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Abstract: Limesink wetlands are a common aquatic habitat in southwest Georgia, USA. These wetlands 
are non-alluvial, occupying shallow depressions formed from dissolution of limestone bedrock and collapse 
of surface sands. They are seasonally inundated, with a typical hydroperiod extending from late February 
to early July. Little is known about factors influencing invertebrate community structure in limesink wetlands. 
Recently, it has been suggested that regular inundation and drying are important influences on community 
structure in some seasonal wetlands. We had an opportunity to examine this hypothesis in 3 forested limesink 
wetlands. Quantitative samples of invertebrates were taken monthly on benthic and wood surfaces from 
March 1994 through July 1995. This included a period of unusually heavy precipitation, summer and autumn 
of 1994, when the wetlands would normally be dry. Immediately following inundation, benthic samples 
were dominated by amphipods (Crangonyx sp.), isopods (Caecidotea sp.), cladocerans, and copepods. Max- 
imum total densities (1000-4000 individuals per m 2) were observed within 3 months of inundation. During 
summer and autumn, densities decreased (< 500 individuals per m2), and the benthos was dominated by 
larval chironomids. Wood surfaces were dominated by chironomids, with greatest densities (1000-3000 
individuals per m 2) observed in summer and autumn. Although not quantified, freshwater sponge became 
very abundant on wood surfaces during autumn. During the following spring (1995), invertebrate densities 
on sediments remained low, and few amphipods, isopods, cladocerans, or copepods were collected. Chiron- 
omids remained very abundant on wood. Our results suggest that extended inundation is a disturbance to 
some elements of wetland invertebrate communities. Extended inundation may cause short-term reductions 
in populations by eliminating summer refugia (amphipoda, isopoda) or by altering environmental cues nec- 
essary for the completion of life cycles (cladocerans, copepods). 
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INTRODUCTION 

In the southeastern USA, non-alluvial wetlands are 
a conspicuous feature of  the landscape (Tansey and 
Cost 1990, Sutter and Kral 1994). These wetlands are 
often shallow basins, seasonally inundated, and isolat- 
ed from streams or other permanent water bodies (Sut- 
ter and Kral 1994). While the ecological structure and 
function of  perennially inundated wetlands (i.e., those 
associated with lakes or rivers) have been extensively 
studied, less is known about seasonal wetlands. The 
non-alluvial wetlands of  the southeast have been rec- 
ognized as sites of  moderate productivity, high biolog- 
ical diversity, and important wildlife habitat (e.g., 
Sklar 1985, Taylor et al. 1988, 1989, Dodd 1992, 

1995). They are also threatened by regional develop- 
ment and agriculture (Tansey and Cost 1990, Sutter 
and Kral 1994). 

Traditionally, physical conditions of  seasonal aquat- 
ic habitats have been thought of  as adverse to aquatic 
organisms (e.g., Williams 1985). Common stresses in- 
clude desiccation, high environmental temperatures, 
fluctuating or high salinity, low oxygen concentrations, 
and environmental unpredictability (Williams 1985). 
However, many taxa possess specific adaptations that 
make them well suited for life in seasonal wetlands. 
Adaptations include production of drought-resistant or 
diapausing life-cycle stages, migration to refugia with- 
in the habitat, or migration to perennial aquatic habi- 
tats within the region (Wiggins et al. 1980, Williams 
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1985). Although drying eliminates aquatic habitat, it 
may provide advantages to organisms with the appro- 
priate adaptations. Seasonal drying prevents sediment 
anoxia, particularly in hot climates, thus ensuring a 
summer refuge in moist sediments (Sklar 1985). Dry-  
ing reduces predator abundance by reducing coloni- 
zation of  seasonal wetlands by invertivorous fish (Wig- 
gins et al. 1980, Batzer and Wissinger 1996). Although 
the invertebrate assemblages of  seasonal wetlands 
have been recognized as unique and specialized to sur- 
vive drying (e.g., Wiggins et al. 1980, Williams 1985), 
there have been few studies examining the affect of  
hydrologic variation on seasonal wetland invertebrates. 

Little is known about factors influencing inverte- 
brate community structure in limesink wetlands or 
many other southeastern seasonal wetlands. Although 
the length of  the hydroperiod has been recognized as 
an important influence (e.g., Sutter and Kral 1994), 
there have been few studies of  year-to-year hydrologic 
variation and its effect on invertebrates. In addition, 
the role of  wood debris as a habitat has been virtually 
ignored, even though many southeastern wetlands are 
heavily forested (Mitsch and Gosselink 1993). Wood 
debris has been recognized as a site of  high inverte- 
brate activity, diversity, and productivity in southeast- 
ern Coastal Plain streams (Benke et al. 1985) and in 
forested wetlands on their floodplains (Thorp et al. 
1985). To date, most  studies of  southeastern wetland 
invertebrates have focused on planktonic or benthic 
assemblages. 

