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ABSTRACT

An intertidal creek off the York River, Va. waB sampled for juvenile
and adult fishes during the spring, summer, and fall of 1981. Over
21,500 individuals of 14 species were collected using a block net
technique. Ninety-eight percent of the total number was derived
from five species which were, in order of abundance; Brevoortia
tyrannus, Fundulus heteroclitus, Anchoa mitchilli, Leiostomus
xanthurus, and Menidia menidia.
Diel variations in abundance were indicated for A. mitchilli and M.
menidia juveniles which were mostly captured at night and for M.
menidia adults, L. xanthurus juveniles, and _F. heteroclitus of all
ages which were typically captured during the day. A. mitchilli
and M. menidia were no longer captured in the intertidal creek
after reaching sizes of approximately 60 mm SL and 67 mm SI,
respectively.
Production estimates for the fish captured in the intertidal creek
system were calculated to equal 2.53 g dry weight m “2 or 13,051 cal
m -2 •

xii

THE SEASONAL AND DIEL USE BY JUVENILE AND ADULT FINFISHES OF A
MESOHALINE INTERTIDAL CREEK ON THE YORK RIVER, VIRGINIA.

INTRODUCTION

The coastal estuarine ecosystems generally are considered amongst
the most productive natural systems (Teal, 1962; Odum, 1962).

The

shallow tidal creeks commonly found in salt-marsh systems typically
provide habitat for many species of infaunal and benthlc organisms,
as well as being used by a variety of finfish species.

The value of

such creeks as nursery areas for larval and juvenile fish has been
demonstrated by various studies including Richards and Castagna
(1970), Cain and Dean (1976), Shenker and Dean (1979), Bozeman and
Dean (1980), Weinstein (1979), Weinstein and Brooks (1983), and
Smith et al. (1984).

It follows that these shallow creeks in the

Chesapeake Bay system may provide considerable habitat for the
resident and migratory fish species found in the middle Atlantic
area.

Salt marsh research in the 1970s revolved around the question of
whether the salt marsh systems were the importers or exporters of
organic carbon or energy.

Wiegert et al. (1975) provided a mathematical

model based on a Georgia salt marsh which simulated the flux of
organic carbon through the system.

The model simulation resulted in

residual excess production of approximately 300 g C m -^ yr- l over the
estimated mass balance of carbon in the system.

The model indicated

that this amount of carbon should have been removed from the marsh
system, but could not be identified with any biological compartment
or flux vector.

In the earlier versions of the salt marsh model, no

provisions for a water-borne heterotrophic (macrofaunal) compartment
was provided.

However, the conceptual premise for the schematic
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organization of the model included the Intertidal creek waters and
bank within the boundaries of the system (Wiegert and Wetzel, 1979).
Therefore, the excess production of carbon which was predicted by
the model had to leave via the creek.

It is reasonable to assume

that an appreciable portion of of the unaccounted for production
could have been Incorporated into the secondary producers in the
nekton and then, literally, swam out of the salt marsh system.
Transposing this premise to the salt marsh systems of Virginia, this
study was initially conceived to determine the relative importance
of the intertidal areas of mesohaline Chesapeake Bay to the production
of, and as a habitat for, finfishes.

Recently, considerable interest in the lchthyofaunal production in
tidal creeks, both subtidal and Intertidal, has been generated
because of the direct contribution of these areas to production of
commercially, recreationally, and ecologically important fish resources.
Researchers have postulated that the seasonal migrations of many
fish species that leave the estuaries may provide a trophic link
with the near coastal environment, and is one mechanism that would
distribute estuarine produced energy to the marine habitat.

Weinstein

(1979) has estimated that the export of migrating fish and shellfish
from the Cape Fear estuary is approximately 7 kcal/m2 each year.
More recently, a study by Conover and Ross (1982) concluded that the
Atlantic silversides, Menidia menidia, in a north Atlantic estuary
represented an Important pathway of energy flow from the estuary to
marine systems.

The authors noted that M. menidia used the estuaries

as nursery areas for early-life stage growth and that the species
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sustained high mortality losses during its subsequent winter migration
to offshore areas.

The movement of these quantities of energy and

organisms would provide an appreciable amount of energy flux to the
near coastal marine system.

In addition, this energy would be in

the form of higher trophic level organisms which would be available
to the upper levels of the food web.

The more closely linked,

trophically, the fish community is to primary production within the
intertidal creek, the higher the potential ichthyofaunal production.
Recently, Rizzo and Wetzel (1985) reported that the production of
benthic algae on the mudflats of the York River area may exceed 200
g C m “2 yr~* based upon extrapolated short-term measurements. Rizzo
(personal communication)1 has also reported that the average production
of benthic algae on the mudflats is approximately 113 g C m “2 yr“ l.
Assuming the proportion of predator to be about 10 percent of the
prey, over 11 g C m “^ yr- * of primary consumer may be supported from
the benthic algae production alone.

Logically, the structure and

function of the fish communities over a seasonal cycle are important
indications of the potential contribution of the intertidal creek
areas to heterotrophic production.

Therefore, an analysis of the

functional ecology of the fish community using the intertidal creeks
is necessary to determine the potential flux, or mass balance, of
materials transport.

Conversely, a study of the structural ecology

of the fish community over time is needed to analyze the temporal
change in the trophic pattern to integrate the potential flux of
materials over a season.

1 William Rizzo, Va. Inst, of Marine Science
Gloucester Point, Va.
23062

5

Although studies on the contribution of ichthyofaunal production to
the estuarine ecosystem have been performed (Turner, 1977; Weinstein,
1979; Peters and Schaaf, 1981; Weinstein and Brooks, 1983; Boesch
and Turner, 1984; Rozas and Hackney, 1984; Weinstein et a l ., 1984;
Deegan et al.,1986), few studies have attempted to partition the
production into intertidal and subtidal components.

Intertidal

flats and creeks in Chesapeake Bay represent shallow, protected
environments which are available twice a day to the pelagic community.
Young or small fishes can move into these intermitant areas and be
relatively protected from the larger fish predators which do not
move into these shallower waters.

Conversely, the intertidal areas

are not available to benthically foraging fish at all times like the
subtidal areas are.

During the tidal cycle when the very shallow

water even precludes habitation of intertidal areas by most small
fish, the prey items in the intertidal areas have essentially a time
of reduced predation.

As the tide rises, these organisms then

become available as a food resource to the benthically foraging
fish.

The fact that the tidal cycle results in shallow water habitats

for small fish, increased spatial area during high tide, and reduced
predation on benthic organisms during low tide indicates that the
intertidal zone should be a protective, food-rich area which would
be preferred habitat for many small or young fishes.

However, accurate evaluation of the use of intertidal areas usually
has been hindered by the lack of adequate sampling techniques.
Typically, these areas have been sampled using seines, rotenone, or
a small trawl towed behind a boat.

Each of these methods has major
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problems inherent In the technique.

Hand or beach seining is inadeq

uate because the intertidal areas generally have a soft substrate
which makes it difficult to sample.

If the area is sampled by this

method, the substrate in the study area sustains significant modific
ation as a result of dragging the net and walking over the area,
potentially biasing subsequent sampling efforts.

The soft substrate

also decreases the ability to sample the area quickly, which results
in fish avoidance and adds an unknown element of capture efficiency.
Rotenone sampling has proven to be effective in some cases where
conventional sampling was ineffective, to verify sampling techniques,
or facilitate capture of benthic species (Cain and Dean, 1976;
Weinstein 1979; Reis and Dean, 1981).

Rotenone, which is commercially

produced as an Insecticide, actively inhibits the respiratory cycle
by severely affecting the cytochrome system of fishes and invert
ebrates.

This generally forces the fish closer to the surface where

they may be captured.

However, it also has been reported that

invertebrate species are more susceptible to the effects of the
poison.

Therefore unknown modifications to the invertebrate community

structure, which may affect ichthyofaunal community structure in
future samples, may result from heavy mortalities of invertebrate
species.

This may introduce a bias which reduces the effectiveness

of using rotenone for multiple sampling efforts.

Small otter trawls

may allow periodic sampling and lessen the amount of habitat modif
ication which may occur.

However, the shallow water and V-shaped

morphology of the intertidal creek systems severely decreases the
efficiency of this sampling method, particularly for those species
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which inhabit the shallower portions of the intertidal areas.

More recent studies have alleviated these problems by using modified
versions of a channel net as initially reported by Lewis, et al.
(1970), which effectively blocks off an entire intertidal creek.
These studies have demonstrated that the intertidal creek systems
provide valuable habitat for larval and juvenile life stages of a
number of species of finfish (Reis, 1977; Cain and Dean, 1976;
Shenker and Dean, 1979; Bozeman and Dean, 1980; Hodson et al., 1981;
Reis and Dean, 1981).

Generally, these primary efforts have been to

evaluate the use of tidal creeks over a limited number of tidal
cycles, or over a few months, and have been spread over a geographic
range which has not included the Chesapeake Bay system.

The focus of the present study is to evaluate the use, by finfishes,
of the intertidal creeks in the mesohaline Chesapeake Bay over
seasonal and diel periods.

Based upon the spatial and temporal

structure and function of the ichthyofaunal community, an attempt to
partition the intertidal component of the salt marsh's contribution
to the ichthyofaunal production will be made.

The overall objective

of the present study is to define the stucture and function of the
finfish community using a mesohaline intertidal creek in the Chesapeake
Bay estuarine system.

The hypothesis of this study is that the

intertidal areas in Chesapeake Bay represent highly productive and
valuable habitat which is actively used by young or small fishes.

METHODS

Study Area:

The study site, Study Creek, was located in Carters Creek— a mesohaline
tidal creek on the York River in lower Chesapeake bay (Figure 1).
Study Creek is an undisturbed salt-marsh area of approximately 7.3
hectares (Mendelssohn, 1973), has a mean annual salinity of 12 ppt,
and virtually is empty of water during slack before flood.

The

morphology of the creek is typical of other salt marsh creeks having
a single main channel with dendritic smaller channels feeding into
the marsh vegetation.

There are no deeper pools in the system which

do not drain during ebb tide.

The mud-flat area exposed during low

tide constituted about 0.19 hectares (1900 m^) with the main channel
running the extent of the system.

The macrophytes were dominated by

Spartlna alternlflora, Spartina patens, and Distichlis spicata
(Mendelssohn, 1973).

Sampling Regime:

Sampling was initiated in March, 1981 and continued monthly through
the spring, summer, and fall seasons until October, 1981 when fish
no longer were captured.

Because of soft mud substrates, shallow

waters, and fringing Spartina marshes, sampling of tidal creeks
using conventional methods (e.g., trawl, seine) generally is less
effective than in other habitats and is most likely the primary
reason for the paucity of quantitative research conducted in these
areas.

Most of the recent research on finfish in tidal creeks has

used various modifications of fixed fyke or channel nets which may

Figure 1. Study Creek sam pling site in relation to ,
the York River, Virginia.
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be used to span a section, or completely block off a length, of
tidal creek.

As the water ebbs, the fish are forced into the

enclosure (Lewis, et al., 1970; Reis, 1977; Shenker and Dean, 1979).
The benefits in this sampling technique are: 1) reduction of net
avoidance, which would allow; 2) attainment of a more accurate
abundance estimate of the species using the tidal creeks and 3)
minimal destruction or modification of the habitat and ecology of
the study area.

Preliminary experiments on the effectiveness of

various types of block net were performed during the summer of 1980.
Typically, the smaller meshed nets (5 mm, stretched) created some
problems with the water pressure of the ebb tide forcing down the
head rope, lifting the foot rope, or deforming the net thereby
reducing efficiency.

Additional problems with the smaller meshed

nets were evident because of the discharge of detrital materials and
capture of the ubiquitous jellyfish, Chrysaora quinquecirrha.
Because sampling was performed during the high spring tides (see
below), detrital flux was above average and, when combined with C.
quinquecirrha, caused the smaller-meshed nets to virtually "bag up",
severely decreasing sampling efficiency.

Based upon these preliminary

tests, a 50 ft, 1 cm mesh box seine was modified for the present
study by adding additional lead weights to the bottom line to ensure
conformity with the creek bottom without gaps and additional floats
were added to the head rope so the net fished more efficiently.

The

capture box portion of the net was modified so that it could be
raised independently of the wings of the net, which decreased losses
of fish during the hourly samples.

The samples were collected from
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a small platform which was erected In the middle of the creek at the
capture box.

A catwalk provided access to the platform from the

adjacent high-marsh area.

This sampling method ensured that minimal

destruction or modification of the sampling area occurred during the
study.

Day and night variations among fish species using tidal creeks have
been reported (Shenker and Dean, 1979).

To minimize any variability

resulting from this factor, two samples were collected each month,
one during a daytime high tide and one during a nighttime high tide.
Variations in the use of intertidal areas because of lunar cycles
have also been reported (Taylor et al., 1979).

