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Six species of Ephemeroptera were studied in two sample areas

in Western Oregon: the Metolius River, Jefferson Co. , and Oak

Creek, Benton Co, The Metolius River is characterized by low

fluctuations in flow and water temperatures (8-13 C); whereas, Oak

Creek is characterized by large fluctuations in volume of flow (6X or

more) due to winter rains and by high summer water temperatures

(22 C). Keys or descriptions are presented for identifying the nymphs

of all species and the adult females of Paraleptophlebia.

Each sample area was divided into four biotopes, and each was

sampled, alternate months in the Metolius River and monthly in Oak

Creek, by using a stovepipe (6 in, dia.) and a fine meshed aquarium

net, Drift samples were taken monthly in Oak Creek. Specimens

were counted, measured for length, and divided into age groups

ranging from newly hatched (Group I) to ultimate instar nymphs

(Group V).



All six species were found in both streams. Baetis bicaudatus

Dodds had two generations per year in the Metolius River, but one

per year in Oak Creek, In Oak Creek nymphs of the second genera-

tion may be killed by high summer temperatures, and the species

survives the warm period in the egg stage. Baetis tricaudatus Dodds

(Oak Creek only) had multiple but an undetermined number of

generations per year. The cycles of Baetis parvus Dodds,

Paraleptophlebia temporalis (McDunnough), and Cinygmula reticulata

McDunnough were similar in both areas (one generation per year;

hatching in fall, emergence in spring), but the period of adult

emergence is shorter and earlier in Oak Creek. Paraleptophlebia

debilis (Walker) (Oak Creek only) hatched in early spring and com-

pleted emergence by November (one generation per year).

Beginning with the species that lived in slowest current and in

silty substrate and proceeding to that which lived in fastest current,

the sequence was: P. debilis, P. temporalis, B. parvus, C.

reticulata, B. tricaudatus, and B. bicaudatus. All species were

displaced to non-typical habitats during winter flooding (Nov. to

Feb.). During flooding, density per unit area decreased 60%, but

this was apparently due to increase in stream width, since the num-

ber per unit length of stream decreased only 20%.

Drift rate was not directly correlated to habitat, since in Oct.

and Nov. , of three species found predominantly in the riffle, two

were abundant in the benthos but scarce in drift, while the third



species was scarce in the benthos but dominant in the drift.

In the laboratory, drift rate could not be correlated with

ability of a species to hold to the substrate, since the species with

the least current resistance drifted little, while a species with great

current resistance was dominant in the drift.

The main effect of drift in Oak Creek was a temporary dis-

placement of species from the chosen habitat. A conceptual model

emphasizing additive components of drift is discussed.
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BIOLOGY AND DOWNSTREAM DRIFT OF
SOME OREGON EPHEMEROPTERA

INTRODUCTION

The inhabitants of flowing waters are frequently carried down-

stream in large numbers. This phenomenon, referred to as drift,

does not appear to be a random process. Different species of insects

which appear to be equally adapted to current may be numerous or

sparse in the drift.

These facts suggest a number of questions. Why do different

species drift at different ratee? How does drift affect the benthic

population? How do samples of drift compare with samples of benthos

for determining quantitative and qualitative aspects of the stream

fauna? For these and other questions, answers are incomplete or

lacking.

This study is part of a larger project, the objective of which is

to explain in terms of behavioral and ecological factors the propensity

of a species to drift. Several species of Ephemeroptera (Baetis

bicaudatus Dodds, B. parvus Dodds, B. tricaudatus Dodds, Cinygmula

reticulata McDunnough, Paraleptophlebia debilis (Walker), and P.

temporalis (McDunnough) were selected for study because of the

apparent differences in drift rates which they display. Originally,

most of the effort was to have been an experimental investigation of

behavior; no keys or descriptions, however, were available to identify
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the nymphs, and life cycles and micro-habitats of the species were

largely unknown. The first year of study was devoted to resolving

problems of taxonomy, to gathering preliminary life cycle and micro-

habitat data, and to developing methods. After obtaining this neces-

sary background information, a one year sampling program was

initiated, and attention was again turned to the original objective.
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LITERATURE REVIEW

Taxonomy and Biology of Ephemeroptera

Traver (1935) provides the major work available for identifying

adult mayflies of North America. Burks (1953), although treating

only Illinois species, includes useful keys and illustrations. Day

(1963) presents keys to North American genera and California species.

Several theses (Edmunds, 1952; Allen, 1955; and Jensen, 1966) are

valuable but are not available for general use. Edmunds (1959) pro-

vides an excellent key to the genera of nymphs. Edmunds and Allen

(1957) list the North American species of Ephemeroptera, and Allen

and Edmunds (1956) list the species known from Oregon.

Chapman and Demory (1963) studied the food habits of the

nymphs of several mayflies in Oregon streams. Berner (1959) sum-

marized biological information for North American genera. Numerous

publications give notes on the distribution, ecology, and life cycles of

various mayflies (Morgan, 1911, 1913; Clemens, 1913; Dodds and

Hisaw, 1924; Britt, 1962; Edmunds, 1957, 1960; and others) but little

has been done on the species studied here. Berner (1959), for

example, lists the life history of the genus Ciny_gmula as "unknown."
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Drift

Extensive literature reviews can be found in recent papers,

including Besch (1966), Elliott (1967a), and Ulfstrand (1968). Thus,

the present review cites only selected examples; additional papers

are covered in the discussion section.

A number of early papers, while not dealing directly with drift,

are pertinent in providing information on behavior that could affect

drift rate. Wodsedalek (1911, 1912a, b) studied the reaction of

Heptagenia interpunctata (Say) nymphs to light and also reported

migrations of mayflies from lake shores to deep water at the time of

the formation of ice cover, Neave (1930) reported that nymphs of

Blasturus cupidus Say migrated one half mile up newly flooded stream

beds within a few days. Moon (1935, 1940) indicated that insects

rapidly occupied recently-flooded lake shores, and that most move-

ment was at night. Other early papers are reviewed by Elliott (1967a).

Beginning with Mi;ller (1954), a number of papers have dealt

specifically with drift. Drift was found to be greatest at night in at

least five different studies, including Waters (1962) and Elliott (1965).

In many cases there was a peak just after dark and another before

sunrise. Denuded areas are rapidly colonized by means of drift

(Waters, 1964). Drift rate is reduced by continuous light (Holt and

Waters, 1967), and Minshall and Winger (1968) found that drift
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increased in response to an artificial reduction in stream discharge,

Natural seasonal flooding increased the numbers drifting (Anderson

and Lehmkuhl, 1968), but this may not have been an increase in

individuals per volume of water. Waters (1965) classified drift into

three component parts: behavioral, catastrophic, and constant drift.

Hughes (1966a, b) studied the response of mayfly nymphs to light.

Chaston (1968) and Elliott and Minshall (1968) reported exogenous

and endogenous activity patterns which coincided with periodicity in

drift. Kureck (1966), Anderson (1967), Elliott (1967b), Schwarz

(1967), Tobias and Thomas (1967), and others used drift samples to

study various aspects of the life cycles of aquatic insects.
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METHODS

Definitions of Terms

Ulfstrand's (1968, pp. 8-9) definitions are used in this study.

The term biotope is used for a part of the environment
within which some important factors vary within certain
limits. What factors are important and what amplitude they
may have within a biotope depends on the animal under con -
sid eration. . . .

All species and individuals inhabiting a biotope make
up a community. .

A habitat . . . is the totality of all sites where a given
species regularly dwells.

Streams and Sampling Sites

The study areas have been described by Anderson (1967),

Anderson and Lehmkuhl (1968), and Lehmkuhl (1968). A summary,

plus new data, are presented below.

The first sampling site was in Oak Creek, a small densely-

shaded woodland stream 5 miles northwest of Corvallis, Benton Co. ,

Oregon. Records of rainfall and air and water temperature are given

in Figures 1 to 3. Conditions in the stream vary considerably as a

result of normal seasonal changes (Figures 4a-c). Stream width

varied from 3-4 feet in the dry summer to 10-15 feet during winter

floods. Estimated volumes of flow (Anderson and Lehmkuhl, 1968)

are from less than 0,2 c. f. s. in late summer to over 20 c. f. s. during
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Figures 4a-c. Oak Creek, five miles northwest of Corvallis,
Benton Co. , Oregon. The same site is shown
at low, moderate, and high volumes of flow.
In July and August (4a) the stream was low and
densely shaded. The entire stream flow was
channelled through the drift trap. In fall and
early winter (4b) the stream increased in flow
and the diversion wings were torn out by the
water. 4c shows the stream at extreme flow.
(4a and 4b by DML; 4c, self photograph by
C. Kerst.)
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periods of flooding. Extreme flooding may triple the above maximum.

The following biotopes were sampled in Oak Creek:

Still Backwater: protected from main current by gravel bars,

tree stumps, and other obstructions; minimal current except at times

of flooding; substrate of silt and organic debris over stones and

gravel; scattered live tree roots and rotting chunks of wood; water

depth up to one foot.

Glide: current 0.25 to 1 foot/sec. surface velocity; water with

smooth even flow; substrate a light layer of silt over impacted gravel

and rocks; water up to two feet deep.

Riffle: one to two feet/sec. surface velocity; turbulent flow

with much splashing; depth 5-10 inches; substrate large gravel and

rubble.

When stream flow increased in November the riffle biotope was

divided into two types:

Edge of Riffle: 0.5 to 1.5 feet/sec. surface velocity; substrate

of large gravel and rubble; water depth 4-6 inches; some silt and

organic matter with gravel and rubble.

Mid-riffle: one to three feet/sec. surface velocity; substrate

of rubble over clean gravel; water 7-10 inches deep; much turbulence.

Samples were also taken from the Metolius River (Figures 5

a, b). The collecting site was at Riverside Forest Camp between

Camp Sherman, Jefferson Co. , and the headwater springs. In the



Figures 5a-d. Metolius River sample area, rearing trough,
and light gradient apparatus. 5a and b: two
views of the Metolius River, Riverside Forest
Camp, Jefferson Co. , Oregon. Figure
the surrounding Ponderosa pine forest,
shallow, level bed of the river, the low

5a shows
the broad,
banks,

and the islands of sedge. The dark areas on the
river bottom in 5b are plant beds (mostly
Ranunculus).

