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PREFACE

The impact of human activities in the Delaware Bay region has
increased dramatically over the past 20 years. These activities are
often incompatible and compete for available resources. They range
from oil lightering, power plant siting, and sanitation disposal on
one hand to fishing and recreation on the other hand.

Confronted by these large scale and complex problems, the College
of Marine Studies planned a baseline study in 1970 and in 1971 certain
subprojects of the study were submitted to the National Science Founda
tion Research Applied to National Needs (NSFjRANN) program. During the
summers of 1972 and 1973 a study of the benthic invertebrate assemblages
of Delaware Bay was funded by NSF/RANN. After this survey it was
decided that theoillightering area in lower Delaware Bay should
receive special attention and an intensive biological survey of this
area in 1974 and 1975 was conducted with Don Maurer as the principal
investigator. The present report contains the results of these two
studies.
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ABSTRACT

This study was undertaken to obtain baseline ecological data
in Delaware Bay. During the summers of 1972 and 1973 the first
bay-wide quantitative $urvey of benthic organisms was conducted.
The survey consisted of 207 samples distributed over 26 transects
from the bay mouth to Woodland Beach, Delaware. Based on the
results of the bay-wide survey reported herein, it was decided to
conduct an intensive study in the oil lightering area in lower
Delaware Bay (1974-1975). The intensive study included quanti
tative monthly investigations of phytoplankton and zooplankton
together with quarterly investigations of the benthos. Two 12
hour plankton studies were also conducted. In addition to the
quantitative benthic studies, there were extensive samples with
dredge hauls. Data from dredge hauls and grabs were compared to
determine whether a useful method of community analysis could be
developed based on dredge data alone. It was concluded, that such
a method was feasible but that it required additional refinement.
Some of the survey data were never reported for Delaware Bay prior
to this study.
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INTRODUCTION

This research was undertaken to obtain biological baseline
data at the oil lightering site in lower Delaware Bay off Big
Stone Beach, Delaware.. Specific objectives included: 1) monthly
determination of phytoplankton populations, 2) monthly determination
of zooplankton populations, 3) seasonal determination of benthic
populations. Asubproject of the benthic studies was concerned
with developing a pollution ecology tool to assess benthic com-
munity composition based on qualitative dredge data. Other aspects
of the biota were not included because they have been adequately
identified (finfish), they were relatively unimportant (attached
algae), and they were beyond the resources of thi s study (mi crobi 01 ogy).

Research on finfish in the lower bay has been primarily
conducted by State agencies and Or. Frank Daiber of the University
of Delaware and his students over a period of almost 20 years. A

comprehensive account of monthly and seasonal ~istribution of
finfish in the low.er bay including the lightering site was available
prior to the start of the present research.

In general, attached algae are not abundant or widely distributed
in Delaware Bay. This is not the case in smaller bays in New
Jersey and Delaware. Regardless, the most complete coverage of
algae for the area was described by Or. Jacques Zaneveld, Old
Dominion University. Research on the taxonomy and ecology of
edaphic diatoms in surrounding marshes has been conducted by
several workers. Exclusive of some preliminary taxonomic work in
the late twenties and unpublished lists of species, there has been
little research on phytoplankton in Delaware Bay and nothing on
primary production.

Data on zooplankton are slightly more abundant than data on
phytoplankton. Exclusive of the upper estuary, there has only
been one bay-wide zooplankton study and a detailed oyster larvae
study off Cape May shore conducted by Or. H. Haskin, Rutgers
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University and his students. Several other studies primarily per
formed in the ocean off Delaware, did extend into Delaware Bay .

. Benthic organisms have been the subject of considerable local
interest for m~ny years. Rutgers Uni vers ity Oyster Laboratory has
conducted research on shellfish and associated benthos since the
turn of the century and the University of Delaware since 1950.
Although there have been many ecological studies dealing with
various taxa, few studies are available on faunal assemblages.
Recent work by Rutgers and Delaware has changed this direction.

Report Format

The report begins with a section containing a summary and
conclusion for each chapter. This section is followed by seven
chapters: I) Hydrography, II) Phytoplankton, III) Zooplankton,
IV) Water Column Synthesis, V) Delaware Bay Benthic Invertebrate
Assemblages, VI) Seasonal Changes of Benthic Invertebrate Assem
blages in the Lightering Area, VII) Methodological Benthic Inverte
brate Studies. Each chapter is complete in that it includes the
purpose of the particular investigation, literature review, results
with figures and tables, discussion and synthesis, and references
cited. Chapter V deserves additional explanation. This chapter
deals with benthic invertebrate assemblages throughout Delaware
Bay. The bay-wide survey provides a valuable background to compare
with"the intensive survey conducted at the lightering area.

In turn, the seven chapters are followed by Appendix I which
contains the documentation of a computer program for cluster
analysis. Cluster analysis was used extensively throughout the
study. Although our use of cluster analysJs is not unique, the
program was included to make it easy for others to use it as an ana-·
lytical tool. Finally Appendix II with tables and figures was
presented. Although each chapter can be read independently of
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Appendix II, it contains all the data obtained in the study. We
consider this important because it permits other workers to check
our results and provides a permanent record of data which normally
cannot be accommodated in journals. Siince many of these studies were
conducted for the first time here, the raw data are valuable for com
parison with other areas and in years to come, regardless of our
analysis and interpretation.
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SUMMARY AND CONCLUSIONS

Chapt~r I: Hydrography

1. Seasonal changes in physical data were typical for an
estuary from this region.

2. Surface temperature ranged from 3.5°C in February to
26.0°C in early August. Bottom temperatures were slightly lower
(-1.0 to 2.0°C) than surface except for December and July.

3. Based on bottom water samples Delaware Bay can be divided
into three salinity zones: a) upper polyhaline zone> (25-30 0/00),

located in the deeper portions of the lower central bay, b) lower
polyhaline zone (18-25 0/00), extending up the lower part of the
bay to a line connecting Egg Island Point to Leipsic River, c)
mesohaline zone (5-18 %o)~ extending along the shallow areas in
the Maurice River Cove and in the upper reaches of the bay.
Salinity values at the lightering area were always in the poly
haline zone (18~30 0/00).

4. Dissolved oxygen values were lower in the summer (3.9
ml/l) than in the winter (8.4 ml/l) and the water was only fully
saturated from late winter to early spring.

5. Silicate concentrations ranged from near zero after the
spring diatom bloom to a September peak of 32 ~g-at/l. At the
deepest station, surface waters contained higher silicate concen
trations than the bottom waters, whereas sil icate concentrations
i nsurface and bottom waters of sha 11 ow stations were generally
the same.

6. Ortho-phosphate concentration generally followed the same
pattern as silicate as it ranged from near zero to 1.6 ~g-at/l in
September.
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7. Ammonia concentration ranged from near zero to highs of
9.8 ~g-at/l in July, 5.5 pg-at/l in September, and 7.4 ~g-at/l in
February.

8. Nitrate and nitrite concentration ranged from near zero
to peaks of 17.5 pg-at/l in mid-July, 14.1 pg-at/l in September,
and 27.5 ~g-at/l in January. The deepest station showed some
vertical strati·fication with lower concentrations in the bottom
water.

9. Concentration of chlorophyll a, b, and c were high in
August, October, and March. Chlorophyll a peak values were be
tween 25 and 30 mg/m3.

10. During the February l2-hour< cruise, temperature and
salinity increased with the .incoming tide while dissolved oxygen
concentration, concentrations of silicate, nitrate and nitrite,
ammonia and ortho-phosphate decreased. <The association between
pigment values and' tide varied depending on the type of chlorophyll.

11. During the April .12 cruise there was very little change
in temperature, salinity, and dissolved oxygen with tidal effects.
In contrast, concentrations of silicate, nitrate and nitrite, and
ortho-phosphate declined as the tide ebbed. Changes in ammonia
and pigment were not tide-related.

12. Based on nitrate and phosphate. concentrations, lower
Delaware Bay was not considered polluted when compared to nearby
estuaries.
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Chapter II: Phytoplankton

1. A total of 126 phytoplankton species were obtained in
both net and whole water samples.

2. The following results applied to the whole water samples:

a. The flora was composed primari ly of sma 11
flagellates during the summer and early fall.

b. Diatoms dominated from October through May.

c. Highest species richness occurred in June (0.71),
late August (0.56), and December (0.66).

d. Evenness values decreased from the summer through
November, increased sharply in December, remained
moderately high even through the spring, and increased
to high values in May~

e. A shift in dominant species was observed. June
dominants were gradually replaced through October, .
after which there was an entirely new suite of
dominants. Another replacement occurred again in
early spring.

f. Cycles of abundance for the most dominant species
showed; 1) Calycomonas ovaHs, late summer months;
2) Pyramimonas sp., spring-early summer; 3)
Cryptomonas acuta, warm months; 4) Chrysochromulina
sp., summer; 5) Skeletonema costatum, late winter
and early spring; 6) Katodinium rotundatum, mid
summer.

g. Recurrent species groups based on cluster analysis
reflected the seasonal change in species composition.
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3. The following results applied to the net phytoplankton
samples:

a. The diatom, Nitzschia seriata, dominated the
winter samples whereas another diatom, Guinardia
flaccida, dominated the spring samples.

b. In general, tidal stage had little influence
on the composition of the dominant species.

Chapter III: ZoopZankton

1. Seventy-one species, including 18 copepods and 15
decapod larvae were identified from the zooplankton samples.

2. Maximum zooplankton abundances occurred in the spring and
summer at most stations.· In general, higher numbers were found in
bottom samples.

3. Copepods \'1ere the largest component of the population
throughout most of the year and the meroplankton comprised a
significant percent of the population during the summer.

4. Based on cluster analysis five time-related assemblages
emerged: l} June--Podon sp., ~ tonsa, .!:..:- coronatus, h hamatus;
2) July-August--~ tonsa, .!:..:- coronatus, !!.:.. texana (zoea), ~ .
sayana (zoea), copepodites; 3) September-November--Oikopleura sp.,
Paracalanus spp., veliger larvae, polychaete larvae; 4) December-
~ tonsa, veliger, Acartia copepodite;. 5) January-May--~ hamatus,
Centropages copepodites, 1:- longicornis, ~ minutus.

5. During the 12-hour cruises there were higher numbers in
the bottom waters in the day with vertical migration towards the
surface at 1500. Zooplankton began their descent at about 1900.
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6. The general pattern of zooplankton numbers and species
occurrences did not differ appreciably from patterns found by
earlier investigators.

7. The seasonal speci es replacement sequence in Dela.ware Bay
was different from that of estuaries to the north.

Chapter IV: Water Column Synthesis

1. The highest net production occurred at the end of May
(167.8 mgm C/m3/6 hr). Surface assimilation numbers also peaked
in late May (6.5 mg C/hr/mg Chl a). Delaware Bay was similar in
production levels to parts of Chesapeake Bay.

2. The winter-spring Skeletonemabloom was associated with
the lowest silicate concentrations. There was a negative association
between diatoms and silicates.

3. Diatoms were negatively associated with ammonia.

4. Micro-flagellates were negatively associated wi~h nitrate
and ni trite.

5. Total whole water phytoplankton numbers were negatively
associated with ortho-phosphate.

6. Herbivores were the dominant feeding group among zooplankton.

7. Based on cross-correlation time series analysis, herbivore
numbers had a positive correlation with abundance of whole water
phytopl ankton after a 1ag of four to s.ix weeks.

8. Based on feedi ng rates, carbon requi rements, and cell .
carbon content, it was determined that the phytoplankton popu
lations in Delaware Bay were more than sufficient to support the
local zooplankton populations.
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9. Since no one species of phytoplankton or zooplankton
maintained dominance for a long period of time except in the
spring (Skeletonema-Thalassiosira), the planktonic food web in
Delaware Bay may be more complex than in estuaries to the north.

Chapter V: DeZaware Bay Benthic Invertebrate AssembZages

1. A tota 1 of 207 samples were co11 ected duri ng the summers
of 1972 and 1973.

2. Based on mean particle size and sorting coefficient
sediments were classified into twelve major groups.

3. Coarse sand deposits were mainly found at the mouth of
the bay with fine silt and clay in the upper bay, at river mouths
and in protected areas near Delaware and Jersey shores.

4.A total of 109 and 125 species were collected in 1972 and
1973 respectively.

5. With the exception of the serpulid reef, few stations had
more than 15 species.

6. One-third of the samples consisted of more than 75%

deposit-feeding individuals. These samples were primarily located
on the Delaware side of the bay.

7. The most widespread species were: Tellina agilis,
Heteromastus filiformis, Glycera dibranchiata, Nephtys picta,
Mulinia lateralis, Protohaustorius wigleyi, Gemma gemma, and
Nucula proxima.

8. The average density (200/m2) of benthic invertebrates in
Delaware Bay was several orders of magnitude lower than other
estuaries along the Atlantic Coast of the United States.
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9. Based on cluster analysis~ five and four assemblages
emerged from the 1972 and 1972 samples respectively. The assem
blages were not similar over the two years.

Chapter VI:

SeasonaZ Changes of

Benthic Invertebrate AssembZages in the LighteringArea

1. A total of 180 species of benthic invertebrates was collected.

2. Deposit-feeding organisms dominated all stations except
8 and 9 which were characterized by two suspension feeders (Mytilus
edulis and Hydroidesdianthus).

3. Suspension feeders comprised a greater percent of the
fauna than did the carnivores or omnivores.

4. Dominant species were: Tellina agilis~ Nucula proxima~

Parahaustorius longimerus~ Spio setosa~ Mediomastus ambiseta~

Mytilus edulis, and Hydroides dianthus.

5. Species dominance was evaluated using McNaughtonls domi
nance index. Stations were dominated by haustoriid amphipods~

various combinations of L.. a9ilis, !h proxima, h setosa, M.
lateralis, and 11.:.- edulis, and!i:.- dianthus.

6. Evenness diversity values were highest among the deposit
feeders and carnivores, and lower among the suspension feeders and
omnivores.

7. At most stations there was a seasonal (usually a cold
months--warm months) replacement of the dominant species.
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8. Based on cluster analysis, the following stations had
similar faunal assemblages: 1 and 6; 2 and 3; 5, 7, and 10; 8 and
9; and 4.

9. Specific animal-sediment associations were observed, but
these were somewhat masked by other variables. Myti1us edulis,
~ dianthus, ~ proxima, and ~ agilis were associated with hard
substrata (pebbles, shell, calcareous tubes), silt-clay (20-75%),
fine sand with silt-clay (10-30%), respectively.

10. Petersen type communities were not recognized in the
lightering area.

11. Seasonal fluctuations observed in these stations indicated
that long-term monitoring of the structure of selected assemblages
would provide more useful data in assessing the stress of man
related activities than one-time surveys.

ChapteY' VII: Methodological Benthic Studies

1. A tota1 of 146 and 158 speci es were co11 ected from four
stations (sand, muddy sand, polymodal sand, calcareous serpulid
reef) with a Petersen grab and dredge haul, respectively.

2. At all stations the dredge sampled a larger number of
species than did the grab.

3. Dominant grab species in the sand were ~agilis, ~

capitata, ~ fragilis, and ~ verrilli, and dominant dredge species
were ~ agilis, ~ americana, !l:- oculatus, and I:- directus.

4. Dominant grab species in the muddy sand were ~ proxima,
h agilis, and I:- directus, and dominant dredge species included
the above three together with ~ septemspinosa and N. americana.
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5. Dominant grab species in ~he polymodal sand were ~
edulis, ~ ambiseta, and ~ alba, and dominant dredge species were
~ polyoum, ~ errata, ~ monostachys, ~ tenuis, ~ tenuissimum,
~ ameri cana, and ~ septemspi nosa.

6. Oomi nant grab speci es in the serpu 1id reef i ntermi xed
with muddy sand were ~ oculatus, ~ ambi seta, ih. proxima, !i:.
fil iformis, ~ benedicti, and !:S serrata, and dominant dredge
species were .!!:- dianthus, !:S serrata, and C. simile.

7. The number of dominant species in the dredge samples was
at least equal, but usually exceeded that of the grabs.

8. Station 9 was the only site where there was a significant
difference in the order of importance of species between grab and
dredge samples. Thus at this station the dredge presented a view
of the community structure considerably different from that
obta i ned from the gra b.

9. To obtain 90% of the species in a particular substratum
between 13 and 16 grab or dredge samples were needed.

10. All dominant species occurred in the first two grab or
dredge samples.

11. The accuracy of the community structure estimate gi yen
by the dredge samples was related to the substratum composition.

12. Based on cluster analysis of grab and dredge samples,
the fauna of the sand and muddy sand substrata showed less patchi
ness than the fauna of the polymodalsand and serpulid reef substrata.

13. Based on the rating scale devised for this study, the.
dredge data offered a reasonable estimate of differing community
structure from different substrata. Improvements in the rating
scale are expected to refine the accuracy of these estimateS.
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I. HYDROGRAPHY

Les Watling

INTRODUCTION

The general physical oceanographic features of Delaware Bay
were described by Polis and Kupferman (1973) and Maurer and Wang
(1973). Their reports considered wind and tide induced currents,
and past salinity and temperature measurements. In contrast,
chemical oceanographic data for Delaware Bay were virtually non
existent (Kester and Courant, 1973); however, some nutrient data
were given in Szekielda·(l973). The following account is summarized
from these reports.

Climate

Precipitation averages 45 inches/year (1.14 m/yr) and is maximum
in summer. Winds are predominantly from the west-northwest during
the winter months (November-March). In April the wind gradually
shifts to westerly onshore and south-southeasterly offshore, pro
gressing to south-southwesterly in summer. Wind patterns are
unst~ble tnthe fall. On an .annual basis, wind speeds are less
than 15 mph (6.7 m/s) 65% of the time and exceed 32 mph (14.3 mls)
only 1% of the time. In general summer winds are calmer and more
variable whereas winter winds are stronger and steadier.
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Tides and Circu~ation

The mean annual ~.idal range at the mouth of Delaware Bay varies
from 4.1 feet (1.2 m) at Cape Henlopen to 4.7 feet (1.4 m) at Cape
May Point. The waters of Delaware Bay circulate as a large rotary
current, generally flowing southward along the Oelaware shore and
northward along the New Jersey shore. The northerly flow component
is reinforced by the flood tide while the southerly current is
reinforced by the ebb tide. As a consequence, a greater proportion
of Delaware River water flows out of Delaware Bay along the Dela
ware shore. Tidal currents at the Delaware Bay mouth average a
maximum of 1.8 knots (0.9 m/s) during both flood and ebb tide
conditions. The values decrease slightly in the open central
portion of the bay and increase to an average maximum of 2.5 knots
(1.3 m/s) where the bay narrows near Woodland Beach. Within the
bay tidal currents generally run parallel to Hslong axis. There
is a net transport of water out of the bay on the tape Henlopen
side and a net transport into the bay in the deep channels and, at
the surface, to the Cape May side. Salter (in Polis and Kupferman,
1973) suggests that this is explained by Coriolis forces.

SaUnity

Delaware Bay is generally polyhaline (18-30 0/00) from its
mouth up to the vicinity of the Leipsic River and mesohaline from
the Leipsic River to around Woodland Beach and also in the Maurice
Ri ver Cove. Groni n, et a1. (1962) demons trated that the" bay was
strongly stratified only in the winter and spring as the river
flow increased. In fact, Polis and Kupferman (l973) noted that
yearly changes in river flow can drastically alter the salinity
structure of the lower bay.
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Temperature

In the fall and winter the bay shows little or no vertical
temperature stratification whereas in the spring and summer bottom
waters are generally cooler than surface waters, especially in the
deeper regions. Temperatures generally range from 1°C in winter
to 25-30°C in summer.

DissoZved Oxygen

The mesohaline and polyhaline zones of Delaware Bay are
generally fully saturated with dissolved oxygen. Absolute values
of dissolved oxygen vary as would be expected with temperature
and salinity.

NutrIents and Pigments

There is, at the present time, no general picture of nutrient
distributions in Delaware Bay. With regard to pigments, Szekielda
(1973) presented amap of bay-wide chlorophyll distribution. High
concentrations of chlorophyll were transported with theoutflowing
river water along the Delaware side of the bay.

METHODS

In the present study hydrographic' data were obtained from two
sources: monthly or bi-monthly plankton cruises in the vicinity of
the anchorage area, and samples collected during the benthic cruises.
Three plankton stations (Fig. 1-1) were occupied 17 times from May
1, 1974 to May 28, 1975 always at high slack tide. In addition, two
12-hourcruises were conducted at plankton Station 2 on February 20,
1975 and April 14, 1975. Hydrographi c data were also obtained from
ten benthic stations in the anchorage region on a quarterly basis
(May, August, and November 1974 and FebruarY and May 1975) and from
105 bay-wide stations in 1972 and an additional 102 stations in 1973.
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Both surface and bottom water samples were taken at all of the
above stations with the exception of the bay-wide series where
only bottom water was sampled.

Temperatures were measured with standard reversing thermometers.
Salinities were measured in the laboratory with a Beckman Model
6320N laboratory salinometer. Samples for nutrient analysis were
stored frozen in plastic containers to await- analysis. All samples
for pigment analysis were filtered immediately on the ship using
Whatman GF/C glass fiber filters. The filters were then frozen and
stored in a dessicator until analyzed. Concentrations of dissolved
oxygen, silicate, nitrate and nitrite, ortho-phosphate, ammonia,
chlorophylls a,b, and c, phaeopigments, and carotenoids were ana
lyzed following procedures described in Strickland and Parsons (1968).
Pigment analyses followed the acetone extraction technique and ex
tinction coefficients were measured on a D.U. spectrophotometer.
Concentrations were estimated using the SCOR/UNESCO formulae.

RESULTS AND DISCUSSION

Values of temperature, salinity, silicate, ortho-P04, NH3,
N03 + N02,dissolved oxygen, and chlorophylls a, b, and c obtained
at plankton Stations 1,2, and 3 are given in Tables 1-1 to 1-10.
Tables 1-11 and 1-12 contain similar data for the l2-hour crulses
conducted at plankton Station 2 on February 20 and April 14, 1975.
In addition, temperature, salinity, and dissolved oxygen values
from the benthic-cruises in the anchorage area are given in Appen
dix Tables AI-l to AI-3. Cyclic and/or distributional changes in
each of these hydrographic measures are detailed below.
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A. Year ly Summary

Temperature

The annual pattern of surface temperature (Fig. 1-2) was
typical of a northeastern American estuary. Lowest and highest
temperatures were recorded in February (3.5°C) and early August
(26.0°C), respectively. Except during the months of December
and January, temperatures on the bottom were slightly lower than
at the surface (Table 1-1).

Salinity

Since ~he plankton cruises were conducted at high slack tide,
salinity values were always in the polyhaline range, and rarely
was there any strong vertical stratification at any of the three
stations (Table 1-2) .. Bottom salinities throughout the bay pro
vided a broader picture of the estuarine zonation as established
by the Venice system (reviewed in Carriker, 1967}. Figures 1-3
and 1-4 show the distribution of the mesohaline, lower polyhaline,
upper polyhaline, and oceanic zones sampled during the 1972 and
1973 benthic transect studies. Of special interest was the distri
bution of mesohaline water along the shallow New Jersey side of
Delaware Bay and the extension of upper polyhaline water along the
deep channels and into the upper reaches of the Delaware portion
of the bay. This suggested that bottom morphology may be as im
portant as the Coriolis force in determining the water mass dis
tributions in Delaware Bay. An account of the temperature and
salinity distribution along the Cape May shore has been provided
by Hidu and Haskin (1971).

Dissolved Oxygen

In general, an three stations showed the same yearly pattern
of dissolved oxygen values being lower in the summer than in the
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winter. Only during the late'winter to early spring period was
the water consistently fully saturated (Table 1-3); otherwise
full saturation occurred only after the strong diatom bloom of
mid-October.

Silicate

Silicate values showed several peaks, the highest (31.6 ~g-at/])

occurring in September (Fig. 1-5). Decreases in silicate were ob
served during and after blooms of diatoms in August, October, and
April. At Station 1, silicate concentrations were higher in surface
water than bottom water over most of the year (Table 1-4). Concen
trations of silicate were generally the same in the surface and
bottom waters of the shallower Stations 2 and 3.

Ortho-phosphate

As for silicate, ortho-phosphate values showed several peaks,
the highest (1.64 ~g-at/1) occurring in September (Fig. 1-6). Ortho
phosphate concentrations declined during phytoplankton blooms but
increased immediately following the termination of the bloom. All
of the detectable ortho-phosphate was removed from the water during
the spring Skeletonema - Thalassiosira bloom. There were few dif
ferences between surface and bottom water or among stations (Table
1-5) .

Armnonia

Highest concentrations of ammonia were observed in July (9.8 ~g

at/l) , September (5.5 ~g-at/l), and February (7.4 ~g-at/l) with quite
low concentrations present during the remaining sampling periods
(Fig. I-7). Ammonia values changed rapidly during the summer and
fall months but varied more gradually during the winter and after
the spring bloom. Values were slightly higher in bottom water
than in surface water, especially at Station 1, whose values
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were also slightly higher than those at Stations 2 and 3
(Table 1-6).

Nitrate and Nitrite

Highest concentrations of nitrate and nitrite were observed
in May at Stations 1 and 2 (22.0 and 19.1 ~g-at/1) and January at
Stations 1 (27.0 ~g-at/1) and 3 (27.0 ~g-at/1) whose values greatly
exceeded those for any other time of the year (Fig. 1-8, Table 1-7).
There was a sharp decrease in nitrate and nitrite cqncentrations in
the June 20 sample which was not observed in the'concentrations of
any of the other nutrients. Station 1 exhibited some vertical strati
fication with the lower concentrations occurring in the bottom waters.

Chlorophylls

Surface concentrations of total chlorophyll a, chlorophyll b,
and chlorophyll c at the three plankton stations are illustrated in
Fi gures 1-9, 1-10, and 1-11. In addi ti on., both surface and bottom
values of these pigment concentrations are given in Tables 1-8, 1-9,
and 1-10. Peak concentrations of chlorophyll a were measured on
Augus t 21 (24.1 mg/m3), October. 30 (28.1 mg/m3), and March 18
(32.3 mg/m3). Values at Station 1 were generally lower than at
Stations 2 and 3. A generally similar pattern was seen for chI oro
phylls band c.

B. Twelve-hour Cruises of February 20~ 1975

at Plankton Station 2

The amount of change in the values of temperature, salinity,
dissolved oxygen, nitrate and nitrite, ammonia, ortho-phosphate,
ch1orophylls a, b, and c, carotenoids, and phaeopigments, during
a l2-hour period on February 20, 1975 are presented in Table 1-11
and Figures I-12~o 1-22. Temperat,ure (Fig. 1-12) and salinity
(fig. 1-13) values increased with the incoming tide while the
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dissolved oxygen concentration (Fig. 1-14) decreased. Concentrations
of silicate (Fig. 1-15), nitrate and nitrite ,(Fig. 1-16), ammonia
(Fig. 1-17), and ortho-phosphate (Fig. 1-18) also tended to decrease
with increasing salinity. No consistent tide-associated vertical
stratification was observed for any of these nutrients. Total chloro
phyll a concentration (determined by thephaeo-pigment method) showed
distinct peaks at 1100 (4.04 ~g/m3) and 1800 (5.19 mg/m3) hours near
the periods of slack tides (Fig. 1-19 and 1-20). Chlorophyll b (Fig.
1-21) showed little tide-related change while concentrations of chloro
phyll c increased strongly with the incoming tide (Table 1-11).

C. TuJelve-hoUX' Cruise of April l4~ 1975

at Plankton Station 2

Measures and concentrations of the physical, chemical, nutrient,
and pigment factors discussed under the 12-hourcruise of February 20
are given for this cruise in Table 1-12 and Figures 1-22 to 1-32. In
comparison to the cruise of February 20, very little change in tem
perature (Figure 1-22), salinity (Fig. 1-23), and dissolved oxygen
(Fig. 1-24) values were observed during this 12-hour period. In con
trast, concentrations of the nutrients, silicate (Fig. 1-25), nitrate
and nitrite (Fig. 1-26), and ortho-phosphate (Fig. 1-28) declined as
the tide ebbed. The changes in ammonia (Fig. 1-27) and pigment con
centrations (Figs. 1-29 to 1-32) do not appear to be tide-related.

D. Comparisons with Regional Estuaries

Nutrient values obtained for Delaware Bay were compared with
those of three nearby estuarine systems: Long Island Sound (Riley
and Conover, 1956; Kester and Courant, 1973), Raritan Bay (Jeffries,
1962), and Chesapeake Bay (Kester and Courant, 1973). Of the three
systems, only Long Island Sound was similar to the region of Dela
ware Bay examined here in having dissolved oxygen levels under
saturated during the summer months. Inorganic phosphate levels
in Long Island Sound were approximately 2.5 Vg-at/l from October
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to March and then decreased to very low values in May and June. In
Raritan Bay, which Jeffries (1962) suggested was a strongly polluted
estuary, inorganic phosphate values were near 6 llg-at/l in October
and then decreased to levels between 2 and 3 llg-at/l from April
through the summer. A similar cycle for Chesapeake Bay was not
well defined but the values were always below 1.0 llg-at/l. Values
for lower Delaware Bay were closest to those of Chesapeake Bay ..

Nitrate levels in Long Island Sound ranged from <1 to 5 pg-at/l
during the period March through August, but then increased to 12 to
20 llg-at/1 from September to ~ebrua ry. Aga in va 1ues in Raritan Bay
were somewhat higher, ranging from 15 to 37 llg-at/l in the winter
and spring, and 1 to 15 pg-at/l in the summer. Concentrations near
20 llg-at/l were recorded in Chesapeake Bay during the spring but
decreased to less than 5 llg-at/l in the summer and fall. Highest
concentrations of nitrate plus nitrite in lower Delaware Bay occurred
during the winter months with occasional high values in the spring.

Much has been written about the relationship of nitrogen and
phosphorus in coastal ~ystems and the use of nitrogen-phosphorus
(atoms) ratios as indicators of eutrophic conditions (Jeffries,
1962; Ryther and Dunstan, 1971; Banse, 1974). This ratio was ap
proximately 8:1 throughout the year in Long Island Sound, varied
from 35:1 to 1.3:1 in Raritan Bay (highest in March and April,
lowest in July and August), and ranged between 90:1 (spring) to
2.5:1 (fall) inCheapeake Bay. In lower Delaware Bay this ratio
averaged 200:1 in May and June and approximately 20:1 throughout
the summer and winter months. Of the four estuarine systems con
sidered, only Long Island Sound did not have a strong input of
river water nor isit s~rrounded by large salt marshes. Long
Island Sound was also the only system where the nitrate and
phosphate cycles were in near perfect correspondence. In the
other estuaries, jncluding Delaware Bay, the nitrate values
varied randomly in relation to phosphate thus suggesting that

9



the major river and/or the marshes and tidal creeks (Aurand and
Daiber, 1973) may be responsible for t~e wide range of nitrate
phosphate ratios in these systems.

Ketchum (1967) noted earlier experiments had demonstrated that
available nitrogen was probably the nutrient limiting algal growth
and that high concentrations of inorganic phosphorus in the water
reflected the excess of that element above the requirements of the
phytoplankton. Thus the phosphorus concentration could be used as
a pollution index. On this basis, Long Island Sound, Chesapeake Bay,
and lower Delaware Bay did not show excess nutrient pollution as did
Raritan Bay.
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Table 1-3

Environmental Feature: Dissolved Oxygen (ml/l)

Station I Station II Stati on III

Cruise No. Date T % M % B % T % B % T % B %

1 May 1, 1974 6.46 103 6.29 97 6.17 88 6.78 108 6.79 108 7.26 117 7.27 117
2 May 9, 1974 6.68 108 6.28 99 6.28 99 6.97 110 6.94 110 7.20 114 6.45 102
3 May 22, 1974 6.07 102 5.78 97 5.75 97 6.06 103 5.98 101 6.62 121 8.22 152
4 June 13, 1974 4.16 75 2.93 53 2.57 46 4.17 77 3.88 71 6.03 112 5.66
5 June 20, 1974 5.29 99 4.84 91 4.80 91 5.52 105 5. 19 98 5.44 104 5.43 103
6 July 19, 1974 4.67 92 4.35 85 4.76 93 4.75 94 4.40 87 4.67 93 4.75 95
7· Aug. 1 , 1974 4.64 95 3.97 80 4.63 95 4.43 90 4.96 103 5.07 104
8 Aug. 21,1974 4.84 97 4.74 95 4.80 96 4.96 100 4.90 99 4.64 94 4.75 96
9 Sept . 17, 1974 4,59 89 4.55 88 4.55 88 4.49 87 4.47 87 4.52 88 4.49 88...... 10 Oct. 15, 1974 6.21 107 5.88 103 5.88 103 5.99 105 5.99 105 5.92 103 5.82 102(J1

11 Oct. 30, 1974 4.53 74 5.88 97 4.70 78 5.57 91 6.50 107 6.72 109 8.82 143
12 Nov. 14, 1974 5.71 94 5.72 94 5.66 93 5.77 95 5.77 95 5.71 94 5.75 94
13 Dec. 13, 1974 6.99 98 6.94 97 6.91 97 7.06 97 7.13 98 7.13 98 7.15 99
14 Jan. 16, 1975

* 15 Feb. 20, 1975
(1800 ) 8.48 105 7.85 100

16 March 18, 1975 8.18 108 7.91 105 7.57 102 8.40 112 9.05 120 9.03 121 8.20
* 17 Apri 1 14, 1975

(0900) 8.40 114 8.30 113
18 May 9, 1975 6.19 .96 6.44 102 6.44 100 7.08 111 6.62 103 7.35 117 7.20 114
19 May 28, 1975 5.76 100 5.52 97 5.68 101 5.68 100 5.31 94 5.71 101 5.38 96

* 12 hrs. at Station II only
% refers to percent of full saturation



Table 1-4

Environmental Feature: Silicate (ug-at/l)

Station I Station II Station II I .

Cruise No. Date T M B . T B T B

1 t1ay 1, 1974
2 ~1ay 9, 1974 1. 74 1. 79 . 2.20 1. 79 1. 79 1. 26 1. 21
3 May 22, 1974 3.54 10.8 4.46 3.58 3.00 2.75 3.92
4 June 13, 1974 6.50 6.77 6.67 3.00 2.92 3.15 2.95
5 June 20, 1974 5.44 4.78 3.13 3.13 4.10 3.31 4.13
6 July 19, 1974 10.2 9.8 7.75 12.2 12.3 16.3 14.6
7 Aug. 1, 1974 16.6 13.0 11. 1 16.8 18.0 20.2 22.0
8 Aug. 21 , 1974 13.2 11.5 .10.9 9.8 9.6 10.7 10.4

..... 9 Sept. 17, 1974 29.2 27.7 27.7 30.0 29.3 31. 6 28.3
O'l 10 Oct. 15, 1974 4.8 4.3 4.8 6.3 6.5 7.1 6.5

11 Oct. 30, 1974 4.5 4.5 5.9 3.6 3.7 3.6 3.3
12 Nov. 14, 1974 11.2 11. a 8.85 9.7 8.9 10.0 10.7
13 Dec. 13, 1974 7.5 7.4 7.0 9.4 9.1 10.4 10.2
14 Jan. 16, 1975 11.0 12.0 10.5 10.2 8.7 16.6 12.5

* 15 Feb. 20, 1975
(1800) 13.7 9.0

16 ~1arch 18, 1975 2.6 0.8 1.4 0.7 1.4 0.3 0.2
* 17 April 14, 1975

(0900) 1.40 1.05
18 May 9, 1975 1.1 1.1 0.4 0.9 1.0 0.6 0.7
19 May 28, 1975 1.45 1. 30 1.2 2.2 2.8 2.0 2.5

* 12 hrs. at Station II only



Table 1-5

Environmental Feature: ortho-P04(ug-at/1)

Station I Station II Station III

Cruise No. Date T M B T B T B

1 May 1, 1974 0.08 0.10 0.10 0.06 0.05 0.05 0.05
2 May 9, 1974 0.10 0.08 0.05 0.02 0.04 0.05 0.04
3 r~ay 22, 1974 0.08 0.13 0.21 0.11 0.09 0.08 0.17
4 June 13, 1974 0.07 0.14 0.42 0.06 0.08 0.04 0.07 .
5 June 20,1974 0.16 0.38 0.26 0.20 0.21 0.18 0.22
6 July 19, 1974 0.72 0.70 0.69 0.78 0.81 0.81 0.82
7 Aug. 1, 1974 1. 10 1. 09 1. 00 1. 00 1.20 1. 18 1. 33
8 Aug. 21, 1974 1.11 1. 03 1. 04 0.66 0.70 0.87 0.86
9 Sept. 17, 1974 1. 64 1. 54 1.45 1. 52 1. 52 1.60 1. 61

--' 10 Oct. 15, 1974 0.49 0.52 0.50 0.49 0.54 0.47 0.48'.1

11 Oct. 30, 1974 0.23 0.40 0.48 0.26 0.27 0.29 0.26
12 Nov. 14, 1974 0.98 1. 00 0.97 0.92 0.93 0.93 0.91
13 Dec. 13, 1974 0.70 0.69 0.69 0.63 0.63 0.58 0.58
14 Jan. 16, 1975 0.56 0.56 0.45 0.58 0.48 0.58 0.53

* 15 ' Feb. 20, 1975
(1800) 0.36 0.46

16 March 18, 1975 0.01 0.01 0.01 '" a '" 0 '" a '" a
* 17 Apri 1 14, 1975

(0900) 0.06 0.05
18 May 9, 1975 0.04 0.10 0.07 0.02 0.06 0.03 0.03
19 May 28, 1975 0.14 0.18 0.22 0.18 O. 17 0.20 0.16

* 12 hrs. at Station II only



Table 1-6

Environmental Feature: NH 3-N( ug-at/ 1)

Station I Station II Station III

Cruise No. Date T M B T B T B

1 May 1, 1974 1.5 2.0 1.9 1.4 1.4 1.1 1.0
2 May 9, 1974 0.8 1.0 1.5 0.5 0.5 0.6 0.7
3 May 22, 1974 1.5 1.7 1.9 1.2 1.0 1.0 1.6
4 June 13, 1974 1.5 3.0 3.8 1.5 1.6 1.4 2.4
5 June 20, 1974 1.8 2.6 . 4.0 1.4 3.9 1.7 1.5
6· July 19, 1974 6.7 7.7 6.8 6. 1 9.8 7.6 8.5
7 Aug. 1, 1974 2.8 3.5 3. 1 1.7 2.9 2.5 3.4
8 Aug. 21 , 1974 1.6 1.9 1.9 0.7 0.8 1.6 1.6
9 Sept. 17, 1974 4.9 5.0 5. 1 5.5 5.2 5.0 5.2

...... 10 Oct. 15, 1974 1.0 1.1 1.1 1.5 0.9 0.6 1.8<:Xl

11 Oct. 30, 1974 1.4 1.8 3.2 1.1 0.9 1.2 0.8
12 Nov. 14, 1974 2.3 2.2 2. 1 2. 1 2.2 2.2 2.5
13 Dec. 13, 1974 2.8 2.6 2.6 2.8 2.6 2.7 2.7
14 Jan. 16, 1975 3.8 3.2 2.0 3. 1 2.6 4.0 3.1

* 15 . Feb. 20, 1975
(1800 ) 7.4 4.5

16 March 18, 1975 '" 0 '" 0 '" 0 . '" 0 '" 0 '" 0 '" 0
* 17 Apri 1 14, 1975

(0900) 0.7 0.6
18 May 9, 1975 '" 0 '" 0 '" 0 '" 0 '" 0 '" 0 '" 0
19 May 28, 1975 1.9 1.8 0.8 2.7 1.1 1.3 1.9

* 12 hrs. at Station II only



Table 1-7

Environmental Feature: N03 + NO 2-( ug-atl 1)

Stati on I Station II Station III

Cruise No. Date T M B T B T B

1 ~1ay 1, 1974 22.0 14.7 10.2 19.1 18.8 8.0 8.9
2 May 9, 1974 4.5 5. 1 3.1 0.5 0.4 0.4 2.8
3 May 22, 1974 11.6 2.5 2.6 4.0 4.5 0.6 5.3
4 June 13, 1974 17.5 4.0 1.2 12.7 12.6 3.8 4.4
5 June 20, 1974 1-.2 0.5 0.7 0.2 0.2 0.2 0.2
6 July 19, 1974 4.0 2. 1 1.7 2.8 2.4 2.5 2.6
7 Aug. 1, 1974 5.0 4.5 3.4 9.2 5.5 5.0 5.4
8 Aug. 21, 1974 12.7 10.5 10. 1 8.2 8.0 8.1 9.1
9 Sept. 17, 1974 14. 1 10.4 9.9 12. 1 11. 6 11.2 11.0

--' 10 Oct. 15, 1974 9.2 6.0 5.6 8.4 7.6 11.7 11.8\.0

11 Oct. 30, 1974 4.8 3.5 2.4 2.3 2.8 4.4 2.8
12 Nov. 14, 1974 4.9 5.9 3.8 0.1 0.1 4.1 7.3
13 Dec. 13, 1974 16.4 16.5 14 1 13. 1 12.7 13.8 13.4
14 Jan. 16, 1975 27.0 19.1 24.2 18.3 25.2 27~5 17.9

* 15 Feb. 20, 1975
(1800 ) 18.2 13.4

16 March 18, 1975 11.5 7.7 4.4 9.4 7.8 9.7 9.7
* 17 April 14, 1975

(0900) 10.8 9.1
18 May 9, 1975 3.6 0.4 O. 1 1.9 0.4 1.6 0.8
19 May 28, 1975 7.3 1.7 0.3 .< 8.6 1.6 2.9 2.5

* 12 hrs. at Station II only



Table 1-8

Environmental Feature: Chlorophyll a (mg/m3)

Station I Stati on II Station III

Cruise No. Date T M B T B T B

1 May 1, 1974
2 May 9, 1974
3 May 22, 1974 5.2 4.0 3.3 11. 9 12.0 14.8 10. 1
4 June 13, 1974 4.8 5~3 2.8 7. 1 6.2 7.6 7.1
5 june 20, 1974 7.8 3.6 3.6 9.8 12.4 8.9 12.0
6 July 19, 1974 10.7 6.8 6.7 15.4 11 .7 15.5 12.3
7 Aug. 1, 1974 3.5 3.4 2.7 10.7 6.8 11.8 9.8
8 Aug. 21, 1974 9.5 8.6 8.4 24.1 22.9 18.0 19.3
9 Sept. 17, 1974 2.9 3.8 4.2 5.0 7. 1 3.8 4. 1

N 10 Ott. 15, 1974 9.8 10.5 10.7 13.2 12.6 12.8 12.50

11 Oct. 30, 1974 ' 6.0 1.9 1.7 13.0 12.7 28. 1 15.5
12 Nov. 14, 1974 1.2 1.2 1.2 2.5 2.5 2.1 2.4
13 Dec. 13, 1974 3.4 4. 1 6.4 6.5 6.3 6.7 5.9
14 Jan. 16, 1975

* 15 Feb. 20, 1975
(1800) 5.5 6.9

16 March 18, 1975 10.5 11.4 12.6 16.7 22.2 18.8 32.3
* 17 April 14, 1975

(0900) 8.4 6.7
18 May 9, 1975 3.6 8.2 6.8 7. 1 8.2 7.3 12.7
19 May 28, 1975 5.3 5.8 8.4 4.3 9.7 8.3 8.8

* 12 hrs. at Station II only



Table 1-9

Environmental Feature: Ch1orophyll b (mg/m3)

Sta ti on I Stati on II Station III

Cruise No. Date T M B T . B T B

1 May 1, 1974
2 May 9, 1974
3 May 22, 1974 1.0 0.7 0.6 2.0 1.9 2.6 1.8
4 June 13, 1974 1.4 0.9 0.5 1.9 1.4 1.5 1.5
5 June 20, 1974 1.1 0.8 0.9 1.5 2.0 1.3 1.6
6 July 19, 1974 1.4 0.9 0.8 1.7 1.6 2.0 1.6
7 Aug. 1, 1974 0.4 0.7 0.6 1.7 1.4 2.3 1.4
8 Aug. 21, 1974 1.2 1.4 1.5 2.7 2. 1 2.1 2.1
9 Sept. 17, 1974 0.3 0.6 0.7 0.7 1.1 0.6 0.5

N 10 Oct. 15, 1974 0.7 1.0 0.9 . 1.0 0.9 0.9 0.9....J

11 Oct. 30, 1974 0.5 0.1 0.4 0.8 0.9 2.4 1.1
.12 Nov. 14, 1974 O. 1 0.2 0.2 0.6 0.4 0.4 0.4

13 Dec. 13, 1974 0.4 0.4 0.9 0.8 0.9 0.8 0.7
14 Jan. 16, 1975

* 15 Feb. 20, 1975
(1800) 0.4 0.4

16 Ma rch 18, 1975 0.8 0.5 0.8 0.7 2.4 2.0 5.9
* 17 April 14, 1975

(0900) 0.5 2. 1
18 May 9, 1975 0.2 0.4 0.6 0.6 0.6 0..5 0.9
19 May 28, 1975 0.7 0.5 0.5 0.6 0.7 0.9 0.5

* 12 hrs. at Station II only



Table 1-10

Environmental Feature: Chlorophyll c (mg/m3)

Station I Station II Station III

Cruise No. Date T M B T B T B

1 May 1, 1974
2 May 9, 1974
3 May 22, 1974 1.8 0.9 0.7 4.5 4.5 6.4 3.5
4 June 13, 1974 1.6 0.9 0.6 2.1 0.8 1.6 1.4
5 June 20, 1974 1.8 0.8 0.7 3.8 3.6 2.4 2.9
6 July 19, 1974 4.7 4.1 4.2 6.3 4.4 6.0 4.9-
7 Aug. 1, 1974 0.8 1.3 1.5 3.2 3.0 4.7 3.0
8 Aug. 21, 1974 3.7 4.2 4.0 10.0 8.3 7.5 9.4
9 Sept. 17, 1974 1.4 1.2 1.6 1.7 2.4 2.4 1.5

N 10 Oct. 15, 1974 4.4 4.3 4.9 5.4 5.6 5.3 5.1N
11 Oct. 30, 1974 2.0 0.6 1.2 6.0 4.6 12. 1 6.5
12 Nov. 14, 1974 0.1 0.2 0.6 0.9 0.6 0.6 0.7
13 Dec. 13, 1974 0.5 0.7 1.6 1.6 1.2 1.4 0.9
14 Jan. 16, 1975

* 15 Feb. 20, 1975
(1800) 1.9 1.1

16 March 18, 1975 4.3 2.7 3.1 2.1 5.2 3.7 10.1
* 17 April 14, 1975

(0900) 1.8 4.0
18 May 9, 1975 1.3 1.5 1.4 1.0 1.2 1.8
19 May 28, 1975 1.1 1.2 1.8 0.4 2.5 2.1 1.6

* 12 hrs. at Station II only



Table 1-11.

Summarization of hydrographic data obtained during 12-hour cruise of February 20, 1975

Time Temperature Sal i nity Dissolved Oxygen Si licate N03 and N02 NH3 ortho-P04(ml/1)

Om* 4m* Om 4m am 4m am 4m Om 4m am 4m am 4m

0700 22.1 24.2 8.20 8.18 15. 1 12~7 16.8 15.7 10.0 7.59 0.55 0.46
0800 3.0 3.4 21. 5 23.1 8.32 8.18 11. 9 14.2 12.8 16.4 7.70 8.57 0.46 0.46
0900 21.2 22.1 8.40 _8.30 17.8 15.8 19. 1 17.8 11. 1 9.79 0.54 0.52
1000 3.2 3.2 21. 7 22.0 8.29 8.55 17.0 15.5 18.8 16.2 10.7 8.60 0.60 0.53
11 00 3. 1 3.3 21.8 22.2 8.30 8.30 15.9- 16.2 18.1 18. 1 9.73 10.66 0.53 0.50
1200 3.3 3.2 21. 9 22.1 8.88 8.34 18.5 17.4 21.0 20.5 10.4 10.3 0.57 0.54
1300 3.4 3.3 21.9 22.2 8.37 8.40 15.0 15.9 16.3 17.7 8.60 9.20 0.46 0.53

N 1400 3.6 3.3 22.2 23.8 8.40 8.42 14.7 13.2 16.3 14.7 8.72 6.23 0.58 0.37w
1500 3.7 3.6 21. 9 24.1 8.40 8.47 16.4 8.5 17.5 10.8 8.89 4.08 0.66 0.42
1600 3.7 3.6 23.0 24.3 8.47 8.37 11.8 10.6 14. 1 13.7 6.79 4.92 0.36 0.36
1700 3.7 3.6 23.4 24.3 8.54 8.38 9.37 12.9 11. 7 17.6 5.57 6.49 0.37 0.38

-+1800 3.6 3.6 23.3 27.3 8.48 7.85 13.7 8.96 18.2 13.4 7.38 4.45 0.36 0.46
1900 3.6 3.6 22.4 26.9 8.44 7.88 13.3 9.05 15.4 12.8 8.09 4.57 0.44 0.42

*Om = surface depth
4m = bottom depth



Table 1-11 (cont.)

Time Chlorophyll a Chlorophyll b Chlorophyll c Carot. Chl. a/ Carot. Chl. a/Phaeo. Phaeo.

Om 4m Om 4m Om 4m Om 4m Om 4m Om 4m am 4m

0700 3.606· 5.192 0.173 0.389 0.158 0.544 1.166 1.399 3.092 3.708 3.204 0.320 1.121 7.817
0800 3.444 2.144 0.162 0.035 0.533 -0.009 0.861 0.509 3.999 4.212 1.089 0.256 3.678 2.960
0900 1.791 2.249 0.066 0.126 0.103 - 1. 269 0.308 0.573 5.808 3.921 0.064 0.512 2.768 2.576
1000 2.656 3.115 0.299 0.502 -0.595 0.017 0.631 0.571 4.204 5.451 0.384 0.833 3.703 3.812
1100 4.685 0.369 0.193 1.632 2.869 4.037 1.480
1200 2.578 2.532 0.268 0.212 -0.389 -0.682 0.494 0.586 5.218 4.317 0.256 -1. 794 3.723 6.927
1300 2.832 4.682 0.390 0.349 -0.179 1.198 0.632 1.680 4.475 2.786 0.448 3.844 3.844 1.614
1400 3.105 4.955 0.077 0.340 0.233 0.509 0.689 1.181 4.506 4.194 0.448 0.512 4.120 6.895
1500 2.361 5.596 0.240 0.380 0.532 0.498 0.531 1.118 4.444 5.001 0.576 '-0.320 2.755 9.451
1600 3.466 5.776 0.203 0.465 0.485 0.299 1.340 1.000 2.585 5.771 1. 217 0.833 2.992 7.933
1700 4.079 5.248 0.243 0.370 0.617 0.517 0.893 1.433 4.568 3.661 0.897 1.089 4.889 6.728

N -+1800 5.537 6.933 0.353 0.397 1.921 1.100 1.907 2.306 2.903 3.006 5.190 2.242 1.147 6.952.j:::o

1900 2.263 7.711 0.206 0.959 -0.478 0.084 0.446 2.118 5.072 3.640 0.576 2.947 2.704 7.721



Table 1-12

Summarization of hydrographic data obtained during 12-hour cruise of April 14, 1975

Time Temperature Salinity Dissolved Oxygen Sil i cate N03 and N02 NH3 ortho-P04(ml/l)

Om 4m Om 4m Om 4m Om 4m Om 4m Om 4m Om 4m

0800 6.2 6.4 ·26.3 26.7 7.99 7.76 8.80 1. 49 10.8 10.6 0.32 0.80 0.04 0.04
-+0900 6.3 6.2 26.7 27.0 7.76 7.71 1.40 1.05 10.8 9.05 0.74 0.64 0.06 0.05

1000 6.6 6.5 26.5 26.7 8.23 8.18 0.482 0.789 10.5 10.5 0.11 0.11 0.04 0.02
1100 6.8 6.6 26.6 26.7 8.18 8.11 0.702 1.32 8.93 9.05 0.32 0.21 0.04 0.04
1200 6.6 6.6 26.6 26.7 8.40 8.20 0.526 0.526 7.96 8.70 0.11 0.58 0.02 0.24
1300 7.6 6.6 26.4 26.7 8.39 8.13 0.526 0.526 8.60 8.54 0.00 0.64 0.01 0.02
1400 6.5 26.7 26.8 8.31 8.14 0.096 0.385 7.00 8.06 0.23 0.23 0.02 0.02
1500 7.3 6.7 25.9 26.3 8.60 8.41 0.289 0.385 6.78 0.91 0.63 0.80 0.006 0.012

N 1600 6.9 6.7 26.5 26.6 8.30 8.21 0.481 0.577 6.41 6.97 0.23 0.23 0.012 0.012<.n

1700 7.0 6.7 26.1 26.3 8.60 8.21 0.192 0.289 6.13 5.00 0.23 0.34 0.000 0.006
1800 6.9 6.7 26.2 26.2 8.35 8.26 0.770 0.289 1. 59 0.76 0.23 0.34 0.012 0.012
1900 6.9 6.9 26.0 26. 1 8.77 8.51 0.192 0.192 7.05 6.73 0.11 0.036 0.006



Table 1-12 (cont.)

Time Chlorophyll a Chlorophyll b Ch1orophyll c Carat. Chl. a/Carot. Chl. a/Phaeo. Phaeo.

Om 4m Om 4m Om 4m Om 4m Om 4m Om . 4m Om 4m

0800 14.578 19.347 1.386 2.111 3.186 5.879 3.410 5.314 4.274 3.640 4.741 10.765 15.859 16. 109
--:-0900 8.419 6.739 0.532 2.070 1.87.0 4.008 2.766 1.906 3.043 3.534 3.460 -4.357 8.291 11 .444

1000 14.345 18.231 1. 198 1.767 5.234 5.493 5.868 7.412 2.444 2.459 12.751 13.905 4.402 8.971
11 00 13.695 20.005 1.080 1.599 3.709 8.508 4.679 7.937 2.926 2.520 8.650 16.660 9.035 6.798
1200 8.654 '14. 534 0.812 1.056 2~588 2.860 2.911 4.954 2.972 2.933 4.165 3.204 7.542 18.147
1300 6.329 14.996 2.868 1.440 9.488 4. 192 0.035 5.655 176.151 2.651 1.666 4.293 8.464 17.852
1400 21.479 21.390 2.013 1.922 5.859 4.268 7.109 6.262 3.021 3.415 13. 713 ' 7.048 14.257 23.869
1500 11 .751 22.725 0.750 1.706 2.196 4.931 3.166 6.370 3.710 3.567 4.421 13.520 12.328 14.937
1600 15.651 20.156 1.195 1.863 2.171 5.104 4.648 6.079 3.366 3.315 3. 716 11.598 18.839 14.392
1700 16.246 18.559 1.662 1. 462 7.044 5.489 5.898 5.851 2.754 3.171 14.289 11.534 5. 062 12. 213
1800 14.518 13.029 1.599 1.248 5.163 4.193 4.558 3.610 3.184 3.608 8.586 6.023 9.663 11.656

N 1900 7.933 10.629 0.820 0.787 1.634 0.282 2.363 3.474 3.355 3.059 3.139 0.512 8.074 16.12801

"



FIGURE CAPTIONS FOR CHAPTER I

Figure 1- 1: Map of Delaware Bay showing location of hydrographic
and plankton stations.

Figure 1- Z: Seasonal surface temperature values at hydrographic
stations.

Figure 1- 3: Distribution of bottom salinity valLles at transect
1-13 stations sampled "in the summer of 1972.

Figure 1- 4: Distribution of bottom salinity values at transect
14-26 sampled in the summer of 1973.

Figure 1- 5: Seasonal cycle of silicate concentrations in surface
samples at hydrographic stations.

Figure 1- 6: Seasonal cycle of ortho-phosphate concentrations in
surface samples at hydrographic stations .

. Figure 1- 7: Seasonal cycle of ammonia concentrations in surface
samples at hydrographic stations.

Figure 1- 8: Seasonal cycle of nitrate plus nitrite concentrations
in surface samples at hydrographic stations.

Figure 1- 9: Seasonal cycle of total chlorophyll a concentrations
in surface samples at hydrographic stations.

Figure 1-10: Seasonal cycle of chlorophyll b concentrations in
surface samples at hydrographic stations.

Figure 1-11 : Seasonal cycle of chlorophyll c concentrations in
surface samples at hydrographic stations.
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· Figure 1-12: Temperature values during 12-hour cruise of February
20,1975.

Figure 1-13: Salinity values during 12-hour cruise of February
20, 1975.

Figure 1-14: Dissolved oxygen values during 12-hour cruise of
February 20, 1975.

Figure 1-15: Silicate concentrations during 12-hour cruise of
February 20, 1975.

Figure 1-16: Nitrate and nitrite concentrations during 12-hour
cruise of February 20, 1975.

Figure 1-17: Ammonia concentrations during 12-hour cruise of
February 20, 1975.

Figure 1-18: Ortho-phosphate concentrations during 12-hour cruise
of February 20, 1975.

Figure 1-19: Total chlorophyll a concentrations during 12-hour
cruise of February 20, 1975.

Figure 1-20: Active chlorophyll a concentrations during 12-hour
cruise of February 20, 1975.

Figure 1-21: Chlorophyll b concentrations during 12-hour cruise
of February 20, 1975.

Figure 1-22: Temperature values during 12-hour cruise of April
14, 1975.

Figure 1-23: Salinity values during 12-hour cruise of April 14,
1975.
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Figure 1-24~ Dissolved oxygen values during 12-hour cruise of
April 14, 1975.

Figure 1-25: Silicate concentrations during 12-hour cruise of
April 14, 1975.

Figure 1-26: Nitrate and nitrite concentrati ons during 12-hour
cruise of April 14, 1975.

Figure 1-27: Ammonia concentrations during 12-hour cruise of
April 14, 1975.

Figure 1-28: Ortho-phosphate concentrations during 12-hour cruise
of April 14, 1975.

Fi gure 1-29: Total chlorophyll a concentrati ons duri ng 12-hour
cruise of April 14, 1975.

Figure 1-30: Active chlorophyll a concentrations during 12-hour
cruise of April 14, 1975.

Figure 1-31: Chlorophyll b concentrations during 12-hour cruise
of April 14,1975.

Figure 1~32: Chlorophyll cconcentrations during12-hour cruise
of April 14, 1975.
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II. PHYTOPLANKTON

Dan Bottom

Les Watling

Ann Pembroke

INTRODUCTION

The coastal region between Cape Cod and Cape Hatteras is
composed of a large number of estuaries consisting of coastal
salt ponds or large baysj Many of these estuaries are presently
receiving the direct environmental effects of domestic and/or
industrial pollutants. For many, there are varying amounts of
information regarding the population dynamics and energetics of
the primary producer components of the system. Unfortunately,
no information of this type is available for Delaware Bay phyto
plankton.

Studies on the taxonomy and ecology of phytoplankton in Dela
ware Bay began with the research on dinoflagellates by Martin (1928,
1929), who identified 41 species. He noted that in late summer
Amphidi nium fus iforme and Gymnodi ni urn spp occasi ana11y produced
characteristic red tide blooms. Martin (1928) also felt that summer
dinoflagellate populations produced more potential food for larger
marine animals that did diatoms. More recent studies in Delaware
Bay have largely been concerned with the diatoms and blue-green algae
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of the marshes (Obeng-Asamoa, 1968; Sullivan, 1971; Somers, 1973).
Near the freshwater end of the bay Raytheon (1975) conducted a 12
month study of the net phytoplankton from the Chesapeake and Delaware
Canal while two seasonal studies were conducted in coastal waters
immediately south of Delaware Bay (Mulford and Norcross, 1971;
DuPont, et al., 1972). In the latter region large populations of
diatoms were found to dominate the early spring bloom while dinoflag
ellatesdominated the late spring-summer period. Diatoms were
again dominant during the winter. In coastal waters north of
Delaware Bay Currie (1975) found diatoms to be most abundant in
September (826,000 cells/l) with a secondary peak in February
(248,000 cells!l) while peaks in dinoflagellate abundance occurred
in June and late August (240,000 and 384,000 cells!l ,respectively).

Most of the phytoplankton studies conducted in the Cape Cod to
Cape Hatteras region have been concerned, until relatively recently,
with what is termed the "net phytoplankton ll (Smayda, 1973). These
are algal cells, such as the diatoms and many dinoflagellates that
are strained from the water with a fine mesh net. In the last few
years, however, it has become evident that as much as 80% of the
total primary production occurring in marine and estuarine waters
is generated by those organisms not retained by a fine mesh net
(McCarthy, et a1., 1974). These are referred to as nannoplankton
and are enumerated from small volumes of water collected with water
bottle samplers. Net phytoplankton studies are considered to be
qualitative while whole water counts are quantitative.

METHODS

Whole water phytoplankton samples were obtained from the three
hydrographic and plankton stations (see Fig. 1-1, previous chapter)
on a once- or twice-monthly basis during the period June 13, 1974 to
May 28, 1975. On ten of these cruises, ~ualitative phytoplankton
samples were also taken by towing a #20 net for approximately five
minutes. All samples were taken at the surface. Three whole water
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samples of 25 ml each were obtained from a Niskin water bottle sampler
and preserved With Lugol IS solution. The remainder of the water
sample was then used for nutrient and pigment analysis.

The preserved whole water samples were stored upright in the
dark until they could be counted. For counting, the upper 15-20 ml
of the sample was carefully removed with a Pasteur pipette. The re
maining 5-10 ml was thoroughly stirred by pumping it 10-20 times
through a wide bore syringe .. When the sample was sufficiently dis
persed, it was transferred toa 10 ml counting chamber where it was
allowed to settle at least 12 hours before being counted. All cell
counts were obtained using a Wild inverted microscope at 600x magni
fication. At least 25 fields were utilized; beyond that, counting
continued until 500 cells or 50 fields had been enumerated. Cells
below 3 vm size were not identified. The fields examined were located
by applying random numbers to the microscope stage graduations as co
ordinates.

Cell counts were converted to cells/ml through the use of the
following relationships:

The chamber area = 451 mm2; the field area = 0.052 mm2 at 600x;
and the sample volume = 25 ml; thus,

cells/ml 451 mm2
= [ ] (cell count).

(0.052 mm2/field) (No. fields) (25 ml)

RESULTS AND DISCUSSION

A total of 126 phytoplankton species were identified from both
the net and whole water samples. These ~ere distributed among the
major plant groups as follows: Chlorophyta, TO species; Chrysophyceae,
7; Xanthophyceae, 1; Diatomophyceae (= Bacillariophyceae), 62; Crypto
phyceae, 4; Dinophyceae, 35; Euglenophyta, 2; Cyanophyceae, 1; and
flagellates of unknown affinity, 4. A complete list of the species
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identified is given in Table 11-1 and their cell counts in Appendix
Table AII-l. The classification scheme used follows Bourrelly (1968,
1970, 1972) for the higher taxa, and Butcher (1964) and Parke and

. Dixon (1968) for the diatoms and dinoflagellates.

·l. rmo le Water Samp les

The seasonal distribution of phytoplankton species from the
whole water samples by major taxa is given in Figure 11-1 and·
Table II~2. The flora was composed primarily of small flagellates
during the summer and early fall. In October, the diatoms became
dominant and, except during November, remained strongly dominant
until May. Of the phytoflagellates, the Cryptophyceae were always
present and dominanted the flora when the diatom numbers were reduced.

Seasonal changes in total cells/ml, number of species, and even
ness diversity values are given in Table 11-3 and Figures II-2 and
11-3. The highest species richness occurred in June (38 and 28 species),
late August (26), and Decmeber (23 and 24) at Stations 1 and 2, and in
June (26), early August (23), and early October (23) at Station 3. Peak
values of total cells/ml occurred in the samples taken at Station 3

(10,007) on October 30, 1974, and at Stations 2 (16,350) and 3(20,681)
in March and April of 1975 (Fig. II-2). Lowe.st numbers of cells/ml
occurred in September (1,490) and November (728) 1974. and in May (2,980)
1975. In each case these low densities followed numbers representing
bloom cond iti ons.

Diversity was measured using the scaled standard deviation
measure of Fager (1972). This is an evenness measure and is highest
when the individuals are distributed most evenly over the species in
the sample. In the whole water phytoplankton samples, evenness was
high in June {0.7l6) and decreased steadily until November (Table 11-3).
In December (0.665), evenness was again high (Fig. II-3). During the
spring diatom bloom, the evenness values declined slightly, then rose
as the bloom abated. It is interesting to note here that, even though
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the species composition of the June 1974 and May 1975 samples was con
siderably different, the cycle of evenness values returned in May 1975
to what it was in June 1974 .

. The abundances (cells/ml) of the dominant species at Stations 1,
2, and 3 are given in Tables 11-4 through 11-6. The species included
for each station were among the five most abundant species in at least
one sample taken at that station during the year. Particularly evi
dent was the shift in dominant species as the seasons l progressed.
Those species which were dominant in June 1974 (i.e., ~ acuta,
Chrysochromulina sp., ~ovalis) were gradually replaced through
October (1..:. dani cus, Cryptomonad B, !L- seri ata), after which there
was an entirely new suite of dominants present. This replacement
occurred again, especially at Stations 2 and 3, during the early
spring of 1975. Only one (~acuta) of the five most abundant species
of June 1974 was among the top five species in May 1975.

Cycles of abundance for the most dominant species over the year
are given in Figures 11-4 to 11-9. These curves showed varying
peaks of abundance suggesting again a series of dominance shifts.
Calycomonas ovalis (Fig. 11-4) was most abundant at Stations 1 and
3 during the late summer months. An abundance peak in spring-early
summer with very low winter numbers was exhibited by Pyramimonas sp. A
(Fig. II-5). Cryptomonas acuta (Fig. II-6) was nearly always present,
but was most abundant during the warmer months. The remaining dominant
phytoflagellate, Chrysochromulina sp., was also most abundant in the
summer and rarely present during the winter (Fig. 11-7). Skeletonema
costatum(Fig.II-8) was occasionally present in small numbers during
the summer months, but was present in exceedingly high numbers during
the late winter-early spring. The one dinoflagellate which appeared
in any substantial numbers was Katodinium rotunda tum (Fig. 11-9) which
was most abundant in mid-summer.

To assess the extent to which the samples were similar, cluster
a~alysis techniques were used. This analysis can be used to provide
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two types of groupings: a) samples can be grouped according to

their species-abundance composition; and b) species can be grouped
according to the stations at which they occurred. The first type
is referred to as site-groups, the latter as species-groups. Since
our plankton stations were occupied over successive time periods,
our IIsite-groupsll are also IItime-groups.1I Computational techniques
used in this analysis are documented in Appendix I.

The dendrogram of similarities for the whole water samples
is given in Figure 11-10. The clusters were formed using the
Czekanowski coefficient and group-average sorting. Two patterns
emerged. First, the three samples taken during anyone cruise
almost always clustered together, thus indicating that the species
composition at an stations is changing continuously between sampling
periods. Second, the large, widely separated clusters linked sam
pling cruises into three contiguous time groups:, a) summer, consisti
of samples taken from June through September; b) fall, October and
November; c) winter-spring, December 1974 through May 1975. This
latter group corroborated our earlier ideas on the lack of similarity
between the June 1974 and May 1975 samples.

Recurrent species groups were also determined by ciuster analysis
The resulting dendrogram is illustrated in Figure II-ll and the groups
are listed in Table 11-7. Eight species-groups were found using the
Czekanowski coefficient and group-average clustering strategy. Groups
I, III, V, and VI contained species that appeared in reasonably high
numbers during a particular season. In contrast, species in groups
II, IV, and VII occurred in low numbers over a short time span.
Group VIII species were present at low levels in near.ly all samples.

2. Net Phytoplankton

Thirty-nine species of phytoplankton were found in the net
survey--seven species of dinoflagellates, 14 centric diatoms, seven
pennate diatoms, and 11 unidentified species. Their occurrence is

68



shown in Appendix Table AII-2; t.he values given are proportions of
total cells counted. Those species which comprised >5% of any sample
are 1isted in Table II-8. The dominant species included 14 diatoms
and three dinoflagellates. Usually the dominants were similar between
stations during any particular cruise.

Two diatoms, Nitzschia seriata and Guinardia flaccida, were the
most frequently important members of the plankton. Figures 11-12
and 11-13 illustrate their occurrences. The fall-winter dominance
of Nitzschia seriata shifted to a bloom of Guinardia flaccida in
the spring (February 20 to March 18).

During the 12-hour cruise of February 20," there were nine species
which were abundant. Guinardia flaccidawas the only species whose
population numbers correlated with the tidal cycle (Fig. 11-14).
Peaks in the population occurred 1-2 hours after both high and low
tides suggesting that this species may occur in distinct patches.
Guinardia flaccida was again dominant on April 14 during a second
12-hour cruise. During this period, however, population size was
totally unrelated to the tidal cycle (Fig. 11-14).

Jaccard coeffi ci ents and Canberra metri c coeffi ci ents were
calculated to determine the similarity of species composition and
abundance, respectively, between sampling cruises and stations
within cruises (Table 11-9 to 11-14). A value <0.600 was considered
to indicate significant difference for either coefficient. On this
basis, Stations II and III were similar with regard to species com
position during five of the ten regular cruises while Stations I
and II and I and III were similar only twice (Table II-l0). There
were only two periods of high similarity of species composition
when stations were compared between cruises--i.e., October 15 and
30, 1974 at Station II and October 30 and November 14, 1974 at
Station III (Table 11-9).

Species composition showed little variation during the 12
hour cruise of February 20 with values ~0.600 about 2/3 of the time
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(Table 11-11). This can be attributed to the fact that there were
nine dominant species present at that time. On the other hand, the
12-hour cruise of April 14 exhibited relatively little similarity
between samples since there was only one dominant and several rare
species.

Jaccard coefficients can be misleading, since the relative abun
dances of the species are not considered. Relative abundances can
be taken into account by applying the Canberra metric coefficient to
the species proportions. In Table II-13 the stations were compared
for each cruise. Every value was greater than the 0.600 level which
indicated that the dominant species for each cruise were usually the
same at all stations.

High Canberra metric coefficients were commonly obtained
(exc~t for a few cases) when different crulses were compared at
each station (Table 11-12). At Station I, the cruise of December
13 was dissimilar to the cruises of May 22, 1974, March 18, May 9,
and May 28,1975, which reflected the change of dominance from
Nitzschia seriata to Guinardia flaccida. This pattern was not
repeated at Stati ons II and II 1.

During the 12-hour cruises, Canberra metric coefficients were
always high (Table II-14). Those of February 20 were lower than
during April 14 due to the overwhelming dominance of one species
during the latter cruise. The high values during each of the
cruises indicated that tidal stage had little influence on the
composition of the dominant species.

3. Habitat Comparisons

The whole water samples in the present study were dominated
by dinoflagellates during the summer and early fall with diatoms
generally dominant from October through May. The net phytoplankton
showed a fall-winter dominance of N. seriata and an early spring
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bloom of G. flaccida with the addition of dinoflagellates (e.g.,
Ceratium tripos) in May. Whole water samples in the Chesapeake and
Delaware Canal contained low total number~ in January (c. 6,000
cells/ml which increased gradually to a maximum of 60,000 cells/ml
in July; Raytheon, 1975). In this latter study, Achnantheslanceo
lata, Melosira granu1ata, and Fragilaria spp. were dominant in winter
to early spring with Chlore11a spp., Scenedesmus spp., Calycomonas
oval is and Cyclotella spp .. dominant in the summer to early fall.

Net phytoplankton samples in coastal waters south of Delaware
Bay indicated the presence of a spring-summer dinoflagellate regime
and a winter diatom regime (DuPont, et al., 1972). Ceratium tripos
was the primary dinoflagellate and ~ seriata, ~ flaccida, Thalas
siosira sp. and R. alata were dominant among the diatoms. In another
net phytoplankton study off Chesapeake Bay species of Ceratium and
~ flaccida were important in spring and summer while Chaetoceros,
Rhizosolenia, and Skeletonema were most abundant during fall (Mulford
and Norcross, 1971). A1 though there were some simi 1ari ties with
seasonal distributions in the Chesapeake and Delaware Canal, patterns
in lower Delaware Bay were more similar to those of the coastal
waters. Moreover, even though ~.costatum was collected in great
numbers at one station during one sampling period (Fig. II~8), this
species did not show the type of dominance so characteristic of
northeastern United States estuarine and coastal waters (Smayda, 1973;
Currie, 1975).

Comparison of the whole water phytoplankton assemblage compo
sition with nutrient levels and zooplankton numbers are given in
Chapter IV.
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Table II-l

List of phytoplankton species obtained in lower Delaware Bay

Division Chlorophyta
Class Chlorophyceae

Order Volvocales
Family Pyramimonaceae

pyramimonas sp. A
Pyramimonas sp. B

Family Tetraselmiaceae
Tetraselmis sp. A

Family Chlamydomonadaceae
Chlamydomonas sp. A
Brachiomonas submarina Bohlin 1897

Order Chlorococcales
Family Oocystaceae

Ankistrodesmus sp.
Kirchneriella sp.

Family Scenedesmaceae
Scenedesmus sp.

Family Unknown
Chlorococcales sp. A

Class Prasinophyceae
Order Unknown

Prasinophyte sp. A

Division Chromophyta
Class Chrysophyceae

Subclass Heterochrysophysidae
Order Chromulinales

Family Chrysococcaceae
Calycomonas ovalis Wulff 1919

Family Pedinellaceae
Pseudopedinella pyriforme Carter 1937

Order Ochromonada les /
Family Ochromonadaceae

Ochromonas sp.
Family Synuraceae

Catenochrysis (=Chrysodidymus) gracilis
(Prowse 1962)

Ebria tripartita (Schl;lmann) Lemmermann
1899

Subclass Isochrysophycidaceae
Order Prymnesiales ,

Family Prymnesiaceae
Chrysochromulina sp.

Family Coccolithaceae
Coccolithaceae sp.
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Table 11-1 (cont.)

Class Xanthophyceae
Order Heterochloridales

Family Heterochloridaceae
01isthodiscus sr.

Class Diatomophyceae (= Bacillari ophyceae)
Subclass Centrophycidae

Order Coscinodiscales
Family Coscinodiscaceae

Paralia sulcata Cleve 1873
Coscinodiscus lineatus Ehrenberg 1838
Coscinodiscus radiatus Ehrenberg 1839
Coscinodiscus sp.
Thalassiosira nordenskioldii Cleve 1873
Thalassiosira ? gravida Cleve 1896
Thalassiosira sp.A
Skeletonema costatum(Greville) Clark

1878
Planktoniella sol (Wal1ich) Schutt 1893
Cyclotella sp.---

family Actinodiscaceae
Actinoptychus undulatus (Bailey) Ra1fs

1861
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Table 11-1 (cont.)

Family Biddulphiaceae (cont.)
Cerataulina bergonii Peragallo 1892
Lithodesmium undulatum Ehrenberg 1840
Streptotheca thamensis Shrubsole 1890
Ditylum brightwelli (West) Grunow 1880-

, 1885
Family Chaetoceraceae

Chaetoceros decipiens Cleve 1873
Chaetoceros simplex
Chaetoceros sp. A
Chaetoceros sp.

Order Fragilariales
Family Fragilariaceae

Fragilaria oceanica Cleve 1873
Raphoneis amphiceros Ehrenberg
Asterionella japonica Cleve 1882
Synedra sp.
Thalassionema nitzschioides Grunow 1880

1885
Gramnat6phora marina (Lyngbye) Kutzing

1819
Plagiogramma vanheurckii Grunow 1880-

, 1885
Thalassiothrix frauenfeldii Grunow 1880

Order Achnanthales
Family Achnanthaceae

Cocconeis sp.
Order Naviculales

Suborder Navi cul i neae
Family Naviculaceae

Navicula sp. A
Navicula sp. B
NaVicula sp. C
Navicula sp. D
Navicula sp. E
Navicula membranacea Cleve 1897
Navicula'septentrionalis (Grunow) Cleve

1896 <

Navicula sp.
Diatom l-E
Diploneis sp.
Gyrosigma spenceri (Quekett) Cleve 1894
Pleuras igma' sp.

Family Cymbe11aceae
? Phaeadactylum tricornutum
Amphora sp.
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Table 11-1 (cant.)

Family Bacil1ariaceae
Cy1indrotheca (= Nitzschia) c10sterium

(Ehrenberg)
Nitzschia seriata Cleve 1883

Suborder Surire11ineae
Family Surire11aceae

Surire11a sp.
Order Unknown

Pennatae sp.

Division Pyrrhophyta
Class Cryptophyceae

Order Cryptomonada1es
Family Cryptomonadacea

Cryptomonasacuta Butcher 1967
Chroomonas sp.

Fam; 1y Unknown
Cryptomonad B
Cryptomonad C

Class Dinophyceae
Order Prorocentra1es

Prorocentrum minimum Schiller 1933
Prorocentrum scute11 umSchroeder 1901
Prorocentrum mi cans Ehrenberg 1833
Exuviae11a compressa Ostenfe1d 1899
Exuviae11a baltica Lohmann 1908
Exuviae11a apora Schiller 1918
Exuviae11a sp.

Order Peridinia1es
Family Gymnodiniaceae

Gymnodi ni um ? roseost i gma Campbe11 1973
Gymnodinium? aurantium Campbell 1973
Gymnodil)ium ? simplex (Lohmann) Kofoid and

Swezy 1921
Gymnodinium? arcticum Wulff 1916
Gymnodinium? punctatum Pouchet 1887
Gymnodinium sp. A
Gymnodinium sp. B
Gymnodinium sp.
Katodfnium rotundatum (Lohmann) Conrad

1927
Gyrodinium 7 carteretensis Campbell 1973
Gyrodinium spirale (Bergh) Kofoid and

Sweiy 1921
Gyrodinium? metum Hulburt 1957
Gyrodinium 7. grossestriatum Campbell 1973
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Table 11-1 (cont.)

Family Peridiniales (cont.)
Gyrodinium sp. A
Gyrodinium sp.

Family Noctilucaceae
Noctiluca scintillans Macartney 1836

Family Glenodiniaceae
Glenodinium danicum Paulsen 1907
Glenodinium rotundum (Lebour) Schiller

1937
Family Peridiniaceae

Peridinium trochoideum (Stein)
Lemmerman 1910

Peridinium depressumBailey 1855
Family Gonyaulacaceae

Gonyaulax s inifera (Claparede and
Lachmann Diesing 1865

Family Ceratiaceae
Ceratium tripos (O.F. Muller) Nitzsch

1817
Ceratium furca (Ehrenberg) Claparede and

Lachmann 1858
1861

Ceratium fusus (Ehrenberg) Dujardin 1841
Ceratium macroceros (Ehrenberg) Cleve

19.00
Family Warnowiaceae

Warnowia (= Pouchetia) sp.
Order Dinophysiales

Family Dinophysiaceae
Dinophysis (= Phalacroma) sp.

Order Unknown
Dinoflagellate A

Division Euglenophyta
Class Euglenophyceae

Order Euglenales
Family Eutreptiaceae

Eutreptia sp.
Family Euglenaceae

Euglena sp. A

Division Procaryota
Class Cyanophyceae

Cyanophyceae sp. A
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Table II-l (cant.)

Incertae sedis

unidentified flagellate <5~

PZ-10 fl age11 ate
silicoflagellate
Flagellate 0
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. Table II-2

Composition of flora by class, all samples combined for each sampling date

Sample Dates
·6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74 11/l4/74

Diatomophyceae
(# Species) 22 20 12 11 22 15 20 8 15
(# Ind.) 5235 5668 554 1354 6832 1224 8255 15,927 279
(Prop. ) .262 .428 .034 .149 .552 . .228 .870 .807 .114

12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

18 17 1.2 19 11 15 13
2307 5477 4203 39,436 7247 2054 3825
.651 .800 .867 .932 .834 .215 .218

co 6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74 1'1/14/74
--'

Dinophyceae
(# Species) 12 8 4 7 4 7 4 7 4
(# Ind.) 892 470 5887 397 220 98 37 103 56
(Prop.) .045 . .035 .366 .044 .018 .018 .004 .005 .023

12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

5 1 2 3 3 6 4
195 42 60 192 56 397 . 748

.055 .006 .012 .004 .006 .041 .043

6/13/74 6/20i74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74 11/14/74

Cryptophyceae
2(# Species) 2 2 2 2 1 2 1 2

(# Ind.) 4557 3054 6073 3764 2023 2157 465 3048 1851
(Prop. ) .228 .230 .378 .414 .164 .403 .048 .154 .785



Table II- 2 (cont.)

Sample Dates
12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

Cryptophyceae 2 3 1 1 4 3 3
(cont.) 701 500 426 856 487 4913 8381

.198 .073 .088 .020 .056 .513 .478

6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 ·9/17/74 10/15/74 10/30/74 11/14/74

Chlorophyta
(# Species) 6 3 3 3 4 2 1 1
(# Ind. ) 4912 1911 1595 780 182 312 7 "" 14
(Prop.) .246 .144 .099 ,086 .015 .058 .001 .. 006

12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

0:> 2 1 1 2 1 3 6
N 97 7 30 25 14 977 1262

.027 .001 .006 .002 .002 .102 .072

6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74 11/14/74

Chrysophyceae
(# Species) 5 4· 3 3 3 2 2 1 4
(# Ind. ) 4227 2139 1889 2628 2834 1477 146 103 63
(Prop.) .212 .159 .117 .289 .229 .276 .015 .005 .026

12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

5 2 2 1 2 3
119 42 99 14 21 130

.034 .006 .020 .001 .002 .007



Tab1e II- 2 (cont.)

Samp1e Da tes
6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/75 10/30/74 11/14/74

Euglenophytae
(# Species) 1 1 1 1 1
(# Ind. ) 8 56 179 266 90
(Prop.) . 001 .003 . .020 .021 .017

12/13/74 1/16/75 2/30/75 3/18/75 4/14/75 5/ 9/75 5/28/75

1 1 - 2
14 7 60

.004 .001 .003

6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 . 10/15/75 10/30/74 11/14/74

co Xanthophyceae
w (# Species) 1

(# Ind.) 28
(Prop.) .002

12/13/74 1/16/75 2/30/75 . 3/18/75 4/14/75 5/ 9/75 5/28/75

6/13/74 6/20/74 7/19/74 8/ 1/748/21/74 9/17/74 10/15/75 10/30/74 11/14/74

Cyanophyceae
(# Species)
(# Ind.)
(Prop.) .



Table II-2 (cant.)

Sample Dates
12/13/74 1/16/75 2/30/75 3/18/75 4/14/75 5/ 9/75 5/28/75

Cyanophyceae 1 1 1 1 1
(cant.) 748 1662 486 1213 1514 .

