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ABSTRACT

Nymphal densities and size frequency distribution of Hexagenia limbata (Ser-
ville), a burrowing mayfly, were determined monthly for two years in two tributaries
of the Wekiva River, central Florida, along with selected physico-chemical water pa-
rameters. Blackwater Creek supported a mean number of 112 (range 0-434) and Rock
Springs Run 89 nymphs per m? (range 11-258). The mayfly species displayed a univol-
tine life history with adult emergence peaking in August. Productivity in Blackwater
Creek was estimated at 4.688 g per m*and in Rock Springs Run at 3.123 g per m* Pro-
ductivity/biomass ratios were estimated at 4.09 and 4.59 in Blackwater Creek and
Rock Springs Run, respectively. The nymphal densities in both streams were posi-
tively correlated with water pH and negatively correlated with water volume. Appar-
ently, water volume was the overriding abiotic factor in both streams, influencing
several measured water parameters and as well as nymphal populations during the
study period.

Key Words: Mayfly, life history, streams, size frequency distribution, physico-chemical
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RESUMEN

Las densidades ninfales y la distribucién de frecuencia de tamafio de la efimera
Hexagenia limbata (Serville), asi como parametros fisico-quimicos de agua selecciona-
dos, fueron determinados mensualmente durante dos afios en dos tributarios del rio
Wekiva, en Florida Central. El arroyo Blackwater tuvo un promedio de 112 (rango O-
434) y Rock Springs Run 89 ninfas por m? (rango 11-258). Las especies de efimeras
mostrtaron un ciclo de vida univoltino con el pico de emergencia de los adultos en
Agosto. La productividad del arroyo de Blackwater fue estimada en 4.688 g por m*y
en Rock Springs Run en 3.123 g por m?. Las tasas de productividad/biomasa fueron es-
timadas en 4.09 y 4.59 en los arroyos Blackwater y Rock Springs Run, respectiva-
mente. Las densidades ninfales en ambas corrientes estuvieron positivamente
correlacionadas con el pH del agua y negativamente correlacionadas con el volumen
de agua. Aparentemente, el volumen de agua fue el factor mas importante en ambas
corrientes, influenciando varios de los parametros de agua medidos asi como las po-
blaciones ninfales durante el periodo de estudio.
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Hexagenia limbata (Serville) (Ephemeroptera: Ephemeridae) is one of the most
geographically widespread mayflies in North America. It is found from coast to coast
as well as from Florida to Canada and often constitutes an important part of the mac-
robenthos of both lotic and lentic aquatic habitats (Berner & Pescador 1988, Hunt
1953). High densities and productivity rates of mayflies such as H. limbata may con-
stitute a significant component of nutrient and energy cycling within their aquatic
habitats and adjacent terrestrial systems. This would be especially true for Florida,
where almost one quarter of the state’s land is swamps (Ewel 1990), marshes (Kush-
lan 1990), lakes (Brenner et al. 1990) or streams (Nordlie 1990).

Hexagenia limbata has been extensively studied in terms of life history and pro-
ductivity, but mostly in the northern part of its ecological range. The present study on
H. limbata was conducted in two tributaries of the Wekiva River, central Florida, to
determine its productivity and life history in peninsular Florida and to elucidate the
effects of selected environmental conditions. Quantitative samples of H. limbata
nymphs were collected monthly from each stream for two years for these purposes. Se-
lected physico-chemical parameters in both streams were also measured to determine
any relationships of these parameters with spatial and seasonal changes of H. lim-
bata populations.

METHODS AND MATERIALS

The study streams were located in the Wekiva River basin (a part of the St. Johns
River basin), central Florida (Fig. 1). Blackwater Creek is about 40 km long and is a
second order sand bottom stream with both calcareous and swamp-bog stream as-
pects (Beck 1965). Rock Springs Run is a first order calcareous stream (Beck 1965)
about 14.5 km long. Water current in both streams varied from 2-50 cm per sec; local
variation in current velocity resulted in substrates which varied from exposed sand to
thick deposits of detritus and silt.

For sampling H. limbata nymphs and for measuring selected physico-chemical pa-
rameters, 10 sampling stations were selected in each stream. These stations were ap-
proximately 400 m apart in Blackwater Creek and 1200 m apart in Rock Spring Run.
The exact locations of the sampling stations were determined by coordinates using a
Panasonic model LX-G5500 Global Positioning System receiver (Panasonic Company,
Secaucus, NJ). Each stream was sampled on a monthly basis from February 1993 to
January 1995. Samples were collected between 0830 and 1230 hours local time each
sample day.