Figure 5c shows the inclined partitioned
trough used for rearing nymphs, and 5d illustrates
the light gradient apparatus. The wedge shaped
container, when filled with dilute ink solution,
caused a gradient of light to fall on the trough
below.
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5c

5d

5b
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sample area, volume of flow and water temperatures were fairly

constant year around (Sherman, 1969; and Table 1), Air temperatures

of the area ranged from -28 to 100 F (West, 1964). The bed of the

river is broad, flat, and shallow, the water seldom being over 2 feet

deep. The gravel substrate is mostly less than 2 inches in diameter.

Dense beds of Ranunculus aquatilus L. , islands of sedge, and growths

of Lemna along the banks are conspicuous features (Anderson, 1967).

Table 1. Water temperatures at the Metolius River
sampling site.

Date Time Temperature

2 6 Dec. 66 8 PM 8 C

21 March 67 noon 10 C

2 6 July 67 11 AM 11 C

2 4 Aug 67 LOAM 10C

18 Sept 67 1 PM 11 5C

18 Sept 67 LOAM 9. 3 C

18 Nov 67 11 AM 9.5 C

20 Jan 68 11 AM 9C

18 March 68 10 AM 9C
11 May 68 11 AM 10 C

25 July 68 2 PM 13. 5 C

Samples were taken from the following biotopes in the Metolius

River:

Gravel Substrate, Fast Current: surface velocity over 1.5

feet/sec.; water to 8 inches deep; substrate of 1-3 inch gravel,
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occasional fist-sized stones.

Gravel Substrate, Slow Current: surface velocity under 1. 5

feet/sec.; water to 6 inches deep; substrate of 1-2 inch gravel over

sand, occasional fist-sized stones.

Center of Plant Bed: surface velocity under 1.5 feet/sec.;

Ranunculus mat 2-7 inches thick; sand and silt below vegetation;

water to 8 inches deep.

Upstream Edge of Plant Bed: surface velocity less than 1. 5

feet/sec.; Ranunculus mat 2-5 inches thick; sand below vegetation;

water to 8 inches deep.

Physical Measurements

Surface velocity was determined by timing a floating cork as it

traveled a known distance. Air and water temperatures were

monitored with a recording thermometer in Oak Creek. Spot readings

were taken in the Metolius River.

Benthos Samples

Benthos samples were taken by embedding the end of a one-

foot length of stovepipe (6 in. dia.) into the substrate of the stream.

Material in the sampler was transferred to a pail with a fine-meshed

net (mesh opening approx. 0.1 mm). This method had the following

advantages: all insects isolated by the sampler were collected with

no loss of early instars through mesh of net; the area sampled was

small enough that it could be described in detail; and numerous small

samples rather than a few large samples could be taken, thus reducing
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the probability of missing species or growth stages with a restricted

distribution.

Samples were taken monthly in Oak Creek and alternate months

in the Metolius River. On each sampling date, three samples were

taken from each of the biotopes described above.

Drift Samples

A description of the sampling method is given in Anderson (1967)

and Anderson and Lehmkuhl (1968). The column of water extending

from the stream bed to the surface and as wide as the sampler was

strained by the drift trap. When conditions permitted, Oak Creek

was funnelled through one drift trap (Figure 4a). In winter, floods

demolished the diversion wings, and the trap was attached to a wooden

base in the stream bed. The mouth of the drift trap measured 20 X

30 cm. and the net had mesh openings of 0.333 mm.

Processing the Samples

Samples were preserved in 70% alcohol. Bottom samples

from the Metolius River and drift samples were divided in half with

a sample splitter, and 50% of the sample was sorted and the mayflies

counted and measured. The Oak Creek benthos samples were not

subsampled since the density of organisms was considerably less than

in the other samples.
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All specimens were measured for total length (cerci excluded),

and were sorted into the age groups defined in Table 2. Mayflies

have 20-30 moults, and it is not possible to distinguish instars. The

system of natural groupings yielded information not available from

length measurements alone, and with slight modification the system

could be applied to all species.

Table 2. Characters used to separate age groups of mayfly nymphs.

Group Characters
Biological

Significance

I

II

III

IV

Gills poorly developed, thread-like
or absent, nymphs do not have a
mayfly appearance.

Nymphs have definite mayfly appear-
ance, gills more developed than
Group I, no wing buds.

Wing buds present on posterior mar-
gin of meso- and meta-thorax, meso-
thoracic wing buds do not completely
cover meta-thoracic wing buds.

In dorsal view, meso-thoracic wing
buds completely cover meta-thoracic
wing buds.

V Wing pads black.

Newly hatched

Young nymphs

Half grown
nymphs

Mature nymphs

Last nymphal
instar, ready to
transform to
subimago.
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Rearing Nymphs in the Laboratory

Two methods were used. Nymphs could be placed in a jar and

a fine mesh secured over the mouth. The jar and its contents were

then submerged in the flowing water of a laboratory stream. In other

cases, an inclined V shaped trough with individual compartments was

used (Figure 5c). Water entered the upper end and dripped from one

compartment to the next through screened holes and tubes. Baetis

spp. could be reared only by this method.

Nymph-Adult Associations

Nymphs with dark wing pads were placed in a screen cage which

was partly submerged in a laboratory stream. Nymphs could climb

up the side of the cage or rise to the surface of the water to emerge.
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TAXONOMY

Over 20 species of mayflies were collected in the samples. The

genera of mayfly nymphs can be determined using keys by Edmunds

(1959). This section discusses the taxonomy of the six species

studied.

Family Baetidae

Genus Baetis Leach 1815

Adults and nymphs in this genus are difficult to identify to

species because of intraspecific variation of characters. In western

Oregon I have collected what appear to be five species of Baetis

nymphs, but only the following have been associated with adults.

Baetis parvus Dodds 1923

This species is found in both eastern and western North

America (Berner, 1959). For a discussion of adults see Traver

(1935). Characters of the nymphs are given in the key below and

are shown in Figures 9, 11, and 13. Another species of Baetis col-

lected from Marys River, Corvallis, and the Luckiamute River,

Polk Co. , is similar to B. parvus but larger. Differences between

these two have not been investigated.
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Baetis bicaudatus Dodds 1923

B. bicaudatus is widespread in the western United States

(Dodds, 1923; Day, 1963). The hind wings of adults lack inter-

calary veins and usually there are only two longitudinal veins. The

wings, however, are variable, and this species is often difficult to

separate from B. tricaudatus.

Nymphs of B. bicaudatus are distinguished by the presence of

two, rather than three, caudal filaments. Other characters are

listed in the key. Another Baetis nymph that inhabits rivers is

similar to, but smaller and more robust than, B. bicaudatus.

Whether this is a variation of B. bicaudatus or a separate species

has not been investigated.

Baetis tricaudatus Dodds 1923

This species was described from specimens collected in

Colorado. There are questions concerning priority of names and

synonomy for this species, but more information is required before

these problems can be resolved. For the present purposes, how-

ever, I include the following information:

Characters used to separate the species of Baetis include the

height of the eye, the presence or absence of red rings on the

abdominal segments, and the number and position of the veins of the
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hind wing. Using published keys, adult "B. tricaudatus" collected

from Oak Creek will key to at least five different species. It is

understandable that Kraft (1963) reported several undescribed species

of Baetis from Berry Creek, a few miles north of the Oak Creek

sample area.

After examining Kraft's specimens, collecting numerous series

of adults in the field, and rearing over 30 adults from nymphs taken

from Oak Creek and the surrounding area, I am convinced that the

variants are all the same species. Table 3 shows a tabulation of

characters of five reared specimens (adult and corresponding cast

nymphal skin). Specimens which showed extremes of variation were

selected. Table 4 shows that all combinations of adult and nymphal

characters are present. Hence, I conclude that one rather than

several species must be present.

Key to Species of the Baetis Nymphs Found in the Sample Areas'

1 -- Nymph with 2 well developed caudal filaments, median filament

rudimentary; about 20 spines present on upper margin of hind

femur, femur with an L-shaped white area on a dark background

(Figure 7); prostheca of right mandible not reduced to a bristle

(Figure 10) Baetis bicaudatus

1 Key based on specimens which were at least half-grown. With
experience, early instar nymphs may also be separated.



23

Table 3. Range of characters of five associated nymphs and adults of Baetis tricaudatus from
Benton Co. , Oregon.

I II

Specimen Number

III IV V

Characters of Adults

Height/length ratio of
comp. eye 0. 84 0.78 damaged 0. 61 1.1

Red rings on abdominal
segments sharp none sharp sharp none

General body color yellow blackish blackish dark light
brown brown brown &

white
brown brown &

white

Color of abdomen light
brown

brown pure
white

dark
brown

white

Rear wings of adults

straight convex convex straight convexanterior margin

Number of intercalaries two +
two traces

two + one
trace

none two two +
one trace

End of 3rd vein middle
of wing

basal 1/4 basal 1/4 middle basal 1/4

Characters of nymphs

General body color brown & brown & brown & all brown black &

white white white white

Pattern on femur middle middle middle sharp indistinct
spot spot spot &

trace of L
L L

Spines on dorsal margin
of femur 19 19 16 31 19
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la-- Three caudal filaments present, median filament at least as

long as the last abdominal segment 2

2 -- Width of labrum greater than the distance between the inner mar-

gins of the antennal sockets (Figure 13); 9 or 10 pegs on upper

margin of femur (Figure 9); prostheca of right mandible reduced

to a bristle (Figure 11); femur brownish, no pattern. .

Baetis parvus

2a-- Width of labrum about equal to distance between inner margins

of antennal sockets (Figure 12); about 20 pegs on upper margin

of hind femur, pattern on femur variable from a dark central

patch to an L-pattern (Figures 7 and 8); prostheca of right

mandible not reduced (Figure 10); length of median caudal

filament variable Baetis tricaudatus

Table 4. Summary of nymphal-adult associations to indicate range
of variation in B. tricaudatus.

