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Abstract. Forested depressional wetlands are an important seasonal wetland type across eastern 
and central North America. Macroinvertebrates are crucial ecosystem components of most forested 
depressional wetlands, but community compositions can vary widely across the region. We evaluated 
variation in macroinvertebrate faunas across eastern and central North America using 5 published 
taxa lists from forested depressional wetlands in Michigan, Ontario, Wisconsin, Florida, and Georgia. 
We supplemented those data with quantitative community descriptions generated from 17 forested 
depressional wetlands in South Carolina and 74 of these wetlands in Minnesota. Cluster analysis of 
presence/absence data from these 7 locations indicated that distinct macroinvertebrate communities 
existed in northern and southern areas. Taxa characteristic of northern forested depressional wetlands 
included Sphaeriidae, Lumbriculidae, Lymnaeidae, Physidae, Limnephilidae, Chirocephalidae, and 
Hirudinea (Glossophoniidae and/or Erpodbellidae) and taxa characteristic of southern sites included 
Asellidae, Crangonyctidae, Noteridae, and Cambaridae. Quantitative sampling in South Carolina and 
Minnesota indicated that regionally characteristic taxa included some of the most abundant organ- 
isms, with Sphaeriidae being the 2"* most abundant macroinvertebrate in Minnesota wetlands and 
Asellidae being the 2nd most abundant macroinvertebrate in South Carolina wetlands. Mollusks, in 
general, were restricted to forested depressional wetlands of northern latitudes, a pattern that may 
reflect a lack of Ca needed for shell formation in acidic southern sites. Differences in community 
composition probably translate into region-specific differences in the ecological functions performed 
by macroinvertebrates in forested depressional wetlands. 

Key mrds: fingernail clams, hydroperiod, invertebrates, Isopoda, latitude, Mollusca, seasonal 
ponds, vernal ponds, wetland. 

The character of seasonal wetland habitats 
varies widely across North America, and these 
differences undoubtedly affect resident macro- 
invertebrates (Batzer et al. 1999). Wissinger 
(1999) maintained that various aspects of hydro- 
period including variation in water permanence, 
flood predictability, phenology of drying and 
filling, and harshness of dry and wet phases all 
influence aquatic invertebrate community com- 
positions in seasonal wetlands. He proposed 
that an important difference between seasonal 
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wetlands of eastern and western North America 
is that the dry phase is harsher for invertebrates 
in the arid west than in the more humid east. 
Consequently, western seasonal wetlands (Batz- 
er and Resh 1992, Anderson et al. 1999, Hall et 
al. 2004) support relatively few invertebrates 
with desiccation-resistant strategies and rela- 
tively more invertebrates that are cyclic coloniz- 
ers (organisms that migrate between permanent 
and temporary waters to complete their life cy- 
cle, sensu Batzer and Wissinger 1996). In con- 
trast, eastern seasonal wetlands support many 
taxa with desiccation resistance (Wiggins et al. 
1980, Wissinger and Gallagher 1999, Dietz- 
Brantley et al. 2002). 

We have been working in various seasonal de- 
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pressional wetlands across the forested portions Study Sites and Methods 
of eastern and central North America including 
Minnesota (Pal& et al. 2001, Batzer et 2004). Michigan, Ontario, Wisconsin, Florida, and 

New York (Batzer and Sion 1999), South Caro- Georgiaforested dqressional 

lina (Leeper and Taylor 1998, Taylor et al. 1999, 
Dietz-Brantley et al. 2002, DeBiase and Taylor 
2003), and Georgia (Batzer et al. 2000), and we 
have observed that macroinvertebrate faunas 
vary widely among these locations. For example, 
we found that fingernail clams (Sphaeriidae) 
were very abundant in forested depressional 
wetlands in Minnesota and New York, but not 
in South Carolina or Georgia. We hypothesized 
that, like macroinvertebrate community differ- 
ences along the east-west longitudinal gradient, 
macroinvertebrate community compositions 
might differ between seasonal wetlands in 
northern and southern latitudes. 

