
M ay flies are insects that are abundant thro u g h o u t
mu ch of the wo rld and spend almost their entire live s
in lakes or streams as immat u re nymphs or "wigg l e rs . "
Th ey remain in this stage for a year or more, cl i n gi n g
to submersed ro cks and other hard objects or
bu rrowing into soft bottom sediments, d epending on
the species. These insects emerge from the water to
spend their adult life. As adults, t h ey surv ive only a
s h o rt time — from a few hours to a couple of days —
e a rning for them the scientific name Ephemero p t e ra .
Adult may flies va ry in length from less than a quart e r
of an inch (about 5 mm) to over an inch (25 mm) and
a re known in diffe rent parts of North A m e rica by
s eve ral names, i n cluding dun, fi s h fly, s h a d fly, a n d
Ju n ebu g. Some of these names, s u ch as Ju n ebu g, re fe r
to diffe rent insects in diffe rent ge ographical are a s , s o
it is least ambiguous to re fer to may flies simply as
m ay flies or Ephemero p t e ra. 

The connection between 
mayflies and Lake Erie
B e fo re seve re pollution plagued Lake Eri e, m ay fl i e s
we re familiar to most lake s h o re dwe l l e rs. Seve ra l
kinds of may flies lived in the soft bottom mud of
s h a l l ow regions of the lake; others crawled on
s u b m e rsed bedro ck and boulders along the shore l i n e
and the shallow reefs of the we s t e rn basin. Only one
k i n d, h owever — called H ex age n i a by scientists and
k n own locally in the U. S. as "Canadian soldier" —
u s u a l ly drew the attention of the non-b i o l ogi s t .
Wi n ged H ex age n i a e m e rge from the lake, o f t e n
s y n ch ro n o u s ly and in huge nu m b e rs , and fo rm
swa rms along and inland of the shore l i n e. The insects
don't bite, but their swa rms are ge n e ra l ly considere d
a nu i s a n c e. Th ey are at t racted to and congregat e
under bright lights, and decomposing piles of the
insects smell fi s hy and serve as breeding grounds fo r
flies. Swa rms of H ex age n i a can also pose a tra ffi c
h a z a rd. Thousands of may flies resting on the
p avement in the glow of streetlights get fl attened by
c a rs , making the roads dange ro u s ly slick .

Hexagenia virtually disappeared from Lake Erie in
the mid-1950s, but in a surprise comeback, the insect
reappeared in the western basin in the early 1990s.
Now, its numbers are once again commanding public
attention. At least one south shore city on the western
basin posted road signs in the summer of 1996 warning
motorists of slippery conditions due to the "may fly
hatch." In June of the same year, Hexagenia caused a
brownout over much of northwestern Ohio. So many of
them were attracted to the lights of a major electrical
substation near the lake shore that as they settled on the
equipment they conducted electricity across the insula-
tors. Although in general there appears to be no direct
impact on human health caused by the mayfly swarms,
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Mayflies and Lake Erie 
A sign of the times

a few accounts refer to an allergic reaction (Edmunds 
et al. 1976) called "Junebug fever" (Teale 1960). For
most people, though, the mayfly swarms are just an
annoyance, as the insects f ly into people's mouths, or
land on their clothes, or crawl into their hair and behind
their eyeglasses.

B e fo re their disap p e a rance in the 1950s, t h e
b o t t o m-dwelling nymphs of H ex age n i a we re
i m p o rtant in the diets of Lake Erie sport and commer-
cial fishes. In add i t i o n , these larger fish ate fo rage
fi s h e s , wh i ch also at e H ex age n i a. Fishes that fed on
nymphs included ye l l ow perch (Pe rca fl ave s c e n s) ,
f re s h water drum (Aplodinotus gru n n i e n s) , ch a n n e l
c at fish (I c t a l u rus punctat u s) , t rout perch (Pe rc o p s i s
o m i s c o m ay c u s) , spottail shiner (N o t ropis hudsonius) ,
s i l ver chub (Hybopsis store ri a nu s) , and mooneye
(Hiodon tergi s u s). The nymphs we re especially easy
p rey for most kinds of fish when they swam from the
bottom sediments up to the surface of the lake to molt.
Fish also seized the winged may flies as they rested on
the water or fl ew over it. On shore, m a ny bird s
d evo u red them, making H ex age n i a an important part
of both the aquatic and near-s h o re food webs. With its
c o m eb a ck , evidence since the early 1990s indicat e s
t h at H ex age n i a once again is becoming a major
component in the diets of seve ral Lake Erie fi s h e s ,
i n cluding ye l l ow perch , f re s h water dru m , and tro u t
p e rch .

The life cycle of Hexagenia
Female Hexagenia and most other mayflies deposit
their eggs directly on or in the water. Individual
Hexagenia females release as many as 8,000 oval eggs,
each less than 1/2 mm long, which sink to the lake
bottom. After several days to several months
(dependent partly on the water temperature), a tiny
nymph hatches from each egg. It immediately burrows
into the lake sediment to feed on particulates and to
construct a U-shaped burrow, with two openings at the
sediment surface. The nymph continually enlarges its
burrow as it grows, so that the burrows of mature
nymphs can be as much as 5 inches (13 cm) deep. By
undulating its body and moving its feathery abdominal
gills in sweeping motions, the nymph keeps the burrow
oxygenated. (see illustration on page 4.)

