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ABSTRACT: Fish commumbes and other ecologcal variables were sampled for 6 mo (May to October)
in successwe years (1979. 1980)at vegetated and non-vegetated areas in 2 dlstmctnrely different llttoral
zones (an open bay and a protected cove) of mid-salinity Chesapeake Bay. U S 4 Fish abundance
biomass and species nchness were hlgher m vegetated areas at both sltes, and were slgnificantl!
correlated with macrophyte b~omass.Die1 patterns of fish abundance vaned, but highest catches
generally occurred at dusk or at nlght At one sampling site flsh assemblages were dominated b!
smaller individuals In the vegetated area, suggesting a n attraction of jut-eniles to macrophyte beds for
food or refuge from predation Larger plscivorous fish, whlch were also caught m greater numbers in
vegetated areas, may have been attracted there by higher densities of forage fish At the cove site the
biomass of PaIeomonetes sp was comparable to that of the fish commuruty tot\ ards the end of the plant
growlng season Benthiclnfauna were also more abundant In vegetated areas at both sltes, and stomach
analyses indicated these organisms to be the dominant food resources for conlmon fishes Diets were
generally non-selective in non-vegetated areas while highly selectix e for epiphrtlc rauna In macrophyte
beds Fish stomachs were also slgniflcantly fuller in vegetated areas ind~cabnggenerally greater
feedng success. Fish producQon vaned among major specles but was hlgher overall at regetated areas
followng the seasonal patterns of prlmary production. Most of the differences In fish producbon
between areas were attnbutable to higher instantaneous growth rates rather than h g h e r biomass It
appears that the greater abundance and species nchness of flsh assemblages in vegetated areas of this
region of Chesapeake Bay resulted from the attractiveness of these habitats as nch sources of preferred
foods

INTRODUCTION
Over the last 2 decades there have been numerous
reports describing the littoral zone fish communities
associated with beds of submersed vascular plants (e.g.
Kikucki 1974, Orth et al. 1984, Pollard 1984). In general, such studies have concluded that these habitats
support relatively diverse and abundant fish communities (Adams 1976a, Robertson 1980). Fish standing
stocks often exhibit strong positive correlations with
plant biomass (Stoner 1983, Robertson 1984, Rozas &
Odum 1987),and a few studies have shown that natural
and experimental reductions in macrophyte biomass
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can lead to decreased abundance of fish populations
(Whitfield 1984, Wiley et al. 1984).
Several mechanisms have been suggested to explain
the relatively higher abundance of fish populations in
submersed plant beds. These include: enhanced refuge
from predation; increased availability of food, especially for juvenile fish; and general habitat preference.
Many studies have illustrated the dependence of fish
diets on the rich macroinvertebrate communities
inhabiting macrophyte beds (Brook 1977, Robertson
1980, 1984, Li~qngston1982, Bell & Harmehn-Vivien
1983, Huh & I t h n g 1985).In some cases it appears that
the physical structure of plant leaves, stems, roots and
rhizomes provldes suffiaent protection to allow these
macroinvertebrates to thrive (Heck & Thoman 1984,
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Summerson & Peterson 1984) In other situations ~t may
be more a simple matter of habitat preference n~hich
leads to the dense invertebrate populations In macrophyte beds (Bell & Westoby 1986).Exper~mental~nformation available to elucidate the role of macrophyte
physical structure, as a fish refuge from predation.
suggests that plant structural complexity contributes to
decreased fish mortality (Savino & Stem 1982, Stoner
1983, Orth et al. 1984, Rozas & Odum 1988). A few
investigahons have quantitahvely assessed the importance of submersed plant beds as sources of food for
fish producbon, by comparing either food availabihty
versus fish requirements (Robertson 1984), or fish
growth rates in plant beds versus those in other
habitats (Weinstein 1983).
Most studies of fish communities in submersed plant
habitats have been conducted in marine or freshwater
environments, with relatively less attention to bracklsh
areas. Chesapeake Bay, USA, is a large estuary formerly inhab~tedby dense beds of submersed vascular
plants which have recently experienced major dechnes
in abundance (Kemp et al. 1983a, Orth & Moore 1983).
Conclusions concerning variations in fish abundance In
this system, in relation to the biomass of submersed
macrophytes, vary. Significantly greater fish abun-

dance and d ~ v e r s ~have
t y been reported in high-salin~ty
vegetated habitats of the lower Bay (Orth & Heck
1980), but no differences in fish communit~eswere
observed between areas of vegetated and bare sediment in a mid-salinity region of the Bay (Heck & Thoman 1984).
We present the results of fish community studies at 2
sites with different hydrodynamic regimes described
previously by Kemp et al. (1984). We compare fish
community structure m vegetated and non-vegetated
areas at each site, and relate variations In fish abundance and diversity to spatial and temporal differences
in submersed plant biomass and standing stocks of
macroinvertebrate populations. Potential mechanisms
controlling these patterns are considered by comparing
food habits and production rates of important fishes of
vegetated and non-vegetated areas at one site.

