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ABSTRACT
Marsh flooding and drying may be important
factors affecting aquatic macroinvertebrate density and distribution in coastal freshwater marshes. Limited availability of water as a result of
drying in emergent marsh may decrease density,
taxonomic diversity, and taxa richness. The principal objectives of this study are to characterize
the seasonal aquatic macroinvertebrate assemblage in a freshwater emergent marsh and compare aquatic macroinvertebrate species composition, density, and taxonomic diversity to that of
freshwater marsh ponds. We hypothesize that 1)
freshwater emergent marsh has lower seasonal
density and taxonomic diversity compared to
that of freshwater marsh ponds; and 2) freshwater emergent marsh has lower taxa richness
than freshwater marsh ponds. Seasonal aquatic
macroinvertebrate density in freshwater emer2
gent marsh ranged from 0 organisms/m (sum2
mer 2009) to 91.1 ± 20.53 organisms/m (mean ±
SE; spring 2009). Density in spring was higher
than in all other seasons. Taxonomic diversity
did not differ and there were no unique species
in the freshwater emergent marsh. Our data only
partially support our first hypothesis as aquatic
macroinvertebrate density and taxonomic diversity between freshwater emergent marsh and
ponds did not differ in spring, fall, and winter but
ponds supported higher macroinvertebrate densities than freshwater emergent marsh during
summer. However, our data did not support our
second hypothesis as taxa richness between
freshwater emergent marsh and ponds did not
statistically differ.
Copyright © 2013 SciRes.
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1. INTRODUCTION
Spatial and temporal variation in habitat conditions
affects movements of aquatic macroinvertebrates [1,2]
and contributes to the regulation of assemblages [3]. In
riverine ecosystems, flow regime plays a major role in
structuring patterns of biotic composition and diversity
[1,2,4,5]. Similarly, marsh flooding and drying in freshwater marshes may be important factors affecting seasonal aquatic macroinvertebrate density and distribution.
Lateral hydrologic connectivity between ponds and
freshwater emergent marsh during flooded marsh conditions may decrease aquatic macroinvertebrate density in
ponds while aquatic macroinvertebrate density in the
freshwater emergent marsh may increase due to aquatic
macroinvertebrate movement from ponds to the freshwater emergent marsh. Several studies suggest that ponds
(or other habitats) that have a low degree of connection
with adjacent waterways support relatively few organisms due to limited recruitment [6] and severe environmental conditions [7-9]. The effects of marsh flooding
and drying between ponds and emergent marsh on
aquatic macroinvertebrate assemblages in coastal marshes are relatively unknown and poorly studied.
Besides hydrologic connectivity, several studies suggest that hydroperiod affects the assemblages of wetlands
macroinvertebrates [10-12]. [13] noted that desiccation
stress and the physical environment (e.g., extreme temperatures, low dissolved oxygen) are expected to exert a
dominant influence on aquatic macroinvertebrate assemblages in wetlands with short hydroperiods. [14] indicated that temporary ponds support relatively few aquatic
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macroinvertebrates when compared to more permanent
sites. Also, [15] noted that ephemeral and temporary
lakes tended to have fewer taxa than semi-permanent
channel or terminal lake habitats in a central Australian
arid-zone river. In this sense, the relatively long hydroperiod of ponds may allow for higher macroinvertebrate
density than in the freshwater emergent marsh due to
limited availability of macroinvertebrates as a result of
drying in freshwater emergent marsh.
Coleopterans are known to possess physiological and
behavioral mechanisms to survive desiccation during dry
periods (e.g., Dytiscidae; [16]) and these traits may allow
them to avoid the deep water habitat that commonly
support relatively large and strong predators (e.g., fish,
odonates; [17]).Thus, coleopterans in freshwater emergent marsh may be more abundant than in ponds. In contrast, odonates require a relatively long hydroperiod for
the full development of nymphs even though they occur
in shallow water [18,19]. Therefore, ondonates may
avoid freshwater emergent marsh because of the risk of
drying. In addition, macrophyte (e.g., SAV: submerged
aquatic vegetation) cover appears to affect macroinvertebrate distribution by providing refuge from predators
[20], and increasing the availability of food resources
[21]. [17] characterized aquatic macroinvertebrate assemblages in freshwater marsh ponds, however, a paucity
of information [22] exists on the aquatic macroinvertebrate assemblages in freshwater marshes and their similarity to assemblages in freshwater marsh ponds.
A clear understanding of the similarity and differences
between freshwater emergent marsh and marsh ponds
would enhance our understanding of aquatic macroinvertebrate habitat requirements in freshwater marshes
because freshwater marsh and pond habitats represent
very different physical and chemical conditions. The
principal objectives of this study are to characterize the
seasonal aquatic macroinvertebrate assemblage in a
freshwater emergent marsh and compare aquatic macroinvertebrate species composition, density, and taxonomic
diversity to that of freshwater marsh ponds. We hypothesize that 1) freshwater emergent marsh has lower seasonal density and taxonomic diversity compared to that
of freshwater marsh ponds; and 2) freshwater emergent
marsh has lower taxa richness than freshwater marsh
ponds.

