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ABSTRACT

ECOLOGICAL FACTORS INFLUENCING MACROINVERTEBRATES
IN THE PINE RIVER

By

Willard E. Barber

Influences of substrate, macrophyte growth and detritus
on macroinvertebrate standing crop distribution, numbers
and biomass (ash-free dry weight), as well as seasonal vari-
ations in standing crop were investigated in a marginal
trout stream.

Seasonal maxima and minima in numbers and biomass are
given for ephemeropterans, chironomids, simuliids, other

dipterans, trichopterans, and trichopteran Helicopsyche

borealis, coleopterans, water mites and plecopterans.
Percéntage pupae and/or average weight/individual are given
for each group and are discussed in relation to population
changes. Annual production is estimated, 654 g/mz, by
using Waters' constant turnover ratio 3.5.

Ephemeropterans show no consistent relationship to large
or small substrates, either numbers or biomass. Numbers of
dipteran larvae do not show a definite relationship to sub-
strate size, reflecting the relationship of chironomids and

simuliids, but a larger biomass is associated with larger
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substrates, reflecting the association of larger dipterans.
Higher numbers and biomass of trichopterans are associated

with larger substrates. The trichopteran Helicopsyche

borealis also shows the preceding relationship. Numbers of
coleopteran larvae show no relation to substrate size, but
biomass is greater in large size substrates. Biomass and
numbers of water mites are generally associated with larger
substrates, whereas there is no relationship in plecopterans.

Larger numbers and biomass of ephemeropterans, dipterans
(chironomids and simuliids but no others) and trichopterans
are associated with macrophyte beds; this is attributed to
drifting species and those that have summer generations.
Macrophyte growth seems to reduce numbers and biomass of
H. borealis, but no differences are observed in coleopterans
or plecopterans.

In a substrate substitution study, ephemeropterans,
chironomids, coleopterans and oligochaetes are significantly
related to smaller substrates, whereas dipterans (less chirono-
mids) and trichopterans are not significantly related to
substrate type. .Significantly higher numbers are related to low
and medium food levels rather than high. The relationship to
smaller substrates may be related to a reduction in inter-
stitial space (as compared to the large substrates) and the
lack of spacial heterogeneity in large substrates. Higher

numbers related to low and medium food levels is suggested
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due to low oxygen levels below the substrate's surface in
the high food levels or due to detritus being in large

packets with a great deal unavailable to invertebrates.

For the clam Sphaerium striatinum, highest numbers

(1005/m®) and biomass (3.54 g/m®) occur during summer and
fall, whereas lowest are observed in late winter. Higher

numbers and biomass are generally associated with smaller
substrates with no differences between macrophyte and riffle

habitats. The majority of the young are extruded when they

are 3.6 to 3.8 mm in length.
but growth could not be interpreted from length frequency

Maximum size reached is 13.5

m!n'
Adults contain as high as four young, but the

histograns.

majority contain two.
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INTRODUCTION

There has been increasing interest in stream ecology
in recent years, not only because of problems in pollution
but also in an attempt to increase knowledge concerning the
dynamics of stream ecosystems to better understand natural
influences and to predict consequences of human activities.
An understanding of the dynamics of the benthic fauna, in
relation to physical and biological aspects of the stream,
is a prerequisite to this knowledge.

There have been numerous studies on benthic faunas, but
many study a few specific species, lack information concern-
ing relationships to the biological or physical components

of the stream or are so broad in scope as to give a general
Overview of ecological relationships. Percival and Whitehead

(1 929), Jonasson (1948), Minckley (1963), Cummins (1964a,b),
Cummins and Lauff (1969), Egglishaw (1969), Mackay and Kalff
(1969) have demonstrated influences of substrate and macro-
Phy tes on the distribution of standing crop of benthic fauna.
Nelson and Scott (1962), Egglishaw (1964), Minshall (G. W.,
196e57), Mackay and Kalff (1969) have demonstrated that detritus

is ailso an important factor in distribution and support of

standing crops. There have also been a number of studies on



seasonal changes of standing crops of benthic organisms in
streams (Hynes, 1961: Minckley, 1963; Egglishaw and Mackay,
1969; and others). But the majority of these studies have

dealt with numbers, ignoring or giving little reference to

biomass, and with numerical estimates being based only on
insects caught in large meshed screens, ignoring young indi-

viduals that may make up 50% or more of the total fauna

(Jonasson, 1955; Macan, 1958; Maitland, 1966).

This paper is concerned with the influence of substrate,

food (detritus) and macrophytic growth on macroinvertebrate

standing crop distribution. Food manipulations under field

conditions have demonstrated the existence of food limitation
in a number of populations (Eisenberg, 1970); therefore, an
experiment was conducted in the stream to determine the effect
of a food (detritus in the present case) and substrate sub-
st itution on distribution of numbers to strengthen field data

and determine quantitatively the effects and interaction of

the two factors. This study is concerned also with seasonal

Vaxiations in standing crop, numerical and biomass, with
€Mp hasis on estimating the total population of those organ-

isms studied. From this data an attempt is made at estimat-

lng annual production.
These previous objectives evolved from a concern about

the multiple use of rivers for hydroelectric installations,

floog control, and recreation that has become extensive in



the United States, and because there is a need for documen-
tation of biological and physical conditions before a stream
is altered by a dam. Therefore, this work is part of a
series of ecological studies on the Pine River which will
provide information that will lead to a better understanding
of the ecological effects of such alteration of stream

ecosystems.



STUDY AREA, METHODS AND MATERIALS

The study was conducted from June 1968 to October 1969

in the Pine River, Montcalm County, Michigan. The stream

above the study area drains about 259 km® (100 mileZ®) of

which approximately 70% is agricultural, the rest aspen-oak

hardwoods. The stream is alkaline, averaging about 200 ppm

CaCOz, with summer daytime temperatures ranging from 17-25 C.

It has a gradient of 0.95 m/km (5 ft/mile). Discharge ranged

from 0.96 m3/sec (34 CFS) to 1.39 m3/sec (45 CFS) in the

summer but was somewhat larger during spring runoff.
The sampling site was a riffle area 200 m in length with

an average width of 10 m, downstream from the Tamarack Road

crossing (edge of Secs. 8-17, T-12N, R-5W). Six samples,

sel ected randomly from a random numbers table, were taken
with a Petersen dredge having an area of 651 cm? at biweekly
intervals throughout the spring, summer and fall months.

During the winter months samples were taken only twice, in

late November and early March. Although six samples were

taken on each date, all were not used.
The samples were piaced in buckets with 10% formalin

Addeq and taken to the laboratory. Excess liquid was poured

thr'lbugh No. 30 and No. 60 mesh (0.5 mm and 0.246 mm mesh



openings, respectively) Tyler sieves placed in sequence.

The invertebrates were removed by the sugar flotation tech-

nique (Anderson, 1959). The remaining material was placed in

a white enamel pan and examined for remaining invertebrates.
The material in each sieve was placed in separate jars and

75% ethyl alcohol added. It often was necessary to deal with

only part of a sample because of large amounts of detritus

which floated on the sugar solution; therefore, two or three

subsamples were taken from each (number of ml subsampled

varied depending on the total amount of the sample), picked

under a dissecting microscope, enumerated, and the total

number estimated in each by simple proportion and averaged to

give a mean estimate in the sample. These estimates were

added to give an estimate of the total number of invertebrates
in the sample and expressed as the number/m? or biomass/mZ.
Ash-free dry weights were determined by placing the sub-
samples in small planchets and drying at 105 C for 48 hours.
The subsamples were then placed in a dessicator and allowed

to cool to room temperature, weighed to the nearest 0.01 mg,

then ashed at 600 C for one hour, again allowed to cool to

Yoom temperature in a dessicator, and reweighed. Errors

introduced by inorganic gut contents are avoided by this

technique (Scott and Nelson, 1962).

In order to determine the various substrate particle
Sizesg present, samples of the stream bottom were taken im-

mediately adjacent to the area sampled for invertebrates.



The sampler, a cylinder 8.5 cm in diameter, was pushed into

the substrate to a depth of approximately 7.5 cm. The upper

end was enclosed to prevent the loss of silt and clay. Once

the sampler was in place in the substrate, a thin metal plate

was forced under the end, the sample removed and placed in

a container. In the laboratory, substrate samples were ana-

lyzed for particle size distribution by a combination of two

methods: the settling velocity method for silt and clay, and

dry sieve analysis for the substrate materials 1.16 mm and

greater (Cummins, 1962).
For the settling velocity method, each sample was agi-

tated vigorously after water was added. The resulting silt

and clay suspension was decanted. This process was repeated

three to six times depending on the amount of silt and clay.

