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Leptophlebia cupida (Say) is a widely distributed and extensively reported mayfly species of 
North America. In the Bigoray River, a brown-water stream of Alberta, Canada, L.  cupida is a 
univoltine species. The rate of progressing through the life cycle, i.e. predicted instar intervals, 
was found to be better correlated with the amount of cumulative degree days (water temperature) 
that the nymphs receive than with the cumulative calendar days of the life cycle. Leptophlebia 
subimagoes had a higher total potential fecundity per unit body size than any of the other Bigoray 
River mayflies. 

Nymphs are fine particle detritivores, ingesting about 96% detritus and 4% diatoms. Average 
particle size ingested was 38pm. In the laboratory at 2WC, there were 34 nymphal instars; 
but there is probably no fixed number of nymphal instars, the 34th beingjust one of several instars 
in which the nymphs, given the proper environmental cues, might transform. The first nine instars 
are figured. 

Using mainly laboratory data, we investigated the relative contribution that small individuals 
(< 1.5 mm) make to cohort production. This theoretical exercise indicated that the error which 
occurs in cohort production estimates by not adequately sampling the small individuals could be 
less than 10%. 
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Leptophlebia cupida (Say) est une ephemere tres repandue et tres connu en Amerique du Nord. 
Dans la riviere Bigoray, ruisseau d'eau coloree de  I'Alberta, Canada, L.  cupida est une espece 
univoltine. Le taux du deroulement du cycle biologique, i.e. les intervalles prevus entre les 
stades, est relie plus directement au nombre cumulatif de jours-degres (temperature de  I'eau) que 
recoit la larve qu'au nombre absolu de jours ecoules dans le cycle. Les subimagos de  Lep- 
tophlebia cupida ont, par unite de  taille, une fecondite totale possible plus elevee que toutes les 
autres ephemtres de  la riviere Bigoray. 

Les larves sont des detritivores consommatrices de fines particules, leur diete etant composee 
de %% de detritus et de 4% de  diatomies. La taille moyenne d'une particule consommte est de  
38 pm. En laboratoire, a 2WC, il y a 34 stades larvaires; en realite, il n'y a probablement pas de  
nombre fixe de stades, le trente-quatrieme stade etant seulement I'un des nornbreux stades 
pendant lequel peut se produire la metamorphose si la larve se trouve dans des conditions 
favorables a sa transformation. On trouvera ici I'illustration des neuf premiers stades. 

La contribution relative des petits individus (< 1.5 mm) a la production de  la cohorte a pu etre 
estimee partir surtout des donnees de laboratoire. Cet exercice theorique indique que, dans le 
calcul de la production, I'erreur entrainee par I'abandon des petits individus pourrait etre de  
moins de 10%. 

[Traduit par le journal] 

Introduction 
Leptophlebia cupida (Say), formerly Blasturus 

cupidus Say, is probably the most widely distrib- 
uted of the 10 North American Leptophlebia 
species. In Canada, L .  cupida's range extends al- 
most from the Atlantic to the Pacific, the species 
having been reported from Nova Scotia (Clemens 
1915) to British Columbia (Scudder 1975). Gener- 
ally, in North America, L. cupida is confined to 
east of the Cordillera; its southern limits appear to 
be Georgia (Berner 1977), and the species occurs at 
least as far north as the Great Slave Lake region in 
the Northwest Territories. A very closely related 
species, Leptophlebia nebulosa (Walker), has been 

collected in the Mackenzie River system at latitude 
68" (Wiens et al.  1975). Possibly L. cupida and L .  
nebulosa are variants of the same species. The 
single distinguishing feature of the two is the brown 
cloud covering the outer third of the forewing in L .  
nebulosa males; the cloud is absent in L .  cupida 
males. It is presently impossible to distinguish the 
nymphs and adult females of the two species; sev- 
eral workers have commented on this. Also, espe- 
cially in north temperate regions, the two species 
usually occur together and emerge at about the 
same time. 

