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CHARACTERIZATION OF MERO- AND ICHTHYOPLANKTON
COMMUNITIES WITHIN THE CHESAPEAKE BAY PLUME
OFF VIRGINIA BEACH, VIRGINIA DURING 1983-1984
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A

o

By
Arthur J. Butt* and Raymond W. Alden III**

4 INTRODUCTION

- The coastal zone has long been a source of sustenance for

the human community. Because of its aesthetic and economic value
ﬂ there has occurred a continual ingress to this dynamic, yet finite
‘ area. The coastal zone with its dendritic estuaries serve as
g suitaS]e habitat for innumerable aquatic species, many of which
serve %s recreational and commercial resources. However, as

urbaniz#tion encroaches along the coastline, the pending impact of

‘ human activities on these valuable resources must be monitored.

w A vital component of the routine operations around most
ﬁ coastal harbors and embayments is the maintenance dredging of
. navigational channels. Associated with this particular operation

is the need for adequate disposal site. Recently, questions have

3; been raised concerning the potential impact of dredged material |
g disposal on the aquatic resources, in particular the plankton
. communft{; Unfortunately, there is a paucity of information re-
& o T

=

. *Manager, Applied Marine Research Laboratory, 01d Dominion
E_ University, Norfolk, VA.

) **Director, Applied Marine Research Laboratory, 01d Dominion
3- University, Norfolk, VA.
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lated specifically to this topic (Bell, 1973; Thompson, 1973;
Hoss et al., 1974; DeCoursey and Vernberg, 1975). A review of
information on the general composition, abundance and seasonality
of zooplankton along much of the coastal zone is also lacking.
Coastal zooplankton ecology has been studied along the
Southeastern United States specifically from Capé Hatteras south
to Florida (see reviews by Roberts, 1974; and Alden, 1977). Most
of the studies focused on Gulf Stream communities off Florida;
however, it is recognized that many of those zooplankton communi-
ties are distributed along the entire southeastern coastline. A
distinct faunal divergence occurs at Cape Hatteras. The warmer
Gulf stream waters flow offshore at the Cape and a cooler water
faunal assemble is reported to the north.

Recent zooplankton studies off the Mid-Atlantic Bight are
generally lacking (see review by Jeffries and Johnson, 1973). The
bulk of the information deals with a few taxonomic groups limited
to the fringing bays and sound. Despite its economical and
military importance, Chesapeake Bay and its adjacent coastal
waters has received relatively Tittle attention (see review by
Butt et al., 1985). In general, the studies show domination of
the zooplankton community by a few major forms, particularly the
holoplankters. Meroplankton studies in the Bay have been minimal
and limited to individual species, their life cycles, distribution
or general ecology. Information on detailed community structures,
abundance and seasonality of meroplankton is basically absent.

Tidal fluctuations in the Bay and the corresponding Bay
plume could dramatically affect larval distribution and recruit-

ment patterns. It has been inferred that estuarine circulations

N e S T e e e T
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I: may determine the rate at which plankton populations must repro- D
& duce (Ketchum, 1954). The Chesapeake Bay supports a large species
l‘. -
Le? <
) diversity that includes several major commercial and recreational :
‘} fisheries. Therefore, transport mechanisms of commercially and
¢ ecologically important species need to be investigated. -
] The present study was designed to examine the spatial and ;
, temporal distribution patterns of important meroplankton in the .
! -
-] waters off Virginia Beach, VA. The southern portion of the study
X .
area encompassed the Dam Neck Disposal Site (DNDS). .
" e
A S
8
o
-
R :
&
‘.‘ &
-
-
= =
o :
3 2
- A
o 3 -
. —
,."

e . e s R e e .
< TN . et ] Nt

e O e T e e e AL A _J
! X B < LA AP A L .
A A A e e i e A e R P r e A S

......



S e e
VT
A3, -

e

4
»

F I N

METHODS

Study Area
The study was conducted between the 30 and 60 ft (9-18 m)

contour lines, extending the mouth of Chesapeake Bay and southward
along the coast. Virtually all the freshwater inflow to the study
area is from the Bay. The outflow from Chesapeake Bay flows
towards the south and joins with the southerly drift of shelf
water along the Mid-Atlantic Bight. A clockwise eddy is reported
along the inshore waters south of Cape Henry (Brehmer, 1971).
There is a slight northerly flow of inshore bottom waters during
the summer months. This long-shore drift is believed to begin as
far south as False Cape. A strong density stratification is
identified in the area, particularly during the warmer months.
The low salinity surface water is characterized as part of the Bay
plume that is strongly influenced by prevailing winds. An onshore
and offshore surface transport of water off Rudee Inlet is
reported during daily and/or seasonal trends. A detailed descrip-
tion of the water quality and physical parameters are presented by

Alden and Butt (1985a,b).

Sampling Regime

Nine stations were monitored during the study period (Fig.
1). Five of the stations (1, 10, 11, 12 and 13) were positioned
in a fan-shaped pattern to sample inshore waters and the water
mass associated with the Bay plume. Zooplankton samples were
collected monthly during the winter (October, 1983 - April, 19Y84)

and semi-monthly during the summer months (May - September, 1984).
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A second sampling regime was begun in May (1984). Four additional
stations were selected adjacent to the Dam Neck Disposal Site
(Stations 20, 21, 22 and 23) (Fig. 1). Due to navigational
restrictions in the study area, certain stations were 1located to
adjust for navigational regulations (see Notice to Mariners, area
204.52 on NOAA chart 12207), yet allow for the acquisition of an
extensive data base.