The suspension was then placed in gallon glass jars, allowing

the silt component to settle. The water, still containing the

clay suspension, was siphoned through a Foerst centrifuge.

At this time the precipitated clay and silt were placed in

Separate porcelain dishes. The remainder, consisting of

Coarse substrate, silt and clay fractions were oven dried at

105 c.
Dry sieving of each sample involved the use of a me-
Chanical shaker (Ro-Tap) and nine U. S. Standard Sieves with

the following openings: 16, 8, 4, 2, 1/2, 1/4, 1/6 mm. 1In

addition, a single square of heavy wire was constructed with

an Opening of 32 mm. The weights of each of these 12 particle



size fractions were determined for each sample to the near-
est 0.01 g. Following Cummins' technique (1962) the sediment

size classes were converted to the phi scale.



RESULTS AND DISCUSSION

Factors Influencing Standing Crop Distribution

Field Observations
Differences in standing crop and faunal relationships

in respect to substrate (see Cummins, 1964b, and Cummins and

Lauff, 1969, for reviews) and aquatic plants (Percival and

Whi tehead, 1929; Whitehead, 1935; Frost, 1942; Jonasson,

194.8; Minckley, 1963) have been observed. 1In this study in

order to investigate substrate size as a factor in macro-
invrertebrate standing crop distribution the median phi value

was used to characterize the substrate from which benthos was

taken (Cummins, 1962). Samples were divided into two cate-
gox ies according to phi values: those that were taken from

area in which phi was 2.7 or less--termed small, and those

an
Because either

£fxrom an area of more than 2.7--termed large.

the large or small category lacked samples in many collections,

Aata were combined from two consecutive dates (except the last

24 June 1969, which had samples in both cate-

<o 1 lection,
Average standing

9Oxies) giving nine time periods (TP,-TPg).

X Op was determined when more than one sample was represented.

Prior studies have compared the faunal composition or

NUumerijcal standing crops occurring in macrophytes with that of






other habitats of the stream. 1In this study macrophytes

(three species of Potamogeton) were growing in portions of

the riffle area in late May, being sparse at first with little

standing crop (biomass). They became dense, with maximum

standing crop in August, and again reached a low standing

crop in October. As plants grew the current decreased in the

lower portions of the water column with a corresponding

deposition of detrital and inorganic materials through the

summer. To investigate this growth of macrophytes on the

distribution of invertebrate standing crops, on the dates
when samples were taken in macrophytes the average standing
crop was determined for those samples taken in riffle areas
and compared with the standing crops obtained from macrophytes.

As indicated in Tables 1 and 2, there seemingly was a
Qi F£ference in numbers/m> and biomass/m® of ephemeropteran

nymphs between the two types of substrates, but neither high
bi omnass nor numbers was consistently related to either sub-

St xate type. At TP, there were, on the average, more indi-

Vi AQuals and a larger biomass in the smaller substrates, but at

TP = this association was reversed. TPz showed a higher number

O X individuals but a lower biomass associated with the smaller
During TP4 both numbers and biomass were associ-

Substrate.
At TPs there was a high number

Xt eqd with smaller substrates.
of nymphs in larger substrates, and, except for TPg which had

©ONnly one sample representing the smaller substrates, this was

™MAdintained through TPg. Biomass also showed the same pattern
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from TPg, larger in larger substrates except for TPg. These
observations are in contrast to the relationship Pennak and
Van Gerpen (1947) found, more nymphs in larger substrates.
Macan (1957) observed that more and smaller nymphs were
generally associated with smaller substrates and observed a
migration in some species when they became large and prior
to emergence. Although the relationship between standing
crops and substrate type, in the present study, was not con-
sistent from TP; through TPg, from TP; through TPg numbers
and biomass were higher in the larger substrate at a time
when nymphs would be largest. Thus it may be possible that
there is no definite relationship until nymphs are large, at
which time they move to a larger substrate.

A comparison between macrophyte beds and riffles shows
that on 23 June the number of mayfly nymphs/m® was higher in
macrophytes (Table 3), but there were more occurring in
riffles on 8 July. On 22 July nymphs occurred in both areas
in about equal numbers. Concurrently the biomass/m® on the
first date was a little greater in macrophytes, but on 8 and
22 July solid substrates contained a larger amount of biomass.
From 2 September until 6 October the numbers of organisms
inhabiting macrophytes were much higher than in solid sub-
strates. Biomass was greater in macrophyte beds on 2 and 16
September but about equal on 6 October. On the last date both
biomass and numbers were about equal in both types of habitat.

Mayflies have previously been observed to inhabit plants.



13

(T7¢T ) (15C70) (L7c o) (GST°C) (eecToy T (€27°0) [(SEENS) (710 7C) [(GOEME) SEENRN
M TLL'CE A2 OFE’T cat’2 TI€ va2'2 2€€°2 cer coeiRy fLL'IR IERED
(FFL°2) IGEISHQ ) (L7c o) (Ge7°C) (LSC°C) 265" 1) (8C°C) (cozsC) Re77C) [
T SRISAA"] e1¢€ CE'T sce't 2CY L81'¢ cCL 2T Fra'gL RERERBR| *320
(RESTTY ] (T1070) (SI70) (ceeroy T (L3et) (G35°0) e (71577
Z ¥Ga'gl 3261 SFR'T 188 932 2r'e [35 Jalcd SERRG cRe'2
(Fg Q) T20°0) (TeCT0) {(G2C*0) (TCOC) (ee 2y (¢T70°0C) (C3T°C) [CEENQ)) (e71°7) 9
T i’ ICT SEE'T ELY'Y STt 8t 1¢H'6 0T cac’e VA ] KVEGRA JUIS AT * 300
(LT7° 1) [EISY) (85C°0) [(CEONS) (€30°C) (¥18°0) (Fer 0) (Coc ") (117 (BN S] (RS
< FAC YL LE3 oLr'e GIT'T S1e'T 206 L 2202 FCT'T gaR‘c rer s ety JUASTV
(FEL"2Z) (37t ey (G2C°C) (2€T1°0) o (207° 1) [RERSIAD] (FIG°0) (ceisey [E ] - R
T AN A1 CeEQ’T S¥L'S 6SL’2 c 0ET'ST 1961 cTET TECCRN VAN RUCERE B cades
(CCF*C) (€1C°0) (920°0) (F71°C) (¥0°0) (01+°C) [(:ISHIaN) (ceaso) (c1ecc) ("3 0)
¥ T6F '8S TeE 02 LIS ‘2 251 622°9 832°1 [3S] BRIt 3 arr’'e RERE
(2TE°T) [CISIS)] (5¢0°0) {08T"C) (¥oc o) (F38°0) (1207 0) (RETC) (cee ) [(EV ) 2
T ECE'CE LS8 ERAAS €EoL’2 132 20€°11 (SRR A+ EAS A €32'8t LSRN quasoad sdos
(38¢°7) (roct o) (cecre) (¢RT°0) (LEC"C) (3A¢S° ) (a¢T1°C) (TC0°7) (o 7))
¢ TL3I'SL GeT1 SseL't 1562 S9 820 ‘€ LeF 'z ag 20235 REDER S
(ALE°T) {T0C*0) (22C¢°C) (3FCC) (R¥C°C) (833 C SFOT ) [(S35S) (77 C) 27
T STIT'SeL STT S¥L'2 L¥2'T 3¢ 015’6 285’z ¥83°'8 PoE LY U504 Ainp
(RCE*2) (2720°0) (Soc-C) (C1T°0) (121°C) (LGS 7) (¢CT°C) (¥20°0) (coz*0) (317°1)
2 FIT'EY 2¥ 3:13 082°T 99T S¥GE atz’e [ |Ly a2 caL'ee uosqy
NSz Ty [ (€6770) (TTC70) {crT=0) T (¥71°0) 0157 0) (GIC ) | (ceo ™) (F05°C) [ 8
T CEC'EE 8St’T L¥L Lse’2 LLy 0808 913 v2 RIIaS <] aca're uosa1d Alnr
(LS 7) (LCCTC) (3c0*C) (€L0°C) (sLe0) (812°0C) (LgC*C) (¥CC*0) (3,7°0) (§17°0)
< rIe’cT 337 €02 LLY'T atrly 299°2 LED 851 FCL'R For'g Iuosay
(767°2) (LoC"C) (Sce0) (CRC"C) (€T0° Q) (STL C) (22C°C) [FAASEY) (acT°0) (30C°T) NS ) g
T ¥SEEG ¥2 LCT S€E6 2T S1¥y eL? s€8°t2 CEE’'3 ‘2 |5L Juosaid aung
u T2LOL Y3l VNTHVD VY3l | STTVHOE e ichA vy3ald1da Ivarl IVATWON v¥3aLdIa v¥3Ldo¥d
-d023d1d -Y4AQAH -dod102 ‘H -dOHOTYL ¥3HLO ~1OWIS -O4IHD TV -W3Hd3 aiva
* (sa21dvres jJo Iaqu nu u) QAFT T11v3 puv
13uuns butrinp (juasqe) sSa[3ITI uUY pue (3udsaid) spaq 33Aydoaoew utr (sasayjuaxed ut) Amz..\ov SsSPwoTq pur _u/sIdqunu JO 3IVUWTISD abriaay ¢ 21qrl