Selected physical and chemical parameters were measured in situ close to the sed-
iment-water interface at, or very near, each sampling station with portable meters or
appropriate field Kits. The parameters included: current velocity, water pH, dissolved
oxygen, turbidity, nitrate-N, conductivity, water temperature and secchi disk trans-
parency. Water volume in the streams was estimated using mean water elevation
(Blackwater Creek) or cumulative rainfall (Rock Springs Run) for 30 days previous to
a sampling date. Details concerning the various meters, field kits, determination of
water volume and data handling were presented in Lobinske et al. (1996).

For quantitative sampling of H. limbata, one benthic sample was collected from
each station with a 15 x 15 x 15 cm Ekman dredge mounted on a 1.5 m steel pole
(APHA 1992). Samples were washed immediately using a sieve bucket with a 350 pm
pore screen and the collected material appropriately labeled and stored on ice until re-
turned to the laboratory.

All collected samples were examined and analyzed within 48 hours. The mayfly
nymphs were identified to species using the keys of Berner & Pescador (1988) and
length of each determined to the nearest mm under 2-40X magnification. Wet weight
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Fig. 1. Map of the Wekiva River Basin, central Florida, with Blackwater Creek and
Rock Springs Run study areas marked by boxes. Relative location of the general study
area is marked on outline map of Florida.

of nymphs was determined from length using the formula of Heise et al. (1988) and
dry weight determined using the formula of Hudson & Swanson (1972). Productivity
was estimated using the size-frequency method (Hynes & Coleman 1968, Hamilton
1969). Voucher specimens were deposited with the University of Central Florida Col-
lection of Arthropods, Orlando, FL, and with the Florida State Collection of Arthro-
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pods, Florida Department of Agriculture and Consumer Services, Division of Plant
Industry, Gainesville, FL.

Statistical analysis of collected nymphal and physico-chemical data and their
graphical presentation were made by utilizing Instat V. 2.04 (Graphpad Software,
Inc., San Diego, CA) and SlideWrite Plus V. 6.0 (Advanced Graphics Software, Inc.,
Carlsbad, CA). Where needed, data were transformed using log (n+1) transformation
to improve homoscedasticity.

RESULTS

Overall density of H. limbata nymphs in Blackwater Creek was 112 per m* and in
Rock Springs Run 89 per m? for the 2-year study period. The density difference be-
tween the two habitats was statistically not significant (P>0.05). Trends of nymphal
populations in each stream are summarized in Fig. 2. In Blackwater Creek, maxima
(434 nymphs per m?) were taken in September 1993, while the highest nymphal den-
sity in Rock Springs Run (258 per m?) occurred in January 1994. Monthly densities
ranged from 11-258 nymphs per m? in the latter habitat and from 0-434 nymphs per
m? in the former. Heavy summer rains and Tropical Storm Gordon in November 1994
caused excessive flooding which seemed to have a decimating effect on H. limbata
populations, especially in Blackwater Creek where no nymphs occurred in the Janu-
ary 1995 samples. Monthly size frequency distribution of H. limbata nymphs in the
two streams (Fig. 3) reveals a univoltine life cycle with peak emergence occurring in
mid-August. Productivity estimates of H. limbata in Blackwater Creek amounted to
4.688 g per m? and 3.123 g per m? in Rock Springs Run. Mean dry biomass was esti-
mated at 1.146 g per m* for Blackwater Creek and 0.681 g per m? for Rock Springs
Run. The productivity/biomass (P/B) ratios of H. limbata were 4.09 and 4.59 for Black-
water Creek and Rock Springs Run, respectively.

Trends of selected physico-chemical parameters in each habitat during the study
period are shown in Fig. 4. Relationship of these parameters with the nymphal popu-
lations examined by linear correlation analysis showed some significant relationships:
For example, water pH (r=0.62, P<0.01, n=23 for Blackwater Creek and r=0.61, P<0.01,
n=23 for Rock Springs Run), nitrate-N (r=0.63, P<0.01, n=21 for Blackwater Creek and
r=0.54, P<0.05, n=20 for Rock Springs Run) and water volume (r=-0.60, P<0.01, n=24
for Blackwater Creek 30-day mean water elevation and r=-0.62, P<0.01, n=24 for Rock
Springs Run 30-day cumulative rainfall). No significant correlations were found be-
tween nymphal populations and the other physico-chemical parameters shown in Fig.
4. Combined nymphal data from both streams also showed significant correlations with
combined water pH values (r=0.59, P<0.0001, n=46) but not with nitrate-N (P>0.05);
water elevation for Blackwater Creek and rainfall data for Rock Springs Run were not
possible to combine for the cumulative (combined) effect analysis.