METHODS
Description of study sites and sampling frequency.
Two sampllng sites in the middle reaches of
Chesapeake Bay were selected for this study (Fig. 1).
One was In a large, exposed, well-flushed bay near

Fig. 1. Locatlon of sampling sites (vegetated and non-vegetated areas) in the md-salinity region of northern Chesapeake Bay,
USA
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Parsons Island (38O54.45'N, 76" 14.90' E, 1979). The
vegetated area at this site covered about 15 ha, wlth a
depth range (MLW) of about 0 4 to 2.0 m. The domlnant, submersed, vascular plant was Potornogeton pectinatus, but Ruppia manhna, Zan~chelliapulustms and
P. perfoliatus were also present. The non-vegetated
area, separated from the macrophyte bed by 2 to 3 km
and a deep channel, was charactenzed by sim~larexposure to waves and tidal flushing (range 0.5 m), with
comparable fine-grained sand sediments. In the folloxz ing year (1980) a second study site was established m
Todds Cove on the Choptank River (38"36.85'K.
76"14.001E). This site was far more protected from
wave action, with reduced flushing due to a sand bar at
the entrance to the cove. The plant community here
covered an area of about 3 ha and extended from the
shoreline over a depth range of 0.5 to 1.5 m (MLW), and
sediments were predominately muddy-sands. The
dominant plant species was P. perfohatus, but R
maritma, Z.palustris and Elodea canadensls were
present at lower abundance levels early in the growing
season. The non-vegetated area at Todds Cove, which
was located about 300 m west of the plant bed, hac
simllar depth and hydrographic characteristlcs, bui
sediments appeared to be sanher.
Studles at all sites and In both years (1979, 19801
were conducted from May through October. This time
interval encompassed the penod in whlch aboveground plant biomass was present, from spring emergence through fall senescence Samphng was conducted on a monthly basis and 3 to 5 d were requlred to
complete all sampling actrvities Specific locations for
sampling quadrants and net deployments were moved
each month to avoid possible artifacts of repeatec
sampllng in one location.
Physical and chemical measurements. The are&
extent of submersed vegetation at each site was esbmated from low-level (1000 m) color infra-red aerial
photographs taken during the rmddle of each growing
season. Temperature and salinity were measured using
a Beckman induction salinometer and thermistor.
Attenuation of irradiance (400 to 700 nm) was determined from vertical water column profiles using an
LICOR quantum sensor.
Fish sampling. Several gear types were evaluated
pnor to the beginning of the sampling program and
selecbon of gear types was gulded by these results as
well as by ease of use. Simultaneous fish collections
(triplicate samples) were made in vegetated areas
using a portable drop-net (16 m2), beach-seine (15 m
length), otter-trawl (4.9 m mouth width) and modified
haul-seine (31 m length). The haul-seine and drop-net
collected the highest biomass of fishes (X = 20.8 and
30.6 g wet wt m-2, respectively). Beach-seine and
otter-trawl catches were lower by factors of about 5 and

