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treatment combinations. Scrapers
were more abundant in the bed interior
than exterior, though this difference
was only significant for the small and
large meshed exclosures.

Significant differences in length
were found between mesh and
position treatment groups for four of
the nine taxa that were measured
(Figure 3.4). Coenagrionidae was 1.2
times more likely to be longer on the
bed interior than in the corresponding
exclosures placed at the bed edge.
Mean lengths of Palaemonetes spp.
were 2.5 times more likely to be longer
in the small mesh treatment compared
to the other mesh treatments,
controlling for bed position.

DISCUSSION

Differences in predator
abundances between mesh treatments
across position treatments indicate

that the mesh treatments did exclude
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some predators, as expected. Further, predator abundance does not appear to be
dependent on position within a hydrilla bed. Collectors were the most abundant feeding
group, indicative of the eutrophic nature of the ARB. A possible explanation for fewer
collectors in the small interior treatment is the hydrodynamic interaction between the
small mesh treatment and the surrounding hydrilla bed, which may have reduced the
amount of material available to collectors. Scrapers exhibited a trend similar to that of
the most numerically abundant group member Physa spp., with greater abundances in
the bed interior relative to the bed edge.

Although length differences among treatments were evident for two taxa, some of
these differences may have been due to the effects of outliers on mean length
calculations when sample sizes were small. Coenagrionidae were longer in a treatment
that yielded fewer individuals when the exclosures were harvested. Alternatively, there
could have been an inverse relationship between density and mean length for these
taxa in these treatments, reflecting size-related intraspecific interactions among
individuals (Layman and Winemiller 2004 ), although this trend was not evident among
all treatments. Greater mean lengths of palaemonetid shrimp in small-mesh exclosures
in the bed interior relative to small-mesh exclosures at the bed edge did not seem to be
due to small sample size.

The purpose of the various meshes used for the experimental units was to
exclude invertivorous fishes, and | developed three hypotheses based on expected
effects of exclosure mesh size and bed position on macroinvertebrates colonizing the
exclosures. First, | hypothesized that as mesh size increased, predation from fishes on

invertebrates would increase, reducing invertebrate abundances and average lengths.
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Additionally, | hypothesized that predation from fishes would be greater on the edge of
the hydrilla bed relative to the bed interior, resulting in relatively lower macroinvertebrate
abundances in the medium and large-mesh exclosures placed near open water.
Finally, | hypothesized that macroinvertebrates should have been longest in the smaller
mesh sizes inside the bed, theoretically receiving the lowest levels of fish predation.
The only measured taxon that matched abundance and length predictions was
the omnivore Palaemonetes spp. Predation by fishes on various Palaemonetes species
has been shown to affect both the size and abundance of these shrimp populations
(Bass et al. 2001; Davis et al. 2003), and Mason (2002) showed that age-0 largemouth
bass Micropterus salmoides consistently ate crustaceans (~30% of stomach contents by
weight), including decapod shrimp, throughout the year in high density ARB hydrilla
beds. Chironominae decreased in abundance as mesh size increased in the edge
position treatment and bluegill Lepomis macrochirus, an abundant sunfish commonly
associated with hydrilla in the ARB, is known to be a generalist browser and frequently
consumes chironomids and other macroinvertebrates (Werner 1977; Desselle et al.
1978; Mittelbach 1981; Schramm and Jirka 1989; Olsen et al. 2003). In addition, many
of the Chironominae found in the edge treatments were large (~10 mm) tube builders
(personal observation), and these taxa may have partly mitigated their predation risk
because of their tube building habits (O’Brien et al. 1976). Hyallela spp., Physa spp.
and libellulid odonates increased in abundance on the interior of the bed. Numerous
centrarchids, including redear sunfish Lepomis microlophus, a well-documented

molluscivore (Desselle et al. 1978; Huckins 1997; McCollum et al. 1998), are abundant
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in the ARB (Rutherford et al. 2001), which may partially explain the observed
abundance patterns for these macroinvertebrates.

Overall, however, most taxa responded to the mesh and position treatments
differently than predicted. Many taxa were either more abundant on the exterior of the
bed or increased in abundance as mesh size increased. These results indicate a
reduced or indirect role of fish predation in the determination of macroinvertebrate
community structure in hydrilla beds. An alternative explanation could be that taxa that
were more abundant in the small mesh exclosures were affecting the abundance of
other macroinvertebrates. Chironominae are soft-bodied dipterans and most commonly
feed as grazers and filter feeders (Epler 2001). Conversely, Palaemonetes spp. is a
large, chitin covered omnivore (Posey and Hines 1991; Costantini and Rossi 2001;
Smith 2001; Geddes and Trexler 2003). Different species of Palaemonetes spp. have
been shown to prefer arthropod prey (Costantini and Rossi 2001) and can reduce
abundances of benthic arthropods (Posey and Hines 1991). Most of the organisms
found more commonly in the larger mesh sizes were either small (when compared to
Palaemonetes spp., see figure 3.5), including Cladocera, Caenis spp. and Hyallela spp.;
or soft bodied, including Coenagrionidae, Tanypodinae, and Cladocera. The
dragonflies of the family Libellulidae are not soft bodied, but were relatively small (most
were < 5 mm total length) compared to Palaemonetes spp. (most were > 5 mm
carapace length. These results suggest that smaller taxa in general are vulnerable to
predation from Palaemonetes spp., which may exert a significant influence on