Nymphs Adults

Nymph black or brown and white;
dark central spot on femur

Nymph brown or brown and white;
white L on femur

Adults with tall or medium eye;
red rings on abdomen present
or absent; anterior margin of
hind wing straight or convex;
3rd vein of hind wing ends at
middle or base of wing.

Adults with tall or low eye; red
rings on abdomen present or
absent; abdomen brown or white;
anterior margin of hind wing
straight or convex; 3rd vein of
hind wing ends at middle or basal
1/4 of wing.
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Family Heptageniidae

Genus Cinygmula McDunnough 1933

Adults and nymphs of this genus are treated by Traver (1935)

and Day (1963). Only one species was collected in the sample areas.

Cinygmula reticulata McDunnough 1934

The nymph of C. reticulata has not previously been described,

The following is based on nymphs from Oak Creek, Benton Co. ,

Oregon (mature nymphs in alcohol):

Length: body 6-7 mm, caudal filaments 5-6 mm; general body

color light brown; head uniform light brown with a pair of pale spots

between eyes; abdominal terga uniform light brown, sometimes with

a faint dark median stripe; gills lack pigmentation, tracheation pale

but distinct; fibrilliform portion of gills wanting; ventral side of head

and thorax hyaline white; venter of abdomen pale anteriorly, grading

into dark brown on posterior half; femur (Figure 6) with basal, cen-

tral, and sometimes apical white areas, often connected by a longitu-

dinal white stripe; 10 to 15 brown spots in the white area of basal half

of femur; tibia pale, tarsus pale with apex darker, claws pale usually

with 4 denticles.

Based on the examination of a number of specimens (some of

which were not C. reticulata) it appears that the brown spots on the
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femur (Figure 6) may be a useful character for separating the species

in this difficult genus.

Nymphs or adults from a single collection may vary in color.

Nymphs frequently have a distinct dorsal stripe or may be marked

strongly with red on the thorax and/or abdomen. Based on laboratory

rearings, nymphs with red markings retain the coloration from one

moult to the next. Adults reared from red nymphs do not differ from

normal adults.

Adults vary greatly in size, and the wings of adults vary from

clear to strongly tinged with yellow. The wing reticulation may be

strong or entirely absent. These variations contribute to the dif-

ficulty in the taxonomy of the genus.

Family Leptophlebiidae

Genus Paraleptophlebia Lestage 1917

Five species of this genus were collected in Oak Creek, and

two of the same five were collected in the Metolius River. Nymphal-

adult associations were made for all. Adults may be keyed in Traver

(1935) and keys to the species of females and nymphs are presented

below.
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Key to the Species of Adult Female Paraleptophlebia
Collected in the Sample Areas

1 -- Notch in terminal ventral plate of abdomen a narrow depth

of notch 1 1/2 to 2 times the width of the opening; no conspicuous

sclerotized markings on sternite 8 (Figure 18); sternite 7 pro-

duced posteriorly to cover part of segment 8 so that in ventral

view the length of 7 is about twice that of 8. . P. temporalis

la-- Notch in terminal ventral plate wide, depth of notch about equal

to width of opening (Figure 18); may have conspicuous markings

on sternite 8 as in Figures 19 or 20; sternites 7 and 8 sub-

equal in length 2

2 -- Markings on sternite 8 indistinct or absent; fork in hind wing

(Rs) with a well developed intercalary vein and containing 6

crossveins (Figure 16) P bicornuta McDunnough 1926

2a-- Markings on sternite 8 as in Figures 19 or 20; fork in hind wing

either absent or, if present, containing no more than 2 cross-

veins 3

3 -- Markings on segment 8 form a narrow dark ridge continuing

1/2 or more the length of the segment and diverging at both

ends (Figure 20) P gregalis (Eaton 1884)

P. sculleni Traver 1934

3a-- Sclerotized markings on segment 8 widely divergent at anterior

end and forming a ridge less than 1/2 the length of the segment
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(Figure 19) P debilis

Key to Species of Paraleptophlebia Nymphs Collected in
Sample Areas2

1 -- Mandibles with large tusks projecting forward and visible from

above the head P bicornuta

This species lacks dark markings or bands on the legs,

denticles of claws are present and visible at 30X magnification,

and the gills are forked at the base (Figure 14).

la-- Mandibles lacking large tusks 2

2 -- Abdominal gills forked in the middle (Figure 15) . P. temporalis

This species lacks dark markings or bands on the legs,

denticles of the claws are present and visible at 30X magnifica-

tion.

2a-- Gills forked at the base (Figure 14) 3

3 -- Denticles of tarsal claws minute, usually not visible at 60X

magnification; femur, tibia, and tarsus without definite dark

bands P gregalis and P. sculleni

These two may be synonyms.

3a-- Denticles of tarsal claws larger, usually visible at 30X magni-

fication; femur, tibia, and tarsus with a darkband. P. debilis

2 Key based on nymphs which were at least half grown. With
experience, early instars may also be separated.



Figures 6-20. Taxonomic characters used in separating the
species of Cinygmula, Baetis, and
Paraleptophlebia found in the study areas.
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LIFE CYCLES AND DISTRIBUTION WITHIN THE STREAMS

Preliminary observations made from March 1966 to June 1967

were the basis for establishing a standard sampling program designed

to sample all major biotopes and to indicate quantitative differences

between them. Drift and benthos samples taken from July 1967 to

June 1968 in Oak Creek and the Metolius River are the basis for the

following life cycles and distribution patterns. Specimens were col-

lected in an emergence trap at Oak Creek to obtain the seasonal dis-

tribution of adult emergence. Adults were collected by sweeping on

each visit to the Metolius River. Biotopes sampled within the study

areas are described under methods. Tables showing distribution

within the streams compare total number of specimens in three

samples from each biotope. Graphs illustrating size class distribu-

tions are based on the total number of specimens of each species

collected on each date. Supplementary information based on field

notes and laboratory rearing are presented when appropriate.

Cinygmula reticulata

The literature contains almost no information on the biology of

C. reticulata. The species was found in both sample areas. Figure

21 shows that in Oak Creek nymphs are scarce in late summer

(August and September), the eggs hatch in the fall (large numbers of



Figure 21. Size class distribution of Cinygmula reticulata
nymphs based on benthos samples from Oak
Creek, Benton Co. , Oregon. Bars indicate the
percent of total collection in each size group,
A indicates that adults were collected. Nymphs
were absent in July.
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the < 1 mm group in October), nymphs grow slowly during the winter,

and adults emerge from April to June. The decrease in the number

collected from November to February was probably the result of high

water and flooding, while the decrease from March to June illustrates

loss due to emergence of adults.

In contrast to the situation in Oak Creek, all size classes were

present on nearly all sampling dates in the Metolius River (Figure

22). Adults or nymphs with dark wing pads were present from April

to November, indicating that adults emerge eight or more months of

the year. My interpretation of the graph is that the < 1 mm group in

July, the < 2 mm group in September, and the < 3 mm group in

November represent a new generation, while nymphs exceeding these

lengths these months are the old generation. The overlapping genera-

tions are separated by a diagonal line in Figure 22, and a broadly

overlapping univoltine cycle is present.

Tables 5 and 6 show the distribution of C. reticulata in the

streams. In Oak Creek most nymphs were found in the riffle from

May to November. Stream flow increased as a result of rainfall, and

the riffle biotope was subdivided in December. The scattered distribu-

tion from December to April was probably a result of displacement by

drift and flooding. In the Metolius River nymphs were present in

nearly equal numbers in the two gravel biotopes, but they were scarce

in the plant beds. No seasonal changes in distribution between
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Figure 22. Size class distribution of Cinygmula reticulata
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Metolius River, Jefferson Co., Oregon. Bars
indicate percent of total collection in each size
group, A indicates that adults were collected,
BWP indicates that Group V nymphs (Table 3)
were collected. The diagonal dashed line
separates the overlapping generations. *Six
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Table 5. Number of Cinygmula reticulata nymphs collected and per-
centage in each biotope in Oak Creek each month, July
1967-June 1968.

Month
Number

Collected
Still

Backwater

% in each biotope

Glide Edge Riffle Middle

July 0 0 0 0

Aug. 10 0 0 * 100 *

Sept. 11 0 0 * 100 *

Oct. 156 1 5 * 94 *

Nov. 231 9 16 * 75 *

Dec. 173 32 21 35 12

Jan. 100 19 36 29 16
Feb. 73 2 6 21 41 12

Mar. 124 10 28 41 21
Apr. 100 3 45 27 25
May 41 0 3 29 68

June 35 3 6 74 17

*Riffle biotope was not subdivided from July to November.

Table 6. Number of
centage in
May 1968.

Cinygmula reticulata nymphs collected and per-
July 1967 toeach biotope in the Metolius River,

Month
Number

Collected
Mid-

Ranunculus

% in each biotope

Edge
Ranunculus

Slow
Gravel

Fast
Gravel

July 189 * 35 * * 65

Sept. 378 1 15 25 59
Nov. 10 43 1 1 6 44 39
Jan. 744 1 13 44 42

Mar. 872 1 7 47 45

May 434 1 6 48 45

Gravel and Ranunculus biotopes were not subdivided in July.
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biotopes can be detected at this site.

Table 7 shows the sites of hatching and emergence (based on

Groups I and V respectively, see Table 3). In Oak Creek, newly

hatched nymphs and nymphs with dark wing pads were almost

entirely restricted to the riffle. This was also true in the Metolius

River, nymphs being scarce in the plant beds.

Table 7. Number of newly-hatched (Group I) and last -ins tar nymphs
(Group V) of Cinygmula reticulata in riffle biotope com-
pared with total from all biotopes, Oak Creek and Metolius
River.

Group I Nymphs Group V Nymphs

Locality Total No. in Riffle Total No. in Riffle

Oak Creek

Sept. 8 8 Apr. 17 8

Oct. 48 43 May 6 6

Nov. 84 62 June 1 1

Metolius River

Sept. 253 224 16 13
Nov. 588 508 6 6

Jan. 190 178 0 0

Mar. 154 144 4 4
May 84 70 14 14

While the streams differ in many respects, the life cycle of the

species is similar in both. The species is univoltine, but, probably

as a result of uniform conditions, the species has a long period of

hatching and emergence in the Metolius River. Nymphs live in gravel

or rubble substrate, and while they tolerate some silt and organic
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matter, they are usually absent from muddy areas and plant beds.

