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BURROWING MAYFLY NYMPHS IN WESTERN LAKE ERIE, 1942-1944
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ABSTRACT, These data, collected during 1942-1944 by Dr. David C. Chandler, describe the density,
biomass, and growth of a now extinct population of burrowing mayfly nymphs (primarily Hexagenia
limbata) that lived in the sediments of western Lake Erie near South Bass Island. The growth
dynamics of this population have not previously been documented. Female nymphs grew faster than
males and were about 4 mm longer than males at emergence each year. Significantly fewer nymphs
were collected in 1943 than in 1942 or 1944. Before they were extinguished by low dissolved oxygen in
1953, mayfly nymphs were abundant (about 350 weighing 10 wet g m*) near this island and through-
out most of western Lake Erie. The western basin once supported a biomass of 9.6 t + km? or at least
17,600 metric tonnes of mayfly nymphs. If burrowing mayflies recolonize the sediments of western
Lake Erie, these data could be used to assess the extent of their recovery.
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INTRODUCTION

Western Lake Erie once supported large numbers
of burrowing mayflies (Shelford and Boesel 1942,
Wright 1955) that were important as food for yel-
low perch, freshwater drum, and channel catfish
(Ewers 1933, Price 1963). By 1953, cultural
eutrophication caused low dissolved oxygen near
the bottom of western Lake Erie that extinguished
this mayfly population (Britt 1955a, b; Beeton
1961, 1969; Verduin 1963; Carr and Hiltunen
1965). As indicators of ecosystem health, burrow-
ing mayflies are of current interest because their
abundance reflects recovery from eutrophication
in Lake Erie and other waters of moderate produc-
tivity (Reynoldson et al. 1989, Edwards and Ryder
1990).

In 1942-1944, Dr. David D. Chandler collected,
but never published, these data on burrowing may-
fly nymphs in western Lake Erie. An abstract
based on these data states that this mayfly popula-
tion consisted on 73% Hexagenia limbata occulta
(Walker) and 25% Hexagenia rigida McDunnough
(Chandler 1963). This abstract has been cited to
illustrate historic changes in western Lake Erie
(Wood 1973, Reynoldson et al. 1989). With Dr.
Chandler’s permission, I present these data.
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METHODS

Burrowing mayfly nymphs were collected with a
Petersen grab (surface area of sample = 0.074 m~)
in water about 9 m deep, one to three times a
month from January 1942 to September 1944, at
one station mid-way between Rattlesnake Island
and South Bass Island (41°40°00” N, 82°50°30" W)
in western Lake Erie (Fig. 1; D.C. Chandler,
Gainsville, Florida, personal communication,
1988). Sediments were washed through a No. 40
screen (0.425 mm openings); residues retained on
the screen were preserved in 10% formalin (N.W.
Britt, Bradenton, Florida, personal communica-
tion, 1988). The biomass of burrowing mayfly
nymphs sorted from these residues was expressed
as wet weight of nymphs in grams per square meter
of lake bottom; their total body lengths were mea-
sured to the nearest 0.1 mm. Nymphs were identi-
fied and sexed by Dr. F. Earle Lyman at the Stone
Laboratory of Ohio State University near South
Bass Island following Spieth (1941).

Only Figure 2 was provided to me by Dr. Chan-
dler; the original data could not be found. To com-
pare among years, 1 derived density values, bio-
mass values, and sampling dates (Tabie 1) by
inspection of Figure 2. I tested the significance of
mean differences among my derived values with
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FIG. 1. The island area of western Lake Erie, once
inhabited by this burrowing mayfly population.

Student’s ¢ at p < 0.05 (Steel and Torrie 1960).
Lengths, weights, and densities of the nymphs
were not corrected for preservative effects, sam-
pler efficiency, or screen mesh size (cf. Reynoldson
et al. 1989).

RESULTS AND DISCUSSION

The density of burrowing mayfly nymphs (mean *
one standard error) was significantly higher in
1942 (437 = 34) and 1944 (379 £ 46) than in 1943
(202 % 21; Fig. 2). During that period of time, the
mean density of mayfly nymphs in the island area
of western Lake Erie was about 350 m* (Britt
1955b, Chandler 1963). This value slightly exceeds
the mean density of a burrowing mayfly popula-
tion in a Kansas reservoir south and west of Lake
Erie (320 m?; Horst 1976) and may represent the
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FIG. 2.