10, respectively. We selected the haul-seine over the
drop-net for routine samplmg because it was much
easier to use. Similarly, simultaneous grass-shnmp collections were made with the haul-seine and a push-net
(1.8 m width) Catches using the push-net were 3 to 19
hmes higher than those with the selne, and therefore
the push-net \\-as selected for routine use. We dld not
conduct comparative evaluations of the gill-nets but
did adopt a mesh size (7.6 cm) commonly used for
samphng larger fishes.
Flsh were sampled (in triplicate) at monthly Intervals
in the early evening. Haul-seines (length = 31 or
107 m; height = 1.8 m; mesh = 0.6 or 3.8 cm) were
equipped with collection bags (1.8 m long, 1.8 m wide)
attached to one end of the seine. A leadline and chain
also were attached to the bottom edge of the seine and
collection bag. respectively, to reduce escapement.
Each seine was deployed by attaching the end 11th the
collechon bag to a pole previously driven into the
sediments. The net was then rapidly spread in a circle
(80 or 906 m2) Once the sampling area was enclosed,
the free-end of the net was then pulled past the pole
unhl only the collection bag remained free, at which
time the chain at the bottom of the bag was pursed and
the sample transferred to a small boat. The design of
the seine and the sampling technique is similar to that
described by k'lelson & Johnson (1974) for smpllng
fish populations In offshore estuarine habitats
Larger, high11 mobile fish were collected us1r.g gillnets (length = 30 to 40 m; height = 2 m; mesh size =
7.6 cm) Nets v.-ere deployed along the edges of the
plant commuruty and at similar depths at the nonvegetated area for up to 24 h. Fish were collected and
the nets cleaned every 4 to 6 h during deployments. We
dld not observe evidence of crab predation on captured
fish (1.e. parbally consumed fish) although some such
losses may have occurred. Fish samples from all gear
types were preserved in formalin and later ldentif~edto
species, weighed, and measured. All fish biomass data
are reported as preserved wet weight (ww). Sub-samples representative of the size-class structure of each
abundant species were saved for subsequent stomach
analyses.
At the Parsons Island areas, we conducted die1
studles of fish abundance in June and September.
Samples were collected at dawn, noon, dusk and midnight using the 31 and 107 m haul-seines. Collections
were treated as previously described except that no
stomach analyses were conducted. ' .
Food resources. At Todds Cove Paleomonetes sp.
were sampled using a push-net which consisted of a
small seine (1.8 m width, 0.6 cm mesh) with a collecting
bag in the middle. The ends of the seine were connected to poles which were used to push the net forward for 4 to 10 m, after which the entire net was
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qu~cklyllfted into a boat. Samples were taken in triplicate and preserved in formalin. Concurrent studies
indicated that neither the push-net nor the haul-seine
were effective in the collechon of Callinectes sapidus,
and hence we do not report data for that species (Kemp
et a1 1983b).
Standing stocks of vascular plant shoot-biomass were
obtaned by harvesting the material enclosed within
0 25 mZquadrats. Dunng each sampling penod 6 replicate samples were collected from each vegetated area.
Aftercollection, samples were sorted to species anddried
(60 'C) to constant weight. Epiphytic solids never comprised more than 2 % of dried vascular-plant biomass.
Benthic macrofaunal abundances were obtained
using a hand-operated piston corer (8 cm diameter)
whch sampled to a depth of 30 cm. Seven cores were
collected from all areas on each sampling date. Individual samples were sieved through 0.5 mm mesh
screen, stained with rose bengal and preserved in 10 %
buffered formalin. Samples were sorted to species,
counted and measured. Biomass estimates were based
on numerical abundance, size and length-weight relationships.
Epiphytic fauna were collected in triplicate using a
small net (0.5 mm mesh) attached to a rigid frame, the
open end of which could be gently lowered over the
plants to the sediment surface covering an area of
0 1 m2. Plants were cut off at the sediment surface and
the open end of the net closed with a drawstring. The
contents of the net were washed into a bottle and
were
prese*ed in l o % buffered
separated from piant material, sorted to species,
counted and weighed.
Fish stomach analyses. ~h~ stomachs examined
came from fish collected with the 31 m haul-seine at
the Parsons Island site. Individuals of several species
were selected to represent the size-class structure of
the population at the time of sampling. All food items
found in stomachs were identified to species or the
nearest taxon possible, counted and measured, and the
total weight of each food-item group estimated from
previously determined length-dry weight regressions
(Kemp et al. 1983b). Diet was then determined a s
percent (by weight) of food items grouped into 7 frequently occumng and 11 occasionally occumng categories. Data for each species were grouped according
to size class and pooled for the June to September
period.
.A comparison of food habits versus food availability
was developed using a 'selectivity coefficient' ( S C )
which for a given food item was taken as the ratio of
percent (wt) in the diet to percent (wt) present in the
environment (Royce 1972). Finally, the relative extent
of feeding success of fishes in littoral habitats was
assessed using an 'index of fullness' (FI)for stomachs

(Royce 1972). Estimates of percent fullness for
stomachs and guts of fish collected in the June seining
at Parsons Island were obtained by comparing weight
of stomach (or gut) contents for a given fish to the
maximum weight of contents recovered for that species
and size class of fish

RESULTS AND DISCUSSION
The physical environment
Temperature and salinity patterns during the study
periods were simdar at vegetated and non-vegetated
areas at each study site. Water temperature ranged
from 13 to 28 "C and salinity from 7 to 11 ppt. and no
unusual departures were noted during the measurement period although May and October water temperatures were higher in 1980 at Todds Cove (Fig. 2 ) .

-

Parsons Island

May Jun Jul

odds Cove

Aug Sep Oct

Fig. 2. Mean monthlv temperature ( " C ) salinity (ppt and
ext~nctioncoefficieni 1n1-') data :ram the Parsons Islar.,: and
T O ~ ~
Cove
S
study siies Values iiom veqetated (V) anc non7ctlon
vegetated (NV) areas are sh0v.n separately for extz,.
coefficient data; other data were averaged for vegetated and
non-vegetated areas as differences were small
There were, however, some differences among s ~ t e s
relative to water clarity. There was an increase m
turbidity at both Parsons Island areas through the study
period, with little difference between vegetated and
non-vegetated areas. Since the Parsons Island areas
were more exposed to wave action, the influence of
submersed vascular plants in controlhng resuspension
of bottom sediments may have been less effective
(Ward et al. 1984).Turbidity levels at Todds Cove were
higher than those at Parsons Island but there was a
pronounced increase in water clarity associated with
the vegetated area during the summer and early fall.

Die1 patterns of fish abundance
In June at the Parsons Island vegetated area, lo~vest
numerical abundance occurred at dawn a n d highest at
dusk or midnight for both sampling gears (Fig. 3). Rela-
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Fig 3 Relabve abundance estimates (no ind.
m-') of fish sampled at dawn, mid-day, dusk,
and mid-night at the Parsons Island study site in
June and September. Collections were made at
both vegetated and non-vegetated areas. Gear
types included: (A) 31 m haul-seine for collection of smaller hsh, and (B) 107 m haul-se~nefor
collection of larger species

Time of Day (h)

tively high abundance estimates were also occasionah:
obtained at midday, especially with the smaller hauiseine. Abundance was low throughout the diel penoc
at the non-vegetated area. In September, diel patterns
were less clear, but kughest catches continued to o c c u
at dusk or midnight (except for a large catch of silversides at midday). Although diel trends were vanable
the tendency towards greater abundance at night was
similar to those prenously reported (Adams 1976a.
Heck & Orth 1980a. Leber & Greening 1985, Gray &
Bell 1986).
Species composition was similar throughout diel
periods, indicating that diel changes were not the
result of different species utilizing littoral areas at
different times (e.g. Robertson 1980, Robblee & Zieman
1984).Other studies have reported vanations in specles
composition occurring throughout a diel cycle (Robertson 1980, Bell & Harmelin-Viviens 1982, 1983). Most of
the fish at our study sites were typical of littoral areas,
with little dlel movement evident, but apparently greater susceptibility to capture at night.