Nymphs are found in moderate current, i. e. , are absent from still

water and uncommon in extremely fast riffles.

Adults of this species were observed in the field many times.

At the Metolius River, swarms comprised of hundreds of adults were

observed both in direct sunlight at mid-day and in the evenings. At

Oak Creek, most mating flights were seen on cloudy days or in the

shade. The mating flight usually occurred 5-.8 feet above the sur-

face of the water, and the rising and falling of individuals covered a

vertical interval of less than 2 feet.

In order to determine if males live to swarm more than one

day, 13 males were collected and kept in a cage at outside tempera-

tures. Eight were alive after 24 hours, 5 were alive after 48 hours,

3 were alive after 52 hours, and the remainder were dead at 64 hours.

Thus, males live long enough to swarm more than one day.

A female was observed laying eggs at 8:45 AM at Oak Creek.

Fluttering about one foot above the riffle, the female maintained a

stationary position. She extruded a cluster of yellow eggs, dropped

to the water, and touched the mass to the surface. The eggs

scattered in the water and the female flew back to the former position

above the riffle. She fluttered there 1-2 minutes, more eggs

appeared on the underside of the abdomen, and she again dropped to

the water. This was repeated four times, after which the insect flew
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off to the vegetation along the stream bank.

Baetis bicaudatus

This species is known to be an inhabitant of rapid waters

(Dodds and Hisaw, 1924), but little is known about its life cycle. It

was abundant all seasons in the Metolius River but was present in

Oak Creek only in winter and spring. Small nymphs of this species

were sometimes difficult or impossible to separate from B.

tricaudatus.

In Oak Creek, nymphs first appeared in November (Figure 23).

Growth continued through the winter and emergence of adults was

completed by May. Graphs based both on benthos (Figure 23) and

drift samples (Figure 24) are presented.

The species had two generations per year in the Metolius

River (Figure 25). One generation hatched in April and May and

emerged in September, while the other generation hatched in October

and November and emerged in March. Thus, in both streams, six

months were required for one generation. In Oak Creek, the second

generation may be killed by high water temperatures. Il lies (1959)

found that four to eight months are required for all individuals to

hatch from a single cluster of Baetis eggs, and it is probable that B.

bicaudatus survives unfavorable summer temperatures in Oak Creek

in the egg stage.
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Figure 24. Size class distribution of Baetis bicaudatus nymphs
based on drift samples from Oak Creek. Bars
indicate percent of total in each size group, A
indicates that adults were collected.
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Figure 25. Size class distribution of Baetis bicaudatus nymphs
based on benthos samples from the Metolius River.
BWP indicates that Group V nymphs (Table 3) were
collected. Bars indicate percent of total in each
size group. *Six rather than 12 samples were
taken in July.
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In Oak Creek, B. bicaudatus was predominantly a riffle species

and some specimens were found in the pool or glide during high water

periods (Table 8). Not enough Group I and V specimens were col-

lected to determine the areas of hatching and emergence in Oak Creek.

Table 8. Number of Baetis bicaudatus nymphs collected and per-
centage in each biotope in Oak Creek each month, July
1967 to May 1968.

Month Collected
Still

Backwater

% in each biotope

Edge
Glide Riffle

Mid-
Riffle

July to
Oct. none

Nov. 11 0 9 * 91

Dec. 10 0 20 30 50

Jan. 25 24 0 36 40

Feb. 22 41 9 18 32

Mar. 19 11 4 27 58

Apr. 12 0 8 8 84

May 65 0 0 12 88

Riffle biotope was not subdivided in November.

In the Metolius River numerous specimens were found in all

habitats (Table 9). Table 10 shows that Group I and V nymphs were

not restricted to a particular biotope.

To transform to the winged stage, mature nymphs float to the

surface of the water, the exoskeleton splits along the mid-dorsal

line of the thorax, the wings expand, and the subimago flies away.
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Nymphs do not climb emergent objects for transformation. For

successful laboratory rearing, both B. tricaudatus and B. bicaudatus

must be kept in turbulent or moving water. In still water, the

emerging subimago invariably becomes caught in the surface film of

the water, where it dies.

Table 9. Number of Baetis bicaudatus nymphs collected and per-
centage in each biotope in the Metolius River, July 1967
to May 1968.

Month
Total

Collected

°70 in each

Ranunculus

biotope

Slow
Gravel

Fast
GravelMiddle Edge

July 555 * 14 .,-,- * 8 6 *

Sept. 384 28 42 14 1 6

Nov. 525 28 17 23 32

Jan. 744 2 6 32 30 12

Mar. 602 32 35 14 19

May 340 44 32 11 13

Gravel and Ranunculus biotopes not subdivided in July.

Table 10. Number of newly hatched (Group I) and last instar nymphs
(Group V) of Baetis bicaudatus in the gravel and
Ranunculus biotopes in the Metolius River.

Gravel
Group I

Ranunculus Gravel
Group V

Ranunculus

Sept. 24 13 2 4

Nov. 14 20 0 0

Jan. 18 18 4 4

Mar. 4 0 8 4

May 0 22 0 0
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Baetis parvus

This species appears to have a one year life cycle in Oak Creek

(Figure 26). Nymphs hatch in large numbers in the fall (October) and

adults emerge from April to October. Few specimens were collected

in the samples in the summer, and the apparent second generation in

summer may be an artifact of converting to percent combined with

sampling error.

This species clearly has a one year cycle in the Metolius River

(Figure 27) but there is an overlap of the generations. The main

hatch of eggs occurs from September to November, and adults emerge

from June to September. Emergence of adults caused the great drop

in number collected from May to September.

From July to November in Oak Creek, most B. parvus were

collected from the riffle (Table 11). From April to June, nymphs

were found in moderate currents, especially at the edge of the riffle.

Nearly all Group V individuals were found in the still water at the

shore of the riffle (Table 12).

Table 13 shows the distribution of nymphs in the biotopes of

the Metolius River. In Table 14, it appears that as nymphs mature

they change biotopes. Newly hatched nymphs (Group I) were found

in nearly equal numbers in all biotopes. Group III to IV nymphs were

much more abundant in the plant beds than in the gravel. All Group



Figure 26. Size class distribution of Baetis parvus nymphs
based on benthos samples from Oak Creek.
Bars indicate percent of total in each size group.
A indicates that adults were collected, BWP
indicates that Group V nymphs (Table 3) were
collected.
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Table 11. Number of Baetis parvus nymphs collected and percentage
in each biotope in Oak Creek each month.

Month
Total

Collected
Still

Backwater

% per biotope
Edge

Glide Riffle
Mid

Riffle

July 14 14 7 * 79 J.

Aug. 38 5 0 * 95

Sept. 27 0 8 :-.;; 92

Oct. 143 0 2 * 98

Nov. 137 3 10 * 87

Dec. 79 57 18 9 1 6

Jan. 38 55 32 13 0

Feb. 44 61 25 14 0

Mar. 110 32 25 39 4

Apr. 111 1 40 54 5

May 93 13 11 74 2

June 25 4 16 76 4

Riffle biotope not subdivided July to November.

Table 12. Distribution of age classes of Baetis parvus in Oak Creek.

% per biotope
Total Still Edge Mid

Age Class for year Backwater Glide Riffle Riffle

I 36 6 11 83 0

II 680 20 18 61 1

III 89 11 21 63 5

IV 88 15 20 65 0

V 21 19 10 71 0



50

Table 13. Number of Baetis parvus nymphs collected and percentage
in each biotope in the Metolius River each month.

Month
Total

Collected

% per

Ranunculus

biotope

Slow
Gravel

Fast
GravelMiddle Edge

July 124 * 96 * * 4

Sept. 387 2 6 5 6 11 7

Nov. 4460 19 67 10 4

Jan. 2040 36 26 16 22

Mar. 3538 33 37 14 16

May 370 6 42 50 4 4

Major biotopes not subdivided in July.

Table 14. Distribution of age classes of Baetis parvus in the
Metolius River.

% per biotope

RanunculusTotal Slow Fast
Age Class for year Middle Edge Gravel Gravel

I 301 1 6 31 21 31

II 11 663 25 48 11 16

III 1911 52 42 4 2

IV 246 40 48 7 5

V 58 27 73 0 0
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V nymphs were collected in the plant beds, Thus, in both streams

small nymphs were widely distributed whereas larger nymphs were

concentrated in slower water.

Baetis tricaudatus

Baetis tricaudatus was present in both Oak Creek and the

Metolius River, but numbers collected from the latter were insuf-

ficient for graphing a life cycle. In Oak Creek the data are very

confusing (Figures 28 and 29). Some patterns emerge, however,

when graphs based on both drift and bottom samples are examined.

Size class distributions for many months are broadly spread, or are

bimodal, suggesting that more than one generation may be in progress

at one time, Although the data are inconclusive, generations of

about 3 to 4 months duration appear to be present.

The distribution in Oak Creek is shown in Table 15. The

species is found in riffles during the low water period. In December,

the species becomes dispersed and less numerous per unit area in

the stream. By April, the nymphs again concentrate in the riffle,

especially the more rapid portions.

Paraleptophlebia temporalis

P. temporalis had a univoltine cycle in Oak Creek (Figure 30).

No nymphs were found in July, but nymphs hatched and had reached



Figure 28. Size class distribution of Baetis tricaudatus
nymphs based on benthos samples from Oak
Creek. Bars indicate percent of total in each
size group. A indicates that adults were col-
lected, BWP indicates that Group V nymphs
were collected.
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Figure 29. Size class distribution of Baetis tricaudatus nymphs
based on drift samples from Oak Creek. Bars indicate
percent of total in each size group. A indicates that
adults were collected, BWP indicates that Group V
nymphs were collected. Samples were not available
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Figure 30. Size class distribution of Paraleptophlebia
temporalis nymphs based on benthos
samples from Oak Creek. Bars indicate
the percent of total in each size group, A
indicates that adults were collected.
Nymphs were absent in July.
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2 mm by August. Nymphs increased gradually in size during the

winter, and adults emerged from April to June.

