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The insect fauna of a small second order intermittent stream

near Corvallis, Benton County, Oregon was studied. The species

composition was determined, attempts were made to monitor migra-

tion to the stream, qualitative and quantitative benthos samples were

taken, emergence was sampled, the dry stream bed was examined

for forms of aquatic life, and some species were studied under

laboratory conditions.

About 58 species of aquatic insects from eight orders were

collected from the stream. Forty-eight of the 58 (about 83%) appear

to have colonized the stream via aerial movements of adults from

permanent waters. The remainder (ten of the 58, or about 17%) were

able to colonize the stream without spending the summer dry period

in a permanent body of water. These species survived the summer

either in the dry stream bed as eggs (the mayfly Centroptilum elsa



Traver), larvae (the corydalid Protochauliodes spenceri Munroe), or

adults (the aquatic beetles Agabus confertus Le Conte and A. lugens

Le Conte), or in the terrestrial environment as quiescent adults

having an ovarial diapause (six species of Limnephilidae). The

drought resistant eggs of C. elsa and the ovarial diapause of the

limnephilid Hesperophylax incisus Banks were studied under labora-

tory conditions, and results are discussed.

Life history information and general microhabitat preferences

are given for most species, and the nature of the stream bed of an

intermittent stream during the dry period is discussed as having an

important influence on the species composition of a given intermit-

tent stream.
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THE SPECIES COMPOSITION AND ADAPTATIONS
OF INSECTS IN AN INTERMITTENT

STREAM IN WESTERN OREGON

INTRODUCTION

Although intermittent or ephemeral type streams constitute a

considerable portion of the total stream-kilometers of many regions

of the world, and have been found to support aquatic insects and other

invertebrates (Abell, 1956; Clifford, 1966; Harrison, 1967; Stehr

and Branson, 1938), they have received little attention from aquatic

biologists. The above authors have each determined the species

composition for one or more intermittent streams, and some authors

have determined the means by which certain species of aquatic

insects survive the dry period or recolonize intermittent streams

(Abell, 1956; Clemens, 1922; Clifford, 1966; Flint, 1958;

Larimore, Childers and Heckrotte, 1959; Novak and Sehnal, 1963).

Almost none of this work, however, has been done in the western

United States. Information on the ecological relationships between

intermittent streams and their associated permanent streams is

almost completely lacking.

The present study is concerned with the insect community of a

single intermittent stream near Corvallis, Oregon. The study was

undertaken to determine some of the means by which aquatic insects

recolonized the stream each year, and to provide background
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information for further ecological work. The study was conducted

from October, 1968 to April, 1970. The main objectives were:

1. To determine the species composition of aquatic insects in

the stream.

Z. To determine the general life cycles and microhabitat

preferences of the more abundant insects in the stream.

3. To determine whether any of the insect species survived

the dry period in the stream bed or in some other terres-

trial habitat.

4. To determine which species colonized the stream by way of

aerial migration from permanent bodies of water.

The Chironomidae, Heleidae, and Tipulidae found in the stream

were largely neglected so that more fruitful areas of study could be

pursued.
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LITERATURE REVIEW

In his doctoral study, Abell (1956) separated the intermittent

streams of the Sierra Nevada foothills into three general classes! a

first order or ephemeral type, a second order or limited-flow type,

and a third order or long-flowing type. The first order intermittent

streams are the result of temporary surface runoff following storms

or thaws, and usually do not contain macroinvertebrates. Second

order intermittent streams are fed by ground-water seepage as well

as runoff, and thus have some period of continuous flow during the

wettest part of the year. As a rule they completely lack surface

water during most of the dry season. Third order intermittent

streams are those having short permanent flow sections interspaced

by dry sections during the dry period. Abell (1956) also found that

the second and third order streams that he studied could be separated

on the basis of faunal differences.

Various authors have suggested that the presence of aquatic

insects in intermittent streams could be accounted for by one or

more of the following possibilities (1) migration from permanent

waters via flight or upstream movements, (2) aestivation of larvae,

pupae, or adults in "dry" stream beds, (3) drought resistant eggs

surviving in "dry" stream beds, or (4) oviposition by species having

long-lived terrestrial adults (Abell, 1956; Clifford, 1966; Harrison,

1967; Hynes, 1958; Larimore, Childers and Heckrotte, 1959; Novak
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and Sehnal, 1963; Stehr and Branson, 1938).

A number of investigators (Abell, 1956; Clifford, 1966;

Larimore, Childers and Heckrotte, 1959) have found immature insects

surviving periods of drought in "dry" stream beds. The soil within a

foot of the surface of these stream beds, however, remained very

moist or saturated throughout the dry period. Hynes (1958) did not

find larvae in the so-called dry stream bed, but noticed that they

reappeared in standing water even before a flow of water was re-

sumed. Clifford (1966) also discovered that the two crustaceans

Lirceus fontinalis Rafinesque and Crangonyx forbesi (Hulbricht and

Mackin) survived the dry period as juveniles in the humid interstitial

spaces of the "dry" stream bed. Laboratory experiments conducted

by Clifford (1966) showed that the oxygen consumption of these two

crustaceans decreased in late spring and early summer, and that

they could survive in water-satured air longer than related species

from permanent streams. He points out, however, that juvenile

Crustacea and the larvae of aquatic insects have little chance of

surviving the dry period in some types of intermittent stream beds.

Morphological adaptations of insects (primarily Diptera) to

drought conditions have been discussed at some length by Hinton

(1953). He related gill structure, permeability of the cuticle, and

increased tolerance of dehydration to the ability of some insects to

survive periods of drought.
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Abell (1956) found that the black fly, Simulium argus Williston,

spends the dry period as an adult in the terrestrial environment.

Novak and Sehnal (1963) also have concluded that 20 of the 22 species

of Limnephilus found in Bohemia have adult life spans of four to six

months in nature. Nine of these species are known to inhabit

temporary aquatic habitats, and survive the dry period as quiescent

adults. Flint (1958), however, found that the limnephilid, Ironoquia

parvula (Banks), spends most of the dry period as a terrestrial

pupae.

The eggs of the mayflies Ameletus ludens Needham and

Ephoron album (Say) have been reported to survive drought periods

in intermittent streams and irrigation canals respectively (Clemens,

1922; Edmunds, Neilsen and Larsen, 1956). The eggs of A. ludens

were found to have a five month incubation period, and have a

thickened chorion that appears to be drought resistant (Clemens,

1922). The eggs of E. album go into a state of diapause within one

month after they are laid in the fall, and do not hatch until April or

May. E. album is normally a permanent stream species, and

exhibits the same diapause under permanent conditions.
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STREAM DESCRIPTION

The study stream (Figure 1) originates as seepage and runoff at

the base of the hills of Adair Tract State Forest about ten miles north

of Corvallis, Benton County, Oregon (NE. corner of section 9, T.

10 S. , R. 5 W. ). From there it follows a northeasterly course through

an agricultural area, and after two and one half to three miles,

empties into Berry Creek. The study was conducted in an area from

the source to a point one half mile downstream. In this area, the

stream flows roughly parallel to Berry Creek, which is about 500

yards to the northwest (Figure 1). The stream is bordered by a

variety of herbaceous plants and occasional apple and cottonwood

trees in the study area.

The stream is a second order intermittent stream (Abell,

1956), and contains surface water only from about late October to

mid April. During this period, the aquatic environment changes

from a series of separate or partially connected pools to the more

normal stream condition of alternate riffles and pools, and after heavy

rains, it approaches the condition of being one long continuous riffle.

The stream may revert to a series of partially connected pools

several times during years having unusual precipitation patterns (such

as the winter of 1969-1970, Figure 2). The average depth of the

stream is about four inches, and the average width is about two feet.

The substrate of the stream consists of clay with many



Figure 1. Map showing the section of the
intermittent stream studied
near Corvallis, Benton County,
Oregon, with an insert of the
drainage for the general area
of the study.
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imbedded and loose rocks. The majority of the rocks are basalt, and

are from one half inch to ten or twelve inches in diameter. Local

grasses grow in many scattered areas of the stream bed throughout

the year. These grasses cover about 30% of the stream bed.

The only other forms of living vegetation in the stream are

various species of algae and a few small patches of moss. The two

most abundant genera of algae are Microspora and Nostoc, which are

filamentous and colonial forms respectively. A number of genera

of diatoms were also abundant. The amount of Microspora present

seems to vary with current velocity, temperature, and the amount of

nutrients present; it ranges from hardly noticeable amounts to large

continuous masses. Microspora was considerably more abundant

during the first year of the study. A flock of sheep was pastured

along the stream during this season, and it seems likely that the

sheep manure was an important nutrient source.

The stream bed was excavated to a depth of three feet during

July and September, 1969. The substrate was found to be very hard

and dry. Even at the three foot level the clay was just moist enough

to stick together if firmly squeezed into a ball.

Physical data describing the stream during the 1969-1970

season is presented in Figure 9 and Tables 1 and 2. Water tempera-

ture was recorded with a thermograph and with maximum-minimum

thermometers. Current velocity was measured with an Ott C- 1



Figure 3. The upper portion of section
3 of the intermittent stream
at low flow (left), and during
the dry period (right).

Figure 4. Section 1 of the intermittent
stream at normal flow.





Figure 5. "Resting" sticky trap used to
capture migrating aquatic
insects.

Figure 6. "Glass" sticky trap used to
capture migrating aquatic
insects.





Figure 7. Benthos sampling equipment.

Figure 8. Laboratory streams.
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current meter. Water chemistry was checked at approximately

monthly intervals with a model AL-36-WR Hach portable chemical

kit.

Table 1. Chemical analysis of the water (ppm. ) in the internitent
stream for 1969-1970. Measurements made with a Hach
modJ. AL-36-,WR field kit.

Nov. 15 Dec. 3 Jan. 10 Feb. 28

Free acidity 0.0 0.0 0.0 0.0

Total acidity 17.1 34.2 34.2 34. 2

Alkalinity 68.4 51.3 51.3 34.2

Total hardness 51.3 51.3 51.3 34.2

Carbon dioxide 10.0 10.0 10.0 10.0

Oxygen 11.0 8.0 12.0 10.0

pH 7.5 6.5 7.6 7.5

14

Table 2, The range of current speed in the
intermittent stream during 1969-
1970. Measurements made with an
Ott C-1 current meter.