DiscussioN

The univoltine life cycle of H. limbata determined in the present study is in com-
plete agreement with the previous observations noted by Berner & Pescador (1988) in
Florida, as is the emergence peak in August. The mean densities of H. limbata in
Blackwater Creek and Rock Springs Run are compatible with H. limbata density re-
ports of 41 to 153 per m? for Lewis and Clark Lake, South Dakota/Nebraska (Swanson
1967), and for South Indian Lake (20-130 per m?), Manitoba, Canada (Giberson &
Rosenberg 1994). However, some streams in the Eglin Air Force Base Reservation in
north Florida had supported <14 H. limbata nymphs per m? (Scheiring et al. 1981,
Scheiring & Crews 1983).
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Fig. 2. Monthly mean population trends of Hexagenia limbata nymphs in Black-
water Creek and Rock Springs Run, central Florida (February 1993 to January 1995).

The H. limbata productivity rates of 4.688 g per m? in Blackwater Creek and 3.123
g per m? in Rock Springs Run were much higher than the 0.8 g dry wt per m* measured
by the size frequency method in Savanne Lake, Ontario, Canada (Riklik & Momot
1982), 1.667 g dry wt per m? in Lewis and Clark Lake (Hudson & Swanson 1972), and
<1.8 g dry wt per m? (determined from <13 g wet wt per m?) in Dauphin Lake, Mani-
toba, Canada (Heise et al. 1988). The resulting P/B ratios of H. limbata were also
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Fig. 3. Monthly size frequency distribution of Hexagenia limbata nymphs in Black-

water Creek and Rock Springs Run, central Florida (February 1993 to January 1995).

higher in the present study than the values of 2.6 (Riklik & Momot 1982) and 1.68 to
2.38 (Heise et al. 1988) reported from some northern habitats, although a higher value
of 5.7 (P/B ratio) was reported by Smock et al. (1985) for Cedar Creek, South Carolina.
The warmer water temperatures in the investigated streams is probably conducive to
more rapid development of H. limbata, as also shown experimentally by Fremling
(1967) and Giberson & Rosenberg (1992).
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The significant relationships between H. limbata density and certain water pa-
rameters were probably influenced by variations in water volume in the streams. The
inverse relationship between water elevation or rainfall and H. limbata populations
may be due to a direct flushing effect or due to an indirect effect through other water
parameters influenced by high water discharge. The positive correlations of H. lim-
bata with nitrate-N seem to be coincidental, since this was not true for combined data
from both streams. The significant correlations with water pH, for each stream and
both combined, indicate a valid pH effect on nymphal density. The pH range (6.20-7.89
for Blackwater Creek and 6.89-7.98 for Rock Springs Run) at which H. limbata oc-
curred in the study streams is in agreement with the water pH range of 6.0-7.9 for this
species reported by Roback (1974).

This study provides an initial database on the life history and productivity of H.
limbata in small lotic systems of peninsular Florida. This mayfly is an important com-
ponent of the ecosystems studied. Using a hypothetical 5 m width, H. limbata’s an-
nual production for Blackwater Creek would be 937.6 kg dry wt and 226.4 kg dry wt
for Rock Springs Run. This, combined with the high P/B ratios, indicate that this may-
fly contributes greatly to nutrient cycling and energy flow within these streams and
to adjacent terrestrial systems.

ACKNOWLEDGMENTS

Gratitude is expressed to Joe Bishop and Jon Blanchard, Florida Department of
Agriculture, Division of Forestry (Withlacoochee District), and to Parks Small, Barry
Birch and Jim Gibson, Florida Department of Environmental Protection, Division of
Parks and Recreation (Wekiwa Springs Geopark) for their cooperation and assistance
in the field. We thank King's Landing Canoe Rentals for assistance in sampling Rock
Springs Run. This is Florida Agricultural Station Journal Series R-05084.

LITERATURE CITED

APHA. 1992. Standard Methods for the Examination of Water and Wastewater. 18"
Ed. American Public Health Association. Washington, D. C.

BECK, W. M., JR. 1965. The streams of Florida. Bull. Florida State Mus. 10: 91-126.

BERNER, L., AND M. L. PESCADOR. 1988. The Mayflies of Florida. University Presses
of Florida. Tallahassee and Gainesville.

