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ABSTRACT 

Emigration may be an important means of self 

regulation to keep population size in consonance with 

resources. I tested the regulation hypothesis by studying 

the effect of substrate and food on establishment and 

emigration of Hvdropsvche larvae within laboratory chambers. 

Larvae were more likely to stay in chambers if 

appropriate substrate was providedr regardless of the 

presence of food. More larvae stayed in chambers with food 

than in chambers without food. Larvae were more likely to 

leave (even when substrate and food were suitable) when 

conspecifics were already present on the substrate pad. 

Initial colonizers may restrict the number of new 

immigrants that settle and stay. My data suggest that 

emigration may be a mechanism to limit Hvdropsvche 

population size. 

vii 



INTRODUCTION 

Populations inherently have the ability to exceed 

resources as a result of biotic potential. Lomnicki (1978) 

has suggested that emigration may be an outlet for 

organisms that exceed the carrying capacity and are 

excluded from resources. If lotic organisms can assess 

resource availability, then insect emigration may be a 

mechanism for regulating population size in consonance 

with resources. Waters {1966) suggested that invertebrate 

drift may result from excess production, but the 

relationship between drift and benthic density or resources 

has not been clearly demonstrated in field or laboratory 

studies. If emigration is an innate response to 

environmental factors for stream insects, they should move 

away from an unsuitable area and enter into the drift. 

Residency may be interpreted as evidence of habitat 

suitability. I have used this principle to study critical 

habitat components for Hydropsyche larvae and test 

Lomnicki's (1978) model of emigratory behavior as a 

regulatory mechanism keeping population size in consonance 

with resources. 

Several habitat components have been identified as 

being important for Hvdropsvche larvae. The effect of 

current on net-building behavior has been well established. 

1 



Larvae select rather specific current velocities that are 

fast enough to carry food into their sieving devices, but 

not so fast as to be destructive (Edington 1965, 1968; 

Philipson 1969? Haddock 1977; Malas and Wallace 1977). 

Appropriate substrate (generally linked to current 

velocity) is also critical for the selection of a net-

building site (Williams and Hynes 1973). Food is certainly 

a necessary habitat component, but for passive filter-

feeding organisms such as hydropsychid larvae a change in 

flow presents a potential change in food supply. The 

effect of food alone on selection of a net-building site 

(and thus population size) has not been made clear. 

I tested the effect of food and substrate on 

emigration and establishment of Hydropsvche larvae. 

Experiments were designed to address the following 

hypotheses: 

I. Hvdropsvche larvae will establish residency within 

experimental chambers in response to appropriate flow 

and substrate, even in the absence of food. 

II. Given appropriate flow and substrate, Hvdropsvche 

larvae will regulate population size in response to food. 

III. Hvdropsvche larvae will continue to adjust population 

size to resources with additional immigration after 

earlier colonizers have become established. 



MATERIALS AND METHODS 

Larvae of Hvdropsvche sp. were collected from the 

Gila River near Winkelman, Arizona. Larvae were held at 16C 

in screened trays within a "Living Stream"® and fed ground 

fish food flakes. Larvae were never held more than 21 

days. 

Experimental Chambers and Conditions 

Experimental chambers were modified after Wiley 

(1981) (Fig. 1). A crystalizing dish 100 mm wide x 50 mm 

deep was cemented concentrically within another 

crystalizing dish 150 mm wide x 75 mm deep/ forming a 

uniform channel between the two with an area approximately 

87 cm^. Water depth in the channel was held at 3 cm. 

Current velocity was approximately 22 cm/s, a value well 

within the preferred range for Hvdropsvche larvae (Edington 

1968). I used rubber-backed artificial turf to simulate 

the moss-covered rocks known to be suitable substrate for 

Hvdropsvche larvae (Edington 1968; Williams and Hynes 

1973). Philipson (1969) successfully used similar material 

for Hvdropsvche larvae. Temperature was held at 16 C ±1°. 

A system was designed to replace water lost by evaporation 

3 



Figure 1. Experimental chamber 

Modified after Wiley (1981) : 

A) Hosing to water reservoir to replace evaporation. 

B) Turf substrate ana bare glass replace preferred 

sand and non-preferred silt respectively. 

C) Trap net allows removal of individuals that have 

migrated from the turf. 
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Figure 1. Experimental chambers. 
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Natural light intensity and periodicity were provided by 

the sun. 

Preliminary Considerations for Experiments 

Observations have shown that every individual in a 

population of hydropsychid larvae may not have a filtering 

net. In fact, the proportion of the population having nets 

may vary from one season to another. Sometimes living 

tubes are observed without accompanying nets; at other 

times nets may actually outnumber insects (Williams and 

Hynes 1973). A living tube is apparently much more 

important than a net for Hvdropsvche larvae. The living 

tube provides anchorage and protection from the environment 

and predators. Respiration can be enhanced using 

undulations of the body within the tube (Wiggins 1977). If 

a tube is destroyed the resident larva will often move, 

whereas damaged nets are usually simply rebuilt. 

Apparently a simple count of the number of nets does not 

necessarily indicate the number of larvae occupying an 

area. Thus in my experiments, larval occupation of an area 

for a specified period of time, usually accompanied by 

building of a living tube, was the criterion for 

establishment of an individual within the chamber rather 

than construction of a filtering net. 

