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The Influence of Substrate Particle Size
on the Microdistribution of Stream
Macrobenthos
by
KeNNETH W. CUMMINS & GEORGE H. LAUFF

Kellogg Biological Station Michigan State University, USA

INTRODUCTION

The great majority of research conducted on organism-substrate
relationships is attributable to marine ecologists (€.g. CRAWFORD,
1937; TEsT, 1945; POMERAT & NEIss, 1946; HoLME, 1949, 1954;
JoNES, 1950; LOOSANOFF et al., 1951; SwaN, 1952; PraTT, 1953;
BADER, 1954; WILSON, 1955, 1958; PARKER, 1956; SANDERS, 1956,
1958, 1960; WiEsER, 1956, 1957a, 1957b, 1959, 1960a, 1960b;
WiLLIAMS, 1958; CLARK & HADERLIE, 1960; SANDERS, et al., 1962;
BUCHANAN, 1963; DRISCOLL, 1967. An important feature of many
of these investigations on marine benthos has been the inclusion of
critical laboratory experiments.

A lesser number of investigations specifically aimed at various
aspects of organism-substrate relationships have been completed by
freshwater ecologists (see review by CUMMINS, 1966). Most of these
have concerned lentic waters. In an early study, KERECKER & LAN-
CASTER (1933) worked on the littoral fauna of western Lake Erie
associated with basic substrate types which they described and photo-
graphed. RawsoN (1941) related lake substrates and productivity
and MILNE (1943) discovered a relationship between the nature of
the sediments on which caddisflies were found in Saskatchewan
Lakes and their case building requirements. HUNT (1953) and
LyMmaN (1956) concluded from their studies in Michigan lakes that
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substrate was critical in determining mayfly distribution patterns.
HENSEN (1954) studied substrate relations of deepwater benthos in
Cayuga Lake and related invertebrate distributions (HENSEN,
1962) to actual physical analyses in the Straits of Mackinac (LAUFF
et al., 1961b). CoRBELLA et al., (1956) correlated the distribution of
benthic populations with the chemical nature of lake sediments,
especially the sedimentation of ‘“planktonic debris”. BEaTY &
HooPER (1958) sorted sediments of Sugarloaf Lake, Michigan, by
wet sieving into five categories which they correlated with benthic
distributions. BRINKHURST (1967) and JoHNsSON & MATHESON (1963)
related chemical and textural characteristics to invertebrate distribu-
tions in Lake Huron and Lake Ontario, respectively.

Of particular interest are the papers of SUBLETTE (1957, 1958) on
the bottom fauna of Lake Texoma, Oklahoma and Chaplin’s Lake,
Louisiana, which contain good discussions of organism-substrate
relationships. Also, the investigations of MARZOLF (1962, 1966) on the
deepwater amphipod Pontoporeia are excellent since they represent
the correlation of field and laboratory studies and include sediment
analysis with special emphasis on the role of bacteriobenthos.

Among the first stream ecologists to investigate the relationship
between benthic distribution patterns and the nature of the substrate
were PERCIVAL & WHITEHEAD (1929). They recognized seven basic
substrate types and found that certain animal species were con-
sistently associated with each. HUNT (1930) also recognized the
importance of substrate type in determining stream benthos distribu-
tions. Although Apams (1901) recognized the significance of differen-
ces in erosional and depositional habitats to stream faunas, and ELL1s
(1936) discussed the importance of erosion silt to mussel distribu-
tions in depositional regions of lotic waters, the full statement of the
“erosion-deposition concept” in stream ecology is attributed to
MooN (1939). In rapidly flowing water (erosional) all but the coarse
substrate units are washed away, resulting in characteristic fauna
adapted for attachment, clinging or avoidance of the current. In
regions of reduced flow (depositional) fine sediments are deposited
and the organisms are variously adapted to deal with such an environ-
ment.

WENE (1940) appears to have been the first stream investigator to
employ actual sediment analysis in a study of organism-substrate
relationships. He correlated the distribution of midge larvae with the
the occurrence of five particle size ranges. LINDUsKA (1942) concluded
that substrate types, which he described, were most critical in
determining mayfly distributions in Rattlesnake Creek, Montana.
PENNAK & VAN GERPEN (1947) visually recognized four substrate
types in a Colorado trout stream and described the benthic fauna
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associated with each. ScorT (1958) measured three dimensions of
stones with which caddisfly larvae were associated in the River Dean
and ScoTt & RusHFORTH (1959) and ScotT (1960, 1966) have
suggested that a factor, termed cover fraction (Cvf), which relates
the size of stones and the portion of a sample area covered with
stones, can be employed as an index of benthic macroinvertebrate
density. KAMLER & RIEDEL (1960) collected the larger substrate
units, sorted them into size classes and counted the number of
particles; these data were correlated with the distribution of benthic
species from streams in the Tatra Mountains of Poland. A com-
bination of substrate particle size analysis of field samples and
laboratory experiments were utilized by ERIKSEN (1961, 1963a,
1963b, 1964a, 1964b, 1966) and CuMMINs (1961, 1964, 1966) in
investigations of aquatic insects in Fleming Creek, Michigan.
Substrate responses were included in experiments by BOVBJERG
(1959, 1964) on density dependent dispersal of crayfish populations
in a laboratory stream. FELDMETH (1966) also considered the
importance of substrate in experiments concerned with respiratory
responses of a stream limnephilid caddisfly. THORUP (1966) in-
vestigated substrate-stream benthos relationships in several Danish
springbooks and reviewed a major portion of the European literature
on the subject.

- A number of investigators have studied substrate relations, at
least indirectly, by providing substrates for colonization in the
natural environment (e.g. MOON, 1940; WENE & WICKLIFF, 1940;
ALBRECHT, 1953: Cianriccont & RiIATTI, 1957; DENDY, 1963;
BREWER & GLEASON, 1964).

Very few papers have appeared in which stream organism-
substrate relations have been investigated under laboratory con-
ditions. (SHELFORD, 1914; ERIKSEN, 1961; CUMMINS, 1961, 1964;
LAUFF & CUMMINS, 1964; see also, review by CuMMINs, 1966). The
present paper is intended as a contribution to this experimental
area, although some preliminary field data have been included for
correlative purposes.

METHODS
Description of Field Study Area
Fleming Creek is a small spring-fed stream in southeastern
Michigan with a drainage area limited to northeastern Washtenaw
County. The stream ranges from 5 to 10 meters in width and is

shallow enough for detailed analyses, averaging about 30 cm in depth
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with some pools a meter or more deep. The water is relatively free
from pollution as there are few dwellings along its course and only
restricted areas of cultivated crops. The principle study area is
essentially undisturbed since it is within the confines of the Univer-
sity of Michigan Botanical Gardens.