Table 15. Number of Baetis tricaudatus nymphs collected and per-
centage in each biotope in Oak Creek each month.

Month
Total

Collected
Still

Backwater

% per biotope
Edge

Glide Riffle
Mid

Riffle

July 41 0 2 * 98 *

Aug. 19 5 0 * 95 *

Sept. 5 0 20 * 80 *

Oct. 35 0 0 * 100 *-

Nov. 9 11 0 * 8 9 *

Dec. 11 45 9 9 37

Jan. 20 10 10 40 40

Feb. 2 50 50 0 0

Mar. 22 36 13 46 5

Apr. 50 8 2 10 80

May 5 6 4 2 12 82

June 192 1 1 11 87

Riffle was not subdivided from July to November.

The cycle is not as clear in the Metolius River (Figure 31).

My interpretation is, however, that eggs hatch throughout the year,

and adults emerge from June to September. The major emergence

period was probably in June because the population decreased by a

factor of 12 between the May and July samples.

In Oak Creek the species was found in the riffle area from
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Figure 31. Size class distribution of Paraleptophlebia temporalis
nymphs based on benthos samples from the Metolius
River. Bars indicate the percent of total in each size
group, A indicates that adults were colletted. Adults
were also collected in June and August, *Six rather
than 12 samples were taken in July,
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August until November (Table 1 6). From November to March it was

absent from areas of rapid current and was most abundant in slower

areas. In contrast to B. tricaudatus it did not return to the riffle

area in April, May, and June. Thus, there is a shift in biotope

preference, with nymphs hatching in the riffle but moving to slower

water as they mature (Table 17).

Table 1 6. Number of Paraleptophlebia temporalis nymphs collected
month.and percentage in each biotope in Oak Creek each

Month
Total

Collected
Still

Backwater

% per biotope

Edge
Glide Riffle

Mid
Riffle

Aug. 9 0 0 * 100 *

Sept. 71 0 4 * 96 *

Oct. 87 6 2 :lc 92 *

Nov. 104 29 23 * 48 *

Dec. 27 63 4 26 7

Jan. 7 14 28 58 0

Feb. 6 84 0 16 0

Mar. 20 45 0 55 0

Apr. 9 0 37 63 0

May 14 93 7 0 0

June 1 0 0 100 0

Riffle was not subdivided from August to November.
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Table 17. Distribution of age classes of Paraleptophlebia
temporalis in Oak Creek.

Age Class

% per biotope

Total Still
for year Backwater Glide Riffle

I 81 5 10 85

II 198 15 8 77

III 42 57 31 12

IV 32 67 9 5

V 5 40 60 0

The species was distributed to all biotopes in the Metolius River

but was most abundant in the plant beds (Table 18). There were no

large individuals in the gravel, and this indicates that mature nymphs

migrate to the plant beds (Table 19,).

Table 18. Number of Paraleptophlebia temporalis nymphs collected
River eachand percentage in each biotope in the Metolius

month.

Month
Total

Collected

% per

Ranunculus

biotope

Slow
Gravel

Fast
GravelMiddle Edge

July 47 * 83 * * 17

Sept, 199 44 28 13 15

Nov. 292 5 72 15 8

Jan. 182 13 42 13 32

Mar, 240 11 17 30 42

May 604 62 16 8 14

Riffle and Ranunculus biotopes not subdivided in July.
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Table 19. Distribution of age classes of Paraleptophlebia
temporalis in the Metolius River.

% per biotope

Total Mid Edge
Age Class for year Ranunculus Ranunculus Gravel

I 93 11 51 38

II 674 27 45 28

III 227 64 27 9

IV 175 88 11 1

V 20 90 10 0

Paraleptophlebia debilis

This species occurred in both Oak Creek and the Metolius

River, but in the latter it inhabited only muddy side pools and was

not taken in the benthos samples. In Oak Creek (Figure 32) the

species was scarce in winter but numerous by March. Adults, or

nymphs with dark wing pads, were taken from June to November.

The cycle is univoltine with long periods of hatching and emergence.

The eggs apparently have a resting period of several months during

winter.

Tables 20 and 21 show the distribution of size classes and

age groups in Oak Creek.

The following observations were made at Helmick State Park,

Luckiamute River, Polk Co. , Oregon, on July 24-27, 1966. Mating

swarms appeared suddenly as the sun dropped in the late afternoon.
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Table 20. Number of Paraleptophlebia debilis nymphs collected and
percentage in each biotope in Oak Creek each month.

Month
Total

Collected
Still

Backwater

% per biotope

Edge
Glide Riffle

Mid
Riffle

Mar. 49 18 31 49 2

Apr, 195 15 29 55 1

May 503 9 32 58 1

June 185 30 24 45 1

July 193 69 21 * 10 *

Aug. 147 73 20 * 7

Sept. 26 77 23 * 0 *

Oct. 10 90 10 * 0

Nov. 1 100 0 * 0

Riffle biotope not subdivided July to November.

Table 21. Distribution of age classes of Paraleptophlebia debilis
in Oak Creek.

% per biotope

Age Class
Total

for year
Still

Backwater Glide
Edge

Riffle
Mid

Riffle

I 8 4 13 20 64 3

II 424 35 28 36 1

III 293 30 26 43 1

IV 297 11 29 60 0

V 22 27 32 41 0
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While the sun still shone on the water, only individual males or small

groups of males were seen. Within 3-4 minutes after the sun ceased

shining on the surface, groups of 30-40 males appeared and swarmed

2-4 feet above the water, 2-10 feet from shore, especially over the

quiet pools.

At first, all individuals seen were males. The dance was per-

formed by fluttering rapidly upward 4-5 feet above the water, then the

wings and cerci were spread, the forelegs were stretched far for-

ward, and they parachuted down until they were about 2 feet above

the surface. Occasionally they misjudged and fell into the water,

from which they usually could not free themselves.

Females appeared about 30 minutes after the males began to

swarm. When a female entered a swarm she was immediately

grasped by a male. The pair lost altitude and mating was completed

in the time it took them to fall three feet. The two then separated

and the female immediately began skipping across the surface of the

water depositing eggs. She dropped to the surface of the water,

dipped the tip of the abdomen into the water, flew about 2 feet in the

air, and dropped again. Three dips were usually enough to deposit

all eggs. The time from the first contact between male and female

until the last of the eggs were laid was only a few seconds. In 1/2

hour I saw many matings, but in this time I managed to capture only

6 females in the act of depositing eggs, and only one of these still
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contained eggs. Even this female had deposited over half the eggs

before capture. After oviposition the females fly to the bushes along

the edge of the stream.

Twenty-two males were captured from a mating swarm and kept

in a net to determine the length of adult life. These were captured

at about 8 PM, and by 9 PM the next day all but one were dead. Thus

it appears that males do not live to swarm more than one day.

Summary and Discussion of Life Cycles and Distributions

While Oak Creek and the Metolius River differ markedly in size

and physical conditions, the mayfly fauna is similar. All six species

discussed occur in both, but the dominance differs. In Oak Creek,

three general types of life cycles can be recognized:

1. Eggs hatch in the fall and winter, nymphs develop through

the winter, and adults emerge in spring. The summer period of low

water and high temperatures is passed in the egg stage. This type of

cycle is shown by P. temporalis, C. reticulata, B. bicaudatus, and

less clearly by B. parvus.

2, This type differs from #1 only in timing. The eggs hatch

in the spring and adults emerge in the summer and fall. The winter

period of high water and low temperatures is passed in the egg stage.

This type is shown by P. debilis.

3. In the last type there are multiple generations each year,
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and one or more generations are in progress at all times. This type

is shown by B. tricaudatus.

In the Metolius River, four species of mayflies showed two

types of life cycles:

1. Eggs hatch over a long period of time, adults emerge

in the summer, and there is one generation per year. This is

seen in P. temporalis, C. reticulata, and B. parvus.

2. In this type, there are two generations per year, one of

which hatches in the spring and emerges in the fall, and the other

hatches in the fall and emerges in the spring. This cycle is seen

in B. bicaudatus.

Life cycle data are summarized in Figure 33. The cycles of

C. reticulata, B. parvus, and P. temporalis are similar in both

streams; they differ only in timing. B. bicaudatus had one generation

per year in Oak Creek but two per year in the Metolius River. In

Oak Creek the second generation is probably killed by high summer

water temperatures and the species passes the warm period in the

egg stage. The effect of high summer temperature on mayfly pop-

ulations is discussed by Macan (1 9 60 ) and Lehmkuhl (19 68) .

Examination of the figures showing distribution of nymphs in

Oak Creek reveals several trends. From July to October nearly all

nymphs were restricted to the riffle. Hatching also occurred in the

riffle (Table 22). By November C. reticulata and P. temporalis
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Figure 33. Summary of life cycles of six species of mayflies.
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became numerous in the areas of still water, probably a result of

displacement by drift. From December to March many individuals

of all species were found in areas of slow water, and it appeared that

displacement had occurred with all species. In April, May, and June,

C. reticulata, B. bicaudatus, B. parvus, and B. tricaudatus again

became concentrated in some part of the riffle. P. temporalis and

P. debilis remained in slow water. Thus, for most species, the

wide distribution in winter represents only a temporary displacement,

and nymphs return to the riffle as soon as conditions allow.

Table 22. Number of mayfly nymphs < 1 mm long collected in the
riffle and non riffle areas of Oak Creek, July to October,
1967.

Species Riffle Non-riffle

Baetis parvus 133 1

B. tricaudatus 36 0

Cinygmula reticulata 148 5

Paraleptophlebia debilis 19 0

P. temporalis 58 3

Total 394 9
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EFFECT OF DRIFT ON THE MAYFLY COMMUNITY

With the available data, the effect of drift on the community can

be evaluated in two ways: change in the density of mayflies in the

benthos, and change in distribution of a species within the stream,

Density in the Benthos

Figure 34 shows the number of mayflies collected in the benthos

samples each month for one year. Numbers were similar in July and

August. The drop in September was a result of the emergence of

P. debilis. Many species hatched in October and November, and

density increased, In November, rainfall caused an increase in

velocity and stream width, The number of mayflies in the samples

decreased until February. Stream flow decreased after February

and the number collected increased until May, In June, emergence

of adults resulted in a decline in the number of nymphs in the

benthos.