I ran preliminary experiments with the entire 

bottom area of the chambers covered with turf to determine 



if the experimental conditions were conducive to 

establishment and net building (hypothesis I). I placed 

four or five insects into each of several chambers in the 

afternoon and counted the number of nets they had built 

after 48 hours. Sixty-nine percent of the larvae built 

nets, indicating that the current velocity, temperature and 

substrate were suitable. When flow was interrupted by 

removing the cover from the chamber, newly settled larvae 

without living tubes moved toward the surface of the 

strands and sometimes initiated lateral undulations that 

brought them into the water column. Therefore interruption 

of flow was avoided as much as possible during later 

experiments. I performed experiments with no turf in the 

chamber to determine if insects would stay in chambers with 

what I defined as unsuitable substrate. Ninety-seven 

percent (N=30) of the larvae continued to move "downstream" 

within the chamber. A trap net placed in front of the 

introduction point captured insects so that they could be 

removed from the chamber. This larval movement indicated 

turf was a necessary component of the experimental setup. 

To make preliminary behavioral observations that 

were precluded in the actual experiments, I introduced two 

insects into a single chamber in the afternoon for each of 

six replications. I observed drifting, settling (movement 

to the substrate from the water column) and subsequent 

behavior. The position of each insect within the chamber 
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was mapped at 15-minute intervals the first 1-2 hours. 

Subsequent position was noted once every hour until at 

least 1 hour after dark, once at night (2200-2400 h) and 

once the next morning (0800-1000 h). 

In natural populations, intraspecific interactions 

may affect settling of individuals out of the drift, 

establishment on the substrate and net-building behavior. 

The number of insects relative to the area of substrate 

available in my preliminary experiments was so low that 

little interaction probably took place. Suitable substrate 

availablity in subsequent tests was substantially reduced 

by using a smaller piece of turf (< 8 cm^) than in 

preliminary observations. This promoted interaction among 

larvae. 

During preliminary experiments with complete 

coverage of the bottom by turf, insects could not move away 

from situations they found unsuitable due to the nature of 

experimental conditions. Movement would simply bring 

larvae to another similar area within the chamber and could 

result in repeated return to the point of entry into the 

drift. This is not generally possible in nature. As a 

consequence of providing only a small pad of suitable 

substrate within the chamber, insects that moved off of the 

pad would end up on a relatively unsuitable substrate (a 

smooth glass surface). In a natural system, such behavior 

would probably consistently result in entry into the drift. 
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The trap net, placed a short distance behind the turf in 

each chamber, captured and allowed removal of individuals 

that left the pad. Insects that left the turf almost 

invariably ended up in the trap net. A piece of the 

Plexiglas® lid was cut out to allow removal and inspection 

of the trap net without interrupting flow. 

Food 

Both bacteria and yeast have been used successfully 

as food for filterfeeders (Fredeen 1959, 1964). A mixture 

of yeast and microfauna was provided for treatments 

requiring food. The yeast culture was prepared by mixing 

3.5 g of dried yeast with 2.5 g of sugar in 500 ml of water 

and then incubating the mixture for 6 hours at 40C. To 

produce a bacterial culture ground fish pellets (10 g) were 

mixed with 1 liter of water in a food blender for 20 

minutes. This slurry was set outside for 3 hours to permit 

bacterial inoculation to take place. The mixture was then 

incubated at 40C for about 48 hours. Shortly before the 

start of the experiment, 20 cc of each culture were placed 

in each chamber. Food mixtures introduced into the 

chambers were drawn near the surface of the culture to 

obtain materials that would generally be light enough to 

remain in suspension. 
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TYPE I Experiments 

TYPE I experiments were used to test hypotheses I 

and II. All introductions of larvae were done after sunset 

using a syringe with a piece of tubing attached on the end 

(inside diameter 3.5 mm). The larvae were gently ejected 

from the tubing near the bottom of the channnel behind the 

trap net, allowing them to drift or crawl toward the 

substrate pad. 

During each of the first two 15-minute periods of 

the experiment, I introduced larvae in sets of three, then 

individually or in pairs at the rate of 4/hr for all 

following periods. Before each introduction, larvae in the 

trap net were removed and preserved in 80% ethanol. Larvae 

were introduced into the chambers until the number of 

larvae taken out of the net during an hour nearly equalled 

the number introduced. The total number introduced during 

an experiment varied from 10-16. The trap net was checked 

the two mornings and evening following this initial 

colonization. Larvae actually on the turf on the second 

morning were recorded. Experiments were run for 39 h with 

replicates in 14 chambers without food and 12 chambers with 

food. 

TYPE II Experiments 

TYPE II experiments were designed to test 

hypothesis III. These were a continuation of TYPE I 
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experiments with new introductions of larvae being made on 

the third and fourth nights. On the third night 8 insects 

were introduced in pairs at 0.5-hour intervals. The drift 

net was inspected before each introduction and larvae in 

the net were removed and preserved as in TYPE I 

experiments. The same method was used on the fourth night, 

when 6 insects were introduced. Pinal densities on the pad 

were recorded the morning after the fourth night of 

immigration. For those treatments providing food, each 

chamber received an additional 10 cc of each food type 

before each introduction period. Experiments were run for 

39 h with replicates in 6 chambers without food and 4 

chambers with food. 