Due to the calcareous nature of the drainage area, alkalinity
determinations average about 230 ppm CaCQ,. Temperatures range
from near 0° C in the winter to about 25° C in the summer, with
springs and vegetation cover causing local variations; diurnal fluctua-
tions up to three degrees have been measured. Determinations of
oxygen concentration indicate a general saturation from surface to
bottom at all seasons, attributable to the shallowness of the stream
and its numerous riffle areas. Further descriptions of Fleming Creek
are given in CuUMMINS (1961, 1964) and ERIKSEN (1960, 1961).

Field Samples and Stream Sediments

A large number of preliminary field collections and observations
were made, and all ten species were reared in the laboratory prior to
conducting experiments. In conjunction with the laboratory ex-
periments, quantitative field samples were taken approximately
every two weeks from July 30, 1959 through June 7, 1960. Data
obtained from these quantitative field samples provided a basis for
the interpretation of experimental results.

The quantitative field samples were taken with a 10 cm dlameter
cylinder which retained both substrate materials and organisms.
(For a complete description of sampling sites and procedures see
CuMMINS, 1961). The animals were removed by hand sorting and
with the elutriating device described by LAUFF et al. (1961a). Particle
size analysis of substrate samples was accomplished by decantation of
silt and clay, separation of silt and clay by centrifugation and dry
sieving of the very fine sand and coarser particle sizes into 11 cate-
gories according to the Wentworth Scale (WENTWORTH, 1922, see
Table I). A modified classification was adopted in which the granule
and a portion of the pebble categories of the Wentworth Scale have
been replaced by a gravel category (CUMMINS, 1962). The phi scale
(negative log to the base 2 of the particle size diameter in millimeters)
and corresponding millimeter size categories are compared in Table I.
Complete discussions of the sampling and analysis techniques are
presented in CUMMINS (1961, 1962).

Sediments used in the experimental studies were collected from
Fleming Creek, washed, oven dried at 40° C and sorted by dry sieving
into eight particle size classes. The categories were 1/8, 1/4, 1/2,
1, 2, 4, 8 and 16 mm size classes. (Actually each of these designations
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TABLE I

Substrate particle size terminology and categories*

Modified Wentworth classification Phi
classification Paricle o Scale
CUMMINS, 1961) article size
¢ ? Name range in mm
Boulder Boulder > 256 — 8
Cobble Cobble 64—256 — 6, — 7
Pebble 32—64 -5
Pebble 16—32 — 4
8—-16 —3
4—8 —2
Gravel
Granule 2—4 -1
Very coarse sand Very coarse sand 1-2 0
Coarse sand Coarse sand 0.5—-1 1
Medium sand Medium sand 0.25—0.5 2
" Fine sand Fine sand 0.125—0.25 3
Very fine sand Very fine sand 0.0625—0.125 4
Silt Silt 0.0039—0.0625 5,6,7,8
Clay Clay < 0.0039 9
*After CUMMINS (1962).

indicates the sediment retained on a given screen having the stated
size openings; thus, for example, the 1/2 mm class consisted of
particles having least diameters slightly less than 1 mm to slightly
greater than 1/2 mm).

The silt fraction (< 1/16 > 1/256 mm) was separated from coarser
and finer material by settling time, each separation involving about
20 decantations. The silt was then over dried at 40° C, wetted, aerated
for 24 hours, allowed to settle and a final decantation of finer material
made. This procedure yielded a size class of natural stream silt with
a total volatile solids content averaging about 59, by weight as
determined by loss of weight on ignition at 600° C.
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Experimental Animals

The ten species of aquatic macro-invertebrates selected for the
detailed analysis of substrate responses are given in Table II along
with the general habitat types in which the species are found in
Fleming Creek and the life stages utilized in the experiments.

TasLE II

Taxa, general habitat types, and life stages of the ten species of Fleming
Creek macro-invertebrates used in experimental studies

. General Life
Order Species Habitat Type | Stage*
Plecoptera Perlesta placida (Hagen) Riffle Nymphs
Ephemeroptera | Ephemera simulans Walker Intermediate** | Nymphs
Caenis latipennis Banks Pool Nymphs
Megaloptera Sialis vagans Ross Pool Larvae
Trichoptera Pycnopsyche lepida (Hagen) Intermediate | Larvae
Pycnopsyche guttifer (Walker) | Pool Larvae
Helicopsyche borealis Hagen Riffle Larvae
Coleoptera Stenelmis crenata Say Riffle Adults
Diptera Tipula caloptera Loew Riffle Larvae
Pulmonata Helisoma anceps Menke Intermediate | Adults

*Full grown nymphs and larvae were used.
**Intermediate between pool and riffle community types.

These particular species were selected to provide representatives
of riffle, pool and intermediate communities and because of their
abundance in Fleming Creck as well as the ease with which live
specimens could be sorted from related species in the field. In
addition, all ten species are common stream inhabitants widely
distributed in eastern North America.

Experimental animals were collected from Fleming Creek with dip
nets and nesting screens prior to each series of trials and maintained
in aerated containers on natural stream substrates at 20° C under
conditions of constant low level illumination. Between experiments
the animals were placed in enamel trays on an aluminium screen
substrate at the particular experimental temperature.

Laboratory Experiments

Model Stream. Experiments on substrate preference were con-
ducted in a flowing water system, deseribed elsewhere (LAUFF &
CUMMINS, 1964), composed of two fiber-glassed plywood troughs
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arranged one above the other, and a reservoir. A centrifugal pump
was utilized to raise water from the reservoir through plastic pipes to
the upper trough, and the volume of water flowing to and through
the troughs controlled by gate valves. Suspended materials were
continuously removed by glass wool filters installed at several
locations in the system. Current velocities corresponding to various
gate valve settings at a given pitch were determined with a pigmy
current meter (CORBETT, 1955). Aluminum trays (27 x 15 x 2.5 cm)
designed to fit into the model stream were employed for studying
responses of the ten macroinvertebrate species to substrate particle
size. The trays were filled with the eight size classes of stream se-
diments described above and tray-length aluminum clips used
to join them together; substrates were smoothed over to minimize
barriers between trays. At each end of the series of eight substrate
trays, a tray covered with aluminum screen provided a buffer zone
between the substrates and the end retaining screens used to prevent
escapement from the experimental area — thus, animals merely
selecting the upstream or downstream ends of the enclosure were not
counted in a substrate tray. In addition, aluminum half-trays con-
structed to fit inside the full length trays allowed half of each particle
size to be altered by covering it with a skim of silt. In this manner,
the importance of silt in modifying substrate selection, as previously
.determined with full length trays, could be evaluated (see LAUFF &
CuMMINS, 1964 for a description and figures of the tray system).