The nymphal life of Hexagenia lasts from about
one year in warm climates to two years or more in
colder regions. It is believed that many Hexagenia
nymphs remain in Lake Erie over two winters before
they mature. As with all insects, they grow by shedding
their exoskeleton or "skin" in a process called ecdysis
or molting. Hexagenia nymphs undergo perhaps as
many as 20 to 30 molts. When the nymph is ready for



its final molt, it leaves the burrow at dusk or soon
after and rapidly swims to the lake surface, where its
exoskeleton splits lengthwise down its back. From the
raft-like exoskeleton (see photo on page 3) emerges a
fully winged subimago (subadult), which after only a
few minutes takes flight.

Although the subimago may appear at fi rst to be
an adult may fly, it is not fully developed sex u a l ly, a n d
its color is usually a bit darker than the adult. Duri n g
the night or the fo l l owing day, male and fe m a l e
s u b i m agoes molt a final time, l e aving behind a
s u b i m aginal ex o s ke l e t o n (see photo below ). Th ey are
n ow sex u a l ly mat u re imagoes (adults). Neither the
s u b i m ago nor imago eat , because their mouthparts are
not completely deve l o p e d. At dusk or at night, fe m a l e
i m agoes fly into a large swa rm of male imagoes. Th e
males and females mate in flight during dark n e s s .
Within minutes of mat i n g, the female imago settles
d own to the lake surfa c e, ex t rudes her egg s , and dies.
Th u s , the winged adult H ex age n i a, the only stage in the
insect's life cy cle that most people see, l ives only ab o u t
one day.

Why are there swarms 
of Hexagenia now? 
The lat e-Ju n e, e a rly-Ju ly swa rms of may fl i e s
rep o rted since 1995 in some communities along the
we s t e rn basin of Lake Erie are reminiscent of the
1940s and 1950s, when even larger swa rms we re
rep o rted by new s p ap e rs from Toledo to Cleve l a n d.
H ex age n i a has been nat ive to Lake Erie fo r
h u n d re d s , p e r h aps thousands, of ye a rs. Howeve r, i t
p ro b ably was not as abundant during most of that
time as during the fi rst half of the twe n t i e t h
c e n t u ry.

With European settlement of the Lake Erie basin
came increasing inputs of plant nutrients. Initially,
those nutrients primarily washed from the bare, newly
deforested landscape, particularly from that
northwestern area of Ohio once known as the Black
Swamp. Annual plowing added a new supply of nutri-
ents each year. As urbanization and industrialization
spread along the shoreline, municipal sewage also
became a major source of nutrients to the western
basin. These nutrients included phosphorus, the
"limiting nutrient" for algal growth in the lake; that is,
phosphorus was in shortest supply among the nutrients
needed for algae to grow. Therefore, addition of
ever-increasing quantities of phosphorus to Lake Erie
led to ever-increasing growths of algae.

By the middle of the twentieth century, overfertil-
ization had led to nuisance algal growths, visible as
large rotting mats washed onto beaches and as thick
green scum floating on the surface. The decaying
vegetation, along with the remains of excessive
numbers of zooplankton (tiny animals that feed on the
algae), sank to the bottom of the lake. During most of
the nineteenth century and the first half of the
twentieth century, more and more nutrients were
added to Lake Erie as the result of human activities,
and these nutrients were converted to additional food
for the Hexagenia nymphs as well as other kinds of
invertebrates. Winged Hexagenia provided a route for
the partial export of nutrients (and perhaps some
pollutants) from the lake back to the land.

At the lake bottom, further decay of the plant and
animal remains by bacteria and fungi consumed large
amounts of dissolved oxygen. This in turn led to
periods of very low oxygen concentrations during the
warm summer months. Ultimately, in the 1950s, rates
of decay during summer became so great that oxygen
concentrations were reduced below levels essential for
the survival of Hexagenia and many other
bottom-dwelling invertebrates. In September 1953, a
period of exceptionally low oxygen levels caused the
catastrophic loss of nearly the entire mayfly
population in the western basin. After a brief partial
recovery of the population, the mayflies were entirely
gone from most of the western basin by the
mid-1960s. Arguments have also been presented that
long-lived toxic pollutants, such as the insecticide
DDT, may have played a role in the demise of
Hexagenia and in preventing its return in the 1970s
and 1980s. 

Winged Hexagenia and shed skins of subadults (arrows) on 
exterior wall, Point Place (Toledo), Ohio, June 1996.