Forested depressional wetlands are a kind of 
seasonal wetland that occurs across most of the 
eastern and central North American forest 
(Batzer et al. 1999, Palik et al. 2003). They have 
been called an assortment of names. In the 
north, they are called temporary or seasonal 
woodland ponds, vernal or autumnal 
ponds. In the south, they are called cypress 
domes, gum ponds, forested Carolina bays, or 
forested limesinks. We use the name, forested 
depressional wetland, to emphasize the impor- 
tance of hydrologic isolation and a forested set- 
ting, but the seasonal hydroperiod of these wet- 
lands also is a crucially important feature. For- 
ested floodplain habitats and nonforested sea- 
sonal marshes do not fit the category and are 
not addressed in our paper. Forested depres- 
sional wetlands across eastern and central 
North America vary in terms of climate and ge- 
ology, but they share many common traits in- 
cluding small size, a seasonal precipitation- 
based hydrology, hydrologic isolation in terms 
of surface flow from other water bodies (lakes, 
rivers, streams), and the presence of trees in or 
around the basins. We gathered published fau- 
nal lists from forested depressional wetlands 
from across eastern and central North America 
(Michigan, Ontario, Wisconsin, Florida, and 
Georgia), and supplemented this database with 
our own collections from South Carolina and 
Minnesota wetlands. We used all of these data 
to evaluate whether predictable patterns in mac- 
roinvertebrate community composition existed 
across this region. 

2 
We reviewed the published literature and 

found 5 studies (Michigan: Kenk 1949, Ontario: 
Wiggins et al. 1980, Wisconsin: Schneider and . 
Frost 1996, Florida: Leslie et al. 1997, and Geor- 
gia: Golladay et al. 1999) that provided complete 
descriptions of macroinvertebrate communities 
in forested depressional wetlands in eastern or 
central North America. We compiled presence/ 
absence taxa lists for each of the 5 locations, but 
could not quantify relative abundances because 
some sources did not report densities. These 5 
locations provided a reasonable cross-section of 
eastern North America, but we decided to sup- 
plement the qualitative data sets with quantita- 
tive data from forested depressional wetlands in 
South Carolina and Minnesota. 

South Carolina and Minnesota forested depressional 
wetlands 

In South Carolina, we sampled 17 forested 
depressional wetlands (Carolina bays and other 
depressional wetlands) on the Savannah River 
Site in Aiken and Barnwell Counties (lat 33ON, 
long 81°W). Carolina bay wetlands are elliptical, 
seasonal wetlands that are common on the At- 
lantic Coastal Plain, and many are forested 
(Taylor et al. 1999). The 17 wetlands in our 
study ranged from 0.3 ha to 3.3 ha. Hydroper- 
iods depended primarily on precipitation and 
evapotranspiration, and these habitats lacked 
surface-water connections to streams, rivers, or 
permanent wetlands. Typically, these wetlands 
fill in late autumn to early winter and dry in 
late spring or early summer, with the possibility 
of additional short flooded periods after sum- 
mer storms (although longer- and shorter-du- 
ration hydroperiods occur commonly). Wetland 
waters were moderately to heavily colored, and 
pH ranged from 3.5 to 6.5. Trees of the basins 
included red maple (Acer rubrum), sweetgum 
(Liquidambar styraciflua), pondcypress (Taxodium 
distichum var. nutans), black gum (Nyssa sylvatica 
bifora), and loblolly pine (Pinus taeda) (Barton * 
and Singer 2001). Surrounding uplands sup- 
ported mixed pine/hardwood forests. 

In Minnesota, we sampled 74 forested de- 
pressional wetlands located in the Chippewa 



National Forest in Cass and Itasca counties (lat 
47"N, long 94"W). Dominant glacial landforms 
of the study area include ground moraine (till 
plain), outwash plain, end moraine, and lake 

b 

plain. These wetlands also were isolated hydro- 
logically from other water bodies, and seasonal 
hydroperiods depended primarily on precipi- . tation (snowmelt and autumn and spring rains) 
and evapotranspiration. Most wetlands filled in 
late autumn or early spring and typically dried 
for variable periods in the summer (Batzer et al. 
2004). Wetland areas ranged from 0.02 to 0.5 ha, 
and most were smaller than the South Carolina 
wetlands. Minnesota wetlands were less acidic 
than South Carolina wetlands, with pH ranging 
from 5.5 to 7.5 from CaCO, alkalinity (Batzer et 
al. 2004). Trees in the basins included black ash 
(Fraxinus nigra) and red maple, and surrounding 
uplands supported mixed pine/ hardwood for- 
ests. 