Plankton tows were collected with oblique bongo tows. Bongo
nets (353u micron mesh ) were towed in duplicate from approximate-
ly one meter above the bottom to the surface. The sea surface was
sampled with a one-meter neuston net (353u micron mesh). Four
neuston tows were made per station for five minutes each.
Mechanical flow meters were used in each net to calculate relative
abundance per volume.

The zooplankton samples were fixed with 7% buffered formal-
dehyde and transported to the laboratory for sorting. The CVS
subsampling method was employed using sieve fractions of 2000y,
850u, 600u and 350u (Alden et al., 1982). Identifications and

enumerations of meroplankton and ichthyoplankton were made.

Statistical Analysis

The number of taxonomic groups to be evaluated was reduced
by a computer program which accepted only groups which exceeded an
abundance level of 10/m3 in at least 5% of the observations. The
groups meeting these a priori criteria were considered

"numerically important". Further data reduction was accomplished

by a Principal Components Analysis (PCA) on the covariance matrix

e o dhia XZ
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of the reduced data set. A series of seasonal multiple regression
analysis models were run on each of the major PCA factors to
determine the significance of month to month effects (linear and
non-1linear), geographic effects (north to south; west to east),
tow types effects (neuston vs. oblique) as well as all appropriate
interactions. Similar models have been described in detail for
water quality and dissolved oxygen patterns at DNDS (Alden and
Butt, 1985a,b).
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R RESULTS
3
a Meroplankton Communities
Over 240 species were observed in the meroplankton collec-

7 tions taken at DNDS (Table Al). Table A2 presents summary

statistics for each taxonomic group found in any given tow
" type/station combination. The statistical parameters presented
~ for each taxon include the average of all cruise means (i.e. grand
" mean for the site/tow type), the standard error of that value, the
F max imum mean abuandance value observed for the site/tow type, the
- percent occurrences, and the percent occurrences over 10/m3. The
o Tatter value was used as a selection criterion for data reduction.
= It was decided to select only species that were either
! numerically or commercially important for a more detailed evalua-
’. tion. Although the abundance and occurrence "filters" were
o somewhat arbitrary, direct examination of the data did not
?7.' jndicate that any "important" groups were excluded by these
i criteria.

Table A3 presents the taxonomic groups which were included

-" as being "numerically imporant", along with information on the
q site/tow type combinations for which the criteria were met. The
grand means for each site/tow type are presented again for
-_-::I comparison purposes. Twenty taxonomic groups met the criteria:

bivalves veligers, fish eggs, Callinectes sapidus zoeae and
:,1: megalopae, Cancer irroratus zoea, Crangon septemspinosa larvae,
. Anchoa mitchilli larvae, engraulid eggs, engraulid fry, gastropod
& veligers, larvaceans, Lucifer faxoni, Mysidopsis bigelowi,

Neomysis americana, pagurid crab zoeae, phoronid larvae, pinnixid
T4 8
[
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crab zoeae, sciaenid eggs, Uca zoeae, and xanthid crab zoeae. [t
should be noted that some of the groups included were not truly
merop lankton (e.g. the larvaceans, Lucifer shrimp, the mysids),
but it was felt that the ecological role served by these groups
may be trophically similar to many of the groups of the true
merop lankton in terms of providing food for higher trophic levels
(i.e. the body size and/or numbers of these groups make them
potential food for juvenile fishes).

In addition to the numerically important groups, 15 groups
believed to be of potential commercial importance to the region
were added to the 1ist for closer examination. These groups

included: Cancer irroratus megalopae, penaeid shrimp larvae,

bothid eggs, other (unidentified) fish eggs, Bothus ocellatus

larvae, Etropus microstomus larvae, Paralichthys dentalus larvae,

Scophthalmus aquosus larvae, Trinectes maculatus larvae,

Cynoscion regalis larvae, Leiostomus xanthurus larvae,

Micropogonias unadulatus, Pomatomus saltatrix Tlarvae, Ammodytes

hexapterus larvae (because of the importance of this species as

food for fish in the region), and Brevoortia tyrranus larvae.

Table A4 presents the data for these important taxonomic

groups of the study area. For presentation purposes, the groups
were assembled so that similar groups would be found on the same
pages. The means and standard errors are presented only for
cruises where there was at least one non-zero abundance value.
This convention was adopted so that many pages of zeros would not

have to be shown in the Table. Figs. Al to A62 present the mean

A

abundance of the groups found at the various sites over time for
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both the oblique and neuston tows.

E% The blue crab Callinectes sapidus larvae clearly dominate

ﬁ all other forms when looking at the abundance patterns for
commercial crustaceans. The grand mean abundance value for C. ’

ﬁ sapidus zoeae for all cruises, stations and tow types was approxi- ?

mately 15/m3 (see Fig. 2 for station and monthly trends). The
values for other crustaceans were generally less than 1/m3. The y
- C. sapidus zoeae appeared in late May and peaked in the neuston
collections in June and July (Table A4; Figs. Al and A2). Peak

' abundances for early stage zoeae (<600 microns) in neuston collec-
o tions were taken from Station 10 in June and early July and from
2 Stations 1, 20 and 22 by late July (Fig. Al). The zoeae from the
&3 oblique collections were found in maximum abundance at Stations

11, 21, 20, 22, and 1 in August (Fig. A2). The maximum abundance

PR
o'y

for C. sapidus megalopae was observed in neuston

collections made at Station 20 (x=162/m3) and Station 11 (x=14/m3)

b ¥ ol ]
e

in late September (Fig. A3). Lower levels of megalopae were also

observed in the neuston tows from nearby stations (e.g. Stations

P

12, 23). (See Fig. 3 for station and monthly trends).