.109 .039 .056 .127 .086

6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/l7/74 10/15/74 10/30/74 11/14/74

Unknown flagellates
(# Species) 1 1 1 1
(# Ind.) 162 582 563 180
(Prop.) .008 .061 .029 .074

12/13/74 1/16/75 2/30/75
,

3/18/75 4/14/75 5/ 9/75 5/28/75

1 1 1 1 1 1co
111 21 30 116 403 1627.j::>-

.031 .003 .006 .003 .046 .093



Tab1e II-3

Number of species, tota 1 cell s/ml , and evenness of nannoplankton at each station by sampling period

Station I Stati on II Station III

Cruise Total Total Total
No. Date No. Speci es cell s/m1 SON No. Species ce11s/m1 SON No. Speci es cel1s/m1 SON·

4 June 13 38 8570 .644 28 7468 .716 32 3945 .665
5 June 20 26 3551 . .663 26 5426 .572 26 4476 .492
6 July 19 15 7731 .520 15 5142 .618 19 3209 .583
7 Aug. 1 19 ' 4249 .437 -. ·23 4789 .543
8 Aug. 21 26 3830 .534 26 3631 .561 21 4897 .565
9 Sept. 17 14 1915 '.661 19 1490 .477 19 1947 .516

10 Oct. 15 17 3112 .255 19 2744 .372 23 3631 .361
11 Oct. 30 10 4414 .325 12 5326 .168 13 10007 .189co 12 Nov. 14 13 852 .098 13 859 .201 12 728 .299c.n
13 Dec. 13 23 991 .649 24 1317 .627 22 1227 .665
14 Jan. 16 12 1310 .463 22 2980 .375 14 2564 .482
15 Feb. 20 19 4847 .433
16 March 18 19 5267 .480 15 16350 .187 19 20681 .182
17 Apr; 1 14 21 8689 .439
18 May 9 15 3119 .545 24 2980 .564 19 3472 .500
19 May 28 21 5560 .652 22 5945 .593 26 6040 .635



Table II-4

Abundance (cel1s/ml) of the dominant species at Station I
(each species was among the top five in at least one sample)

Sample Dates
Species 6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74

Cryptomonas acuta 23061 7221 19292 23001 7223 4721 1392 9292
Prasinophyte A 17133 4404 180 2702 12741 3054 834Calycomonas ova1is 10374 6952 208 826 21
Phaeodactylum tricornutum 792 5 46

5004 1434 3193
Pyramimonas sp. A 454 74 28 1805

975Rhizosolenia fragilissima 56 681 3 26
Unidentified flagellate 162 1995

33451
111 3

Katodinium rotunda tum 133 85
361 2 14

eN Chroomonas sp. 65 9445 560'>

. 1435Chrysochromulina sp. 398 176 305 21 56
Ske1etonema costatum '28 1083~ 69
Asterionel1a japonica 190 5 1425 -21

295~1Leptocylindrus danicus ' 5 85 2280l
Cyclote11a sp. 431 120 42 14 104

2633Flagellate PZ-l0
Cryptomonad B 765
Thalassiosira sp. A
Nitzschia seriata 9 -78 49 55
Cyanophyceae sp. A
Leptocylindrus minimus
Fl agell ate 0



Table II-4 (cant. )

Sample Dates
Species ,11/14/74 '12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

Cryptamanas acut~ 7001 2152 111 4 1474 1665 7402

Prasinophyte A .
Ca1ycamonas ava1is 7 7 23
Phaeodacty1u~ tricornutum

2563 12
Pyramimonas sp. A 7 7 474
Rhi zoso'lenia fragi 1i ssima, 7
Unidentified f1aqe11ate
Katodinium rotunda tum 28 21 11 139 46
Chroornanas --,---- 13441 16531sp.
Chrysochromulina sp. 7 14 , -1 23
Ske1etonema costatum 2361 665 1 22685

' 69
Astel~'ione 11 a' japon; ca 21 2' 84 21co

_ I

'-J Leptocy1indrus danicus 7 11
Cyc10tella sp. 72 555 243
Flagellate PZ-IO 42 74
Cryptomonad B 353

1043 2152 12292 6703Thalassiosira. sp. A 42
Nitzschia seriata 764 7

11763 2~? 5095
Cyanophyceae-~A 2083

6 '+4
Leptocy1 indrus mini.!nus 249

6704 'Flagellate D 21

* = rank of species within sample'



Table II-5

Abundance (cel1s/ml) of the dominant species at Station II

Sample Dates
Species 6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74

.~I.Y-ptomonas acuta 1491t 7353 6734 5683 6381 1323 5302

Pras i nophyte A 12363 8182 14
Chrysochromu1ina sp. 8944 291 5 2863 14 42 7
Ca1ycomonas oval~ 8065 7074 734 1804 4162 55 20
Phaeodacty1um tricornutum 611 21 1253

765Rhizoso1enia fragi1issima 116 20241

1693~
14

Katodinium rotunda tum 90 21 7
Chroomonas sp. 125 1051 5

(Xl Pyramimonas sp. A 352 236 367 35 14
1184OJ Ske1etonema costatum 51 10951Asterionel1a japonica 7 10605 49

Eug1 ena sp. A 166 144Tha1assionema nitzschioides 31 97 555 16911 43861Leptocylindrus danicus 14 49
Unidentified flagellate 187

1533 .Cryptomonad B
Flagellate PZ-l0 1334

Nitzschia seriata 14 21 21 76 405

Fragilaria oceanica
Tha1assiosira sp. A
Cyanophyceae sp. A
Fl agell ate 0
Leptocylindrus minimus
Guinardia flaccida



Table II-5 (cant.)

Sample Dates
Species 11/14/74 12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

Cryptamonas acuta 631 1 1803 1394 4263 2784 167 118 5983

Prasinophyte A
Chrysochromulina sp. 7 14 48
Calycomonas avalis 21 7 14 30 14
Phaeodactylumtricornutum 36
Rhizosolenia ~gilissima 7
Katodiniurn rotundatum 42 7 50 97 14 49 120
Chroomonas sp.

625 2645 1213~ 19261

?yramimona-s sp. A 7 71 30
132691 14 353 167

Ske1etonema costatuDl 3881 1733 . 2250~ 39841 21 132
Asterionella_ ~onic~ 7 35 99 194 14 7 12
Euglena sp. A 7 7

co Tho.1ass -j onema nitzschioides 14\.0

1-eptocylindrus danicus 7
Unidentified flagellate
Cryptomonad B

553 14
Flagellate PZ-1O 35 55 5 .

30 28
Nitzschi a sed ato.

832 1254
·j094- 4303

Fragilari~ oceanica 35 ill
2901~

24
Thalassiosira sp. i:" 201 2 5542 16152 1513~ 83 5864

Cyanophyceae sp. A 2703 250 486 2154 7422

Flagellate 0 4034

2703 5745

Leptocylindrus minimus
Guinardia flaccida 55 10 97 139 1735 36

* = rank of species within sample



Table 11-6

Abundance (cells/ml) of the dominant species at Station III

Sample Dates
Species 6/13/74 6/20/74 7/19/74 8/ 1/74 8/21/74 9/17/74 10/15/74 10/30/74

Asterionella j~onica 977 1*
1785 4164 1398~

6144
6861 42

8882
,~omonas acuta 6162 7333 1944
Calycomonas ovalis 5323 76 1045 1591 13182 6442 49
~hrysochromulina sp_ 431 4 161 1045 48 20 7 14
Phaeodacty1 um tr'i cornutum 3665 25 21 1744 1663
Rhizosolenia fragilissima 69 18021 7 10 55
Chroomonas sp_ 13543 10601 10

, Pyramimonas Spa A 93 3304 5132 96 40 21 7
Katodinium rotunda tum 195 728 1545 30lO

7903
0 Cerataulina bergonii 9 34

1566~
62

Skeletonema costatum 79 17 2153
Paralia sulcata 17 21 99 49 28
Cyclotellasp. 273 10 1044 83
Prasinophyte A 199 106 30 975

22591 80781Leptocylindrus danicus 21
Unidentified flagellate 2845 1804Nitzschia seriata 9 30 111
Cryptomonad B 4723

Flagellate PZ-10 1675
Cryptomonad C
Thalassiosira Spa A
Cyanophyceaesp. A
Fragilaria oceanica
Guinardia flaccida
Flagellate 0



Table II-6 (cont. )

Sample Dates
Species 11/14/74 12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/ 9/75 5/28/75

Asterione11a japonica 1711 7 69 1394 14
5983Cryptomonas acuta 2431 1804 431 1805

Calycomonas ovalis 7
Chrysochromu1ina sp. 24
Phaeodacty1 um tricornutum 14 24
Rhizoso1enia fragi1issima 14 14

19261Chroomonas sp. 17191P,yramimonas sp. A 145 14 14 222 490
Ka tod in i um rotunda tum 21 90 14 56 97 60
S:eratau1 ina- bergoni i

2153 1234'
14 139 72

Ske1etonema costatum 167951 167
Paralia sulcata------- 7 35 56 96

"-0
_~~10 te1,-a-sp-:-- 7--'

Prasionophyte A
LeQ!Q.c,yl i ndrus dani cus 7 14
Unidentified flagellate

2292Nitzschia seriata 21
CryptomonaC!13""-

83 2Flagellate PZ-10 21 14
Cryptornonad C 493 14 35

2040~
69 2754

Tha1assio~ira sp~ A 14 1464 603~ 49 5862Cyanophyceae sp. A 270.) 236:) 3742 742
Fragila~ia oceanica 76

5 5273
2084Guinardia f1accida 42 125 48

F1 age 11 ate D 5745

* :: rank of species within sample



Table 11-7

Primary producers recurrent species groups

I. Summer Dominants:

Cryptomonas acuta
Calycomonasovalis
Chrysochromulina sp.
Pyramimonas sp. A
Katodinium rotunda tum
Chroomonas sp.

II. Summer Subdominants:

Pseudopedinella Fyriforme
Tetraselmis sp. A
Prorocentrum minimum

III. Fall Dominants:

Navicula sp. 0
Gyrodihium spirale
Navicula septentrionalis

IV. Fall Subdominants:

Ochromonas sp.
Fragilaria oceanica

Cerataulina bergonii
Prasinophyte A
Rhizosolenia fragilissima
Phaeodac~ylum tricornutum
Cyclotella sp.

Gymnodinium sp. A
Navicula sp. C

Cryptomonad B
Nitzschia seriata
Leptocylindrus danicus

Flagellate PZ-10

V. Winter-Early Spring Dominants:

Thalassiosira sp~ A
Cyanophyceae sp. A
Guinardia flaccida

VI. Spring Dominants:

Gyrodinium sp. A
Flagellate 0

VII. Spring Subdominants:

Rhizosolenia setigera
Rhizosolenia delicatula
Chaetoceros sp.
Ceratium tripos

VIII. Year-Round Subdominants:

Coscinodiscus sp.
Synedra sp.
Paralia sulcata
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Cryptomonad C
Asterionella japonica
Skeletonema costatum

Leptocylindrus minimus

Ankistrodesmus sp.
Prorocentrum scutellum
coccolith sp.

Euglena sp. A
Navicula sp. B
Navicula sp.



Table II-8

Net phytoplankton species whose abundance was greater than 5% of a sample

5/9/74
Station 1:

Ceratium tripos
Thalassiosira spp.
Asterione11a japonica
Rhizoso1enia setigera
Chaetoceros sp. D

Station 2:

Asterione11a japonica .
Rhizoso1enia setigera
Ceri;\tium tripos
Thalassiosira spp.
Biddulphia 9ranu1ata

Station 3:

Asterionella japonica
Rhizosole~ia setigera
Thalassiosira spp.
Ceratium tr-ipos
sp. H

5/22/74
Station 1:

Ceratium tripes

Station 2:

Asterionell~ japonica
Ceratium tripos

Sta t ion 3:

Asterionel1a japenica
Ceratium tripos
Nitzschia seriata
Biddulphia granulata

Proportion

.327

.316

.167

.094

.063

. 341

.249

.211

. 111

.051

.482

.207

.126

.104

.057

.937

.595

.311

.563

.259

.096

.071
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10(!5/74
Station 1:

Rhizosolenia delicatu1a
Nitzschia seriata
Chaetoceros sp. B

Station 2:

Nitzschia seriata
Chaetoceros sp. B
£oscinodiscus spp .

Station 3:

Nitzschia seriata
Rhizoso1enia d~licatu1a

Chaetoceros sp. B

10/30/74
Station 1:

Nitzschiaseriata
Noctnuca" sp.--
Station 2:

Noctiluca sp.
Nitzschia seriata

Station 3:

Rhizosolenia delicatu1a
Nitzschia seriata

11/14/74
Sta ti on 2:

Noctiluca sp.
GUln~- flaccida

Statlon 3:

Noctiiuca sp.

Proportion

.491

.383

.099

.726

.104

.069

.420

.356

.154

.540

.430

.497

.482

.761

.223

.843

.073

.912



Table 11-8 (cont.)

12/13/74
Station 1:

Nitzschia seriata
Guinardia flaccida.

Station 2:

Nitzschia seriata
Guinardia flaccida,

Station 3:

Nitzschia seriata
Guinardia flaccida

1/16/75
Sta tion 1:

Proportion

.858

.123

.740

.212

.822

.146

2/20/75 Proporti on '
Station 2 --0700:

Asterionella japonica .378
Guinardia flaccida .268
Nitzschia seriata .110
sp. E .069
Tha1assionema nitzschioides .059

0800:

Nitzschia seriata .339
Asterionel1ajaponica .281
Thalassiothrixfrauenfeldii .085
Thalassionema nitzschioides .071
Ceratium fusus .063

0900:

Skeletonema costa tum .496
Tha1assiothrix frauenfeldii .229
Thalassionema nitzschioides .093
Nitzschia seriata .088

Nitzschia seriata
Thalassiothrix frauenfeldii
Asterionella japonica
Thalassionema nitzschioides

Station 2:

Station 3:

Nitzschia seriata
Thalassiothrix frauenfeldii
Thalassionema nitzschioides
Biddulphia granulata

.591

.124

.116

.108

.483

.204

.137

.069

Nitzschia seriata
Asterionella japonica
Thalassionema nitzschioides
Thalassiothrix frauenfeldii

1000:

Asterionel1ajaponica
Rhizosolenia delicatula
Nitzschia seriata

1100:

Nitzschia seriata
Asterionella japonica
Tha1assiosira spp.
Ceratium fusus

1200:

.443

.177

.079

.059

.394

.186

.176

.372

.202

.095

.059
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Astei~ionena japonica .300
Guinardia flaccida .263
Nitzschi a seri ata .154
Tha1assiosira spp. .072
Rhizoso1enia delicatula .061



Table 11-8 (cont.)

2/20/75 (cont.)
Station 2--1300:

Proportion
·1800:

Proportion

Guinardia f1accida
Asterione11a japonica
Nitzschia seriata
Thalassiosira spp.
Rhizosolenia de1icatu1a

1400:

Nitzschia seriata
Asterione11a japonica
Thalassiothrix frauenfeldii
Tha1assiosira spp.
Thalassionema nitzschioides
sp_ H

1500:

Nitzschia seriata
Asterione11a japonica
Thalassionema nitzschioides
Thalassiothrix frauenfeldii
Thalassiosira spp.

1600:

Thalassiothrix frauenfeldii
Nitzschia seriata
Biddu1phia granulata
sp _ 0

1700:

Asterione11a japonica
Thalassiothrix frauenfeldii
Nitzschia seriata
Guinardia flaccida
Tha1assiosira spp.

.305

.261

.147

. 101

.055

.325

.244

.108

.101

.098

.088

.243

.222

.134

.086

.061

.521

.144

.113

.082

.337

.128

.124

.112

.095

Asterionel1a japonica
Nitzschia seriata
Biddulphia granu1ata
Tha1assiosira spp .
Tha1assionema nitzschioides
Ceratium fusus
Tha1assiothrix frauenfeldii

1900:

Asterione11a japonica
Tha1assiothrix frauenfe1dii
Nitzschia seriata
GUTnaraTa f1accida
Tha1assionema nitzschioides
Biddu1phia granu1ata
Thalassiosira spp.

3/18/75
Station 1:

Guinardia flaccida
Tha1assiosira spp.
Nitzschia seriata
Asterione11a, japonica

Station 2:

Guinardia f1accida
Ske1etonemacostatum
Tha1assiosira spp.
Nitzschia seriata

Station 3:

Skeletonema costatum
Guinardia flaccida
Thalassiosira spp.

95

.283

.227

.131

.067

.067

.051

.051

.323

.155

.141

.115

.068

.054

.052

.433

.221

.120

.114

.383

.347

.160

.051

.557

.192 .

.184



Table 11-8 (cont.)

4/14/75
Station 2--0800:

Guinardia flaccida
Skeletonema costatum

0900:

Guinardia flaccida

1000:

Guinardia flaccida

1100:

Guinardia flaccida

1200:

Guinardia flaccida
sp. E

1300:

Guinardia flaccida

1400:

Guinardia flaccida
Thalassiosira spp.

1500:

Guinardia flaccida

1600:

Guinardia flaccida

1700:

Guinardia flaccida

1800:

Guinardia flaccida

1900:

Guinardia flaccida

Proportion

.839

. 125

.876

.932

.881

.883

.065

.957

.881

.081

.931 .

.954

.977

.942

.957

5/9/75
Station 1:

Guinardia flaccida

Station 2:

Guinardia flaccida

Station 3:

Guinardia flaccida

5/28/75
Station 1:

Ceratium tripos
sp. M
Ceratium fusus
Guinardia f1accida

Station 2:

Cera ti um tri pos
Ceratium fusus
Rhizosolenia alata
sp. M
Guinardia flaccida
Biddulphia granulata

Station 3:

Cera t ium tri pos
Biddu1phia granulata
Ceratium fusus
Rhizosolenia setigera
sp. M
Rhizosolenia alata
·Guinardia flaccida
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Proportion

.984

.915

.945

.559

.263

.060

.055

.299

.134

.116

.113

.110

.079

.263

.161

.135

.087

.069

.067

.056



Table II-9

Similarity of species composition between cruises--Jaccard Coefficient

Station 1

5/9/74 5/22/74 10/15/74 10/30/74 12/13/74 1/16/75 3/18/75 5/9/75 5/28/75

5/22/74 .400
10/15/74 0.00 .154
10/30/74 .083 .300 .167
12/13/74 .083 .300 .273 .500

1/16/75 .158 .222 .278 .167 .235
3/18/75 .357 .267 .176 .200 .385 .227
5/ 9/75 .333 .091 0.00 .100 .222 .111 .417
5/28/75 .333 .538 .105 .267 .267 .333 .389 .200

1.0
-.....J Station 2 ,

5/9/74 5/22/74 10/15/74 10/30/74 11/14/74 12/13/74 1/16/75 2/20/75 3/18/75 4/14/75 5/9/75

5/22/74 .385
10/15/74 .222 .222
10/30/74 .250 .154 .357
11/14/74- .267 .118 .353 .600
12/13/74 .385 .200 .467 .364 .462
1/16/75 .357 .357 .353 .231 .250 .462
2/20/75 .444 .300 .500 .211 .286 .529 .500
3/18/75 .267 .118 .278 .231 .250 .462 .333 .421
4/14/75 .308 .063 .015 .167 .286 .417 .286 .250 .500
5/ 9/75 .313 .313 .316 .200 .375 .500 .375 .450 .294 .429
5/28/75 .438 .533 .286 .333 .333 .438 .333 .476 .556 .375 .400



Table 11-9 (cont.)

Station 3

5/9/74 5/22/74 10/15/74 10/30/74 11/14/74 12/13/74 1/16/75 3/18/75 5/9/75

5/22/74 .385
10/15/74 .059 .231
10/30/74 0.00 .083 .182
11 /14/74 .133 .154 .154 .333
12/13/74 .200 .231 .333 .300 .667
1/16/75 .294 .538 .333 .133 .267 .429
3/18/75 .143 .077 . 167 .100 .182 .. 273 .200
5/ 9/75 .545 .364 .071 .091 .400 .364 .267 .182
5/28/75 .412 .375 . 158 .188 .400 .467 .368 .538 .400



Table II-10

Similarity of species composition between stations

Jaccard Coefficient

Date

5/ 9/74
5/22/74

10/15/74
10/30/74
11/14/74
12/13/74
1/16/75
3/18/75
5/ 9/75
5/28/75

&2

.54·5

.417

.313

.714

.667

.471

.467

.308

.421

Stations
2 & 3

.667

.700

.399

.100

.545

.700

.692

.455

.429

.750

99

1 & 3

.462

.600

.455

.375

.750

.499

.286

.300

.588



Table II-ll

Similarity of species composition over twelve hour cruises--Jaccard Coefficient

February 20, 1975

0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800

0800 .588
0900 .667 .706
1000 .499 ,524 .591
11 00 .571 .600 .842 .652
1200 .476 .579 .650 .636 .800
1300 .591 .545 .681 .739 .739 .727
1400 .522 .545 .762 .667 .818 .727 .826
1500 .571 .524 .750 .652 .810 .714 .739 .818
1600 .500 .438 .444 .381 .381 .350 .409 .348 .318
1700 .545 .. 571 .714 .625 .773 .609 .640 .783 .696 .364

--' 1800 .632 .667 .737 .800 .714 .700 .727 .727 .636 .421 .682
0 1900 .550 .667 .737 .714 .714 .700 .652 .652 .636 .350 .682 .8890

·Apri 1 14, 1975

0800 0900 1000 1100 1200 1300 1400 1500 1600 noo 1800

0900 .454
1000 .416 .700
1100 .285 .500 .727
1200 .307 .307 .454 .357
1300 .250 .250 .454 .545 ~333

1400 .363 .500 .454 .416 .333 .556
1500 .416 .333 .285 .357 .285 .454 .600
1600 .363 .667 .600 .545 .333 .400 .750 .454
1700 .181 .444 .400 .500 .167 .333 .500 .400 .714
1800 .250 .363 .454 .416 .454 .556 .556 .600 .400 .333
1900 .231 .333 .416 .385 .307 .500 .500 .545 .363 .300 .667



Table 11-12

Species abundance
Similarity between cruises

Canberra Metric Coefficient

Station 1

5/9/74 5/22/74 10/15/74 10/30/74 12/13/74 1/16/75 3/18/75 5/9/75

.557

.563

.516
.758
.623 .615

12/13/74 1/16/75 2/30/75 3/18/75 4/14/75 5/9/75

.700

.632 .675

.687 .705 .619

.713 .726 .607 .780

.759 .654 .596 .663 .749

.653 .626 .582 .615 .665 .594



-'
o
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Table 11-12 (cant.)

Station 3

5/9/74 5/22/74 10/15/74 10/30/74 11/14/74 12/13/74 1/16/75 3/18/75 5/9/75

5/22/74 .841
10/15/74 .554 .704
10/30/74 .621 .754 .755
11/14/74 .677 .743 .700 .788
12/13/74 .660 .759 .764 .770 .843
1/16/75 .618 .771 .657 .667 .661 .733
3/18/75 .668 .753 .709 .746 .767 .775 .676
5/ 9/75 .791 .831 .648 .731 .778 .791 .689 .748
5/28/75 .633 .695 .577 .614 .698 .695 .584 .626 .664



Table II-13

Similarity of species abundance between stations

Canberra Metric Coefficient

Date

5/ 9/74
5/22/74

10/15/74
10/30/74
11/14/74
12/13/74
1/16/75
3/18/75
5/ 9/75
5/28/75

1 & 2

.785

.770

.628

.864

.761

.605

.714

.716

.722
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Stations
2 & 3

.863

.848

.671

.657

.807

.795

.808

.807

.764

.820

1 & 3

.747

.878

.783

.701

.832

.651

.686

.830

.694



Table II-14

Species abundance
Similarity over twelve hour cruises

Canberra Metric Coefficient

February 20, 1975

0700 ·0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800

0800 .691 .
0900 .686 .840
1000 .639 .650 .557
1100 .627 .728 .670 .655
1200 .630 .715 .611 .730 .769
1300 .683 .600 .527 .706 .679 .694
1400 .621 .674 .637 .659 .779 .701 .709
1500 .643 .686 .661 .671 .770 .720 .667 .787

--'
1600 .599 .5720 .705 .728 .605 .615 .607 .562 .556

-\::lo
1700 .649 .670 .629 .641 .730 .610 .657 .696 .704 .574
1800- .657 .785 .639 .734 .720 .532 .674 .654 .696 .668 .696
1900 .666 .520 .645 .711 .711 .451 .657 .672 .687 .630 .754 .823

Apri 1 14, 1975

0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800

0900 .802
1000 .776 .851
11 00 .713 .767 .872
1200 .734 .695 .749 .701
1300 .744 .709 .783 .785 .745
1400 .767 .772 .791 .763 .739 .817
1500 .797 .712 .665 .704 .672 .741 .783
1600 .806 .858 .822 .800 .732 .762 .827 .742
1700 .762 .792 .795 .815 .690 .779 .832 .741 .897
1800 . 750 .733 .795 .753 . .775 .795 .795 .763 .738 . .745
1900 .723 .710 .736 .735 .701 .782 .796 .762 .703 .751 .817

.·<.·...,.,,¥i~



FIGURE CAPTIONS FOR CHAPTER II

Figure 11- l: Cumulative propqrtions of whole water phytoplankton
samples contributed by various classes.

Figure II- 2: Seasonal changes of total cellsjml from whole water
phytoplankton samples.

Figure II- 3: Seasonal changes of evenness diversity values for
whole water phytoplankton species. Evenness is
measured by scaled standard deviation (SON) of

Fager (1972).

Figure 11- 4: Seasonal change in abundance of Calycomonas ovalis
at plankton stations in lower Delaware Bay.

Figure 11- 5: Seasonal change in abundance of Pyramimonas sp. A
at plankton stations in lower Delaware Bay.'

Figure 11- 6: Seasonal change in abundance of Cryptomonas acuta
at plankton stations in lower Delaware Bay.

Figure II- 7: Seasonal change in abundance of Chrysochromulina sp.
at plankton stations in lower Delaware Bay.

Figure 11- 8: Seasonal change in abundance of Skeletonema costatum
at plankton stations in lower Delaware Bay.

Figure 11- 9: . Seasonal change in abundance of Katodinium rotundatum
at plankton stations in lower Delaware Bay.

Figure II-lO: Classification dendrogram illustrating similarity
of whole water phytoplankton samples.
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Figure II-ll: Classification dendrogram illustrating similarity of
nannoplankton species according to the samples in
which they occurred. Numbers along abcissa are the
last three digits of species code numbers listed
in Table II-l.

Figure 11-12: Seasonal change in relative abundance of Nitzschia
seriata from net phytoplankton samples.

Figure 11-13: Seasonal change in relative abundance of Guinardia
flaccida from net phytoplankton samples.

Figure 11-14: Changes in relative abundance of Guinardia flaccida
in net phytoplankton sampl~s taken during twelve
hour cruises of February 20 and April 14, 1975.
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III. ZOOPLANKTON

Rose Lambert

Ann Pembroke

INTRODUCTION

In a review of zooplankton research along the American Atlantic
coast, Jeffries and Johnson (1973) stated that the zooplankton from
Cape Cod to Cape Hatteras has been studied more or less continuously~

in one way or another, since the turn of the century. Because of dif
ferences in sampling anq in methods for quantifying data, comparisons

. .

and syntheses of various authors l research presented a formidable task.

In the Delaware Bay area, several zooplankton studies have been
conducted, the more recent of which were in conjunction with environ
mental problems. These include samples taken in and near the Chesapeake
and Delaware Canal (Ferrante, 1971; Raytheon, 1975), along the length
of the lower Bay (Cronin, et al., 1962), in the bay mouth region
(Deevey, 1960) and in the adjacent coastal waters (Van Engel and Tan,
1965; DuPont, et a1., 1972; Sandine and Swiecicki, 1975). Deevey
(1960), using six years of samples gatheted from 1929-1935, qualita
tively analyzed the fauna of the surface waters in the bay and near
coastal waters. A fairly coarse mesh [No. 0 (0.515 mm average aper
ture) or No.2 (0.342 mm average aperture)] was used which limited
collection of smaller copepods and larvae unless net clogging occurred.
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Cronin, et al. (1962) quantitatively examined the zooplankton
within the bay over a two-year period with a No. 2 net. The en-
tire length of the bay and river, from Philadelphia to Cape Henlopen,
was sampled during eight quarterlycrui~es. They characterized the
different zooplankton fauna of different salinity regions. In the
region of the present study (which lies in the polyhaline zone),
they determined that the principal zooplankton species were: Centro
pages typicus, h hamatus, Labidocera aestiva, Temora longicornis,
Penilia avirostris, Paracalanus parvus, and Evadne normanni.

Zooplankton were collected as part of the baseline studies for
the lightering area. These data were also used to examine inter
actions of the nutrients, phytoplankton, and zooplankton at three

'stations in this restricted area over one seasonal cycle. This
chapter will examine the seasonal cycle of zooplankton species for
these three geographically close stations and determine whether any
qualitative or quantitative differences occur among them. One station
can be considered a deep water station (20 m) while two stations were
in relatively shallow water (4 m).

METHODS

The zooplankton stations were the same as those for hydrography
and phytoplankton (see earlier chapters). Zooplankton samples were
taken'with a 30 em diameter Clarke-Bumpus semi~quantitative plankton
sampler fitted with a No.6 (0.241 mm) plankton net. Two tows were
taken at each of the three stations. Sampling was done at the surface
and at the bottom; bottom depth was approximately 4 m at Stations 2
and 3 and 20 m at Station 1. Duration of tows was approximately 15
minutes. The plankton samples were preserved in a 1:10 dilution of
40% buffered formalin for later analysis.

To quantify the zooplankton, the total volume of the sample,
plankton plus fluid, was recordeQ.,'In most cases additional 40%
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buffered formalin solution was added to adjust the volume of the
sample to an even number. This additional volume added was also
recorded. Before taking aliqu,ots', any large organisms such as
medusae were removed, and this was noted. In the manner suggested
by Frolander (1968) 1 ml aliquots of the plankton sample were taken
until a total of 300 individuals or greater had been counted. Prior
to removing the aliquots with a Stempel pipette, the samples were
vigorously shaken to disperse the organisms.

Most copepods were identified to species using Wilson (1922)
and various sheets of the Fisches du Identification published by the
Conseil International pour L'Exploration de la Mer. Copepodites
were identified to genus in some cases or simply referred to as cope
podites. Certain copepods, for example, Corycaeus and Paracalanus,
were identified only to genus because of the difficulty in distinguish
ing among the species. No attempt was made to identify medusae since
they were generally badly distorted by the nets and formalin. With
respect to the meroplankton, attempts were made to identify to species
all crab larvae. Some of the veligers were also identified.

RESULTS

A list of the species found over all samples is given in Table
III~l. Eighteen species of copepods and 15 species of decapod larvae
were identified from various samples.

Seasonal changes in the total number of individuals/m3 for each
station are shown in Figures 111-1 to III-~. Except for Station 1,

bottom, there was a minimal number of individuals on August 21,1974.
In general, seasonal· maxima for each station and depth did not coin~

cide. However, during the period October 15 to December 13, 1974,
there were continual problems with the Cl~rke-Bumpus meter so it is
likely that population densities were overestimated during this time.
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The highest zooplankton densities were at Station l-bottom
(30,395/m3 on October 30, 1974). If this value is ignored, the next
highest concentration was found at Station l-top on June 20, 1974
(21,092/m3). Of the 15 collections, Station l-bottom had the greatest
number of individuals seven times. Table III-2 gives the total value
of zooplankton individuals perm3. Values ranged from 58/m3 to
30;395/m3. The numbers of individuals for all species in all samples
are giventn Appendix Table AIIl-l.

Each sta ti on showed two pea ks du ring the yea r. . These common
peaks occurred on October 30, 1974 (l2,547-30,395/m3) and on May 9,
1975 (lO,681-14,035/m3). In addition, Station 1 had a major popula
tion peak on July 19, 1974 (20,511/m3) and Station 3 showed a fairly

, large peak on August 1, 1974 (9,432/m3). In general, larger concen
trations of individuals were found in the bottom waters; this was
particularly true for Stations 1 and 3. Notable, however, was the
fact in the spring at Stations 2 and 3, the surface samples showed
maximum densities at least a month and a half earlier than the respec
tive bottom samples.

The dominant species (the three with the highest numbers of
individuals) for each cruise are listed in Table 111-3. If the domi
nant species are compared with the major peaks of abundance for each
station, different species were responsible for the maxima at each
station. Dominants for the maxima were as follows:

June 20

July 19
March 19
May 9
March 14
May 19

Station l-top

Station l-bottom
Station 2-top
Station 2-bottom
Station 3-top
Station 3-bottom

Acartia tonsa, Podon sp.,
Neopanope texana (zoea)
A. tonsa, Pseudodiaptomu: coronatus
Pseudocalanu~ minutus, copepodites
Temora longicornis, P. minutus
.E..:- mi nutus, copepodi tes
T. longicornis, Centropages hamatus

Differences in occurrence of dominant species can be explained
by the fact that the major peak for 'Station 1 occurred in the summer
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at a water temperature of approximately 20°C while the population
peaks for Stations 2 and 3 occurred ,in the spring at a water tem
perature of approximately 5°C., What this does not explain was why
the major peaks in population occurred at such different times be
tween the deep water and shallow water stations. One possibility
is that sampling in 1974 was begun too late to catch the large
Acartia bloom recorded at Station 1. Also not clear was why the
surface waters at Stations 2 and 3 had maximum biomass numbers com
prising different copepod species at different times than their re
spective bottom samples.

Table 111-4 contains the percent composition of each sample
represented by meroplankton, holoplankton, and copepods for each
cruise. Only on three occasions did the meroplankton component
exceed the holoplankton, and these occurred at the shallow water
stations. Generally, meroplankton comprised a larger percentage
of the bottom samples than surface samples and the shallow water
samples than did the surface samples. The shallow water stations
tended to have a larger proportion of meroplankton than did the deep
water stations. The large proportion of meroplankton which occurred
on July 19, 1974 was mainly due to zoeae of the crab, Neopanope
texana, at Station 2 and to Uca zoeae at Station 3 which illustrates
the kind of variability that occurred in the meroplankton over a
short distance. Veligers of Mytilus edulis were responsible for the
large proportion of meroplankton at most stations on January 16.
The fairly high percentage ofmeroplankton reported for May 28, 1975
at the shallow water stations was due to an abundance of fish eggs,
Balanus sp. nauplii,· and cyprids. Copepods were the largest compo
nent of the population throughout most of the year, except when
vast numbers ofOikopleura sp. occurred on October 15, 1974. Then
the copepods were consistently less than 50% of the sample.

The seasonal cycle of some of the dominant organisms at each sta
tion and depth are presented in Figures III-4 to lII-9. In some cases
where an organism occurred only once as a dominant, its seasonal cycle
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was not illustrated. For such cases as Oikopleura sp. and fish eggs,
where the seasonal cycle was similar at all stations, these results
were figured once. For graphical convenience, numbers of individuals
were converted to proportion of the tot~l sample. However, this dis
torts the importance of some species, particularly A. tonsa in late
summer, when almost no plankton was found in the water.

At all stations and depths the copepod, Acartia tonsa, dominated
most of the summer samples. There was some residual population of ~
tonsa at some of the stations year-round, but in very low numbers.
During the summer months !l:-. tonsa was occasionally replaced as the
dominant species by Pseudodiaptomus coronatus in some of the bottom

. samples. This replacement occurred on August 1, 1974 for Stations 1
and 2, and on July 19, 1974 at Station 3-bottom. Pseudodiaptomus
was found only in significant numbers in the bottom samples, and they
were found only in the summer and autumn months.

Larvae of bottom invertebrates comprised a significant percent
of the population during the summer months~ Crabzoeaewere par
ticularly abundant in the early summer samples. Cyphonautes larvae
(ectoprocts) appeared in early August and disappeared from the samples
at the end of October. Veligers identified as Mytilusedulis signifi"
cantly contributed to the zooplankton population during December and
January. Polychaete larvae could generally ,be found in low numbers
during any time of the year.

In the spring of 1975, ~ tonsa was replaced by the copepods,
Centropages hamatus, Temora longicornis, and Pseudocalanus minutus.
Also, in these same spring samples, but not figured in the graphs,
a high percentage of unidentified copepodites was found.

Changes in zooplankton numbers/m3 during the l2-hour cruises of
February 20,1974 and April 17,1975 are illustrated in Figures III-lO
and 111-11. On February 20, 1975 the zooplankton numbers increased
in the surface waters and decreased in the bottom waters from the
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preceding cruise. The peak in zooplankton actually occurred on
May 9, 1975, but during the April 17 cruise zooplankton numbers
had increased over the first 12-hour cruise by a factor of about

/

three.

Both cruises displayed a similar pattern of higher numbers of
individuals in the bottom waters during the day, with migration to
surface waters occurring in the afternoon and evening. The signifi
cant point here was that during both cruises diurnal vertical migra
tion towards the surface began about 1500 with the zooplankton
beginning to leave the surface again about 1900. This large increase
in individuals may have been augmented by the tidal regime. This
could be true for the first 12-hour cruise where increasing salinity
was noted about 1500, but on the second cruise weather conditions
prevented the normal tide-related changes. With fairly brisk north
easterly winds blowing, high salinity waters remained in the bay the
whole day. As a result, on this second cruise the day was probably
spent sampling the same water mass. In the absence of any sizable
surface tidal movement, the migration of individuals to the surface
occurred at about the same time as previously. This identical migra
tion pattern was again significant because the dominant copepods were
d,ifferent duri ng each crui se (Tables II1-5 and II1-6). On February
20, 1975, Pseudocalanus minutus, Acartia tonsa, and Temora longicornis
were most abundant. On April 17, 1975, the dominant copepods were
Centropages hamatus, h longicornis, and Centropages sp. copepodites.

Cluster analysis techniques were used to assess the presence of
recurrent "time-groups" in the zooplankton data. The methods for
this analysis are detailed in Appendix I. The dendrogram is given
in Figure 111-12. Five time-related assemblages were discerned and
are listed below with their chara~teristic species:
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Time-Group

June

July-August

September-November

December

January-May

Characteristic Species

Podon sp.
Acartia tonsa
Pseudodiaptomus coronatus
Centropages hamatus

Acartia tonsa
Pseudodiaptomus coronatus
Neopanope texana (zoea)
Pinnixa sayana (zoea)
copepod i te.s

Oi kopleura sp.
Paracalanus spp.
veliger larva
polychaete larva

Acartia tonsa
veliger
Acartia copepodite

Centropages hamatus
Centropages copepodites
Temora longicornis
Pseudocalanus minutus

Based on the cluster dendrogram, the stations occupied during
anyone cruise were more similar amongst themselves than they were
to samples taken during other ~ruises. Often, top and bottom
samples at one station were not paired together. This was usually
the result of widely differing numbers of individuals in these
samples.
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DISCUSSION

In the Chesapeake and Delaware Canal, Raytheon (1975) reported
that zooplankton abundances increased from January (33,833/m3) through
May (190,105/m3) and then declined over the following months. In the
coastal waters off the mouth of Delaware Bay highest zooplankton
numbers were reported in the spring and early summer by DuPont, et al.
(1972), in the winter and fall by Van Engel and Tan (1965), and in the
spring and fall by Sandine and Swiecicki (1975).

Deevey (1960) found that the greatest numbers of zoop1 ankton
occurred in Delaware Bay during the wiriter-spring period. Cronin, et
al. (1962) found that spring and summer numbers exceeded their fall
and winter numbers. In this study every station showed consistently
high numbers in the winter-spring, and relatively low numbers in
August. Another peak may have occurred in the autumn. Plus, there
is an indication from Station 1 that spring-summer peak may also occur.
Thus, it may be that the bay can annually sustain three major peaks in
zooplankton biomass (winter-spring, summer, and fall). This fact
would make Delaware Bay distinct from the more northern estuaries
where bimodal peaks in biomass occur (Deevey, 1948; Sage and Herman,
1972; Martin, 1965). However, it was not certain whether the October
1974 peak was real or due to mechanical failure.

Deevey (1960), using four years' data did not find a consistent
cyclical, annual rhythm in biomass numbers such as had been found in
the more northern areas. Her findings and our results suggest that
any pattern of rhythmicity which occurs in the latter half of the
year is due almost entirely to A. tonsa and secondarily to the mero
plankton.

A. tonsa was the dominant species from June until October. Its'
'maximum density occurred at Station 1 (17,272/m3) on June 20,1974
(water temperature 21°C). Its numbers were drastically reduced in
January (water temperature 4.5°C) and at the end of the study in May,
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~ tonsa had not reappeared in very large numbers (water temperature
18°C). A similar pattern was noted for ~ tonsa in Great Bay, New
Jersey (Sandine and Swiecicki, 1975). In this study, ~ tonsa
occurred as the dominant organism of two major peaks; one occurred

in early summer and one in late fall. During the summer ~ tonsa
generally comprised 50% of the sample. Major biological activities
in the water column occurring during the summer-fall period must
have been greatly affected by the production of ~ tonsa.

The winter-spring peak in zooplankton had a relatively high
proportion of Centropages hamatus and Temora longic6rnis. Also
Pseudocalanus minutus was relatively abundant at some stations.
These species were also strong winter-spring dominants in the
nearby coastal waters in previous years (Van Engel and Tan, 1965;
DuPont, et al., 1972). In contrast, even though the summer samples
had more species, one species (~ tonsa) comprised the bulk of the
samples.

Jeffries (1967) noted the significance of congeneric species
replacement in which case the summer-fa11 species was replaced by
a winter-spring species of the same genus. Most authors (Deevey,
1948; Conover, 1956; Jeffries, 1962) noted this replacement with

respect to f::..:.- tons~ and ~ clausi. Deevey (1960) found f::..:.- clausi
to occur fairly regularly in Delaware Bay, but seldom in as large
numbers as A. tonsa. In the present study, f::..:.-clausi was first
found in low numbers in December 1974 and occurred at its highest
density (529/m3) in April; at no time did this boreal-temperate
species approximate the biomass of f::..:.- tonsa.

Bowman (1961) pointed out a geographical trend for the f::..:.
tonsa - A. clausi replacement. The farther south the area, the
less important ~ clausi becomes both in numbers and seasonal
range. Jeffri es I (1967) observati on of congener; c species re
placement is valid in a narrow lQtitudinal range where optimal
conditions for each species occur during some part of the year.
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Jeffries (1967) also suggested congeneric species replacement
for Oithona simi1is - the summer form - and O. brevicornis - the
winter form. This was not ob~erved during this study or in the
shallow bays of New Jersey (Sandine and Swiecicki, 1975). O.
simil is was found nearly year-round while~ brevicornis was found
only during December to May. Probably due to warmer winter tempera
tures, the summer form was able to maintain a small population
year-round while the winter form was only evident during the shortened
winter season. This was additional evidence to suggest that Delaware
Bay should not be classed with the more northern estuaries.

The species composition indicated that an incomplete annual cycle
was sampled. Sampling began when the warm species, A. tonsa, domi
nated, and sampling ended when the coldwater species, h hamatus,
~ longicornis, and ~ minutus dominated. When the data from the
first sample were examined, the presence of the same cold water
species, probably a declining winter population, was noted. It
was the cold water species that dominated the population after the
annual winter~spring diatom bloom. Depending on the interpretation
of the assemblages obtained from cluster analysis, it is questionable
whether h hamatus, more of a cold-water organism, should be included
in the June assemblage.

There was an important difference in distribution of a major
species between Cronin, et al. (1962) and our results. Our study
area occurred in the po1yhaline zone {la-30 0/00), but, Cronin, et
al. (1962) did not list ~ tonsa as one of the principal species
of this area although it was by far the dominant species in our
samples. This difference may be due in part to the fact that a
different species composition may exist in the more offshore po1y
haline bay waters examined by these authors. On the other hand,
the major species may change from year to year.

Salinity dat~ from the two l2-hour cruises demonstrated that
the study area was usually always within the polyhaline zone. The
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fact that none of the estuarine copepod species were found at ebb
tide indicated that movement downbay by the estuarine species to
this area did not occur. With the occurrence of the more coastal,
species, particularly ~ typicus, it was suggested that the study
site was more influenced by the coastal ocean waters than by the
river waters (Jacob, 1968·). However ,the low numbers or absence
of most coastal water copepods such as Labidocera and Tortanus
suggested that the study area may be in that zone of the estuary
where the plankton population can generally, by their reproductive
capabilities, maintain themselves (Barlow, 1955).

In examining the annual species succession in Delaware Bay,
nearly the same patterns were observed 35 years ago (Deevey, 1960).
The dominance of !1.- tonsa in the summer, with contributions by the
warm water cladoceran, Penilia avirostris, and invertebrate larvae
was recorded by Deevey (1960). Also, she found the warm water cope
pod, Corycaeus sp., and Cronin, et al. (1962) found the other warm
water species noted in this study, Euterpina acutifrons. Both these
copepods' contributed significant biomass in November. Deevey (1960)
and Cronin, et a1. (1962) also noted high numbers of Oikopleura sp.
in the fall. In the present study, they dominated the mid-October
sample. All studies agree reasonably well on the significant con
tribution of the cold water species, h hamatus, .!::...minutus, and T.

longicornis, during the winter-spring period.

Differences were noted in the abundance of the copepods, Para
calanus sp. and .!::... crassirostris~ during the fall. Deevey (1960)
and Cronin, et al. (1962) both suggested that Paracalanus spp. were
relatively rare in the bay and that they were more prevalent in the
coastal waters. But in the present study, Paracalanus sp. was found
at all stations in the fall. It was one of the dominant organisms
at the end of October. This difference among the studies can probably
be explained by the use of a smaller mesh size here, thereby increas
ing the likelihood of catching Paraca1anus.
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Deevey also did not record large numbers of veligers in the
water in the winter. These were identified in this study as larvae
of Mytilus edulis. Densities ,as high as 3600/m3 were recorded with
the larger numbers of veligers found in the bottom samples. It is
likely that what was observed here was not an annual occurrence.

Little variation occurred between species composition and depth.
Though there were higher densities and species richness in the bottom
samples, the dominant species were similar to those at the surface.
One notable exception was the marked vertical distribution of Pseudo,..
diaptomus coronatus, which was found consistently in the bottom
samples. Jacobs (1961) has suggested that P. coronatus is not a
truly planktonic copepod since it readily clings to the substrate,
thus suggesting a reason for its disparate vertical distribution.
Also, there was some indication in the same bottom samples that P.
coronatus can replace the dominant ~ tonsa.

In considering what differences occurred among the stations,
the same water mass was probably being sarnpled at each station.
Station l,..bottom consistently had higher numbers of individuals
than any other station .. This greater abundance of individuals in
bottom samples has been' previously documented (Cronin, et al., 1962;
Herman and Sage, 1972). Using cluster analysis stations generally
clustered together within each cruise, showing that they were highly
similar. The few exceptions generally occurred when Station 1 was
dissimilar to Station 2 and Station 3, or the top samples were dis
similar to the bottom. But this dissimilarity was only noted in
two of the 15 cruises. The clusters also illustrated the seasonal
trend of high species diversity in the summer and fall, consecutive
cruises displaying less similarity than during the winter.
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Comparison of Regional Zooplankton Numbers

In terms of total numbers of zooplankton individuals through-
out the year, Station l-bottom was the most productive station. It
had the highest mean value of 9311 individuals/m3. The mean value
for all stations was 4649/m3. Delaware Bay had l'ower zooplankton
numbers than the Sandy Hook area where Sage and Herman (1972) friund
a mean value of 8502/m3, which would compare only with the mean for
Station l-bottom. Herman, Mihursky, and McErlean (1968) obtained
much lower mean values in the Patuxent Estuary (4325/m3). Sage and
Herman (1972) used a smaller mesh net and Herman, et al. (1968) a
larger mesh net than that used in the present area. The Patuxent
Estuary is also a lower salinity area. Jeffries (1964) found bio
masses in Raritan Bay higher than here, but he used a smaller mesh
net and collected the whole length of the bay. Zooplankton densities
averaging 44,000 individuals/m3 were reported for Little Egg Harbor
and Brigantine Bays, New Jersey by Sandine and Swiecicki (1975) who
used a No. 20 net. Heinle's (1966) study on copepod production showed
that any direct comparisons of data require similar sampling tech
niques~ Using a No~20 net on the Patuxent Estuary~ he found densities
of copepods, consisting primarily of developmental stages, exceeding
lOO,OOO/m3. It would appear that the densities obtained in this
study most nearly approach those found by Burrell (1972) in the
York River, Va. estuary.

134



REFERENCES

Barlow, J.P., 1955. Physical ,and biological processes determining
the distribution of zooplankton in a tidal estuary. Biol.
Bull. 109 (2): 211-225.

Bowman, T. L, 1961. The copepod genus Acarti a in Chesapeake Bay.
Ches. Sci. ~ (3-4): 206-207.

Burrell, V.G., 1972. Distribution and abundances of calanoid
copepods in the York River estuary, Virginia, 1968 and 1969.
Ph.D. thesis, College of William and Mary, 263 pp.

Conover, R.J., 1958. Oceanography of Long Island Sound, 1952-1954.
VI. Biology of Acartia clausi and A. tonsa. Bull. Bingh.
Ocean. Co11. 15: 156-233.

Cronin, L.E., J.C. Daiber, and E.M. Hulburt, 1962. Quantitative
seasonal aspects of zooplankton in the Delaware River estuary.

Ches. Sci. ~ (2): 63-93.

Deevey, G.B., 1956. Oceanography of Long Island Sound. Pt. U.
Zooplankton Bull. Singh. Ocean. Coll.Ji: 113-155.

Deevey, G.B., 1960. The zooplankton of the surface waters of the
Delaware Bay region. Bull. Bingh. Ocean. Coll. 1I (2): 5-53.

DuPont deNemours, L1., College of Marine Studies, and Hydroscience"
Inc., 1972. Waste dispersion characteristics in an oceanic
environment. Draft of a Rept. to Water Quality Program, Environ
mental Protection Agency, 393 pp.

135



Ferrante, J.G .• 1971. A quantitative study of the zooplankton in
the Delaware River in the vicinity of Artificial Island: In:
An Ecological Study of the Delaware River in the Vicinity of
Artificial Island. Ichthyological Associates, Progress Rept.,
January-December 1970.

Frolander, H.F., 1968. Statistical variation in zooplankton numbers
from subsampling with a Stempel pipette. J. Water Pollut.
Control Fed. 40: R82-R88.

Herman, S.S., J.A. Mihursky, and A.J. McErlean, 1968.
and environmental characteristics of the Patuxent
estuary 1963-1965. Ches. Sci. ~ (2): 67-82.

Zooplankton
River

Jacobs, J., 1961. Laboratory cultivation of the marine copepod,
Pseudodiaptomus coronatus. Limno1. Oceanogr.~: 443-446.

Jacobs, J., 1968. Animal behavior and water movement as co-deter
minants of plankton distribution in a tidal system. Sarsia
34: 355-370.

Jeffries,H.P., 1962. Succession of two Acartia species in estuaries.
Limnol. Oceanogr. 7: 354-364.

Jeffries, H.P., 1964. Comparative studies on estuarine zooplankton.
Limnol. Oceanogr. 9: 348-358.

Jeffries, H.P.,1967. Saturation of estuarine zooplankton by con
generic associates. .!!!.: G. Lauff, ed. Estuaries AAAS,
Washington, D.C., pp. 500-508.

Jeffries, H.P., and W.C. Johnson, 1973. Distribution and abundance
of zooplankton . .!!!.: S.B. Saila, ed. Coastal and offshore
environmental inventory, Cape Hatteras to Nantucket Shoals.
U.R.I. Marine Publ. Series No.2. 92 pp.

136



Martin, J.H., 1965. Phytoplankton-zooplankton relationships in
Narragansett Bay. Limno1. Oceanogr. lQ. (2): 185-191.

Odum, E.P., 1971. Fundamentals of Ecology. Saunders, Philadelphia.
574 pp.

Raytheon, 1975. Delmarva Ecological Survey, Annual Interpretive
Report, 1974. Planktonic and benthic organisms. Oceanographic
and Environmental Services, Portsmouth, Rhode Island.

Sage, L.E., and 5.5. Herman, 1972. Zooplankton of the Sandy Hook
Bay area, N.J. Ches. Sci. 13 (1): 29-39.

Sandine, P.H., and D.P. Swiecicki, 1975~ Zooplankton. lrl: Eco
logical Studies in the Bays and other Waterways near Little
Egg Inlet and in the Ocean in the Vicinity of the Proposed
Site for the Atlantic Generating Station, New Jersey.
Ichthyological Associates, Inc.

Van Engel ,W.A., and E.C. Tan, 1965. InvestigatiDns of inner
continental shelf waters off lower Chesapeake Bay. Part VI.
Copepods. Ches. Sci. 6: 182-189.

137



Table III-l

List of species obtained in zooplankton samples

Phylum Protozoa
Order Foraminiferida

*01009 Foraminifera sp.
01010 . Globergerina sp.

Phylum Cnidaria

09012

Phylum Ctenophora
02037

Phylum Ectoprocta
08026

Phylum Annelida
Class Polychaeta

04200

Phylum Mollusca
Class Pelecypoda

05107
05108

Class Gastropoda
05109

medusa
Cetiantharian larva

Ctenophora sp.

Cyphonautes larvae

polychaete larvae

veliger
Mytilus edulis Linnaeus 1785 (veliger)

Limacina inflata
unidentified pteropod

06014
06015
06016

06017
06018
06019
06020
06021
06022
06023
06024
06025
06026
06027

Phylum Arthropoda
Class Crustacea

Subclass Branchiopoda
Order Cladocera

Penilia avirostris Dana 1849
Podon sp.
Evadne sp.

Subclass Copepoda
Acartia clausi Giesbrecht 1892
Acartia tonsa Giesbrecht 1892
Acartia (copepodite)
Calanus finmarchicus
Centropages hamatus (Lilljeborg 1853)
Centropages typicus Kroyer 1849
Centropages (copepod ite)
Corycaeus sp.
Eucalanus attenuatus
Eurytemora affinis(Poppe 1880)
Euterpina.acutifrons (Dana 1848)
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Table III-1 (cont.)·

Zooplankton Species List

Subclass Copepoda (cont.)

06028
06047
06029
06030
06031
06032
06033
06034
06035
06036
06037
06038
06039
06040
06041
06042
06043
06044

07142

07176

07179
07180
07181
07182

07183
07184

07185
07186
07187
07188
07189

07190

Labidocera aestiva Wheeler 1889
Labidocera (copepodite)
Microca1anus sp.
Oithona brevicornis Giesbrecht 1891
Oithona similis Claus 1866
Oithona spinirostris Claus 1863
Paraca1anus sp.
Pseudocalanus minutus (Kroyer 1840)
Pseudoca1anus (copepodite)
Pseudodiaptomus coronatus Williams 1906
Temora1ongicornis (Muller 1792)
Temora (copepodite)
Tortanus discaudatus (Thompson and Scott 1897)
harpacticoid copepod
copepod nauplii
unidentified copepodite
unidentified copepod
copepod species A

Subclass Malacostraca
Order ~1ys i dacea

Mysidacea sp.
Order Cumacea

Mancocuma altera Zimmer 1943
Order Amphipoda

Corophium sp.
Gammarus sp.
Hyperia sp.
unidentified amphipod

Order Decapoda
larvae

Suborder Natantia
Palaemonetes sp. (zoea)
Crangon septemspinosa (Say 1918) (zoea)

Suborder Reptantia
Call ianassa sp. (zoea)
Pagurus 10n icar us Say 1817 (zoea)
Emerita talpoida Say 1818) (zoea)
Ovalipes oc~llatus (Herbst 1799) (zoea)
Hexapanopeusangustifrons (Benedict and

Rathbun 1891) (zoea)
Neopanope texana sayi (Smith 1869) (zoea)
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Table III-l{cont.)

Zooplankton Species List

140

*Identification numbers assigned for computer analyses.

Phylum Chaetognatha
08027

Oikopleura sp.
Fish eggs
Fish larvae

Sagitta sp.

Suborder Reptantia (cont.)
Panopeus herbstii H. Milne-Edwards 1843 (zoea)
~innixa sayanaStimpson 1860 (zoea)
Pinnotheres maculatus Say 1818 (zoea)
Uca sp. (zoea)
upDgebia affinis (Say 1818) (zoea)
unidentified crab zoeae and/or megalops
Cancer irroratus (zoea)
Labinia sp. (zoea)
Reptantia larvae
Nantantia larvae

Subclass Cirripedia
Balanus sp. nauplius
Sa lanus sp. cyprid

Phylum Chordata
10006
10007
10008

06045
06046

07191
07192
07193
07194
07195
07196
07197
07198
07199
07200



Table 1II-2

Total numbers per m3 Qf zooplankton individuals

Date Station I Station II Station III
Top Bottom Top Bottom Top Bottom

June 20, 1974 21,092 14,755 1,197 3,475 2,953 7,363
July 19, 1974 279 20,511 807 2,824 2,031 2,954 .
Aug. 1, 1974 1,046 1,971 3,946 805 5,680 9,432
Aug. 21 , 1974 121 1,806 59 259 58
Sept. 17, 1974 669 4,806· 160 1,541 1,128 2,403
Oct. 15, 1974 * 1,]45 1,795 1,049 2,616 2,859 5,475
Oct. 30, 1974 * 8,977 30,395 12,547 2,804 4,674 8,259
Nov. 14, 1974 3,325 3,935 2,643 1,780 1,723 1,493
Dec. 13, 1974 * 6,148 7,336 7,545 3,304 7,061 5,444

--' Jan. 16, 1975 1,303 1,009 1,052 1,644 957 1,046-P>
--' Feb. 20, 1975

(16t) 1,908 505 -
March 18, 1975 4,145 6,571 5,234 4,375 13,436 4,561
April 14,. 1975

(8t) 3,451 3,686
May 9, 1975 2,223 14,035 3,146 10,681 5,919 14,587
May 28, 1975 4,565 12,120 391 651 695 1,623

Mean No./m3 4,279 9,311 3,009 2,730 3,781 5,386

* Values suspect due to Clarke-Bumpus meter malfunction



Table III-3

The three dominant species for each cruise and station

Date Station I
Top Bottom

Station II
Top Bottom

Station III
Top Bottom

6/20/74 Podon sp. Acartia tonsa Acartia tonsa Acartia tonsa Acartia tonsa Acartia tonsa
Acartia tonsa Pseudodiaptomus Fish eggs Podon sp. Podon sp. Pseudocalanus

coronatus minutus
Neopanope Centropages Podon sp. Pseudodiaptomus Centropages Pseudodiaptomus

texana (L.*) hamatus coronatus hamatus coronatus

7/19/74 Acartia tonsa Acartia tonsa Neopanope Acartia tonsa Uca sp. (L.) Pseudodiaptomus
texana (L. ) coronatus

Fish eggs Pseudodiaptomus Acartia tonsa Pseudodiaptomus Aca rti a tons a Acart i a tonsa
coronatus coronatus...... Pseudodiaptomus Labidocera Uca sp . (L. ) Pinnixa sayana Pseudodiaptomus Pinnixa sayana4:::>

N coronatus aestiva (L. ) coronatus (L. )

8/ 1/74 Acartia tonsa Pseudodiaptomus Acarti a tonsa Pseudodiaptomus Acarti a tonsa Acartia tonsa
coronatus coronatus

copepodites Acartia tonsa Fish eggs Fi-sh eggs Fish eggs Pseudodiaptomus
coronatus

Fish eggs medusa Centropages Limacina Neopanope Pinnixa sayana
copepodites i nf1 ata texana (L.) (L. )

8/21/74 Aca rt i a tonsa Acartia tonsa Acartia tonsa Acartia tonsa Acartia tonsa +
Neopanope

texana (L. )
Limacina mysid Limacina Limacina Limaci na

inf1ata inflata inf1ata inf1ata
copepodites Pseudodiaptomus Neopanope medusa Pinnixa sayana

coronatus texana (L. )



Table 1II-3 (cont.)

Date Station I
Top Bottom

Stati on II
Top Bottom

Station III
Top Bottom

9/17/74 Acartia tonsa
Oikopleura sp.

Oithona sp.

10/1 5/74 0i ko P1eura sp.
Paracalanus sp.

Penil ia
avirostris

Acartia tonsa Oikopleura sp.
Pseudodiaptomus Acartia tonsa

corona tus
Paracalanus sp. Oithona sp.

Oikopleura sp. Oiko leura sp.
medusa veliger L.)

veliger (L.) Paracalanus sp.

Acartia tonsa
Pseudodiaptomus

coronatus
Acartia

copepodite

Oi korl eura sp.
Pseudocalanus

minutus
Paracalanus sp.

Acartia tonsa
Oikopleura sp.

Penilia
avirostris

Oikopleura sp.
echinoderm (L.)

veliger (L.)

Acartia tonsa
cyphonaute (L.)

Oikopleura sp.

Oikopleura sp.
Acartia tonsa

Pseudocalanus
minutus

......

.j:;>
w

10/30/74 Paracalanus sp.

Paracalanus
crassirostris

veliger (L.)

11/14/74 Paracalanus sp.
Euterpina

acutifrons
Corycaeus sp.

12/13/74 Acartia tonsa
Oithona simil i s

Acartia
copepodite

Pseudocalanus
minutus

Paracalanus sp.

Acartia tonsa

Paracalanus sp.
Corycaeus sp.

veliger (L.)

Acartia tonsa
veliger (L.)

Acartia
copepodite

Acartia tonsa

polychaete (L.)

Paracalanus
crassirostris

Acartia tonsa
veliger TLT

Euterpina
acutifrons

Acartia tonsa
vel iger (L.)

Acartia
copepodite

Acartia tonsa

Paracalanus sp.

polychaete (L.)

Acartia tonsa
vel iger (L.)

Paracalanus sp.

Acartia tonsa
Foram inifera

veliger (L.)

Acartia tonsa

polychaete (L.)

Paracalanus sp.

veliger
Acartia tonsa

Euterpina
acutifrons

Acartia tonsa
Acartia

copepodite
vel iger (L.)

Acartia tonsa

polychaete (L.)

Paracalanus sp.

veliger
Acartia tonsa

Paracalanus sp.

Acartia tonsa
vel iger (L.)

Acartia
copepodite



Table 111-3 (cont.)

Date Station I
Top Bottom

Station II
Top Bottom

Stati on I II
Top Bottom

1/16/75 Centropages
copepodite

Centropages
, typicus
Centropages

hamatus

2/20/75

Acartia tonsa

Centro pages
copepodite

veliger (L.)

veliger (L.)

Centropages
hamatus

Centropages
copepodite .

Temora
longicornis

Centropages
hamatus

Centropages
copepodite

ve1iger (L.)

Centropages
copepodite

Acartia tonsa

Temora
longicornis

Centropages
hamatus

Centropages
copepodite

Acartia tonsa

Centropages
hamatus

Centropages
copepodite

vel i ger (L.)

Acarti a tonsa

Centropages
copepodite

~ 3/18/75 Pseudocalanus
+:>
+:> minutus

Centropages
hamatus

copepodites

4/14/75

Temora
longicornis

Pseudoca1anus
minutus

copepod ites

Pseudocalanus
minutus

copepodites

Oithona
brevicornis

Centropages
hamatus

Temora
1ongicorni s

Acartia clausi

Pseudocalanus Pseudocalanus Paracalanus sp.
mi nutus

copepodites copepodites copepodites

Paracalanus sp. Paracalanus sp. Acartia tonsa

Centropages
hamatus

Temora
longicornis

Centropages
copepodite



Table 111-3 (cont.)

Date Station I
Top Bottom

Station II
Top Bottom

Stati on I II
Top Bottom

5/ 9/75 Temora
longicornis

Centropage-s
hamatus

Oithona
brevicornis

5/28/75 Centropages
hama tu s

Centropages
copepodite

Centropages
typicus

--'
.j::>

m * (L.) = larvae

Temora
~nqicornis
Centropages

hamatus
Pseudocalanus

minutus

Centropages
hamatus

Centropages
typicus

Balanus sp.
(nauplii)

Centropages Temora Temora Temora
hamatus longicornis longicornis longicornis

Temora Pseudocalanus Centropages Centropages
longicornis minutus hamatus hamatus

copepodite Centropages Centropages Centropages
hamatus copepodite copepodite

Fish eggs Balanus sp. Centropages Centropages
(cyprid) copepodite copepodite

Centropages Centropages Centropages Oithona similis
hamatus copepodite hamatus

Centropages Fish eggs Fish eggs Balanus sp.
copepodite (nauplii)

,



Table III-4

Holoplankton/meroplankton ratios and percent composition of copepods
(including medusa as meroplankton)

Station 1 Station 2

Date Hol./Mer. %copepods Hol./Mer. %copepods Hol./Mer. %copepods Hol./Mer. %copepods
Top Top Bottom Bottom Top Top Bottom Bottom

6/20/74 72.9/27.02 47.88 97.7/ 2.3 94.49 71.1/28.8 54.8 92.3/ 7.6 71.30
7/19/74 79.9/20.0 79.9 99,06 / 0.4 99.2 39.0/61.0 37.9 95.9/ 4.1 95.7
8/ 1/74 88.8/11. 2 88.5 93.6/ 6.4 91.1 92.3/ 7.7 92.3 69.6/30.4 60.7
8/21/74 90.9/ 9. 1 71.0 91.4/ 8.6 89.7 76.2/23.8 49.1 71:4/28.6 57.1
9/17/74 98.5/ 1.5 70.2 88.6/ 11.4 82.1 95.0/ 5.0 28.1 92.1/ 7.9 79.4

10/15/74 91. 5/ 8.5 36.1 61.1/ 38. Q 11. 1 86.6/13.4 23.7 87.2/12.8 31. 6
10/30/74 89.8/10.2 81. 3 84.2/ 15.8 82.3 92.5/ 7.5 92.3 84.0/16.0 78.2

..... 11/14/74 87.7/22.3 83.1 84.1/ 15.9 79.2 85.0/15.0 83.7 83.9/16.1 81.1
.j::>
0'\ 12/13/74 84.1/15.9 83.9 66.6/ 23.4 66.3 88.4/11.6 88.4 70.2/29.8 70.2

1/16/75 94.0/ 6.0 94.0 78.0/ 22.0 77.7 60.2/39.8 60.2 50.4/49.6 50.4
2/20/75

(16t) 99.5/ 0.5 99.5 91.8/ 8.2 91.8
3/18/75 99.5/ 0.5 98.8 98.01 2.0 93.9 98.2/ 1.8 97.8 92.9/ 7. 1 89.0
4/14/75

( 8t) 97.7/ 2.3 97.1 93.8/ 6.2 91. 6
5/ 9/75 98.6/ 1.4 98.6 99.6/ 0.4 99.0 99.6/ 0.4 99.6 98.9/ 1.1 98.0
5/28/75 90.9/ 9.1 89.7 84.1/ 15.9 83.1 67.7/22.3 58 ~ 5 51.6/48.4 43.9

- = f~issing data points



Table rII-4 (cant. )

Station 3

Date Hol./Mer. %copepods Hol./Mer. %copepods
Top Top Bottom Bottom

6/20/74 96.8/ 3.2 89.1 98.0/ 2.0 95.96
7/19/74 27.6/72.4 27.0 97.2/ 2.8 96.3
8/ 1/74 94.2/ 5.8 94.2 91.3/ 8.7 89.9
8/21/74 50.0/50.0 37.9
9/17/74 99.7/ 0.3 79.5 82.2/17.8 73.3

10/15/74 80.8/19~2 29.2 86.8/13.2 57.6
10/30/74 QO.3/ 9.7 86~9 79.1/20.9 78.4
11/14/74 76.7/23.3 67.9 68.5/31.5 66.6
12/13/74 91.7/ 8.3 91.7 91.1/8.9 90.5
1/16/75 89.9/10.1 89.9 58.5/41.5 58.5

....... 2/20/75
-l:'> (16t)""'-l

3/18/75 99.0/ 1. 0 98.8 99.0/ 1. 0 98.8
4/14/75

, ( 8t)
5/ 9/75 99.6/ 0.4 99.0 97.5/ 2.5 97.3
5/28/75 74.1/25.9 73.5 78.5/21. 5 75.7



FIGURE CAPTIONS FOR CHAPTER III

Figure 111- 1: Seasonal changes in total zooplankton numbers
at Station 1.

Figure 111- 2: Seasonal changes in total zooplankton numbers
at Station 2.

Figure 111- 3: Seasonal changes in total zooplankton numbers
at Station 3.

Figure 111- 4: Seasonal changes in relative abundances of dominant
zooplankton species Station l-surface.

Figure III- 5: Seasonal changes in relative abundances of dominant
zooplankton species at Statfon l-bottom.

Figure 111- 6: Seasonal changes in relative abundances of dominant
zooplankton species at Station 2-surface.

Figure 111- 7: Seasonal changes in relative abundances of dominant
zooplankton species at Station 2-bottom.

Figure 111- 8: Seasonal changes in relative abundances of dominant
zooplankton species at.Station 3-surface.

Figure III- 9: Seasonal changes in relative abundances of dominant
zooplankton species at Station 3-bottom.

Figure 111-10: Changes in total zooplankton numbers during 12-hour
cruise of February 20, 1975.

Figure III-ll: Changes in total zooplankton numbers during l2-hour
cruise of April 14y 1975.

Figure III-12: Classification dendrogram illustrating similarity
of zooplankton samples.
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IV. WArER COLUMN SYNTHESIS

Ann Pembroke

INTRODUCTION

The primary producer-herbivore relationship is an aspect of
plankton studies which is receiving considerable attention in
the recent literature. For e~ample, Pou1et (1973), Hargrav~ and
Geen (1970), Petipa, et al. (1970), Parsons, et al .. (1969), and
Anraku (1964) examined zooplankton food requirements with natural
phytoplankton populations. The influence of zooplankton and phyto
plankton on the marine nitrogen and phosphorous cycles was reviewed
by Corner and Davi s (l971). In all of these studies, there was at
least the implication that the interactions were more complex than the
scope of their texts would permit. Martin (1965, 1968, 1970) was able
to present a much more complete picture for Narragansett Bay by con
sidering the interactions between two components of the phytoplankton
zooplankton relationship: grazing on phytoplankton by herbivorous <

zooplankters and excretion of ammonia and phosphates by zooplankton.

The intent of this chapter was to synthesize the phytoplankton,
zooplankton; and nutrient data collected in Delaware Bay to develop
a preliminary view of the base of this estuary's food web. Although
zooplankton activity (feeding rate and excretion) was not examined,
values for feeding rates obtained in the literature were used to
quantify observations made on population data (Anraku, 1964).
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2.22 x

where CPMS
CPMB
E

1.05

PRIMARY PRODUCTION STUDIES

METHODS

Primary production studies were undertaken at Station 2
during four cruises (Feb. 20, April 14, May 9, and May 28, 1974).
Net production was determined by the amount of C14 taken up during
a six-hour incubation period.

Water samples were taken with Nisken bottles from 1, 3, and
5 m. Zooplankton was not removed. Two clear bottles and one dark
botde (125 ml) were filled, injected with C14 and suspended at
the above depths from 0900-1500 hours. Secchi depths were noted
at the start of each experiment.

Upon recovery, samples wereMi 11 i pore fi ltered and put ina
50:50 solution of toluene qnd triton-X100 with 6 gm PPO. They

. were counted on the wide window C14 isoset channel of a Beckman
LS-100 scintillation counter.

Production was determined using the following equation:

Production (mg C/liter) = ([CPMS - CPMBJ/E) (1.05) (IC02 ) x 103

2.22 x 106 DPM

= counts· per minute for sample
= counts per minute for blank = 37
= efficiency = .94
= discrimination factor for uptake of C14 relative

to C12 by phytoplankton
IC02 = total inorganic carbon in sample = 18.7 mg/1

(based on sample from May 9)
106 DPM

= activity of isotope added to the sample.

These values were then converted to mg C/m3/hr.The counts
(CPMS) for each of the two light bottles at any depth were averaged
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to determine one production value. It has been suggested that dark
bottle values not be subtracted from light bottles because of poorly
understood differences in the ~etabolism of C14 in the light and dark
(Morris, et al., 1971). The light bottle value was assumed to repre
sent net production.

The assimilation number was calculated for each group of
samples.

RESULT.S AND DISCUSSION
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= mg/m3 productivity
mg/m3 chlorophyll a

A.N.

The net primary production values (light bottle values) and
the assimilation numbers for all the samples are listed in Table IV-l.

The values for chlorophyll a are tabulated in the Hydrography section
of this report. The 1 and 5 m assimilation numbers were computed
with the top and bottom chlorophyll a values as reported, the 3 mA.N.
was calculated using the average of the top and bottom values.

The surface assimilation numbers increased between February
(1.595) and April (2.925), decreased slightly between April and May
(2.505), and increased sharply from early to late May\ (6.503). The
mid- and deep samples showed an increase in A.N. between February
and April, but steadily decreased thereafter. The assimilation numbers

The lowest primary production occurred in February (2.75 to
8.77 mg C/m3/hr) prior to the major Skeletonema - Thalassiosira
peak. Surface production was high for the next three experiments
(April and May) with the maximum value obtained at the end of May.
Only during the April cruise were the 1 m and 3 m production values
similar, suggesting a vertical homogeneity of the phytoplankton bio
mass to 3 m.



were similar for all depths during the April experiment (2.447,
2.838, 2.925), indicating again that the vertical distribution of
biomass was fairly homogeneous. This was not the case for any of
the other cruises. In all instances, the assimilation number (and
production) decreased with depth--probably a function of the
shallow extinction of light.

Flemer (1970) found that the assimilation numbers in the
-1northern half of the Chesapeake Bay averaged about 3.3 mg C hr

-1mg Chla from May to November. In the Patuxent River, Flemer and
Olmon (1971) computed the A.N. to be 23 9 C day-l (g Ch1a)-1 (~r

1.917 g C hr-1 (g Ch1a)-1 assuming a 12 hour day) in late June.
Stross and Stottlemyer's (1965) values were somewhat higher: 2.35
9 C hr- 1 (g Ch1a)-1 in January, 3.44 in March, and 4.65 in June.
Our data compare favorably with Flemer's (1970, averaging the May
samples) and with Stoss and Stottlemyer's (1965). It appears,
then, that the Delaware Bay was similar in producti~n levels to
parts of the Chesapeake Bay. This is pursued further in the next
section.

NANNOPLANKJ:ON-NUTRIENT RELATIONS

METHODS

The methods for this section were covered in the chapters on
hydrography (Chapter I) and phytoplankton (Chapter II).

RESULTS AND DISCUSSION

Since nannoplankton were identified only from the surface
samples, their numbers were compared only with surface nutrients.
These data are summarized in Table IV-2 and the seasonal trends
illustrated in Figures IV-l to IV-12.
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SiLicates

Figures IV-4 to IV-6 illu~trate the seasonal cycles of diatoms
and silicates at each station. The basic pattern was one that would
be expected--the silicate concentration decreased as diatom numbers
increased. The lowest level of silicates at all stations was associ
ated with thewinter-springSkeletonema bloom. Minimal diatom popula
tions in the summer to early autumn were associated with the increase
of silicates to maximal levels.

The relationship of silicate concentration to the phytoplankton
populations (numbers transformed to 10910) was investigated with the
product moment correlation coefficient (Table IV-3). At Stations 1
and 2 the diatoms showed a significant (0.1 and 0.05 levels, respec
tively) negative correlation with silicates. Neither dinoflagellates
nor ~-flagellates showed any relationship to silicates. At Station 2
total phytoplankton was negatively correlated (0.05 level) with sili
cates, and at Station 3 the influence of silicate was suggested even
though the relationship was not significant.

Nitrogen Nutrients

Ammonia

The ~-flagellates apparently did not utilize ammonia as their
principal nitrogen source. At each of the stations (Figures IV-7
to IV-g) ammonia concentrations and ].l-flagellate numbers followed
similar cycles--the levels of each rising and falling coincidentally.
Correlations between the two were extremely low (Table IV-3) indi
cating the lack of any relationship, although the rate of supply and
uptake may not be evident from field data that show only changes of
standing crop and nutrient concentration over several weeks at a time.

The dinoflagellates occurred in low numbers during most of the
year and did not show any significant association with ammonia
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concentrations (Figures IV-10 to IV-12). The correlation coefficients,
although low, were always positive (Table IV-3).

The diatom numbers showed a strong relationship with ammonia
concentration, especially at Stations 1 and 2. During November and
January both showed small, but steady increases. Despite higher

phytoplankton requirements, increased ammonia levels might be attribu
ted to zooplankton excretion which in turn may have been a response to
the October Leptocylindrus bloom. In addition, both diatom numbers and
ammonia concentration increased in May after the decline of Skeletonema.

The spring bloom reduced ammonia levels to near zero at all
three stations in March. At Station 2 in April ammonia reached
concentrations of 0.07 llg-at/l but was again depleted by early May.
Increased numbers of zooplankton did not replenish this nutrient in
quantities sufficient to prolong the phytoplankton bloom. Since
both carnivores and herbivores were increasing, the relative grazing
pressure was reduced, and consequently, it is likely that depletion
of nutrients rather than grazing was responsible in halting the bloom.
The correlation of diatoms with ammonia showed a significant negative
relationship at Stations 1 and 2 (Table IV-3). At Station 3 the
relationship was also negative, but not significant.

Nitrate and Nitrite

There was no significant association between total phytoplankton
abundance and nitrate plus nitrite concentration (Table IV-3). Ammonia
is generally considered the preferred form of nitrogen for phytoplank
ton nutrition so that the nitrates and nitrites could be expected to
be utilized only when the former nutrient is depleted (Corner and
Davis, 1971). According to the data, however, a major component of
the phytoplankton, the ll-flagellates, did not show a significant re
lationship to ammonia concentrations.
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It can be seen (Figures IV-7, IV-8, IV-9) that the N03 + N02
cycle was inversely related to the p-flagellate cycle during most
of the year. The increase in ~Oi + N02 and p-flagellates seen in
May 1975 can probably be attributed to bacterial decomposition of
zooplankton and phytoplankton which occurred during the spring diatom
blooms. The coincident reduction in June 1974 thus probably marked
the end of the 1974 spring bloom.

The correlation coefficients between p-flagellates and nitrate
plus nitrite were always negative and significant at Stations 1 and
3 (Table IV-3). Although dinoflagellate levels were generally in
significant, at Station 3 they showed a negative correlation with
N03 + N02 concentrations. This trend was similar to the situation
that McAllister, et al. (1961) found in large-scale cultures of
natural, coastal phytoplankton populations where dinoflagellates
were able to increase only after the nitrates were depleted. This
was probably due more to inter-class competition than nitrate require
ments. Station 3 had the lowest dinoflagellate levels, especially
during the peak in J~ly, and was the only station where this class
had a low population early in June. Nitrates and nitrites probably
played a very small role in diatom population changes since the corre
lation coefficients were not significant at any of the stations.

It is difficult to assess the dependence of the Delaware Bay
phytoplankton on ammonia in relation to nitrates since the nitrate
and nitrite levels were not determined separately. Dugdale and
Goering (1967) reported that in natural phytoplankton populations.
NH4

T and N03- were taken up simultaneously, the former more rapidly .
until nitrates achieved relatively high levels. In monospecific
cultures of various algae, only ammonia was utilized until it was
reduced to about 1 pg-at-Nte at which point both N0 3- and NH4+ were
taken up (Strickland, et al., 1969) .. This situation occurred at
all three stations during or after both the Leptocylindrus (Octo~er)

and Skeletonema-Thalassiosira (March-early May) blooms. There was
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usually a corresponding decrease in the nitrate-nitrite levels during
these periods. According to McAllister, et al. (1961), however, the
growth of Ske1etonema (in natural populations) was dependent on nitrate
and ceases when this nutrient was depleted. Perhaps, then, the de
crease in N03- + N02- concentra ti on fo 11 owi ng the Delaware Bay blooms
represented the utilization of nitrites.

Eppley, et al. (1969) reported half saturation constants for
ammonia uptake for Skeletonema costatum and Leptocylindrus danicus

+ + + + + +of 3. 6 - O. 8, O. 8 - O. 7, O. 8 - O. 5, and 3. 4 - 1.4, 3. 6 - O. 8, O. 5 -
0.4, respectively. If the higher values were correct, then these
species probably absorbed ammonia at the half-maximum rate most of
the time. If the lower values were more accurate, maximal uptake
rates could have been reached. In terms of achieving bloom propor
tions, however, the uptake rate was not as significant as it might
appear. Generally, the half saturation constant for uptake was larger
than the growth con~tant (representing cellular level, Eppley and
Thomas, 1969). In other words, cell division can occur at far less
than maximal uptake rates. This has been demonstrated in Phaeo
dactylum tricornutum (Ketchum, 1939), Asterionella japonica, and
Chaetoceros gracile (Eppley and Thomas, 1969).

Ortho-Phosphates

There was a general inverse relationship between ortho-phosphates
and the total phytoplankton population. Significant negative corre
lation coefficients were obtained at Stations 2 and 3 (Table IV-3).
Ortho-phosphates are the major source of phosphorus in the marine
environment, so this relationship would be expected.

Dinoflagellate abundances were too low to reflect a relationship
with phosphate values. This.nutrient reached a peak level at the time
of maximum dinoflagellate numbers in July.

. /

168



Surprisingly, the ~-flagellates showed no significant correlation
to ortho-phosphateconcentrations. The phosphate concentrations
fluctuated more widely and fr~quently than did the ~-flagellate

densities even during the summer and early fall when the latter
reached their peak populations. Either these phytoplankton species
required extremely low levels of phosphorus or they were able to
utilize other sources of this nutrient [e.g. organic phosphate esters
whi ch have been found to be util i zab1e by Chu (1946) and Harvey (1953) J.

Diatoms, however,showed a definite relationship with ortho
phosphates. Correlation coefficients were significantly negative.
Although greatly depleted during the Leptocylindrus bloom in October,
this nutrient was quickly regenerated. Depletion during the spring
Skeletonema bloom was more severe, and regeneration was not as com
plete by the end of tha survey. Depletion of this nutrient and of
ammonia presumably contributed to the ~nding of the vernal flowering.
It is, however, difficult to determine when P04

3- became limiting to
population growth. Phytoplankton cells tended to accumulate phosphate
as long as it was available r~gardless of their immediate needs (Gold
berg, et al., 1951; Kuenzler and Ketchum, 1962) and continued tG divide
even after the nutrient has disappeared from the environment (Corner
and Davis, 1971).

NANNOPLANKTON-HERBIVORE RELATIONS

METHODS

Feeding types were assigned to zooplankton based on the following
studies: Anraku and Omori (1963), Gauld (1966), Jorgenson (1966),

Martin (1965), Neunes and Pongolini (1965), Parsons and LeBrasseur
(1970), Parsons and Takahashi (1973), Petipa, et al.· (1970), and
Timonin (1971). For the purposes of this report, animals were con
sidered to be preferential herbivores if: (a) there was no specific
information available, (b) there was a discrepancy between authors,
or (c) the species was omnivorous. This may have overestimated the
number of herbivores, but since the numbers of known herbivores were
also high the general proportions were probably realistic.
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RESULTS AND DISCUSSION

Tne feeding classification for the zooplankton species con
sidered in this study is given in Table IV-4. The thre~ most abun-

"dant herbivores and phytoplankters for each station are ranked
in Tables IV-5 and IV-6, 'respectively. Table IV-7 lists the values
of the herbivore and phytoplankton populations for all samples.
Seasonal cycles of each at Stations 1 to 3 are illustrated in
Figures IV~13 to IV-15, respectively.