We used similar methods to sample macro- 
invertebrates from South Carolina and Minne- 
sota habitats to enable assessment of relative 
abundances of taxa between locations. We used 
a D-frame net (30-cm width, 1-mm mesh) to 
collect macroinvertebrates because it samples 
macroinvertebrate communities from wetlands 
efficiently and precisely (Cheal et al. 1993, 
Batzer et al. 2001). The net mesh was small 
enough to retain most macroinvertebrates but 
large enough to prevent excessive clogging by 
fine sediments (Batzer et al. 2001). For each 
wetland sample, we collected the macroinver- 
tebrates in three 1-m sweep samples; the lSt 
sweep was along the edge of the wetland, the 
2nd was from the deepest area of the wetland, 
and the 3rd was from a midpoint location or a 
subhabitat not sampled in the first 2 sweeps. 
We scraped the net along the bottom of the 
wetland, regardless of depth. We pooled the 
contents of the 3 sweeps into a single compos- 
ite sample. In the South Carolina wetlands, we 
sampled macroinvertebrates every 2 mo from 
February 1998 to December 2000 if the wet- 
lands held water (except August and October 
1998); most samples were collected in winter 
or spring because only a few sites held water 
in the summer and autumn months. We col- 

4 lected 91 samples in South Carolina. In the 
Minnesota wetlands, we restricted our sam- 
pling to early May and late June 1998 and 1999 
(Batzer et al. 2004). This period encompassed 
the primary activity period for macroinverte- 

brates in Minnesota, with the early May sam- 
ple occurring soon after the ice cover melted 
and the late June sample occurring as most 
wetlands were drying. We collected 257 sam- 
ples in Minnesota. Ethanol-preserved samples 
were sorted in the laboratory, and macroinver- 
tebrates were identified using keys in Ward 
and Whipple (1945), Pennak (1989), Thorp and 
Covich (1991), and Merritt and Cummins 
(1996). 

Statistical analyses 

We used multivariate analyses to assess pat- 
terns in composition of macroinvertebrate as- 
semblages among forested depressional wet- 
lands of eastern and central North America and 
between wetlands of South Carolina and Min- 
nesota. We used S-Plus 6.1 (Insightful Corpo- 
ration, Seattle, Washington) for all multivariate 
procedures. 

For the regional assessment, we did cluster 
analysis using a divisive hierarchical algorithm 
on the matrix of dissimilarities among 7 geo- 
graphic locations (South Carolina, Minnesota, 
Michigan, Ontario, Wisconsin, Florida, and 
Georgia). We computed dissimilarity using the 
Jaccard dissimilarity metric, which measures the 
proportion of unshared species between assem- 
blages i and j, such that 

d. .  = 
count of taxa in i or j but not both 

'' count of taxa in i or j or both 
' 

We excluded taxa common to all assemblages 
from the computation. We assessed whether a 
taxon was an indicator of a particular geograph- 
ic cluster by contrasting its presence or absence 
in groups using simple x2 tests. 

We compared wetland assemblages in Min- 
nesota and South Carolina using nonmetric 
multidimensional scaling (NMDS) on the matrix 
of Jaccard dissimilarities among pairs of wet- 
lands. Basing the ordination on presence or ab- 
sence rather than average abundance enhanced 
the influence of taxa that were large, rare, or sea- 
sonally restricted in occurrence. We did the 
analysis using functions from the MASS library 
in S-Plus (Venables and Ripley 2002), imple- 
mented with a function from the Laboratory for 
Dynamic Synthetic Vegephenomenology (D. 
Roberts, Utah State University, Logan, Utah; 
http:/ /labdsv.nr.usu.edu/). 

