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Abstract. A diverse mayfly community (28 species) was found in the Ogeechee River, a blackwater 
river in the Georgia Coastal Plain. Quantitative samples of snag habitat, where most species (22) 
were found, were collected at 2-4 wk intervals in 1982 to investigate life history characteristics, 
and at monthly intenrals in 1983 to determine consistency of seasonal and annual abundance 
patterns. Baetidae and Heptageniidae were abundant throughout each year with average densities 
of 1553-5981/m2 (1982-1983) and 1498-1828/m2 of snag surface, respectively. Field data for the 
most common species of Baetidae (Baetis ephippiatus, B. intercalaris) and Heptageniidae (Stenonema 
exiguum, S. integrum, S,  modestum) showed no recognizable pattern of cohort development. This 
developmental asynchrony and long emergence periods for S. exiguum and S. modestum are consistent 
with previously published growth studies indicating multivoltinism. Ephemerellidae (551-719/m2), 
Oligoneuriidae (206-469/m2), Tricorythidae (721-1599/m2) and Caenidae (114-110/m2) were also 
commonly found on snags, but were seasonal in abundance. The major species of Ephemerellidae 
(Ephemerella argo, E. dorothea, Eurylophella sp.) showed distinct single cohorts developing primarily 
during winter/spring. Isonychia spp. (Oligoneuriidae) also showed a well-defined winter cohort, 
but had as many as two weakly defined cohorts during warm months. Caenis spp. (Caenidae) and 
Tricorythodes sp. (Tricorythidae) occurred primarily in summer months, during which time they 
were able to pass through multiple generations, as substantiated by either long emergence periods 
or independent growth studies. Major differences in life histories occurred between rather than 
within families. Relative abundance and seasonality at the family level were very consistent between 
years. The high degree of life history overlap in this diverse mayfly assemblage raises questions 
about the relationship between phenology and community structure, as well as latitudinal patterns 
of species richness. 

Key words: Ephemeroptera, stream, seasonality, life history overlap, species richness, voltinism, 
generation time, coexistence. 

Determination of life history patterns among ents (e.g., Clifford 1982, Smock 1988), how life 
closely related members of the same community history patterns or development times are af- 
or between communities along environmental fected by temporary drying of habitat (e.g., Gray 
gradients is critical to understanding basic eco- 1981, Delucchi and Peckarsky 1989), and how 
logical relationships (Hynes 1970, Butler 1984). life history variation allows species to avoid low 
Life history analyses of aquatic invertebrates pH (Giberson and Mackay 1991). Knowledge of 
have permitted investigations into strategies of life history is also fundamental for estimating 
coexistence through temporal separation of secondary production among coexisting popu- 
closely related species (e.g., Benke and Benke lations and distribution of this production 
1975, Sweeney and Vannote 1981, Brittain 1982), through time (e.g., Vannote and Sweeney 1980, 
how species modify their synchrony and vol- Georgian and Wallace 1983, Rader and Ward 
tinism along latitudinal or temperature gradi- 1989a, 1989b). Regardless of the reason for ini- 

tiating life history studies, they are clearly most 
useful if all members of a community, assem- 
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Mayflies (Ephemeroptera) are among the 
most-studied of any order of aquatic insects in 
terms of their life histories (see review of Clif- 
ford 1982). Although several hundred such 
studies have been conducted over the past three 
decades, most have examined species from cool- 
water streams at high latitudes (>40°N) of the 
Northern Hemisphere, where development is 
often relatively synchronous, and well-defined 
cohorts can be followed from field data (e.g., 
Lauzon and Harper 1988). Such developmental 
synchrony makes secondary production anal- 
ysis a straightforward matter (e.g., Waters and 
Crawford 1973), and also allows for easy com- 
parisons of temporal separation among species 
(e.g., Brittain 1982). Far fewer life-history stud- 
ies of mayflies from warmwater streams in south- 
temperate to tropical regions have been pub- 
lished (Gray 1981, Smock 1988), even though 
much has been hypothesized about the impor- 
tance of temperature to life history (e.g., Van- 
note and Sweeney 1980, Ward and Stanford 
1982, Sweeney 1984). In these regions, where 
water temperatures may exceed 20°C for > 6  mo 
of the year, larval development often becomes 
less synchronous and emergence periods more 
extended, making clarification of life histories 
extremely difficult from field data alone (e.g., 
Bishop 1973, Wolda and Flowers 1985, Berner 
and Pescador 1988). Little attention has been 
given to how such shifts in life history patterns 
might affect coexistence of closely related taxa 
and mayfly richness. 