As part of  a study of habitat use by invertebrates of  
forested limesink wetlands, we examined effects of  ex- 
tended inundation. During summer and autumn of  
1994, a series o f  tropical depressions resulted in un- 
usually heavy precipitation in southwest Georgia. 
Many limesink wetlands remained continuously inun- 
dated from March 1994 through July 1995, substan- 
tially extending the normal hydroperiod. Our objec- 
tives were to examine habitat use by invertebrates in 
three forested wetlands and to evaluate responses of  
these communities to unusual hydrologic conditions. 

METHODS 

Study Site 

This study was conducted on the Gulf  Coastal Plain 
of  southwest Georgia in a physiographic region known 
as the Dougherty Plain. This area of  about 11,400 km 2 
is bounded by the Chattahoochee River and Fall-line 
Hills to the west and north and by Pelham Escarpment 
to the south and east (Beck and Arden 1983). It is an 
area of  low topographic relief, with deep sandy soils 
overlying highly fractured limestone bedrock. Because 
of  the porous soils, stream drainage densities are low 

and most water movement  occurs through subsurface 
flow paths (Beck and Arden 1983). 

A conspicuous feature of  the Dougherty Plain is its 
numerous limesink wetlands. These shallow surface 
depressions form from dissolution of  l imestone bed- 
rock followed by subsidence of  overlying sands (Hen- 
dricks and Goodwin 1952). While most  are isolated 
from permanent stream channels, some depressions 
become connected by ephemeral  channels during pe- 
riods of  heavy rain. Limesink wetlands range from 
small sinks with steep sides to shallow flat expanses 
of  several hectares (Wharton 1978) and have depths 
ranging from < 1 to 8 m (Torak et al. 1991). Vegetation 
varies from open grassy meadows to forests composed 
of  flood-tolerant cypress/hardwoods (Lynch et al. 
1986). Many of  the depressions have a confining layer 
of  silt and clay that enables them to hold water fol- 
lowing heavy rainfall (Hendricks and Goodwin 1952, 
Hayes et al. 1983). 

Macroinvertebrate communit ies were sampled in 
three forested wetlands located on the Ichauway Eco- 
logical Reserve. The reserve is a 10,500-ha remnant 
tract of  longleaf pine/wire-grass savanna. Study wet- 
lands (Collins Pond, King Pond, and Predest Pond) 
ranged in size from 7.5 to 15 ha and showed little 
evidence of  recent human disturbance, having mature 
forest stands (Lynch et al. 1986). Their  vegetation is 
dominated by an open to dense canopy of  pond cy- 
press (Taxodium ascendens Brongn.) over  a subcanopy 
of  swamp blackgum (Nyssa biflora (Walter) Sargent) 
(Lynch et al. 1986). Based on canopy vegetation, they 
can be classified as swamp tupelo forests, one of  18 
non-alluvial wetland communit ies recognized across 
the Coastal Plain (Sutter and Kral 1994). Swamp tu- 
pelo wetlands are generally nutrient-poor, with low al- 
kalinity and a hydroperiod established by rainfall 
(Mitsch and Gosselink 1993, Sutter and Kral 1994). 
The wetlands we sampled are mostly shallow (<  lm),  
although a few small deeper depressions (-- 2m) are 
present (S. Golladay, personal observation). The pri- 
mary habitats in the wetlands are benthos (i.e., leaf 
litter and fine organic detritus with little inorganic mat- 
ter) and wood debris. 

The timing of  wetland inundation and drying are 
strongly influenced by regional patterns of  precipita- 
tion. Annual precipitation in the region averages 130 
cm (1895-1995, National Climate Data Center, Na- 
tional Oceanic and Atmospheric Adminstration, Ash- 
ville, North Carolina, Climate Division Drought Da- 
tabase). Rainfall varies greatly in intensity and dura- 
tion. Winter storms (January through March) are typ- 
ically of  long duration and moderate intensity, while 
summer storms (June through August) are generally 
short in duration and relatively intense (Hayes et al. 
1983). During winter, evapotranspiration is low and 
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Figure 1. Annual and long-term monthly precipitation for southwest Georgia, USA. Data are from the National Climate Data 
Center, National Oceanic and Atmospheric Administration, Drought Division Database, Ashville, NC, USA. Long-term means 
are based on 100 years of data. Hydroperiod is the period of surface inundation and is based on observation of the wetlands. 

wetlands fill in response to extended rainfall. Wetlands 
respond rapidly to precipitation, often filling within 24 
to 48 hours of  storms. During summer, most precipi- 
tation is lost through evapotranspiration, and wetlands 
dry over a period of  a few weeks. Most wetlands in 
an area dry at about the same time. 