Upper station
(ft/sec)

Lower station
(ft/sec)

0-4.53 0-6.45
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MATERIALS AND METHODS

Preliminary investigations were conducted during the 1968-1969

season. A faunal survey was made, habitat types were defined, and

various methods of taking benthos samples were considered. A more

complete study was conducted during the 1969-1970 season. Attempts

were made Lo monitor migration to the stream, qualitative and

quantitative b,3nthes samples were talcen, adult emergence was sam-

pled, and physical data were collected. Some species were also

studied under laboratory conditions.

Benthos Samples

For sampling purposes, the study area was divided into three

sampling sections k Figure 1) which were defined on the basis of the

order in which they lost surface water during periods of low rainfall.

That is, instead of losing surface water all at one time, the study

area "dried up" by sections. The three sections lost surface water

in a consistent order, section two always being first, followed by

sections one and three respectively. The sections were approximately

equal in length, and they each had a similar range of habitat types.

Seven habitat types were defined on the basis of current and

substrate: rock-gravel pools, rock-gravel glides, rock-gravel

riffles, grass riffles, grass glides, clay-detritus pools, and clay

riffles. One sample was to be taken from each habitat type in each of



16

the three sections of the stream on each sampling date. Thus a total

of 21 samples were taken on each sampling date.

The original sampling schedule was to consist of six sampling

dates at one month intervals. Due to the unusual precipitation pattern

of the 1969-1970 season, however, sections one and two lost all

surface water several times (Figure 2), and at other times the runoff

was too great to allow benthos samples to be taken. The number of

sampling dates therefore had to be reduced from six to three. The

quantitative samples were replaced by qualitative samples when

sections of the stream lacked water.

Since there were only three successful sampling dates (Dec.

15, Jan. 30, and March 1), the data obtained were combined and

regrouped on the basis of four more general habitat types: grass

riffles, non-grass riffles, grass glides and pools, and non-grass

glides and pools (Table 3). Since the number of samples

from these habitats are uneven, the totals are not directly comparable.

The data from slow water areas were therefore multiplied by cor-

rection factors which make the totals comparable on the basis of 16

samples from each habitat. The small number of samples and the

use of correction factors made statistical analysis of these data

impractical. When combined with other observations, however,

some reasonable inferences can be made.

The quantitative benthos samples were taken with a sampler



Table 3. Total numbers of insects and other invertebrates collected in benthos samples from four
habitat types of the intermittent stream during the 1969-1970 flow period.

Fast Water (riffles) Slow Water (glides and pools ) Total
grass

(16 samples)
non-grass

(16 samples)
grass

(12 samples)
non-grass

(19 samples)
Species

total % G total % G
corrected

total % G
corrected

total % G

corrected
grand

total (G)

Centroptilum
elsa 36 5.3 16 2.4 521 77.4 100 14.9 673

Baetis
340 61.7 159 28.9 17 3.1 35 6.4 5511/4*tricaudatus :

Capnia projecta
& C. pileata 35 31.8 32 29.2 16 14.5 27 24.5 110

Nemoura

1 9.1 6 54.5 3 27.3 1 9.1 11
dimicki & N.
obscura

Limnephilus
3 8.1 0 0 21 56.8 13 35.1 37nogus

H. incisus &
L. aretto 34 53.1 7 11.0 13 20.3 10 15.6 64

Rhyacophila
7 87.5 1 12.5 0 0 0 0 8nor cuta

Agabus confertus
8 13.6 1 1.7 36 61.0 14 23.7 59& A. lugens

(Continued on next page)



Table 3. (Continued)
Fast Water (riffles) Slow Water (glides and pools)

Species

grass
(16 samples)

non-grass
(16 samples)

grass
(12 samples)

non-grass
(19 samples)

Total

total % G total % G
corrected

total % G
corrected

total % G

corrected
grand

total (G)

Hydroporus sp. 1 12.5 0 0 4 50.0 3 37.5 8

Twinnia nova 68 73.1 4 4.3 19 20.4 2 2.2 93

Pros imulium
21 61.8 8 23.5 3 8.8 2 5.9 34dicum

Cnephia minus 11 91.7 0 0 1 8.3 0 0 12

Simulium
22 84.7 1 3.8 3 11.5 0 0 26pugetense

Chir onomi dae
spp. 2164 45.1 814 16.9 1411 29.3 418 8.7 4808

Heleidae sp.
or spp. 21 23.9 2 2.3 37 42.0 28 31.8 88

Hydrellia sp. 4 44.4 0 0 5 55.6 0 0 9

Tipulidae spp. 22 40.7 10 18.5 8 14.8 14 25.9 54

Camps icnemus
1 16.7 0 0 4 66.6 1 16.7 6claudicans

Copepoda 2504 34.8 523 7.3 3903 54.3 260 3.6 7190

(Continued on next page)



Table 3. (Continued)
Fast Water (riffles) Slow Water (glides and pools)

grass non-grass grass non-grass
(16 samples) (16 samples) (12 samples) (19 samples)

Total

Species corrected
corrected corrected grand

total % G total % G total % G total % G total (G)

Oligochaeta 439 50.4 126 14.5 228 26.2 78 8.9 871

Ostracoda 140 12. 7 5 0.5 887 80. 3 72 6.5 1104

J.

Totals from the two slow water habitats were corrected to a standard of 16 samples from each
habitat. Samples were taken on December 15, 1969, January 30, 1970, and March 1, 1970 with a
six-inch pipe sampler (0. 018 m2 or 0. 196 ft2).

Eggs had not hatched until the second sampling period.
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made from a one-foot section of 24 gage six-inch pipe fitted with

steel handles (Figure 7). The sampler was forced into the substrate

by exerting force on the two metal handles. The substrate was then

scooped from the sampler into an enamel pan and the remaining

organisms were netted using a tropical fish net (mesh open. = 0.2

mm). The larger stones were washed and removed from the pan.

The remainder of the material was flushed into the tropical fish net,

placed in a jar, and preserved in 95% ethyl alcohol. All size classes

of the various aquatic insects were captured using this method. A

label was placed in each jar and included date, substrate type,

current type, water depth, sample number, and stream section.

After returning to the laboratory the alcohol in each sample was

changed to prevent organisms from decaying prior to sorting under a

microscope.

Qualitative samples were taken at two to four day intervals

during the first month of flow. These samples were taken by placing

a net in the stream and kicking the substrate on the upstream side of

the net (mesh open. = 0. 3 mm). During periods of low flow, the net

was moved through the disturbed area a number of times to capture

the dislodged animals. Rocks and other bottom materials were also

hand picked for larger animals.
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Emergence Traps

Six emergence traps were placed along the course of the stream

to obtain life history data and specimens for identification. The

traps were one half meter square and were about two feet high. They

were enclosed by fiberglass window screen (mesh open. = 1.5 mm).

Screen flaps hanging into the water at the bottom of the traps

prevented the escape of insects and minimized current reduction and

subsequent microhabitat alteration under the trap. The tops of the

traps slid back to allow for the aspiration of insects.

Migration

Sticky traps, a black light trap, and a sweep net were used in

an attempt to monitor the migration of aquatic insects to the stream.

The sticky traps used were of two types, one type designated to

capture resting insects and the other primarily to capture ovipositing

insects.

The traps designed to capture resting insects (Figure 5) were

made of two foot squares of one-fourth inch plywood mounted on

wooden legs. The undersurfaces of the plywood squares were coated

with tanglefoot, and the traps were placed over and along the stream.

Five of these traps were used.

The traps designed to capture ovipositing insects consisted of a

2 x 3 foot sheet of window glass held in a slightly sloping position in
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a wooden frame (Figure 6). The upper surface of the glass sheet

was coated with a thin layer of transparent tanglefoot by means of a

large putty knife. Three sides of the glass sheet were enclosed by a

one half inch high wooden strip to prevent the loss of insects off the

edges of the trap. The lower edge of the glass sheet was left open

for drainage. The undersurfaces of two of the six traps were painted

light brown; the other four were unpainted or transparent. The brown

traps were placed along the banks of the stream and the transparent

traps were placed over the stream.

Periodically, the traps became heavily coated with large

numbers of insects, and the tanglefoot also lost most of its stickiness

during periods of heavy rain. Therefore it was necessary to change

the tanglefoot coating about once a week. Insects were removed from

the traps and "cleaned" with xylene.

Glass traps similar to those described above were first used by

Fernando (1958a) to capture migrating aquatic beetles. His work

suggests that aquatic insects using sight to locate new habitats

mistake these traps for water. Brown glass traps have nearly the

same refractive index as water, and were found by Fernando to

capture larger numbers of aquatic beetles than green or black traps.

The vegetation along the stream was also sampled for possible

migrants every two to four days with a sweep net. A further check

on the adult aquatic insect fauna of the area was made by the use of a
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black light trap placed near Berry Creek. This trap was run

continuously throughout the fall and early winter months.

Excavation of the Dry Stream Bed

An attempt to determine whether or not a permanent fauna was

present in the stream was made by removing substrate from the dry

stream bed during July and September, 1969 and placing it in labora-

tory streams, which were then periodically sampled for aquatic

insects. Due to the rocky nature of the stream bed, the only way

that substrate could be collected was by first loosening it with a pick,

and then shoveling it into buckets. Substrate from the top six inches

of the stream bed was shoveled into one set of labeled buckets and

deeper material (to a depth of three feet) into another set of labeled

buckets. Upon returning to the laboratory, the substrate collected

from the top six inches of the stream bed was placed in a pair of

artificial streams, and material from the deeper portions of the

stream bed was placed in a separate stream. The substrate from the

surface was kept separate from the deeper material because it was

thought that drought resistant eggs would most likely be found in the

upper few inches of the stream bed.