14

Whitehead (1935) found that many parts of the stream were
repopulated from moss areas after the recession of winter
floods, and Frost (1942) found extensive utilizations of
mosses throughout the year. Maitland (1966) found many
nymphs in macrophyte beds but not as high numerically as he
found in riffle areas. In the present study there seemed to
be not consistent numerical relationship with either riffle
or macrophyte habitats from 23 June to 22 July; however,
there was a higher average biomass in the riffle habitat
possibly indicating that smaller individuals were utilizing
the macrophytes. From 2 September to 6 October there was a
large difference in standing crop between the two habitats,
numbers and biomass being greater in the plants. By 24 October
numbers and biomass were nearly equal, undoubtedly due to the
fact that prior to this time plants had begun to die off and
break loose from the bottom; thus areas that were inhabited
by extensive growths of macrophytes were becoming more like a
riffle habitat.

The disparity between large and small substrate in
average numbers/m® of diptera was great in the first three
time periods (Table 1), more dipterans occurring in the
smaller substrates at TP and TPs3 and more in larger substrates
at TPo. From TP, to TPg the differences were not great. At
TP, and TPs there averaged more larvae in smaller substrates.
There is a relationship between average biomass/m® and sub-

strate type (Table 2); the first time period biomass was
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greater in smaller substrates but associated with larger
types at all other time periods.

Relationship between the number of chironomids and sub-
strate type was identical to dipteran larvae taken as a
whole, which one would expect since chironomids were the
dominant member of the group. Biomass did not follow a simi-
lar pattern. More biomass was associated with smaller
substrate type at the first, third and fourth time periods,
but larger substrates contained more biomass at the other
time periods.

Numbers of blackfly larvae did not show a constant rela-
tionship to substrate type. At TP; there were more associated
with large substrate, but more were associated with small
substrate in time periods 2, 4, and 5. At TP3 there were no
larvae from the small substrate and very few from larger sub-
strate samples. AT TPg there were more associated with large
substrate whereas more were associated with small substrate
at TPy. At TPg and TPg more larvae were associated with
large substrates.

Larger numbers of other dipteran larvae, excluding
chironomids and blackflies, were generally associated with
large substrate. At TP, more were associated with the small
substrate, but higher numbers were in larger substrate from
TP> to TP4. Again at TPs there were more in small substrate.
At TPg, TP; and TPy large substrate contained more larvae,

and at TPg there was a small difference between substrate
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types with small containing a few more. Larger biomass was
associated with large substrate at all time periods except
the first in which the small type contained a higher biomass.

Numerically dipterans did not show a relationship to
substrate size nor was there any relationship when chironomids,
simuliids or other dipterans were considered separately.
However, biomass of dipteran larvae as a whole did show a
relationship, with a larger biomass in larger substrates.
Biomass of chironomid and simuliid larvae did not show a rela-
tion to substrate type whereas the other dipterans did. Other
dipterans consisted mostly of the large, robust larvae; thus
dipterans taken as a whole reflect the association of biomass
of these large individuals to substrate. Denham (1938) con-
trasted sand and gravel, finding more larvae in gravel but
noted those occurring in sand were much smaller. Pennak and
Van Gerpen (1947) found more chironomids in gravel and sand
than in larger types and more simuliids on bedrock than other
areas. However, they found more other types of dipterans
associated with larger substrates. This association of the
larger dipterans with the larger substrates is undoubtedly due
to growths of algae and moss on the rocks, making refuges
among the growth (Whitehead, 1935; Frost, 1942; Minckley,
1963) .

Dipteran larvae as a whole utilized macrophytes exten-
sively as a habitat (Table 3) with both biomass and numbers

generally greater in these beds than in riffles; this
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association was due to the high occurrence of chironomids

and simuliids. Numbers of chironomid larvae were highest in
riffle areas on the first and third dates but higher in
macrophytes on the second date. Biomass was larger in riffle
areas on the first date, larger in macrophytes on the second
and about equal on the third date. From the fourth date,

2 September, to 6 October greater numbers of chironomid
larvae were associated with macrophyte beds. On 24 October
numbers of these larvae were still higher in macrophytes, but
the disparity between the two habitats was not as great as on
the previous dates. Chironomid biomass was higher in macro-
phyte beds from 2 September until the last date. Simuliids
showed a definite preference for macrophyte beds, both in
numbers and biomass. On all dates, except the second, numbers
were greater and biomass higher in macrophyte beds than in
riffles. In contrast to both chironomids and simuliids,
other dipteran larvae occur in higher numbers and larger bio-
mass in riffle areas; however, the disparity between numbers
of larvae in macrophytes and riffles was not great on 22 July
or 2 September.

The association of dipterans with macrophytes is obvious,
particularly with biomass. This association is due to
chironomid and simuliid larvae while other dipterans are
associated with riffles, both numbers and biomass. Maitland
(1966) found that in macrophytes, dipterans made up a higher

percentage of the fauna than in other habitats. Jonasson
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(1948) found simuliid larvae in high concentrations in
Cladophora, particularly in early spring and fall.

Caddisfly standing crop showed a definite relation to
substrate type, both numbers/m? and biomass/m? larger in the
bigger substrates in all except the first time periods
(Tables 1 and 2). In comparing macrophytic and riffle hab-
itats in this group, on the first and second dates a higher
number of individuals were associated with riffles (Table 3).
Concurrently, biomass was greater in macrophytes on the first
date but greater in riffles on the second date (Table 3).

On 22 July numbers in both habitats were nearly equal, but
biomass was greater in macrophytes. From 2 September to the
last date there were more individuals and a greater biomass
present in macrophytes than in riffle areas.

Although standing crop numbers of caddisflies showed
variation in relation to substrate for the first three time
periods, from TP4 until the last more occurred in the larger
substrates. Relationship of biomass is obvious, in all
except the first time period, with more biomass being in
larger substrates. Pennak and Van Gerpen (1947) compared
numerical standing crops of three substrate types and found
more caddisflies associated with the larger stones. Sprules
(1947) found a similar relationship. However, Scott (1958)
found the densest populations on medium-sized stones. An
important factor causing differences between the two investi-

gations could be attributed to the presence of moss and algae
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cover on particular sizes of stone resulting in a microhabitat
utilized by certain species (e.g., members of the families
Hydropsychidae, Philopotomidae, Psychomyidae) (Percival and
Whitehead, 1929; Scott, 1958). Another factor that would
influence the relation to substrate type is movement of the
larvae. Scott noted that several species migrated from gravel
to larger stones upon pupation. Cummins (1964a) studied sub-

strate relations in two Pychopsyche species. He showed that

one species during early larval periods was associated with
silt bottom habitats, then migrated to gravel-pebble sub-
strates in the terminal instar. The other species showed no
changes in substrate association as maturation occurred.
Standing crops of caddisflies, numbers and biomass,
follow the same pattern as mayflies and dipterans in relation
to plants; very little difference between the two habitats
in early summer, much higher in plants during late summer and
fall. When plants died off in late October, both habitats
became nearly equal. From observations it was determined
that utilization of macrophytes as a habitat was almost en-