A typical hydroperiod for limesink wetlands extends 
from late winter through early summer and was ob- 
served during 1993 (Lynch et al. 1986, Figure 1). Wet- 
lands began filling during March 1994 in response to 
late winter storms and began to dry during early June 
1994. A series of  tropical storms and depressions be- 
ginning in late June 1994 and continuing through sum- 
mer and autumn resulted in greater than average pre- 
cipitation (Figure 1). Total amount of  rainfall in 1994 
w a s  192 cm, 48% greater than the long term average 
(130 cm), and was the greatest annual rainfall recorded 
in the region (1895-1995, National Climate Data Cen- 
ter, National Oceanic and Atmospheric Adminstration, 
Ashville, North Carolina, Climate Division Drought 
Database). As a result, wetlands remained inundated 
throughout 1994. During 1995, 119 cm of rainfall 
were recorded, and wetlands dried during July. 

Sample Collection and Analysis 

Invertebrate sampling began following wetland in- 
undation in March 1994. At each wetland, three sam- 

piing transects were established at equal intervals 
around the perimeter. Transects extended from the out- 
er edge of  the wetland margin toward the center of  
wetland. At roughly monthly intervals, we collected 
one sample from the benthic surface and one from 
wood debris at each transect (i.e., 3 samples from each 
habitat per pond on each date). All collections were 
made within 5 to 10 m of  the edge of  the water at 
depths of  30 to 50 cm. Samples were collected ran- 
domly, and as ponds filled or dried, we moved along 
the transect so as to consistently sample at a 30 to 50 
cm depth. Benthic samples were collected using a 
25.4-cm-diameter core and hand operated bilge pump. 
Coarse organic matter (primarily whole leaves and leaf 
fragments) was removed from the core by hand and 
placed in a container. Water and fine material (primar- 
ily organic matter) were pumped from the core through 
a 500-p~m-mesh net. The contents of  the net were 
placed in a container, preserved in ethanol, and taken 
to the laboratory for processing and counting. The 
samples included organisms present in the water col- 
umn, on the sediment surface, and within the sediment. 

On each sampling date, a single piece of  wood de- 
bris was sampled at each transect. Submerged wood 
was placed in a bucket and taken to shore. On shore, 
invertebrates were washed from wood surfaces into a 
bucket using a soft bristle brush and wash bottle. 
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Wood was carefully inspected following washing, and 
any remaining invertebrates were picked f rom the sur- 
face. Contents of  the bucket  were rinsed onto a 500- 
p~m-mesh sieve, preserved in 70% ethanol, and taken 
to the laboratory for processing and counting. The 
length and diameter  of  wood  was recorded and used 
to est imate area sampled. During prel iminary studies, 
we transported representa t ivepieces  of  rinsed wood  to 
the laboratory and tested the efficiency of our collect- 
ing procedure.  Wood was placed in a bucket  contain- 
ing a few cm of  water  and inspected daily for inver- 
tebrates leaving the wood  as it slowly dried. This pro- 
cedure verified that our field procedures were collect- 
ing a majori ty ( > 9 5 % )  o f  invertebrates present on 
wood surfaces. 

In the laboratory,  invertebrates were sorted by hand 
and identified using Merritt  and Cummins  (1984) and 
Pennak (1989). Based on information in taxonomic 
references,  food habits o f  each taxon were determined 
and assigned to broad feeding categories (i.e., predator, 
detritivore, scavenger).  Larval  chironomids were ex- 
cluded f rom the classification because this group con- 
tains both  predators and detritivores. Predators were 
assumed to feed on other macroinvertebrates.  While 
some taxa classified as detritivores derive substantial 
nutrition f rom bacteria, protozoans,  or other microin- 
vertebrates, we assumed most  were feeding on the de- 
trital aggregate. Scavengers  were assumed to be op- 
portunistic feeders on either plant or animal matter. 

Invertebrate densities were expressed as number  of  
individuals per m 2 of  wood or benthic surface sampled. 
To improve homogenei ty  of  variances, means for each 
pond/substrate/date combinat ion were calculated using 
a ln(n + 1) transformation; back- t ransformed means 
were used in subsequent analyses (Sokal and Rohlf  
1995). Detrended Correspondence Analysis (DCA) 
was used to examine patterns in communi ty  compo-  
sition across habitats and over  time. This ordination 
was exploratory,  designed to formulate hypotheses 
about conmmni ty  composi t ion rather than test them. 
The data were entered into a matrix consisting of  taxon 
densities in each of  96 samples  representing 2 habitat 
(benthos, wood),  3 pond (Collins, King, Predest), and 
16 sampling date levels. Ordinations were per formed 
using PC-Ord Version 2.0 (MJM Software Design, 
Gleneden Beach, OR, USA). A single ordination was 
used to compare  communi ty  assemblages on wood and 
benthic surfaces, al though for clarity, benthic and 
wood ordination scores were graphed on separate but 
identically scaled axes. Prior to ordination, taxa pres- 
ent in fewer than 5% of  samples were eliminated f rom 
the data matrix, but no other transformations were per- 
formed on means.  

