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ABSTRACT

 

Differences in the architecture among aquatic plant beds
provide a diverse structural habitat potentially important to
foraging fishes. To examine potential effects that aquatic
plants have on feeding largemouth bass (

 

Micropterus salmoides

 

Lacepede), we measured for differences in diets of adult (X
= 264 mm, TL) and juvenile (X = 102 mm, TL) bass feeding
in two aquatic plant species: common pondweed (

 

Potamoge-
ton nodosus 

 

Poiret) and Eurasian watermilfoil (

 

Myriophyllum
spicatum

 

 L

 

)

 

. We constructed enclosures (10 m diam) within a
pond (0.2 ha) to serve as experimental replicates and to con-
trol for the treatment of plants and prey fishes. Macroinver-
tebrates were sampled in each enclosure to determine
abundance across the plant treatments, yet no significant dif-
ference was noted in these densities. However, the diets of
both juvenile and adult fish differed between the aquatic
plants. Diets from the adult largemouth bass feeding in com-
mon pondweed constituted 86% macroinvertebrates and
14% prey fish, yet when feeding in Eurasian watermilfoil,
diets constituted 25% macroinvertebrates and 75% prey fish.
Similarly, diets of juvenile largemouth bass in pondweed con-
sisted of 71% macroinvertebrates and 29% prey fish, whereas
in Eurasian watermilfoil, 67% of their diets was prey fish and
only 33% macroinvertebrates. These results suggested the
architecture of a particular species of aquatic plant may con-
tribute to differences in diets of adult and juvenile large-
mouth bass.
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INTRODUCTION

 

Morphological differences among aquatic plant species
provide structural variety important to fish habitat. Aquatic
plants serve as structural refugia that influences prey avail-
ability (Savino and Stein 1982) and provide substrate for the
attachment of invertebrates that fish feed upon (Pardue
1973, Keast 1984). Differences in stem densities among
aquatic plants can alter foraging efficiency of fish by increas-
ing search times and decreasing capture rates of prey
(Minello and Zimmerman 1983, Anderson 1984). In addi-
tion, orientation of underwater structure (i.e., configuration
of stems and leaves) in aquatic habitat can influence avail-
able light, which may benefit feeding behaviors in fishes
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(Helfman 1981, Diehl 1988, Johnson 1993).

 

 

 

Examining dif-
ferences among aquatic plants and their effect on foraging
ecology of fishes is important, because factors that influence
availability of food and protection from predators in aquatic
habitat affect growth and survival of fishes (Mittelbach 1981,
Savino and Stein 1992).

Recent studies suggest that micro-level responses by indi-
vidual fish to refugia provided by aquatic plants can deter-
mine population dynamics of fishes present in a system by
altering diets and growth (Adams and DeAngelis 1987, Diehl
1993, Diehl and Eklov 1995). System level measurements of
aquatic plant habitats, such as % coverage and biomass, are
common; however, measurements made at this scale may not
be relevant to delineate critical mechanisms that ultimately
influence dynamics of fish populations (Dibble et al. 1996b).
Recently, methods have been developed to better quantify
attributes of aquatic plants potentially important to fish pop-
ulations (Dionne and Folt 1991, Lillie and Budd 1992,
Wychera et al. 1993, Dibble et al. 1996a). Much of the
emphasis has been theoretical and concerned with direct
and indirect influences of stem density and habitat complex-
ity on fish populations (Crowder and Cooper 1982, Sih
1987), yet little is known whether the variation of growth
forms between macrophytes have a differential impact on
the foraging efficiency of fishes.

To investigate the hypothesis that aquatic plants of two dis-
tinct morphologies have different effects on foraging fishes,
we conducted an enclosure experiment in a pond and com-
pared diets of adult and juvenile largemouth bass
(

 

Micropterus salmoides

 

 Lacepede) foraging within two aquatic
plants. We used Eurasian watermilfoil (

 

Myriophyllum spicatum

 

L.) and common pondweed (

 

Potamogeton nodosus 

 

Poiret) as
our plant treatments because they exhibit different structural
architecture (Dibble et al. 1996a). Eurasian watermilfoil with
its branching stems containing featherlike whorled leaves
and leaflets, contrasts with common pondweed with its more
slender and erect stems containing wide alternate leaves. Eur-
asian watermilfoil is a prolific exotic species that frequently
out-competes native plants endemic to many lakes (Haller
and Sutton 1975, Madsen et al. 1991). Adult and juvenile
largemouth bass were used in separate trials because struc-
tural habitats can exhibit differential effects that are depen-
dent on the life stage of the fish (Savino and Stein 1989).

