Schreiber and Minck1ey 

1981). If Allan is correct, then the species I examined should have 

followed his size predictions in drifting; however, I found no support 

for his hypothesis. It is an unlikely evolutionary consequence 

since all size ranges of invertebrates must drift in order to obtain 

the resources required for survival, yet only a small proportion of 

drifters are consumed by fish (because of large numbers of drifters 

compared to the number of fish/stream area, and because nighttime 

drifting decreases the effectiveness of predators). 

Relationship Between Drift and Population Regulation. Accord

ing to theories of self-regulation, population density is limited to 

levels below those that can damage resources, particularly food. 

Behavioral spacing mechanisms limit the number of organisms which 

utilize resources, and excess organisms leave. Organisms that leave 

die in greater proportion than those that stay because of greater 



exposure to predation, starvation, harsh physical conditions, etc. 

(Watson and Moss 1970, Taylor and Taylor 1977, Lomnicki 1978). 

Evidence for the operation of this process has been seen in 

sa1monids (Chapman 1966), aphids (Way and Camme11 1970), and in 

birds and manna1s (Watson and Moss 1970, Krebs 1978). 

Active drift appears to be part of a self-regulatory process 

for the benthos and my experiments have shown that some species of 

benthic invertebrates stay at a site when resources are available 

and will leave by drifting when resources are insufficient. Adjust

ment of numbers of invertebrates to resources may occur due to drift 

because while drifting, invertebrates are much more likely to be 

eaten by fish, swept into unsuitable conditions (lakes, pools), or 

suffer damage from mechanical forces. 

Presently there is insufficient evidence for the occurrence 

of behavioral spacing mechanisms among benthic invertebraes, or on 

how drift, when it occurs, may be triggered among individuals 

occurring where some food is present but space is limiting. Only 
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a few experiments on this topic have been performed (Hildebrand 1974, 

Walton et a1. 1977) and these have produced conflicting results. 

Progress in understanding the causes of invertebrate drift 

has been slow; this is partly because thousands of different species 

are involved with their highly varied habitat and resource require

ments, and partly because relatively little experimental work has 

been done on this subject. My experiments using !. insignificans 

and Q. inornata provide further support for the active drift theory 

and indicate that active drift is related to the availability of 



food. The strong likelihood that drift is part of a self-regulatory 

process suggests that it is also related to the availability of 

suitable substrate space. This is where further experiments would 

be ·useful in understanding active drift. 
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