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ABSTRACT

Cinygmula ramaleyi nymphs were studied both in an artificial stream

and in a Northwest Montana stream in order to determine their behavioral

adaptations to the water current. The nymphs were found with greatest 

frequency in low to moderate current velocity areas of the creek. They 

have a very limited ability to hold their position in the stream at

these velocities. Consequently Cinygmula ramaleyi nymphs remain under

the rocks on the bottom of the stream and do not move out from this

shelter.
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INTRODUCTION

Current is one of the most important characteristics of the stream

environment. An insect's adaptation to flowing water is often what

makes it different from its still water relatives. In order to live in

moving water animals must be able to maintain their position.

Successful adaptation to this environment involves both morphology and

behavior.

There are a number of anatomical characteristics of insects that

are related to the current. The mayfly Baetis has a streamlined body,

decreasing its fluid resistance to the current. Friction pads can be

found on the undersides of other species, such as Ephemerella doddsi,

which enable the insect to hang onto the rocks. The caddisfly

Rhyacophila exhibits a modified anal proleg which serves as a hook to

secure its position on the substratum. Other adaptations such as

suckers, reduction in body projecting structures and the powers of

flight, and the secretion of sticky substances can also be seen in the

insects that occupy swift water. There are also adaptations for the

slower areas of the stream such as pools and depositional zones.

Certain mayflies have a flattened body to sit on top of the silt. 

Mollana has phalanges projecting from the body to prevent it from 

sinking in the mud. Other mayflies have hairy bodies to keep the sand 

away while burrowing. All these adaptations serve the purpose of

allowing the animals to colonize otherwise restricted areas.
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Behavioral adaptations are equally important for giving aquatic

insects an advantage over their competitors. Many animals are able to

live in swift water simply because they avoid the current by living

behind obstructions or under stones. The animals will select areas

where the current is tolerable. Other behavioral adaptations include

upstream movement and oviposition techniques.

Mayflies are extremely important members of the aquatic community.

They are almost world wide in distribution and are highly adapted for 

living in many different environments. They serve an important role as

indicators of aquatic pollution. Organic enrichment of streams and

lakes can eliminate some species while allowing others to proliferate, 

indicating that the environment may be on the brink of ecological

disaster. Mayflies also help to remove pollutants from the water and

return them to the land upon emergence (Edmunds et al., 1976). 

Information on their life histories is important for understanding life 

underwater and the effects of man's pollution (Waters, 1979).

This paper is concerned with the distribution and behavior with

respect to current velocity of the mayfly Cinygmula ramaleyi (order: 

Heptagenidiae). The velocity preference of the nymphs and their

particular microhabitat are explored. The current velocity that the

larvae are able to withstand in vitro is compared to that of their

natural environment.



LITERATURE REVIEW

Previous studies indicate that the current speed requirements of

many aquatic insect larvae are very precise. In his work with

caddisflies Edington (1968) found that they could often be grouped as

either high velocity or low velocity species. Plectrocnemia conspersa

is a low velocity larva, being found in pools and sheltered areas of a

stream, prefering a velocity of 0 to 20 cm/sec. Hydropsyche instabilis

is a high velocity species, as it is located in more exposed sites where

the water velocity is 15 to 100 cm/sec. Research on ephemeropterans

shows a similar selectivity. Ambuhl has shown that the mayflies Baetis

vernus, Ephemerella ignita, and Ecdyonurus sp. are most abundant in

slower waters of a velocity of 15 to 30 cm/sec (cited in Macan, 1963). 

Contrary to these high velocity and low velocity species, Hydropsyche 

oslari exhibits a broad velocity selection. The larvae of this 

caddisfly are found in current speeds of 5 to 101 cm/sec (Haddock,

1977).

The caddisfly Dicosmoecus gilvipes also shows a behavioral

adaptation to the water velocity of the stream. The larvae of this

species will change its habitat during its life history as the stream 

discharge changes. Hauer and Stanford (1981) found first-, second-, and 

third-instar larvae in backwater and side channel areas during May and 

June. This corresponds to the increased discharge of spring runoff. 

The fourth-instar stage was found in the main channel during the reduced 

flows of late summer, fall, and winter. The fifth-instar stage was
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found again in the backwater areas during the next spring runoff, which

then moved back to the main channel to pupate during summer.