To assess family-specific differences between 
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FIG. 1. Similarities in composition of macroinvertebrates from forested depressional wetlands across eastern 
North America. Sources were: Minnesota (our study), South Carolina (our study), Michigan (Kenk 1949), On- 
tario (Wiggins et al. 1980), Wisconsin (Schneider and Frost 1996), Florida (Leslie et al. 1997), and Georgia 
(Golladay et al. 1999). Cluster analysis was done on presence/absence data presented in the Appendix. 

the South Carolina and Minnesota wetlands, Results 
we calculated average abundances per wetland 
for each family of macroinvertebrates and used Regiona1 patterns 
those values to calculate the family average 
abundance and 95% confidence interval (CI) for 
both areas. We then determined the 20 most 
abundant macroinvertebrate families for South 
Carolina and Minnesota and assessed whether 
any of these families occurred exclusively in 
one location or the other (families that were 
abundant in one location but occurred in even 
very low numbers in the other did not meet 
this criterion). For families occurring at both 
locations, we determined whether 95% CIS for 
sample abundances overlapped, and we quali- 
tatively assessed whether those families were 
dominated by the same or different genera. We 
could identify only late-stage immatures or 
adults reliably to genus, so we did not quantify 
abundances of genera. Instead, we identified 
cases where 1 or 2 genera dominated collec- 
tions (made up >90% of identified individuals) 
for a particular family, and we used that infor- 
mation to determine if families common in 
both South Carolina and Minnesota were dom- 
inated by similar or different genera. 

Cluster analysis of macroinvertebrate pres- 
ence and absence revealed 2 distinct groups 
(Fig. 1). Forested depressional wetlands from 
Minnesota, Michigan, Ontario, and Wisconsin 
(northern latitudes) made up one group, where- 
as forested depressional wetlands from South 
Carolina, Florida, and Georgia (southern lati- 
tudes) made up the second. Macroinvertebrates 
indicative of northern habitats (taxa that oc- 
curred in at least 3 of the 4 northern sites, and 
none of the 3 southern sites; x2 tests, p < 0.05) 
included Sphaeriidae, Lumbriculidae, Lymnae- 
idae, Physidae, Limnephilidae, Chirocephalidae, 
Leptoceridae, Nepidae, and Hirudinea (Glosso- 
phoniidae and/or Erpodbellidae) (Appendix). 
Macroinvertebrate taxa indicative of southern 
sites (taxa that occurred at all 3 southern sites 
and 5 1  of the 4 northern sites) included Asel- 
lidae, Crangonyctidae, Noteridae, and Cambar- # 

idae (Appendix). The South Carolina location, 
which was the most northerly site in the south- 
em cluster, held a somewhat intermediate po- 
sition in the cluster analysis (Fig. l). The Mich- 
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FIG. 2. Patterns in composition of macroinvertebrate assemblages among forested depressional wetlands in 
South Carolina and Minnesota. Nonmetric multidimensional scaling (NMDS) ordination was done on a matrix 
of Jaccard dissimilarities in taxonomic composition. 

igan location, which was the most southerly site 
in the northern cluster, was the only site that 
contained both northern (sphaeriids, lumbricu- 
lids, lymnaeids, physids, limnephilids, leeches) 
and southern taxa (asellids, crangonyctids, cam- 
barids) (Appendix). 

South Carolina and Minnesota forested depressional 
wetland faunas 

The NMDS ordination showed a distinct sep- 
aration between macroinvertebrate assemblages 
in South Carolina and Minnesota ponds (Fig. 2). 
The correlation coefficient between ordination 
distances (in 2 dimensions) and Jaccard dissim- 
ilarities was 0.925. The analysis also showed 
substantial variation among assemblages within 
each of the 2 locations. 

An examination of the 20 most abundant 
families in South Carolina and Minnesota (Ta- 
ble 1) showed that the lists included several of 
the families characteristic of southern (Aselli- 

dae, Crangonyctidae, Noteridae) or northern 
(Sphaeriidae, Lumbriculidae, Lymnaeidae, 
Physidae, Limnephilidae, Chirocephalidae) for- 
ested depressional wetlands. The 2nd most 
abundant macroinvertebrates in South Caroli- 
na (Asellidae) and Minnesota (Sphaeriidae) 
were characteristic of southern and northern 
forested depressional wetlands, respectively. 
Several other macroinvertebrates associated 
with northern regions also were very abundant 
in the Minnesota wetlands (Lumbriculidae: 4th, 
Physidae: 6th, Limnephilidae: 8th, Lymnaeidae: 
loth). Although never particularly abundant, 2 
leech families, Erpobdellidae and Glossophon- 
iidae, were among the largest macroinverte- 
brates encountered in our study. Leeches were 
a characteristic northern taxon, and they oc- 
curred in 61% of the Minnesota wetlands, but 
were never collected from the South Carolina 
wetlands. Some compositional differences were 
evident only at the generic level. For example, 
Chaoboridae held similar relative abundance 
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TABLE 1. Mean numbers (595% confidence interval [CI] per wetland (/l-m sweep; roughly equivalent to 0.3 
m2) of the 20 most abundant macroinvertebrate families collected from South Carolina and Minnesota forested 
depressional wetlands. * indicates families that were collected only in that location. 