The presence of partitions between substrates did not appear to
influence substrate selection since the animals were noted to move over
the substrate surface; the partitions were necessary to maintain
particle size categories in discrete ranges and to reduce the amount
of sieving required for replicate experiments. Both direct observation
and recovery of marked individuals established the ability of all
species tested to move the length of the experimental area (122 cm,
or eight trays) during a 24 hour period.

Control of Physical, Chemical and Biological Conditions. The
aquarium room used to house the flowing water system was kept
essentially at outdoor temperatures throughout most of the year.
During the summer a cooling unit was employed to maintain water
temperatures close to those in the field during the period of experi-
mental work (19° C to 25° C).

An average current velocity of 3 cm/sec was maintained in the
flowing water system throughout the experimental trials. Except
during those experiments conducted in complete darkness (covered
trough), illumination was by natural lighting and followed the
normal photoperiod of the season.
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In order to keep the quantities of organic material and associated
bacterial populations as low as possible, glass wool filters were
installed in the model stream during experiments and the sediments
were washed and the trough scrubbed down after each experiment.
Since a small amount of sediment tended to be lost from each tray
upon removal from the trough, substrate materials were added after
every two or three trials. Following every 10 to 20 experiments, the
trays were emptied and refilled with new sediments.

Experimental Design. Two groups of animals (groups I and II)
were alternately introduced into each of three arrangements of the
substrate trays; these were two graded series, one with the largest
particle size (16 mm) at the upstream end of the trough, the other with
the largest size downstream, and one series with the particle sizes
alternated. Beginning at the upstream end, the alternate tray ar-
rangement by particle size was 1, 8, 1/4, 2, 1/2, 16, 1/8 and 4 mm.
When introduced, each experimental group was divided equally
among the eight substrate trays. In some cases, it was necessary to
replace individuals of a given group which had died or escaped from
the system during the course of an experiment. If additional animals
were not immediately available, the group was increased when
animals became available. The numbers of animals used in full-tray
series experiments are listed for each species by tray type (half or
full), tray arrangement and group in Table IIL. In contrast to the
six experiments completed with each series in the three tray arrange-
ments under conditions of a normal 24 hour photoperiod, one
experiment of longer duration (48 to 96 hours) and one in complete
darkness (covered trough) were conducted. Finally, the two ex-
periments using both groups (I and II) of a given species were
designed and conducted to evaluate the role of learning in the
observed substrate responses. At the end of an initial experiment,
the individuals in one or two of the trays were reintroduced into the
same tray series. If the distribution of the reintroduced animals was
not statistically different (Kolmogorov-Smirnov one-sample test;
SIEGEL, 1956; pp. 47—52) from that of the total initial group, the
effect of learning on tray selection was disregarded.

In order to evaluate effects of siltation upon the responses of the
ten species, the half-tray system described above was employed. The
portion of each particle size enclosed in the half-tray was covered with
a skin of silt approximately 1 mm thick. This was accomplished with
a large bulb pipette when the trays were submerged and in place. The
positions of the silted half-trays were alternated along the length of
each tray arrangement resulting in a checkerboard pattern. The
procedure utilized in the full length, non-silted substrate tray ex-
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TABLE III

Numbers of animals of each species used in substrate preference experiments
presented by tray, arrangement group and non-silted (full tray) and silted
(half tray) sediments. (See text for further explanation).

Coarse Coarse Al

Tray Upstream | Downstream ternate

Species Arrangement

Group Group|Group Group|Group Group

I II I 11 I II
Perlesta Full trays 16 24 16 16 16 16
placida Half trays 16 64 16 16 32 32
Helicopsyche Full 16 32 24 24 24 24
borealis Half 16 48 32 32 32 32
Stenelmis Full 48 40 40 40 40 40
crenata Half 48 96 48 48 32 48
Tipula Full 24 24 24 24 16 24
caloptera Half 16 16 16 32 16 16
Caenis Full 24 48 40 40 40 40
latipennis Half 48 64 48 32 48 48
Pycnopsyche Full 24 24 24 24 24 24
guttifer Half 16 16 48 16 16 16
Stalis Full 40 32 32 24 24 24
vagans Half 32 32 32 32 32 32
Ephemera Full 24 40 40 48 48 48
simulans Half 96 32 96 32 96 32
‘Pycnopsyche Full 24 24 24 24 24 24
lepida Half 16 48 16 16 16 16
Helisoma Full 48 48 48 48 40 48
anceps Half 48 48 48 48 48 48

periments was followed, except the numbers of animals introduced
differed (these numbers are also summarized for each species by tray
arrangement and group in Table III). An equal number of animals
was introduced into each half-tray in any given trial; thus total
number of animals was 16 or a multiple of it.

Only the animals recovered in the substrate trays have been
included in the results of the full and half-tray experiments. Those
animals recovered under the trays, on the sides of the trough, on
terminal screen trays, on end retaining screens, or outside the
experimental area are not included in the substrate selection data
presented below. Although no attempt was made to introduce the
animals in any particular orientation with respect to current direction,
the points of introduction were spread out over the surface of each
substrate tray.

Statistical Analyses. A number of statistical analyses were
employed to determine significant differences in the distribution
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of animals in the substrate preference experiments. (A probability
of 0.01 was selected as the level of rejection of the null hypothesis).
Bias attributable to tray arrangement or to the reuse of individuals
was sought with the chi-square test for k independent samples
(S1EGEL, 19565 pp. 174—179). The Kolmogorov-Smirnov one-
sample test (SIEGEL, 1956: pp. 47—52) was employed to evaluate
the effects of long term experiments (48 to 96 hours), trials in com-
plete darkness (covered trough) and the two trial learning tests
described above.

None of the species showed significant differences between the
results of the usual 24 hour trials and longer term (48 to 96 hours)
experiments. Bias due to reusing individuals could not be demon-
strated statistically for any of the ten species and, indeed, no learning
was demonstrated using the two trial learning tests. Only Pycnopsy-
che lepida showed a significant difference between trials in complete
darkness (covered trough) and normal photoperiod experiments in
the same tray arrangement.