In laboratory studies, Hydropsyche instabilis has shown a similar

selectivity in regard to the water flow. Edington (1963) found that

diversions placed in an artificial stream can cause the larvae to

relocate. When the stream is blocked with a baffle directly in front of

their retreats, H, instabilis will move away from this area within 43 hr

to build a new retreat in a fast current area.

Hauer and Stanford (1982) give a conflicting view of larval

distribution for Hydropsyche cockerelli, H. occidentalis, and H. oslari.

They found that the caddisflies' distribution seemed to be influenced by

the proximity of the microhabitats to organically enriched depositional

zones, not to the current velocity.

Scott has shown another kind of behavioral adaptation with respect

to current velocity in a number of other trichopterans. He observed

that the caddisflies of the genera Stenophylax and Odontocerum were

always under stones in areas where the current was less than 20 cm/sec.

Glossosoma and Ecclisopteryx were on surfaces of the rocks other than

the bottom at a current of 20 to 40 cm/sec. As the current increased, 

Glossosoma occurred less frequently on the upper surfaces of the

submerged rocks and were more common on the sheltered surfaces (cited in 

Hynes, 1970). Hynes noted that several investigators have found some 

mayfly genera to change positions in the stream as the current changes. 

Species of Leptophlebia, Habrophlebia, Caenis, and Baetisca will select

areas where the current is tolerable, and will move further out or back

into shelter as the flow varies. Hildrew and Edington (1979) found a

net movement of partially grown Hydropsyche siltalai larvae onto the

moss covered tops of stones from the undersides. They theorized that



5

this might be due to increased competition underneath the stones as the

larvae grow.

Several genera of ephemeroptera also exhibit a change in habitat in

relation to the current speed as their life history progresses. Baetis,

Ecdyonurus, Oligoneuriella, Epeorus, and Ephemerella all show a

behavioral adaptation to the water velocity. Verrier reports that they

will move toward the banks of the stream and so into slower water as

they grow (cited in Hynes,1970).

The mayfly genus Isonychia has a specialized behavior and

morphology for feeding in the fast current areas of the stream. The

larvae have a dense fringe of setae on their forelegs. They will attach

themselves to a rock, facing the current, and raise their forelegs with

the array of setae interlocked to capture food. After some time they

will bring the forelegs to their mouth to ingest the captured food

particles. A similar system for feeding can be seen in the Simuliidae

(blackfly) family, another fast current insect. These larvae are

legless, but have a pair of retractable head fans between the antennae

and the mandibles, which they extend into the current to form a filter

that is larger than the head itself (Merritt and Wallace, 1981).

The upstream movement of many aquatic insects has also been noted.

Both stoneflies and mayflies have been observed to migrate upstream as 

larvae. The freshwater snail Neritina granosa has been shown in Hawaii 

to migrate from the sea to elevations above 1200 ft where they lay their 

eggs. The eggs are then swept back out to sea to start the cycle over 

again (Ford and Kinzie, 1982).

Other studies on the activities of mayfly nymphs have revealed the 

water velocities which different species cannot withstand. Dorier and 

Vaillant placed several mayfly species in a trough and recorded the
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current speeds at which they lost their hold.

Heptagenia lateralis, which prefers a current of 0 to 28 err ec in

nature, stopped moving upstream at 140 cm/sec, and was washed array at

188 cm/sec. Baetis gemellus is found in nature at a velocity range of

10 to 182 cm/sec and was washed downstream at 240 cm/sec (cited in

Macan, 1963).

Several investigators claim 1 at current speed alone cannot explain

an insect's distribution. There are sheltered slow current areas in

even the most steep mountain streams, however no species characteristic

of the slow ater habitats are present as are downstream. Alstad (1982)

believes that the ability to capture food also limits distribution. In

the upstream reaches of a stream the food concentration is the lowest.

Only larvae that can filter large volumes of water can exist here.

This theory is contested by Ward and Stanford (1982) who believe

that temperature plays the major role in determining distribution and

abundance. An organism occurs with greatest frequency where the

temperature is most favorable for metabolic activity. According to this

theory larvae characteristic of slow water downstream reaches do not

exist upstream because the temperature is too cold. As the temperature 

of the stream gradually increases downstream, so the insect community

gradually changes.



MATERIALS AND METHODS

Insect nymphs

Young Cinygmula ramaleyi nymphs were used for this behavioral

study. This species is one of the most common mayflies of the west.