Therefore the sampling

periods were scheduled, within the constraints of day and night
tidal cycles, during the full moon.

The channel net was set at slack before ebb and the first collection
of specimens was made two hours later.

Subsequent collections were

taken hourly until slack before flood to determine if any tidal
chronology was evident in the use of tidal creeks.

Specimens were

preserved in the field in 15 percent buffered formalin and returned
to the laboratory.

If the number of specimens in a collection was

small, the entire sample was preserved.

If the number of specimens

was high, the sample was put into a fiberglass culling tray approx
imately 1-meter square with a sides about 10 cm high.

A subsample

was collected by randomly retaining one half, one quarter, or one
eighth of the tray depending on the volume of the original sample.
If the sample contained low numbers of easily distinguishable Bpecies
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among the dominant species (such as Morone amerlcana In with
Brevoortia tyrannus), these were removed prior to subsampling.

The

remainder of the sample was returned to the creek outside of the net
enclosure.

Any specimens of rare or uncommon species (such as

Anguilla rostrata) were preserved.

Representative samples of the

various size classes of each species were placed in WHIRL-PAKS^ and
semi-frozen in the field in an alcohol bath placed in salted ice.

The specimens preserved in the buffered formalin were separated to
species and measured in the laboratory.
as standard length (SL).

All fish lengths are reported

The frozen specimens were thawed and

measured in the lab and a continuum of the various sizes were selected
and dried at 60° C until no change in weight occurred.

The data

were then compared to the length-dry weight regressions from the
literature which were used to obtain biomass estimates.

For each

sampling date, ten individuals of each species (the dominant five
species; see text) of the remaining frozen specimens were thawed and
dissected.

The stomachs were placed on pre-weighed millipore filters

and the bodies were placed in a pre-weighed aluminum pan.

If the

species had no true stomach (such as Fundulus heteroclitus), the
intestinal tract from esophagus to the hind gut was removed and used
for the analysis.

These samples were placed in a drying oven and

dried at 60° C until no change in weight was evident.

The relationship

of the stomach weight as a percentage of total body weight was
calculated and used as an indicator of stomach fullness and,
consequently, recent feeding.
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Mark-Recapture :

A mark-recapture study was performed during the summer of 1982 on
Fundulus heteroclitus to attempt to Indicate if a home range was
evident within the study area.

Fish were marked on June 2 and 5.

To estimate the number of F. heteroclitus using the study creek
system, fish were recaptured in wire-mesh minnow traps with a mesh
size of approximately 5mm.

Recapture sets were made on June 8, 15,

and July 15 at the location of the marking.

The traps were set,

unbaited, in the intertidal Study Creek system at max-flood tide and
retrieved at max-ebb tide.

The collected specimens were counted and

measured, and marked by cutting a small notch out of the anal fin of
the specimens.

To estimate the potential mortality of this technique,

30 individuals from an area away from the Btudy area were collected
and marked in the same manner.

These specimens were held in two 40

1 aquaria with 15 individuals in each for 28 days; two deaths resulted.
In both cases death occurred in larger individuals (“80 mm SL) and
there was no apparent relationship between the mortality and the
marking technique (no indication of bacterial or fungal infection on
the marked area).

Five individuals from this group were retained

for the duration of the study to ensure that the marks remained for
the duration of the study.

Calculations of the estimated population sizes were performed following
Ricker (1975) and were based on the equation:

H -

M ‘ C
R

(1)

14

Where:
N » Total number of individuals in the population.
M = Total number of marked fish released into the population.
C = Total number of fish captured in a sample.
R = Number of fish in the sample which were marked (recaptured).

Length-Weight regressions:

The length-weight regressions were derived from literature sources
and unpublished data and applied to the standard"length data obtained
during the study.. In some cases, multiple conversions were necessary
to conform the data with the regression equation (e.g. changing
standard length to total length or wet weight to dry weight).

The

following length-weight equations were used for the five dominant
species:

Anchoa mltchilli
The length-weight regression for Anchoa mltchilli took the form
of the equation :

log W - 3.0(log SL) - 5.7813

Where W is in grams dry weight and SL is in mm.

(2)

This information

was based on unpublished data from the Rose Bay area of North
Carolina (personal communication, Currin)^.

2 Mac Currin, Zoology Dept., No. Carolina State
University, Bx 7617, Raleigh, N.C. 27695
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Brevoortia tyrannus
The length-weight regression for Brevoortia tyrannus was obtained
from Epperly (1981):

loge W = 3.103(loge SL) - 11.037

Where W is in grams wet weight and SL is in mm.

(3)

Conversion to

grams dry weight was based upon data by Durbin and Durbin (1981)
who reported that dry weight of B. tyrannus as 33.4 ± 1.8 percent
wet weight.

Fundulus heteroclitus
The length-weight regression for F.

heteroclitus was based on

data from Kneib and Stiven (1978), who reported that the regression
varied by month, and between males and females.

It was determined

that any similar variation which may be found in the present
study could not be determined without duplicating the study by
Kneib and Stiven (1978) and therefore, use of the authors' many
regressions based upon time of year and sex was not attempted.
Subsequently, mean values were calculated from the authors' data
and applied to the collections from Study Creek.

The resulting

equation was:

loge W = 3.24(loge SL) - 6.179

Where W is in milligrams dry weight and SL is in mm.

(4)
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Leiostomus xanthurus
The length-weight regression for spot was obtained from Weinstein
et al.

(1984).

The dry weight was calculated using the equation:

log W = 3.2726(log SL) - 5.8751

Where W is

(5)

in grains dry weight and SL is in mm.

Menldia menidla
The equations for calculating the length-weight relationships for
Atlantic silversides were provided from unpublished data (Bengston,
personal communication)^,

The relationship is in the form of a

quadratic equation which is:

W

= 0.00025(TL)2 - 0.01374(TL) + 0.20166

(6)

Where W is in grams dry weight and TL is total length in mm.

The

relationship between total length and standard length was also
provided by Bengston (personal communication)3 and was in the form
of the regression:

TL » 1.16054(SL) + 1.42527

(7)

Where both total length (TL) and standard length (SL) are in mm.

3 Dave Bengston, University of Rhode Island
Kingston, RI 02881-0804

RESULTS AND DISCUSSION

A total of 21,558 individuals was captured during the single season
study period.

Figure 2 indicates the number of specimens captured

for each month with the day and night sampling periods combined.

If

all species except Brevoortia tyrannus are considered, there was
little difference in total number of specimens captured during the
day versus the night sampling period; 4,254 and 3,767 individuals,
respectively.

Inclusion of B. tyrannus heavily biased the numbers

captured to the daytime period, but this is solely because of the
large daytime capture in May (10,893 specimens).

Although the

overall difference in day or night captures was not large, the
various months showed considerable variation in day or night use of
the creek depending on the species comprising the sample.

Table 1 lists the species captured and their numbers by month.
species —

Five

Anchoa mltchilli, Fundulus heteroclitus, Leiostomus

xanthurus, Menidia menidia, Brevoortia tyrannus —

were the dominant

species by number and accounted for 98 percent of the specimens
captured. The relative numbers of individuals captured during the
day and night periods for all species,excluding B^. tyrannus, are
illustrated in Figure 3.

As can be seen, most species showed a

preference for either a daytime or nighttime high tide.

Further

discussion of day or night preferences are presented under the
Individual species accounts.

17

Figure 2. Total num ber of fish specim ens captured
a t Study Creek, plotted by month.
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Temperature of the max-ebb tides are plotted by day and night in
Figure 4.

The temperature differences between the sun-warmed daytime

high tide and the nighttime high tide forms an apparent diel thermal
envelope which may affect the use of the tidal creek by some species
both during the cooler spring months and the warmer months in late
summer.

The accounts for particular species provide additional

discussion.

Figure 4. Doy versus night m id -eb b tide tem peratures
at Study Creek. Plotted by degrees Centigrade
and month.
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Population Dynamics:

Anchoa mltchilli

(bay anchovy)

Although a resident species of Chesapeake Bay, A. mltchilli were
most abundant in the intertidal creek during the latter part of the
summer (Figure 5).

The relative contribution of A. mltchilli to the

catch varied from a minimum of 1.9 percent in May when a large
influx of Brevoortia tyrannus occurred in the creek to a maximum of
63.4 percent in August when the bay anchovy was the dominant species
by number.

Peak biomass was recorded in August when 73.8 grams dry

weight were collected (Table 2).

The bay anchovy ranked third in

relative abundance with the total number captured during the study
being 2228 or approximately 10.4 percent of the total specimens
(Table 1).

Because of the relatively small size of the species in

comparison to the mesh size of the block net, individuals smaller
than 20 mm SL rarely were retained by the sampling gear.

Therefore,

the number of individuals of A^_ mltchilli that used the tidal creek
has been underestimated.

Generally, the estimates of dry weight

biomass followed the pattern of individuals captured.

However the

estimates of biomass, plotted by month, show slightly lower values
than expected for May, July, and August (Figure 6),

Further compar

isons with the plot of average standard length by month (Figure 7)
and the length-frequency histograms show that the decrease in average
size of individuals using the tidal creek from 41.9 to 33.8 mm SL
between April and May and from 42.7 to 36.8 mm SL between June and

Figure 5. Total num ber of Anchoa miichilti captured
at Study Creek. Plotted by month.
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Figure 6. Estimated biom ass of Anchoa miichilli
captured at Study Creek. Plotted by
gram s dry weight and month.
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captured at Study Creek. Plotted in
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July accounted for the observed biomass decreases (Figure 8).
The bay anchovy has been reported to have a protracted spawning
period In Chesapeake Bay (Hildebrand and Schroeder, 1928) and this
is the apparent cause of the fluctuations in the mean size of the
individuals captured during this study.

An examination of the

length-frequency histograms (Figure 8a-e) shows what appears to be
second-year individuals using the Study Creek system during the
April sampling period.

The histogram for the May sample also

indicates the presence of second-year individuals, however the
appearance of smaller specimens in the 25 to 34 mm SL size range is
also evident.

The May daytime sampling period was the only sample

taken during a storm event and the resulting monthly size distribution
may have been modified by the precipitation.

The June length-

frequency distribution again shows the unimodal pattern of a single
age cohort.

However, the following month’s sample, July, has a

strong blraodal distribution which indicates that new recruits have
become susceptible to the sampling gear.

By August, the two distinct

age classes from July have merged into a generally indistlsguishable
length-frequency distribution.

Notice the appearance of a number of

smaller ("22 mm) individuals, which indicates another cohort in this
year class as a result of the protracted spawning period. Just two
individual A ^

mltchilli were captured during the September sampling

periods when the species had apparently moved out of the shallow
creek system to deeper water.

Another important aspect of the size distribution of the individuals
captured in Study Creek was the maximum size.

No fish larger than

Figure 8 a -e . Length frequency of Anchoa mitchiffl captured
at Study Creek, grouped in 3 -m m increments.
Plotted by number and standard length for
each month.
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the 60 to 62 mm were taken although the mean size of the population
for Chesapeake Bay has been reported to be approximately 76 mm and
the largest specimen reported around 97 mm (Hildebrand and Schroeder,
1928).

Hildebrand and Schroeder (1928) also reported that young bay

anchovies did not take on the full characteristics of the adults
until a size of about 60 m m which would correspond closely to the
maximum size attained during this study. Reviewing Figure 8a-e, it
is evident that as the larger individuals reached a size of around
60 mm they moved out of the shallow intertidal creek system and
probably remained in deeper water of the subtidal creeks or the York
River.

This would account for the strong single year class that was

present in Figure 8c for June and the apparent merging of the two
cohorts in Figure 8e, August, when the larger individuals of
the 1+ year class indicated on the July plot would have left the
tidal creek system.

The dynamics of the size distribution of indiv

iduals captured during this study indicate that the intertidal creek
system is probably a nursery area for A*_ mitchilli with only yearclass 0 and early year-class 1 individuals using the system.

Diel variations in capture were indicated for A^_ mitchilli which
used the tidal creek during this study.

A Chi-square test for

goodness of fit demonstrated a significant difference between day
and night use of the intertidal creek.

Of the 2228 specimens

obtained, approximately 1,718 or 77 percent of them were captured
during the nighttime sampling period (Figure 9).

This is in direct

contrast to the study by Reis and Dean (1981) in South Carolina in
which they demonstrated that A^_ mitchilli showed a proclivity to

Figure 9. Day versus night capture of Anchoa mlfchilli
at Study Creek. Plotted by numbers and month.
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use the tidal creeks during the daylight, and particularly morning,
hours.

The authors found a highly significant correlation between

number of anchovies captured and percentage of daylight during creek
flooding.

Although there is no apparent reason for the discrepancy

between the two studies, a hypothesis based on a number of factors
may be raised.

Reis and Dean (1981) proposed that the bay anchovies

were immigrating to the tidal creek in South Carolina during the day
to minimize predation pressure from the larger species which are
sight feeders and which, because of their relative size, were excluded
from the creek.