The results obtained for six of the ten species in the full-length
tray experiments indicated definite bias due to substrate tray position
when evaluated by the chi-square test for k independent samples.
Therefore, all the results have been grouped by tray arrangement for
the evaluation of this bias, due presumably to current direction as
well as the character of neighboring trays.

The significance of particle size selection by the ten macroinverte-
brate species in the full-tray series of experiments was evaluated with
the Kolmogorov-Smirnov one-sample test. Probability values are
summarized in Table V along with probabilities determined in the
comparisons of results obtained in the full-tray series and the non-
silted half-trays, and those of the non-silted and silted half-tray
series (latter probability values also derived with Kolmogorov-
Smirnov one-sample test).

RESULTS AND DISCUSSION
Fast-water Species

Perlesta placida (HAGEN). The predaceous nymphs of P. placida
are quite common in eastern North America where they usually
inhabit the rapid portions of streams and rivers and are found among
coarse substrate materials (CLASSEN, 1931; FRrisoN, 1935; LAUFF et
al., 1961c), although the nymphs do show some tolerance for slower
water (HARDEN & MICKEL, 1952). The general patterns of substrate
selection by P. placida nymphs were given previously (LAUFF &
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TABLE IV

Probability values for the substrate preference experiments

(Kolmogorov — Smirnov one-sample test)

Significance of | Comparison Comparison
Speci Trav Arr " Particle Size Between Full | Between Silted
pecies ray Arrangemen Selection in | Trays and Non- | and Non-silted

Full Trays |Silted Half Trays| Half Trays
Perlesta Coarse Upstream < .01 < .01 < .01
placida Coarse Downstream < .01 < .01 < .01
Alternate < .01 > .20 < .20

Helicopsyche Coarse Upstream < .01 < .01 < .20 > .15
borealis Coarse Downstream > .20 > .20 > .20
Alternate < .15 <.10 < .05 > .01 > .20

Stenelmis Coarse Upstream < .01 > .20 < .15 > .10

crenata Coarse Downstream < .01 < .20 < .15 < .05 > .01
Alternate < 0.1 < .20 > .20
Tipula Coarse Upstream < .01 05 < .01 > .20
caloptera Coarse Downstream < .01 < .20 > .20
Alternate < .01 20 < .15 > .20

Caenis Coarse Upstream < .01. > .20 < .15 < .10

latipennis | Coarse Downstream > .20 > .20 < .05 > .01
Alternate < .01 > .20 > .20

Pycnopsyche Coarse Upstream < .01 > .20 > .05 < .01
guttifer Coarse Downstream < .01 < .05 > .01 < .20
Alternate < .01 > .20 < .20
Sialis Coarse Upstream <01 < .20 > .20
vagans Coarse Downstream < .0l < .15 > .10 > .20
Alternate < .01 > .20 > .20

Ephemera Coarse Upstream < .20 < .01 < .10 > .05

simulans Coarse Downstream < .20 < .01 <.15>.10
Alternate < .10 < .05 > .20 < .01

Pycnopsyche Coarse Upstream < .01 < .05 < .05 > .01
lepida Coarse Downstream < .01 < .20 > .20
Alternate < .01 > .20 > .20
Helisoma Coarse Upstream < .01 > .01 > .20
anceps Coarse Downstream < .05 > .01 > .20 > .20
Alternate > .20 > .20 < .01
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CUMMINS, 1964) but are included in the present paper for comparative
purposes and more detailed discussion.

P. placida nymphs showed a significant selection (Table IV) for the
three largest particle sizes (4, 8 and 16 mm; Fig. 1) in the full length
tray series of experiments. The nymphs exhibited a tendency to move
downstream as evidenced by the recovery of a few in the 1/8 mm
sediment tray when it occupied the terminal downstream position
and the reinforced selection of the 16 mm particle size (62.5%,) when
it was at the downstream end. Also, the largest selection for the 4 mm
particle size occurred when it was in the downstream position. Thus,
although bias due to tray position was not statistically significant
at the .01 level (p = <.05> .01), current direction did influence
substrate selection. The importance of neighboring fine particle
sizes can be seen by the selection of the 2 mm substrate which
occurred only when it was bordered by 1/4 and 1/2 mm sizes in the
alternate try arrangement (Fig. 1).
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Fig. 1. Substrate particle size selection by Perlesta placida nymphs.
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There is no significant difference between the full-tray and non-
silted half-tray results when the alternate series are compared, but
a few more nymphs were recovered in the fine sediments. However,
the results are significantly different when the coarse upstream and
coarse downstream series are compared. The results of the coarse
downstream half-tray (non-silted) experiments showed a selection
for the 1 and 2 mm sediments not previously encountered.

When the recoveries in the non-silted half-trays are compared,
it is apparent that almost all nymphs recovered from the 2 mm and
finer sizes had selected the non-silted sediments. The selection for
silted and non-silted half-trays in the alternate series was about the
same, while the results of the graded series were quite different. More
nymphs selected the non-silted half of the 4 mm particle size when
the trays were arranged in graded series but selection for the silted
side of the 8 mm substrate was greater than that for the non-silted
portion. Although no nymphs were recovered from the non-silted
half of the 16 mm substrate in the coarse downstream trials, an
essentially equal preference for silted and non-silted 16 mm substrate
is obtained when the results of all three tray arrangements are totaled.

Thus, in general, the nymphs of Perlesta placida selected coarse
particle sizes, tended to move with the current, and showed a tenden-
cy to select a smaller particle size when it was surrounded by less
favorable finer sediments. Silting of the substrates resulted in an
increased selection for non-silted fine particle sizes when compared to
the full-tray results. Although the silted portion of the 4 mm substra-
te was less suitable, silt had little or no effect on the selection of the
16 mm particles and the silted half of the 8 mm substrate was actually
preferred. Therefore, silt in the intersticies of finer sediments
appears to be unfavorable for P. placida nymphs but makes less differ-
ence in coarse substrates where some filling between the particles may
actually be preferable, as indicated by the recoveries in the silted
8 mm sediment (Fig. 1).

Since none of the 59 quantitative samples taken during 1959—1960
contained P. placida nymphs, the Mdg values (median diameters in
phi units) given for natural substrates in Table V were taken from
another source (limnology class data, 1961; Department of Zoology,
University of Michigan) and are to be regarded only as rough
estimates. An average median diameter range for these field samples
of 3 — 3 to ¢ — 4 (8—16 mm) agrees well with the experimental
results. The peak diameter range (i.e., most abundant particle size
by weight) of g - 4 to ¢ - 7 (16—64 mm) included substrates more
coarse than those tested experimentally.