Leptophlebia cupida nymphs are generally 
found on soft, small-particle substrate of lakes and 

0008-4301/79/05 1026-20$01 .OO/O 
@I979 National Research Council of CanadalConseil national de  recherches du Canada 



CLIFFORD ET AL. 1027 

slow-moving streams. In spring, stream popula- 
tions often migrate via vernal tributaries into 
marshes and other lentic habitats. At times, the 
nymphs can occur in very large numbers; and, 
being large nymphs when mature (female nymphs 
sometimes weigh in excess of 7 mg dry weight), 
they can contribute significantly to the standing 
crop of aquatic systems. The species is common 
enough in North America to be given the name 
black quills by fly fishermen (Swisher and Richards 
1971; Schwiebert 1973). 

In terms of biomass, L. cupida nymphs are the 
single most important species of the benthos for 
much of the year in a brown-water stream of Al- 
berta, Canada. In this stream, various aspects of L. 
cupida's biology have been studied specifically or  
as part of other investigations. Recently, we com- 
pleted studies on the nymphs' food habits and labo- 
ratory growth and development. The purpose of 
this report is to give a comprehensive life cycle 
description of this widely distributed species by (1) 
bringing together the large amount of data available 
on L. cupida's biology in the brown-water stream 
and from other geographical areas, (2) reporting on 
its food habits and laboratory growth, and (3) re- 
lating the laboratory study to field phenomena. 

Study Area 
The Bigoray River (53"311 N,  115"26' W), part of 

the Arctic Ocean Drainage, is a slow-moving 
meandering type stream located in west-central Al- 
berta, Canada. At the study site, average winter 
base flow is 0.14m3/s and average summer base 
flow is 0.80 m3/s. Average gradient to the study site 
is 3.1 m/km. The stream is completely ice-covered 
from mid November until early April. Maximum 
water temperatures rarely exceed 18°C and daily 
fluctuations are never greater than 3°C. Average 
total degree days of water temperature (based on 
mean daily water temperatures) per year is only 
2190. Chironomidae larvae (35%), Ephemeroptera 
nymphs (17%), and Ostracoda (13%) account for 
65% of the total yearly fauna by numbers, when 
averaged over several years. The white sucker 
Catostomus commersoni (Lacepede) is the only 
abundant fish and then only during its spring 
spawning run from the Pembina River. A detailed 
limnological description of the stream is given by 
Clifford (1978). 

Life Cycle 
Nymphs 

Autumn and Winter Populations 
Based on 5 years of bottom fauna samples, L. 

cupida nymphs accounted for 6.6% of the total 

yearly bottom fauna by numbers. It was the most 
abundant mayfly species, accounting for 39% of the 
total yearly mayfly fauna (Clifford 1978). The life 
cycle is univoltine (Fig. 1). New generation nymphs 
first appear in late July, and they grow rapidly dur- 
ing the remainder of the ice-free season. Based on 
compound eye development and the appearance of 
the forceps, some male nymphs could first be dis- 
tinguished in August, when the nymphs were about 
6 mm in length. By early November, at which time 
the stream freezes over, some nymphs appear to be 
fully grown. There is a continuous influx of small 
individuals into the population in autumn, indicat- 
ing extensive delayed hatching. 

The developmental stages of Fig. 1 are based on 
mesothoracic wing pad development: stage I 
nymphs lacked wing pads; stage I1 nymphs had 
wing pads whose lengths were shorter than the 
distance separating the two wing pads; stage I11 
nymphs had wing pad lengths that were greater 
than the distance separating the two pads; stage IV 
nymphs had darkened wing pads, indicating a dis- 
crete instar, the last nymphal instar. One can rec- 
ognize three growth and development phases: (1) 
rapid growth and development in autumn, espe- 
cially early autumn, when water temperatures are 
high; (2) slow growth and very little development in 
winter when water temperatures are constant and 
near 0°C; and (3) resumption of growth and rapid 
development in spring when water temperatures 
are exhibiting maximum rate increase. 