The objectives of this paper are to describe 
and compare life history and abundance pat- 
terns of a diverse assemblage of mayflies co- 
existing on the snag (submerged woody debris) 
habitat in a warmwater river of the southeastern 
USA, to compare family-level patterns of abun- 
dance over two consecutive years, and to ex- 
plore the community-level implications of these 
results. This work is part of an ecosystem study 
in which we have attempted to assess the dis- 
tribution of energy flow, including invertebrate 
production, and time (e.g.lBenke 
and Meyer 19881 Benke and Parsons 1990). Ow- 
ini3 to widespread a s ~ n c h r O n ~in 
among most of our mayfly species, interprets-
tion of life history patterns required a combi- 
nation of larval size-frequency and emergence 
data, as well as independently derived growth 
rates (Benke and Jacobi 1986). 

Study Site and Habitat 
The Ogeechee River is a blackwater river that 

meanders southeasterly through adjoining 
floodplain swamps ( % I  km in width) in the 
Coastal Plain of Georgia. At our study site near 
Meldrim, Georgia (32"S'N latitude), the Ogee- 
chee is a 6th-order, low-gradient (0.02%) river, 
with the main channel averaging about 33 m 
in width. During most years the river inundates 
the swamps for several weeks at a time, increas- 
ing the functional width of the river by %40 X .  

Discharge over a 47-yr period of record aver- 
aged 66.8 m3/s. During the first year of our study 
(1982) mean discharge was relatively low (50.7 
m3/s) and during the second year (1983), it was 
relatively high (79.1 m3/s) (Benke and Parsons 
1990). Mean water temperature was 19.5"C in 
1982 and 19.2 in 1983 with summer tempera- 
tures usually fluctuating between 25 and 30°C 
and winter temperatures rarely falling below 
10°C (Benke and Parsons 1990). Thus, temper- 
ature conditions exist that would allow growth 
and emergence for a major portion of the year. 
Water quality is generally very good, although 
naturally low levels of dissolved oxygen ( < 5  
mg/L) can be found during warm months when 
discharge is low (Benke and Meyer 1988, Meyer, 
in press). 

Snags are a major habitat type in the Ogee- 
chee River and typically contribute 30-40% as 
much habitat surface as benthic areas (Wallace 
and Benke 1984). Snags along the main river 
channel are very stable (Benke and Wallace 1990) 
and provide the major site of colonization by 
most species of macroinvertebrates in these types 
of lotic environments (Benke et al. 1984). May- 
flies are the third most abundant insect order 
on snags in the Ogeechee River, exceeded only 
by Diptera and Trichoptera. 

Methods- - - - .. 

Samples of snags were collected every 2 wk 
(April through September) or monthly from 
December 1981 through December 1982 along 
a 1-km stretch of river to obtain detailed life 
history information and annual patterns of 
abundance. Monthly samples were collected 
from January through November 1983 to assess 
the consistency of family-level patterns of 
abundance. Twenty cut sections (about 40 cm 
length) of attached submerged snags, along with 
any associated leaf packs, root masses, or aquatic 
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macrophytes, were collected from a small boat 
or b y  wading o n  each date i n  the  first year. Ten  
snag samples per date were collected i n  the  sec- 
ond year. Samples were placed i n  polyethylene 
bags wi th  water and a small amount o f  formalin 
for transport t o  the  laboratory. Af ter  staining 
wi th  rose bengal, samples were sorted i n  a white  
porcelain pan or under a microscope and pre- 
served i n  Kahle's solution for later enumera- 
tion, identification, and measurement. Head 
widths and body lengths were measured to the  
nearest 10 h m  w i t h  an ocular micrometer i n  a 
dissecting microscope. 

W e  identified larvae t o  species whenever pos- 
sible, depending o n  development stage o f  in- 
dividuals and adequacy o f  keys (i.e., Edmunds 
et al. 1976, Unzicker and Carlson 1982). T o  help 
veri fy  species identifications and obtain some 
idea o f  emergence patterns, w e  collected black 
light samples at irregular intervals (averaging 
every 6 d )  from late February to early October 
1982. Because not all species would be  attracted 
t o  a black light at a single location, the  distri- 
bution o f  adults for any species throughout the  
year must be  considered conservative. For ex- 
ample, Baetis species were observed emerging 
throughout the  year but were rarely attracted 
t o  t he  black light. All adults were identified b y  
Jan Peters and Manuel Pescador (Florida A&M 
University).  

Surface area o f  each snag sample was deter- 
mined after all animals were removed, and 
numbers were initially expressed per m 2  o f  snag 
(see Benke et al. 1984 for a more complete de- 
scription o f  procedure). Surface area for a single 
snag section was typically about 250 cm2. Snag 
densities were t hen  converted to number per 
m 2  o f  channel bottom according t o  equations 
developed b y  Wallace and Benke (1984), i n  
which  amount o f  snag surface inundated is a 
function o f  water height (see Benke and Parsons 
1990 for the  pattern predicted during 1982-
1983). 

