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Size frequency distributions and dry weight - head width relationships for six insect species 
from two habitats with differing current velocities in the Pigeon River, Michigan, werecompared. 
Early in their growth cycles, Ephemerella sub~~uria,  Ephemerella lata, Rhirhrogena jejuna, and 
Glossosoma nigrior generally were larger at the slow station, but near the end of the growth 
cycles they generally were larger at the fast station. For Paraleptophlebia mollis, early in the 
growth cycle size differences between stations were small but near the end of the growth cycles 
nymphs were larger at the fast station, whereas nymphs of Ephemerella deficiens were slightly 
larger at the slow station throughout the growth cycle. Larger size at the slow station probably 
was due to differential growth whereas larger size at the fast station probably was due to 
differential habitat selection controlled by oxygen requirements. 

There were no significant differences in dry weight -head width relationships between habitats 
or between sexes. Sex ratios generally were similar at the two stations and did not deviate 
appreciably from 50:50. 

The life history ofeach species is briefly described. 
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Une etude sur six especes d'insects provenant de deux habitats a vitesses de courant diffe- 
rentes de la riviere Pigeon au Michigan a permis d'etablir des comparaisons entre les distributions 
de frequence des tailles et les relations poids sec - larg/eur de la tgte. Au debut de la croissance, 
Ephemerellrr s~rbr~ariu, Ephemerella Iota, Rhithrogenrr jejuna et Glossosoma nigrior sont de taille 
plus importante la station ou I'tcoulement est le plus lent, mais vers la fin de la croissance, ces 
especes ont une taille plus elevee en eau rapide. Chez Paraleptophlebia mollis, les differences de 
taille entre les larves de deux stations sont minimes au debut de la croissance. mais vers la fin, les 
larves sont plus grosses en eau rapide; les larves d'E. dejciens sont Iegerement plus grosses en 
eau calme, en tous temps. La taille pluselevee en eau kecoulement lent vient probablement d'une 
croissance differentielle, alors qu'en eau rapide, elle est due sans doute a la  selection differentielle 
d'habitat, elle-m&me regie par les besoins en oxygene. 

II  n'y a pas de difference significative dans les relations poids sec - largeur de la tgte entre les 
habitats ou les sexes. Les rapports des sexes se comparentgeneralement aux deux stations et sont 
toujours autour de 50:50. 

On trouvera en outre, dans cet article, une breve description du cycle biologique de chacune 
des especes etudiees. 

[Traduit par le journal] 

Introduction insects depend on passive diffusion of oxygen 
Little is known about the relationship between through the body surface or gills to satisfy oxygen 

the size of stream organisms and current velocity in requirements ( H ~ n e s  1970). Consequently 7 larger 
habitats where they are found. ~ l l ~ ~  (195 1) re- individuals which have a lower surface area to vol- 
ported that Helicopsyche from faster current re- ume ratio have greater difficulty satisfying oxygen 
gimes were larger than those from slower current requirements (see reference to Istenic by Hynes 
regimes. Starmiihlner (1953) reported that Lim- ( 1970)). Large nymphs and larvae may actively 
naea pereger was smaller and ~~~~l~~ ~ l ~ ~ i ~ ~ i l i ~  select fast current regimes because current renews 
was taller in faster current regimes. Hynes (1970) water at respiratory surfaces, thereby increasing 

suggested these differences may be due to current- the rate Wake (Hynes 1970). 
related differences in growth rate or to size-related If insects use current to facilitate oxygen uptake, 
current preferences. one would predict current-related differences in 

Size-related current preferences in insects may weight-size relationships and sexual differences in 
from decreases in the surface area to volume current selection. There is considerable variation 

ratio with increases in body size, M~~~ aquatic in weight of stream insects relative to body size. 
Individuals of agiven size which weigh more have a 

'Present address: Department of Biology, Allegheny College, h ~ ~ e r  surface area to volume ratio and, therefore, 
Meadville, PA, U.S.A. 16335. should select faster currents. Sexual differences in 
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current selection would be predicted from sexual 
differences in oxygen consumption rate (reviewed 
by Knight and Gaufin (1966)) and (or) size (Harper 
and Magnin 1969; Harper and Hynes 1972; Harper 
1973a, 1973b). 