BRENNER, M., M. W. BINFORD, AND E. S. DEEVEY. 1990. Lakes, pp. 324-391 in R. L.
Myers and J. J. Ewel [eds.], The Ecosystems of Florida. University of Central
Florida Press. Orlando.

EweL, K. C. 1990. Swamps, pp. 281-323 in R. L. Myers and J. J. Ewel [eds.], The Eco-
systems of Florida. University of Central Florida Press. Orlando.

FREMLING, C. R. 1967. Methods for mass-rearing Hexagenia mayflies
(Ephemeroptera: Ephemeridae). Trans. American Fish. Soc. 96: 407-410.
GIBERSON, D. J., AND D. M. ROSENBERG. 1992. Effects of temperature, food quantity,
and nymphal rearing density on life-history traits of a northern population of
Hexagenia (Ephemeroptera: Ephemeridae). J. N. American Benth. Soc. 11: 181-

193.

GIBERSON, D. J., AND D. M. ROSENBERG. 1994. Life histories of burrowing mayflies
(Hexagenia limbata and H. rigida, Ephemeroptera, Ephemeridae) in a north-
ern Canadian reservoir. Freshwater Biol. 32: 501-518.

HAMILTON, A. L. 1969. On estimating annual production. Limnol. Oceanog. 14: 771-
782.

HEISE, B. A., J. F. FLANNAGAN, AND T. D. GALLOWAY. 1988. Production of Hexagenia
limbata (Serville) and Ephemera simulans Walker (Ephemeroptera) in Dau-



Lobinske et al.: Hexagenia limbata Life History 551

phin Lake, Manitoba, with a note on weight loss due to preservatives. Cana-
dian J. Fish. and Aquat. Sci. 45: 774-781.

HuUDSON, P. L., AND G. A. SWANSON. 1972. Production and standing crop of Hexagenia
(Ephemeroptera) in a large reservoir. Stud. Nat. Sci. 1: 1-42.

HunNT, B. P. 1953. The life history and economic importance of a burrowing mayfly,
Hexagenia limbata, in southern Michigan Lakes. Michigan Department of Con-
servation, Bull. Inst. Fish. Res., No. 4. 151 pp.

HYNES, H. B. N., AND M. J. COLEMAN. 1968. A simple method of assessing the annual
production of stream benthos. Limnol. Oceanog. 13: 569-573.

KUSHLAN, J. A. 1990. Freshwater Marshes, pp. 324-363 in R. L. Myers and J. J. Ewel
[eds.], The Ecosystems of Florida. University of Central Florida Press. Orlando.

LOBINSKE, R. J., A. ALI, AND I. J. STOUT. 1996. Qualitative and quantitative studies
on Chironomidae (Diptera) and selected physico-chemical parameters in two
tributaries of the Wekiva River, central Florida. Florida Entomol. 79(4): 531-
542.

NORDLIE, F. G. 1990. Rivers and Springs, pp. 392-425 in R. L. Myers and J. J. Ewel
[eds.], The Ecosystems of Florida. University of Central Florida Press. Orlando.

RIKLIK, L., AND W. T. MOMOT. 1982. Production ecology of Hexagenia limbata in Sa-
vanne Lake, Ontario. Canadian J. Zool. 60: 2317-2323.

ROBACK, S. S. 1974. Insects (Arthropoda: Insecta), pp. 313-376 in C. W. Hart, Jr. and
S. L. Fuller [eds.], Pollution Ecology of Freshwater Insects. Academic Press.
New York and London.

SCHEIRING, J. F., R. C. CREWS, AND S. M. LEFSTAD. 1981. Benthic Macro-Inverte-
brates of Rocky Creek, Eglin Air Force Base, Florida. Air Force Armament Lab-
oratory, Eglin Air Force Base, FL. AFATL-TR-81-95.

SCHEIRING, J. F., AND R. C. CREWS. 1983. Benthic Macro-Invertebrates of Bull Creek
and Ramer Branch, Eglin AFB Reservation. Air Force Armaments Laboratory,
Eglin Air Force Base, FL. AFATL-TR-83-24.

SMocK, L. A, E. GILINSKY, AND D. L. STONEBURNER. 1985. Macroinvertebrate produc-
tion in a southeastern United States Blackwater Stream. Ecology 66: 1491-
1503.

SWANSON, G. A. 1967. Factors influencing the distribution and abundance of Hexage-
nia nymphs (Ephemeroptera) in a Missouri River reservoir. Ecology 48: 216-
225.