Fish community structure
A total of 30 fish and 6 macroinvertebrate species
were collected from all areas. Most species were com-

mon estuanne types in both the vegetated and nonvegetated areas (Table I ) , although a few rare species
were collected (e.g. Synodus foetensl Our estimates of
total species are h~gherthan those previously reported
for the Parsons Island site (Heck & Thoman 1984) and
similar to those at tidal fresh sites in Chesapeake Ba!
(Seraf\-et al. 1988). It appears that fish assemblages at
vegetated estuarine sites have fewer species than In
higher salinity habitats (Harmelin-Vinen 1983, Stoner
1983, Pollard 1984).
Dunng the summer period (June to September), total
number of fish species (species richness) was significantly greater in the vegetated areas of both sampling
sites (ANOVA, n = 12, p < 0.05). The differences in
number of speaes between macrophyte beds and nonvegetated areas were similar in both cases, although
the Todds Cove site had greater species richness. Mean
(+ SE) values for number of species encountered during the summer were 10.5 (+ 1.0) and 6.3 (t1.3) for
vegetated and non-vegetated sites at Parsons Island,
respectively, and 12.5 (20.7) and 8.3 (& 2.2) at Todds
Cove. This pattern of greater fish species richness in
vegetated habitats is similar to that reported for areas
in lower Chesapeake Bay (Orth & Heck 1980, Weinstein & Brooks 1983)but contrasts with the absence of a
macrophyte effect observed in coastal r e g i ~ n s of
Florida (Stoner 1983).
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Table 1 F~shesand macrolnvertebrates collected at Parsons
northern Chesapeake
Island and Todds Co\e study sites
Bav in 1979 and 1980
Sclenlflc name

Conlnlon name

FtSH
Anchoa nutchifl~
Angullla rostrata
Apeltes quadracus
Brevoo&a tyrannus
Carcharhmus leucar
Cynosdon nebulosus
Cypnn us carp10
Cyprinodon vanegatus
Dorosoma cepedanum
Fundulus daphanus
Fundulus heterochfus
Goblosonla bosa
Leporms qbbosus
Leiostomus xanthurus
Lucarua parva
Membras martmca
Menidla berylhna
M e n ~ d ameniaia
Morone amencana
Morone sasahhs
Opsanus tau
Parahchth!-s dentar-s
Poma tomur saltatp-T
Pseudopleuronec?e~amencanus
Rhlnoptera bonasus
Strongylara nlannz
Syngnathus fuscus
Synodus roetens
Trinectes maculatu:
T~~losurus
acus

Bay anchovy
Amencan eel
Four-spme shckleback
Atlantic menhaden
Bull shark
Spotted seatrout
Carp
Sheepshead minnow
Gizzard shad
Banded killifish
Mummichog k~lhfish
Naked goby
Pumpkinseed
Spot
Rainwater killifish
Rough s~lversides
Inland sllversides
Atlantic silversides
White perch
Striped bass
Toad flsh
Summer flounder
Bluefish
Wlnter flounder
Cownosed ray
Atlantic needlefish
Northern pipeflsh
Inshore llzard fish
Hogchoker
Agujon (needlefish)

AI4CROlW.-ERiEB?ATES
Calhnectes sap!dus
Crangon s e p h m s p ~ ~ o s a
Lmulus polyphem~s
Neon~ysisamencarr
Paleomonetes ~ n t e . ~ e d i u s
Paieomonetes p u q o

Blue crab
Sand shnmp
Horseshoe crab
Mysld shnmp
Grass shnmp
Grass shrimp

Fish abundance
Consistent dfferences and strong seasonal patterns
of fish abundance were observed at both study sites
(Fig. 4). In the Parsons Island vegetated area, biomass
of fish collected using the 31 m seine ranged from 0.1
mb2
(July) and was significantly
(May) to 11.2 g ~ 7 %
correlated with temperature (r = 0.81, n = 6) and rnacrophyte standing stocks (Fig. 5). In the non-vegetated
area, the range in biomass was smaller (0.8 to 4.5 g ww
m-2), and the relationship between fish biomass and
temperature was significant (r = 0.75, n = 6) only when
menhaden were excluded from the analysis. Abundance and biomass in the vegetated area developed
earlier in the year and were significantly higher com-