It is apparent from the frequency distribution data

presented earlier that the bay anchovy in the present study were all
juveniles.

Therefore, the bay anchovies in the present study, when

compared to the study by Reis and Dean (1981), might have been
subject to different patterns of predation which may not have been
severe enough to force a representative sample of the population,
including the adults, into the shallower water of the intertidal
creek. Secondly, the preferential food source for young A ^

mitchilli

has been demonstrated to be calanold copepods while the adults
specialize on mysids (Hildebrand and Schroeder, 1928).

A study by

Sheridan (1978) in Appalachicola Bay, Florida also corroborated that
mysids became more important and calanoid copepods became less
important in the diet of young A ^ mitchilli as they grew, although
that study was limited to specimens of 69 mm or less.

Partitioning of the food resources may cause a different spatial and
short-term temporal distribution of anchovies in areas of decreased or
different predation pressure than in the study by Reis and Dean (1981).

The mysid species which is most common in the York River area around
the study site is Neomysis americana, an epibenthic species (James
Price, personal communication)4,

which is negatively phototactic

and migrates up into the water column at night and returns to the
bottom during the day.

Because of the strong photophobic response

of N^_ americana, this species stays in the deeper water during the
day and would be virtually absent from the daytime flooding intertidal
creek and is not abundant in the shallow water even during night.
On the other hand, calanoid copepods are found in the shallower
waters of the York River creek systems (Price, personal communication)^.
During the night, copepods aggregate near the surface layer and, as
the tide rises, it is this surface layer which is transported into
the intertidal creek system.

This would provide a food-rich refuge

area for young anchovies, while the adult A^_ mitchilli remain in
the deeper water feeding on N. americana.

However, a Mann-Whitney

U-test indicated that in only one month (July) were day and night
samples significantly different in stomach fullness.

This, however,

may have been a result of the difficulty in dissecting the small bay
anchovy and weighing and comparing the stomach samples.

Overall,

the low numbers of A. mitchilli found in the intertidal creek during
the day when they would be most susceptible to sight-feeding predators
indicates that the species were not using the intertidal creeks as
refugla during the daylight hours as was reported to be the case in
the South Carolina system studied by Reis and Dean (1981).

Secondly,

the lack of adult individuals (" 60 mm, Hildebrand and Schroeder,
1928) in either day or night samples indicates that the intertidal

4 James Price, National Marine Fisheries Service
3300 Whitehaven Ave., N.W., Washington, D.C. 20235

creek was used primarily as a protected area for the first and
second year fish.
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Brevoortia tyrannus

(menhaden)

Menhaden ranked number one in abundance with a total of 13,399
specimens and an estimated dry weight of 4.5 kg collected during the
study period (Tables 1 and 2).

Brevoortia tyrannuB started using

the tidal creek during April, and the peak number was captured during
May (Figure 10), when 10,893 individuals or 81.3 percent of the
total specimens of B ^ tyrannus captured during the study were
collected. The majority of the May menhaden sample, 9970 Individuals
or 91.5 percent, of the month's sample was taken during the daytime
sample.

Figure 10 shows that the number of B. tyrannus using the

tidal creek system rapidly decreased from the May number and that
menhaden were virtually absent from the creek by September.

The

April immigrants, which were found in low numbers, apparently were
all second year individuals with a mean standard length of approximately
100 mm (Figure 11).

The influx of B_. tyrannus to the intertidal

creek in May was comprised primarily of first year recruits with the
mean size of the individuals of 35.1 mm.
mean standard length of B.

Figure 11 shows that the

tyrannus increased from 35.1 to 83.9 mm

between the May and August sampling periods.

During the same time

period, the average estimated dry weight of an individual increased
from 0.197 gms to 3.1 gms in the monthly pooled samples.

Studies on

the growth rate of young-of-the-year menhaden have been reported
from North Carolina and Delaware areas.

Lewis et al.

(1972) reported

that juvenile B^_ tyrannus from the White Oak River in North Carolina
demonstrated a 5.8 percent daily growth rate for prejuvenile menhaden
during a 41 day period from April 16 to May 26, 1969.

Also Peters

Figure 10. Total number of Brevoortia tyrannus captured
at Study Creek. Plotted by month.
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Figure 11. Mean standard length of Brevoortia tyrannus
captured at Study Creek. Plotted in
millimeters by month.
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and Schaaf (1981) reported on unpublished data by A.L.

Pacheco and

G.C. Grant which showed that juvenile menhaden in the White Creek,
Delaware area had a daily growth rate of approximately 3.8 percent
during the time period of early June to late August 1957.

The

authors also reported that juvenile menhaden in the Newport River,
North Carolina system had an estimated daily growth rate of about
3.8 percent for an 82-day time period in 1971.

In the present

study, the daily growth rate of juvenile menhaden was calculated to
be approximately 5.0 percent for the 29-day time period between May
20 and June 17.

This time period is probably equivalent to the

period reported by Peters and Schaaf (1981) for the North Carolina
system, allowing for latitudinal variations between the two sites.
The sampling periods of approximately May 20 and August 18 in this
study are closely aligned with the early June to late August period
reported for Pacheco and Grant's unpublished data.
the juvenile B^_

In Study Creek,

tyrannus had an estimated daily growth rate of

about 3.2 percent for the 89-day period between the May and August
samples.

As indicated, the daily growth rates for juvenile menhaden

in the Study Creek system are about 15 percent lower than previously
reported rates.

The apparent discrepancy in growth rates for the

May-to-June time period in the present study and the data from White
Oak River, North Carolina is probably normal.

Menhaden demonstrate

a size-related change in growth rate which decreases as the fish
ages (Lewis et al., 1972; Kroger et a l ., 1974), and the specimens
included in the present study for the May-to-June period were
appreciably older than those in the White Oak River study.

Although
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there are no definitive reasons or answers at present as to why
there is an apparent lower growth rate for the juveniles in the
present study when compared to estimates from other studies, it is
likely that the difference is an artifact of the methods used and
the structure of the systems which were being studied.

Both the

Newport River study and the White Creek study treated the sampling
area as more of a closed system than the present investigation of
the Study Creek area. The two earlier studies actively collected
samples from different areas of their respective systems, which are
much larger and deeper than Study Creek, and most likely obtained a
more representative sample of the resident population.

Conversely,

the Study Creek investigation was a more passive collection of what
essentially is an open system.

Because of this, the collections are

more biased to the smaller members of the juvenile population which
were preferentially using the shallow intertidal creek system.
Although it is the younger individuals which typically have the
fastest growth rates, emigration of individuals from the system as
they attained a larger size would bias the calculations and decrease
growth rates.

Kroger et al. (1974) reported that young-of-the-year

menhaden demonstrate disparate overall growth between individuals
depending on when they were spawned and subsequently entered an
estuarine system.

The authors reported that first-year fish ranged

from 40 to 185 mm total length at the end of the growing season.
is reasonable to assume that the larger juveniles of B^_ tyrannus
which used the Study Creek system may not have remained with their
smaller-sized cohorts as they increased in size.

This would give

It
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increased importance to the smaller individuals which are found in
the tidal creek and would be reflected lower average lengths and
estimated daily growth rates than if the larger individuals remained.
A similar occurrence was also evident later in the growing season in
White Creek, Delaware when larger individuals of IB. tyrannus left
earlier than smaller specimens (Grant, personal communication)5.

The length-frequency histograms for B. tyrannus (Figure 12a - e)
demonstrate the progression from the second-year individuals captured
in April sample to the strong recruitment peak in May.

The length-

frequency distributions for June and July (figure 12c and d) have
distinctive secondary peaks which may have been later pulses of
recruitment. Traces of the second-year individuals which first
entered the system in April can be detected in the May and June
graphs (Figure 12b and c).

It is impossible to determine from this

single season data or from concurrent field observations whether the
large May daytime sample was spurious or not.
only one taken during a storm event —
study.

This sample was the

a medium rain —

in the

Because of the schooling nature of B^_ tyrannus, and their

highly contagious distribution, capture of this species would be
expected to vary appreciably.

However, the timing of the large

influx to the Study Creek area was consistent with investigations
reported from other Atlantic estuarlne systems.

There was no evidence that young-of-the-year menhaden showed any
diel preference to the intertidal creek,

A Chi-square test for

goodness of fit did not demonstrate any significant difference in
5 George Grant, Va. Inst, of Marine Science
Gloucester Point, Va.
23062

Figure 1 2 a-e. Length frequency of Brevoortia tyrannus captured
at Study Creek, grouped in 3 -m m increments.
Plotted by number and standard length for
each month.
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day or night use of the intertidal creek.

It is not expected that

juvenile menhaden, which are generalist planktivores, would gain any
particular trophic advantage by using the intertidal creek area.
Qualitative gill netting, which was performed in the deeper waters
of Carters Creek just outside of Study Creek, resulted in the capture
of a number of predators of B^_ tyrannus, including Cynoscion regalis,
Paralichthys dentatus, and Pomatomus saltatrix.

It is most likely

that the presence of juvenile menhaden in the intertidal creek is
a result of chance occurrence of location and time.

However, the fact

that large predators of 15. tyrannus were located in the adjacent deeper
water and that appreciable additional area becomes available during high
tide indicates that their presence may be influenced by two factors;
predation pressure and intraspecific spatial competition.

Field

observations during times when the channel net was not in place
indicated that the schools of young menhaden were not obligate
inhabitants of the intertidal creek.

The schools freely moved in

and out of the creek during the time immediately preceding and after
slack before ebb, without apparent regard to tidal stage.
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FunduXus heteroclitus

(mummichog)

Fundulua heteroclitus, the ubiquitous mummichog, is a resident of
the estuarine waters of Chesapeake Bay.

During this study, 1?.

heteroclitus ranked second in abundance, with 3335 individuals
captured which accounted for 15.5 percent of the total specimens
collected (Table 1), and first in biomass, with a total estimated
dry weight of 4508 gms or 38.8 percent of the total estimated dry
weight (Table 2).

The graph of the number of mummichogs captured by

month (Figure 13) shows that the largest number, about 1300, was
captured in May.

The influx of F. heteroclitus to the shallow

intertidal creek system appears to have started between the March
and April sampling periods.
of Vallela et al.

This is consistent with the observations

(1977) who described the initial foraging in

Massachusetts salt marshes as beginning approximately during the
first week in April.

The controlling factor for the immigration of

]?. heteroclitus to the shallower creeks and marshes is probably
temperature. The water temperature rose from 9° C in March to 16.5°
C in April.

Targett (1979) demonstrated that digestion efficiencies

of F. heteroclitus were at their maximum between the temperatures of
13° and 29°C (the upper limit tested) but that the experiment showed
a decrease in efficiency at 5°C.

The decrease was calculated to be

about 13.5 percent from the estimated efficiency at 21°C.

Although

Targett (1979) suggests that this is of minimal ecological importance,
the movement of £. heteroclitus into the shallower, warm water
coincides with the seasonal increase in growth of both somatic and
gonadal tissue and optimizing digestion and metabolic energy efficiency

Figure 13. Total number of Fundulus heferocHfus captured
at Study Creek. Plotted by month.
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would be Important at this time.

There was a statistically significant difference In day-night use of
the tidal creek system by mumtnichogs based upon a chi-square test
for goodness of fit, but no clear or consistent pattern was evident
(Figure 14).

Fundulus heteroclitus has been reported to have a

spawning period which coincides with spring tides, and particularly
with the nighttime spring tide (Taylor e t a l ., 1979).

The authors

demonstrated a periodicity of gonadosomatic indices (gonad-to-body
weight) with new or full moon spring tides.

Fundulus heteroclitus

has been demonstrated to use the high-rising spring tides to move up
onto the marsh surface where the female deposits a clutch of eggs
into empty Geukensia demissa shells (Able and Castagna, 1975; Kneib
and Stlven, 1978) or between the outer leaves and the culm of a
Spartina plant (Taylor et al., 1979).

The eggs, which are dessication

resistant, will then remain until the next spring tide when they
hatch (Taylor et al., 1979).
indicates that F^.

Although the April sample (Figure 14)

heteroclitus might be using the nighttime spring

high tide in this manner, the May and June samples show that the
species was more common in the tidal creek during the daytime spring
tide.

Unlike the study by Taylor et al.

(1979), the females captured

during the day samples in Study Creek would spontaneously release
eggs with minimal handling.

Dissection of 10 large female specimens

from the May day sampling period discovered 8 with apparently ripe
eggs just anterior to the ovipositor and in a position to be released.

The disparity in day or night use of Study Creek was probably related

Figure 14. Day versus night capture of Fundulus heterocliius
at Study Creek. Plotted by numbers and month.
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to the feeding or spawning habits of the I?, heteroclitus.
et al.

Taylor

(1979) indicate that F. heteroclitus would move high into the

intertidal areas to spawn during nighttime spring high tide.