They can be found clinging to the lower surfaces of small stones in the

stream bed. The nymphs are fairly rapid crawlers but are poor swimmers.

The insects have- no special anatomical adaptations for maintaining their

position in the stream. C. ramaleyi nymphs are fairly small, with a

body length of 7 to 11 mm. All eleven species of the genus Cinygmula

are collectors and scrapers of the periphyton (Edmunds et al., 1976).

The nymphs for this study were all obtained from Roy's Creek and Yellow

Bay Creek on Flathead Lake. They were collected, studied, and then

returned to their creek the same day.

Study site

Roy's Creek and Yellow Bay Creek are located along Highway 35, 15

miles south of Bigfork, Montana. The are within the protected reaches 

of the University of Montana Biological Station on Flathead Lake. Roy's

Creek is an isothermal, spring fed stream with a temperature of

5°C i 2°C. It is a first order stream (a stream that has no

tributaries). Yellow Bay Creek is a second order (formed by the 

confluence of two first order streams), cold rithron-type stream. It is 

fed by ground water which keeps the average temperature at 7°C ± A°C. 

The sum of the average daily temperature for Yellow Bay Creek is 2750 

degree days (Hauer and Stanford, 1982). Both streams have a canopy of 

Douglas fir, western larch, and rocky mountain maple.
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Laboratory study

Cinygmula ramaleyi nymphs were studied both in Yellow Bay Creek and

in the laboratory. The laboratory study took place before the field

study. A 0.2 by 2.0-m trough was used to make an artificial stream.

Tap water, via a hose, came into the top portion of the trough and

exited through a drain at the end of the trough. The trough could be

tilted by means of wooden blocks to create currents of 0 to 100 cm/sec.

A 1-m long section in the middle of the trough was marked off as the

test area. The depth of the water in the trough was about 2 cm.

Several small rocks, about 0.1 m in diameter were placed in this area to

give the nymphs places of reduced current. The current speed in the

stream was measured by the time interval it took for fluorescent dye to

travel the length of the test area. The average velocity was determined

from three test runs, using a stopwatch to measure the time interval to

the hundredth of a second.

Mayflies were collected from Roy's Creek by disturbing the stream 

bottom in front of a kick net. The C. ramaleyi nymphs were identified

and sorted from the collection. From one to five nymphs were then

placed in the artificial stream during various current velocities.

Nymphs were placed both in an exposed position at the lower end of the

test area and in sheltered areas behind the rocks. Their behavior was

then studied for 15 minutes. Their movement upstream, whether they 

sought shelter under the rocks in the stream, and whether they were

washed downstream was observed closely. After the trial the nymphs were

returned to Roy's Creek.

Field study

All field studies were done on Yellow Bay Creek between July 11 and

August 12, 1983, between 12 and 4 P.M. The current speed in various
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places along the stream was measured over a 1-m section with fluorescent

dye as before. Nymphs were collected from both the upper surfaces and

lower surfaces of the rocks in each different velocity area. The

samples were taken from a 1-m long section directly in front of a kick

net 0.3 m wide. In some instances the length of the area had to be

reduced because of an obstruction in the stream. The rocks in this

0.3 m area were first gently scraped on their front and top surfaces to

remove any nymphs. The collected debris was then removed from the net

for later sorting, and the net was returned to the stream. The rocks

within that same area upstream of the net were removed and the area

scoured to collect any nymphs underneath. The contents of the net were

then examined to collect and count any C. ramaleyi nymphs.

A control was performed at each of the sites at which nymphs were

collected in order to distinguish between nymphs dislodged from the

substratum and nymphs in the drift. This was done by leaving the kick

net in the water for 5 min with no disturbance upstream. An idea of the

number of larvae normally in the drift could then be found.

Rearing

An attempt to rear C. ramaleyi nymphs was made in order to obtain a

sample of the insect's adult form. Rearing chambers were made from two

large plastic cups inserted into a styrofoam barge. Two holes were cut

along the bottom of the cups on opposite sides in order to let the

current flow through the cups. A hole was also cut in the lid of each

cup to provide air for the adults. A plastic screen that had been sewn

into a small bag was used to contain the nymphs. Ten nymphs along with 

some pebbles from the stream were placed in each bag, which were then 

placed inside the cups and the lids were fastened on. Holes were cut in

the styrofoam barge so that the lower end of the cups with the two holes
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extended into the water while the barge floated on top of the stream.