The proportions of herbivores among the zooplankton are listed
in Table IV-8. In only seven cases (Aug. 21, Station III; Jan. 16,
Stations I and II; April 14, Station II; May 9, Station III; and
May 28, Stations I, II, and III) ~id h~rbivores represent less than
60% of the zooplankton. The last four dates noted occurred during
the period of minimal Acartia tonsa and maximal Centropages hamatus
populations. Centropages copepodites were abundant at the end of
October and from December to the end of the survey. An increase
in herbivores may have been supported by the Leptocylindrus danicus
bloom in October and was also coincident with the reproduction of
the carnivorous Centropages. Hence, the decline of the herbivore
population in the spring may not have been due entirely to the de
cline of the vernal bloom, but was in part a result of the prior
autumnal bloom.

Acartia tonsa was overwhelmingly the most abundant capepod which
occurred at each of the stations from June 1974 through January or
February 1975 (Table IV-5). At Stations 2 and 3 it appeared among
the top three herbivores in May 1974. None of the other important
herbivores were dominant as long as ~ tonsa. However, all three
stations showed a similar pattern of succession. Important peaks
included the large number of bivalve veligers in November and again
in January and the dominance of copepodites of Pseudocalanus minutus
and remora longicornis during th,e s'pring bloom. The latter two species
occurred less abundantly year-round than did A. tonsa and possibly used
the Skeletonema bloom to repopulate.
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The ~-flagellate, Cryptomonas acuta, was always present
(Table IV-6). All stations experienced a small Skeletonema burst
in late August, a bloom of Leptocylindrus danicus during October
and the late winter-spring Skeletonema bloom (codominated by
Thalassiosira sp. A) from December through March or April. Domi
nant species were generally the same although absolute succession
varied.

In general, the herbivores at Station 1 exhibited the "typical"
lag period of abundance relative to the phytoplankton population
(Figure ~V-13). There was a phytoplankton peak in July, represented
mainly by the dinoflagellate, Katodinium rotundatum, which was not
followed by a zooplankton peak. Possibly then, Katodinium was not
a suitable food source for the dominant herbivore, Acartia tonsa.
Since A. tonsa reproduced year-round, the large population on June 13,
1974 may represent the results of a period of high reproductive
activity in the spring followed by a natural population decline in
the absence of suitable food.

The relationship of herbivore and phytoplankton abundance pat
terns were examined using the correlation coefficient in a cross
correlation time series analysis (Table IV-9). Only the values for
a maximum of a three-cruise lag are given as longer lag periods gave
meaningless results. All computations used 10910 transformed
abundances.

There were no significant correlations at Station 1. -However,
the highest positive correlation occurred with no lag for the ~

flagellates and the total phytoplankton and with a one-cruise lag
for the diatoms suggesting that diatoms may be a more important food
source than ~-flagellates. The absence.of significant correlation
coefficients may also demonstrate the need for more frequent periodic
sampling.

At Station 2 (Fig. IV-14) there was no direct correlation be
tween herbivores and phytoplankton from June l3-September 17, 1974.
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Despite high phytoplankton numbers (June-August), zooplankton was
low during this period. The increase of the zooplankton population
between August 21 and September 17 may have been due to the dominance
of Skeletonema and Asterionella on the former date. Furtherzooplankton
increases were associated, as at Stations 1 and 2, with the Lepto
cylindrus bloom in October. The low zooplankton numbers on
November 14 may have been due to patchiness since the values for
the dominant Acartia tonsa were similar t6 each other during the
cruises directly preceding and following it.

The dominance of Skeletonema in December (bloom proportions
from February through April) may have been instrumental in sup
porting the veligeroutburst in January. This bloom also supported
fairly large populations of Pseudocalanus minutus and Temora 10ngi
cornis (successively) until May 9. At this point, S~eleton!=!ma

virtually disappeared from the phytoplankton c6mmunity and was
replaced by Chroomonas sp. The latter did not support large zoo
plankton populations at any of the stations.

During the spring bloom on April 15, herbivore numbers were
low, although total zooplankton was of the same ord~r as the previous
cruise. The carnivorous copepod, Centropages hamatus, was the domi
nant zooplankton species. Perhaps predation of h hamatus on
Pseudoca1anus a11 owed Temora to become the domi nant herbi vore.

None of the correlation coefficients between herbivores and

phytoplankton were significant at Station 2. The highest correla
tion was a negative value when ~-flagellates and herbivores were
compared with a two-cruise lag. Even with no lag, however, this
correlation was negative, suggesting that the herbivores found here
were not depending strongly on ~-flagellates as a food sour~e. The
positive correlation found between diatoms and herbivores (largest
with a two-cruise lag) suggested that diatoms were the preferred
food types.
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Between September 1974 and early May 1975 the total phytoplankton
and total zooplankton patterns were essentially similar at Stations 2
and 3. Succession during this, period may be attributed to the same
factors as at Station 2.

During the summer of 1974, however, the total numbers 1m3 at
Station 3 resembled neither those at Station 1 nor at Station 2.
Both phytoplankton and zooplankton numbers were low. The phyto
plankton remained fairly stable, but the herbivore population fluc
tuated rapidly. The low herbivore numbers reported for July may
have been artificial (patchiness or net clogging) since the Acartia
tonsa population was quite large during both the preceding and fol
lowing cruises yet was very low in July and there was no large cope
podite population to account for the"recruitment ll of the species.

There were no significant correlations between herbivores and
p-flagellates at Station 3. There were two large positive correlations
between herbivores and diatoms--with no lag and with a two-cruise lag.
Thus, the herbivores appeared to be able to respond quickly to changes
in diatom numbers, but reached their maximum population densities two
cruises after that of the diatoms. Unlike Stations 1 and 2, this also
occurred between the herbi vores and the tota.l phytoplankton.

An attempt was made to determine the amount of carbon available
and the amount which was needed for consumption by herbivores from
June 1974 through May 1975. Based on the carbon to cell volume
(e/v) relationship established by Mullin, et al. (1966):

10910 clv = ~0.24 10910 v -0.29

the carbon content of each of the three most abundant phytoplankton
species was determined (Table IV-10). Cell dimensions were taken
from the following literature: Butcher (1958, 1964, 1967), Cupp
(1943), Lebour (1925), and Wood and Ferguson (1968).
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Anraku (1964) studied the feeding rates of Acartia tonsa
.and Pseudoca1anus minutus (two. of the most abundant herbivores
found in this survey) on the diatom, Thalassiosira f1uviatilis
(the genus but not the species found in this study), at various
tempera tures. Hi s results (ce11 s per copepod per day) were con
verted to carbon copepod~l day-l and then multiplied by the popu

lations of A. tonsa and P. minutus to estimate the carbon required
-3 -1 (- ) -m day Table IV-ll . The requirements of these two species were

separated in this table because they were rarely abundant at the
same time.

In Table IV-12, carbon requirements and ~ tonsa and ~ minutus
populations were expressed as proportions of the standing crop of
carbon and total herbivore population, respectively. These two
zooplankters comprised 50% of the herbivores for the following
samples:

Dates
1

6/20/74
7/19/74
8/21/74
9/17/74*

12/13/74

Stations
2

6/20/74
7/19/74
8/ 1/74
8/21/74

10/30/74
12/13/74
2/20/75

3

6/20/74
8/ 1/74
9/17/74*

12/13/74
3/18/75

At other times, the influence on the standing crop of other herbi
vores (whose nutritional demands are unknown) must be considered
to be much greater than that of ~ tonsa and ~ minutus.

Samples (*) corresponded to times when >30% of the living
carbon was consumed. This occurred only twice when these species
comprised >50% of the herbivores. (twice more, Stations 2 and 3,
11/14/74. when they comprised 48 and 24%, respectively. It was
likely that during these periods of high carbon requirements, the
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omni vores \A/hi ch were cons idered here as herbi vores (!1... tonsa ~ Oithona
spp., and Temora longicornis) have switched to a carnivorous diet.
For the most part, hm'lever, the carbon requirements of the !1.- tonsa
and P. minutus populations were quite low, even when these species
comprised >80% of the herbivores.

The discussion thus far has been limited to standing crop.
Coincidentally, the phytoplankton population reproduces as it is
being utilized. The spring assimilation numbers cited in stross
and Stottlemyer (1965) can be used to estimate monthly net production.

If one assumes that the phytoplankton species and environmental
parameters at the Patuxent River mouth were similar to our study
area, one can postulate that the assimilation numbers maintained
their similarity throughout the year (Table IV-13). If copepods

ingested particles for a total of 12 hours of each day, a maximum
carbon requirement of !1... tonsa and ~ minutus per hour could be
tabulated. Only twice (on Oct. 30 and Dec. 13, when A:- tonsa and
P. minutus represented 70 and 80%, respectively, of the 'herbivores
at Station 2) was the food requirement more than 3% of the hourly
production (Table IV-13).

The food requirements of some of the dominant herbivores in this
study in terms of percentage of body weight, and the dates of their
dominance are listed in Table IV-14. Acartia and Pseudocalanus had
the highest requirements of any of the plankters listed (except,
perhaps, Oikopleura which was more massive than the copepods). This
indicated that the use of these two species to estimate the food require
ments of the herbivores as a whole was reasonable.

Based on the literature, the phytoplankton community in this
area was probably sufficiently productive ~o support the locally domi
nant herbivores. Poulet (1973) found that Pseudocalanus minutus can
feed selectively on size particles (algal cell), ranging from 4-100 ~,

which will most efficiently provide its nutritional requirements.
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L minutus, Temora longicornis, Oithona similis, and Acartia'tonsa
will all feed on ~-flagellates (Hargrave and Geen, 1970) which com
prised a large percentage of the total phytoplankton in this area.
A. tonsa (Curl and McLeod, 1961), L minutus, and Oithona sp. (Par
sons, et al., 1969) preferred, however, to graze on diatoms when
available. Finally, the phytoplankton density was usually found
to be greater than the level at which grazing has been found to cease
(50-190 pg CI}.. or (50-190) x 109 pg C/m3; Parsons, et al., 1969).
Since there was no significant correlation between herbivore and nan
noplankton numbers, the low estimated consumption of primary produc
tion and the phytoplankton community must have been adequate to support
the dominant herbivores. It could also be concluded that zooplankton

. grazing had little effect on the phytoplankton population during this
study.

Comparisons with other studies are difficult .. Martin (1970)
performed feeding experiments throughout the year and found that
grazing pressure was quite high during the spring and summer in
Narragansett Bay. However, the phytoplankton and zooplankton com
munities in that area were each essentially dominated by one species,
Skeletonema costatum and Acartia tonsa. The situation in Delaware
Bay was not as simple since no one species of phytoplankton was able
to maintain dominance for a long period of time, except in the spring
Skeletonema-Tha1assiosira bloom. This pattern of continuous dominance
replacement was also observed in the zooplankton. As a consequence,
the planktonic food web in Delaware Bay may be more complex than in
the estuaries to the north, and as well, may be less influenced by
periodic perturbations.

ZOOPLANK:fON-NUTRIENT RELATIONS

METHODS

The methods for this section were covered in the chapters on
hydrography (Chapter I) and zooplankton (Chapter III).
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RESULTS AND DISCUSSION

Since most members of the zooplankton community undergo vertical
migration, the values for total zooplankton and nutrients were
averaged over all depths sampled. These data are given in Table IV~15

and illustrated in Figures IV-16 to IV-18. Table IV-16 lists the
correlation coefficients calculated for these relationships.

Ammonia

Zooplankton species can excrete high levels of ammonia. Thus,·
it was expected that large zooplankton populations would not be ac
companied by high ammonia concentrat-ions. This, however, was not
the case during this study. At Station 3 there was a significant
negative correlation between zooplankton numbers and ammonia levels.
Considering the observations on the ammon-ia-phytoplankton and the
herbivore-phytoplankton relationships, the phytoplankton cells could
have been,utilizing ammonia as it was produced by zooplankton. At
Station 3, the herbivore and phytoplankton peaks coincided so that
there was an accumulation of ammonia only when both populations were
low. The situation was similar at Station 2, but was less pronounced~

fviartin (1968) observed a similar situation in Narragansett Bay, as did
Butler, et al. (1970) in the Clyde Sea area.

Nitrate and Nitrite

Zooplankton influence nitrate-nitrite levels after their death
and bacterial decomposition. Petipa, et al. (1910) found that dead

zooplankters were decomposed after about two to four days .. An in
verse relationship between the animals and these nutrients might be
anticipated. Graphically, this appeared. to be the case at all three
stations (Figures IV-16 to IV-18). Although the correlation coef
ficients were negative for each station, there was a significant
correlation (0.05 level) only at Station 1. The zooplankton main~

tained a fairly stable population between three major peaks at
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Station 1 whereas at the other two stations the populations con
s~antly fluctuated. Nitrate and nitrite followed basically the
same pattern at all three stations--increased in August to a peak
in September and then declined until the end of October, increased
again until mid-January and declined from then on. These peaks
corresponded with low zooplankton numbers at Station 1 and with
fluctuating populations at Stations 2 and 3.

Ortho-Phosphates

In addition to ammonia, zooplankton can excrete substantial
amounts of phosphates. Thus, if the zooplankton were a major cOn
tributor of phosphates, the peak zooplankton number should coincide
with high phosphate concentrations. However, this was not the case
during this study. At all three stations there was an inverse rela
tionship (significant correlation only at Station 1). This was due
to the fact that the herbivore populations did not (or, appeared not
to) lag behind the phytoplankton fluctuations but tended to coincide
with the major blooms. This allowed for nutrient build-up only at low
zooplankton levels.

Values for nutrient excretion by copepods have been reported in
terms nf percentage of body weight (e.g. Martin, 1968; Hargrave and
Geen, 1968). Dry weights of the zooplankton in this study were not
recorded, however, so no estimates of excretion can be made. Corner,
et al. (1965) found the excretion rate of Acartia clausi to be quite
high and attributed this to its small size and high metabolic activity.
This can probably be extended to A. tonsa as well.
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Table IV-1

Net production values and assimilation numbers at Station 2

Cruise Depth Secchi Depth Net Production Assimilation Number

(m) (m) (mg C/m3/hr) mg C/hr/mg Ch1 a

2/20/75 1 2.5 8.77 1.595
3 3.85 0.62
5 2.75 0.398

4l14/75 1 1. 78 24.58 2.925
3 21.43 2.838
5 16.40 2.447

5/ 9/75 1 2.17 17.79 2.505
3 12.72 1.663
5 7.90 0.963

5/28/75 1 1.72 27.96 6.503
3 6.97 0.995
5 2.99 0.308
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Table IV-2

Surfatenannoplankton and nu"trient values

Stati on 1 Nannoplankton Nutrients
(ce11s/ml) (ug-at/l)

N03+ Ortho-

Date (Cruise No.) lJ- f1 age 11 ates diatoms dinoflagellates Total Si NH3 N02 P04

13 June 1974 ( 4) 6644 1572 .354 8570 6.50 1.5 17.5 0.07
20 June 1974 ( 5) 2585 1112 56 3753 5.44 1.8 1.2 0.16
19 July 1974 ( 6) 4233 199 3359 7791 10.2 6.7 4.0 0.72
1 Aug. 1974 (7) 3957 118 174 4249 16.6 2.8 5.0 1. 10

21 Aug. 1974 ( 8) 2087 1599 127 3813 13.2 1.6 12.7 1. 11·
..... 17 Sept. 1974 ( 9) 145~ 431 42 1926 29.2 4.9 14. 1 1.64
00 15 Oct. 1974 (10) 271 2821 21 3113 4.8 1.0 9.2 0.49(j1

30 Oct. 1974 (11 ) 1351 3042 21 4414 4.5 1.4 4.8 0.23
14 Nov. 1974 (12) 763 77 14 854 11.2 2.3 4.9 0.98
13 Dec. 1974 (13 ) 389 570 28 987 7.5 2.8 16.4 0.70
16 Jan. 1975 (14) 139 943 21 1103 11. a 3.8 27.0 0.56
20 Feb . .1975 (15 )
18 [~a rc h 1975 (16 ) 232 3848 11. 4091 2.6 "" 0 11. 5 0.01
14 Apri11975 (17)
9 May 1975 (18 ) 1787 555 153 2495 1.1 "" 0 3.6 0.04

28 r~ay 1975 (19 ) 3757 1134 162 5053 1.45 1.9 7.3 0.14



Table IV-2 (cant.)

Station 2 Nannoplankton Nutrients
(cell s/ml) (ug-at/l)

NO + Ortho-3
Date (Cruise No.) Il-fl age11ates diatoms di nofl age11 ates Total Si NH3 N0 2 P04

13 June 1974 ( 4) 5286 1732 491 7509 3.00 1.5 12.7 0.06
20 June 1974 ( 5) 2894 2468 160 5522 3.13 1.4 0.2 0.20
19 July 1974 ( 6) 3162 214 1765 5141 12.2 6.1 2.8 0.78
1 Aug. 1974 ( 7) 16.8 1.7 9.2 1.00'

21 Aug. 1974 ( 8) 998 2572 63 3633 9.8 0.7 8..2 0.66
17 Sept. 1974 ( 9) 1124 341 28 1493 30.0 5.5 12; 1 1. 52
15 Oct. 1974 (10) 381 2363 1 2745 6.3 1.5 8.4 0.49
30 Oct. 1974 (11 ) 836 4446 40 5322 3.6 1.1 2.3 0.26

(Xl 14 Nov. 1974 (12 ) 729 111 21 861 9.7 2.1 0.1 0.92.
0'\ 13 Dec. 1974 (13) 326 930 63 1319 9.4 2.8 13.1 0.63

16 Jan. -1975 (14) 223 2482 7 2712 10.2 3.1 18.3 0.58
20 Feb. 1975 (15 ) 585 4203 60 4848 13.7 7.4 18.2 0.36
18 March 1975· (16) 320 15684 97 16011 0.7 '" 0 9.4 '" 0
14 April 1975 (17) 904 7247 56 8207 1.40 0.7 10.8 0.06
9 May 1975 (18) 1809 853 105 2767 0.9 '" 0 1.9 0.02

28 May 1975 (19) 3728 1650 323 5701 2.2 . 2.7 8.6 0.18



Table IV-2 (cant. )

Station 3 Nannoplankton Nutrients
(cells/ml ) (ug-at/l)

N03+ Ortho-

Date (C~uise ~o.) ).1-flagel1ates diatoms dinoflagellates Total Si NH 3 N02 P04
13 June 1974 ( 4) 1968 1926 62 3956 3.15 1.4 3.8 0.04
20 June 1974 ( 5) 2132 2078 254 4464 3.31 1.7 0.2 0.18
19 July 1974 ( 6) 2246 201 763 3210 16.3 7.6 2.5 0.81
1 Aug. 1974 (7) 3394 1176 223 4793 20.2 2.5 5.0 1. 18

21 .Aug. 1974 ( ·8) 2270 2647 30 4947 10.7 1.6 8. 1 0.87
17 Sept. 1974 ( 9) 1469 452 28 1949 31.6 5.0 11. 2 1. 60
15 Oct. 1974 (10) 548 3071 14 3633 7.1 0.6 11. 7 0.47
30 ·Oct. ,1974 (11) 1527 8419 42 9988 3.6 1.2 4.4 0.29.

--' 14 Nov. 1974 (12) 617 91 21 729 10.0 2.2 4. 1 0.93co 13 Dec. 1974 (13) 327 800 104 1231 10.4 2.7 13.8 0.58 .
-.....J

16 Jan. 1975 (14) 229 2052 14 2295 16.6 4.0 27.5 0.58
20 Feb. 1975 (15 )
18 March 1975 (16 ) 459 19904 84 20447 0.3 '" 0 9.7 '" 0
14 April 1975 ( 17)
9 r~ay 1975 (18 ) 2315 646 129 3090 0.6 '" 0 1.6 0.03

28 May 1975 (19 ) 3595 1041 263 4899 2.0 1.3 2.9 0.20



Table IV..:.3

Correlation of phytoplankton numbers and nutrient concentrations

v-flagellates -.040
diato~s -.436
dinoflagellates -.153
Total -.428

Phytoplankton
* significant at 0.05 level

(*) significant at 0.10 level

lJ-fl age11 ates
diatoms
dinoflagellates
Total

Phytoplankton

lJ-flagellates
di atoms
di nofl age 11 ates
Total

Phytoplankton

Si

. 188(*)
- .468

.038
-.244

-.144*
-.511
- .172*
-.550

NH
3

~167*
-.546

.275
-.049

.031*
-.776

.139
-.237

.010
-.257

.245
-.391

Station 1

N03 +

N02
-.482 (*)
-.251
-.244
-.334

Sta ti on 2

-.416
.355

-.228
.070

Station 3
*-.780

.197*
-.602
-.190

Ortho
P04

.018*
-.562

.012
-.366

-. 171 *
-.680
-.270*
-.717

.039*
-.509
- . 091 (*)
-.472

Degrees of
Freedom

12
12
12
12

13
13
13
13

12
12
12
12



Table IV-4

Feeding type classification for zooplankton species

Medusa
Ctenophore
Cyphonaute larvae
Polychaete larvae
Veliger
Mytilus edulis larvae
Limacina inflata
Unidentified pteropod
Penilia avirostris
Podon sp.
Evadne sp.
Acartia clausi
Acartia tonsa
Acartia copepodites
Centropages hamatus
Centropages typicus
Centropages copepodites
Corycaeus sp.
Eucalanus attenuatus
Eurytemora affinis
Euterpina acutifrons
Labidoceraaestiva
Oithona brevicornis
Oithona similis
Oithona spinirostris
Paracalanus sp.
Paracalanus crassirostris
Pseudocalanus minutus
Pseudocalanus copepodites
Pseudodiaptomus coronatus
Temora longicornis
Temora copepodites
Tortanus discaudatus
Harpacticoid copepod
Copepod nauplii
Mysid
Mancocuma altera
Amphipods
Decapod larvae
Balanus sp. nauplii
Balanus sp. cyprids
Sagitta sp.
Oikopleura sp.

C *
C
H
H
H
H
H
H
H
H
H
H
o (H)
o
C
C
C
C
H
?
H
C
C-H
C-H
C-H
H
H
H
H
?
o
?
C
?
H
bottom feeder
bottom feeder
bottom feeder
C
H
H
C
H

* C = Carnivore; H = Herbivore; 0 = Omnivor~

189



Table IV-5

Rank of three most dominant herbivorous zooplankton species
by sampling date at each station

1974 1975
6/20 7/19 8/1 8/21 8/17 10/15 10/30 11/14 12/13 1/16 2/20 3/18 4/14 5/9 5/28

Sta ti on I

Acartia tonsa 1 1 3
Podon sp. 2
Pseudodiaptomus

coronatus 3 2 2 3 2
Oi kopl eura sp.. 3 3 1
copepodites 3 3
Limacina inflata 2

--' Paraca,lanus sp. 2 2 3<..0
0 Pseudocalanus minutus 1 3 2 2

Bivalv~ veligers 3 3
Euterpina acutifrons 2
Mytilus edulis veligers 2 2
Acartia copepodites 3
Temora longicornis 2
Balanus nauplii 1
Acartia clausi 3

. Station II * *
Acartia tonsa 1 1 1 1 1 1 2 2
Podon sp. 2 2
Pseudodiaptomus

coronatus 3 2 2 2
Limacina inflata 3 2
Oikopleura sp. 3
Oithona similis 3 3
Acartia copepodites 3
Veli 2 2



Table IV-5(cont.) 1974 1975
** * oJ<

6/20 7/19 8/1 8/21 8/17 10/15 10/30 11/14 12/13 1/16 2/20 3/18 4/14 5/9 5/28

Station II (cont.)

Pseudocalanus minutus 2 1 1 2 2
Paracalanus sp. 3 3 3 3
Polychaete larvae 3 2
Paracalanus

crass i rostri s 3
Temora longicornis 1 1
copepodites 3 3 2 3
Balanus sp. cyprids 1

Station III

-' Acartia tonsa 1 2 1 (1) 1 2 1 2 1 1 3
\D Podon sp. 2-'

Pseudocalanus minutus 3 1
Pseudod iaptomus '

coronatus 1 2 3
Limacina inflata 3 3 (2)
Oikopleura sp. 2 1
Paracalanus sp. 3 3 3 3 3
Polychaete larvae 2
Bivalve veligers 1
Acartia copepodites 2
Mytilus edulis veliger 3 2
Acartia clausi 3
copepodites 2
Temora longicornis 1
Oithona brevicornis 2
Oithona si mil i s T
Balanus sp. cyprids 2

* 12-hr. cruises, values averaged over all samples;** deep sample missing





Tabl e IV-6 (cont. ) 1974 1975
6/13 6/20 7/198/1 8/21 9/17 10/15 10/30 11/14 12/13 1/16 2/20 3/18 4/14 5/9 5/28

Station I I (cant. )

Katodinium rotunda tum 1
Chroomonas sp. 2 1 1
Calycomonasovalis 3 2
Skeletonema costatum 1 1 1 1 1
Asterionella japonica 2
Phaeodactylum

tricornutum 3
Leptocylindrus danicus 1 1
Unidentified flagellate 2
Cryptomonad B 3
Fragi1aria oceanica 2 3

-' Flagellate PZ-l0 3
~ Thalassiosira sp. A 2 2 2 2 2 2w

Cyanophyceae sp. A 3 3
Pyramimonas sp. A 2
Leptocylindrus minimus 3

Station III

Asterionella japonica 1
Cryptomonas acuta 2 2 3 1 2 1 1 3
Calycomonas ova1is 3 1 2 2
Rhizosolenia

fragilissima i
Chroomonas sp. 2 1 1 1
Pyramimonas sp. A 3 3 3
Katodinium rotundatum 2
Cerataulina bergonii 3
Skeletonema costa tum 1 3 3 1 1
Phaeodacty1um

tricornutum 3



Table IV-6 (cant.)

Station III (cont.)

1974

6/13 6/20 7/19 8/1 8/21 9/17 10/15 10/30 11/14 12/13
1975

1/16 2/20 3/18 4/14 5/9 5/28

Leptocylindrus danicus
Unidentified flagellate
Cryptomonad B
Flagellate PZ-10
Cryptomonad C
Nitzschia seriata
Thalassiosira sp. A
Cyanophyceae sp. A
Fragilaria oceanica

1 1
2

3
2
3

2
2 2
3 2 2

3



Table IV-7

Total herbivore and nannoplankton population numbers

(herbivores-average of surface and deep samples; nannoplankton-surface values only)

Date Station I Station II Station III
H1 N2 H N H N

13 June 1974 ( 4) 16,,450 7,339 3,937
20 June 1974 ( 5) 16,921 3,521 1,952 5,325 4,538 4,430
19 July 1974 ( 6) 10,316 7,731 1,513 5,121 1,538 3,210
1 Aug. 1974 (7) 1,389 4~249 2,110 6,995 4,793

21 Aug. 1974 ( 8) 886 3,792 115 3,577 4,897
17 Sept. 1974 ( 9) 2,533 1,916 794 1,483 1,538 1,949
15 Oct. 1974 (1O) 1,428 3,085 1,635 2,745 3;763 3,626 ,

--' 30 Oct. 1974 (11) . 17,948 4,414 7, 119 5,322 5,921 9,966
~
U1 14 Nov. 1974 (12 ) 3,388 854 2,049 853 1,528 729

13 Dec. 1974 (13 ) 6,033 994 4,942. 1,319 5,969 1,231
16 Jan. 1975 (14 ) 463 1,311 858 2,961 636 2,565
20 Feb. 1975 (15 ) 1,590 4,828
18 Ma rc h 1975 (16 ) 4,177 5,256 4,184 16,323 8,234 ·20,669
14 April 1975 (17) 1,639 8,679
9 May 1975 (18) 6,407 3,119 5,158 2,947 5,644 3,432

28 May 1975 (19 ) 2,778 5,550 244 5,944 405 6,041

lherbivores: no. organisms/m3; 2nannoplankton: ce11sjml



Tabl e IV-8

The proportion of herbi¥ores in the zooplankton samples.
Values were averaged over all depths sampled.

Cruise Station I Station II Sta ti on III

20 June .949 .746 .819
19 July .893 .675 .879
1 Aug. .911 .812 .929

21 Aug. .928 .738 .517
17 Sept. .953 .953 .898
15 Oct. .815 .901 .896
30 Oct. .860 .944 .915
14 Aug. .934 .930 .952
13 Dec. .941 .883 .955
16 Jan. .431 .631 .632
20 Feb. .801
18 Mar. .767 .867 .886
14 Apr. .462
9 May .771 .667 .561

28 May .256 .439 .280
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Table IV-9

Time series corre lati on coeffi ci ents of herbi vore-phytop1ankton abundances
. (10910 transformed)

]l-flagellates

Station 1 df Station 2 df Stati on 3 df

0 .325 11 -.227 13 .095 10
1 - .061 9 -.269 12 -.036 8
2 -.199 9 - .451 11 -.207 8
3 -.409 10 -.094 7

Di atoms

0 . 121 11 .145 13 .488 10
1 .487 9 . 171 12 -.405 8
2 .453 9 .377 11 .571* 8
3 -.045 10 -.227 7

Total phytoplankton

0 .271 11 .019 12 .315 10
1 .085 9 .164 12 -.217 8
2 .015 9 -.044 11 .512 8
3 -.556 7

* significant at 0.10 confidence level
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Table IV-lO

Cell size, shape, and carbon content of the three most abundant
nannoplankton species for each cruise and station

Dimensions Shape Volume C/V* Carbon Content
per cell

(diam. x length; ]1) (]13 ) (pg/]13) (picogramo)

Cryptomonas acuta 4 - 6 x 12 - 15 C 267 .103 28
Chroomonas sp. 3 - 4 x 4 - 8 C 58 .1935 5
Cryptomonad B 4 - 6 x 12 - 15 C 267 .1342 36
Cryptomonad C 3 - 4 x 10 - 14 C 116 .1639 19
Prasi nophyte A 3 - 4 S 22 .2442 5
Pyramimonas sp. A 4 - 6 x 5 - 7 C 119 .1629 19
Calycomonas ovalis 3.5 - 4 x 4.5 - 5 C 48 .2025 10
Chrysochromulina sp. 5 - 6 S 87 .1756 15

<.0 Katodinium rotunda tum 12 - 15 S 1,288 .09196 118co
Thalassiosira sp. A 18 - 27 S 5,964 .06375 380
Skeletonema costatum 3 - 20 S 796 .1032 82
Leptocylindrus danicus 7 - 10 x 14 -100 C 3,253 .07362 239
Leptocylindrus minimus 5 - 6 x 40 - 50 C 1,075 .09605 103
Rhizosolenia fragiliss;ma 12 - 20 x 42 - 67 C 11,022 .05495 606
Cerataulina bergonii 11 - 36 x 10 - 36 C 10,253 .05590 573
Fragilaria oceanica 1 - 2 x 8 - 40 C 683 .1071 73
Asterionel1a japonica 8 - 12 x 30 -150 C 7,110 .06102 434
Navicula sp. B 6 - 8 x 7 - 15 C 406 .01213 5
Nitzschia seriata 6.5 - 7 x 95 -115 C 3,779 .07098 268
? Phaeodactylum tricornutum 3 - 4 x 8 C 77 .01808 1
unidentified flagellate 5 S 144 .1555 12
PZ-10 flagellate 5 S 65 .1883 12
Flagellate 0 5 S 65 .1883 12
Cyanophyceae sp. A 6 - 7 S 65 .1883 22

C = cylindrical; S = spherical
* from 10910 C/V = -.24 10910 V-.29 (Null in, et a1., 1966).



Table IV-ll

Living carbon contributed by the three most abundant nannoplankton species
during each cruise and carbon requirements of Acartia tonsa and/or Pseudocalanus minutus*

(picograms C/m3/day)

Station 1 Station 2
Required Carbon Required Carbon

Cruise Available Carbon A. tonsa P. minutus Available Carbon A. tonsa P. minutus

13 June 1974 741.70x108 613.38xl08

20 June 1974 4398.52x108 1. 532xl08 . 7.059 xl08 12512.14xl08 123.1 x108 1.065 xl08

19 July 1974 4534.42xl08 910.9 xl08 N 2123.69x108 122.4 x108 N
1 Aug. 1974 740.10x108 66.19 x108 N 178.2 x108 N

--' 21 Aug. 1974 1245.62x108 83.58 x108 N 5657.34x108 8.869x108 N
<.0

153.40x108 x108 . 5327x1 08 221.49x108 28.89 x108 .2188x108<.0 17 Sept. 1974 143.8

15 Oct. 1974 5501.44x108 29.53 xl08 1. 931 x108 4114.89xl08 14.61 xl08 9.220 xl08

30 Oct. 1974 ' 7363.69xl08 30.87 xl08 86.79 x108 10686.02xl08 734.0 x108 4.698 x108

14 Nov. 1974 202.79x108 33.70 xl08 9.220 xl08 ·8 133.6 x108 6.289 xl08243.87xl0
13 Dec. 1974 648.92xl08 94.83 x108 N 1132. 36x1 08 120.2 xlO8 N

8 3.196x108 4.696 x108 35885.66xl08 Q Q

16 Jan. 1975 408.06xl0 5.454xlOu •7732x1 Ou

20 Feb. 1975 8101.28xl08 6.269xl08 21.28 xl08

18 March 1975 6788. 68xl08 2.366x108 57.37 xl08 16943.88xl08 2.089xl08 132.2 xl08

14 April 1975 14397.60xl08 N 20.21 xl08

217. 28x1 08 xl08 0 0

9 t1ay 1975 N 21.18 405.82~10u N 26.3 ~10u

28 ~~ay 1975 370.25xl08 ·N N 4288.53x108 N N



Table IV-ll (cant.)

Station 3
Required Carbon

Cruise AvailublG Carbon A. tonsa P. minutus

13 June 1974 4465.86x108

20 June 1974 1l004.32x108 337.8 xl08 4.310 xl08

19 July 1974 1009.51xl08 53.02 xl08 N

1 Aug. 1974 50n.24x108 660.7 xl 08 N

21 Aug. 1974 1621.16x108 1. 116xl 08 N

17 Sept. 1974 258.14xl08 100.9 xl08 .1703x108

15 Oct. 1974 6665.04xl08 64.50 xl08 23.30 xl08

N 30 Oct .. 1974 19724.98xl08 349.7 xl08 9.988 xl08
0

151.15x108 44.66 xl08 4.896 xl080 14 Nov; . 1974

13 Dec. 1974 858. 06xl 08 140.9 xl08 N

16 Jan. 1975 3362.68xl08 7.667xl08 2.229 xl08

20 Feb. 1975

18 t~arch 1975 21576.60x108 17.18 xl08 275.2 xl08

14 Apri 1 1975
9 May 1975 210.41x108 N 7.580x108

28 May 1975 426.98xl08 N N

N = negligible population
* based on Anraku (1964)



Table IV-12

Carbon required by Acartia ton~ and Pseudocalanus minutus

Station 1 Station 2

Carbon Proportion Proportion Carbon Proportion Proportion
Required of Total of Herbivore Required of Tota1 of Herbivore

Cruise pgm/m3xl08 Carbon Population pgm/m3xl08 Carbon Population

June 20, 1974 8.591 .001 .910 124.2 .009 .644
July 19, 1974 910.9 .200 .871 122.4 .057 .797
Aug. 1, 1974 66.19 .089 .470 178.2 .833
Aug. 21, 1974 83.58 .067 .930 8.869 .001 .765
Sept. 17, 1974 144.3 .940 .538 29.11 .131 .370
Oct. 15, 1974 31.46 .005 .087 23.86 .005 . .138

N Oct. 30, 1974 117.7 .016 .315 738.7 .069 .718
0 Nov . 14, 1974 42.92 .211 .104 139.9 .573 .480......

Dec. 13, 1974 '94.83 .146 .511 120.2 .106 .791
Jan. 16, 1975 7.892 .005 .395 6.227 .000 .222
Feb. 20, 1975 27.55 .003 .742
March 18, 1975 59.74 .008 .267 134.3 .007 .458
April 14, 1975 20.21 .001 .393
May 9, 1975 21.18 .097 .136 26.30 .064 .210
May 28, 1975 N N .108 N N .061



Table IV-12 (cant.)

Station 3

Carbon Proportion Proportion
Required of Total of Herbivore

Cruise pgm/m3xl08 Carbon Population

June 20, 1974 342.1 .031 .773
(July 19, 1974 53.02 .052 .340
Aug. 1, 1974 660.7 . 130 .931
Aug. 21, 1974 1.116 .000 .366
Sept. 17, 1974 101 . 1 .391 .651
Oct. 15, 1974 87.80 .013 . .208
Oct. 30, 1974 359.7 .018 .465
Nov. 14, 1974 49.56 .327 .240 '

N Dec. 13. 1974 140.9 .164 .768
0 Jan. 16, 1975 9.896 .002 .451N

Feb. 20; 1975 -'

March 18, 1975 292.4 .013 .535
April 14, 1975
May 9, 1975 7.580 .017 .058
May 28, 1975 N N .101

N = negligible



Table IV-13

Net production, based on assimilation numbers calculated
for the mouth of the Patuxent River

(Stross and Stottlemyer, 1965) (Station II)

r~onth

Jan.
Feb.
~larch

Apri 1
May
June

N
Julya

w

Aug.
Sept.
Oct.
Nov.
Dec.

Assimilation Number
(mg C hr- 1 mg Chl a- l )

2.35

(1.595) 1

2.335
(2.925)
4.37, (4.50)

4.105

3.77

5.21
2.725
2.89

1.755

5.5
16.7
8.4
7.77

8.45

15.4

17.4
5.0

13.1
2.5

6.5

Net Production
(mg C hr-1 m- 3)

( 8.77)
38.99

(24.58)
33. 95, (22.88 )

34.69

58.06

90.65
13.63

37.86

11. 41

Carbon Required by A. tonsa and P. minutus2

(mg C hr- l m- 3) --

.0519

.2303

1.119
.168
.219

1.0353

1.023

1.4853 - .07393

.243

.199 - 6.1563

1. 166

1.0023

1 values in parentheses are strictly from this study
2 value from Table IV-12 divided by 12
3 months when A. tonsa and P. minutus comprise >50% of herbivores



Table I'V-14

Daily phytoplankton requirements of dominant herbivores
(based on Petipa, et al., 1970)

Species

Acartia
Pseudocalanus
Paracalanus
Oithona
copepod ites
OikOpleura
mollusk larvae
polychaete larvae

Percentage of Body Weight Required

100-140%
198%

45%
140%

100-140%
60- 70%

2- 30%
2- 30%
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Months of Dominance

June-Feb.
June, Oct., Jan.
Oct.-Nov., March,
Jan., l~ay

July-Aug. ,
July, Oct.
Oct. -Jan.
Aug., Oct.





Table IV-15 (cont.)

Zooplankton Nutrients
(no./m3) (ug-at/l)

N03+ Ortho-
Station 2 NH3

N02 -P04

Date (Cruise No.)

20 June 1974 ( 5) 2339 2.7 0.2 .21
19 July 1974 ( 6) 1817 8.0 2.6 .80
1 Aug. 1974 (7) 2377 2.3 7.4 1.10

21 Aug. 1974 ( 8) 160 0.8 8.1 .68
17 Sept. 1974 ( 9) 850 5.4 11.9 1. 52
15 Oct. 1974 (10) 1829 1.2 8.0 .52

N 30 Oct. 1974 (11 ) 7677 1.0 2.6 .270
O'l 14 .Nov. 1974 (12 ) 2211 2.2 0.1 .93

13 Dec. 1974 (13 ) 5426 2.7 12.9 .63
16 Jan. 1975 (14 ) 1348 2.9 21.8 .53
20 Feb. 1975 (15 ) 1879 6.0 10.8 .41
18 Ivlarch 1975 (16) 4799 . 01 8.6 .01
14 April 1975 (17) 3569 0.7 9.9 .06
9 May 1975 (18 ) 6914 . 01 1.2 .04

28 May 1975 (19 ) 521 1.9 5. 1 . 18



Table IV-15 (cont.)

Zooplankton Nutrients
(no./m3) (ug-at/l)

N03+ Ortho-

Station 3 NH 3 N02 -P04

Date (Cruise No.)

20 June 1974 ( 5) 5162 1.6 0.2 .20
19 July 1974 ( 6) 1616 8.1 2.6 .82
1 Aug. 1974 (7) 7556 3.0 5.2 1.26

21 Aug. 1974 ( 8) - 1.6 8.6 .87
17 Sept. 1974 ( 9) ,.768 5.1 . 11 .1 1. 61
15 Oct. 1974 (10) 4167 1.2 11.8 .48

N 30 Oct. 1974 (11 ) 6468 1.0 3.6 .280
-....J 14 Nov. 1974 (12) 1608 2.4 5.7 .92

13 Dec. 1974 (13 ) 6251 2.7 13.6 .58
16 Jan. 1975 (14 ) 1002 3.6 22.7 .56
20 Feb. 1975 (15 )
18 March 1975 (16 ) 8999 .01 9.7 .01
14 April 1975 (17)
9 May 1975 (18 ). 10418 .01 1.2 .03

28 May 1975 (19 ) 1159 1.6 2.7 . 18



Table IV-16

Zooplankton and nutrients
(Zooplankton numbers to log e)
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FIGURE CAPTIONS FOR CHAPTER IV

Figure IV- 1: Changes in whole water phytoplankton numbers
versus nutrient concentrations at Station 1.

Figure IV- 2: Changes in whole water phytoplankton numbers
versus nutrient concentrations at Station 2.

Figure IV- 3: Changes in whole water phytoplankton number.s
versus nutrient concentrations at Station 3.

Figure IV- 4: Changes in diatom numbers versus nutrient
concentrations at Sta ti on l.

Figure IV- 5: Changes in diatom numbers versus nutrient
concentra ti ons at Station 2.

f"igure IV- 6: Changes in diatom numbers versus nutrient
concentrations at Station 3.

Figure IV- 7: Changes in micro-flagellate numbers versus
nutrient concentrations at Station 1.

Figure IV- 8: Changes in micro-flagellate numbers versus
nutrient concentrations at Station 2.

Figure IV- 9: Changes in micro-flagellate numbers versus
nutrient concentrations at Station 3.

Figure IV-10: Changes in dinoflagellate numbers versus
nutrient concentrations at Station 1.

Figure IV-ll: Changes in dinoflagellate numbers versus
nutrient concentrations at Station 2.
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Figure IV-12: Changes in dinoflagellate numbers versus
nutrient concentrations at Station 3.

Figure IV-13: Changes in total nannoplankton versus
herbivore numbers at Station 1.

Figure IV-14: Changes in total nannoplankton versus
herbivore numbers at Station 2.

Figure IV-15: Changes in total nannoplankton versus
herbivore numbers at Station 3.

Figure IV-16: Changes in total zooplankton numbers versus
nutrient concentrations at Station 1.

Figure IV-17: Changes in total zooplanktorinumbers versus
nutrient concentrations at Station 2~

Figure IV-18: Changes in total zooplankton numbers versus
nutrient concentrations at Station 3.
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V. DELAWARE BAY BENTHIC INVERTEBRATE ASSEMBLAGES

Les Watling

Don Maurer

Chris Wethe

INTRODUCTION

While benthic community studies have been conducted in many
of the estuaries along the northeastern coast of North America
(Sanders, 1956, 1958, 1960; Dean and Haskin, 1964; Phelps, 1964;
Rhoads and Young, 1970; O'Connor, 1972; Boesch, 1973; McGrath, 19}5),
the benthos of Delaware Bay has generally been overlooked. Prior
to the turn of the century, marine invertebrates were collected here
by J. Leidy and A.E. Verrill. Also, oyster populations and their

associated fauna received and continues to receive attention from the
Oyster Laboratory of Rutgers University. Faunal studies in the area

began with a qualitative examination of species distributions in the
Cape May region (Richards, 1929) but were not conducted in a quantita
tive manner until the survey of Amos (unpublished) in the 1950's. The
first published account of benthic assemblages in Delaware Bay was a

paper on the associated oyster fauna (Maurer and Watling, 1973). A
series of papers dealing with the distribution and ecology of specific
taxa were also completed: Amphipoda (Watling and Maurer, 1972a);
Hydroids (Watling and Maurer, 1972b); Pelecypoda (Maurer, et al.,
1974); Isopoda (Watling, et al., 1974b); and Gastropoda (Leathem and
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Maurer, 1975). In addition a few quantitative benthic studies were
conducted in restricted areas near the Delaware Bay mouth (Kinner,
et al., 1974; Watling, et al., 1974a).

Methods of quantifying benthic data have evolved from describ
ing distributions of numbers per m2 to utilizing classification and
ordination techniques devised for numerical taxonomic (Sneath and
Sokal, 1973) or vegetation analysis problems (Williams, et al.,
1973; Orloci, 1975). Along the east coast of NQrth America, classi
fication and ordinationtechhiques have been used in Chesapeake Bay
(Boesch, 1973), Hadley Harbor, Massachusetts (Parker, 1975),and
along the coast of Prince Edward Island, Canada (Hughes and Thomas,
1971a, 1971b).

The purpose of the present study was to determine the composi
tion and distribution of the benthic invertebrate assemblages in
Delaware Bay and to investigate the relationships of these assemblages
to environmental factors such as sediment and salinity.

METHODS

SampZe Procurement and Processing

Transects 1 through 13, ranging from Cape Henlopen-Cape May to
off Stow Cr~ek (Figure V-l) were sampled during July and August 1972.
Transects 14 through 26, ranging over the same area, were sampled
in June and July 1973, giving a total of 207 samples taken over the
two years. Each station was sampled once with a 0.1 m2 Petersen
grab. Two aHquots of sediment were taken from each grab for sedi
ment-size analysis. The remaining material was washed over a 1.0 mm
mesh sieve with the residue being preserved in 10% buffered formalin.
Bottom salinity and dissolved oxygen samples, along with water and
sediment temperatures, were taken at every station.
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In the laboratory, benthic samples were sorted, identified to
species, and their numbers determined. Sediment particle sizes
were determined by dry sieving and pipette analysis.

Va ta Reduction

All species counts were stored on IBM cards for computer analyses.
Assemblage distribution and composition were determined by site-group
and species-group cluster analysis using both Czekanowski and Canberra
metric similarity coefficients and group-average sorting strategy
(See Sneath and Sakal, 1973; Clifford and Stephenson, 1975). The
details of these techniques and the computer programs used are given
in Append ix 1.

Sediment Anarysis

Sediment grain size analysis was performed according to the ~roceM

dures outlined by Folk (1968). Sediment samples were wet sieved to
separate the coarser material (sand) from the finer material (silt
clay). The sand was dried, disaggregated, and sieved. For most
samples a 1/2¢ interval set was used. For well-sorted sand a
l/4¢ interval was employed to better define the mode. The silt-clay
was collected in a one-liter cylinder and the muddy water made up to
exactly 1000 ml. After effectively dispersing the suspension using
sodium hexametaphosphate, a pipette analysis was run. Pipette with
drawals were made so as to obtain l/2¢ size intervals in the silt
range and l¢ intervals in the clay range.

RESULTS AND DISCUSSION

Sediment Facies Di~tribution

Grain Size Measures

Four statistical measures were used to characterize the grain
size distribution curves obtained from the grain size analysis
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· (Folk, 1968). The graphic mean (Mz) was used to define average
grain size. The graphic mean is based on the 16th, 50th, and
84th percentiles of the cumulative distribution curve. The uni
formity or sorting of the sample was determined by the inclusive
graphic standard deviation (ai)' This measure includes 90% of the
grain size distribution in determining sorting. The inclusive graphic
skewness (Sk l ) was used to measure asymmetry of the grain size dis
tribution curves. Again, this measure includes 90% of the distri
bution curve for its computation. The graphic kurtosis (Kg) was
employed as a measure of the peakedness of the curve. The measure
indicates the degree of departure of the size distribution curve
from a normal probability curve as defined by the Gaussian formula.
For a normally distributed curve the value of Kg is 1.00. With
values greater than 1.00, the central portion of the grain size
curve is better sorted than the tails. If the tails are better
sorted than the center, the curve is platykurtic and Kg is less
than 1.00. Very platykurtic curves are quite often bimodal.

Sediment Classification

To characteroize the sediment distribution in Delaware Bay,
a classification system incorporating both mean grain size and
sorting was devised. This classification emphasized differences
in sorting (between shoals and channels) and mean grain size. Five
letter codes, A through E, represented coarse to fine mean grain
size while five number codes, 1 through 5, represented well-sorted
to very poorly-sorted uniformity. The size and sorting ranges
represented by the various codes are listed in Table V-l. Only
those codes which match sediments found within the bay are shown.
Sediment classification groups are presented in Figure V-2.

The division between sediment types Band C were chosen as
close to 0.2 mm diameter as possible. This particle diameter divides
sediment that is carried and laid down chiefly as bed load from that
sediment transported and deposited mainly from suspension (Allen,
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1965). The division between sediment types C and 0 is the sand
silt break. The sorting classification divisions correspond to
the classification scale described by Folk (1968). The charac
teristics of these sediment groupings are described in detail in
Appendix 11.

Geological Setting

Our understanding of the local geological framework suggests
that it is a low-lying sandy coastline undergoing a relatively rapid
marine transgression (Kraft, 1971). The principal features of the
bathymetry of Del aware Bay are as summarized from Oostdam (1971):
1) an extensive series of shoals in the bay mouth off Cape May;
2) a series of shoals in the lower bay that run parallel to the
axis of the estuary; 3) finger-like flood channels extending along
and between the shoals; and 4) the main river channel which runs up
the axis of the bay into the lower salinity regions. The geological
evolution of these features have been elucidated by Weil (1976).

Bay-Wide Sediment Distribution

When sediment distribution patterns for Delaware Bay (Fig. V-2
to V-5) were examined, certain general trends' emerged. Coarse sand
(A) deposits were predominantly found at the mouth of the bay and
in areas of eroded headl ands withi n the bay. These sediments were
transported and deposited as bed load. Medium to fine sand (B),
together with bed load material but finer and more easily transport
able, was carried further up the main channels of the bay by the
flood tide currents. This sand formed both channel bottom and shoal
deposits in the lower bay. Fine silt and clay (E) was carried into
the bay in suspension from the Delawa~e River. While mainly found
in the upper bay and along the Delaware Bay shore, this sediment
also occurred at river mouths along the New Jersey shore and at the
heads of some deep channels within the bay. Closely associated with
the E class material was the coarse silt material (D) found in the
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quiet waters around the perimeter of the bay as well as along some
quiet channel bottoms. The percentage silt-clay distribution (Figure
V-5) revealed a continuous band of high silt-clay contents from the
upper bay down to at least the Murderkill River. South of the Murder
kill there were scattered large patches of sediment ranging from 20 to
70% silt-clay. The other 'high silt-clay area occurred between Egg
Island Point and Cape May Point in the quiet, shallow basin along the
New Jersey shore. Both areas corresponded closely to the 0 and E
class sediment areas. The very fine sand (C) deposits, material
capable of being carried and redeprisitedchiefly from suspension,
made up large portions of the central bay sediments.

Sediment sorting distribution (Figure V-4) also revealed
some trends. Sediment in the poorly sorted channels was sorted
by the tidal currents as it was transported up onto the shoals
(Weil,1976). The majority of shoals were well sorted while channel
bottoms were poorly sorted. The high silt-clay sediments were also
evident as very poorly sorted material around the perimeter of the
bay.

Distribution of Organisms

A total of 109 and 125 species were obtained from the 1972 sta
tions (transects 1-13) and 1973 stations (transects 14-26), respec
tively. These species and their feeding classification are given
in Table V-2. The distribution of the species found among the
invertebrate phyla was as follows:

Phylum %Total Species
1972 1973

Cnidaria
Rhynchocoe1a
Annelida
Moll usca
Arthropoda
Ectoprocta
Echinodermata

3.6
2.8

36.7
18.3
'31 .2

7.3

2.34

0.8
1.6

39.7
21.4
29.4
6.4
0.8



The species abundances for all stations are listed in Appendix Table
AV-l.

There were no significant changes in percent of total species
among phyla from one year to the next. The number of species and
number of individuals per station was transformed to loge (n + 1) and
compared to salinity, depth, dissolved oxygen, bottom temperature,
water content of sediment, percent clay, percent silt, median grain
size, and percent volatiles using the product-moment correlation co
efficient (Table V-3). Based on these analyses there was a signifi
cant positive association between- the number of species and salinity
and median sediment size, and significant inverse associations with
bottom temperature, percent clay, and percent volatiles in 1972 and
1973, and with water content and percent silt in 1972.

The fact that the number of marine species was positively
associated with increasing salinity has been reported from estuaries
throughout the world (Carriker, 1967). A similar pattern was observed
earlier in Delaware Bay for the epifaunal associates of the oyster
(Maurer and Watling, 1973). Based on that work the Woodland Beach
area marked the transition zone between mesoha1ine and oligohaline
waters. At that time it was pointed out that any faunal boundaries
in Delaware Bay would have to be reevaluated pending studies on the
infauna since it had been shown elsewhere that infaunal marine species
occur further up the estuary than marine epifaunal species (Sanders,
et al., 1965; Carriker, 1967). In the present study, the number
of infaunaT species markedly declined bebJeen the Simonis River
and Stow Creek, N.J., which is opposite Woodland Beach, Delaware
(this includes transects 12, 13, and 23 to 26; Figure V-6). This
region ~robably occupies a critical position in the hydrography of
the Delaware estuary with regard to salinity distribution and the
response of the biota to salinity.

Observations concerning the ass.ociation between benthic inverte
brates and temperature and various sediment measures have also been
made many times (Allen, 1963; Kinne, 1964; Gray, 1964). Temperature
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is a major factor controlling directly or indirectly all aspects of
the biology of an organism. Since the area is relatively small in
area and bay-wide data ~ere only availab~~ for the summer, the,
influence of temperature on species distribution is unclear. As
a result, we have tended. to place greater emphasis on sediment measures.
which are to some degree controlled by local hydrographic conditions.

At various times the distribution, composition~ and abundance of benthic
invertebrates have been correlated with percent clay, percent silt and
clay, percent volatiles, median sediment size, and percent water con
tent (Bader, 1954; Sanders, 1956, 1958; Harrison and Wass, 1965; Maurer,
1969). Based on the literature it seems that finer sediment fractions
play an important role influencing the ecology of benthic invertebrates.
More speci fi cally, encrusted parti cles and organi c-mi nera1 aggregates
probably represent significant food resources for the benthos (Johnson,
1974). If Johnson1s methods could be formalized and made more feasi
ble, they could provide more valid information about animal-sediment
relationships than standard methods of describing sediments.

There were significant positive correlations between number of
individuals/m2 and salinity and median grain size, and significant
negative correlations of infaunal ~ensities with percent clay, percent
silt, water content, and percent volatiles in 1972. These patterns,
with the exception of the salinity relatIonship, were not detected in
1973 (Table V-3).

The average number of individuals per sample from both sets
of transects was 20, or 200 individuals/m2. Especially noticeable
was that at only ten stations of the 207 sampled were there more
than 1,000 individuals/m2 (Table V-4). As can be seen in Table V-5,
the density of benthic organisms in Delaware Bay was one or two orders
of magnitude lower than that recorded for any other estuary north of
Cape Hatteras, including areas, such as Moriches Bay, which are
heavily polluted. While our investigations were not designed to
provide an explanation for this situation, some visual observations
of the Delaware Bay environment pr6vide possible clues. For example, .

there was a notable, virtually complete lack of attached benthic,
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macroscopic algae or vascular plants in Delaware Bay. This, in
turn, was most likely related to the highly turbid conditions which
exist in. the bay (see Chapter ~V for secchi depths). The absence
of macroscopic benthic algae thus deprives the benthic community of
a major source of organic material which would be utilized by deposit
feeders (Levinton, 1972; Johnson, 1974).

The number of species and number of individuals obtained in
each sample are shown in Figures V-6 andV-7. The highest number
of species was obtained in the serpulid reef at Station 16-3. Sam
ples with more than ten species occurred in isolated areas in the
lower bay where the substratum consisted of fine to coarse sands.
Highest.densities of individuals also occurred in isolated samples,
generally along the lateral regions of the lower bay. Most of the
samples represented concentrations of one or two species. For example,
80% of the individuals at Stations 15-8, 18-1, and 18-10 belonged to
the bivalve, Gemma gemma. In contrast, at Station 16-3, several
species occurred in very high numbers.

The benthic assemblages in Delaware Bay consisted chiefly of
deposit-feeders. The percent of the fauna at each station classified
as deposit feeders is given in Figure V-8. Of the 207 samples, 75
had more than 75% deposit-feeding individuals while 118 samples
possessed at least 50%. The majority of those samples with more
than 75% deposit~feeding individuals were located along the Delaware
side of Delaware Bay (Figure V-8). If Figure V-8 is compared to
Figure V-5~ this distribution is only partly explained by the silt
clay content of the sediment. There were several samples with high
proportions of deposit-feeders located in areas with less than 20%
silt-clay. The reverse situation was also true.

Of the 15 species occurring most frequently in the 1972 samples,
only ten were as widespread in 1973 (T~ble V-6). During both years
the bivalve, Tellina agilis, occurred in over half the samples. The
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two species with the greatest change in occurrence were both bivalves.
Ensis directus decreased from 34% in 1972 to 3% in 1973, and Gemma
gemma increased from 6~to 25% over the same period.

The distribution of the most widespread species are given in
Figures V-9. to V-16. The details of these distributions and their
relationships to the sediment facies are outlined below for each
speci es.

Tellina agilis (Figure V-9): This bivalve occurred throughout
the lower bay, but its highest concentrations were in the areas where
the channels extended into the shoal regions. While L agilis showed
no correlation with sediment descriptors, it was generally not found
in sediments whose mean grain size was in the silt or clay range.
This trend was noted earlier in a restricted area near the bay mouth
(Kinner, et al., 1974).

Heteromastus filiformis (Figure V-10): This polychaete was
found most frequently in sediments high in silt-clay sized particles.
Thus its distribution excludes most of the lower central portion of
the bay.

Glycera dibranchiata (Figure V-ll): Although this polychaete
was found in low numbers over much of the bay, it occurred in highest
numbers in the clean fine sands along the New Jersey portion of the
lower central bay.

Nephtys picta (Figure V-12): This polychaete was the only species
with a strong depth-dependent distribution. Six of the ten stations
with more than one individual and all stations with three or more
individuals occurred at depths greater than 20 m. All these stations
were characterized by sediments in the medium to coarse sand range.

Mulinia lateralis (Figure V-13): This bivalve is an opportunist
which undergoes strongly localized population explosions. During our
study it was widely distributed over Delaware Bay, with the highest
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numbers being found in the fine muddy sands of the upper bay. This
region is also characterized by mesohaline bottom waters (see Hydrog
raphy chapter).~

Protohaustorius wigleyi (Figure V-14): This burrowing amphipod
was primarily found in the fine to medium, well to moderately sorted
clean sands of the shoals. This animal-sediment association was
noted earlier near the bay mouth (Kinner, et al., 1974).

Gemma gemma (Figure V-15): A small bivalve with short siphons,
the highest numbers of ~ gemma were found in the moderate to high
silt-clay habitats of the upper bay and along the margins of the
lower bay. These regions were also characterized by mesohaline to
lower polyhaline bottom waters.

Nucula proxima (Figure V-16): This deposit-feeding bivalve was
found in highest numbers and with greatest frequency along the Dela
ware side of the lower bay. Most of the stations with high ~ proxima
densities were located in substrata characterized by fine sands with
varying amounts of silt and clay. This species has been considered
as characterizing high silt-clay (>50%) facies (Kinner, et al.,1974),
but has also been found at very high densities in fine to medium
sands (Watling, et al., 1974a).

Distribution of Assemblages

Although we are of the opinion that each species is distributed
along a continuum independent of many, if not most, other species,
it is possible to define assemblages of species whose distributions
overlap to a greater or lesser degree. Cluster analysis techniques
can be used to compute the similarity of samples, and groups of sam
ples, with each other, thus producing hierarchic groupings of samples
that are similar amongst themselves. The output of such computations
is a dendrogram, the significance of whose branching pattern can only
be determined by the ecologist (Clifford and Stephenson, 1975). These
techniques were used td determine what assemblages existed when the
samples were taken in 1972 and 1973.
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The dendrograms produced for station groupings in 1972 and
1973 are given in Figures V-17 and V-24, respectively. These
dendrograms utilized th~ Canberra metric similarity measure and
the group-average sorting strategy. All species occurring in more
than 3% of the samples were included in the analyses. Thus 37 species
were considered for the 1972 samples and 53 species for the 1973
samples.

The dendrogram for the 1972 samples appeared to contain nine
distinct clusters which were arbitrarily lettered A through I. After
the species occurrences and sediment characteristics were reviewed
for these groups, they were combined to produce the fo 11 owi ng assem
blages: A, consisting of groups A-E; F; G; "H; and 1. These assem
blages are distributed as in Figure V-18 and their sediment charac
teristics graphed in Figures V-19 to V-23. The species characterizing
these assemblages, the percent of their abundance, and their percent
occurrence at stations within the group are outlined below:

Species

Assemblage A (54 stations):

Te11ina agilis
Nephtys picta
Nassarius trivittatus
Cancer irroratus
Trichophoxus epistomus
Haploscoloplos fragilis
Glycera capitata
Ensis directus

Assemblage F (10 stations):

Ampelisca abdita
Nucula proxima
Streblospio benedicti

Assemblage F (3 stations):

Scolecolepides viridis

%Abundance

in Group

80
98
90
90

100
100
60

. 34

76
48
39

75

240

%Occurrence
at Stations

in Group

91
30
13
11
17
7

33
48

40
30
30

100



Species

Assemblage H (11 stations):

E"sis directus
Glycera capitata
Nereis succinea
Capitella capitata

Assemblage I (10 stations):

Heteromastus filiformis
Mel ita nitida
Mu1inia lateralis

%Abundance

in Group

69
38
51
51

66
74
86

%Occurrence
at Stations

in Group

45
100

18
18

100
60
40

Assemblage A occurs throughout the central portion of the
lower bay and was characterized by fine to coarse, primarily clean
sands that were moderately to poorly sorted (Figure V-19). The
bottom waters throughout this region were in both the upper poly
haline and lower polyhaline salinity levels. The sediments at
Assemblage F stations were predominantly fine sands to silts and
clays and were extremely poorly sorted. The three stations of
Assemblage G consisted of two quite different sediment classifications
(Figure V-21) and possibly represented an artificial assemblage.
Assemblages H and I showed quite similar, strongly heterogeneous
sediment patterns. These assemblages appeared to be sufficiently
distinct to be considered separately but were contiguous geographically
(Figure V-18). The bottom waters in the region of these assemblages
were generally mesohaline in nature.

A similar analysis was performed on the samples taken in
1973. In this case four assemblages were produced from the initial
11 groups considered (Figure V-24): assemblagel, from groups 1
through 4, assemblage 5, from groups 5, p, and 7; assemblage 8,
from groups 8 and 9, and assemblage 10, from groups 10 and 11.
The distribution of these assemblages is shown in Figure V-25,
and their sediment characteristics in Figures V-26 through V-27.
The species characterizing these assemb.lages, their abundance, and
percent occurrence at stations within the assemblage are outlined
below:
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Species

Assemblage 1 (44 stations):

Tell ina agil is
Glycera dibranchiata
Heteromastus fi1iformis
Protohaustorius wigleyi
Glycera capitata
Nepthys' pi eta

Assemblage 5 (14 stations):

Te11ina agilis
Nucu1a proxima
Paraphoxus spinosus
Aricidea cerruti
G1yceraamericana
Cancer irroratus
Pagurus 10ngicarpus

Assemblage 8 (19 stations):

Mel ita nitida
Polydora 1igni
Neopanope texana sayi
Nereis succinea
Coroph i urn s imil e
Paracaprella tenui s
Parapleustes aestuarius
Crepidula plana
Eurypanopeus depressus
Sabellaria vulgaris

Assemblage 10 (15 stations):

Mulinia 1ateralis
Mya arenaria

%Abundance

in Group

50
75
72
90
69
60

50
59
88
99
86
81
56

100
92
97
93

100
100
100
100

96
95

77
99

%Occurrence
at Stations

in Group

95
34
32
25
23
30

93
43
36
29
29
29
29

42
53
32
32
21
21
21
21
21
21

13
20

Assemblagel extended over much of the same area covered, by
Assemblage A a year earlier. The sediment characteristics were
also largely similar, with the exception of a few stations located
in poorly sorted silts and clays (Figure V-26). Assemblage 5
occurred in two large patches along the Delaware side of the lower
bay and in two smaller patches along' the New Jersey shore. The
sediments at these stations were generally fine to medium, moderately
sorted sands (Figure V-27). The only distinctly epifaunal assemblage

242



found was Assemblage 8. It was found at several isolated localities
throughout all portions of the bay and was characterized by a hetero
geneous grouping of sediments (Figure V-28). A similar sediment dis
tribution (Figure V-29) was seen for the more depauperate infaunal
Assemblage 10. This assemblage was located almost exclusively in the
region of mesohaline bottom waters.

There has been much discussion about the uses of cluster analy
ses, their output and their interpretation (Clifford and Stephenson,
1975; Farris, 1976). In our analysis of the Delaware Bay fauna, we
have used cluster analysis only as a tool to aid in handling the
massive amount of data generated by surveys of this kind. The analysis
and interpretation of the dendrogram was considered to be the responsi
bility of the investigator.

As yet, there are no statistically acceptable tests which can be
used to determine whether a site-group or species-group, as defined by
hierarchial classificatory techniques, should be accepted or rejected
(Stephenson, et al., 1974). As a consequence, we established our site
groups using arbitrary criteria of conformity between site-groups and
species occurrences.· This resolved some of the problems associated
with assemblage definition, but still left the matter of scale to be
dealt'tlith. Stephenson, et al. (1974) suggested that the size of site
groups would vary among different environments, with topographical
micropatterns being of a finer scale in the tropics than in temperature
latitudes~ This leads one to question the purpose of using classifi
catory techniques: are they to be used to resolve small-scale patterns
or to define assemblages of co-occurring species that may be inter
acting to form functional units. Since it is unlikely, in our opinion,
that the resul ts of these two purposes are necessarily equivalent,
one1s choice between them must govern not only the interpretation of
the dendrogram produced, but also the initial sampling design. In
this study our purpose was to define functional assemblages of co
occurring species. However, we feel that in view of the unusually low
densities in Delaware Bay, it was not possible to separate the hetero
geneity of small-scale topographical patterns from the distribution of
functional assemblages.·
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Table V-l

Sediment classification scheme used for Delaware Bay sediments

Inclusive graphic standard deviatio~ ~i (sorting)

Well·
Sorted

Bl

Cl

O.5ep

Moderately
to

Moderately
Well Sorted

A2

82

C2

1.Oep

Poorly
Sorted

A3

B3

C3

03

2.0ep

Very
Poorly
Sorted

A4

B4

C4

04

E4

3.0ep

Very to
Extremely
Poorly
Sorted

05

E5



Table V-2

List of species obtained from transect samples
in Delaware Bay during 1972 and 1973

Feeding
Type

Transects
1-'13 14-26

x

x

x

x

x

x

x
x.

x

x

C
C

C

SF

SF

SF

SF

SF

Phylum Cnidaria
Class Hydrozoa

Order Hydroida
Family Hydractiniidae

Hydractinia echinata (Fleming 1828)
Family Campanu1 ari idae ,

Hart1aubel1a gelatinosa (Pallas 1766)
Family Sertulariidae

Sertularia argentea Linne 1758
Family Plumulariidae

Schizotricha tene1la (Verrill 1874)
Class Anthozoa

Order Actinaria
Family Diadumenidae

Diadumene leucolena (Verrill 1866)

Phylum Rhynchocoela
Class Anop1a

Order Heteronemertini
Family Li nei dae

Cerebratu1us 1acteus (Leidy 1851)
Micrura leidyi

Class Unknown
Nemertea sp.

Phylum Annelida
Family Ampharetidae

Asabellides oculatus (Webster 1879)
Melinna sp. cf. M. macu1ata
Asabellides sp. cf. A. oculatus
? Asabe11 ides
Ampharetidae sp. 1

Family Arabellidae
Arabella irico1or (Montagu 1804)
Driloneris longa Webster 1879
Driloneris magna Webster and Benedict 1887

Family Capitellidae
Capitella capitata (Fabricius 1780)
Heteromastus filiformis (Claparede 1864)

OF
OF
OF
OF
OF

o
o
o

OF
OF

x
x
x

x

x
x

x

x
x

x
x
x

x
x
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Table V-2 (cont.)

Feeding
Type

Transects
1-13 14-26

Family Cirratulidae
Caul1eriel1a sp.2 OF
Tharyx sp. 2 OF
Cirriformia sp. cf. C. grandis OF
? Chaetozone OF

Family Eunicidae
Marphysa sanguinea (Montagu 1815) OF

Family Glyceridae
Glycera americana Leidy 1855 C
Glycera capitata Oersted 1843 C
Glycera dibranchiata Ehlers 1868 C
Glycera robusta Ehlers 1868 C

Family Goniadidae
Glycinde solitaria (Webster 1880) C

Family Hesionidae
Microphthalmus aberrans (Webster and Benedict

1887) C
Family Lumbrineridae

Lumbrineris acuta (Verrill 1875) OF
Lumbrineris tenuis (Verrill 1873) OF
Lumbrineris sp. cf. L. tenuis (Verrill

1873) OF
Family Magelonidae

Magelonasp. 1 OF
Magelona sp. 2 OF
Magelona sp. 4 OF

Family Maldanidae
Clymenellasp. cf. h torquata (Leidy 1855) DF

Family Nephtyidae
Nephtys bucera Ehlers 1868 0
Nephtys picta Ehlers 1868 0

Family Nerei dae
Nereis (Neanthes) succinea Frey and Leuckart

1847 0
Family Opheliidae

Ophelia bicornis Savigny 1818 OF
Travisia carnea Verrill 1873 OF

Family Orbiniidae
Haploscoloplos acutus (Verrill 1873) OF
Haploscoloplos fragilis (Verrill 1873) OF
Haploscoloplosrobustus (Verrill 1873) OF
Orbinia ornatus (Verrill 1873) OF
Scoloplos sp. OF

Family Paraonidae
Aricidea sp. OF
Aricidea cerruti Laubier 1967 OF
Paradoneis (Paraoinides)~ Southern 1914 OF
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Table V-2 (cont.)

Feeding
Type

Transects
1-13 14-26

Family Pectinariidae
Pectinaria gouldii Verrill 1873 OF

Family Phyllodocidae
Eteone heteropoda Hartman' 1951 a
Eteone lactea Claparede 1868 a
Eteone longa (Fabricius 1780) a
Eumida sanguinea (Oersted 1843) a
Paranaitis kosteriensis (Malmgren 1867) C
Phyll odoce arenae Webster .1880 C

Family Polynoidae
Harmothoe sp. cf. H. extenuata (Grube 1840) C
Harmothoe (Lagisca~extenuata (Grube 1840) C
Lepidonotus sguamatus (Linnaeus 1756) C
Lepidonotus sublevis Verrill 1873 C

Family Sabellaridae
Sabellaria vulgaris Verrill 1873 SF

Family Sabellidae
Potami 11 a reniformi s (Leuchart 1849) SF

Family Serpulidae
Hydroidesdianthus (Verrill 1873) SF

Family Sigalionidae
Sthenelais (denticulatum) C
Sigalion sp. C

Family Spionidae
Polydora ligniWebster 1879 OF
Polydora socialis (Schmarda 1861) OF
Polydorawebsteri Hartman 1943 OF
Scolecolepides viridis (Verrill 1873) OF
Scolelepis sguamata (O.F. Muller 1806) OF
Spiophanes bombyx (Claparede 1870) OF
Streblospio benedicti Webster 1879 OF

Famil y Sylli dae
Exogone verugera (Claparede 1868) a
Parapionosyllis longicirrata Webster and

Benedict 1884) a
Proceraea cornuta {Agassiz 1863) 0

Family Terebelli~ae

Polycirrus eximius (Leidy 1855) OF
Class Oligochaeta

Oligochaeta OF

Phylum Mollusca
. Class Gastropoda

Order Mesogastropoda
Family Epitoniidae

Epitonium rupicola (Kurtz 1860) C
Family Calyptraeidae

Crepidula fornicata (Linne 1758) SF
Crepidula convexa Say 1822 SF
Crepidula plana Say 1822 SF
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Table V-2 (cont.)

Feeding
Type

Transects
1-13 14-26

x
Family Naticacea

Lunatia heros (Say 1822)
Order Neogastropoda

Family Melongenidae
Busycon carica (Gmelin179l)

Family Nassariidae
Nassarius trivittatus (Say 1822)
Ilyanassa obsoletus(Say 1822)

Family Marginellidae
Marginella roscida Redfield 1860

Order Tectibranchi~

FamilyPyramidellidae
Sayella fusca (C.B. Adams 1839)

Order Nudibranchia
Fam-j ly Corambe11 a

Dorodella obscura Verrill 1870
Class Bivalvia

Order Protobranchia
Family Nuculidae

Nucula proxima Say 1822
Yoldia limatula Say 1831

Order Filibranchia
Fami ly Arc idae

Anadara ovalis (Bruguiere 1789)
Fami ly Myti 1i dae

Geukensia demissa (Dillwyn 1817)
Mytilus edulis Linne 1758

Family Qstreidae
Crassostrea virginica (Gmelin 1791)

Order Eulamellibranchia
Family Carditidae
~clocardia borealis (Conrad 1831)

Family Leptonidae
Mysella planulata (Stimpson 1857)

Family Veneridae
Mercenaria mercenaria (Linne 1758)
Gemma gennna (Totten 1834)

Family Tellinidae
Tellina ~ilis Stimpson 1857
Macoma balthica (Linne 1758)

Family Solenidae
Ensis directus Conrad 1843

Family Mactridae '
Spisu1a solidissima (Dillwyn 1817)
Mulinia lateralis(Say 1822)

Family Myacidae
Mya arenaria Linne 1758
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Table V- 2 (cont.)

Feeding
Type

Transects
1-13 14-26

Family Corbulidae
Corbula contracta Say 1222

Family Lyonsiidae
Lyonsia hyalina Conrad 1831

Family Pandoridae
Pandora gouldiana Dal1 1886

Phylum Arthropoda
Class Merostomata

Limulus polyphemus (Linne 1758)
Class Pycnogonida

Family Pa1lenidae
Tanysty1um orbiculare Wilson 1878

Class Crustacea
Subclass Cirripedia
Order Thoracica

Family Balanidae
Balanus (Balanus) im rovisus Darwin 1854
Balanus (Semibalanus balanoides (Linne)

Subclass Malacostraca
Order Mysidacea

Family Mysi dae
Neomysis americana (S.l. Smith 1873)

Order Cumacea
Family Diastyl idae

Oxyurostylis smithi Calman 1912
Order Isopoda

Family Anthuridae
Cyathura pol ita (Stimpson 1855)
Ptilanthura tenuis Harger 1878
Cyathura burbancki Frankenberg 1965

Family Idoteidae
Chiridotea nigrescens Wigley 1961
Edotea triloba (Say 1818)

Order Amphipoda
Family Ampeliscidae

Ampe1iscaabdita Mills 1964
Ampelisca verrilli Mills 1967

Family Ampithoidae
Ampithoidae sp.

Family Aoridae
Lembos smithi (Holmes 1905)

Family Bateidae
Batea catharinensis Fr. Muller 1865

Family Corophiidae
Corophium insidiosum Crawford 1937
Corophium lacustre Vanhoffen 1911
Corophium tuberculatum Shoemaker 1934
Erichthonius brasiliensis Dana 1853
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Table V-2 (cant.)

Feeding
Type

Transects
1-1314-26

Family Corophiidae (cant.)
Unciola irrorata Say 1818 OF
Uncibla serrata Shoemaker 1945 OF
Unciola dissimilis Shoemaker 1945 OF
Corophium simile Shoemaker 1934 OF

Family Gammaridae
Gammarus mucronatus Say 1818 OF
Elasmopus laevis (Smith 1871) OF
Melita nitida Smith 1873 OF

Family Haustoriidae
Parahaustorius attenuatus Bousfield 1965 OF
Parahaustorius longimerus Bousfield 1965 OF
Protohaustorius wigleyi Bousfield 1965 OF
Protohaustorius aeichmannae Bousfield 1965 OF
Acanthohaustorius millsi Bousfield 1965 OF
Aca~thohaustorius intermedius Bousfield 1965 OF

Family Lysianassidae
Lys i anops is alba Ho lmes 1905 OF

Family Phoxocephalidae
Paraphoxu~ spinosus Holmes 1903 OF

. Trichophoxus epistomus (Shoemaker 1938) OF
Family Pleustidae

Parapleustes aestuarius Watling and Maurer
1973 OF

x
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x

x
Family Stenothoidae

Parametopel1a cypris (Holmes 1905)
Family Caprellidae .

Paracaprel1a tenuis Mayer 1903
Order Oeca poda

Family Crangonidae
Crangon septemspinosa (Say 1818)

Family Cal1ianassidae
Callianassa sp. cf. C. atlantica

Family Paguridae
Pagurus longicarpus Say 1817

Family Cancridae
Cancer irroratus Say 1817

Family Xanthidae
Xanthid sp.
Eurypanopeus depressus (Smith 1869)
Neopanope texana sayi (Smith 1869)
Rhithropanopeus harrisi (Gould 1841)'

Family Pinnotheridae
Pinnotheres maculatus Say 1818
Pinnixa sayana Stimpson 1860
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Table V-2 (cont.)

Feeding
Type

Transects
1-13 14-26

Phylum Ectoprocta
Class Gymnolaemata

Order Ctenostomata
Family Alcyonidiidae

Alcyonidium polyoum (Hassall 1841)
Alcyonidium verrilli Osburn 1912

Family Nolellidae
Anguinella palmata Van Beneden 1844

Family Flustrellidae
Flustrellidra hispida (Fabricius 1780)

Family Vesiculariidae
Bowerbankia gracilis Leidy 1855

Family Triticellidae
Triticella elongata (Osburn 1912)

Order Cheilostomata
Family Membraniporidae

Membranipora tenuis Oesor 1848
Membranipora tuberculata (Bose 1802)
Conopeum tenuissimum(Canu 1908)

Family Electridae
Electra hastingsae Marcus 1938

Family Schizoporellidae
Schizoporella errata (Watess 1878)

Family Microporellidae
Microporella ciliata (Pallas 1766)

Phylum Echinodermata
Class Echinoidea

Order Diadematoida
Family Echinarachnidae

Echinarachnius parma (Lamark 1816)
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Table V-3

Correlation between Number of Species and Numbel~ of Individuals in Relation to Environmental Factors

Number of Species
1972 1973 . Combined

R F N R F N R F N

Sal inity 0.43* 22.7 102 0.44* 23.4 96 0.37* 32.3 198
Depth 0.06 0.43 105 0.09 0.98 99 0.11 2.5 204
Dissolved Oxygen 0.06 0.37 101 -0.07 0.59 99
Bottom Temperature -0.24* 6.2 103 -0.22* 4.8 96 -0.27 15.4 199
%H20 in Sediment -0.53* 41.8 104

%Clay -0.48* 31.4 104 -0.21* 4.5 100 -0.33 25.4 204
% Si 1t -0.36* 15.8 104 -0.14 2. 1 96 -0.26 14.4 200
50% mm 0.34* 13.5 104 0.04 0.17 96 0.12 3.3 200
%Volatiles -0.55* 45.1 104 -0.20* 4.1 96 -0.35 28.6 200

N
U1
"-.l Number of Individuals

1972 1973 Combined
R F N R F N R F N

Salinity 0.35* 14.5 103 0.25* 6.49 97 0.25 14. 1 200
Depth 0.11 0.01 105 -0.07 0.52 101 -0.06 0.73 206
Dissolved Oxygen 0.06 0.46 101 0.1 1.16 99
Bottom Temperature -0.07 0.64 104 -0.06 0.44 100 -0.20 8.55 204
%H20 in Sediment ... 0.43* 24.1 104

%Clay -0.37* 17.0 104 -0.16 2.7 96 -0.22 10.8 200
%Silt -0.27* 8.38 104 -0.02 0.05 96 -0.13 3.7 200
50% mm 0.23* 5.79 104 -0.04 0.21 96 0.07 1. 1 200
%Volatiles -0.43* 23.9 104 -0.15 2.4 96 -0.23 11.3 200

*Si gn ifi cant at =0.5; R = Product-Moment Correlation Coefficient; F = F Factor; N = Number of Observations.



Table v- 4

Density of benthic organisms in relation to sediment classification

Average No. No.
Sediment No. Individuals Average No. Stations Individuals No.

Classification Stations 2 Species Omitted per m2 Speciesper m

A-2 13 180 4 None

A-3 15 250 8 None

B-1 8 160 5 18- 1 9350 9
20- 7 4640 10

B-2 14 360 6 7- 7 6330 6
N 21- 6 2340 10U1
co

B-3 17 250 6 None

B-4 5 140 6 None

C-1 31 180 5 None

C-2 17 180 4 15- 8 6500 18

C-3 25 240 5 24- 4 6330 5

D-4 16 260 5 16- 3 30440 31
18-10 37990 5

0-5 1 60 3 16- 11 1290 13

E-5 20 100 3 12- 1 3550 2



Table V-5

Average density of organisms at various locations
along the east coast of North America

Location

Pocasset River, Massachusetts

Charlestown Pond, Rhode Island

Long Island Sound

Average No.
Individuals

per m2

67,000

30,000

16,000

Source

Sanders, et al.~ 1965

Phelps, 1964

Sanders, 1956

Buzzards Bay, Massachusetts
Station R

Buzzards Bay, Massachusetts
All Stations

Mystic River, Connecticut

Moriches Bay, New York

Cape Cod Bay, Massachusetts

Shallow Shelf off Long Island,
New York

Chesapeake Bay, eel grass beds,
. Vi rgi nia

Delaware Bay
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9,000 Sanders, 1960

4,000 Sanders, 1958

3,000 Rowe, et a1. , 1972

1,300 O'Connor, 1972 .

15,000 Young and Rhoads, 1971

700 Steimle and Stone, 1973

14,000 Orth, 1973

200 This Study



Table V-6

Most frequently occurring species in transect samples

1972

Species
Percent

Occurrence Species

1973

Percent
Occurrence

Tell i na agil i s
Ensis directus
Glycera dibranchiata
Heteromastus fili-

formi s
Nephtys picta
Mulinia lateralis
Neomys;s americana
Protohaustorius wigley;
Nemertea sp.
Nucula proxima
Pagurus longicarpus
Trichophoxus epistomus
Mel ita nitida
Streblospio benedicti
NaSsarius trivittatus

62
34
29

24,
18
16
16
14
12
12

9
9
9
9
8.