macroinvertebrate community composition in ARB hydrilla beds.
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Predation by fishes and the resulting trophic cascade appear to be important and
detectable effects that shape hydrilla-dwelling macroinvertebrate communities in the
ARB. Palaemonetes spp., although susceptible to predation by fishes both in and on
the edge of hydrilla beds, may play a key role in determining macroinvertebrate
community structure. When Palaemonetes spp. is absent or at low densities due to
predation by fishes, other macroinvertebrates appear capable of increasing their
densities. Although predation effects appear to be similar regardless of bed position for
many macroinvertebrates, other taxa were more abundant on the bed interior. This
varying abundance pattern between taxa suggests hydrilla may act as a barrier to
predation on macroinvertebrates by some littoral fishes in the ARB, whereas other

fishes may freely forage throughout a hydrilla bed.
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CHAPTER 4: THE EFFECTS OF PREDATOR EXCLUSION, POSITION, AND PLANT
ARCHITECTURE ON HYDRILLA-DWELLING MACROFAUNAL COMMUNITIES

| have demonstrated that predator exclusion and position within a hydrilla bed
can influence the species composition of macroinvertebrate communities (chapter 3).
Plant architecture and macrophyte structural complexity are factors that may also affect
macroinvertebrate communities (Chapter 1). In this experiment | replicated the
experiment analyzed in Chapter 3, while adding a new, possibly confounding variable,
plant architecture, to the experiment. The purpose of this experiment was to determine
whether, in addition to predator exclusion and position within a hydrilla bed, plant
architecture had a discernible effect on macroinvertebrate community composition.

METHODS

This experiment was conducted from August 5 to September 8 2004 in an ARB
hydrilla bed located west of Plaquemines, Louisiana, near Belle River and the
Intracoastal Canal (Figure 1.1). Ten exclosures of each three mesh types containing
either a hydrilla-like (complex) or Vallisnaria-like (simple) artificial plant were placed
within and on the outside of the hydrilla bed (N = 10 per treatment, total N = 120). The
exclosures were harvested 34 days after the initiation of the experiment. Contents of
the exclosures were field preserved in 95% ethanol and later sorted and identified. Five
exclosures were lost over the course of the experiment and seven samples were
discarded due to mislabeling.

The 29 taxa analyzed in this study (Table 4.1) occurred in at least 10% of the

samples and were identified and analyzed at the genus level, with the exception of
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Table 3.1.—Macroinvertebrate taxa, frequency of occurrence (FO), mean number of organisms per plant, and

the statistical analysis used.

FO
Taxa (%) Mean Analysis
Caenis spp. (Ephemeroptera: Caenidae) 100 18.83 MANCOVA
Tanypodinae (Diptera: Chironomidae) 95 10.43 MANCOVA
Hyallela spp. (Amphipoda: Hyallelidae) 94 19.28 MANCOVA
Chironominae (Diptera: Chironomidae) 93 12.49 MANCOVA
Hydrobiidae (Gastropoda) 93 15.16 MANCOVA
Planorbidae (Gastropoda) 91 20.60 MANCOVA
Coenagrionidae (Odonata) 76 3.06 MANCOVA
Heterandria formosa (Cyprinodontiformes: Poeciliidae) 71 719 MANCOVA
Ferressia spp. (Gastropoda: Ancylidae) 69 9.41 MANCOVA
Cladocera 68 4.66 Logistic Regression
Physa spp. (Gastropoda: Physidae) 60 3.08 MANCOVA
Callibaetis spp. (Ephemeroptera: Baetidae) 57 4.35 Logistic Regression
Ondontomyia spp. (Diptera: Stratiomyidae) 56 4.73 Logistic Regression
Unionidae (Pelecypoda) 48 7.75 Logistic Regression
Platyhelminthes 40 2.65 Logistic Regression
Palaemonetes spp. (Decapoda: Palaemonidae) 38 2.41 Logistic Regression
Bezzia spp. (Diptera: Ceratopogonidae) 35 2.87 Logistic Regression
Epitheca spp. (Odonata: Corduliidae) 34 1.95 Logistic Regression
Pyralidae (Lepidoptera) 30 2.20 Logistic Regression
Culicidae (Diptera) 26 2.02 Logistic Regression
Helobdella spp. (Rynchobdellida: Glossiphoniidae) 25 2.63 Logistic Regression
Hydrachnida (Arachnida) 25 1.99 Logistic Regression
Copepoda 23 4.00 Logistic Regression
Gambusia affinis (Cyprinodontiformes: Poeciliidae) 22 2.16 Logistic Regression
Pelocoris spp. (Hemiptera: Naucoridae) 20 1.63 Logistic Regression
Belastomatidae (Hemiptera) 17 1.62 Logistic Regression
Placobdella spp. (Rhynchobdellida: Glossiphoniidae) 16 2.80 Logistic Regression
Cambaridae (Decapoda) 15 1.29 Logistic Regression
Hexagenia spp. (Ephemeroptera: Ephemeridae) 12 1.61 Logistic Regression
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chironomids, which were identified to subfamily, some gastropods, which were identified
to family, and odonates in the family Coenagrionidae, due to the loss of caudal gills of
during sample processing that limited further identification.