pared to the non-vegetated area (ANOVA, n = 18, p
< 0.05) By September, when submersed vascular plant
blomass was low, fish abundance and b~omasswere
essentmlly Identical between vegetated and non-vegetated areas. The greater abundance of flshes in the
vegetated habitat at Parsons Island contrasts with
observahons of Heck & Thoman (1984) based on ottertrawl collections; we suggest that this difference may
be attributable to the reduced efficiency of trawls (Kjelson & Colby 1976, Hartman & Herke 1987).
Patterns of fish abundance at Todds Cove appeared
more complex because of the occasional capture of
schooling speaes such as menhaden (Fig. 4). Correlations of total fish abundance with temperature or rnacrophyte biomass were not significant. However, if
menhaden are excluded, f ~ s hbiomass at the vegetated
area was significantly correlated with temperature (r =
0.87, n = 5, p < 0.05) and macrophyte biomass (Fig. 5).
Ranges m total fish biomass at Todds Cove were 9.0 to
104 g and 4.8 to 12.5 g w4 m-2 in vegetated and nonvegetated areas, respectively. Fish abundance and biomass in vegetated areas at both sampling sites were
similar to those reported for other fish communities in
vegetated estuarine and h ~ g h e rsahnlty habitats (e.g.
Hellier 1962, Brook 1977, Orth & Heck 1980, Robertson
1980, Thayer & Fonseca 1984, Sogard et al. 1987).

Large mobile fish
Highest blomass levels of gill-net collections of large
fish were in the vegetated area at Parsons Island in July
when rnacrophyte biomass was mammal (Fig. 6).
Catches per unit effort were 2 to 4 times higher in
vegetated compared to non-vegetated areas in July and
August These results suggest that large mobile fish
were attracted to the submersed plant community.
Catches were also cons~stentlyhigher at night than
during day; however it is not clear if this indicates
greater utilization of macrophyte beds or higher gear
efficiency at night, or both (e.g. Leber & Greening 1985).
Patterns of species occurrence at this site indicated
little difference between vegetated and non-vegetated
areas. Of the 11 species collected at both sites, 6 were
of commercial or recreational value (Hildebrand &
Schroeder 1928). Most literature reports indicate an
important role for submersed macrophyte beds regarding economically valuable fish (Thayer & Fonseca
1984). In Australian coastal areas, some 30% of fish
species in a Posidonia bed were of commercial importance (Burchmore et al. 1984). while feeding for an
economcally valuable species of whiting was strongly
associated with Zostera habitats (Robertson 1977). Our
data suggest a similar degree of importance for submersed macrophyte beds in brackish waters.
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Fig. 5. Scatter plot of fish biomass (31 m seine samples; Brevoortia tyrannus data excluded) versus submersed macrophyte biomass for vegetated areas. For Parsons Lsland data
(continuous line): n = 6, r = 0.82, y = 0 . 0 9 ~-k 3.39, p (0.05.
For Todds Cove data (dashed line)- n = 5, r = 0.81, y = 0 . 1 4 ~
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A composite of stomach analyses for such commercially important species as Cynoscion nebulosus,
Pornatornus saltatrix and Morone saxaiilis indicated

that fish comprised 80 to 90 % (b? welcitr or dlets, and
that species common to vegetxed r-ess e.g. Lelostornus xanthurus and Menidia menicla. were important dietary items. Since small fish were mo:e abundant
in submersed plant beds than bare sedmfnts (Figs. 4
and 6), it is tempting to conclude that large piscivorous
fish entered- the macrophyte beds in pwmt of forage
fish occurring within. However. our sampling was
designed to catch large fish at the e d g s of -Jle bed and
hence it remains unclear as to whethe- large fish
entered the bed to feed or remamed on the edges and
fed on small fish leaving the bed.

Habitat complexity
A number of features of the sites we exsmined were
consistent with previous findings related to habitat
complexity (Heck & Orth 1980a. Savino ti Stein 1982,
Sogard e t al. 1987). At both vegetated a r e s maximum
above-ground plant biomass values were similar but
plant structure and the seasonal patterns of plant bio-
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odaytime

Parsons Island there was no difference between vegetated and non-vegetated areas suggesting that thls
site played a less important role as a habitat for v e n
young fishes.

Fish diets and food resources
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Rg. 6. Relatwe abundance (no. ind. [circles]and g ww [bars]
m-' of @-net h-Ll of fish collected at vegetated and nonvegetated areas at Parsons Island using gill nets. Each vertlcal
bar represents one deployment. Open, darkened and stippled
bars and circles represent day, nlght and dlel deployments.
respectively

mass were quite different. Potornogeton perfoliatus
(dominant at Todds Cove) is heavily branched especially towards the upper portion of the plant and has
conspicuous leafy foliage which reached to the surface.
P. pectinatus (domnant at Parsons Island) has a poorly
branched lower stem and filiform leaves, and (at least
at Parsons Islandh did not extend through most of the
water c o l u m ~AOchtional features that vaned between
sites were shore'bne morphology (complex at Todds
Cove, linear at Parsons Island) and wave acbon (very
slight at Todds Cove). Some of the fish community
differences we found between sites are consistent with
the notion that complex plant structure and shoreline
morphology Increases habitat complexity and that
wave action can act as a stress. In general, fish speciesrichness and abundance were greater a t the Todds
Cove vegetated area than at the comparable Parsons
Island area. as were abundances of macroinfauna,
epifauna and grass shrimp despite the fact that maximum submersed vascular plant biomass was similar
between sites. Further, fish and macroinvertebrate
abundances at the non-vegetated area at Todds Cove
were comparable to, and often higher than, those at the
vegetated area at Parsons Island suggesting that complex or sheltered shoreline morphology and reduced
wave stress may also play a role in subtly altenng the
structure of these communities (Sogard et al. 1987).
Finally, we found the mean biomass per individual
for the total fish community during the period June to
September was almost 4 times higher in the non-vegetated area (3.6 f 1.1 g ww ind.-l) than in the macrophyte bed (1.0 & 0.2 g ww ind.-l) at Todds Cove. At

In this sechon we consider the hypothesis that the
greater abundance of fish observed in macrophyte
beds is associated with increased availability of food
resources. We examine first the food habits of selected
species, then compare relative abundance of food items
in vegetated and non-vegetated areas at Parsons
Island, and finally compare aspects of food availabili5
versus feeding habits.