South Carolina (n = 17) Minnesota (n = 74) 
8 

Rank Family Mean (595% CI) % occurrence Family Mean (+-95% CI) % occurrence 

1 Chironomidae 14.2 (5.0) 100 Chironomidae 57.3 (14.4) 100 b 

2 Asellidae* 3.12 (2.70) 41 Sphaeriidae* 53.9 (11.8) 95 
3 Lynceidae 0.76 (1.50) 18 Culicidae 11.7 (10.0) 81 
4 Dytiscidae 0.70 (0.48) 88 Lumbriculidae* 10.7 (4.0) 100 
5 Culicidae 0.44 (0.36) 65 Lynceidae 8.84 (5.84) 51 
6 Notonectidae 0.37 (0.18) 76 Physidae* 6.32 (2.06) 89 
7 Corixidae 0.27 (0.18) 59 Planorbidae* 5.58 (2.46) 82 
8 Chaoboridae 0.18 (0.14) 41 Limnephilidae* 3.64 (0.96) 78 
9 Hydrophilidae 0.11 (0.10) 35 Chaoboridae 2.52 (0.66) 90 

10 Gyrinidae 0.08 (0.14) 12 Lymnaeidae* 1.81 (0.98) 55 
11 Naucoridae* 0.06 (0.06) 29 Chirotephalidae* 1.66 (2.26) 32 
12 Gammaridae* 0.05 (0.08) 18 Dytiscidae 0.95 (0.22) 90 
13 Crangonyctidae* 0.04 (0.08) 6 Ceratopogonidae 0.90 (0.42) 65 
14 Coenagrionidae 0.03 (0.04) 12 Haliplidae 0.79 (0.26) 77 
15 Noteridae* 0.03 (0.04) 12 Corixidae 0.77 (0.60) 39 
16 Gerridae 0.03 (0.04) 12 Libellulidae 0.62 (0.32) 72 
17 Lestidae 0.02 (0.04) 12 Lumbricidae* 0.57 (0.46) 38 
18 Libellulidae 0.02 (0.04) 12 Hydrophilidae 0.55 (0.60) 74 
19 Tabanidae 0.02 (0.04) 6 Dixidae* 0.43 (0.18) 60 
20 Tubificidae* 0.02 (0.02) 12 Lestidae 0.30 (0.20) 37 

rankings in South Carolina (gfh) and Minnesota individuals/sweep + 0.18 [95% CI] vs Minne- 
(9fh), but most individuals in South Carolina sota: 0.04 individuals/sweep + 0.06 195% CI]). 
were Chaoborus, whereas most individuals in Because a variety of sampling methods were 
Minnesota were Mochlonyx. used by the researchers in Michigan, Ontario, 

Some families were ubiquitous across the 7 Wisconsin, Florida, and Georgia, and not all 
study locations (Appendix), but quantitative studies reported abundance data, we could not 
comparisons between South Carolina and Min- assess whether abundance differences between 
nesota indicated that relative abundances var- South Carolina and Minnesota reflected a re- 
ied. Chironomidae (primarily Chironomus and gional pattern. 
Polypedilum) was the most abundant family in 
both South Carolina and Minnesota forested de- 

Discussion pressional wetlands. Chironomid relative abun- 
dance was 4x greater in ~ ~ ~ e s o t a  than South Compositional dflerences between northon and 
Carolina (and 95% CIS did not overlap, Table I), southern forested depreSsional rntlands 
although midges actually made up a greater % 
of the community in the South Carolina wet- Clear compositional differences existed be- 
lands than the Minnesota wetlands (Table 1). tween macroinvertebrate communities of south- 
Culicidae (mostly Aedes) was among the 5 most ern and northern forested depressional wet- 