Results and Discussion 

At  least 28 species o f  mayflies were collected 
as larvae or adults, o f  which  22 or more were 
found o n  snags or would be expected t o  occur 
there (Appendix 1). In some cases it  was pos- 
sible t o  ident i fy  taxa to species f rom both larvae 
and adults (e.g., Stenonema modestum and Baetis 
ephippiatus). In other cases, species could be  
identified only f rom larvae (e.g., Ephemerella 

argo), or only from adults (e.g., Caenis diminuta). 
O f  those species not  found o n  snags, some such 
as Macdunnoa brunnea were probably too rare t o  
be  found as larvae. Some taxa such as Baetisca 
carolina (shallow floodplain or sandbar), Torto- 
pus incertus (clay banks), and Brachycercus sp. 
(sand) are found i n  their o w n  distinct habitats 
and were not  quantitatively sampled as larvae. 
The  specific habitats o f  Siphloplecton spp. and 
Siphlonurus sp. i n  the  Ogeechee River were un-  
known.  

Thirteen taxa were sufficiently abundant to 
allow an assessment o f  temporal patterns o f  size- 
frequency distributions. It was possible to iden- 
t i f y  seven species o f  Baetis, Stenonema, and 
Ephemerella. In four genera (Heptagenia, Eurylo- 
phella, Pseudocloeon, and Tricorythodes) there ap- 
peared to be  a single species, but  it  could not 
be identified w i th  certainty. Al though Pseudo- -
cloeon is no  longer considered a valid genus 
(McCafferty and Waltz  1990), w e  continue t o  
use this designation for an unknown  species o f  
Baetidae. Since most species previously consid- 
ered as Pseudocloeon have been placed i n  Baetis, 
our unknown  species is i n  this genus. 
For Caenis and lsonychia (2-3 species each), iden- 
tification at the  species level was not feasible, 
so congeners were combined i n  size-frequency 
distributions. 

Size-frequency distributions for species or 
genera were based only o n  those individuals 
that could be  identified w i th  a reasonable de- 
gree o f  certainty. Relatively h igh  fractions o f  
Ephemerellidae (57%), Baetidae (36%) and Hep- 
tageniidae (54%) consisted o f  very small indi- 
viduals only identified t o  family. Thus,  the 
smallest size classes o f  all species from these 
families are underrepresented i n  t he  histo- 
grams presented below. Nonetheless, patterns 
o f  synchrony or asynchrony are still reasonably 
clear for most taxa. 

Our interpretations o f  l i f e  histories rely o n  
observations o f  shifts i n  size-frequency distri- 
butions, temporal abundance patterns o f  larvae, 
emergence patterns, and previously published 
growth rates o f  Stenonema spp., Baetis spp., and 
Tricorythodes sp. (Benke and Jacobi 1986). W h e n  
interpreting size-frequency distributions, it is 
important to  distinguish between our usage o f  
the  terms cohort and generation. I f  size distri- 
butions show a reasonably consistent shi f t  from 
smaller t o  larger classes through t ime (i.e., de- 
velopmental synchrony), w e  refer t o  this group 
o f  growing individuals as a larval cohort. O f t e n  
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FIG. 1. Size-frequency distributions for baetid larvae on snags in the Ogeechee River during 1982. Width 
of bar indicates relative abundance of each size class on each date. Horizontal lines designated with A show 
periods of activity for adult Baetidae (not differentiated to species). Solid line shows actual (documented) 
activity, and dashed line shows probable (undocumented) activity based on larval size-frequency distributions 
and growth rates. 

a well-defined cohort represents an entire gen- 
eration, but it is possible for a single generation 
of adults to produce more than one cohort of 
offspring, and successive larval cohorts within 
the same year may not represent successive gen- 
erations. 

Baetidae 

Life histories of baetid mayflies were difficult 
to interpret from larval size distributions alone 
(Fig. 1). Baetis intercalaris was by far the most 
abundant of the baetid species throughout the 
year (Fig. 2) and maintained a mixed size dis- 
tribution with no cohort synchronization (Fig. 
1). Baetis ephippiatus first appeared at the end of 
April and rapidly achieved a mixed size distri- 
bution, again with little indication of cohort 
synchronization; it was most abundant from 
June through late fall. Pseudocloeon sp. seemed 
to have at least one distinct winter cohort that 
hatched in late fall and emerged in early spring; 
it was most abundant during April-May when 
it displayed a mixed size distribution. Few adult 
baetids were collected in black lights, but were 

found as early as February and as late as June. 
However, adult baetids were observed later in 
the summer, and probably emerge well into the 
fall. Although mixed size distributions, asyn- 
chronous development, and long emergence 
periods are suggestive of a multivoltine life his- 
tory, they are insufficient in themselves to prove 
it. In the case of Baetis, independently deter- 
mined summer growth rates of about 0.26 mg 
mg-' d-l, which suggests a developmental time 
of <20 d (Benke and Jacobi 1986),strongly sup- 
port the interpretation of many generations per 
year. The life history of Pseudocloeon sp. is less 
certain (Fig. I), but based on its mixed size dis- 
tributions much of the time (Fig. 2), it also seems 
to be multivoltine. 