Sample  scores on axes 1 and 2 were derived f rom 
the ordination, averaged by season (spring 1994, sum- 

mer  1994, autumn 1994, winter  1995, spring 1995), 
pond, and habitat, and then plotted to examine  tem- 
poral trajectories in invertebrate communi ty  dynamics .  
Since the underlying distribution of  axis scores was 
not known, inferential statistics could not be used to 
compare  seasonal scores. A similar approach has been 
used by Palmer  et al. (1995) to explore responses of  
benthic communities to disturbance. 

Resistance indices for  benthic and wood surface 
communit ies  were calculated by compar ing euclidean 
distances of  average seasonal sample  scores for  spring 
1994 mad spring 1995. Resis tance indices were  as- 
sumed to reflect the ability of  a communi ty  to resist 
displacement after a disturbance (sensu Webster et al. 
1975). Resistance of the communi ty  to unusually long 
inundation was considered to be inversely proport ion 
to a euclidean distance (e.g., Halpern 1988). Average  
total invertebrate density was calculated for  spring 
1994 and spring 1995 for each pond and habitat. Dif- 
ferences in density, before and after extended inun- 
dation, were compared  using a paired t-test (Sigmaplot  
for  Windows Version 2.0, Jandel Scientific Software,  
San Rafael  CA, USA). However ,  because we sampled 
only one extended hydroperiod,  differences in inver- 
tebrate density cannot be strictly attributed to extended 
inundation. 

RESULTS 

Invertebrate Densities and Habitat  Use 

The forested l imesink wetlands we studied support-  
ed an abundant invertebrate fauna. Within a few weeks  
of  inundation, densities o f  invertebrates in benthic 
samples  were - 1 0 0 0  individuals per m 2 in all ponds 
(Figure 2). Early benthic communi t ies  were dominated 
by amphipods (Crangonyx sp.) and isopods (Caeci- 
dotea sp.) (Figure 3). Most  individuals collected were  
mature. After several months  of  inundation, cladocer- 
ans and copepods became abundant,  and densities of  
amphipods and isopods declined. M a x i m u m  densities 
of  invertebrates in benthic samples were observed  
within 3 months of  inundation. Invertebrate densities 
were  low during summer  and autumn of 1994, and the 
benthic communi ty  was dominated by larval  chiron- 
omids.Wood surface invertebrate densities peaked at 
2000-3000  individuals per  m 2 during late spring and 
summer. Larval  chironomids were ahnost  always the 
most  abundant invertebrate collected f rom wood  sur- 
faces (Figure 4). Amphipods ,  isopods, copepods,  and 
cladocerans, while present on wood  surfaces, were 
never  as abundant as in benthic samples. Invertebrate 
densities on wood decreased during the winter of  1995 
and increased during the spring of  1995. Invertebrate 
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Figure 2. Total invertebrate densities in benthic samples 
taken from forested limesink wetlands in southwest Georgia, 
USA. Densities were calculated using a ln(n + 1) transfor- 
mation and then back transformed. Values are means _+ 1 
standard error. 
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Figure 3. Densities of dominant invertebrate taxa in ben- 
thic samples taken from forested limesink wetlands in south- 
west Georgia, USA. Densities were calculated using a ln(n 
+ 1) transformation and then back transformed. Values are 
means. 

densities on wood during the spring of  1995 were 
comparable to those observed the previous year. 

In all, 33 taxa from 12 invertebrate orders were col- 
lected on wood and benthic surfaces in our sites (Table 
1). Most taxa were present in about the same frequen- 
cy on benthic and wood surfaces. However, several 
exceptions were evident. Larval chaoborids and cray- 
fish (Cambaridae) were found in greater frequency on 
benthic than wood surfaces. An aquatic neuropteran 
(Sisyra sp.) was found with greater frequency on wood 
than the benthos. Sisyra sp. is a predator of freshwater 
sponges. Although not quantified in our study, fresh- 
water sponges were found almost exclusively on wood 
debris or on the submerged trunks of  trees. 

Of  the 33 taxa collected, 6 dominated the commu- 
nity. Amphipods,  oligochaetes, cladocerans, copepods, 
chironomids, and isopods were present on 60-100% 
of days sampled and accounted for > 9 0 %  of inverte- 
brate density on both substrates. Most of  the non-chi- 
ronomid invertebrate taxa were detritivorous, probably 
reflecting detritus-based food webs in these sites. 