The laboratory streams used were merely rectangular wooden

boxes (96 inches long x 27 1/2 inches wide x 11 1/2 inches high)

divided into two longitudinal channels by a central partition (Figure 8).
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Openings were present in each end of the partition to allow water to

flow from one channel to the other. A current was produced by an

electrically-powered paddle wheel which pushed the water up one

channel and back down the other, where it once again came into

contact with the paddle wheel and was recirculated. The substrate

was held in the artificial streams until the last week of October, 1969.
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RESULTS AND DISCUSSION

Species Composition

Immature and adult insects were collected from the study

stream during the 1968-1969 and 1969-1970 seasons. Adults neces-

sary for specific identifications were obtained from emergence traps

or by rearing immatures in the laboratory, and were sent to various

specialists for identification. Although an attempt was made to

obtain specific identifications for all of the insects, the lack of

taxonomic work in some groups restricted identifications to higher

taxa. This was especially true of the Diptera. Little attempt was

made to identify the invertebrates, other than insects, below the

ordinal level.

As shown in Table 4, about 58 species of insects from eight

orders were collected from the stream during the two seasons

covered by the study. The species composition varied little between

the first and second years (Table 4). The differences found, with the

exception of Parapsyche almota Ross, were only among rare species.

Parapsyche almota was quite abundant during 1968-1969, but was

completely lacking during 1969-1970. The apparent reasons for its

restriction to the first season are presented in the life history sec-

tion.
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Table 4. Insects and other invertebrates collected from the intermit-
tent stream during the 1968-1969 and 1969-1970 flow periods.
An asterisk indicates that the species or group was collected
during both flow periods.

COLEOPTERA
Dytis cidae

1. *Agabus confertus LeConte
2. *Agabus lugens LeConte
3. Agabus lutosus LeConte
4. *Deronectes griseostriatus (Degeer)
5. *Deronectes striatellus (LeConte)
6. Hydroporus fortis LeConte
7. *Hydroporus sp. near planiusculus Fall
8. Hydroporus sp. near subpubescens LeConte

Gyrinidae
1. *Gyrinus pleuralis Fall
2. *Gyrinus plicifer LeConte

Haliplidae
1. *Peltodytes callosus LeConte

Hydrophilidae
1. *Anacaena limbata (Fabricus)
2. *Cymbiodyta imbellus (LeConte)
3. Laccobius californicus d'Orchymont

E PHEMER OPTERA
Baetidae

1. *Baetis tricaudatus Dodds
2. *Centroptilum elsa Traver

HEMIPTERA
Gelastocoridae

1. Gelastocoris oculatus (Fabricus)

Gerridae
1. *Gerris nyctalis Drake and Hottes
2. *Gerris incognitus Drake and Hottes

HYMENOPTERA
Ichneumonidae

1. Sulcarius sp.

(Continued on next page)
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Table 4. (Continued)

MEGALOPTERA
Corydalidae

1. *Protochauliodes spenceri Munroe

PLECOPTERA
Nemouridae

1. Capnia pileata Jewett
2. *Capnia projector Frison
3. *Nemoura dimicki Frison
4. *Nemoura obscura Frison
5. Nemoura oregonensis Classen

TRICHOPTERA
Hydropsychidae

1. Parapsyche almota Ross

Limnephilidae
1. Grammotaulius betteni Griffin
2. *Hesperophylax incisus Banks
3. *Limnephilus aretto Ross
4. *Limnephilus nogus Ross
5. *Limnephilus occidentalis Banks
6. *Limnephilus sitchensis (Kol. )

Rhyacophilidae
1. Rhyacophila grandis Banks
2. *Rhyacophila norcuta Ross

DIPTERA
*Chironomidae

Tanypodinae
1. Anatopynia algens (Coquillett)

Orthocladiinae
1. Brillia retifinis Saether
2. Other Orthocladiinae 3-4 spp.

Diamesinae
1. Diamesa sp.

Chir onominae
1. Tanytarsus 2 spp.

* Dolichopodidae
1. Campsicnemus claudicans Loew

(Continued on next page)
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Table 4 (Continued)

*Ephydridae
1. Hydrellia sp.

*Heleidae sp. or spp.

Simuliidae
1. *Cnephia minus (Dyar and Shannon)
2. Prosimulium fulvum (Coquillet)
3. Prosimulium dicum Dyar and Shannon
4. *Simulium pugetense Dyar and Shannon
5. *Twinnia nova (Dyar and Shannon)

Tipulidae
1. *Dicranota sp.
2. Erioptera oregonensis Alexander
3. Hexatoma sp.
4. Limnophila sp.
5. Pedicia sp.
6. *Tipula sp.

OTHER INVERTEBRATES

*Amphipoda
1. *Hyalella azteca (Saussure)

*Arachnida
1. *Eylais sp.

*Copepoda
1. Cyclopoida
2. Harpacticoida

*Gor diida

*Is opoda

*Oligochaeta

*Ostracoda
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Seasonal Distribution 1969-1970

The flow period can be divided into three somewhat distinct

periods on the basis of numbers of species and total insects present.

During the first two weeks of flow, both the number of species (Table

5) and the total number of insects rapidly increased. The number of

species then increased at a slower rate for about four more weeks to

late December (Table 5). At this point, the species composition

became stable and remained so until about March. The eggs of some

species apparently continued to hatch, however, and thus the total

number of insects continued to rise until at least the first of March

when the last benthos samples were taken. A number of new species

began to colonize the stream in March and April. These new arrivals

included at least one species of Capnia, one species of Paralepto-

phlebia, two species of Gerris, a number of Coleoptera, and probably

a number of Chironomidae. All of these new arrivals, excepting the

adult beetles and gerrids, appraently perished when the stream lost

surface water. This seasonal pattern of rapid colonization of an

intermittent stream by a number of species, followed by a stable

winter fauna and a less restricted spring fauna was also observed by

Abell (1956).

Excavation of the Dry Stream Bed

Copepoda, Ostracoda, and Ologochaeta (see life history section)
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Table 5. Dates on which immature insects and crustaceans were
first collected from the intermittent stream during the
1969-1970 flow period.

November 4-5, 1969 First water

November 6

November 8

November 10

November 15

November 19

December 3

December 10

December 15

December 22

Agabus lugens
Agabus confertus
Protochauliodes spenceri
Hyalella azteca

Limnephilidae spp.
Chironomidae spp.
Tipulidae spp.
Hydrellia sp.
Copepoda
Oligochaeta

Capnia

Centroptilum elsa
Nemoura
Ostracoda

Heleidae sp. or spp.

Rhyacophila norcuta
Twinnia nova

Simulium pugetense
Prosimulium dicum
Cnephia minus

Hydroporus sp.
Sulcarius sp.
Camps icnemus claudicans

Baetis tricaudatus
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were found in artificial streams containing substrate from the dry

stream bed. These animals were found only in the artificial streams

containing substrate from the upper six inches of the stream bed.

Some Chironomidae were also found. Due to their small size, how-

ever, adult chironomids could not be kept out of the laboratory. Thus

the larvae were probably the result of oviposition in the artificial

streams rather than from drought-resistant stages in the substrate.

Centroptilum elsa Traver was found to have a drought resistant

egg stage (see life history section), but was not found in the artificial

streams. In laboratory experiments conducted during the following

spring, the dried eggs of C. elsa required a six week incubation

period before they began to hatch. Most of the substrate from the

upper six inches of the stream bed, where one would expect to find

the eggs, was placed in artificial streams on September 24, and was

only held for about five weeks. Eggs present in this material there-

fore would not have had enough time to develop and hatch. The small

amount of surface substrate (about two cubic feet) that was held for

two months or more may not have contained any of the eggs of C. elsa.

Sticky Traps

The sticky traps were found to be a very useful aid in determin-

ing which species were migrating to the stream via flight, but were

also very time consuming to service. The Simuliidae were the only
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apparent migrants that were abundant and yet were not captured in the

sticky traps (Table 6). A few other species, such as the two species

of Nemoura (Plecoptera) and Rhyacophila norcuta (Trichoptera), were

not captured. These species were, however, rare and since only a

small number of traps were used, failure in these cases is not un-

expected. The Chironomidae, Tipulidae, and Heleidae found in the

stream were not studied, except to note their presence, and thus they

were not removed from the sticky traps.

Life Histories

Ephemeroptera

Baetidae

The two species of Baetidae present in the stream were both

very abundant (Table 3 and Figure 10). Of the insects, only the

Chironomidae, which included at least eight species, were found in

larger numbers. All instars of Baetis tricaudatus Dodds were easily

separated from those of Centroptilum elsa Traver by the single row of

large denticles on the claws of B. tricaudatus (Figure 11). The claws

of C. elsa have a double row of finer spines.

Baetis tricaudatus Dodds

B. tricaudatus is commonly found in permanent streams

(Lehmkuhl, 1969; Snow, 1970), including Berry Creek (Lehmkuhl,

1969), and has more than one generation per year. Adults were

captured near the stream by sweeping and in sticky traps on
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Table 6. Dates on which insects were first captured in sticky traps
or by sweeping the vegetation along the intermittent stream
during fall 1969.

Date Sticky Traps Sweeping

October 12 Limnephilus aretto

October 16 Hes perophylax incisus
Limnephilus nogus

October 26-31 Parapsyche almota
Dolichopodidae spp.
Chironomidae spp.

November 1-5 Agabus lugens
Agabus confertus
Agabus lutosus
Anacaena limbata
Cymbiodyta imbellus
Hydroporus s pp.
Limnephilus aretto
Tipulidae spp.

November 8-10 Paraleptophlibia debilis

November 15 Capnia projecta

November 19 Baetis tricaudatus B. tricaudatus
Capnia sp. (female)

November 22

November 30

Hydrellia sp.

Capnia sp. (female)
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Baetis tricaudatus
(274)

1
1 1Jan. Feb. Mar. Apr.

C entroptilum
elsa (650)

Figure 10. Emergence of Ephemeroptera from the intermittent
stream expressed as no. /m2 /day. < 0.5 /rri`- /day.
Numbers are totals for six traps.
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Table 7. Body length of mayflies (excluding cerci) collected in quanti-
tative benthos samples from the intermittent stream during
the 1969-1970 season.