Macrofaunal abundances were standardized between plant treatments by plant
surface area and were expressed as mean densities and frequency of occurrence
(Table 4.1). Plants from the surrounding vegetation bed, such as Hyadrilla verticillata
and Limnobium spongia, intruded into many of the exclosures during the experiment.
Plant matter found in exclosures was dried to a constant weight and included in the
analysis as a covariate. | employed a multivariate analysis of covariance (MANCOVA)
on the 10 approximately-normally distributed taxa to test a priori contrasts of mesh size,
position, and plant type given the covariate intruded plant weight. Multinomial logistic
regression was performed on the 19 remaining non-normally distributed taxa to examine
spatial density patterns (Agresti 1996). Because of their abundances within the
exclosures, least Killifish Heterandria formosa and Western mosquitofish Gambusia
affinis were included in the logistic regression. To assess density patterns by trophic
group, taxa were placed into feeding groups (predator, collector, scraper, shredder,
omnivore, and parasite) adapted from Merritt and Cumins (1996), with normally-
distributed log-transformed densities of collectors, predators, scrapers, shredders, and
omnivores analyzed with a MANCOVA that included intruded plant weight as the
covariate. Invertebrate communities were compared at the order level (suborder for
odonates) between years and sites of the study and between mesh and position
treatments to test for consistent macroinvertebrate trends across years and sites with a

MANOVA that incorporated linear contrasts.
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RESULTS

Linear contrasts from the MANCOVA revealed varied responses of the
macroinvertebrate taxa to position, plant, and mesh treatments given the covariate
intruded plant weight. Bed position and plant architecture interacted significantly but
mesh did not interact with the other treatments. Gastropods (Figure 4.1) were
consistently denser inside the hydrilla bed compared to the outside edge and on simple
plants, though this difference was not always significant due to the covariate. Of these
snails, Hydrobiidae, Ferressia spp., and Planorbidae were significantly denser in simple
plant treatments regardless of position treatments, and Physa spp was more abundant
in the simple plant treatment but only on the bed exterior. Trends between treatments
for the insects were not as uniform as the gastropods, though Hyallela spp. and
Ondontomyia spp. also exhibited the highest densities in simple plants. Additionally,
Coenagrionidae and Tanypodinae were denser in simple plants in the bed interior.
Chironominae exhibited greater densities in the outside position treatment with complex
plants, but was also denser on simple plants overall.

Few differences were found between mesh treatments (Figure 4.2).
Chironominae and Coenagrionidae tended to increase in density as mesh size
increased, whereas Ondontomyia spp. peaked in density in the medium mesh
treatment.

Logistic regression revealed that the presence/absence of 17 of the 19 taxa
analyzed was not affected by plant type (P = 0.34), but differed significantly among
exclosures based on either position or mesh size (Table 4.2). Copepoda, Cambaridae,

Hydrachnida and Palaemonetes spp. were more likely to be found in the small mesh
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Table 4.2--Significant comparisons from the logistic regression. Taxa, significant
treatment comparisons, and odds of presence in first listed treatment group

compared to the second treatment are shown.

Odds of
Taxon Treatment Comparison Presence
Belastomatidae Position In vs. Out 72.92
Callibaetis spp. Position In vs. Out 0.21
Cambaridae Mesh Large vs. Medium 0.20
Cladocera Position In vs. Out 8.25
Copepoda Position In vs. Out 4.08
Mesh Large vs. Small 0.17
Culicidae Position In vs. Out 29.78
Epitheca spp. Mesh Medium vs. Small 6.80
Gambusia affinis Position In vs. Out 8.76
Mesh Large vs. Small 0.06
Mesh Medium vs. Small 0.07
Helobdella spp. Position In vs. Out 24.92
Hexagenia spp. Position In vs. Out 4.63
Hydrachnida Position In vs. Out 21.33
Mesh Large vs. Medium 0.22
Ondontomyia spp. Position In vs. Out 52.61
Mesh Medium vs. Small 8.14
Palaemonetes spp. Mesh Large vs. Small 0.18
Pelocoris spp. Position In vs. Out 9.47
Placobdella spp. Mesh Large vs. Small 11.00
Platyhelminthes Position In vs. Out 3.90
Pyralidae Position In vs. Out 20.55
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compared to the large mesh exclosures, whereas Western mosquitofish were more
likely to be found the small-mesh exclosures compared to either of the other mesh
sizes. In contrast, Epitheca spp. and Ondontomyia spp. had a greater probability of
inhabiting the medium-mesh treatment compared to the small mesh, and Placobdella
spp. had greater odds of inhabiting the large mesh compared to the small mesh
exclosures. Callibaetis spp. was the only organism that was more likely to be found at
the edge of the hydrilla bed, whereas Belastomatidae, Cladocera, Copepoda, Culicidae,
Western mosquitofish, Helobdella spp., Hexagenia spp., Hydrachnida, Ondontomyia
spp., Pelocoris spp., Platyhelminthes, and Pyralidae were all more likely to occur in the
bed interior.