Temporal Trends in Communi ty  Structure and 
Responses to Extended Inundation 

Ordination of invertebrate samples suggested a tem- 
poral change in benthic communi ty  structure strongly 
associated with axis 1 o f  the ordination (Figure 5, ei- 
genvalue 0.501). The ordination is interpreted by not- 
ing relative associations among samples and taxa in 
ordination space. Samples closely associated in ordi- 
nation space have similar taxa composition, while 
samples dissociated in the ordination have dissimilar 
composition. The sample scores for benthos and wood 
were derived from the same ordination but plotted sep- 
arately for clarity. 

Benthic sample positions from March, April, and 
May 1994 reflect the increasing importance of  isopods, 
copepods, and cladocerans following inundation. The 
distribution of  points for benthic samples was similar 
in all wetlands. An unidentified coleopteran (UNKC) 
was also very abundant in April 1994 benthic samples 
collected from Collins and Predest Ponds. With the 
exception of  several outliers from Collins Pond, ben- 
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Figure 4. Densities of dominant invertebrate taxa in wood 
samples taken from forested limesink wetlands in southwest 
Georgia, USA. Densities were calculated using a ln(n + 1) 
transformation and then back transformed. Values are means. 

thic samples from the rest of the study period were 
closely associated. The grouping of  samples from sum- 
mer 1994 through the end of  the study (lower left of  
the joint  plot) reflects the decreasing importance of  
early spring benthic taxa and their replacement by a 
community dominated by larval chironomids (CHIR), 
Dineutus sp. (DINE), Hydroptil idae (HYDR), and un- 
identified larvae (UNKL). The position of  samples 
along axis 2 was strongly associated with an uniden- 
tified pupae (UNKP), Hesperocorixa sp. (HESP), Cha- 
oboridae (CHAO), Libellulidae (LIBE), an unidenti- 
fied dipteran (UNKD),  FaxonelIa sp. (FAXO), and Sis- 
yra sp. (SISY) (Figure 5, eigenvalue 0.304). The final 
group of  samples f rom Collins Pond (Jun 94, Aug 94, 
and Jul 95) had UNK_P and CHAO in very high den- 
sities and lacked UNKD, FAXO, SISY. 

Wood samples did not show a strong temporal trend, 
nor was substantial dispersion observed along axis 2. 
The ordination scores of  wood samples reflects their 
consistent domination by larval chironomids and their 
similarity to late study benthic samples. 

Graphs of  seasonal mean axis scores suggest an ef- 

fect of  extended inundation on benthic communit ies  
(Figure 6). In all wetlands, spring 1994 samples were 
substantially different f rom all other seasons. Euclid- 
ean distances between spring 1994 and spring 1995 
benthic communities were relatively large (113-139 
units, Table 2). These results suggest a very  low re- 
sistance of the spring benthic invertebrate communi ty  
to inundation extending into summer and autumn. Eu- 
clidean distances for wood-surface communit ies  were 
smaller (Figure 6, Table 2), reflecting high resistance 
to extended inundation. These conclusions are also 
supported by the fact that total invertebrate density in 
benthic (paired t-test, p = 0.05, Table 2), but not wood 
samples (paired t-test, p = 0.8, Table 2), decreased 
following extended inundation. 

DISCUSSION 

Comparison with Other Studies o f  Seasonal Wetland 
Invertebrates 

The ability to respond rapidly to the presence of  
surface water seems to be an important characteristic 
of  invertebrate communities in seasonal wetlands. Of- 
ten, extremely high invertebrate population densities 
are observed within a few weeks of  inundation (Wig- 
gins et al. 1980, Williams 1985, Watson et al. 1995). 
Our results are consistent with this observation, par- 
ticularly for benthic samples. High invertebrate den- 
sities were observed within 1 to 3 months of  inunda- 
tion. 

Several factors have been proposed as contributing 
to the rapid response of  wetland invertebrates to sea- 
sonal inundation. In forested wetlands, the rapid re- 
sponse may be caused by the presence of  high quality 
detrital food (e.g., Sklar 1985, Lake et al. 1989). Late 
winter standing crops of  organic matter (leaves and 
wood) ranging from 2,000 to 5,400 g DW/m ~- have 
been reported in seasonally inundated wetlands of  the 
Atlantic Coastal Plain (Day 1979). In addition, alter- 
nate drying and wetting has been suggested to enhance 
detrital quality (Wiggins et al. 1980), although as far 
as we know, this has not been tested. We did not quan- 
tify litter inputs, but leaf litter and other detritus were 
abundant throughout this study (S. Golladay, personal 
observation). 