 

METHODS AND MATERIALS

 

This experiment was conducted in a 0.2-ha pond at the
U.S. Army Corps of Engineers Aquatic Ecosystem Research
Facility (LAERF) located in Lewisville, Texas. The pond was
lined with gravel (< 25 mm in diameter) and a plastic ground
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barrier to prevent incidental growth of rooted aquatic plants.
Six circular enclosures (approximately 10 m in diameter)
were constructed with PVC pipe and plastic shade cloth
(mesh size < 0.5 mm). Water levels were maintained in the
pond during each trial so all enclosures contained similar
depths (range = 1.5 - 1.6 m).

For each plant treatment a single species was planted into
three of the six enclosures, representing three replications of
the treatment. Plant sprigs (10-15 cm tall) were transplanted
from low-flow aquatic raceways where they were propagated
into four small plastic pools (1.5 m diameter) positioned in
the center of the enclosures. To control for equal plant cov-
erage within the enclosure, plant sprigs were transplanted at
similar density of 10 plants/m

 

2

 

. Plants were allowed to grow
and mature (top out at surface with flowers) before fish were
stocked, and surface coverages were similar among all enclo-
sures (approximately 80% of the surface area). A new plant
treatment was planted before each trial was begun.

The day before each trial was run and prior to introduc-
tion of predators into the enclosures, interstitial configura-
tion was measured within the plants by a diver. Length and
frequency of interstices (gaps between stems and leaves)
were measured along horizontal and vertical transects
(approximately 1 m in length) within the plants (c.f., Dibble
et al. 1996a). Transects were randomly placed within plants
and replicated 12

 

×

 

 for each plant treatment. Vertical
transects started at the water surface in the upper plant strata
and were run to the lower plant strata and substrate; horizon-
tal transects were placed within the plants at mid strata
(approximately 0.3 m depth). Interstitial frequency repre-
sented the total number of gaps between leaves and stems
intercepted by vertical (

 

f

 

v

 

) and horizontal (

 

f

 

h

 

) transects.
Interstitial length represented the mean length (mm) of all
gaps between stems and leaves measured along vertical (

 

l

 

v

 

)
and horizontal (

 

l

 

h

 

) transects. Significance in the difference
of interstitial frequencies and lengths between plant treat-
ments was determined with a one-way AOV (Statistix 1994).

We conducted the first trial in August (1993) using adult
largemouth bass. Five largemouth bass (X = 264, range 209-
380 mm TL) were introduced into each enclosure contain-
ing a respective plant treatment. Prior to introduction into
the experimental enclosures, the fish were kept approxi-
mately 7 d in aerated fiberglass holding tanks (3 m diameter)
to allow complete digestion of stomach contents and assure
active foraging when introduced into the enclosures. In Sep-
tember (1994) we ran a second trial using juvenile large-
mouth bass. We introduced 25 juveniles (X = 102, range = 86-
142 mm TL) into each enclosure. As in the previous year,
these fish were held in a raceway containing no food items
for a 2 d period prior to the experiment to assure empty
stomachs and stimulate foraging.

Prey fish abundance was controlled across treatments in
both experiments by introducing equal numbers into each
enclosure. One hundred prey fishes comprised of 60 bluegill
(

 

Lepomis macrochirus

 

 Rafinesque) (X = 32, range = 26-43 mm
TL) and 40 largemouth bass (X = 57, range = 48-62 mm TL)
were introduced into each enclosure as prey for adult large-
mouth bass in the first trial. Because largemouth bass used in
the juvenile trial were considerably smaller than largemouth
bass used in the adult trial, we introduced smaller prey

fishes. Similar to the adult trial, 100 of these fishes were
introduced into each enclosure and were comprised of 70
bluegill (X = 29, range = 24- 41 mm TL) and 30 fathead min-
nows

 

 

 

(

 

Pimephales promelas

 

 Rafinesque) (< 60 mm). We
observed no initial mortality after stocking prey fishes in the
trials indicating availability was equal across plant treatments.