Fish food habits

Six fish species collected in seine samples were
selected for analyses (365 stomachs were examined)
Three species (Le~ostomus
xanthurus, Merudia menldia
and Morone americana) were dominant in both vegetated and non-vegetated areas, and 3 species (Apeltes
quadracus, Fundulus diaphanus and Anguilla rostratal
were common only in the vegetated area (Fig 4 )
Menidla menidia exhibited the most pronounce^
differences in food habits between vegetated and nonvegetated areas (Fig.7) Diets shifted from predominantly epiph!tlc (~nsectsand fish eggs attached to plan?
surfaces) to predominantly infaunal (polychaetes anci
molluscs) foods between vegetated and non-vegetates
habitats, respectively. Previous studies in seagrass
meadows have reported more vaned feeding habits foi
this species (Carr & Adams 1973, Adams 1976b. Orth 6
Heck 1980).
Leiostomus xanthurus also had different diets in vegetated versus non-vegetated areas for both size classes
In the macrophyte bed, epiphytic and infaunal organisms comprised similar fractions of spot diets although
larger individuals appeared to consume fewer poll-chaetes. Other macrophyte-associated items (shrimp
plant leaves and seeds) were also important. At the
non-vegetated area, polychaetes were, by far, the
dominant food item, especially for the smaller fish
Food habits for this species at the non-vegetated area
were similar to those reported by Homer & Boynton
(1978) for deeper areas of Chesapeake Bay. Although
plant material comprised 10 to 15O/0 of stomach contents for larger individuals, this probably resulted from
inadvertent consumpbon d u m g grazing on epiphytic
orgamsms rather than intentional herbivonr (Adams
1976b, Orth & Heck 1980).
Major food items of Morone americana included
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Rg. 7.Stomach contents of selected fish species
collected from vegetated (V) and non-vegetated
(NV) sampling areas a t the Parsons Island study
site. Histograms represent stomach contents as
percent weight of specific food items averaged for
the May to September period for several size-class
intervals. The number of stomachs examined that
contained food items is indieted at the top of
each histogram
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small winter flounder and gobies, blue crabs and grass
shrimp in both the vegetated and non-vegetated area.
The similarity behveen areas suggests that this species
may move readily between vegetated and non-vegetated areas. The fact that they were more abundant (or
more susceptible to capture) in the vegetated area,
however, indicates that higjer densities of forage flsh
in macrophyte beds may have been a factor attracting
M. americana.
Apeltes quadracus and Fundulus diaphanus fed
primarily on epiphytic food items, including
amphipods, insects, fish eggs and seeds. There were no
substantial shifts in feeding habits between the 2 size
groups for those species.
Anguilla rostrata fed on a diversity of food ltems,
some of which were abundant in the vegetated area.
This species, however, exhibited substantial dietary
difference between size classes, where fish smaller
than 220 mm fed on small epiphytic animals and larger
individuals (230 to 650 rnrn) preyed on crabs, shrimp
and fish (Fig. 7).
Food resources
Net community primary production in macrophyte
beds was 2 to 5 times greater than at non-vegetated
areas (Kemp et al. 1984),indicating greater direct or
indirect support for food-chains at the vegetated areas.
Macrophyte biomass was sirmlar in peak magnitude at
both study areas, although mean biomass was higher at
Todds Cove, and seasonal patterns and species composition were quite different (Fig. 8A). Plants at Parsons
Island (Potornogeton pectinatus) exhibited a distinct
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study sites (A) Macrophyte biomass. (B) macrobenthic
infauna (bstograms g v e n in pairs comparing contemporaneous measurenlents at vegetated and non-vegetated aeas,
respectively). (C) epifauna (vegetated areas only)
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biomass peak in late July, but at Todds Cove high
values for macrophyte biomass (P. perfohatus) persisted from July through September.
During the summer period, abundance of benthlc
macroinfauna was 30 to 150 % higher at vegetated than
non-vegetated areas (Fig. 8B). Total number of species
encountered (35) was at the lower end of the range of
species richness reported for vegetated sediments, particularly when compared to semi-tropical or tropical
regions (Orth 1973, Brook 1977, Stoner 1980, Lewis &
Stoner 1983). Similar patterns of increased infauna
abundance associated with macrophytes have been
reported previously for both estuarine (Homziak et al.
1982, Lewis & Stoner 1983) and freshwater systems
(Cyr & Downing 1988). Polychaetes dominated
infaunal abundance and biomass at all sites,
Heteromastis filiformis, Scolecolepides viridus and
Nereis succinea being most common. Amphipods
(Corophium sp., Gammarus sp., Lepidactylus d-ytiscus,
Leptocheims plumulosus, and Monoculodes edrcrardsi)
were also common at all sites, and molluscs (hlacoma
phenax and Macoma baltbica) were occasionally
important. Isopods and nemerteans were always minor
components. At both non-vegetated areas, there were
significant negative correlations between fish and
infaunal biomass (r = -0.88 and -0.98, n = 6, p
<0.05), suggesting an important effect of fish predation on infaunal abundance (Summerson & Peterson
1984). A similar, but weaker, relation was obsen-ed for
the vegetated area at Todds Cove, but the correlation
was not stahstically significant for the Parsons Island
macrophyte bed, possibly because of the miagating
effects of alternate food sources for fish at this area.
Epiphytic faunal abundance and seasonal patterns
were markedly different between the 2 vegetated areas
(Fig. 8C).At Parsons Island epiphyhc fauna established
quickly after the emergence of macrophytes and then
declined; at Todds Cove densibes were relatively low
through July and then increased through October. Seasonal trends of abundance in both areas paralleled
respective infaunal abundances indicating that similar
factors (e.g. fish predation) were involved in regulating
abundance of both animal groups. There were also
differences between sites in terms of species composition: at Parsons Island insect larvae (Chironomid sp.),
isopods (Erichsonella attunate) and amphipods were
dominant; at Todds Cove tanaids were also important
but isopods were a minor component. Levels of abundance at both sites were near the lower end of values
reported for other areas (e.g. Marsh 1976. Menzie
1980).
Numerical abundance and biomass of the 6 mobile
macroinvertebrate species collected were dominated
by grass shrimp (Paleomonetes intermedius and P.
pugio). Grass shrimp biomass for the vegetated area at