This

was probably represented in the April sample (Figure 14) which,
although mummichogs have an extended spawning period, would be the
primary early spawning period to allow maximum growth of the young
fish.

Conversely, Butner and Brattstrom (1960) and Weisberg et al.

(1981) demonstrated that F.

heteroclitus were prevalent in daytime

high tides which they used to move into the intertidal areas to
feed.

This behavior was apparent in the May, June, and July samples

(Figure 14).

Fundulus heteroclitus has a maximum age of approximately 3+ years
(Wright, 1972; Valiela et a l ., 1977; Kneib and Stiven, 1978).

But,

because of the protracted spawning during the spring and summer
seasons, length frequency distributions are of little value in
determining the various age classes.

Examination of the length

frequency distributions by month (Figure 15a - e) shows the general
overlap of the age classes, except for the month of April where a
fairly clear bimodal distribution is evident.

The first modal

pattern, centered around the 40 mm group, was apparently year-2
individuals and the second modal distribution, loosely centered
around the 70 mm group, was a combination of two year old and three
year old individuals.

The modal size of one year old individuals

can be compared to Meridith's (1975) findings in Delaware (although
his sample may have been biased toward the larger individuals) which
indicated that individuals starting their second growing season in

Figure 15 a -e . Length frequency of Fundulus heteroclitus captured
at Study Creek, grouped in 3 -m m increments.
Plotted by num ber and standard length for
each month.
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April were between 55 and 69 mm TL (ca. 44 to 55 mm SL) and Kneib
and Stiven's (1978) study In North Carolina where the mean size of
second-year individuals in March was approximately 33 mm SL.

The

Study by Valiela et al. (1977) indicated that the year-1 individuals
in June were about 46 mm TL (ca. 37 mm SL) which, accounting for
growth since the spring, very closely compares with the results of
Kneib and Stiven's (1978) study.

Although no conclusive pattern can be established by examining the
length frequency distributions in Figure 15, it is apparent that the
channel net sampling technique sampled few if any young-of-the-year
F. heteroclitus.

Kneib and Stiven (1978) reported that year-1 fish

reached a mean standard length of approximately 26 mm by August in
the North Carolina study.

Even allowing for increased size in the

Study Creek area, there is little indication, except perhaps in
August, that the 1981 year class was sampled during this study.
This indicates that multiple sampling techniques, such as Kneib and
Stiven's (1978) pit traps combined with a mark-recapture study, in
addition to the channel net may be required to adequately assess the
population of F.

heteroclitus which may be using the tidal creek

sytem.

Lotrich (1975) reported that a population of F_. heteroclitus in a
Delaware creek system demonstrated a summer home range of about 36
m.

If a similar range was evident in the Study Creek area, sampling

of the population could deplete the individuals using the Study
Creek intertidal system thereby biasing the serial sampling to

50

indicate greater numbers at the beginning of the sampling period as
opposed to the end.

Examination of Figure 13 suggests that this may

have been occurring during the Study Creek research project.
at the same time, the segment of the population of

But,

heteroclitus

captured in the Intertidal creek appears to have been following the
same general pattern of temporal use of the Study Creek system as
the other species and may have been responding to environmental
cues. To attempt to clarify the home-territory effect in the Study
Creek system, a mark-recapture study was initiated during the summer
of 1982.

On June 2, traps were set in the intertidal creek at the

location where the block net was set the previous year.
183 fish were tagged and released.

A total of

On June 5, a second trap set was

made and 151 individuals were captured, of which 33 were recaptures.
Fifty more of these unmarked specimens were marked and all were
returned to Study Creek,

it was estimated that, based on the

survivorship of the fish marked and held in the aquaria (see methods),
that 217 marked fish were released into the Study Creek segment of
the F. heteroclitus population.

The third trap set was made on June

9 and of the 133 specimens captured, 32 were marked.

A fourth

capture was performed on June 15 and 22 of the 143 individuals
captured were tagged and the final recapture was done on July 15
when 10 out of 76 individuals collected were marked.

The standard

mark-recapture computations were applied to the recapture data and
the resulting population estimates are shown in Figure 16.

The

estimated population numbers for the intertidal Study Creek location
demonstrate an increasing trend with time (Figure 16).

Based on the

Figure 16. M ark-recapture population estimates tor Fundulus
heieroclilus in Study Creek, 1982.
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mark-recapture technique, the only causes of this type of temporal
pattern would be: 1) the size of the sub-population in which the
marked fish reside is increasing because of immigration or recruitment
of young, 2)

the marked fish are experiencing disproportionate mortality

because of the tagging or differential predation rates, or 3) the
marked specimens are emigrating from the location where they would
be susceptible to recapture.

The apparent Increase in population

size was not a result of juvenile recruitment because no increase in
the proportion of smaller individual fish was evident in the
collections. Likewise, the immigration of appreciable numbers of
adult specimens into the area of the intertidal creek system is
unlikely based upon the lack of increase in Catch Per Unit Effort
(CPUE) demonstrated over the sampling period (151, 133, 143, and 76
specimens captured).

Differential mortality may have occurred but

the evidence of survivorship of 93.3 percent of the finclipped fish
Indicates that it is unlikely that the marked specimens would show
an enhanced mortality as a direct result of the marking technique.
In addition, all recaptured specimens were examined in the field and
no indication of problems with infections or poor health were
evident. Increased predation rates on the marked fish may have
occurred as a result of the fin-clipping technique, but at present
there is no evidence to suggest that an increase resulted.

The most

probable cause of the increasing trend in estimated population size
is that marked fish were emigrating from the Study Creek capture
area and being replaced by unmarked Individuals.

Although the mark-

recapture experiment performed in this study was not as rigorous as
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that done by Lotrich (1975), it appears that the sub-population of
F. heteroclitus that uses the Study Creek intertidal system did not
demonstrate the same type of home-range behavior that was evident in
that study.

This would tend to corroborate the supposition of

Lotrich (1975) that it would be suprising if variations in home ranges
did not exist based on physical conditions, fish density, or
geographical differences.

In fact, the apparent variation between

the two studies may be directly the result of the physical differences
between the two study areas.

Lotrich's (1975) study was performed

in Canary Creek which, although under tidal Influence, always had
a water depth of greater than 0.9 m in the main channel.

The

intertidal Creek in the present study was virtually empty during low
tide when the waters of the intertidal creek would flush into the
waters of Carter Creek.

The Study Creek area more closely resembles

the study area of Butner and Brattstrom (1960), who determined that
the number of tagged £. heteroclitus which returned to their study
area decreased over time, but at a slower rate than the more mobile
Menidia menidla.

The authors suggested that the results of their

study did not indicate homing but that the F_. heteroclitus demon
strated chance localization of activity.

The results of the present

study generally agree.with Butner and Brattstrom’s (1960) conclusion.
A recent study by Hoff (1985) in the York River estuary determined
that P.

heteroclitus in Blevins Creek exhibited a home range of

less than 30 m.

The author marked 2500 specimens of which 394

(15.7%) were recaptured.

The data show that 82.7% of recaptures

were at the same site as the marking, 9.1% of recaptures were 30 m
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from the marking site, and 8.1% of recaptures were 60 m or greater
from the original marking site.

The author's study site was in a

subtidal section of the tidal creek which most closely resembled the
study area of Lotrich (1975).

Fundulus heteroclitus has demonstrated

an affinity for the shallowest water area in the estuarine system.
It is reasonable to assume that the effective home territory of the
mummichog may be dictated by static factors such as habitat morphology
and hydrologic patterns.

Mummichogs in intertidal areas adjacent to

subtidal creeks typically demonstrate an in-and-out (away-from-channel
and towards-channel) pattern which follows the flow of water off the
marsh and upper mud-flat area with little lateral movement (personal
observation).

Fundulus heteroclitus in intertidal creeks, however,

have little choice but to make relatively large lateral movements
(relative to the marsh) with the outgoing tide.

Subsequently, the

individuals moving out of the intertidal creek would encounter other
F. heteroclitus which were inhabiting other areas outside the mouth
of the intertidal creek.

At this point, very little lateral movement

("10 m) would move individuals away from the mouth of the intertidal
creek and they may not renter the creek on the next flood cycle,
being replaced by other individuals.

It is hypothesized that the F.

heteroclitus individuals that were found in the Study Creek system
minimized the expenditure of energy by moving semi-passively with
the tidal flow.

Because the creek flushes almost completely, the

individuals which were in the intertidal creek would be transported
to the adjoining Carter Creek system during low tide.

Even if

minimal movement of the individuals took place at that time, inter

55

mixing of the F_.

heteroclitus from the Study Creek system with

those found outside the intertidal creek in the Carter Creek waters
would occur.

Subsequent tidal movement of the intermixed individuals

located just outside the mouth of Study Creek into the intertidal
creek would develop a low-level pattern of immigration-emigration.
Although further study is warranted, it is probable that this type
of tidal pattern of movement would cause an exchange of marked fish
for unmarked fish, which would invalidate an assumption of the
mark-recapture technique.

Subsequently, loss of marked fish would

cause the type of trend of increasing subpopulation size as was
evident for the mark-recapture experiment in the study area.
Conversely, if some individuals were removed from the Study Creek
system, it is probable that jF. heteroclitus located just outside the
mouth of the intertidal creek would, over a short time, replace
those individuals which were removed.
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Lelostomus xanthurus

(spot)

A total of 1489 L. xanthurus with an estimated dry weight of 2082 g
was captured during the study*

This was approximately 6.9 percent

of the total individuals (Table 1) and 18.0 percent of the total
estimated biomass captured (Table 2).

Figure 17 depicts the capture

of L. xanthurus by month and shows that the first capture of individuals
occurred in April and that appreciable numbers of individuals were
present in the tidal creek system by May.

Peak numbers were attained

in June, and

the spot

were virtually gone by mid-August.

demonstrates

the mean

size of the I.. xanthurus Individuals which

used Study Creek.

Figure 18

One specimen of 141 mm SL was an obvious outlier

and was not included in the calculations for the April sample because
of the low number of specimens captured then (4 total).

This large

specimen was, most likely, an older individual which had overwintered
in the Bay.

The mean

size of JL. xanthurus increased from about 41

mm SL in April to90 mm SL

in August.

No difference in mean size of

individuals was apparent between April and May.

However the low

number of specimens captured during April may not have been an
adequate sample size and recruitment was still occurring.

In addition,

because young-of-the-year L. xanthurus are migrating from offshore
marine waters, and larger individuals are able to swim faster than
smaller ones, it would be expected that the initial pulse of immigration
would contain more individuals in the upper two quartiles in size.
As immigration continues the mean size of individuals would decrease
until it coincides with the sub-population mean of those individuals
using the tidal creek systems.

Although the numbers of individuals

decreased between June and July, the dry weight biomass peaked in

Figure 17. Total number of Lehsiomus xanfhurus captured
at Study Creek. Plotted by month.
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Figure 18. Mean standard length of Leiosfomus xanthurus
captured at Study Creek. Plotted in
millimeters by month.
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July because of the Increased size of the Individuals (Figure 19).
A Chi-square test for goodness of fit analysis of individuals captured
during the day or night sampling periods demonstrated a highly
significant difference

(p ' 0.005) in use of the tidal creek.

Of

the 1,489 specimens captured during the study, 1,345 (90.5 %) were
captured during the day sampling periods (Figure 20).

Rozas and

Hackney (1984) described a similar pattern for three oligohaline
marsh areas in North Carolina.

The authors noted a significant

increase in capture of small spot during daytime high tides versus
nighttime high tides.

In conjunction with the difference in capture between the daytime
and nighttime high tides, L. xanthurus captured in the present study
demonstrated a diel pattern in feeding.

The average dry weight of

stomach contents, as a percent of dry body weight, for the nighttime
sampling period was 1.14 percent as opposed to 6.27 percent for the
daytime sampled specimens.

The range of percents for the night

samples was 0.01 to 3.73 percent of body weight and the range for
day samples was 2.21 to 10.25 percent of body weight.

A Mann-Whitney

U-test was performed and showed a highly significant difference
between the relative day and night samples.

This result is at

variance with the study by Currin et^ al^. (1984) in Rose Bay, North
Carolina which did not demonstrate any apparent diel feeding patterns
and the study by Hodson et al. (1981) in the Cape Fear River, North
Carolina in which a nocturnal feeding pattern was observed.

Other

studies have indicated that young L. xanthurus feed on a tidal
rhythm, with the fish increasing their feeding during the flooding

Figure 19. Estimated biomass of Leiosfomus xanthurus
captured at Study Creek. Plotted by
gram s dry weight and month.
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Figure 20. Day versus night capture of Lefostomus xanthurus
at Study Creek. Plotted by numbers and month.
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tide.

Miller and Currin (1981) estimated that only 15 percent of

the individual spot which entered a marsh on a flooding tide had a
gut fullness of greater than 50 percent, whereas 75 percent of the
fish leaving the marsh on the following ebb tide had greater than 50
percent gut fullness.