More life history studies have been conduct- 
ed for species of Baetis than any other mayfly 
genus, and members of the Baetidae have a wide 
degree of flexibility in their life histories that 
is strongly mediated by temperature (Clifford 
1982). Except in the northernmost part of the 
temperate zone and beyond, most Baetidae are 
multivoltine, typically with 2-3 generations per 
year (e.g., Ciborowski and Clifford 1983). The 
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FIG. 2. Abundance patterns for baetid larvae on snags in the Ogeechee River during 1982. Units are number 

per mZ of channel bottom. 

question in south-temperate to tropical regions 
is not whether baetids are multivoltine, but on 
average how fast do they complete their larval 
development and entire life cycle. Growth rates 
measured by Benke and Jacobi (1986) and larval 
development times of <2  wk for Baetis quilleri 
in a southwestern USA desert stream (Gray 1981) 
suggest that the equivalent of at least 10 gen- 
erations per year are possible in warmwater en- 
vironments, assuming non-larval stages repre- 
sent a relatively small portion of total generation 
time. 

Ephemerellidae 

In contrast to the baetids, each ephemerellid 
was univoltine with a distinct winter cohort. 
The two Ephemerella species (E. argo and E. do- 
rothea) apparently spent the summer in an egg 
diapause and were first found as early instars 
(Fig. 3) at low densities (Fig. 4) in September. 
By early winter, densities increased, apparently 
through delayed hatching. Growth occurred 
rapidly throughout the winter, and the last lar- 
vae (late instars) were sampled on 30 April. Ear- 
ly instar Eurylophella sp. (possibly doris) ap- 
peared in late summer, but densities increased 
throughout the fall, again through delayed 

hatching (Fig. 4). In their case, however, growth 
clearly occurred during fall. Unfortunately, rel- 
atively low densities of late instars in the winter 
of 1982 (the previous generation) prevented a 
clear picture of the remainder of their devel- 
opment, but they probably emerged earlier than 
the Ephemerella species. Adults could only be 
identified to subfamily because black light sam- 
ples were limited to collections of subimagos. 
Emergence began as early as 4 March and con- 
tinued through April. 

Results for these three ephemerellids are con- 
sistent with many previous studies of this fam- 
ily. With few exceptions, they have been uni- 
voltine (see Clifford 1982), even in the 
southeastern USA (e.g., Berner and Pescador 
1988, Smock 1988). Winter cohorts (larvae) have 
been found more frequently than summer co- 
horts, but both are common (Clifford 1982). Un- 
like its effect on many mayfly families, tem- 
perature seems to have relatively little effect on 
voltinism in ephemerellids, but temperature 
probably determines whether winter or sum- 
mer cohorts (and in rare instances, both) are 
found. Several months of egg dormancy appear 
to be common for this family, and in the case 
of Ogeechee mayflies, this occurred during the 
summer. 
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FIG.3. Size-frequencydistributions for ephemerellid larvae on snags in the OgeecheeRiver during 1982. 
Width of bar indicates relative abundance of each size class on each date. Horizontal lines designated with 
A show periods of activity for adult Ephemerellidae (not differentiated to species). Solid line siows actual 
(documented)activity,and dashedline showsprobable(undocumented)activitybased on larvalsize-frequency 
distributions. 

800 

Ephemerelladomthea 

EphemereIIaargo 
, .. , .

I"..':: . .r::c:.:.:.:.:Unid. EphemereIIa spp. .,.,.,.. ,  
500 -

?.'.'-
c4 

. .  .< . . ,  

E Euy/ophe//a sp.. 

D J F M A M J J A S O N 

Month 
FIG.4. Abundance patterns for ephemerellid larvae on snags in the Ogeechee River during 1982. Units 

are number per m2of channel bottom. 
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FIG. 5. Size-frequency distributions for heptageniid larvae on snags in the Ogeechee River during 1982. 
Width of bar indicates relative abundance of each size class on each date. Solid horizontal lines designated 
with A show documented adult activity periods for Stenonema exiguum and S. modestum. Dashed lines for 
Heptagenia and S. integrum show probable adult activity period based on larval size-frequency distributions. 

Heptageniidae sistent record of adult activity; emergence for 
both species began in early spring and lasted 

Of the heptageniid mayflies, a discernable into early fall. Although neither Heptagenia sp. 
pattern could be observed only for Heptagenia nor S. integrum were collected as adults, they 
sp. (possibly julia) (Fig. 5). A single cohort de- probably had extended emergence periods as 
veloped over the winter, followed by a mixed well. 
size distribution for most of the rest of the year. The mixed size distributions and long emer- 
For Stenonema modestum and S. integrum, the oth- gence periods for at least two of the heptageniid 
er two heptageniids with relatively high den- species from the Ogeechee River suggest mul- 
sities (Fig. 6) ,mixed size distributions persisted tivoltinism. This interpretation is strongly sup- 
throughout the year. When S. exiguum had its ported by independent studies in which Sten-
highest density in the fall (Fig. 6), it too dis- onema spp. had growth rates as high as 0.12 mg 
played a mixed size distribution. Only for S. mg-' d-I during summer months (Benke and 
modestum and S. exiguum did we obtain a con- Jacobi 1986). Such growth rates are not es-



19911 LIFE HISTORIES OF SNAGDWELLING MAYFLIES 379 

D J F M A M J J A S O N 

Month 
FIG. 6. Abundance patterns for heptageniid larvae on snags in the Ogeechee River during 1982. Units are 

number per m2 of channel bottom. 

pecially high in comparison with those found 
for smaller mayflies (e.g., Baetis), but they are 
high enough to imply multivoltine life histo- 
ries. 