tirely due to Hydropsyche larvae. This association of

Hydropsyche larvae with macrophytes was noted by Jonasson
(1948), large populations being built up in Elodea beds during

the summer. Minckley (1963) observed that Hydropsyche larvae

avoided Myriophyllum beds in pool areas when there was little

or no current.
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The caddisfly H. borealis showed a similar relation to

size of substrate type as did the group as a whole. TP; had
more individuals and a higher biomass associated with smaller
substrates. There was only one sample representing large
substrates in TP and this did not contain any specimens.
In TP3 and TP, there were more larvae in larger substrates
whereas biomass was greater in the smaller substrate in TPgj
and greater in the larger substrates in TP4. The TPs biomass
and numbers were smaller in smaller substrates. In the last
four time periods more nymphs and greater biomasses were
associated with larger substrates. Thus, H. borealis
seemingly demonstrates an affinity for larger substrates,
both in numbers and biomass. Cummins and Lauff (1970) studied
selectivity of substrate of this species in a laboratory
situation and found that there was a tendency to select the
largest substrate (16 mm). They noted that the larvae en-
countered locomotory problems on finer substrates but were
quite mobile on silted substrates. Cummins and Lauff con-
cluded from their study that substrate size is of secondary
influence on micro-habitat selections and that food organisms
are probably of prime importance. However, a selection of
substrate may be made by the adult female while ovipositing
as it is known that many species submerge to accomplish this
(Pennak, 1953).

Growth of macrophytes seemingly influences the distribu-

tion of H. borealis; more larvae were associated with riffles
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than macrophyte beds on all dates except the last (Table 3).
Biomass was also larger in riffles in all cases except 22
July. No larvae occurred in the sample from macrophytes on
16 September. This association with riffles is in contrast
to the caddisfly group as a whole. These larvae, in contrast
to the majority of the larvae found in macrophytes, build
stone cases and are attached to rocks. It is possible that
adverse conditions arise from deposition of silt and detrital
material in macrophytes.

Numbers of beetle larvae/m® demonstrated no consistent
relation to substrate type (Table 1). More larvae were associ-
ated with large substrate at TP and TP>, but at TPz there
were more in small substrates. TP4 and TPs had more larvae
and a greater biomass associated with larger substrates.
Biomass and numbers were greater in small substrate at TPg
as well as TPg and TPg. At TP¢ larger biomass and greater
numbers were associated with large substrate. Biomass being
greater in larger substrates while numbers are fewer, indi-
cates larger larvae inhabiting larger substrates. Maitland
(1966) found higher numbers of beetle larvae occurring in areas
of coarse gravel than in the larger stones, whereas Pennak
and Van Gerpen (1947) found more associated with rubble (i.e.,
large stones) than with coarse gravel.

Comparing numbers of beetle larvae in relation to macro-
phyte or riffle habitat shows that there were more larvae

associated with macrophytes on two dates, 8 July and
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2 September; on all other dates higher numbers were associ-
ated with riffle habitat. On 23 June biomass was nearly equal
in the two types of habitats, but macrophytes had a little
higher biomass. On 8 July a higher biomass was associated
with macrophytes. Higher biomass was associated with riffles
on 22 July and 6 October; at the three other dates it was
associated with macrophytes. There is little difference
between plant and riffle habitats, which is similar to what
Maitland (1963) observed; numbers of beetle larvae in plants
were nearly equal to those in riffle areas. Frost (1942)
and Minckley (1963) found large numbers of beetle larvae,
mostly elmids, inhabiting moss which undoubtedly provides
microhabitats.

Water mites occurred in higher numbers in small sub-
strates at three time periods, TP;, TP3 and TPs (Table 1).
At all other periods there were higher numbers in large sub-
strates. Biomass showed a similar relation to substrate in
that it was higher in small substrates at TP and TP3 but
associated with large substrates at all other periods (Table
2) . Macrophytic habitat had a higher number of water mites
associated with it from 22 July to 6 October (Table 3), whereas
riffle habitat had more associated with it on the first two
and last dates. Large biomass was not consistently associated
with either habitat but alternated between the two types of

habitat (Table 3).



23

There is no relation of water mites to substrate during
the first three time periods, after which numbers and biomass
are larger in bigger substrates. There seems to be no effect
on standing crops of water mites by growth of macrophytes.
Maitland (1966) found more mites occurring in macrophytes and
among large stones than in other areas, and Frost (1942)
found large numbers inhabiting moss. Jonasson (1948) found
in areas adjacent to macrophytes that when the plants died
there was an influx of mites which apparently did not occur
here.

The first two time periods showed more stonefly nymphs
associated with larger substrates with more associated with
smaller substrates the next two periods. Concurrently there
was a larger biomass in small substrates at TP and TPs but
larger in large substrates at TP and TP4. At TPs as well
as TPg there were more nymphs in large substrates. At TPg
numbers were nearly equal in the two types of substrates even
though there were a few more in smaller substrate. At TPy
and TPg more nymphs were in small substrates. In contrasting
riffle and macrophytic habitats, higher numbers occurred in
riffles on 23 June, 22 July and 6 October, with more occurring
in macrophytes on the other dates. Biomass was nearly equal
in the two habitats on two dates, 22 July and 24 October,
greater in macrophytes on 8 July and 16 September and in the

riffle areas on the other three dates.
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In this study little can be said in regard to substrate
relationships of stoneflies, undoubtedly due to small
numbers present in the stream. Also little can be said in
relation to the effect of macrophyte growth other than that
there is no apparent adverse effect on standing crops by macro-
phytes. However, several studies (Percival and Whitehead,
1929; Pennak and Van Gerpen, 1947) have found more stoneflies
in larger substrates, whereas Maitland (1966) found more
associated with gravel than in a mixture of large and small
particle sizes. Stoneflies have also been shown to utilize
plants as a habitat (Frost, 1942), with large numbers utiliz-
ing moss, but Minckley (1963) found more individuals in riffle
areas without moss or macrophytes than in those with plants.

Total numerical standing crop does not demonstrate a
definite association with substrate type, generally reflect-
ing the association of the major numerical group, dipterans
(Table 1) . Standing crop measurements that have been made in
different substrate types in the past have usually been thought
of as a demonstration of production, being higher in a particu-
lar substrate type (Pennak and Van Gerpen, 1947). However,
these studies have usually been over a short period of time,
the summer, and have used numbers as the measure of production
instead of biomass. Present data show that there is a definite
association of biomass to substrate type, larger at all except
the first time period in the bigger substrates (Table 2).

As mentioned previously, this is probably due to the growth of
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moss and algae on some of the larger rocks diversifying the
habitat, leading to more areas to be inhabited, particularly
by larger dipteran (e.g., Tipulidae, Rhagionidae) and caddis-
fly larvae (e.g., Hydropsychidae).

An effect of macrophyte growth on total standing crop
in numbers and biomass is evident (Table 3). During the
early part of the growth phase of the macrophytes (May and
June) there seems to be no difference in standing crops of
invertebrates. However, when macrophyte standing crop is
high (August to October), there are higher numbers and larger
biomass of invertebrates in the plants. Growth of macrophytes
as it occurred in this investigation brought about changes in
the riffle habitat, changing current velocity and turbulence
which in turn caused deposition of detritus and inorganic
materials. Other studies indicate that in such a situation
there would also be a change in the macroinvertebrate associ-
ations, through changes in abundance of various groups, dis-
tribution and diversity (Chutter, 1969; Cole, in press). As
macrophyte standing crop decreased in fall, there was a removal
of deposited materials and a return to riffle conditions, and
this is indicated in the last collection date (Table 3).
Growth of macrophytes also presents an unoccupied habitat to
be colonized by drifting organisms and those that have a summer
generation. It seems noteworthy that the macrophytes were
colonized by groups of organisms that are noted for drifting

and inhabiting denuded areas: Simuliidae, Baetidae and



26

Hydropsychidae (Waters, 1966; Chutter, 1968). Annual plants
then act as a refugia for drifting organisms preventing the
loss due to drift as presupposed in situations in which

drifting of organisms occurs.