Sklar (1985) suggested that physical conditions, par- 
ticularly water temperature and dissolved oxygen, reg- 
ulate community abundance and composition in the 
forested wetlands of the Gulf  Coastal  Plain. In the 
southeast, as temperatures increase during spring, dis- 
solved oxygen concentrations decrease in wetlands 
(Ziser 1978, Sklar 1985). Sldar (1985) suggested that 
high temperature and low oxygen stimulate behavioral 
or phys io log ic  adapta t ions  (d i scussed  be low)  for  
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Table 1. Taxa list of invertebrates found in association with benthic and wood habitats in forested wetlands of southwest 
Georgia. Code is the abbreviation used in ordination diagrams. Classification is the dominant food habits of the group. Numbers 
are frequencies with which invertebrates were collected during monthly sampling from March 1994 through July 1995. To be 
counted, a taxon had to be present on 1 of 9 samples taken from the ponds on a particular date. Frequency was calculated as 
(months present/months sampled) * 100. 

Group Family Genus Code Classification Benthos Wood 

Amphipoda Crangonyctidae Crangonyx CRAN detritivore 87.5 93.8 
Oligochaeta OLIG detritivore 75.0 93.8 
Cladocera CLAD detritivore 62.5 81.3 
Coleoptera Dytiscidae Agabus AGAB predator 6.3 12.5 

Dytiscus DYTI predator 6.3 6.3 
Gyrinidae Gyrinis GYRI predator 6.3 18.8 

Dineutus DINE predator 6.3 31.3 
Haliplidae Peltodytes PELT predator 6.3 0.0 
Heliodidae Scirtes SCIR detritivore 0.0 25.0 
Hydroptilidae HYDR unknown 12.5 12.5 
unknown UNKC unknown 31.3 37.5 

Copepoda COPE detritivore 93.8 100.0 
Decapoda Cambaridae Faxonella FAXO scavenger 62.5 18.8 
Diptera Ceratopogonidae Bezzia BEZZ predator 75.0 75.0 

Chaoboridae CHAO predator 81.3 18.8 
Chironomidae CHIR unknown 100.0 100.0 
Culicidae Culex CULl detritivore 0.0 6.3 
Stratiomyidae STRA detritivore 0.0 6.3 
unknown UNKD unknown 25.0 31.3 

Ephemeroptera Baetidae Callibaetis CALL detritivore 6.3 12.5 
Hemiptera Corixidae Corisella CORI predator 6.3 0.0 

Hesperocorixa HESP predator 37.5 25.0 
Gerridae Gerris GERR predator 0.0 6.3 
Notonectidae Buenoa BUEN predator 18.8 0.0 

Notonecta NOTO predator 6.3 6.3 
Isopoda Ascellidae Caecidotea CAEC detritivore 75.0 87.5 
Megaloptera Corydalidae Chauloides CHAU predator 0.0 18.8 
Neuroptera Sisyridae Sisyra SISY predator 18.8 75.0 
Odonata Coenagrionidae Enallagma ENAL predator 6.3 18.8 

Lestidae Lestes LEST predator 6.3 0.0 
Libellulidae LIBE predator 31.3 56.3 

unknown larvae UNKL unknown 18.8 18.8 
unknown pupae UNKP unknown 68.8 56.3 

avoiding stresses associated with summer. For inver- 
tebrates intolerant of  low oxygen, rapid response to 
inundation would maximize  opportunit ies for popula-  
tion growth prior  to stressful summer conditions. In 
this study, wafer temperature and dissolved oxygen 
were not measured  on each sampling date. However,  
we have made occasional  surveys of  physical  condi-  
tions at our sample sites. During summer  surveys,  we 
observed  water  temperatures  of 28-32  °C and dis- 
solved oxygen concentrations ranging f rom < l m g / L  
at the sediment /water  interface to 2 mg/L  at the water  
surface (S. Gol laday,  personal  observation).  To date, 
the role of  environmental  stress in regulating wet land 
invertebrate communi ty  structure has not been system- 

atically invest igated in wetlands.  Clearly,  more  exper- 
imental  research is needed on bio logica l  and physical  
factors influencing communi ty  organizat ion in these 
systems. 