This study was undertaken to determine the oc- 
currence of current-related size differences in 
Ephemerella subvaria , Ephemerella deficiens, 
Ephemerella lata,  Paraleptophlebia mollis, Rhi- 
throgena jejuna, and Glossosoma nigrior, insects 
common to north temperate streams. The specific 
objectives were to compare: ( I )  size frequency dis- 
tribution (SFD) of nymphs and larvae from two 
habitats with differing current velocities, (2) SFD 
of males and females in each habitat, (3) dry weight 
-head width relationships for each species from the 
two habitats, (4) dry weight - head width relation- 
ships for males and females, and (5) sex ratios in the 
two habitats. The life history of each species is also 
described. 

Description of Study Area 
This study was conducted in the Pigeon River, Otsego Coun- 

ty, Michigan, in the vicinity of the Pigeon River Trout Research 
Station. For a general description of the Pigeon River, see 
Kovalak (1976). During this study, water temperatures ranged 
between a winter low of P C  and a summer high of 23°C (Fig. I). 
Frazil ice occurred periodically between December and March. 

Two sampling stations were selected for differences in mean 
current velocity (Fig. 1). Station I (fast) was a riffle where mean 
current velocity was never less than 70 cmls. Stream width was 
about 10.2 m and mean water depth varied between 10 and 35 cm 
depending on discharge. The stream bottom was primarily large 
pebble and cobble with very small amounts of coarse gravel. 
Station 2 (slow) was a run, about 50 m downstream of station 1 ,  
where mean current velocity rarely exceeded 50 cmls. Stream 
width was 13.6 m and mean water depth ranged between 60 and 
85 cm depending on discharge. The stream bottom was com- 

FAST 

FIG. 1. Daily range of water temperatures and mean current 
velocities (vertical lines indicate range of values) at the two 
study sites. 

posed of pebble and cobble mixed with a larger amount of gravel 
and sand. 

Methods 
Kick samples were collected at the two stations at Cweek 

intervals between June 1972 and June 1973. A triangular dip net 
(471 pm mesh) was held perpendicular to direction of stream 
flow while an area approximately 0.10 m2 was thoroughly dis- 
turbed with the foot. On each date, at each station, five kick 
samples were collected in transect across the stream. The five 
samples were combined and preserved in the field with 10% 
formalin. At each sampling point, current velocity was mea- 
sured 5 cm above the bottom with a Gurley pygmy current 
meter. 

Mayflies were separated from inorganic sediments by sugar 
flotation (Anderson 1959) and larvae of G. nigrior were sorted 
from the remaining sediments. Mayflies were sorted from or- 
ganic debris under 10 x magnification, and all specimens were 
stored in 70% ethanol until analyzed. 

Head capsule width across the eyes was measured to the 
nearest 0.05 mm for mayflies and to the nearest 0.025 mm for G. 
nigrior. Head width was used to discriminate instars of G.  
nigrior but no attempt was made to recognize instars of mayflies. 
The S F D  of nymphs and larvae at the fast and slow stations and 
of males and females were compared using the Kolmogorov- 
Smirnov t (Conover 1972). 

After measuring, individuals with all appendages intact were 
dried at 60°C for 24 h ,  cooled to room temperature, and weighed 
to the nearest 0.01 mg. For small individuals, groupsofup to five 
individuals were weighed together and the mean weight re- 
corded. Least squares regressions were computed for the rela- 
tionship between dry weight and head width for all species and 
for the relationship between case weight and head width of G. 
nigrior. 

The sex of small male mayflies was determined from medial 
eye development whereas the sex of large males was determined 
from the morphology of the ninth sternite. 

Results 
Life Histories 

The earliest instars of all species were underre- 
presented in samples collected for this study be- 
cause of the coarse mesh (471 pm) net used. There- 
fore, earliest stages of life histories were deduced 
from samples of epilithic fauna collected in 
1973-1974 with a finer mesh (156 pm) net. 