No. Collected
Average
length
(mm)

Maximum
length
(mm)

Minimum
length
(mm)

Dec. 15

B. tricaudatus

Jan. 30 154 2.3 5.9 0.7
Mar. 1 424 3.9 7.3 0.5

C. elsa

Dec. 15 33 2. 7 4. 4 1.1
Jan. 30 103 2.6 7. 2 0.7
Mar. 1 417 3.7 7. 9 0.5

Figure 11. The claws of Baetis tricaudatus (left) and Centroptilum
elsa (right) (Ephemeroptera), showing size differences
in dentation. Only one of the two rows of projections is
shown for C. elsa.
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November 19, 1970. Females were also observed ovipositing at this

time. They crawl beneath the surface of the water on protruding

rocks, deposit their eggs on the undersurfaces of the rocks, and die.

The eggs are stuck to the rocks in an oval mass by a clear gelatinous

substance. The eggs within the mass are in a single layer, and

although they are very close to one another, they usually do not touch.

The egg masses examined averaged 4.5 by 6.7 mm.

Newly-deposited eggs brought back to the laboratory and held

in aerated water at 15.6 oC began to hatch in 19 days. Those observed

in the stream began to hatch in about 35 to 40 days (Table 5). Judging

from larval size classes (Table 7), some of the eggs continued to

hatch for at least 70 days after oviposition. Further oviposition may

have occurred, but adults were found only during the week of Novem-

ber 19, 1969.

The larvae of B. tricaudatus were found to be riffle inhabitants

in the intermittent stream, and were much more abundant in grass

riffles than in non-grass riffles (Table 3). In permanent streams,

Lehmkuhl (1969) found B. tricaudatus concentrated in riffles only

during periods of low water, whereas Snow (1970) determined a

preference for deep (15-24 inches) flowing water, but found no

preference for either pools or riffles. Snow (1970) found no prefer-

ence for vegetation, but a distinct preference for areas with abundant

detritus and bottom types larger than gravel.
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Adults began to emerge about February 8, 1970. By the first

of March, a large number of individuals were emerging (Figure 10).

Some individuals developed through the larval stage in about seven

weeks and completed a generation in about three months.

Neither egg masses nor proportionally larger numbers of very

small larvae were found in the stream after emergence had begun.

For unknown reasons, most emerging adults apparently did not

oviposit in the stream in the spring.

Centroptilum elsa Traver

C. elsa is a permanent member of the intermittent stream

biota, and survives the summer dry period in the egg stage. The

hypothesis that C. elsa had a drought resistant egg stage was

originally developed from recolonization data and collection records,

and was later supported by experiments with eggs collected from

emerging adults.

Although adults of C. elsa were not found until they began to

emerge from the intermittent stream in February, early instar

larvae were collected from the stream on November 15, just ten

days after the initial presence of surface water. Since C. elsa was

one of the most abundant species in the stream (Table 3), it seemed

unlikely that adults would not have been captured by sweeping or in

sticky traps, if in fact they had been present during the first ten days
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of the flow period. Thus it was suspected that the larvae of C. elsa

had hatched from eggs that had remained in the stream bed throughout

the summer.

Centroptilum has not been found in nearby Berry Creek (Kraft,

1964), nor to my knowledge in any other permanent stream in the

area. I have, however, collected Centroptilum sp. larvae from two

other intermittent streams about 30 miles northeast of the study stream,

Abell (1956) also lists Centroptilum sp. as one of the most abundant

insects found in three secondary intermittent streams in California.

An experiment was initiated to determine whether the eggs of

C. elsa would hatch after being dried, or if they might even require

a dry period before hatching. Eggs for this work were obtained

from females (captured in emergence traps) by dipping the tips of

their abdomens into water-filled petri dishes. C. elsa lays its eggs

singly rather than in continuous masses, and begins oviposition with-

in 30 seconds after the tip of the abdomen contacts water. Under

natural conditions, a female oviposits by touching its abdomen to the

surface of the water while resting on the surface film or on some

emergent object.

Some of the eggs obtained in the above manner were kept in

dishes of water, and were periodically observed for signs of develop-

ment or hatching. The water in other dishes was allowed to evaporate

to dryness. Water was again added to these dishes after they had been
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dry for one or two months, and they were then observed for signs of

development or hatching. All of the eggs were held at a constant

temperature of 15. 6°C.

Eggs kept continuously in water did not begin to hatch until five

months after they were laid. Those that had been dry for one or two

months, however, began to hatch about six weeks after they were

once again covered with water. Eggs in the individual dishes

continued to hatch for up to three months, at which time the experi-

ment was terminated. Since a few very small larvae were found in

the stream throughout the winter (Table 7), some eggs must also

continue to hatch for several months under field conditions.

The eggs of C. elsa are thus very well adapted to surviving the

dry period. The five month period required before eggs begin to

hatch prevents them from hatching before the stream dries up in the

spring, and also would prevent premature hatching in an intermittent

stream that maintained isolated pools or a very moist stream bed

throughout the dry period. The stream bed studied remains very dry

until six to eight weeks before surface water is present. At this

time (usually late August to mid-September) it is moistened by the

first fall rains (Figure 2). Since early instar larvae of C. elsa were

present in the stream ten days after the initial presence of surface

water, the eggs apparently began to develop as soon as moistened.

The continued hatching of eggs ensures a new generation each year
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even though the stream may lose surface water several times during

the early winter months.

Larvae of C. elsa are usually found in pools or slow glides,

and are most abundant where there is a grass substrate (Table 3).

The gut contents of 20 mature larvae were largely composed of small

fragments of detritus.

Emergence began in the first week of February, about three

months after the first larvae were found in the stream, and continued

until the stream lost surface water in April (Figure 10). Since only

one of the 650 specimens of C. elsa collected in emergence traps was

a male, the females must be facultatively parthenogenetic. One

gynandromorph was also collected.

The development of parthenogenesis in C. elsa can be thought

of as having survival value in a number of ways. The eggs of this

species must survive the unusually rigorous physical conditions of

the dry stream bed for a six month period. During this dry period,

the eggs may be subject to predation by a large number of terrestrial

organisms. Thus, any adaptation that would increase the total yearly

egg production of the species would help to ensure its survival by

increasing the probability that enough eggs would survive each year tc

continue the species. C. elsa seems to have increased its total yearl,

egg production in two ways. First, since there are very few males in

the population, female larvae do not have to compete with males for
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space, food, or other finite resources. Therefore, more females

can be produced by the same amount of resources. Also, all eggs

deposited are fertile, regardless of whether or not mating took place

before oviposition. The fact that C. elsa was one of the most abundant

species in the stream suggests that the loss of a higher incidence of

genetic recombination is more than balanced, at least at the present,

by the ability to utilize the intermittent stream habitat. Since inter-

mittent stream faunas are more restricted in terms of species

numbers and in terms of total numbers of large predators (such as

fish) as compared to permanent streams, the ability to make success-

ful use of this habitat would seem to have survival value for a species.

It is interesting to note that the mayfly Ameletus ludens, which also

has eggs that survive in dry stream beds, is also facultatively par-

thenogenetic and has a highly reduced number of males (Clemens,

1922). As previously mentioned, the eggs of this species also require

a five month period before hatching begins (Clemens, 1922).

Paraleptophlebia debilis (Walker)

Adults of P. debilis were captured in sticky traps on November

8-10, 1970, but larvae were not collected from the stream. The fact

that most of the stream lacked surface water at this time seems to

have prevented oviposition by this species.
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Plecoptera

Nemouridae

Five species of stoneflies in two genera of Nemouridae were

found in the stream during the two years of the study (Table 4). All

five species are permanent stream residents, and none of them was

very abundant in the intermittent stream. The larvae of both Capnia

and Nemoura and the adult females of the two species of Capnia could

not be identified beyond the generic level.

Capnia pileata Jewett

C. pileata was found only during the 1969-1970 season, but

since it was extremely rare, it may have been overlooked during the

previous year. One male was captured in an emergence trap during

the first three days of February, 1970. The life history of this

species is unknown.

Capnia projecta Frison

Adults of this species were identified by Mr. Stanley G. Jewett,

Jr. as C. projecta. Mr. Jewett has informed me, however, that

this identification may not be correct, because Baumann (personal

communication to Jewett) considers C. projecta to be a species

complex.

C. projecta was present in the stream during both years of the

study. As indicated by the emergence trap data (Figure 12), the
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I = 1. 00

<2>

Jan. Feb,

Figure 12.

P lecoptera

Capnia spp, (11)

Nemoura
dimicki (27)

Nemoura
obscura (45)

Trichoptera

Grammotaulius
betteni (4)

Hesperophylax
incisus (5)

Limnephilus
nogus (14)

Limnephilus
sitchensis (1)

Diptera

Simuliidae

Cnephia
minus (6)

Prosimulium
dicum

Simulium
pugetense (3)

Twinnia
nova (56)

Dolichopodidae

Campsicnernus
claudicans (2)

Ephydridae

Hydrellia
sp. (12)

March April

Emergence of Plecoptera, Trichoptera, and Diptera from the intermittent stream

expressed as no, /m2/day. = < 0, 5/m2/day, = emergence data from

sources other than emergence traps, Numbers are totals for all six traps.
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species was fairly rare. The benthos sample data (Table 3) are mis-

leading because during the spring months large numbers of Capnia,

sp. or spp. emerged from Berry Creek and oviposited in the ir,ter-

mittent stream. Large numbers of small larvae were therefore

collected in the March benthos samples. These larvae apparently

perished when the stream dried up.

Adult males of C. projecta were captured in sticky traps from

November 10-15, five to ten days after the initial presence of surface

water. Early instar larvae of Capnia were collected from the stream

on November 10 (Table 5), five days after the initial presence of

surface water. The incubation period of C. projecta is unknown to me,

but incubation periods of less than 15 minutes have been reported for

other species of Capnia (Brinck, 1949).