Hodson et al. (1981) and Miller and Currin

(1981) noted that the gut contents of spot using North Carolina
creek systems varied, with flood-tide fish stomachs containing mostly
harpacticoid copepods while ebb-tide fish also contained polychaetes
and small crustaceans; an indication of feeding in the intertidal
area during flood tides.

Because JL. xanthurus captured during the

present study demonstrated a clear diel-feeding and day-use pattern,
it is evident that the young-of-the-year spot were using the intertidal
creek as a nursery/feeding area.

Some of the predators on young

spot, such as Cynoscion regalis, although being predominantly sight
feeders, feed crepuscularly (Lascara, 1981) and would not provide
appreciably increased predation pressure during the daytime high
tide. However, other predators such as Paralichthys dentatus and
Pomatomus saltatrix are daytime feeders and may have provided some
predation pressure on the species, moving individuals into the
intertidal creek.

Comparison of the length-frequency histograms by month (Figure 21
a-d) indicates the temporal change of the length distribution of the
pulse of L.

xanthurus which Immigrated into the tidal creek system.

All specimens captured, except for the single older specimen in
April, were solely young-of-the-year individuals as demonstrated by
the strongly unimodal distribution of standard length.

The length-

Figure 2 1 a-d . Length frequency of Leiosiomus xanthurus captured
at Study Creek, grouped in 3 -m m increments.
Plotted by number and standard length for
each month.
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frequency distribution of the first-year spot remained in a fairly
cohesive unimodal pattern throughout the period of use of the tidal
creek.

Although not directly testable with the current data, this

is an indication that food was equally abundant and probably was not
a limiting growth factor.

From the June peak in number of individuals

using Study Creek, the number of individuals captured decreased
until no specimens were captured in September.

This pattern of decreasing number of L. xanthurus was probably a
result of three factors.

First, natural mortality from predation

would decrease the number of spot available to use the tidal creek
system.

Second, the increasing temperature of the shallow creek

water during late July and August could prevent young spot from
using the creek during the preferred daytime flood tide.

Note that

the August sample in Figure 20 shows that all the specimens were
captured during the night sampling period; a reversal of the pattern
indicated for previous months.

The water temperature during the

August nighttime sample was 23° C, but the mid-day temperatures in
the Study Creek system during August exceeded 32.0° C (Figure 4) and
may have presented a thermal barrier to L. xanthurus.

Hodson et^ a l .

(1981) reported that the estimated upper incipient lethal temperature
for juvenile spot was 35.2° C, and although the recorded day-time
temperature in the intertidal Study Creek system did not reach this
level, the elevated temperatures which did occur may have presented
a stress which the juvenile spot avoided.

Third, the tidal creek

system is an open system and is subject to emigration of a species
from the spatial extent of the system.

Chao and Musick (1977)
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reported that a size differential in young-of-the-year sciaenids,
including L. xanthurus, was evident when comparing beach seine
stations in the shoal areas to the deeper channel stations.
the larger fish were found in the deeper water.

Typically,

The authors also reported

that capture of first-year spot, although much reduced, continued at
the subtidal beach stations and in the channels until December, when
most of the individuals left the Chesapeake Bay estuarine system.
This would indicate that the young-of-the-year individuals used the
intertidal portion of Study Creek during the late spring and early
summer fast-growth period and then, in response to the increased
temperatures and, most likely, an ontogenetic change in life-history
and feeding patterns, moved into deeper water where they remained
until most of the individuals left the estuarine system.

A similar

pattern was demonstrated by Weinstein and Brooks (1983) for a
creek/seagrass system on the eastern shore of Chesapeake Bay.

The

authors, although studying the subtidal waters, concluded that the
marsh creek was the preferred habitat for the initial young-of-theyear L. xanthurus immigrants and as the season progressed the larger
individuals moved downcreek.

Standing crop estimates for the intertidal Study Creek system were
calculated for numbers and dry weight biomass.

Maximum numerical

density was reached during June and was 0.28 individuals/m^.
mean biomass for May, June, and July —
the tidal creek —

The

the period of optimum use of

was 0.32 g/m^ and the maximum biomass density was

attained in July with an estimated 0.53 g/m^.

These values for the

Study Creek are lower than the estimated densities obtained by
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Weinstein (1983) and Weinstein et al.

(1984) in Blevins Creek and

Little Monday Creek systems in the lower York River.

These studies

reported densities of approximately 5.0 fish/m^ in Little Monday
Creek and a mean density of about 0.63 fish/m^ in Blevins Creek for
the months of June, 1982 and June, 1983 respectively.

The mean

biomass density of 0.32 g/m^ in the present study for the 62 day
period between May 19 and July 20 is considerably lower than the 2.3
g/m^ value reported for Weinstein (1983) in the Little Monday Creek
area, however it is higher than the reported value of 0.13 g/ra^ for
Miller and Currin (unpublished data) and the reported value of 0.07
for Bozeman and Dean (1980) (Currin et ftl., 1984).

The subtidal portion of Carter Creek just outside the mouth of Study
Creek was sampled with a standard 6.0 m semi-ballon otter trawl
concurrent with the May, June, and July daytime samples inside Study
Creek.

Trawls were conducted over a set 100 m course down the

channel of Carter Creek, which was approximately 2.0 m deep at slack
before flood.

The trawl was estimated to cover an area of 470 m ”2.

The

estimated numerical density for the trawl data was 0.96 individuals/m^
for May, 0.80 individuals/m^ for June, and 0.58 individuals/m^ for
July.

These estimates for the numerical density of L. xanthurus

inhabiting the area just outside of the intertidal creek study area
were higher than the comparable density estimates within the tidal
creek, which were 0.24, 0.28, and 0.19 for May, June, and July,
respectively.

These estimates for the subtidal portion of the study

area compare more favorably with the reported values for Blevins
Creek in the Lower York River in 1983 (mean number = 0.63 fish/m^
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for June and 0.35 fish/m^ for July)( Weinstein et al., 1984).
Because numerical densities were apparently higher outside the
intertidal creek study area, the Study Creek area probably was not
preferentially selected as a forage area, in which case one would
expect the density to at least equal the density outside the intertidal
creek.

In addition, a lower density Inside Study Creek indicates

that predation pressure was not heavy enough and intraspecific
competition for space and food was not great enough to drive large
numbers of young-of-the-year L. xanthurus into the intermittently
available intertidal creek system.

This information, in conjunction

with the growth rate and production data in following sections,
appears to lead to the conclusion that the Carter Creek/Study Creek
system was not at the carrying capacity for juvenile spot during the
1981 growing season.
Currin et al.

A similar conclusion was also reported by

(1984) for other estuarine systems.

This may be an

artifact of the life-history strategy of L. xanthurus where the
total fecundity of the spawning population depends on the number of
mature females which survive man and natural predation to spawn in
southerly offshore areas.

The subsequent larval cohorts must survive

the critical period in the generally less productive offshore waters
where they sustain their initial mortality.
are incurred during the migration —
(Beckman et a l ., 1984) —

Additional losses to predation

which may span over 60 days

to the typically more productive estuarine

systems where their residual numbers, although high, probably do not
approach the carrying capacity of the systems.

Chao and Musick

(1977) studied food resource partitioning of the family Sciaenidae
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in the York River.

The authors concluded that, in addition to

spatial, temporal, and morphological differences, the abundant food
resources in the area contribute to the coexistence of different
species of sclaenids and that intrafamilial competition may not
occur. A decrease in familial competition for the same food source
would also be evident in a decreased competition on the species
level. This is in contrast to species which spawn in the estuarine
systems and, unless predation is large enough to appreciably decrease
the standing stock, could demonstrate intraspecific competition
within the cohort for spatial and food resources.

Ecologically, the fact that the stomach fullness increased when the
individuals were in the intertidal creek during the daytime high
tide indicates that young spot were using the creek as a forage
area.

However, the disparately low numbers of fish m~2 compared to

the subtidal area adjacent to the intertidal creek suggests that the
species may not have been preferentially selecting the intertidal
area over the subtidal area.
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Menidia menldia

(Atlantic silverside)

The Atlantic silverside is a resident species of Chesapeake Bay but
it also demonstrated a seasonal pattern in the use of the Study
Creek intertidal area.

Menidia menidia was first captured in Study

Creek in the April sample and subsequently captured in every sample
through the night sample in September.

This species ranked fifth in

total abundance with 671 specimens captured which was 3.1 percent of
the total number (Table 1).

Menidia menidia ranked fourth in biomass

with an estimated 284 grams total weight being collected during the
study (Table 2).

The pooled monthly numbers captured peaked in July

when the 334 individuals collected comprised 17.3 percent of the
monthly sample (Table 1).

The estimated biomass, however, was

greatest in April when M. menidia made up 7.9 percent of the total
estimated dry weight biomass of the dominant species (Table 2).

Comparison of Figures 22 and 23 shows the disparity between the
seasonal maximum numbers and dry-weight biomass of silversides.

The

elevated biomass estimate in the beginning of the season is a result
of larger individuals of the species using the intertidal creek
before the hatching of the young-of-the-year individuals or before
the juveniles became susceptible to the capture technique.

Spawning

of M. menidia in Chesapeake Bay begins in April and may extend into
early July.

Barkman et al. (1981) demonstrated that M. menidia in

a Rhode Island estuary spawned from early May to early July with the
bulk of the spawning period apparently occurring during May.

The

species is limited to a life span of less than two years, with the

Figure 22. Total number of Menidia menidia captured
at Study Creek. Plotted by month.
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yearling fish dying sometime after the spawning season (Bengston, 1984;
1985).
of M.

Figure 24 depicts the average standard length of the specimens
menidia which were captured each month in Study Creek.

The

large decrease in June of the average size of the species indicates
that the juvenile specimens had become evident in the samples as
they became larger and susceptible to capture by the block net.

The

major influx of juveniles in the sample occurred in July (Figure 22)
and the average size of the fish remained approximately the same as
in the June sample.

This stability of the average size of the

individuals between the months of June and July is a residual effect
of the protracted spawning period exhibited by M.

menidia.

Examination of the graphs depicting the length frequency of silversides
captured in the intertidal creek indicates that low numbers of youngof-the-year M.

menidia entered the samples in June (Figure 25a-f).

However, the major increase in juvenile specimens captured in Study
Creek was evident in July (Figure 25d).

The length frequencies of

the April and May samples (Figure 25a and b) suggest that only
adult specimens were present in the sample early in the season.
However, the graphs of the June, July, August, and September length
frequencies (Figure 25c-f) indicate that these larger sizes of M.
menidia were virtually absent from the sample by mid-June and were
completely missing by July.

Although M.

menidia only lives

approximately two years, it is likely that the larger individuals
just emigrated from the intertidal creek system to deeper or more
open water.

This is supported by a study by Bengston (1984) in

which capture of adult M.

menidia by beach seine in a Rhode Island

Figure 24. Mean standard length of Menidia menidia
captured at Study Creek. Plotted in
millimeters by month.

O

00

N

O

O

CO

tn

O

O

^

(UJUi) Lfl&UOl pJDpUD^S

mer?/c//c?

Month

Hubbs — Hubbs P l o t
S ta n d a r d
Length
by M o n t h

M&n/cf/cr

Figure 2 5 a -f. Length frequency of Menidia menidia captured
at Study Creek, grouped in 3 -m m increments.
Plotted by number and standard length for
each month.

Menidia menidia

LengthFor
equencies
o

60

April
115

so

40 -

SO

20

10

26

U

37

64

73

62

•1

10

46

ss

64

01

73

100

Number

60

Mo y

August

47

107

40

40

30 *■

20

(0
0
10

26

37

99

64

7i

01

62

100

10

37

46

59

64

73

10

37

46

59

64

73

01

100

01

100

60

June
50

54

40

30 -

10

w

26

37

46

59

62

01

100

Standard Length

62

75

estuary continued into October.

Although a more specific study

would have to be designed to elucidate the relationship of M. menidia
with the intertidal creek areas of Chesapeake Bay, the results from
this study suggest that the mature (second year) specimens used the
Study Creek intertidal area during the spawning period and then
stopped entering the intertidal creek after the spawning period.

Dissection of specimens of M. menidia from the April and May samples
disclosed females with eggs that were differentially developed as
described by Hildebrand and Schroeder (1928).
slightly larger than 1.0 mm.

The largest eggs were

Menidia menidia is reported to have

a protracted spawning period which extends into late summer (Hildebrand
and Schroeder, 1928).

The individuals captured in the present study

demonstrated a lengthened recruitment period which was initiated in
June and continued in July.

Some later spawned individuals may have

been present in the August sample, but the data are unclear.

The

major influx of first-year fish into the samples occurred during the
July sampling period.

It should be noted that the smaller specimens

of first-year fish ( " 2 7 mm) were not sampled by the block net.
Therefore, the recruitment pulse is related to the older fish as
they become susceptible to the sampling gear.