The chambers were checked every day for seven days for any emerging

adults. They were destroyed by local children before any adults

appeared.



RESULTS

Laboratory study

Larvae placed in an exposed area of the artificial stream were

washed away more frequently than those placed in the vicinity of a rock 

(Table 1). Thirty-five percent of the larvae in the exposed area was 

swept downstream as compared to 17% of those near shelter. No larvae

could remain in the stream at a velocity above 35 cm/sec even if they

were placed near shelter. The larvae also showed little movement in the

stream. They tended to remain where placed, either in an exposed site

or behind a rock. They all, however, oriented themselves to face

upstream if they had initially been facing another direction.

Field study

The current speeds recorded in Yellow Bay Creek ranged from 0 tc

150 cm/sec. These measurements reflect the surface velocity of the

water. Fig. 1 shows the average number of larvae along a current

gradient divided into units of 10 cm/sec. Cinygmula ramaleyi occurs

over most of the gradient but becomes less numerous at speeds above 70

cm/sec. Eighty-six percent of the insect larvae fall into this range.

Few larvae were found at a velocity as high as 120 cm/sec. No nymphs 

were found in water above this current speed (Fig. 2). C. ramaleyi was 

most common in the range 0 to 70 cm/sec. The nymphs reached maximum 

abundance at a speed of 10 to 20 cm/sec (Fig. 3). Twenty-four percent 

of all specimens was caught in this velocity range.
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C. ramaleyi nymphs were found almost exclusively clinging to the

undersides of the rocks in the stream. Most collections were made by

picking the nymphs from the bottom of rocks removed from the stream, a

few being found in the net after scouring the stream bottom. Only one

nymph was found clinging to the top surface of the rocks. This was in

the AO to 50 cm/sec velocity range. Also, no nymphs were found to be in

the drift during the control trials.
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30 -

Surface velocity (cm/sec)
Fig. 1. Average number of Cinygmula ramaleyi specimens caught at 

various current speeds. Data for current speeds of 0-10 cm/sec are 
based on 2 trials; all other data shown are based on 3 trials.

Fig. 2. Percentage of Cinygmula ramaleyi specimens caught at vari
ous current speeds. Data for current speeds of 0-10 cm/sec are based 
on 2 trials; all other data shown are based on 3 trials.



1 A

Larvae exposed to stream Larvae sheltered behind rock

Velocity Number larvae Number larvae Number larvae Number larvae
(cm/sec) in stream swept away in stream swept away

0 3 0 3 0
0-5 2 0 2 0
5-W 5 2 3 0
10-15 3 3 A 1
15-20 A 0 3 0
20-25 A 1 3 1
25-30 A 2 3 0
30-35 3 2 5 2

Table 1. Relation between current speed and ability to resist being 
washed away for Cinygmula ramaleyi larvae placed behind an obstruction 
and exposed to the current in an artificial stream.

WO

90

80

70

50

Surface velocity (cm/sec)
Fig. 3. Number of Cinygmula ramaleyi specimens per square meter at 

different current speeds. Data for current speeds of 0-10 cm/sec are 
based on 2 trials; all other data shown are based on 3 trials.



DISCUSSION AND CONCLUSION

The laboratory study was designed to give a basic idea of the

behavior of Cinygmula ramaleyi nymphs in a stream environment. I

desired to know how the nymphs behaved in the stream and how they would

respond to different currents before studying them in nature. A

knowledge of their behavior in an artificial stream might give me some

insights on how best to study them in nature. These first studies

showed that the nymphs did not behave as I expected.

I predicted that the nymphs would ascend the trough, and as the

current velocity increased would seek shelter behind the rocks. Being

rapid crawlers they would have no trouble finding a rock on which to

cling. Instead, the nymphs stayed where they were initially placed.

Nymphs put in an exposed part of the stream neither ascended nor sought

shelter. Nymphs placed behind the rocks also did not move. This

stationary behavior indicated a similar activity in nature, as they were

never found to move among the rock surfaces. However, a direct

conclusion between these results and the field study is difficult since

the trough was so unsimilar to the real stream.