Winter floods greatly reduced the number of mayflies per unit

area in the benthos. The increase in stream width, however, must

be considered. In Figure 35 the number of insects taken in a unit

area was multiplied by the factor for increase in width, Thus, in

January, the stream was approximately five times as wide as it was

in July, so the number per unit area in the benthos samples was
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Figure 34. Total mayflies collected in 12 benthos samples
each month, Oak Creek, July 1967 to June 1968.
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Figure 35. Total mayflies collected in 12 benthos samples
each month corrected for increase in stream
width, Oak Creek, 1967-1968.
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multiplied by five. As shown in Figure 35, high water in winter did

cause a slight decline in the number of insects in a unit length of

stream, but the decrease was not enough to endanger the existence

of any species.

Distribution in the Biotopes

Figure 36 shows the distribution in the biotopes of Oak Creek

for four species of mayflies. In October, before heavy rains began,

all species were numerous in the riffle. In December and February,

during the period of flooding, no species was concentrated in the riffle.

By May, volume of flow had decreased and three of the four species

were again concentrated in the riffle, The fourth, P. temporalis,

remained in slower water for emergence. Therefore flooding activity

had a significant effect on the distribution of mayflies in the stream.

Distribution in Relation to Current Speed and Substrate Types

From benthos samples and field notes, the area of concentra-

tion (those yielding 60-95% of total) was determined for each species

for each month. Substrate type was ranked on a numerical scale:

1 3 4 5

Particle Size: SILT increasing
Organic Matter: ROTTING WOOD

AND LEAVES

to GRAVEL to 5-6" STONES

decreasing in
amount to NONE
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B. t. Glide

P. t. ackwater

Oct. 1967

Riffle

B

Feb. 1968

= 50 individuals

B

May 1968

Figure 36. Comparison of population size and distribution of
four species of mayflies between biotopes in dif-
ferent seasons, Oak Creek. C. r. = Cinygmula
reticulata, B.2. = Baetis parvus, B. t. = Baetis
tricaudatus, P. t. = Paraleptophlebia temporalis,
B = backwater, G = glide and R = riffle.
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Current velocities were available from field measurements.

The values are plotted for each species for one year in Figures 37

to 42.

Age Groups I and II of P. debilis were collected from the riffle

in summer. Larger nymphs were always found in water with less

than 1 foot per second surface velocity and in silty substrate. Nymphs

were absent during the period of highest water (see life cycle).

P. temporalis nymphs hatched in rapid water but floods dis-

placed them to slower water by November. In spring the species was

found only in slow water, and I interpret this as a shift in biotopes

which takes place prior to emergence.

B. parvus was found in the riffle in summer but was rapidly

displaced to slower water as volume of flow increased. In May and

June, when stream flow became less, the species moved to faster

water.

B. tricaudatus was found in faster water than B. parvus. The

former was also displaced to slower water by flooding, but not as

early as B. parvus.

B. bicaudatus nymphs were present only part of the year (see

life cycle), and of all the species it was found in the fastest current.

Floods did not displace the species to slower water until January.

C. reticulata hatched in the riffle, was displaced to slower

water by floods, but returned to faster water in May and June.
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During emergence, the species was found in slow water, but not in

organic matter. The species migrates to slow water to emerge,

similar to P. temporalis.
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Creek.
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Figure 42. Schematic representation of the occurrence of
Paraleptophlebia temporalis in relation to cur-
rent velocity and substrate type in different
months in Oak Creek.
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DOWNSTREAM DRIFT

Composition of the Drift

Over 20 species of mayflies occur in Oak Creek, but 6 species

make up the greatest portion of the drift (Table 23). All mayflies in

the drift sample were counted and measured on seven days. B.

tricaudatus was always the dominant species, comprising 39 to 84%

of the total mayflies.

Table 23. Percentage composition of mayfly fauna in drift samples
from Oak Creek, December 1967 to June 1968.

Dec. Jan. Feb. Mar. Apr. May June Mean %

Cinygmula
reticulata 24 10 4 14 2 5 2 6

Baetis parvus 10. 5 4 2 1 0 13. 5 6 7

Baetis bicaudatus 0. 5 2 9 34 30 0 0 7

Baetis
41 41 46 39 54 58. 5 84 61tricaudatus

Paraleptophlebia
0 0 0 0. 5 0 14. 5 4, 5 5temporalis

Paraleptophlebia
9 8 4 0. 5 0 0, 5 1. 5 2debilis

Other species 15 35 35 11 14 8 2 12

Total number
per 24 hrs. 332 408 432 450 350 1114 1 614

Grand total = 4700
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Tables 24 to 29 compare the number in each size class each

month in drift and benthos samples, and show the percent of the total

for the year in each size class. Inspection of the tables shows that

with some exceptions drift gives a good indication of the size classes

present in the benthos. Alternatively there are cases where size

classes not present in the benthos are found in the drift. The percent

in the < 1 class in drift samples is low for 5 of the 6 species, but for

other size classes differences between drift and benthos are not con-

sistent. Thus, drift samples are as efficient as benthos samples for

determining size classes present.

Drift-Benthos Relationships

Numbers of each species in the drift and benthos are shown

in Figures 43-46. B. tricaudatus was not abundant in the benthos

samples but it drifted in large numbers. In contrast, few of its

congener B. parvus drifted even though nymphs were numerous in

the benthos. C. reticulata and P. temporalis drifted at a rate pro-

portional to their density in the benthos.

It was pointed out in a previous section (see Figure 34) that

the density in the benthos decreased during the period of high water.

The number per unit volume in drift also decreased at this time.

Thus, it appears that drift is not simply a function of the volume of

flow, but drift rate depends on density in the benthos as well,



Table 24. Size class distribution of Cinygmula reticulata nymphs in drift samples and benthos
samples, Oak Creek.

<1 1. 1 -2 2.._1 -3 3..1 -4 4..1 -5 5.1-6 > 6

Oct. Drift 0 0 0 0 0 0 2
Benthos 139 16 0 1

Nov. Drift 0 256 12
Benthos 75 149 7

Dec. Drift 0 58 18 2
Benthos 15 117 40 1

Jan. Drift 0 0 8 16 16
Benthos 2 47 45 5 1

Feb. Drift 0 0 8 8 0
Benthos 4 28 27 13 1

Mar. Drift 0 6 14 24 16 2 2

Benthos 12 40 40 24 8 0 0

Apr. Drift 0 0 0 0 6 0 0
Benthos 4 5 22 26 14 10 20

May Drift 0 4 2 26 20 0 0
Benthos 0 9 3 11 11 3 4

June Drift 0 8 6 2 16 6
Benthos 13 16 1 2 3 0

Percent of Total for Year
Drift 0 59 12 14 13 1.5 0.5
Benthos 26 41 18 8 4 1 2



Table 25. Size class distribution of Baetis tricaudatus nymphs in drift sample-, and benthos
samples, Oak Creek.

<1 1. 1 -2 2. 1-3 3. 1 -4 4, 1-5 5.1 -6 >6

Oct. Drift 94 166 52 18 3 0 0

Benthos 23 3 3 3 3 0 0

Nov. Drift 40 206 100 38 40 20 4

Benthos 0 2 3 2 2 0 0

Dec. Drift 2 72 18 30 4 4 2

Benthos 0 4 4 1 1 1 0

Jan. Dr ift 0 16 48 24 32 24 24

Benthos 1 9 7 1 2 0 0

Feb. Drift 0 56 40 48 40 16

Benthos 1 1 0 0 0 0

Mar. Drift 0 28 8 6 32 12 1 6

Benthos 1 10 9 2 0 0

Apr. Drift 0 52 34 64 28 8

Benthos 0 8 17 10 8 7 0

May Drift 128 278 144 26 50 24 4

Benthos 1 22 21 6 4 2 0

ne Drift 280 650 246 156 28

Benthos 58 42 65 17 8

Percent of Total for Year
Drift 15 - 41 21 12 6 4 1

Benthos 21 25 32 11 7 3 0



Table 26. Size class distribution of Baetis bicaudatus nymphs in drift samples and benthos samples,
Oak Creek.

<1 1.1 -2 2.1 -3 3.1-4 4_1-5 5.1-6 >6

Nov. Drift 0 0

Benthos 6 5

Dec. Drift 2 0

Benthos 4 6

Jan. Drift 0 8

Benthos 16 9

Feb. Drift 0 32 0 0 0 8

Benthos 14 8 0 0 0 0

Mar. Drift 0 52 54 28 10 10

Benthos 6 13 0 0 0 0

Apr. Drift 0 18 14 10 22 28 14

Benthos 1 4 2 3 1 0 1

May Drift 0 0 0

Benthos 13 47 5

Percent of Total for Year
Drift 0. 6 36 22 12 10 15 4. 4

Benthos 37 56 4 2 0.5 0 0.5



Table 27. Size class distribution of Baetis parvus nymphs in drift samples and benthos samples,

Oak Creek.

<1 1. 1-2 2. 1-3 3. 1-4 4. 1-5 5. 1-6 >6

Oct. Drift 2 4 0 4 2 0 2

Benthos 121 20 1 1 0 0 0

Nov. Drift 4 10

Benthos 35 102

Dec. Drift 0 32 2

Benthos 19 59 1

Jan. Drift 0 8 8

Benthos 10 2 6 2

Feb. Drift 0 0 0 0 0 8

Benthos 8 30 4 2 0 0

Mar. Drift 0 0 4 2 0

Benthos 23 68 10 8 1

Apr. Drift 0 0 0 0 0 0

Benthos 0 43 31 24 8 5

May Drift 0 10 20 78 36 0 2

Benthos 0 14 23 28 23 3 0

June Drift 0 8 34 32 24

Benthos 1 0 11 11 2

Percent of Total for Year
Drift 2 22 21 34 18 2 1

Benthos 27 45 14 9. 7 4 0. 2 0. 1 cow



Table 28. Size class distribution of
benthos samples, Oak Creek.