RESULTS 

In preliminary observations larvae usually settled 

to the substrate in a few seconds, but some exhibited 

lateral undulations that kept them in the water column for 

longer periods. Upon contacting the substrate, larvae 

clutched the strands of turf and crawled down between them 

almost immediately. The greatest amount of movement within 

the strands of turf occurred within the first half hour. 

Most insects built nets within 2-3 cm of where they 

settled, but a few continued to move about within the 

substrate. Movement was either by drifting or crawling, 

both of which may be important in the transport of aquatic 

insects within lotic habitats (Bishop and Hynes 1981). 

Larval movements at night were unobservable. 

i 

Experiments 

A few larvae died during the experiments. Some 

dead individuals were found in the trap net and a number of 

insect parts were found on the bottom of the chamber and in 

nets of larvae, presumably the remains of individuals eaten 

by conspecifics. These were treated as non-established 

individuals. 

11 
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All statistical differences noted in insect density 

were tested using a distribution-free Wilcoxon Rank Sum 

Test (Hollander and Wolfe 1973). 

All densities are expressed as number/7.25 cm2. 

TYPE I Experiments 

The number of larvae that became residents was 

fairly consistent in chambers with and without food. The 

average density of larvae decreased in both food and no-

food treatments during the experiments, although chambers 

with food had consistently higher numbers (Fig. 2). In 

addition, the variation in reaction to experimental 

conditions tended to decrease within each treatment over 

time regardless of initial density, as evidenced by the 

reduction in standard deviation of the density of larvae in 

the chamber (Table I). 

The effect of food could be demonstrated early in 

the experiment. There was a significantly greater density 

of larvae in the chambers with food than in chambers 

without food immediately following the introduction period 

(p< 0.01) and this trend continued through each of the 

later periods (after night #1, p<0.001; after night #2, p< 

0.005). The tendency of larvae to stay on the pad during 

the colonization introductions relates the number staying 

to theoretical density on the pad at the beginning of the 

period. The percentage of larvae staying on the pad is 



Figure 2. Number of larvae staying over time 

Bars represent 95% confidence intervals. 

Times of actual observations: 

TYPE I experiments 
Total number introduced (1900 h) 
Number staying after introduction (2200 h) 
Number staying after first night (1000 h) 
Number staying after second night {1000 h) 

TYPE II experiments 
Number at start of the experiment (1900 h) 

from end of TYPE I experiment 
Number staying after fourth night (1000 h) 
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Figure 2. Number of larvae staying over time. 



Table I. 
Density of larvae in chambers 

TYPE I 

TYPE II 

KZQ FOOD _ 
X SD 

Introduction 11 11 13 10 13 13 15 13 11 11 12 14 12 12 12 11 12 12 12 12 12.10 1.165 
End o£ Intro 3 5 2 5 3 2 7 8 5 5 7 5 5 7 5 6 6 7 8 8 5.45 1.877 
After Nite 1 3 3 1 5 2 2 3 5 4 4 4 2 5 4 2 3 4 5 4 5 3.50 1.235 
After Nite 2 2 3 1 4 2 0 2 4 3 2 3 2 3 4 2 3 2 4 3 3 2.60 1.046 

Start 2 3 2 4 3 3 2.83 0.753 
Introduced 1414 14 14 14 14 
After Nite 4 5 5 4 6 6 4 5.00 0.667 

Total Gain 3 2 2 2 3 1 

tfZ FOOD 
X SD 

TYPE I Introduction 15 15 16 14 14 14 12 12 14 14 11 13 13 13 12 12 13.53 1.463 
End of Intro 7 6 10 5 7 6 5 4 8 8 7 6 10 10 9 9 7.65 2.317 
After Nite 1 4 5 9 5 6 6 3 4 6 6 6 5 8 8 6 5 5.88 1.616 
After Nite 2 3 2 4 3 5 5 2 3 5 5 5 5 7 7 5 5 4.41 1.460 

TYPE II Start 7 7 5 5 6.00 1.155 
Introduced 14 14 14 14 
After Nite 4 6 8 7 6 6.75 0.917 

Total Gain -112 1 

NOTE:SD=standard deviation 
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expressed as the number staying divided by the number 

introduced during that period plus the number staying in 

any previous introductions. In both food and no-food 

chambers the percentage staying decreases as the number of 

conspecifics encountered (total theoretical density on the 

pad) increases (Table II). 

TYPE II Experiments 

The average initial density in food treatments 

before the start of TYPE II was 6.0f while the average 

increase was 0.75 insects. In no-food treatments the 

initial density was 2.83 and the average increase was 2.17 

insects. The greater density of larvae in the chambers 

with food compared to those without food was also 

significant after the two immigration periods (after night 

#4, p< 0.01). Additional larvae initially settled onto all 

pads during the two introduction periods in all tests. At 

the end of the immigration experiment (after night #4) 

there was a significant increase in density in the chambers 

without food compared to densities before immigration (p< 

0.02). Although there was generally an increase in density 

in the chambers with food, the difference was not 

significant (p< 0.2), and in one chamber there was actually 

a decrease in density (Table I). 
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TABLE II. 

w/ food 

w/o food 

Percentage of cumulative larvae 
that stay in TYPE I experiments @ 

Number of larvae introduced 

3* 3* 2** 2** 

87.5 

65.0 

42.2 

36.4 

14.8 

10.7 

8.3 

7.6 

@ expressed as 

# staying 

# introduced in this period + # staying from last period 

* Individuals introduced in sets of 
three at 15-minute intervals. 