Based upon age-at-

length measurements by Barkman et al. (1981), it is estimated that
the smaller individuals (27 to 30 m m SL) were approximately 29 to 32
days old at the time of capture.

Barkman et al. (1981) estimated that the average growth rate for
young M.

menidia based upon daily growth rings on the otoliths, was
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0.84 mm»day-l total length.

This translates to a daily growth rate of

approximately 0.75 mm*day” l SL based upon the standard length-total
length equations calculated by Bengston (personal communication)^.
By applying this growth rate to the June mean standard length
for the approximately 30 days between the June and the July sampling
period, the mean size of the individuals captured in the June sample
can be calculated for July.

The results show that the calculated

mean standard length of individuals in July, which had a mean standard
length of 42.0 mm in June, would be approximately 64.5 mm SL.

This

size class, however, was not evident in the length-frequency graph
for July (Figure 25d).

Barkman et al. (1981) described a phenomena

where early hatched M. menidia in a Rhode Island estuary left the
sampling area after reaching an age of 50 days (ca. 38 mm SL) and
were replaced by later hatched individuals which remained in the
sampling area until they were about 90 days old.

The data suggests

that an apparently similar occurence took place in the Study Creek
system.

The age of the Individuals in the June sample, estimated

from data in Barkman et al. (1981), was approximately 45 days old.
Thirty days later, when these individuals would have been about 75
days old, there was no indication that these earlier-hatched
individuals were in the Study Creek system.
study by Barkman et al.

However, unlike the

(1981), there was no clear evidence of

later-hatched cohorts in the Study Creek area.

But, the strong July

recruitment peak appears to be still evident in August and September
(Figure 25e and f) although the numbers had greatly decreased.
It is assumed that the change in mean sizes for the thirty days

If
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between the months of July and August can be compared to estimate
a relative growth rate, the calculation provides a growth rate of
approximately 0.31 mm*day~^; much lower than the rate reported by
Barkman et al. (1981) and very low for a fast-growing fish like M.
menidia.

Therefore, it is likely that the individuals that were

captured in the August sample were not of the same cohort as those
in the July sample.

Figure 25 a-f indicates that the smallest

individuals which were captured by the block net technique in Study
Creek were in the 27-29 mm SL group.

Using a growth rate of 0.75

mm'day- * standard length, a back calculation for July of the mean
size of the individuals captured in August can be made.

Therefore,

assuming a total growth of 22.5 mm SL for the 30 days prior to the
August sample, the mean size of the August-sampled individuals in
July would have been approximately 29 mm.

This is exactly at the

lower end of the size range which is susceptible to capture by the
sampling method.

Therefore, it seems likely that the apparent cohort

which was being sampled in subsequent months was in reality more
than one cohort.

The spacing of the sampling periods (monthly)

allowed the previous month's individuals which were sampled to attain
an age and size where they left the creek system and the previous
month's post-larval individuals to gain a size where they would be
susceptible to the sampling gear.

It is interesting to note one thing.

The estimated standard length

of M. menidia at an age of about 50 days is approximately 55 mm,
which is very close to the upper size of the young-of-the-year
individuals which were captured in Study Creek.

This agrees with
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the data in Barkman et al. (1981) Which indicated that M. menidia
older than 50 days left the sampling area.

However» unlike Barkman

et al.'s (1981) data, it does not appear that this pattern was limited
to the early-hatched individuals in this study, but was the norm for
all first-year Atlantic sllversides. The difference may be related
to sampling sites; intertidal creek versus a river shore station.

A chi-square test for goodness of fit determined that a significant
difference (P"0.05) existed in day and night use of the creek by
Atlantic sllversides.

Figure 26 graphically describes the difference

in day and night capture of M. menidia by numbers.

As is evident,

although a significant difference in use was present, there is no
apparent consistent pattern.

However, when the information presented

by the length-frequency histograms is taken into consideration, a
clear pattern is indicated.

The adult individuals which were using

the intertidal creek at the beginning of the season showed a proclivity
for the daytime high tide while the young-of-the-year individuals
which were in the creek later in the season after the adults left
used the creek system during the nighttime high tide.

Examination

of the graph of day and night use of the creek plotted by biomass
gives a clear indication of this dichotomy of use between age groups
(Figure 27).

Further evidence supporting the day and night differences

can be found by examining the graph plotting the standard length
versus day and night samples by month (Figure 28).

A Wilcoxon two

sample analysis of the standard lengths by day and night did not
disclose any significant difference in standard lengths of those
individuals using the intertidal creek except for the month of June

Figure 26. Day versus night capture of Menidia menidia
at Study Creek. Plotted by num bers and month.

1

*
■4-1

a
a)
(/)

.<5 5

rii

c

<

0

$N E
XI

<b

0

D

L.

3

+>

o
$ a
a

.c
a) -p

c c

.C) x

J?
c

3

II
n
t.
o

•1 3
>

I

0
■D
Q.

<
r

u
L
D
2

o
o

o
m
m

o
o
n

o
m
<N

o
o
CM
sjgqwnN

o
m

r“

o
o

T"

O
in

o

o

Figure 27. Day versus night capture of Menidia menidia
at Study Creek. Plotted by biomass and month.

(Slll6) }1|6|8|Y\

fdQ
March

April

day

May

versus

July

by

Aug.

m o n th

mer?/c//cr
biom ass

Month

June

night

Men/cf/cr

S ep t.

Figure 28

Mean standard length of Menidia menidfa, day
versus night. Plotted by numbers and month.

(w uj) q|6U3] pJDpUD]S

82

(P'0.05).

During the month of June, both adults and young-of-the-

year individuals were captured.

However, the adults were captured

during the daytime sampling and the young were predominantly captured
at night.
In summary, it appears that the M. menidia which used the intertidal
Study Creek system were predominantly using it as a primary nursery
area.

Early in the season, April and May, gravid adults were found

during the daytime high tide, and later in the season, June to
September, a series of young-of-the-year cohorts were found during
the nighttime high tide.

The data indicates that the first-year

individuals do not use the intertidal creek system appreciably after
reaching the age of about 50 days.

It is clear that the monthly

sampling regime was insufficient to accurately delineate the population
dynamics of the fast-growing and highly-mobile M. menidia.
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Production Estimates:

Production estimates for the species were calculated based upon the
modification by Adams (1976) of the basic production models by Ricker
(1946) and Allen (1950).

The resulting exponential model is:

P = GB

(6)

where

G = In W 2 - In Wj / t

(7)

B = BQ (eG“Z - 1) / (G - Z)

(8)

Z = - (In N2 - In N x) / t

(9)

and

P = secondary production
G = instantaneous growth rate
B = mean biomass over a given time interval
Z = instantaneous mortality rate
N = number of individuals present at time tj or t2
W = mean dry weight of an individual at time tj or t 2

Weinstein et al. (1984), in a study of L. xanthurus
V a . , was

in Blevins Creek,

able to partition the instantaneous mortality rate (Z) into

mortality and emigration components, based upon a mark-recapture
study. This allowed the authors to account for production which was
lost to the system because of emigration.

This loss is typically
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attributed to mortality and, therefore, results in an underestimation
of the overall production of the population.

However in the present

study, the variable Z is in essence an instantaneous loss factor
because it is impossible to determine the loss resulting from emigration
relative to mortality.

Essentially, all of the species which may be

in the Intertidal creek during high tide emigrate to the subtldal
area outside the creek twice a day.

Therefore, the intertidal

population turnover rate may be very high, assuming normal mixing of
the individuals with the population present in the subtldal portion
of Carters Creek during low tide.

However, if it is assumed that

the samples collected in the intertidal creek are representative of
the population inhabiting the tidal Carter Creek and that the samples
are part of a continuum of individuals using the intertidal creek,
then production estimates for the individuals of the species using
the intertidal creek can be obtained.

Biomass estimates were calculated using the pooled monthly samples
(day and night) because of the tendency for some species to be caught
during either the day or night.

All values are dry weight estimates

based upon the length-weight conversion regressions reviewed in the
methods section.

Biomass production values were calculated using

a per-square-meter estimate based on the total area (1900 m^) of the
intertidal creek mudflat.
by Thayer et al. (1973).

Caloric conversions were based on the work
The conversion values used from this study

were 5,202 cal/g dry weight for B. tyrannus; 5,139 cal/g dry weight
for ]L. xanthurus; and 4,924 cal/g dry weight for both M. menidia and
A. mitchilli.

The 4,924 cal/g dry weight value for the conversion
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was based on the average caloric value provided for Osteichthyes.

The estimated biomass production for Brevoortla tyrannus between the
months of May and August was calculated to be 1.55 g/m2 , or a total
of 2944.4 grams dry weight for the intertidal creek.

This is a

caloric value of 8,063 cal/m2 (33,623 J/m2 ) for the time period.
It is probable that the initial influx of young menhaden into the
intertidal creek occurred between the April (75 large specimens) and
May (10,893 young specimens) samples (Figures 10 and 11).

These

individuals would have contributed to the estimated seasonal biomass
production of B .tyrannus in the intertidal creek; however their
contribution is not known and, therefore, the production value
represents an underestimate of the actual value.

Menidia menidia production in the intertidal creek primarily occurred
during the latter part of the summer when the small silversides were
captured in the creek.

Biomass production between the months of

June and September was 0.019 g/m2 (94 cal/m2 ; 390 J/m2 ), or a total of
35,8 grams dry weight for the Intertidal creek.

It is likely that

this is an underestimate of the total biomass production for this
species for two reasons:

1) The smallest of the young-of-the-year

individuals were not captured by the block net method until they
attained a larger size, and

2) the older individuals (between

approximately 45 and 75 days old) moved out of the intertidal creek.
Under both of these circumstances, the mean weight value, W, in
equation (7) would be biased and not represent the actual values.
During the earlier part of the growing season, the lack of smaller
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individuals in the sample probably increased the mean weight, thereby
decreasing the production estimates.

Conversely, the emigration'of

larger individuals out of the intertidal creek area during the
latter part of the growing season decreased the mean weight and
would also decrease the biomass production estimates for the time
interval involved.

Biomass production estimates for Leiostomus xanthurus in the intertidal
creek were 0.68 g/m^ or a total of 1288.1 grams dry weight for the
period between April and August.

This production estimate converts to

3,495 cal (14,572 J) per m^ for the April to August time period.
Similar to M. menidia, young-of-the-year L. xanthurus moved into
deeper water as they grew, causing the biomass production estimates
to be lower than the actual value during the last part of the growing
season.

Although the reduction in biomass production can not be

calculated, a simulation using the production model was performed.
The simulation indicated that if a 10 percent increase in numbers
and a commensurate 15 percent increase in dry weight biomass were
captured in the August sample, only a corresponding 4.8 percent
increase in total biomass production would be realized.

Similarly,

if both the July and August samples were simulated to have a 10
percent and 15 percent Increase respectively, the resulting total
production would only increase by 7.1 percent.

Therefore, the

calculated biomass production estimates, although somewhat reduced,
are useful assessments of the L. xanthuruB production in the inter
tidal creek even allowing for the disparate emigration of larger
individuals from the system.

The production estimates for spot in
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the intertidal creek, however, are very low when compared to estimates
reported by Weinstein et al. (1984),

The authors calculated that

the production of L. xanthurus in the subtidal portion of Blevins
Creek off the York River was approximately 4.6 g/m^ between the
months of June and September.

There were no specific reasons for

the difference between the estimate reported by Weinstein et^ a l .
(1984) and this study suggested by the present data.

However, field

observations indicated that the young-of-the-year spot which were
present in the intertidal creek tended to remain in the deeper ajreas
near the main channel.

Although additional data would be needed to

examine the spatial partitioning of the spot in Study Creek, calcul
ating the production of spot on a total-square-meter-of-the-creek
basis may not correctly represent the potential production (on a
square-meter basis) of this species.

Unlike the subtidal creeks

(although spatial preferences are most likely demonstrated there
also), the intertidal creeks have a large proportion of very shallow
water which the small spot were not observed regularly using.
Assuming that the spot only used the 25 percent of the intertidal
creek area that contained the deeper water (which is a reasonable
estimate based upon planimeter calculations of the area) and that
the capture had taken place only in this deeper-water area, then the
production estimate would have been estimated to be 2.7 g/m^.
Obviously, caution must be used when calculating production on a
per-square-meter basis when sampling an intertidal creek which may,
in fact, be spatially partitioned into different habitats.

The production estimates for Anchoa mitchilli were performed in two
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parts.

In the July sample a second cohort had entered the samples

(Fig. 8d) and contributed to the production estimates.

Based upon

examination of the length-frequency histograms (Figs. 8a-e), it was
obvious that the specimens between the size interval 37 and 61 mm SL
in the July sample were part of the cohort captured in the June
sample while the individuals less than 37 mm SL were part of a
younger cohort.

The younger cohort then continued to grow in the

intertidal creek after the older cohort moved out.

Therefore, the

two cohorts were treated separately for the production model
calculations.