Paraleptophlebia temporalis nymphs in drift samples and

<1 1.1 -2 2.1 -3 3. 1-4 4. 1-5 5.1 -6 >6

Oct. Drift 0 38 34 2

Benthos 10 56 20 1

Nov. Drift 0 16 98 34 12 2

Benthos 15 54 18 14 3 0

Dec. Drift 0 6 6 10 4 0 2

Benthos 15 54 18 14 3 0 0

Jan. Drift 0 0 8 8 8 8

Benthos 0 4 1 2 0 0

Feb. Drift 0 0 8 0 8 0 0

Benthos 0 2 1 2 0 0 1

Mar. Drift 0 0 0 0 0 8 0

Benthos 0 2 1 2 0 0 1

Apr. Drift none
Benthos 0 0 0 1 3 3 2

May Drift 0 0 0 2 0 0 4

Benthos 0 1 3 3 2 1 4

June Drift 0 0 0 4 10 10

Benthos 0 0 0 0 1 0

Percent of Total for Year
Drift 0 17 44 17 12 8 2

Benthos 12 51 18 12 4 0.3 2.7 00



Table 29, Size class distribution
samples, Oak Creek.

of Paraleptophlebia debilis nymphs in drift samples and benthos

<1 1-2 2, 1-3 3,1-4 4. 1-5 5. 1-6 >6

Oct. Drift 0 0 0 0 4 8 0

Benthos 0 1 2 0 2 3 2

Nov. Drift 0 0 0 2 0 0 0

Benthos 0 0 0 0 0 0 1

Dec.Feb. none

Mar. Drift 0 0 2

Benthos 12 24 13

Apr. Drift 0 0 0 0

Benthos 15 46 95 22

May Drift 0 10 100 30 22 0 0

Benthos 33 104 157 138 56 14 1

June Drift 0 16 20 18 18 0

Benthos 3 75 37 31 38 1

Percent of Total for Year
Drift 0 10 49 20 18 3 0

Benthos 6 27 33 21 10 2 1
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Relationship Between Drift and Habitat

It has just been shown that, notwithstanding great fluctuation in

stream conditions, the drift rate is characteristic for a given species.

There are, however, distinct differences between species. Could the

differences in drift rates between species be a result of differences

in habitat? If drift is a simple result of nymphs being exposed to

rapidly moving water, then species living in fast water should drift

most, while those living in slow or still water should drift very little.

Similarly, all species living in the same habitat would drift in similar

proportions.

Table 30 shows for 2 months the relative density, distribution,

and the number in the drift for three species of mayflies in Oak

Creek. At this time of the year, nearly all nymphs of all species

were found in the riffle. B. tricaudatus was least numerous of the

three in the benthos, but most abundant in the drift. B. parvus and

C. reticulata were abundant in the benthos but relatively scarce in the

drift.

Thus, the fact that a species was numerous in the riffle gave

no indication of its abundance in the drift, and species living in the

same habitat drifted dissimilarly.

Laboratory studies support these conclusions. To determine

the relative abilities of different species to cling to the substrate
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while exposed to current, the followirg experiment was performed,

A trough four feet long with a strip of 0.333 Nitex mesh on the bot-

tom was constructed. An inflow at the upper end of the trough pro-

vided a flow of water. Current, which was measured on the substrate

with a Pitot tube, could be set at 0.7, 1.4, or 3.3 ft. /sec. by

adjusting the slope of the trough. To operate the apparatus, the

lower end of the trough was lifted until current slowed to negligible,

a nymph was introduced with a large pipette, the end of the trough

was lowered, and current resumed to a pre-determined rate. Each

individual was observed for 10 minutes, and upstream movement,

downstream movement, or time at loss of foothold was recorded.

Specimens tested were from Groups [I and IV (Table 3).

Table 30. Comparison of number in each biotope and in drift for
three species of mayflies in Oak Creek.

Backwater Glide Riffle Drift

Cinygmula reticulata
October 1 9 146 2

November 20 38 172 2 68

Baetis tricaudatus
October 0 0 35 188

November 1 0 8 448

Baetis parvus
October 0 3 140 12

November 5 13 119 14
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Results are shown in Table 31. Comparing Table 23 (com-

position of drift) with the present results shows that though B.

tricaudatus has the ability to withstand currents up to 3.3 feet per

second, it is the dominant mayfly in the drift. P. temporalis

demonstrated no ability to withstand current, yet it does not drift in

large numbers. I conclude that there is no direct relationship

between the ability of a species to cling to the substrate and its

abundance in the drift,

Table 31. Behavior of three species of mayflies at different current
velocities.

Distance of upstream
Number losing foothold movement in 10 min.

Species in 10 min. (inches)

Current, Ft. /Sec. 0. 7 1. 4 3. 3 0. 7 1. 4 3. 3

C. reticulata 6 of 10 of 22 0

11 13

B. tricaudatus 1 of 4 of 5 of 3 9. 5 0

5 9 11

P. temporalis specimens did rot attempt to grasp substrate,
demonstrated no ability to withstand current.

Diel Periodicity and Reaction of Nymphs to Light

Tables 32 and 33 show the distributions of drifting organisms

during a 24 hour period. Most drift takes place during darkness.

Following are some preliminary laboratory observations on the
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Table 32. Diel periodicity of drift rate, Metolius River, June 15 -16,
1966.

Baetis spp.
Paraleptophlebia Cinygmula

.;emporalis reticulata

Time trap trap trap
#1 #2 #1 #2 #1 #2

6 - 10 AM 256 308 0 0 -),)

10 AM 2 PM 368 376 4 0 8 16

2 PM - 6 PM 384 2 68 0 0 24 8

6 PM - 10 PM 1116 1106 86 110 122 98

10 PM - 2 AM 2797 2732 180 282 300 337

2 AM - 6 AM 1020 1060 44 72 64 106

Table 33. Diel periodicity of drift rate, Oak Creek, May 3-8, 1968.
D = day = 8 AM to 8 PM Pacific Daylight Time.

Cinygmula Baetis Baetis Paraleptophlebia Paraleptophlebia
reticulata tricaudatus parvus temporalis debilis

D 4 44 15 0 2

N 24 508 118 18 138

D 8 26 8 2 2

N 32 530 86 38 64

D 6 64 2 0 0

N 38 570 124 22 106

D 8 84 6 0 2

N 44 570 144 6 158
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behavioral responses of mayflies to various light conditions.

To observe the behavior of nymphs in a light gradient, nymphs

were placed in a plexiglass trough, two feet long, 4 inches wide, and

2 inches deep (Figure 5d). Above this was placed a long plexiglass

wedge 4 inches thick at one end and tapering to a point at the other.

The wedge was filled with a dilute India ink solution. A long; tubular

light bulb above this served as a light source. Nymphs w( re placed

in the desired area of the trough and movements were observed.

Reactions to light rays were observed using a plexiglass box

and a microscope lamp. Function of the ocelli was disrupted by

touching them with a hot ins ect pin. A special plexiglass box was

constructed for observing the effect of current and light combined.

Results are presented in Table 34. It is seen that some species

are photonegative while some are photopositive. Within a species

(C. reticulata), individuals may react differently. Starvation did

not alter the reactions of the nymphs, but damaging the ocelli

Nymphs reacted differently to a compination of light rays and current

than they did to light rays alone. These results are preliminary,

but I feel that the approach may be fruitful.



Table 34. Reaction of mayfly nymphs to light.

Test Situationa Species Tested and Reaction

1. Light gradient, ocelli intact,
smooth substrate, no current.

2. Light gradient, ocelli burned, smooth
substrate, no current.

3. Direct light rays, ocelli intact, smooth
substrate, no current.

4. Direct light rays, ocelli burned,
smooth substrate, no current.

5. Light gradient, nymphs starved 10
days, other conditions as in 1.

6. Light rays plus current.

bCinygmula reticulata, Baetis tricaudatus, and
Epeorus longimanus all clustered at brightest light
intensity. Paraleptophlebia temporalis remained
at dark end, swimming was directed away from
bright areas.
C. reticulata and B. tricaudatus nymphs swam in
an undirected manner.
C. reticulata, B. tricaudatus, and E. longimanus
swam toward light source, clustered in brightest
area. P. temporalis remained in dark end of
container.

B. tricaudatus and C. reticulata could not orient
to light, did not swim to bright area.

bC. reticulata reacted normally, clustered in
brightest area.
(C. reticulata only) about 50% swam away from
light, others swam toward light.

aFor each experiment from i to 5 tests were made, each test involved 10 inc1-1,duals.

bConsistently, one or two individuals of C. reticulata reacted differently.
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DISCUSSION AND CONCLUSIONS

Drift as a Technique in Aquatic Research

Frequently biologists would like to rapidly survey the fauna of

a stream. Drift traps have been employed for sampling by several

workers (Anderson, 1967; Schwarz, 1967, and others), but there are

few data for comparing this method with other techniques.

As Elliott (1967a) also found, most species collected in the

benthos are also found in drift (Table 35). Life cycles graphed from

data obtained by the two methods would be similar (Tables 24 to 29).

Drift: benthos ratios appear to be different for each species (Figures

43 to 46), but, considering the differences in environmental condi-

tions during the sample period, the ratios are quite constant for a

given species.

The < 1 mm size group is often under-represented in drift

samples; it is not known if this is because small nymphs do not drift,

or if they escape through the mesh of the net. Drift samples give a

better representation of size classes present for B. bicaudatus and

B. tricaudatus than benthos samples. For other species, the two

methods appear to be about equally efficient,

We may conclude that drift samples are not inferior to inten-

sive benthos sampling for determining species present and for



Table 35. Comparison of the number of species taken in drift and benthos samples, Oak Creek.

Number of Species Number Taken
Taken in 24 hr. in 12 Benthos Species Abs ent

Date Sample Samples From Drift

Dec. 11 12 Cinygma integrurn

Ian. 8 10 Rhithrogena morrisoni
Epeorus sp.