Density, biomass, and size structure of the burrowing mayfly population in the island area of

western lake Erie, 1942-1944 (Courtesy of Dr. David C. Chandler).
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TABLE 1. Sampling dates, nymphal biomass (g m™),
and nymphal density (no. m>) during 1942-1944 in
western Lake Erie, derived by inspection of Figure 2,
including mean values (X) + one standard error (Se) for
each year.

Biomass Density
Lower Upper Lower Upper

Date line line Total line line  Total
1942
12 Jan. 1.5 3.5 5.0 20 375 395
07 Feb. 1.4 4.5 5.9 25 385 410
04 Mar. 2.0 3.0 5.0 30 425 455
29 Apr. 2.5 4.5 7.0 28 500 528
20 May 2.9 9.6 12.5 30 608 638
01 Jun. 3.0 9.9 12.9 35 615 650
17 Jun. 3.4 9.4 12.8 40 495 535
30 Jun. 10.2 10.2 540 540
23 Jul. 10.3 10.3 450 450
31 Aug. 11.2 11.2 325 325
17 Sep. 9.9 9.9 260 260
18 Oct. 0.2 13.5 13.7 70 295 365
06 Nov. 0.2 13.5 13.7 65 220 285
09 Dec. 0.3 12.0 12.3 70 215 285
X 10.2 437
Se 0.8 34
1943
12 Jan. 0.4 13.0 13.4 75 210 285
19 Feb. 04 14.0 14.4 50 205 255
14 Mar. 0.5 15.0 15.5 50 202 252
07 Apr. 0.5 13.5 14.0 S5 145 200
22 Apr. 0.8 14.0 14.8 65 180 245
29 May 0.8 19.0 19.8 70 205 275
13 Jun. 1.1 17.0 18.1 80 200 280
07 Jul. 1.1 1.1 90 90
14 Aug. 3.1 3.1 95 95
13 Sep. 0.5 4.1 4.6 55 100 155
13 Oct. 0.6 3.9 4.5 35 100 135
24 Nov. 0.6 4.0 4.6 60 100 160
X 10.6 202
Se 1.9 21
1944
03 Jan. 0.7 4.0 4.7 45 105 150
23 Feb. 0.7 4.2 4.9 50 90 140
21 Mar. 0.8 4.1 4.9 55 160 215
19 Apr. 1.1 4.0 5.1 55 215 270
14 May 2.0 4.0 6.0 45 290 335
29 May 2.5 4.0 6.5 40 299 339
02 Jun. 3.0 4.1 7.1 40 345 385
13 Jun. 3.5 4.5 8.0 50 390 440
18 Jun. 4.9 5.1 10.0 50 490 540
14 Jul. 9.0 9.0 680 680
06 Aug. 10.0 10.0 615 615
07 Sep. 16.5 16.5 415 41§
30 Sep. 17.0 17.0 400 400
X 8.4 379
Se 1.1 46
1942-44
X 9.7 345
Se 0.8 25

maximum mean density of burrowing mayfly pop-
ulations at this latitude (Riklik and Momot 1982).
Chandler (1963) noted that large and small Hex-
agenia nymphs coexisted in the sediments of west-
ern Lake Erie (Fig. 2) and concluded that such
nymphs required 2 years to mature. Lacking the
actual data needed for length frequency analysis of
the nymphs, I could not verify this conclusion. The
population may have possessed both [- and 2-year
life cycles (¢f. Hudson and Swanson 1972). Adult
mayflies emerged in early July in large numbers
(cf. Goodrich 1916, Burns 1985). Small (5 mm)
nymphs were found in bottom sediments in August
or September. Because eggs from adults of this
population usually hatched in about 30 d (Britt
1955b) and 45-90 d elapsed between adult emcer-
gence and the capture of small nymphs (Fig. 2),
nymphs < 5 mm long may have been rinsed with
sediments from the sample residues.