Contrary to the results of Dorier and Vaillant, C. ramaleyi could

not hold on in the artificial stream during currents faster than they

experience in nature. In Yellow Bay Creek the nymphs were found at a

velocity as high as 120 cm/sec, but in the artificial stream they could

not withstand a velocity of over 35 cm/sec. It would seem reasonable

that the nymphs would be able to hold their position in the stream at a

15
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much higher velocity as there are many more objects in the creek for the

nymphs to cling to, and many more obstructions to slow the velocity

down. This can be compared to the results from the artificial stream in

that the nymphs placed behind a rock had a lower frequency of being

washed downstream. Also, in Yellow Bay Creek, no nymphs were found in

the stream drift. These results indicate that the nymphs have no 

problem in maintaining their position in Yellow Bay Creek.

Cinygmula ramaleyi nymphs occurred throughout the stream in almost 

all current velocities. This large range of currents inhabited by C.

ramaleyi may be due to lack of selectivity by the ovipositing female.

The egg laying behavior of the female is not known, and the wide 

distribution of the larvae may reflect a wide distribution of eggs. It

is apparent, despite this wide range, that C. ramaleyi exhibits a

current velocity preference. The nymphs can be found much more abundant

in currents of 0 to 70 cm/sec than in any others. There is no 

indication that this distribution was caused by food concentration or 

temperature differences. Yellow Bay Creek is too short to show a

significant nutrient or temperature gradient from headwaters to mouth. 

These factors, however, were not specifically studied. The theories of 

both Alstad, and Ward and Stanford apply to a stream gradient from first 

order to major river. A comparison to their studies would involve 

measuring the distribution of C. ramaleyi over a whole drainage system.

The distribution of C. ramaleyi in my study may reflect the 

availability of oxygen. Generally, the faster the current the more 

oxygen is delivered to the insect's gills. Many fast current larvae, 

when placed in still water, must beat their gills to create their own

current in order to come in contact with enough oxygen. When placed in 

still water C. ramaleyi does not show this need to have a current pass
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over it. In nature they occur in such slow currents that oxygen

availability does not seem to be a problem for them. It must be

realized that although the measured velocity may appear to be zero, no

places of zero velocity actual'y occurred in the stream. A slow

swirling of the water occurred in the backwater and alcove areas that

was impossible to measure.

Contrary to the results of Scott, C. ramaleyi nymphs do not change

their positions on the rocks as the current varies. They were not found

clinging to the tops of rocks at the lower water velocities as opposed

to the underside of the rocks at higher velocities. No matter what the

current was, the nymphs were located clinging to the bottom of the rocks

in the stream. This can be correlated with the laboratory study in that

the nymphs did not withstand even a moderate current in the artificial

stream. In nature they prefer a velocity of 0 to 70 cm/sec, but if they

were on the upper surfaces of the rocks this would sweep them away.

Since the nymphs were always under the rocks overcrowding may have been

a problem as in Hildrew and Edington's study. Instead of moving up to

the tops of the rocks C. ramaleyi may just move under adjacent rocks.

This is unknown, and the lack of movement I found in this study may

indicate that even this does not occur.

There are several limitations to my study. Velocity measurements

made with a stopwatch and dye are a rather crude means of taking data.

There are many types of sophisticated electronic current meters

available that will do this job much more quickly and accurately. These

current meters can measure the water velocity close to the animal's

microhabitat whereas I was only able to measure the surface velocity.

This is important in that the velocity experienced by the animal will

not be exactly the same as the surface velocity. The greatest velocity
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in the stream occurs just under the water surface. Theoretically, the 

water then tapers off to a velocity of zero at the microlayer next to

the stream bottom. Unfortunately none of these more sophisticated

meters were available for me to use. There is, however, no instrument

that can measure the exact velocity experienced by the animal. Haddock 

(1977) claims that in his study of Hydropsyche oslari, current velocity

measurements taken at the stream surface and at the microhabitat with a

battery powered pygmy current meter were not significantly different.

The results are not complete, since data for the 20 to 30 cm/sec

velocity range are missing. There was no area of Yellow Bay Creek that

I could find which has a velocity in this range. I cannot imagine that

this would affect the conclusions in any way.

Since the nymphs in this experiment were not successfully reared to

their adult forms, absolute identification as to the species could not

be made. By a process of comparison to known species and elimination of

those not indigenous to the area, I am reasonably sure of my

identification of the subject species as Cinygmula ramaleyi.
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