Substrate and Food Manipulation

Previous discussion focused on the relationship between
macroinvertebrates and habitat types. However, other factors
have been investigated (e.g., food, temperature, current and
others) and have been shown to be important. One factor is
detritus, both allochthonous and autochthonous, acting as a
source of nutrition for primary consumers (Nelson and Scott,
1962; Hynes, 1963; Darnell, 1964; Minshall, G. W., 1967;
Egglishaw, 1964). Therefore, it was decided to manipulate
substrate and amount of detritus under natural conditions to
quantitatively estimate the influence and interaction of these
two factors on macroinvertebrate numbers. In an attempt to
eliminate current as a factor, an area of relatively constant
current and depth, varying between 0.12 m/sec and 0.28 m/sec
(0.4 ft/sec and 0.9 ft/sec), and 15 cm and 27 cm (6 inches
and 11 inches), respectively, was selected. Eighteen loca-
tions of about 0.27 m® (4 ft?) were selected and the stream
bottom removed to a depth of about 23 cm (9 inches). This was
a 2 x 3 factorial analysis design. Gravel and rock were ob-
tained from a local gravel company and separated into large

and small substrate types (see Table 4 for analysis of two
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Particle size distribution by weight of four
samples, two from each size category,

from sub-

strates substituted in a riffle area of the Pine

River.

Particle Size

Large

Weight of Particle
Size in Grams

Weight of Particle
Size in Grams

range in mm Sample
1 2 1 2

16+ 338.9 318.8 —-— -
16-8 15.9 63.6 254.9 303.1
8-4 6.5 48.2 197.2 60.4
4-2 0.7 19.6 20.0 11.6
2-1 0.8 17.5 1.6 1.0
1-0.5 1.2 16.2 1.8 0.4
0.5-0.25 3.1 17.0 3.6 0.6
0.25-0.125 0.8 2.3 0.6 0.2
0.125-0.063 0.1 0.4 -— 0.05
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samples of each type). Dried Potamogeton (three species

that were found in the stream) was added at levels of about
121 g/m® (11 g/ft®), 484 g/m®(44 g/ft®) and 847 g/m® (77
g/ft®). 1In July each sample was placed at random in the
stream according to a random numbers table and sampled with
the Petersen dredge in October. Samples were placed in
buckets, 10% formalin added and returned to the laboratory.
Samples were processed as those taken throughout the year
with the exception that a No. 60 mesh sieve was used and two
subsamples per sample were taken.

Numbers of ephemeropterans, chironomids (data on this
group was transformed to logs due to variance heterogeneity)
and coleopterans were significantly different between sub-
strate types and food levels; more individuals in each group
were associated with small substrates (Tables 5 and 6).
orthoganal contrasts (Table 5) show that numerically there
were significant differences between food levels within sub-
strate types, for ephemeropterans and chironomids only within
small substrates and for coleopterans in both substrate types.
Oligochaetes were significantly associated with substrates
(Table 5), but orthoganal contrasts show that within smaller
substrates medium food level was different from high food
level. Other dipterans and trichopterans were associated
significantly with food levels. Orthoganal contrasts show in
both groups that low food level was significantly different

from medium and high with large substrates, and in dipterans
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medium food level was significantly different from high within
small substrates. Thus, from the preceding and Table 6, it

is clear more individuals are associated with smaller sub-
strates and with low and medium food levels than with high
food levels. If there is no significant relationship, there

is this tendency of higher numbers to occur in small substrates
and in low and medium food levels.

Although there was no consistent numerical relationship
to substrate type in many of the groups, results of substrate
substitution are generally in contrast to the higher numbers
in larger substrates found in other studies. Food manipula-
tion also resulted in data one might not expect. Nelson and
Scott (1962), Minshall, G. W. (1967), and Mackay (1969) have
attributed the majority of energy utilized by stream benthos
to allochthonous detritus, and Egglishaw (1964) found
that numbers were significantly related to the amount of
detritus present in a stream. He also found the same relation-
ship by placing trays containing various amounts of detritus
in the stream.

Differences in numerical relationships to substrate type
between substituted and undisturbed substrates may be due to
dissimilarities in physical complexity. Natural substrates
are a heterogeneous mixture of large and small particles with
larger particles having an algal or moss covering. Smaller
substrates are less heterogenous in makeup, no moss or algal

covering for insects to inhabit or large rocks present.
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Substrates substituted were more homogeneous than natural
substrates; large ones consisted mostly of particle sizes
bigger than 16 mm, resulting in relatively large interstitial
spaces and not having algal or moss growths extensive enough
for insects to inhabit. Smaller substituted substrates would
reduce interstitial space size, in comparison to larger
substrates, allowing greater numbers of insects to inhabit
the area.

Large numbers of insects occurring in low and medium
food levels rather than in high food levels may have two
explanations. At high food levels there may be so much plant
material present as to result in formation of aggregates.
Therefore, material on the inside of the aggregate would be
relatively unavailable to macroinvertebrates as a food source
since the available surface area per unit weight of available
food is decreased. But with low and medium food levels plant
material is more dispersed and offers a larger surface area
which insects can utilize. Another possibility is that at
high food levels interstitial oxygen can not be maintained due
to decomposition of plant material resulting in interstitial
oxygen concentrations below tolerance levels for stream macro-
invertebrates. Those macroinvertebrates found would,

therefore, inhabit the surface and not interstitial areas.
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Seasonal Variations in Standing Crop

The life histories of aquatic insects include a wide
array of forms. Some have one brood a year, others several;
some show rapid growth in fall and spring with little during
summer or winter; others grow from fall through spring; some
have overwintering eggs, and others have ova with a long period
of hatching or a very short one (Harker, 1953; Macan, 1957;
Scott, 1958; Hynes, 1961; Hartland-Rowe, 1964; Maitland, 1964,
1966; Minshall, J. N., 1967; Heiman and Knight, 1970; and
others). Despite differences in life history forms that
exist in macroinvertebrates, from the analysis of all samples
obtained from the Pine River through the year, general patterns
of standing crop in the various groups can be seen.

Mayflies show two periods of relatively low numbers and
biomass, late spring-early summer (May-June) and late summer,
5-19 August (Figure 1, Tables 7 and 8). The low biomass and
numbers in spring would bekexpected following emergence of
spring emerging species. During spring, average weight/nymph
ranged from 0.03 mg to 0.05 mg, but during the low period of
late summer, average weight was smaller, ranging from 0.01 mg
to 0.03 mg. Highest stahding crop of numbers occurred during
two periods, early fall (16 Sept. 1968) and spring (12 May
1969), whereas highest biomass:occurred during spring (11
April to 12 May 1969); average individual weight ranged from

0.02 mg to 0.03 mg and 0.16 mg to 0.79 mg, respectively.
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Figure 1. Seasonal changes in average estimate of
standing crop, numbers/m® and biomass (g/m%),
of various groups from a riffle area of the
Pine River.
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The peak in numbers on 8 July 1968 is believed to be an arti-
fact because earlier collections gave estimates of biomass
and numbers which are believed to be too low.

From the preceding an overall picture of the changes of
the mayfly fauna with seasons may be deduced. 1In spring,
emergence results in recruitment of many small nymphs; however,
since there are still large individuals present, average
weight/individual is maintained at a moderate level through
most of the summer. The majority of mayflies in Michigan's
trout streams have emerged by late August (Leonard and Leonard,
1962) at which time there are very few large nymphs in the
stream; nearly all occur in the egg stage or as relatively
small nymphs. As fall progresses biomass and numbers increase
with growth and hatching of dormant eggs.

Maitland (1966) found that mayflies were most abundant in
May to August and decreased throughout fall and winter. 1In
a productive stream studied by Egglishaw and Mackay (1967)
higher numbers of nymphs occurred during the winter months,
but no signif;cant changes were observed in two relatively
sterile streams during the year. Comparisons among different
authors as done here suffers because of differing methods
(see Jonasson, 1955, and Macan, 1958, for a review of sampling
methods) and differing objectives. But despite this, com-
parisons of the general results can be made and perhaps some
conclusions drawn. In both of these studies the kicking method

was used, catching the floating invertebrates in large meshed
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nets. The present study used a fine meshed screen which re-
tained many of the very smallest nymphs or larvae. It is
therefore believed that collections in the present study
give a more accurate description of the changes in the fauna.

Highest numerical standing crop of dipteran larvae
occurred in late November, 1968, with another peak occurring
in mid-April, 1969 (Figure 1, Table 7). However, biomass was
largest in early spring with a lesser peak in late fall.
Lowest numbers were found in late summer (19 August) and late
spring-early summer (7 June). Biomass was also low at these
times. Minckley (1963) found seasonal changes in abundance
of dipteran larvae, but time of maximum abundance varied with
habitat which changed as he progressed downstream. Maitland
(1966) found the greatest numbers occurring in summer which
undoubtedly is a reflection of his use of a large meshed
screen in collections.