Among feeding groups, there was a significant interaction between mesh and
position. Collectors were less abundant on the bed interior, regardless of mesh type,
given the covariate intruded plant weight (Figure 4.3). Predator abundance did not
differ in any of the treatment combinations. The greatest densities of scrapers were
found in the bed interior on simple plants, regardless of mesh (Figure 4.4). Shredders
and omnivores occurred in greater densities in the medium mesh on the bed interior
compared with bed exterior.

The triple interaction between year, mesh, and position was significant in the
across years comparison but further interpretation and analysis could not be performed.
DISCUSSION

The purpose of this study was to determine the effects of predator exclusion,
position within a hydrilla bed, and plant architecture on hydrilla-dwelling

macroinvertebrate communities. | developed several hypotheses about how the
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expected to find the lowest macroinvertebrate densities at the bed edge in exclosures
constructed of the largest mesh, with increasing densities observed as mesh size
decreased and exclosure position moved to the bed interior. | used artificial plants of
simple and complex architecture in this study and expected that the more structurally-
complex plants would harbor increased densities of macroinvertebrates (Chapter 1),
which has been attributed to greater surface area, decreased predatory foraging
success by fishes, and increased prey survival (Crowder and Cooper 1982).
Gastropods, both taxonomically and as the dominant plant bed scrapers, typically
occurred in greater densities on the inside of the hydrilla bed across mesh and plant
treatments. Redear sunfish Lepomis microlophus are abundant in the ARB (Rutherford

et al. 2001), and are well known for preying extensively on mollusks (Desselle et al.
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1978; Huckins 1997; McCollum et al. 1998), which may partially explain the observed
abundance patterns for these macroinvertebrates. Redear sunfish may depress
gastropod densities by grazing, which would have been evident in the large mesh
exclosures, and may also reduce the densities of juvenile gastropods able to recruit to
the plant beds, which may explain why decreased gastropod densities at the bed edge
were observed irrespective of mesh treatment. All four taxa of gastropods were found
to have greater densities in at least one position treatment on the simple plants when
compared with the complex plants. The ribbon-like structure of the simple plants may
have reduced self-shading by the artificial plant. Light reaching a greater proportion of
the artificial plant surface may have in turn increased periphyton abundance, the
dominant food of littoral gastropods (Rooke 1984, 1986).

In addition to gastropods, several other organisms were also more likely to be
found on the inside of the hydrilla bed, particularly predators like the belastomatids,
Western mosquitofish, Helobdella spp. and Pelocoris spp., though many apparent
increases in density relative to bed position were confounded by the intruded plant
weight covariate. Respiration activities of some of these organisms (e.g., culicids,
belastomatids, and Ondontomyia spp.) involves constant or frequent contact with the
water surface (Merritt and Cumins 1996), which may incur greater risk of predation at
the bed edge, resulting in greater abundances within the confines of the hydrilla bed. In
contrast to previous studies (Colon-Gaud and Kelso 2004), shredders in the family
Pyralidae were more likely to be found on the bed interior, which may have been related
to the availability of plant matter, though this relationship was not as strong at the

feeding group level. Finally, many of these taxa, including crawfish, zooplankton,
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mosquito larvae, Western mosquitofish, and grass shrimp are common prey of ARB
fishes such as Western mosquitofish (Hayes and Rutledge 1991; Gophen et al. 1998;
Mansfield and Mcardle 1998), bluegill Lepomis macrochirus (Walton et al. 1992; Harrel
and Dibble 2001; Olsen et al. 2003), warmouth Lepomis gulosus (Hunt 1952; Guillory
1978; Henry 1979), and largemouth bass Micropterus salmoides (Pelham et al. 2001;
Brenden and Murphy 2002; Garcia-Berthou 2002; Mason 2002). In addition to direct
predation in the large-mesh exclosures, invertivorous fishes along the outer edge of the
hydrilla bed may have also hampered recruitment of these macrofauna to the smaller-
mesh exclosures.

In contrast to gastropods and some of the other invertebrates, some of the more
commonly collected organisms that differed in abundance between positions exhibited
greater densities on the outside edge of the hydrilla bed. Some of the insects analyzed
with the MANCOVA (Figure 4.1) appeared to follow this pattern in the complex plant
treatment, and Chironominae and Caenis spp. appeared to follow this pattern
regardless of plant treatment, though many differences were confounded by the plant
weight covariate. Some of the organisms that exhibited this trend (Caenis spp.,
Chironominae, and Callibaetis spp.) were collectors (see Figure 4.3), and the outside
edge of the hydrilla bed may have provided more food particles from the adjacent water
column. Although the complex plants likely provided some structural protection from
predation, this trend runs contrary to my hypothesis, particularly for the large-mesh
exclosures, and suggests that predation does not significantly affect the abundance and

distribution of these hydrilla-dwelling taxa. In fact, a majority of the organisms analyzed
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did not exhibit density changes as a result of mesh size, suggesting factors other than
fish predation were more important in determining macroinvertebrate distribution.