C. projecta emerges from Berry Creek from September to

December (Kraft, 1964). Jewett (1959) has also recorded a small

spring emergence for the species, but since C. projecta has been

found to be a species complex (Baumann, personal communication to

Jewett), the spring emergence recorded may be that of a different

species. The larvae of C. projecta found in the intermittent stream

are obviously the result of oviposition by females that migrated from

permanent streams during the fall and early winter months. This

suggests two generations per year, whereas the literature indicates

that Capnia spp. are univoltine (Brinck, 1949; Claassen, 1931;
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Minshall, 1969).

Nemoura dimicki Frison and Nemoura obscura Frison

Early-instar larvae of Nemoura were found in the stream ten

days after the initial presence of surface water in 1969. Adults,

however, were not found during the fall or early winter months.

Kraft (1964) found adults of N. dimicki at Berry Creek only during

the spring months, but did not find N. obscura in the section of the

stream that he studied, Jewett (1959) reports the emergence period

for both species as being February through May. All species of

Nemoura reported in the literature have been univoltine (Brinck,

1949; Minshall, 1969; Svennsen, 1966; Wu, 1923). This information

indicates that N. dimicki and N. obscura possibly could be permanent

members of the intermittent stream, and might pass the summer

drought as eggs or small larvae. Both species are, however,

commonly found in permanent streams, so it seems unlikely that they

would have eggs capable of withstanding long dry periods. As

previously mentioned, the stream bed was found to be very dry, even

three feet below the surface, during the summer months. Thus

also doubt very much if small larvae could survive the summer in the

stream bed. It seems more likely that there is a small fall emergence

of these two species and that this emergence merely has not been

recorded.

Most larvae of Nemoura were found in rock and gravel riffles.
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Emergence for 1969-1970 is shown in Figure 12.

Nemoura oregonensis Classen

N. oregonensis was found only during the 1968-1969 season,

and at that time was very rare. Jewett (1959) and Kraft (1964) list

it as a winter and spring emerging species. Its life history is

unknown.

Hemiptera

Gelastocoridae
Gelastocoris oculatus (Fabricus)

A single specimen of G. oculatus was collected along the stream

during March 1969. Other specimens could not be found at this time

nor during the following year.

Gerridae
Gerris nyctalis Drake and Hottes
Gerris incognitus Drake and Hottes

These two gerrids were found in the stream during both years of

the study, but were only present in March and April. The specimens

collected at this time were macropterous, and apparently flew in

from other bodies of water. Immatures were found in the stream

shortly after the adults arrived, and presumably perished when the

stream dried up.
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Megaloptera

Corydalidae
Protochaulkides spenceri Munroe

P. spenceri was the largest predator in the stream, and has at

least a four year life cycle in intermittent streams (E. D. Evans,

personal communication, Oregon State University). When the stream

dries in the spring, the larvae of P. spenceri dig into the substrate

of the stream bed to an unknown depth and aestivate. If, however,

the individual is a last instar larva, it digs a shallow cell under a

rock and pupates. The adults emerge in May or June and oviposit on

objects in or along the stream bed. The eggs hatch in about two

weeks, and the small first instar larvae also aestivate in the dry

stream bed. The larvae of P. spenceri have functional spiracles at

the posterior end of the abdomen which are used to obtain oxygen

directly from the air. All of the western species of Corydalidae are

capable of surviving in intermittent streams (Evans, personal

communication).

The larvae of P. spenceri were found in rocky areas with a slow

to moderate current speed, and were relatively rare in terms of

total numbers.

Coleoptera

The 14 species of beetles collected from the stream can be
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divided into fall-winter and spring species. The fall-winter species

have dispersal flights during both fall and spring, and are present in

the stream throughout the fall, winter, and spring months. Although

pupae were not found, some of these species apparently completed a

new generation in the stream. The spring species apparently have

dispersal flights only during the spring months. They were present

in the stream only in March and April, and were unable to complete

a new generation in the stream.

Fall-Winter Species

Agabus confertus

Agabus lugens

Agabus lutosus
Hydroporus sp. near

planius culus

Hydroporus sp. near
subpubes cens

Anacaena limbata

Gymbiodyta imbellus

Spring Species

Gyrinus pleuralis
Gyrinus plicifer
Peltodytes callosus
Laccobius californicus

Deronectes striatellus
Deronectes griseostriatus

Agabus spp. and Hydroporus sp. larvae were collected from

the stream during both years of the study. The larvae could not be

separated to species, but since Agabus confertus, A. lugens, and

Hydroporus sp. near planiusculus were the only adults of these two

genera that were fairly abundant, it is presumed that the larvae found

were of these three species.

Agabus spp. larvae were fairly abundant, and were found in
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slow water, particularly where grass was growing in the stream bed

(Table 3). Agabus pupae were not found, but a few adults were found

in earthen cells under rocks in the dry stream bed during September

and October, 1969. Although exuviae were not found, these adults may

have been the result of larvae that pupated when the stream lost

surface water. Adults were observed in flight during both the spring

and fall months, and were captured in sticky traps during October and

November, 1969 (Table 6).

Hydroporus sp. larvae were fairly rare, and were also found

in slow areas of the stream (Table 3). Hundreds of Hydroporus sp.

near planiusculus were captured in glass sticky traps during

October and early November, 1969. Pupae of this species were not

found.

The other fall-winter species were all rare, and apparently

did not breed in the stream.

Trichoptera

Limnephilidae

The limnephilid caddisflies were one of the most striking

features of the intermittent stream fauna during both years of the

study. Three genera and six species were collected from the stream

(Table 4). Two of these were abundant, and all of the life stages of

all six species appear to be well adapted to life in temporary habitats.
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Egg masses of Hesperophylax incisus Banks, Limnephilus

nogus Ross, and L. aretto Ross (Figure 13) were found under rocks

in the moist stream bed during the first week of October, 1969, about

one month before there was any standing or flowing water in the

stream. Adult males and females of these species and of L.

occidentalis Banks and L. sitchensis (Kol. ) also were collected in or

near the dry stream bed and in the Berry Creek light trap at this time.

It was known from the previous year's experience that the

above-mentioned species emerged from the intermittent stream in

April or early May. It was therefore originally assumed that the

specimens collected in October were the result of a second or summer

generation which originated from permanent streams in the surround-

ing area. Kraft, (1964), however, did not find any of these limnephilids

in Berry Creek, and an examination of collection records found in the

literature and of specimens in the Oregon State University Entomology

museum showed that adults of all six species had been collected

throughout the summer months (April-October). Furthermore, it

was found that the ovaries of specimens collected in October were

completely developed whereas ovaries from specimens collected in

April or May were much smaller and incompletely developed. From

this information, and the fact that some Bohemian species of

Limnephilus have been found to have adult life spans of up to six

months (Novak and Sehnal, 1963), it was hypothesized that adults



Figure 13.

Figure 14.

Egg masses of Hesperophylax
incisus (top) and Limnephilus
nogus (bottom); about twice
actual size.

Caddisfly cases (left to right):
Grammotaulius betteni, Hespero-
phylax incisus, Limnephilus
aretto, L. nogus, L. sitchensis,
and L. occidentalis; about 1 1/3
actual size.
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remained alive throughout the entire summer, and that they had an

ovarial diapause that was terminated in late summer or early fall by

some unknown factor or combination of factors. The work of Novak

and Sehnal (1963) suggested photoperiod as the most likely terminating

factor.

Adult longevity was determined for four of the six species of

Limnephilidae under laboratory conditions. To obtain adults for this

purpose, prepupae and pupae of H. incisus, G. betteni, L. aretto,

L. nogus, and L. occidentalis were collected from the study stream,

brought back to the laboratory, and allowed to emerge in wire cages

placed in aerated water. Specimens of L. sitchensis were very rare,

and could not be found in sufficient numbers for life-span work.

Upon emerging, the adults were grouped by species in either glass

jars with screen tops or in a screened cage. Small dishes of fresh

water and honey-water (one-half teaspoon of honey in 120 ml of

water) were available to the insects at all times (Miller, 1914, as

cited by Crichton, 1957). The insects were placed in a room having

a constant temperature of 15. 6oC and a 16-hour day length.

To study the influence of long and short day lengths on ovarial

development, 11 females and eight males of H. incisus were placed in

a constant temperature chamber with a short day length of 11 hours of

light per day. The temperature in this chamber also was maintained

at 15. 6°C. At three week intervals, a single female of H. incisus was
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removed from each of the two chambers. These specimens were

dissected and the ovaries were measured and examined for maturing

eggs.

Four of the five species studied survived for the following

periods under long-day conditions, and were still alive at the time of

this writing:

Hesperophylax incisus

Grammotaulius betteni

Limnephilus aretto
Limnephilus nogus

180 days

214 days

153 days

153 days

The specimens of H. incisus held in the chamber with short days had a

higher mortality rate than those held in the long-day chamber, but

some specimens did survive the full nine weeks of the photoperiod

experiment. The reasons behind the early death (four days after

emergence) of the specimens of L. occidentalis, and the higher

mortality rate of H. incisus held under short- day conditions are

unknown.

The ovaries of H. incisus females maintained under long-day

conditions for six months did not develop beyond the immature

condition of those dissected from newly-emerged females. After nine

weeks, the ovaries of both of the surviving females that had been

maintained under short-day conditions had developed considerably.

The width of the ovaries had increased from 0.3-0.6 mm to 1.3-1 6

mm, the length had increased from 3.0-4.5 mm to 4.5-5.5 mm, and
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the diameter of the first three or four eggs in each ovariole had

increased from about 0.07 mm to 0.40 mm, These ovaries were

determined to be about in the middle period of development by compar-

ing them with mature ovaries from specimens collected in the field

during October, 1969. The immature, partially developed, and fully

developed ovaries of Limnephilus flavicornis Fabr. pictured by Novak

and Sehnal (1963) are almost identical to those of H. incisus.

Definite conclusions cannot be made on the basis of two speci-

ments, but when this evidence is viewed in light of the work of Novak

and Sehnal (1963), it is a good indication that the ovarial diapause of

H. incisus is terminated primarily by a short_ day photoperiod.

Because of the striking agreement between my data and the more

complete work of Novak and Sehnal (1963), a number of their obser-

vations and conclusions are presented in the following paragraph.