The rock crab zoeae Cancer irroratus were found in greatest

abundance in the oblique tows rather than the neuston collections.

'h':m

This suggests that they are found somewhat lower in the water
column (Figs. A5 and A6). The zoeae of the rock crab are found

much earlier in the year than those of the blue crab, peaking in

. late April. Peak concentrations (x=120/m3) were observed at
Station 21, the most offshore collection site. The abundance of 1

= the megalopa stage of this crab peaked in Tate May in the same 1

'ﬁ basic area (Stations 11, 21, 22, and 20). However, there were !
W
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greater abundances of this stage in the neuston tows, indicating

-
e
o' .

- that the larvae may have tended to migrate to the surface during

development (Figs. A7 and A8). Very few larvae of penaeid shrimp

A

were found in the vicinity of DNDS. Of those which were observed,

e et Yty AR
’-ll l"l"‘l’l."l E»!f"‘:‘!_‘.'fl.‘l LI'A

E; most were found in September at the offshore stations (Stations
21, 22, 11 and 1) (Figs. A9 and Al0).
- The noncommercial decapod crustaceans were placed into simi-
fj lar taxonomic groups for ease of presentation. Xanthid (mud) crab
- zoeae were observed in oblique tows from July to September at the
g northern and inshore stations (Stations 1, 10, 13, and 20) (Figs.
“ All and Al2). Since much fewer xanthid zoeae were found in the
e neuston tows, it is assumed that this group resides in the subsur-
-7 face layers (Fig. Al2). Pinnixid (or pea) crab zoeae were
observed later in the year (Aug. through Nov.). They too were
. found in the subsurface waters of the more inshore stations (Sta-
tions 10, 12, 13, 23, and 1) (Figs. A1l3 and Al4). Pinnotheres
R Spp. crab zoeae exhibited a similar pattern to the pinnixid zoeae,
! except that peak abundances occurred early in August (Figs. Al5
and Al6). The zoeae were found in the subsurface layers of the
B inner stations (10, 13, 20 and 1). Zoeae of Uca spp. (fiddler
P crabs) pulsed in abundance from June to September (Figs. Al7 and
= Al8). This pulsing is not surprising since Uca spp. females spawn
E' according to a lunar cycle. Peak abundances occurred in the
subsurface waters of Stations 10, 11, 21, 20 and 13 (Fig. Al8).
‘; Pagurid (hermit crab) zoeae were also found in subsurface waters,

but their period of occurrence extended from June through October,

& with a peak in late July (Figs. A19 and A20). Unlike most of the
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other noncommercial crabs, the station exhibiting the greatest
abundance of pagurid zoeae is not Station 10, but rather Station
13, followed by 20, 12 and 1.

Among the shrimp-like groups, the sand shrimp Crangon

septemspinosa is by far the dominant form. The grand mean for

this group was nearly 8/m3, while those of the remainder of the
groups in this category were less than 0.5/m3. The period of

occurrence of C. septemspinosa lTarvae begins in early March and

peaks in May. Stations 20, 1, 10, 21, 11 and 13 exhibited the
greatest abundance of Tlarvae, which were generally in the subsur-

face lTayers (Figs. A21 and A22). Lucifer faxoni larvae began to

occur in the study area in August and peaked in late September.
Maximum numbers of L. faxoni larvae occurred at the offshore
stations (Stations 22, 20, 11 and 21) (Figs. A23 and A24). Larvae

of the mysid shrimp Mysidopsis bigelowi were observed in the Fall.

Since the cruises during the Fall of 1983 only involved 5 sta-
tions, it is difficult to detect strong geographic patterns, but
the offshore stations (1 and 11) had fairly high numbers of these
larvae, as compared to the few reported from inshore stations (12
and 13) (Figs. A25 and A26). Virtually none of the larvae of

this species were found in the neuston. Larvae of Neomysis

americana, another mysid shrimp, peaked in October, May and the

end of July. Maximum abundances were observed for the more in-
shore stations (13, 10, 12) (Figs. A27 and A28).

The bivalve veligers of the study area peaked several times
over the year: in March (Station 13), in May (Station 10), and
July (Stations 23, 20) (Figs. A29 and A30). Gastropod veligers
peaked at the end of July at Stations, 20, 11, 21 and 13 (Figs.

15
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A31 and A32). The veligers of both groups were found in greatest
abundance in the subsurface waters.