Many life history studies have been done on 
Heptageniidae and most species (particularly 
Stenonema) are univoltine (Clifford 1982). In 
some warmwater streams of the southeastern 
USA, it is possible to observe from field data at 
least two generations per year, as in Virginia 
(Kondratieff and Voshell 1980) and South Car- 
olina (Smock 1988). However, cohort distinc- 
tions become obscured farther south in the 
Ogeechee River as an additional generation a p  
pears to be added. Reports of long emergence 
periods for Stenonema species in the southeast 
further support the relationship between num- 
ber of generations and latitudeltemperature 
(Unzicker and Carlson 1982, Berner and Pes- 
cador 1988). 

Tricorythidae, Caenidae, and Oligoneuriidae 

Among the remaining mayfly taxa, Tricory- 
thodes sp. (possibly allectus) (Tricorythidae), 
Caenis spp. (Caenidae), and Isonychia spp. (Oli- 
goneuriidae) were the most common on snags. 

Tricorythodes and Caenis, although only distant- 
ly related, are similar in size and morphological 
features, are very difficult to identify to species 
as larvae, and are often found coexisting in river 
habitats (Corkum 1989). 

Tricorythodes larvae first appeared in the sam- 
ples on 14 May as early instars (Figs. 7,8). They 
rapidly developed to emergence size, increased 
in density, and maintained a mixed size distri- 
bution from June through fall. By late fall, den- 
sities had declined sharply. Although our adult 
activity data for Tricorythodes are sparse, adults 
emerge throughout most of the year in Florida 
(Berner and Pescador 1988), and probably did 
so in the Ogeechee River as well. These field 
data, along with independent studies docu- 
menting summer growth rates of 0.16 mg mg-I 
d-I (or larval development time of about 30 d) 
(Benke and Jacobi 1986) for Ogeechee River 
populations, suggest the equivalent of as many 
as 4-5 generations from early May through late 
October. 

Caenis spp. appeared to follow a life history 
and abundance pattern similar to Tricorythodes, 
although at least some Caenis diminuta may have 
overwintered as late instars (densities became 
too low to detect them on most dates) (Fig. 7). 
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FIG.7. Size-frequency distributions for Tricorythodes sp., Caenis spp., and lsonychia spp. in the Ogeechee 
River during 1982. Width of bar indicates relative abundance of each size class on each date. Solid horizontal 
lines designated with A show documented adult activity periods. Dashed line suggests probable adult activity 
period for Tricorythodes based on size-frequency distribution and growth rates. 

Caenis diminuta adults were found from 18 March 
through 5 October and C. hilaris from 22 June 
through 16 October. Although we do not have 
independent verification of high growth rates 
for Caenis, their extended emergence period and 
mixed size distribution (Fig. 7) strongly sug- 
gests multivoltinism. A multivoltine life his- 
tory for both Caenis and Tricorythodes in the 
Ogeechee River is not surprising since it has 
frequently been reported for both genera in 
cool-water environments (Clifford 1982). For 
example, Newell and Minshall (1978) showed 
the effect of temperature on voltinism of Tri-
corythodes minutus in an Idaho stream. Further- 
more, Gray (1981) reported development times 
of <2  wk for Tricorythodes dimorphus in a south- 
western stream. 

Size-frequency distributions of large filter- 
feeding lsonychia species in the Ogeechee River 
are difficult to interpret owing to lack of criteria 
for separating early instars into species (e.g., 
Berner and Pescador 1988). What appeared to 
be a well-defined cohort began growth in late 
fall and emerged in early spring (Fig. 7). How-

ever, black light collections showed that this 
"cohort" actually included two species, with 1. 
georgiae adults found throughout March and 1. 
sayi in late April through at least early May. 
Although the winter cohort (or cohorts) con- 
sisted of high numbers, interpretation of spring/ 
summer patterns was hindered by low densities 
(Fig. 8). An apparent cohort of unknown species 
appeared in late April, reaching late instars by 
early June, followed by another cohort in mid- 
summer. Emergence of unknown species of 
lsonychia (possibly including sicca)occurred from 
late April through early August. Thus, either 
multivoltinism or alternation of species is pos- 
sible. 