The Bohemian species of Limnephilus studied by Novak and

Sehnal also inhabit temporary habitats, and emerge in April and May

with incompletely developed ovaries. Adults were collected in the

field throughout the summer, and ovarial development was examined.

Specimens having ovaries with mature eggs were not found until late

August, at which time egg masses were beginning to appear in

protected areas of dried up pools. The adults of a number of these

species were maintained alive for periods of four to six months in the

laboratory, and the influence of long-day and short-day rhythms of
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illumination on ovarial development was studied using female speci-

ments of Limnephilus bipunctatus Curt. Ovary development in this

species was accelerated by one to two months, as compared with

normal development in nature, when females were held under 12 hours

of illumination per day and at 18-21°C. The ovaries of specimens

kept at the same temperatures but given 16 hours of illumination per

day did not develop at all.

Laboratory observations on the adult behavior of G. betteni, H.

incisus, L. aretto, and L. nogus suggest that these insects spend

most of the summer months in inconspicuous locations, and are

inactive. Except during the first few days after emergence, specimens

observed in the laboratory were completely inactive during the day-

light hours. Some activity was observed at night, but adult collection

records indicate periods of high activity only during the spring and fall.

months. Activity during the summer months probably is restricted

to short distance nocturnal movements to obtain food (plant nectars)

and water, whereas the higher activity of spring and fall seems to be

a mechanism of dispersal. Crichton (1957) concludes from his work

on the mouth parts of adult caddisflies and from the feeding observa-

tions and physiological studies of others, that adult limnephilids ingest.

both water and plant nectars under natural conditions, and that they

furthermore can absorb and utilize the nutrients found in these nec-

tars.
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At this point I would like to caution the reader that the above

conclusions on the adult lives of the six species of limnephilids

studied are based on incomplete data and a number of generalizations.

The hypothesis presented must be scrutinized in the light of further

observations and experimentation before it can be considered as fact.

The eggs of H. incisus, L. aretto, and L. nogus are enclosed

in a protective gelatinous sheath (Figure 13). This sheath is hydro-

scopic in nature, and thus the size of individual egg masses depends

on the amount of moisture present. The masses pictured had been

held in water for about two days, and were at their maximum size

when photographed. Eggs brought back to the laboratory and placed

in water hatched within two to five days. After hatching, the larvae

immediately left the gelatinous sheath and began feeding and case

building. The locations of egg masses remaining in the stream were

marked and their condition was observed every two to five days.

These eggs did not hatch until they had been covered with water for

two to five days, which occurred approximately one month after they

were first observed.

The larvae and pupae of these limnephilids also are well suited

to life in temporary habitats. As mentioned earlier, the precipitation

pattern during the 1969-1970 season was somewhat erratic, and

several areas of the stream lost all surface water for periods as long

as two weeks. Larvae stranded in these "dry" areas sought protection
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under rocks and leaves, and once in such a protected area they pulled

back into their cases and remained inactive. One third-instar larvae

of L. nogus had even spun several strands of silk across the opening

of its case. A number of larvae of H. incisus, L. aretto, and L.

nogus were collected from an area that had been "dry" for two weeks

and were placed in a pan of water. They began to crawl about the pan

within a few minutes.

A large number of cast pupal skins and empty pupal cases of H.

incisus were found in the "dry" stream bed during the first two weeks

of the summer dry period. The only individuals that were obviously

dessicated, and were unable to emerge, were those that had pupated

on the upper surfaces of rocks rather than in the normal position on

the undersides of rocks.

During 1969-1970, Trichoptera were also collected from two

other intermittent streams about 30 miles northeast of the study

stream near Crabtree, Linn County, Oregon. As shown below, the

species of limnephilids found in these two streams were the same as

those found in the study stream. Rhyacophila grandis Banks was also

found in the study stream during the first year of the study.

Stream I

Hesperophylax incisus

Limnephilus

Limnephilus

Limnephilus

aretto
nogus

occidentalis

Stream II

Grammotaulius betteni

Hesperophylax incisus

Limnephilus aretto
Limnephilus nogus



Limnephilus sitchensis

Rhyacophila grandis

Lenidostornatidae (one
species)

Rhyacophila grandis
Phryganeidae (one species)
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Gramrnotaulius betteni Griffin

G. betteni was the largest limnephilid found in the stream.

Larvae collected from the study stream and from stream number II

near Crabtree, Oregon were found only in deep (eight to 12 inches),

quiet pools having large blades of rooted grass. Since there was only

one such pool in the study stream, this species was rare in terms of

total numbers.

Larval specimens of G. betteni were first collected from the

stream on November 8, 1969, and can be easily recognized by their

size and case construction. The case is made of short sections of

wide grass blades fastened together so that the vascular system of the

grass blade is parallel with the long axis of the case (Figure 13).

Newly added sections of the case overlap the earlier sections to the

rear. Sometimes twigs and other materials are also added to the

case.

Pupation occurred under rocks and around clumps of grass

from the latter part of February through March. Adults emerged

during March and April (Figure 11). Eggs of this species were not

found.



59

Hesperophylax incisus Banks

Dr. Glenn B. Wiggins of the Royal Ontario Museum is currently

working on the systematics of the genus Hesperophylax, and considers

H. incisus to be a species complex rather than a single species

(personal communication). The name is applied here because it is the

most accurate identification possible at this time.

H. incisus was the most abundant limnephilid in the stream

during both years of the study. The larvae could not, however, be

separated from those of Limnephilus aretto until the former had

reached the fourth instar. The benthos sample data for these two

species was therefore combined (Table 3). Since L. aretto was a rare

species, the majority of the specimens collected in the benthos

samples were probably those of H. incisus. Upon reaching the fourth

instar, the dorsal gills at the base of the abdomen of H. incisus have

five or more branches as compared to a maximum of three branches

in L. aretto.

The larval case of H. incisus is constructed of sand grains, and

is approximately round in cross section. The case tapers slightly

from anterior to posterior and is slightly curved along the long axis

(Figure 14). As the larvae grow, they use larger materials for case

construction. This is particularly noticeable as the larvae near

pupation. At this time larger stones are added to the front of the case,

and the front one-half to two-thirds of the pupal case is thus made of
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noticeably heavier material than the posterior one-third to one-half.

The pupal case is also straight along the long axis. The larvae of H.

incisus apparently enlarge their cases as they grow by adding to the

front of the case while cutting off the posterior end of the case. This

conclusion is supported by the fact that an occasional specimen with

an unusually long and tapering case was found. These individuals

apparently did not cut off the posterior end of the case as they enlarged

the front.

Pupal cases were found fastened to the undersurface of loose

rocks during March and April. Rocks that were five or more inches

in diameter and were situated in slow water areas seemed to be most

desirable as pupation sites. These rocks often had five to ten pupae

on them. Most adults emerged in April, slightly before or just after

the stream dried up (Figure 12). Adults emerging after the stream

lost surface water were not captured in emergence traps, and thus

the true abundance of H. incisus is not indicated by the emergence

data in Figure 12.

The larvae of H. incisus were found throughout the stream, but

were most abundant in rocky areas with some current. They seem,

however, to avoid areas having a fast current. The larvae, as a rule,

are only active during the hours of darkness, whereas during the day

they remain inactive in protected areas under rocks. Several speci-

mens can often be found resting under one large rock.
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The gut contents of nine fifth-instar larvae were slide mounted

and examined under a compound microscope at 100X. Fragments of

roots and leaves of vascular plants, and diatoms made up the major

portion of the identifiable material in these samples. A large amount

of finely divided organic and inorganic matter was also present.

The behavior of fifth instar larvae was observed in the stream

at night with the aid of a flashlight. The light beam did not seem to

alter behavior until at least several minutes after it had been turned

on. Most of the larvae observed were slowly crawling across the

substrate, moving their front legs in a manner indicating that they

were scraping material from the substrate and bringing it into the

area of their mandibles. A few larvae were also observed feeding on

grass blades and various other large plant fragments.

The type of feeding behavior just described would account for the

large number of diatoms and the presence of a large amount of finely

divided material in the gut contents of these larvae. Furthermore,

the front femora of these fifth instar larvae are equiped with a brush

of hairs and spines along their lower edges. These brushes are

apparently used to scrape materials off the surfaces of rocks, etc.

They are poorly developed on earlier instar larvae.

Specimens of H. incisus were reared from the egg to the adult

stage in the laboratory at 15. 6°C. The larvae were held in shallow

enamel pans with air bubbled continuously through the water.
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First-instar larvae fed readily on crushed wheat grains. The wheat

grains, however, spoiled rapidly, and the spoiled grains were avoided

by the larvae. Second- through fifth-instar larvae were therefore fec:

on fresh grass and the fallen leaves of oak, maple, and elm trees.

Oak and elm leaves were preferred over maple leaves. Finely

divided waste materials were vacuumed from the pans periodically

with a turkey baster.

Head capsule widths for the five larval instars of H. incisus,

and the approximate length of time spent in each instar under labora-

tory conditions are shown in Table 8. Even though temperatures in

the stream varied from four to nine degrees (C) lower than in the

laboratory, larvae in the stream passed through the first four instars

at about the same rate as laboratory specimens. Many larvae had

reached the fifth instar by mid-December. Laboratory specimens also

remained in the fifth instar about one month longer than those in the

stream, and laboratory adults were somewhat smaller than those

emerging from the stream.

The larvae of H. incisus seem to accumulate a large portion of

their total body weight and large lipid reserve during the fifth instar,

and it appears that the restricted diet of the laboratory animals was

less than optimal for these purposes. The most striking difference

between the diets of fifth-instar larvae reared in the laboratory and

those examined from the stream is in the large number of diatoms
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Table 8. Head capsule widths (mm) of the larval instars of Hespero-
phylax incisus and Limnephilus nogus reared under labora-
tory conditions, and the approximate number of days in each
instar.