Among the fish eggs, the engraulid eggs clearly were domi-
nant (see Fig. 4 for station and monthly trends). The grand mean
for this group was 43/m3, while the means of the remaining groups
were less than 3/m2. The engraulid eggs began to 1increase in
abundance in May and June, and peaked in late July - early August
(Figs. A33 and A34). There was no clear-cut distinction between
oblique and neuston tows for this group. High concentrations
(x>200/m3) of these eggs were found at Stations 22, 11, 10, 21,
and 23. Bothid eggs exhibited a bimodal distribution: a small
peak in April at Stations 11 and 1; and a larger peak in August at
Stations 23, 11, 21, and 22 (Figs. A35 and A36). Bothid eggs
tended to be found in greater abundance in the subsurface waters.
Sciaenid eggs began to occur in Tate May and peaked by mid-August
(Figs. A37 and A38). Maximum abundance values were observed at
Stations 11, 22, 20, 23, 21, and 1. These eggs were also found in
greater abundance in subsurface waters. The category "other fish
eggs" contained all eggs which could not be identified as one of
the three previous groups (Figs. A39 and A40). A large number of
fish eggs were observed in Station 10 neuston tows at the end of
July (Fig. A39). Station 13 neuston tows exhibited a moderately
high abundance of fish eggs during the same period. The oblique
tows taken at these stations at the same time contained only trace
amounts of eggs, so it is apparent the high concentrations were
floating at the surface. On the other hand, abundance peaks were

noted in the oblique tows made at Stations 12, 11 and 20 during

16
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August.

Fish larvae were only collected in fairly low numbers
during the present study. Among the flatfishes, larvae of Bothus

ocellatus and Trinectes maculatus were not observed in the study

area. Etropus microstomus larvae were found in the subsurface

waters of the offshore stations (11, 21, 1, 22) in late August

(Figs. A4l and A42). Likewise, Paralichthys dentatus larvae also

peaked in August in the subsurface layers of the offshore stations

(22, 21, 11) (Figs. A43 and A44). Scophthalmus aquosus larvae

exhibited a similar pattern except that maximum abundances were
found at Station 23, followed by Stations 21 and 11 (Figs. A45 and
Ad46). Of course, all of the flatfish larvae were found in trace
amounts and with a great deal of variability. As a result, these
"patterns" should not be regarded as being extremely significant.

Among the sciaenids, no larvae of the croaker Micropogonias

undulatus were observed in the study area. Larvae of the spot

Leiostomus xanthurus were observed in trace amounts at Station 11

in August. Larvae of the weakfish Cynoscion reqalis occurred in

August and September in the subsurface waters of various stations
throughout the study area (Figs. A47 and A48).

In the category of "other fish", larvae of mullet (Mugil
spp.) were seen only in trace levels (<0.05/m3). Trace levels of

blue fish (Pomatomus saltatrix) larvae were observed in the

neuston tows from Stations 20, 23, 21, 11, and 1 in May (Figs. A49

and A50). Larvae of the sand lance (Ammodytes hexapterus) were

observed 1in the surface waters of Stations 1 and 10 in December
and February (Figs. AS51 and A52), although there was some

variability in the data. The larvae of the menhaden Brevoortia

20
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R tyrannus reached maximum abundance in the neuston layer of the 3
j o
Eﬁ offshore stations at the end of May (Figs. A53 and A54). The fish
B larvae exhibiting the greatest abundance during the present study i
g
L were those of the Bay anchovy Anchoa mitchilli. This species
>
{?L probably is responsible for the vast majority of the numerous i
Al
V) engraulid eggs and newly hatched engraulid fry observed in the 3
&;? region. The A. mitchilli larvae peaked in the subsurface waters
ffﬁ of inshore stations (13, 10, 12, and 1) in August (Figs. A55 and j
A56). Engraulid fry, which were most likely A. mitchilli, were i
fif observed to reach maximum abundance in July at the more southern,
b offshore stations (21, 22, 20, 3) (Figs. A57 and A58). |
,fg Two additional plankton groups were included with the
‘\-i'.
:%3 “important" forms of the region: the larvaceans and the phoronid 1
g3
?é? larvae. The larvaceans are a holoplankton group which retains J
e
. larval-like characteristics and lifestyle throughout its life
3; cycle in the plankton. This group peaked in abundance in August 1
fj and September at the subsurface waters of southern, offshore
H -
C%( stations (21, 22, 11) (Figs. A59 and A60). In September, maximum i
Yyt
ﬁ@ values were observed at Station 23. The phoronid larvae were ,1
35 found in greatest numbers during the end of August in the subsur- :
[ W2 o
S face waters of Stations 23, 10, 1, 11 and 20 (Figs. A61 and A62). i
?i} The data set was further reduced for statistical analysis by
Eﬂ; running a PCA on the covariance matrix of the data from the groups 1
&:ﬁ of numerical and/or commercial importance. It was found that the ]
'-'-5.';
-%& first three PCA factors explained 93% of the total variance and
%z:f that the first six accounted for 99% (68%, 15%, 10%, 3%, 1%, 1%) j
&
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of the variance in the data set. In examining the factor loadings
of the eigenvectors, it was discovered that each of the factors
was highly loaded upon by a single taxon: 0.94 correlation between
PCAl and engraulid eggs; 0.89 between PCA2 and larvaceans; 0.91
between PCA3 and blue crab zoeae; 0.98 between PCA4 and sand
shrimp larvae; 0.99 between PCA5 and "other" fish eggs; and 0.99
between PCA6 and blue crab megalopae. Thus, the variance of the
merop lankton communities of the study area can be described by a
few PCA factors. In turn, these factors are based upon only a few
of the most dominant taxonomic groups.