** Individuals introduced individually or in 
pairs at the rate of two per 30-minute period. 



DISCUSSION 

Given the biotic potential of animal species, gross 

overpopulation of habitat could potentially take place in a 

relatively short period of time. Evidently, some 

restriction upon population growth has been imposed because 

such overpopulation does not happen in natural systems. 

The ultimate factor restricting growth of population size 

is limitation of essential resources (Wynne-Edwards 1970). 

Any mechanism that regulates population size must be 

sensitive to availability of resources which are critical 

for survival and reproduction. A mechanism that keeps 

population size in consort with resources has not yet been 

conclusively described. 

Population Self Regulation 

Chitty (1960) has introduced a theory of self 

regulation for animal populations based upon socially-

induced mortality. His theory is derived from the fact 

that resources are finite, while potential population 

growth is infinite. Vulnerability to mortality factors may 

be influenced by social interactions between conspecifics 

within a population. 

Lomnicki (1978) further refined the self-regulatory 

model, emphasizing socially-induced emigration based upon 

17 
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1) spatial and temporal heterogeneity of the environment, 

and 2) unequal resource partitioning among conspecifics. 

Within the environment, there is a continuum of habitat 

quality from very good (on the average, conducive to 

survival) to very poor (on the average, survival is highly 

unlikely). All organisms are not equally capable of 

excluding conspecifics from resources (depending upon age, 

size, sex, etc.). The chance of survival and reproduction 

for individuals that have restricted access to resources 

due to conspecifics may be sufficiently small that it is 

advantageous for them to leave the area. Those animals 

that stay and have access to few, if any resources are 

likely to leave fewer offspring than those that emigrate. 

Selection has favored those individuals that have the 

ability to assess resources and the status of competitors, 

and react appropriately. This need not be a cognitive 

process and is probably within the behavioral repertoire of 

all species when emigration is a mechanism for population 

regulation. 

Many researchers have related emigration to density 

(Bovbjerg 1959; Kluyver 1971; Tamarin 1980), but a large 

population, in and of itself, is not necessarily 

detrimental, unless the resources to support such a 

population are not available. Only when the resources per 

organism ratio (R/O) is low is there a problem, no matter 

what the absolute size of the population might be. 



19 

Emigration may serve as a mechanism for population 

regulation by providing "outlet" for individuals in excess 

of the carrying capacity. The results of my experiments 

are consistent with a model of population self regulation 

in response to the individual assessment of resources in 

relation to competitors. 

Response to Habitat Components 

A hierarchical pattern emerges in the behavioral 

responses of Hydropsyche larvae to test conditions. I will 

refer here to a hierarchical response pattern as a 

progression of responses over time to some of the habitat 

components in the experiments. Thus, a primary response is 

one that apparently happens first, a secondary response 

happens next, and so forth. 

Among the variables tested, the primary response 

seems to be to substrate. Tests in bare chambers showed 

that insects almost invariably left the bare glass and 

ended up in the trap net. In chambers with turf, insects 

that landed on bare glass usually continued to drift until 

contacting the pad. Walton (1978) has demonstrated that a 

net-spinning trichopteran (Chimar ra aterrima) has the 

ability to preferentially settle from the drift onto 

particular substrates. Substrate is evidently a critical 

habitat component for hydropsychid larvae. They have the 

ability to migrate to suitable areas, often using the 
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current to do so. There is some evidence that substrate 

may be limiting in some large rivers (Fremling 1960). 

A secondary response to food took place after 

assessment of substrate. Although some larvae established 

residency in chambers with substrate regardless of the 

presence of food, a higher number became residents in 

chambers with food. 

My results support the idea that food assessment 

and adjustment of population size happen fairly rapidly. 

The percentage of the three insects introduced during the 

first 15-minute period in TYPE I experiments that stayed in 

the chambers was much higher in the food than in no-food 

treatments (Table II). A high proportion of larvae staying 

on the pad in chambers with food indicates that the larvae 

found in the trap net during the no-food experiments were 

there due to a behavioral response to experimental 

conditions rather than as a result of simply being swept 

past the pad into the trap net. 

Although the presence of food is an important 

component of habitat suitability, utilization of food 

resources may be limited due to the presence of 

conspecifics. Wiens (1976) has observed that, although 

there may appear to be abundant food in an area, aggressive 

displays and territoriality apparently exclude competitors 

from food resources. For filter-feeding larvae to gather 

sufficient suspended seston, a filtering net must be 
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constructed far enough away from other individuals to limit 

competition. Spacing may occur due to direct larval 

interaction or avoidance of areas in the "particle shadow" 

caused by the filtering net of a conspecific in front of a 

settling spot. In my experiments most of the emigrants 

left during or shortly after the colonization period. I 

expected this would be a time of maximum interaction, since 

larvae are roaming freely over the substrate, none having 

built retreats. These larvae are aggressive. I often" 

observed aggressive contacts among larvae in holding trays, 

including mandible-mandible locking and "biting". Glass and 

Bovbjerg (1969) observed that larvae of another netspinner, 

Cheumatopsvche sp., spaced themselves out before net 

construction, with encounters producing aggressive postures 

and fighting that limited case-building activity. They 

also found that, when provided with an experimental refuge, 

larvae most often were associated with the refuge. 