Grant and Stewart (1980) described the life 
history of lsonychia sicca in a Texas stream where 
the size-frequency pattern is similar to the mul- 
ti-species group from the Ogeechee River. They 
interpreted their data as evidence that an early 
winter cohort was followed by a late-hatching 
spring cohort, both of which produced eggs for 
a summer cohort. Sweeney (1978) found that 1. 
bicolor was bivoltine in a cool-water stream in 
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Pennsylvania. Furthermore, Berner and Pesca- 
dor (1988) reported that adults of I. sayi have 
been found throughout the year in Florida. Re- 
gardless of the number of generations per year 
for each species, larval development time of 
individual lsonychia species is very rapid for 
such a large mayfly, and is probably a function 
of temperature. 

Abundance and seasonality by family 

Of the 12 mayfly families found in the Ogee- 
chee River (Appendix I), six were commonly 
found on the snag habitat. The relative abun- 
dance of these six families was consistent for 
two consecutive years (Baetidae > Heptageni- 
idae > Tricorythidae > Ephemerellidae > Oli- 
goneuriidae > Caenidae) (Table 1). Relative 
abundance of mayfly families on snags was also 
consistent with mean annual drift densities for 
1982-1983, except that Tricorythidae in the drift 
were last in abundance rather than third (Benke 
et al. 1991). With the exception of Caenidae, 
densities for all other families were highest in 
the second year, regardless of whether snag sur- 
face or channel bottom densities were consid- 
ered. Total mayfly densities were about twice 
as high in 1983 as in 1982, primarily due to the 
almost Cfold increase in Baetidae. 

Total mayfly densities of 4758 (1982) to 10,7251 
mz (1983) of snag surface are extremely high 
values for a habitat surface area (Table 1). In 
comparison with snags from the Satilla River, 
another blackwater river in the Georgia Coastal 
Plain (Benke et al. 1984), heptageniids were more 
than three times as high and total mayfly den- 
sities about an order of magnitude higher in 
the Ogeechee River. Our ephemerellid and 
heptageniid densities were also about an order 
of magnitude higher than Smock (1988) found 
for those families on snags in a small Coastal 
Plain stream in South Carolina. 

In order to compare our mayfly densities with 
those found in most other streams, conversion 
to densities per area of stream bottom are nec- 
essary, resulting in a reduction to roughly 30% 
of the habitat surface values (Table 1). The den- 
sities shown in Table 1 can be put in context 
by reference to Clifford (1980), who conducted 
an extensive literature review of mayfly abun- 
dance and found that mean annual density was 
only 375/mZ and that 93% of the estimates were 
<700/mz. Recent studies have shown that mean 
annual densities >lOOO/mZ are more common 
than suggested by Clifford's review (e.g., Huryn 
and Wallace 1987a, 1987b), and in some systems 
may exceed 10,OOO/mZ (e.g., Lauzon and Harper 
1988). Nonetheless, our channel bottom den- 
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TABLE1. Annual mean densities (no./m2) of may- 
flies on the snag habitat in the Ogeechee River during 
1982-1983. Listed in order of abundance. "Other" in- 
cludes Neoephemeridae, Leptophlebiidae, and un- 
identified ephemeroptera. Channel bottom densitiea 
are calculated from snag surface densities using equa- 
tions developed by Wallace and Benke (1984). 

Channel 
bottom 

Snag 
surface 

Family 1982 1983 1982 1983 

Baetidae 
Heptageniidae 
Tricorythidae 
Ephemerellidae 
Oligoneuriidae 
Caenidae 
Other 
Total 

sities of 1505-3120/m2 should be considered 
high in comparison with most streams. 

The somewhat variable annual patterns of 
species abundance (Figs. 2,4, 6,8) produce dis- 
tinct seasonal patterns of relative abundance 
when combined into family-level groupings 
(Fig. 9). Furthermore, a second year of sampling 
shows that these family patterns are quite re- 
peatable. Baetidae and Heptageniidae, the most 
abundant families (Table I), were also the only 
two families consistently found throughout the 
year (Fig. 9). Abundance peaks seemed to ap- 
pear consistently for heptageniids in late spring 
and mid-fall. In contrast, the other four families 
were highly seasonal. Ephemerellidae and Oli- 
goneuriidae formed a significant fraction of the 
mayfly assemblage only in the cooler months, 
whereas Tricorythidae and Caenidae were re- 
stricted primarily to summer and early fall. Al- 
though Tricorythidae and Ephemerellidae were 
only third and fourth in annual mean densities 
(Table I), the former tended to dominate total 
abundance in summer and the latter in winter 
(1982 only). These family-level patterns of sea- 
sonality on the snag habitat were confirmed by 
seasonal drift patterns during both 1982 and 
1983 (Benke et al. 1991). 