Biomass production estimates for bay anchovy in the

intertidal creek were .054 g/m^ or a total seasonal production of
102.4 grams dry weight.

This production estimate converted to a

caloric estimate of 266 cal (1109 J) per m^ between June and August.

Fundulus heteroclitus biomass production estimates were based upon
the age and capture data obtained during this study.

The samples

were divided by age class and the production model was run for each
age.

Although each age cohort was analyzed separately, the mean

size for the year-two individuals decreased between May and June,
and between July and August.

The decrease in mean size for these

two sampling intervals translated into negative production when
incorporated into the production model used.

Of course, because

this is energetically impossible, these values changed to zero
and entered into the equation for sum of production.

The resulting

total production within the creek for F. heteroclitus was 437 g
dry weight, which equaled 0.23 g m “2 between April and September.
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Based upon the individual production estimates, total production
for five species L. xanthurus, B. tyrannus, IT. heteroclitus, A.
mitchilli, and M. menidia were calculated to be 2.53 g/m2 or 4807
grams dry weight for the individuals inhabiting the intertidal creek
during the period of April to September.

The summation of the

caloric production values was calculated to be 13,051 cal/m2
(54,407 J/m2).

Although these estimates are not as high as others reported,

a

number of factors may be influencing the apparent production values.
Conceptually, the subtldal portion of a tidal creek at low tide
represents the area where maximum densities of fish would occur if
it is assumed that large emigrations of fish out of the creek do not
take place on a tidal cycle.

This assumption is supported for L.

xanthurus by Weinstein et al. (1984) who demonstrated that very
little emigration from Blevins Creek to an adjacent Zostera grassbed
occurred during their tagging study, and that average residence
times in the tidal creek were approximately 91 days.

As the tide

rises, the additional Intertidal area becomes available; however,
unless the species are actively moving to the expanded area, it would
not be expected that densities would be as great as for the subtidal
areas.

Although Weinstein (1979) reported that young fish actively

moved into the shallower creek headwaters during initial immigration
and essentially back-filled the marsh system, the author's results
were based upon seasonal cycles and may not be applicable to the
short-term daily tidal cycles.

More recent unpublished data by

Weinstein (personal communication)^ Indicates that L. xanthurus
6 Michael Weinstein, Lawler, Matusky and Skelly, Engineeers
One Blue Hill Plaza, Pearl River, NY.
10965
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disperses into the intertidal areas from adjacent subtidal "staging"
areas.

The author individually tagged spot by tethering them to

small floating markers and monitored their movement over the tidal
cycle.

The specimens were released in the subtidal "staging" area

at low tide (Figure 29a).

As the tide rose, the individuals

dispersed into the flooding intertidal area and their distribution
resembled Figure 29b. During the ebb tide, the marked fish coalesced
back at the subtidal "staging" area (Figure 29c).

Assuming that the

marked fish represented proportional numbers of the populations when
inhabiting either the subtidal or intertidal areas, it is evident
that sampling these areas would provide lower per-unit-area estimates
for the intertidal area compared to the subtidal areas.

Based upon

the collected samples for the present study and the concurrent trawl
data obtained in the adjacent subtidal portion of Carter Creek, a
similar pattern is evident in the intertidal Study Creek.

Although,

at least in the case of L. xanthurus, the individuals are taking
advantage of the additional area that became available In the
intertidal creek during the flooding tide, the data suggest that
spot in the Carter Creek system were not actively seeking the upper
intertidal reaches.

A second possible mitigating aspect involves the structural ecology
of the intertidal creek.

Essentially, the technique of using a

block net integrates the capture of organisms over the total area
covered by the flood tide.

However, the entire creek may not be

suitable habitat (or preferred habitat) for the species using the
creek.

Although differential capture techniques for different parts

Figure 29. Representation of Leiostomus xanthurus
movement in response to tidal flow. Adapted
from Weinstein (personal communication).

I— t
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of the intertidal creek were not employed, observations during the
sampling periods indicated spatial partitioning occurred.
species,

Two

heteroclitus, and M. menidia, were most consistently

evident along the shallow edges of the creek, and when the tide was
high enough, would move onto the high marsh.

Two other species, L.

xanthurus and B. tyrannus, were infrequently observed in the shallow
creek-edge areas, apparently staying in the deeper channel.
anchovy was fairly ubiquitous in all areas of the creek.

The Bay

The

implication of mesohabitat partitioning of intertidal creeks by
habitating species is that the densities reported for intertidal
creeks using a block net technique may be lower for some species
than reported densities for areas which may be generally more
homogeneous and have a more equal distribution of individuals.

Separating the calculated production into intertidal and subtidal
components is a very difficult task and no clear answers are
available. Leiostomus xanthurus were demonstrated to be feeding on
the daytime high tide in the intertidal creek. Therefore, most of
the estimated production for those individuals using Study Creek can
be attributed to the intertidal creek area. However, the three
species M. menidia, A.

mitchllll, and B^. tyrannus are primarily

planktivores. Therefore, except for tychoplankton and close cycling
of carbon from the intertidal creek to the phytoplankton, their
planktonic food source mostly flows into the intertidal creek with
the rising tide.

However, Moore (1974) studied the flux of POC,

DOC, ATP, and Chi. a^ in the Study Creek marsh system.

The author

determined that a net eflux of both dissolved and particulate organic
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carbon from the marsh occurred throughout most of the year.

Therefore,

much of the organic carbon which is available to phytoplankton and
zooplankton in the Carter Creek system originally may be derived
from the intertidal creek areas.

Generally, it appears that the

intertidal creeks in the Carter Creek area cannot be easily decoupled
from the estuarine salt marsh ecosystem in determining the relative
role of the intertidal area to fish production; particularly for the
planktivorous species.
It virtually has become a paradigm that the shallow, head-water
areas of estuarine systems are highly productive nursery and forage
areas for young fishes; however, it may be fallacious to equate the
relative productivity the intertidal and subtidal habitats.

Many

recent studies of the nekton in the shallow estuarine marsh habitats
have demonstrated the high productivity and richness of these areas
for early-life growth (Herke, 1971; Dahlberg, 1972; Pendleton, 1979;
Weinstein, 1979; Currln et a l ., 1984; Rozas and Hackney, 1984;
Weinstein et a l ., 1984).

However most of this work was performed in

the subtidal portion of the system.

Recent research in intertidal

creek on the Atlantic coast has done little to clarify the role of
intertidal areas in fish production or as fish habitat except in a
qualitative manner.

The primary reason behind the lack of transferable

information is that each intertidal creek system is unique and not
easily comparable to other systems.

It has been undoubtably

demonstrated by this study and others that the intertidal creeks
offer valuable habitat to many individuals for a variety of ecological
reasons, such as protection or as a forage or spawning area.

However,
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it Is also reasonable to suggest that the relative importance of
each intertidal creek system may vary because of the characteristics
of the system, including volume of water (as a function of tide
height), area of inundation, and ratio of open water to vegetated marsh.

Comparing this study with other studies of fish communities inhabiting
intertidal creeks, it becomes evident that the relative number of
species and/or individuals using the various intertidal creeks is
highly variable.

The most extensive studies on intertidal creeks

have been performed in South Carolina where Shenker and Dean (1979)
captured 14,730 individuals comprising 22 species in 8 samples
(ebb tides); Bozeman and Dean (1980) reported that 573,739 individuals
of 17 species were captured in 12 samples; and Reis and Dean (1981)
collected 36 species composed of 39,271 individuals in 19 samples.
In the present study, 14 species and a total of 21,558 individuals
were captured in 12 samples.

It is obvious from these data that

considerable variation is evident among the intertidal study sites;
even when they are in proximity such as the South Carolina studies.
Overall, comparisons among the various studies of the fish resources
of intertidal creek systems are difficult and very tenuous at best.
Until an adequate method for describing the individually unique
intertidal creeks which vary appreciably in water volume transported,
area inundated, average water depth, and vegetation-open water ratios
becomes available, in toto sampling of the biological resources of
intertidal creeks using the block net technique will remain qualitative
and specific to the immediate local.

CONCLUSIONS AND DISCUSSION

Intertidal creeks (as opposed to tidal creeks that retain a significant
low tide water volume) in the York River area generally do not appear
to be of as substantive consequence as forage and refuge areas as
hypothesized.

Although five species formed the dominant group which

comprised 98 percent of the capture by number, only two —
xanthurus and Fundulus heteroclitus —

Leiostomus

were closely linked, trophically,

to the benthic portion of the Intertidal area.

Leiostomus xanthurus

were found in the Intertidal creek almost solely during the day,
when they were feeding.

Estimates of the number of L.

xanthurus

m"2 outside of the intertidal creek, however, were higher. This supports
the suposition that the intertidal creek system was not preferentially
selected by for L. xanthurus and that predation, although certainly
present, was not sufficient to cause large numbers of L. xanthurus
young-of-the-year to seek refuge in the shallow intertidal creek.

Fundulus heteroclitus also predominantly used the intertidal creek
during the daytime high tide when it was feeding.

However, some

individuals were found with full guts in nighttime samples. Weisberg
et al. (1981) reported that gastric evacuation in F. heteroclitus
required about 7 hrs, but some nighttime (ca. 0400 hrs) samples from
the Study Creek area Included F_.

heteroclitus with stomach contents

of over 5 percent relative to body weight.

This suggests that

active feeding was taking place well after nightfall. The female F_.
heteroclitus captured in the nighttime April sample were running
ripe and probably spawning on the upper marsh as reported by Taylor
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et al«

(1979).

In addition, a sample of 10 specimens collected

during the first haul of the tidal sample at 0230 hrs (two hours
after high tide) had a mean dry stomach content to dry body weight
ratio of 1.94 percent while, at 0430 hrs, 10 specimens collected
demonstrated a ratio of 4.74 percent.

This indicates that not only

was spawning occurring but active feeding was also taking place
during the time that I?,

heteroclitus was spawning (there was no

evidence of fish eggs in the stomach samples).

The three remaining dominant species (Anchoa mitchilli, Brevoortia
tyrannus, and Menidia menidia) demonstrated different degrees of use
of the intertidal creek area.

Anchoa mitchilli were only represented

by the year-1 age class up to approximately the 60 mm SL size and by
the year-0 age class after spawning.

Older individuals were not

evident in the intertidal system and it is suggested that they were
located in deeper water.

The data indicates that as year-1 individuals

reached a size of about 60 mm they left the shallow-water area.
This may be an ontogenetic change in prey preference as the older
individuals reach full maturity and selectively feed on Neomysls
americana, which would not be found in the shallow tidal and intertidal
creeks.

Menidia menidia, a species with a life span of less than two years,
demonstrated the greatest intraspecies difference in use of the
intertidal creek.

The mature individuals with ripe eggs were in the

Study Creek system during their reported spawning period early in
the season, but were restricted to the daytime high tide.

Whereas,
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the young-of-the-year individuals which were evident during the
latter part of the season showed a proclivity for the nighttime high
tide.

The data suggest that as the young M.menidia aged, they would

leave the shallow-water intertidal system.

Based on daily growth

and age-at-size data for M. menidia from Barkman et al. (1981), it
appears that the young Atlantic silversides left the Study Creek
intertidal area at between 45 and 75 days of age.

Brevoortia tyrannus, being highly mobile and a planktlvore, appeared
to be the least dependent on the intertidal creek system.
the B^

Although

tyrannus collected in the intertidal creek were representative

of the population using the subtidal portion of Carter Creek, it is
most likely that the individuals moved up into Study Creek in response
to spatial opportunity. Brevoortia tyrannus is a schooling species
and is highly contagiously distributed, thus abundance estimates
tend to be quite variable.

Overall, the intertidal creek system examined in this study did not
demonstrate as great an ichthyofaunal production as was reported for
other subtidal areas in the York River system.

The primary indications

are that the Study Creek area provides forage area for young L.
xanthurus and F_. heteroclitus, and refuge/nursery habitat for young
M. menidia, A. mitchilli, and F^. heteroclitus.

The increased areal

extent of the tidal Carter Creek system resulting from the flooding
intertidal areas appears to reduce spatial pressures for young-ofthe-year IJ. tyrannus.

Ecologically, the intertidal creek system studied provides a valuable
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habitat for a number of estuarine species dependent on shallow-water
areas for protection, forage, spawning, and as primary nurseries.
Although additional, more closely focused, research is warranted,
it does not appear that the intertidal creek was vigorously selected
in competition with the shallow subtidal creek.

It is speculated

that the fish species captured in the intertidal creek study were
responding to various stimuli such as increased water depth (allowing
larger predators into the shallow subtidal area); additional available
space; spawning response; and water movement.

REFERENCES

Able, K.W. and M. Castagna. 1975. Aspects of an undescribed reprod
uctive behavior In Fundulus heteroclitus (Pisces: Cyprlnodontidae)
from Virginia.
Chesapeake Science, Vol. 16: 282-284.