Te11ina agilis 57
Heteromastus fili-

formis 28
Gemma gemma . 25
G1ycera dibranchiata 24
Mulinia latera1is 21
Nucu1a proxima 21
Nephtys picta 16
Protohaustorius wig1eyi14
G1ycera capitata 14
Nemertea sp. 13
Mytilus edulis 12
Po1ydora ligni 12
Nassariu$ trivittatus 10
Melita nitida 9
Haploscoloplos fragilis 9

'':"
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FIGURE CAPTIONS FOR CHAPTER V

Figure V- 1: Map of Delaware Bay showing transect sampling stations.

Figure V- 2: Sediment classification groups in Delaware Bay.

Figure V- 3: Mean grain size (Mz) of Delaware Bay sediment samples.

Figure V- 4: Sorting coefficient of Delaware Bay sediment samples.

Figure V- 5: Percent silt and clay in Delaware Bay sediment samples.

Figure V- 6: Total number of species in Delaware Bay transect
samples.

Figure V- 7: Total number of individuals in Delaware Bay transect
samples.

Figure V- 8: Percent deposit-feeders in Delaware Bay transect
samples.

Figure V- 9: Distribution of Tellina agilis in Delaware Bay.

5070 is the computer code number for this species.

Figure V-10: Distribution of Heteromastus filiformis in Delaware
Bay.

Figure V-ll:

Figure V-12:

Figure V-13:

Figure V-14:

Distribution of Glycera dibranchiata in Delaware Bay.

Distribution of Nephtys picta in Delaware Bay.

Distribution of.Mulinia lateralis in Delaware Bay.

Distribution of Protohaustorius wigleyi in Delaware

Bay.
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Figure V-15: Distribution of Gemma gemma in Delaware Bay.

Figure V-16: Distribution of Nucula proxima in Delaware Bay.

Figure V-17: Classification dendrogram of samples from transects
1-13, taken in 1972.

Figure V-18: Distribution of Delaware Bay benthic faunal
assemblages defined by samples taken in 1972.

Figure V-19: Sediment characteristics of samples in benthic
faunal assemblage A.

Figure V-20: Sediment characteristics of samples in benthic
faunal assemblage F.

Figure V-21: Sediment characteristics of samples in benthic
fauna 1 assemblage G.

Figure V-22: Sediment characteristics of samples in benthic
faunal assemblage H.

Figure V-23: Sediment characteristics of samples in benthic
faunal assemblage I.

Figure V-24: Classification dendrogram of samples from transects
14-26, taken in 1973.

Figure V-25: Distribution of Delaware Bay benthic faunal
assemblages defined by samples taken in 1973.

Figure V-26: Sediment characteristics of samples in benthic
faunal assemblage 1.

Figure V-27: Sediment characteristics of samples in benthic
faunal assemblage 5.
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Figure V-28: Sediment characteristics of samples in benthic
faunal assemblage 8.

Figure V-29: Sediment characteristics of samples in benthic
faunal assemblage 10.
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VI. SEASONAL CHANGES OF

BENTHIC INVERTEBRATE ASSEMBLAGES

IN THE LIGHTERING AREA

Wayne Leathem

Chris Wethe

Les Watling

INTRODUCTION

Animal-sediment associations and their seasonal variations are
important aspects of marine ecology and are especially important in
relation to activities such as coastal engineering projects which
require extensi ve dredgi ng and spoil di sposal. A thorough knowl edge
of these associations is necessary prior to any evaluation of the
effects of such projects~ which have the potential to dramatically
change the nature of the sediments and significantly.alter the
fauna (Maurer and Wang, 1973; Maurer, et al., 1974a; Cronin, et al.,
1970; Saila, et a1., 1972).

The response of invertebrates to sediment and the interaction
between animal Bnd sediment has been the subject of many studies
(Johnson, 1970; Sanders, 1960; Young and Rhoads, 1971; Kinner, et
aT.,1974). Rhoads and Young (1970), Rhoads (1973), Sanders (1958),

and Bloom, et al. (1972) discussed the distribution of feeding
types and their association with sediment size and stability. The
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stability in species composition of a community over time has been
examined by Lie and Evans (1973)~ Boesch (1973)~ and Watling (1975).

The purpose of this study was to provide a baseline that could
be used to assess the future biological effects of a proposed oil
terminal to be located in'the Delaware Bay anchorage area off Big
Stone Beach~ Delaware and of oil lightering from that area. A
thirteen-month study (May 8~ 1974 - May 6~ 1975) was conducted to
obtain seasonal data on the benthic macroinvertebrates. Research
was undertaken to: (1) identify benthic invertebrates from four
different substrata in and around the anchorage area~ (2) determine
whether there were any recurring dominant groups of species or any
patterns associated with trophic groups at different stations, and
(3) to accurately define the species composition~ distribution, and
abundance throughout the seasons.

METHODS

During 1974-1975 an intensive sampling program was implemented
in and around the Delaware Bay oil tanker lightering area (39°58 I N
latitude and 75°13'W longitude). A preliminary survey was conducted
to determine the nature of the sediments in the area. Four different
substrata were identified over which ten stations were established
(Figure VI-l): sandy shoal (Stations 1 ~ 4, 6); muddy sands (5~ 7~ 10);
a mixed coarse and fine silty sand (2~ 3); and a calcareous serpulid
reef (8, 9). Each station was sampled five times on a quarterly basis
(May~ August~ and November 1974, February and May 1975) with three
repl icates being taken each time with a 0.1 m2 Petersen grab. Two
aliquots of sediment were taken from each grab for grain-size analysis.
The remaining material was washed through a 1.0 mm mesh sieve and the
residue was preserved in 10% buffered formalin. Salinity~ dissolved
oxygen, water, and sediment temperatures were taken at every station.

In the laboratory, benthic samples were sorted~ identified
to species, and counted. Sed'iments were dry sieved and pipette
analysis was used to determine the silt and clay fractions.
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RESULTS AND DISCUSSION

Sediment AnaZysis

The sediments found at the ten quarterly sampling stations
followed a pattern similar to the bay-wide samples (Chapter V).
Well sorted sand was associ ated with shoals, coarse skewed, poorly
sorted sands were located within tidal channels, and very poorly
sorted muddy sands occurred in quiet deep water areas. The sediment
classification system used for the bay-wide stations was employed
for the quarterly samples also. The procedures for grain size
analysis were the same as described in the previous chapter. An
outline of major sediment parameters is given in Appendix Table AVI-l.

The shoal sediment at Station 1 was a well sorted medium to fine
sand. Variation in skewness occurred among samples within quarters
and between quarters. While skewness was variable, mean grain size
and sorting were extremely consistent. Over the first four quarterly
samplings, Mz varied only from 1.93<jl to 2.29<1> while sorting ranged be
tween 0.29<1> and 0.37<jl. These sediments were all in the B-1 classifi
cation range.

Stations 2 and 3 exhibited some variation in ·sediment type
ranging among classifications A-3, A~4, and B-3. A composite descrip
tion would yield a poorly sorted gravelly medium sand. With minor
exceptions they were coarse and strongly coarse skewed samples.

The sediments at Station 4 were generally well sorted very fine
sands and normally had positive (fine) skewness values. One February
and one May sample contained 20% silt-clay (high for this station)
and each were therefore poorly sorted ,(classified as C-3) and strongly
fine skewed.

Stations 5, 7, 8, and 9 were grouped since they possessed similar
sediment classification. These sediments were poorly to very poorly
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sorted very fine muddy sands. These samples may be classified as
C-3, 0-3, or D-4and were strongly fine skewed. Average values for
Stations 5 through 99f the mean grain $ize (Mz ) ranged from 3.99 to
4.14, the sorting (0 i ) increased from 1.42 to 1.86 and the percentage
of silt-cl~y in the samples increased from 34% to 43%.

The sediment at Station 6 was a
that was strongly fine skewed (B-1).

from 2.05~ to 2.37~ and sorting (0i )
0.44~.

well sorted medium to fine sand
Mean grain size (M ) varied. z

was within the range 0.32~ to

Station 10 was similar to Stations 5, 7,8, and 9. It, however,
had a higher silt-clay content and was therefore a very poorly sorted
fine sandy mud. All samples were strongly fine skewed. Sample clas
sifications ranged among C-3, D-3, and 0-4. Except for its higher
silt-clay content, Station 10, with average mean grain size and
sorting values of 4.17 and 1.64, respectively, would have received
the same classification as Stations 5, 7, 8, and 9.

Composition of Fauna by Feeding Type

A total of 180 species of benthic invertebrates were collected.
A complete list of species with feeding type is included in Table VI-l.

The percent composition of the fauna by feeding type for all
quarterly samples combined (Table VI-2) revealed that deposit-feeders
dominated all stations except 3, 8, and 9. These latter stations
were characterized by two suspension feeders, either Mytilusedulis,
Hydroides dianthus, or both. Station 5 had the largest percentage
(97.40%) of deposit feeders. This was due almost exclusively to
the large numbers of Nucula proxima found at this station (Table VI-3).

The suspension feeders, except at Station 4, comprised a greater
percent of the fauna, in all samples combined, than did the carni
vores or omnivores. Generally the carnivores and omnivores were about
equal in percent composition. The carnivores ranged from 0.12% at
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Station 5 to 13.42% at Station 4. The omnivores ranged from 0.0%
at Station 5 to 4.14% at Station 9.

Table VI-4 contains the percent composition of the fauna by
feeding type in each sample and a total percent composition per
station per quarter. Station 1 was dominated by deposit feeders
with the greatest percentage (97.7%) occurring in February. May
1974 and August 1975 were the only quarters d~ring which Station 1
contained suspension feeders. The 22.2% in the November sample, 1-3,
represented the highest percentage of omnivores at anyone station
for all quarters, while the 11.8% for the quarter of May 1975 was
the highest quarterly proportion of omnivores.

The deposit feeders remained dominant at Station 2. This was
due primarily to the abundance of Te11ina agilis and SpiD setosa.
The carnivore, Glycera dibranchiata, accounted for 44% of-the fauna
in sample 2-3 in February; otherwise the percentage of carnivores
remained low.

An increase in abundance of Mytilus edulis during the August
quarter resulted in the unusual dominance of suspension feeders at
Station 3; during the other quarters the fauna was dominated by
the deposit-feeding Spio setosa and Tellina agilis. Station 4 was
also a deposit feeder dominated assemblage. However, in August and
February the station recorded unusually high percentages of carni
vores due to increases in the abundance of the polychaete, Glycera
spp.

Station 5 was dominated in ali quarters by the deposit-feeding
bivalves, Nucula proxima and Tellina agilis, with Ii:- proxima having
the greatest abundance in all but the May 1974 quarter.

Stati ons6, 7, and 10 were all domi na ted by deposit feeders
with the most equal distribution between suspension and deposit
feeders occurring at Station 10 during May 1974. Station 6 during
the February quarter consisted of 100% deposit feeders.
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The individuals at the serpulid assemblage Stations 8 and 9 were
generally evenly distributed among the deposit and suspension feeders.
The domi nance by the ~,spension feeders was a result of the abundance
of 1l1ytilus edulis and Hydroides dianthus, while the Corophiidae spp.
maintained the dominance of the deposit feeders. The May 1974 sample
9-2 consisted of 96.65% suspension feeders which was their largest
percentage in anyone sample for all quarters. The 90.07% for the
quarter was also the largest quarterly total for a suspension feeder.

Evenness Diversity

Samples combined within a quarter possessing 25 or more indi
viduals of a designated feeding type were evaluated in terms of
Fager's (1972) scaled standard deviation evenness measure values
(Table VI-5)". Values of this index (SON) near 1.00 indicate a lack
of dominance and thus an even distribution of individuals among the
species in the feeding type. Values near zero indicate a skewed dis
tribution and thus strong dominance (Fager, 1972). Our experience
has indicated that a minimum of 25 individuals within a feeding type
is necessary to make the SDN values statistically reliable.

SDN values computed for all feeding types in the same quarter
showed that the deposit feeders generally were the group with the most
even composition. The carnivores, in turn, had higher evenness values
than the suspension feeders, while the omnivores tended to be the most
skewed group. In many samples (28) the deposit feeders were the only
group to have enough individuals for computation. Generally when this
occurred the SON values had a tendency to be skewed, suggesting a domi
nance in this feeding category by one or two species.

Dominance Index

In addition to examining which feeding types dominated the various
stations during each quarter, species dominance was evaluated using
McNaughton's (1967) dominance index (Table VI-6). The changes in the
dominance structure at each of the ten stations are summarized below:
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Station Z

The haustoriid amphipod, Parahaustorius longimerus, was the
dominant species throughout the year with several species present
as minor subdominants. The dominance index averaged, 0.83, in
dicating that the assemblage at this station was dominated by one
species.

Stat/ton 2

The spionid polychaete, Spio setosa, was the dominant species
during the warm months, whereas the bivalve, Tellina agilis, was
dominant in November and February. Occasionally, the polychaetes,
Spiophanes bombyx and Mediomastus ambiseta, were significant as

subdominant species. During May and August 1974, the assemblage
was characterized by pairs of species which occurred as codominants
in the samples. With the winter decrease in numbers of Spio
setosa, the samples were strongly dominated by Tellina agilisor
Glycera dibranchiata. In May 1975, the assemblage was recolonized
with hi gh numbers of Spio setosa and Myti lus edul is.

Station;) .

The structure of the community here was similar to that at
Station 2, except that at this station the Mytil us edulis assemblage
completely replaced the Spio setosa - Tel1ina agilis assemblage in
August 1975. Otherwise h agilis was again dominant by February
and S. setosa strongly recolonized the area during the following.
spring.

Station 4

This station showed a continuous replacement of dominant
species beginning with Protohaustorius wigleyi in May 1974, shifting
to Tellina agilis in August, then to a combination of h agilis
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and Trichophoxus epistomus over the winter~ In the spring, the
area was strongly dominated by Nucula prOxima. The greatest
dominance shown by any ,one species (>0.80) was that of Protohaustorius
wig1eyi.

Station 5

This station showed a strongly skewed dominance distribution
(Dominance I~dex >0.90) during the months when Nucula proxima was
prevalent (August and November 1974 and May 1975). Tellina agilis
occurr~d as a dominant in May 1974 and persisted as a subdominant
during the periods of high .!h. proxima abundance.

Station 6

As Station 5 was a predominantly bivaive assemblage, this
station was characterized by haustoriid amphipods. Except in the
February 1975 samples, no one species was strongly dominant over
the others. Also noticeable was the gradual replacement, from May
to November 1974, of Acanthohaustorius mil lsi with Parahaustorius
longimerus, and the latter with Protohaustorius wigleyi.

Stdtion ?

This station, like several already considered, showed a re
placement of dominant species from month to month over the whole
sampling period. Noticeable also, was the lack of clear-cut
dominance of anyone species in the three sam~les taken in May
1974. In general, this assemblage was dominated by bivalves and
polychaetes, with only one crustacean (Ampelisca verrilli) con
tributing significantly.

Stations 8 and 9

These two stations were positioned to sample an existing
reef of calcareous serpulid tubes. This assemblage is probably
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not continuous as the variability in dominant species in the May
1974 samples would suggest. From August to February, the increase
in the proportion of living Hydroides dianthus individuals obtained
probably reflected recent recolonization and active construction
of the reef. The fo 11 owi ng May, the enti re regi on was over-run
with recently set Mytilus edulis, causing a shift in the dominance
structure of the assemblage.

StationlO

This station had a variable dominance structure, but was
essentially a Nucula proxima - Mulinia lateralis assemblage from
May to November 1974. With the increase in numbers of Ampelisca
verrilli in February 1975, this assemblage shifted to one domi
na ted by ~verrill i and .!'h. proxima.

Cluster Analysis

Cluster analysis techniques using a group average sorting
strategy with the Czekanowski similarity coefficient were used to
find those stations which had the most similar groups of species
(Figures VI ... 2 to VI-6).· Species with 1ess than 10% occurrence

'were eliminated from consideration in order to minimize the possi
bility of misclassifying samples.

The station groups for each quarter are summarized in Table
VI-7. Five station groups which consistently appeared were
Stations 1 and 6, 2 and 3, 5~ 7 and 10, 8 and 9, with Station 4
clustering separately. Station 9 clusters with 5 and 10 in May
1974 due to the dominance of Asabe11ides oculatus and Mytilus
edulis and the low numbers of Nucula proxima at Stations 5 and 10
during this quarter. The dominance of Nucula proxima is also the
controlling factor for the clustering of Station 7 with Stations
5 and 10 in August.
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Cluster techniques employing the Czekanowski similarity coeffi
cient were also used to determine which species groupings were present
during e~ch quarter (F~gures VI-7 to VI-ll). These groups are summa
rizedin Table VI-B. There were five major species groupings. Group
A predominantly consisted of haustoriid amphipods found at Stations 1
and 6. Group B was composed primarily of deposit-feeding bivalves and
polychaetes (Nucula proxima, Tellina agilis, Yoldialimatula, Asabellides
oculatus, and Scoloplos robustus) found at ~tations 5 and 10 with a few
from Station 7. The majority of species in Group 0 were from Stations
8 and 9. These species included Hydroides dianthus and Mytilus edulis
as dominants with many associates among the serpulid tubes and byssal
threads (xanthid crabs, Unciola serrata, Corophium simile, Harmothoe
extenuata, Nereis succinea, and Marphysa sanguinea). These three
groups were found consistently during all five quarters. Group E
consisted primarily of species from Stations 2, 3, and 4 and was not
found in May 1974. This group contained species (Glycera spp. and
Nephtys picta) whose sediment tolerances include the stations in
Group B, but they were not dominant at those stations. The Group E
stations were characterized by coarser sands than those·in Group B.
Group C was the only group which appeared in only one quarter. It
was found at Stations 2 and 3 in May 1974 and tonsisted primarily of
the polychaete family Spionidae. Stations 2 and 3 species were repre
sented quite frequently in all except GroupA.

Animal-Sediment Re.lations

Studies involving benthic invertebrates have revealed that
certain assemblages recur and that species within these assemblages
exhibit sediment preferences (Thorson, 1957). The combination of
grain size and the distribution of the silt-clay content was an im
portant factor influencing animal-sediment associations in this study.

Examination of AppendiX Table AVI-l shows that Stations 4, 5,

and 8 vlere similar in grain size (Mzq» values and clustered together
according to their structural measures (Figure VI-12). The silt-clay
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differences at Stations 4 and 5 were 2% and 20%, resp~ctive1y, sug
gesting that the difference in species composition at these stations
was not due to grain-size alone but was influenced by the silt-clay
fraction. This is further supported by the tendency for Stations 5,
7, and 10 to cluster together based on species composition (Table VI-7).

The data from this study supported that of McNulty, et a1.
(1962) and Bloom, et a1. (1972) in that the deposit feeders pre
dominated in sediments containing a wide range of silt and clay (0.5
to 70.8%}. Excluding the conditions at Stations 3, 8, and 9 where
Mytilus and Hydroides trapped fine particles, the suspension feeders

were dominant in sediments having an average median grain size of
0.055 mm. This is finer than the optimum median grain size of 0.18
mm reported by Sanders (1958),0.174 mm by Bloom, et a1. (1972), or

that (0.4 mm) of McNulty, et a1. (1962).

The relatively high abundance of carnivores at Station 4 and
their small proportion at Stations 1 and 6 suggested that the dif
ference in these shoal assemblages may be due to the smaller median
grain size (0.088 mm) and the greater percentage of silt-clay (12%)
at Station 4 than occurs at Stations 1 and 6, which have a median
grain size of 0.25 mm and a silt-clay fraction of 1%.

The occurrences of the dominant species, !:!.:.. edulis, N. proxima,
and H. dianthus, may be explained on the basis of their sediment
preferences. !i.:- edu1is was abundant at Stations 3, 8, and 9 due
to the availability of hard substrata (pebbles, shell, calcareous
tubes), which provided a place for byssal thread attachment. The
deposit-feeding .!i:- proxima appeared at Stations 5, 7, and 10 which
were characterized by a combination of fine sand and high silt-clay
content. The initial setting preference of ~ dianthus at Stations
8 and 9 is not clearly understood because no coring was done in this
study. The reef, however, evidently maintains itself above the
accumulating silt level by continually constructing new tubes upon

the older structures.
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The species associated with these dominants, with the .possible
exception of the ~ proxima assemblage, cannot be entirely explained
on the basis of sediment associations. Their occurrence may be more
dependent on the niches and biological interactions provided by the
dominant organisms.

As reported for the region near the mouth of Delaware Bay
(Kinner, et al., 1974), h agilis was again the most widespread
species. Except for the shoal Stations 1 and 6, ~ agilis was the
only organism to occur in at least 50% of the samples at all stations.
O~r data also agrees with Mills' (1964, 1967a, b) that sediment.
particle size was important for tube-building ampeliscids and that
sediments with 10-30% silt-clay were ideal for this activity.

Benthic Communities and Assemblages

Mills' (1969) defined a communi'ty as lIa group of organisms
occurring in a particular environment, presumably interacting with
each other and the envi ronment, and separable by means of eco logical
survey from other groups. II Johnson (1970), Bloom, et al. (1972),
and Boesch (1973) supported Mills' view. Bloom, et al. (1972)
stated that the lack of a consistent multi-species dominance pattern
combined with overwhelming dominance by one species tends to invali
date the use of the Petersen community concept. Boesch (1973) did
not assign Petersen community types to assemblages in Chesapeake
Bay~ Based on our data in and around the Delaware Bay lightering
area, Petersen community types were not evident. Moreover, a number
of our dominant species have been found elsewhere in various habitats:
Nucula proxima (Sanders, 1958; Driscoll and Brandon, 1973; Young,

·1971; Watling, et al., 1974; Kinner, et al., 1974); Mytilus edu1is
(Steimle and Stone, 1973; Hughes and Thomas, 1971; Maurer, et a1.,
1974b); Haustoriidae species (Howard and Dorjes, 1972); Ampelisca
species (Thorson, 1957; Sanders, 1958; Boesch, 1973); and Te11ina
species (Treva11ion, 1971; Maurer, 1967; Kinner, et al., 1974;
O'Connor, 1972).
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For Delaware Bay as a whole the situation differs somewhat.
There are large oyster beds which are known to be inhabited by a
relatively constant group of species (Maurer and Watling, 1973), many
of which have also been found in the serpulid assemblage. Although
these beds contain pockets of mud and muddy shell with mixtures of
infaunal and epifaunal species, the major constituents of these.
associations are epifaunal species which have siblings or congeners
in estuaries throughout temperate latitudes (Hedgpeth, 1957; Carriker,
1967) .

Our cluster analysis studies from Chapter V indicated the
presence of one group of species (characterized by Tellina agilis,
Nephtys picta, and Glycera capitata) which inhabited the same wide
spread region of the bay for two years. On a finer scale, however,
as the sediment composition changed at selected stations, different
groups of species emerged. Other factors, such as the success of
Mytilus erlulislarvae in the plankton during January to March, caused
substantial changes in the composition of the soft bottom assemblages
at certain stations. It is not unlikely that these changes observed
at the lightering area also occurred throughout the bay.

Because of their structural composition and geological con
tinuity it is easier to identify the oyster community as a separate
entity than it is to delimit boundaries in the soft bottoms where the
physical changes are very subtle. As a result, the oyster beds and
reef assemblages more easily qualify as a Petersen-type community
than do soft bottom areas. Thus it appears that the bay is composed
of a mosaic of species groups, which range on one hand from a wel!
defined, epifaunal oyster and reef community to, on the other hand,
Widely distributed species groups (assemblages) whose dominant species
in any orte microhabitat change seasonally and/or annually. It is our
opinion that the combination of these assemblages, viewed over a
longer time period and on an estuary-vdde scale, represents a com':
munity which corresponds to the Mills! (1969) concept and which may
satisfy the criteria of the Petersen~Thorson concept.
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Table VI-l

Total species list from quarterly samples

Feeding Type*

SF

SF

SF

(Ellis and Solander
1786 )

Halichondria sp. cf. H. bowerbanki
Burton 1930 --

Order Hadromerina
Cliona celata Grant 1826

Phyl um Porifera
Class Demospongiae

Order Poecilosclerina
Microciona prolifera1003

1008

1006

2034

2002
2007
2023
2021

Phylum Cnidaria
Class Hydrozoa

Order Hydroida
Tubularia crocea
Hydractinia echinata (Fleming 1828)
Campanularia sp.
Sertularia argentea Linne 1758

Class Anthozoa
Order Madreporaria

Astrangia danae Agass~z 1847

SF
SF
SF
SF

SF

Phylum Rhynchocoela
Class Anopla

Order Heteronemertini
3006 Zygeupolia rubens (Coe 1895)

Class Enopla
Order Bdellonemertini

3014 Nemertea sp.
3016 Flatworm A

C

c
c

Phylum Annelida
Family Ampharetidae

4001 Ampharete acuttfrons Grube 1860 OF
4002 Asabellides oculatus (Webster 1879) OF

Family Arabellidae
4006 Driloneris longa Webster 1879 0
4007 Dri10neris magna Webster and Benedict 1887 0

Family Capitel1idae
4009 Capitel1acapitata (Fabricius 1780} OF
4010 Heteromastus filiformis (C1aparede 1864) OF
4011 Mediomastus ambiseta (Hartman 1947) DF
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Table VI-J (cont.)

4015
4140
4018
4178
4172

4021

4153

4023

4024

4025
4026
4027

4028
4029

4030

4033

4040

4045
4183

4051
4052
4053

4055

4057

4063
4064
4065
4142

4141
4071

Family Cirratulidae
Caulleriella sp. 2
Cirratu1idae sp.
Tharyx sp. 2
Chaetozone sp.
Chaetozone sp. 1

Family Oorvilleidae
Sehistomeringos rudolphi

Family Dnuphidae
Oiopatra euprea (Bose 1802)

Family Orbiniidae
Haploseoloplos aeutus (Verrill 1873)
Haploscoloplos fragi"lis (Verrill 1873)
Haploseoloplos robustus (Verrill 1873)
Scoloplos sp.

Family Paraonidae
Arieidea sp.
Arieidea cerruti Laubier 1967
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OF
OF
OF
OF

OF

OF

OF

OF

C
C
C

C
"C

C

OF

OF

OF
OF

o
o
o

o
OF

OF
OF
OF
OF

OF
OF



Table VI-l (conto)

4076

4077
4079
4080
4083
4084
4085

4152
4090
4091
4092

4093

4101

4104
4105

4106
4107
4108
4109
4110
4111
4117
4118
4119

4125
4131

4134
4137

Class
4400
4401

Family Pectinariidae
Pectinaria gouldii Verrill 1873

Family Phy11odocidae
Eteone hetero~oda Hartman 1951
Eteone1onga Fabricius 1780)
Eumida sanguinea (Oersted 1843)
Paranaitis speciosa(Webster 1880)
Phy11odoce arenae Webster 1880
Phy11odocemaculata (Linnaeus 1767)

Family Polynoidae
Harmothoe (Lagisca) extenuata (Grube 1840)
Lepidametria commensal is Webster 1879
Lepidonotus sguamatus (Linnaeus 1756
Lepidonotus sublevis Verrill 1873

Family Sabellaridae
Sabellaria vulgaris Verrill 1873

Family Serpulidae
Hydroides dianthus (Verrill 1873)

Family Sigalionidae
Sthenelaislimicola (Ehlers 1864)
Sthenelais boa (Johnston 1833)

Family Spionidae---
Oispio uncinata Hartman 1951
Paraprionospio pinnata (Ehlers 1901)
Polydora caul1eryiMesnil 1879
Polydora concharum Verrill 1880
Po1ydora ligni Webster 1879
Polydora socialis (Schmarda 1861)
Spio setosa Verrill 1873
Spiophanes bombyx (Claparede 1870)
Streblospio benedicti Webster 1879

Family Syllidae ..
Proceraea cornuta (Agassiz, 1863)
Syllisgracilis Grube 1840

Family Terebellidae
Amphitrite ornata (Leidy 1855)
Polycirrus eximius (Leidy, 1855)

01 igochaeta
Oligochaeta A
Oligochaeta B

OF

o
o
o
C
c
c

c
c
C
C

SF

SF

C
C

OF
OF
OF
OF
OF
OF
OF
DF
OF

o
o

OF
DF

OF
OF

Phylum Sipunculida
4700 Sipunculida sp.
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Table VI-l (cont.)

Phyl um Mollusca
Class Gastropoda

Order Mesogastropoda
5099 Hydrobia totteni Morrison 1954 C
5012 Crepidu1a fornicata (Linne 17581 SF
5013 Crepidula convexa Say 1822 SF
5014 Crepidula plana Say 1822 SF
5015 Polinices duplicatus (Say, 1822) C

Order Neogastropoda
5022 Anachis avara (Say 1822) C
5023 Mitrella lunata (Say 1826) C
5027 Nassarius trivittatus (Say 1822) C
5029 Marginella roscida Redfield 1860 C

Order Tectibranchia
5098 Acteocina canaliculata (Say 1822) C
5031 Acteo" unctostriatus (C.B. Adams 1840) C
5032 Haminoea solitaria Say 1822) C
5040 Turboni 11 a i nterrupta (Totten 1835 ) C

Class Polyplacophora
Order Nudibranchia

5044 Oorode11a obscura Verrill 1870 C
5110 Cuthona concinna(Alder and Hancock 1843) C
51n Ooto coronata (Gme1in 1791) C

Class Bivalvia
Order Protobranchia

5047 Nucu1a proxima Say 1822 OF
5048 Yoldia 1imatula Say 1831 OF

Order Fi1ibranchia
5050 Anadara ovalis (Bruguiere 1789) SF
5053 Mytilus edulfs Linne 1758 SF
5055 Anomia simplex Orbigny 1842 SF

Order Eulamel1ibranchia
5066 Mercenaria mercenaria (Linne 1758) SF
5069 Petricolapholadiformis (Lamarck 1818) SF
5070 Tel1inaagilisStimpson 1857 DF
5076 Donax variabilis Say 1822 SF
5079 Siliqua costata Say 1822 SF
5080 Ensis directus Conrad 1843 SF
5081 Spisu1a solidissima (Dillwyn 1817) SF
5082 Mulinia 1atera1is (Say 1822) SF
5091 Lyonsia hyalina Conrad 1831 SF
5093 Pandora gouldiana D~11 1886 SF
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Table Vl-l (cant.)

Phylum Arthropoda
Class Pycnogonida

6003 Tanystylum orbiculare Wilson 1878 DF
Class Crustacea

6009 Balanus (Balanus) improvisus Darwin 1854 SF
Order Mysidacea

Family Mysi dae
7002 Neomysis americana (S.l. Smith 1873) SF
7145 Heteromysis formosa S.l. Smith 1873 SF

Order Cumacea
Fami ly Bodotri idae

7175 Leptocuma minorCalman 1912 DF
7176 Mancocuma altera Zimmer 1943 DF

Family Oiasty1idae
7009 Oxyurostylis smithi Ca1man 1912 OF

Order lsopoda.
Family Idoteidae

7026 Chiridotea tuftsi (Stimpson 1883) OF
7028 Edotea tri loba (Say 1818) OF

Order Amphipoda
Family Ampeliscjdae

·7035 Ampelisca abdita Mills 1964 OF
7036 Ampelisca vadorum Mills 1963 OF
7037 Ampel i sca verri 11 i Mi 11 s 1967 OF

Family Aori dae
7042 Lembos smithi (Holmes 1905) OF
7043 Microdeutopus gryllotalpa Costa 1853 OF

Family Bateidae
7047 Batea catharinensis Fr. Muller 1865 OF

Family Corophiidae
7051 Corophium insidiosum Crawford 1937 OF
7053 Corophium tuberculatum Shoemaker 1934 OF
7054 Erichthoni us brasil i ens is Dana 1853 OF
7055 Unciola irrorata Say 1818 OF
7056 Unciola serrata Shoemaker. 1945 DF
7057 Unciola dissimilis Shoemaker 1945 OF
7058 Corophium simile Shoemaker 1934 OF
7059 Siphonoecetes smithianus Rathbun 1905 OF

Family Gammaridae
7068 Elasmopus laevis (Smith 1871) OF
7070 Melita nitida Smith 1873 OF

Family Haustoriidae
7072 Parahaustorius attenuatus Bousfield 1965 . OF
7073 Parahaustorius holmesi Bousfield 1965 OF
7074 Parahaustorius longimerus Bousfield 1965 OF
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OF
OF

SF
SF

OF
OF
OF
OF
OF

OF

OF

OF
OF
OF

OF

OF
OF

OF

OF

C

C
C
C

, C

Pratohaustorius wigleyi Bousfield 1965
Acanthohaustorius millsi Bousfield 1965
Bathyporeia parkeri Bousfield 1973
Bathyporeia guoddyensis Shoemaker 1949
Acanthohaustorius shoemakeri Bousfield

Family Lysianassidae
Lysianopsis alba Holmes 1905

Family Oedicerotidae
Synchelidium americanum Bousfield 1973

Family Phoxocephalidae
Paraphoxus spinosus Holmes 1903
Trichophoxus epistomus (Shoemaker 1938)
Phoxocephalus holbolli (Kroyer 1842)

Family Pleustidae
Parapleustes aestuarius Watling and Maurer

1973
Orc,hestia grillus B'osc 1802

Family Caprel1idae
Caprella eguilibra Say 1818
Paracaprella tenuis Mayer 1903

Order Decapoda
Family Crangonidae

Crangon septemspinosa (Say 1818)
Family Callianas~idae

Upogebia affinis (Say 1818)
Callianassa sp. cf. C. atlantica

Family Paguridae
Pagufus longicarpus Say 1817

Family Porcel1anidae
Euceramus prae10ngus Stimpson 1860

Family Cancridae
Cancer irroratus Say 1817

Family Xanthidae
Xanthi d sp.
Neopanope texana sayi (Smith 1869)
Panopeus herbsti H. Milne-Edwards 1834
Hexapanopeus angustifrons (Benedict and

Rathbun 1891)

TIn

7113
7148

7115

7149

TlZl

7146
7124
7125
7127

7086

7091

7092
7093
7094

7095

7100

7105
7106

Table VI-l (cant.)

7075
7078
7172
7174
Tl73

7144
7129
7130
7147
7132

Family Pinnotheridae
Pinnotheres maculatus Say 1818
Pinnixa retinens Rathbun 1818
Pinnixa sayana Stimpson 1860
Pinnixa sp. -
Sesarma reticulatum (Say 1817)

Commensal
OF
OF
OF

C
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8002
8009

8012
8013

'8014
8015
8018
8022
8023

9007

Table VI-L (eonJ.)

Phylum Ectoprocta
Class Gymnolaemata

Order Ctenostomata
Alcyonidium polyoum (Hassall 1841)
Tritiee11aelongata (Osburn 1912)

. Order Cheil ostomata
Membranipora tenuis Oesor 1848
Membranipora tubereu1ata (Bose 1802)
Conopeum tenuissimum (Canu'1908)
Conopeum truitti Osburn 1944
Electra monostachys Marcus 1938
Cryptosula pal1asiana (Moll 1803)
Schizoporella errata (Watess 1878)

Phylum Echinodermata
Class Asteroidea

Order Forcipulata
9008 Starfish (juv.)

Class Ophiuroidea
Order Ophiurida

9003 Amphi oplusabditus (Verri 11)
Class Echinoidea

Order Dendrochirota
Thyone briareus (LeSueur 1824)

* SF = Suspension Feeder
OF = Deposit Feeder
C = Carnivore
0= Omnivore
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> Table VI-2

Percent composition of fauna by feeding type from
all quarterly samples combined

Station Deposit Feeders Suspension Feeders Carnivores Omnivores
(%) (%) (%) (%)

1 86.90 8.23 1.22 3.65
2 73.17 23.17 2.61 1.05
3 46.84 45.39 5.33 2.44
4 58.00 2.62 13.42 1. 54
5 97.40 0.55 0.12 0.00
6 90.47 5.68 0.45 3.40
7 76.18 16.81 2.97 4.04
8 26.64 65.24 4.66 3.44
9 33.48 55.79 6.59 4.14

10 80.58 14.90 4.17 0.35
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Table VI-3

Relative abu dance and frequency of occurrence
of dom nant species at each station

Percent of Percent No. of
Station Speci es Fauna Occ.urrence Individuals

1 Parahaustorius longimerus 65.8 100.0 216

2 Spio setosa 53.18 ' 60.0 1,462
Tell i na a9il i s 8.80 100.0 242

3 Mytilus edu1is 43.79 53.3 879
Spio setosa 26.65 66.7 535
Te11ina agilis 7.62 87.6 153
Unciola serrata 1. 14 60.0' 23
Nephtys pi cta 0.99 53.3 20

4 Protohaustorius wigleyi 22.83 26.7 148
Tenina agilis 20.21 93.3 131
Nucula proxima 18.36 40.0 119
G1ycera capitata 4.78 66.7 31

5 Nucu1a proxima 95.45 93.3 21,393
Tell i na agil i s 1. 73 93.3 389
Ensis directus 0.45 60.0 101

6 Parahaustorius longimerus 38.18 73.3 168
Acanthohaustorius mil1si 23.63 80.0 104
Protohaustorius wigleyi 18.86 73.3 83

7 Nucu1a proxima 22.76 46.7 107
Ampe1isca verrilli 18.93 73.3 89
Mu1inia 1atera1i s 14.46 60.0 68
Te11 i na ag11 is 12.97 66.7 61
Nephtys incisa 3.19 60.0 15

8 Mytilus edu1is 51. 15 60.0 13,904
Unciola serrata 10.40 100.0 2,827
Hydroides dianthus 9.57 93.3 2,601
Corophium simile 5.87 100.0 1,596
Sabellaria vulgaris 3.13 93.3 852
Eumida sanguinea 2.95 66.7 804
Xanthid sp. 2.62 100.0 714
Nucula proxima 1.77 86.7 483
Lembos smithi 1.28 86.7 348
Polycirrus eximius 1. 14 80.0 310
Po1ydora 1i gni 1. 13 60.0 309
Asabel1ides oculatus 1. 12 93.3 305
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Table VI-3 (cont. )

Percent of Percent No. of
Station Species Fauna Occurrence Individuals

8 Mediomastus ambiseta 1. 05 66.7 288
Crepidula plana 0.61 53.3 166
Lepidonotus squamatus 0.45 86.7 125
Nereis succinea 0.40 93.3 109
Marphysa sanguinea 0.40 . 86.7 109
Heteromastus filiformis 0.40 80.0 111
Polydora socialis 0.38 60.0 104
Neopanope texana' sayi 0.34 86.7 95
Mercenaria mercenaria 0.31 80.0 86
Glycinde sol itaria 0.23 60.0 65
Mel ita nitida 0.15 66.7 41
Tell i na a9i li s 0.10 86.7 29
Ampe1i sca a bd ita 0.08 53.3 24
Podarke obscura 0.07 53.3 21

9 Mytil us edulis 29.27 66.7 3,322
Hydroides dianthus 22.93 80.0 2,603.
Unciola serrata 8.41 73.3 955
Corophium simile 5.68 66.7 645
Medi omastus ambi seta 3.47 80.0 394
Nucula proxima 3.26 93.3 370
Xanthid sp. 2.99 80.0 340
Eumidasanguinea 2.82 66.7 321
Sabellaria vulgaris 2.53 73.3 288
Polycirrus,eximius 2.37 80.0 269
Heteromastus filiformis 2.15 93.3 245
Asabellides oculatus 1.70' 93.3 194
Nereis succinea 1. 15 66.7 13'1
Lembos smithi 0.97 53.3 111
Glycinde solita ri a 0.84 93.3 96
Mercenaria mercenaria 0.68 73.3 78
Marphysa sanguinea 0.56 73.3 64
Lepidonotus sguamatus 0.37 53.3 42
Harmothoe extenuata 0.30 60.0 35
~urostylis smithi 0.30 53.3 35
Tell i na agil i s 0.23 66.7 27

10 Nucula proxima 51.84 100.0 435
Ampeliscaverril1i 8.93 86.7 75
Mulinia 1ateralis 6.67 73.3 56
Te11ina agilis 6.19 86.7 52
Yo1 diali rna tu 1a 1.78' 66.7 15
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Table VI-4

Percent composition of fauna by feeding type for each sample

Feeding Station Total for Station Total for Station Total for
Quarter Type 1-1 1-2 1-3 Quarter 2-1 2-2 2-3 Quarter 3-1 3-2 3-3 Quarter

OF* 71.4 60.0 100.0 74.0 84.62 96.77 97.83 93.10 81.25 78.79 81.83 80.59
May SF* 14.3 40.0 0.0 21. 7 5.13 3.23 0.00 2.59 6.25 9.09 9.00 7.77

1974 c* 0.0 0.0 0.0 0.0 . 10.25 0.00 2.17 4.31 12.50 12.12 4.54 10.67
0* 14.3 0.0 0.0 4.3 0.00 0.00 0.00 0.00 0.00 0.00 4.54 0.97

OF 80.0 85.0 90.0 84.9 91.00 72.42 68.18 85.72 10.60 37.05 10.32 13.61
August SF 18.2 15.0 4.0 12.7 3.00 20.69 13.64 6.23 83.90 44.68 79.69 77.79
1974 C 0.0 0.0 4.0 1.2 4.00 6.89 18.18 6.59 4.59 12.'90 9.06 7.19

a 1.8 0.0 2.0 1.2 2.00 0.00 0.00 1. 46 0.91 5.37 0.93 1. 41

w OF 100.0 95.2 77 .8 91. a 95.16 93.34 93.16 93.85 82.89 64.00 42.43 68.26
N

Nov. SF 0.0 0.0 0.0 0.0 3.23 5.00 2.74 3.59 0.00 0.00 21.21 5.560

1974 C 0.0 4.8 0.0 1.3 1. 61 1.66 4.10 2.56 14.70 20.00 15.15 15.87
a 0.0 0.0 22.2 7.7 ·0. 00 0.00 0.00 0,00 2.94 16.00 21.21 10.31

DF 100.0 93.7 100.0 97.7 91.66 92.30 55.55 84.79 82;04 79.05 86.36 82.55
Feb. SF 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00 2.33 0.00 0.79
1975 C 0.0 0.0 0.0 0.0 8.33 7.69 44.44 15.21 12.82 0.00 9.09 7.14

a 0.0 6.3 0.0 2.3 0.00 0.00 0.00 0.00 .5.12 18.60 4.54 9.52

OF 100.0 85.7 66.6 82.3 83.8750.3783.18 68.51 29~72 66.68 38.10 68.60
May SF 0.0 0;0 0.0 0.0 13.23 45.19 15.98 28.58 23.03 32.36 50.00 29.27

1975 C 0.0 0.0 16.7 5.9 2. 01 2.58 0.42 1. 74 0.29 0.24 2.38 0.75
a 0.0 14.3 16.7 11.8 0.89 1.86 0.42 1.17 1. 16 0.72 9.52 1. 38



Table VI-4 (cant.)

Feeding Station Total for Station Total for Station Total for
Quarter Type 4-1 4-2 4-3 Quarter 5-1 5-2 5-3 Quarter 6-1 6-2 6-3 Quarter

OF 83.33 94.95 98.22 95.22 100.00 56.53 44.78 53.79 98.44 100.00 92.73 96.10
May SF 8.33 4.04 0.00 2.99 0.00 42.03 54.48 45.33 0.00 0.00 7.27 3.12

1974 C 0.00 0.00 0.00 0.00 0.00 1044 0.74 0.88 0.00 0.00 0.00 0.00
0 8.33 1001 ,1.78 1.79 0.00 0.00 0.00 0.00 1.56 0.00 0.00 0.78

OF 53.32 63.80 68.90 62.72 99.55 99.98 98.86 98.89 84.62 81.82 84.63 84.10
August SF 6.67 10.34 0.00 5.93 0.45 0.02 0.14 0.11 7.69 15.15 11.53 11.36
1974 C 33.33 25.86 28.88 29.,66 0.00' 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0 6.66 0.00 2.22 1069 0.00 0.00 0.00 0.00 7.69 3.03 3.84 4.54,

OF 93.87 81.17 52.15 70.83 100.00 99.62 99.31 99.67 89.29 78.58 83.34 85.19
Nov. SF 1. 53 0.00 0.00 0.90 0.00 0.04 0.00 0.02 0.00 0.00 0.00 0.00

w 1974 C 5.34 17.39 21.73 10.76 0.00 0.34 0.69 0.31 0.00 7.14 8.33 3.70
N
--' 0 1052 1044 4.34 1079 0.00 0.00 0..00 0.00 ' 10.71 14.28 8.33 11.11

OF' 64.27 42.86 53.33 53.50 75.00 87.50 80.01 68.43 100.00 100.00 100.00 100.00
Feb. SF 14.29 0.00 0.00 4.65 0.00 12.50 28.57 13.16 0.00 0.00 0.00 0.00
1975 C 21.42 50.00 46.66 39.53 25.00 0.00 14.28 15.78 0.00 0.00 0.00 0.00

0 0.00 7.14 0.00 2.32 0.00 0.00 7.14 2.63 0.00 0.00 0.00 0.00

OF 95.00 88.24 65.00 87.63 99.98 98.26 99.77 99.90 ' 95.00 100.00 100.00 97.73
May SF 0.00 0.00 5.00 1. 03 0.02 0.87 0.23 0.07 5.00 0.00 0.00 2.27

1975 C 5.00 11.76 30.00 11.34 0.00 0.87 0.00 0.03 0.00 0.00 0.00 0.00
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Table VI ..A (cant.)

Feeding Station Total for Station Total for Station Total for
Quarter Type 7-1 7-2 7-3 Quarter 8-1 8-2 8-3 Quarter 9-1 9-2 9-3 Quarter

OF 100.00 66.67 77.78 86.67 46.13 67.99 45.45 49.08 12.25 '4. 16 67.65 8.23
May SF 0.00 16.67 11.11 6.67 42.78 14.19 32.02 39.01 83.86 95.46 20.59 90.07

1974 C 0.00 16.66 11.11 6.66 10.25 14.52 9.16 10.59 1. 48 0.2811.76 0.91
a 0.00 .0.00 0.00 0.00 0.84 3.30 3.43 1.32 2.41 0.00 0.00 0.79

OF 60.35 47.80 72.89 62.37 61.42 74.65 47.36 62.20 36 ..04 45.77 54.00 42.63
. August SF 36.21 40.58 22.03 33.33 18.56 10.91 34.90 22.27 49.28 40.27 43.31 44.92

1974 C 0.00 0.00 0.00 0.00 19.78 13.56 6.87 14.37 9.55 12.63 6.23 8.36
a 3.44 4.34 5.08 4.30 0.24 0.88 2.71 1. 16 5.13 1. 33 4.20 4.09

OF 68.44 83.45 90.00 79.25 41.43 48.54 43.03 45.84 51. 36 57.48 65.94 55.81
Nov. SF 10.52 4.16 0.00 5.66 42.57 38.07 41.73 39.86 31.98 32.83 12.22 27.10

w 1974 C 5.26 4.16 0.00 3.77 12.21 9.05 7.91 9.36 11 .71 8.95 '12.22 11.49
N a 15.78 8.33 10.00 11.32 3.79 4.34 7.33 4.94 4.95 0.74 9.62 5.60. N

OF 80.00 90.70 96.00 92.06 51.86 42.09 62.86 49.59 61.00 70.39 82.42 65.33
Feb. SF 10.00 2.33 4.00 2.27 45.69 50.74 19.81 41.30 20.95 13.33 9.25 18.64
1975 C 5.00 4.65 0.00 3.40 4.95 3.46 5.87 4.64 9.34 7.40 8.33 8.21

a 5.00 2.32 0.00 2.27 1. 02 3.71 11.46 4.47 8.71 8.88 0.00 7.82

OF 84.10 77.50 93.55 84.36 2.49 9.35 18.97 8.27 . 13.91 17.22 29.68 16.24
May SF 11 .36 5.00 3.23 6.96 95.23 84.17 73.24 87.39 77.41 73.84 60.83 74.94

1975 C 4.54 12.50 0.00 6.08 1. 34 1. 35 1.47 0.84 4.07 6.03 5.34 4.60
a 0.00 5.00 3.22 2.60 0.94 5.13 6.32 3.50 4.61 2.91 . 4. 15 4.22





Table VI-5

Quarterly scaled evenness diversity values by feeding type for each station

Station Feeding Type r~ay 1974 August 1974 November 1974 February 1975 May 1975

SON* Sp* 1* SON Sp I SON Sp I SON Sp I SDN Sp I

OF . 165 8 140 .402 10 71 .000 5 44

2 DF .554 19 109 .490 21 233 .249 9 183 .071 17 1448
SF .026 4 609

C .500 7 37
0 . 071 3 25

3 DF .604 11 83 .479 22 111 .727 19 86 .012 6 104 .076 12 546
w SF .019 5 662 .005 6 233
N C .396 10 61+:>

4 DF . 055 6 159 .453 11 73 .535 8 193 .381 11 85
C .692 4 35

5 OF .611 10 121 .015 4 10562 . .011 2 5610 .614 10 26 .041 8 5551
SF .193 4 102

6 OF .556 4 123 .341 7 148 .545 6 46 .000 3 38 .559 6 41

7 OF .688 12 26 .193 7 116 .178 10 42 .393 6 79 .457 13 97
SF .000 2 62

8 OF .553 26 1440 .532 27 1066 .539 29 1235 .328 27 2262 .524 33 1514
SF .. 202 7 1145 .232 7 379 .395 6 170 .299 7 1884 .018 6 13086

C .407 9 311 .359 10 246 .541 15 382 .255 10 210 .532 14 223
0 .149 5 39 .279 4 145 .0lD 2 204 .112 4 527



Table VI-5 (cont.)

Station Feeding Type May 1974 August 1974 November 1974 February 1975 May 1975

SON Sp I SON Sp I SON Sp . I SON Sp I SON Sp I

9 OF .634 21 134 .643 21 1927 .665 24 602 .671 21 668 .674 25 538
SF .319 5 1469 .168 10 1987 .279 7 290 .457 6 193 .103 7 2392

C .422 8 328 .635 17 123 .431 12 93 .565 11 147
0 .514 3 181 .128 3 60 .295 3 81 .240 4 135

10 . OF .649 16 100 .179 7 163 .096 5 225 .438 7 64 .395 6 121
SF .811 3 69 .104 4 30

*SON = Fager's (1972) scaled standard deviation
Sp = Number of species

w I = Number of individuals
N
(J1



Table VI-6

Proportions of the two most abundant species and dominance index for each sample

Station 1 May 1974 August 1974 November 1974
1-1 1-2 1-3 1-1 1-2 1-3 1-1 1-2 1-3

Spe~ies Proportion Proportion Proportion

Parahaustorius longimerus . .571 .400 1.00 .655 .750 .660 .933 .333
Severa 1 Species* . 143 .100
Mulinia 1atera li s .164 .150
E1asmopus laevis .120
Others (Arthropoda) .033
Nucula proxima .476
Magelona sp. 2 .259'
Nephtys picta .222

w Dominance Index .714 .500 1. 00 .819 .900 .780 .966 .809 .481
N
0)

February 1975 May 1975
1-1 1-2 1-3' 1-1 1-2 1-3 Dominance

Proportion Proportion Frequency**

Parahaustorius 10ngimerus .944 .750 1.00 .500 .429 .667 11
Others .063 .167
Mulinia latera1is
Elasmopus 1aevis
Others (Arthropoda)
Nucula proxima .055 .500 .429 3
Mage10na sp. 2
Nephtys picta --
Dominance Index .999 .813 1.00 1.00 .858 .834



Tab1 e VI-6 (cant.)

Station 2 May 1974 August 1974 November 1974
2-1 2-2 2-3 2-1 2-2 2-3 2-1 2-2 2-3

Species Proportion Proportion Proportion

Spiophanes bombyx .256 .239
Tellina agil is .231 .258 .283 .172 .850 .524 .699
Spio setosa .452 .423 .227
Mediomastusambiseta .264 .159
Several Species .138 .030
Nephtyspicta .238
Nucula proxima .110
G1ycera dibranchiata
r~yti 1us edu1 is

Dominance Index .487 .710 .522 .687 .310 .386 .880 .762 .809
w
N February 1975 May 1975-.....J

2-1 2-2 2-3 2-1 2-2 2-3 Dominance
Proportion Proportion Frequency

Spiophanes bombyx .125 1
Tellina agilis .625 .384 7
Spio setosa .774 .458 .771 6
Mediomastus ambiseta
Several Species .111
Nephtys picta
Nucu1a proxima .230
G1ycera dibranchiata .444 1
Mytilus edu1 is . 123 .440 .156

Dominance Index .750 .614 .555 .897 .898 .927



Table VI-6 (cont.)

Station 3 May 1974 August 1974 November 1974
3-1 3-2 3-3 3-1 3-2 3-3 3- 1 3-2 3-3

Species Proportion Proportion Proportion

Spio setosa .417 .273
Tell ina agi 1is .167 .364
Several Species . 152 . 136 .120 . 152
Mytilus edulis .821 .391 .804
Mediomastus ambiseta .078 .109 .191
Lysianopsis alba .206
Po lydorasoci ali s .160
Sabellaria vulgaris .212
Glycera capitata
Nephtys picta
Glycera dibranchiata

w Xanthid sp. .032N
00

Dominance Index .584 .425 .500· .899 .500 .836 .397 .280 .364

February 1975 May 1975
3-1 3-2 3-3 3-1 3-2 3-3 Dominance

Proportion Proportion Frequency

Spio setosa .700 .609 .167 4
Tell ina agilis .795 .767 .739 4
Several Species
Mytil us edu1is .227 .313 .476 4
Mediomastus ambiseta
Lysianopsis alba 1
Po1ydora socialis 1
Sabellaria vulgaris 1
G1ycera capitata .077
Nephtys picta .163
Glycera dibranchiata .065
Xanthid sp.

Dominance Index .872 .930 .804 .927 .922 .643



Tab1 e VI-6 (cant. )

Station 4 May 1974 August 1974 November 1974
4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3

Proportion Proportion Proportion

Protohaustorius wigleyi .833 .869 .911
Severa1 Species .083 .040
Tellina agilis .036 .400 .241 .386 .427
G1ycera dibranchiata .200
Nucu1a proxima .172 .336 .203
Glycera capitata .227
Trichophoxus epistomus .493 .364
Scoloplos robustus .182
Acteocina cana 1icu1ata

Domi nance Index .916 .909 .947 .600 .413 .613 .763 .696 .546
w
N
1.0 February 1975 May 1975

4-1 4-2 4-3 4-1 4-2 4-3 Dominance
Proportion Proportion Frequency

Protohaustorius wigleyi 3
Several Species .143 .142
Tellina ag"ilis .400 . 113 .. 118 .273 6
G1ycera dibranchiata .214 1
Nucu1a proxima .597 .647 2
G1ycera capitata .182
Trichophoxus epistomus .500 3
Sco1op1os robustus
Acteocina cana1icu1ata .200

Dominance Index .643 .357 .600 .710 .765 .455



Table VI-6 (cont. )

Station 5" 'May 1974 August 1974 November 1974
5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 . 5-3

Species Proportion Proportion. Proportion

.Tellina agilis .500 .188 .142 .011 .008 .015 .003 .005 .011
Capitella capitata .454
Ensis directus .333 .455
Nucula proxima .986 .991 .983 .996 .991 .982
Ampelisca verrilli

Dominance Index .954 .521 .597 .997 .999 .998 .999 .996 .993

February 1975 May 1975
5-1 5-2 5-3 5-1 5-2 5-3 Dominance

Proportion Proportion Frequency
tv
w Tellina agil is .250 .022 .126 .117 20

Capitella capi tata
Ensis directus .214 3
Nucula proxima .188 .250 .143 .977 .800 .864 9
Ampelisca verrilli .375 1

Dominance Index .438 .625 .357 .999 .926 .981



Table VI-6 (cont.)

Station 6

Species

May 1974
6-1 6-2 6-3

Proportion

August 1974
6-1 6-2 6-3

Proportion

November 1974
6-1 6-2 6-3

Proportion

Acanthohaustorius mil1si .469 .445
Parahaustorius longimerus .375 .445
Acanthohaustorius shoemakeri
Spisu1a solidissima
Protohaustorius wigleyi
Several Species

.436

.364
.240

.590 .667 .510

.128
.152

.286 .250

.464 .214 .500

.143

Dominance Index .844 .890 .800 .718 .819 .750

February 1975 May 1975
6-1 6-2 6-3 6-1 6-2 6-3

w Proportion Proportionw.....
Acanthohaustorius mil1si .300 .571
Parahaustorius longimerus .350 .294
Acanthohaustorius shoemakeri
Spisula solidissima
Protohaustorius wigleyi 1. 00 .846 1. 00 .429 .588
Severa 1 Species .077

Dominance Index 1.00 .923 1.00 .650 1. 00 .882

.607' .500 .750

Dominance
Frequency

4
5

6





Table VI-6 (cant.)

Station 7 (cont.) February 1975
7-1 7-2 7-3

Proportion

May 1975
7-1 7-2 7-3

Proportion
Dominance
Frequency

w
w
w

Others (palychaetes)
Pectinaria gouldii
Ampe1i sca abdi ta. .279
Yoldia 1ima tul a .182 .150
Spio setosa .156

Dominance Index .800 .860 .800 .455 .575 .750



Table VI-6 (cant.)

Station 8 May 1974 August 1974 November 1974
8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3

Species Proportion Proportion Proportion

Mytilus edulis .371
Corophium simil e .216 .140 .235 .134
Unciola serrata .156 .121 .220 .154 .118
Crepidula plana .211
Hydroides dianthus .265 .088 .303 .333 .273
Asabe11 ides oculatus .522
Sabellaria vulgaris .332
Eumidasanguinea
Nucula proxima -- -_.

Dominance Index .587 .296 .432 .485 .610 .538 .667 .427 .450
w
w
+:> February 1975 May 1975

8-1 8-2 8-3 8-1 8-2 8-3 Dominance
Proportion Proportion Frequency

Mytilus edulis .935 .837 .709 4
Corophium simile
Unciola serrata .319 .265 .418 2
Crepidu1a plana 1
Hydroides dianthus .324 .361 .140 .012 6
Asabell ides ocu1atus 1
Sabellaria vu1 gari s 1
Eumida sanguinea .048
Nucula E.!:.9xima .086

Dominance Index .643 .626 .558 .947 .885 .795



Table VI-6 (cont. )

Station 9 May 1974 August 1974 November 1974
9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3

Species Proportion Proportion Proportion

Hydroides di~nthus .816 .412 .348 .369 .308 .207
Polydora ligni .061
Mytilus edulis .953
Asabel1ides oculatus .015 .294
Nucula proxima .265 .244
Unciola serrata .103 .097 .155
Corophi urn simi 1~ .169 . 148
Mediomastus ambiseta .115
Others (po1ychaetes)

Dominance Index .877 .968 .559 .515 .445 .524 .477 .451 .263
w
w February 1975 May 1975U1

9-1 9-2 9-3 9-1 9-2 9-3 Dominance
Proportion Proportion Frequency

Hydroides dianthus .053 .081 5
Po1ydora 1i gni
M,ytilus edu1 is .703 .653 .591 4
Asabe11ides ocu1atus
Nucu la prox ima .281 .343 .068 3
Uncio1a serrata .156 .111
Corophium simile 1
Mediomastus ambiseta .145
Others (po1ychaetes) . 167

Dominance Index .301 .392 .510 .756 .734 .659



Table VI-6 (cont.)"

Station 10 May 1974 August 1974 November 1974
10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3

Species Proportion Proportion Proportion

Asabellides oculatus .185 .189
Others (Arthropods) .108
Others (Molluscs) .149
Mytil us edulis .667
Mulinia lateralis .143 .149 .212 .058
Nucula proxima .681 .560 .744 .851 .860 .789
Tell i nil agil is .093
Acteocina punctulata .057
Several Species
Ampelisca verrilli
Ampelisca abdita

w Nephtys inc i'sa
w
0',

Dominance Index .293 .338 .810 .830 .772 .837 .908 .918 .845

February 1975 May 1975
10-1 10-2 10-3 10-1 10-2· 10-3 Dominance

Proportion Proportion Frequency

Asabel1ides oculatus 2
Others (Arthropods)
Others (Molluscs)
Mytil us edulis
Mulinia lateralis
Nucula proxima .174 .386 .655 .750 9
Tell ina agilis .357
Acteocina punctulata
Others .080
Ampel i sca verri 11 i .600 .304 .464 .172 3
Ampelisca abdita .314
Nephtys incisa ..100

Dominance Index .680 .478 .821 .700 .827 .850



w
W

.-....1

Table VI-6 (cant. )

Station 10 (cant. ) FebY'ua ry 1975 May 1975
10-1 10-2 10-3 . 10-1 10-2 10-3 Dominance

Proportion Proportion Frequency

Several Species .080
Ampe1isca verrilli .600 .304 .464 .. 172 3
Ampe1isca abdita .314
Nephtys. incisa .100

Dominance Index .680 .478 .821 .700 .827 .850

* Several Species - more than one species having the same proportion value.

**Dominance Frequency - Number of times proportion was highest out of all samples.



Table VI-7

Summation of cluster classification of station vs. species

Quarter Station Groupings

May 1974 &6 2 &3 10 &5 &9 8 7 4

August 1974 1 &6 2 &3 10 &5 &7 8 &9 4

November 1974 &6 2 3 10 &5 8 &9 7 4

February 1975 6 2 &3 10 &5 &7 8 &9 4

May 1975 &6 2 &3 5 &10 8 &9 7 &4

w
w
OJ



Table VI-8

Summation of cluster classification of species groups

Group May 1974 Stations August 1974 Stations November 1974 Sta ti ons

A Parahaustoriuslongimerus 6, 1
Protohaustorius wigleyi 4
Nephtys bucera 4, 6
Acanthohaustorius millsi 6
Bathyporeia parkeri 6

Parahaustorius longimerus

Nephtys bucera
Acanthohaustorius millsi

Ampelisca abdita

1, 6

6, 1
6

1, 8

Parahaustorius longimerus
Protohaustorius wigleyi
Nephtys bucera

1
6
6, 4

Acteocina cana1icu1ata

7 Nucula proxima
8 Tellina agi1is

Mu1inia 1atera1is

B Nucula proxima
Tell ina a911 i s
Mulinia lateralis
Ensis directus
Ampelisca verrilli
Asabellides oculatus
Yoldia limatula
Scoloplos robustus

8, 5,10 Nucula proxima
5, 3, 9 Tellin~ agilis
9,10, 5 Mu1inia 1ateralis
5,10 Ensis directus

10, 5, 9 Ampe1isca verrilli
9,10,5
5,10 Yoldia 1imatula

10, 7
Scoloplos fragilis
Nephtys incisa

5,10,
5, 4,
7, 1
5
8, 7,10 Ampelisca verrilli

10, 7

10
7

5,10, 8
2, 5

10, 2

7

10, 4

8, 9 NO SPECIES GROUP
2, 3, 9
3, 2, 8
2, 3, 4

C

o

Streblospio benedicti
Glycera dibranchiata
Spio setosa
Spiophanes bombyx

Marphysa sanguinea
Nerei s succi nea
Polydora socialis
Polycirrus eximius
Unciola serrata
Harmothoe extenuata
Corophium simile

8
8, 9
8
8
8
8
8

Marphysa sanguinea
Nereis succinea

Polycirrus eximius
Unciola serrata
Harmothoe extenuata
Corophium simile

9, 8
9, 8

9
9, 8
3, 8, 9
9, 8

NO SPECIES GROUP

Marphysa sanguinea
Nereis succinea
Po1ydora socia1is
Po1ycirrus eximius
Uncio1a serrata

Corophium simile

8, 9
8
9, 8
9, 8
8, 9

8, 9



Table VI-8 (cont.)

Group February 1975 Stations May 1975 Stations

A
cant.

Parahaustorius longimerus 1
Protohaustorius wigleyi 6

Parahaustorius longimerus
Protohaustorius wigleyi
Acanthohaustorius millsi

6, 1, 7
6
6

Nucula proxima
Tell ina agiJis

7, 5,10

B
cant.

Mulinia lateralis

Ampelisca verrilli

Glycera americana

w
+:.>o

C NO SPECIES GROUP
cont.

D Marphysa sanguinea
cont. Nereis succinea

Polycirrus eximius
Uncio1a serrata

Corophium simile
Polydora ligni
Xanthid sp.
Hydroides-dianthus
Heteromastus filiformis
Sabellaria vulgaris
Oxyurostylis smithi
Glycinde solitatia

7,10

5, 9,10

8, 9
9, 8

8, 9
8, 9

8, 9
8
8
8, 9
9
8, 9
8, 9
9

Ensis directus
Ampelisca verrilli
Yoldia limatula
Nephtys incisa

Spio setosa
Mytilus edulis
Ampelisca abdita

NO SPECIES GROUP

Marphysa sanguinea
Nerei s succi nea
Polydara socialis
Polycirrus eximius
Unciola serrata
Harmothoe extenuata
Corophium simile

Xanthid sp.
Hydroides dianthus
Heteromastus filiformis
Sabellaria vulgaris
Oxyurostylis smithi
Glycinde solitaria

5, 8, 9
5, 7, 2

8, 9, 2
10, 7
7,10

10, 7

2, 3
8, 9, 2

10, 5

9, 8
8, 9
8, 9
8, 9
8, 9
8, 2, 9
8, 9

8, 9
9, 8
9, 8
8, 9
8, 9, 3
8, 9



Table VI- 8 (cont.)



Table VI-8 (cant.)



Table VI-8 (cant.)

Group

E

W
J::>
W

May 1974

No Species Group

Stations August 1974

llicera americana
Spio setosa
Aricidea cerruti
Scoloplos robustus
Nemertea sp.

Stations November 1974 Stations

9, 2, 3
2, 3
2, 3
4, 7, 2 Sco1op1os robustus 4, 3, 2
4, 2 Nemertea sp. 4, 9, 3

G1yeeraeapitata 4, 8
Pinnixa sp. 8, 4, 3
Trichophoxus epistomus 4
G1ycera dibranchiata 9, 3
Nephtys pi eta 2, 1 , 3



· FIGURE CAPTIONS FOR CHAPTER VI

Figure VI-l: Map showing location of quarterly sampling stations
near anchorage area in Delaware Bay.

Figure VI-2: Dendrogram showing relationships of samples taken
in May 1974. Czekanowski similarity coefficient and
group-average sorting strategy was used.

Figure VI- 3: Dendrogram showing relationships of samples taken
in August 1974.

Figure VI- 4: Dendrogram showing relationships of samples taken
in November 1974.

Figure VI- 5: Dendrogram showing relationships of samples taken
in February 1975.

Figure VI- 6: Dendrogram showing relationships of samples taken
in May 1975.

Figure VI- 7: Dendrogram showing species relationships in May 1974
samples. Species names associated with code numbers
can be found in Table VI-1.

Figure VI- 8: Dendrogram showing species relationships in
August 1974 samples. Species names associated with
code numbers can be found in Table VI-l.

Figure VI- 9: Dendrogram showing species relationships in
November 1974 samples. Species names associated with
code numbers can be found in Table VI-l.

Figure VI-10: Dendrogram showing species relationships in
February 1975 samples. Species names a'ssociated with
code numbers can be found in Table VI-l.
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Figure VI-ll: Dendrogram showing species relationships in
May 1975 samples. Species names associated with
code numbers can be found in Table VI-l.

Fi9ureVI~1.2: Dendrogram showing relationship of sediment
samples from quarterly stations.

~5
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November 1974 Quarterly
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February 1975 Quarterly
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May 1975 Quarterly
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VII. METHODOLOGICAL BENTHIC STUDIES

Peter Kinner

Les Watling

INTRODUCTION

This research was undertaken to determine whether, using scales
of relative abundance, it was possible to accurately assess the
structure of benthic assemblages usi,ng dredge samples. Benthic
surveys using dredges are re;atively common, but analyses of the
data were restricted to the use of presence-absence coefficients.
In some cases no analyses were attempted because of the prevalent
view in ecology that strictly quantitative data were required before
valid conclusions could be drawn. We believe some excellent benthic
research has not been fully exploited due to this dogma.

Because of increased human activities in coastal regions there
has been a steadily increpsing interest in marine ecology and, as
we 11 ,with the passage of the National Envi ronmenta1 Pol icy Act,
management agencies are requiring baseline and monitoring assessments
of potentially impacted environments (Council on Environmental Quality,
1974). Benthic invertebrates have been consistentiyused in these
studies because they are generally abundant, widespread, relatively
easy to collect and identify, and generally cannot move over great
enough distances to avoid adverse conditions {Filice, 1959; Wass,
1967) .
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As with other branches of ecology, studies of the marine benthos
began with what were essentially descriptive accounts (Petersen,
1918; Stickney, 1959; Hanks, 1964) progressed from relatively simple
(Sanders, 1958, 1960; Wieser, 1960) to more sophisticated analyses
(Fenchel, 1969; Lie and Kelley, 1970; Johnson, 1970; Hughes and
Thomas, 1971;Fager, 1972)"and is presently becoming increasingly
theoretical {Sanders, 1968; Rhoads and Young, 1970).

However, it must be noted that quantitative studies of this
type require significant expenditures of time and money. It is also
clear that environmental changes occur so rapidly management agencies
must respond almost instantly to establish pollution standards or to
develop monitoring guidelines. In general, quantitative samples re
quire a large processing time (sorting, identifying, counting, .weigh
ing) which may range from 6 to 20 man-hours per sample (Barnard and
Jones, 1960; Maurer and Watling, unpublished). It is this investment
which has made quantitative samples so valuable in defining and test
ing ecological principles in the marine benthic environment. However,
time constraints often force management agencies to make decisions
prior to the completion of a quantitative study or the agency must
delay its decisions until such studies are complete, which often
causes the cost of a project to be increased substantially.

There seems to be a need, therefore, to develop methods of
examining benthic assemblages which are able to accurately detect
changes in their structure and which are relatively rapid and inex
pensive. Some approaches to the problem have already been made (Cowell,
1971; Moore, 1971, 1974). Field (1970) and Stephensen, et al. (i970)
used dredge samples in their studies of the application of numerical
classification techniques to the analysis of species distribution
patterns. Field1s (1970) work was of particular importance in that
it utilized relative abundance values on a scale similar to that used
on this project. Moore (1974) obtained a similar picture of the kelp
fauna using presence, absence, and quantitative methods. Greg-Smith
(l971) has discussed the use of qualitative data in terrestrial plant
ecology and now feels the bulk of interpretable information lies in
qualitative differences.
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To examine the possible use of qualitative data and its sensi
tivity to community change, an evaluation of four different substrata
(sand, muddy-sand, polymodal sediment, and a calcareous serpulid
assemblage) was undertaken using both quantitative and qualitative
methods. A comparison of these samples and the cost of each of the
two efforts will hopefully provide a background for agencies to
judge whether qualitative efforts may be a rapid, economical
method of obtaining valid data on benthic community structure. It
is our hypothesis that information from dredge samples can provide
an alternative to management agencies without sacrificing signi.ficant
information about benthic community structure .

.METHODS

After a preliminary survey of the bottom in the study area,
four stations were established: 1) a sandy shoal sediment (Station
4), 2) a muddy sand (Station 5), 3) a polymodal sediment (Station
3), 4) a calcareous serpulid (Station 9) (Figure VII-l). Each of
these stations was sampled with three different dredges during the
period July 15-26, 1974. The three dredges that were used were a
sled dredge with a flat blade (Figure VII-2), a modified oyster
dredge with 6.25 cm long teeth (Figure VII-3), and a modified
Menzies dredg~ with a 5 cm wide blade mounted at a 45° angle (Figure
VII-4). Each of the dredges was equipped with a 1 mm Nitex cloth
bag to prevent material from being washed through. This was covered
on the outside with a 5 cm stretch mesh fishing net and chafing
material to prevent damage to the bag. The mouth of the dredges
were 1 m in width and 20 cm in height. Three bars were placed
upright in the mouth of each dredge to prevent Limulus polyphemus
and other large animals or debris from clogging the opening.

Twenty dredge hauls were taken with each of the dredges at
each of the four stations. A dredging time of thirty seconds was
always sufficient to fill the Nitex bag. The contents of the
dredge were placed into a container and one gallon of material
randomly taken as a sample. At Station 4 (sandy shoal) and Station
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5 (muddy sand), the one-gallon sample was sieved over a 1 mm screen
and the residue preserved in 10% buffered formalin. The polymodal
sediment (Station 3) and serpulid assemblage (Station 9) samples were
not sieved because of the coarseness of the material, but were pre
served in 10% buffered formalin.

In the laboratory, the dredge samples were washed over a
series of sieves (2 mm, 1 mm, 0.5 mm, 0.25 mm). For the purposes
'of this study the material on the two finer sieves was not included
in any further analyses. The remaining material was placed in 'p1exi
glass trays and examined with a M-5 Wild dissecting microscope. All
species were identified and a running tally of their abundances was
kept. The abundance of each species was recorded as a relative abun
dance index value (RAIV). The initial RAIV scale used was: rare

. (value of 1), 1-3 individuals; present (1), 4-10 individuals; common
(~), 11-49 individuals; abundant (I) >50 individuals. The importance
of using a RAIV scale such as this is that no more than 50 individuals
of any species need to be counted. Colonial forms were given·a
value on the basis of the number of colonies present (as for most
bryozoans), or as an estimate of solid substratum colonized (for
example, with hydtoids), following the methods of Boudouresque (1971).

Later it became apparent that our initial scale was unresponsive
to situations where there were several species, all of whose abundances
were greater than 50 individuals,and some with hundreds or thousands
of individuals. Following the suggestion of Stephenson, et al. (1974),
who used a cube-root transformation for their data, we decided upon
a scale which was based on intervals of n3. However, rather than
assigning an arbitrary value to this scale, we used as our RAIVthe
mid-points of each interval. Thus, the scale was (1 3) 1 individual,
value of 1; (23) 2-8 individuals, 5; (33) 9-27 individuals, 18; (43)
28-64 individualS, 46; (53) 65-l25-individuals, 95; (63) 126-216
individuals, 171; (73) >217 individuals, 280. U~ng this scale, a
maximum of 217 individuals had to be enumerated. Ten of the samples
from Stations 2, 4, and 5 have been recounted to compare this scale
with the initial one. The results of this analysis will be reported
elsewhere.

362



It should be noted here also that all dredge samples were
counted in the sequence in which they were taken. Since we were
interested in estimating the structure of an assemblage, it was
our intent to determine the number of samples required to make this
estimate. This is essentially a species-area curve problem, the
statistical analysis of which is still developing, especially among
plant ecologists.

On August 6, 1974 following the completion of the dredge sam
pling, 20 replicate grab samples were taken on each of the four
bottom types using a 0.1 m2 Petersen grab. The samples were washed
over a 1 mm sieve and the residue was preserved in 10% buffered
formalin. A sediment sample was taken from each grab. In the labora
tory the .samples were sorted, and the organisms identified to species
and counted. The sediment samples were dry sieved and the si1t~clay

fraction was determined by pipette analysis (Folk, 1968).

RESULTS

A total of 146 species were collected at the four stations
with the Petersen grab (Table VII-l). Nine phyla were represented.
The largest group was the polychaetes with 58 species, arthropods
were next with 43 species, and the molluscs were third with 22 species.
From the dredge hauls 111 species were recorded from the same· nine
phyla that were present in the grab samples (Tables VII-l, VII-2).
Forty-seven additional species were also identified from the dredge
samples. The most notable additional increases in species were in
the phyla eni dari a, Ectoprocta, and Echi nodermata whi ch are normally
epifaunal groups. Thepolychaetes and arthropods were once again
the two largest groups represented. There were also larger numbers
of molluscan species (31) in the dredge hauls than in the grab samples.

The analysis of the comparabil ity of dredge and grab samples
in each of the four substrata attempted to answer two questions:
1) What were the dominant species collected by the different sampling

363



devi ces? 2) ItJhat was the community structure and how many grab
or dredge samples were required to characterize that structure?

The dominant species were defined by a Biological Index Value
of 0.5 (McCloskey, 1971). This index ranks species within a sample
and sums the ranks across all the replicates, giving weight to occur
rences over many samples, and lessening the effect of extreme dominance
in a few samples~ Rare species were considered to be those that had

. two occurrences or less and the label 'secondary species· was given
to any species not in either of the other two categories.

The answer to the second question was evaluated by: 1) examin
ing in which replicates species first occurred, 2) finding out how
the abundance of dominant species varied throughout the 20 grab and
dredge hauls, 3) examining the community to ascertain where the
structure no longer changed with the addition of species in the
succeeding replicate samples, 4) evaluating the patchiness of the
communities by computer classification of the samples.

Station 4

The sediment had a size distribution that was very repeatable
for all 20 replicate grabs. The composite histogram (Figure VII-5)
indicated that the sediment at this station was a well-sorted, very
find muddy sand (Folk, 1968). The majority of the material in these
samples can be suspended and transported in the water column. Since
Station 4 was near the crest of Old Bare Shoal, winnowing by wave
action prObably reduced the amount of mud found in these samples.

A total of 36 species was collected with the Petersen grab at
Station 4. Three of the species were bryozoans, Electra monostachys,
Triticel1a elongata, and Alcyonidium polyoum, and were not included
in the quantitative analysis of the samples. The 20 grab samples
collected a total of 651 individuals with a mean of 32.6 individuals
and 10.7 species per sample (0.1 m2) (Table VII-3). Eight species
had biological index values greater than 0.50 and thus were classi-
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fied as dominant species~ The most important of these was the
bivalve, Tellina agilis, with an index value of 0.98. Over the
20 grab samples h agilisaveraged 10.7 individuals/O.l m2. Glycera
capitata (index value of 0.87) was the second-most important species
and averaged 4.1 individuals/O.l m2. Scoloplos fragilis (0.77),
Ampelisca verrilli (0.78), Glycera dibranchiata (0.68), Spiophanes
bombyx (0.60), Mulinia lateralis (0.55), and Nemertea sp. (0.51)
were the other dominant species.

The cumulative number of species found in the 20 grab samples
at Station 4 1s given in Figure VII-6. Previously unrecorded species
were accumulated up to the eighteenth grab samples. Fourteen grabs
were taken before 90% of the species were obtained although 51% of
the species were present in the first five grabs. The eight dominant
species w,ere all collected in the first two samples, seven in sample
1 and one in sample 2. The secondary species were added one at a time
in grabs two through seven. The rare species were responsible for the
slow accumulation of species after grab 7. At grab seven 66.7% of the
total species had been collected, but only 42.1% of the rare species.
The cumulative average number of individuals obtained as the replicate
grabs are combined is also given in Figure VII-6. The average number
of individuals, and thus the estimate of total numbers per m2, stabilized
after nine grabs had been taken.

Trends in the cumulative average number of individuals of the
four major species at Station 4 (Te11ina agi1is, G1ycera capitata,
Seo10p1os fragi1is,and Ampe1isca verrilli) were examined (Figure
VII-7). Te11ina agilis showed a continual increase up to replicate
15 (11.2 individuals/O.l m2) where the average density leveled off
between 10.4 and 10.9 individuals per 0.1 m2 for the last five
replicate grabs. Glyeera capitata showed only a small variation in
the average number of individuals (5.6-3.9/0.1 m2) throughout the
entire complement of replicate samples. From replicates 10 to 20
the variation in density was even smaller (4.2-3.9/0.1 m2). The
other po1yehaete spee i es, ~ fragi 1is, increased from repl i ca te
grab 1 to 7 (5.1/0.1 m2) and then gradually the average number of
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individuals decreased over the remalnlng samples to 3.4/0.1 m2.
Ampelisca verrilli did not change substantially over all the repli
cate samples.

In order to establ i sh how many grabs were required to accurately
estimate the structure of the assemblage, the cumulative proportions
of the dominant species were graphed against the replicate samples
(Figure VII-8). At grab 1 the dominants, ~agilis, ~ capitata,

> ~ fragi 1i s, and !l:.- verri 11 i represented 77.8% of the total fauna.
By grab 7 this proportion had decreased to 65.5% of the fauna which
was only 2.0% higher than the proportion recorded in grab 20. The
total variation between grab 7 and grab 20 was 2.5%. The individual
dominants showed the same trends over the 20 replicates. Tellina
agilis decreased from grab 1 (44.4%) to grab 9 (27.3%) and then in
creased very gradually to 32.7%. Glycera capitatadecreased from
22.2% (grab 1) to 11.8% (grab 13) before increasing slightly to
12.4% (grab 20). Scoloplos fragilis achieved its maximum proportion
to 17.7% (grab 6) and then decreased over the remaining grabs to
10.3%. Ampelisca verrilli varied somewhat initially, then stabilized
between 6.0-6.4% before increasing over the last five replicates to
8.1%. The other 29 species of invertebrates accounted for 36.5% of
the fauna at the end of 20 replicate samples.

Fifty-three species (17 more than the grabs) were collected in
the 20 replicated dredge hauls at Station 4. The dredge hauls had
a mean of 16.0 species and a mean relative abundance value ·for each
sample of 36.8. Eight of the species were classified as dominant
species, 19 secondary, and 26 rare. The most important species was
again Tellina agilis with a biological index value of 0.96 (Table
VII-3). The second-most important species collected by the dr~dge

was Neomysis americana (0.92) which was considered a rare species in
the. grab samples. Neomysis americana is a vagile organism and
probably avoided the grab. Two other species, the polychaetes
Asabellides oculatus (0.84) and the bivalve [nsis directus (0.61),
which also were not dominants in the grab samples, had biological
index values greater than 0.50 in the dredge samples. The remaining
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four species, Mulinia lateralis (0.88), Ampelisca verrilli (0.83),
Glycera capitata (0.71), and Scoloplos fragilis (0.62) occurred
in the dredge hauls in a dominance order different from that of the
grab samples (Table VII-3).

Figure VII-9 shows the addition of species by replicate dredge
haul. Sixty-six percent of all the species are present by the
seventh dredge haul and 90% by dredge number 13. Additional species
were obtained until dredge number 17. Th'e eight dominant species
were taken in the first two hauls which were similar to the grabs. The
19 secondary species occurred in dredge hauls 1 to 9 while the last
of the 26 rare species was obtained in dredge 17. A comparison of
the average number of species per replicate for both the grabs and
dredges indicates that the dredge always sampled a greater number
of species (Figure VII-10).

The cumulative proportions (obtained from relative abundance value
scores) of the dominant species were also examined over the 20 dredge
hauls. The proportion of the total sample consisting of dominant
species at dredge 2 was only 0.2% less than the value of 60.4% re
corded in replicate haul 20 (Figure VII-ll). The estimate at dredge
replicate two was more accurate and occurred earlier than the estimate
made at grab replicate 7. The proportions of four of the dominant
species decreased over the dredge replicates (~oculatus, ~ capitata,
~ lateralis, ~ verrilli) while ~ americana increased and ~ agilis
remained virtually the same.