Helicopsyche borealis HAGEN. The herbivorous (or omnivorous)
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larvae of the caddisfly H. borealis (CuMMINS et al., 1966; 1968;
COFFMAN, 1967) are usually described as inhabitants of clear, swift,
stony streams (LLoyD, 1921; BEETEN, 1934; Ross, 1944; PENNAK,
1953). The larvae have also been taken from the rocky shores of
glacial lakes (VORrHIEs, 1909; Ross, 1944).

The only significant selection encountered in the full-tray series
experiments occurred in the coarse upstream tray arrangement in
which the largest numbers of larvae were recovered from the 1/8 and
1/4 mm particle sizes. In the coarse downstream and alternate tray
arrangements more larvae tended to be recovered on the 16 mm
pebbles and the three finest substrates (1/2, 1/4, 1/8 mm), although the
selection was not statistically significant (Table IV). Observations of
moving larvae during the experiments revealed that those introduced
or entering on to the finer sediments were unable to leave the trays due
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Fig. 2. Substrate particle size selection by Helicopsyche borealis larvae.

158



to locomotory difficulties. Since the apparent selection for the three
finer sediments was due to an inability of the larvae to move on
these substrates, actual selection was indicated for the 16 mm par-
ticle size (Fig. 2). A slight tendency (p value for bias due to tray
arrangement was < .20 > .10) for the larvae to move downstream
was indicated by the largest recoveries in the fine sediments when
they were at the downstream end and the greatest selection for the
16 mm substrate when it was in the terminal downstream position.

When full-tray and non-silted half-tray results are contrasted, the
only significant difference is between the coarse upstream trials (Fig.
2; Table IV). Apparently, a silt covering altered the ability of larvae
to escape from the 1/2 mm and finer particle sizes. Indeed, obser-
vations indicated that larvae moved somewhat more readily over the
silted surfaces, and was reflected in reduced recoveries in the non-
silted halves of the trays, probably due to a reduction in the surface
area of immobility by one-half. No statistically significant difference
was observed between recoveries from the silted and non-silted
sections in the half-tray series of experiments.

In general, then, the larvae of H. borealis, which were unable to
locomote on non-silted fine sediments, showed a non-significant
tendency to select the 16 mm pebble substrate and move with the
current. Presence of silt made no difference in substrate selection,
but observations indicated that locomotion was favored on the silted
surfaces of fine sediments.

The Mde values of the field samples containing H. borealis larvae
were in the gravel and pebble range (Table V), with the sample
containing the most larvae having a Mde value of -1.4. Peak phi
values were in the gravel-pebble-cobble range. A preponderance of
coarse substrate materials in all samples containing H. borealis larvae
indicates the general riffle habitat occupied by this species in Fleming
Creek. The lack of a strong selection by larvae for coarse substrate
materials in the experiments indicates the secondary influence of
substrate particle size on micro-habitat selection. It seems likely
that the larvae of H. borealis are generally confined to riffle areas and
coarse substrates in the field by food requirements; that is, it is
probably the food organisms of this caddisfly that selectively grow
on coarse sediments in riffles,

Stenelmus crenara Say. The riffle beetle S. crenata is character-
istically found in the rapid portions of streams on coarse substrates
where it presumably feeds on periphytic algae and detritus (PENNAK,
1953; EDMONDSON, 1959; ARNETT, 1960; DiLLON & DILLON, 1961;
also see data for S. beameri in CUMMINS et al., 1966, 1968 and
CoFFMAN, 1967).
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Adults of S. crenata showed a significant selection for the three
largest particle sizes and a non-significant (no significant bias due to
tray arrangement) tendency to move upstream in the full-tray
experiments. The upstream movement was indicated by increased
recoveries from the fines in the coarse downstream tray arrangement
(Table IV; Fig. 3). When recoveries from non-silted half-trays are
compared with those from the full-trays there is no significant dif-
ference.
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Fig. 3. Substrate particle size selection by Stenelmis crenata adults.

No significant selection for silted or non-silted substrates was
found when results of half-tray experiments were analyzed. How-
ever, recoveries from non-silted half-trays were equal to or greater
than recoveries from the silted portions in all but 4 and 8 mm gravels.
In both graded series, the silted half of the 8 mm substrate was
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selected but non-silted 4 mm particles were favored only in the
coarse downstream tray arrangement.

These experiments indicate that S. crenata adults select a coarse
substrate, that light silting causes a slight but non-significant
avoidance reaction, and that the beetles tend to move against the
current.

The Mdg and peak o values for field samples containing the most
S. crenata adults were in the fine and coarse gravel ranges respectively
(Table V). The ranges of the Mde and peak o values for the field sam-
ples containing the beetles were quite narrow, all samples falling
within the gravel-pebble range. Although the experimental and
field results agree quite well, due to the small number of samples,
the field data can only be regarded as preliminary.

Tipula caloptera LoEW. Larvae of the cranefly T. caloptera are
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Fig. 4. Substrate particle size selection by Tipula caloptera larvae.
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reportedly found in both slow and fast moving streams in and on silt
as well as gravel substrates (ALEXANDER, 1920; JOHANNSEN, 1934). Gut
analyses, using the technique of MECOM and CuMMINs (1964), of
larvae from Fleming Creek indicate that they feed primarily on
diatoms and vascular plant detritus.

In general, T. caloptera larvae selected the 2 mm and coarser
particle sizes during the full-tray experiments (Table IV; Fig. 4).
Definite bias due to tray arrangement (p < .01) reflects the strong
tendency of the larvae to move with the current. This is especially
evident from the large recoveries of larvae from the 1/8 and 4 mm
(alternate series) substrates when these occupied the terminal down-
stream position.

There is no significant difference in particle sizes selected when

the recoveries from non-silted half-trays and full-trays are compared.
However, the results of the coarse upstream trials did differ (Table IV;
p < .05 > .01), especially with regard to a reduced selection of the
16 mm pebbles. A comparison of the recoveries from non-silted
and silted half-trays reveals that the presence of a skim of silt made no
difference in the suitability of a substrate for T. caloptera larvae.
Most T. caloptera larvae were able to burrow into all particle sizes,
although some animals recovered from 1/2, 1/4 and 1/8 mm sub-
strates had remained on the surface. Larvae burrowed into the
‘substrate were visible by the spiracular disc and extended gills that
remained exposed at the surface.
Only five of the field samples contained T. caloptera larvae. Mde
and peak o values for the sample containing the most larvae were in
the fine and coarse gravel ranges respectively (Table V). These values
were the same as those for H. borealis and S. crenata. However, the
range of Mdg and peak ¢ values was extremely wide. One field sample
had an Mde and peak ¢ in the silts while for another sample they
were both in the pebble size class.