Feb. 9 11 Rhithrogena morrisoni
Epeorus sp.

Mar. 12 12

Apr, 8 12 Epeorus sp.
Ephemerella sp.
Paraleptophlebia

temporalis
Paraleptophlebia

debilis

May 12 12

June 10 12 Ephemerella hecuba
Ephemerella sp.
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studying life cycles, and drift samples may be a reliable index of

density in the benthos.

The Effect of Drift on the Community

The questions of the fate of drifting individuals and the overall

effect of drift on the benthic community have stimulated much of the

interest in drift. Waters (1961) proposed that drift is the elimination

of excess production. Individuals in excess of the carrying capacity

are removed by drift. Muller (1954) proposed a colonization cycle

in which immature stages are carried downstream by current, and

to counter this, adults fly upstream, deposit eggs, and thus maintain

the population in the upper reaches. Whether or not it is directly

stated, these arguments assume that there is a net downstream dis-

placement of individuals.

What do the present results show concerning these problems?

The success of an animal (in this case, the success against down-

stream drift) may be measured in two ways: presence or absence,

and if present, the abundance. In this study no species was

endangered as a result of high water and flooding. In another stream,

however, the bed of which was a very steep rock trough, I collected

only one species, B. bicaudatus. In my opinion, a number of

potential inhabitants of this stream-were eliminated by drift.

Another case is that of Leptophlebia pacifica McDunnough, which is
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absent from Oak Creek but occurs in a nearby stream where velocity

and scouring are kept low by a diversion channel. Thus, I feel that

drift may be a limiting factor in some cases.

One effect in Oak Creek was the scattering of a species to all

biotopes. Riffle inhabitants were swept into eddies along the bank of

the stream (a result of normal flow patterns; observe the path of a

cork thrown into midstream). Individuals are held or continually

displaced to habitats non-typical for the species, but they return to

the optimum habitat when conditions allow.

A second effect was the decrease in density per unit area which

was a result of the increase in stream width. The number of

individuals per unit length was not greatly reduced. Density in the

sample area may have been maintained by recruitment from upstream,

or by upstream movement. If it was from recruitment from up-

stream, the problem of source still remains. Data are not available

to show if hatching and growth are sufficient to replenish the supply.

The alternative, drawing on the existing supply, leaves the problem

of denuding the upstream areas. There is no evidence to show that

this happens.

The other possibility preventing depletion from drift is up-

stream movement. I performed preliminary experiments using an

inclined trough, six feet in length, as an artificial stream. About 50

individuals were placed at the lower end of the trough, and after 24
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hours specimens were found scattered the entire length of the trough.

Unpublished data by Cushing (on file with N.H. Anderson), and

observations by Neave (1930) confirm this ability for upstream move-

ment.

In conclusion, the effect of drift appears to vary greatly with

the species, and in some cases may limit distribution. For the

species studied in Oak Creek, however, the main effect of drift was

the temporary scattering of individuals. Although great numbers of

insects are collected in drift traps (Anderson and Lehmkuhl, 1968),

and although one might assume that drift causes high mortality due to

exposure to predators and physical damage, the data are not available

to determine with certainty the quantitative effects of drift on the

benthic population.

An Approach to the Study of Drift--a Conceptual Model

Discussion by Elliott (1967a), Ulfstrand (1968), and others

indicate that there is little agreement on the mechanisms and sig-

nificance of drift. There are controversies whether drift is active or

passive, density dependent or independent, whether drift is important

as a population regulating mechanism, and whether drift has adaptive

value. Some of the arguments are semantic, and some conclusions

apply only to local situations (Ulfstrand, 1968).

At the present time there is no overall conceptual framework
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for the study of drift. Many studies emphasize one factor as

explaining drift, or treat drift as a whole (i. e. , draw conclusions

based on genera, families, or even total invertebrates). I propose

the following approach:

First, several points should be made clear to prevent undue

argument and objections. Simplification in the form of a model,

while not a representation of reality, is helpful in viewing the prob-

lem in its entirety. When possible, the model will be based on

actual evidence, however inconclusive it may appear at present.

The model is a framework to be built upon and modified when neces-

sary.

The objectives of the model are: 1. to give an overall picture

showing all facets of the problem, 2. to aid in identifying factors

which cause insects to drift, 3. to determine the relative importance

of the factors, 4. to suggest methods by which factors can be

measured, and 5. once the important factors are known, to help

find ways to study the mechanisms by which the factors operate.

It is clear from examples such as B. tricaudatus and B. parvus,

congeners with different drift rates, that the problem must be

studied at the species level. This is also emphasized by Ulfstrand

(1968).

Next, functional components of drift must be defined. At a

given instant, a certain percent of the benthic fauna will have left the
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substrate and be in the water column. Once in the water column,

characteristics of the species will determine if the individual swims

with, against, or across the current, toward or away from the sub-

strate, Influencing this will be physical factors such as light, and

probably biological factors such as age and the physiological state

of the insect. Current speed will influence the distance the insect

is carried before (or if) it returns to the substrate.

Thus, the assumptions are that it is possible to identify the

reason that an insect left the substrate, that the number in the water

column will be some function of the density in the substrate, that the

reaction of an individual is based upon predictable behavior patterns,

that how far the insect is carried will depend on current speed, and

that total drift is equal to the sum of its parts.

The next problem is to discover component parts of drift which

are additive and relatively independent of each other. A large num-

ber of factors could conceivably contribute to the total (Table 36).

These form the basis for the selection of factors in the model. The

concepts of "catastrophic, behavioral, and constant" drift as pro-

posed by Waters (1965) must also be considered. Catastrophic drift

includes at least two components, habitat displacement and physical

overpowering of the insect by current. Constant drift, that portion

which does not change as a result of diel periodicity, does not with-

stand analysis, since part must be habitat displacement, and some
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may be due to factors such as the activity of predators. Behavioral

drift is difficult to define because all drift must ultimately result from

behavior. Therefore these terms will not be used in the model.

Table 36. Examples of factors which may influence drift rate.

Biotic or Environmental Agent Source

Light intensity Many authors, including Waters
(1962), Muller (1966), and Holt
and Waters (1967).

Density in benthos Dimond (1967)

Production Waters (1961)

Water velocity, volume of flow Elliott (1967a), Anderson and
Lehrnkuhl (19681

Tenacity of insect Elliott (1967a)

Jostling between nymphs Elliott (1967a)

Life cycle Anderson (1967), Weninger
(1968)

Substrate type Weninger (1968)

Innate rhythms Chaston (1968)

Figure 47 shows the factors which I feel contribute to total

drift. The sum of the numbered factors should add to the total

causes for insects leaving the substrate. The basic equation con-

sists of a list of the factors which cause the insects to leave the sub-

strate and/or be carried downstream.



Total Drift/unit time (Dr)

Density
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Innate Rhythmic Activity (D1)

Current Substrate Displacement (D )

Physical Overpowering
of Insect by Current (D3)

Interspecific Density

Escape Response
Elicited by Predators (D6)

ntraspecific Density,
Encounters Eliciting
Swimming Response (D )

4

Escape Response or
Disturbance Elicited
by Non-Predators (D5)

Figure 47. Factors causing nymphs to leave substrate and/or
be carried downstream; light intensity, current
velocity, and species are constant.
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Dt = D1 +D2 +D3 +D4 +D5 +D6

A separate equation is needed for each species, for each range of

current velocity, and for each range of light intensities. Thus, if one

is interested in total drift for a year, about eight equations would be

needed for C. reticulata in Oak Creek (day and night for each of about

four periods of similar stream flow). Similar sets could be devised

if one is interested in shorter time periods. If one is interested only

in comparing different species under the same conditions, one equa-

tion is sufficient for each species.

The equation can be expressed in another way. Each Dn

represents some fraction of the standing crop in the benthos. For

the present time we will assume that each. Dn always equals X%

of the standing crop, i. e. , is constant. (If this proves false, it

means that a separate equation is needed for each density; in other

words, the constant has a different value for each density.)

Thus, if S = standing crop

and Kn constant of drift due to Dn

Then, Dn KnS

and Dt K
1S

+ 1(25 + K 3S + 1(45 + K 5S K
6S

What is the value of the foregoing? As an example, let us

examine the drift of C. reticulata in Oak Creek by extracting data

from Table 33. Drift was collected four days and nights, with a
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mean of 41 individuals per 24 hours, 6.5/day, and 34. 5 /night. Since

:1-1e current remained the same during the period, we will need only

two equations, one for day and one for night.

Day Dt 6. 5 =D1 + Da + D3 + D4 + D5 + D6

Night Dt = 34. 5 = + D2 + D3 + D4 + D5 +D6

D3 can be eliminated from both because it was shown in the results

that C. reticulata can easily withstand the current present when

samples were taken. D4 can be eliminated because data by Craven

(on file with N. H. Anderson) shows that drift rate does not change

when density is varied within the range of densities found in Oak

Creek. The advantage of the system is that the next steps in research

are clear. Information is needed on:

The importance of innate activity on drift (D1)

The effect of using various substrates in drift experiments (D )
2

The effects of interspecific density on drift (D5 and D6)

In this way, semantic arguments (concerning terms such as

active, passive, etc.) can be avoided, By varying experimental con-

ditions, one can determine if conclusions have general application

(for the species) or apply only to limited situations.

It is also possible to use the density equation for comparative

purposes. For example:

Dt total drift
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Kn = constant of drift due to Dn.

Obtaining data from Table 33:

Drift of C. reticulata at night = 34.5, S (standing crop

15/12 samples.

Thus

Dt = EK1-6(S)

34.5 = EK 1-6(15)

ZK1-6 2.3

In contrast, values for Baetis tricaudatus (Table 33) are:

Drift at night = 544, S = 56/12 samples.

Dt = ZK 1-6(S)

544 = ZK1 - 6(56)

ZK1-6 9. 7

Thus, with all things equal, B. tricaudatus drifts at a rate

4.2 times greater than C. reticulata.

Drift is a complex process, and simple explanations will not

suffice. The method outlined above may aid in partitioning the

components more clearly.
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