A classification program was employed to ascertain how similar
were the replicate grabs and dredge hauls. The clustering strategy
used group average sorti ng and the simil arity measure was Czekanowski IS

cDefficient (See Appendix I). All of, the grabs clustered together at
a similarity value of 0.419 (Figure VIl-12). None of the initial
clusters were formed between succeeding grab samples. The classifi
cation program was then used to compute the similarity between species
over all samples. Two species, Spio setosa and Heteromastus fili
formis, clustered at 1.00 indicating that they occurred with nearly
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equal abundance in the same samples; however, the similarity level
was 0.02 before all the species became one group. The eight dominant
species did not cluster into one group until the 0.55 similarity level.
The addition of new rare species until replicate 18 tended to extend
the species clusters to very low similarity values.

The dendrogram for the Station 4 dredge hauls suggested four
groupings (Figure VII-l3) : replicates 1, 6, 3,20, 11, 4, 12, and

, 16; replicates 2, 10, 15, and 14; replicates 5, 18, 13, and 17; and
replicates 7, 8, and 9. The latt~r was the only instance where three
successive samples clustered together; however, the similarity value
of the grouping (0.55) was not particularly high. All the dredge
replicates became one group at a level (0.50) somewhat higher than
for the grabs. The tendency toward patchiness was still presen~.

Station 5

The sediment at Station 5 which was located in 9 mof water on
the edge of Old Bare Shoal was a poorly sorted, muddy, very fine
sand. These sediments appeared similar to Station 4, but on closer
examination there were several significant differences in the skew
ness, sorting, and modality demonstrated by the grain size distribution
(Figure VII-14). The grain size di~tributionwas strongly fine skewed.
While both Stations 4 and 5 had pronounced single modes in the very
fine sand range, closer inspection revealed that Station 5 actually
had two modes. Although similar, one was between +3.0<j> and +3.25<j>

and the other was between +3.5<j> and +3.75<j>.

Forty species were collected with the grab at Station 5. There
were four colonial species, Membranipora tenuis, Electra monostachys,
Alcyonidium polyoum, and Alcyonidium sp., which were not included in
the numerical analyses. The 20 grabs produced 74,019 individuals
for a mean of 3,701 per sample (0.1 m2). Each sample contained an
average of 6.9 species. Only three species, Nucula proxima, Tellina
agilis, and Ensis dtrectus, were classified as dominants (Table VII-4).
Ten species were secondary and 26 rare. Nucula proxima had a
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biological index value of 1.0 (the maximum possible value). This
species totally dominated the fauna and had densities up to 14,233/
0.1 m2 in the samples examined. The average number of ~ proxima
collected in each grab was 3649.1 individuals/O~l m2. Tellina
agiliswas the second-most dominant species with an index of 0.97,
and ~ directus, a third bivalve, had an index of 0.83.

Species appeared in samples up t~ grab 19 although several grabs
did not contain previously unrecorded species (Fi9ure VII-15). All
dominant species were present in the initial grab. The seven secondary
species all Occurred by grab 5 while the 26 rare species occurred inter
mittently from the first to the nineteenth grab (Figure VIl-15). Fifty
percent of the spe,cies were recorded by the fifth grab and 88.9% by the
fourteenth sample.

The cumulative average number of individuals by replicate sample
is also given in Figure VII-15. The highest cumulative mean value of
4,038 was recorded at grab 17 which had an unusually large number of
individuals of ~ proxima. The graph shows an increase of approxi
mately 3,000 individuals per sample from grab 5 to grab 17. To ,ob
tain an estimate for Station 5 within 75% of the maximum density
required 16 grab samples.

The cumulative average abundance of the three dominant species
over the 20 grab samples is given in Figure VII-16. The trend for
~ proxima almost paralleled that for the cumulative average total
number of individuals for each sample (Figure VII-15). There was
a consistent increase in the mean density value for ~ proxima
from sample 5 to 17. Nucula proxima occupied 94% of the total
fauna in grab 1 and 98.5% after 2a r~plicates. Tellina agilis
averaged from 37 to 47 individuals per grab over the 20 replicate
samples. The average number of individuals of L agilis was 42.2/
a.l m2. Ensis directus varied by only one individual/a.l m2 sample
in 20 replicates and over the last 19 samples the change was less
than a.75. The mean value for 20 samples was 2.9/0.1 m2.
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The dredge samples at Station 5 collected 43 species with an
average of 11.7 species per dredge haul. The average relativeabun
dance value for each species in the dredge samples was 33.6. Eight
species were dominants, ten were secondary, and 25 rare. Nucula
Rroxima was the dominant Drganism with an index value of 1.0.
Tellina agilis had a value'of 0.90, and Ensis directus was 0.73,
both lower values than for the grab samples. Five other species
were classified as dominants in the dredge hauls but were not signifi
cant in the grabs. Crangon septemspinosa (0.88) and Neomysis americana
(0.79) are both vagile arthropods thai may easily be missed by the
grab. Nephtys incisa (0.67) was the only important species of poly
chaete in the grab or dredge hauls. It was never present in exces
sively high numbers (RAIV'of 3 or less), but was present in 15 of the
20 samples. The remaining two dominants were the bivalves, Mulinia
lateralis (0.56) and Yoldia limatula (0.55).

All eight dominant species occurred in the first dredge repli
cate (Figure VII-17). The ten secondary species first appeared in

'replicates 1 through 4 and the rare species in various replicates.
Ninety percent of the species were present in the first seven grabs.
Only rare species were recorded in the last 16 grabs.

The cumulative average numbers of species in the grabs and dredges
showed a gradual decrease in both sampling devices from replicates 5
to 20 (Figure VII-18). The graphs for replicates 15-20 were almost
parallel with the dredges having approximately 5 species more than
the grabs.

The proportions of the dominant species in each of the replicates
were computed by ta ki ng the RAIV number as a percentage of thetota1
RAIV for the sample. The cumulative proportion for the dominants
after 20 replicate dredge hauls was 72.7% (Figure VII-19). The pro
portions were fairly stable after dredge 8 with the exceptions of
~ proxima and ~ agilis which increased together approximately 5%
over the remaining 13 replicates. The dominant species e~hibited

the following RAIV proportions: lh- proxima 20.5%, h agilis 13.1%,
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~ septemspinosa 11.2%, ~ americana 10.0%, E. directus 5.6%, N.
incisa 4.0%,.th. 1atera1is 4.5%, and h limatula 3.7%. The remainder
of the fauna accounted for 27.3% of the total relative abundance
values.

Cluster analyses of the grab replicates at Station 5 indicated
that all of the samples became one group at a similarity level of
0.621 (Figure VII-20). Three distinct groupings were present with
two samples (17 and 19) not being a part of any other group. The first
group, which contained replicates 4 and 5, had reduced numbers of N.
Qroxima (437 and 445/0.1 m2, respectively), and had Nephtys picta,-
G1ycera americana, Oxyuro~ty1is smithi, Mulinia 1ateralis, and the
three dominant species in common. A second grouping, replicates 1,

3, and 9 had 926, 991, and 1,689 ~ proxima respectively. The third
and largest group had three very high level clusters between replicates
6 and 11 (0.94), 18 and 20 (0.94)~ and 7 and 8 (0.93). In general, the
clusters were very dependent on the numbers of the dominant ~ proxima
for the formation of the groups. This was strongly evident in the
analysis for species groups. Nucula proxima and I.:- agilis were in
their own cluster and were not linked with any other species until
their linkage with the Ensis group (at 0.09) which had formed at 0.40
and consisted of Yo1dia limatu1a, Nephtys picta, Nemertea sp., and
Mulinia lateral is.

The dredge haul dendrogram (Figure VII-21) indicated the highest
similarity between two replicates was found with dredge samples 15
and 16 (0.851). Three small groupings of stations were identified:
group 1--replicates 8, 13, 6, 17, and 4; group 2--replicates 3, 11,
10, 15, 16, and 20; group 3~-replicates 2,3, and 4! The groupings
contain similar RAIV values for the top two dominants. The Groups
1-3 were divided more on the basis of number of species present in
the replicates. Group 1 replicates all had 10-13 species; Group 2
replicates had the lowest number of species, 6-10; and Group 3 had
the highest number of species, 16-21. The Group 3 clusters were·
generally lower in similarity than the other groups, which may be a
function of higher numbers of rare species in the replicate samples.
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Station ;)

The sediment at Station 3 had a complex size distribution
(Figure VII-22). There are three major particle size modes which
contribute to the confusion of values. The primary mode between
2.5~ and 3.0~ dominated the samples. This sand mode matched the
mode found in the samples from Lower Middle and Brown Shoals in
Delaware Bay. The second mode was in the gravel size range between
-3.0~ and -3.5¢. Its presence is responsible for the negative (coarse)
skewness of most of the samples. The third mode, in the silt range,
occurred between 5.0~ and 5.5¢. The grain size represented by this
mode was probably indicative of the predominant size of the suspended
materi a1.

Eighty-six species were collected in 'the 20 repl icate grab
samples at Station 3. Nine species were colonial (Appendix Table
AVII-l). The average number of species per grab was 25.0; the
total number of individuals was 6,660, and the average 333.0 per
sample (Table VII-5). Twelve species were dominant, 33 secondary,
and 31 rare. This station was the first at which the number of rare
species did not exceed the numbers of secondary species in the grab
samples.

Mytilus edulis was the dominant species with an index of 0.95 and
an average density of 245.5/0.1 m2. Mediomastus ambiseta was the next
most dominant species (0.90) with an average of 13.5 individuals/O.l m2

and Lysianopsis alba was third (0.85) with 10.9 individuals/O.l m2.

Previously unrecorded species were added over 19 grab samples
with 50.0% of the species being accumulated by grab 3 and 91.0% by
grab 15 (Figure VII-23). The 12 dominant species occurred in the
first two grab samples while it required 14 samples to account for
a11 secondary speci es. It shoul d be noted that there was a 1arger
number of both dominant and secondary species at this station than
at either of the previous strictly infaunal stations. The combination
of sediment and the epifaunal nature of the blue mussel (Mytilusedulis)
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provided many additional niches for a greater number of species and
individuals.

The cumulative average of the number of individuals per grab is
given in Figure VII-23. there was a tremendous increase from repli
cate 1 (32 individuals/sample) to replicate 3 (428 individuals/sample).
The average value Jor the whole 20 replicates was 333.0 which was only
71.2% of the highest value and 77.8% of the first peak at replicate 3.
The 12 dominant species contributed 93.4% and Mytilus edu1is 73.8%
of the individuals over the 20 replicates.

The abundances of the five most dominant species were cumulatively
averaged over the 20 replicate samples (Figure VII-24). Mytilus edulis
was not found in replicate 1 but by replicate 3 the species had an
average of 353.7 individuals/grab. Another peak occurred at grab 11
when 706 individuals were added. From grab 11 to grab 20 there was
a decrease to the final mean value of 245.6/0.1 m2. All of the other
four species varied considerably less over the last nine samples with
three of the species, ~ alba, ~ extenuata, and Xanthidae sp.,
changing by less than one individual.

The cumulative proportion of the five most dominant species
showed a large increase from the first (25.0% of the fauna) to the
second replicate (84.9%) primarily because of the addition of !i.:-. edulis
(Figure VII-25). By replicate 3 the top five dominants achieved their
highest proportion, 92.2%. The dominance structure varied only 6.4%
from grabs 2 through 20.

The dredge hauls at Station 3 collected 89 species with an average
of 33.0 species per haul. The average total RAIV for the 20 hauls was
83.9. A total of 19 species were classified as dominants (Table VII
5), 38 were secondary, and 32 were rare. Only 6 of the 19 dominants
from the dredge hauls were similar to those in the grabs. Five
colonial species, Alcyonidium po1youm, Schizopore1la errata, Electra
monostachys, Membranipora tenuis, andConopeum tenuissimum were
dominant dredge species, but could not be quantified using normal
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abundance methods. Neomysis americana and Crangon septemspinosa, both
vagile forms, also were not dominant in the grab samples.

All 89 species were not recorded until the 19th dredge haul
(Figure VII-26). Fifty-five percent of the species were identified
by dredge 2 and 91% by dredge 15. The 19 dominant species were
present in hauls 1 and 2. Most (94.7%) secondary species were ob
tained by dredge 7, but the remaining 2 species were not found

,until replicates 13 and 14.

A comparison of the average number of species per sample over
the 20 replicates indicated that the grabs again did not sample as
many species as did the dredge hauls (Figure VII-27). As can be
seen from the list of dominants (Table VII-5)~ colonial species
are a significant part of the fauna at Station 3 and account for
much of this difference.

The cumulative proportions of the six most dominant species
from the dredge samples presented a considerably different picture
of the community from that obtained with the grabs. The dominance
of ~ edulis was reduced by the relative abundance system and the
other five species had correspondingly larger proportions. The
initial dredge haul was a good estimate of the proportions after
accumulating 20 dredge hauls. The dominant species proportions did
not change significantly since M. edulis increased only slightly
more than 1% over the 20 dredges and M. ambiseta and P. eximius
decreased slightly.

Cluster analysis of the grabs at Station 3 showed three fairly
distinct groupings (Figure VII-28). The first group contained 14
of the 20 replicates, each of which consisted of the dominants and
high numbers of ~ edulis. Three additional samples, 13, 15, and
16, became part of the group at a lower similarity level. Repli
cate 16 possessed no ~ ambiseta or ~ oculatus and replicate 15
had only 15 ~ edulis with no N. succinea.
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Three small groups were evident in the dredge cluster dendrogram
(Figure VII-29). Samples 13, 20, 3,and 9 made up Group 1. Group 2
contained replicates 4,5,6,7,8, and Group 3 replicates 15, 16, 14,
17, and 11. The similarity value of the entire cluster was substan
tially higher than the grab replicates for this station.

Station 9

This station was located in an area containing large numbers
of calcareous tubes constructed by the polychaete, Hydroides dianthus.
The assemblage was not a continuous structure, but rather separate
clumps spread over an approximately 1 km2 area. The sediment regime
discussed below was found around, under, and in between the calcareous
worm tubes. Numerous other animals, i.e. ~ edulis, ~ ligni, live
attached to the surface of these tubes. Due to preservation problems
only 19 grabs were processed from this station.

The sediment at Station 9 was a very poorly sorted, very fine
muddy sand. There were traces of coarse sand in some of the samples
which came from a stratum underlying the serpulids. While it was
difficult to determine the effects that the animals living in. the
assemblage have on altering the sediment size distribution, it was
important to note that medium and coarse sands were generally absent
from the samples.

Eighty-six species (12 colonial, see Appendix Table AVII-ll)
were collected by the Petersen grab in the serpulid assemblage. The
20 replicate grabs collected 9,608 individuals, a mean of 480.4
individuals per sample. An average of 33 species were found in
each grab. Twenty-two species were classified as dominant, 33 as
secondary, and 31 as rare (Table VII-6).

Asabellides oculatus, a deposit-feeding polychaete, had the
highest biological index value (0.94) and also the highest average
number of individuals (24.7). The following two dominants, Medio
mastus ambiseta (0.93) and Nucula proxima (0.91), were also infaunal
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species. Of the five next most dominant species. two more. Hetero
mastus filiformis (0.88) and Streblospio benedicti (0.85). were
infaunal. while three .others, Unciola serrata (0.90), Xanthidae sp.
(0.85), Corophium simile (0.81), lived on, between, or in the Hydroides
tube structure. Ten of the remaining 14 dominant species were basically
epifauna1. while four were 'i nfauna1.

All the domin'ant species were recorded in the first' three grabs
(Figure VII-3D), 18 were in grab 1,3 in grab 2, and 1 in grab 3. The
33 secondary speci es were recorded by grab 8 and the rare sped es by
grab 18. The initial three 9rabs accounted for 60.5% of the total
species and 12 grabs accounted for 90.7%. As in all the preceding
substrates, the rare species required a large number of grabs before
they were all accumulated.

The change in average number of individuals per grab as repli
cates are accumulated is given in Figure VII-3D. The first grab
contained 465 individuals, 96.8% of the cumulative average at repl~

cate 20, but only 82.7% of the mean value (562/0.1 m2) at grab 14.
2The mean value at grab 8 (491/0.1 m ) was 87.3% and at grab 11 (501/

0.1 m2) 89.1% of the maximum. Both of these average values exceeded
the final average value at grab 20 of 480/0.1 m2.

The change in average number of individuals over the 20 repli
cates for the six most dominant species is given in Figure VII-31.
Three of the species, Xanthidae sp .• !h. ambiseta. and h simile,
increased in average abundance over the first 16 replicates before
declining through grabs 17-19. The average number of Asabellides
oculatus stabilized by grab 7 and then decreased slightly over the
remaining samples. Hydroides dianthus numbers varied considerably
l1ith a high peak at grab 1 of 171 individuals/O.l m2 followed bya
sharp decline to grab 10 (44 individuals/O.l m2). This change, fol
lowed by another small increase in numbers through grab 14 suggests
that the distribution of this species is very heterogeneous. The
variation in numbers of individuals of Unciola serrata was erratic
through the first 11 grabs and exhibited a gradual decline from
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grabs 16 to 19. Unciola serrata and Corophium simile found in the
vacated tubes of Hydroides, increased their abundances in the, grabs
where .!:!..:- dianthus decreased. The infaunal polychaete, .~ ambiseta,
which lived in the substrate surrounding the Hydroides tubes, had its
greatest numbers of indjviduals where .!:!..:- dianthus viaS absent or
markedly reduced. This was a further indication of the patchiness
of the tubes.

The species which comprised the largest proportion of the fauna
over the 20 grabs was 1!.:.. serrata (15.5%), while.!:!..:- dianthus comprised
12.1% and C. simile 10.6% (Figure VII-32). The six dominants com- '
prised an average of 73.2% of the fauna in the first two grabs, but
only 62.9% after 20 samples. The variation between grab 3 and grab
19 was only 4.1%, indicating grab 3 may be a good estimate ~f the
community structure. Most of the changes were probably due to
heterogeneity in the distribution of these species.

Of the ninety-one species collected with the dredge at Station
9, 27 were dominants, 39 were rare, and 25 were secondary. The
average number of species per haul was 34.7 and the average RAIV
for each sample was a very high 125.7 (Table VII-6). The high RAIV
was a function primariiy of the large number of dominant species and
secondarily of the high species richness. Station 3 had a similar
average number of species per haul (Table VII-5), but the average
RAIV for each sample was 41 points lower.

Thirteen of the 27 species classified as dominant in the dredge
hauls were also dominant in the grab samples. Four dominant species
from the dredge hauls (Cliona celata, Microciona prolifera, Conopeum
tenuissimum, Alcyonidium polyoum) were not considered in the grab
analysis because they were colonial. ,A number of other species,
Polydora ligni, Oligochaete B, Odostomia dianthophila, were very
small and l1lay have been overlooked during the grab sorting process.
There was also in the dredge samples an increased number of epifaunal
species in the role of ~ominants with some of the infaunal species,
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notably Nucula proxima, Mercenaria mercenaria, Petricola pholadi
formis, and Glycinde solitaria, being absent. The first two domi
nants on the grab list, Asabellides ocu1atus and Mediomastus ambiseta,
were 23 and 14 respectively on the dredge list.

Initial species occurtences were recorded in all dredge samples
except 14 (Figure VII-33). Fifty-three percent of the species were
present in the first two dredge samples, but 16 hauls were required

'to obtain 90% of the total species. The 27 dominant species were
recorded in hauls 1 and 2 while the secondary species were obtained
in dredges 1-5, 7, 8, and 15.

The average number of species per sample for both the grabs and
dredge hauls indicated for the first time that the grabs exceeded
the dredge hauls in species per replicate. The dredge samples
initially exceeded the grabs, but'there was an increase in species
per grab sample from replicate 4 to 9 (Figure VII-34). This rise is
coincident with the increased abundances of the infaunal species in

the grabs and the decrease in numbers in ~ dianthus (Figure VII-31).
The final average number of species per sample was 33.3 for the 19
grabs and 34.7 for the,20 dredge hauls.

The proportions of the six most dominant species varied by less
than 2% over the 20 dredge samples. Hydroides dianthus comprised
5.6% of the fauna after 20 samples as did .h!..:- serrata and h simile.
~ edulis made up 5.45% of the fauna;!i:- succinea, 5.0%; h san
guinea, 5.3%; and ~ vulgaris, 5.3%. The total percentage of the
fauna occupied by the dominant species was therefore rather stable.

Cluster analysis of the replicate grabs for Station 9 produced
one large and one small group of samples (Figure VII-35). The large
group can be subdivided utilizing the distribution of some of the
dominant species. Replicates 14, 15, 9, 10, 12, 6, and 13 formed a
subgroup which was basically epifaunal in nature. Replicates 8, 17,
16, and 18 had reduced numbers of one or more of the major dominants
along with high numbers of ~~proxima or M. ambiseta and S. benedicti.
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This group also was less epifaunal. A small group was formed by
replicates 11, 19, and 5 which all lacked or had less than five H.

dianthus individuals. Replicate 20 had no epifaunal dominants and
had the lowest species richness.

The species cluster helped to substantiate the patchiness ob
served in the rest of the analysis of Station 9. Three small groups
were formed, two epifaunal and one infaunal. The infaunal grouping
was composed initially of ~ proxima, ~ oculatus, and later ~
eximius, h benedicti,·!i:- ambiseta, h solitaria, and .!:!-:- filiformis
(at a similarity level of 0.79). The first epifaunal group was
small, containing only .!:!-:- dianthus, ~ serrata, ~ simile, and
Xanthidaesp. The first epifaunal group joined the infaunal group
at 0.741 similarity. The second epifaunal group consisted of M.

edulis, !i:- sanguinea, h vulgaris,!!.:- succinea,!!.:- texana sayi,
and ~ sanguinea joined the other subgroups at 0.67. At that point
19 of the 22 dominant species were present. Only ~ agilis, ~
mercenaria, and ~ pholadiformis were absent. They were added
at a similarity value of 0.47. There were three groups which had
separate ecological requirements. These groups were probably detected
because the grab simultaneously sampled both epifaunal and infaunal
groups.

The dendrograms produced for the dredge haul replicates (Figure
VII-36) were far more compact, with the lowest similarity being
0.69. The differences in the groupings were more dependent on
small variations among the epifaunal species than with epifaunal
infaunal differences. It was pointed out earlier that the most
abundant infaunal dominant was fourteenth on the dominance list
for the dredge hauls. The dredge hauls have apparently reduced the
patchiness of distributions and emphasized the epifaunal organism.
Part of the response must also be a function of the scale used.
Since the scale varies only from 1 to 7, any differences are not
going to be very great.
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Cost Analysis

One proposed result of this study was to determine whether the
total cost for handling dredge samples was any lower than for grab
samples. Cost estimates depend on many variables, such as boat time
(which itself is dependent ~n number of samples, distance between
sampling stations, and depth of water, weather conditions) and salary
scales. Consequently, we decided to focus on the number of hours in
volved. Since the 20 grab or dredge samples per station were taken
in close proximity, the hours of boat time for obtaining either
type of sample did not differ substantially. Major differences were
noted in the laboratory, however.

Altogether 256 man-hours were spent sorting and 288 man-hours
identifying (a total of 544 man-hours) the 80 grab samples, an average
of almost 7 man-hours/sample. In processing the dredge samples, there
were three advantages: the taxa were, by this time, quite familiar;
the sorting and identifying was done simultaneously by the same person;
and not all individuals had to be counted. Thus, only 218 man-hours
were spent on the 80 dredge samples, an average of 2.7 man-hours/
sample. In using our new scale~ which requires counting more individuals,
the average time increased to 4.5 man-hours/sampl e. It must be pointed
out here, too, that because of the relatively depauperate condition
of Delaware Bay's benthic fauna, the actual number of hours are proba
bly low. However, we submit that the proportion of time spent proces
sing dredge versus grab samples will remain the same regardless of
faunal densities. Because of this substantial difference in process
time between grab and dredge samples and the degree of information
obtained from dredge samples, with refinement this method may have
promise as an economical and valid tool to apply to benthic pollution
problems.
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DISCUSSION

Moore (1974) stated that there appears to be no reason why repeti
tive qualitative surveys over a period of time cannot be used to
satisfactorily survey a given area. The data analyses would provide
information on assemblage shifts and local variability, and would not
be subject to quantitative fluctuations. In order to substantiate
Moore's claim, one must be able to find, using qualitative and quanti
tative methods, a high correspondence between the numbers and types
of species collected, the proportions of the dominant species, and
estimates of the overall community structure.

At all of the sampling stations (Station 3, polymodal; Station 4,
sandy shoal; Station 5, muddy; Station 9, calcareous) a greater
number of species was collected with the dredge than with the grab
(Tables VII-3, 4, 5, 6). However, the additional species collected
by the dredge were 5 or less except at Station 4 where the difference
was 17. The average number of species per sample was also always
greater in dredge samples with the difference being less than 9
species and the largest difference occurring at Station 3.

For each set of replicates at a station the number of dominant
species was always at least equal or greater in the dredge samples.
At Station 5 there were three dominant species from the grabs and
eight from the dredges. Similarly 12 and 22 dominants were found
in the grab samples from Station 3 and Station 9, respectively,
while 19 and 27 dominants, respectively, were collected from the
dredge hauls. At Station 4 the same number of dominant species
were present in each replicate set, but there were replacement and
reordering differences. The increased number of dominants can be
attributed in part to the area sampled with the dredge relative to
the grab and also to the use of McCloskey's index to define the
dominant species. McCloskey's (1971) Biological Index substantially
increases the relative importance of a species which occurs in low
numbers over many samples. When the dredge was pulled over a given
time period, any number of species patches of varying size could have
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been crossed. The greater the number of species patches the higher
would be a given biological index value for a rare or secondary
species. Since the maximum value of 1.0 cannot be exceeded,
the effect was to push more species into higher classifications
(dominants and secondaries).

Another reason for the increase in the number of species was
the inclusion of colonial species in the dredge sample evaluations.
One of the advantages of the RAIV method was that it provides a
way to evaluate the relative contribution of colonial groups to
the structure of the community. These groups were routinely evalu
ated in terms of biomass; however, other spatial estimates were
difficult to incorporate into quantitative analysis.

A very important aspect of comparing grab samples and dredge
samples was the reordering of species and the establishment of
formerly rare species high within the dominance structure. The
samples at Station 9 showed significant reordering of species. In
the grab samples, three species, all infaunal deposit feeders, Asa
bellides oculatus, Mediomastus ambiseta, and Nucula proxima, were
the most dominant specie~ with Heteromastu§ filiformis, Streblospio
benedi~ti, and Glycindesolitaria also important. The dredge hauls
ranked only epifaunal forms as the 12 most dominant species with ~
ambiseta being fourteenth and ~ oculatus twenty-third. A smaller,
but less significant, reordering occurred in Station 4 with Glycera
capitata and Scoloplos fragilis being placed lower and Mulinia
lateralis higher. This reordering of species can alter the investi
gator's concept of the community to the point of emphasizing dif
ferent trophic groups and suggesting competition for a different
suite of resources.

There was a similar pattern of the previously unrecorded occur
rence of species as the 20 replicate grab and dredge samples were
accumulated. Bet~een 13 and 16 samples were required to obtain 90%

. of the total species present at all stations except Station 5 where
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only 7 dredge hauls were needed. All the dominant species occurred
in the first two grab and dredge samples except at Station 9 where
three dredge hauls were required to obtain all 27 dominants. Lie
(1968) found in Puget Sound that 75 to 80% of the total species col
lected in ten samples were present in five samples. He further indi
cated that the additional species occurring in the last sample comprised
about 3% of the total species found in the ten samples. Our results
were similar with only rare species appearing after replicate 10 in
both dredge and grab samples. All five secondary species recorded
after replicate 10 were in substrata with abundant epifaunal microhabi
tats. Our data also were similar to those of Lie (1968) in haVing the
dominant species all present in the initial three samples.

An examination of the dominant species proportions indicated
that each substratum needed to be treated individually. The samples
from the sandy shoal sediments at Station 4 indicated that the
dredge gave a much earlier (replicate 2) and more accurate"estima
tion of the distribution of individuals among the species observed
at replicate 2Q than did the grab samples (replicate 7). Of the
species common to both sampling devices, the proportions of the
dominant species in the dredge samples were smaller than in quanti
tative samples. In the other sediments there was an even greater
exaggeration of this problem. The grab and dredge samples at Sta
tion 5 and Station 3 where overwhelmingly dominant species were
present (lh.proxima, Station 5, and !1.:..edulis, Station 3) were the
least compatible and of no value for comparisons. The scaling
process (RAIV) used for the dredge samples had reduced the domina
tion by one species considerably and presented the other dominant
species as relative codominants. As noted in the Introduction, we
have devised a new scale which should be more responsive to larger
differences at the "abundant" end of the range. The results of
analyses performed with the new scale"will be reported elsewhere.

The use of cluster analysis of samples and species to evaluate
patchiness and species groupings indicated that grab samples sampled
small groups of species associated with particular substratum
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characteristics. The grab samples of Station 9 best exemplified
this phenomenon with three species grolps, two epifaunal and one
infaunal, forming separately and then combining at a similarity of
0.67. At that point 19 of the 22 dominant species were present.
The dominant species at Station 4 clustered at 0.55 from two
groups (Group I--Nemertea sp., Mulinia lateralis; Group 2--Glycera
capitata, ~ dibranchiata, ~ agilis, and Ampelisca verrilli).
The smaller groups of species such as HeteroITIastusfiliformis and
Spio setosa which clustered at high similarity levels (1.0) were
rare spe,cies and joined the cluster formed by the dominant species,
at low similarity values. In the muddy sand the two major species,
!'h. proxima and h agil is, formed a species group that was separate
from the other species. Ensis directus, the other dominant, was
the nucleus for a group containing many of the rare and secondary
species. Not until level 0.09 similarity did these groups cluster
together.

The clusters formed from the dredge samples joined at higher
similarity levels in all cases, an indication that the dredge re-
duc~d the patchiness and/or that the c10seness of the scale values
did not allow major patches to be discerned. The dredge replicate
sample groups were generally more dependent on differences in species
proportions as opposed to the presence or absence of important species.

Moore (1974) stated that three factors contribute to efficie'ncy
of the qualitative approach: 1) faunal homogeneity, 2) the number
of species, and 3) resources (time, manpower, and money) saved.
Our work immediately points to the amount of time and manpower saved
using qualitative methods. In a short-term effort such as this ap
proximately 300 man-hours were saved using the dredge and relative
abundance methods. This saving could be increased markedly once
the RAIV scale is adjusted so that the faunal probabilities are
more accurately represented, and thus fewer dredge samples would
be required. Moore (1974) believed that a species complement >30
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would provide enough information for a good analysis without sacri
ficing content since the relative information gained from quantita
tive data probably varies inversely with the species richness. Moore
also found that qualitative data will detect differences in homo
geneous faunal groups, but we have demonstrated that its applicability
in heterogeneous situations may also be appropriate depending on the
degree of resolution required.

Our results have shown that at lIcoarseli levels of community
analysis, dredge data will give an adequate picture of an assemblage
regardless of substratum. These assemblages were distinct enough
that comparison of the fauna would allow a reasonable differentiation.
The work done by Field (1970) using a scale similar to ours indicated
that approximations of earlier work in False Bay, South Africa,
could be achieved by means of a dredge and relative abundance data.
The question that arises then is how much data is lost dealing with
community structure when dredge data is used. Some pollution studies
(fVlaurer, et al., 1974; Watling, et al., 1973) indicate that shifts
in community structure and changes in dominance can be quite small.
It is our impression that more rigorous statistical methods are needed
to establish the point at which the level of information no longer
changes with the addition of more samples. Further evaluation of new
methods of scaling is a"'so necessary in order to better fit the dredge
data to the probabil ity curves for the quantitative sampl es. Refi ne
ment of these methods will add clarity to the evaluation of community
structure and shifts that may be occurring in that structure.
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Table VII-l

Species list for the replicated grabs and dredge hauls

Grabs Dredges

Phylum Porifera
. Class Demospongiae

Order Poecilosclerina' ,
Microciona prolifera (Ellis and Solander 1786)

Order Halichondrina
Halichondria bowerbanki Burton, 1930

Order Hadromerina
Cliona celata Grant 1826
Porifera sp.

Phyl um Cni,dari a
Class Hydrozoa

Order Hydroida
Tubularia crocea (L. Agassiz 1862)
Hydractinia echinata (Fleming 1828)
Podocoryne carnea Sars 1846

Class Anthozoa
Order Gorgonacea

Metridium senile (Linne 1758)

Phylum Platyhelminthes
Cl ass Turbe 11 aria

Flatworm A

Phylum Rhynchocoela
Class Anopla

Order Heteronemertini
Zygeupolia rubens (Coe 1895)
Cerebratulus lacteus (Leidy 1851)
Nemertea sp.

Phylum Annelida
Family Ampharetidae

Ampharete acutifrons Grube 1860
Asabellides oculatus (Webster 1879)

Family Arabellidae
Driloneris longa Webster 1879

Family Capitellidae
Capitella capitata (Fabricius 1780)·
Heteromastus fi1iformis (C1aparede 1864)
Mediomastus ambiseta (Hartman 1947)
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Table VII-I (eont.)

Grabs

Family Cirratulidae
Caulleriella sp. 2
Chaetozone setosa Ma lmgren 1867 x
Cirratulidae sp. x
Tharyx sp. 2 x
Tharyx sp. I
Chaetozone sp. I x
Chaetozone sp. 2 x
Chaetozone sp. 3 x
Chaetozone sp. 4 x

Family Dorvilleidae
Schistomeringos rudolphi (delle Chiaje 1828) x
Sehistomeringos caecus (Webster and Benedict 1884) x

Family Eunicidae
Marphysa sanguinea (Montagu 1815) x

Family Flabelligeridae
Pherusa affinis (Leidy 1855) X

Family Glyceridae
Glycera americana Leidy 1855 x
Glycera capitata Oersted 1843 x
Glycera dibranchiata Ehlers 1868 x

Family Goniadidae
Glycinde solitaria (Webster 1880) x

Family Hesionidae
Podarke obseura Verrill 1873 x

Family Maldanidae
Clymenella spp. x

Family Nephtyidae
Nephtys incisa Malmgren 1865 x
Nephtys pieta Ehlers 1868 x

Family Nerei dae
Nereis arenaceodonta Moore 1903 x
Nereis (Neanthes) sueeinea Frey and Leuckart 1847 x

Family Opheliidae
Travisia earnea Verrill 1873 x

Family Orbiniidae
Orbinia ornatus (Verrill 1873) x
Seoloplos atutus (Verrill 1873) x
Seoloplos fragilis (Verrill 1873) x
Seoloplos robustus (Verrill 1873) x
Seoloplos sp.

Family Paraonidae
Arieidea sp.
Arieidea cerruti Laubier 1967 x
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Table VII-I (cont.)

Grabs Dredges

Family Pectinariidae
Pectinaria gouldii Verrill 1873

Family Phyllodocidae
Eteone heterotoda Hartman 1951
Eteone longa Fabricius 1780)
Eumida sanguinea (Oersted 1843)
Paranaitis speciosa (Webster 1880)
Phyl10doce arenae Webster 1880
Phyl10doce maculata (Linnaeus 1767)

Family Polynoidae
Harmothoe (lagisca) extenuata (Grube 1840)
Lepidametria commensalis Webster 1879
Lepidonotus sguamatus(Linnaeus 1756)
Lepidonotus sublevis Verrill 1873
Lepidonotus (juv.)

Family Sabel1aridae
Sabellaria vulgaris Verrill 1873

Family Serpulidae
Hydroides dianthus (Verrill 1873)

Family Sfgalionidae
Sthenelais limicola (Ehlers 1864)
Sthenelais boa (Johnston 1833)

Family Spionidae
Paraprfonospiopinnata (Ehlers 1901)
Polydora concharum Verrill 1880
Po lydora 1igoi Webster 1879
Polydora socialis (Schmarda 1861)
Scolelepis squamata (O.F. Muller 1806)
~io setosa Verrill 1873
Spiophanes bombyx (Claparede 1870)
Streblospio benedicti Webster 1879

Family Syll i dae
Parapionosyllis longicirrata (Webster and

Benedict 1884)
Pi onosy11 i ssp.
Proceraea cornuta (Agassiz 1863)
Syl1is gracilis Grube 1840

Family Terebellidae
Amphitrite ornata (Leidy 1855)
Polycirrus eximius (leidy 1855)

Class Oligochaeta
Oligochaeta A
Oligochaeta B
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Table VII-1 (cont.)

Grabs Dredges

Phy1 um l~o 11 usca
Class Gastropoda

Order Mesogastropoda
Triphora nigrocincta (C.B. Adams 1839)
Hydrobia totteni Morrison 1954
Crepidula fornicata (Linne 1758)
Crepidu1a eonvexa Say 1822
Crepidulaplana Say 1822

Order Neogastropoda
Urosalpinx cinerea (Say 1822)
Anaehis avara (Say 1822)
Mitrella lunata (Say 1826)
Busyeon carica (Gmelin 1791)
Busyeon eana1icu1atum (Linne 1758)
Nassarius trivittatus (Say 1822)
I1yanassa obsoletus (Say 1822)
Margine11a roseidaRedfie1d 1860

Order Tectibranchia
Aeteocina cana1ieu1ata (Say 1822)
Saye11a fusca (C.B. Adams 1839)
Turbonilla interrupta (Totten 1835)
Odostomia di~nthophila Wells and Wells 1961

Class Polyplacophora
Order Neolorieata

Chaetopleura apicu1ata (Say 1830)
Order Nudibranehia

Nudibranchia sp.
Class Biva'lvia

Order Protobranchia
Nucula proxima Say 1822
Vo1dia 1imatu1a Say 1831

Order Filibranehia
Anadara ovalis (Bruguiere 1789)
Mytil us eduli s Linne 1758
Crassostrea virginica (Gme1in 1791)

Order Eulamellibranchia
Mysel1a planu1ata (Stimpson 1857)
Mercenaria mercenaria (Linne 1758)
Petricola pholadiformis (Lamarck 1818)
Tellina agilis Stimpson 1857
Siliqua costata Say 1822
Ensis direetus Conrad 1843
Spisu1a solidissima (Dillwyn 1817)
Mu1inia 1ateralis (Say 1822)
Corbula contracta Say 1822
Lyonsia hyalina Conrad 1831
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Table VII-l (cont.)

Phylum Arthropoda
Class Merostomata

Limulus polyphemus (Linne 1758)
Class Crustacea

Subclass Ostracoda
Parasterope pollex

Order Thoraci ca
Balanus (Balanus) improvisus Darwin 1854

Order Stomatopoda
Sguilla empusa Say 1818

Order Mysidacea
Mysid sp.
Neomysis americana (S.1. Smith 1873)
Bowmani e11 a di ss imil is (CoHman 1937)
Heteromysis formosa S.I. Smith 1873

Order Cumacea
Oxyurostylis smithi Calman 1912

Order Isopoda
Cyathura pol ita (Stimpson 1855)
Cyathura burbancki Frankenberg 1965
Edotea triloba (Say 1818)
Eri chsone11 a fi 1Hormi s (Say 181,8)

Order Amphipoda
Ampelisca macrocephala Liljeborg 1852
Ampelisca abdita Mills 1964
Ampelisca verrilli Mills 1967
Ampithoidae sp.
Lembos smithi (Holmes 1905)
Microdeutopus 9ryllotalpa Costa 1853
Batea catharinensis Fr. Muller 1865
Cerapus tubularis Say 1818
Corophium acherusicum Costa 1857
Corophium tuberculatum Shoemaker 1934
Erichthonius brasiliensis Dana 1853
Unciola irrorata Say 1818
Unciola serrata Shoemaker 1945
Corophium simile Shoemaker 1934
Corophium bonelli .
Gammarus mucronatus Say 1818
El asmopus 1aevi s (Smith 1871)
Melita nitidaSmith 1873
NeOhaustorius biarticulatus Bousfield 1965
Microprotopus raneyi Wigley 1966
Lysianopsis alba Holmes 1905
Synchelidium americanum Bousfield 1973
Paraphoxus spinosus Holmes 1903
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Table VII-l (cont.)

Grabs Dredges

x x
x x

x
x
x x
x x

x x
x

x x
x x
x x

x
x x

x
x

X

Order Amphipoda (cont.)
Trichophoxus epistomus (Shoemaker 1938)
Parametopellacypris (Holmes 1905)
Caprella eguilibra Say 1818
Paracaprella tenuis r~ayer 1903

Order Decapoda
Crangon septemspinosa (Say 1818)
Callianassa atlantica (Smith 1874)
Pagurus longicarpus Say 1817
Pagurus pollicaris Say 1817
Euceramus raelon us Stimpson 1860
Ovalipes ocellatus Herbst 1799)
Cancer irroratus Say 1817
Xanthid sp.
Neopanope texana sayi (Smith 1869)
Paneopeus herbsti H. r~ilne-Edwards 1834
Hexapanopeusangustifrons (Benedict and Rathbun

- 1891)
Pinnotheres macu1atus Say 1818
Pinnixa sayana Stimpson 1860
Pinnixa sp.
Sesarma cinereum (Bose 1801)
Libinia sp. (juv.)
Libinia dubia H.Milne-Edwards- 1834
Libinia emarginata Leach 1815

Phylum Ectoprocta
Class Gymnolaemata

Order Ctenostomata
Alcyonidium polyoum (Hassal1 1841)
Alcyonidium verrilli Osborn 1912
Alcyonidium mammillatum Alder 1857
Alcyonidium sp.
Bowerbankia gracilis Leidy 1855
Triticella elongata (Osburn 1912)

Order Cheilostomata
Membranipora tenuis Desor 184a
Membranipora tuberculata (Bosc 1802)
Conopeum tenuissimum (Canu 1908)'
Conopeum truitti Osburn 1944
Electra monostachys (Marcus 1938)
Cryptosula pal1asiana (Moll 1803)
Schizoporel1a errata (Watess 1878)
Schizoporel1a bia erta (Michelin 1841-1842)
Microporella ciliata Pallas 1766)
Cribulina punctata (Hassal1 1841)
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Tab1e VII-l (cont.)

Phylum Echinodermata
Class Asteroidea

Order Forcipulata
Asterias forbesi (Desor 1848)
Starfi sh (juv.)

Class Ophiuroidea
Order Ophiurida

Amphioplus abditus (Verrill)
Class Echinoidea

Order Diadematoida
Arbacia punctulata (Lamarck 1816)

Order Clypeasteroida
Echinarachnius parma (Lamarck 1816)

Class Holothuroidea
Order Dendrochirota

Thyone briareus (LeSueur 1824)
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Table VU-2

Species by phylum for grabs and dredge hauls

Rhynchocoela Annelida Mollusca Arthropoda Cnidaria Ectoprocta Echinodermata Tubularia
Oligochaeta/
Polychaeta

Grabs 3

TOTAL--146

Dredges 3
(same as grabs)

TOTAL--lll
w
~ Additionalm

Species

2/58

2/44

8

22

19

12

43

29

15

1

3*

11

9

5*

2

4*

3

2

TOTAL--158

*denotes increases in epifaunal groups



Table VII-3

Grab-dredge species comparisons at Station 4

Grab Dredge

Number of Rare Species

Number of Dominant Speci es

Average No. Species/Grab

Average No. Individuals/Grab

Biological Average
Index No. RAIV

8

26

16.0

36.8

.96 4.5

.92. 4.95

.88 4.7

.84 3.65

.83 2.4

.71 2.12

.62 1.2

.61 1.1

53

Number of Dominant Species

Number of Rare Species

Average No. Species/Dredge

Average RAIV/Dredge

Dominant Species

Tell i na agil i s
Neomysis americana
Mulinia lateral is'
Asabel1ides oculatus
Ampelisca verrilli
Glycera capitata
Scoloplos fragilis
Ensis directus

Total Species

10.7
4.1
3.4
2.7
1.8
1.2
1.6
1.1

36

3

8

19

10.7

3~.6

Average No.
Individuals

.98

.87

.77

.78

.68

.60

.55

.51

Bi·o1ogi ca1
. Index No.Dominant Species

Tell ina agil is
Glycera capitata
Scoloplosfragilis
Ampelisca verrilli
Glycera dibranchiata
Spiophanes bombyx
Mulinia lateralis
Nemertea sp.

Total Species

Colonial



Table VII-4

Grab-dredge species comparisons at Station 5

Average No. Species/Grab

Average No. Indivi dua 1s/Grab

Number of Dominant Species Number of Dominant Species

Number of Rare Species

Average No. Species/Dredge

Dominant Species

Nucula proxima
Te11 i naagil is
Ensis directus

Total Species

Colonial

Number of Rare Species

Grab

Biological
Index No.

1.0
.97
.83

Average No.
Individuals

3649. 1
42.2.
2.9

40

4

3

26

6.9

3701.0

Dominant Species

Nucula proxima
Tell i na agil i s
Crangon septemspinosa
Neomysis americana
Ensis directus
Nephtys i.nc i sa
Mulinia lateralis
Yo 1dia lima tu 1a

Total Species

Average RAIV/DY'edge

Dredge

Biological
Index No.

1.0
.90
.88
.79
.73
.67
.56
.55

Average
RAIV

6.9
4.4
3.8
3.4
1.9
1.4
1.5
1.3

43

8

25

11.7

33.6



Table VII-5

Grab-dredge species comparisons at Station 3

Dominant Species

Grab

Biological
Index No.

Average No.
Individuals Dominant Species

Dredge

Biological Average
Index No. RAIV

Mytil us edu 1i s
Mediomastus ambiseta
Lysianopsis alba
Harmothoe extenuata
Xanthidae sp.
Polycirrus eximius
Nereis succinea

. Spi 0 setosa
Asabellides oculatus
Aricidea cerruti
Grepidula convexa
Streblospio benedicti

.95

.90

.85

.82

.82

.82

.73

.72

.70

.62

.56

.52

245.6
13.5
10.9
11. 15
11.5
4.3
4.0
2.4
2.4
2.7
1.8
0.8

Mytilus edul is
Mediomastus ambiseta
Nerei s succi nea
Polydora ligni
Harmothoe extenuata
Polycirrus eximius
Electramonostachys
Lysianopsis alba
Alcyonidium polyoum
Grepidula plana
Eteone heteropoda
Nucula proxima
Eumida sanguinea
Xanthidae sp.
Schizoporella errata
Neomysis americana
Grangon septemspinosa
Membranipora tenuis
Conopeum tenuissimum

.99

.94

.93

.93

.93

.90

.86

.86

.84

.78

.77

.75

.75

.74

.65

.89

.59

.58

.50

7.0
5.0
4.3
6.2
6.3
3.7
3.7
3.4
3.2
3.4
2.1
1.8
2.3
2.0
1.3
2.4
1.2
1.6
1.6
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Table VII-5 (cant.)

Grab

Total Species

Colonial

Number of Dominant Species

Number of RareSpectes

Average No. Species/Grab

~verage No. Individuals/Grab

85

9

12

31

25.0

333.0

Dredge

Total Species

Number of Dominant Species

Number of Rare Species

Average No. Species/Dredge Haul

Average RAIV/Dredge Haul

89

19

32

33.0

,83.9



Table VII-6

Grab-dredge species comparisons at Station 9

Dominant Species

Grab

Biological
Index No.

Average No.
Individuals Dominant Species

Dredge

Biological Average
Index No. . RAIV

Asabellides oculatus .94
Mediomastus ambiseta .93
Nucula proxima .91
Unciola serrata .90
Heteromastus filiformis .88
Xanthidae sp. .85
Streblospio benedicti .85
Corophium simile .81
Polycirrus eximius .80
Glycinde solitaria .79
Marphysa sanguinea .77
Nereis succinea .77
Hydroides dianthus .74
Neopanope texana saXi .72
Eumi~a sanguinea .69
Mercenaria"mercenaria .69
Mytilus edulis .66
Erichthonius brasiliensis .65
Tellina agilis .65
Lepidonotus squamatus .59
Sabel1aria vulgaris .58
Petricola pholadiformis .51

24.7
44.4
18.7
78;5
13.8
34.5
1907
51. a
16.5
12. 1
6.3
9.5

61.2
. 6.6
11.6
3.8

10.1
5.0
3.1
4.7
8.5
1.3

Hxdroides dianthus .96
Unciola serrata .96
Corophium simile .96
Mytilus edulis .96
Eumida sanguinea .95
Sabellaria vulgaris .95
Nereis succinea .93
Xanthidae sp. .86
Odostomia dianthophila .83
Lembos smithi .84
Harmothoe extenuata .80
Pblydora ligni .81
Paraphoxus spinosa .77
Erichthonius brasiliensis .75
Mediomastus ambiseta .75
Elasmopus laevis .74
Cliona celata .70
Lepidonotus sguamatus .67
Oligochaete B .66
Streblospio benedicti .66
Conopeum tenuissimum .63
Crepidula plana .63
Asabellides oculatus .59
Microciona prolifera .57
Marphysa sanguinea .56
Alcyonidium polyoum .55
Mitrella lunata .52

7.0
7.0
7.0
6.9
6.7
6.7
6.3
5.1
5.6
4.3
4.5
3.8
4.6
3.9
3.9
3.6
4.4
2.6
3.2
1.8
2.6
2.3
1.6
2.7
2.1
2. 1
0.95



Table VII-6 (cont.)

Grab

Total Species

Colonial

Number of Dominant Species

Number of Rare Species

Average No. Species/Grab

Average No. Individuals/Grab

86

12

22

31

33.3

480.4

Dredge

Tota1 Speci es

Number of Dominant Species

Number of Rare Species

Average No. Species/Dredge Haul

Average RAIV/Dredge Haul

91

27

39

34.7

'125.7



FIGURE CAPTIONS FOR CHAPTER VII

Figure VII- 1: Sampling stations for the dredging and grab collections
in Delaware Bay. Only Stations 3, 4, 5, and 9 were
sampled during this study.

Fi gure VII'" 2: Sl ed dredge with 1 m wide openi ng and 1 mm mesh bag
for collecting the samples encased in a protective
externa1 net.

Figure VII- 3: Hard bottom dredge with 1 m wide opening and 1 mm
mesh bag for collecting samples encased in a protec
tive external net.

Figure VII- 4: Modified Menzies dredge with a 1 mwide opening and
a 1 mmmesh bag for collecting samples encased in a
protective external net.

Figure VII- 5: Grain-size frequency distribution for the combined
20 sediment samples collected at Station 4 with the
Petersen grab.

Figure VII- 6: The cumulative average number of individuals and
the cumulative number of species by category for
the 20 replicate grab (0.1 m2) samples at Station
4 (sand).

Figure VII- 7: The cumulative average number of individuals/O.l m2

for the 20 replicate grab samples of the four most
dominant species collected at Station 4 (sand).

Figure VII- 8: The cumulative percentages of the fauna for the
four most dominant species collected in 20 replicate
grabs at Station 4 (sand).
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Figure VII- 9: The cumulative number of species by category for
the 20 replicate dredge hauls at Station 4 (sand).

Figure VlI-l0: Acomparison of the cumulative average number of
species per sample for 20 replicate grabs and
dredge haul~ at Station 4.

Figure VII-ll: The cumulative percentages of the fauna of the six
most dominant species collected in 20 replicate
dredge hauls at Station 4 (sand).

Figure VII-12: Classification dendrogram for grab replicate groupings
at Station 4 (sand).

Figure VII-13: Classification dendrogram for dredge replicate groupings
at Station 4 (sand).

Figure VII-14: Grain-size frequency distribution for the combined
20 sediment samples collected at Station 5 with
the Petersen grab.

Figure VII-15: The cumulative average number of individuals and
cumulative number of species by category for
the 20 replicate grab (0.1 m2) samples at
Station 5 (mud).

Fi.gure VII-16: The cumulative average number of individuals/O.l m2

for the 20 rep1i ca te grab samp1es of the three
most dominant species at Station 5 (mud).

Figure VII-17: Cumulative number of species by categories for
the 20 replicate dredge samples at Station 5 (mud)~

Figure VII-18: A comparison of the cumulative number of species per
sample for 20 replicate grab and dredge hauls at
Station 5.
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Figure VII-19: The cumulative percentages of the fauna for the
eight most dominant species collected in 20
replicate dredge hauls at Station 5 (mud).

Figure VII-20: Classification dendrogram for grab replicate
groupings at Station 5 (mud).

Figure VII-2l: Classification dendrogram for dredge replicate
groupings at Station 5 (mud).

Figure VII-22: Grain-size frequency distribution for the combined
20 sediment samples collected at Station 3 with a
Petersen grab.

Figure VII-23: The cumulative average number of individuals and
the cumulative number of species by category for
the 20 replicate grabs (0.1 m2) at Station 3
(polymodal).

Figure VII-24: The cumulative average number of individuals/O.l m2

for the 20 replicate grab samples of the five most
dominant species collected at Station 3 (polymodal).

Figure VII-25: The cumulative percentages of the fauna for the
five most dominant species collected in 20 replicate
grabs at Station 3 (polymodal).

Figure VII-26: The cumulative number of species by category for
the 20 replicate dredge hauls at Station 3 (polymodal).

Figure VII-27: A comparison of the cumulative average number of
species per sample for 20 replicate grab and
dredge hauls at Station 3 (polymodal).

Figure VII-28: Classification dendrogram for grab replicate
groupings at Station 3.
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Figure VII-29: Classification dendrogram for dredge replicate
groupings at Station 3.

Figure VII-30: The cumulative average number of individuals/G.I m2

and the cumulative number of species by category
for 20 replicate grab samples at Station 9 (serpulid
reef) .

figure VII-31: The cumulative average number of individuals/O.l m2

for the 20 replicate grab samples of the six most
dominant species at Station 9 (serpulid reef).

Figure VII-32: The cumulative percentages of the fauna for the
8 most dominant species conected in 19 replicate

grabs at Station 9 (serpulidreef).

Figure VII-33: The cumulative number of species by category for
the 20 replicate dredge hauls at Station 9
(serpulid reef).

Figure VII-34: A comparison of the average number of species per
sample for 2IT replicate grab and dredge hauls at
Station 9 (serpulid reef).

Figure VII-35: Classific.ation dendrogram for grab replicate
groupings at Station 9.

Figure VII~36: Classification dendrogram for dredge replicate
groupings at Station 9.
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APPENDIX I

HIERARCHIAL CLUSTER ANALYSIS PROGRAM

This is a hierarchial classification program designed initially
for use in numerical taxonomy or ecological assemblage analysis.
The body of the program was obtained from Dr. Don Boesch of -the
Virginia Institute of Marine Science. It was adapted for use on
the Burroughs system and then further modified for our specific
needs by Ms. Liz Gontarz, Mr. John Gorton, and Mr. Henry Lind. A
summary of the concepts employed in this program can be found in
Williams, 1971 (Ann. Rev~ Ecol. Syst~matics~: 303-326).

The input to the program consists of a series of station
(sample, OTU, etc.) names, each followed by a listing of species
(attributes, character states) codes and their respective quantities.
The program generates a dendrogram of similar stations or species
following the operational sequence outlined below:

1. The controlling data for the operations that follow are
first read. These data are as follows:
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a. On the first card:

Columns

1- 5

6-10

11-15

16-20

21-25

Code

MRGLM

ICEN

JPAR

LTFORM

IFLIP

Format

15

15

IS

15

15

Operation

This is the number of samples (sta
tions) to be considered as one

group. This program is set up
for MRGLM = 1 (Note: This value
must be ri ght j ustifi ed).

This specifies the clustering
strategy to be used. See later

note for values. (This value must
be right justified).

This specifies the similarity co
efficient to be used. See later
note for values. (Thi s val ue must

be right justified).

This determines whether the data

are to be log-transformed before
being used in the similarity
analyses. If 0, abundances are

untransformed; if 1, abundances
transformed by natural logarithms.
Values must be right justified.

This specifies the arrangement of

the matrix. If 0, rows are species
and columns are stations and
clustering is by stations. If 1,
the matrix is turned 90 degrees and
clustering is by species. This value
must be right justified.
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Columns

26-30

31-40

41-70

Code

WROP

BETA

ALPHA

Format

15

F10.5

5A6

Operation

This specifies the cut-off level,

below which a species will not be

allowed to contribute to the forma
tion of clusters. The cut-off

level is equivalent to the percent
occurrence of a species. If no

value is specified, a default value

of 10% is used. In this case, any

species occurring at 10% or less of
the stations is removed from the
matrix before the initial similarity
matrix is constructed. This value

must be right justified.

This value is a variable to be speci

fied only when flexible clustering

is to be used. Its significance will

be outlined below.

This is an .alphanumeric label of the
user's choosing which will be printed
out as typed.

b. On the second card:

Columns

1- 4

5- 8

11-46

Format

F4.0

F4.0

7A5

Use

X-dimension of plot in inches.

V-dimension of plot in inches.

Title for V-axis of plot.
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Columns

7B

79-80

Format

Il

12

Use

Leave 0 or blank if plot is desired;
enter 1 to suppress the plot.

Leave blank to use Cal-Comp plotter
(Column 78 must also be 0 or blank)
or to suppress plotter if Column 78

is a 1; enter 09 to get a Tektronix
plot.

2. Special Notes on Controlling Data:

a: If JPAR is given a negative value, all data and similarity
matrices will be printed .

.b: If IDROP is given a negative value, only the original data
matrix will be printed. If a negative IDROP is used, JPAR
must also be negative.

c: If IFLIP is given a value of 1, the data matrix will not
be printed, but the similarity matrix is still printed.

3. Subroutine SIMARR is called. This subroutine reads the data and
computes the similarity matrix on which all further operations are
based.

a. The data are arranged on the cards as follows:

Columns 1- 5:
6-10:

11- 15:

16-20:

Station name, A format, right justified;
blank;
species code, integer formed, right justified;
species abundance, integer format, right
justified.
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The remalnlng species codes and their abundances, using alternate
sets of five columns each, are then listed across the card. If
further cards are needed, the first ten columns are left blank
and the rest of the card is as already indicated.

b. The data are read and arranged into matrix form according
to the value of IFLIP.

c. The percent occurrence of each species over all stations
is computed.

d. Those species whose percent occurrence is less than or equal
to the value of 1DROP are then removed from the matrix and
the matrix is adjusted accordingly. The species dropped
and their percent occurrence are printed for future reference.

e. The similarity matrix is then computed using the revised
data matrix and the similarity coefficient specified by
JPAR.

4. Subroutine SEARCH is then called. This subroutine examines the
similarity matrix for maximum or minimum values, depending on the
attributes of the similarity coefficient used. Only one p'air of
stations (or species) can be fused at one time.

5. The program now sets up a series of arrays which contain lists
of the station (or species) names which have been clustered and the
levels at which these clusters occurred. This is used as input to
the plotting subroutine SYMDEN.

6. Subroutine REORD is called. This subroutine combines the units
clustered into one individual (also ret'erred to as a group) and
creates a set of new properties for that individual (group). The
basis of this operation is the clustering strategy specified by ICEN.
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The algorithm used in this program uses the formula for linear com
binatorial strategies developed by Lance and Williams (1967, Computer
Journal 9: 373-380). This formula has three variables,nL , B, and V,

which are specified for all clustering strategies except that called
"flexible." For this last strategy, a value of B must be specified,
and is usually given as -0.25 (8 must be between 1.0 and -1.0).

7. If there are more than two station (species) groups left to be
. 'clustered, subroutine SEARCH is called. This loop from SEARCH to

REORD to SEARCH is used until two station (species) groups remain.
The program then joins these last two groups and prints their level
of similarity along with the statement "ALL ONE GROUP."

8. Subroutine SYMDEN is then called. This subroutine, obtained
from Dr. F. James Rohlf (State University of New York, Stony Brook),
contains the instructions needed to plot the dendrogram.

9. Similarity coefficients. This program contains nine similarity
coeffic·ients, anyone of which can be used in the classification
routines by specifying the appropriate JPAR value. These values,
their respective coefficients, and a reference source for each are
given below.

JPAR

1

2

3

4

5

6

Coefficient

Standard Distance
Product-Moment Cor
relation
Fager

Jaccard

Sorenson

Webb

Source

Orloci, L., 1967. J. Ecol. 55: 193-206.

Any standard statistics text.
Fager, E.W., &J.A. McGowan, 1963.
Science 140: 453-460.
Orloci, L., 1972. Amer. Mid1. Nat.
88: 28-55.
Looman, J., and J.B.Campbell, 1960.
Ecology ~l: 409-416.
Unknown.
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JPAR

7

8

9

Coefficient

Kenda 11

Czekanowski

Canberra Metric

Source

Looman, J., &J.B. Campbell, 1960.
Ecology 11: 409-416.
Williams, W.T., J.M. Lambert, and

G.N. Lance, 1966. J~ Ecol. 54:
427-445.
Stephenson, W., W.T. Williams,
and S.D. Cook, 1972. Ecological
Monogr. 42: 387-415.

10. Sorting Strategies. This program, as indicated previously, has
the capability of joining groups by using anyone of five sorting
strategies, stipulated by the appropriate ICEN value. For a discus
sion of the properties of these strategies, the following should
be consulted: Williams, W.T., 1971, Ann. Rev. Ecol. Systematics
2: 303-326; Stephenson, W., et al., 1972, Ecol. Monogr. 42: 387-415;
Sneath, P.H.A., and R.R. Sokal, 1973, Numerical Taxonomy, W.H. Freeman
&Co. The ICEN values and their respective sorting strategies, are
as follows:

ICEN

o or blank
1

2

3

4

5

11. Deck Set-up.
at the University
set-up is needed:

Strategy

Unweighted pair grouping (group average).
Weighted pair grouping (centroid).
Nearest neighbor (single linkage).
Furthest neighbor (complete linkage).
Median grouping.
Flexible (B must be specified).

To run this program through the Burroughs system
of Delaware Computing Center, the following card
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[work-FlOW Language Cards (See computer consultants).

r
. Data Deck .

[ Contro1 Card for Data (See paragraph 1).
~Control Card for Plotting Routine (See paragraph 1).

I _Data Cards (See paragraph 3).

l[End Job Card.
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no loq ,.1:1.4,
!~=L+l

CENX}('l((I,J)::X(L)

451



c
C

950
11
1Jt~q

LIE
INLM::::4S
RtAn(~,t,FNO=qqO) MRGlM,!CEN,JPAR,LTrnRM,JFIIP,JOROP,BETA,ALP~

RFAnCS,1333)xnTM,VDTM,IXXC11,IXXC?),T VX(3),TXWCO),IXXCS),lXX(6)
3333 FORMATCF4.1,FU,1,lx,b Ah)

1 FORMAT(~t5,~iO.5,5A6)

[)(') 172 !=l,SO
172 l.ACTC!):2

IFC!nROP.EQ.O) IDR(}P:IO
TF{MRGlM ,Gr. 2nO)Gn Tn qqn
!PAP=IARSrJPAR)
Nr,nU':::l
IF:' ( rPAR • F. Q • 1) ~I r 0 f F:: t')

ICAPf)=lS0
c
C CAL L 8 UARnUT rNET ('l PRHI TAN f) C(W PUH r'l AT A HAT RIC F S A~J 0 5 rMrl ARt TY

rAlL SIMAPReJPAR,LTFnRM,R,IFLTP,IORnp)
DO 7!')(l ,jL<J:::l,NSiA
DO 7 11:; ,.1 X=:: J 1;4 +1 , 1,1 Si /1
cr=Citl
nTSrCT)=R(,H"JX)

1 0:; cem TPl II E
NP=(NSTA*(NSTA~I))/?

C SUB R(} 11 T pJ E CALt. IH Sr HJ f} nEFH.I G WRr TE' RnHJV F: n FRO M HER fIJI 30
700 CONTINUE

IFCTnRnp.lT,n) GO Tn Q~O

NST:NfI.J
203 FORMATOH1.)

Dn 2 (I 1 YKE:l 1 , t 0
2 (j 1 ,./ RT r E ( h, 202 ,
202 FORr-1Ai(IHO,

!f:.'fTFlIP,NE.O' GO TO C1S0
WRITE(&,70)ALPH,NST,NSP

; (I F' 0 RMAT C23X, 'C l,Il STERTNG RES UL TS " S HI r; I H 11< AGf t-i ETHO 0 'I 2q x, , (5 t'l KAL
1 ANn SNEATH 1q6~"112~x,SA6/28x,Ia" SAMPLES '~2X,I4,' SPECIES'/)

Gn Tn 13qq

PRINT OUTPUT HEADINGS
WRTTF(6,71) ALPH
FOR MAT ( 23X,, CII ,5 TERTNG RE" SUL TS F L. t p P F f) I, lOX ,SA (, ,

C('\"1 TPJfIE:
II::,
IF crPAR ~EQt 6) rt=2
IF CNCOEF .FQ. O)!I=l

300 WRTTEC6,ln2)MAXERCIr,
IF (MAXERCII1.EQ.'O.O') TTMAX=O.O
IF (MA~ER(Ir)8FQ8'O.33" TTMAX=O.33
IF (MAXERfrrJ .EO. '1,( 1 ) TTMAX=1.0

3 02 FOR HAT ( 25 x, I MA\( VAL uF: nF SPH L ARr Tv C0EFF ::' f HI )
]05 WRITE(6,307'(CENXXM(ICEN~I,J"J=t,6'

307 FORMATC25X,'CLUSTERING STRATEGY IS ',6A6)
220 wRITECb,31 o 'CCnXXXX(IPAR,J),J:l,S)

·310 FnRMATC25X,'SIMIlARJTvcnEFFIcENT IS I,SA6)
200 CONTI'>JUE

wRITe:(6~100~

100 FI1Rf.1AiC1H1d5X, INO~ GR P s',24X, 'CLlISTfRS'1 ~nx, 'LEVf:LI,6'X,'G~OlJP5
1', 16)(,ISAfWl.ES INCUJnFI"lII)

DO 51) I=~ ~NSi
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CALL SIIfl,i"<OUT!"lF in ~FARCH SPHl,oAQITY HATR!X F"OR MAXIMUM OP MINIMU"
( CII I Lt DT (iP , II F PH' ROW II N f) C() LUM~I OF' 5 I MIL ,t\ R! TV M VALUE (= I , J )
p,1 THIS VfRSIor,l, usE O~ILv ONE: PAIR AT A rIME, IGNORING TtES~
CALL SEARCH(N~,NCOEF,Tnp,T,J'

N('l W HII VE F 0 UNf) Rn\\111 ND COL UMN WI TH M'AXrMU~; S I MIL ARI TV VAl UES , .N 0 \II
CLUST~R FROM t, INaJ.
DO 5;> 1Z=ld50
IPPOZh:O
KOIJ~,I=l

KNGhi:NrJ'd
DO 17(l LL=l,NST
IF(~CLL) .EO. I)Gn TO 151
CONTp,IUE
SAV~'I::I

I=LL
LtPR=!f.'IEOF
Go TO 152

151 LIPP=STATN(LL)
SAVET~T

1::LL
152 DO 153 LL=l,N~T

IP- (H(tJ~j .F(~. ,nGO TO 15lJ
153 CmJT T~J UF

SAVPJ=J
,j =L L
L?PR=IOEOF
Gn TO '55

15U L2PP=STATNCLL)
SAVFJ=J
J=LL

C THIS cnOE CPEATFS 2 APRAVSClAB,LEVfL)
C wHICH ARE Tn RE FED INTO THE nfNDOGRAM
C PLOTTP,IG RI1UTINE,SMYDE"J~ LAA IS AN ARRAV
C OF STATION NAMfS ARRANGEO 1M THE ORDER
C THAT THEY APE TO BE PRINTED ALONG ONE AXle
C (] r THF" PLOT 0; LEV FLIS HI ft RRAV (') F LFVEL ~

C AT WHTCW FICH STATION JOINS THE RFST~

IFCNllSTS .EQ,"' GO Tn 120
C SEE wHETHFR lIS IN A LIST ALREADY

1'.lllCT1=O
C F ! ~i f) l-. N 1\ CT1vr; L! ST T ~J E~IT EST

no 1?3 llH:l,NLIST5
ti/l·C T 1::: HA CT i+l

102 GO Tn (tan,lal).LACT(NA~Tl'

141 NArTl=NACT1+l
(;0 'TO Ill,'.

140 LIMTT=C NT(NACT1)
DO 123 llM2=1,LTMTT
IF ([.fQ.LI~TS(NICTI,LIM2)GO TO 124

t 23 C01\1 THillf
C NO MATrH nN r

MT=2
r~ 0 Tn I? 6

C HAT CH 0"-1 I
12Ll MY::!
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tIST ALREAfiY
ACrIVE'l.IST THEN n:ST

, LJM:::l,~jLISTS

NACT2::: NA CT2t1
145 GOT () (1 4 '5 , 1 tJ !J , , LAC T ( ~I ArT? )
sua NACT2=NACT2tl

GO H'I ill';
14, lTMTT=CNTCNACT?)

Dn 1?7 LJH2=1,LTMIT
IFCJ.fQ.LISTSCNACT2,LJM?») GO TO 12~

127 CnNT PHJf
~JO MATCH NJ ,J

M.1=2
GO TO 1500

MATCH ON .1
128 HJ=l

RULES FOR CREATtN~ lISTS
to IF NEITHER HAV£ MATCHfS SET UP NEw LIST CONTAINI~IG BOTH MEMBERS
2. nNE MATCHES. ADD NnNM~ATCHING ELE~ENT TO LIST CONTAINING

MATCHING ELEME'NT
3~ BOTH MATCH ~ ADD CONTENTS OF LIST CONTAINING LARGER ELEMENT

TOE t·, D (') F LIS Teo N TA I N1f\l G SMA LLER FLHI ENT
IF (MltEQ.2.AND~MJ~fQ.?) GO TO 12q
IF (MI~EQtltANO.MJ;FQ.2) GO TO 130
IF (MI.fQ.~$ANn.MJ.fQoi' ~o TO 133
IF rMl~EQel~AND.MJ.EQ.l' GO TO 131
GO iO 132

SET UPFTRST LIST
120 LTSTSC1,l)=r

LISiSrl,2)=J
Lr.:VCY):::TOP
LEVrJ,=TOP
NLISTS=l
Cf\JTC1i=2
I~ACT{l)=l

GO TO 1'50
FOLL()f~ RLJ\".f 1

FIND FIRST INA'CTTVF LIST
12q CnN T'! NUE

NACT:::!
lu7 GO TO (laA f l U6),LACTCNACT)
14B NACT::NACT+l

IF (NACT,GT.sn) WRITE(6,175) MT,MJ,NLlSTS,LACT,I,J
115 FORMATe l ~4I,M ..1 1,.?T3,lOX,'NO. ACTIVE LYST~ ',151/

$ I STATUS OF LISTS'/5012/1' I,J ',215/)
GO TO 147

146 NlI5T5:NLISTS+l
LlSTS( NA CT,l):= !
L!STS(NACT,2):: ,1
Cl\iT(NACi)=2
LEV' t)=TOP
LEV( J'=TOP
LACTUJAcn=l
GO TO 150

FOLLOW RULE 2
130 CNTCNACT1)=CNTCNACTi).t

LlSTSfNACT1,CNT(NACT1)): J

c
c

c

c
c
c
e
c
c

1500

c

c

c

c
c
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----------------------------..::u

.;~

NOW MUST SfT UP IDENTITIFS OF NEw INnrvIOUALSCCLUSTERS)
CM1 P I JIF ~l F Vi S rM rLA RTTV- r Ni) EX
I=SAVFJ
J=SAVEJ

55 CALL r(fORt'UJN~NSP,~!ST,BE"A~r,J)

DO 16 K:::t,I-'ST
IF (M(K) ,Nf. T,GO TO 16

22 IPRCKOUN)=$TATNCK)
Knll~I=K(llJN+1

1. (, Ct') ~I T I "i II F
KOU'I::::KOUN"'l

LrVf \n~rop

G(l Tn ISO
FC'lLUii>' RULE 2

13 3 C"I T pI h CT 2 ) :: eN T ( t\, ACT? , t1
LrSTS(NACT2~CNT(NACT2)): I
lEV( n=Tnp
GO TO 11)0

FOlLO\..,] HUL€: 3
131 CI')NTHIUf

M~~~=CNT(NACT1).C~T(NACf?'

IF[~T6TN( I'.lT.STATN( J)) GO Tn 13U
T)t' =~.I ACT 1
jY=~JAr:T?

GO TO 158
131J IX:::~IACT?

I V=~.lAC::T1.

158 rSTPT~CNTCIX)+l

LEvr~I5TS(JY,I))=TOP

1.0::\
DO 1~5 lonp=ISTRT,HUM~

LISTS(IX,LOOP)=LISTS(IY,LD)
L rsr 5 ( I Y,l,rn ::: n
IJI=t. rH 1

1,5 cn"JTT~·".IF

c~n(!V)=o

orr ( TY , :: H I." ~,nj

NLIST~=NLTSTS"'l

LAcrnn=2
GO TO 150

132 wRITf(~d57, I, ,1
PH rOR'~AT(1x,ltOMRO OF 1=',13,1 HID ,J=',T3,' F'fl~L THRLI RULES FOR C

$ REA TT~t G l t STS I ,

CALL EnT
1'50 CONrrNUf

Tf.lE v AD I nus fO IH1A T Si AT FMPiT S ARF P1r:LU!)ED FOR ~JlJ""ER Ie OR ALPHA
nUTPIiT
IF (tFllP .Nf. 0) GO TO Q~O

~prTF(~,lA'KNGR,Tnp,LJPQ,L2PR.~(tPR(L',l=1,KOUN)

18 f nR;·l.h T ( /1 5 x, -x 5, 1 0 }{ , F8 • /.I, 1'1, A6, I 11 Nf') I , A6, 4){ , to ( .~ 6, '. t ) I (51 'X, 10 ( Ab
1,',')))

(1) TO 9f.l
960 WPfTfC6,qlp) KNGR, Tnp,LJPR,l2PR,(IPprl),l:1~KnUN)

Ql~ ~'f')R'\AT(/lSX,T5,10){,r~,4,l){,16,' ANn·',I6,.lJX.l0(r.6,f.')/CS7)(,10(I~

1,',')"
~€>1 IFP'~I.GFll2) Gn TO ?~

c

c

c
c
c

c
c
c
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25 WR IltU6 ~27 )TOP
21 FORMAJ(/,QX,'t',loX,FB.u,1QX,'ALL CH,!F GROUP')

NACY::!
1b5 GO Tn (,62,'63',LACTCNAtT)
163 Nile j :: 'J ACT +,

GO TO t65
16 '2 C0 1\1 T ! "J !JF

~J S ::: C~H ( NACT)
no 167 !::j,N$
JP=LISTSCNACT,r,
LABfI)::STATNeJP)
LFVf l ( I , :: LEV (.1 P)

167 CONTpJUE
?X GO -TO 9B9

1880 CONTINUE
Gn TO 9,119

q q 0 1;/ R I T E' u~ , 28 ,
28 FnRMATCUH1END)

MIN:::Lr V(NST)
~, II X:;:: LEV ( 1 )
CALL PLTS~T('HfAD',~q)

WRTTEC6,98)
98 FnRtviATC1X,'HAVE REACHED PLnTTrNG ROUTYNE'"

CALL SYMDEN(N5T,LAA,LfVEL,SCRATj,SCRAT?,MrN,MAX,XDIM,VDT~,Ixx

*,TT~\AX'

CALL PLOT(O,O,~q)

STOP
END
SIIRRouitNF SIMARRrTPAR,JSEl.C,R,tFLIP,rnROP ,

c
C THIS SUBROUTINE RfADS THE ['lATA ANn PERFORMS HOUSEKeEPING ON IT,
e AND PR! NTS I 1\/ MATR i X fOR MA T ; THE NT,. C. ALe l JL ATE S SHH L AT t RV r NeT e
C CZEKANOwSKI, FAGER, JACCARD, SORENSON, WE~B, KFNOll.L, AND ORLoer'
C sTA N I) AR() ()! s.r Af\.J CfAN [) t:l R0 f) II CT 1'4 a1'-1 ENT r. liR RELT ! 0 N •
C

REAl. KE~JA

C1') MM0 N I I) e: NT, Ie ARn ,to AT, LOti, I () II TE , 1.'1' t '-1 E , rTf MP , t 5 ALN, It) PTH, NT AXA
cnM~ON ~AGNI,NETHO,ltNEc,LrNLM,IPRT,rCRn,rNVST,NSTA,NSPfC,JX

COMMON ANrNO,A~(q) .
c0 ~~ ~ 0 N NMt AX( 2 0 I'l , ? ) , p: P II T r80 ) , IllS R C3 n)
CO HIW tJ lOA T I IS TAr N ( t 5 0 ~ , T 1\ X~ 1M ( 1 0 0 ) , NHi l) (, I') 0 ) , TeN T ( 10 0 , 1SO )
DTMf~JSION SM(9)
D .It'" EHSILl N I., TME ( 100' , SHq 150, 150 , , CH"" G( 1S(j ,

DIMENS!ONNNOC(150),lrOCC1SO)
DIMENSION Hl'HH2)
DIMENSION TAX(1),ARUNnC7)
DIMfNSION RCICARD,rrARD)
DIMENS10N RENU~(20n)

f) r 1'1 t NS r 0 l\J NIH4 ( 2 (') (l " TAG ( ? n('\ ) , SHU n l {2 (l 0 ) , CR0 5 S ( t '5 Cl , 1 75 )
E(') U! vALE Nr: E ( S ~<\ e 1 ) , SD)', (S ~l C2 ) , P t-1 ) , (S I,' ( " ) , f A j , r s t'l ( ll) , J A), (S M( 5 ) , S ('t , ,

* rSM(6),WE),(SMC7),KE),lSMCR),CZ),(SM(q),CM)
DATA HDR/' UN',/LnG'j
DATA InfOF/fqqqq'J,JS~T/OI

D6.TII LYlt'/100/
DATA. DUM/' 'I
ISELC=IABS(JSELC)
GO TO 20
ENTRV SIMILeJSElC)
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"'"

1:'Sftc:::; AFlS{,JSFLr.)

GO HI 10
F !\if P YD .A T j\ RR

ISFLr::"'l
1(1 fPAI::?::;O
20 CONTFIUf

JrHWP=A AS (r DROP'
DO 1500 1:1,150
Dr) 1500 J:ll,150
SHI (1, J)::'

1so 0 C0 t-,I TPI! }E
N~TA=l

NSPF:C:l
c
C TI-lF. rOLto'oipH; qOUTp!f RfAf'\S THF: I14Th AND ARRA~IGF-S THE ORIGINAl.. M
C T~F NORMAL OR FLIPPfn CONFIGUPATION.

READ(S,~02) STA,(TAXCI),ARUNOCY),I=I,7)
602 FORnAT(C5,';'i.,l/jIS)

STA=cnNCAT(~TA,bUM~a7,a7,8'
STAHJ(1 )::STA

SH II ~ FL ( l' ::f II )( (1 )
NINf'\(NSTA)=NIMO(N~TA'+l

1'C~jr (1,1) :::ARU"·I() (1)
1\, Utv. ( 1 ) ::::A RUN Y'\ ( 1)
CROSS(!,!)::!
~RITE(6,q017) ST'

QO:H FnR~ATO)(, 'XX)(' ,.46)

8006 nn ~nno J:M,1
I r ( It HI, pJ r'1 ( J ) • f Q • 0) GOT 0 A(HI Q
NINDCNSTA):MIND(NST6)+1
Dr Root r~l,NSPFC

IF (TA't(J),":E. ~H'.IFFL(I» GO TO P.00I
GO Tn i')05f't

8 0 Ole () rH 11'1( I r
1\, SP FC::~.1 SP f C+1
is HII F FL (/'! SPEe , :: T AX (.,7)

\>J R TTF (f" 6 ? 3 ) /'J S T A, t , ARU/'11) Ln
623 FORMATC1X,3IS)

8050 vi R I T f (1' NSl A , I , A r~ I) Nn ( J )
CROSS(NSTA,I).CROSS(NSTA,I)tl

8000 CONTplut
80 f) q RFA f'\ ( S , fdi 2 , F.~,j f'l:; A. () 0,) S T A , (T A l( ( I , , A P. \ I /', f') ( ! , , I:: 1 , 7)

S T1\ ::: r: (I ~i r: AT ( ~ TA , f') II M , In , tJ 7 , e )

IF r~TA,ISe' " GO Tn A006
/\J STA=i" ST t\ +1
ST 4 pi Pi ST A ) :: STA
WRITE(6,gn37) STA
r.O TO FlOOr:,

c
C TEST EA (: H SP f- r r f S TI) Sn: THAT TT or CII P S pi MOP f nu N I DR 0P % 0F THE
C

8005 NPSPFC=Q
WRTTFC6,t930) ropn p

on Rnt6 I=I,N~PfC

S\lM::O.
f) n I'HJ1 7 .J:; I , i·!!') T A
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SUM=Sl.H1+CROSS (J.,l)
q 0 71 CON T PiU E'

PER r::: '($ tH~ INS Tit' * 1 0 0 •
IF (PfAC.GT.IDRnp) ~O TO 8007
ThG(I)::2
~RITE(6,8nn3' SHUFFL(J),PfRC

8003 FORr"1ATC 1 SPFCIFS ',IS,' D~H)PPFnl,!5i(,rr;:;~o,' PERCENT')
GO Tn 8til6

C
C STOQES ~i liMES, CnUNT S OF SPf erE S NnT ('lPOPPfD
C

8(\07 TAGO):::!
NRSPf C:: ~J RSPEe +1
r A'( f\J M( ~,; RS PEe) :: SHII r Fl (1)
Rf Nil f>1 0 ) :: /\1 RSP f C

8 0 16 C0. NTHI UF
NSPEC:::lI'JRSPfC
REw!Nr, t

8011 CONTItJUF
REAr'C1,fND=3(0) NSTA,CRfr ,KOUNT
r=RHJllf1 (CR I n
GO TO (~010,B011),ihG(r.RIT)

8010 CONi HiLlE.
GO TO (R014,8015),IFLIP+l

C IFLTP::::f.j
80 t 4 leN T ( I , NSTA' :: TeN T ( t , f\J S fA ) t K() II NT

GO TO 8011
C tF'LIP:q

8 (') 15 leN T ( 1\1 STA, ! ) ::: teN T ( NSTA, r ) ... KnUN T
GOfO BOtt

c
c
C

300

1Q50

tent
c
c
c

I

THE ro.LLowING ROUTINE REORDERS THE ~PfcrES AND STAION LABfS IN THEI
OF A FLIP COM~AND. I

TFCTFLIP.EQ.Oj GO TO lq31 I

00 lQSO J=l,NSPfC I

CHNG (,J ) :::1 AXNM(,J) I
r.ONTINUE I

DO iq53 3.1=1, ~iSTA
TAXN~rJJ)=STAT~CJJ)

CmJ T! ~.IlIF

0(1 , q S2 .J:: 1, N SPEe
STATNCJ)=tHNGCJ'
CONT Tf\j UE'
NS::NSPEC
~JT::H,I~H A
NS TA=r-I $
~JSPEC=NT

GO T('l l"nn
CONT T1\1\11:::

THE FnLlnwING ROUTINE PRINTS THEE nATA A~ READ PROM THf CARDS ANn
_E 0 I "1 A MAT R T~ FI') RM

IFCTPAR.GT.O) GO TO 131~

wRrTt:Co,1?10)
D01206 K~l,NSPEC,lO

DO 1206 K=l,NSPEC,lO
M::K+Q
IF(M.GT.NSPEC) M:NSPFC
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459

THF F nLLOl't HI G PI) liT 1 t-I f SeA MS THt Rf V T~ f I') MA TRIll AN" Lt 5 T5 THE STAT T.
EACH SPECIES WHICH W4S FOUND AT JT.
Lt.. :n
DO 1sqq ,,= 1 ,lSI)
D11 15 q q 1,.::: 1 , 15I)

SHJU,L):O
CfW 1 If-Ill E \

DO 1230 .J=1,NSTII
L=O
Dh 1215 K~l,NSPEC

IF(TCNTCK,J).fO.O) ~n TO 1235
L=:l+l
STN(J,L)=T6YMM(K~

IF(L.r-r.u., Lt::;LL+l
LMJTT~IUf:

CONi T~!Uf
WRITE (6,1236)
FOP lH T (' I, I THF FnU. nwpJ r, S TAH n/'-1 s r MIT AI Nf D Hi ESP Eel ES LIs TED' )
00 1?37 J=I,NSTA,10
H::.j+q
IF (M.GT.NSTA) M=N$TA
\>J Q I Tf ( 6, 1251) un APi 00 , K:: J , "I)

FO~MAT(j2nX,10Al0/fl)

DO 12V~L=1,LL.