When the order is divided into chironomids, simuliids
and all other dipterans, the trends in biomass, numbers and
average individual weight are similar (Figure 1, Tables 7 and
8), However, it is not surprising that the seasonal varia-
tion of the order as a whole reflects that of the chironomids,
the dominant group. Seasonal changes in chironomid larvae have
been noted by other authors. Egglishaw and Mackay (1967)
in studying a productive stream, found peak numbers in June
and July with lows in late fall and late winter-early spring.

Pupae occurred from May to October, but in higher numbers in
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May, June and July. Allen (1951) found peak numbers in mid-
winter with pupae present at all times. 1In one area on the
River Susaa Jonasson (1948) found maximum numbers in spring
due to newly hatched and overwintering larvae, with numbers
decreasing appreciably in succeeding months. He found a
smaller peak in numbers during late summer with lows occurring
in fall and winter. At another area on the river he found
that numbers increased from spring to late summer, followed
by an appreciable decline. In the present study, peak numbers
of chironomids occurred in late fall and early spring. Indi-
vidual dipterans in late fall averaged 0.01 mg each, whereas
in early spring they averaged 0.02 mg, indicating that the
chironomid fauna as a whole consists of larger individuals
which leads to highest biomass at this time. No pupae were
present in late fall collections, whereas in early spring
(11-25 April 1969) 1% to 2% of the chironomids collected were
pupae. During the summer less than 1% were pupae.

Simuliid larvae are well-known for their patchy distribu-
tion and a tendency to drift which results in extreme fluctua-
tions in numbers present in collections (Chutter, 1968;
Ulfstrand, 1968). Perhaps, though, a general description of
standing crops can be made. Maximum numbers and biomass
occurred during early summer (23 June to 22 July 1968 and 23
June 1969). This is undoubtedly from hatching of overwinter-
ing eggs and growth of larvae (Ulfstrand, 1968). There was

another peak in fall (16 September 1968) and at these two
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peaks average individual weight ranged from 0.01 mg to 0.03
mg. There were minimums during late summer and early spring
with larvae averaging 0.15 mg to 0.89 mg each. This may be
partially due to sampling error. Pupae made up from 0.2% to
1% of the total population on collections prior to these low
periods with only a few or none recorded at other times, thus
indicating emergence and reproduction responsible for the lows.
Frost (1942) observed a similar distribution of numerical
standing crop in her study. Allen (1951) found that pupae
were most abundant during the same seasons observed in this
study but found no seasonal changes in larval abundance.
Jonasson (1948) found high numbers of larvae in the spring
but very few until fall when they were again abundant.

The majority of other dipteran larvae collected were large
specimens of the families Rhagionidae, Empedidae, and Tipulidae
with Dolichopodidae and Tabanidae taken in fewer numbers.

Small larvae of the family Heleidae were also taken. Taken
as a group these larvae demonstrated a low in numbers in late
summer (19 August 1968) and late spring (12 May 1969) (Figure
1, Table 7). Biomass showed a low at two periods, late
summer (19 August 1968) and late spring-early summer (23 June
to 24 July 1968) (Figure 1, Table 8). Numbers increased on
23 June 1969 then stabilized, whereas biomass decreased.
These trends are undoubtedly due to emergence of larvae and

recruitment of young.
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There were four major families represented in trichop-
tera: Hydropsychidae, Helicopsychidae, Glossosomatidae

(Hydropsyche, Helicopsyche and Glossosoma, respectively) and

Limnephilidae, with the latter occurring less frequently than
the first three, while those of other families occurred in-
frequently. Caddisflies, numbers and biomass, showed several
periods of maximum and minimum (Figure 2, Tables 1 and 2).
But the low in both numbers and biomass in late fall (24
October 1968) may be due to sampling bias as biomass seems to
be increasing prior to a winter decrease, and the trend in
numbers is from a high in September to a winter low.

Average weight/individual and the percentage of pupae in
the population showed seasonal trends. Percentage pupae in
summer 1968 increased from 2% at 23 June to a high of 10% on
5 August after which there was a decrease until none were
present on 6 October. Average weight/individual varied from
0.10 mg to 0.20 mg and dropped in early fall to 0.08 mg (16
September). Average weight then increased as fall progressed
to a high of 0.38 mg on 29 November. By 15 March 1969 this
had dropped to 0.23 mg and to 0.19 mg by 11 April at which
time less than one perceﬁt of the population was pupae.
Average weight increased to a high of 0.75 mg by 12 May then
decreased to a low of 0.21 mg on 24 June. After the start of
pupation in April the percentage of pupae increased to a high

of 12% on 7 June then decreased to 1% on 24 June.
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Figure 2. Seasonal changes in average estimate of
standing crop, numbers/m?® and biomass (g/m2),
of various groups from a riffle area of the
Pine River,
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From the above, a general seasonal cycle may be in-
ferred for trichopterans as a whole. Biomass and numbers
are highest in spring prior to emergence due to gains in
weight following winter senesence and the hatching of over-
wintering eggs. Emergence continues through the summer due
to those species which emerge late and species that are
multivoltine. As fall progresses there is less emergence
and growth occurs leading to a high in biomass and numbers
in fall. Numbers and biomass decrease due to winter mortal-
ity, and as temperatures increase at the end of winter,
growth of larvae resumes and overwintering eggs hatch.
Seasonal variations in trichopterans have been noted
by other authors. Frost (1942) and Hynes (1961) found a
steady decrease in numbers as winter progressed to lows in
late winter and early spring, with highest numbers occurring
from summer to fall. Jonasson (1948) found no marked seasonal
variation but noted largest numbers occurring from January
to May. Minckley (1963) noted that in riffle areas there
were periods of high populations, but these were different
at various stations in the stream. But all highs occurred
between January and May. Allen (1951) found that in the
families Hydropsychidae and Rhyacophilidae average weight
varied similarly to the variations noted in the present study:
smallest in late summer-early fall and highest in late winter-
early spring. Scott (1958) found that there was a common
seasonal pattern to all species he studied, a summer minimum

and a winter maximum.
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Data were obtained for an individual species of tri-

chopteran, Helicopsyche borealis (Figure 2, Table 7). Unlike

the order as a whole, maximum numbers occurred in August 1968
with a decline to a low in late winter with a smaller maximum
occurring in spring. Maximum biomass occurred in early
summer, highest during June and July in both 1968 and 1969.
Percentage pupae and average weight/individual varies seasonal-
ly. Average weight decreased from 0.49 mg on 23 June 1968 to
0.32 mg on 22 July, whereas percentage pupae in the population
increased from 45% to 95%. Pupae were present in the collec-
tion on 2 September and 24 October, being less than one per-
cent of the population, and absent until spring collections.
Average weight increased from 0.01 mg on 5 August to 0.11 mg
on 29 November then decreased to a low average weight of 0.03
mg on 11 April 1969. From this low, average weight increased
to a high of 0.50 mg on 24 June. Percentage pupae increased
from 1% on 25 April 1969 to 23% on 24 June.

The life history of H. borealis seemingly then is annual
with two broods present. Emergence begins in late spring
reaching a peak in early summer, resulting in a peak recruit-
ment of young larvae in late summer. Ross (1944) states that
there apparently is a continuous succession of generations,
emergence occurring from May to September. This could coin-
cide with embryonic development lasting between 9 and 25 days
for trichoptera (Scott, 1958). Perhaps some larvae are pro-

duced in spring, grow and emerge in the fall, producing ova.
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Mortality of larvae occurs through winter. Delayed hatching
probably occurs in those ova produced in fall giving another
period of recruitment and reduction of average individual
weight along with the resumption of growth in spring.

The majority of the beetles collected were of the family
Elmidae. Members of Psephenidae were collected only peri-
odically. Therefore, seasonal variation in standing crops
is mostly a reflection of elmid life histories. Maximum
biomass and numbers occurred in late winter after which there
was a decline (Figure 2, Tables 1 and 2). The extreme low
in numbers on 6 October may be due to sampling error as the
trend from the beginning of collections to winter was toward
an increase in numbers. Pupation in both of these families
occurs on the shores of the streams (Pennak, 1953; Leech and
Chandler, 1956). Therefore, only adults and larvae were
collected. Adult percentage of the population between 23
June and 22 July ranged from 2.5% to 5% and decreased as
summer progressed to fall. No adults were collected from 6
October until the following spring when adults again began to
appear in the population because of pupation, numbers in-
creasing as spring progressed.