General Discussion 

Aquatic insects in general, and mayflies in 
particular, have often been classified into var- 
ious life history types (e.g., Hynes 1970, Clifford 

1982). On Ogeechee River snags, mayflies ex- 
hibited at least three basic types: (1) seasonal- 
univoltine-winter, where a single well-defined 
cohort is seen growing over the winter months, 
emergence occurs in the spring, and a resting 
egg stage apparently persists through at least 
part of the summer (all Ephemerellidae); (2) sea- 
sonal-multivoltine-summer, where either rest- 
ing eggs or very few late instars in winter are 
followed by multiple generations and almost 
continuous emergence through the warm 
months (Tricorythodes sp., Caenis spp., Baetis 
ephippiatus); and (3) non-seasonal-multivoltine, 
where mixed size classes are found throughout 
the year, and growth and emergence may occur 
almost anytime, except for the very coldest pe- 
riods of winter (Baetis intercalaris, Heptageni- 
idae, and possibly Oligoneuriidae). Additional 
variations of these categories are possible (e.g., 
Oligoneuriidae), but in general, our data show 
that with the exception of a single family 
(Ephemerellidae), all other snag-dwelling may- 
flies are multivoltine. Of course it is possible 
that rarer species (e.g., Leptophlebia sp.) or spe- 
cies from other habitats (e.g., Tortopus incertus) 
in the Ogeechee River are univoltine. 

This picture of extensive multivoltinism for 
stream mayflies is a substantial departure from 
hundreds of previous studies, most of which 
were conducted in northern parts of the tem- 
perate zone where mean annual temperatures 
are often <12"C. It seems likely that as more 
studies are conducted at latitudes <35", we will 
find an increase in the incidence of multivol- 
tinism. This will be caused by two factors. Those 
species capable of multivoltinism will shift from 
univoltine to bivoltine to polyvoltine as mean 
annual temperature increases. Alternatively, 
univoltine species requiring cooler tempera- 
tures will disappear when winter temperatures 
become too warm for their larval development; 
for example, ephemerellids disappear south of 
-30°N in Florida (Berner and Pescador 1988). 
The extent to which univoltine species found 
in strictly warmwater environments enter may- 
flies assemblages at lower latitudes is unknown. 

An increase in multivoltinism with decreas- 
ing latitude (or increasing temperature) raises 
questions regarding the relationship between 
phenology and community structure. Hynes 
(1970), Brittain (1982) and many others have 
pointed to the extensive documentation of tem- 
poral separation among coexisting species in 
attempts to explain community structure and 
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Relative abundance patterns for major families of mayflies in the Ogeechee River during 1982 and 

richness. Many authors have suggested that 
temporal separation, particularly among species 
with synchronous development, represents ev- 
idence for avoidance of competition (e.g., Mack- 
ay 1969, Sweeney and Vannote 1981, Hawkins 
1990), although other explanations are possible 
(Butler 1984). Among Ogeechee River mayflies, 
temporal separation of summer and winter fam- 
ilies undoubtedly reduces overlap at this higher 
taxonomic level, and slight degrees of temporal 
separation among species within families (e.g., 
Ephemerellidae and lsonychia spp.) may reduce 
overlap as well. However, extensive overlap was 
found among most species due to multivoltin- 
ism and broad size distributions occurring 
throughout most of the year. For example, Caen-
is spp. and Tricorythodes are functionally very 
similar (Corkum 1989), yet occur with greatly 
overlapping size classes at exactly the same time 
of the year. Furthermore, most species of bae- 
tids and heptageniids coexist through time with 
overlapping size distributions. 

Over 50 years ago, Ide (1935) found a strong 
positive relationship between mayfly species 
richness and temperature (or annual tempera- 
ture range) along a longitudinal gradient of an 
Ontario stream system. Ide suggested that more 
species are capable of surviving in an environ- 
ment with a broad temperature range than in 
a narrow one. Our study suggests that as tem- 
perature increases beyond the highest mean an- 
nual temperature in Ide's study (probably 
<12'C), multivoltinism increases with a corre- 
sponding increase in temporal overlap among 
coexisting species. If temporal overlap increases 
competition, as others have suggested, then one 

might predict a decline in species richness with 
decreasing latitude due to competitive exclu- 
sion. However, examination of mayfly richness 
per stream along a latitudinal (or temperature) 
gradient does not support this prediction. Wol- 
da and Flowers (1985) reviewed a portion of the 
mayfly literature and found no relationship be- 
tween latitude and mayfly richness per stream 
site. Additional studies of the more species-rich 
streams at various latitudes tend to confirm their 
conclusions. North-temperate streams can have 
many species, e.g., 24-34 species in Ontario (Ide 
1935, Sprules 1947), 24 in Manitoba (Flannagan 
et al. 1990), 22 in Quebec (Harper and Harper 
1982), and 21 in Czechoslovakia (Zelinka et al. 
1977). Richness is at least as high in subtropical 
streams, viz: 32 in South Carolina (Morse et al. 
1980) and 36 in Florida (Peters and Jones 1973), 
and in tropical streams: 44 in Malaysia (Bishop 
1973), and 30 in Panama (Wolda and Flowers 
1985). 