1235
1230

1251.

1599

1216 FOP~AT(/20W,10I1n,

Pr'l 12~5 I=1,NSiA
.1} Rr TF.: U" 12 (\ '3) S TAPI ( I ) , ( rcIH (J, I ) , J:: K , ~q

1203 FOR~6T(/5X,A6,qX,10Iln)

12 I) 5 CON TPllJE
WRITFCb,121tt)

12 1 \I r; 0 RM II T ( 1H U
1206 CON TPW E
1310 Lt::o
lC13n FOR M 6TU/' curm·F Lfvn. FnR nIJ.I~STo1J IS LF."SS THAN OR EQUAL TO I,

1 p;,' P FRCEN Toe ell RR" ~J CF I , '

130t IF('P&R.~T.n) GO TO 130n.
IFCIOROP.LT.O) GO T0 Qon
I F OFII P .Nf,(n GO TO 1300
WRITE (f,.,1210)
WRITE ( 6, 1? 2 6)

1226 FOR~AT(I THF FOlLOWTNG SPfCIES WFRE FOUND AT THE STATtONS LfSTEDI,
DO 1227 N:l,NSPfC,IO
M::N+q
IF(N.GT.NSPEe) M:N5~fC

l~ Rr r F ( I) , 12 17 , ( TA~ ~·I M ( L , , l :: "I • ~1 ,

WRITF(~,?21A)(~MOC(L"l=N.M)

2218 FORMAT(/' Nn, OF OrCURRANCfS ',10T1n,
wro? I TF (6, 18 q t:) , (T P ('Ie ( L ) , L :: ~I , H ,

18 Q q FORMAT(' PERCENT nCCURRANCF ',2X,lnT1n//I)
1217 FnRMI\T(?OX-,10I1o,

DO 1?2Q L::1,tL
I" Rl TE ( " ,I? I'j °) (5 T~I ( K • L ) , K:: N, M)

125" ~OR~AT(/2n~,10'ln)

1229 CONT PIUF'
l·jRTTF:'(6,12tO)
crH.JT 1H) E1227

C
C
C



WRITE: (6, t? 1.6) (81M UJ, L', "r.J=~r, ~1'

123<1 CONTp!(lF.
WRjTECb,1(10)

1237 C0NT!'iUE'
IJOO IFCISFLC.LT.O) no TO qnn

LII\IEC:::LINLM
S=NSPfC
K:::1\18 fA .. t
DO 700 I=1,k:
IF CIPAR ,GT, O)GO To 375
~:Rrrf(h ,351)

3.,5 1 F' O.RM AT ( , 0 , )
LIN E(' :: Lr rJ EC... 2
IF (K~l .GT. 20)LINEC=LTNLM

c
C ~fLOw, COUNT CO.OCCURRING SPECIES RfTNfEN TwO STATIONS; CALL !f'C'
C ALSO COMPUTE ABUNDANCE COMPARISONS FOR CZEKiNOWSJ'S MfASU~E.

C ALSO COMPUTE ABIJl\lflAtclCF HEASlJRES Fr'JR STA~nARI"l nISTANCE AND PRODUCT.
C MnM~NJ CORRELaTION.

315 L=ltl
DO 700 ,J=t,l\jSTA
IC=o
OIF'::o.n
SUM:::O.O
cmA=o.o
AVE A:: ~i nl D ( t ,
AVEA::AVfA/S
AVEB:::I\;I'Jl)(,"
AVE:8=AV~B/S

fH1SA::O • 0
RMSe::o.o
SDSUM::O.O
85A=0.0
558:0.0
58=0.0
NTAYA=f)
tHAxR=O
DO LI50 ~J=l ,NSPPC
IF (ISELC eGT.D] GO TO U20
X=ICNT(N,I)
v:: leN T C'" "J )
GO TO 430

420 ISElC=l
X::AlOGCFLOATCICNT(N,!)tl»)
Y=ALOG(FLOAT(!CNT(N,J)+l')

u30 R~SA=RMSA.X*~?

RMSR=RMS~+Y*",:?

5DSUM::: S('l 5 U~1 +X'It Y
Sll::Y ... AVFA
SB=V .. AVEB
SSA:::S~;'~+SA**2
SS8=SSBtSR**2
$S=SStSA*sa
ABSXY:Af!S(X ... Y)
XPLUSV::X+Y
IF OCPkUSY .GT~ ojC('1M::CCH\+AASXV/XPLIJSY
OTF=OIF+ASSXY
SUH=SuMtXPllfSV
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,HEsr:;:Y'dl1,l"l
ITf5T::;X*10.0
IF (ITEST ,Nf. n)rTEST=l
1F ( ,fT EST ,"IE, !') J TESr::: t
NTAXA:::NTAXA.ITEST
~TA~R=NTAW8.JTFST

IC=IC+TTEST*JT~ST

450 CONTTNUE
RMS=SQRT(PMSA'*S~RT(RMSR)

IF (NTAWA*NTAV·B .Nf, 0lGO TO 475
D0 IJ h 5 f<I ::: ? , q

465 5 ~I UI ) ::: n ,0
$1)=1,(\
GO TO Lt8S

475 6=MI~n{NTAXA,~TAX~'

B=~'VO(NTAXA,NTAXB)

C=IC
PM:SS/SRRT(~SA*~SB'

sr=l.n m [SOSUM/QMS]
CM:::l.0-COM/CA+8.C)
Cl=I.0 .. DIF'/SU M

,lA=r:ICA+8""Cl
FA=C/SQRT(A*R]~I.n/(2.0·5~RT(e))

Wf=!,,:/(A+F\+C)
SO::?l'l*C/(A+~)

IF(IFLIP,~IF.('l) GO H'l t}OI
IF (TPAR,NF,7) GO TO qnt
KE=(t*C5 .. A~"+C) .. (A.C)*(B .. C»/SQRT(A*(S .. A'*~*(S .. A)'
GO TO £!65

QOl KE=l.(')
4~5 IF OPAP ,GT. O)GO TO bOO

IF (lJ~EC-LTNLM)550,5nn~500

500 IFCTFLIP,NE.O] GO TO leAR
W~]TF(6 ,5nS)NSPfC,NSTA,HDR(lSELC+t,

is 0 5 FOR~' AT ( t HI, 5 )(, I S1'1 ! L. ARI TY HF ASURE S ' , 1IJ )( , , THE REA RF. " t4,' SPEe I !' S
... P,I 1,13, 'STAn(l~\ls,,'OX,A3,' ... n(ANSFOP~~FD ABU~'DANCE')

GO TO 1887
1888 \oJ P rTEU" S() 5) ~I 5 TA , ~j SPEe, HnR( I SELC+1)
1887 WPTTF(6 ,507)
501 FORMAT(l HO,?X,

l' STAn ONS ~IIJf.1RFR OF TAX A F' AGE:R ~J Ace ARD SORENSON Kf,ND.ALL
2 \.J FfH<\ r 1 F" KANOW SKI r.: M18 t RRA < S Tfl P j f') R'" P R('I I) UCT' I :n:,
3'.6 8 A.. ~ SHAPfD'd,i?X,'IJFTRIC DISTA"'cE MOMENT'I
4 l"X,'CORR~L •. ' I)

L PJE(::6
5'50 I F' 0 FL! p. t,! E , (), r. () Tn b I'l 1

wqITf(b ,555'RTATN(r',STATN(J"NTA~A,NTAXR,!C,FA,JA,Sn,KE,w~,C1,

c ~,j, sn, P ~!,

555

556

1602
600
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7ftO
qOO L NEC=lINLM

RETlHH!
END
SUAROUT! NE: F<EORO (~I~j, NSP, NS T, BET b, I, J'

C THTS ROuTINE RfORDERS DATA tlATRTX ANt') ca~1PUTfS THE PROPERTIES OP NE'
C I NO J VT!"l UAL CAe LUS HR' FCHH; f n/)Il RHH' THf L /I ~ eye L E'
C I CEf\) CMH R0 LS THFen ~1 P1I T rAT TON n F THE VALUf S Fn REA CH PRO PER TV:

CnH~<1 0 ~I I TeL UI M( 15 0 , , K 0 II N , ! r EN
COMMO~/5r~/R(15n,15n,

IF(C6.rCEN)*ICEM .If. O,GO TO 150
Al"PHA.!=n~s
GO TO (10,2n,30,40,SO',TCFN

10 BfTA:O,O
GO in 60

20 RETA::·O.O
GAf>lMA::",n.5
GO iO 65

30 BETA=n.o
GAH Mt\::.5
GO TO 65

40 RETII::-O.2S
GO TO bO .

C 8ETA IS AN ARGUMENT FOR THE FLEXIBLE STRATEGY.
SO IF CBFTA ~Gl, I.O'RETA=1~n

ALPHA!=ALPHAI·(~ETA/2.0'

60 GAt-IMA::O.O
b5 AI.Pl-lA"=ALPHAT

GO TO 155
150 8ETA:::O.()

GAf,1MA::O.O
K,=O
1<2:0
DO 151 l U::1 , NST
IF P4CUn .EG. 'y)1<1::K1+1
I F ( M ( un . f(~. ,1) K2::: K2 t 1

S51 CONTINU~

AL~HAT=FLOATCK1'/FLnATCK1+K?)

AlPHAJ=FlOAT(~2'/FL~AT(Kl+K2)

155 CONTP·ILJt
8E1EMP=HETA*R(J,J'
DO 102 K=1,~JN

A=RCI,K)
B=RCJ,K)
RfI,K)::ALPHAI*AtALPHAJ*B.RFTEMP+GAMMAtABSCA_S'
R(K,r)::R(T,K)

102 CONT!f\illr
NUTS:NN"1
I F' f.J • GT. NUT ~ ) Gn T0 10 8 .
ISW=t
ASSIGN 200 TO ITRA?

115 00 250 L=\J,~IUTS

DO 250 K::l,NN
GO TO ITAIP,C2nn,225)

200 R(K,L):R(K,l+t)
GO TO 250
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225 IHL~K)::RfLq,k'

,25 I) Cm,lT J ~!lH.

1 f. n 5 \" .;'1 F • "rw TG 1 08
ASST~~ ?25 Tn lTRAP
! S ~'l::: 2
GO Tn 175

108 DO tns L=t,~ST

IF (~(L) ,En, J)M(l)=I
IF (Mel) ,GT, J) M(L)=M(L)~I

105 CO"ITPJUF
N t·j:: r.j ~·I .. 1
RFHIRN
F/l.ID
SUR RO! IT ! NESE h RCH UJ, ~.I c: I') EF-' , TOP, IT, ,1.0

c
C THIS QOUTINE SEARC 4 ER SIMILARITV MATRI~{S) FOR MAXIMUM OR MINIMUM
eVA.UJ E., DE P PI DpJ G 0 N v il LtJ f 0 F' NCOEfT HF Rf SULT 0F SEA RCI-l 1ST0P ~

COM~nN/SIM/S(IS0,t50'

TOP=SCl,2)
II:: 1
JJ::~

IF' (r-J((1f-F .fQ. O)G[1 Tn 2
~Jl)T :: ~,I ... 1 .
Df) II J::: t I h) UI
IMP: t +I
no 4 .I=IMP,~I

IF (TOP .GE. S(J,J')GO TO a
TOP=50,.])
IT =1
JJ=J

IJ CONTINUF
Rt: llllFI

2 tJ !I T:: ~,J ... I.

DO '7 .r ;:; 1, r.; UT
P~P=J.+1

rr (1 7 ~T :: TMP,N

IF (TOP,LE. S(I,J))GO TO 7
TOP=S(1,2)
11=1
.J J::,J

7 CONTHJUf
RE rll~H,

fNrI
81 J8 I:H)l1 THI ~ SY'" f) p.i ( N, LAR, l t" V, XC I VC, nn 1'.! I YMAX, X!'l I ~~, '( DI "1, l)()(

*,TTHAn
eN::: ~J\ I il8 FRO F nFU ECT !;

C LA8 = LIST OF n8JECr LARflSCOF LE~GTH N)

C LEV :: I 1ST 0 F Cl USi ERTN(; LEV FL S ( ~.I .. 1 ~J" r-1f.3 FRS RI,H L f. V00 US l)SF" ,
C **NOTF LEV IS nESTRnvED 8Y THIS PROGRAM ~

C XC :: SCRATCH ARPAY Tn HnL~ X-COORDINATES
C YC = SrRATCH AQPay Tn HOLD Y-cOOpnINATES
C MIN = VALLIE OF VARIA8lE CIRPESPONDIN~ TO THE LEAST SIMILARITV
C){np.1:: THE X LHIGTH ('F THE PLOT
C YDIM = THE Y LFNGTH OF THf PLOT
C I~X = THE LIST Tn ~E PPTNTFD ON THE AXIS
C TTMAX= r-4i\X V.AIJIF N SlNilARITY COfFF- tlSEI') HI PRPHING AXIS

REA t tn.! M ( , 5.? ,
REAL lAP C".f) I L.E.v (1 '32), XC (N) I YC eN,
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01 MENS! ONn:)( (1('\(l)

YMI N=1 0 0 0 () 0 ('\ 0
YMAll::: .. l0000000
DO 81 I=1,N
IFCLfVC!) qGT.V~AX'VMAX=LEV(I'

If(LEV(I) .LF.YMIN)VM!N::::LEV(I'
8 1 CnrIn 1-.1 UE

RMAX=VMA'l(
Rt" T1\1:' Y111 "i
iN R! TE ( 6 ,3 11 (L f VCI , p r ::: 1 , ~I ,
wRITfC6,3?)'lARCI),1=1,N)

32 FORMATC1X,20(A6')
31 FORMATelX,20 F6.a)
75 FORMATe l MAX=',F4.2,' I1TN =',F~,2'

00401 1=1,N
401 ~JUM(T'=I

IF(~DIM.EQ.n, xDIM=e.~
IFcvDJM .EQ,O' Vn!M~5.n

r ACT::::vOIM .. ,6
CALL FACTOR(FACT)

DX=XDIM/(FACT*(N+3"
00 '3<1 !=1,N"d

39 LEV(!'=lEV(I+t)
LEVO-I)=VMIN

41 VRANGE=VM'X.V~]N

VHIGH:::",j.
C FOR EACH OBJECT DRAW A VERTICAL LINE ANn LABEL

D01 0 0 I C= 1 , N
C=IC*DX
Y=LEV(lC)
V=(V",Y~IN'/VRANGf

LEV(JC)='(
C HEIGHT ::: CURRENT LEv OR PREvlnus (WHICHEVER IS THE LARG!Sr)

IE(V.GT.VHIGH) '(HIGH:::Y
CAU PL 0 T (C , y H J GH, 3 )

r-LL PLOTce,I.,?)
CALL SYMBDL(C,l.,I/CIO*F6CT),LA8trc',90,b)
xcnc)=c

ycCtC):::i'HtGH
YHIGH:Y

100 CONTHIUE
CAl.L f"ACTOR(1)
IF (TTMAX ,EO.I) .

-CALL AXIS((N+4'.DX*~ACT •• 5,O,IXX,,,,36,rACT,qO,
*RMIN,(RMAX-RMIN)/FACT)

IF (TTMAX .FGeO)
.CALL AXlS((N.U'*OX*FACT •• 5,O,TX~,.36,FACT,qO,
*RMAx,-1*CRMAX-RM!N'/F6CT)

CALL FACrORCFACT)
C DRA~ THE REST OF THE DfNDROGRAM

lSTART=l
X:=O.
LEV(N+t)=O
XCC/l!+l)=O
'1COI+1)::: .. , 1

1150 NM1=~J

DO 200 I=ISTART,NMt
Ie::!
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IFCLEV(!).GE.LfVCltl)} ~o Tn 2Jn
2 n('I ( nIJT PHI F
236 Y:YC(IC)

C DRAW Hn Q IZ0 NTAL LINE
TP(Y.fQ.XC(!C+1» r,n TO 2an
IF (XCCIC).EQ.O) GO TO 38
CAll PLOT(XCCIC),Y,3)
IF (XC(I+l'~fQ.O' GO TO 38
CALL PLOTeXCCIC+1),V,2)
GO Tn 250
iF (~C(IC).E9.0' GO Tn 38

2ao rAllPLOT(YC(IC),V,2)
C DRAW VfPTTCAL LINE AT CfNTfR OF HORIZONTAL LINE

250 x=C~t(IC)+XC(IC+l)'I?

XcnC+1):X
IF (X ,EO, 0) GO Tn 38
CAl.l PLOT(x,Y,3)
Y=LEVnC+1)
I F (J C... ! • EI? • 0) Gor 0 25
I~(TC.GT.ISTART.ANo.LEveIC"")~GT.V)v=LEveIC~t)

25 YcnC+l)eV
TF (x. F.. Q• 0) r; 0 TO '3 B
CALL PLOT(X,Y,?)
IF O.frJ."",t) GO Tn 3i-'

C DELETE E~ITRY Ie ANO StoSE UP SPACE
Isrl\PT=ISTART+1.
IFCIC.LT,CISTART»GO TO 350
DO 30n J=ISTAPT,IC
IT=!C"'Y+TSTART
lfV(Ir):LFvelI~l'

XC(TT)::XCOT·l'
VCCIn=YCOT .. l )

100 CCtI\lTTI-.IUf
C LOOP PACK UP IF NOT DONE

3sn IFCTSTART .LE.(NHt" GO Tn 150
38 CALL PLOT({N+~'*D~+3/FACT,O,3'

RETURN
END
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APPENDIX II

CHARACTERISTICS OF SEDIMENT GROUPINGS IN DELAWARE BAY

A-2: Moderately to ModerateZy Well-Sorted Coarse Sand

The sediments within this classification were among the
coarsest found within the bay. Sands of this. grain size were most
likely transported as bed load material (Allen, 1965). Skewness
varied from very coarse to very fine skewed, indicating areas of
both erosion and deposition.

The coarse skewed stations (l-5, 1-6, and 1-9) on the shoulders
of Middle and Prissy Wicks Shoals near the mouth of the bay were
indicative of strong tidal current erosion. The two strongly
coarse skewed stations (7-3 and 23-4) within the bay area were
bimodal. The major medium sand mode was cou~led with a smaller
very coarse sand mode to produce a deceptive numerical skewness
value. The medium sand mode in Station 7-3 was derived from the
Lower Middle Shoal and mixed with the coarse sand present in the
depression. Bimodal Station 23-4 off Ben Davis Point was a mixture
of medium sand (similar to adjacent station 23-5) and very coarse
sand similar to Station 24-5.

Station 4-4 occurred in deep water within the Big Stone
~Anchorage area. The strongly fine skewed sediment indicated an
area of deposition (adjacent stations are also fine skewed).

The remaining stations in .theclassification (2-1, 9-7, 14-7,

19-6, 21-7, 21-8, and 24-5) were found in shallow waters around
the perimeter of the bay. Skewness va 1ues ranged from +0.112 to 
0.110 and did not indicate any significant erosions or depositional
trends.



A-3: Poorly Sorted Coarse Sand

The sediments within this group were similar to A-2. In
general they contain more gravel than A-2 and were not as well
sorted. They we,re found in deeper waters where tidal currents had
less effect and waves were less able to sort the sediments.

Six of the 15 stations in this group occurred at the mouth of
'the bay in the deep channel to the Anchorage area. The only three
fine skewed stations (1-1, 2-1B, and 2-2) as well as one near
symmetrical (14-4) and two strongly coarse skewed stations (14-3
and 15-3) occurred in the channel. There was no apparent pattern
to the skewness values and they probably related to local erosion
and deposition within the deep channel.

Two coarse skewed stations (1-8 and 14-9) were located in Bay
Shore Channel. These were near the mouth of the bay and were
probably subjected to erosion by tidal currents.

Three stations in the main shipping channel were subjected to
various erosional forces including dredging. Stations 7-6 and 20
5, located adjacent to Miah Maull Shoal Light. and Station 10-5,
adjacent to Cross Ledge Light, were all coarse skewed.

The remaining stations (8-9, 10-7, 22-7, and 25-2) were
located around the perimeter of the bay and had skewness ranges
from near symmetr'i ca1 to strongly coa rse .

.B- Z: We Zl Sorted Mediwn to Fine Sand

These sediment stations were found on shoals or in shallow
water. These sands are easily erodible and are transported as bed
load material. Being in shallow water, they are 1ikely to be
sorted and wi nnowed by both ti da1 currents and wave acti on.
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Five stations were located along the Lower Middle and Brown
Shoals down the middle of the bay (3-4, 4-5, 16-5B, 17-4, and 20
3). In addition, one station (1-7) occurred on Middle Shoal at
the mouth of the bay. These were hear symmetrical to fine skewed
deposits. They were very sus£eptib1e to erosion and redeposition.

The remaining four stations were found in shallow near-shore
w~ters. Among th~se was the nne coarse skewed station (18~1) off
Big Stone Beach. The other three stations (8-8, 20-7, and 23-5)
had grain size distributions that are near-symmetrical.

B- 2: Moderate"ly to Moderate "ly We U Sorted Medium to Fine Sand

Sediments in this group were in the same size range as B-1,
but were not as well sorted and are found in somewhat deeper
water. These sediments are easily erodible and are carried as bed
load material on the shoulders of some of the shoals.

Stations 3-6 and 15-5 were fine skewed sediments deposited
adjacent to Crow Shoal. Stations 4-3 and 16-4 were very fine
skewed sediments deposited on the shoulder of Old Bare Shoal. The
three remaining fine skewed static;ms (6:"6, 7-;7, and 19-5) were
adjacent to Miah Maull Shoal. All these stations had sediments
which are deposited by the tidal currents. Station 1-4 adjacent
to Overfa11s Shoal and Station 21-6 on the edge of Cross Ledge had
near symmetrical grain ,size distributions. Two additional near
symmetrical stations (5-5 and 17~5) occurred in the shipping
channel adjacent to Brandywine Shoal. With the tida1.currents
occurring at these stations, the skewness values probably signified
areas of active erosion and redeposition.

Station 3-5 adjacent to Brown Shoal was the only coarse
skewed station associated with a shoal. deposit. Its size distribution
indicated that the finer shoal sands are being added to the coarser
sands in the deep water adjacent to the shoal.
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Station 23-3 was a coarse skewed deposit in the main channel
in the upper part of the bay. Stations 15-1, 20-8, and 24-1 were
near symmetrical and coarse skewed sediments in shallow water near
the shore.

B-3: Poorly Sorted Medium -to Fine Sand

Sediments in this group were in the same size range and had
-similar transport characteristics as groups B-1 and B-2. The
majority of these stations occurred in deep water with eight
stations in the main shipping channels and five in the channel to
Big Stone Anchorage. The stations in this group were near sym
metrical to strongly fine skewed.

The lower bay main channel stations (2-3, 2-3B, 15-4, and 16
6) had near symmetrical size distributions while Station 4-6,in
the channel adjacent to Brandywine Shoal, was fine skewed. The
stations in the channel adjacent to Miah Maull Shoal were of mixed
skewness with 19-4 and 21-5 being fine skewed and 8-6 near sym
metrical. With the periodic dredging operations in the upper part
of the channel it was difficult to ascribe ~ny significance to the
skewness values. There were no erosional or depositional trends
in the lower bay channels.

The five anchorage channel stations (3-3, 5':'3, 16-5A, 17-3,

and 18-3)' became increasingly more fine skewed moving toward the
head of this channel. The three strongly fin~ skewed stations at
the top of the channel indicated that this was a depositional area
with the sediments probably being carried up the channel as bed
load materia1.

The four remaining stations (3-1, 11-1, 11-7, and 26-4) were
scattered around the perimeter of the bay.
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8-4: Very Poorly Sorted Mediwn to Fine Sand

Only five stations were represented under this classification.
While similar to B-3, they were much more poorly sorted and they
contained up to 10% gravel.

,Station 1-2 was a gravelly muddy medium sand (Folk~ 1968) in
a deep channel at the mouth of the bay. The fi ne skewed grai n
size distribution was attributed to the quantity of mud present in
the sample.

Station 10-3, the coarse skewed sample in this group~ was a
gravel1j muddy fine sand. This station appeared to have a fine
sand mode derived from Joe Flogger Shoal mixed with a sand and
gravel stratum. Since the station was in a channel adjacent to
the shoal, the area was quiet enough to allow mud to settle out

also.

Station 12-2 was a gravelly mUddy medium sand. It is located
in relatively deep water between the. ship channel and Bombay Hook
Point Shoal. Its strongly fine skewed size distribution depended
on the quantity of mud that has settled out of the water column.

Station 25-5 was a gravelly muddy fine sand. It was located
adjacent to a marsh shore. It was a fine skewed sediment because
of its high mud content.

c-z: Well Sorted Very Fine Sand

Most sediments in this group were found on shallow water
shoals. These sands were easily eroded,and were fine enough to be
transported as suspended material (Allen, 1965). All 31 stations
had positive (fine) skewness values indicating~ generally, depo
sitional areas.

These sediments were found on Joe Flogger Shoal (Stations 9
4~ 10-4, 11-2, and 21-4)~ the upper portion of the Lower Middle
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Shoal (Stations 6-3, 7-4, and 18-4), Old Bare Shoal (Stations 3-2,
4-2, and 16-2), and Cross Ledge (Stations 9-5, 9-6, 10-6, and 22
5). The largest grouping of stations occurred along the shoal on
the west side of Bay Shore Channel starting from Crow Shoal at the
bay mouth and p.nding in the area of Deadman Shoal. Stations 2-5,
4-9, 4-10, 5-8, 14-8, 15-6, 16-9, 17-8, 17-9, and 18-8 were included
in this group. The C-l station in deepest water (14-5) was located
in the main channel near the mouth of the bay. The only strongly
fine skewed sample (Station 8-3) was located on an unnamed shoal
west of Blake Channel. The remaining stations (4-7, 5-6,6-7, and
18-6) were located on shoals adjacent to Brandywine Shoal.

C-2: ModerateZy to ModerateZy Well Sorted Very Fine Sand

While in the same"size range as C-l, this group of stations
was located in deeper water. Since it is not as well -sorted as C
1, it contained some bed load material mixed with sediment that
was transported in suspensinn.

Stations located on top of shoals such as Hawknest (6-1, 7-2,
8-1, and 19-2), Middle Shoal (14-6), and the southern tip of
Fishing Crale Shoal (15-8) were fine or strongly fine skewed

. indicating depositional environments. Stations on the shoulder of
the Lower Middle Shoal (5-4 and 6-4) and on the sides of shoals
east of Brandywi ne Shoal (4-8, 5-7, 16-7, 17-6, and 18-7) had
skewness values ranging from coarse skewed through strongly fine
skewed. This indicated areas of active sediment erosion and
redeposition. Stations 6... 5 and 18-5 in the main channel next to
Fourteen Foot Bank and the deep water station (1-3) at the mouth
of the bay near Overfa11s Shoal derived their sediments from the
adjacent shoals.
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C-3: Poorly Sorted Very Fine Sand

Exclusive of two bimodal samples, the sediments in this group
were strongly fine skewed. These depositional .environmental
samples occurred in deep areas at the heads of some channels and
between shoals and in relatively quiet waters around the perimeter
of the bay.

The bimodal samples (Stations 19-3 and 20-4) occurred in
Blake Channel adjacent to Joe Flogger Shoal. Very fine sand from
the shoal is mixing with the coarse sand at the bottom of the
channel to produce an apparently coarse skewed sediment.

The deep water samples occurred at the heads of channels on
both sides of Hawknest Shoal (Stations 7-1, 8-2, and 21-2), at the
head of Blake Channel (Stations 22-3 and 23-2), below Ben Davis
Shoal (Stations 11-5 and 11-6), in the main channel adjacent to
Joe Flogger Shoal (Station 11-3), and at the head of channels east
of Brandywine Shoal (Stations 16-8 and 17-7). The very fine sands
from the shoals adjacent to these stations are being deposited in
these deep water areas.

The remaining stations in this group were located in 7 to 10
feet of water near the mouth of the Mispil1ion River (4-1, 5-1,
16-1, 17-1, and 18-2), the Maurice River (4-11, 5-9, 6-8, 6-9, 7
8, and 18-9), and the Cohansey River (24-4 and 25-4).

D-4: Very Poorly Sorted Sandy Coarse Silt

These quiet water deposits consisted of sediments that have
been transported as suspended material. With one exception
(Station 17-10) they "Jere strongly fine skewed samples attesting
to the depositional environments in which they were located.
Stations were located at the heads of Bay Shore Channel (Station
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16-10), Blake Channel (Stations 8-4~ 8-5, and 9-2), and the channel
adjacent to Old Bare Shoal (Stations 15-2 and 16-3). The re
malR1ng stations in this group were found in several locations in
5 to 10 feet of water adjacent to both shores of the bay.

D-5: Extremely Poorly Sorted Gravelly Sandy Coarse Silt

The two stations in this group were located near the shore.
Station 12-5 was near the Cohansey River and Station 16-11 was
north of Cape May. They were a combination of the coarser sand
stations and the finer silt-clay stations on either side of their
locations.

E-5: Very to Extremely Poorly Sorted Silt and Clay

These sediments were similar to Station 0-4, only they contained
less sand and were more poorly sorted. The majority of stations
occurred in the upper bay between Bombay Hook Point and the Cohansey
River with a line of stations hugging the Delaware shore down to
the Murderkill River. The sediments at these stations were derived
mainly from the suspended load of the Delaware River and material
associated with adjacent marshes. Stations 7-5, 9-3, and 21-3

were located in sections of Blake Channel and Stations 2-6, 3-7,

and 15-7 were located in Baj Shore Channel. The strongly fine
skewed sediments have settled out in the quiet, deBp waters of
these two channels. The remaining stations were adjacent to the
Maurice River mouth (Station 19-8) and the Back-Cedar, Nantuxent
Creek outflow (Station 22-6) along the New Jersey shore.
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Table AI-l

Temperature at benthic stations obtained during quarterly cruises

May 1974 Aug. 1974 Nov. 1974 Feb. 1975 May 1975
Stations T B T B T B T B T B

1 12.4 12.4 24.2 15.0 3.9 11 .2
2 13. a 12.5 24.1 24.4 14.4 14.9 3.6 3.8 11. 6 11.2
3 12.8 12.4 24.7 24.3 14.9 14.8 3.6 3.8 11 .7 10.2
4 13.0 15.1 3. 1 11.8
5 13.4 12.3 24.9 24.6 15.0 14.8 3.4 11 .9 10.3
6 13.4 25.0 15.1 3.6
7 13.6 12.6 25.3 24.9 15. 1 14.8 3.4 3.6 12.2 11 .2
8 14.0 13.2 25.3 25.0 15.6 15. 1 3.6 3.6 12.8 11 .9
9 13.6 12.5 25.4 24.7 15.4 15. 1 3.0 2.9 12.8 12.2

10 13.8 13.2 25.2 24.6 15.4 14.9 3.3 3.2 13.0 11.9
..p.
-....t
-....t



Table AI-2

Sal inity at benthic stations
obtained during quarterly cruises

Stations May 1974 Aug. 1974 Nov. 1974 Feb. 1975 May 1975

Surface

1 28.4
2 26.7 29.3 28.0 27.6 25.2
3 26.8 29.2 28.3 27.2 25.2
4
5 25.5 28.9 28.7 29.1 24.2
6
7 25.4 28.7 27.7 25.3 22.8
8 25.7 29.6 28.0 25.3 24.8
9 25.5 29.6 27.9 25.2 25.2

10 26.1 29.6 28.8 26.1 26.7

Bottom

1 29.0 29.9 29.9 29.4 27.8
2 28.1 29.8 29.9 29.1 30.7
3 29.3 29.0 29.4 28.8 30.5
4 25.8 29.6 28.5 26.2 24.1
5 29.5 29.5 29.2 26.2 30.1
6 26.4 28.9 28.7 26.3 23.5
7 27.7 28.6 28.5 27.4 26.1
8 25.4 29.6 28.6 25.3 25.5
9 26.3 29.6 28.5 25.3 25.7

10 26.7 29.7 29.5 26.2 25.7
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Table AI-3

Dissolved oxygen at benthic stations obtained during quarterly cruises

May 1974 Aug. 1974 Nov. 1974 Feb. 1975 May 1975
Station ·T B T B T B T B T B

1 7.38 8.31 6.13 6.00 10.54 10.13
2 4.61 7.07 5.45 6.10 8.45 7.19 10.40 10.38 10.09
3 7.65 6.02 6.81 6.06 7.87 7.02 10.74 10.64 10.13 9.55
4 6.57 5.97 7.36 10.98 10.18
5 5.29 3.66 6.41 5.06 7.58 6.99 10.95 10.48 10.21 9.65
6 7.53 3.56 7.55 11.04 10.08
7 6.98 4.54 6.26 5.10 9.61 7.21 10.98 10.67 10.46 9.69
8 5.79 4.62 3.14 3.67 8.40 7.61 11 .17 11. 12 10.87 9.96
9 5.94 4.51 6;52 4.06 8.37 8.16 11.20 11.20 10.92 9.96

+:> 10 6.95 5.19 4.24 3.98 6.82 6.97 11.64 11 .04 10.46 10.04
'-J
\.0



Table AII- 1

Whole water phytoplankton counts for cruises 4 through 19

Date: June 13, 1974 Cruise No.: 4

Abundance (ce11s/ml)

Species

Cryptomonas acuta
Ca 1ycomonas oval is
Prasinophyte A
Phaeodactylum tricornutum
Chrysochromulina sp.
Ankistrodesmus sp ..
Kirchnerie11a sp.
Navicula sp. B
Prorocentrum minimum
Asterionel1a japonica
Pyramimonas sp. A
Coscinodiscus sp~

unidentified flagellate
sil icoflagellate
Ochromonas sp.
Cyclotel1a sp.
Rhizosolenia fragil issima
Chroomonas sp.
Prorocentrum scutellum
Chlamydomonas sp. A
Pseudopedine11a pyriforme
Gyrodiniumsp. A
Rhizosolenia setigera
Navicula sp.
Exuviaella apora
Cy1indrotheca closterium
Chaetoceros sp.
Exuviael1a baltica
Ceratium tripos
Gymnodinium? roseostigma
Gymnodinium? aurantium
Gyrodinium ? metum
Synedra sp.
Tha1assionema nitz~chioides

coccolith
Gymnodinium sp. A
Amphora sp.

Sta tion I

2306
1037
1713

792
398
273

97
9

125
190
454
14

162
60
9

431
56
19
5

134
28

5
23

9
5
5

28
37
5

23
5

79
5
5

14
5
5

480

Sta ti on II Station III

1491 616
806 532

1236 199
611 366
894 431
171 32

56 5
9 19

329 14
431 977
352 93

14 9



Table AI I- 1 (cant.)

Date: June 13, 1974

Species

Nitzschia seriata
Skeletonema costatum
Tetraselmis sp. A
Dinoflagellate sp. A
Diploneis sp.
Navicula sp. A
Diatom 1-E
Navicula sp. C
Pennatae sp.
Ceratau1ina bergonii
leptocylindrus minimus

Cruise No.: i (cont.)

Abundance (cell s/ml )
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Table AII-l (cont.)

Date: June 20, 1974 Cruise No. ': 5

Abundance (cells/ml)

Species Station 1

Cryptomonas acuta 722
Rhizoso1enia fragilissima 681
Chrysochromulina sp. 176
Ca1ycomonas ovalis 695
Prasinophyte A 440
Cerataulina bergonii 157
Phaeodactylum tricornutum 46
Cyc10tella sp. 120
Skeletonema costatum 28
Gymnodinium sp. B 28
Rhizosolenia setigera 5
silicoflagellate 9
Ceratium tripos 14
unidentified flagellate 199
Rhizosolenia de1icatula 14
Nitzschia seriata 9
Ebria tripartita 9
Pyramimonas sp.A 74
Chaetoceros sp. 32
Chroomonas sp. 65
Leptocylindrus danicus 5
Navicula sp. B 5
Thalassionema nitzschioides 5
Prorocentrum minimum 5
Naviculasp. A 5
Tetraselmis sp.A 5
Asterionella japonica
Dinoflagellate sp. A
Katodiniumrotundatum
Pennatae sp.
Cylindrotheca closterium
Coscinodiscus sp.
Surirella sp.
Prorocentrum scutellum
Pseudopedinella pyriforme
Gymnodinium sp. A
Euglena sp. A
Raphoneis amphiceros
Paralia sulcata

482

Station II

735
2024

291
707
818
118

21
62

14
7

35

69
21
7

236
83

7

7

7
7

90
7

14
21

7
7

Stati on II I

178
1802

161
76

34
25

17

8

25

76

330
17

1354

17
17
17
8
8

195
17

25

17
17
8
8

17



Table AII-l (cont.)

Date: J u1Y 19, 1974 Cruise No.: 6

Abundance (ce11s/ml)

Species

Cryptomonas acuta
Chroomonas sp.
Katodinium rotundatum
Prasinophyte A
Pyramimonas sp. A
Pseudopedinel1a pyriforme
01isthodiscus sp.
Thalassionema nitzschioides
Tetraselmis sp. A
Coscinodiscus sp.
Cyel ate11 asp.
Prorocentrum minimum
Chrysoehromulina sp.
Calycomonas ovalis
Euglena sp. A
Coseinodiseus sp.
Para lia sulcata
Gymnodinium sp. A
Navicula sp. C
coccOileTs sp.
Gymnodinium simplex
Navicula sp.
Navicula sp. B
Phaeodactylum trieornutum
Rhizosolenia delieatula
Rhizosolenia fragilissima

Station I

1929
944

3345
180
500

69
28
69
14
28
42
14

305
208

56

483

Station II Station III

673 416
1051 1060
1693 728

367 513
51 28

31 62
21

286 104
734 104

102 55
31 21
31 14
20 7
20
41 21
10 14

7
21

7
7



Table AII-l (cont.)

Date: August 1,1974 Cruise No.: 7

Abundance (cells/ml)

Species Station I Station II Station III

Cryptomonas acuta 2300 1398
Calycomonas ovalis 826 1591
Chrysochromulina sp. 143 48
Thalassionema nitzschioides 26 125
Euglena sp. A 92 87
Prasinophyte A 270 106
Katodinium rotunda tum 133 154
Pyrami mona s sp. A 143 96
Rhizosolenia fragilissima 26 174
Prorocentrum minimum 31 29
Asterionella japonica 5
Cerataulina bergonii 41 790
Navicula sp. B 5
Tetraselmis sp. A 117 48
Chroomonas sp. 56 10
Gyrodinium ? metum 10
Diatom l-E 10
Pseudopedinel1a pyriforme 10 10
Navicula sp. 5 19
Glenodinium danicum 10
Prorocentrum micans 10
Leptocylindrus minimus 29
Navicula sp. C 19
Cyclotella sp. 10
Coscinodiscus sp. 10
Gymnodinium sp. A 10
Prorocentrum scutellum 10
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Table AII-l (cont.)

Date: August 21, 1975 Cruise No.: 8

Abundance (cell s/ml)

Species

Skeletonema costatum
Cryptomonas acuta
Calycomonas ovalis
Nitzschia seriata
Cerataulinabergonii
Pyramimonas sp. A
Asterionel1a japonica
Euglena sp. A
Exuviael1a compressa
Pseudopedine11a pyriforme
Katodinium rotundatum
Thalassionema nitzschioides
le2!0cy1indrus danicus
Coscinodiscus radiatus
Gyrbdinium ? grossestriatum
Cylindrotheca closterium
Chrysochromulina sp.
Coscinodiscus sp.
Schroderella delicatula
Paralia sulcata
Cocconeis sp.
Navicula sp.
Brachiomonas submarina
Gymnodinium sp.
Tetraselmis sp. A
Streptotheca thamensis
Pras i nophyte A
Biddulphia sp.
Biddulphia regia
Rhizosolenia fragilissima
lithodesmium undulatum
Navicula sp. C
Navicula sp. 0
Pleurosfgma sp.
Navicula sp. B

Stat; on I

1083
722

1274
78
35
28

142
21
14
7

85
5.0
85
21
7
7

21
28
21
28
14
14
7

21
7
7

485

Station II

1095
568
180

21
14
35

1060
166

21
97
14
7

97
14
76

21
14
14
21
42

14
7
7

14
7
7

Station III

1566
733

1318
30

40
• 614

79

30
40

79
20
50

99

10

20
30

10
20

89
10
10



Table AII- 1 (cont.)

Date: September 17, 1974 Cruise No.: 9

Sta ti on II Station III

638 686
14 21

416 644
21 21

125 166
42 7
7 104

55 49

Abundance (cells/ml)

Species Station I

Cryptomonas acuta 472
Pyramimonas sp. A 180
Ca1ycomonas ova1is 305
Coscinodiscus sp. 28
Phaeodacty1um tricornutum 319
Chrysochromu1ina sp. 56
Cyclote11a sp. 14
Chroomonas sp. 361
Thalassionema nitzschioides 42
Gymnodinium simplex 28
silicoflagellate 14
Cylindrotheca closterium 14
Euglena sp. A 69
Navicula sp. C 14
Paralia su1cata
Leptocylindrus danicus
Prorocentrum scutellum
Navicula sp. B
Katodinium rotundatum
Grammatophora marina
Raphoneis amphiceros
Navicula sp. A
Pleurosigma sp.
Prorocentrum minimum
Pras i nophyte A'
Navicula sp.
Navicula sp. 0
coccolith
Gymnodinium sp.
Gyrodinium spirale
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Table AII- 1 (cont.)

Date: October 15, 1974 Cruise No.: 10

Abundance (cel1s/ml)

Species

Leptocylindrus danicus
Chaetoceros decipiens
Rhizosolenia delicatu1a
Nitzschia seriata
Asterionella japonica
Thalassiosira ? gravi~

Rhizoso1enia fragilissirna
Cyclotella sp.
Cryptomonas acuta
Ca lycomonas ova li s
unidentified flagellate
Rhizoso1enia stolterfolthii
Rhizosolenia setigera
SkeTetonema costatum
Cerataulina bergonii
Gyrodinium spirale
Gymnodinium? arcticum
Chrysochromulina sp.
Navicula membranacea
Paralia sulcata
Navicula sp. A
Navicula sp. 0
Noct; 1uca scinti 11 ans
NaVlCi1.,-a-sp . B
Coscinodiscus sp.
Pyramimonas sp. A
Amphora sp.
Gymnodinium sp. A
Thalassionema nitzschioides

Station I

2280
69

7
49
21
21
97

104
139

21
111

55
21
69
28
7

14

1

487

Station II

1691
49
14
76
49
69
76
76

132
55

187
62

118
55

7
7
7
7
7
1

Station II I

2259
28
14

111
42
49
55
83

194
49

284
69

7
215
62

14

28

21
14

7
7

14
7



Table AII-il (cont.)

Date: October 30, 1974 Crui se No.: 11

Abundance (cel1s/ml)

Species Station I Station II Station III

Leptocylindrus danicus 2959 4386 8078
Cryptomonas acuta 929 530 888
Calycomonas ovalis 83 20
Flagellate PZ-10 263 133 167
Nitzschia seriata 55 40 180
Noctiluca scintillans 7 10
Navicula membranacea 7 10 28
Navicula sp. D 21 10
Cryptomonad B 76 153 472
Katodinium rotunda tum 14
Gyrodinium spira1e 10
Gymnodinium sp. A 20
Chaetoceros sp. 14
Coscinodiscus sp. 28
Exuvi ael1a sp. 14
Navicula sp. E 97
Tha1assionemanitzschioides 14
G1enodinium rotundum 14
Gyrodinium sp. 14
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Table AII-l (cont.)

Date~ November 14. 1974 Cruise No.: 12

Abundance (cells/ml)

7
83

7
7
7
7

Species

Cryptomonas acuta
Cyclotella sp.
Peridinium trochoideum
Calycomonas ovalis
pyramimonas sp. A
Chrysochromulina sp.
Coscinodiscus sp.
Flagellate PZ-10
Navicula sp. B
Noctiluca $cintillans
Leptocylindrus danicus
Navicula sp. 0
ThalaSSlonema nitzschioides
Gymnodinium? aurantium
Fragilaria oceanica
Cocconeis ~p.

Coscinodiscus lineatus
Ochromonas sp.
Pleurosigma
Cryptomonad C
Paralia sulcata
Navicula membranacea
Navicula sp.
Thalassiosira sp. A
Phaeodactylum tricornutum
Ka ted in i Lim ro tunda tum
coccolith

Station I

700
7
7
7
7
7
7

42
35
7
7

14
7

489

Station II Station III

631 471

21
7
7

35
55 83

7
14

7

49
7

14
7

14
14
21

7



Table AII-J (cont.)

Date: December 13, 1974 Cruise No.: 13

Abundance (cells/m1)

Species Station I

Cryptomonas acuta 215
Nitzschia seriata 76
Flagellate PZ-l0 55
Thalassionema nitzschioides 35
Rhizosolenia delicatula 14
Thalassiosira sp. A 104
Asterionel1a japonica 21
Katodinium rotunda tum 28
Euglena sp. A 7
Cryptomonad C 42
Navicula sp. 7
Ankistrodesmus sp. 14
Skeletonema costatum 236
Pyramimonas sp. A 7
Fragi1aria oceanica 42
Ochromonas sp. 28
Guinardia flaccida 7
Chry~ochromulina sp. 14
Chaetoceros simplex 7
Navicula sp. B 7
Rhizosoleniafragilissima 7
Rhizosolenia alata 14
Chrysodidymus gracilis 7
Raphoneis amphiceros
Gyrodinium ? metum
Paralia sulcata
Coscinodiscuslineatus
Calycomonas ovalis .
Thalassiosira nordenskioldii
Prorocentrum minimum
coccolith
Leptocy1indrus danicus
Gyrodinium spirale
Peridinium trochoideum

490

Stati on II

180
125

35
14 .

201
7

42
7
7

388
62
35
28
55

14
7

14

7
7

21
28
7

14
14

Stati on I II

243
229

21
49
7

146
7

90

14

215
14

21
42

14
14

35
35
7

7
7
7
7



Station II Station III

270 270
1733 1234

554 603
139 180

55 21
35 69

28
7 14

14

Table AII- 1 (cont.)

Date: January 16, 1975

Species

Cyanophyceae sp. A
Skeletonemacostatum
Thalassiosira $PI A
Cryptomonas acuta
Nitzschia seriata
ASter:rone-lla Japonica
Thalassionema nitzschioides
Katodinium rotundatum
Flagellate D
~ycomonas Qva1is
Chaetoceros simplex
Chaetoceros decipiens
Cerataulina bergonii
Navicula sp.
Thalassiosira nordenskioldii
Pyramimonas sp. A
Navicula membranacea
Cryptomonad B
Euglena sp. A
Leptocylindrus danicus
Navicula sp. B
Cryptomonad C
Ochromonas sp.
Chaetoceros sp.
Para lia sul cata
Fragilaria oceanica
Cyclotel1a sp.

Cruise No.: 14

Abundance (cells/ml)

Station I

208
665
215
111

7
21
14
21
21
7
7

14
7
7

14
7

14
14
7
7

14
21
21
21

7
14

491

7
7

14

35

76
7



Table AII- 1 (cont.)

Date: February 20, 1975

Species

Skeletonema costatum
Thalassiosira sp. A
Cryptomonas acuta
Guinardia flaccida
Gymnodinium sp.
Ochromonas sp.
Pyramimonas sp. A
Rhizosolenia de1icatula
Navicula sp. B
Chaetoceros sp.
Cylindrotheca c10sterium
Asterionella japonica
Ka tod in i urn ro tunda tum
Calycomonas ovalis
Coscinodiscus sp.
Fragi1aria oceanica
Flagellate PZ~lO

Navicula sp.
Cyclotel1a sp.

Cruise No.: 15

Abundance (cells/ml)

Station I Station II Station III

2250
1615

426
10
10
69
30
30
20
20
10
99
50
30
10

109
30
20
10

492



Tabl e AII- 1 (cont.)

Date: March 18~ 1975 Cruise No.:, 16

Abundance (ce11s/m1)

Species

Ske1etonema costatum
Tha1assiosira sp. A
Guinardia flaccida
Flagellate PZ-10
Cyanophyceae sp. A
Cryptomonas acuta
Ankistrodesmus sp.
Asterionella japonica
Thalassionema nitzschioides
Oiploneis sp.
Rhizoso1enia delicatula
Cerataulina bergonii
Cylindrotheca closterium
C~?etoceros simplex
Rhizoso1enia setigera
Raphonei s amphiceros
Actinoptychus undulatus
Leptocy1indrus danicus
Katodinium rotundatum
Ca1ycomonas ovalis
Fragilaria oceanica
Ponchetia sp.
Chaetoceros sp.
Tha1assiosira nordenskioldii
Gyrodinium sp.
Paralia sulcata
Glenodinium rotundum
Pyramimonas sp. A

Station I

2268
1229

74
74

1176
147

11
84
32
11
63
11
11
21
11
11
11
11
11

493

Station II

13269
1513

97
28

250
278

194

111

14

97
14

430
14
14
28

Station III

16795
2040
125

14
236
431

139
14

69
14

14

14
56

527

97
14
56
14
14



Table AII-l (cant.)

Date: April 14, 1975

Species

Skeletonema costatum
Tha1assiosira sp. A
Katodinium rotundatum
Cryptomonas acuta
Chroomonas sp.
Flagellate 0
Cyanophyceae sp. A
Guinardia flaccida
Raphoneis amphiceros
Pyramimonas sp. A
Asterionella japonica .
Naviculaseptentrionalis
Navicula sp. E
Cryptomonad B
Exuviaella compressa
Amphora sp. .
Cryptomonad C
Rhizosolenia delicatula
GYrodinium sp. A
Actinoptychus undu1atus
Rhizosolenia setigera

Cruise No.: 17

Abundance (cells/m1)

Station I Station II Station III

3984
2901

14
167
264
403
486
139

14
14
14

111
14
28
14
14
28
28
28
14
14
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Table AII- 1 (cont.)

Date: May 9, 1975 Cruise No.: 18

Abundance (cel1s/ml)

Species

~y1indrotheca closterium
Asterione11a japonica
~tomonasacuta

Chroomonas sp,
Pyramimonas sp. A
Katodinium rotunda tum
Leptocylindrus minimus
Cerataulina bergonii
Cryptomonad C
Cyanophyceae sp. A
Thalassiosi~a sp. A
Guinardi a f1 acci da
Gymnodinium sp. A
Gymnodinium? punctatum
Paralia sulcata
Navicula sp. B
Chrysochromu1ina sp.
Glenodinium rotundum
Rhizosolenia delic~tula

Ankistrodesmus sp.
Skeletonema costatum
Gyrodinium sp.
Navicula sp.
RhTZOSOfenia setigera
Gyrodinium spira1e
Ochrornonas sp.
Chaetoceros sp.
Chlorococca1es sp. A
Goniau1ax spinifera
Rh; los01 en; a fragil i ssima

Station I

14
21

166
1344
.256
139
249
166

21
624

42
49

7
7

14

495

Stati on II

7
118

1213
353
49

270
215
83

215
83

173

42

7
14

7
28
21
21

7
7
7
7
7

28

Stati on II I

14
180

1719
222

97
166
139

69
374

49
208

21

7

7
7

42
125

14
14



Table AII- 1 (cont.)

Date: May 28, 1975 Cruise No.: 19

Abundance (cells/m1)

Species

Gryptomonas acuta
- Chroomonas sp.

Pyramimonas sp~ A
Thalassiosira sp. A
Cyanophyceae sp. A
Cerataulina bergonii
Cryptomonad C
Flagellate 0
Euglena sp. A
Katodinium rotundatum
Gyrodinium sp. A
Ankistrodesmus sp.
Cyclotella sp.
Phaeodactylum tricornutum
Guinardia flaccida
Paralia sulcata
Calycomonas ovalis
Fragilaria oceanica
Chrysochromulina sp.
Amphora sp.
Skeletonema costatum
Chlamydomonas sp. A
Eutreptia sp.
Rhizosolenia delicatula
Tetraselmis sp.
Asterionella japonica
Ochromonas sp.
Navicula sp. B
Gymnodinium punctatum
Scenedesmus sp.
Pyramimonas sp. B
Rhizosolenia setigera
Gymnodinium simplex

Station I

740
1653
474
670
509

35
139
670

12
46

116
23

243
12
35
12
23
46
23
12
69

496

Station II

646
2201

167
1052

263
155
203
383

120
203

24
191

36
36

24
48

132
12
12
12
12
12

Station III

598
1926
490 _
586
742

72
275
574

12
60

179
24

24
48
96

24

167

24
12

12
24
12
24
12
12
12



:~ .-

Table AI I-2

Occurrence of net phytoplankton species by station over the year

Sta ti on I

1974 1975
Species 5/9 5/22 10/15 10/30 11/14 12/13 1/11 3/18 5/9 5/28

Ceratium furca .011 .005
Ceratium fusus .002* .014 .008 .060
Ceratium macroceros .002 .005
Ceratium tripos .327 .937 .022 .559
Nocti 1uca_ sp. .430 .003
Peridinium depressum .017 .004
Phalacroma sp. .002 .002
Biddulphia favus
Biddulphia granulata .002 .007 .002 .002 .004 .016

-i:'> Chaetoceros sp. A .011~
'-l Chaetoceros sp. B .099 .004

Chaetoceros sp. C .002
Chaetoceros sp~ 0 .062
Coscinodiscus spp. .002 .005 .004 .002 .002 .003
Ditylum brightwelli .002 .006
Guinardia flaccida .123 .002 .433 .984 .055
Planktonie11a sol
Rhizosolenia alata .002 .004 .003
Rhizosolenia delicatula .491 .011
Rhizosolenia setigera .094 .026 .002 .005
Rhizosolenia stolterfothii .002
Rhizosolenia styliformis .007 .004 .004 .002
Skeletonema costa tum
Tha1assiosira spp. .316 .019 .221 .007
Asterionel1a japonica .167 .029 .116 .114 .004 .005
Gyrosigmaspencerii
Nitzschia closterium
Nitzschia seriata .007 .383 .540 .858 .591 .120 .011
Plagiogramma vanheurckii



Table AII- 2 (cont.)

Species 5/9 5/22
Tha1assionema nitzschioides
Tha1assiothrix fraeunfe1dii
sp. C
sp. 0
sp. E
sp. F
sp. G
sp. H
sp. I
sp. J
sp. K
sp. L
sp. M

Station I

1974

10/15 10/30 11 / 14 12/13

". 007

1/11

.108

.011

1975

3/18 5/9 5/28

.124 . 018

.263

* value represents proportion of total cells counted



Tab'le AII- 2 (cant.)

Station II

1974 1975
Species 5/9 5/22 10/15 10/30 11 /14 12/13 1/11 2/20

0700 0800 0900 1000 1100
Ceratium furca, .004 .002 .018 ,015 .005 .012
Ceratium fusus .014 .005 .002 .007 .063 .049 .012 .059
Ceratium macroceros .005
Ceratium ,tripos .211 .311 .005 .018 .0lO .008
Noctil uca sp. .497 .843
Peridiniumdepressum .016 .002 .002
Pha1acroma sp. .002
Biddu1phia favus ..003 .006
Biddu1phia granulata .051 .037 .016 .007 .017 .006 .035 .002 .045 .049 .007 .032
Chaetoceros sp. A
Chaetoceros sp. B .104 .020 .008

+:> Chaetoceros C .009 .015 .012 .032'0 sp.
'0 Chaetoceros sp. [).

CoscihOdiscus spp. .005 .069 .006 .023 .004 .028 .013 .0lD .007 .016
Dity1um brightwe11i .018 .002 .015 .004
Guinardia flaccida .005 .006 .073 .212 .268 .018 .030 .045 .012
P1anktoniel1a sol
Rhizoso1enia alata .006 .009 .015 .013 .0lD .0lD .008
Rhizosolenia de1icatula .186 .040
Rhizoso1enia setigera .249 .002 .032 , .013 .015 .015 .024
Rhizosolenia sto1terfothii
Rhizoso1enia sty1iformis .002 .017 .002 .018 .005 .007 .008
Skeletonema costatum .496 .012
Thalas~iosira spp. . 111 .007 .0lD .095
Asterionella japonica .341 .595 .023 .019 .009 .378 .281 .177 .394 .202
Gyrosigma spencerii
Nitzschia c10sterium .002
Nitzschi a seriata .016 .037 .726 .482 .008 .740 .088 .110 .339 .443 .176 .372
Pl agiograrruna vanheurcki i .



Table AII- 2 (cant.)

Station II

1974 1975
Species 5/9 5/22 10/15 10/30 11/14 12/13 1/11 2/20

0700 0800 0900 1000 1100
Thalassionema nitzschioides .010 .012 .093 .059 . 071 .079 .025 .003
Thalassiothrix fraeunfeldii .007 .004 .229 .005 .085 .059 .015 .016
sp. C
sp. 0 .037
sp. E .069 .040

. sp. F .022
sp. G .025
sp. H
sp. I
sp. J

<.11
sp. K

0 sp. L .002
0

sp-. M .002 .002



Table AII- 2. (cant.)

Station II

1975

Species 2/20 3/18 4/14
1200 1300 1400 1500 1600 1700 1800 1900 0800 0900 1000 1100

Ceratium furca .009 .009 .003 .003 .012 .011 .009
Ceratium fusus .002 .009 .015 .045 .024 .051 .028 .002 .004
Ceratium macroceros .002 .003 .002 .001
Ceratium tripos .011 .002 .003 .013 .009 .032 . .007 .002 .002
Noctiluca sp.
Peridinium depressum .002 .003
Phalacroma sp.
Biddulphia favus .002
Biddulphia granu1ata .022 .005 .020 .008 .113 .012 .131 .054 .012 .010 .030 .002 .004
Chaetoceros sp. A . .005
Chaetoceros sp. B .020 .027 .005

01 Chaetoceros sp. C .007 .002 .030 .035 .005 .0050-, Chaetoceros sp. 0
Coscinodiscus spp. .009 .002 .008 .031 .002 .027 .014 .016 .002 .004
Ditylum brightwelli .002 .003 .011 .. 005 .005
Guinardia f1accida .263 .305 .013 .032 .031 .112 .019 .115 .383 .839 .876 .932 .881
Planktdniel1a sol .002
Rhizosolenia alata .002 .002 .008 .008 . 015 .005 .005 .005 .. 003 .009 .005 .006
Rhizosolenia delicatula .061 .055 .005 .029 .007
Rhizosolenia setigera .015 .018 .023 .027 .0lD .031 .003 .016 .012 .004 .007 .007 .008
Rhizosolenia stolterfothii
Rhizosolenia styliformis .002 .009 .013 .005 .007 .005 .002
Skeletonema costa tum .009 .347 .125 .023 .030 .042
Thalassiosira spp. .072 .101 .101 .061 .095 .067 .. 052 .160 .015 .016 .016
Asterionel1a japonica .300 .261 .244 .222 .337 .283 .323 .012
Gyrosigma spencerii .002
Nitzschia cl~sterium .002 .007 .003 .005
Nitzschi a seriata .154 .147 .325 .243 .144 . 124 .227 .141 .051
P1agiogramma vanheurckii' .040 .021



Tabl e AII- 2 (cont. )

Stat i on II

.082
.018 .046

Species

1200 1300 1400

Thalassionema nitzschioides .018 .098
Thalassiothrix fraeunfe1dii.041 .021 .108

2/20

1500 1600

.134

.086 .521

1975

3/18 4/14

1700 1800 1900 0800 0900 1000 1100

.040 .067 .068

.128 .051 .155 .022
.009

.016 .036

.088
.055

.002

.002





Table AII- 2 (cont.)

Species

Station II

1975

4/14 5/9 5/28
1200 1300 1400 1500 1600 1700 1800 1900

Thalassionema nitzschioides
Tha1assiothrix fraeunfeldii.008
sp. C
sp. 0
sp. E .065
sp. F
sp. G
sp. H
sp. I
sp. J
sp. K
sp. L
sp. M

.005
.003

.002 .113



Tab"le AII- 2 (cant.)

Station III

1974 1975
Species 5/9 5/22 10/15 10/30 11/14 12/13 1/11 3/18 5/9 5/28

Ceratium furca .009
Ceratium fusus .002 .002 .005 .005 .135
Ceratiummacroceros .030
Ceratium tripos .104 .259 .002 .014 .263
Nocti1uca sp. .012 .912
Peridinium depressum .015
Pha1acroma sp.
Biddu1phia favus .002 .039
Biddulphia granulata .046 .071 .002 .002 .069 .009 . 161
Chaetoceros sp. A
Chaetoceros sp. B . 154
Chaetoceros sp. C

U'1 Chaetoceros sp. 0
0
U'1 Coscinodiscus spp. .002 .002 .022 .034 .005 .007 .002 .028

Dity1um brightwe11i .002 .002 .007
Guinardia f1accjda .002 .018 .146 .192 .945 .056
P1anktoniella sol
Rhizosolenia alata .005 .002 .005 .011 .002 .067
Rhizosolenia delicatula .356 .761
Rhizosolenia setigera .207 .087
Rhizosolenia stolterfothii
Rhizosolenia styliformis .001 .029 .002 .002 .009
Skeletonema costatum .557
Thalassiosiraspp. .126 .184 .005
Asterionel1a japonica .482 .563 .011
Gyrosigma spencerii
Nitzschia closterium
Nitzschia seriata .096 .420 .223 .822 .483 .039 .026
P1agiogramma vanheurcki i .017



Station III

1974 1975

5/9 5/22 10/15 10/30 11/14 12/13 1/11 3/18 5/9 5/28

.005 .027 .137
.002 .002 .016 .204 .009

Tabl e AII- 2 (cant.)

Species

Thalassianema nitzsthioides
Thalassiothrix fraeunfeldii
sp. C
sp. D
sp. E
sp. F
sp. G
sp. H .057
sp. I
sp. J
sp. K
sp. L

~ sp.M
0)

.002

.021 .025

.069



Table AII-3

Surface Net Phytoplankton February 20, 1975
Station II

Time: 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Species

Ceratium tripos .005 .018 .010 .008 .011 .002 ' .003 .013 .009 .032 .007
Ceratium fusus .007 .063 .049 .012 .05,9 .022 .009 .015 .045 .024 .051 .028
Biddu1phia granu1ata .002 .045 .049 .007 .032 .022 .005 .020 .008 .113 .012 .131 .054
Rhizoso1enia setigera .032 .013 .015 .015 .024 ' .015 .018 .023 .027 .0lD .031 .003 .016
Asterione11a japonica .378 .281 .177 .394 .202 .300 .261 .244 .222 .337 .283 .323
Nitzschia seriata .110 .339 .443 .176 .372 .154 .147 .325 .243 .144 .124 .227 . 141
Thalassionema'nitzschioides .059 •071 .079 .025 .043 .018 .098 .134 .040 .067 ' .068
Dityl um -bri ghtwe 11 i - .002 .015 .004 ' .002 .003 .011 .005 .005

U1
0 Thalassiothrix frauenfeldii .005 .085 .059 .015 .016 .041 .021 .108 .086 .521 .128 .051 .155
'-J

Rhi zosolenia styl;form!.?_ .018 .005 .007 .008 .002 .009 .013 .005 .007 .005 .002
Guinardia flaccid~ .268 .018 .030 .045 .012 .263 .305 .013 .032 .031 .112 .019 .115
Ceratium furca .002 ' .018 .015 .005 .012 .009 .009 .003 .003 .012 .011 .009
sp. 0 .037 .082
sp. E .069 .040 .018 .046 .016
Coscinodiscus spp. .013 .0lD .007 .016 .009 .002 .008 .031 .002 .027 .014
Chaetoceros sp. B .020 .008 .020 .027 .005
Chaetoceros sp. C .015 .012 .032 .007 .002 .030 .035 .005 .005
Rhizosolenia alata .013 .0lD .010 .008 .002 .002 .008 .008 .015 .005 .005 .005
sp. F .022
Tha1assiosira spp. .0lD .095 .072 .101 .101 .061 .095 .067 .052
Ceratium macroceros .005 .002 .003 .002
Rhizosolenia delicatula .186 .040 .061 .055 .005 .029 .007
Nitzschia closterium .002 .002 .007 .003 .005



U1
o
co

Table AII-3 (cont.)

Surface Net Phytoplankton

Time:

sp. G
Skeletonema costatum
Peridinium depressum
Chaetoceros sp. A
3yrosigma spencerii
sp. H
sp. I
Plagiogamma vanheurckii
sp. J



Table AII-3 (cont.)

Surface Net Phytoplankton Apri 1 14, 1975
Station II

Time: 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Species

Biddul~ granu1ata .010 .030 .002 .004 .002 .009 .002 .019 .009 .007 .005 .007
Rhizoso1enia se!iger~ .004 .007 .007 .008 .013 .014 .018 .009 .005 .002 .019
Thalassiosira spp. .015 .016 .016 .010 .081 .011
Bi ddulphi a fav~ .002 .016 .016 .0lD .002
sp. iIt .002
Guinardia flacctda .839 .876 .932 .881 .008 .957 .881 .931 .954 .977 .942 .957
Skeletonema costatum .125 .023 .030 .042
Planktoniella sol .002 .002

c..n Coscinodi scus .016 .002 .004 .002 .006 .009 .002 .002 .0020 sp.
~ Asterionel1a japonica .012 .011 .011 ·.017 .007 .009

Nitzschi a seriata .013 .009 .037 .005
RhizQso1enia a1ata .009 .005 .006 .002 .002
Nitzschia c1osteri urn .002
Plagiogamma vanheurckii .021
sp. E .036 .065
Ceratium tripos .005 .002
Ceratium fusus .002 .002
Rhizoso1enia s tyl iformi s .002 .004 .006 .012 .005



· Tab1 e AIH-1

Z60p1ankton abundance per m3

Date: June 20, 1974 Crui se No.: 5

Station 1 Station I! Station II!
Species T B T 8 T B

Acartia tonsa 17,272 12,950 391 2,037 558 6,107
Centropages hamatus 1,084 180 164 103 227 213
Centropages typicus 18
Oithona similis 2 22
Paracalanus sp. 7
Pseudoca1anus minutus 77 506 25 62 337 19
Temora longicornis 310 127 7 205
Podon sp. 1,582 36 194 669 704 155
Balanus sp. (cypri d) 99 18 2 72 44 39
Fish eggs 111 54 289 62 183
Ve]iger 54 51 7 58
Polychaete larvae 22 54 2 22 19
Copepod nauplii 11 14
Co pepod ites ,.. 36 82 44 ]9
Limacina inflata 44 271 2 62 27 77
Fish larvae 10 7
Crangon septemspinosa 310 36 7 41
Upogebia affinis 77. 5
Uca sp. 40 36
Centropages (copepodite) 54 50 . 10
Labidocera aestiva 44 18 17 10 19
Balanus sp. nauplii 11 36 10
Pagurus 10ngicarpus 11
Neopanope texana 22 36 20 499
Pseudodiaptomus coronatus 271 154 562
Labidocera(copepodite} 20
Globigerina sp. 19
Eucalanus attenuatus .:. 19
Pinnixa sayiina - 19
Ova1ipes oce11atus· 19

Total 21 ,092 14,755 1,197 3,475 2,953 7,363

510



Table AIII-l (cant.)

Da te: Ju 1y 19, 1974 Cruise No.: 6

Station I I
T B

Stat; on II I
T BSpecies

Acartia tonsa
Pseudodia tamus coronatus
Labidoeera copepadite)
Centropages typi eus
Copepod naupli;
Fish eggs
Capepod·i tes
Limacina inflata
Cal1ianas-sa~

Neopanope texana
Uca sp.
Microealanus sp.
ce~pages (copepodite)
Eurytemora affinis
Oithona sp. ?
Centropages hamatu$
Pseudocalanus minutus
Pinnixa ~ana---
Pagurus longicarpus
Cra~ga~ ~temspinosa

Penilia avirostris
Oikopleu~s-p:-

Mesuda
Eucalanus attenuatus
He~apanopeus angustifrons
Libinia sp.

Total

Station I
T B

202 17,770
9 2,521
7 40
3
2

56

20

20

20
40
20
40

20

279 20,511

256
34
7

7
23
2
9
2

431
36

807

2,158
532

7

14

14

7

78

7
7

2,824

303
117

8

40

12
4

52
1,293

4
32
69
4
4
8

73
8

2,031

743
2;060

26

18
9

9

53

9

18
9

2,954

Date: A~ust 1, 1974 Cruise No.: 7

Sta tion I
T B

Station II
T B

Station III
T B

Acartia tonsa
Centropa~ hamatus
Labidocera (copepodites)
Oi thana s-lini lis
Capepod naupl i i
Unidentified copepodites
Fish eggs
Oikopleu\~a sp.

727
3.

38
3

55
100
83

3

579

12

6
6

511

3,516

26
26

287

29

86

5,242

16
62

234

7,793

77'·

51





Tabl e AIII-l (cont. )

Date: August 21, 1974 (cont.) Cruise No. : 8

Station I Station II Station III
Species T B T B T B*

Upogebj~ affinis 2 5
Unidentified zoeae 37
Mysid 67
Ova 1i pes ocel1atus 5

Tota 1 121 1,806 59 259 58

1< Not preserved

Date: September 17, 1974 Crui se No.: 9

Station I Station II Stati on III
T B T B T B

Acartia ausi 1
Acartia' ':ton'Sa" 199 2,638 13 557 623 1,367
Pseudodjaptom~ coronatus 65 516 4 354 41 175
Oithona sp" ? 80 59 12 33 66 14
Paracala.!lUS sp. 24 206 5 22 25
!~ i crocal Ci!:lJ:l..?. S P. 18 2 43
Coryca~us sp. 26 192 1 22 13 52
Centropages hamatus 2
Centropages_ liQi eus 2 5
Euterpina acutifrons 2 15 4 9
Unidentified copepodites 37 44 3 29 43 19
Copepod naup1ii 15 44 4 22 10 14
OikopleuY'a_ sp. 96 192 96 100 170 128
Limaei na i ofl ata 28 59 3 70 47
P-enil ia avirostris 65 59 8 26 58 38
F'j sh eggs 3 4
Polychaete larvae 3 15 1 3 5
Emerita ta 1poi da 2 5
Ova'rfpes ace 11 atus 2 - 9
erangon septemspinosa (zoea) 1
Hexa ana eus a,ngusti frons 1
Balanus nauplii) 15 1
Centropages (copepodites) 28
Pseudoca1anus minutus 44 18 5 9
Euca1anus attenua tus 118 14
Temora (copepodite) 15 9
Copepod sp_ A 59 15 19
Globigerina 177
Cyphonautes larva 118 41 261
Medusa 59 18 47
Veli ger 103 11

513



Table AIII-1 (cont.)

Date: September 17, 1974 (cont.) Cruise No.: 9

Species
Station I

T B
Stati on II
T B

Station II I
T B

15
15

Ba1anu.s cyprid
Unidentified amphipod
Echinoderm larva
Acartia copepodite
Corophium sp.
Pagurus 10ngicarpus
Pinnotheres macu1atus
Neopanope texana
Pinnixa sayana

Total 669

29

4,806 160

4

29
148

7
7
4

1,541 1,128

24
57
19
33
14

5
5

2,403

Date: October 15, 1974 Cruise No.: 10

Sta tion I
T B

. Station I I
T B

Station II I
T B

Acartia tonsa
Acartia (copepodite)
Centropages typicuS
Centropages (copepodite)
Corycaeus
Euterpina acutifrons
Euca1anus attenuatus
Paraca1anus sp.
Pseudoca1anus minutus
Temora 10n icornis
Temora copepodite)
Penilia avirostris
Cyphonautes larva
Oi kop1eura
Limacina inflata
Sagitta sp.
Polychaete larva
Ve1iger bivalve?
Amphipod
Unidentified copepod?
Unidentified copepodites
Medusa
Echinoderm larva
Copepod naup1ius
Balanus {naup1ius)
G10bigerina
Evadne sp.
Pagurus longicarpus

96
8

29
38
67
25
4

197
54
8

46
163

21
670
122

8
34
13
4

38
8

17
. 29

13
17

8
4
4

100

100

100
897

199

299

100

514

60

26
8

21
8

68
10

5
16
55 .
24

550
29

13
71

24
3

13
16
18

3

8

136

43

43
68
26

238
247

9
136

68
1,250

60

51
17

111
51

9
17

125
58
19
19
48
58

182
77
10
86
67
38

1 ,371
38

29
192

29
10

249
77

740

82
33
66

378
33

691
625

66
181

99
1,316

99

345
16

16
16
99

131

16



Tab1 e AlII-1 (cont. )

Date: October 15, 1974 (cant. ) Cruise No. : 10

Station I Stati on II Station III
Species T B T B T B

Pseudodiaptomus coronatus 38 395
Labidocera aestiva 9 10
Balanus (cyprid) 10 16
Natan:ti~ (larvae) 19
Oithona similis 9
Un; dentifi ed pteropod 9
Bepta~~t~ (zoeae) 9
Harpacticoid copepod 16

Total 1,745 1,795 1,049 2,616 2,859 5,475

Date: October' 30, 1974 Cruise No. : 11

Station I Station II Station III
T B T B T B

Acartia tonsa 483 3,657 8,719 1,124 2,338 2,352
Cen trop~geillama tu s 284 57 386 156
Centropages ~Pi cus 85 1,600 129 34 57 52
Centrop?ges copepodite) 625 228 515 42 198 105
Paracalanus sp. 2,500 4,400 32 321 283 1,150
Euterpina acutifrons 511 3,142 354 194 283 627
Microcalanus sp. 1,080 804 269
Jemora longicornis 142 1 ,886 418 8 57
Oithona similis 170 171 -; 25 14 52
Pseudocalanus mi nutus 597 6,571 193 194 198 627
Corycaeu.s sp~ 426 1 ,257 34 105
Eucalanus attenuatus 85 114 32 25 28 105
Unidentified' copepodites 313 229 25 52
Aca rt ia claus; 71
Copepod '--:--y. 114 28 52naup.ll
Ve1igers 682 3,600 32 161 14 105
Polychaete larvae 142 457 869 279 439 1,620
Limacina inflata 284 457 17 14-
Echinoderm larvae 57
Sa'i anus naupl i i 171 32
Penilia avirostris 114 286 32 59 57 9'2
0; kop1 eura sp_ 369 114 85 85
Ialanu~ sp. 85 314
Pinnotheres macula tus 28
Temora (copepodite) 686 51
Acartia (copepodite) 114 8 105
Pseudodiaptomus coronatus 571 110 261
Lab;docera aestiva 228 - 523

515



Table AI II-l (cont. )

Date: October 30, 1974 (cont.) Crui se No.: 11

Station I Station II Sta ti on
Species T B T B T B

Medusa 171 8
Sagitta Spa 114
Noctiluca scintil1ans

Tota1 > 8,977 30,395 12,547 2,804 4,674 8,259

Date: November 14, 1974 Cruise No.: 12

Station I Station II Station III
T B T B T B

Acartia tonsa 267 185 1,026 766 268 331
Acartia (copepod ite) 57 28 11 34
Centropages hamatus 7 49 28
Centropages typicus 172 244 . 166 32 78
Corycaeus sp_ 521 643 194 49 122 166
Euterpina acutifrons 534 448 208 103 214 no
Euca1anus attenuatus 13 10
Oithona si mil is 114 97 42 49 63
Paraca1anus sp_ 629 789 159 205 181 249
Pseudocalanus minutus 102 156 132 43 54 83
Temoralongicornis 172 380 28 22 24
Temora (copepodite) 13 14 5 5 28
Eurytemora affinis 6
Unidentified copepod 76 7 5
Copepod species A 89 136 83 59 107
Ve1iger 350 555 374 281 371 470
Penilia avirostris 102 58 7 22 49
Li mac ina i nf1 ata 19 49 7 20
Globigerina Spa 13 29 5
Oikopleura sp. 32 78 14 27 68 28
Polychaete larvae 32 39 7 5
Balanus (nauplius) 6 5
Echinopleuteus larvae 6 7 5
Centropages (copepod i te) 35 5 20
Pseudodiaptomus coronatus 19 63 32
Unidentified copepodites 21 5
Sagitta sp_ 10 .7 15
Unidentified amphipod 7 5
Echinoderm larvae 5
~1edusa 5
Labidocera aestiva 10 5
Noctiluca

Total 3,325 3,935 2,643 1,780 1,723 1,493

r-1 r

::>'0



Tab1 e AIII-l (cont. )

Date: December 13, 1974 Cruise No.: 13

Station I Station II Station III
c- • T B T B T B"pecles

Acart'j a tonsa 2,395 3,777 5,683 2,142 4,923 4,249
Acartia clausi 77 61 17---1CQ"- )Acartia copepodite 510 363 311 89 1,029 231
Oithona simi1is 618 121 93 40 50
Centropages typicus 355 23 66
Centropages hamatus 15 291 155 30 116
Centrop~~ (copepodite) 155 73 124 30 20 50
Paracalanus sp. 324 121 17
Corycaeus.sp. 31
Oithona brevicornis 139 20
Unidentified copepodites 170 186 282 66
Unidentified copepod l08 40
Capepod nauplii 232 62 61 17
tljicrocalanus sp. 31
Polychaete larvae 510 242 31 60 50
Veliger 185 2,010 745 357 303 380
Balanus (naup1ii) 62 17
Echinoderm larvae 108 -
Oi kop1e_'!r~ sp. 15
§lobJlL~r.:!Jlasp. 108 145 30 17
Forami ni fera spp. 48 62 536 282
Euterpina acutifrons 73 31 30 50
Sagitta sp. 24 17
Temora 1ongi corn is - 24 31
Pseudodiaptomus coronatus .,
Balanus (cyprid) 17
Harpacticoid copepod 31 17

Total 6,148 7,336 7 j 545 3,304 7,061 5,444

517



Table AI II- 1 (cont. )

Date: January 16, 1975 Cruise No. : 14

Species Station I Station II Station III
T B T B T B

Acartia clausi '29 6 5 89 8
Acartia tonsa- 14 194 147 208 263 236
Centropages hamatus 112 104 217 185 184 87
Centropages typicus 275 37 10 71 43 43
Centropages (copepodites) 604 174 178 275. 171 152
Paracalanus sp. 36 10 5 11
Pseudocalanus minutus 43 115 17 9 59 16
Oithona similis 94 51 24 33 16 19
Temora longicornis 7 62 17 14 14 11
Veliger 14 169 395 753 79 385
Balanus (nauplii) 7 20 10 3 0
Fish eggs 43 3 3 0
Echinoderm larvae 14 3 3
Unidentified copepodites 11 8 17 5 11
Polychaete larvae 6 3 0
Mancocuma altera 7 5
Sa'l anus (cyprid) 0 19 3 8
Temora (copepodites) 6 0 8
Medusa 20 30
Cyphonautes larva 6 5 5
? Pseudocalanus (copepodite) 17 16
Acartia (copepodite) 8 14 8
Copepod nauplius 3
Evadne sp. 3
Foraminifera spp. - 33
Harpacticoid cbpepod 5
Corycaeus sp. 5 3
Globigerina sp. 3
Pseudodiaptomuscoronatus 5

Total 1,303 1,009 L052 1,644 957 1,046

518



Cruise No.: 15

Table AIII-l (cant.)

Date: February 20, 1975

Species
T

0700
B

0800
T B

1000
T B

519

Acartia clausi
Acart-ja tonsa
Cent.l:QR~~ hamatus
Centropages typicus
Centropages copepodite
Oithona brevicornis
offflOlla- simi 1i s
Paracalan~~
Pseudocalanus minutus
femOra}Ol1gfC-o rn is
Tortanusdiscaudatus
Unident-jfied copepodite
Balanus (nauplii)
Balanus (cyprid)
Sagitta sp.
Mysid
Veliger
Mancocuma altera
Acartia copepodite
Pseudocalanus copepodite
Temora copepodite
Fish eggs
Medusa
Forami nHera sp.
Cyphonaute larvae
Species A (copepod)
Copepod nauplii
Unidentified capepod

Tota 1

3
2
6

48
48
4
3

18
142

20

69
4

367

4
71
7

54
56

30
2

364
180

30

4

11

4
11
56
13

897

8
30

5
39
13

2

3
22
12

29
3
2

168

18
259

46
42

42
14

371
224

25
4

4

95
49

46
4

11

1,254

18
75
86
48
30
14
7

16
145

52

97
2

590

763
21
50

no
28
46

156
67

96
11
4

7
71

85
7

35
14

11
4
7

1,593



Table AIII-l (cont. )

Date: February 20, 1975 (cont.) Cruise No. : 15

1100 1200
Species T B T B

Acartia clausi '9 19 22 11
Acartia tonsa 24 351 9 322
Centropages hamatus 78 71 18 36
Centropages typicus 42 44 26 45
Cent~opages copepodite 18 88 9 ,66
Oithona brevicornis 3 6
Oithona simi1is 5 34 2 20
Paraca1anus sp_ 5 7 9
Pseudocalanus minutus 14 206 5 259
Temora longicornis H) 84 6 66
Tortanus discaudatus
Unidentified copepodite 22 37 10 20
Balanus (nauplii) 7
Balanus (cyprid)
Sagitta sp.
fvJys i d
Veliger .:. 1 7 4
Mancocuma a1tera
Acartia copepodite 3
Pseudoca1anus copepodite 37
Temora copepodite 67
Fish eggs 10 11
Medusa 10 7
Foraminifera sp. 7 14
Cyphonaute larvae 7
Species A (copepod)
Copepod naup1ii
Unidentified capepod

Total 231 1,089 113 897

520



Table AIII-l (cant.)