After a 3-d acclimation period for prey fishes and approxi-
mately 12 h prior to introduction of predator fish, the natu-
rally established invertebrate populations were sampled
during each trial to determine prey availability across plant
treatments. Dip-nets and a modified Gerking plexiglass box
sampler (150 

 

×

 

 300 mm) (Gerking 1957) were used to sam-
ple invertebrates. One net sample and three box samples
(upper, middle, and lower strata) were collected in each rep-
licate of both plant treatments, for a total of 12 invertebrate
samples/treatment. Net samples were taken by placing the
net on the bottom substrate and retrieving it quickly through
the plants to the surface. Discrete samples were collected by
clasping the box sampler around a section of plants, clipping
protruding stems and leaves, and retrieving it. Samples were
preserved in 70% ethanol and later processed by identifying
and recording abundances of macroinvertebrates. Relative
availability (%) of prey items was based on total numbers of
each species of macroinvertebrate. Normality of macroinver-
tebrate data was assessed with a Wilk-Shapiro Rankit test and
because data exhibited a non-normal distribution, signifi-
cance of difference in these data was determined with the
Kruskal-Wallis statistic (

 

H

 

) (Statistix 1994).
After largemouth bass were introduced into enclosures

during each trial, they were allowed to feed for approxi-
mately 12 h prior to pond drainage. Fish were removed from
each enclosure using a combination of dip-nets and seines.
Electro-gear and rotenone were avoided so as not to bias
diets and alter natural feeding behaviors by the fish. The
pond took approximately 20 h to drain to the level where
fish could be removed, thus accurate measurement of plant
architecture effects on the diets during standing water levels
and prior to pond drainage was unattainable. Diets here
were based on items taken from stomachs from fish feeding
during the total 32 hr period.

During adult trials, diets from the fish collected were
immediately determined by stomach dissection conducted in
the laboratory at LAERF. All largemouth bass collected dur-
ing the juvenile trials were preserved in 10% formalin and
transported to U.S. Army Corps of Engineers Waterways
Experiment Station (WES), Vicksburg, Mississippi, where
prey items were removed from stomachs and diets deter-
mined. Macroinvertebrates were identified by family or
order, and prey fishes were delineated to species; however,
unidentified species of fish that were partially digested were
defined as 

 

fish

 

 sp. Prevalence of prey in diets was expressed as
occurrence

 

 

 

percentage and number of fish or invertebrate
prey/stomach. The magnitude of treatment effect on diets
within trials was measured with a Chi-square goodness of fit

 

X

 

2

 

 (Statistix 1994).

 

RESULTS AND DISCUSSION

 

Relative abundance of prey did not differ (

 

H 

 

= 0.004, P >
0.5) across the two plant treatments (Table 1), however, diets
of the adult and juvenile largemouth bass did (X

 

2

 

 = 265, P <
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0.01 and 

 

X

 

2

 

 = 119.4, 

 

P 

 

< 0.001, respectively). A total of 126
macroinvertebrates and 71 prey fishes were removed from
stomachs of adult largemouth bass, and 189 macroinverte-
brates and 102 prey fishes from the juveniles. Species compo-
sition of prey fishes eaten during the trials was comprised of
approximately 89% bluegill, 7% largemouth bass, 4% 

 

fish

 

 sp.
in the adult trial, and 41% bluegill, 36% fathead minnows,
and 20% 

 

fish 

 

sp. during the juvenile trial.
Both size classes of largemouth bass fed on the larger

invertebrate prey items in both plants (Table 2), although
Chironomidae occurred most frequently (48%) in juvenile
stomachs from common pondweed. In Eurasian watermilfoil,
54% of the macroinvertebrate prey were Libellulidae and
41% Chironomidae. Juvenile largemouth bass fed

 

 

 

on Aesh-
nidae and Libellulidae in common pondweed and only on
Libellulidae in Eurasian watermilfoil. Libellulidae and Aesh-
nidae constituted much of the macroinvertebrates eaten by
adult largemouth bass in both plant treatments (Table 2).