Todds Cove steadlly ~ncreasedfrom 3 to 39 g ww nlPL
over the study penod (Fig. 9). Shrimp biomass was
similar to that observed for the entire fish community
Neither total shrimp biomass nor weight per individual
were correlated w t h macrophyte biomass, in contrast

May

Jun

Jul

Aug

Sep

Fig. 9. Total biomass (gww m-'; f + SE) and mean size ( g ww
~ndividual-')of Paleomonetes sp. collected with a push-net
from the vegetated area at Todds Cove. Entries without S E
bars were based on either 1 or 2 samples

to reports for a vegetated site in southern Chesapeake
Bay (Heck & Orth 1980b) However, it is clear that grass
shrimp exhibited a strong affinity for vegetated areas
because, with one minor exception, they were not
found at non-vegetated areas. Mean weight per indlvidual shrimp decreased sharply from late spnng
through the summer as young shrimp recruited into the
portion of the population sampled.

Food habits versus resources

The results of 'selectivity coefficient' (SC) calculations indicated that Menrdla nzenidia and Leioston~us
xanthurus were relatively non-selective (SC 5 1.0) in
their diets at the Parsons Island non-vegetated area,
feeding primarily on the dominant infaunal organism
groups in direct proportion to their relative
availabilities. For example, polychaetes compnsed
approximately 60% of both the infaunal biomass
(Kemp et al. 1983b) and the diets (Fig. 3 ) of both fishes,
while molluscs and amphipods accounted for the
remaining 30 and l o % , respectively. of the infauna
community, and roughly 5 to 10 and 5 to 15% of fish
stomach contents.
Although polychaetes a n d molluscs comprised most
of the combined infaunal plus epiphytic biomass,
epiphytic matenal dominated the stomach contents for
most of the fish examined at the vegetated area. Insect
larvae, isopods, bryozoans and fish eggs, which occurred primarily in the epiphytic community, were
important in the diets of all fish, and in many cases, fish
were hghly selective in their consumption of these
organisms. For example, the SC's were about 3.5 for
Menidia menidia consumption of insects and 10 for
small Anguilla rostrata feeding on isopods. This preference for epiphytic, as opposed to infaunal prey items,

Lubbers et al.: Vascular plants and estuanne f ~ s hcommunltles

tebrates. Assuming a 10 % trophlc efficiency for this
system infaunal productlon alone would have been
adequate to support growth of the flsh community
Eplphybc fauna, which were a preferred rood of fish in
the macrophyte beds, were evidently more accessible
and appeared to provide a n important nutntional supplement for fish.
Direct productlon calculations were made for 6 f ~ s h
species in the vegetated habitat and 5 at the nonvegetated area (Table 4). For most species, rates vaned
over the course of the study but tended to be highest In
the June-Jul! period, which corresponds to the time of
maximum pnmary productivity, especialls in the macrophyte habltat (Kemp et al. 1984).Summed produchon
of the 5 fish species for which rates could be calculated
at both sites was almost 50 O/O higher in the vegetated
than in the non-vegetated habitat (Table 4 ) . Summed
biomass for these species was actually lower in the
macrophyte bed, so that the increased production I\-as
largely attnbutable to higher instantaneous gsow?h
rates (Kemp et al. 1984). This was piin?icularly true for
Memdia memdia and M. beryllina, for which production was mos: strongly enhanced in the vegetated area
It is, however perplexing why Lerostorn~~s
xanthurrrs
production ]\-as higher in the reference area. A s s u m ~ ~ g
a water content of 80 % (Royce 1972),total f ~ s hproduction for the rr-acrophyte habitat would be equivalent :o
0.8 g d w m-- yr-I (Table 4), a value which is close -0
the rates calcilated above by applying a P 3 ratio to tze
mean biomass values (Table 3). These rates are cons-aerably higher than those previously repc-ed for se:-