In summary, the larvae of T. caloptera, found in the riffle areas
of Fleming Creek, select coarse particle sizes but show a wide toler-
ance for finer sediments, including silt, and tend to move with the
current. It seems most likely that the larvae are actually distributed in
microhabitats of finer sediments and organic material that develop
between and behind coarse substrate particles.

Slow-water Species

Caenis latipennis BANKs (= forcipatra MCDUNNOUGH). Nymphs
of the mayfly genus Caenis are generally described as bottom spraw-
lers inhabiting slow water, pond-like situations where they are
found among silt and organic debris (NEEDHAM et al., 1935; PENNAK,
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1953; LEONARD, 1962; LEONARD & LEONARD, 1962). C. latipennis,
BaNks thought to be a pond species in some cases (BURKS, 1953),
is especially abundant in the slow water, silt covered sections of
Fleming Creek where they feed on diatoms and detritus (MILKMAN,
1961).

The nymphs of C. latipennis showed a general selection for the 1
mm and coarser particles and an avoidance of the 1/2 mm and finer
sediments. The somewhat weak selection of the coarse substrates
coupled with a general tendency to move upstream actually erased
the statistical significance found in the coarse downstream tray
arrangement; the coarsest upstream particle size, 1 mm sand, was
favored (Table IV; Fig. 5). The upstream movement of nymphs was
demonstrated statistically as a definite bias due to tray arrangement
(p < .01).

There is no statistically significant difference in the trend of
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Fig. 5. Substrate particle size selection by Caenis latipennis nymphs.
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selection when the full-tray and non-silted half-tray results are
compared (Table IV). In 17 out of 21 cases, more C. latipennis
nymphs were recovered from the silted half-trays than from non-
silted half-trays. The instances of greater selection (1/2 mm, coarse
upstream; 8 mm coarse downstream) and equal selection (1 mm,
alternate) for the non-silted substrates did not represent a consistent
trend (Fig. 5). Nevertheless, only in the coarse downstream tray
arrangement did the difference in selection approach the 19, level
when tested statistically (Table IV).

The above results indicate that C. latipennis nymphs select very
coarse sand and larger particle size classes but that a skim of silt tends
to increase the suitability of any given sediment and that nymphs
showed a tendency to move upstream. Field samples also indicate a
general association with coarse particle sizes as evidenced by Mdeg and
peak o values, for the sample containing the most nymphs, and the
coarse limits of Mdg and peak ¢ values (Table V); all these lie in the
gravel-pebble-cobble range. At least a tolerance of, if not a selection
for, silt is indicated by the lower limits of Mde and peak & values
which are both in the silts.

Thus, experimental and field data suggest that C. latipennis
nymphs are distributed in the intersticies of coarse sediments and
among the periphytal cover of large particles where a skim of silt tends
to collect.

Pycnopsyche guttifer (WALKER). Larvae of the caddisfly P.
guttifer are climbers and sprawlers inhabiting slow water areas of
Fleming Creek. They are especially abundant at the stream margin
among organic debris and higher aquatic plants where they feed
primarily on plant detritus along with some living plant tissues.
During the latter part of the terminal larval instar, P. guttifer
individuals fasten their cases to large submerged objects at the stream
margin, such as cobbles, pebbles, and branches, and remain inactive
for a good portion of the late summer and early fall. When such
larvae are removed from their attachment sites, they move about and
soon fasten their cases to other submerged objects (CUMMINS, 1961,
1964).

Non-feeding, terminal instar larvae showed an overwhelming
selection for the 16 mm pebbles (Table IV; Fig. 6). There may have
been a slight tendency to move upstream, but no bias due to tray
arrangement was detected (p > .20). No significant difference
was demonstrated between the results obtained in the full trays and
those obtained in the non-silted half-trays (Table IV). Also, no
significant difference between the recoveries from silted and non-
silted half-trays was observed, although significance at the 5%, level
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(p <.05>.01) was encountered in the coarse upstream tray
arrangement in which the silt covered 16 mm pebbles were not
favored over the silted particle sizes. The non-silted 16 mm sediment
was favored in all three tray arrangements. In five of eight recoveries
from 8 mm and smaller particles, the silted portions were selected.
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_Fig. 6. Substrate particle size selection by Pycnopsyche guttifer larvae.

In all experiments, only larvae in the 16 mm sediment tray had
fastened their cases to the substrate. It is possible that a skim of silt
served as a cue associated with the proper general habitat type in
which attachment sites are located, as evidenced by the greater
selection of the silted portion of 8 mm and finer sediments. However,
the actual attachment was more readily achieved on non-silted,
coarse 16 mm pebbles. It is interesting that P. guzrifer larvae did not
select the sides of the trough or the end screens for attachment and
the response was independent of light conditions since experiments
in the dark did not change the pattern of selection. Apparently
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phototaxis and climbing per se are not involved in the substrate se-

lection. Additional experiments, in which a tray of stripped and

washed Salix sticks of uniform size was added to an alternate tray series

(as the terminal upstream or downstream tray or at the center of the

series), resulted in an 80 to 90 selection of the stick-filled tray. The

remainder of the larvae were recovered from the 16 mm sediment
“tray (CUMMINS, 1961, 1964).

The field sample containing the most P. guttifer larvae had Mde
and peak @ values in the pebble size class. The upper and lower
limits of Mdeg and peak o values were fine sand and pebbles, and
fine sand and cobbles, respectively. Although these phi values
indicate the general coarse nature of the sediments, silt percentages
for the samples containing P. guttifer larvae were comparatively
high - ranging from about 2 to 13% by weight (CuMMINs, 1961,
1964).

There is little doubt that non-feeding, terminal instar P. gurtifer
larvae select coarse substrate particles or submerged sticks and
branches for attachment. It may be that silt is an important surface
cue in maintaining the larvae in the general slow water, stream-
margin type of habitat,

Stalis vagans Ross. Larvae of S. vagans are active predators
which inhabit slow-water areas where they are usually abundant in
the detritus and on vascular hydrophytes (Ross, 1935; PENNAK,
1953; EDMONDSON, 1959).