Doubling or quadrupling in the density of larvae did not 

result in a proportional increase in use of the refuge. 

Evidently insects were excluded and went to other portions 

of the tank due to encounters with larvae already within 

the refuge. In streams aggressive encounters can cause 

emigration, specifically drift. On one occasion I 

observed a larva re-enter the drift shortly after settling 

due to an encounter with a resident conspecific that had 

already built a retreat and net. 
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Readjustment of density (and thus population size) 

continues to occur well after the first few hours of 

initial encounters with conspecifics as evidenced by 

emigration from the substrate pad during and after the 

second night. Readjustment is most likely in response to 

interactions with conspecifics rather than a delayed 

response to inadequate test conditions. 

Effects of Additional Immigration 

Under natural conditions, immigration would not 

occur with the constraints in the TYPE I experiments. 

Except with heavily scoured substrates or in areas where 

suitable substrate had not previously been available, 

immigrants would usually encounter established residents as 

in the TYPE II experiments. Immigrants would rarely come 

in contact with many newly arrived colonizers as in the 

TYPE I experiments. The defense of an area by territorial 

insects has been shown to be intense, with residents often 

repelling intruders (Alexander 1961; Davies 1978). Glass 

and Bobvjerg (1969) showed that as Cheumatopsvche spaced 

out and retreats were built, little intraspecific fighting 

occurred. In my experiments construction of a living tube 

would result in restriction of the area defended to that 

within reach of the entrance of the retreat. I 

hypothesized that defense of a smaller area after retreat 

construction, compared to the area defended prior to this, 



would allow new immigrants to become established in an 

area, whereas they might have been excluded when all larvae 

were freely moving over the substrate. 

Although there was an increase in density for 9 of 

10 trials with immigration, increases in the treatments 

with no food were greater than in those with food. A 

decrease in density was actually observed in one of the 

chambers with food. Because the larval densities just 

prior to the periods of immigration were much lower in the 

no-food treatment than those in the food treatment, the 

amount of unoccupied substrate for new larvae in the no-

food treatments was greater than that in the food 

treatments. Densities within the chambers receiving food 

may have been approaching carrying capacity with limiting 

suitable substrate. That is, although substrate and food 

are suitable in chambers with food (and the organisms would 

be likely to stay if no competitors were present) fewer 

individuals can be added, due to the presence of 

conspecifics triggering emigration of newly immigrating 

larvae. 

Food and Filter-feeding Population Density 

Decreases of filter-feeding populations downstream 

from reservoirs seem puzzling in light of increases in 

seston that often accompany them (Oswood 1979; Georgian and 

Wallace 1981). My experiments support the idea that 
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filterfeeders can adjust their numbers in relation to food 

supply; however, the quantity of seston alone may not 

provide an adequate measure of available energy and 

nutrients. For Hvdropsvche macleodi in an Appalachian 

stream, intake of animal tissue was estimated to be 37.5% 

and detritus 49.2%, whereas the actual contribution to 

annual production was estimated to be 74.6% and 14.0% 

respectively (Benke and Wallace 1980). Filterfeeders egest 

detritus although they ingest animal, plant and detrital 

material (Benke and Wallace 1980), thereby degrading the 

quality of seston, and reducing suitability of the habitat 

for filterfeeders downstream. This change in the quality 

of food probably contributes more to the decline of the 

population downstream than changes in the total seston. 

The amount of high quality seston, rather than total 

seston, seems to be the limiting factor for these filter-

feeding organisms. 

Drift and Epilithic Food 

Netspinners have been shown to use epilithic food 

sources at times when they have a retreat but no net, 

especially during winter (Williams and Hynes 1973). In my 

experiments, insects could have assessed food resources if 

some of the initially suspended food settled onto the pad 

due to the slower flows through the strands of the turf. 

Walton (1978) did not find a significant difference in 
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settling of Chimarra larvae onto substrate with an 

epilithic food source compared to substrate without food, 

although delayed drift (5-30 minutes after introduction) at 

night was significantly greater off of sterile cobbles than 

off of substrate with food. Hildebrand (1974) and Keller 

(1975) have shown insects that utilize strictly epilithic 

food drift more under low food than under high food levels. 

Hildebrand (1974) has also shown this for a hydropsychid 

larva. The reason that insects functionally classified as 

filterfeeders would react to a change in epilithic food is 

not known. Suspended material generally has a higher 

proportion of organic matter than benthic deposits 

(Anderson and Sedell 1979). Evidently at certaj... : ?mes of 

the year (esp. winter) it may not be energetically 

profitable to build a net because of physi ologi cal 

constraints or due to shifts in quality or quantity of 

seston. Although many workers strive to classify aquatic 

invertebrates into specific functional groups, these 

insects are largely opportunistic, utilizing food resources 

as they become available or profitable. 