L 

abundant macroinvertebrates in both South Car- lands (Fig. 1, Appendix). The fauna at our South 
olina and Minnesota wetlands, but relative Carolina sites resembled the communities in 
abundance was greater in Minnesota than South forested depressional wetlands at other south- 
Carolina (Table 1). The Notonectidae (Notonecta) em locations (Georgia, Florida), and the fauna n 

was the sole ubiquitous family (ranked 6th in in Minnesota resembled the communities at oth- 
South Carolina and unranked in Minnesota) er northern locations (Michigan, Wisconsin, and 
that had a greater relative abundance in the Ontario). Quantitative sampling in South Caro- 
South Carolina wetlands (South Carolina: 0.37 lina and Minnesota suggested that many of the 



taxa differing between regions were not ecolog- 
ically incidental forms, but included some of the 
largest and most abundant organisms present in 
these ecosystems (e.g., Asellidae, Cambaridae, . 
Sphaeriidae, Lumbriculidae, Physidae, Planor- 
bidae, Limnephilidae, Hirudinea). For some of 
the less common organisms, varying sampling 
intensities and sampling methods among stud- 
ies might have influenced detection and so those 
differences should be viewed with caution. We 
focus our discussion on those taxa that differed 
most dramatically between the southern and 
northern sites. 

We suspected that different environmental 
conditions between regions affected macroin- 
vertebrate distributions. However, southern and 
northern locations differed in many ways (cli- 
mate, geology, hydrology, vegetation), and iso- 
lating the mechanisms for variation in macro- 
invertebrate distributions would have been dif- 
ficult. Furthermore, we lacked comprehensive 
water chemistry and environmental data from 
the other published studies used for our region- 
al faunal comparisons, so quantitative regional 
analyses could not be conducted. However, cer- 
tain features of southern and northern areas 
merit discussion. 

The most striking faunal difference between 
southern and northern forested depressional 
wetlands occurred within the Mollusca. Sphaer- 
idae, Physidae, and Lymnaeidae were found at 
every northern habitat and these families were 
among the most abundant and widely distrib- 
uted invertebrates in the Minnesota wetlands. 
However, these mollusks were not detected in 
any of the southern wetlands. We suspect that 
water chemistry plays a role in limiting distri- 
butions of mollusks in the southern habitats. 
Forested depressional wetlands across the 
southeastern US are typically acidic (pH <5; 
Leslie et al. 1997, Batzer et al. 2000, Entrekin et 
al. 2001, our study), primarily because they lack 
buffering capacity. In contrast, northern forest- 
ed depressional wetlands tend to be less acidic 
because alkalinity (in the form of CaCO,) is rel- 
atively high (Batzer et al. 2004). Mollusks re- 
quire sufficient Ca concentration for shell devel- 
opment (Pennak 1989, Brown 1991, McMahon 

1 1991), and in the absence of significant Ca, 
snails and clams may be physiologically unable 
to thrive in southern forested depressional wet- 
lands (Taylor et al. 1999). This water chemistry 
link is further supported because snails and 

clams are very rare in other acidic, precipitation- 
based wetlands of the south (other than forested 
depressional wetlands) including flatwoods 
marshes of Florida (Evans et al. 1999) and the 
Okefenokee Swamp of Georgia (Kratzer 2003). 
In contrast, snails and clams are common in 
southern wetlands that receive significant input 
from more Ca-rich groundwater or river flood- 
water including the Florida Everglades (Rader 
1999) and some river floodplains (Merritt et al. 
1999, Smock 1999, Reese 2004). Like the mol- 
lusks, leeches of northern forested depressional 
wetlands are intolerant of acid conditions (Pen- 
nak 1989), and they also may be chemically ex- 
cluded from many southern forested depres- 
sional wetlands. 

Different phenologies of flooding between re- 
gions might help explain why lirnnephilid cad- 
disflies were restricted to northern sites. Wig- 
gins (1996) reported that reproductive maturity 
of limnephilid adults was delayed by diapause 
until late summer and early autumn when 
many northern depressional wetlands begin to 
refill. However, forested depressional wetlands 
in southern locations typically are driest during 
this time period, so even if Limnephilidae oc- 
curred in the vicinity of these habitats, they 
would have few opportunities to oviposit. 