Date: February 20, 1975 (cont.) Cruise No.: 15

Species
1300

T B T
1400

B
1600

T B

Acart-ia clausi
Acartia tonsa
Centro~ hamatus
Centropages typicus
Centropages copepodite
Oithona brevicornis
Oithona similis
ParaC-afanLiSSj):-
Pseudocalanus minutus
Temoralongicarnis
Tartanus discaudatus
Unidentified copepodite
Balanus (naup1ii)
Balanus (cyprid)
S . +'
_~,-1:,~ sp.
Mysid
Veliger
Mancocuma altera
Fi sh egg-s
triedusa
Foraminifera sp.
Species A (capepod)
Cyphonaute larvae
Acartia copepadite
Pseudocalanus copepodite
Temora copepodite
Copepod nauplii
CorLcaeu~ sp.
Polychaete larvae
Unidentified copepod

Total

13
16
18
41
34
12
7
8

45'
13

31
1

< 1

240

21
496
43
43
91

38
5

255
126

112
5

il

11
3
3

11
72

1,346

27
11
5
5
4
2

< 1
< 1

2
1

< -j

7

< 1

68

14
345

28
101
79

31
6

280
107

36

14
36

3
14
64
28

3

1 ,189

46
297
112

97
104

31

39
815

35

324
8

1,908

5
76
91
35
43

23
2

163
13

13

3
2
5

22
7

2

505

521



Table AIII-l (cont.)

Date: February 20, 1975 (cont.) Cruise No. : 15

1700 1800
Species T B T B

Acartia claus; 18 4 44 102
Acartia tonsa 411 116 509 102
Centropages hamatus 223 321 126 158
Centro pages typ"icus 65 54 69 20
Centropages copepodite 94 116 44 86
Oithona brevicornis 18 38
Oithona simi1 is 31 36
Pa r"aca 1anus---sp: 88 107 7
Pseudocalanus minutus 1 ,220 433 1,387 362
Temoralongicornis 6 71 44 115
Tortanus discaudatus 0 49
Unidentified copepodite 352 36 289
Balanus (naup1ii) 6 4 13 3
Balanus (cyprid)
Sagitta sp. 6
Mysid 6
Veliger 4 3
Mancocuma altera
Fish eggs 9 3
Medusa 4
Foraminifera sp. 22 10
Species A (copepod) 3
Cyphonaute larvae 4 6
Acartia copepodite 18
Pseudoca1anus copepodite 40
Temora copepodite 45
Copepod nauplii 4 3
Corycaeus sp. 0 3
Polychaete larvae 0 3
Unidentified copepod 7

Total 2,507 1,336 2,676 1,081

522



Table AIII-l (cont.)

Date: February 20,1975 (cont.) Cruise No.: 15

Species

Acartla clausi
~tTa: tonsa
Centl'opa-ges llamatus
Centro~ages typicus
Centropagescopepodite
Oithona brevicornis
Oithona similis
Paraca1anussl):
Pseudocalanus minutus
remora )ongicornis
Unidentifiedcopepodite
Balanus (nauplii)
Ba 1anus- (cypri d)
Sagitta, sp.
Mysid
Veliger
Mancocuma a1tera
Acartia copepodite
PseUdOCalanu$ copepodite
Temora copepodite
~--h--,1S eggs
Medusa
Foraminifera sp.
Cyphonaute larvae
Species A (copepod)
Capepod nauplii
Unidentified copepod

1900
T B

16 4
91 110
80 330
80 35
59 62
16

4
69 4

794 432
150 273
273 44

5
4

5

5

66
22
33

Tota"' 1,643 1,423

523



Table AII I-I (cant. )

Date: t·1a l~ch 18, 1975 Cruise No.: 16

Station I Sta tion II Station III
Species T B T B T B

Acartia tonsa 28 126 103 32 834 284
Acartia claus; 74 21 114 64 124 42
Centropages "!'y-picus 483 228 149 247 84
Centropages hamatus 883 589 148 288 432 147
Oithona s im; 1is 102 211 262 75 556 189
Oithona brevicornis 139 569 285 256 710 241
Paraca1anus sp. 112 84 274 299 1,205 410
Pseudocalanus minutus 1,088 842 2,555 1,142 5,745 1,956
Temora longicornis 492 2,992 183 266 803 273
Unidentified copepodites 698 632 958 993 2,625 315
Sagitta sp. 28 253 11 43 31 11
Balanus (nauplii) 9 42 46 11
Veliger 9 42 34 224
Limacina inflata 21 11 128
Fish eggs 11
Microcalanus sp. 11
Balanus (cyprid) 21 21 93 31
Crangon septemspinosa 53 31 11
Crab zoeae 21
Labidocera aestiva 105
Euterpina acutifrons 21
Centropages copepodite 310 536
Acartia copepodite 31

Total 4,145 6,571 5,234 4,375 13,436 4,561

524



Table AIII-l (cont.)

Date: April 14, 1975 Cruise No.: 17

B

106
24

1 ,145
a

791

94
24

118
814

24
24
83
12
24

71
83
83

Acartia clausi 529
Aca-\:'t i a -fOnsa- 7
ceri"trgp§ges pamatus 987
Cer.!r_QIJages typi eus 64
Centr~eages copepodite 493
Oithona brevieornis 43
Olt:hona" simi lis 21
Paracal~nus sp: 14
rseUdocal"anus mi nutus 129
Temora. 10[19; cofnl-s- 665
Tortanus discaudatus 7
UnidentIfied copepodite 300
Sagitta sp. 14
Copepod naup"1 i i
Veligers
Balanus (cyprid) 21
tran9Qil_~~£.!:emspinos~_ (zoeae) 50
Fish eggs
pseudodiaptomus ~oronatus 93
Polychaete larvae 7
.§l9 beI.Jl.Eir i!@.. s p.
Medusa
Mysid
Acartia copepodite
Pi nnixa sayana
Neopano~ j:exana. say;
Temora copepod-j te
Cyphonaute larvae
Cancer irroratus (zoeae)
Limac;na-·u~lata 7
Euterpina-~-flfrons

.furytemora sp.
Foraminifera sp.
Labidocera aestiva
Corycaeus sp.
Harpact-icoid

8

4-

9

47

B

47

1,026

224

289
1,586

65
19

1,875

1200
T

29
13

394
55

357
117

67
50
42

407

76
8

B
1100

69

T

32

562
40

190
44
4

16
89

553

24
12
12

35

83

0800
TSpecies

Total 3,451 1 ,611 1,615 5,187

525



Tabl e AIII--1 (cant. )

Date: Apri 1 14, 1975 (cont. ) Cruise No. : 17

1300 1400
Species T B T B

Acartia clausi '6 98 29 106
Acartia tonsa 2 56 35
Centropages hamatus 300 1,427 565 1,833
Centropages ~icus 29 21 9
Centropages copepodite 111 546 237 584
Oithana brevi cand s 34 25
Oithona similis 27 308 8 27
PalAaca 1anus sp. 56 29 9
Pseudoca1anus minutus 36 518 216 558
Temora 19n9js-ornis 52 1,623 42 1,275
Tortanus discaudatus 6 8 9
Unidentified copepodite 21 168 83 142
Sagitta sp. 56 29 133
Copepod nauplii 2 14 9
Veliger 17 35
Balanus (CYPln-i d) 8 9
Crangon. septemspinosa (zoeae) 8 18
Fish eggs 2 44
Pseudodiaptomus coronatus 4 - 21
Polychaete larvae 28 18
Globergerina sp.
Medusa
IV1ys i d
ACdlAt i a copepodHe 44
Pi nn-ixa sayana
Neopanope texana sayi
Temora copepodite
Cyphonaute 1arvae 14 9
Cancer i rroratus (zoeae)
Umacina inflata
Euterpfrla acutHrons 14
Eurytemora-Sp:------
Foy'aminifera sp. 35
Labidocera aestiva
Corycaeus ---

14sp.
Harpacticoid 14 9

Total 632 4.954 1,346 4,950

526



Table AlII-l (cont. )

Date: April 14, 1975 (cont. ) Cruise No.: 17

1500 1600 1700
Species T B T B T B

Acartia c1ausi 122 561 167 418 64
Acartia tonsa 28 56 17 154
Centropages hamatus 784 1,151 1,214 - 2,089 2,023
Centropages typicus 45 66 200
Centropages copepodite 249 234 140 479 666
Oithona brevicornis 54 84 35
Oithona similis 23 37 98 9 77
Paraca lanus sp. 27 28 52 26
Pseudocalanus minutus 249 374 600 200 371
Temora 1ongi corni s 140 590 1,647 1,880 3,009
Tortanus discaudatus 14 19 42 17 64
Unidentified copepodite 127 271 90 322 166
Sagitta sp. 36 9 42 17
Copepod naup1ii 5
Ve1iger 14 14
Ba 1anus (cyprid) 5 28 9
Crangonseptemspinosa (zoeae) 9 98 69 51
Fish eggs 5 70 38
Pseudodiaptomuscoronatus 14 28 14 77
Polychaete larvae 9 13
Globergerina sp. 56 26
Medusa 14
~iys i d 14
Acartia copepodite 154
Pinriixa sayana 102
NeDpanope texana say; 13
Temora copepodite
Cyphonaute larvae
Cancer irroratus (zoeae)

Total 1,922 3,480 4,384 5,822 7,094

527



Table AIII-l (cont. )

Date: Apri 1 14, 1975 (cont. ) Cruise No. : 17

1800 ·1900
Species T B T B

Acartia clausi 939 174 561 131
Acartia tonsa 55 95 236 100
Centropages hamatus 2,415 876 2,274 664
Centropages. typi cus 207 266 39
Centr'opages copepodite 1,353 347 1,299 703
Oithona brevicornis 28 133
Oithona similis 28 63 15 70
Paraca1anus sp. 69 8
Pseudocalanus minutus 594 276 960 688
Temora longicornis 2,526 2,478 1,048 487
Tortanus discaudatus 14 16 15 23
Unidentified copepodite 511 32 236 46
Sagitta sp. 69 71 74 8
Copepod nauplii
Veligers 16
Balanus (cyprid) 55 24 15
Crangon septemspinosa (zoeae) 566 166 46
Fish eggs 63 ,8
Pseudodiaptomus coronatus 8 576
Polychaete 1arvae 8 44 8
Globergerina sp. 8
Medusa
Mysid
Acartia copepodite 63 23
Pinnixa sayana
Neopanope texana sayi
Temora copepodite 8
Cyphonaute larvae 8
Cancer irroratus (zoeae) 8

Total 9,429 4,776 7,737 3,099

528



Table AIII-l (cont. )

Date: May 9, 1975 Cruise No.: 18

Station I Station II Stati.on III
Species T B T B T B

Acartia clausi 5 43 93 170 349
Acarti a tonsa 5 28
Centropages hamatus 242 2,272 1,174 1,633 1,435 3,638
Centropages typicus 57 222 140 113 604
Centropages copepodite 196 291 183 139 500 2,034
Oithona brevicornis 206 485 11 301 264 418
Oi thona simi 1is 88 222 22 104 104 93
Paracalanus sp. 36 1,302 65 996 151 430
Pseudoca1anus minutus 31 1,718 86 2,085 208 418
Temoralongicornis 1,187 6,566 1,163 4,413 2,559 5,207
Tortanus discaudatus 46 14 81 38 453
Unidentified copepodite 93 762 248 614 283 511
Crangon se tems inosa 21 11 81 314
Ba 1anus naup1ii 5 14 12 19
Copepod naup1ii 5 42 9 12
Sagi tta sp. 55 46 19 12
Evadne sp. 28 12 19
Cancer irroratus 28 12 12
Calanus finmarchicus 14 12
"Arrow Worm" 12 12
Limacina inf1ata 35
Euterpina acutifrons 23
Shrimp-Species A 12

Total 2,223 14,035 3,.146 10,681 5,919 14,587

529



Table AIII-l (cont.)

Date: May 28, 1975 Cru i se No.: 19

Station I
T BSpecies

Centropages hamatus
Centropages typicus
Centropages copepodite
Oithona simi 1is
Oithona brevicornis
Temora longicornis
Fish eggs
Unidentified copepodite
Pseudocalanus minutus
Acartia clausi
Podon sp.
Labidocera aestiva
Balanus (nauplii)
Balanus (cyprid)
Crangon septemspinosa (zoeae)
Polychaete larvae
Copepod nauplii
Ovalipes ocel1atus
Acartia tonsa
Veliger
Tortanus discaudatus
Insect larvae
Mi croca lanus sp.
Evadne sp.
Unidentified copepodi te
Limacina inflata
Pagurus longicarpus
Sagitta sp.
Paracalanus sp.
Crab mega lops
Crab zoeae (Portunnid)
Acartia copepodite
Pseudodiaptomus coronatus
Eucalanus attenuatus
Temora copepodite

Sta ti on II
T B

Station III
T B

17

14
7
3

24
27

61
14

17
14
34
78
91
51
61

3
3

74

7

44

658
250

14

71

1,623

18
20

2
10

695

136
10

16
2
2

2
2
2
2

8

177
41

227
6

22

3

7
1
1

26

47

222
1

10

651

44

165
35

6
82

22

4
2
1
1
1
1

391

62
20
56

11
1

123
27

24
35

4,178
1,293
1,012

140
553

1,030
262
384

66
721

19

1 ,208
206
112
103

9

525
19
47

112

384
66

9
37

9

12,1204,565

2,836
350
600

6
69
31

350
87
12
56
75
31
19

6
6
6

19
6

Total

530



Table AV-l

Sediment characteristics for transect stations

Water Volatiles Gravel Sand Si It Clay
Content (%) (%) (%) (%) (%)

Sta ti on M (<jJ) 0; (<jJ) Sk. Kg 50%· mm (%)z 1

1- 1 1.383 . 1.463 +0.236 2.390 0.380 28.6 1.12 1.0 92;3 3.4 3.3
1- 2 1.537 2.525 +0.189 2.283 0.360 24.7 1.06 10.2 76.2 7.5 6.1
1- 3 2.600 0.546 +0.167 1.768 0.166 29.1 0.76 94.6 2.8 2.6
1- 4 2.253 0.173 +0.054 1.239 0.208 24.2 0.48 95.5 2.5 2.0
1-5 0.917 0.711 -0.295 1.792 0.510 20.0 0.12 5.4 93.7 0.9
1- 6 1.303 0.783 -0.398 2.049 0.380 20.4 1. 98 5.6 93.7 0.7
1- 7 2.197 0.394 +0.093 . 0.969 0.222 23.4 0.14 . 99.0 1.0
1- 8 1.273 1.435 -0.060 1.003 0.404 18.8 0.55 7. 1 89.1 3.8
1- 9 0.927 0.826 -0.144 1. 148 0.500 21.4 0.13 1.5 97.5 1.0

()1
w
--' 2- 1 1.443 0.707 -0.11 0 1.111 0.348 24.1 0.53 0.1 97.0 1.3 1.6

2- 1B 1.490 1.073 +0.136 1.807 0.329 20.6 0.90 0.5 93.4 4.6 1.5
2- 2 1.543 1.051 +0.213 0;925 0.387 18.8 0.66 • 0.3 96.8 1.1 1.8
2- 3 1.753 1.207 -0.088 1.601 0.277 27.0 0.56 6.4 89.1 2.4 2. 1
2- 3B 1.670 1.262 -0.078 1.182 0.298 23.3 0.39 1.1 95.0 2.6 1.3
2- 4 3.757 1. 149 +0.426 2.879 0.078 36.0 1.77 70.3 24.3 5.4
2- 5 3.080 0.428 +0.080 1.287 0.119 28.9 0.62 95.0 4.0 1.0
2- 6 5.220 3.141 +0.750 1.105 0.073 71.2 3.26 53.2 26.2 20.6

3- 1 1.910 1.326 +0. 196 1.613 0.263 10.8 0.71 92.4 4.0 3.6
3- 2 3.273 0.317 +0.048 1.386 0.104 11.9 0.43 97.2 2.8
3- 3 1.783 1.227 -0.060 1.608 0.278 13. 1 1.24 2.3 92;6 2.4 2.7
3- 4 1.997 0.299 -0.028 1.025 0.251 19.0 0.30 99.2 0.8
3- 5 2.193 0.740 -0. 168 1.071 0.205 11. 3 0.29 96.8 3.2
3- 6 2.207 0.958 +0.428 0.809 0.265 17.7 1.36 94.9 3.3 1.8
3- 7 6.550 2.976 . +0.536 0.847 0.023 76.2 6.46 19. 1 51.2 29.7
3- 8 1.707 2.234 +0.281 2. 101 0.342 10.5 0.67 4.4 82.6 . 7.3 5.7





Table AV-l (cont. )

Water Volatiles Gravel Sand Silt Clay
Content (%) (%) (%) (%) (%)

Station Mz (ep) (Y. (ep) Ski Kg 50% mm (%)
l'

6- 6 1.860 0.949 +0.304 0.828 0.327 31.3 0.44 96.1 3.0 0.9
6'- 7 2.930 0.436 +0.225 1.369 0.136 32.2 0.60 95.5 3.0 1.5
6- 8 3.850 1.369 +0.555 3.078 0.078 44.3 1.86 69.5 22.8 7.7
6- 9 3.680 1.623 +0.711 3.383 0.103 43.S 1.62 - 76.6 15.0 8.4

7- 1 2.780 2.183 +0.454 1. 318 0.189 38.1 2.21 69.0 24.5 6.5
7-2 3.843 0.873 +0.361 2.545 0.070 37.3 1.65 65.4 30.1 4.5
7- 3 1.357 0;862 -0.317 1.444 0.344 22.2 0.69 1.7 96.7 1.6
7- 4 2.817 0.439 +0.121 1.305 0.144 31. 3 0.61 97.2 2.8
7- 5 6.447 3.020 +0.529 0.891 0.023 120.1 7.76 22.8 48.9 28.3
7- 6 1.457 0.990 -0.012 1.351 0.360 21.8 0.34 1.5 94.8 3.7

(J"l 7- 7 1.700 0.841 +0.297 2.414 0.317 18.8 0.81 93.8 3.5 2.7w
w (7- 7) 1.653 0.764 +0.277 2.134 0.321 25.7 0.81 94.9 3. 1 2.0

7- 8 3.280 1.215 +0.717 2.374 0.128 32.5 1. 14 81.7 13.3 5.0

8- 1 3.590 0.555 +0.211 1.280 0.086 37.6 1.07 79.8 17.0 3.2
8- 2 3.663 1.435 +0.543 3.001 0.089 38.3 1. 61 71.2 21.0 7.8
8... 3 2.820 0.468 +0.361 2. 186 0.148 29.2 0.50 92.8 5.9 1.3
8- 4 5.570 2.585 +0.652 1.076 0.044 90.5 5.14 36.2 44.0 19.8 '
8- 5 5.730 2.749 +0.745 1. 167 0.047 75.2 3.83 32.0 46.6 21.4
8- 6 2.303 1.240 +0.087 0.856 0.210 25.0 0.75 91. 9 5.7 2.4
8- 7 3.307 0.410 +0.081 1.499 0.103 29.2 0.58 93.9 4.2 1.9 '
8- 8 1.583 0.469 -0.054 1.100 0.329 18.8 0.25 99.6 0.4
8- 9 1.053 1.150 +0.065 1.856 0.470 29.3 0~75 4.4 88.6 4.7 2.3

9- 1 4.693 1. 749 +0.638 3.533 0.051 39.6 2.00 27.9 50.1 22. O'
9- 2 5.917 2.646 +0.724 1.251 0.0395 82.8 4.68 22.9 56.2 20.9
9- 3 7.047 3.119 +0.487 0.853 0.0145 110.3 7.80 8.2 56.5 35.3
9- 4 3.247 0.350 +0.147 1.134 0.107 19.9 0.46 96.4 3.6



Table AV-1 (cant.)

Water Volatiles Gravel Sand Silt Clay
Content (%) (%) (%) (%) (%)

Stati on M (¢) cr· (¢) Sk. Kg 50% mm (% )z 1 1

9- 5 3.233 0.417 +0.107 1.088 0.108 28.6 0.63 95.2 3.6 1.2
9-6 3.283 0.422 +0.211 1.308 0.105 23.1 0.40 93.1 4.6 2.3
9- 7 1.533 0.674 +0.090 1. 104 0.355 23.7 0.25 97.5 2;5

10- 1 6.500 2.911 +0.681 1.590 0.0245 99.5 6.61 6:7 71.'9 21.4
10- 2 5.490 2.313 +0.755 2.186 0.0454 64.5 3.01 21.0 62.6 16.4
10- 3 . 2.573 2.611 -0.206 1. 717 0.091 31.0 1. 34 11.2 66. 1 17.2 5.5
10- 4 3.377 0.365 +0.200 1.230 0.099 32.1 0.46 92.7 . 7.0 0.3
1.0- 5 0.827 2.058 -0.412 1.337 0.358 17.5 0.35 20.0 76.4 2.6 ·1.0
10- 6 3.287 0.434 +0.067 1.280 0.104 31.9 0.71 94.2 4.3 1.5
10- 7 0.867 1.023 -0.270 1.253 0.493 23.3 0.27 6.8 90.7 1.5 1.0

c.n
w
~ 11- 1 2.447 1.884 +0.492 1.233. 0.278 28.6 1. 21 76.5 19.1 4.4

1": 2 3.417 0.426 +0. 175 1.288 0.097 31. 9 0.80 90.7 7.1 2.2
11- 3 3.953 1.605 +0.54!) 3.109 0.077 38.7 1. 38 66.2 25.0 8.8
11-4 6.997 4.273 +0.421 1.393 0.018 99.8 5.24 12.0 54.8 33.2
11- 5 3.873 1.781 +0.338 3.544 0.075 47.6 1.76 0.8 . 64.4 26.4 8.4
11- 6 3.557 1.308 +0.141 3.733 0.087 39.8 1.22 0.4 79.3 15.7 4.6
11- 7 1.823 1.972 +0.307 1.685 0.322 32.6 1.01 4.1 84.7 7.0 4.2

12- 1 6.117 3.416 +0.444 1.195 0.0305 75.4 4.21 27.4 48.4 24.2
12- 2 1.770 2.837 +0.460 1.952 0.440 64.8 2.91 6.2 75.3 11 .3 7.2
12- 3
12- 4 6.180 3.095 +0.740 0.826 0.041 92.0 4.37 31.2 39.1 29.7
12- 5 4.230 3.831 +0.683 0.856 0.189 71. 1 4.35 1.0 60.3 17.6 21.1

13- 1 5.267 3.197 +0.380 1.100 0.045 74.4 3. 16 42.2 37.9 19.9
13- 2 7.047 3.333 +0.470 . 0.991 0.015 107.4 6.80 10.9 55.7 33.4
13- 3 6.650 3.957 -0.032 0.862 0.0080 103.7 7.82 24.6 36.0 39.4 .
13- 4 4.247 2.439 +0.614 2.386 0.087 60.6 3.46 68.6 19.2 12.2
13- 5 6.287 . 3.459 -0.100 0.661 0.0092 119.2 9.43 32. 1 36.8 31.1



Table AV-l (cant. )

Vol atil es . Gravel Sand Silt Clay
Station Mz (</» 0. (</» Sk. Kg 50% mm (%) (%) (%) (%) (%)

1 1

14- 1 4.80 2.28 +.562 1. 74 .0568 2.89 45.3 41.4 13.3
14- 2 N 0 SAM P L E
14- 3 1.28 1.25 -.318 1. 32 .360 0.57 7.3 91.4 1.3

. 14- 4 0.55 1.23 +.028 1. 19 .720 0.45 9.3 86.4 2.3
14- 4* 0.56 1.08 +.084 1. 07 .800 0.48 6.4 91.1 2.5
14- 5 2.94 0.38 +.178 1.33 .134 0.79 97.3 2.7
14- 6 3.13 0.86 +.525 2.71 .123 1. 54 88.7 7.7 3.6
14- 7 0.50 0.52 +.244 1.49 .725 0.16 98.1 1.9
14- 8 2.91 0.31 +.075 0.99 .132 0.59 98.5 1.5
14- 8* 3.02 0.33 +.120 0.93 '.137 0.41 98.6 1.4
14- 9 0.78 2.18 -.158 0.77 .490 0.66 21.2 76.1 2.7

CJ1 15- 1 1. 90 0.57 -.196 1.12 .256 0.39 98.5 1.5w
CJ1 15- 2 4.71 2.03 +.686 2.71 .0568 2.90 43.2 42.9 13.9

15-, 3 0.72 ' 2.19 - .371 1.85 .390 0.49 21.4 76.0 2.6
15- 3* 1.37 1.64 -.270 2.03 .322 0.61 10.7 87.3 2.0
15- 4 1. 55 1.01 -.099 1. 31 .321 0.78 1.3 95.8 2.9
15- 5 1.86 0.56 +.231 1. 91 .281 0.63 4.3 93.6 2.1
15- 6 2.87 0.34 +.269 1.06 .141 0.68 98.6 1.4
15- 7 6.24 3.02 +.323 1. 15 .0204 8.72 20.6 54.0 25.4
15- 8 3.14 0.77 +.168 2.45 .118 1.13 1.2 89.6 6.1 3.1

16- 1 3.79 1.41 +.557 3.89 .0820 2.07 75.6 17.6 6.8
16- 2 3.35 0.41 +.138 1.26 .100 0.80 93.2 5.4 1.4
16- 3 4.81 2.35 +.761 2.20 .0719 3.28 60.2 30.5 9.3
16- 4 2.46 0.82 +.602 0.75 .234 0.71 93.7 5.3 1.0
16- 5A 1.81 0.96 +.121 2.61 .300 0.68 0.6 95.8 3.6
16- 58 2.22 0.36 +.020 1.27 .214 0.42 98.3 1.7
16- 6 2.02 0.98 +.081 1. 10 .249 0.83 95.2 2.7 2.1
16- 7. 2.75 0.54 -.273 1. 58 .. 148 0.71 97.3 2.7



Table AV-1 (cont.)

Volatiles Gravel Sand Silt Clay
Station Mz (<p) °i (<p) Ski K 50% mm (%) (%) (%) (%), (%)

9

16- 8 3.80 1. 90 +.273 2.80 .0841 2.17 70.7 21. 3 8.0
16- 9 3.36 0.36 +.058 1. 36 .0970 0.53 93.8 6.2
16-10 5.81 2.56 +.549 1. 18 · 0531 4.68 22.7 57.5 19.8
16-11 3.92 3.65 +.462 1. 25 .145 2.96 1.5 61.8 20.8 15.9

17- 1 3.85 1. 21 +.415 3.28 .0725 1. 94 65.7 28.0 6.3
17- 2 3.48 0.92 +.525 2.61 .0980 1.77 82.1 13.5 4.4
17- 2* 3.45 0.83 +.522 2.58 .102 1.40 84.2 12.5 3.3
17- 3 2.30 1.16 +.570 1.60 .257 . 1..07 90.8 5.8 3.4
17- 4 2.07 0.42 . +.274 0.98 .252 0.44 100.0
17- 5 1.82 0.88 +.059 1. 21 .297 0.51 97.7 2.3

U1
17- 6 2.98 0.56 -.217 1.38 .120 0.82 95.5 4.5

w 17- 7 3.40 1.32 +.379 3.86 .097 1.. 35 84.9 9.2 5.9
0\

17- 8 3.13 0.34 +.030 0.83 .117 98.4 1.6
17- 9 3.21 0.45 +.078 1.1 T .109 0.53 94.5 5.5
17-10 5.19 2.95 - .108 1.00 .0220 0.70 29.6 53.2 17.2
17-11 4.94 2.36 +.604 1.84 .058 2.75 45.7 40.5 13.8

18- 1 1.64 0.47 -.208 1.63 .307 0.31 97.2 2.8
18:" 2 3.82 1. 41 +.526 2. 14 .085 2.26 65.7 27.1 7.2
18- 3 2.27 1.13 +.469 2.24 .240 1.04 91. 6 5.2 3.2
18- 4 2.76 0.32 +.082 1. 21 .150 0.41 100.0
18- 5 2.97 0.54 -.023 1.42 · 131 0.60 . 96.4 3.6
18- 6 2.98 0.50 +.208 1. 26 · 132 0.34 95.6 4.4
18- 7 2.85 0.67 -.183 0.97 · 131 0.79 96.8 3.2
18- 8 2.90 0.28 +.201 0.94 .138 0.51 99.8 0.2
18- 9 3.63 1. 16 +.584 3.47 .089 1. 67 78.5 16.0 5.5
18-10 5.39 2.82 +.767 1.02 .0665 3.67 - 54.1 25.0 20.9



Table AV-l (cont. )

Volatiles Gravel Sand Silt Clay
Station t·1 (~) cr. (~) Sk. Kg 50% mm (%) (%) (%) (%) (%)z 1 1

19- 1 4.19 1. 95 +.255 1.63 .0695 3.33 55.0 39.6 5.4
19- 2 3.69 0.83 +.373 2.03 .080 . 0.89 70.1 24.9 5.0
19- 2* 3.73 0.88 +.353 2. 19 .078 1.43 69.7 25.6 4.7
19- 3 3.07 1.38 -.228 1.43 .0975 1. 53 80.8 15.9 3.3
19- 4 1. 96 1.10 +.217 0.96 .294 0.60 96.0 4.0
19- 5 2.26 0.95 +.362 0.83 .258 0.42 96.4 3.6
19- 6 1.02 0.45 +.097 1.04 .505 0.16 100.0
19- 7 N 0 S A ~1 P L E
19- 8 6.51 3.47 +.210 1.04 .0118 3.07 24.9 42.1 33.0

20- 1 4.49 1. 74 +.641 3.26 .057 2.59 42.7 47.5 9.8
<J1

20- 2 N 0 SAM P L E
w 20- 3 2.38 . 0.34 +.027 1. 26 .291 0.83 98.8 1.2
"-J

20- 4 2.73 1. 14 -.068 0.80 . 168 0.79 90.7 9.3
20- 5 0.36 2.00 -.266 0.86 .560 0.42 26.1 70.5 3.4
20- 6 N 0 SAM P L E
20- 7 1. 54 0.49 - .072 1.04 .338 0.18 100.0
20- 8 2.29 0.98 -.104 2.35. .196 0.82 94.1 4. 1 1.8
20- 9 N 0 S A r~ P L E

21- 1 6.41 2.70 +.642 1.05 .0270 3.59 9.0 57.2 33.8
21- 2 4.09 1. 19 +.399 2.73 .0615 1.60 50.0 44.5 5.5
21- 3 5.46 3.30 +.282 1. 60 .0478 4.85 38.2 42.3 19.5
21- 4 3.04 0.36 +.054 1.02 .122 0.35 98.3 1.7
21- 5 1.88 1. 97 +.157 1. 52 .323 0.62 2.0 93.2 4.8
21- 6 1.82 0.84 +.070 1.62 .283 0.29 97.9 2. 1
21- 7 1.27 0.61 +.112 1.22 .415 0.26 98.8 1.2
21- 8 1.37 0.61 +.025 1.06 .387 0.29 1.0 97.3 1.7



Table AV-l (cont.)

Volatiles Gravel Sand Si It Clay
Station f4z (¢) a· (¢ ) Sk. Kg 50% mm (%) (%) (%) (%) (%)

1 1

22- 1 7.29 2.74 +.389 1.03 .0097 8.48 3.3 62.6 34.1
22- 2 4.24 1. 57 +.331 2.99 .0596 1.48 45.6 46.0 8.4
22- 3 2.83 0.87 -.560 0.92 .112 1.45 0.4 96.8 2.8
22- 3* 3.28 1.72 +.253 3.47 . 101 2.30 . 79.3 14.6 6.1
22- 4 2.81 0.80 - .301 0.92 .125 0.70 95.8 4.2
22- 5 3.47 0.43 +.138 1. 32 .0923 0.85 89.7 10.3
22- 5* 3.47 0.40 -.080 1. 64 .0915 1. 28 90.7 9.3
22- 6 7.84 3.71 -.001 0.77 .0041 5.04 19.4 31.5 49.1
22- 7 0.46 1.46 -.384 1.06 .590 0.31 17.4 81. 6 1.0

23- 1 7.72 2.53 +.209 0.98 .0058 9.95 3.5 54.3 42.2
23- 2 4.02 1. 58 +.668 2.90 .083 2.06 69.2 22.2 8.6

'tTl 23- 3 1.65 0.54 -.221 1. 57 .304 0.46 0.6 98.6 0.8w
Cl:l 23-' 4 l.37 0.74 -.455 1.54 .329 0.43 0.2 98.8 1.0

23- 5 2.00 0.45 +.021 1.35 .253 0.44 0.2 98.6 1.2

24- 1 2.11 0.71 +.074 0.71 .265 0.,69 98.8 1.2
24- 2 6.03 '3.22 '+.486 1.33 .0303 4. 14 25.4 41. 2 33.4
24- 3 6.27 ' 4.05 +.036 1.11 .0124 4.42 2.6 20.4 43.0 34.0
24- 4 3.77 2.10 +.290 2.19 .0815 1.80 2.2 62.6 25.0 10.2
24- 5 . 1. 21 0.69 - .001 1.05 .430 0.31 99.1 0.9

25- 1 N 0 SAM P L E
25- 2 0.96 1.34 - .176 0.87 .450 1.84 7.8 91.0 1.2
25- 3 ' 9.03 4.04 -.065 1.02 .0018 3.04 2.2 6.4 31.4 60.0
25- 4 3.18 2.25 +.141 2.08 .108 1.15 1.9 75.3 14.0 8.8
25- 5 2.38 2.64 +.222 2.19 .230 2.22 7.8 73.9 10.9 7.4



Table AV-l (cant. )

Volatiles Gravel Sand Si It Clay
Station r~z (ep) cr· (ep) Sk. Kg 50% mm (%) (%) (%) (%) (%)

1 1

26- 1 4.93 2.48 +.617 1. 35 .0645 4.06 0.5 50.2 34.8 14.5
26- 2 4.25 2.19 +.673 2.82 .090 1. 15 70.6 27.5 11 .9
26- 3 6.64 2.93 +.361 1. 01 .0149 7.90 13.5 56.1 30.4
26.. 4 2.48 1. 21 -.023 1. 61 .157 0.93 91.8 5. 1 3.1
26- 5 5.68 3.35 +.372 0.86 .0341 5.93 0.3 35.1 39.9 24.7

* Replicate



Table AV-2

Date Station Salinity

Water quality data for transect stations

Dissolved Water Sed.
Oxygen Temp. Temp. Eh Depth

(mg/l)

U1
, +::>

o

1972

7/24
7/24
7/24
7/24
7/24
7/24
7/24
7/24
7/24
7/24
7/24
7/24

7/24
7/24
7/24
7/24
7/24
7/25
7/25
7/25

7/25
7/25
7/25
7/25
7/25

1- 1
1- 2
1- 3
1- 4
1- 5
1- 6
1- 7
1- 8
1- 9
2- 1
2- 18
2- 2

2- 3
2- 38
2- 4
2-5
2- 6
3- 1
3- 2
3- 3

3- 4
3- 5
3- 6
3- 7
3- 8

31.354
31. 365
30.806
30.180
29.146
28.475
28.051
25.054
24.956
23.360
23.168
30.261

30.394
30.133
27.500
25.782
23.399
24.307
22.688
30.068

23.595
29.890
28.216
22.261
19.975

. 5.51
5.27
5.74
6.25
6.28

3.43
7.90
6.85

11.46
7.93
4.91

5.35
5.44
6.64
7.31
6.45
7.03
8.70
5.13

8.49
5.57
5.96
6.77
5.14

20
20.5
21. 5
21. 5
22
22.5
22
25
24.5
27
25.5
22.5
21
21.5
23.5
24.5
26.5
24.5
25
20

24.5
20.5
22.5
26
28

18
17.5
18.8
22
22.2
21.5
22.5
23.7
23.7
36.8
23
18.7

21
22
24
25.3
25
24.7
.25.2
21

21. 6
19.8
23.4
26
27

-100
+ 50
+150
+100
+150
+ 90
+170
- 60
+ 90
+ 60
+ 50
- 90

+120
- 20
- 90
+100
-100
+130
+10
- 20

+250
+190
-150
-190
-230

67 1

67'
56 1

45'
33'
20'
12'
38'
10'
11'
23'
76 1

58'
30'
33'
10'
23'
18'
14'

120'

12 1

50'
50'
24 1

18'

General Comments

Medium coarse sand, shell fragments
Medium coarse sand, shell fragments
Fine-medium sand with trace silt
Fine clean sand
Cle'an coarse sand with pebbles
Medium coarse sand with-pebbles
Fine clean sand
Coarse sand, pebbles, shell fragments
Coarse cl ean sa'nd, trace shell fragments
Fine to medium sand, shell fragments
Medium sand, some shell fragments, clay
H2S, medium to coarse sand, reducing zone
Coarse sand with shell fragments and pebbles
Medium sand, shell fragments
Fi ne silty sand with cl ay
Fine sand, shell fragments
Fine silty sand (organic), clay
Medium sand trace organic, shell fragments
Fine clean sand, few Tellina
Medium coarse sand, shell fragments, Solen
fragments
Clean fine sand, Haustorids, Anthropods
Medjum clean sand, shell fragments
Fine sand, trace organic, shell fragme~ts

Muddy bottom
Coarse sand, large shell fragments



Table AV-2 (cont. )

Dissolved Water Sed.
Date Station Salinity Oxygen Temp. Temp. Eh Depth General Comments

1972

7/26 4- 1 23.347 7.50 25 23.8 -200 12 1 Fine organic sand~ small shell fragments
7/26 4- 2 25.196 8.45 25.5 22 -100 10 1 Fine clean sand, small shell fragments
7/26 4- 3 24.874 7.20 22.5 22.3 - 80 21\ Fine sand with small shell fragments
7/26 4- 4 29.187 5.07 20.5 19.5 +200 75\ Medi um to coarse sand, .sma 11 shell fragments
7/26 4- 5 26.407 5.98 21. 5 22 +110 20\ Fine clean sand with shell fragments
7/26 4- 6 29.067 5.78 20.5 20 - 20 45 1 Medium sand, shell fragments
7/26 4- 7 24.306 9.40 23.5 21. 5 + 40 15 ' Fine sand
7/26 4- 8 25.234 6.76 23 23.2 - 20 22\ Fine sand with fine shell fragments
7/26 4- 9 23.285 7.73 24 23.7 -110 15 \ Fine sand, Tellina
7/26 4-10 23.250 7.20 24 23 - 30 20 1 Fine sand, many shell fragments

U1 7/25 4-11 19.189 6.88 28 27.6 -200 16 1 Fine silty sand, cl ay, trace organic~.....
7/25 4-12 15.157 7.07 29.5 27.7 -250 1" , Organic mud, H2S. I

7/27 5- 1 . 23.331 8.06 23.5 23.7 - 90 12 1 Fine medium sand, shell fragments
7/27 5- 2 24.360 8.35 22 21 -140 23 1 Mud, H2S, slight oxidized, shell fragments

7/26 5- 3 28.603 4.43 21 20 -180 68\ Fine to medium organic sand, shell fragments
7/26 5- 4 24.309 6.92 23 23 - 20 24 1 Fine, clean sand, shell fragments-Ensis
7/26 5- 5 26.607 5.85 22 22.2 + 90 27' Medium sand with small pebbles, clean
7/26 5- 6 25.961 6.65 23.5 23 -100 28 1 Fine sand with shell fragments
7/26 5- 7 24.246 6.76 24 23 - 40 27 1 Fine to medium sand, trace organic matter
7/27 5- 8 21.608 7.18 23 23 - 80 12 1 Fine hard sand
7/27 5- 9 19. 165 25 25 -150 12\ H2S smell, oxidized layer on top, silt

7/27 5-10 17.202 5.92 25.5 25.5 -150 12 1 H2S smell, oxidized layer on top, mud

7/27 6- 1 23.995 6.93 22 21 - 80 29' H2S smell, si lty mud, clay, shell fragments

7/27 6- 2 24.240 7.41 22.5 21. 5 + 60 15 1 Fine sand, sma 11 shell fragments





Table AV-2 (cont.)

Dissolved Water Sed.
Date Station Salinity :Oxygen Temp. Temp. Eh Depth

1972

General Comments

8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 7
8/ 9
8/ 9
8/ 9
8/ 9

8/ 9
8/ 9
8/ 9
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8
8/ 8

9- 4
9- 5
9- 6
9- 7

10- 1
10- 2
10-3
10- 3
10- 5
10- 6
10- 7
11- 1
11- 2
11- 3
11-4

11- 5
11- 6
11- 7
12- 1
12- 2
12- 3
12- 4
12- 5
13- 1
13- 2
13- 3
13- 4
13- 5

20.952
21.949
19.281
17.799
19.287
18.773
17.926

19.175
17.637
16.503
20.678

.. 19.397
18.598
19.822

17.858
16.962
13. 168
13.533
15.351
13.007
13.008
10.140
11.611
12.036
10.987
11.205

6.80
5.53
7.98
7.92
6.73
8.39
7.60

6.93
7.54
7.79

6.74
7.01
6.59

6.92
6.74
7.68
7.28
7.12
6.78
7.85
7.49
6.92
6.67
6.91
7.12
6.93

24.5
23.5
24.5
25
24.8
25.5
24.3

25
25
24.8
20.7
24.2
24.2
24. 1

24.5
25
24.7
24.5
25
24.5
24.5
23.5
24.6
24
24.6
24.6
24.6

25
25
25
25
25
25.
24.5
24
25
25
25
26
25
25
24.7

25
25
26
24
24

24
24
24.5
24
24
25
25.5

+ 50
+100
+160
+ 70
-200
+ 20
-150
+ 50
- 40
- 50
+120
-140
+ 90

-110

-130
-100
-110

-100
- 30
-130
-240
-250
-280
- 50
+ 60
+100

14'
48'
18'6"
17'

9 1

14'
23'
6 1

47 1

19 1

12 1

17'
24 1

27 1

57'

21'
28 1

23 1

13 1

24 1

49'
15 1

10 1

16 1

22 1

47'
76 1

18 1

Very fine sand, trace organic
Medium sand, fine shell fragments
Fine sand, small shell fragments
Coarse sand, shell fragments, organic
Oxidized layer, fine mud and sand
Oxidized layer, mud, shell fragments
Medium sand, silt, shell fragments
Two grabs, very fine sand
Medium coarse sand, pebbles
Organic matter, fine sand, shell fragments, plant
Two grabs, oyster shell, slight organic, sand
Silty sand, oxidized, shell fragments
Fine sand, organic, small shell fragments
Medium sand, oxidized, silt, shell fragments
Mud, thin layer sand in oxidized zone
shell fragments
Fine sand, oxidized layer, silt clay
Silty sand, oxidized layer, plant, shell
Medium to coarse sand, shell fragments, silt
Fine sand, silty clay, Gemma gemma
Oxidized 1/2 11 coarse sand, shell
Two grabs, midsand, oyster shell fragments
Silt, oxidize, shell fragments
Two grabs, H2S, oyster shell fragments, silt
Oxidized
Mud oxidized
Two grabs, mud bottom, sand top, oxidized
Very fi ne sand, oxi di zed, shell fragments
H2S, fine sand, plant matter, silt



Table AV-2 (cont.)

Dissolved Water Sed.
Date Station Salinity Oxygen Temp. Temp. Eh Depth

(ppm)
General Comments

1973

6/19
6/19

7/ 2
7/ 2
7/ 2
7/ 2
7/ 2
7/ 2
7/ 2
6/19
7/ 2

7/ 2
7/ 2
7/ 2
7/ 2
7/ 2

7/ 2

6/19
6/26
6/26
6/25
6/26
6/26
6/26

14- 1

14- 2

14- 3
14- 4
14- 5
14- 6
14- 7
14- 8
14- 9
15- 1
15- 2

15- 3
15- 4
15- 5
15- 6
15- 7

15- 8

16... 1
16- 2
16- 3
16- 4
16- 5A
16- 58
16- 6

26.629
27.242
28.261
29.440
29.314
28.931
29.970
29.643
30.564
26.276
28.505

29.099

28.707
28.067
28.680

28.585

25.775
23.573
23.573
24.875
28.801
26.576
27.850

11.56
15.78
5.35

11.86
15.54
17.33
15.10
13.67
14.69
15.06

14.17
16.11
15.54
17.02
2.98

17.50

15.93
15.69
23.16
15.93
16.00'
25.01
17.98

18.7
17.8
19.8
18.8
19.6
20.4
19.8
20.1
19.3
18.9
19.8

19.0
19.5
20.1
21.3
21.1

21. 2

19.2
23.5
21.9
20.5
17.2
19.2
18.0

18
19.5
19.5
19.5
20.0
20.0
20.0
19.5
19
20.0

19.5
21. 0
20.0
21. 5
21. 0

21.0

19.5
22.5

20.0
17.5
19.0
18.5

-160 15'
-180 22 1

- 80? 55'
+ 65 125'
+ 40 45'
- 80 36'
+ 50 30 1

- 30 17 I

+ 10 38'
+ 20 10'
oxid. 32'
+110,
-250
+105 70
+140 50
+ 60 40
+ 20 12
Top-10 28
Bot-280
Top+20 22
Bot-130
-140 8
-60 12
+ 70 24
-100· 20
- 80 98
-100 30
-145 52

Dark mud, H2S oxidized layer on top
H2S, oxidized layer on top, dark mud
one hermit crab

Coarse-medium sand

Fine-medium wet sand
Fine sand
slight oxidized layer, H2S

Pebbles, medium sand

Clay, shells, fine-medium sand

Thin oxidized layer, H2S

Very fine sand, slight oxidized layer

Young oyster cracker
Fine sand
Fine-medium sand, some shell
Fine sand, shell fragments
Fine sand, shell



Table AV-2 (cant.)

Di sso'l ved Water Sed.
Date Sta ti on Sal i nity Oxygen Temp. Temp. Eh Depth Genera1 Comments

1973

6/26 16- 7 27.114 17.06 19.0 21 Top+25 30 Fine sand, some silt, shen fragments
Bot+65

6/26 16- 8 27.261 19.22 18.9 19 Top 50 H2S odor, silt and c1 ay , fine sand, light

-140 oxidized layer, shell, Busycon cana1iculatum
Bot

-290
6/26 16- 9 23.468 32.19 21. 5 21 - 70 18 Very fine sand with shell fragments
6/26 16-10 22.067 17.30 22 22 Top 23 Mud, silt and clay, thin oxidized layer

-100
(J1 Bot
+::> -245(J1

6/26 16-11 19.854 11.01 23 22 Top 11 Si It, clay, shell
- 90

Bot
-210

6/19 17- 1 23.911 14.38 20.2 . 20 +20 10 Many shells, H2S

6/26 17- 2 24.53 20.6 20 -170 15 Fine sand with oxidized layer on top
6/26 17- 3 25.737 15.43 18.5 18.0 Top 65 Fine sand with silt, definite oxidized layer

-100
Bot

-225
6/26 17-4 22.393 24.62 20.6 20.5 + 5010 Fine sand, si It, organic matter
6/26 17- 5 25.039 22.20 19.8 19.5 + 55 40 Fine sand with silt
6/26 17- 6 24.524 26.47 20.3 20 + 65 35
6/26 17- 7 22.404 28.34 21.4 21 Top 27 Sil t, sand, shell s, sma 11 oxidized

-150
Bot

-290



Table AV-2 (cant.)

Dissolved Water Sed.
Date Station Sal inity Oxygen Temp. Temp. Eh Depth General Comments

1973

6/26 17- 8 20.718 38.05 22.5 22.5 + 80 15
6/25 17- 9 47.88 22.9 23 - 20 10 Very fine sand with oxidized layer
6/25 17-10 17.824 32.47 23.4 22 Top 7

-130
Bot
-300

6/25 17-11 16.481 22.57 24.1 23 Top 7 Thin oxidized layer, H2S odor,
-260
Bot
-330

U1 6/19 18- 1 24.124 14.20 20.2 20 + 20 10 Fine sand-P>
0"1 6/25 18- 2 23.435 22.85 20.120 Top 23

-180
Bot
-280

6/25 18- 3 28.128 12.03 17.0 18 Top 68 Fine sand, silt, shell
+ 10
Bot
-140

6/25 18- 4 22.907 30.36 20.8 21 + 15 12
6/25 18- 5 25.738 24.01 19.5 20 - 5 42 Fine sand, organics, hard packed
6/25 18- 6 25.575 24.86 19.6 21. 5 - 90 26
6/25 18- 7 23.647 33.74 21. 0 22 -190 20 Fine hard packed sand of organics
6/25 18- 8 23.717 32.13 21.3 22.5 - 45 15 Fine hard packed sand
6/25 18- 9 20.164 37.11 . 22.9 22.5 Top 8

-210
Bot
-280

6/25 18-10 16.481 33.47 23.9 23.5 Surf. 8 Thin oxidized layer, clay
-320







Table AV-2. (cant. )

Dissolved Water Sed.
Date Station Salinity Oxygen Temp. Temp. Eh Depth General Comments

1973

6/20 24- 3 15.553 10.27 21. 4 22 + 60 50 Sandy layer on top of muddy clay
6/20 24- 4 13.507 13.30 22.0 22 -120 20 Silty clay with sand layer on top,

she11 "fragments
6/20 24- 5 11 . 175 14.20 22.4 23 + 60 8 Fine to medium sand, no organic matter,

few shells
6/20 25- 1 N 0 SAM P L E T A KEN '- o N L Y 1 F 0 0 T o F WATER
6/20 25- 2 8.457 15.03 22.5 23 + 35 10 Clean medium sand
6/20 25- 3 11.566 9.70 21. 9 23 -250 55 Clay, fine sand
6/20 25- 4 10.733 13.69 22.1 22 - 25 20 Fine sand, mud with excessive shell
6/20 25- 5 8.925 22.1 23 -190 12 Mud and shell

U1
~ 6/19 26- 1 6.302 12.94 22.2 21 -190 10 Fine sand with oxidized layer
!"Q

6/20 26- 2 8.269 11.88 22.2 21 -150 35 Fine sand with oxidized layer, plant debris,
marsh grass

6/20 26- 3 9.020 11.52 22.2 20.5 - 20 50 Fine sand with oxidized layer, plant debris
6/20. 26- 4 7.846 11.67 22.1 21 . - 50 20 Fine sand, silt and organic debris
6/20 26- 5 8.544 11.98 22 .22 + 30 10 Fine sand with oxidized layer, oyster she 11 ,

plant debris

* clear bottle



Table AV-3

Number of individuals/O.l m2 at transect stations

Stations

'Species 101 102 1'03 104 105 106 107 108 109

4006 Driloneris longa 1
4025 G1ycera americana 1 1 3
4027 Glycera dibranchiata 2
4028 Glycinde solitaria 2
4038 Lumbrineris tenuis 2
4053 Nephtys picta 2
4080 Eumida sanZuinea 4
4088 HarmothoeLagisca) extenuata 1
4092 Lepidonotus sublevis
4093 Sabe11 ari a vulgaris 1
4118 Spiophanes bombyx 1
4143 G1ycera robusta 1
4144 Sthene1ais (denticu1atum) 1

U1 4145 Sigal ion sp. 2U1
0 5047 Nucula proxima 16 4 8

5070 Tellina agil is 4 5 41 2 3 2
5080 Ensis directus 56 3
5081 Spisula solidissima 1 19 4
7051 Corophium insidiosum 1
7055 Unciola irrorata 1
7057 Uncio1a dissimi1is 9 1
7076 Protohaustorius deichmannae 12 1
7086 Lysianopsis alba 6 1
7111 Crangon septemspinosa 1
7115 Pagurus longicarpus 1
7121 Cancer irroratus 1 1 1
7124 Neopanope texana sayi 2
7130 Pinnixa sayana 2
7148 Callianassa sp. cf. C. atlantica 1 1-



Table AV-3 (cont. ) Stations

Species 201 . 201 B 202 203 203B 204 205 206

3008 Cerebratuluslacteus 1
3014 Nemertea sp. 1 1
4025 Glycera americana 1 1 1
4027 G1ycera dibranchiata 1
4039 Magelona sp. 1 1
4053 Nephtys picta 1
4115 Scoleco1epides viridis 1
5027 Nassarius trivittatus 2
5068 Ge:rruna·gemma 24
5070 Tell ina agilis 8 11 4 3 10 2 4
5080 Ehsis directus 1 2 21 27 1
5082 Mu1inia 1atera li s
5087 Corbu1a contracta 2
7002 Neomysis americana 1
7075 Protohaustorius wig1eyi 1

U'1 7093 Trichophoxus epistomus 2U'1
--' 7111 Crangon septemspinosa 1

7115 Pagurus longicarpus 2

301 302 303 304 305 306 307 308

4010 Heteromastus filiformis 1
4025 G1ycera americana
4027 G1ycera dibranchiata 1 1
4028 G1ycinde solitaria 1
4033 Lumbrineris acuta
4042 Magelona sp. 4
4053 Nephtys picta 1 4
4076 Pectinaria gouldii 1
4150 Lumbrineris sp. cf. L. tenuis 5
4151 C1ymenella sp. cf. c. torgua ta 6
4152 Harmothoe sp. cf. .H. extenuata 1
5013 Crepi dul a corivexa 1



Table AV-3 (cant.) Stations

Species 301 302 303 304 305 306 307 308

5027 Nassarius trivitta tus 1
5044 Dorode11a obscura
5047 Nucula proxima
5066 Mercenaria mercenaria 2
5070 Tel1ina agilis 12 3 17 13 13 1
5080 Ensis directus 2 5 2 1
5081 Spisula solidissima 3
5060 Cyclocardia borealis 19
7002 Neomysis americana 15
7035 Ampe 1i sca abdita 2
7047 Batea catharinensis 2
7053 Corophium tuberculatum 22 5
7054 Erichthonius brasiliensis 1
7056 Unciolaserrata 1
7070 Mel ita niti da 1 2

U1 7072 Parahaustorius attenuatus 1U1
N 7075 Protohaustorius wigleyi 3 1

7076 Protohaustorius deichmannae 5
7093 Trichophoxus epistomus 1 4
7106 Paracaprella tenuis 1 1
7111 Crangon septemspinosa 1
7121 Cancer irroratus 13
6003 Tanystylum orbiculare 2 1

401 402 403 404 405 406 407 408 409 410 411

3014 Nemertea sp~ 1 1 3
4006 Dril oneri s 10nga 4
4027 Glycera dibranchiata 1 3
4028 Glycinde soli taria 4
4053 Nephtys picta 2 2 1 2
4064 Haploscoloplos fragilis 1
4075 Paraonis (Paraonides) lyra 1





Table AV-3 (cont. ) Stations

Species 501 502 503 504 505 506 507 50B 509 510

5070 Tellina agil is 20 1 14 9 i 2 11 16 1
5080 Ensis directus 2 4 4 24 3
5081 Spisula solidissima 3
5082 Mulinia lateralis 1
5091 Lyonsia hyalina 1
7002 Neomysis americana 4 2 5 1
7035 Ampe1i sca abdi ta 1
7037 Ampelisca verrilli 1
7047 Batea catharinensis· 1
7075 Protohaustoriuswigleyi 1

·7093 Trichophoxus epistomus 1 2 1
7111 Crangon septemspinosa 1
7115 Pagurus 1ongi carpus 1 1
7121 Cancer irroratus 1

U1 601 602 603 604 605 606 607 608 609
U1
..j:::>

3014 Nemerteasp .. 1 1
3015 Micrura leidyi 3
4010 Heteromastus filiformis· 2 1 1
4027 G1ycera dibranchiata 2 1 1 3 3
4028 Glycindesolitaria 1
4053 Nephtys picta
.4065 Haplo$coloplos robustus 1 3
4066 Orbi ni a orna tus 1
4119 Streb]ospio benedicti 1 2
4154 Protodorvil1ea gaspeensis 1
5029 Marginella roscida 1
5047 Nucula proxima 25
5048 Yoldia limatula 1

. 5066 Mercenaria mercenaria 1
5070 Tell ina agi 1is 2 2 4



Table AV-3 (cant.) Stations

Species 601 602 603 604 605 606 607 608 609

5080 Ensis directus 1
5082 Mu1inia 1atera1is 1 2
7002 Neomysis americana 1 1
7035 Ampeliscaabdita 2 13
7037 ·Ampelisca verrilli 2
7075 Protohaustoriuswig1eyi 5
7124 Neopanope texana~ 2
7150 Ampithoi dae sp. 1

701 702 703 704 705 706 707 708 709

3014 Nemertea sp. 6
4006 Driloneris longa 1
4010 Heteromastu5 filiformi s 3 3 6
4027 Gl,zcera dibranchiata 1 3 4 3

U1 4053 Nepht,zs picta 1
(J1

U1 4055 Nereis (Neanthes) succinea 2
4064 Haplosco1op1os fragilis 1 3
4093 Sabel1aria vulgaris 2
4110 Pol,zdora 1igni 1
4118 Spiophanes bombyx 1
4119 Streb1ospio benedicti 1
4155 Melinna sp. cf. M. maculata 4
5027 Nassarius trivittatus
5047 Nucu1a proxima 1
5070 Tell ina agilis 2 2 4 2 7 4
5080 Ensis directus 620 1
5082 Mulinia lateralis 5
7002 Neom,zsis americana 2
7075 Protohaustorius wigleyi 1
7093 Trichophoxusepistomus 1
7115 Pagurus longicarpu~ 1



Tabl e AV-3 (cont. ) Stati ons

Species 801 802 803 805 806 807 808 809

3014 Nemertea sp. 1
4009 Capitella capitata 1 2 1
4010 Heteromastus fi1iformis 3 7 13
4025 G1ycera americana 4
4027 Glycera di branchi ata 2 2
4053 Nephtys picta 1
4055 Nereis (Neanthes) succinea
4064 Hap1osco1op1os fragi1 i s 1
4077 Eteone heteropoda 1
4093 Sabellaria vulgaris 1 2
4115 Sco1eco1epides viridis 1
4119 Streb1ospio benedicti 4
4122 Exogone verugera 2
4018 Tharyx sp. 2
4157 Cirratulus sp. cf. h grandis 1

()1 4158 Asabellides sp. cf. A. ocu1atus
()1
O'l 5027 Nassarius trivittatus

5047 Nucu1aproxima 1
5048 Yo)dia limatula 1
5066 Mercenaria mercenaria 1 1
5068 Gemma gemma 13 17
5070 Te11ina agilis 4 2 3 1 7 2 6
5080 Ensis directus 8 1 1
5082 Mulinia latera 1i s 1 3 2
5084 Mya arenaria 1
7002 Neomysis americana 2
7011 Cyathura pol ita 8
7056 Unciolaserrata 1
7058 Corophium simile 5
7065 Gammarus mucronatus 1
7070 Mel ita nitida 5
7074 Parahaustori us longimerus 2





Table AV-3 (cont.) Stations

Species 1001 1002 1003 1004 1005 1006 1007-- --
7052 Corophium lacustre 2 1

'7053 Corophium tuberculatum 1
7058 Corophium simile 1
7070 Melita nitida 12
7075 Protohaustorius wigleyi 5
7095 Parapleustes aestuarius
7111 Crangon septemspinosa 2
7115 Pagurus longicarpus 1
7121 Cancer irroratus 1
7123 Eurypanopeus'depressus 2

11 01 1102 1103 1104 11 05 1106 11 07

3014 Nemertea sp .. 4 1
4010 Heteromastus filiformis 7 5 6 2

(J'1 4027 Glycera dibranchiata 1(J'1

co 4055 Nereis (Neanthes) succinea 13
5010 Epitonium rupicola 3
5068 Gemma gemma 4
5080 Ensis directus 2 6 1
5082 Mulinia lateralis ' 45 102
7002 Neomysis americana 4
7070 Melita nitida 2
7123 Eurypanopeus depressus 1
7130 Pinnixa sayana 1

1201 1202 1203 1204 1205

4010 Heteromastus filiformis 3
4027 Glycera dibranchiata 1
4055 Nereis {Neanthes) succinea 3







Table AV-3 (cont. ) Stations

Speci es 1501 1502 1503 1504 1505 1506 1507 1508

4146 Aricidea sp. 5
4166 ? Asabell ides 3
4167 Ampharetidae sp. 1 1
5012 Crepidula fornicata
5027 Nassarius trivittatus 8
.5037 Saye11 a fusca 1
5047 Nucu1a proxima 63 1 8
5048 Yo1dia 1ima tula 1 1
5050 Anadara ovalis 4
5053 Mytil us edu1is
5066 Mercenaria mercenari a 4
5068 Gemma gemma 1 1 456
5070 Tellina agilis 24 13 4 10 2 1 80
5080 Ensis directus 1
5081 Spisula soltdissima· 1

(J1 5082 Mulinia lateralis 3 1 80"\...... 6001 Limulus polyphemus 1 1
7002 Neomysis americana 1
7012 Pti 1anthura tenuis 1
7075 Protohaustorius wigleyi 1 5
7092 Paraphoxus spinosus 2~

7106 Paracaprella tenuis 1
7111 Crangon septemspinosa 1
7115 Pagurus 1ongi carpus 1 1
7121 Cancer i rrora tus 2 1 2
7130 Pinnixa sayana 7
7068 Elasmopus 1aevis 1
9005 Echinarachnius parma 1



Table AV-3 (cont.) Stations

Species 1601 1602 1603 1604 1605 16058 1606 1607 1608 1610 1611
-- -

4002 Asabe11 ides oculatus 8
4010 Heteromastus fil iformis 6 2 12
4018 Tharyx sp.2 18
4023 Marphysa sanguinea 23
4025 Glycera americana 1
4026 Glycera capitata 3 2
4027 Glycera dibranchiata .1 2 1
4053 Nephtys picta 2 1
4055 Nereis (Neanthes) succinea 3 5
4061 Travisia carnea 3
4063 Haploscoroplos acutus 3
4064 Haploscoloplos fragil is 3 1
4065 Hap1oscolop1os robustus 4
4078 ' Eteone 1actea 1 3
4079 Eteone lon

Z
a 6

U1 4088 Harmothoe Lagisca) extenuata 240\
N 4091 Lepidonotus sguamatus 2

4092 Lepidonotus sublevis 1
4093 Sabel1aria vulgaris 4 6
4101 Hydroides dianthus 193
411 0 Polydora ligni 105 1 44
4111 Polydora socialis 1
4119 Streblospio benedicti 6 4 5
4125 Proceraea cornuta 1

'4137 Polycirrus eximius 2
5014 Crepidu1a plana 13
5027 Nassarius trivittatus 2 1 4
5028 Ilyanassa obsoletus 16
5044 Oorode11 a obscura 2
5047 Nucula proxima 6 9 24
5053 Myti1usedulis 5 4
5070 Te11 ina agi li s 9 28 19 8 2 4 4



: . Table AV-3 (cont. ) Stations

Speci es 1601 1602 1603 1604 1605 1605B 1606 1607 1608 1610 1611

5081 Spisula solidissima 9
5082 Mulinia 1atera li s 4 24
5093 Pandora gouldiana
7002 Neomysis americana 15
7028 Edotea tril oba 3
7042 Lembos smi thi 3
7054 Erichthonius brasiliensis 195
7056 Unciola serrata 1164
7058 Corophium simile 1076
7068 Elasmopus laevis 14
7070 Mel ita nitida 20 2
7075 Protohaustorius wigleyi 10
7092 Paraphoxus spinosus 16 2
7095 Parapleustes aestuarius 20
7097 Parametopel1a cypri s 9

(J1 7106 Paracaprell a tenuis 162 4
0">
w 7111 Crangon.septemspinosa 1 2

7115 Paguruslongicarpus 1 1
7123 Eurypanopeus depressus 24
7124 Neopanope texana sayi 45
7130 Pinnixa sayana 4
6003 Janysty1um orbicu1are 6

1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711-
4007 Driloneris longa
4010 Heteromastus fil i formi s 1
4026 G1ycera capitata 1 1 1
4027 Glycera dibranchiata 6 4 1
4053 Nephtys picfa 2 1
4064 Hap1osco1op os fragil i s 1
4118 Spiophanes bombyx 1



Table AV-3 (cont. ) Stations

Sped es 1701 1702 1703 ·1704 1705 1706 1707 1708 1709 171 0 1711

4146 Aricidea sp. 11
5027 Nassarius trivittatus 2
5028 Ilyanassa obso1etus 5
5047 Nucu1a proxima 2 4
5053 Myti 1us edu 1is 1
5068 Gemma gemma 4
5070 Tellina agilis 6 3 12 2 9 15 18 6 7
5081 Spisu1aso1idissima 10 10
5082 Mu1inia latera1is 2 7
7002 Neomysisamericana
7009 Oxyurostylis smithi 1
7037 Ampe1isca verrilli
7075 Protohaustorius wi gleyi 2
7092 Paraphoxus spinosus
7115 'Pagurus longicarpus 1

U1 7124 Neopanope texana sayiQ)

-P>

1801 1802· 1803 1804 1805 1806 1807 1808 1809 1810

3008 Cerebra tu 1us 1acteus 1
3014 Nemertea sp. 2
4010 Heteromastus fi1iformis 1 1 49 8
4026 G1ycera capitata 1
4027 G1ycera dibranchiata 8 2
4038 Lumbrineris tenuis 1
4053 Nephtys picta 1
4064 Haplosco1oplos fragi1is 4
4071 Aricidea cerruti
4125 Proceraea cornuta 1 22
5027 Nassarius tri vittatus 1
5028 Ilyanassa obsoletus 4
5047 ·Nucula proxima 1 1 1



Table AV-3 (cant. ) Stations

Species 1801 1802 1803 1804 1805 1806 1807 1808 1809 1810

5053 Myti 1us edulis
5068 Gemma --,- 900 1 3760gemma
5070 Tellina agilis 19 2 6 1 10 3 7 4
5080 Ensis directus 2
5082 Mulinia Jateralis 1 2 4
5091 Lyonsia h,ya1ina 1
7002 Neomysis americana 1
7035 Ampelisca abdita 3
7065 Gammarus mucronatus 1
7075 Protohaustorius. wigleyi 3 16 5
7079 Acanthohaustori~s mi 11 si 8
7092 Paraphoxus spinosus 1
7111 Crangon septemspinosa 2 1
7121 Cancer irroratus 1

<.T1 1901 1902 1903 1904 1905 1906 1907 1908O"l
<.T1

3014 Nemertea sp. 5 2
4010 Heteromastus filiformis 19 1
4025 Gl,ycera americana 1
4026 Glycera capitata 2 1
4027 Glycera di branchi ata 8 1
4028 Glycinde sol itaria 1
4038 Lumbrineris tenuis 1
4055 Nereis (Neanthes) succinea
4059 Ophelia bicornis 1
4064 Haploscoloplos fragilis 1 2
4065 Haploscoloplos robustus
4110 Polydora ligni 27
5025 Busycon carica 1
5027 Nassarius trivittatus 1
5047 Nucula proxima , 10 2
5056 Crassostrea virginica 4



Table AV-3 (cont. ) Stations

Species 1901 1902 1903 1904 1905 1906 1907 1908

5068 Gemma gemma 32 3
5070 Te11ina agilis 3 2 7 11 8 2
5082 Mulinia lateral is 1
7002 Neomysis americana 3
7028 Edotea tril oba 1
7051 Corophium insidiosum
7053 Corophium tubercu1atum 11
7058 Corophium simile 11
7070 Melita hiti da 2
7095 Parapleustes aestuarius 2
7106 Paracapre1la tenuis 14

2001 2002 2003 2005 2006 2007 2008 2009

4002 Asabe11 ides oculatus
01 4005 Arabe11 a irico1or 2Q')
Q')

4010 Heteromastus fi1iformis 31 4 3 8
·4025 Glycera americana 4

4026 Glycera capitata 3
4027 Glycera dibranchiata 2 3 2
4038 Lumbrineris tenuis 5 1
4053 Nephtys picta 1
4055 Nereis (Neanthes) succinea 1
4064 Hap1oscolop1os fragi1is 6
4065 Haplosco1oplos robustus
4071 Aricidea cerruti 4
4077 Eteone heteropoda
4079 Eteone longa 3
4082 Paranaitis kosteriensis 1
4088 Harmothoe (Lagisca) extenuata 2
4093 Sabel1aria vulgaris 3 7
4110 Polydora ligni 12 18 5 18



Table AV-3 (cant. ) Sta ti ans

Species 2001 2002 2003 2005 2006 2007 2008 2009

4118 Spiophanes bombyx 1
4119 Streb1ospiobenedicti 4 1
4137 Po1ycirrus eximius 5 19
4142 Scoloplos sp. 4
4147 Microphthalmus aberrans 1
5013 Crepidu1a convexa 1
5014 Crepidu1a plana 2 1
5027 Nassarius trivittatus 4 2
5047 Nucula proxima 16
5053 Myt il us edu1is 49
5056 Crassostrea virginica 2
5068 Gemma gemma 5 416 6
5070 Tell ina agil is 11 24 7
5091 Lyonsia hyalina 9
6010 Balanus (Semiba1anus) balanoides 15

U1 7002 Neomysis americana 10)

-.....J 7028 Edotea triloba 1 1
7051 Corophium insidiosum 1
7056 Uncio1a serrata 12
7058 Corophium simile 1
7070 Me1ita nit i da 7 5 1
7075 Protohaustorius wigleyi 20
7092 Paraphoxus spinosus 6
7095 Parap1eustes aestuarius 1 2
7106 Paracapre11a tenuis 1
7115 Pagurus longicarpus 1 1
7121 Cancer irroratus 1
7124 Neopanope texana~ 1
7144 Pinnotheres macu1atus 1



Table AV-3 (cont.) Stations

2101 2102 2103 2104 2105 2106 2107 2108

14002
4007
4010
4026
4027
4028
4053
4061
4093

. 4101
411 0
4115
4118
4137
5047
5053
5068
5070
5080
5082
5084
5091
7028
7035
7053
7058
7070
7075
7092
7111
7123
7124

Species

Asabellides oculatus
Driloneris sp. cf. ~ magna
Heteromastus filiformis
Glycera capitata
Glycera dibranchiata
Glyeinde solitaria
Nephtys pieta
Travisia earnea
Sabellaria vulgaris
Hydroi des di anthus
Polydora ligni
Scolecolepides viridis
Spiophanes bombyx
Polyeirrus eximius
Nueula. proxima
Mytilus edulis
Gemma gemma
Tell.i na agil is
Ensis direetus
Mulinia lateralis
Mya arenaria
Lyonsia hyalina
Edotea tri loba
Ampel i sea abdita
Gorophium tubereulatufu
Corophium simile
Melita nitida
Protohaustorius wigleyi
Paraphoxusspinosus
Grangon septemspinosa
Eurypanopeus depressus
Neopanope texana say;

4

1

2

9

2

1
1

1
2

12

1

14

1

17

11

1
1
3

7

1
1

1

1

1
2

12

5

2

1
1

1

2

2

200
·20

2
2

3

2
1

2

11

1

14

2
2

3

1

6

9



Table AV-3 (cont. ) Stations

Species . 2201 2202 2203 2204 2205 2206 2207

3014 Nemertea sp. 1
4002 Asabellides oculatus 8
4010 Heteromastus fil Hormi s 46 3
4026 Glycera capitata 5

·4027 Glycera dibranchiata 1 1
4028 Glycindesolitaria 2 1
4053 Nephtys pi eta 1
4064 Haploseoloplos fragilis 4
4093 Sabellaria vulgaris 7
4101 Hydroides dianthus 1
4110 Polydora ligni 4
5016 Lunatia heros 1
5028 Ilyanassa obsoletus 1
5047 Nucula proxima

()'1
5066 Mereenaria mereenaria 1

0"'> 5068 Gemma gemma 32 3 1 2
~

5070 Tellina agilis 1 1 7 4
5082 Mulinia lateralis 6 2
5084 Mya arenaria 23
7070 Mel ita nitida 1
7123 Eurypanopeus depressus 1
7126 Rhithropanopeus harri si

2301 2302 2303 2304 2305

3014 .Nemertea sp. 1
4027 Glycera dibranchiata 1
4059 Opheliabicornis 1
5068 Gemma gemma 10 101 4
5072 Maeoma ba lthi ca 6
7011 Cyathura pol ita 1
7013 Cyathura burbancki' 1







Table AVI-l (cant. )

May 1974 (cant.)

Percent Percent Percent Percent Percent
Station 50% mm ep50 r~ . C5 • ~ Sk. Kg Gravel Sand Si It Clay Vol atil esz 1 1

8-1 N 0 SAM P L E
8-2 .072 3.81ep 4.55ep 1 .69ep +.708 1. 80 56.9 33.3 9.8 2.12
8-3 .067 3.91ep 4.73ep 2.01ep +.728 2.30 53.7 33.4 12.9 2.20

9-1 N 0 SAM P L E
9-2 N 0 SAM P L E
9-3 .0381 4.7lep 5.58ep 2.26ep +.547 0.89 29.2 51. 4 19.4 3.06

10-1 .0670 3.90ep 4.12ep 1.31ep +.614 3.18 56.0 35.7 8.3 2.14
10-2 .0607 4.04ep 4.89ep 1. 97 ep +.737 2.18 48.2 38.3 13.5 2.92

U1 10-3 .0598 4.06ep 4.37ep 0.97ep +.484 0.84 48.0 48.8 3.2 2.24
"'-l
N

* 3-3 (1) One 16 mm stone accounted for 16% of the sample.

August 1974

1-1 .231 2.13ep 2.08ep 0.33<1> -.125 1.11 99.5 0.5 0.53
1-2 .227 2.13ep 2.13ep 0.33ep +.034 1.13 99.1 0.9 0.48
1-3 .219 2.19<1> 2.17ep 0.37ep -.052 1. 21 98.2 1.8 0;51

2-1 .261 1.94ep 1.83<1> 1. 25ep -.108 3.37 1.8 93.9 2.4 1.9 0.73
2-2 .580 0.79<1> 0.18ep- 2.33c/J -.305 0.96 23.-9 74.5 1.6 0.29
2-3 .418 1.25<P 0.70<P 2.97ep -.316 0.96 18.9 78.2 2.9 2.36

3-1 .565 0.82<P 0.28<P 2.42<p -.236 0.93 23.8 72.5 3.7 0.90
3-2 .270 1.88<P 1.83c/J 1.94</> +.146 2.33 4.7 84.2 6.8 4.3 1. 27
3-3 .309 1.7H 1.00<1> 2.97<p -.224 1. 49 20.4 71. 7 4.0 3.9 1. 25 .



Table AVI-l (cant.)

August 1974 (cant.)

Percent Percent Percent Percent Percent
Station 50% mm </>50 Mz . cr. Sk. Kg Gravel Sand Silt Clay Volatiles

1 1

4-1 .084 3. 56</> 3. 57</> 0.51 </> +.132 1. 51 84.8 12.0 3.2 1.09
4-2 .088 3.50¢ 3.52¢ 0.43¢ +.091 0.99 87.5 11.2 1.3 0.69
4-3 .089 3.46<j> 3.63<j> 0.56<j> +.238 1.09 86.3 13.7 1. 01

5-1 .085 3. 58</> 3.61¢ 1.35¢ +.370 3.20 77 .1 16. 1 6.8 0.40
5-2 .092 3.48</> 3.60<j> 1.29<j> +.480 . 3.07 77 .4 16.0 6.6 1.63
5-3 .101 3.22¢ 3.27<j> 0.70</> +. 010 1. 51 89.2 8.7 2.1 1. 31

6-1 .230 2. 11 <j> 2.15¢ 0.35<j> +.338 1.33 99.0 1.0 0.45
6-2 .225 2.16<j> 2.15¢ 0.43¢ +.211 1. 43 98.9 1.1 0.43

U1 6-3 .221 2.17¢ 2.23¢ 0.38¢ +.293 1. 27 99.2 0.8 0.44-...J
w

7-1 .066 ' 3.91¢ 4.07¢ 1. 194> +.420 1. 76 57.1 38.7 4.2 1.63
7-2 .063 3.974> 4.41¢ 1. 65<jJ +.559 2.54 51. 3 40.7 . 8.0 3.84
7-3 .060 4.08<jJ 4.63</> 1. 76<jJ +.653 2.34 47.2 42.4 10.4 2.49

8-1 .080 3.62<j> 3.724> 1.484> +.057 2.34 0.7 68.0 30.3 1.0 2.36
.. 8-2 .082 3.624> 3.94<jJ 1.474> +.613 3.74 74.9 18.5 7.6 1.65

8-3 .084 3.56<jJ 3.70¢ 1. 36¢ +.373 2.77 72.3 21.4 6.3 1.71

9-1 .083 3.604> 3.214> 2.434> -.070 2.43 1.8 66.4 24.2 7.6 3.18
9-2 .095 3.39¢ 2.98<jJ 2.334> -.067 1. 97 77 .6 17.3 5.1 2.81
9-3 .072 3.80¢ 4. 15<jJ 2.444> +.299 2.34 55.0 33.7 11.3 4.01

10-1 .056 4.154> 4.704> 1. 65<jJ +.608 ~. 19 42.1 46.3 11 .6 2.83
10-2 .062 4.00¢ 4.314> 1. 52<jJ +.602 2.94 49.1 40.9 10.0 2.17
10-3 .061 4.00¢ '4.254> 1.32<jJ +.530 2.86 49.7 41. 2 9.1 2.65



Table AVI-l (cent.)

November 1974

Percent Percent Percent Percent Percent
Sta ti on 50% mm ¢50 Mz cr. Ski Kg Gravel Sand Si 1t Clay Volatiles

1

1-1 .2292 2.13¢ 2.12¢ 0.32¢ -.028 1.09 99.2 0.8 0.63
1-2 .2240 2.] 6¢ 2.18¢ 0.29¢ +.108 1. 27 99.5 0.5 0.49
1-3 .2068 2.27¢ 2.29¢ 0.33¢ +.079 1.14 99.4 0.6 0.65

,

2-1 .1047 3.26¢ 3.26¢ 0.99¢ +.369 3.72 89.5 5.9 4.6 1. 18
2-2 .1128 3.15¢ 3.19¢ 0.52¢ +.207 1. 08 92.9 5.4 1.7 0.61
2-3 .1248 3.00¢ 3.04¢ 0.48¢ +.106 1. 03 95.9 2.3 1.8 0.77

3-1 .2597 1.95¢ 1.83¢ 1.11¢-.149 1. 38 1.3 95.6 1.2 1.9 1.02
3-2 ;3351 1.58¢ 1.19¢ 1.70¢ -.348 1. 06 11.9 86.7 1.4 0.74

(.J1

3-3 .3424 1.55¢ 1.23¢ 1. 74¢ -.283 1.03 11.6 86.0 2.4 0.62""-l
..j:::>

4-1 .0914 3.45¢ 3. 46 <p 0.33¢ +.206 1. 24 90.3 7.8 1.9 0.62
4-2 .0886 3.50¢ 3.48¢ 0.38<1> +.092 1.34 89.1 8.5 2.4 0.76
4-3 .0958 3.38</> 3.40¢ 0.35</> +.165 1. 40 92.0 6.0 2.0 0.74

5-1 .0706 3.82¢ 4.27¢ 1. 07 <I> +.520 0.64 53.9 43.6 2.5 2.71
5-2 ;0609 4.04</> 4.38<1> 1.19<1> +.486 0.82 49.3 46.5 4.2 3.23
5-3 .0764 3.71<1> 4.16<1> 1.64<1> +.717 2.96 62.6 27.6 9.8 1. 99

6-1 .1457 2.78¢ 2.77<1> 0.45¢ -.001 1.06 98.9 1.1 0.63
6-2 .1383 2.85¢ 2.86<1> 0.43¢ -.020 1. 07 98.7 1.3 1. 54
6-2 .1360 2.88<1> 2.88<p 0.42<1> +.016 1. 16 99.3 0.7 0.62
6-3 .1345 2.89<1> 2.90<1> 0.41<1> +.025 1. 20 99.0 1.0 0.53

7-1 .0707 3.82<1> 3.95<1> 1. 98<1> +.313 1. 96 55.2 35.8 9.0 2.45
7-2 .0747 3.74¢ 3.72</> 1.80</> +.222 2.11 57.7 35.3 7.0 2.07
7-3 .0709 3.82</> 3.75<1> 1 .44<1> -.039 0.79 56.9 41.4 1.7 2.12



Table AVI-l (cant. )

November 1974 (cant.)

Percent Percent Percent Percent Percent
Station 50% mm </>50 Mz a· Sk. Kg Gravel Sand Silt Clay Volatiles

1 1

8-1 .0683 3.8?</> 4.02</> 1.18</> +.419 2.04 53.3 42.4 4.3 2.75
8-2 .0585 4.10</> 4.28</> 1.83ep +.435 2. 17 45.6 41.9 12.5 1. 99
8-3 .0767 3.70ep 3.97</> 1.37</> +.651 2.77 63.0 29.5 7.5 2.19

9.:1 .0815 3.62</> 3.78</> 1.'30</> +.526 2.76 67.5 26.8 5.7 2.11
9-2 .0770 3.70</> 3.92</> ' 1. 34</> +.452 1.88 59.5 35.5 5.0 1. 31
9-3 .0746 3.75</> 4.33</> 1. 93</> +.687 2.64 57.5 31.2 11.3 2.51

10-1 .0724 3.79</> 4.12</> 1. l3</> +.614 1.89 56.4 39.0 4.6 1.36
10-2 N 0 SAM P L E

()1 10-3 . 0737 3.76ep 4.14</> 1. 40</> +.720 2.97 60.9 31.2 7.9 2.09
'"()1

February.1975

1-1 .2395 2.06ep 2.05</> 0.30</> -.040 1. 20 99.2 0.8 0.26
1-2 .2455 2.03</> 2.06</> 0.30</> +.167 1.06 99.4 0.6 0.49
1-3 .2661 1.91 </> 1.94</> 0.32</> +.069 1. 29 99.2 0.8 0.44

2-1 .3444 1•54</> 1.30ep 1.07</> -.295 1. 18 3. 1 93.7 1.2 2.0 0.38
2-2 .3613 1.47</> 1.25¢ 1.01ep -.333 0.98 2.8 96.2 1.0 0.42
2-3 ;3498 1.52ep 1.27</> 1. 28</> -.521 1. 93 6.4 92.6 1.0 0.54

3-1 .3172 1.66</> 1. 56</> 1. 06</> -. 107 1.15 2.2 96.3 0.4 1.1 0.22
3-2 .2747 1.86</> 1.81 </> 1.06</> -.155 1. 28 2.4 95.1 1.4 1.1 0.42
3-3 .2955 1. 76</> 1.57 </> 1. 47 </> -.355 1. 63 7.4 90: 1 0.8 1.7 0.31



Table AVI-1 (cont. )

February 1975 (cont. )

Percent Percent Percent Percent Percent
Sta ti on 50% mm ep50 Mz 0· Sk. Kg Gravel Sand Si It Clay Vol atil es

1 1

4-1 .0940 3.41ep 3.38ep 0.46ep -.096 1. 53 90.1 8.9 1.0 0.54
4-2 .0907 3.46ep 3.55ep 1. 05ep +.437 4.05 80.2 15.4 4.4 1.08
4-3 .0930 3.43ep 3.43ep 0.49ep +.005 1.64 87.4 11 . 2 1.4 0.53

5-1 .0823 3.60ep 3.77ep 1.354> +.546 2.79 6~.4 23.0 7.6 1.82
5-2 .0806 3.63¢ 4.03¢ 1.58¢ +.666 2.78 65.0 26.3 8.7 1,.104
5-3 .0752 3.73ep 4.36¢ 1.731j> +.720 2.03 58.2 32.8 9.0 2.08

6-1 .1606 2.64¢ 2.61ep 0.44¢ -.072 0.99 99. 1 0.9 0.31
01 6-2 .0882 3.50ep 3.431j> 0.70¢ -.220 1.33 83.1 16.9 0.39
"-l 6-3 .1585 2.661j> 2.64¢ 0.451j> -.044 0.98 99.1 0.9 0.42
(j)

7-1 .0808 3.63ep 4.181j> 1.57¢ +.775 3.73 73.3 19.2 7.5 1. 39
7-2 .0762 3.711j> 4.10¢ 1. 42¢ +.666 2.60 61.3 31.0 7.7 . 2.42
7-3 .0813 3.621j> 3.80¢ 1.211j> +,629 3.43 71.9 21.4 6.7 1.08

8-1 .0873 3.52¢ 3.531j> 0.52¢ +.119 2.09 87.0 11.9 1.1 0.49
8-2 .0588 4.09¢ 4. 71 Ij> 2.13¢ +.648 2.06 46.0 43.6 10.4 3.41
8-3 .0802 3.64¢ 3.73¢ 1. 16¢ +.452 3.01 69.1 25.6 5'.3 1. 79

9-1 .0836 3.58¢ 3.821j> 1.371j> +.599 3.45 72.9 19.7 7.4 2.70
9-2 .0596 4.07¢ 4.551j> 1. 771j> +.637 2.48 46.5 42.2 11 .3 2.47
9-3 .0680 3.884> 4.304> 1. 73¢ +.573 2.25 53.9 36.2 9.9 1.77

10-1 .1275 2.97¢ 3.43¢ 1.89¢ +.658 1. 94 64.1 26.8 9.1 1. 31
10-2 .0492' 4.341j> 5.48¢ 2.641j> +.709 1. 96 28.2 53.1 18.7 1. 10
10-3 .0817 3.611j> 3.631j> 1.17 ep +.307 2.38 71. 9 23.2 4;9 1. 14



Table AVI-2

Total number of individuls, percent occurrence, and percent of total fauna
for species collected in quarterly samples

Station 1

Species

Nephtys picta
~htys bucera
Magelona sp. 2
Spiophanes bombyx
Dispio uncinata
Nucula proxima
Nassarius trivittatus
Tell ina agil is
Mulinia lateralis
Spisula solidissima
Myti1us edulis
Donax variabilis
Parahaustorius attenuatus
Parahaustorius longimerus
Sa thyporei a parkeri
Neomysis americana
Paracapre11a tenuis
Ampe1isca abdita
Edotea tril oba
Corophium insidiosum
Bathyporeia guoddyensis
Chiridotea tufts;
Elasmopus 1aevis
Xanthid sp.
Protohaustorius wigleyi
Orchestiagrillus
Sesarma reticulatum
Ampe1isca verrilli

Station 2

Nemertea sp.
Spio setosa
Spiophanes bombyx
Glycera dibranchiata
Phy11odoce arenae
Mage10na sp. 2
Heteromastus filiformis
Polydora socia1is
Aricidea sp ..
Asabellides oculatus

Total
Number

Individuals

8
4
8
3
1

21
1
2

21
1
1
1
4

216
1
1
1
8
2
2
2
3
6
2
5
1
1
1

12
1462

30
11

3
2
7
5
1
9

577

Percent
Occurrence

20.0
26.7
13.3
6.7
6.7

33.3
6.7
6.7

26.7
6.7
6.7
6.7

26.7
100.0

6.7
6.7
6.?