Food-searching Behavior and Drift 

Some researchers have interpreted the relationship 

between low food and high drift to be due to increased 

searching for food, rather than social interaction 

(Elliott 1967; Anderson and Lehmkuhl 1968; Bishop and Hynes 
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1969). They theorized that prolonged exposure to current 

while foraging increases the likelihood of being swept 

away. If this is the casef the percentage of insects that 

stays on the pad should be greater in food than in no-food 

chambers due to less searching for food when it is more 

abundant. The percentage staying should be consistent 

over short time spans {e.g. colonization period). If drift 

is due to social interaction, an insect settling on the pad 

will be less likely to stay when density and interaction 

are high. The percentage staying will be dependent upon 

density. As density goes up (and interaction increases) 

the probability of staying on the pad will go down 

(propensity to drift will go up). Table II shows that the 

percentage of larvae staying on the pad is consistently 

higher in food treatments compared to no-food treatments. 

This is consistent with a model that predicts emigration in 

response to resource restriction by conspecifics. Also, 

the percentage of insects introduced that stays becomes 

smaller as the density on the pad increases, in contrast to 

what the food-searching model might predict. A model 

invoking social interaction as a means of population 

regulation predicts increased emigration with a reduction 

in relative resource availability. Although food could not 

have been significantly reduced in such a short time 

period, the R/0 ratio (a measure of relative resources) has 

decreased. The difference in behavior is probably 
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attributable to the change in density of competitors 

relative to resources, not to increased food-searching 

behavior. 

The presence of conspecifics has often been alluded 

to as a factor affecting drift (i.e. a density-dependent 

phenonmenon)(Waters 1966; Dimond 1967; Waters 1972; 

Hildebrand 1974). My experiments point to an interaction 

between individuals within a population with respect to 

limiting resources in the environment as the key to a 

population self-regulation model, where population size is 

in consort with resources. Emigration, as outlined by 

Lomnicki (1978), is the triggered behavior which results in 

the removal of individuals that would be excluded from 

acquiring critical resources if they stayed. Hvdropsvche 

larvae exhibit spacing behavior (apparently due to 

aggressive encounters with conspecifics) and the capacity 

to assess resources in relation to conspecifics, both of 

which are requisite for self regulation of population size. 

The responses of larvae to food, substrate and conspecifics 

are consistent with this model. 

Implications of Experimental 
Data for Interpreting Drift 

Dimond (1967) and Waters (1972) have suggested that 

invertebrate drift is a density-dependent process which may 

regulates some stream invertebrate populations by removing 

"excess production". However, drift has rarely been 



28 

observed to be a simple correlate of benthic density 

(Waters 1966; Elliott 1967; Morris et al. 1968; Bishop and 

Hynes 1969? Reisen and Prins 1972; Reisen 1977), with a few 

exceptions (Pearson and Franklin 1968; Hughes 1970). This 

lack of correlation suggests that triggers other than 

population size alone may be responsible for eliciting 

drift. The absolute size of the population should not be 

as important as is the ratio of population size to resource 

availability. Thus, more individuals may drift out of a 

small population than out pf a large one if the relative 

resource level is lower in the former. This may explain, 

in part, why expected correlation of drift with benthic 

density is often difficult to illustrate in nature. 

Resource availability is not taken into account. 

Unfortunately, the ultimate causes of drift have 

not been reflected in the terminology used to describe this 

phenomenon. Waters (1972) has distinguished three 

categories of drift: catastrophic, constant and behavioral. 

Catastrophic drift is said to be a result of physical 

disturbance of the bottom fauna. Undoubtedly, there is 

some drift that is due to individual insects losing hold of 

the substrate due to turbulence or being knocked off by 

debris traveling down the stream during a catastrophe (e.g. 

a flood). However, insects are rather difficult to remove 

from the substrate readily. It is rather hard to imagine a 

large percentage of the drift being attributable to such 
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factors. Insects that have evolved in a lotic environment 

have adaptations that allow them to survive the day to day 

turbulence associated with the boundary layer between 

substrate and water, along with increased flows brought 

about by occasional spates. Physical adaptations such as 

claws and dorsoventral flattening, as well as behavioral 

adaptations such as clinging to vegetation and burrowing 

into the substrate, are especially valuable under unusually 

unstable conditions. Pollution and insecticides (Coutant 

1964) in addition to drought and high temperatures 

(Wojtalik and Waters 1970) have also been shown to cause 

drift that is included within the definition of 

catastrophic. But the distinction between catastrophic and 

behavioral drift is not clearcut in these latter cases. 

Insects may be actively entering the drift in response to 

poor environmental conditions rather than passively being 

swept into the drift as the term catastrophic might imply 

{i.e. the proximate cause of drift may be a behavioral 

response rather than one of purely physical origin). A 

stricter definition of those instances that might be termed 

catastrophic drift should be applied. 

Constant drift involves low numbers of individuals 

at all times with all species. Many researchers (Elliott 

1967; Anderson and Lehmkuhl 1968; Bishop and Hynes 1969) 

have assumed that constant drift {the bulk of the drift 

which is observed during the day) is necessarily due to 
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accidental loss of attachment. Again, evolutionary 

adaptations to the lotic environment make frequent 

accidental loss unlikely. It may be necessary to evaluate 

behavioral triggers to environmental stimuli as one 

alternative explanation to account for the observed levels 

of daytime drift. 