In order to statistically evaluate the patterns, the PCA
factors were subjected to a series of stepwise multiple regression
analyses designed to account for the effects of month to month
changes (linear and non-linear), tow type (neuston or oblique),
station Tocation (west to east; north to south), as well as all
appropriate interactions. Although models were run for each sea-
son, the summer models were the ones of greatest interest. Table
A5 presents the results of these regression analyses.

The models for PCAl (the engraulid egg factor) confirm the
significance of the patterns previously described qualitatively.
In spring, the north-south variable has a negative coefficient,
indicating that the eggs are found in significantly higher numbers
at the northern end of the sampling pattern (e.g. Stations 10, 1,
11). However, the eggs are found in greatest abundance (i.e. NSWE
has a positive coefficient) at the southern, offshore stations
(Stations 21, 22, 11) during the summer months. The eggs tended
to be found more in the subsurface levels than in the neuston

during this period.

22




The PCA2 (larvacean factor) regression model for the summer
season confirmed that abundances of the larvaceans were
significantly higher at the more southern, offshore stations (21,
11, 22), particularly in the oblique tows. The PCA3 (blue crab
zoeae) model indicated that the zoeae were in significantly higher
concentrations (i.e. positive west to east coefficient) in the
more offshore stations (e.g. Stations 1, 11, 20, 21, 10) than at

the inshore stations. The spring PCA4 (Crangon septemspinosa

factor) regression model indicated the larvae of this shrimp were
found to be significantly higher in the subsurface layers (i.e. a
negative "neuston" coefficient) and to be at higher concentrations
in the northern stations (1, 10, 20, 11). The PCA5 (unidentified
fish eggs) regression model for the summer season confirmed that
these eggs were found in significantly higher numbers (i.e. a
negative north-south by west-east coefficient) at the more
northern, inshore stations (10, 12, 13). The PCA6 (blue crab
megalopae) regression model for summer indicated that the
megalopae are mainly in the neuston Tlayer (positive neuston
coefficient).

Although it would be possible to explore patterns in the
data with other multivariate data reduction techniques (e.g.
various types of classification or cluster analysis; PCA of the
correlation matrix; discriminant analysis; MANOVA), they were not
deemed necessary for the present descriptive report. Such
techniques will be utilized to explore subtle patterns in the data

set as a whole and for individual species, as time permits in the

future.
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DISCUSSION

It is important to understand the theory associated with
abundance estimates reported for plankton collected during this
study. Collections were made with nets designed to sample identi-
cal cross-sectional areas. The fundamental difference between the
tow types was that the oblique tows sampled portions of the entire
water column while the neuston nets fished the surface layer (top
10 ¢cm) of the water mass(es). As a result, fishing success may
vary between the two tow types for any particular species. The
selectivity of the sampling method depends on the organism(s)
sampled and their relative position in the water column. For
example, some species (or life stages) may be found in a specific
zone above or below the pycnocline or at the air-sea interface
(neuston, pleuston, etc.). The neuston represented the zone of
interest in this particular study.

If any species primary inhabits the surface layer, then one
would expect greater fishing success associated with the neuston
tows versus the comparable oblique tows. Additional information
can be inferred from tow differences for species that may reside
above the pycnocline but is not limited to the surface water mass.
The species abundances from both neuston and oblique tows should
be comparable when averaged over the entire study area. of
course, several assumptions should be made: the upper layer is
well mixed allowing for a homogeneous population of plankters and
the oblique tows sample equally above and below the pycnocline.
If a species inhabits the water mass below the pycnocline, then

that species should be reported in the oblique tows but should

24




have 1ittle or no occurrences in the neuston tows. i

Distributional Patterns

——

The meroplankton of the DNDS study area tends to be
dominated by seasonal pulses of a relatively few dominant taxa. }
Nonetheless, it is useful to look at the distributional patterns !
of all of the major groups in order to attempt to understand the
dynamic trends in the region.

The distribution of blue crab larvae in the Chesapeake Bay
and adjacent coastal waters has been the focus of investigations
in recent years (see review by Butt et al., 1984). 1In general,
these zoeae appear to move out of the Bay mouth in the surface
plume waters and then move offshore. This pattern parallel that
described by McConaugha et al. (1983) for zoeae collected at more

northern, offshore stations. Provenzano et al. (1982) further

|
l
]
|
i
contend that first stage lTarvae are transported offshore in the 1
neuston layer, with peak concentrations occurring at night.
However, their sampling methods and selective gear types tended to 1
skew fishing success to the neuston collections (see Aron and
Collard, 1969 for a discussion of the effects of different gear 1
types/towing speeds on selectivity). Results from the present 1
study support their general theory; however, the findings indicate
that major concentrations of early stage zoeae may be found

throughout the waters of the plume (above the pycnocline), rather

than in just a narrow neuston layer (see Fig. 5 for three year
leave the Bay most were found offshore from the DNDS area.

25

comparison study at Station 10, 1982 - 1984). Once of the zoeae g
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Figure 5. Mean abundances (s'gandard error) for blue crab zoea (Callinectes sapidus)
collected from oblique and neuston tows at Station 10 from 1982 - 1984,
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The blue crab megalopae were found in moderate numbers in
the neuston of the southern stations of the study area in the late
summer. Whether these megalopae are a successful component of the
recruitment into the Bay is unknown. Their numbers are comparable
with those observed in the offshore waters in the vicinity of the
Norfolk Disposal Site (Butt et al., 1984; Johnson, 1982). These
megalopae may represent a portion of the entire population which
is being carried throughout the region on wind-driven currents of
the surface layer until the time is right to drop into the deeper
waters and re-enter the Bay (Johnson et al., 1983).