Some invertebrates were characteristic of 
southern forested depressional wetlands. Asel- 
lidae and Crangonytictidae were collected most- 
ly from southern wetlands, but geology or ge- 
ography per se probably did not limit their dis- 
tributions. These crustaceans have been collect- 
ed from previously glaciated portions of 
western New York (Batzer and Sion 1999) and 
southern Michigan (Kenk 1949, Higgins and 
Merritt 1999). In their New York study, Batzer 
and Sion (1999) proposed that old-growth de- 
ciduous forest conditions (intense shading and 
abundant leaf litter) made drought conditions 
less harsh for asellids and crangonyctids, which 
do not have well developed desiccation-resistant 
stages (Wiggins et al. 1980). Latitudinal changes 
in forest communities might affect the environ- 
mental conditions in embedded depressional 
wetlands and, in turn, the distributions of mac- 
roinvertebrates. 

Those taxa with the most pronounced region- 
al differences tended to be flightless forms such 
as mollusks (clams and snails), annelids (worms 
and leeches), and crustaceans (isopods and am- 
phipods). Organisms that lack efficient dispers- 
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a1 may specialize on narrower sets of environ- were found in forested depressional wetlands in 
mental conditions and have more restricted dis- South Carolina (near our study sites), but they 
tributions than organisms that disperse effi- were not particularly common. These popula- 
ciently. Flying insect families typically were tion and partial-community studies indicate . 
ubiquitous, although genera and species prob- that the northern and southern distributions 
ably varied among locations. proposed in our paper probably have general 

applicability, but the distributions clearly are 

Additional data on taxonomic patterns in  forested "Ot As more community de- 
depressional wetlands scriptions become available from forested de- 

pressional wetlands across eastern and central 
The data available cannot generate a complete North America, wetland ecologists will be able 

picture of the geographic variation in macroin- to test and refine the distributional and func- 
vertebrate communities among wetlands of tional framework proposed in our study. 
eastern and central North America. Published 
descriptions of macroinvertebrate communities Ecological roles of macroinvertebrates in forested 
are unavailable for extensive portions of the re- depressional wetlands 
gion, including south-central states (Alabama, 
Mississippi, Tennessee), mid-latitude states (Vir- The ecological roles of macroinvertebrates in 
ginia, North Carolina, Ohio, Kentucky), New forested depressional wetlands appeared to dif- 
England and the eastern provinces of Canada, fer regionally. We found that overall macroin- 
and northern Canada. However, population-lev- vertebrate numbers in Minnesota wetlands 
el and partial-community descriptions can pro- dwarfed those in South Carolina (Table 1) and 
vide some information. In Massachusetts, this difference in abundance may have reflected 
Brooks (2000) collected unknown mollusk and a productivity difference; unfortunately, density 
leech families, a composition that suggests data were not available from the other northern 
northern characteristics. As in Minnesota, and southern locations, so we could not deter- 
Sphaeriidae was among the most abundant mine if the difference was regional. However, 
macroinvertebrates in wetlands of western New the trophic structure of invertebrate communi- 
York (Batzer and Sion 1999). Most of the typical ties in southern and northern sites was clearly 
northern taxa (Sphaeriidae, Lymnaeidae, Physi- different. Scrapers (Physidae, Planorbidae, Lym- 
dae, Limnephilidae, Hirudinea), but no typical naeidae) and shredders (Limnephilidae) were 
southern taxa, were collected in wetlands in widespread and abundant only in the northern 
western Pennsylvania (C. R. Orr and S. A. Wis- habitats, so these macroinvertebrate functions 
singer, Allegheny College, Meadeville, Pennsyl- probably were more important in northern than 
vania, unpublished data). Limnephilids have southern forested depressional wetlands. Asel- 
been collected from a wetland in West Virginia lidae, which were abundant in many southern 
(Stout and Stout 1989), extending the known habitats, consume a wide variety of foods in- 
distribution of that family in forested depres- cluding macrophyte detritus and algae (Pennak 
sional wetlands further south than Pennsylva- 1989), and they may partially fill those niches in 
nia. In a preliminary survey of 13 forested de- southern wetlands; the feeding ecology of this 
pressional wetlands of North Carolina and Vir- important group needs to be more thoroughly 
ginia, we (DPB, SED-B, BET, and AED, unpub- assessed. The southern and northern wetlands 
lished data) found leeches and asellids, but not shared many common collector taxa, but only 
mollusks, a composition that suggests a mixture collector-gatherers (Chironomidae, Culicidae, 
of northern and southern characteristics. In 12 Lynceidae) were ubiquitous, and collector-filter- 
forested depressional wetlands of east-central ers (Sphaeriidae) were common only in northern 
Georgia, asellids and crangonyctids were com- habitats. Macroinvertebrate predators were also 
mon, and mollusks were absent (Batzer et al. ubiquitous, but the hemipterans, especially the 
2000, Batzer, unpublished data), a composition Notonectidae, were a more important compo- I 