Densit ies of  benthic invertebrates  observed  in this 
study (1000-4000  per m 2) are low compared  to other 
studies of  southeastern wetlands.  Sklar  (1985) repor ted 
average invertebrate densi t ies  >12 ,000  per  m ~- in cy- 
press-hardwood wetlands on the f loodplain of  the Mis-  
sissippi River  in southern Mississippi .  Duffy  and 
LaBar  (1994) reported invertebrate  densit ies ranging 
f rom 10,000 to 25,000 per  m 2 in winter  and spring 
samples taken from seasonal  f loodplain wet lands in 
east-central  Mississippi .  However,  D u l l y  and LaBar  
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Figure 5. Detrended Correspondence Analysis of inverte- 
brate communities of  forested limesink wetlands of  south- 
west Georgia, USA. A single ordination was used to com- 
pare communities on wood and benthic surfaces. However, 
for clarity, wood and benthic communities are graphed on 
separate axes. Taxa associated with abbreviations are listed 
in Table 1. Symbols are sample scores and abbreviations are 
taxa scores derived from the ordination. 
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Seasonal mean axis scores from Detrended Cot- 
respondence Analysis of  invertebrate communities of forest- 
ed limesink wetlands of southwest Georgia, USA. A single 
ordination was used to compare communities on wood and 
benthic surfaces. However, for clarity, wood and benthic 
communities are graphed on separate axes. 

(1974)  used  a sma l l e r  m e s h  (250 Ixm) s a m p l e r  than  
Sk la r  (1985)  o r  our  s tudy.  The  sma l l e r  m e s h  m a y  have  
r e su l t ed  in m o r e  ef f ic ient  co l l ec t ion  o f  c o p e p o d s  and 
c l adoce rans ,  w h i c h  con t r ibu ted  s ign i f i can t ly  to to ta l  in-  
ve r t eb ra te  p o p u l a t i o n  dens i ty  bu t  l i t t le  to to ta l  b i o m a s s  
( Duf f ey  and  L a B a r  1974). 

The  low inve r t eb ra t e  p o p u l a t i o n  dens i t ies  w e  ob -  
s e r v e d  a lso  m a y  b e  due  to the  i so l a t ed  na tu re  o f  l i m e -  
s ink  we t lands .  W e t l a n d s  a s soc i a t ed  wi th  r ive r  f lood-  
p la ins ,  l ike  those  d e s c r i b e d  above ,  p r o b a b l y  r e c e ive  
s ea sona l  subs id ie s  o f  nut r ients  du r ing  f loods.  D o w n -  
s t r eam dr i f t  m i g h t  a lso  be  an impor t an t  source  o f  co l -  

onis ts  to f l oodp la in  we t l ands .  S k l a r  (1985)  a lso  no ted  
h igh  inve r t eb ra t e  dens i t i es  in ma t s  o f  f loa t ing  aqua t ic  
vege ta t ion ,  a hab i ta t  not  p r e se n t  in  fo r e s t ed  l i m e s i n k  
wet lands .  A s  o b s e r v e d  in ou r  s tudy,  c rus t aceans ,  o l i -  
gochae tes ,  and  l a rva l  c h i r o n o m i d s  were  v e r y  a b u n d a n t  
in o the r  sou theas te rn  w e t l a n d s  (Z i se r  1978, S k l a r  
1985, D u f f y  and L a B a r  1994). 

W h i l e  w o o d  debr i s  is  a b u n d a n t  in s o m e  f o r e s t e d  
w e t l a n d s  (e.g.,  T h o r p  et al. 1985), i ts  i m p o r t a n c e  as 
i nve r t eb ra t e  hab i ta t  has  b e e n  l a r g e l y  ignored .  T h o r p  et  
al. (1985)  r e p o r t e d  i nve r t e b r a t e  dens i t i e s  a v e r a g i n g  
3000 to 6000 pe r  m 2 on  w o o d  debr i s  in a sou theas te rn  
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Table 2. Comparison of community composition on benthic and wood substrates before (Spring 1994) and after (Spring 1995) 
extended inundation of limesink wetlands. Euclidean distances in 2-dimensional ordination space were calculated from average 
seasonal axis scores based on Detrended Correspondence Analysis. Low values suggest a high degree of similarity between 
sample times and, thus, high resistance to extended inundation. Large values suggest a low degree of similarity and low 
resistance to extended inundation. Changes in average density were calculated as the difference in average total invertebrate 
density between Spring 1994 and Spring 1995. Negative values indicate a decrease, positive values an increase in density. 
Differences were compared using a paired t-test. 

Change in Average 
Substrate Site Euclidean Distance Density (# per m:) Paired t-test 

Benthic Collins Pond 113 - 1231 t = 4.327 
p = 0.05, n = 3 

King Pond 123 1362 
Predest Pond 139 -2458 

Wood Collins Pond 7 319 t = -0.153 
p = 0.8, n = 3  

King Pond 55 272 
Predest Pond 27 474 

cypress-gum swamp. Gladden and Smock (1990) re- 
ported average invertebrate densities of  --1900 per m 2 
on wood debris on the floodplain of  a stream in Vir- 
ginia. Densities we observed were similar (1000-3000 
per m 2) to those reported by Gladden and Smock 
(1990). The cypress-gum wetlands studied by Thorp 
et al. (1985) received perennial flow from an adjacent 
stream, and higher densities they reported may have 
been associated with nutrient subsidies from the stream 
and downstream drift of  colonists. Gladden and Smock 
(1990) reported that seasonal drying eliminated inver- 
tebrates from floodplain wood, reducing densities 
compared to wood debris in perennial stream channels. 