2. STUDY AREA AND METHODS
2.1. Study Area
This study was conducted in White Lake Wetlands
Conservation Area (WLWCA, 29˚52'N, 92˚31'W) in the
Chenier Plain of southwestern Louisiana. WLWCA is
bounded on the south by White Lake (28.2 km north of
the Gulf of Mexico) and is a 28,719 ha freshwater marsh.
Copyright © 2013 SciRes.
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Dominant vegetation is maidencane (Panicum hemitomon Schultes) and bulltongue arrowhead (Sagittaria lancifolia Linnaeus).

2.2. Data Collection
We randomly selected three sites for more intensive
study in the edge of each emergent marsh site (i.e., 100
m from channel or pond margin). To assess variation in
environmental variables, monthly we measured salinity,
dissolved oxygen (DO, mg/l), and water temperature (˚C)
with a YSI Model 85 Water Quality Meter. These variables were measured 2 - 3 cm above the sediment at each
sampling point between 08:00 AM and 17:00 PM (one
time per month). Percent cover of SAV in a 1 × 1-m
frame was also randomly determined at three points
around each sampling point (i.e., sampling point + 2
random points) and the mean coverage of SAV in the 1
m2 was calculated. We used a meter stick to check sampling point water depth (SPWD, water depth at sampling
points).
To determine aquatic macroinvertebrate assemblage
structure, we sampled each emergent marsh monthly
from April 2009 to February 2010. For purposes of this
study, seasons were defined as: 1) Spring 2009 (AprilMay); 2) Summer 2009 (June-August); 3) Fall 2009
(September-November); 4) Winter 2009 (DecemberFebruary). We sampled water-column macroinvertebrates
using a D-shaped sweep net with a 30-cm opening and
1-mm mesh size. Many previous studies [23-28] have
found that a D-shaped sweep net is an effective sampling
method for water-column macroinvertebrates in ponds.
We conducted a total of 10 continuous sweeps of 2-m
long each (surface covered 6 m2; [23]) at a randomly
selected point.
[17] provides detailed results of environmental variables that include salinity, DO, temperature, SAV, and
SPWD and of aquatic macroinvertebrate species composition, density, and taxonomic diversity in two pond
types (i.e., permanently connected pond [PCP: permanently connected channel during all seasons]; temporarily connected pond [TCP: temporarily connected by surface water to the surrounding marsh but not permanently
connected to a channel]).

2.3. Statistical Analysis
Data are reported as mean ± SE, and significance level
was set at α = 0.05. Analyses of variance (ANOVA) and
T-test (Proc Mixed, Version 9.3, SAS Institute, Cary,
North Carolina) were used to test for statistical differences in environmental variables and aquatic macroinvertebrate density by season. We used a one-way ANOVA
for each response variable. Models included the environmental variable, as well as density and taxonomic
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diversity. We conducted a one-way ANOVA with one
fixed effect. Significant one-way ANOVA effects were
tested using post-hoc comparisons of Tukey adjusted
least squares means. For one-way ANOVA analyses, data
were tested for normality with the Shapiro-Wilks test. In
the event that the residuals were not normally distributed,
the data were natural log-transformed.

Table 1. Comparison of seasonal means (±SE) of water chemistry (n = 108), water depth (n = 108), and SAV cover (n = 108)
in freshwater ponds and emergent marsh.