Adams, S.M. 1976. The ecology of eelgrass, Zostera marina (L.), fish
communities. II. Functional analysis. J. Exp. Mar. Biol. Eco.
Vol. 22: 291-311.

Allen, K.R. 1950. The computation of production in fish populations.
N e w Zealand Science Review. Vol. 8:89.

Barkman, R.C., D.A. Bengston, and A.D. Beck. 1981. Daily Growth of
the juvenile fish (Menidia menidia) in the natural habitat compared
with juveniles reared in the laboratory. Reun. Cons. Int. Explor.
Mer, Vol. 178: 324-326.

Beckman, D.W., J.M. Dean, and B.W. Baruch. 1984. The age and growth
of young-of-the-year spot, Leiostomus xanthurus Lacepede, in South
Carolina.
Estuaries, Vol. 7, No. 4B: 487-496.

Bengston, D.A. 1984. Resource partitioning by Menidia menidia and
Menidia beryllina (Ostelchthyes: Atherinidae). Mar. Ecol. Prog.
Ser., Vol. 18: 21-30.

Bengston, D.A. 1985. Laboratory experiments on mechanisms of corapetetion and resource partitioning between Menidia menidia (L.)
and Menidia beryllina (Cope) (Ostelchthyes: Atherinidae).
J. Exp. Mar. Biol. Ecol. Vol. 92: 1- 18.

Boesch, D.F. and R.E. Turner. 1984. Dependence of fishery species on
salt marshes: The role of food and refuge. Estuaries Vol. 7,
No. 4A: 460-468.

Bozeman, E.L. Jr., and J.M. Dean. 1980. The abundance of estuarine
larval and juvenile fish in a South Carolina intertidal creek.
Estuaries, Vol. 3, No. 2: 89-97.

Butner, A., and B.H. Brattstrom. 1960. Local movement in Menidia
and Fundulus. Copeia, No. 2: 139-141.

99

100

Cain, R.L. and J.M. Dean.
1976. Annual occurrence, abundance and
diversity of fish In a South Carolina intertidal creek.
Marine Biology, Vol. 36: 369-379.

Chao, L.N. and J.A. Mustek. 1977. Life history, feeding habits, and
functional morphology of juvenile scaienid fishes in the York River
estuary, Virginia. Fishery Bulletin, Vol. 75, No. 4: 657-702.

Conover, D.O., and M.R. Ross. 1982. Patterns in seasonal abundance,
growth and biomass of the Atlantic silverside, Menidia menidia,
in a New England estuary. Estuaries, Vol. 5: 275-286.

Currin, B.M., J.P. Reed, and J.M. Miller. 1984. Growth, production,
and mortality of juvenile spot and croaker: a comparison of tidal
and nontidal nursery areas. Estuaries, Vol.7: 451-459.

Dahlberg, M.D. 1972. An ecological study of Georgia coastal fishes.
Fish. Bull., U.S. 70: 323-353.

Deegan, L.A., J.W. Day Jr., J.G. Gosselink, A. Yanez-Arancibla, G.
Soberon Chavez, and P. Sanchez-Gil. 1986. Relationships among
physical characteristics, vegetation distribution and fisheries
yield in Gulf of Mexico estuaries.
In: D.A. Wolfe (ed.)
Estuarine Variability. Academic Press, New York.

Durbin, E.G and A.G. Durbin. 1981. Assimilation efficiency and
nitrogen excretion of a filter-feeding planktivore, the Atlantic
menhaden, Brevoortia tyrannus (Pisces: Clupeldae). Fishery
Bulletin, Vol. 79, No. 4: 601-616.

Epperly, S.P. 1981. A population investigation of Atlantic menhaden:
a meristic, morphometric, and biochemical approach. Masters
Thesis, University of South Florida.

Herke, W.H. 1971. Use of natural, and semi-impounded, Louisiana
tidal marshes as nurseries for fishes and crustaceans.
Doctoral Thesis, Louisiana State Univ., Baton Rouge, LA.

Hildebrand, S.F. and W.C. Schroeder. 1928. Fishes of the Chesapeake
Bay. Bull. U.S. Bur. Fish., Vol. 43(1): 366 p. Reprinted by
T.F.H. Publications, Inc., Neptune, New Jersey. 1972.

101

Hodson, R.G., R.R. Fenchhelm, and R.J. Monroe. 1981. Upper temp
erature tolerance of spot, Leiostomus xanthurus, from the Cape
Fear River estuary, North Carolina. Estuaries, Vol. 4, No. 4:
345-356.

Hoff, J.G. 1985. Comparison of dally growth rates of the mummlchog,
Fundulus heteroclitus, In habitats of different salinity regimes.
Thesis for Master of Arts. College of William and Mary,
Williamsburg, Virginia.

Kneib, R.T., and A.E. Stiven. 1978. Growth, reproduction, and feeding
of Fundulus heteroclitus (L.) on a North Carolina salt marsh.
J. exp. mar. biol. ecol., Vol. 31: 121-140.

Kroger, R.L., J.F. Gutherie, and M.H. Judy. 1974. Growth and first
annulus formation of tagged and untagged Atlantic menhaden.
Transactions of the American Fisheries Society, Vol. 103: 292-296.

Lascara, V.J. 1981. Fish predator-prey interactions in areas of
eelgrass (Zostera marina). Master of Arts Thesis, College
of William and Mary, Virginia Institute of Marine Science,
Williamsburg, Virginia.

Lewis, R.M., W.F. Hettler, E.P.H Wilkens, and G.N. Johnson. 1970.
A channel net for catching larval fishes.
Chesapeake Sci., Vol.
11: 196-197.

Lewis, R.M., E.P.H. Wilkens, and H.R. Gordy. 1972. A description of
young Atlantic menhaden, Brevoortia tyrannus, in the White Oak
River estuary, North Carolina. Fishery Bulletin, Vol. 70, No. 1:
115- 118.

Lotrich, V.A. 1975. Summer home range and movements of Fundulus
heteroclitus (Pisces: Cyprinodontidae) in a tidal creek. Ecology,
Vol. 56: 191-198.

Mendelssohn, I.A. 1973. Angiosperm production of three Virginia
marshes in various salinity and soil nutrient regimes. Master of
Arts Thesis, College of William and Mary, Virginia Institute
of Marine Science, Williamsburg, Virginia.

Meredith, W.H. 1975. Production dynamics of a tidal creek population
of Fundulus heteroclitus (Linnaeus). Master of Science Thesis,
University of Delaware. 98 pp.

102

Miller, J.M. and B.M. Currin. 1981. Effects of a culvert on hydro
graphy and biology of North Carolina salt marsh. Final Report for
North Carolina State highway commission, Raleigh, North Carolina.

Moore, K.A. 1974. Carbon transport in two York River, Virginia
tidal marshes. Master of Arts Thesis, College of William
and Mary, Virginia Institute of Marine Science, Williamsburg,
Virginia.

Odum, E.F. 1962. Relationship between structure and function in
the ecosystem.
Japan J. Ecol., Vol. 12: 108-118.

Pendleton, E.C. 1979. Tidal import and export of organic detritus
and organisms In a North Carolina salt marsh creek system.
Doctoral Thesis, North Carolina State Univ., Raleigh, NC.

Peters, D.S. and W.E. Schaaf. 1981. Food requirements and sources
for juvenile Atlantic menhaden. Transactions of the American
Fisheries Society, Vol. 110, No. 3: 317-324.

Reis, R.R. 1977. Temporal utilization of a South Carolina high marsh
intertidal creek by larval and juvenile fish. Masters Thesis,
University of South Carolina.

Reis, R.R. and J.M. Dean. 1981. Temporal variation in the utilization
of an intertidal creek by the bay anchovy (Anchoa mitchilli).
Estuaries, Vol. 4, No. 1: 16-23.

Richards, C.E. and M. Castagna. 1970. Marine fishes of Virginia's
eastern shore (inlet and marsh, seaside waters).
Chesapeake
Science, Vol. 11: 235-248.

Ricker, W.E. 1946. Production and utilization of fish populations.
Ecol. Monogr. 16: 374-391.

Ricker, W.E. 1975. Computation and interpretation of biological
statistics of fish populations.
Bull. Fish. Res. Bd* Can.
No. 191.

Rizzo, W.M. and R.L. Wetzel. 1985.
Intertidal and shoal benthic
community metabolism in a temperate estuary: studies of spatial
and temporal scales of variability. Estuaries, Vol. 8,
No. 4: 342-351.

103

Rozas, L.P. and C.T. Hackney. 1984. Use of oligotrophic marshes by
fishes and macrofaunal crustaceans in North Carolina. Estuaries,
Vol. 7, No. 3: 213-224.

Shenker, J.M. and J.M. Dean. 1979. The utilization of an intertidal
salt marsh creek by larval and juvenile fishes: abundance, diver
sity and temporal variation.
Estuaries, Vol.2, No. 3: 154-163.

Sheridan, P.F. 1978. Food habits of the bay anchovy, Anchoa
mitchilli, in Apalachicola Bay, Florida.
Northeast Gulf Science,
Vol. 2, No. 2: 126-132.

Smith, S.M., J.G. Hoff, S.P. O ’Neil, and M.P. Weinstein. 1984.
Community and trophic organization of nekton utilizing shallow
marsh habitats, York River estuary, Virginia. Fish. Bull. U.S. 82.

Targett, T.E. 1979. The effect of temperature and body size on
digestive efficiency in Fundulus heteroclltus (L.). J. Exp. Mar.
Biol. Ecol. Vol. 38: 179-186.

Taylor, M.H., G.L. Leach, L. DiMlchele, W.M. Levitan, and W.F. Jacob.
1979. Lunar spawning cycle in the mummichog, Fundulus heteroclltus
(Pisces: Cyprinodontldae).
Copeia, Vol. 2: 291-297.

Teal, J.M. 1962. Energy flow in the salt marsh ecosystem of Georgia.
Ecology, Vol. 43: 614-624.

Turner, R.E. 1977.
penaeid shrimp.

Intertidal vegetation and commercial yields of
Trans. Am. Fish. Soc., Vol. 106: 411-416.

Valiela, I., J.E. Wright, J.M. Teal, and S.B. Volkmann. 1977. Growth,
Production and energy transformations in the salt marsh killifish
Fundulus heteroclltus. Marine Biology, Vol. 40: 135-144

Weinstein, M.P. 1979.
Shallow marsh habitats as primary nurseries for
fishes and shellfish, Cape Fear River, North Carolina.
Fishery
Bulletin, Vol. 77, No. 2: 339-357.

Weinstein, M.P. 1983. Population dynamics of an estuarine-dependent
fish, the spot (Leistomus xanthurus), along a tidal creek —
seagrass meadow coenocllne.
Can. J. Fish. Aquat. Sci., Vol. 40:
1633-1638.

104

Weinstein, M.P. and H.A. Brooks. 1983. Comparative ecology of nekton
residing in a tidal creek and adjacent seagrass meadow: community
composition and structure. Marine Ecology - Progressive Series,
Vol. 12: 15-27.

Weinstein, M . P . , L. Scott, S.P. O'Neil, R.C. Siegfried II, and S.T.
Szedlmayer. 1984. Population dynamics of spot, Leiostomus
xanthurus, in polyhaline tidal creeks of the York River estuary,
Virginia. Estuaries, Vol. 7: 444-450.

Weisberg, S.B., R. Whalen, and V.A. Lotrich. 1981. Tidal and diurnal
influence on food consumption of a salt marsh killifish Fundulus
heteroclltus. Marine Biology, Vol. 61: 243-246.

Wiegert, R.G., R.R. Christian, J.L. Gallagher, J.R. Hall, R.D.H
Jones, and R.L. Wetzel. 1975. A preliminary ecosystem model of a
coastal Georgia Spartlna marsh.
In: L.E. Cronin (ed.), Estuarine
Research, Vol. 1: 583-601. Academic Press, New York.

Wiegert, R.G. and R.L. Wetzel. 1979.
Simulation experiments with a
fourteen-compartment model of a Spartina salt marsh.
In: R.F.
Dame (ed.), Marsh-Estuarine Systems Simulation, pp. 7-39.
University of South Carolina Press, Columbia, South Carolina.

Wright, J.H. 1972. Growth, mortality, production and consumption of
a population of the salt marsh killifish, Fundulus heteroclltus
Linnaeus. Masters Thesis, Boston University.

105

VITA
Robert W. Middleton

Born in Bridgeport, Connecticut on May 27, 1948,

Graduated from

North Reading High School, North Reading, Massachusetts, in June,
1966.

Received a Batchelor of Science degree with a major in

Marine Science from Southeastern Massachusetts University in
June, 1974.

Graduated with a Master of Arts degree with a major in

marine science from the College of William and Mary in June, 1979.
Enterered the Phd. program at the Virginia Institute of Marine
Science, College of William and Mary in September, 1979.

Employed by the Department of the Interior as a Biological
Oceanographer in October,

1983.