The small mesh treatment was designed to exclude all predaceous fishes, which
| believed would lead to increased macroinvertebrate densities. However, some
macroinvertebrates, such as Placobdella spp. Chironominae, and collectors, were found
to be less dense in small-mesh exclosures. This abundance pattern may in fact have
been related to the abundances of three other taxa that were found more often
(Copepoda, Western mosquitofish, and Palaemonetes spp.) in small-mesh exclosures,
which may have provided a refuge for these organisms from larger fish predators.
Given their feeding habits, it is certainly plausible that grass shrimp and the Western
mosquitofish were responsible for declines in the density of smaller macroinvertebrates
in the small-mesh exclosures. Predatory fishes are abundant in littoral macrophyte
beds in the ARB (Troutman 1997), and may be responsible for a trophic cascade that
was reflected in these macroinvertebrate abundance patterns.

Many macroinvertebrate communities and distributions differed from those found
during the 2003 study (Chapter 3), likely resulting the significant interactions that
confounded more quantitative analyses. Coenagrionid damselflies, Chironominae, and
gastropods (or scrapers) followed similar distribution patterns across the two studies.
Orthocladinae was not found in sufficient numbers during this study to allow for
meaningful statistical analyses, whereas this taxon was one of the primary taxa
analyzed in 2003. Additionally, the dragonfly nymph assemblage changed between the
sites with libellulids most abundant in 2003 and the corduliid Epitheca spp. being most

numerous in 2004. During 2003 physid snails dominated the gastropod assemblage,
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whereas in 2004 a suite of gastropods from four families accounted for most of the
snails collected in the exclosures. Finally, hyallelid amphipods and caenid mayflies
showed very different trends between sites and years.

Hydrilla-dwelling macrofaunal communities are structured by a wide range of
biotic and abiotic factors. Plant architecture, except in the case of scrapers, does not
appear to have a significant effect on macroinvertebrate densities. Distributions of
some organisms, including scrapers and some collectors, appear to be based on food
availability. Spatial patterns of many organisms appear to be related to direct predation
by fishes, and hydrilla may prevent some fishes from effectively preying on these
invertebrates in the bed interior. However, trophic cascades may also play an important
role in structuring epiphytic macroinvertebrate communities, as the effects of fish
predators on predaceous invertebrates and smaller fishes alter distributions of

herbivorous or detritivorous macroinvertebrates.
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CHAPTER 5: DIETS OF FISHES INHABITING HYDRILLA BEDS

Fishes and invertebrates use vegetation beds for both cover and as productive
foraging habitat (Chapter 1). The basis of my field experiments was a hypothesis that
hydrilla may act as a barrier to predation by fishes on macrophyte-dwelling
macroinvertebrates, based on previous research that showed considerable differences
in the diets of age-0 largemouth bass from low and high density hydrilla beds (Mason
2002). | previously explored the effects of predator exclusion, position within a hydrilla
bed, and plant architecture on macroinvertebrate communities with field experiments.
The purpose of this field study was to describe the diets of potentially invertivorous
fishes inhabiting hydrilla beds near the 2004 experimental site to assess whether these
fishes could be expected to exert significant predation pressure on the hydrilla-dwelling
macroinvertebrate community.

METHODS

Collection of fishes occurred in late summer 2004 concurrent with the second
exclosure experiment. Fishes were collected on August 11, September 1, and
September 23, 2004. | collected fishes in the canals south of the sampling site on the
first day, southwest on the second day, and at the sample site on the third day (Figure
5.1). Sampling could not be conducted north of the site on any day without interfering
with recreational fishers.

Nine species of fishes were collected based on their perceived consumption of
macroinvertebrates, the abundance of identifiable stomach contents (i.e. no gizzard),

and potential association with vegetation (Ross 2001). | chose 50 as the minimum
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Figure 5.1—Locations of electrofishing runs on August 11 (Day 1), September 1
(Day 2), and September 23 (Day 3). The exclosure experiment site is marked
with a star.




number of fishes collected for each species considered in the study, which allowed for
an adequate analyzable sample size even with a high proportion of empty fish
stomachs. Fishes that | analyzed included redear sunfish Lepomis microlophus (N =
54), warmouth Lepomis gulosus (N = 57), bluegill (N = 101), spotted sunfish Lepomis
punctatus (N = 98), golden topminnow Fundulus chrysotus (N = 119), sailfin molly
Poecilia latipinna (N = 74), Western mosquitofish Gambusia affinis (N = 68), least
killifish Heterandria formosa (N = 50), and age-0 largemouth bass under 100 mm in
length (N = 78), based on previous research of feeding ontogeny in ARB largemouth
bass (Mason 2002).

| used boat electrofishing along the edges of hydrilla beds that lined the bayous
and canals adjacent to the sample site. Collected fishes were immediately placed on
ice (Bowen 1996), and stomachs were later removed and preserved in ethanol, except
for fishes under approximately 90 mm in total length, which were preserved whole.