Eclosion of E.  subvaria McDunnough (Fig. 2) 
extended from early July to late August. This 
period of delayed hatching may be an artifact at- 
tributable to inclusion of early instar Ephemerella 
invariu (Walker) which are indistinguishable from 
early instar E .  subvaria. In the Pigeon River the life 
cycle of E. invariu lags 2-4 weeks behind that of E .  
subvaria. 

Ephemerella subvaria grew rapidly between Au- 
gust and December. Growth ceased between De- 
cember and March but resumed for a short period 
in late March and early April. Waters and Crawford 
(1973) reported exponential growth between Sep- 
tember and May for E .  subvaria in a Minnesota 
stream. Emergence from the Pigeon River proba- 
bly began in late April and continued through 
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FIG. 2. Comparison of the SFD of six insect species at the fast (solid blocks) and slow (open blocks) stations. Numerals 
above histograms indicate sample size. 

mid-May (D. Ottey, personal communication; 
Leonard and Leonard 1962). 

Ephemerella dejciens Morgan (Fig. 2) began 
hatching in mid-October and large populations 
were present at the fast station in October and early 
November. Population densities at the fast station 
were markedly lower between late November and 
April but returned to high levels in May and June. 
Coleman and Hynes (1970) also reported that E. 
de5ciens generally was absent at midstream in an 
Ontario river between December and February. 
The decrease in population density in November 

reported here may have been attributable to 
movement to the stream margin as Leonard and 
Leonard (1962) and Vannote (1969) reported this 
species was common in leaf packets. 

The nymphs grew little between October and 
April but grew rapidly between May and late July. 
If nymphs collected at midstream in April and May 
spent the winter in leaf packets, then little growth 
occurred in the leaf packets as the SFD in April was 
not significantly different from that recorded in 
November. Vannote (1969), however, reported E. 
deJiciens exhibited exponential growth in leaf pack- 



TABLE 1. Kolmogorov-Smirnov t values from comparison of the size frequency distribution of 
nymphs and larvae at the fast and slow stations 

Date E. subvoria E. deficiens E. Infa P. mot/is RR, jejma G. nkrior 

June 1972 
July 1972 
Aug. 1972 
Sept. 1972 
Oct. 1972 
Nov. 1, 1972 
Nov. 27, 1972 
Dec. 1972 
Jan. 1973 
Feb. 1973 
Mar. 1973 
Apr. 1973 
May 1973 
June 1973 

ets. The overall growth pattern reported here was 
similar to that observed by Coleman and Hynes 
(1970). Emergence from the Pigeon River probably. 
occurred between mid-July and late August 
(Leonard and Leonard 1962). 

Eclosion of E. lata Morgan (Fig. 2) began in late 
December and, following a period of delayed hatch- 
ing and little growth between January and April, 
the nymphs grew rapidly and matured in mid-July. 
Emergence probably occurred between mid-July 
and mid-August (Leonard and Leonard 1962). 

Paraleptophlebia mollis (Eaton) (Fig. 2) began to 
hatch in late July at the fast station. The nymphs 
grew slowly between August and March but grew 
rapidly between April and July. Coleman and 
Hynes (1970) reported P .  mollis grew slowly be- 
tween August and October, then not at all until 
April when the nymphs started rapid growth to 
maturity in mid-May. Emergence from the Pigeon 
River probably occurred between June and late 
July although Leonard and Leonard (1962) and 
Coleman and Hynes (1970) reported a much longer 
emergence period for this species. 

Identification ofRhithroger~ajejr~rla Eaton (Fig. 2) 
nymphs is tentative as it is likely that nymphs of 
Rhithrogena impersonuta (McDunnough) were in- 
cluded in collections. Rhithrogena jejuna began to 
hatch in late August and grew rapidly until late 
November when growth ceased for the winter. 
Growth resumed between late February and early 
March and nymphs matured in May. Emergence 
probably occurred in late May and early June (J. 
Leonard, personal communication). 