Seasonal salinity was higher in spring and fall than in
summer (F3,8 = 12.0, p = 0.003). Comparison of DO and
water depth indicated their highest values were in winter
but temperature values were lowest in winter (DO: F3,8 =
38.6, p < 0.001; temperature: F3,8 = 132.1, p < 0.001;
water depth: F3,8 = 512.6, p < 0.001). Seasonal SAV
cover did not differ. In freshwater ponds, salinity, temperature, and SAV were the lowest in winter but DO was
the highest. The highest SPWD was in fall. The full results of water chemistry (i.e., salinity, DO, temperature),
SAV cover, and SPWD in freshwater marsh ponds (i.e.,
PCPs and TCPs) are presented in Table 1 and [17].
We collected 5,114 aquatic macroinvertebrates of 35
taxa from 33 samples. The dominant taxon during all
flooded seasons was Chironomidae (spring 2009: 38.3%;
fall 2009: 14.8%; winter 2009: 12.2%; Table 2). Seasonal aquatic macroinvertebrate density in freshwater
emergent marsh ranged from 91.1 ± 20.53 organisms/m2
(mean ± SE; spring 2009) to 0 organisms/m2 (summer
2009; Table 3). Density in spring 2009 was higher than
in all other seasons (F3,7 = 31.3, p < 0.001). Taxonomic
diversity did not differ. Table 4 provides a detailed comparison of aquatic macroinvertebrate densities among
freshwater emergent marsh and ponds. Aquatic macroinvertebrate density between freshwater emergent marsh
and ponds did not differ in spring, fall, and winter but
ponds supported higher macroinvertebrate densities than
freshwater emergent marsh (F2,6 = 13.2, p = 0.006) during summer. Taxa richness between freshwater emergent
marsh and ponds did not statistically differ.

Copyright © 2013 SciRes.

TCP***

Salinity (ppt)

0.4 (0.07)

1.2 (0.15)

0.4 (0.07)

Dissolved
oxygen (mg/l)

3.1 (0.76)

2.8 (0.24)

3.3 (0.59)

Temperature (˚C)

30.7 (1.64)

30.1 (2.05)

27.2 (1.95)

Water depth (cm)

23.2 (0.07)

34.4 (4.03)

36.4 (1.04)

SAV coverage (%)

40.0 (4.19)

34.4 (5.47)

32.2 (4.75)

Salinity (ppt)

0.0 (0.00)

1.6 (0.08)

0.5 (0.07)

Dissolved
oxygen (mg/l)

0.0 (0.00)

1.4 (0.33)

1.1 (0.46)

Temperature (˚C)

0.0 (0.00)

31.4 (0.85)

30.8 (0.58)

Water depth (cm)

0.0 (0.00)

30.8 (3.15)

16.0 (0.80)

SAV coverage (%)

0.0 (0.00)

49.4 (20.69)

34.4 (12.03)

Salinity (ppt)

0.5 (0.08)

0.5 (0.01)

0.3 (0.05)

Dissolved oxygen
(mg/l)

2.7 (0.16)

2.4 (0.64)

1.2 (0.45)

Temperature (˚C)

23.9 (0.76)

23.1 (3.33)

22.0 (2.21)

Water depth (cm)

27.9 (0.80)

40.9 (1.67)

47.9 (3.50)

SAV coverage (%)

46.7 (12.58)

37.2 (16.17)

36.7 (18.95)

Salinity (ppt)

0.3 (0.06)

0.3 (0.02)

0.2 (0.00)

Dissolved
oxygen (mg/l)

5.8 (0.10)

5.6 (0.14)

4.6 (1.03)

Temperature (˚C)

12.3 (1.47)

11.9 (1.69)

11.8 (0.79)

Water depth (cm)

31.6 (0.97)

27.2 (0.76)

33.9 (3.78)

SAV coverage (%)

46.1 (17.33)

27.2 (2.00)

11.7 (2.55)

Summer

Fall

Winter

*

The present study considered the hypothesis that
freshwater emergent marsh had lower aquatic macroinvertebrate density and taxonomic diversity than freshwater marsh ponds. When emergent marsh is flooded (i.e.,
lateral connectivity with pond or channel), aquatic
macroinvertebrates can move from ponds into the freshwater emergent marsh, resulting in increased aquatic
macroinvertebrate density in the freshwater emergent
marsh. Our results indicated that aquatic macroinvertebrate density and taxonomic diversity among freshwater
emergent marsh and ponds did not statistically differ in
spring, fall, and winter (i.e., flooded marsh condition).