The Tlarvae of the other major groups of decapod crabs exhi-
bit distributional patterns very different from that of the blue

crabs larvae. The rock crab Cancer irroratus is a coastal species

which is of potential economic importance to the region. These
crabs are caught by commercial fishermen trawling in coastal
Virginian waters and are sold in seafood markets of the area. The
zoeae of this species are, not too surprisingly, found at the most
offshore stations of the study area, and the populations observed
even at these stations probably represent only the inner fringe of
the total Tlarval stock of the species. Johnson (1982) classifies
the larvae of C. irroratus as "retained shelf" forms because they
seldom enter the Bay. Sandifer (1972) seldom found zoeae of this
species in the lower Bay. The data from the present study tend to
confirm the speculations by Johnson (1982) that the megalopae come
to the surface to avoid entrainment into the Bay via bottom
waters. These observations also tend to disprove the contention of
Bigford (1979) that the megalopae are epibenthic. The maximum

abundance of the megalopae were in the neuston tows at the most
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offshore stations.

Most of the remaining decapod crab species observed during
the present study can be considered to be "estuarine". The larvae
of xanthid (mud) crabs have been previously reported to be found
at the more inshore stations of most studies (Pinschmidt, 1963;
Dudley and Judy, 1979; Sandifer, 1972; and Johnson, 1982). Like-

wise, Pinnotheres spp. crab larvae are retained, for the most

part, in the middle to lower regions of estuaries (Pinschmidt,
1963; Tagatz, 1968; and Sandifer, 1972) or are associated with the
mouth of the estuary (Dudley and Judy, 1971). The pinnixid crab
larvae have also been reported to reach maximum abundance in the
vicinity of the Bay mouth, but to decrease "precipitously" seaward
(Sandifer, 1972; and Johnson, 1982).

A11 three groups of decapod crabs displayed similar larval
distribution patterns in the study area. Fairly low concentra-
tions of larvae were seen in the study area, but the highest
levels tended to be observed in the subsurface waters of the
northern stations near the Bay mouth. The larvae of these crabs
apparently are among the few that end up in the inshore waters of
the study area (e.g. Station 13). The larvae of these "estuarine"
crabs transported beyond the Bay mouth descend to the deep waters
and are carried back along the inshore northward gyre. A similar
transport mechanism has been suggested for the suspended solid
load of the plume (see Alden and Butt, 1985a,b). At this point,
the crab larvae are in a position to reinvade the Bay's bottom
waters, either as zoeae or following metamorphosis to megalopae.

The Tarval stocks of these crabs moving through DNDS to the south

28
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The Uca spp. (fiddler) crab larvae have a slightly different

distributional pattern reported in the literature. The female

[

l

fiddler crabs spawn on the spring night-time high tide of summer
months, so that larvae are carried seaward, out of the following

spring ebb tide (Johnson, 1982; Christy and Stancyk, 1982). Thus,

wd

the Uca spp. are estuarine crabs that tend to be expelled rather

than retained. Therefore, it not too surprising that relatively

vre
T,

higher abundances of the larvae of this group of crabs were
observed in the study area in comparison to those of the previous ﬁ 
three groups. Nonetheless, the larvae were found concentrated in
the subsurface waters of the more northern stations. Perhaps,
this trend indicates an expullsion/reinvasion pattern of the zoeae
moving farther offshore prior to reinvasion into the nearshore
waters south of the Bay mouth. Thus, the Uca spp. zoea are 0

somewhat more widespread in abundance throughout the study area,

but the majority of the transport activity appears to be in the

[

northern end.

1

The pagurid (hermit) crab Tlarvae appear to have a slightly

different larval distributional pattern. The larvae concentrated N

‘ .
Lo

in the subsurface layers of the water column, with maximum

abundances found around Rudee Inlet rather than the Bay mouth.

Thus, the source of the larvae may have been populations of hermit

crabs from Rudee Inlet and/or the inshore waters off Virginia

Beach. -
The few peneaid shrimp larvae that were observed were found

at the offshore stations. Sick (1970) studied the distribution of N

peneaid shrimp larvae and concluded that development takes place <l
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offshore and that larval stocks may be found 50 - 100 nautical
miles from shore without being considered lost to the breeding
populations. The larvae observed during the present study are
probably either a very small subpopulation which come from North
Carolina waters to the south or were produced by the very small
adult populations of penaeids observed in Virginian waters.
Either way, the numbers observed probably do not represent a
significant larval stock for the region.

The larvae of the sand shrimp Crangon septemspinosa has been

reported as the dominant decapod larval form in previous studies
of the Chesapeake Bay (Sandifer, 1972; Goy, 1976). In fact,
Sandifer (1972) reported that the peak numbers of this species
were generally of the same order of magnitude as the total concen-
trations of all other larval species combined. A similar trend
was observed in the present study, where larval numbers for this

species were only exceeded by those of Callinectes sapidus zoeae

during peak conditions. It is believed that the C. septemspinosa

larvae observed in the study area are probably from an indigenous
population, rather than the Bay, since the sand shrimp is one of
the dominant epibenthic forms of the region (Dr. Dauer, personal
communication). Also, the maximum concentrations were observed in
the middle of the study area, rather than at the Bay mouth sta-

tion. Moreover, C. septemspinosa larvae represents one of the

only meroplankton groups which has a distributional pattern
concentrated at DNDS. The larvae were clearly in the subsurface
layers and also appeared in the waters of the inshore region.