Fishes in the order Cyprinodontiformes do not have discernable stomachs
(Wooton 1990), so contents of the first 5 to 10 mm of the alimentary canals of sailfin
molly, Western mosquitofish, and least killifish were analyzed. Gut contents were
examined with the aid of a dissecting microscope and identified to family when possible
(Merritt and Cummins 1996; Smith 2001). Ingested plant matter was recorded as
present or absent, as were prey items in the guts of sailfin molly, which were severely
degraded and difficult to identify. Length of the gut was measured in ten randomly
selected individuals from each of the cyprinodontiform fishes. Gut lengths were
standardized by total length and were compared between species to assess the feeding

ecology of these taxa (Wooton 1990).
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Analysis of fish diets included comparisons of frequency of occurrence, and a
principal components analysis of fish diets that yielded a biplot summarizing mean
abundance of each prey item from each fish species (except sailfin molly and least
killifish) to examine diet-based groupings of fishes. Principal component axes and
scores were modified with a constant so that observations and variables were equally
emphasized in the resulting plot (Friendly 1991; Johnson and Wichern 2002). This
biplot allowed fish species and prey items to be graphed together, and vectors
representing the loading of each prey item were drawn in the graphed space.
Differences in gut length to fish total length ratios among the three cyprinodontiform
fishes were assessed with analysis of variance (ANOVA) and Tukey-adjusted least
square mean comparisons.

RESULTS

In order of decreasing length (Figure 5.2), | found empty stomachs in 28% of
redear sunfish, 47% of warmouth, 24% of bluegill, 24% of spotted sunfish, 6% of
largemouth bass, 10% of golden topminnow, 14% of sailfin molly, 6% of Western
mosquitofish, and 2% of least killifish. Frequency of occurrence of prey items revealed
that redear sunfish consumed mostly molluscs and plant matter (Figure 5.3), whereas
decapods comprised over 50% of the identifiable prey in warmouth stomachs. Plant
matter, chironimids, and hemipterans were important prey for bluegill and spotted
sunfishes, although both species exhibited very broad diets. Unlike the other two
sunfishes, largemouth bass predominantly preyed on fishes (mostly livebearers), but

also consumed decapods (grass shrimp) and ephemeropterans (all in the family

52



250
200
. —_—
—~150 _—
E, .
: I f
o B
C
%100 ]
1 L -
50 I g
L J ™ e l'
‘ == .
_ T El;
O_ T | 1 I T T I T
e < = < ) % > = e
2 3 & 2 a 2 S = 2
c = = S m £ = 2 =
(?) © o () c £ c =) <
[ © 5 Q = 8- -
® = Q o 2 T o L
% 5 e - n = )
O o 3, @ c —
o o & 2 o
- ) 3
<

Figure 5.2—Length distributions of fishes collected.

Baetidae). Golden topminnow stomachs contained mostly plant matter, stratiomyids
(Diptera: stratiomyidae), hemipterans, chironomids, other dipterans, and some fishes.
Plant matter and zooplankton dominated the stomach contents of sailfin molly and

Western mosquitofish, whereas least killifish guts were filled almost entirely with plant

matter.
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Figure 5.3—Frequency of occurrence for each prey item in each fish.
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Sailfin molly and least killifish gut content data were not included in the
symmetric biplot (Figure 5.4) because most of the food items for these fishes were
recorded as present or absent. In the symmetric biplot, redear sunfish were positively
correlated with increasing dietary importance of molluscs. The positions of Western
mosquitofish, spotted sunfish, and bluegill reflected relatively high predation on
zooplankton, chironmomids and other insects. Largemouth bass, and to a lesser extent
golden topminnow and warmouth were positively correlated with increasing proportions
of fish and decapod crustaceans in the diet, and negatively correlated with zooplankton
and chironomids. Gut length ratios differed significantly between the four fishes, with
sailfin mollies exhibiting a relatively longer gastrointestinal tract (gut ratio of 3.0) than
least killifish (1.0; P < 0.0001), Western mosquitofish (0.68; P < 0.0001), or golden

topminnow (0.74; P < 0.0001) the latter two were also shorter than least killifish (P =
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0.0029, P = 0.0176 respectively). Western mosquitofish and golden topminnow gut
ratios did not significantly differ (P = 0.9081).
DISCUSSION

Diets of the nine littoral fishes in the ARB were similar to previous reports from a
diversity of lentic and lotic habitats. The dietary importance of mollusks in ARB redear
sunfish is consistent with previous reports, as this sunfish is a specialized molluscivore
and frequently feeds on gastropods and bivalves (Huckins 1997; McCollum et al. 1998).
Warmouth typically prey on crawfish, freshwater shrimp, and other insects, but tend to
forage more on decapods as fish size increases (Hunt 1952; Guillory 1978; Henry 1979)
a trend that was clear in ARB fish. Bluegill are generalists and range from being
primarily insectivorous to planktivorous depending on resource availability, although
they generally prefer larger prey (Werner 1974; O’Brien et al. 1976; Werner 1977,
Werner and Hall 1977; Mittelbach 1981; Werner et al. 1983; Mittelbach 1984; Keast
1985; Li et al. 1985; Williamson and Keast 1988; Schramm and Jirka 1989; Walton et al.
1992; Harrel and Dibble 2001; Olsen et al. 2003). Limited studies suggest spotted
sunfish are also generalists (Hunt 1952; Henry 1979), which is consistent with their gut
contents in the ARB. Largemouth bass consume zooplankton, amphipods,
ephemeropterans, odonates, and decapods until reaching a total length of
approximately 100 mm, at which point they become primarily piscivorous (McLane
1949; Werner 1977; Cochran and Aldelman 1982; Keast and Eadie 1985; Traxler and
Murphy 1995; Cailteux et al. 1996; Olson 1996; Pelham et al. 2001; Brenden and
Murphy 2002; Garcia-Berthou 2002; Mason 2002). Golden topminnows have been