PCP**

Spring

3. RESULTS

4. DISCUSSION

FEM*

**

FEM: freshwater emergent marsh PCP: permanently connected pondpermanently connected channel during all seasons. ***TCP: temporarily
connected pond-temporarily connected by surface water to the surrounding
marsh but not permanently connected to a channel

High variability in macroinvertebrate density within the
emergent marsh and ponds suggests that macroinvertebrates in freshwater emergent marsh are patchily distributed. Furthermore, the lack of macroinvertebrates during
the summer when the marsh dried also suggests that this
resource is also temporally limited. In spite of the high
variability and limited temporal availability, the freshwater emergent marsh is still an important and widely
distributed habitat for aquatic macroinvertebrates along
the Louisiana coast.
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Table 2. Comparison of mean density (ind·m−2 (SE)) of aquatic macroinvertebrates in freshwater emergent marsh by season. No
sample in summer (i.e., June, July, August 2009) because of drying.
Order

Family

Genus

Odonata

Aeshnidae

Coryphaeschna

Coenagrionidae

Enallagma
Ischnura

Libellulidae
Coleoptera

Curculionidae

Fall

Winter

0.09 (0.07)

0.26 (0.13)

0.36 (0.08)

0.26 (0.13)

0.44 (0.33)

0.06 (0.00)

0.02 (0.02)

0.06 (0.03)

Erythemis

0.14 (0.03)

0.04 (0.04)

0.11 (0.06)

Pachydiplax

0.03 (0.03)

0.02 (0.02)

0.09 (0.04)

Lissorhoptrus

0.03 (0.03)

0.07 (0.04)

0.02 (0.02)

0.02 (0.02)
0.02 (0.02)

0.04 (0.02)

Onychylis
Celina
Cybister
Matus

Dytiscidae

Spring

0.19 (0.14)
0.06 (0.00)

Haliplidae

Haliplus

Hydrophilidae

Berosus

1.53 (0.97)

0.02 (0.02)
1.06 (0.86)

Derallus

0.06 (0.00)

0.07 (0.07)

Enochruss

0.56 (0.22)

0.04 (0.04)
0.06 (0.06)

Tropisternus

0.64 (0.42)

Noteridae
Belostomatidae
Corixidae
Mesoveliidae
Naucoridae
Nepidae
Notonectidae
Baetidae

Hydrocanthus
Belostoma
Trichocorixa
Mesovelia
Pelocoris
Ranatra
Notonecta

0.81 (0.25)
17.36 (10.31)
0.14 (0.03)
0.11 (0.06)
0.06 (0.06)
0.03 (0.03)

Caenidae

Caenis

Trichoptera

Leptoceridae

Oecetis

Diptera

Ceratopogonidae

0.03 (0.03)

0.06 (0.00)

Chironomidae

34.86 (0.97)

1.07 (0.58)

Ephydridae

0.03 (0.03)

Hemiptera

Ephemeroptera

Lepidoptera
Amphipoda
Isopoda

Tabanidae
Tipulidae
Pyralidae
Crangonyctidae
Hyalellidae
Asellidae

Synurella
Hyalella
Caecidotea
Lirceus

FEM

PCP

TCP
11.5 (2.22)

Density
Spring 2009

91.1 (20.53)

125.9 (34.6)

Summer 2009

0.0 (0.00)

24.7 (10.6)

9.2 (4.12)

Fall 2009

7.2 (0.54)

34.4 (9.6)

13.3 (1.27)

Winter 2009

26.4 (1.80)

45.1 (19.6)

6.9 (3.53)

Taxonomic diversity
Spring 2009

1.0

3.1

3.1

Summer 2009

0.0

2.9

2.8

Fall 2009

2.1

3.0

2.8

Winter 2009

1.8

2.6

2.8

0.02 (0.02)
0.56 (0.13)

0.02 (0.02)

0.15 (0.09)

0.22 (0.17)

1.43 (0.52)

0.03 (0.03)

1.47 (0.58)
9.47 (2.25)
22.89 (7.72)
0.17 (0.00)

0.02 (0.02)

0.02 (0.02)

0.02 (0.02)
3.22 (1.33)
0.02 (0.02)
0.11 (0.08)
0.09 (0.09)

Table 3. Seasonal aquatic macroinvertebrate density (organisms/m2 (±SE)) and taxonomic diversity (Index H’) in freshwater emergent marsh from April 2009 to February 2010.