Effects of  Extended Inundation on Limesink 
Invertebrate Assemblages 

There has been considerable interest in adaptations 
that permit invertebrates to survive in seasonal wet- 
lands (e.g., Wiggins et al. 1980, Williams 1985, Batzer 
and Wissinger 1996). Organisms lacking a desiccation- 
resistant life cycle stage or ability to migrate tend to 
be eliminated by seasonal drying (Williams 1985). 
Conversely, in some cases, prolonged inundation dur- 
ing normally dry seasons may represent a disturbance 
to the wetland community. Neckles et al. (1990) re- 
ported that extended inundation decreased densities of  
cladocerans, ostracods, and larval mosquitos (Culici- 
dae) in seasonally flooded prairie marshes in south- 
central Manitoba, Canada. Neckles et al. (1990) did 
not see any changes in food resources or predation 
pressure and attributed negative impacts of  extended 
inundation to elimination of  environmental cues re- 
quired for life cycle progression. 

In our study, altered benthic community structure 

and decreases in total invertebrate density following 
extended inundation suggest an adverse effect on some 
of  the invertebrate fauna o f  forested limesink wetlands. 
Detrital organic matter was abundant throughout our 
study (S.W. Golladay, personal observation), and non- 
chironomid predators were never common (Figures 3 -  
5). Thus, altered food availability or predation pressure 
did not seem responsible for changes in the inverte- 
brate community. Altered physical and chemical con- 
ditions, particularly during summer flooding, have 
been reported to affect wetland invertebrate popula- 
tions (e.g., Wiggins et al. 1980, Sklar 1985). Amphi-  
pods and isopods lack terrestrial life stages and are not 
known to produce desiccation-resistant eggs (Wiggins 
et al. 1980). However, they are common in southeast- 
ern wetlands (e.g., Sklar 1985) and probably survive 
summer conditions by aestivating in moist but not sat- 
urated sediments (Wiggins et al. 1980, Sklar 1985). 
Cladocerans and copepods survive seasonal drying by 
producing drought-resistant eggs (both groups) or have 
drought-res is tant  deve lopmenta l  stages (copepods)  
(Wiggins et al. 1980). In these groups, egg hatching 
or emergence is not only dependent on the presence 
of  water but also on receiving the right sequence of 
seasonal cues (Wiggins et al. 1980). In limesink wet- 
lands, extended inundation altered the typical seasonal 
progression of  temperature and moisture conditions in 
sediments. We hypothesize that low population den- 
sities resulted from delayed development of  desicca- 
tion-resistant life cycle stages. 

In our study, extended inundation did not limit all 
taxa. Larval chironomid densities were highest in ben- 
thic and wood samples during late spring and summer. 
Larval chironomids are tolerant of  low oxygen con- 
ditions (Ziser 1978, Wiggins et al. 1980, Butler and 



392 W E T L A N D S ,  Volume  17, No. 3, 1997 

Anderson 1990), and this undoubtedly contributed to 
their persistence during extended inundation. Much  of  
the wood  we sampled was in the water column above 
the sediment surface, and its proximity to water sur- 
face may  provide higher dissolved oxygen concentra- 
tions than in the sediments. Thus, wood debris may  be 
an important  refuge for some invertebrates during ex- 
tended inundation. 

Limesink  wetlands of  southwest Georgia  support an 
abundant and dynamic invertebrate fauna. Little is 
known about factors regulating invertebrate popula-  
tions in these and other seasonal wetlands. Our results 
suggest that the presence of  surface water  extending 
into summer  and autumn may  be a disturbance to some 
elements  of  the invertebrate community.  Extended in- 
undation may reduce invertebrate populations by  elim- 
inating summer  refugia (amphipods,  isopods) or by al- 
tering environmental  cues necessary for l ife-cycle de- 
ve lopment  (cladocerans, copepods).  Invertebrates ca- 
pab le  o f  to le ra t ing  low o x y g e n  cond i t ions  or  
successfully colonizing wood debris (i.e., larval chi- 
ronomidae)  seem resistant to altered hydrologic re- 
gimes. The invertebrate communit ies  of  l imesink wet- 
lands are strongly linked to hydrology, with the sea- 
sonal t iming of  inundation and drying being critical 
for communi ty  persistence. 
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