Glossosoma nigrior Banks was bivoltine (Fig. 2). 
The summer generation which lasted from June to 
late August - early September was characterized 
by rapid growth and low popillation densities. De- 

layed hatching of the winter generation extended 
from September to November. Larval growth was 
rapid during the fall and decreased sharply but did 
not stop during the winter. There was a second 
period of rapid growth in April and May. Pupae 
were present throughout the year and emergence 
probably was continuous from May to late Sep- 
tember with peaks in June and late August coinci- 
dent with the end of the winter and summer genera- 
tions, respectively. 

Size Frequency Distributions 
The SFD of nymphs and larvae at the two sta- 

tions are summarized in Fig. 2 and values for Kol- 
mogorov-Smirnov t from comparisons of SFD are 
given in Table 1. The small number of individuals 
collected at the slow station rendered many of the 
differences in SFD statistically insignificant be- 
cause the significance probabilities of the Kol- 
mogorov-Smirnov t depend on sample size. Had 
the numbers collected at the slow station equalled 
those at the fast, many of the differences would 
have been significant. The small numbers of all 
species collected on 21 January and 17 February, 
particularly at the slow station, were attributable to 
large amounts of frazil ice on those dates. 

The SFD of E. subvariu generally was similar at 
the two stations, but in September, October, and 
December nymphs were notably larger at the slow 
station. Nymphs of E. dejciens generally were 
slightly larger at the slow station. In March and 
April E. lata was slightly larger at the slow station, 
but between May and July nymphs were larger at 
the fast station. The SFD ofP.  mollis was similar at 
the two stations in October and early November 
but between March and June nymphs generally 
were larger at the fast station, the difference in June 



CAN. J .  ZOOL. VOL. 56,  1978 

424 SLOW 

E. LATA 
FAST I P. MOLLIS FAST 

JUN. MAY 
E. DEFICIENS FAST I 

JUN. 

SCALE 

JUN. 

R. JEJUNA 

SLOW 

FIG. 3. Comparison of the SFD of male (open blocks) and female (solid blocks) mayflies at the fast and slow stations. 
Numerals above histograms indicate sample size. 

was significant (P < 0.05). Between September and 
late November R. jejuna was larger at the slow 
station and in early November the difference was 
significant (P < 0.05). In December the SFD of R. 

jejuna was comparable at the two stations. In 
March and April R. jejuna was larger at the fast 
station but in May nymphs again were larger at the 
slow station. During the summer generation, G. 
nigrior generally was larger at the slow station. For 
the winter generation in September larvae were 
significantly (P < 0.01) larger at the fast station but 
between October and December larvae were sig- 
nificantly (P < 0.01) larger at the slow station. 

From January to June, with the exception of 
March, larvae were larger at the fast station. 

Comparisons of the SFD of male and female 
mayfly nymphs at the two stations are summarized 
in Fig. 3 .  For E. subvaria, at the fast station the 
SFD of males and females generally was similar, 
but in late November and in January females were 
notably larger. At the slow station the SFDof males 
and females also were similar but in April the males 
were notably larger. For E. deficiens, females were 
slightly larger than males in July 1972 at the fast 
station. For E. lata, in June and July 1972 at the fast 
station females were significantly (P < 0.05) larger 
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FIG. 4. Relationship between dry weight and head width of mayflies at the fast (solid circles) and slow (open circles) 
stations. Equations for the relationship between dry weight (W) in milligrams and head width (H) in rnillirnetres for combined 
data are included. 
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FIG. 5. Relationship between dry weight of G. nigrior larvae and cases and head width at the fast (solid circles) and slbw 
(open circles) stations. Equations for the relationship between dry weight (W) in milligrams and head width (H) in millirnetres 
for combined data are included. 

than males, but at the slow station there were no were larger than females, but in April the difference 
differences. For P. mollis, at the fast station males was small. 
were slightly larger than females in June 1972, but 
in May and June 1973 there were no differences. Dry Weight -Head Width Relationships 
For R. jejuna, at the fast station between October For all species, there were no significant differ- 
and April males generally were larger than females ences in the dry weight - head width relationships 
but in May the difference was small. At the slow between habitats when males and females from all 
station in November, December, and March males dates were pooled and treated together (Figs. 4 and 