Average weight/individual increased due to growth from
0.05 mg on 23 June 1968 to 0.10 mg on 19 August, then de-
creased to 0.03 mg on 16 September probably because of recruit-
ment of young and emergence of adults. Increase in average

weight then occurred as young grew to a high on 29 November
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of 0.11 mg which was maintained until 15 March 1969, after
which average weight decreased to a low of 0.02 mg on 23 May,
probably due to recruitment of overwintering young, and then
increased to 0.06 mg on the last date, 24 June.

These two families of beetles, Elmidae and Psephenidae,
are thought to have a two-year life cycle (Pennak, 1953;
Leech and Chandler, 1956) and the data presented here seem-
ingly support this thought. Perhaps, then, seasonal changes
occur in the following manner. Pupation results in high
numbers of adults in early summer with the production of ova
which have an extended period of hatching, resulting in a
gradual increase in larvae through summer. Concurrently,
those larvae which will not pupate until the following spring
grow, and as the number of young larvae increase through late
summer, there is a decrease in average weight/individual and
biomass. Growth of the population as a whole leads to an in-
crease in biomass through late fall. With the advent of spring,
mature larvae leave the stream to pupate leading to a decrease
in average weight, numbers and biomass. Frost (1942) found
that higher numbers of adults occurred during the winter at
a time when larvae were lowest in numbers. Highest number of
larvae in her study were found in July.

Although there are fluctuations in standing crops (bio-
mass and numbers), there are obvious trends in standing crops
of water mites (Figure 2, Tables 1 and 2). There is an in-

crease from an early summer low to peak numbers and biomass in
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fall. Following this there is a winter decrease, an increase
in spring, followed by an apparent decrease in early summer.
Maitland (1966) found the highest numbers of water mites in
his samples from May to October, whereas Jonasson (1948)
found the highest numbers in late winter and early spring;
Jonasson attributed this to the migrations of individuals
from decaying vegetation along the stream to the stony sub-
strates. There is some confusion concerning whether water
mites reproduce throughout the year or during late spring or
early winter (Pennak, 1953). Present data seem to support
the latter.

Stoneflies of the genus Taeniopteryx made up the majority

of plecopterans collected, with Pteronarcys taken periodically.

Nymphs did not occur in high numbers in this study which leads
to obvious sampling errors in estimating standing crops

through the year, and makes it very difficult to discuss sea-
sonal changes. Spring and early summer emergence occurred in

Pteronarcys, but this should not have caused the extreme low

on 19 August 1968 as the majority of stoneflies collected
were Taeniopteryx. This low may be due to two factors: one
is sampling as previously mentioned. Secondly, it has been
observed that benthic organisms may go as deep as 30 cm
(Coleman and Hynes, 1970), presumably to escape particular
rigors of the environment (Maitland, 1964). Possibly summer
temperatures are a form of "rigor" for Taeniopteryx, a winter

emerger (Frison, 1935); large numbers of adults were observed
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on 15 March 1969. As temperatures decrease in the fall,
Taeniopteryx emerges from the substrate and resumes growth
leading to a high biomass in the winter. Emergence occurs
in late winter resulting in a low biomass, but oviposition
leads to an increase in numbers during spring.

In this study macroinvertebrates taken as a whole
demonstrated fluctuations seasonally with peak numbers in late
fall-early winter and a lesser maximum in spring; the largest
biomass occurs in early spring before emergence commences.
Changes in numbers reflect the changes in dipteran larvae
as these were the predominant group numerically. For example,
the extreme low on 19 August was due to few numbers of dip-
teran larvae present. The low estimate of both biomass and
numbers on the first collection date, 23 June 1968, is not
entirely a reflection of the fauna. Because it occurred in
every group on this date, I feel this low is due to sampling
error. The decline through winter may not be due entirely
to winter mortality. Babcock (1954a, b) points out that
insects may be found as deep as 12 cm and Coleman and Hynes
(1970) have shown that insects may occur as deep as 30 cm in
the substrate. It may be that insects seek the lower strata
of the substrate to escape rigors of winter. As temperatures
increase with the advent of spring, they return to the sur-
face and, with hatching of overwintering eggs and resumption
of growth, there is a spring increase in both numbers and

biomass. In retrospect then, a general pattern of change may
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be described. Lowest numbers and biomass are found in early
summer, both increasing through fall. Both decrease due to
winter mortality and possible vertical movement downward,
but with warmer temperatures numbers again increase, due to
hatching and a vertical movement upward, and biomass reaches
a maximum before emergence.,

The seasonal change observed in the present study is not
entirely in accordance with that found by other authors.
Maitland (1964) found peak numbers and biomass during summer
months; however, he stated that the streams he studied were
subject to extreme winter conditions and spates which led to
low numbers during winter. Although flooding was observed in
the present study, particularly during spring, there was no
scouring of the bottom, which is a situation that has been
shown to be an important factor to stream benthos (Minckley,
1963; Maitland, 1964, 1966). Egglishaw and Mackay (1967)
found a maximum biomass in spring, but maximum numbers occurred
in July and December through March. Jonasson (1948) found
that maximum numbers occurred in spring. All of the above
authors used large meshed screens which allow the loss of
smaller nymphs, whereas I used a fine meshed screen which
retained small nymphs and led to better characterization of

the changes in numbers and biomass.
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Annual Production Estimate

In past years the production of aquatic plants and
fish has been measured. Recent years have seen an increase
in the measurement of production of invertebrates but limited
to single species and then to those that demonstrate certain
types of life histories (see Mann, 1969, and Waters, 1969,
for reviews). Presently there is particular emphasis on
attempts to determine production of entire benthic faunas and
by a means which is fairly simple. Hynes and Coleman (1968)
have attempted to do this (see Fager, 1969, and Hamilton,
1969, for modifications and criticisms of the technique) by
using length measurements of the fauna collected over a
year's time. Waters (1969) has recently reviewed the litera-
ture concerning turnover ratio in freshwater invertebrates
and found that it ranged from 2.5 to 5, averaging 3.5, which
is comparable to the turnover ratios which Hynes and Coleman
found with their method.

Although the present study was not designed to obtain an
accurate estimate of production, perhaps a gross estimate may
be obtained by using Waters' assumed constant, 3.5. It was
felt that the results might be compared to the production
estimate of Hynes and Coleman (1968) as well as estimates
obtained in future studies. Average ash-free dry weight was
2.52 g. Multiplying by the constant gives an average of 8.0

g/m2/yr. But, as Waters points out, in a fauna which is
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dominated by multivoltine species this ratio would be higher

by two-or-threefold. Since the fauna in this study undoubtedly
consists primarily of multivoltine species, mayflies, dip-
terans, and various species caddisflies, it seems reasonable

to assume that the turnover ratio would be near seven (which
assumes an average of two generations a year) in which case
production of ash-free dry weight would be 17.7 g/m®/yr. It
was determined that dry weight is about 6.7 times greater than
ash-free dry weight. Egglishaw and Mackay (1967) found that
wet weight of insects averaged 5.5 times dry weight. Together
these two factors give an estimate of wet weight as being 37
times greater than ash-free dry weight. Multiplying this
factor by the estimate of ash-free dry weight gives a production
estimate 654 g/m®/yr. This river is high in nutrient and
primary production (Tesar, 1970) and is comparable in secondary
production to that of 620 g/m® of another hardwater stream as
determined by Hynes and Coleman (1968). Although Waters®
turnover ratio is highly speculative, it would seem that an
estimate of 654 g/m®/yr may be in the right order of magni-
tude. This is also é method which is much more simple and

less time consuming than the one proposed by Hynes and Coleman.

Observations on Sghaerium striatinum

Three species of fingernail clams were represented in the

collections: Sphaerium striatinum, Pisidium compressum and
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P. fallax. Pisidium occurred infrequently; therefore, only
S. striatinum will be considered in the following discussion.