reported to consume coleopterans, chironomids, and other invertebrates (Hunt 1952),
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whereas sailfin mollies feed almost exclusively on periphyton with some meiofauna,
zooplankton, and mosquito larva (Hunt 1952; Harrington and Harrington 1961).
Western mosquitofish, a common bio-control for mosquitoes, have been shown to be
omnivorous, feeding on algae, zooplankton, dipterans, and grass shrimp (Krumholz
1948; Hayes and Rutledge 1991; Gophen et al. 1998; Mansfield and Mcardle 1998).
Least killifish are omnivorous, feeding on algae, zooplankton, chironomids, and other
invertebrates (Hunt 1952; Reimer 1970; Schaefer et al. 1994).

The symmetric biplot demonstrates three distinct feeding groups among the ARB
fishes that | studied. The first group was composed of redear sunfish, which is the
dominant littoral molluscivore in the ARB, although pumpkinseed sunfish Lepomis
gibbosus may compete for this role in other systems (Huckins 1997). The next group
included those fishes that fed primarily on large macroinvertebrates (i.e. decapods) and
small fishes, and included primarily piscivorous age-0 largemouth bass, and the
primarily invertivorous warmouth and golden topminnow. This group was negatively
correlated with the redear sunfish, probably reflecting well-developed resource
partitioning among these fishes (Huckins 1997). The third group was composed of
fishes that fed on small and soft bodied macroinvertebrates, including bluegill, spotted
sunfish, and Western mosquitofish. This group was uncorrelated with the other groups,
suggesting little or no trophic overlap with the other littoral ARB fishes. Although not
plotted, sailfin molly and least killifish would likely fit into the third group as zooplankton
comprised the entirety of their diet that was not plant matter.

Wooton (1990) suggested that the ratio between gut length and total length was

correlated to diet composition, based on a study that indicated that carnivores tended to
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have ratios around or less than 1.0, omnivores ranged from just under 1.0 to 3.0, and
herbivore ratios went from approximately 1.6 up to 8.0. This ratio provided a useful
index to assess the diet of the cyprinodontiform fishes, as dominant gut contents from
these taxa could not be measured as quantitatively as the other fishes in this study due
to their typically degraded condition. Gut ratio analysis suggests that least killifish and
sailfin molly are both omnivores, though the sailfin molly is better adapted for ingesting
plant matter than the least killifish. Despite previous studies suggesting the Western
mosquitofish is omnivorous, gut ratio analysis in this study suggested instead that this
fish and the golden topminnow are better adapted for carnivory. Although the sailfin
molly and least killifish may derive nutrition from the plant matter they ingest, it is
doubtful Western mosquitofish or golden topminnows are true herbivores. Instead,
Western mosquitofish and golden topminnow likely ingest large amounts of plant matter
as a byproduct of feeding on phytophilic macroinvertebrates.

Though the fishes collected in this study were collected along the edges of
hydrilla beds, it is apparent from analysis of invertebrate collections that all of the fishes
fed on hydrilla-dwelling organisms. Many of the prey that were consumed, including
molluscs, decapods, other crustaceans, and a diversity of insect taxa were commonly
found in hydrilla beds (see previous chapters). In addition, the fact that plant matter
was found in large proportions in the stomachs of all fishes except largemouth bass,
and apparently provides little nutritive value (Wooton 1990) indicates that the fishes in
this study were feeding on invertebrate taxa that were closely associated with the

epiphyton on the hydrilla plants.
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CHAPTER 6: SYNTHESIS AND CONCLUSIONS

The goal of this project was to explore the structuring forces that shape the
species composition and spatial distribution of hydrilla-dwelling macroinvertebrate
communities. Specific objectives were to: 1) determine the effectiveness of using
artificial plants in floating subsurface exclosures to quantitatively sample hydrilla-
dwelling macroinvertebrate communities, and to explore the roles of 2) bed position, 3)
plant architecture or complexity, and 4) predation by fishes from the surrounding littoral
environment on the abundance and bed location of hydrilla-dwelling
macroinvertebrates.

| demonstrated that the exclosures and artificial plants used in these experiments
were effective for obtaining representative samples of hydrilla-dwelling
macroinvertebrate communities, and that the large mesh treatment most closely
resembled the natural community (Chapter 2). | also explored some of the complex
ecological interactions in this system, i.e., herbivorous organisms such as hyallelid
amphipods and physid snails appeared to distribute themselves in the hydrilla bed
based on periphyton availability, whereas the distribution of caenid mayflies appeared to
be controlled by predaceous invertebrates (odonates). With the exception of scraping
taxa (gastropods), the macroinvertebrates did not differ in density (humber per unit
surface area) between the simple and complex plant structures tested. However,
because complex plants like hydrilla have much greater surface areas per plant, or per
unit weight, one can infer that organisms would likely be more abundant, per plant, on