Copyright © 2013 SciRes.

0.02 (0.02)
0.11 (0.03)
0.57 (0.49)

0.19 (0.04)

0.91 (0.21)
0.46 (0.23)
1.72 (0.53)
0.07 (0.02)

0.07 (0.02)
0.61 (0.50)
3.63 (0.69)
3.50 (1.43)
8.17 (3.18)
3.76 (2.65)

We hypothesized freshwater emergent marsh may
have fewer aquatic macroinvertebrate taxa than freshwater marsh ponds due to the seasonal drying of the marsh.
The dry condition in freshwater emergent marsh may
decrease the taxa richness because of limited marsh accessibility for macroinvertebrates. However, our data did
not support the hypothesis as taxa richness between
freshwater emergent marsh and ponds did not statistically differ and common pond inhabitants were also
common in the freshwater emergent marsh (Table 4).
Similarly, [29] found that macroinvertebrate species in
temporary communities are a nested subset of those in
permanent communities.
Previous studies [14,30] emphasized the role of water
permanence in determining the macroinvertebrate occurOPEN ACCESS
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Table 4. Comparison of mean density (ind·m−2 (SE)) of aquatic macroinvertebrates in freshwater emergent marsh and ponds from
April 2009-February 2010.
Order

Family

Genus

FEM

PCP

TCP

Odonata

Aeshnidae

Coryphaeschna

0.10 (0.05)

0.04 (0.01)

0.06 (0.02)

Coenagrionidae

Enallagma

0.26 (0.10)

0.53 (0.13)

0.57 (0.22)

Ischnura

0.03 (0.01)

0.15 (0.05)

0.08 (0.03)

Erythemis

0.07 (0.02)

0.59 (0.18)

0.24 (0.10)

Pachydiplax

0.4 (0.02)

1.45 (0.53)

0.31 (0.10)

0.02 (0.02)

0.01 (0.01)
0.10 (0.03)

Libellulidae

Coleoptera

Chrysomelidae

Donacia

Curculionidae

Lissorhoptrus

0.03 (0.01)

0.05 (0.02)

Onychylis

0.01 (0.01)

0.01 (0.01)

Stenopelmus
Dytiscidae

Celina

0.01 (0.01)
0.02 (0.01)

Copelatus
Cybister

0.04 (0.03)

0.45 (0.18)

0.10 (0.05)

0.08 (0.04)

0.05 (0.03)

0.04 (0.03)

Desmopachria

0.01 (0.01)

Hydrovatus

0.28 (0.13)

0.08 (0.04)

Laccophilus

0.01 (0.01)

0.01 (0.01)

0.02 (0.02)

0.03 (0.03)

0.01 (0.01)

0.01 (0.01)

0.03 (0.01)

0.03 (0.01)

0.07 (0.04)

0.05 (0.05)

Matus

0.01 (0.01)

Thermonectus
Haliplidae

Haliplus

0.01 (0.01)

Peltodytes
Hydrophilidae

Hemiptera

Berosus

0.62 (0.31)

0.23 (0.10)

0.11 (0.04)

Derallus

0.03 (0.02)

0.01 (0.01)

0.03 (0.01)

Enochruss

0.12 (0.07)

0.15 (0.09)

0.08 (0.02)

Tropisternus

0.13 (0.10)

0.16 (0.11)

0.14 (0.05)

Noteridae

Hydrocanthus

0.01 (0.01)

Scirtidae

Scirtes

Staphylindae

Euaesthetus

Belostomatidae

Belostoma

0.18 (0.10)

0.22 (0.08)

0.04 (0.02)

Megaloptera

0.31 (0.16)
0.08 (0.05)
0.01 (0.01)

Corixidae

Trichocorixa

3.46 (2.50)

3.84 (0.84)

1.30 (0.64)

Mesoveliidae

Mesovelia

0.03 (0.02)

0.15 (0.09)

0.09 (0.07)

Naucoridae

Pelocoris

0.03 (0.02)

0.29 (0.15)

0.15 (0.05)

Nepidae

Ranatra

0.01 (0.01)