With the signing of the Gre at Lakes Wat e r
Quality A greement in 1972 by the United States and
C a n a d a , a new era in the stewa rdship of Lake Eri e
b egan. The agre e m e n t , along with other legi s l at i o n
enacted within each country, s u ch as the Clean
Water Act in the U. S. , c re ated tools to enfo rc e
i m p l e m e n t ation of tech n o l ogies that gra d u a l ly led to
i m p roved water quality. Less raw sewage and fewe r
t oxic chemicals we re dumped into the Gre at Lake s .
L a ke Erie gra d u a l ly responded to pollution
ab atement measures. Invasion of the zeb ra mu s s e l
and quagga mussel (D re i s s e n a spp.) brought ab o u t
m o re-rapid ch a n ge s , s u ch as gre at ly increased wat e r
cl a rity and reduced abundance of phy t o p l a n k t o n
( t i ny algae suspended in the wat e r ) , p a rt i c u l a rly in
s h a l l ower wat e rs ch a ra c t e ristic of nears h o re are a s
and most of the we s t e rn basin.

H ex age n i a b egan to rep o p u l ate we s t e rn Lake
E rie in the early 1990s, but the ch a n ges in the lake
t h at permitted it to re t u rn are not known. It is
thought that dissolved ox y gen levels near the lake
bottom are now being sustained ye a r-a round ab ove
c ritical low concentrations; and perhaps mu ch of the
t oxic mat e rials that had accumu l ated in the
sediments in wh i ch H ex age n i a l ives has been bu ri e d
by a layer of less-c o n t a m i n ated sediment over the
past three decades. Zeb ra mussels may have playe d
a ro l e. No direct evidence is ava i l able to explain the
s u dden re t u rn of H ex age n i a, but the swa rms of
w i n ged may flies near the lake s h o re in the mid-
1990s attest to the number of nymphs that have
c o l o n i zed the bottom sediments throughout the
we s t e rn basin.

Should we expect bigger swarms 
of mayflies in the future?
After the mayflies began to recolonize the western
basin, since about 1991, their annual average
densities in the sediment have increased dramatically.
In 1995, the average density of nymphs was 34 per
square meter; in 1996, 102 per square meter; and in
1997, 404 per square meter. The increase in the
number of nymphs has corresponded with an increase
in the sizes of the adult swarms along the lakeshore.
Scientists think that the swarms may continue to
increase in size for several more years because the
rate of increase in the abundance of nymphs has not
slowed (as of 1997). 

The average densities of nymphs in the island
area of the western basin in the 1940s and early
1950s, shortly before they disappeared, ranged from
300 to 500 per square meter, with local densities of
more than 1,000 per square meter (Britt 1955). By
1997, some areas of the western basin were once
again harboring more than 1,000 nymphs per square
meter. However, in areas of soft sediment covered
with the shells of zebra mussels and quagga mussels,
Hexagenia had achieved only low densities. The next
few years should reveal the basin’s present carrying
capacity (sustainable maximum densities) of the
Hexagenia nymphs.

Will the swarms spread 
beyond the western basin?
The fi rst evidence that H ex age n i a was spreading eastwa rd
f rom the we s t e rn basin ap p e a red in late June 1996, wh e n
swa rms we re rep o rted in the Huro n , O h i o , a rea. If, a s
b e l i eve d, the may flies re t u rned to the we s t e rn basin as a
result of cleaner water and sediments, it is expected that they
will spread to other suitabl e, cl e a n , we l l-ox y ge n ated parts of
L a ke Eri e. In 1997, the fi rst of a series of annual vo l u n t e e r
s u rveys sponsored by the Lake Erie Protection Fund
documented the presence of small nu m b e rs of winge d
H ex agenia f rom Huron to Conneaut, Ohio (Kri ege r, 1 9 9 8 ) .
F u t u re surveys will show whether their nu m b e rs are incre a s i n g.

B u rrowing may flies we re also nat ive to other regions of
the Laurentian Gre at Lake s , i n cluding Green Bay (Lake
M i ch i gan) and Sagi n aw Bay (Lake Huron). A re t u rn of
H ex age n i a to the lower Fox Rive r, wh i ch feeds into Green Bay,
has been documented re c e n t ly, but as of the winter of 1996 they
we re not yet rep o rted to be recolonizing Green Bay or Sagi n aw
B ay. H ex age n i a p o p u l ations also have been increasing in part s
of the upper Mississippi Rive r, wh e re they also are nat ive.

Exoskeletons of Hexagenia nymphs floating on lake surface at Port Clinton, Ohio,
June 1995.
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Can we control mayflies?
As is true of other highly successful and widespread
invertebrate and fish species in the Great Lakes, such as
the unwanted zebra mussel and Eurasian ruffe
(Gymnocephalus cernuus), we have no effective
controls for Hexagenia. Insecticides to control the
nymphs would kill other fish food organisms and
would probably render the water unfit for fish and
unsafe for humans. Surely a return to the sort of
nutrient enrichment and toxic contamination that prob-
ably led to the disappearance of the mayflies four
decades ago is unacceptable to most Great Lakes citi-
zens.

Besides, Hexagenia is native to the Great Lakes.
Historically, it played an important role in the food
webs of the lakes' aquatic ecosystems. The recent
swarms of this clean-water-loving insect bear 
testimony to the successful, if still incomplete,
efforts to improve the environmental quality of 
Lake Erie. Scientists agree that the inconveniences
caused by swarms of mayflies during about a month
each summer are more than offset by the potential
benefits to the sport and commercial fisheries of 
the western basin of Lake Erie and parts of the other
Great Lakes. 
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