Laboratory experiments with S. vagans larvae showed a selection
that centered about the 4 mm particle size, ranging from 2 mm to 16
mm sediments, in the two graded series. The pattern of selection was
somewhat different in the alternate series in which the 16 mm and 8
mm sediments were favored (Table IV; Fig. 7). The difference
between alternate and graded series results was sufficient that a
very significant bias due to tray arrangement was found (p > .01).
There was no significant difference between the full-tray and non-
silted half-tray recoveries (Table IV). S. vagans larvae showed a
wide range of tolerance for silt as evidenced by a lack of statistical
significance when recoveries from silted and non-silted trays are
compared (Table IV). However, in 17 out of 22 cases more larvae
were recovered in the non-silted half-trays (Fig. 7). This avoidance of
silted substrates was particularly noticeable in the 2 mm and finer par-
ticle sizes of the coarse downstream and alternate tray arrangements.

Average Mde and peak @ values have been given for the field
samples since each of seven samples contained one S. vagans larva
(Table V). The mean Mde was in the very coarse sand range and
the mean peak o value in the gravel size class. Limits of the range of
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Fig. 7. Substrate particle size selection by Sialis vagans nymphs,

Mde and peak g values were silt and gravel, and silt and pebbles,
respectively.

Thus, S. vagans larvae select particle sizes primarily in the gravel
range but show a wide tolerance of silting and exhibit no particular
current orientation. Such a pattern of substrate selection might be
expected of slow-water organism limited to the margins of streams
rather than extensive pool-like stretches. Certainly the distribution
of prey species imposes strict limits on the microhabitat selection of
S. vagans larvae in the field, and their distribution with respect to
particle size probably reflects the general tolerances of such food
organisms.
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Intermediate Habitat Species

Ephemera simulans WALKER. The nymphs of E. simulans are
generally described as burrowers found in sand or gravel, bottom
regions of lakes and streams where they feed primarily upon detritus
and diatoms (NEEDHAM, 1918; NEEDHAM et al., 1935; BURKs, 1953;
PENNAK, 1953; ERIKSEN, 1961; LEONARD, 1962; LEONARD & LEONARD,
1962; CUMMINS et al., 1966, 1968; COFFMAN, 1967).

E. simulans nymphs demonstrated no significant substrate
selection in the full-tray experiments but showed a tendency to
favor very coarse sand and gravel (Table IV; Fig. 8). Definite bias
due to tray arrangement undoubtedly reflects the large selection of
the terminal downstream tray (1/8 mm) in the coarse upstream tray
arrangement. This tendency to move downstream was not born out
in the other two tray arrangements.
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Fig. 8. Substrate particle size selection by Ephemera simulans nymphs.

169



The full-tray and non-silted half-tray recoveries are significantly
different when results of the two graded series are compared (Table Iv)
but the trends of recovery in the alternate series are quite similar.
The presence of silt altered the way in which nymphs reacted to the
non-silted portions of the substrate particle sizes in the two graded
series but not in the alternate series in which silt selection constituted
a fairly consistent trend. There was no significant difference between
the silted and non-silted half-tray results in the two graded series,
but the trends of selection were significantly different in the alter-
nate series. On the basis of all the half-tray experiments, selection
for the non-silted and silted sections was about equal in the 4 mm
and coarser particles. However, the non-silted portions of the 2 mm
and finer substrates were favored in all but one instance (equal
selection of 1/2 mm).

Mde and peak o values for the field sample containing the most E.
stimulans nymphs were in the gravel size class. The fine and coarse
limits for both Mde and peak g values were in the fine sand and
pebble ranges respectively (Table V).

In summary, field and laboratory data indicate that E. simulans
nymphs favor sand and gravel substrates, but no statistically sig-
nificant size selection was demonstrated experimentally. There was a
general avoidance of a silt covering over fine sediments but silting
made no difference in the burrowing suitability of coarse substrates.
Thus, even though E. simulans can be described generally as a.
gravel insect of intermediate stream habitats, it is apparent that the
exact limits of microdistribution are set by other parameters. The
nature and abundance of detrital food substances are undoubtedly of
importance and ERIKSEN (1961, 1963a, 1963b, 1964a, 1964b, 1966)
has shown that localized variations in oxygen concentration are also
of significance.

Pycnopsyche lepida (HAGEN). Larvae of the caddisfly Pycropsyche
lepida show a changing pattern of habitat selection associated with
maturation. Early instar larvae are found in slow-water regions along
the margins of Fleming Creek. Terminal instar larvae are found on
gravel substrates in regions of intermediate current velocity. The
larvae spend the latter portion of the terminal instar in an inactive,
non-feeding state burrowed into gravel sediments (CumMMINs, 1961,
1964).

Non-feeding, burrowing, terminal instar larvae showed a sig-
nificant selection for the 2 mm to 16 mm particle size range (Table
IV; Fig. 9). There may have been a slight tendency for the larvae to
move into the current and to select the terminal portion of the experi-
mental area but no statistically significant bias due to tray arrange-
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ment was found (p > .20). No significant difference was demonstrated
between results obtained in full-trays and those recorded for non-
silted half-trays (Table IV). Also, there was no significant difference
between larval recoveries from silted and non-silted half-trays,
although significance at the 59, level (p < .05 > .01) was encoun-
tered in the coarse upstream tray arrangement. The difference,
however, was not due to any particular trend cf selection for silted or
non-silted sediments associated with increasing or decreasing
particle size (Fig. 9). P. lepida larvae showed a significant difference
(p < .01) between trials in complete darkness (covered trough) and
normal photoperiod experiments in the same tray arrangement.
Burrowing was inhibited in the dark and 709, of the larvae were
recovered on the surface of the 1/8 mm sediment (CUMMINS, 1961,
1964).
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The Mde and peak o values determined for field samples containing
burrowing P. lepida larvae are all within the range of sediment sizes
selected by individuals in substrate experiments; i.e., g—1 to g—4
in the gravel and fine pebble range (Table V). It seems apparent that
in nature, terminal instar P. Jepida larvae select burrowing sites on the
basis of sediment particle size (CUMMINS, 1961, 1964).

Helisoma anceps MENKE.  Species of freshwater snails in the genus
Helisoma are found in a wide variety of aquatic habitats. Although the
majority of species occur in quiet waters, there are a number of
species which can be found in lotic environments (BAKER, 1928;
GOODRICH, 1932; PENNAK, 1953). In Fleming Creek, H. anceps
occurs on a wide range of substrates, but appears to be most abundant
on gravel where it feeds on periphytic algae and detritus.