architecturally-complex macrophytes.
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Based on these experiments, it appears that hydrilla-dwelling macroinvertebrates
are distributed primarily in relation to resource availability and predation. Some
collectors were more abundant on the outside edge of hydrilla beds where, although
predation was greatest (especially for baetid mayflies, which were frequently found in
the stomachs of largemouth bass, or chironimids, which were commonly found in the
stomach of all of the generalist fishes), the influx of food particles from the surrounding
water column was likely also greatest. Scraper abundance was positively associated
with the presumed increase in periphyton growth on simply structured plants, despite
predation risk being lower on more structurally complex plants. Overall, the majority of
taxa exhibited greater densities or odds of presence on the bed interior, where fish
predation on macrofauna was presumed to be less, relative to the bed edge, regardless
of other treatments. Fishes are not the only predators in these littoral plant beds,
however, and predaceous invertebrates may also play a significant role in the
distribution of these organisms. In particular, the interactions of predaceous
invertebrates and invertivorous fishes may be important in the complex distributional
patterns that were evident in the exclosure treatments, especially for those taxa that
were least abundant in the smallest meshes in the bed interior, presumably the “safest”
exclosure provided.

Fishes associated with hydrilla beds feed on many of the macrofauna found in
this study, and organisms common in the stomachs of collected fishes were often
distributed towards the bed interior. For example, gastropods, which are the primary
prey item of redear sunfish, mosquitofish and amphipods, which comprised a significant

portion of the largemouth bass diet, and hemipterans, stratiomyids, zooplankton, and
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poeciliids, which were commonly consumed by bluegill, spotted sunfish, and golden
topminnow were all more common on the bed interior. Chironomids, a common diet
item for bluegill, spotted sunfish, and golden topminnow, exhibited the opposite
distributional pattern, apparently trading protection from predation for food resources.
Grass shrimp and Western mosquitofish, common diet items of largemouth bass and
warmouth, were found predominantly in the small meshes regardless of bed position.
The diets of the poeciliids were mainly composed of plant matter and zooplankton and
did not contain, except Western mosquitofish to a small extent, the macrofauna
collected. Of the organisms found in greater density on the bed edge (baetid mayflies,
chironomids, caenid mayflies, and coenagrionid odonates) only caenid mayflies and
coenagrionid odonates did not appear in the stomachs of fishes. These two
macroinvertebrates may have behavioral traits that make them less vulnerable to fish
predation, which would allow them access to the abundant food resources at the bed
edge.

This study has shown that a hydrilla bed is likely separated into ecologically
distinct zones of predation. The first zone is the bed interior, where macroinvertebrates
and poeciliid fishes live with little predation from larger fishes due to high plant densities
(i.e., interior bed treatments). Some predaceous fishes such as warmouth, as
evidenced by declines in grass shrimp across positions but not in small meshes, and
small young of the year fishes may persist in the bed interior. The next zone is the bed
edge, where invertivorous fish densities are highest (i.e., bed edge treatments). In
these habitats, it appears that macroinvertebrates that are vulnerable to predation

(gastropods) exhibit depressed densities, whereas those that are apparently less
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vulnerable (e.g., coenagrionid odonates) are flourishing. The third and final zone is the
littoral zone adjacent to the bed, which is important habitat for piscivorous fishes (Mason
2002) such as largemouth bass and spotted gar Lepisosteus oculatus. During fish
collections for the diet study, spotted gar were frequently observed near the edges of
hydrilla bed, but the invertivorous fishes were collected only at the edge of hydrilla beds
or within submerged structures such as tree stumps. The boundary between the first
two zones would be a gradient depending on fish size and bed density, with fish density
decreasing as distance from the bed edge increases, whereas the boundary between
the second and third zones would be abrupt, with fishes inhabiting the bed edge
apparently making few (and probably short) forays into the open water.

Further quantification of these zones would allow aquatic systems managers to
take better advantage of resident macrophyte beds, exotic or native, and improve
recreational fish stocks. In general, managers should focus aquatic plant control efforts
on increasing edge habitat rather than complete eradication. Selective use of
mechanical methods such as shredders and bottom barriers could achieve this goal.
Future research into the optimal sizes of the various zones necessary to maximize
objectives related to the abundance, diversity, growth, etc., of fishes found in either of
the two outer zones would dictate the application of control methods and the resultant
dimensions of the vegetation bed.

The dynamics of hydrilla-dwelling macrofauna community are complex and
difficult to study. | have attempted to provide a framework for examining the factors that
determine the spatial distribution of hydrilla-dwelling organisms, but many questions

remain. Species-specific vulnerability to predation, both by invertivorous fishes and

62



predaceous invertebrates, of the hydrilla-dwelling macroinvertebrates in this study is
poorly known and is in need of further study. The dynamics of collector food resource
availability and how this resource changes with bed position is also unknown. The
extent to which fishes utilized the hydrilla beds for foraging and cover is also
unresolved, and there is little information available about how factors other than
predation and dissolved oxygen influenced differences in macroinvertebrate community
composition that were evident between the two years of this study. Perhaps most
importantly, we need to understand the factors that determine macrophyte distributions,
especially hydrilla, in the ARB, and the overall role of this exotic macrophyte on the

biotic structure of the ARB littoral zone.
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