Ins tar
I II III IV V

H. incisus 0.34-0.35 0.55-0.57 0.84-0.89 1.10-1.36 1.71-2.00
# specimens 6 4 5 6 9
Days 10 10 18 15 150

L. nogus 0.32-0.33 0.64-0.74 0.94-1.17 1.38-1.51 1.59-1.62
# specimens 5 9 14 15 6

Days 9 12 10 30 90

ingested by specimens collected from the stream. Diatoms were not

available to laboratory-reared specimens. Since fats are the chief

food reserves of diatoms (Smith, 1950), their complete lack from the

diets of laboratory-reared animals may explain their slower growth,

when compared with those from the stream, Hanna (1957) reported

that the larvae of Limnephilus politus McLachlan, L. marmoratus

Curtis, Anabolia nervosa (Curtis), and Molanna angustata Curtis all

ingested a considerably larger number of diatoms during periods of

high growth rate. These larvae also ingested much larger amounts of

detritus at the same times, and thus the higher numbers of diatoms

found in the guts during these periods may have been merely the result

of a higher level of feeding activity.

Limnephilus aretto Ross

L. aretto is a medium-sized caddisfly. The larval cases are
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very similar to those of H. incisus (Figure 14), and as mentioned

previously, these two species were not separated until H. incisus

reached the fourth instar. Larvae were found in rocky areas of. the

stream with flowing water. Pupae were found fastened to the under-

side of rocks on March 26, 1970. Larvae reared from eggs, under

the same conditions as those of H. incisus, also pupated during March

and the first half of April. Laboratory reared larvae and those in the

stream both developed in about five months. The combined prepupal

and pupal stages of the laboratory specimens lasted about three weeks.

L. aretto was fairly common during the 1968-1969 season, but

was rare during the 1969-1970 season. This difference may be due

partly to parasitism by Sulcarious sp. (Hymenoptera) during the

second year of the study. But since Sulcarious sp. was rare, it seems

more likely that the major part of the difference was due to seasonal

differences in oviposition. Sulcarious sp. is discussed later in the

life history section.

Limnephilus nogus Ross

L. nogus is a medium-sized caddisfly, and was the second most

abundant limnephilid in the stream (Table 3). The larvae can be

distinguished easily from the other limnephilids in the stream by

their cases, which are approximately round in cross section and are

made of many irregular shaped pieces of leaves and other bits of

plant tissue (Figure 14). As indicated by the benthos sample data
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(Table 3), the larvae of L. nogus inhabit quiet pools and back waters,

and are particularly common in those areas where organic matter

settles out and collects. Since they construct their cases of this sarnc

material they are well camouflaged, and do not seek special retreats

or curtail feeding activities during the daylight hours. The gut

contents of ten fifth-instar larvae, examined under a compound micro-

scope at 100X consisted largely of detritus. A small amount of

animal matter in the form of mayfly fragments was also present in

the guts of some of these specimens. I also observed larvae apparent-

ly feeding on the body contents of drowned terrestrial insects on two

different occasions.

Adults of L. nogus were reared from eggs (Figure 13) by

previously mentioned methods. Adults were captured in emergence

traps (Figure 12) about two weeks prior to the emergence of speci-

mens reared in the laboratory. The laboratory diet of fallen leaves

and grass seemed to be quite satisfactory for this species.

Limnephilus occidentalis Banks

This rather small limnephilid was rarely found in general

collections or benthos samples, and little was learned of its life

history or habits. The larvae seem to inhabit areas of the stream

having a mixed rock and grass substrate and little current. Larval

cases are approximately round in cross section, and are made of very

fine sand grains (Figure 14). The case is curved, and tapers from
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anterior to posterior. Pupae were found cemented to the underside

of rocks from mid-March until the stream dried up in mid-April.

Limnephilus sitchensis (Kol. )

This medium-sized limnephilid was also rarely found in general

collections or benthos samples, and thus was little studied. The

larvae seem to inhabit quiet pools and back waters where there is an

abundance of organic matter. The larval case is round in cross

section, slightly tapering from anterior to posterior, and constructed

of many small lengths of grass stems and other bits of detritus

fastened together end to end in a circular pattern (Figure 14). One

pupa was collected in a benthos sample on March 1, 1970, and a single

adult was captured in an emergence trap during the last week of

March. The normal pupation site of this species is unknown.

Hydropsychidae
Parapsyche almota Ross

As mentioned previously, P. almota was fairly abundant during

1968-1969, but was completely lacking during 1969-1970. A number

of adults were, however, captured in sticky traps during the Last

week of October, 1969. At this time surface water was not yet

present in the stream, and apparently this lack of water prevented

oviposition. During the previous year, the stream began to flow

about October 20, and thus oviposition was possible during the flight

period of the adults. Smith (1968) found small permanent streams to
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be the usual habitat of P. almota.

The larvae of P. almota build funnel-shaped nets between large

rocks in riffle areas. Pupation occurred in rock cases fastened to

the underside of rocks during the latter part of March through April.

Emergence occurred in April just before or slightly after the stream

lost surface water.

Rhyacophilidae
Rhycophila grandis Banks

The larvae of R. grandis were found in the s tream in very small

numbers during 1968-1969, but were completely lacking during 1969-

1970. R. grandis was also collected from two intermittent streams

near Crabtree, Linn County, Oregon. Pupae were found in these

streams on April 11, 1970. R. grandis also inhabits permanent

streams, Berry Creek included (J. L. Wold, personal communication,

Oregon State University). Adults have been collected from April to

October (Wold). The larvae found in the intermittent stream during

1968-1969 were evidently the result of eggs deposited in the stream

during late fall or early winter.

Rhyacophila norcuta Ross

R. norcuta was found in the stream during both years of the

study. The larvae were found in riffles, and were most abundant

where grass was growing in the stream bed (Table 3). Pupation

occurred from the latter part of March to early April when the stream
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lost surface water. Emergence occurred just before and for several

weeks after the stream lost surface water. Larval specimens were

also found alive in moist areas under rocks up to two weeks after tilt:

stream had lost surface water. These individuals were unable to

pupate, however, and did not survive.

R. norcuta is also found in permanent streams throughout the

Willamette Valley. Since adults have been collected from March

through September (Wold, personal communication, Oregon State

University), eggs were probably deposited in the intermittent stream

during October or early November. Adults were not captured in the

sticky traps, the light trap, or by sweeping the vegetation along the

stream, but since the adults were apparently rare, they were unlikely

to be found.

Diptera

Chironomidae

In terms of total numbers, the Chironomidae made up the

majority of the insects found in the stream (Table 3). Adults of eight

or nine species in four subfamilies were captured in emergence traps

(Table 4). Of these four subfamilies, Tanypodinae is the only group

known to be predaceous, and was represented in the stream by the

single species Anatopynia algens (Coquillett). This species was

relatively rare as were Brillia retifinis Saether and Diamesa sp. The
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two species of Tanytarsus and the Orthocladiinae made up the majority

of the adults captured in emergence traps. Emergence began in

January and continued until the stream lost surface water in April.

Dolichopodidae
Campsicnemus claudicans Loew

A small number of dolichopodids were present in the stream

during both years of the study. Adults, however, were captured and

identified only during the 1969-1970 season. During this season only

C. claudicans was present. Since only five larval specimens were

collected in benthos samples (Table 3), the microhabitat preference of

this species could not be determined. Emergence occurred during the

last week of March (Figure 12).

Adults were captured in sticky traps during October and early

November, and apparently oviposited in the stream at this time. At

least two other species of Dolichopodidae were captured in the sticky

traps at this time. These species did not, however, colonize the

stream.

Ephydridae
Hydrellia sp.

A single species of Hydrellia was present in the stream during

both years of the study. The larvae were found in areas of the stream

having grass and were rare (Table 3). Adults emerged in February

and March (Figure 12).
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Adults of this species were captured in sticky traps during the

first two weeks of November (1969), and apparently oviposited in the

stream at this time.

Heleidae sp. or spp.

Heleids were present in the stream during both years of the

study, but were not identified or studied except to note their presence.

Larval collections from benthos samples are shown in Table 3. Adults

emerged from early February until April when the stream lost surface

water.

Simuliidae

Five species of black flies were present in the stream during the

two years of the study, and three of them were found during both

years (Table 4). Young larvae began to appear in the stream during

the first two weeks of December, 1969 (Table 5). Adults were not

captured in traps or by sweeping during the fall or early winter

months, but available life history information does indicate, with

varying degrees of likelihood, that all five species oviposit in the fall.

Further work must be done, however, before the possibility of

recolonization by means of drought resistant eggs can be definitely

ruled out.

Cnephia minus (Dyar and Shannon)

C. minus was collected during both years of the study, and was



71

rare. Eleven of the 12 larval specimens collected were from riffles

having a grass substrate (Table 3). Ninety-five percent of the larvae

and pupae of C. minus collected by Speir (1969) from a permanent

stream were found on smooth, algae-free rocks averaging eight inches

in diameter. Kraft (1964) collected one adult in February and another

in July from Berry Creek, and Speir (1969) found emergence from

May 20-24 to August 13 in the Marys River near Corvallis, Oregon.

It thus seems quite possible that the emergence period extends into

the fall months. Data in the literature indicate only one generation

per year (Sommerman et al. , 1955; Speir, 1969).

Prosimulium fulvum (Coquillett)

P. fulvum was found in the intermittent stream only during

1968-1969. Adults emerged in March and April, 1969. Kraft (1964)

did not find this species in Berry Creek. Speir (1969) found emer-

gence from February 1 0 to July 3.

Life history information from permanent streams (Sommerman

et al. ,1955; Speir, 1969) indicates only one generation per year. Since

this species was found in the intermittent stream only during the first

season, it is apparently not a permanent resident of the stream.

Prosimulium dicum Dyar and Shannon

The larvae of P. dicum were fairly abundant (Table 3) during

1969-1970, and were found primarily on grass blades and to a lesser
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extent on rocks in riffle areas. Kraft (1964) found adults emerging

from Berry Creek in April and May. Speir (1969) has recorded

emergence from April 20 to June 6-9, and found only one generation

per year.