Spring Migration 
In April, during and shortly after the ice goes out, 

nymphs move to the shore and then start following 
the shoreline upstream. All sizes of nymphs par- 
ticipate in the migration. The nymphs follow the 
main stream's shoreline upstream until it bends in 
towards a tributary, usually small vernal trib- 
utaries. This leads the nymphs out of the main 
stream and into the tributaries and subsequently 
into the marshy regions drained by the tributaries. 
Most tributaries have about the same water tem- 
perature as does the main stream. The nymphs 
move up all tributaries with seemingly no prefer- 
ence. Usually by 1 June, most of the population is 
extensively dispersed in the marshy areas drained 
by the tributaries. However a residual population 
remains in (and emerges from) the main stream. 
The growth and development features for the June 
dates of Fig. 1 are based on the combined main 
stream and tributary-marsh populations, whereas 
the water temperature data are from only the main 
stream. 
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FIG. 1 .  Growth, developmental stages, and emergence of the L. cupida population, 196&1%7, as related to average 5-day 
water temperatures of main stream. Mean size per sampling date derived from number of nymphs indicated above range. For 
developmental stages (see text for further explanation), width of the spindle is proportional to the number of nymphs per 
sampling date; greatest width, e.g. August, equals 100%. Adults include both main stream and marsh specimens. 

Traver (1925) was the first to  report the migratory 
behavior of L. cupida nymphs (Ithaca, New York), 
and Neave (1930) gave a detailed description of the 
migration in Manitoba. Subsequently, observa- 
tions on the migration were made by Ide (1935) in 
Ontario, Lyman (1955, 1956) for a lake population 
of L. nebulosa in Michigan, Prather (1969) in Ohio, 
and Coleman and Hynes (1970) in Ontario. In the 
Bigoray River, the initial movements in the main 
stream were associated with a rise in water level 
(Hayden and Clifford 1974). Upstream movements 
are much more pronounced during daylight hours 
than at night. This is in contrast with the typical 
night-active drift pattern of this species and of 
mayflies in general. The immediate adaptive value 
of the movements would seem to allow the nymphs 
to escape from the springtime turbulence of the 
main stream. Other workers have suggested that 
the springtime movements into the marshes allow 
the nymphs to exploit a more plentiful food supply 
or  expose the nymphs to warmer water and hence 
accelerate development. As indicated in the next 
section, there was no evidence that marsh nymphs 

ingested greater amounts of detritus and diatoms 
than did nymphs of the main stream. Also, the 
marsh that we studied accumulated fewer degree 
days than did the main stream, e.g. between 15 
April and 31 May 1970, the marsh accumulated 260 
degree days as opposed to 280 for the main stream. 

Allometric Growth 
During and after the migration, as water temper- 

atures rise, there is a springtime acceleration of 
nymphal growth and development. The nymphs 
change shape as they mature. An allometry of size 
study indicated that none of the body part dimen- 
sions (head length, pronotum width, mesonoturn 
width, length, and abdomen width) exhibited 
isometric growth with total length (Clifford 1970). 
All female nymphs' dimensions and some male 
nymphs' dimensions deviated from simple size al- 
lometry when the nymphs were about 7 to 9 mm in 
total length. It is as if the nymphs were passing from 
an 'immature' to 'mature' stage. Generally, there 
are accelerated changes in the percentage compo- 
sition of the development stages when the nymphs 
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are about 7 to 9 mm in total length; this takes place 
in late April, May, and June. If the deviations are 
not due simply to random size variations of the 
body parts as the nymphs increase in total length, it 
is possible that the deviations reflect the changing 
ratios of the parts' specific growth rates, due to the 
induction or accelerated development of adult 
structures. Hence, the suggestion is that once the 
nymph achieves the 'mature' stage, it will very 
shortly be able to transform regardless of size. Just 
how long it remains in the mature stage (and con- 
tinues to grow) before emerging will depend on the 
proper exogenous cues necessary for this phenom- 
enon. The net result would be to accumulate 
nymphs in a 'potential-emerging' stage and hence 
synchronize emergence. 