The larvae of the holoplanktonic decapod shrimp Lucifer

30
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LN faxoni clearly displayed a distribution indicative of a more
‘;3, oceanic form. Maximum abundances were only observed at the i
;%ﬁ offshore stations of the study area. Likewise, the larvae and :
33i adults of the coastal water mysid Mysidopsis bigelowi tended to d
;;i only be found at the outer stations of the study area, probably as
‘E%E a fringe subpopulation of the populations known to occur farther
.ﬁt offshore at the Norfolk Disposal Site (Dr. Dauer, personal ‘
'gg communication). On the other hand, the estuarine mysid Neomysis

americana had a distribution pattern that was more clearly indica-
AN tive of a nearshore source: only the subsurface waters of near- 1

shore stations exhibited high concentrations. Thus, none of these

{ﬁg remaining crustacean groups had 1larval abundance patterns which
- concentrated significantly over DNDS.

The bivalve veligers displayed several peaks of abundance
during the study. This 1is not too surprising because a number of
different bivalves known to Tlive in the area have different
spawning times (Butt et al., 1985). However, the levels of abun-
dance of the veligers were orders of magnitude lower than those
73}' observed for tows made in the Bay with a smaller mesh net (Butt et

iﬁ: al., 1985). Even though the larger mesh (353 micron) net em-

ployed during the present study was not as efficient at collecting
{f the veligers, it is felt that the low numbers observed are indica-
: tive of a low degree of activity in the region. As might be
.ré expected, no oyster larvae were observed during the present study.
o The gastropod veligers were found to peak at stations through the
middle of the study area, possibly as a result of spawning by

ifg populations of gastropods endemic to region of the DNDS.

N Among the fishes, Anchoa mitchilli appears to be the domi-
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nant species in the study area. The engraulid eggs that dominate

the plankton counts in the summer are believed to be A. mitchilli

eggs. The Tlarvae of this species has been shown to be an inshore
form in previous studies (Fahay, 1975). The eggs appear to origi-
nate in the neuston of the northern stations, but are found
throughout the water column of most of the outer stations of the
study area. The engraulid fry first appeared at the southern,
offshore stations, but by the time the larvae are clearly identi-

fiable as A. mitchilli, they have made their way into the subsur-

face waters of the northern, inshore stations. At this point, the
larvae are probably in the process of reinvading the Bay.

The remainder of the fish examined appear to spawn offshore
of the study area. Only a few bothid and sciaenid eggs were
collected, and they were collected at the more offshore stations.
Fahay (1975) noted that many species of bothids and sciaenids
spawn offshore and the larvae migrate inshore during development.
The larvae of these groups were only found in trace amounts in the
study area, so this region does not appear to be a major part of
the reinvasion route into the Bay.

Nelson et al. (1977) have suggested that Brevoortia

tyrannus populations from the Southeastern Bight spawn offshore
and the Tlarvae are carried back inshore by Ekman (wind-driven)
transport of surface waters. The maximum numbers of larvae of
this species were observed in the neuston of the most offshore
station of the study area. A similar process may be occurring in
the Bay region. However, the number of larvae were so Tow that it

is doubtful whether the study area is a major part of the larval
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transport route for this major fisheries species of the Bay.

Larvae of the blue fish Pomatomus saltatrix exhibited a similar

pattern. Larvae were found in the neuston tows of the offshore
stations of the study area. However, 1like the menhaden larvae,
the numbers of larvae of blue fish were far too low to indicate
any definite pattern.

The only other major planktonic group observed in the study

area were the larvaceans. Like the Lucifer faxoni populations,

these forms clearly come from offshore, possibly from the Gulf
Stream to the south where they are believed to play a major
trophic role as a food source for planktonic food webs (Alldredge,
1972, 1976). They were observed primarily at the southern, more
offshore stations of the study area, probably as a subpopulation

of a larger offshore stock.
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SUMMARY AND CONCLUSION

To summarize the significant patterns of meroplankton in the
vicinity of the DNDS, many of the estuarine species stay to the

north and inshore of the site (e.g. Xanthid, Pinnothesis,

Pinnixid, and Uca crab larave). A number of offshore spawners are

found primarily seaward of DNDS (e.g. the Bothids, Sciaenids and

most of the other fishes; the Cancer irroratus larvae, the

penaeid shrimp lTarvae). The only species which apparently move
through the study area in ecologically significant numbers are the

blue crab (Callinectes sapidus) larvae, the Bay anchovy (Anchoa

mitchilli) larvae, the larvaceans, and the sand shrimp (Crangon

septemspinosa) larvae. This fact was made evident by the FCA

analysis of the data which showed that over 97% of the variance in
the data could be described by factors describing the abundance
patterns of these few species. Even the blue crab zoeae tend to
be found in greatest numbers along the Atlantic Channel stations,
offshore of DNDS. So this particular area does not appear to
represent a major larval transport route for any but the most
common and commercially insignificant species (e.g. sand shrimp,
Bay anchovies, and possibly gastropods and hermit crabs). The
only possible exception would be the blue crab megalopae found in
the neuston in the center of the study area. However, this popu-
lation may represent only a small portion of the recruitment stock
to the Bay. Previous studies have documented equal or greater

concentrations of megalopae farther offshore.
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MOLLUSCA

PG I Cata
R e

[ T e R A

iy TABLE Al.