Drift evidently occurs in a saltatory fashion 

(Bishop and Hynes 1969), with insects settling onto the 

substrate a number of times over the drifting period. At 

dawn, for an insect that is negatively phototactic, the 

response to re-enter the drift and move away from a spot 

that is marginally unacceptable as a place for 

establishment may be overridden by a response to avoid the 

intensifying sunlight. Ordinarily such an insect might seek 

shelter and endure the unfavorable conditions until the 

next night when it would again enter the drift. Some 

insects would settle onto places where the food and 

substate are acceptable, but eventual contact with 

conspecifics (present study) or predators (Peckarsky 1980) 

might induce active entry into the drift during the day. 

If food and substrate are grossly inadequate, insects might 

be less likely to stay initially. Very few of my insects 

stayed in chambers without suitable substrate. More 

insects stayed on pads in chambers with food than in 

chambers without food. As might be expected, the day:night 

ratio of drift was greater off of pads in chambers with 
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food where more behavioral interactions would take place 

due to greater density (Table III). Thus, part of the low 

level drift during the day might be what I have described 

as behavioral. 

Waters (1972) has restricted the term "behavioral" 

to drift during "a consistent period of the day, resulting 

from a behavioral pattern characteristic of certain 

species". This definition has generally been interpreted 

to encompass only a small portion of the behaviors that 

cause active entry into the drift. I have discussed 

numerous behaviors that can result in drift which are not 

generally thought of as behavioral drift. I would suggest 

a broader interpretation of the term that encompasses all 

of those behaviors that result in drift. 

Management Application 

Insect drift has been shown to be an important 

component in the diet of many lotic fishes. If drift of 

immature aquatic insects is at least partially due to 

population-resource interaction, this will affect the 

availability of these insects to fish predation. A 

realization that a large part of the drift is not simply 

random may be useful in managing fish populations. 

Limiting resources should be assessed before any 

project aimed at increasing fish production is undertaken. 

If food is the main limiting factor, determination of 



TABLE III. 

Day:Night ratios of larval emigration 

TYPE I TYPE II 

I 
food | 6:35 7:44 

I 
food | 1:33 0:57 
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requirements for insect populations may suggest that 

manipulation of habitat components that affecting carrying 

capacity for insects could be useful. Apparently 

appropriate substrate is a vital habitat component for 

Hydropsyche larvae (and probably many other insects), and 

one that is most easily manipulated. Substrate 

manipulation may be a useful technique to mitigate losses 

of habitat and facilitate recovery after natural and human-

influenced habitat destruction. 
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Figure A-l. Experimental setup 

Experimental chambers were suspended in a 

waterbath (F) that was connected to a flow-through 

compartment (A) to adjust temperature. Air can be 

supplied by compressor (B) to the central air reservoir 

(C) to provide equal pressure to all chambers. 

Evaporation was replaced from a central water reservoir 

(D) that was also immersed in the waterbath. Increased 

regulation of water depth in the chambers was achieved 

with an additional back-up reservoir (E). The air 

reservoir was placed on top of the central water 

reservoir which is notched at the ends. 



35 

ra 

TOP VIEW 

c 
t» 

SIDE VIEW 

Figure A-1. Experimental set up 



LITERATURE CITED 

AlexanderrR.O. 1961. Aggressiveness, territoriality, and 
sexual behavior in field crickets (Orthoptera : 
Gryllidae). Behavior 17:130-223. 

Anderson, N.H. and D.M. Lehmkuhl. 1968. Catastrophic 
drift of insects in a woodland stream. Ecology 
49:198-206. 

and J.R. Sedell. 1979. Detritus processing 
by macroinvertebrates in stream ecosystems. Ann. 
Rev. Entomol. 24:351-377. 

Benke, A.C. and J.B. Wallace. 1980. Trophic basis of 
production among net-spinning caddisflies in a 
southern Appalachian stream. Ecology 61:108-118. 

Bishop, J.E. and H.B.N. Hynes. 1969. Downstream drift of 
the invertebrate fauna in a stream ecosystem. 
Arch. Hydrobiol. 66:56-90. 

Bovbjerg, R.V. 1959. Density and dispersal in a 
laboratory crayfish population. Ecology 40:504-
506. 

Chitty, D. 1960. Population processes in the vole and 
their relevance to general theory. Can. J. Zool. 
38:99-113. 

Coutant, C.C. 1964. Insecticide sevin : effect of aerial 
spraying on drift of stream insects. Science 
146:420-421. 

Davies, N.B. 1978. Territorial defense in the speckled 
wood butterfly fPararoe aegeria) : the resident 
always wins. Anim. Beh. 26:138-147. 

Dimond, J.B. 1967. Evidence that drift of stream benthos 
is density related. Ecology 48:855-857. 

Edington, J.M. 1965. The effect of water flow on 
populations of net-spinning Trichoptera. Mitt. 
Internat. Verein. Limnol. 13:40-48. 

36 



37 

1968. Habitat preferences in net-spinning 
caddis larvae with special reference to the 
influence of water velocity. J. Anim. Ecol. 37:675-
692. 

Elliott, J.M. 1967. Invertebrate drift in a Dartmoor 
stream. Arch. Hydrobiol. 63:202-237. 