The sex of burrowing mayfly nymphs less than
15 mm in length cannot be accurately determined
(P.L. Hudson, U.S. Fish and Wildlife Service, Ann
Arbor, Michigan, personal communication, 1990).
Hence, the sex of nymphs < 15 mm long in Figure
2 is questionable. Female nymphs grew faster than
males and were about 4 mm longer than males at
emergence each year (Fig. 2). Both female and
male nymphs were longer than 21 mm at emer-
gence. In June, female nymphs were about 2 mm
longer in 1944 than in 1942 or 1943; male nymphs
were 1.5 mm longer in 1943 than in 1942 or 1944.
Lacking how many nymphs there were of each sex,
I could not determine the sex ratio of this
population.

Inspection of Figure 2 indicates that nymphs
grew in length from June to September most rap-
idly in 1943, more slowly in 1944, and slowest in
1942. Conversely, nymphs increased in weight
most rapidly in 1944, more slowly in 1942, and
slowest in 1943.

The mean nymphal biomass of this population
increased during each year and reached a maxi-
mum of 19.8 wet g m? in May of 1943 (Fig. 2;
Table 1). From 1942 to 1944, biomass was not sig-
nificantly different each year, averaging 9.7 £ 0.8
wet g m™ (Table 1). This average biomass was not
significantly different from that of the burrowing
mayfly population throughout western Lake Eric
during 1951-1952 (9.6 wet g m-; Wood [963).
Converted to dry weight (1.4 g m?; ¢f. Hudson and
Swanson 1972), this biomass was significantly
higher than the average biomass of seven other
burrowing mayfly populations in North America
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(0.63 £ 0.26 g m?; Riklik and Momot 1982). Com-
pared with other Hexagenia populations in the
Great Lakes basin, the population in western Lake
Erie in 1942 had the highest biomass (Rasmussen
1988: Fig. 2).

Prior to 1953, this Hexagenia population in
western Lake Erie was, geographically, perhaps the
largest ever recorded. Hexagenia limbata is abun-
dant only in eastern and central North America
(Edmunds e al. 1976, Rasmussen 1988). Within
that region, Lake Erie is one of the largest lakes
(Herdendorf 1982) and its western basin (area =
3,680 km?; Burns 1985) meets all habitat require-
ments of burrowing mayflies (Hunt 1953, Rasmus-
sen 1988). For example, western Lake Erie is shal-
low (mean depth, 7.6 m); it is constantly supplied
with large amounts of organic matter from the
Detroit River (Edwards et a/. 1989); and most of its
bottom surficial sediments are soft mud and clay
(Thomas et al. 1976, Burns 1985). Prior to 1953,
Hexagenia nymphs were as numerous throughout
the open lake area of western Lake Erie as they
were around South Bass Island but were less
numerous around the mouths of the three major
tributaries to the basin (Shelford and Boesel 1942,
Wright 1955). By extrapolating the mean Hexage-
nia biomass in the open lake area in 1951 (9.6 g m*;
Wood 1963) over half the area of western Lake
Erie (1,840 km?®), 1 calculated that the basin sup-
ported a total biomass of 9.6 t - km™, or at least
17,660 wet metric tonnes of mayfly nymphs before
1953. This high biomass represented a benthic
food chain that provided abundant energy for fish
production.

The density of Hexagenia limbata nymphs may
be a suitable objective for measuring the recovery
of naturally mesotrophic Great Lakes waters from
eutrophication (Reynoldson ef al. 1989, Edwards
and Ryder 1990). The H. limbata population has
recovered somewhat in the Detroit River from a
maximum of 40 nymphs m? in 1968 to an average
of 94 m?2in 1985 (Thornley 1985, Schloesser et al.
1991) and small numbers of H. limbata nymphs
(1-15 m ?) were discovered in 1982 in western Lake
Eric around the mouths of the three major tribu-
tarics (Manny et al. 1991). In 1930, the average
density of Hexagenia nymphs around these tribu-
taries was 123 m 2 in the Maumee River area, 15 m?
in the Raisin River area, and 32 m? in the Detroit
River arca (Carr and Hiltunen 1965). As evidence
accumulates that Hexagenia nymphs are recoloniz-
ing western Lake Erie, these historic data may be
useful in assessing the recovery of burrowing may-

flies and the habitat quality of their bottom
substrates.
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