It appeared that piscivory was more prevalent in Eurasian
watermilfoil than in common pondweed. Macroinvertebrates
were the most abundant prey items in the diets of large-
mouth bass feeding in common pondweed (Figure 1). Mac-
roinvertebrates and fish numerically comprised 86% and
14% of the diet, respectively, in this treatment. However,
diets of the adult largemouth bass measured in Eurasian
watermilfoil consisted of 25% macroinvertebrates and 75%
prey fishes. Similarly, juvenile largemouth bass fed more on
macroinvertebrates (72%) than prey fishes (29%) in com-
mon pondweed and more on prey fishes (67%) than macro-
invertebrates (33%) in Eurasian watermilfoil (Figure 1).

A variety of factors can contribute to differences in diets of
fish feeding in aquatic plants. Decreases in total lake biomass
and areal % coverage of aquatic plants can result in increases
in piscivory due to temporarily altering the size of available
refugia for prey fishes (Bettelli et al. 1992), whereas,
increases can delay onset of piscivory in juvenile fishes (Colle

 

and Shireman 1980). Biomass was not relevant to the scale at
which this study was conducted and % coverage of plants was
controlled and similar in all the experimental enclosures.

Differences in plant morphology may have been more rel-
evant, because significant differences were measured in the
frequency (F = 25.82, P < 0.01) and length (F = 13.08, P <
0.01) of vertical and horizontal interstices between plant
treatments when the ponds were flooded. The frequency of
both vertical and horizontal interstices was high and the
mean length short in pondweed relative to watermilfoil
(Table 3). Others have suggested that stem complexities and
the size and orientation of interstitial spacing in aquatic hab-
itats are important to fishes because they influence foraging
efficiency (Lynch and Johnson 1989, Johnson 1993, Savino
and Stein 1982, Anderson 1984, Diehl 1988).

 

T
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 1. R

 

ELATIVE

 

 

 

ABUNDANCE

 

 

 

OF

 

 

 

MACROINVERTEBRATES

 

 

 

SAMPLED

 

 

 

IN

 

 

 

THE
TWO

 

 

 

AQUATIC

 

 

 

PLANTS

 

 

 

PRIOR

 

 

 

TO

 

 

 

ADULT

 

 

 

AND

 

 

 

JUVENILE

 

 

 

TRIALS

 

 (

 

DATA

 

 

 

ARE
POOLED

 

 

 

FOR

 

 3 

 

ENCLOSURE

 

 

 

REPLICATES

 

).

Macroinvertebrate

Common Pondweed Eurasian Watermilfoil

 

(No.) (%) (No.) (%)

Adult trial

 

Zygoptera 52 52 84 70
Aeshnidae 12 12 9 7
Libellulidae 33 33 24 20
Baetidae

 

a

 

— — — —
Belostomatidae 4 4 3 3
Chironomidae

 

a

 

— — — —

 

Juvenile trial

 

Zygoptera 0 0 0 0
Aeshnidae 4 <1 4 <1
Libellulidae 7 <1 5 <1
Baetidae 0 0 1 <1
Belostomatidae

 

a

 

— — — —
Chironomidae 3,372 99 2,990 99

 

a

 

Prey items were not recorded from the sample because none were found in
diets of the fish.

T

 

ABLE

 

 2. P

 

REVALENCE

 

 

 

OF

 

 

 

MACROINVERTEBRATES

 

 

 

MEASURED

 

 

 

IN

 

 

 

DIETS

 

 

 

OF

 

 

 

THE
ADULT

 

 

 

AND

 

 

 

JUVENILE

 

 

 

LARGEMOUTH

 

 

 

BASS

 

 

 

SAMPLED

 

 

 

IN

 

 

 

THE

 

 

 

TWO

 

 

 

AQUATIC

 

 

 

PLANT
TREATMENTS

 

 (

 

DATA

 

 

 

WERE

 

 

 

POOLED

 

 

 

FOR

 

 3 

 

ENCLOSURE

 

 

 

REPLICATES

 

).