Two power functions best expressed the 
length-weight relationship of L .  cupida nymphs. 
For specimens (male and female nymphs com- 
bined) less than 6.0 mm: 

for specimens 6.00 mm and larger: 

where W is dry weight in milligrams and L is body 
length in millimetres. These functions are based on 
field-preserved specimens and 103 first and second 
instar nymphs of the laboratory cultures. Empiri- 
cally determined individual dry weight of first and 
second instar nymphs combined (from laboratory 
cultures) (average total length = 0.49mm) was 
0.00093 mg. We could not detect ash in nymphs 
smaller than 2.0 mm. For size classes 2 to 14 mm, 
the average ash content of L. cupida nymphs was 
12.4%, SD = +5.7%, SE = 0.91, with no tendency 
for larger nymphs to have relatively more or less 
ash than smaller nymphs. We did not determine 
caloric content. Kelso (1973) reported 5453 
calorieslg dry wt. for L .  cupida nymphs. 

Standing Crop, Drift, Fish Food 
Using a coring device that sampled 70cm2 of 

substrate to a depth of ca. 20 cm, we determined 
that in 1974 the average monthly abundance of L .  
cupida nymphs in the main stream was the follow- 
ing: July, 93/m2; August, 1210/m2; September, 
3884/m2; and October, 1984/m2. Density estimates 
were considerably lower when a box-type sampler, 
enclosing an 0.08-m2 area and having a mesh size of 
320 pm, was used; for comparable months in 197 1, 
densities per square metre were 34 (July), 275 (Au- 
gust), and 119 (October) (Clifford 1972b). 

During a 1-year drift study, L .  cupida nymphs 
comprised a total yearly drift density of 
11951100 m3 of water filtered by the nets (Clifford 

1972~). Leptophlebia cupida nymphs accounted 
for 15% of all mayflies found in the drift. (In con- 
trast, they accounted for 39% of yearly benthic 
mayflies; this discrepancy is due in part to the much 
greater propensity of Baetis to drift. Baetis ac- 
counted for 33% of the benthic mayflies, but 72% of 
the drifting mayflies.) The nymphs exhibit a night- 
active behavioral drift pattern typical of most 
mayflies. They retained the night-active pattern 
even during the long winter (December and March 
samples), when the stream was completely frozen 
over and covered by a thick layer of snow. Most of 
the L .  cupida population have moved out of the 
main stream when the white suckers make their 
spawning run up the Bigoray River, usually in early 
May. However, those nymphs remaining in the 
main stream are an important food item of the 
suckers. Bond (1972) found that Leptophlebia 
nymphs occurred in the stomachs of 44% of the up- 
stream moving suckers (mainly between 10 May and 
26 May 1969), the nymphs comprising 10% of 
the total weight of the stomach contents. Nymphs 
were found in only 23% of the postspawning, 
downstream-moving suckers (20 May to 4 June), 
accounting for 3% by weight of total stomach con- 
tents. Leptophlebia cupida nymphs are not impor- 
tant in the diet of young-of-the-year suckers, which 
start hatching in late June and have moved out of 
the stream by early August. 

Adults 
Emergence 
Emergence in the main stream usually starts in 

mid-May , when early-hatching nymphs would have 
accumulated about 2000 degree days. In 1973, L. 
cupida's (including four L. nebulosa males) 
cumulative emergence percentages for the main 
stream were the following: 18 May, 0%; 21 May, 
4%; 28 May, 52%; 4 June, 6%; 7 June, 73%; 14 
June, 88%; 18 June, 95%; and 25 June, 100%. These 
data were derived from an emergence study 
(Boerger and Clifford 1975), where 16 floating box 
traps, each 0.1 m2 in area, were arranged in four 
transects across the stream. The traps were oper- 
ated continuously from 25 April to 23 October 
1973. Total yearly emergence for L .  cupida in the 
main stream was 28.5 (43% males, 57% females) per 
square metre. This was only 8% of all mayflies 
emerging in 1973, indicating (re L .  cupida nymphs' 
39% benthic composition) that probably 75 to 85% 
of the L. cupida population moves into the marshes 
during the spring migration. 

In a 1969 quantitative emergence study of the 
marsh (Hayden 1971), where 12 traps were exten- 
sively dispersed throughout the marsh, emergence 




