has been attributed to the greater accessibility of
epiphytic items to flsh (Whitfield 1988).
Results of 'index of fullness' (FI) calculations indicated that for the specles examned (those in Fig 7)
there were consistantly hlgher values of FI in fish from
the vegetated versus non-vegetated areas at Parsons
Island (Table 2). The most dramatic differences were
for Apeltes quadracus and Fundulus heteroclitus,
which had 5 to 15 tlmes as much food in their stomachs
from the macrophyte habitat. Fish for this analysis were
sampled at the same time of dal- at both areas. Unless
the die1 feeding behaviors were substantially different
for the same species at the 2 areas, observed variations
indicated by the FI probably are real differences in
feeding activity and success, which in turn reflect
differences in food availability.

Fish production

An estimate of the adequacy of epiphytic and
infaunal food supplies for fish in vegetated areas was
developed by estimating production rates for these
invertebrate groups using P:B (production:biomass)
rabos (Xlann 1982. Vahella 19841 and comparing these
results to production rates of the flih community (Table
3). Production rates for fish and epiphytic fauna at both
vegetated areas were simdar, but rates for lnfauna
were In order of magnitude greater Although some
plscivon- was elldent among fish most were feeding at
a trophic level one step higher than that of the inver-

Table 2 Summary of percent stomacn and gut fullness data (x t SE) for selecter fish species collected at vegexited and nczvegetated areas a: the Parsons Islam study site In early summer (June). n: nc stomachs and guts examlned. - speaes zot
encountered
Species
Leiostomus xanthurus
Menidia menidia
Apeltes quadracus
Fundulus diaphanus
Morone americana
Angrulla rostrata

Sue class
(mm)

n

Vegetated area
Stomach

Gut

n

35-84
3 M 4
15-35
15-40
100-200
100-200

7
14
10
7
4
6

34 -+ 13
37 rf: 12
72 13
26 17
40 t 28
33 1 3.5

58 1 21
36 % 14
45 2 28
39 -t 18
25 +- 28
20 -+ 14

10
13
6
8
-

+
+

Non-vegetated arsa
Stomach
Gut
28 k 5.3
27 ? 19.0
5
1.4
6 -t 6.6
-

+

-

29 t 5.4
21 t 11.0
12 +- 4.2
17
7.5
-

+

Table 3. Companson of mean biomass (B; g dry wt m-') and estimated produchor (P, dry wt m-2 y-') rates m vegetated areas ior
fish and potential Infaunal and epifaunal food sources for June to September Biomass values (ash-free)for epifama, lnfauna a d
fish are from Kemp et al. (1983).Production values, which assume most of the qowth occurs In the summer, are based on P B
ratios compiled in Manr (1982) and Valiela (1984),where: epifauna = 1.8;lnfauna = 1.3;fish = 0 7
Sampling
area
Parsons Island
Todds Cove

Epifauna

Infauna

Fish

B

P

B

P

B

P

0.33
0.25

0.60
0.45

8.4
7.2

10.9

0.85

0.60

9.4

1.23

Q.86

12
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Table 4 Summary of flsh product~onestunates for selected specles from vegetated and non-vegetated sampllng areas at
Parsons Island study s ~ t eMean
.
b~omass(g wet wt n ~ - and
~ ) produchon ( g wet wt m-= 3 mo-') eshmates are for the per~od15 JL
to 15 September Product~onestimates \%-eremade uslng the methods of Ihcker (i911) where P = G X B (P product~on,
instantaneous growth coeff~c~ent.
B: averace biomass) Year classes were determined from exam~natlonof length-frequency pl
of each specles. Totals Include only those specles and/or year classes for 'ivhich eshmates were a w l a b l e at both sltes
Species

Yr class

Vegetated slte
B

P

1.99

4.07

Non-vegetated slte
B
P

Leiostom us xanthurus
Menidia rnenidia
Menida beq-llina
Fundulus diaphanus

I

Apeltes quadracus
Anchoa mtchdli
Totals

era1 littoral zone fish communities rAdams 1976a.
Weinstein 1979, Homer et al. 1980, T h ~ r m a n& Fladvad
1981).
Durlng the late 1960's to early 19511 s there was s
precipitous dechne in the proportion oi httoral areas or
Chesapeake Bay supporhng submerse? vascular plan;
communihes, particularly in the lowes- salumty reaches
of the malnstem and tnbutary nvers ~ O r t h& Moore
1983) During the same period there ;.ere dechnes r
:
commercial catches of several e s t t m e spawning
species and increases in catches or several manni
spawning specles. Cause-effect lir-:.rges for these
changes have not been clearly democ~rratedbut oCerfishing and declining water quality rave often been
menhoned Given what has been l e ~ x e dabout vecetated httoral areas it seems reasonable to also include
the loss of vegetated littoral zone hzoitats as a contributor to changing fishery yields.

-
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