Simulium pugetense Dyar and Shannon

The larvae of S. pugetense were fairly abundant (Table 3), and

both larvae and pupae were found on grass blades. Adults emerged

during March (Figure 12). Sommerman (1955) found two generations

per year in lowland streams, and adult emergence from Berry Creek

occurred in every month of the year except September (Kraft, 1964).

Apparently adults emerging from Berry Creek or other near-by

permanent streams oviposited in the intermittent stream during the

fall months.

Twinnia nova (Dyar and Shannon)

T. nova was the most abundant black fly in the stream. The

larvae were found in riffles having grass and to a lesser extent in

areas of slowly-flowing water (Table 3). Adults emerged from the

second week in February to the first week in April (Figure 12).

Speir (1969) found all immature stages of T. nova between sand

grains on the stream bottom in both permanent and intermittent

streams. He recorded emergence from the second week of January

to March 30, and found only one generation per year. It seems likely
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that some adults could emerge at least one month earlier than the

beginning of the above recorded emergence period, and thus be able

to oviposit in the intermittent stream during December.

Tipulidae

Six genera of crane flies were collected from the stream during

the two years of the study (Table 4). Dicranota sp. and Tipula sp.

were present during both years of the study, and were the only genera

that were found in fairly large numbers. Many adult crane flies are

present during the fall months, and the larvae found in the stream

are apparently the result of migration.

Hymenoptera

Ichneumonidae
Sulcarius sp.

Two of the caddisfly cases collected in benthos samples on

December 15, 1969 contained ichneumonid larvae that were beginning

to pupate. The ends of the cases were closed off as if the caddisfly

had pupated several months in advance of the normal pupation period,

and the ichneumonid larvae were further enclosed in tough brown

silken cases of their own making. On January 18, three additional

parasitized caddisfles were collected. These specimens were brought

back to the laboratory and placed in aerated water held at a constant

15. 6°C. One female specimen emerged 60 days later. The other two
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did not emerge. One male was collected from an emergence trap

over the stream on March 8, 1970.

Dr. Robert W. Carlson of the U. S. National Museum identified

the adult specimens as Sulcarius sp. Dr. Carlson considers it likely

that this is the same species as was reared from caddisfly cases by

Mickel and Milliron (1939), which they identified as Hemiteles

biannulatus Gray. Since the identification of Gravenhorst's species

requires an examination of the type, Dr. Carlson does not wish to

use the name biannulatus at this time.

The parasitized caddisflies could either have been L. aretto or

H. incisus, or perhaps both species. Judging from the size of the

cases of the parasitized individuals, however, L. aretto seems the

more likely choice.

The parasitized caddisflies found by Mickel and Milliron (1939)

were from a temporary pond, and they suspected that the caddisflies

were parasitized during dry periods when they were incompletely

covered with water. This is also a possibility in the intermittent

stream. They also give a general description of the parasite. The

only records of this species are from Minnesota, Illinois, and Europe

(Muesebeck, Krombein and Townes, 1951).

Invertebrates Other than Insects

Although a number of invertebrates in this broad group were
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found in the stream (Table 4), the lack of time made it impractical to

do any detailed work with these animals. The copepods, ostracods,

and oligochaetes were very abundant (Table 3), and the other groups

were found only occasionally.

Copepods and ostracods are known to have drought resistant

eggs (Barnes, 1966), and were the only arthropods that were found

when substrate from the dry stream bed was placed in artificial

streams. Oligochaetes were also found in these artificial streams

containing substrate from the stream, and were probably the result

of encysted individuals (Barnes, 1966).

Amphipods and isopods are not known to have resting eggs

(Barnes, 1966), and probably survive the drought period by burrowing

into the stream bed (Clifford, 1966).

The aquatic mites and gordian worms are phoretic and para-

sitic, respectively, on insects, and reach the stream via insect

carriers.
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CONCLUDING REMARKS

Forty-eight of 58, or about 83% of the insect species in the

stream appear to be the result of aerial movements of adults from

permanent waters. Some of these adults colonized the stream

directly, and used it as a feeding and/or breeding grounds (Coleoptera

and Hemiptera). Others, having short-lived terrestrial adults,

colonized the stream indirectly by oviposition (Plecoptera, Diptera,

Ephemeroptera, etc. ). Most members of the former group are strong

flyers and rapidly colonize any new aquatic habitat (Fernando, 1958a).

In fact, many aquatic Coleoptera and Hemiptera have evolved dispersal

flights that coincide with the availability of temporary aquatic habi-

tats, and these flights are of considerable importance in determining

the distribution and abundance of these species (Fernando, 1958a, b,

1959).

Many insects from the second group, such as the Ephemeroptera,

Plecoptera, and many small Diptera, are relatively weak flyers and

probably depend largely on wind currents for adult dispersal. Thus,

their presence in the stream is probably controlled more by variable

meteorological conditions and the proximity of permanent populations

than is the case with insects in the first group. Insects in this second

group must also be able to mature and emerge before the stream loses

surface water or perish, whereas the original colonizers in the first

group can usually move to a new habitat anytime that it becomes
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necessary to do so. As previously mentioned, the Chironomidae,

Plecoptera and a few others unsuccessfully attempted a second genera-

tion in the stream. Some univoltime Plecoptera, Ephemeroptera,

and other groups have, however, become permanent members of

third-order intermittent streams (Abell, 1956; and others), and also

of second-order streams that maintain a subsurface seepage through-

out the dry period (Clifford, 1966). Clifford considers these insects

to be "pre-adapted" by the timing of their life cycles rather than

adapted per se to life in intermittent streams. One might argue,

however, that the life cycles of such species have become adapted to

the seasonal availability of temporary aquatic habitats.

Ten out of 58, or about 17% of the insect species present in the

stream were found to be able to recolonize or colonize the stream

without spending the drought period in a permanent body of water.

These species survived the summer in either the dry stream bed as

eggs (Centroptilum elsa); larvae (Protochauliodes spenceri); or

adults (Agabus confertus and A. lugens), or in the terrestrial

environment as adults (Limnephilidae). The populations of A.

confertus and A. lugens found in the stream were apparently the

result of both aestivation in the stream bed and migration from

permanent bodies of water (see life history section). These ten

species accounted for about 13% of the total number of insects

collected in benthos samples, This figure is, however, probably a
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poor indicator of the relative importance of these species because the

Chironomidae, which made up about 72% of the total insects collected

in benthos samples, obviously made up a much smaller percentage of

the total biomass of insects at any one time (i. e. , one limnephilid or

corydalid larvae equals the biomass of many chironomids), Also, as

just mentioned, large numbers of chironomids perished when the

stream lost surface water.

The three second-order intermittent streams studied by Abell

(1956) also had large numbers of limnephilid caddisflies (which,

excepting Limnephilus aretto, were identified only to the family level).

These streams also contained large numbers of a single species of

Centroptilum, and relatively large numbers of corydalids.

Abell (1956) also noted that his three second order streams

had a typical fauna that differed considerably from the fauna of the

third order stream; he demonstrated that this difference was not

merely the result of the faunal restriction of the second order stream.

Abell offered no further explanation for this difference, but judging

from the existing data on intermittent streams, and especially the

work of Clifford (1966), the insect fauna of a specific intermittent

stream in a given geographical area appears to be controlled largely

by the condition of the stream bed during the drought period. If the

stream bed is not shaded, or lacks subsurface seepage during the

dry period, or is impervious to small larvae attempting to follow the
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water table, the permanent insect fauna will be restricted to a small

number of very drought resistant species. Apparently, then, the

second order streams Abell studied, being similar to the one near

Corvallis, were able to support only a very meager permanent fauna,

and were populated mostly by fall migrants and a few highly adapted

forms such as the Limnephilidae, Baetidae (Centroptilum), and

Corydalidae. The third order stream, on the other hand, was able to

support a permanent fauna that included numbers of both spring-

and fall-emerging species, and also lacked, or had proportionately

less of, some of the above-mentioned highly adapted forms. This

differing ability to maintain a permanent fauna also helps to explain

why Abell found 200 species of insects in the combination second

order and third order intermittent stream system he studied in

California whereas only 58 species were found in the second order

stream near Corvallis, Oregon.
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SUMMARY

About 58 species of aquatic insects from eight orders were

collected over a two-year period from a second order intermittent

stream near Corvallis, Oregon. There was little variation in the

species composition between the first year of the study and the second.

The majority of the species collected (about 83%) colonized the stream

via aerial movements of adults from permanent waters. A smaller

number of species (about 17%) were able to colonize the stream without

spending the dry period in a permanent body of water. These species

survived the summer dry period either in the dry stream bed as eggs

(Centroptilum elsa), larvae (Protochauliodes spenceri), or adults

(Agabus confertus and A. lugens), or in the terrestrial environment as

quiescent adults (Limnephilidae).

When held continuously in water, the drought resistant eggs of

C. elsa do not begin to hatch until five months after they are laid.

Thus eggs laid in the spring do not hatch until the next season when

conditions are again favorable for larval development. Also, females

of C. elsa are apparently facultatively parthenogenetic and males are

very scarce. This adaptation makes possible the production of a

large number of eggs, and thus helps to ensure that a number of eggs

sufficient to continue the species will survive the dry period each year.

Adult collection records indicate that all six species of

Limnephilidae found in the stream have only one generation per year
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and survive the summer period as quiescent adults. Adults of at least

four of the six species can survive for extended periods (up to seven

months) under laboratory conditions. Experimental evidence indicates

that the limnephilid Hesperophylax incisus has an ovarial diapause that

is terminated by a short-day photoperiod. It is assumed that the other

species have a similar diapause.

Protochauliodes spenceri has at least a four year life cycle in

intermittent streams, and the larvae survive the drought period by

burrowing into the stream bed and aestivating. Some adults of Agabus

confertus and A. lugens also aestivated in the stream bed.

Although these "adapted" species contributed only a small per-

centage of the total insects collected in benthos samples, they un-

doubtedly make up a much greater portion of the biomass of insects

in the stream.

The nature of the stream bed of an intermittent stream during

the dry period has an important influence on the species composition

of a given intermittent stream, and also determines whether or not a

given stream is a "dead end" habitat for some species. This factor

therefore must be considered when classifying intermittent streams.
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