Macroinvertebrate

Common Pondweed Eurasian Watermilfoil

 

(No.) (%) (No.) (%)

Adult trial

 

Zygoptera 8  7 0 0
Aeshnidae 49  46 12  67
Libellulidae 37  35 6  33
Baetidae 0  0 0 0
Belostomatidae 13  12 0 0
Chironomidae 0  0 0 0

 

Juvenile trial

 

Zygoptera 3 2 1 2
Aeshnidae 38 23 1 2
Libellulidae 45 28 25 53
Baetidae 7 4 1 2
Belostomatidae 0 0 0 0
Chironomidae 69 43 19 40

T

 

ABLE

 

 3. I

 

NTERSTITIAL

 

 

 

MEASUREMENTS

 

A

 

 

 

OF

 

 

 

GAPS

 

 

 

BETWEEN

 

 

 

STEMS

 

 

 

AND

 

 

 

LEAVES
OF

 

 

 

THE

 

 

 

TWO

 

 

 

AQUATIC

 

 

 

PLANTS

 

 (

 

F

 

H

 

 = 

 

FREQUENCY

 

 

 

OF

 

 

 

HORIZONTAL

 

 

 

INTERSTICES

 

/

 

M

 

; 

 

L

 

H

 

 = 

 

LENGTH

 

 (

 

MM

 

) 

 

OF

 

 

 

HORIZONTAL

 

 

 

INTERSTICES

 

;

 

 

 

F

 

V

 

 

 

= 

 

FREQUENCY

 

 

 

OF

 

 

 

VERTI-

CAL

 

 

 

INTERSTICES

 

/

 

M

 

; 

 

L

 

V

 

 = 

 

LENGTH

 

 (

 

MM

 

) 

 

OF

 

 

 

VERTICAL

 

 

 

INTERSTICES

 

). (D

 

ATA

 

 

 

ARE

POOLED

 

 

 

FOR

 

 4 

 

LINE

 

 

 

TRANSECTS

 

 

 

TAKEN

 

 

 

IN

 

 

 

EACH

 

 

 

ENCLOSURE

 

 

 

REPLICATE

 

).

 

Rep.

 

Common Pondweed Eurasian Watermilfoil

 

f

 

h

 

l

 

h

 

f

 

v

 

l

 

v

 

f

 

h

 

l

 

h

 

f

 

v

 

l

 

v

 

Adult trial

 

1 40.7 22.6 41.9 22.7 22.0 33.6 25.0 37.5
2 32.7 27.9 26.9 35.3 16.6 52.5 21.1 33.2
3 34.7 26.7 29.8 30.1 19.3 47.5 21.0 42.1

 

Juvenile trial

 

1 43.0 19.8 12.9 32.5 13.3 35.9 14.3 39.9
2 39.6 15.0 22.7 28.5 11.8 44.5 8.9 54.9
3 44.7 17.1 23.3 25.3 6.1 76.9 6.9 88.4

 

a

 

significant differences were measured in the frequency (F = 25.82, P < 0.01)
and length (F = 13.08, P < 0.01) of vertical and horizontal interstices
between plant treatments when the ponds were flooded.
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Although architectural changes in the macrophytes were
not monitored during the drop in water level when we
drained the pond, ingestion of prey items by the largemouth
bass in both trails was significantly different between plant
treatments. We observed differences between the two macro-
phytes when water levels changed, which reflected the quan-
titative measurements of the plants taken prior to pond
drainage. As water levels dropped, common pondweed main-
tained and provided a more regular and spatially consistent
habitat than the Eurasian watermilfoil, whereas the canopy
of Eurasian watermilfoil collapsed more irregularly, forming
large gaps, interspersed between submersed clumps of dense
tangled stems and leaves. This irregular canopy formation is
typical in monotypic beds of watermilfoil (Barko and Smart
1981) and it aggrandized as the water level decreased.

Our data suggest that aquatic plant architecture may have
been responsible for the differences in the largemouth bass

diets. We hypothesize that foraging efficiency was altered dif-
ferentially due to interference by stem and leaf configura-
tion. Understanding how aquatic plants impact foraging
efficiency of fishes at this level may not be directly relevant to
the lake manager, however, indirectly it is relevant because it
may mediate growth and survival, and ultimately affect
dynamics in fish populations at a system level (Gutreuter and
Anderson 1985 Adams and DeAngelis 1987).

 

 

 

This study rep-
resents a preliminary step in evaluating morphological dif-
ferences in aquatic plants at a scale important to individual
fish, and future study is required to examine how these dif-
ferences may impact fish populations at the community level.
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