Clams were picked from the decanted material which re-
mained in the sieves and from the remaining gravel, then stored
in 75% ethyl alcohol. Numbers and ash-free dry weight were
expressed as for the other invertebrates. Ash-free dry weight
was determined in the same manner as for the other inverte-
brates. Ash-free dry weight was determined in the same manner
as for the other invertebrates. For growth studies the length
of each clam was taken to the nearest 0.2 mm with an ocular
micrometer. Those too large for the microscope's field were
measured to the nearest 0.2 mm with a pair of dividers.

It was observed that after ashing young within the adults
maintained their form and rigidity. Therefore, to determine
numbers of young produced and time of reproduction, adults
and young that they contained were measured from 23 June to
2 September 1968. After 16 September until the termination of

the study the young were counted after ashing but no measure-

ments taken.

Standing Crop and Habitat

Average number /m?® was high on the first collection date,
23 June 1968, after which there was a decline followed by an
increase on 5 August to the prior level (Figure 4, Table 9).
Biomass and numbers increased to a high on 22 July but then

decreased to an extreme low on 19 August. This decrease is
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Figure 3. Seasonal changes in average estimate of total
standing crop, numbers/m® and biomass (g/mZ),
from a riffle area of the Pine River.

Figure 4. Seasonal changes in standing crop of Sphaerium
striatinum, numbers/m?® and biomass (g/mZ), in
a riffle area of the Pine River.
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undoubtedly due to sampling error as both numbers and biomass
increased next sampling, reaching high in September. Through
fall and winter there was a decrease in numbers and biomass,
probably because of winter mortality, reaching a low on 11
April 1969. From this time the tendency of both was to in-
crease, probably from spring reproduction. The extreme low
on 23 May is again probably due to sampling error as the
tendency from 23 March until termination of the study was to
increase.

Biomass and numbers were associated with smaller sub-
strates from TP, to TPs (Table 10) and during these periods
the disparity between the average standing crops associated
with the two substrate types was generally great. At TPg
and TPy numbers and biomass were higher in larger substrates,
but at the last two periods both parameters were again associ-
ated with smaller substrates. It should be pointed out that
there is extensive overlap of standard deviations in each time
period, thus the differences between standing crops of small
and large substrates are insignificant statistically. However,
perhaps the trend is meaningful in itself.

From . Table 11 it can be seen that both highest numbers
and largest biomass were associated with macrophyte and riffle
habitats an equal numbher of times, both about equal on the
last date. Even though there was only one sample obtained
from macrophyte beds on each date, compared with means of

samples from riffle habitats, I think the comparisons give an
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estimate of what effect macrophytes have on sphaeriid dis-
tributions.

The general trends in standing crops shown here, high
during spring, summer and early fall with a general decline
through winter months, are similar to those found by Foster
(1932). Although he sampled approximately monthly, no com-
parison can be made with regard to standing crops as he did
not sample a constant area.

The two extreme lows that occurred in the present study
may be caused by high waters or sampling error. Minckley
(1963) and Maitland (1964, 1966) have discussed the effect
of spates in streams which leads to a reduction of the fauna
by washing them away and destroying them. However, in the
present case, even though water levels were about six inches
higher than normal, I believe the lows are due to sampling
because of the later return to prior levels, even though water
levels were still high. Gale (1969) studied standing crops
of sphaeriids in the Mississippi River from June to December,

S. striatinum being present in substantial numbers. Highest

numbers and biomass occurred in August, approximately 5,000/m?
and 50 g/m® dry weight. Highest numbers in the present study

were 1,005/m® during September. Highest biomass also occurred
in September, 3.54 g/m® ash-free dry weight. If it is assumed
the conversion factor of 6.7 to convert ash-free dry weight

to dry weight is valid, an estimate here of 24 g/m? is given.
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Herrington (1962) indicates that this species, most
common of the genus, has a wide tolerance of habitat type,
being present in sand, sandy-gravel, and muds of creeks,
rivers, and lakes. In the present study the smaller substrate
types seem to be preferred, generally having higher average
standing crops. Gale (1969) comments that substrate type
did not appear to greatly affect the abundance of sphaeriids
(two species) except that fewer occurred in substrates of
bare rock, gravel, or hard clay. It seems plausible that
the relation to substrate type is due to physical effect.
Larger substrate types contain rocks which occupy space that
would be available if smaller rocks or sand were present.
This would also be a possible reason for the differences
between standing crops of Gale's study (where substrate con-
sisted of sandy silt) and the standing crops of the present
study.

There seems to be no adverse effects on S. striatinum

distribution by extensive summer growth of macrophytes. This
might be expected in a species which has a wide tolerance of
habitats. This is in contrast to Gale's (1969) report that
areas associated with vegetation generally supported low
sphaeriid populations. However, it must be pointed out that
he was dealing with very large standing crops, and areas of
vegetation in his study may still have yielded populations

equal to or greater than were found in the present study.
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Growth and Reproduction

From Figure S5 it seems that the majority of the young
are extruded when they are 3.6 mm to 3.8 mm in length; few
smaller free-living young were found in the collections.
Length measurements of young still contained by adults showed
very few 4.0 mm or larger. The percentage distributions in
Figure 5 also show that a bimodal curve is present in a number
of samples, 8 July to 5 August, 2 September to 16 September
1968, and 23 May to 24 June 1969. However, no growth can be
interpreted from these distributions as there are no changes
in various size groups through the year. Numerous individuals
reached a size of between 10 mm and 11 mm, with some being as
large as 13.5 mm.

Table 12 shows the size of adult and number of young
contained. The largest number of adults examined contained
two young, with a substantial number containing one. A few
adults contained 3 and 4 young. Smallest adults containing
young from 23 July to 2 September were 7.4 mm and of those
equal to or greater than this size the percentage containing
young is shown in Table 13. It can be seen that the greatest
percentage carrying young occurs from late fall to spring
with the least occurring during summer and early fall.

Minimum size of free-living young and maximum sizes of
young still within adults coincide; thus young are released
when they reach a size of 3.6 to 4.0 mm. This is in accordance

with Foster's (1932) findings. However, maximum size of adults




66

Figure 5. Length frequency distributions for collections
of Sphaerium striatinum, by date, from the
Pine River.
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in Foster's study was smaller; the largest specimen was 10
mm with the majority of the largest individuals being 9-9.5
mm.

Gilmore (1917) stated that the majority of adult
S. striatinum contained two young, one in each pouch, with a
few containing four. PFoster (1932) obtained similar results
but also found a few adults with one or three young, as
found in the present study, and concluded this was due to
the recent extrusion of young. The bimodal curves (Figure 5)
seem to suggest that these sphaeriids live two years and
from this and Table 12 the majority of reproduction and
nurturing of young seems to occur during colder months with
the majority of young being released in spring, summer, and
fall. Monk (1928) reached a similar conclusion with this
species. Foster arrived at different conclusions; finding
a bimodal curve in size distributions, he attempted to show
that it was due to periods of maximum extrusion of young dur-
ing spring, summer and fall. It should be pointed out that
these three studies were conducted in two divergent habitats,
Foster's work in an oxbow lake and Monk's and the present
study in streams, and the differences in conclusions about the
life history of the clam may be derived from differences in

life history response to habitat type.




GENERAL CONCLUSIONS

The effect of substrate size, macrophyte growth and
detritus distribution was demonstrated in the present study.
As a whole the benthic fauna does not demonstrate a definite
association with either small or large substrates numerically,
but biomass is higher in larger substrate sizes. Standing
crop, biomass and numbers, is higher in macrophyte beds than
in riffles when they are dense but the habitats are similar
during early growth phase of the plants and in late fall when
they have died back. Substrate-~food substitution experiment
showed that the majority of the groups were related to low
and medium food levels and small substrate sizes. Although
macro- or microdistribution of invertebrates may be related
to a particular factor, the interaction of many factors is
undoubtedly the most important aspect of the problem.

Most benthic invertebrate studies seem to disregard the
problem of sampling technique, and in this case it was random.
A stratified random sampling design, according to at least
three substrate sizes and macrophyte beds, would have alle-
viated this problem and led to less variation in estimates

of standing crops.
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Coarse screens are normally utilized in benthic studies
and miss many of the younger larvae which were obtained in
this study by the use of a fine meshed screen. Compared to
other studies the present study obtained substantially higher
estimates of numbers of macroinvertebrates/m?, the highest
being 116,000; thus a more accurate estimate of standing

crops and seasonal changes has been given.
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