0.05 (0.02)

0.04 (0.02)

Notonectidae

Notonecta

0.01 (0.01)

0.12 (0.06)

0.12 (0.07)

0.05 (0.03)

0.06 (0.02)

0.45 (0.23)

0.97 (0.29)

0.10 (0.05)

0.01 (0.01)

0.01 (0.01)

0.02 (0.02)

0.01 (0.01)

Ephemeroptera

Trichoptera

0.20 (0.08)
0.05 (0.04)

Baetidae
Caenidae

Caenis

Hydroptilidae

Oxyethira

Leptoceridae

Oecetis

Corydalidae

Chauliodes

Copyright © 2013 SciRes.
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0.02 (0.01)
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Continued
Order

Family

Diptera

Genus

FEM

PCP

TCP

Ceratopogonidae

0.02 (0.01)

0.37 (0.24)

0.03 (0.02)

Chironomidae

7.51 (4.11)

7.20 (1.40)

5.98 (2.10)

Culicidae

0.04 (0.04)

Dolichopodidae

0.01 (0.01)

Ephydridae

0.01 (0.01)

Stratomyidae

0.01 (0.01)
0.01 (0.01)

0.01 (0.01)

0.03 (0.01)

Tabanidae

0.05 (0.03)

0.17 (0.07)

Tipulidae

0.03 (0.03)

0.03 (0.01)

Lepidoptera

Pyralidae

0.17 (0.15)

0.27 (0.12)

Amphipoda

Crangonyctidae

Synurella

5.88 (3.85)

4.78 (2.20)

3.01 (0.96)

Hyalellidae

Hyalella

54.79 (21.40)

2.68 (0.67)

5.74 (2.33)

Asellidae

Caecidotea

13.78 (5.77)

4.28 (1.31)

5.19 (1.36)

Lirceus

2.16 (1.61)

2.33 (1.04)

1.31 (0.28)

Isopoda

rence in freshwater wetlands. [26] noted that the hydroperiod gradient (i.e., long, short) influenced the dominant
macroinvertebrate genera. Our results, however, were not
consistent with a hydroperiod effect on assemblage
structure as we did not detect a difference in dominant
species between ponds and freshwater emergent marsh.
Based on [17], most aquatic macroinvertebrates in these
coastal marshes appear to be poorly adapted to dry conditions. In freshwater emergent marsh, midges (Chironomidae) were relatively abundant species (i.e., >10 %)
during all flooded seasons. The family Chironomidae is
frequently the most abundant group in freshwater communities [31] and their larvae are known to have a certain degree of resistance to desiccation although they live
in water [32]. In this sense, Chironomidae in our study
sites may be well adapted to desiccation stress, resulting
in relatively high density in freshwater marsh ponds and
freshwater emergent marsh.
Variation in life history traits of macroinvertebrates
seems to be correlated with hydrologic condition (i.e.,
flooding duration, water depth). The low fall densities in
emergent marshes appear to be a life history strategy to
avoid harsh conditions and maximize reproductive success by synchronizing egg hatch with more favorable
winter conditions. It is also possible that low fall densities represent a residual effect of summer drying. In addition, individual taxa have different habitat requirements. According to previous studies [16,18,19], odonates require a relatively long hydroperiod for the full
development of nymphs; thus, they may avoid the
marshes due to the risk of dry conditions. However, coleopterans have relatively high desiccation tolerance;
Copyright © 2013 SciRes.

0.21 (0.08)

therefore, they may avoid the ponds because they support
an abundance of relatively large and strong predators
(e.g., fish, dragonfly; [17]). Despite differences in physical and chemical conditions between marshes and ponds,
our results indicated that the density of odonates and
coleopterans between marshes and ponds did not statistically differ. These results could have been affected by
our relatively small sample sizes. Additional research
could provide important insights into aquatic macroinvertebrate use patterns in these habitats.
Flooding and drying conditions are common in wetlands and are an important part of the hydrological cycle.
The relatively long inundation promotes higher densities
and taxonomic diversity of aquatic macroinvertebrates.
In our study, the results suggest that anthropogenic activities such as marsh management that increase or decrease the duration of lateral hydrologic connection between emergent marsh and adjacent waterbodies may
potentially affect aquatic macroinvertebrate habitat value
in freshwater marshes.
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