Species richness (28) in the Ogeechee River 
compares favorably with other subtropical and 
tropical streams, even though we did not make 
a major effort to determine the total number of 
species by sampling multiple sites with multi- 
ple emergence traps as did Morse et al. (1980) 
and Flannagan et al. (1990). The Ogeechee River 
fauna is unusual in that at least 13 species were 
sufficiently abundant for life history analyses. 
Most mayfly assemblages are limited to only a 
few common species (e.g., Flannagan et al. 1990), 
and rarely are more than eight species available 
for life history analyses (e.g., Huryn and Wal- 
lace 1987a, Lauzon and Harper 1988, Giberson 
and Mackay 1991). 
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Examination of feeding habits of several snag- 
dwelling mayflies (Baetis, Heptagenia, Stenonema, 
Ephemerella, Eurylophella, lsonychia) from the 
Ogeechee River does little to resolve the issue 
of how so many species can coexist (Wallace et 
al. 1987). Although lsonychia spp. are filtering 
collectors whose diet is restricted almost en-
tirely to amorphous detritus (98%), the other 
taxa are gathering collectors and consume >60% 
amorphous detritus in addition to vascular plant 
detritus and diatoms. Dietary overlap (propor- 
tional similarity) among mayfly gathering col- 
lectors was always >0.6 and usually >0.8. Be- 
cause all mayflies analyzed in detail were from 
a single habitat (snags), possibilities for re-
source partitioning along the space dimension 
were limited too. However, some possibilities 
for partitioning occur from variation in current 
velocity or microhabitat. 

In conclusion, a high fraction of mayfly spe- 
cies found on Ogeechee River snags were mul- 
tivoltine (Baetidae, Heptageniidae, Caenidae, 
Tricorythidae, Oligoneuriidae), the result of a 
high mean annual temperature. Although some 
degree of seasonality occurred at both family 
and species levels, multivoltinism and common 
use of food and space in this species-rich mayfly 
assemblage implies high overlap along the ma- 
jor niche dimensions. In spite of this, commu- 
nity structure, as reflected in relative abun- 
dance of mayfly families and their seasonal 
patterns, was very consistent between two con- 
secutive years, suggesting a high degree of sta- 
bility in the snag mayfly assemblage. This rich- 
ness and consistency is probably due to at least 
two environmental factors. First, mayflies on 
snags have access to abundant food (amorphous 
detritus) that is enriched by a large bacterial 
component and continuously replenished from 
the seston (Edwards and Meyer 1990). Second, 
in addition to a seemingly inexhaustible food 
supply, the snag habitat shrinks and expands, 
as fluctuating water levels cause either habitat 
desiccation or inundation. Newly inundated 
snags can be recolonized by drift (Benke et al. 
1991) and by reproduction throughout much of 
the year. Perhaps this combination of a variable 
habitat space, abundant food, and extended pe- 
riods of reproduction offers continuing oppor- 
tunities for species invasion and enhancement 
of richness. 
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APPENDIX1. Mayflies collected as larvae from snags 
or as adults (imago or subimago) from black light traps 
at the Ogeechee River from 1981-1983. Unless oth- 
erwise indicated, taxa not collected as larvae probably 
occur on snags. Identification: * *  to the species level, 
* to genus, t to family. 

Heptageniidae 

Stenonema modestum 

Stenonema exiguum 

Stenonema integrum 

Heptagenia sp. (poss. julia) 

Macdunnoa brunnea 

Epeorus sp. (poss. dispar) 


Caenidae 

Caenis dirninuta 
Caenis hilaris 
Caenis macaferti  
Brachycercus sp. (near prudens) 

Baetidae 

Baetis ephippiatus 

Baetis intercalaris 

Pseudocloeon sp. 


Ephemerellidae 

Ephernerella argo 

Ephernerella dorothea 

Eurylophella sp. (poss. doris) 

Danella simplex 


Tricorythidae 

Tricorythodes sp. (poss. allectus) 

Neoephemeridae 

Neoephernera youngi 

Oligoneuriidae 

Zsonychia georgiae 

lsonychia sayi 

Zsonychia sp. (poss. sicca) 


Leptophlebiidae 

Leptophlebia sp. (poss. interrnedia) 

Metretopodidae 

Siphloplecton simile 

Siphloplecton basale 


Baetiscidae 

Baetisca carolina 

Polymitarcyidae 
Tortopus incertus 

Siphlonuridae 

Siphlonurus sp. (poss. quebecensis) 

Larvae Adults 

* * * * 

* * * * 

* * 

* * 


* * 
* *  

* * *  
* * *  
* * *  

sand * *  

* *  ? 
* *  t 
* *  t 
* *  t 

* *  * 

* * *  
* * *  
* * * 

* *  * 

unknown * *  
unknown *' 

flood- *' 
plain or 
sand bar 

clay banks * *  

unknown * *  