Fredeen, F.J.H. 1959. Rearing of black flies in the 
laboratory (Diptera : Simuliidae). Can. 
Entomol. 91:73-83. 

1964. Bacteria as a source of food for 
black-fly larvae in laboratory cultures and in 
natural streams. Can. J. Zool. 42:527-548. 

Fremling, C. R. 1960. Biology and possible control of 
nuisance caddisflies of the upper Mississippi 
River. Research Bulletin 483, Iowa Agricultural 
Experiment Station, Ames, Iowa, USA. 

Georgian, T.J. and J.B. Wallace. 1981. A model of seston 
capture by net-spinning caddisflies. Oikos 36:147-
157. 

Glass,L.W.and R.V.Bovbjerg. 1969. Density and dispersion 
in laboratory populations of caddisfly larvae. 
Ecology 50:1082-1084. 

Haddock, J.D. 1977. The effect of stream current velocity 
on the habitat preference of a net-spinning caddis 
fly larvae, Hvdropsvche oslari Banks (Trichoptera: 
Hydropsychidae). Pan Pac. Entomol. 53:169-174. 

Hollander, M. and D.A. Wolfe. 1973. Nonparametric 
statistical methods. New York. 

Hildebrand, S.G. 197 4. The relationship of drift to 
benthos density and food levels in an artificial 
stream. Limnol. Oceanog. 19:951-957. 

Hughes, D.A. 1970. Some factors affecting drift and 
upstream movement of Gammarus pulex. Ecology 
51:301-305. 

Keller, A. 1975. The drift and its ecological 
significance. Experimental investigations on 
Ecdvonurus venosus (Fabr.) in a stream model. 
Schweizische Zeitshrift fuer Hydrobiologie 
Switzerland. 37:294-331. (English abstract). 



38 

Kluyver, H.N. 1971. Regulation of numbers in populations 
of Great Tits (Parus m- manor). Proceedings of the 
Advanced Study Institute on 'Dynamics of Numbers in 
Populations'. Oosterbeek. 

Lomnicki, A. 1978. Individual differences between animals 
and the natural regulation of their numbers. J. 
Anim. Ecol. 47:461-475. 

Malas, D. and J.B. Wallace. 1977. Strategies for co
existence in southern Appalachian streams. Can. J. 
Zool. 55:1829-1840. 

Morris, L.A., R.N. Langemeier, T.R. Russell and A. Witt. 
1968. Effects of mainstream impoundments and 
channelization on the limnology of the Missouri 
River, Nebraska. Trans. Am. Fish. Soc. 97:3BO-388. 

Oswood, M.W. 1979. Abundance patterns of filter-feeding 
caddisflies (TrichopteraiHydropsychidae) and seston 
in a Montana (U.S.A.) lake outlet. Hydrobiologia 
63:177-183. 

Pearson, W.D. and D.R. Franklin. 1968. Some factors 
affecting drift rates of Baetis and Simuliidae in a 
large river. Ecology 49:75-81. 

Peckarsky, B.L. 1980. Predator-prey interactions between 
stoneflies and mayflies : behavioral observations. 
Ecology 61:934-943. 

Philipson, G.N. 1969. Some factors affecting the net-
spinning of the caddis fly Hvdropsvche instabilis 
Curtis (Trichoptera:Hydropsychidae). Hydrobiologia 
34:369-377. 

Reisen, K.W. 1977. The ecology of Honey creek, Oklahoma: 
population dynamics and drifting behavior of three 
species of Simulium (Diptera:Simuliidae). Can. J. 
Zool. 55:325-337. 

and R. Prins. 1972. Some ecological relationships 
of the invertebrate drift in Praters Creek, Pickens 
County, South Carolina. Ecology 53:876-884. 

Tamarin, R.H. 1980. Dispersal and population regulation 
in rodents in Biosocial mechanisms of population 
regulation^ (eds.) M.N. Cohen, R.S. Malpass and 
H.G. Klein. New Haven. 



39 

Walton, O.E. 1978. Substrate attachment by drifting 
aquatic insect larvae. Ecology 59:1023-1030. 

Waters, T.F. 1966. Production rate, population density and 
drift of a stream invertebrate. Ecology 47:595-
604. 

Waters, T.F. 1972. The drift of stream insects. Ann. Rev. 
Entomol. 17:253-272. 

Wiens, J.A. 1976. Population response to a patchy 
environment. Ann, Rev. Ecol. System. 7:81-120. 

Wiggins, G.B. 1977. Larvae of the North American caddisfly 
genera (Trichoptera). Toronto. 

Wiley, M.J. 1981. Interacting influences of density 
and preference on the emigration rates of some 
lotic chironomid larvae (Diptera:Chironomidae). 
Ecology 62:426-438. 

Williams, N.E.and H.B.N. Hynes. 1973. Microdistribution 
and feeding of the net-spinning caddisflies 
(Trichoptera) of a Canadian stream. Oikos 24:73-84. 

Wojtalik, T.A. & T.F. Waters. 1970. Some effects of heated 
water on the drift of two species of stream 
invertebrates. Trans. Am. Fish. Soc. 99:782-788. 

Wynne-Edwards, V.C. 1970. Feedback from food resources 
to population regulation in. Animal populations in 
relation to their food resources, (ed.) A. Watson., 
Oxford. 