List of taxonomic
Oct. 1983 - Sept.

) ANNELIOA 3 POLYCHAETA

Poiychaeta
Polychasta
Polychaeta
Polychaeta
Poliychasta
Polychaeta
Palychaeta
Polychaeta
Polychaeta
Polychaeta
Polychaeta
Polychaete A
Polychaete F

Autolytus spp
Capitetl tdae
Nageloni dae
Nephtys sp
Nereldae

Spionicae
Syltlides vearilii

Tomopteris spp

Al Bivatlves

Anadara spp

Bivalve 8

Bivajve 1§

Gastropods

Nemertine Pilidium tarva
Other Bivalves

Spisuta sotidissima

ARTHROPODA : CRUSTACEA

Acetes carollinae

Alphaeus heterochaells
Alphasus normanni

Barnacle nayplius
Bowsanleltla disslellls
Callianassa spp
Callinectes sp megalopa
Callingctas sp zoea
Cancellaria reticulata
Cancer §2 zoea

Cancer lrroratus zoea
Cancer sp megalopa

Crangon septeaspinosa
Oissodactylus meltiitae znea
Emerita talpoida

Euceramus praelongus
Hipployts pleuracantha
Lepldopa websterl
Leptochala serratorbita
Livinta dubia Megaiopa
Lidinla emarginata Megalopa
Lidinia spp zoea

Lucifer Faxonl

Kegalopa A

Megalopa 8

Retamysidopsis

Mysid

Mysidopsis bigelowl
Naushonia crangonaides
Neomysis americana

Ocypode sp zoea

Ogyrides limicola

Ovalipes quadulpensis megatopa
Ovallpes quadulpensis 2oes
Ovatipes zoea

Pagurid Crabds

Palaemonetes spp
Palaesonidae paisemoninae
Penaeid shrimp

Pearsephone punctata
Pinnixa spp

Pinnotheres spp
Pinnotheres zoea

Portunid crabd

Portunus sp zoea

Portunus splinicarpus Megatopa
Seserma sp 20ea

Shrimp o

Sauilla tempusa?) protozoea
Squitiic antizoea

Uca spp

Upayebia attinig

Xanthid Crabs

Nerels succinea Heteronereld

Tersbell idas spp

Trochophores & Nectochaetes

groups
1984.

VERTEHBRAYA 3 PISCES
ALl Fisheggs
Anmodytidae
Anthrinidae
Athurinidae
Belonidae
Bieniidae
Bothidae
Buthidae
8othidae
Bothidae egy
Rothidae spp
Clupeidae
Cynoglossidae
Engrautidae
Engraulidae egg
Engraulidae fry
Fish ~ unknown
Gadil idae
Gobiesucidae
Gobl iaae
Hemirgamphidae
Lophlidae
Mugitidae
Ophi ldae
Other Fish Lggs
Pomatomidae
Sclaenidae
Scigaenidae
Sciaenidas eg99
Sclasnidae spp
Stromatelidae
Syngnathicae
Synynathidae
Tetraodontlidae
Triglidae

Unigentifiable tish

MISCELLANEDUS

Larvacea
Pharonida

102

observed at the DNDS study area

Aomodytes hexabDlerus
Memoras martinica
Henidia menidia
Tylosurus crocodlils
Hypsoblennius hentzi
Etropus microstomus
Paralichthys dentatus
Scophthalmus aQuasus

Brevoortia tyrannus
Syephurus plagiusa
Anchoa mitchelll

Urophysls regius

Gublosox strumosus
Gobiosoma boscl
Hyporhamphus unifasciatus
Lophijus americana

Rugit sp

Rissola marginata

Pomatomus saltatrix
Cynocion regalls
Lelostomus xanthuyrus

Peprilus triacanthus
Hipyuocampus eratus
Syngnathus fuscus
Sphaeroldes maculatus
Prionotus carolinus
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Table A2.

L Badkidan el dub foe mas Aao o u. aav ame ase ded Bas ao- - |

Summary statistics for each station/tow type combina-
tion. Tow type = 2 are the neuston tows, while tow
type = 3 are the obliques. The "MNMNABUN" column are
the grand means of the individual cruise means (n=4)
for the station/tow type, while "SEMNABUN" are the
standard errors of these values. The "MXMNABUN" are
the maximum cruise means observed for the station/tow
type. The "POCCUR" column is the percent occurrence of
the groups for the station/tow type. The "PCOVER"
values represent the percent occyrrence of the groups
over an abundance level of 10/m° for the station/tow

type.
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Table A3.

The taxonomic groups that met the abundance/occurrence
criteria of 10/m”? in at least 5% of all observations
and the station/tow types for which they met the
criteria. The "MNMNABUND" column has the same meaning
as in Table AZ2.
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The abundance data for important meroplankton groups of
the study area. The values are the means of four
replicates, while the values in parentheses are the
standard errors.
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