Although H. anceps individuals selected the 8 mm and 16 mm
particle sizes in the coarse upstream arrangement of the full-trays, a
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Fig. 10. Substrate particle size selection by Helisoma anceps.
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definite bias due to tray arrangement was detected (p < .01). There
was a tendency for the animals to move into the current in the two
graded series and significant selection was eliminated when the trays
were arranged in alternate series (Table IV; Fig. 10). When the two
graded series were tested under conditions of no current, the distri-
bution patterns were similar to those obtained in the alternate series.

There is no significant difference in the recoveries from full-trays
and non-silted half-trays, of the coarse downstream and alternate tray
arrangements. However, the significant selection of 8 mm and 16 mm
particles observed in the full-tray coarse upstream trials was not
observed in the non-silted portions of the substrates of the half-tray,
coarse upstream experiments. Hence the two sets of results are signifi-
cantly different (p < .01). The addition of silt to one half of each
sediment size eliminated what had appeared to be selection peaks in
the two graded series of full-tray experiments. There was no signifi-
cant difference in the selection for silted and non-silted portions of the
substrates in either of the graded series, although, in the alternate
series, there was a greater overall selection for silted substrates,
especially in the finer sediments.

A very large range of Mde and peak o values was obtained for field

samples containing H. anceps; from fine sand to fine pebbles and
from fine sand to cobbles, respectively.
. Both laboratory information and field data demonstrated that a
wide range of sediment particle sizes are suitable for H. anceps.
Although there may be a tendency to select silted areas, micro-
distribution is undoubtedly related to substrate particle size only in a
secondary way. It seems most probable that the substrate require-
ments or associations of food materials are responsible for any
observed relationship between H. anceps’ microdistribution and
sediment character.

GENERAL CONCLUSIONS

Some general relationships between a species of benthic stream
macroinvertebrate and its environment have been summarized in
Fig. 11. The diagram is arranged so as to emphasize the importance
of four general environmental influences determining a given micro-
distribution pattern. Although benthic stream animals probably
respond to all four major categories of environmental influence
simultaneously, the evidence presented in this paper suggests that
some species respond to a hierarchial arrangement of such para-
meters. Whereas current, temperature or concentration of a chemical
factor may limit the general ranges of habitat tolerance (macro-
distribution), it seems that substrate particle size or food supply
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Fig. 11. General relationships between environmental parameters and the
microdistribution of a species of benthic stream macroinvertebrate (see text
for further explanation).

probably exert primary microdistributional influences. In fact, in
many cases, substrate particle size may serve as a common denomina-
tor in benthic stream ecology (CuMMINs, 1962, 1964, 1966). The
important distinction may be the difference between “tolerance” and
“preference” ranges. For example, for a given species of stream
macro-invertebrate the ‘“tolerance” and “preference” limits with
regard to current velocity may be the same, whereas the substrate
preference limits may be considerably narrower than the ranges that
a species can tolerate, at least for short periods of time. Thus the
degree of discrepancy between tolerance and preference would
determine the hierarchial position of an environmental parameter; the
greater the discrepancy the more critical the parameter. The above
relationships have been depicted graphically in Fig. 12.

The present investigation illustrates the feasibility of utilizing
integrated field studies and laboratory experiments to evaluate the
importance of various environmental parameters in determining the
microdistribution patterns of benthic stream macroinvertebrates. The
primary importance, and in some cases possible secondary impor-
tance, of substrate type, have been demonstrated for a number of
species in the present study. Given the geographical range of a
given species, an established primary relationship between substrate
type and microdistribution pattern can be of critical importanceoah
establishing index species in water quality studies.

174



“TOLERANCE"

"PREFERENCE"
/_/H

|
I
1
t

CASES OF ASSOCIATION BETWEEN

SPECIES AND ENVIRONMENTAL RANGE

—T T TT T T T T TN
———— e e e e 4

UPPER
LIMIT

LOWER
LIMIT

%o

} s
| l
i |
| |
| |
! l

RANGE OF AN ENVIRONMENTAL PARAMETER

Fig. 12. Hypothetical example showing %, of cases in which a given species is
found associated with a particular range of an environmental parameter to
which the species responds, and remains alive (see text for further explanation).

SUMMARY

Substrate microhabitat preferences of ten species of benthic macro-
invertebrates were investigated in a laboratory flowing water system
and compared with preliminary field data. Eight particle size cate-
gories of both silted and non-silted substrates were tested in the
laboratory.

The correspondence between field and laboratory data indicated
primary microhabitat selection on the basis of substrate particle
size by the stonefly Perlesta placida, the riffle beetle Stenelmis
crenata and the caddisflies Pycnopsyche guttifer and P. lepida. Broad
substrate responses in the laboratory and lack of correspondence
with field data indicated a secondary importance of substrate particle
size in microhabitat selection by the pulmonate snail Helisoma
anceps, the caddisfly Helicopsyche borealis, the cranefly Tipula calop-
tera, the alderfly Sialis vagans and the mayflies Caenis latipennis and
Ephemera simulans.

Silting had minor effects on substrate selection patterns in all
species tested except Caenis latipennis and Perlesta placida in which
it enhanced selection for the intersticies of coarse sediments.
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ZUSAMMENFASSUNG

Die Vorliebe fiir Substratarten mit Riicksicht auf die Substrat-
partikelgrosse von zehn Arten im Benthos lebender Wirbelloser
wurde in einer Labor-Fliesswasseranlage untersucht und mit
vorldufigen Feldergebnissen verglichen. Acht Anordnungen von
Substratpartikelgrossen, sowohl verschlammt als auch nicht ver-
schlammt, wurden im Labor untersucht.

Die Entsprechung zwischen Feld- und Laborergebnissen zeigte
dass die Wahl des Lebensraumes in erster Linie durch die Sub-
stratpartikelgrosse bestimmt wurde fiir die Steinfliege Perlesta
placida, den Hakenkifer Stenelmis cremata und die Kocherfliegen
Pycnopsyche gutiffer und P. lepida. Die breite Streuwirkung des
Substrates im Labor und der Mangel an Ubereinstimmung mit
den Feldergebnissen zeigte, dass die Substratpartikelgrosse in der
Wahl des Lebensraumes eine untergeordnete Rolle spielte bei der
Lungenschnecke Helisoma anceps, der Kocherfliege Helicopsyche
borealis, der Schnake Tipula caloptera, der Schlammfliege Sialis
vagans und den Eintagsfliegen Caenis latipennis and Ephemera
simulans.

Die Verschlammung hatte geringen Effekt auf die Auswahl des
Substrates bei allen untersuchten Arten mit Ausnahme von Caenis
latipennis und Perlesta placida. In diesen Fillen verstirkte sich die
Besiedlung wegen der Zwischenrdume in dem groben Sediment.
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