that resembles the pattern in surrounding nent of the predator complex in South Carolina 
southern areas. Leeches (Leeper and Taylor wetlands than those in Minnesota. Because He- 
1998) and chirocephalid fairy shrimp (DeBiase miptera differ from other macroinvertebrate 
and Taylor 2003), both primarily northern taxa, predators (Odonata, Coleoptera, Diptera) in 

L 



terms of feeding mode (piercing-sucking vs en- 
gulfing) and hunting behavior (chase-and-sub- 
due vs ambush), the kinds of prey selected by 

a macroinvertebrate predators may differ region- 
ally. Bottom-up and top-down pathways of en- 
ergy flow through macroinvertebrates in food 
webs of forested depressional wetlands proba- 
bly differ regionally (see discussion in Wissin- 
ger 1999), and it will be important to account 
for such regional characteristics when studying 
the ecology of these ecosystems. 
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APPENDIX. Presence (x) and absence (blank) of macroinvertebrates in forested depressional wetlands from 7 
locations of eastern North Ameica. Sources, arranged from north to south, were: Minnesota (our study), Wis- 
consin (Schneider and Frost 1996), Ontario (Wiggins et al. 1980), Michigan (Kenk 1949), South Carolina (our 
study), Georgia (Golladay et al. 1999), and Florida (Leslie et al. 1997). 

South 
Class or order Family Minnesota Wisconsin Ontario Michigan Carolina Georgia Florida 

Hirudinea x x x x 
Oligochaeta Enchytraeidae x 

Lumbricidae x x 
Lumbriculidae x x x 
Naididae x 
Tubificidae x x 

Gastropoda Ancylidae 
Lymnaeidae x x x x 
Physidae x x x x 
Planorbidae x x x x x 

Bivalvia Sphaeriidae x x x x 
Ephemeroptera x x x x x x 
Odonata Aeshnidae x x x x 

Coenagrionidae x x x x x x 
Corduliidae x 
Corethrellidae x 
Lestidae x x x x 
Libellulidae x x x x 
Protoneuridae x 

Hemiptera Corixidae x x x 
Gerridae x x x x 
Hydrometridae 
Lygaeidae x 
Mesoveliidae x x 
Naucoridae 
Nepidae x 
Notonectidae x x x x 
Ortheziidae x 
Pleidae x 
Saldidae x 
Veliidae x x 

Neuroptera Sisyridae x 
Megaloptera Corydalidae x 

Sialidae x 
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South 
Class or order Family Minnesota Wisconsin Ontario Michigan Carolina Georgia Florida k 

.a 

Trichoptera Hydroptilidae x x x 
Leptoceridae x x x . Limnephilidae x x x x 

t 
Phryganeidae x x x x 
Polycentropodidae x x 

Lepidoptera Pyralidae x x 
Coleoptera Carabidae 

Chrysomelidae x 
Dytiscidae x x x x x x 
Gyrinidae x x x x x 
Haliplidae x x x x x x 
Histeridae 
Hydraenidae 
Hydrochidae x 
Hydrophilidae x x x 
Noteridae x x 
Scirtidae x 
Staphylinidae x 

Diptera Cecidomyiidae x 
Ceratopogonidae x x x 
Chironomidae x x x x 
Chaoboridae x x x x 
Culicidae x x x x 
Dixidae x x 
Dolichopodidae x 
Ephydridae x x 
Empididae x 
Muscidae x 
Ps ychodidae x x 
Sciaridae 
Sciomyzidae 
Stratiomyiidae x x x 
Syrphidae x 
Tabanidae x x x x 
Tetanoceridae x 
Tipulidae x x 

Isopoda Asellidae x x x 
Amphipoda Crangonyctidae x x x 

Hyalellidae 
Conchostraca Lynceidae x x x 
Anostraca Chirocephalidae x x 

Streptocephalidae x 
Notostraca Triopsidae x 
Decapoda Cambaridae x x x x 