13.3'
13.3
13.3
13.3
13.3
6.7
6.7

13.3
6.7
6.7
6.7

26.7
60.0
46.7
40.0
13.3
13.3
20.0
20.0
6.7

33.3

Percent of
Fauna

by Number

2.4
1.2
2.4
0.9
0.3
6.4
0.3
0.6
6.4
0.3
0.3
0.3
1.2

65.8
0.3
0.3
0.3
2.4
0.6
0.6
0.6
0.9
1.8
0.6
1.5
0.3
0.3
0.3

0.43
53.18
1.09
0.40
0.10
0.07
0.25
0.18
0.03
0.32



Table AVI-2 (c0nt.)

Station 2 .( cont. ) Total Percent of
Number Percent Fauna

Species Individuals Occurrence by Number

Nephtys picta 35 60.0 1. 27
Aricidea cerruti 10 13.3 0.36
Lumbrineris acuta 1 6.7 0.03
Scoloplos sp. 3 13.3 0.10
Streblospio benedicti 14 26.7 0.50
Mediomastus ambi seta· 62 26.7 2.25
Glycera americana 7 33.3 0.25
Oligochaeta A 5 13.3 0.18
Clymenella torguata 1 6.7 0.03
Sabellaria vulgaris 9 26.7 0.32
Polydora ligni 1 6.7 0.03
Eteone heteropoda 1 6.7 0.03
Dri 10neris magna 3 6.7 0.10
Seol opl os acutus 1 6.7 0.03
Paranaitis speciosa 2 6.7 0.07
Scoloplosrobustus 4 13.3 O. 14
Harmothoe extenuata 23 26.7 0.83
Scoloplos fragi1is 3 20.0 0.10
Goniade11agracilis 1 6.7 0.03
Glycera capitata 2 13.3 0.07
Eumida sanguinea 22 20.0 0.80
Polydora concharum 1 6.7 0.03
Capitella capitata 31 20.0 1. 12
Ampharete acutifrons 2 6.7 0.07
Nereis succinea 1 6.7 0.03
Lepidonotus sublevis 1 6.7 0.03'
Amphitrite ornata 5 13.3 0.18 .
Nephtys incisa 2 6.7 0.07
Tell ina agil i s 242 100.0 8.80
Lyonsia hyalina 1 6.7 0.03
Ensis di rectus 8 33.3 0.29
Crepidula fornicata 5 20.0 O. 18
Myti1us edulis 604 33.3 21.97
Marginella roscida 1 6.7 0.03
Nucula proxima 20 33.3 0.72
Mulinia lateralis 5 20.0 0.18
Acteocina canalicu1ata 2 13.3 0.07
Petricola pholadiformis 1 6.7 0.03
Crepidu1a plana 3 6.7 0.10
Parahaustorius attenuatus 1 6.7 0.03
Parahaustorius longimerus 10 40.0 0.36
Oxyurostylis smithi 2 13.3 0.07
Ba thyporei a parkeri 1 6.7 0.03
Corophium tuberculatum 2 6.7 0.07

578



Table AVI-2 (cant.)

Station 2 (cant.)

Species

Unciola serrata
Unciola irrorata
Crangon septemspinosa
Xanthid sp.
Neomysis americana
Lysianopsis alba
Elasmopus laevis
Pinnixa sp.
Neopanope texana sayi
Protohaustorius wigleyi

. Synchel idiumamericanum
Siphonoecetes smithianus
Edotea triloba
Leptocuma minor
Paraphoxus spinosus
Pinnotheres maculata

Sta tion 3

Sp i 0_ setosa
Asabellides oculatus
Glycera dibranchiata
Harmothoe extenuata
Spiophanes bombyx
Aricidea cerruti
Sabellaria vulgaris
Drilonerismagna
Caul1eriellasp. 2
Nereis succinea
Lepidonotus squamatus
Pherusa afti ni s
Polydora ligni
Mediomastus ambiseta
01 igochaeta A
Heteromastusfiliformis
Streblospio benedicti
Polycirrus eximi~

Ampharete acutifrons
Nemertea sp.
Eumida sanguinea
Schistomeringos rudolphi
Scoloplos robustus

Total
Number

Individuals

12
4
5
5
2
6
2
I
1
2

.1
1
1
1
1
1

535
14
8

41
9

14
12

2
1
9
2
2
4

72
5
4
9
9
2
6

17
1
7

579

Percent
Occurrence

40.0
6.7

13.3
20.0
13.3
26.7
6.7
6.7
6.7
6.7
6.7
6.7
6.7
6.7
6.7
6.7

66.7
33.3
33.3
46.7
46.7
40.0
33.3
13.3
6.7

26.7
6.7

13.3
13.3
26.7
13.3
6.7

26.7
20.0
13.3
33.3
46.7
6.7

26.7

Percent of
Fauna

by Number

0.43
0.14
0.18
0.18
0.07
0.21
0.07
0.03
0.03
0.07
0.03
0.03
0.03
0.03
0.03
0.03

26.65
0.69
0.39
2.04
0.44
0.69
0.59
0.09
0.04
0.44
0.09
0.09
0.19
3.5S
0.24
0.19
0.44
0.44
0.09
0.29
0.84
0.04
0.34



Table AVI-2 (cont.)

Station 3 (cont. ) Total Percent of
Number .. Percent Fauna

Species Individuals Occurrence by Number

Lepidonotussub1evis 4 6.7 0.19
Amphitrite ornata 1 6.7 0.04
Phy11odoce macu1ata 2 13.3 0.09
Tharyx sp. 2 1 6.7 0.04
Podarke obscura 1 6.7 0.04
Glycinde solitaria 1 6.7 0.04
Nephtys picta 20 53.3 0.99
G1ycera americana 5 20.0 0.24
Sco1op1os fragilis 3 13.3 0.14
Phy11 odoce arenae 3 20.0 0.14
Schistomeringoscaecus 1 6.7 0.04
Chaetozone sp. 4 6.7 0.19
Driloneris longa 1 6.7 0.04
Po1ydora socialis 4 6.7 0.19
Glycera capitata 6 13.3 0.29
Lepidametria commensalis 1 6~7 0.04
Capitellacapitata 1 6.7 0.04
Te11 ina agil i.s 153 86.7 7~62

Mytil us edulis 879 53.3 43.79
Marginella roscidium 7 20.0 0.34
Doridel1a obscura 1 6.7 0.04
Nassarius trivi ttatus 1 6.7 0.04
Nucula proxima 6 26.7 0.29
Spisula solidissima 1 6.7 0.04
Crepidula plana 11 20.0 0.54
Crepidula convexa 1 6.7 0.04
Crepidula fornicata 2 6.7 0.09
Ensis directus 3 13.3 0.14
Lyonsia hyalina 1 6.7 0.04
Muli nia 1ateralis 1 6.7 0.04
Pagurus longicarpus 12 . 26.7· 0.59
Unciola serrata 23 60.0 1.14
Pinnixa sayana 1 6.7 0.04
Unciola i rrorata 4 26.7 0.19
Xanthid sp. 15 26.7 0.74
Hexapanopeus angustifrons 1 6.7 0.04
Pinnixa sp. 3 20.0 O. 14
Pinnixa retinens 1 6.7 0.04
Upogebia affinis 1 6.7 0.04
Lysianopsis alba 23 20.0 1. 14
Cancer i rroratus 1 6.7 0.04
Panopeus herbsti 1 6.7 0.04
Eucel'amus praelongus 1 6.7 0.04

580



Table AVI-2 (cont.)

Station 3 (cont.) Total
Number

Species Individuals

Parahaustor;us longimerus 1
Callianassa sp. cf.

C. atlantica 2
UnCTola dissimilis 1
Oxyurosty1is smithi 5

Station 4

Percent
Occurrence

6.7

13.3
6.7
6.7

Percent of
Fauna

by Number

0.04

0.09
0.04
0.24

Nephtys bucera
Sp;ophanes bombyx
Spio setosa
Dispio uncinata
§lycera di branch; ata
Nephtys picta
Nemertea sp.
Glycinde solitaria
Scolop1os robustus
Glycera capitata
Scoloplos acutus
Asabe11ides ocu1atus
Scoloplosfragilis
Sthenelais limicola
Mytilus edulis
Tellina agilis
Mulinia lateralis
Nucu1a proxima
Acteon punctostriatus
Acteocinacanalicu1ata
Ensis directus
Protohaustorius wigleyi
Synchelidium americana
Ampe1isca verrilli
Ampelisca vadorum
Oxyurostylis smithi
Pinnixa sayana
Trichophoxus epistomus
Pinnixa retinens
Pinnixa sp.
Pagurus,1ongicarpus
Alcyonidium po1youm

5
13
4
1

18
5

18
4

14
31

2
3
2
1
1

131
11

119
7
8
1

148
1
9
1
6
4

71
1
2
1
1

581

26.7
40.0
20.0
6.7

53.'3
33.3
40.0
20.0
40.0
66.67
13.3
13.3
13.3
6.7
6.7

93.33
26.7
40.0
13.3
26.7
6.7

26.7
6.7

26.7
6.7

13.3
20.0
46.7

6.7
6.7
6.7
6.7

0.77
2.00
0.61
0.15
2.77
0.77
2.77
0.61
2.16 .
4.78
0.30
0.46
0.30
0.15
0.15

20.21
1.69

18.36
1.08
1. 23
0.15

22.83
0.15
1.38
0.15 <

0.92
0.61

10.95
0.15
0.30
0.15
0.15



Table AVI-2 (cont.)

Station 5

Species

Capitella capitata
Spio setosa
Asabel1ides oculatus
Scoloplos robustus
Lumbri neri s acuta
Sthenelais limicola
Glycera americana
Glycera~ibranchiata

Pectinaria gouldii
Nephtys incisa
Heteromastus filiformis
Tellina agilis
Yoldial imatula
Siliqua costata
Nucula proxima
Mulinia lateralis
Ensis directus
Mytilus edulis
Nassarius trivittatus
Haminoea solitaria
.Acteon punctostri atu$
Acteocina canaliculata
Protohaustorius wigleyi
Ampelisca verrilli
Neomysis americana
Ampelisca vadorum
Lysianopsis alba
Oxyurostylis smithi
Parahaustorius longimerus
Upogebia affinis
Pinnixa retinens
Ampelisca abdita

Station 6

Nephtys bucera
Scoloplos sp.
Nephtys pi eta
Nemertea sp.
Spio setosa
Magelona sp·. 2
Nucula proxima

Total
Number

Individuals

19
3

19
2
1
2
4
1
1
1
2

389
15
1

21,393
18

101
3
2
3

14
2
2
9
1
2
1
1
1
1
1
8

11
2
4
1
2
1

11

582

Percent
Occurrence

26.7
13.3
13.3
13.3
6.7

13.3
26.7
6.7
6.7
6.7

13.3
93.3
40.0
6 .. 7

93.3
26.7
60.0
20.0
13.3
13.3
13.3
13.3
6.7

33.3
6.7

13.3
6.7
6.7
6.7
6.7
6.7

13.3

40.0
13.3
6.7
6.7
6.7
6.7

33.3

Percent of
Fauna

by Number

0.08
0.01
0.08
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
1. 73
b. 06
0.00

95.45
0.08
0.45
0.-01
0.00
0.01
0.06
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03

2.50
0.45
0.90
0.22
0.45
0.22
2.50



Table AVI-2 (cont.)

Station 6 (cont.) Total
Number

Species Individua1s

[nsis directus 4
Spisula solidissima 19
Mulinia lateralis 2
Tel1ina agilis 3
Turbonilla interrupta 1
Parahaustoriuslongimerus 168
Acanthohaustorius millsi 104
Bathyporeia parkeri 16
Acanthohaustorius shoemakeri 5
Parahaustorius holmesi 1
Protohaustorius wigleyi 83
Trichophoxus epistomus 1
Mancocuma altera 1

Station 7

Percent
Occurrence

6.7
20.0
13.3
13.3

6.7
73.3
80.0
20.0
6.7
6.7

73.3
6.7
6.. 7

Percent of
Fauna

by Number

0.90
4.31
0.45
0.68
0.22

38.18
23.63
3.63
1.13
0.22

18.86
0.22
0.22

Asabellides ocu1atus
Scolop1os robustus
Sp"io setosa
Heteromastus filiformis
Glycera capitata
Capitella capitata
Glycera dibranchiata.
Streblospio benedicti
Nephtysincisa
Scolop1os fragilis
Nephtys bucera
Paraprionospiopinnata
Glycera americana
Sipunculidae sp.
Pectinaria gouldii
G1ycinde solitaria
Spiophanes bombyx
Nemertea sp.
Nephtys picta
Yoldia limatula
Te11 ina agil is
Mulinia lateralis
Crepidula fornicata
Ensis directus
Nucula proxima
Turbonil1a interrupta
Mytilus edulis

6
9

13
4
5
1
3
1

15
1
3
1
2
2
2
1
2
1
1

19
61
68

.1
6

107
1
3

583

20.0
46.7
26.7
13.3
13.3
6.7

20.0
6.7

60.0
6.7
6.7
6.7

13.3
6.7
6.7
6.7
6.7
6.7
6.7

33.3
66.7
60.0
6.7

33.3
46.7
6.7
6.7

1. 27
1. 91
2.76
0.85
1.06
0.21
0.63
0.21
3.19
0.21
0.63
0.21
0.42
0.42
0.42
0.21
0.42
0.21
0.21
4.04

12.97
14.46
0.21
1.27

22.76
0.21
0.63



Table AVI-2 (cont.)

Station 7 (cont.) Total
Number

Species Individuals

Siliqua costata 1
Acanthohaustorius millsi 6
Bathyporeia quoddyensis 1
Bathyporeiaparkeri 1
Ampelisca vadorum 2
Parahaustorius. longimerus 8
Ampelisca verrilli 89
Pinnixa retinens 1
Edotea triloba 2
Trichophoxus epistomus 1
Ampelisca abdita 14
Oxyurostylis smithi 1
Ca ncer i rrora tus 1
Protohaustorius wigley; 3

Station 8

Percent
Occurrence

6.7
26.7
6.7
6.7

13.3
20.0
73.3
6.7
6.7
6.7

20.0
6.7
6.7

13.3

Percent of
Fauna

by Number

0.21
1. 27
0.21
0.21
0.42
1. 70

18.93
0.21
0.42
0.21
2.97
0.21
0.21
0.63

Hydroides·dianthus
Polydora ligni
Marphysa sanguinea
Sabellaria vulgaris
Polydora socialis
Nereis succinea
Polycirrus eximius
Syllis gracilis
Spio setosa
Heteromastus filiformis
Proceraea cornutus
Asabellides oculatus
Capitella capitata
Harmothoe extenuata
Lepidonotus sguamatus
Streblospio benedicti
Lepidonotus sublevis
Pectinaria gouldii
EbY-l1odoce arenae
Glycinde solitaria
Tharyx sp. 2
Maldanidae sp. 1
01igochaeta B
Glycera americana
Diopatra cuprea
Eteone heteropoda
Eteone longa

2601
309
109
852
104
109
310
14
38

111
2

305
27

165
125
14
13
6
9

65
5
2

15
4
1
1
3

584

93.3
60.0
86.7
93.3
60.0
93.3
80.0
33.3
46.7
80.0
6.7

93.3
46.7
60.0
86.7
40.0
20.0
20.0
33.3
60.0
20.0
6.7

26.7
26.7
6.7
6.7
6.7

9.57
1.13
0.40
3.13
0.38
0.40
1. 14
0.05
0.13
0.40
0.00
1•12
0.09
0.60
0.45
0.05
0.04
0.02
0.03
0.23
0.01
0.00
0.05
0.01
0.00
0.00
0.01



Table AVI-2 (cont.)

Station 8 (cont.) Total Percent of
Number Percent Fauna

Species Individuals Occurrence by Number

Sthenelais boa 13 40.0 0.04
Mediomastus ambi seta 288 66.7 1.05
Phyl1odoce maculata 5 6.7 0.01
Amphitrite ornata 1 6.7 0.00
01 i gochaeta A 27 40.0 0.09
~eupolia rubens 1 6.7 0.00
Pherusa affinis 6 6.7 0.02
~emertea sp. 17 46.7 0.06
Scoloplos robustus 1 6.7 0.00
Eumida sanguinea 804 66.7 2.95
Goniadel1a gracilis 4 6.7 0.01
Poda rke obscura 21 53.3 0.07
Schistomeringos rudolphi 4 13.3 0.01
Flatworm A 4 13.3 0.01
Glycera capitata 2 13.3 0.01
Polydora concharum 2 13.3 0.01
Spi.9phanes bombyx. 1 6.7 0.00
Nephtys incisa 2 6.7 0.01
Cirratu1idae sp. 5 20.0 0.01
Polydora caulleryi 1 6.7 0.'00
Mytilus edulis 13,904 60.0 51. 15
Tellina agilis 29 86.7 0.10
Mulinia lateralis 2 13.3 0.01
Nucula proxima 483 86.7 1.77
Crepidula plana 166 53.3 0.61
Crepidula convexa 1 6.7 0.00
Mercenaria mercenaria 86 80.0 0.31
Petricola pholadiformis 1 6.7 0.00
Lyonsia hyalina 1 6.7 0.00
.!:lLdrobi a totteni 1 6.7 0.00
Acteocina canaliculata 1 6.7 0.00
Doradel1a obscura 1 6.7 0.00
Cuthona concinna 1 6.7 0.00
Data coronata 1 6.7 o.on
Neopanope texana. sayi . 95 86.7 0.34
Panopeus herbsti 3 13.3 0.01
Xanthi d sp. 7.14 100.0 2.62
Unciola serra ta 2,827 100.0 10.40
~orophium simile 1,596 100.0 5.87
Lembos smithi 348 86.7 1. 28
Paracaprel1a tenuis 4 6.7 0.01
Paraphoxus spinosus 28 46.7 0.10
Elasmopus laevis 17 46.7 0.06
Erichthonius brasiliensis 26 40.0 0.09
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Table AVI-2 (cont.)

Station 8 (cont. ) Total Percent of
Number Percent Fauna

Speci es Individuals Occurrence by Number

Microdeutopus gryl10talpa 3 6.7 0.01
Pagurus longicarpus 9 40.0 0.03
Oxyurosty1is smithi 53 46.7 0.19
!~el ita nitida 41 66.7 0.15
Parahaustorius longimerus 4 13.3 0.01
Heteromysis formosa 3 6.7 0.01
Ampelisca abdita 24 53.3· 0.08
Protohaustorius wigleyi 1 6.7 0.00
Corophium tuberculatum 3 6.7 0.01
Acanthohaustorius mil1si 2 6.7 0.01
Ampelisca verrilli 9 6.7 0.03
Crangon septemspinosa 2 6.7 0.01
Caprel1a eguilibra 99 40.0 0.36
Ampelisca verrilli 4 13.3 0.01
Phoxocephalus holbol1i 7 6.7 0.02
Tanysty1um orbicu1are 10 13.3 0.03
Pinnixa sp. 3 6.7 0.01
Neomysis americana 7 6.7 0.02
Cancer irroratus 1 6.7 0.00
Paracapre11a tenuis 3 6.7 0.01
Parap1eustes aestuarius 8 20.0 0.02
Edotea tril oba 8 20.0 0.02
Batea cathariensis 9 6.7 0.03
Corophium tuberculatum 1 6.7 0.00

Station 9

Cirratu1idae sp. 2 6.7 0.01
Syllis gracilis 3 6.7 0.02
Lumbrineris acutus 1 6.7 0.00
Nucu1a proxima 370 93.3 3.26
Mercenaria mercenaria 78 73.3 0.68
Tel1ina agilis 27 66.7 0.23
Mytilus edulis 3,322 66.7 29.27
Lyonsia hyalina 5 20.0 0.04
Crepidu1a convexa 3 6.7 0.02
Crepidula plana 17 33.3 0.14
Anomia simplex 2 13.3 0.01
Ensis directus 1 6.7 0.00
Petrico1a pholadiformis 1 6.7 0.00
Anachis avara 5 13.3 0.04
Ooradel1a obscura 1 6.7 0.00
Mitrel1a lunata 2 6.7 0.01
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Table AVI-2 (cont.)

Station 9 (cont. ) Total Percent of
Number Percent Fauna

Species Individuals Occurrence by Number

l!:t'drobia totteni 1 6.7 0.00
Mulinia lateralis 1 6.7 0.00
Anadara ovalis 3 13.3 0.02
Xanthid sp. 340 80.0 2.99
Oxyurostylis smithi 35 53.3 0.30
Corophium simile 645 66.7 5.68
~rus longicarpus 11 33.3 0.09
Neopanope texanasayi 82 46.7 0.72
~mpelisca verrilli 6 40.0 0.05
Edotea triloba 22 46.7 0.19
E1asmopus laevi ~ 17 46.7 0.14
Batea catharinensis 2 13.3 0.01
Paracapre11a tenuis 7 20.0 0.06
Me 1ita nitida 56 46.7 0.49
Unci 0 fa serra ta 955 75.3 8.41
Lembos smithi 111 53.3 0.97
Erichthonius brasiliensis 63 40.0 0.55
Paraphoxus spinosus 27 20.0 0.23
Corophium tubercu1atum 11 6.7 0.09
PhQxocephalus ho1bo11 i 4 6.7 ·0.03
Panopeus herbsti 4 6.7 0.03
Hydroides dianthus 2,603 80.0 22.93
Nereis succinea 131 66.7 1.15
Marphysa sanguinea 64 73.3 0.56
Harmothoe extenuata 35 60.0 0.30
Glycinde solitaria 96 93.3 0.84
Spio setosa 14 20.0 0.12

. Driloneris longa 8 13.3 0.07
Glycera americana 13 46.7 0.11
Capitella capitata 10 13.3 0.08
Polydora ligni 53 40.0 0.46
Sabellaria vulgaris 288 73.3 2.53
Polydora socialis 17 33.3 0.14
Asabel1ides ocu1atus 194 93.3 1. 70
Polycirrus eximius 269 80.0 2.37
Nemertea sp. 24 40.0 0.21
01igochaeta A 79 26.7 0.69
Heteromastus fil iformi s 245 93.3 2.15
Scolop1os robustus 3 20.0 0.02
Streblospio benedicti 50 46.7 0.44
Pherusa affinis 1 6.7 0.00
Lepidonotus sublevis 42 13.3 0.37
Mediomastus ambiseta 394 80.0 3.47
Sthenelais boa 15 40.0 0.13

587



Table AVI-2 (cont.)

Station 9 (cont.) Total Percent of
Number Percent Fauna

Species Individuals Occurrence by Number

Lepidonotus squamatus 42 53.3 0.37
Eumida sanguinea 321 66.7 2.82
Amphitrite ornata 3 6.7 0.02
Tharyx sp. 2 6 13.3 0.05
Eteone heteropoda 3 6.7 0.02
Phyllodoce arenae 14 33.3 0.12
Pectinaria gouldii 20 46.7 0.17
Glycera dibranchiata 2 6.7 0.01
Goniade11a gracilis 4 6.7 0.03
Podarke obscura 17 26.7 0.14
Flatworm A 4 6.7 0.03
Polydora concharum 2 13.3 0.01
Proceraea cornuta 4 26.7 0.03
Lepi dometri a commensal i s_ 1 6.7 0.00
Chaetolone sp. 1 5 13.3 0.04
G1ycera capitata 1 6.7 0.00
Lysianopsis alba 1 6.7 0.00
Ampelisca abdita 3 20.0 0.02
Caprel1a eguilibra 2 13.3 0.01
Thyone briareus 1 6.7 0.00
Balanus improvisus 1 6.7 0.00

Sta ti on 10

Spio setosa 1 6.7 0.11
Glycera americana 4 20.0 0.47
Asabellides oculatus 27 20.0 3.21
Sco1oplos robustus 7 20.0 0.83
Streblospio benedicti 1 6.7 0.11
Sthene1ais 1imico1a 1 6.7 O. 11
Heteromastus fi1iformis 1 6.7 O. 11
G1ycinde solitaria 9 13.3 1. 07
Pherusa affinis 1 6.7 0.11
Harmothoe extenuata 1 6.7 0.11
Diopatra cuprea 1 6.7 0.11
Nephtys incisa 7 26.7 0.83
Pectinaria gou1dii 1 6.7 0.11
Sco1op1os fragi1is 11 33.3 1. 31
Paraprionospio pinnata 1 6.7 0.11
Nephtys picta 3 13.3 0.35

'G1ycera dibranchiata 2 13.3 0.23
Yo1dia 1imatu1a 15 66.7 1. 78
Tellina agi1is 52 86.7 6.19
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Table AVI-2 (cont.)

Station 10 (cont.) Total Percent of
Number . Percent Fauna

Species Individuals Occurrence by Number

Ensis directus· 21 40.0 2.50
Nucula proxima 435 100.0 51.84
Mulinia lateralis 56 73.3 6.67
Myt il us edu li s 47 40.0 5.60
Pandora gouldiana 1 6.7 0.11
Acteocina canaliculata 8 20.0 0.95
~cteon punctostriatus 2 13.3 0.23
Polinices duplicatus 1 6.7 0.11
Nassarius trivittatus 1 6.7 0.11
Thyone briareus 2 6.7 0.23
Ampelisca abdita 34 33.3 4.05
Ampelisca verrilli 75 86.7 8.93
Bathyporeia parkeri 1 6.7 0.11
Oxyurostylis smithi 2 13.3 0.23
Edotea triloba 3 20.0 0.35
Corophium tuberculatum 1 6.7 0.11
Xanthid sp. 1 6.7 0.11
Erichthonius brasiliensis 1 6.7 0.11
Neopanope texana~ 1 6.7 0.11
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Table AVI-3

Number of individuals of each species collected in all samples

10

November 1974
1-1 1-2 1-3

6

7
3
1

February 1975
1-1 1-2 1-3

1

May 1975
1-1 1-2 1-3

4

1
3

32

2

11

1

1
12

1

174

2

4

7·

1

1
1
1

1
28

1

August 1974
1-1 1-2 1-3

x
x

May 1974
1-1 1-2 1-3Species

Nephtys picta
Nephtys bucera
Magelona sp. 2
Spiophanes bombyx
Dispio uncinata
Nucula proxima
Nassarius trivittatus

. Tellina agilis
Mu1inia latera1is
Spisu1a ~olidissima
Mytilus edu1is
Donax variabilis
Parahaustorius attenuatus
Parahaustorius longimerus
Bathyporeia parkeri
Neomysis americana
Paracapre11a tenuis
Ampelisca abdita
Edotea tri10ba
Corophium insidiosum
Bathyporeia quoddyensis
Chiridotea tuftsi
E1asmopus laevis
Xanthid sp.
Protohaustorius wigleyi
Orchestia gril1us
Sesarma reticu1atum
Ampelisca verrilli
Sertu1aria argentea
Campanularia sp.
Hydractinia echinata

tTl
\.0
o



Table AVI-3 (cont. )

May 1974 August 1974 November 1974 February 1975 May 1975
Species 2-1 2-2 2-3 2-1 2-2 2-3 2-1 2-2 2-3 2-1 2-2 2-3 2-1 2-2 2-3

Nemertea sp. 6 3 2 1
Spio setosa 4 14 10 85 3 10 345 446 545
Spiophanes bombyx 10 11 3 3 1 2
G1ycera dibranchiata 2 1 4 2 1
Phy11odoce arenae 2
Mage lona sp. 2 1
Heteromastus filiformis 2 1 4
Po1ydora socia1is 1 3
Aricidea sp. 1
Asabel1ides ocu1atus 1 2 1 3 2
Nephtys picta 1 2 15 7 2 3 3
Aricidea cerruti 1 9

CJ1 Lumbrineris acuta 1<.0

Sco1oplos sp. 1 2
Streb1ospio b~nedicti 10 2 1 1
Mediomastusambiseta 53 7 1
G1ycera americana 1 3 1
01igochaeta A 2 3
flx~enel1a torguata 1
Sabe1laria vulgaris 1 4 3
Po1ydora 1igni 1
Eteone heteropoda 1
Driloneris magna 3
Scoloplos acutus 1
Paranaitis speciosa 2
Scoloplosrobustus 2 2
Harmothoe extenuata 5 1 16 1
Scoloplos fragilis 1 1
Goniadel1a gracilis
Glycera capitata 1
Eumi da sanguinea 4 17
Polydora concha rum 1





Table AVI-3 (cont. )

fvlay 1974 August 1974 November 1974 February 1975 May 1975
Species 2-1 2-2 2-3 2-1 2··2 2-3 2-1 2-,2 2-3 2-1 2-2 2-3 2-1 2-2 2-3

Protohaustorius wig1~ 2
Synche1idium americanum 1
Siphonoecetes smithi anus 1
Edotea triloba
Leptocuma minor
Paraphoxus spinosa
Pinnotheres maculata
Hydractinia echinata x
E1e~tra monostachys x x x x x x
Conopeum truitti x
Conopeum tenuissimum x x x x x
.M~mbrani pora tuberculatul11 x

U1
~ A1cyonidiul11 Q91youm x xw

Amphioplus. abditus

3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3

Spio setosa 20 9 1 1 2 2 3
Asabe11ides oculatus 4 5 3 1
G1ycera dibranchiata 1 1 2 3
Harl11othoe extenuata 3 3 1 18 9 6 1
Spiophanes bombyx 1 1 3 1 1
Aricidea cerruti 1 3 2 2 3 3
Sabellaria vulgaris 2 1 1 7
Dri10neris 0agna 1
Cau11eriella sp. 2 1
Nereis succinea 3 2 3 1
Lepidonotus squamatus 2
Pherusa affinis 1
Po1ydora .J..:!5lQi 1 3





Table AVI-3 (cont. )

May 1974 August 1974 November 1974 February 1975 May 1975
Species 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3

Margine 11 a roscidiurn 1 5
Doridella obscura 1
Nassarius tri vittatus 1
Nucu1a I?rox'ima 1 2 2
Spisula solidissima 1
Crepidu1a pl ana 7 3
Crepidula convex~ 1
Crepidula fornicata 2
Ensis directus 1 2
Lyonsia~lina 1
Mulinia lateralis
Pagurus ~icarpus 4 5 2 1

(Jl Unciola serrata 1 1 3 1 4 3 5 1 4<..0
<,)I Pinnixa sayana 1

Unciola i rrora ta, 1 1
Xanthid sp. 10 1 3
~exapanopeus ~gus~ifrons 1
Pinnixa sp. 1 ,

I

Pinnixa retinens 1
Ul?ogebia affinis 1
Lysianopsis alba 6 14 3
Cancer irroratus 1
Panopeus herbsti 1
Euceramus praelongus 1
Parahaustorius longimerus
Ca 11 i anassasp. cf. C. atlantica 1 1
Unciola dissimilis -

Oxyurostyl is smithi 5
Electra rnonostachys x x x x x x x
Alcyonidium p-olyoum x x x x x x



Table AVI,.] (cont. )

May 1974 August 1974- November 1974 February 1975 May 1975
Species 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3-1 3-2 3-3 3;.1 3-2 3-3

Membranipora tuberculatum x
Membranipora tenuis x x
Schizoporella errata x
Cryptosula pa11asiana x x x
Hydractinia echinata x x
Astrangia danae x
Cliona ce1ata x
Conopeum truitti x x
Conopeum tenuissimum x x x

4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3
tJ1 Nephtys bucera 1 2\..0
0'1 Spiophanes bombyx 2 1 2 1 4 3

Spio setosa 2 1
Dispio uncinata 1
G1ycera dibranchiata 3 3 2 1 3 2 3 1
Nephtys picta 1 1 1 1 1
Nemertea sp. 1 6 3 5 1 2
G1ycinde solitaria 1 2 1
Sco1op1os robustus 1 4 1 1 4 3
Glycera capitata 6 10 1 2 1 2 2 2 4
Sco1op1os acutus 1
Asabellides oculatus 2
Sco1op1os fragi1is 1 1
Sthene1ais 1imico1a
Mytilus edul is 1
Tellina agilis 4 2 6 14 17 56 5 3 1 2 6 7 2 6
Spisula solidissima 4
Mulinialatera1is 1 6 2 2
Nucula proxima 10 44 14 2 37 11



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 4- -I 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3 4-1 4-2 4-3

Acteon.· Qunctostri atus 3 4
Acteocina canaliculata 2 2 3
Ensis directus
Protohaustorius wigleyi 10 86 51
Synchelidium americana 1
Ampelisca verrilli 1 5 2
Amp€: 1i sea. vadorum 1
Oxyurost~lis smith; 4 2
Pinnixa sayana 2
Trichophoxus epistomus 17 34 8 7 2 2
Pinnixa retinens 1
Pinnixa sp. 2

(J1

1.O Pagury~ longicarpus
" Parahaustorius longimerus

Alcyonidium polyoum x

5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3

Capitella capitata 10 6 2
Spio setosa 2
Asabellides oculatus 6 13
Scoloplos robustus 1 1
Lumbrineris acuta 1
Sthenelais limicola 1 1
Glycera americana 1 1 1
Glycera dibranchiata 1
Pectinaria gouldii 1
Nephtys incisa 1
Heteromastus filiformis 1 1
Tellina agi1is 11 13 19 14 50 55 6 11 16 4 110 29 50
Yo1dia 1imatula 1 4 6 2 1



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 5-'-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3 5-1 5-2 5-3

Siligua costata 1
Nucula proxima 9 18 1299 5653 3489 1857 2315 1405 3 2 2 4787 184 370
Mu1inia lateralis 5 11 1 1
Ensi.s directus 23 61 5 5 3 1 1
.Mytilus edul is 1 1
Nassarius trivittatus 1
Haminoea solitaria 1 2
Acteon punctostriatus 6 8
Acteocina canaliculata 1
Protohaustorius wigleyi 2
Ampelisca verrilli 1 3 3 1

Ul
Neomysis americana

'..D Ampelisca vadorumco Lysianopsis alba 1
Oxyurostylis smithi 1
Pa rahaus tod us longimerus 1
Upogebia affinis 1
Pinnixa retinens 1
Ampelisca abdita 4 4

6-1 6-2 6-3 6-1 6-2 6-3 6-1 6-2 6-3 6-1 6-2 6-3 6-1 6-2 6-3

Nephtys bucera 3 1 3 2 1
Scoloplo~ sp. 1 1
Nephtys picta 4
Nemertea sp.
Spio setosa 2
Magelona sp. 2 1
Nucula proxima 3 4 2 1
Ensis directus 4
Spisula solidissima 2 5 12



Table AVI-3 (cant. )

~lay 1974 August 1974' November 1974 Februa ry 1975 May 1975
Species 6-1 6-2 6--3 6-1 6-2 6-3 6-1 6-2 6-3 6-1 6-2 6-3 6-1 6-2 6-3

Mulinia lateralis
Tell ina agilis 2 1
Turbonil1a interrupta 1
ParahaUstorius longimerus 24 4 20 23 22 53 3 4 3 7 5
Acanthohaustorius millsi 30 4 24 1 3 25 4 1 1 6 4 1
Bathyporeia parkeri 8 1 7
Acanthohaustorius shoemaker; 5
Parahaustorius holmesi 1
Protohaustorius wigleyi 9 13 3 6 20' n 5 2 3 10
Tri chophoxus .tti stomus 1
Mancocumaaltera

(}1

7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3\D
\D

Asabellides oculqtus 4 1 1
Scoloplos robustus 1 1 3 2 2
Spio setosa 1 5 2 5
Heteromastus filiformis 1 3
Glycera capitata 1 4
Capitella capitata 1
§lx.cera dibranchiata 1
Streblospio benedicti 1
Nephtys incisa 2 3 3 2 1 1 1
Sco1oplos fragilis 1
Neph~ bucera 3
Paraprionospio pinnata 1
Glycera americana 1 1
Sipunculidae sp. 2
Pectinaria gouldii 2
Glycinde solitaria 1



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3 7-1 7-2 7-3

Spiophanes bombyx 2
Nemertea sp. 1
Nephtys picta 1
Yoldia 1imatula 3 1 8 6
Tellina agilis 1 2 2 1 3 1 3 12 17 19
Mu1inia 1ateralis 1 20 28 13 2 1 1 1
Crepidula fornicata
Ensis directus 1 2 1 1
Nucula proxima 27 32 33 8 4 2
Turbonil1a interrupta 1
Mytilus edLj1is 3
Siligua costata 1

O'l Acanthohaustorius mil lsi 3 1 1 10
0 Bathyporeia guoddyens~ 1

Bathyporeia parkeri 1
Ampe1isca vadorum 1 1
Parahaustorius longimerus 2 2 4
Ampelisca verrilli 2 3 3 7 15 6 8 25 16 2 2
Pinnixa retinens 1
Edotea triloba 2
Trichophoxus epistomus 1
Ampe1isca abdita 1 12
Oxyurostylis smithi 1
Cancer irroratus 1
Protohaustorius wigleyi 1 2
A1cyonidium po1youm x

8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3

Hydroides dianthus 111 18 3 106 30 159 202 494 24 609 584 160 ' 79 22
Polydora ligni 229 17 14 2 10 2 15 18 2
Ma~Q~~ sanguinea 22 8 4 4 6 3 8 14 9 9 6 12 4



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 8-1 8-2 8-3 8-1 8-2 8-3 8·1 B-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3

Sabe11aria vulgaris 15 1 23 3 30 35 79 231 225 114 51 11 21 13
Polydora socialis 44 8 3 7 1 3 5 3 30
Nereis succinea 16 10 5 2 3 3 9 14 3 1 1 14 21 7
Polycirrus eximius 10 5 3 7 'l4 4 114 18 45 4 66 20
Sy11is gracilis 3 5 2 1 3
Spi 0 setosa_ 1 11 7 1 1 3 14
Heteromastus fi1iformis 8 12 28 1 6 7 9 13 3 1 18 5
Proceraea cornutus 1 1
Asabe11ides oculatus 1 5 4 11 177 12 34 3 3 6 10 16 18 5
Capitella capitata 1 3 9 1 3 6 4
Harmothoe extenuata 79 22 6 2 3 7 24 12 10
Lepidonotus sguamatus 14 1 2 3 14 27 11 6 6 17 14 9 1

(J) Streb1ospio benedicti 2 4 1 3 3 10
-' Lepidonotus sub1evis 2 6 5

Pectinaria gouldii 1 2 3
Phyl1odoce arenae 1 1 1 3 3
G1ycinde solitaria 1 3 9 3 2 9 23 12 3
Tharyx sp. 2 3 1 . 1
Ma1danidae sp. 1 2
01igochaeta B 1 1 5 8
G1ycera americana 1 1 1 1
Diopatra cuprea 1
Eteone heteropoda 1

. Eteone longa 3
Sthene1ais boa, 2 2 2 1 3 3
Mediomastus ambiseta 14 9 10 37 61 9 19 2 99 28
Phy11odoce macu1ata 5
Amphitrite ornata 1
01igochaeta A 4 4 3 1 12 3
Zygeupolia rubens 1



Table AVI-3 (cant.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 8-1 8-2 8-3 8-1 8-2' 8-3 8-1 8-2 8-:-3 8-1 8-2 8-3 8..:1 8-2 8-3

Pherusa affinis 6
Nemertea_ sp. 3 1 2 6 3 1
Sco1oplos robustus 3
Eumida sanguinea 12 9 54 48 18 60 124 44 309 126
Goniade11a gracilis 4
Podarke obscura 4 5 3 3 1 1 3 1
Schistomeringos rudo1phi 1 3
Flatworm A 3 1
Glycera capitata 1 1
Po1ydora .concharum 1
Spiophanes bombyx 1
Nephtys incisa 2

01
0 Cirratulidae sp. 1 3 1
N Polydora caul1eryi 1

Mytil us edu1 is 887 24 24 17 2 2 6029 5427 1492
Tell ina agilis 2 1 1 5 8 1 1 2 1 2 2 2
Mulinia latera1is 1 1
Nucu1a proxima 23 13 15 17 31 26 30 35 10 9 10 84 180
Crepidula plana 56 5 7 2 82 2 1 11
Crepidu1a convexa 1
Mercenaria mercenaria 2 1 3 12 18 19 7 7 5 3 6 3
Petri cola pho1adiformis 1
Lyonsia hya1ina 1
Hydrobia totteni 1
Acteocina cana1icu1ata 1
Dorade11a obscura
Cuthona concinna 1

. Doto corona ta 1
Neopanope texana sayi 16 33 ·8 8 3 2 1 3 3 1 7 3 7
Panopeus herbsti 2 1



Table AVI:-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3 8-1 8-2 8-3

Xanthid sp. 132 16 18 108 26 21 40 93 11 79 44 30 49 40 7
Uncio1a serrata 177 47 32 264 6 108 38 279 82 600 429 477 25 154 109
Corophi urn s imil e 516 42 8 162 6 123 81 242 73 72 117 30 48 73 9
Lembos smithi 55 6 21 9 18 130 9 41 30 15 2 11 1
Paracaprella tenuis 4
Paraphoxusspinosus 12 3 1 4 6 1
Elasmopus laevi~ 2 1 2 4 1 6 1
Erichthonius brasiliensis 6 6 2 6 3 3
Microdeutopus gry110talpa .3
Pagurus longicarpus 1 1 1 2 3 1
Oxyurostylis smithi 2 11 1 12 18 8 1

Ol
tvle 1ita nit i da 5 1 . 3 6 5 3 2 3 12

0 Parahaustorius longimerus 3 1w
Heteromysis formosa 3
Ampeliscaabdita 3 2 3 3 9 2
Protohaustorius wigleyi 1
Corophium tuberculatum 3
Acanthohaustorius millsi 2
Arnpe 1i sca verri 11 i 9
Crangon septemspinosa 1 1
Caprella eguilibra 4 31 2 33 22 7
Ampelisca verrilli 1 3
Phoxocepha1us .holbolli 7
Tanystylurn orbicu1are 4 ' 6
Pinnixa sp. 3
Neomysis americana 7
Cancer irroratus 1
Paracapre11a tenuis 3
.Parapleustes aestuarius 3 3 2





Table AVI-3 (cont.)

May 1974 August 1974 November "' 974 February 1975 May 1975
Species 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3

Ensis directus
Petricola pholadiformis
Anachis avara 2 3
Dorade 11 a obs-cura 1
Mitre11 a 1una ta 2
Hydrobia totteni 1
Mulinia latera1is
Anadara ova1is 1 2
Xanthid sp. 1 63 50 81 21 4 8 45 2 37 22 6
Oxyurosty1is smithi 2 3 10 1 12 2 3 2
Corophium simile 4 141 49 294 '96 8 22 17 13 1
Pagurus longicarpus 1 4 1 3 2

(j) Neopanope texana sayi 1 21 14 30 1 6 90
U1 Ampelisca verrilli 4 1 1

Edotea triloba 1 1 1 2 10 6 1
Elasmopus laevis 1 3 9 1 1 1
Batea catharinensis 1 1
Paracaprella tenuis 2 3 2
jvjel ita nitida--- 6 2 39 2 1 5 1
Uncio1a serrata 159 61 342 86 14 40 129 15 88 13 8
Lembos smithi 6 9 21 47 3 6 18 1
Erichthonius brasiliensis 6 11 42 1 1 2
Paraphoxus spinosus 3 21 3
Corophium tuberculatum 11
Phoxocephalus ho1bol1i 4
Panopeus herbsti 1 3
Hydroides dianthus 440 633 219 816 175 28 10 99 13 117 52
Nereis succinea 11 27 9 45 6 12 3 9 7 2
Marphysa sanguinea 2 15 6 18 2 2 6 6 1 3 3



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3

Harmothoe extenuata 1 1 9 6 3 3 6 5 1
Glycinde solitaria 2 4 15 9 9 9 3 13 12 3 . 5 6 1 5
Spio setosa 5 5 4
Driloneris longa 2 6
Glycera americana 2 1 3 3 2 1
Capitella capitata 2 8
Polydora 1igni 33 4 5 1 9 1
Sabel1aria vulgaris 8 66 24 84 20 2 14 36 3 30 1
Po1ydora socia1is 4 1 5 3 4
Asabellides ocu1atus 1 16 10 39 30 39 5 1 21 2 1 6 19 4
Polycirrus eximius 1 75 24 18 8 9 33 14 4 39 34 10
Nemertea sp. 2 3 1 1 15 2

(j) 01igochaeta A 1 33 27 180
(j)

Heteromastus fi1iformis 5 3 18 18 75 2 14 45 13 18 9 3 21
Sco1oplos robustus 1 1
Streb1ospio benedicti 2 9 6 15 3 12 3
Pherusa affinis 1
Lepidonotus sublevis 27 15
Mediomastus ambiseta 36 30 51 18 7 31 120 4 18 60 5 14
Sthene1ais boa 6 3 1 3 1 1
Lepidonotus sguamatus 3 17 1 2 3 2 12 2
Eumida sanguinea 52 45 27 1 25 54 9 84 12 12
Amphitrite ornata 3
Tharyx sp. 2 3 3
Eteone heteropoda 3
Phyllodoce arenae 3 6 1 3
Pectinaria gouldii 3 3 4 3 3 3 1
Glycera dibranchiata 2
Goniadella gracilis 4
Podarke obscura 10 3 1 3
Flatworm A 4



I

Table AVI-3 (cont. )

~1ay 1974 August 1974 November 1974 February 1975 May 1975
Species 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3 9-1 9-2 9-3

Polydora concha rum 1
Proceraea cornuta 1 3
Lepidometria ~gmmensalis 1
Chaetozone sp. 1 3 2
G1ycera capitata
Lysianopsis alba 1
Ampelisca abdita 1 1 1
Caprella egui1ibra 1
Sertularia argentea x
Electra monostachys x x
Conopeum tenuissimum x x x x
Membranipora tenuis x x x

m
0 A1cyonidium po1youm x x
-....J Schizoporellaerrata x x x

Triticella e10ngata x x x
Cliona celata x
Halichondria cf. H.

bowerbanki x
Conopeum truitti x
Thyone briareus 1
Balanus improvisus 1

10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3

Spio setosa 1
Glycera americana 1 1 2
Asabel1ides oculatus 12 14 1
Scoloplos robustus 4 2
Streblospio benedicti 1
Sthene1ais limicola 1



Table AVI-3 (cont.)

May 1974 August 1974 November 1974 February 1975 May 1975
Species 10-1 10-2 10-3 10-1 10-2 10-3 10- 1 10-2 10-3 10- 1 10-2 10-3 10-:-1 10-2 10-3

Heteromastus fi1iformis 1
G1ycinde solitaria 5 4
Pherusa affinis 1
Harmothoe extenuata
Diopatra cuprea
Nephtysincisa 1 1 4-
Pectinaria gou1dii 1
Sco1oplos fragi1is 1 2 . 3 3 2
Paraprionospio pinnata
Nephtys picta 1 2
Glycera dibranchiata 1 1
Yo1 diali ma tu 1a 4 2 1 2 1 1 1 1 1

m Tellina ~lis 6 4 1 4 8 4 4 4 1 3 10 2 10
CD Ensisdirectus 5 11 1 1 2 1

Nucu1a proxima 3 11 2 32 37 64 74 74 56 2 .4 27 19 30
Mulinia lateralis 6 9 6 7 14 4 1 5 1 2 1
Mytil us edul is 3 28 1 9 3 3
Pandora _ggy1diana 1
Acteocina cana1iculata 5 1 2
Acteon punctostriatus 1 1
Po1inicesdup1icatus 1
Nassarius trivittatus 1
Thyone briareus 2
Ampelisca abdita 7 3 1 22 1
Ampelisca verrilli 7 7 2 2 2 1 4 15 7 13 9 5
Bathyporeia parkeri 1
Oxyurosty1is smithi 1 1
Edotea tril oba 1 1 1



Table AVI-3 (cont.)

Species

Corophium tuberculatum
Xanthi d sp.
Erichthonius brasiliensis
Neopanope texana~

May 1974 August 1974 November 1974 February 1975 May 1975
10-110-210.,.3 10-110-210-3 10-110-210-3 10-110-210-3 10-110.,.210-3

1
1



Table AVII~ 1

Benthic invertebrates in grab samples
Station 3

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

3006 Zygeupo1ia rubens
3014 Nemertea sp. 2 2 1 4 1 1 1
4011 Mediomastus ambiseta 1 2 21 10 59 11 4 18 7 16 10 3 25 26 1 41 8 6
4018 Tharyx sp. 2 1
4171 thaeto2one sp. 3 1
4071 Aricidea cerruti 2 4 2 4 3 3 3 5 2 2 19 2
4077 Eteone heteropoda 1 2 2 1 1 1 1
4105 Sthene1ais boa 1 1
4110 Po1ydora 1igni 1 3 1 6 1 3 2 3 1
4117 Spio setosa 4 1 6 1 1 6 1 1 2 9 1 5 7
4119 Streb1ospio benedicti 1 1 1 1 l 1 1 2 2 2 1 2
4061 Travisia carnea 1
4101 Hydroides dianthus 4 1 1 1
4088 Harmothoe extenuata 13 40 12 15 19 26 23 7 9 5 6 9 8 3 8 11 7
4055 Nereis succinea 2 11 5 3 5 12 5 2 8 2 2 1 3 1 11 6
4002 Asabe11ides oculatus 1 2 1 2 2 3 1 4 2 9 2 4 8 1 3 3
4137 Po1ycirrus eximius 1 11 4 3 6 1 5 4 5 24 3 3 4 2 2 3 1 4
4091 Lepidonotus sguamatus 1 1 1 1 2
4111 Po1ydora socia1is 5 1 5 3 1 4
4080 Eumida sanguinea 1 6 1 . 1
4066 Orbiniaornata 1
4134 Amphitrite ornata 1 1
401Q Heteromastus fi1iformis 2 1 1 1 2 1 3 2
4021 Schistomeringos rudo1phi 2 1 1
4023 Marphysa sanguinea . 2 1 2 1
4140 Cirratu1 idae sp. 1 2 1
4025 G1ycera americana 1 2 1 1 2 1 1 1

0'>.....
0



Table AVII-l (cont. )

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

4092 Lepidonotus sub~vis 3 2 1 3 4 3 3 1 2 2
4172 Chaetolone sp.l 1 1
4076 Pectinaria gouldii 1
4084 Phyl1odoce arenae 1
4125 Procerae cornuta 1
4016 Chaetozone setosa 4 1
4024 Pherusa affinis 1 1
4001 Ampharete acutifrons 1 2
4173 Chaetolone sp. 4 2 1
4006 Dri10neris longa 2 1
4064 Scoloplos fragi1is 2
4026 G1ycera capitata
4174 Pionosyllis sp.
4175 Nereis arenaceodonta 1 1 2 2
4109 Po1ydora concharum 1
4065 Sco1oplos robustus 1
4030 Podarke obscura' 2
4171 Chaetolone sp.-2 1
4083 Paranaitis speciosa 1
4153 Schistomeringos caecus 1
4400 01 i gochaeta A. 6 6 1 4 5 2 3
4401 01igochaeta B 1
5027 Nassarius trivittatus 2 1 1 3 2
5013 Crepidu1a convexa 4 3 3 6 2 1 2 5 1 5 1
5087 Corbula contracta 1
5014 Crepidula Elana 1 1 1 2 5
5053 Myti1us edul is 167 894 221 99 271 529 433 235 153 706 194 211 130 15 100 4 69 289 191
5047 Nucu1a proxima 3 3 1 1 1 2 1 1 2
5080 Ensis directus 1 1 1 1
5029 Margine11a roscida 3 1 2 2 5 2 1 1
5070 Te11ina agi1is 2 1 2 1 4 2 3 7

O'l
--'
--'



Table AVII- 1 (cont.)

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5012 Crepidula fornicata
1115 Pagurus longicarpus 1 1
7086 bYsianopsis alba 1 1 11 2 23 18 28 21 14 11 18 3 11 10 1 22 12 10
7145 Heteromysis formosa 2 3 2 1 1
7146 Xanthidae sp. 6 26 11 23 16 12 5 7 4 38 5 18 11 5 18 12 14
7130 Pinnixa sayana 1 3 1 2 1 2 1 1
7125 Panopeus herbsti 2 1 1 2 1 3 1
7056 Unciola serrata 2 11 1 1 2 2 4 3· 2 2 4
7068 Elasmopus laevis 1
7147 Pinnixa sp. 2 1 1 1 3
7148 Callianassa sp. cf. C.

atlantica 1 1 1
7054 Erichthonius brasiliensis 1
7121 Cancer irroratus 1 1
7013 Cyathura burbancki 1
7149 Euceramus prae10ngus
7111 Crangon septemspinosa
7116 Pagurus po11icaris
7127 Hexapanopeus angustifrons 1 1 1
7144 Pinnotheres maculatus 1 1
9003 Amphioplus abditus 1 1
8012 Membranipora tenuis x x x x x x

Hydractinia echinata x x x x x x
8023 Schizopore11a errata x x x
8002 Alcyonidium polyoum x x x x x x x x x
8013 Membranipora tubercu1atum x x x x x x

Electra rnonostachys x x x x x x x x x x x
8014 Conopeum tenuissimum x x x x x
8028 Cribu1ina punctata x x
8015 Conopeum truitti x



Table AVII..; 2

Bf2nthic invertebrates in dredge samples
Station 3

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2002 Tubularia crocea 1
2007 Hydractinia echinata 1 1 1 1 2 1 0
2008 Podocoryne carnea 1
3006 ZygeuRolia rubens 1 1 1
3008 Cerebratu1us lacteus 1 1
3014 Nemertea sp. 1 1 1 3 1 1 1
4001 Amphareteacutifrons 1 1
4002 Asabe11ides oculatus 3 1 1 1 1 1 1 1 Z
4006 Driloneris long~ 1
4011 Mediomastus ambiseta 7 5 3 5 4 5 5 5 5 3 2 5 5 5 7 5 7 7 5 5
4015 Cau 1'1 eri ellasp:--Z- 1
4018 Tharyx sp. 2
4021 Schistomeringos rudolphi 1 1
4023 Marphysa sanguinea
4024 Pherusa affinis 1
4027 Glycera dibranchiata
4030 Podarke obscura 1
4055 Nereis succinea 5 5 4 3 3 5 3 5 5 3 3 5 5 5 5 4 5 7 3 3
4071 Aricidea cerruti 1 1 1 1 1 1 1 1
4076 Pectinaria gouldii 1
4077 Eteone heteropoda 1 1 1 1 5 3 2 3 1 7 2 1 3 1 5 1
4080 Eumida sanguinea 1 1 2 4 5 3 3 1 1 3 1 5 5 1 5 3
4083 Paranaitis speciosa 1
4085 Phy11odoce maculata 1
4088 Harmothoe extenuata 7 5 7 7 5 7 7 7 7 5 7 7 6 7 7 7 7 7 7
4091 Lepidonotus squamatus 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4092 Lepidonotus sub1evis 3 1 1 1 3 1 1
4093 Sabel1aria vulgaris 1 1 1 1 1 1 1 1 1
4101 Hydroides dianthus 1 1 1 1 1

0'>
--'
W



Table AVII- 2 (cont. )

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

4109 Po1ydora concharum 1 1 1 1 .
4110 Polydora 1i gni 7 6 7 7 7 7 7 7 5 7 7 5 5 7 7 7 7 7 5
4111 Polydora socialis 1 1 1 1
4117 Spio setosa 1 1 3 3 1 1 1 1 4
4119 Streblospio benedicti 1 1 1 1 1 1 1 1 1
4124 Parapionosyl1is longicirrata 1 1 1
4137 Polycirrus eximiqs 5 1 3 5 3 4 3 4 4 3 5 4 3 3 3 4 5 5 3 3
4140 Cirratu1idaesp. 1 1 1
4146 Aricidea sp. 3 1 5
4171 Chaetozone sp. 3 1 1 1 1
4172 Chaetozone sp. 1 1
4-176 Chaetozone sp. 2 1 1 1
4177 Lepidonotus (juv. ) 5 3 3 3 1 1 1 1 1
4400 01igochaeta 3 3 3 7 1
5012 Crepidu1a fornicata 1
5013 Crepidula convexa 1 1 1 1 1 1 1 1 2 1
5014 Crepidu1a plana 3 5 5 5 5 5 3 3 1 3 3 3 5 3 7 6 3
5023 Mitre11 a1 unata 1 1 1 1 1 1 1
5027 Nassarius obsoletus 1 1
5029 Margine11aroscida 3 1 3 1 1 1 1 1
5042 Chaetopleura apiculata 1
5047 Nucu1a proxima 1 1 1 1 1 1 1 1 1 5 1 1 3 3 3 3 3 3 1
5053 Mytilusedu1 is 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
5064 Myse11a p1anu1ata 1
5070 Tell i na agil i s 1 1 1
5097 Nudibranchia sp. 1
6009 Balanus (Balanus) improvisus 1
7002 Neomysis americana 3 3 5 6 3 5 7 5 3 3 1 1 -
7011 Cyathura pol ita 1
7013 Cyathura burbancki
7035 Ampe1isca abdita 1
7049 Corophium acherusicum 1

(j).........,.



Table AVII- 2 (cant. )

Species 2 3 4 h 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20<J

7056 Uncio1a serrata 1 1 3 5 5 1 1
7058 Corophium simile 1 .
7086 Lysianopsis alba 5 3 3 3 4 1 2 3 5 3 4 4 5 3 5 4 5 5
7111 Crangon septemspinosa 3 1 1 1 1 3 3 1 3 1 1 1 1 1 1
7115 Pagarus longicarpus 1 1 1 1 1 3 1 1 1
7116 Pagarus pollicaris 1 1 1 1
7121 Cancer irroratus 1 . 1 1 1 1 1
7124 Neopanope texana~ 1 1 1
7125 Panopeus herbsti
7138 Libinia emarginata 1 1
7146 Xanthid sp. 3 3 3 3 3 1 3 1 1 2 3 4 5
7147 Pinnixa sp. 1
7152 Libinia sp. (juv. ) 1
8002 Alcyonidium po1youm 4 5 5 2 1 1 3 7 3 3 3 1 3 5 3 3 3 3 5
8012 Membrani pora tenu is 3 4 1 3 1 3 1 3 3 3 3 1 1 1
8013 Membranipora tubercu1ata 1 3 5 5 3 3 1 2 1 1 1
8014 Conopeum tenui~simum 1 1 5 5 1 1 3 3 4 4 3 1
8015 Conopeum truitti 1 1 1 1 1 1 1 1 3
8018 Electra hastingsae 3 3 4 5 5 4 3 3 4 4 3 3 5 4 3 4 5 3 5
8022 Cryptosula pallasiana 1 1 1 1 1 3 5 3 3 1 3
8023 Schizoporella errata 1 3 1 1 1 4 2 1 1 1 1 1 1 1 3
8024 Schizoporel1a biaperta 5 4 4 3 1
8025 Microporella ciliata 3 1 1 1 1 1 1
9001 Asterias forbesi 3
9003 Amphioplus abditus
9004 Arbacia punctulata 1
9005 Echinarachnius parma 1
9008 Starfish (juv.) 1 1 5 3 3

(j).......
<.:n





Table AVII- 3 (cant. )

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

7091 Synchelidium americanum 1 2
7093 Trichaphoxus epistomus 1 2 1 1 2 1 1
7146 Xanthid sp. 1
8018 EJL~ctrahastingsae x
8009 Triticella elongat~ x
8002 Alcyonidium polyoum x



Table AVII- 4

Benthic invertebrates in dredge samples
Station 4

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2032 Metridium senile 1 1
3014 Nemertea sp. 1 1 1 1
4118 Spiophanes bombyx 1
4002 Asabe11ides ocu1atus 5 5 5 3 1 6 3 5 5 5 3 5 5 5 5 5 1
4010 Heteromastus fi1iformis 1
4026 G1ycera capitata 3 3 5 3 3 3 1 3 3 3 1 5 1 3 2
4027 G1ycera dibranchiata 1 1 1 1
4028 G1ycinde so1itaria 3 1 1 1
4055 Nereis succinea
4064 Hap1osco1op1os fragi1is 1 3 5 1 3 1 1
4084 Phy11odoce arenae
4092 Lepidonotus sub1evis
4110 Po1ydora 1i gni 1 1
4116 Sco1e1epis sguamata 1
4117 Spio setosa 3 1 1 1 3 1
4119 Streb1ospio benedicti
4142 Seo1op1os sp. 1
4176 Chaetozone sp. 2 1
5013 Crepidula convexa 1 1 3
5014 Crepidu1a plana
5023 Mitre 11 a 1una ta 1 I
5027 Nassarius obsoletus 1 1 1 1
5047 Nucu1a.proxima 3 1 1 1
5066 Mercenaria mercenaria 1
5070 Tell i na agil i s 5 5 5 5 3 5 5 3 5 5· 5 5 5 5 5 3 3 5 3 5
5080 Ensis directus 3 3 1 1 1 1 3 1 1 1 1 1 1 1 1
5081 Spisula solidissima 1
5082 Mulinia 1atera1is 5 7 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5
5091 Lyonsia hyalina 1 1 1 2 1 1 3 1 1 1 1 1

Q)......
co



Table AVII- 4 (cont. )

Speci es . 1 2 3 4 5 6 7 8 9 10 11 12 13 ·14 15 16 17 18 19 20

7002 Neomysis americana 3 5 5 5 7 7 7 7 7 7 5 5 7 5 5 5 3 3
7009 Oxyurostylis smithi 1 1 3 1 1 1 1 1 1
7028 Edotea tril oba 1
7029 Erichsonella fil iformi s 1 1
7037 Ampelisca verrilli 5 3 5 3 1 4 1 5 3 3 3 1 3 3
7048 Cerapus tubularis 1 1 1 1
7049· Corophium acherusicum 5 5 1 1
7053 Corophium tuberculatum 5 5 5 1
7054 Erichthonius brasil iensis 1 1
7080 Neohaustorius biarticulatus 1
7082 Microprotopus raneyi 5 5
7091 Synche1 idium .americanum 1 3 1 1 3 2
7093 Trichophoxus epistomus 1 3 1 1
7111 Crangon septemspinosa 3 3 1 1 3 1 1 1
7115 Pagarus 1ongi carpus 1 1 1 1 1 1 1 3 1 1
7119 Ovalipes ocellatus 1 1
7121 Cancer i rrora tus
7137 Libinia dubia
7147 Pinnixa sp. 1 1 1 1
8002 Alcyonidium polyoum 3 3 1 1 3 1 1
8003 Alcyonidium verrilli 3
8009 Triticel1a elongata
8014 Conopeum truitti 1
7130 Pinnixa sayana 1 1 1



Table AVII-5

Benthic invertebrates in grab samples
Station 5

Species 1 2 3 4 5 6 7 8 .9 10 11 12 13 14 15 16 17 18 19 20

3014 Nemertea sp. 2 2 2 2
4053 Nephtys picta 2 2 3 2 1 1 1
4116 Scole1epis

squamata
4061 Travi s i a

carnea 1
4025 G1ycera

americana 1
4064 Sco1op1os

fragilis
4063 Sco1op1os

acutus 1
4105 Sthene1ais

limico1a
4117 Spio setosa 1
4010 Heteromastus

filiformis
4140 Cirratulidae sp. 2
4052 Nephtys incisa 1
5070 Te11ina agi1is 46 39 39 35 35 65 43 54 45 60 55 47 38 52 57 37 13 38 19 26
5080 Ensis directus 4 1 3 5 2 5 4 2 2 4 8 1 6 4 1 1 2 2 1
5048 Yo1dia 1imatula 1 2 2 2 1 1 3
5047 Nucula

proxima 926 1993 991 437 445 2683 1572 1722 1689 2602 4713 1294 7581 5941 6907 11937 14233 2272 322 2681
5027 Nassarius

trivittatus 1 1
5082 Mulinia

1atera li s 1 1 7 2 1 1
5040 Turboni 11 a

interrupta 1

0"1
N
0



Table AVII-5 (cont.)

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

5014 Crepidu1a plana 32
5012 Crepidu1a

forni cata 1
5053 Myti1us edulis 5
7147 Pinnixa sp. 2 2 2
7115 Pagurus

longicarpus 2 2 1
7037 Ampelisca

verrilli 1
7009 pxyurostylis

smithi 1
7001 Squi1la empusa 1
7111 Crangon septem-

spinosa 1 2 1 3
7142 Mysid sp. 1
7028 Edotea tri10ba
7093 Trichophoxus '

epistomus
7053 Corophium

tuberculatum 2
7065 Gammarus

lIlucronatus
7002 Neornysis

americana 1
7121 Cancer--

irroratus 1
7138 Libinia

emarginata 1
8012 Membranipora tenuis x
8018 Electra monostachys x
8002 Alcyonidium I?-olyoum x
8029 Alcyonidium sp. x

(j)
N
--l



Table AVII- 6

Benthic i nvertebra tes in dredge samples
Station 5

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2007 Hydractinia echinata 2 3 3 3 1
4010 Heteromastus filiformis 1
4024 Pherusa affinis
4025 Glycera americana 1
4027 Glycera di branchi ata 1
4028 Glycinde solitaria ,-
4052 Nephtys incisa 3 1 3 3 2 3 1 1 3 3
4055 Nereis (Neanthes) succinea 1
4064 Haploscolop1os fragilis 3 1
4065 Haplosco1op,los robustus 1
4091 Lepidonotus squamatus 1
4092 Lepidonotus sublevis 1
4093 Sabellaria vulgaris 1 1
4107 Paraprionospio pinnata 1
4110 Po lydorali gni 2
4117 . Spi 0 setosa 1 3 1
4"137 Polycirrus eximius 1
5012 Crepidula fornicata 1
5014 Crepidula plana 1 5 0 5 3 4 3 5 3
5025 Busycon carica 1 1 1
5027 Nassarius trivittatus 1 2 1 1 1
5047 Nucula proxima 7 7 7 7 7 7 7 7 7 7 7 5 7 7 7 7 7 7 7 7
5048 Yol diali ma tu 1a 1 6 1 1 1 3 1 1 1 3 2 1 3
5053 Mytilus edulis 1 3 3 1 1 1 5 1
5070 Tellina agilis 3 5 5 5 5 5 5 5. 5 5 4 5 5 5 5 5 . 5 5
5079 Sil i qua costata 1
5080 Ens is d'i rectus 5 2 1 3 3 3 3 1 1 1 3 1 3 3 3
5082 Mulinia lateralis 4 4 1 1 1 3 1 3 3 2 1 3 3
6009 Balanus (Balanus) improvisus 3

en
N
N



Table AVII- 6 (cant. )

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

7002 ~eomysis americana. 4 6 3 5 3 5 3 7 6 3 5 5 3 3 1 3 1
7037 Ampelisca verrilli 1
7055 Unciolairrorata 1
7056 Uncio1a serrata
7080 Neohaustorius biarticulatus 3
7082 Microprotopus raneyi 4
7111 Crangon septemspinosa 5 5 5 5 5 5 7 5 7 7 5 3 5 1 1
7115 Pagurus10ngicarpus 1 3 1 1 1 1 1 1 1

7116 Pagurus po11icaris 1 4 1 1 1 1 1
7121 Cancer irroratus 1 1 1 1
7138 Libinia emarginata 1
8002 Alcyonidium po1youm 3 7 3 3 3 4 3

8014 Conopeum tenuissimum 1
8018 Electra hastingsae 3



Table AVII- 7

Benthic invertebrates in grab samples
Station 9

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

3006 Zygeupolia rubens 3 2
3008 Cerebratulus lacteus 2 3
3014 Nemertea sp. 18 2 3 12 4
3016 Flatworm A 1
4002 Asabellides oculatus 57 9 15 48 30 18 22 24 34 26 30 15 36 6 17 48 18 17 16
4006 Driloneris longa 1
4009 Capitella capitata 3
4010 Heteromastus fi1iformis 6 1 27 15 30 6 9 12 20 14 27 21 24 3 12 11 i5 8 2
4011 Mediomastus ambiseta 12 4 3 21 12 36 62 10 109 88 114 16 36 9 150 78 53 29 2
4016 Chaetolone setosa 1 3 1 3 3 2
4018 Tharyxsp. 2 3
4023 Marphysa sanguinea 6 6 9 9 12 10 7 2 2 3 9 12 15 1 6 6 3
4024 Pherusa affi ni s 1
4025 Glycera ameri cana 1 3 3 3 1 1
4026 Glycera capitata 1
4028 Glycinde solitaria 2 9 27 3 12 5 18 20 27 3 12 18 24 24 8 9 8
4044 Clymene11a spp. 3
4055 Nereis succinea 9 1 9 12 21 7 10 12 7 15 3 23 16 15 10 9 2
4065 Haploscoloplos robustus 2 1
4079 Eteone longa 6 1 1 4 6
4080 Eumida sanguinea 12 9 12 7 6 8 5 15 10 52 49 5 17 12
4088 Harmothoe extenuata 3 1 6 3
4084 Phy11odoce arenae 3 2 1 2 1 3 .3 1
4064 Haploscoloplos fragilis 3 1 3 1 3 1
4091 Lepidonotus sguamatus 6 6 3 6 3 6 9 9 9 9 2 12 9
4092 Lepidonotus sub1evis 15 5
4093 Sabellaria vulgaris 6 11 6 3 27 24 10 12 15 12 21 5 3 6
4076 Pectinaria ~ou1dii 15 1 3 3 1 1 12 3 2 6
4077 . Eteone heteropoda 3 2 3 3 1 3 4

O'l
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Table AVII- 7 (cont.)

Species

Conopeu~ truitti
Microciona prolifera
Conopeumtenuissimum
Bowerbankia gracilis
Triticella ~l2Pgata
Porifera sp. A
Electr~monostachys

Ha1ichondria bowerbanki

x
x x
x x

x

x x x x x x
x x x x x

x
x x

x
x



Table AVII- 8

Benthic invertebrates in dredge samples
Station 9

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1003 Microciona prolifera 6 5 6 1 1 3 3 3 3 4 5 6 7
1006 Cliona celata 4 5 5 5 7 7 5 3 5 5 5 5 5 7 7 7 '
1008 cf~lichondria bowerbanki 5 5
2002 Tubu1aria crocea
3006 lygeupo1ia rubens 1
3014 Nemertea sp. 1 1 1 1 1 1 1 1
3016 Flatworm A 1 1 1 1 1 ,3
4010 Heteromastus fi1iformis 1 1 1 1 5 1
40'11 Mediomastus ambiseta 5 3 5 5 1 3 6 0 5 5 0 4 5 5 5 5 5 5
4019 Tharyx sp. 1 3
4021 Schistomeringosrudolphi 1 1
4023 Marphysa sanguinea 5 6 5 1 5 3 0 5 0 1 0 4 3 3 0 3 0 0
4025 G1ycera americana 3
4028 G1ycinde solitaria 1 1
4055 Nereis succinea 5 7 7 5 7 5 5 7 7 5 5 7 6 ,5 7 7 7 7 7 7
4064 Haploscoloplos fragil is 1
4077 Eteon~ heteropoda 3 1 1 0 0 1 0 0 0 1 0 0 1 1
4080 Eumida sanguinea 5 7 7 5 7 7 7 7 7 5 7 7 7 7 7 7 7 7 7 7
4088 Harmothoe extenuata 7 5 5 5 ' 5 3 5 '5 5 3 5 5 5 3 5 3 5 5 5
4090 Lepidametria commensalis 1
4091 Lepidonotus squamatus 3 3 0 3 0 3 1 0 3 1 5 3 5 1 5 4 3 3 5 3
4092 Lepidonotus sub1evis 1 1 3 3 2 0 1 1 1 0 0
4093 Sabel1ariavulgaris 5 7 7 7 7 5 7 7 7 6 7 7 7 7 7, 7 7 7 7 5
4101 Hydroides dianthus 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
4105 Sthene1ais boa 2 1 1 1 0 1 0 1 0 1 1 0 1 1 0 1 0 1 1
4117 Spio setosa 1 1
4119 Streb1ospio benedicti 1 2 2 1 1 1 a- 1 3 0 3 5 1 3 5 4
4131 Syllis gracilis 1 1 1 1
4137 Polycirrus eximius 1 0 0 0 0 0 1 1

O'l
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Table AVII- 8 (cont. )

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

4002 Asabellides oculatus 3 0 0 3 1 1 0 3 0 3 2 0 2 3 3 1 1 3 3
4400 Oligochaeta A 1 5 0 0 1
4401 01 igochaeta B 3 4 0 2 3 1 1 0 0 5 7 0 5 7 5 1 5 7 7
5013 Crepidu1a convexa 1 0 1 0 0 0 0 0 1 1 0 0 0 0
5014 Crepidula plana 7 5 3 4 3 0 5 1 3 0 3 0 3 1 1 1 5 0 0 1
5020 Urosa1pinx cinerea 1
5022 Anachis avara 1 0 0 0 1 0 1 0 1 1 0
5023 Mitrella lunata 3 1 1 1 0 1 1 0 3 0 1 1 0 0
5026 Busycon canaliculatum 1 1
5027 Nassarius obso1etus
5037 Saye11 a fusca
5040 Turbonil1a interrupta 1
5047 Nucula proxima 3 0 1 0 0 1 1 0 3 0 1 1 1 0 3 1 0 1 0 3
5053 Mytilus edulis 7 5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
5050 Anadara ova li s 1
5069 Petricola pho1adiformis 1 1 0 1 0 0 0 6 0 0 1 2 1 0 0 0 1
5070 Tell ina agili s , 1 0 0 1 3 0 0 0 1 0 1 1 0 1 0 0
5082 Mulinia lateralis 1 1
5091 Lyons i a b.Y.? 1ina 1
5096 Odostomia dianthophi1ia 7 5 7 3 5 5 5 7 7 7 0 7 0 5 7 7 7 7 7 7
5097 Nudibranchia sp. 1
5098 Acteocina canaliculata
5099 Hydrobia totteni 1 1 0 0 1 0 0 1 0 0 1 0 0
7002 Neomysis americana 1 0 1 0 0 0 0 0 1 1 0 0 0
7035 Ampelisca abdita 1 0 1
7037 Ampe1isca verrilli 1 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 1 0
7042 Lembos smithi 3 5 5 5 1 1 3 5 3 5 5 5 5 5 5 5 5 7 3 5

. 7053 Corophium tuberculatum 1 0 0 1
7054 Erichthonius brasiliensis 3 5 1 5 5 5 5 5 3 5 5 0 5 3 5 5 3 5 5 0
7056 Unciola serrata 7 T 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
7058 Corophium simile 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
7068 Elasmopus laevis 3 3 3 5 5 5 5 5 3 5 5 1 0 5 1 5 5 3 5 0

O'l
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Table AVII-8 (cont. )

Species 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

7070 Me 1ita nit i da 3 0 0 0 1 0 1 0 0 0 1
7086 Lysianopsis alba 3
7092 Paraphoxus spinosus 6 5 7 7 5 5 1 5 5 5 5 5 0 5 5 5 5 5 3 0
7097 Parametope1la ~ypris 1
7105 Caprella eguilibra 1 1 1 1 0 0
7111 Crangon septemspinosa 0 0 1 1 0 0 1 0 1 1 0 0 0 1 1 0 1 0 1 0
7115 Pagurus longicarpus 1 0 a 0 a a a 1 1 0 1 0 a 0 1 a 0 1 0 1
7124 Neopanope texana sayi 1 0 0 0 0 0 0 0 1 0 1 0 0 3 0 0 0 0 0 0
7125 Panopeus herbsJjL 1
7131 Sesarma cinereum
7137 Libinia dubia 1
7146 Xanthid sp. 5 5 5 5 5 3 4 4 5 5 5 5 7 5 4 5 5 5 7 5
7150 Ampithoidae sp. 1
7177 Corophium bonel1i 0 0 1 0 0 1 0 0 0 a 0 0 0 a 0 0 0 0 0 0
7153 Ampelisca macrocephala. a 0 0 0 0 a 0 0 0 0 0 0 a 0 0 0 0 1 1 0
8002 Alcyonidium polyoum 5 0 5 3 1 1 1 a 3 0 3 0 3 3 0 1 a 5 7 1
8003 A1cyonidium verrilli a 0 a a 0 0 0 a 0 0 0 0 0 0 0 0 0 1 0 0
8004 Alcyonidium mammil1atum 0 0 0 0 0 0 0 1 0 0 0 0 2 1 0 0 0 0 0 0
8008 Bowerbankia gracilis a a a a a 0 a a 1 a a a 0 a a 0 0 a 0 a
8009 Triticel1a elongata a 0 0 '0 0 3 0 0 0 0 0 a a a a 1 a 0 a a
8012 Membranipora tenuis 0 0 1 a a a 0 a 1 a a a 0 a a 1 a 0 0 a
8014 Conopeum tenuissimum 0 5 5 1 5 5 1 0 3 3 3 5 3 3 3 3 3 a a 1
8018 Electra hastingsae 0 0 0 0 1 0 a a 0 0 0 1 0 0 0 0 0 a 0 0
8022 Cryptosula pal1asiana 0 5 0 0 0 a a a a 0 a a 0 a 0 a 0 0 a 0
8025 Microporella ciliata 0 0 0 0 0 0 0 0 '0 1 0 0 0 0 0 0 0 0 0 0
8023 Schizoporel1a errata 0 0 0 1 0 3 0 a a 5 0 0 0 0 0 0 0 0 0 a
9008 Starfish (juv.) 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 a
4110 Polydora ligni 3 1 5 3 5 5 3 . 3 1 5 5 2 5 4 5 3 5 5 3 4
4084. Phyllodoce arenae 0 0 0 0 1 0 0 0 0 0 0 a 0 0 0 a a 0 1 0
7082 Microprotopus raneyi 0 0 0 0 0 0 0 0 0 0 0 O· . 0 0 1 0 0 a 0 0
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Table AVII-9

50% mm </l50 Mz °1 SKI KG % Gravel % Sand % Si It % Clay % Volatiles

3- 1 0.2896 1.7 9</l 1.23¢ 2.38</l -.236 1.23 18.3 71.5 8.5 1.8 3.81
3- 2 1.8269 -0.87¢ -0.39</l 3.21¢ +.334 0.74 49.0 41.2 6.5 3.3 0.66
3- 3 0.2772 1.85¢ 1.73<1> 1. 19<1> - ~ 108 1. 31 0.9 94.3 2.0 2.8 1. 14
3- 4 0.3507 1.5l<j> 0.91¢ 2.28</l -.286 1.09 20.5 73.3 4.8 1.4 1.06
3- 5 0.2256 2. 15¢ 1 .40<p 2.07<1> - .164 1.20 16.6 73.7 8.4 1.3 0.92
3- 6 0.1968 2.35<1> 1.84<p 3.2l<j> -.135 1.82 16.9 65.0 12.9 5.2 1.24
3- 7 0.2615 1.90</l 1.35ep 3.26ep -.208 0.86 24.1 56.2 17. 1 2.6 2.23
3- 8 0.1775 2.49ep 2.80<1> 2.75¢ +.140 1.28 8.1 64.8 22.5 4.6 1. 21
3- 9 0.2548 1.97 <I> 1.13¢ 3. -1 Oep -.218 1. 17 21.3 62.8 12.7 3.2 1. 15
3-10 0.3393 1.56<1> 0.92¢ 2.95<1> ... 118 1.24 24.2 65.4 6.3 4.1 1.32

(j)
3-11 0.4536 1. 14<1> 0.79<1> 2.02<1> -.235 L09 18.1 77 .1 2.7 2.1 0.75

w 3-12 0.3203 1 .64ep 1. 12<1> 2.04ep -.398 1.26 16.1 79.3 2.4 2.2 0.95
--'

3-13 0.2131 2.23ep 2.20<1> 3.06ep +.095 2.02 11.7 69.7 9.6 9.0 1.28
3-14 0.2067 2.27<1> 1 .93<1> 2.76ep - .165 1.29 14.7 60.9 21.0 3.4 1.05
3-15 0.3329 1.59ep 0.73¢ 2.49¢ -.358 0.73 29.0 65.0 3.3 2.7 1.17
3-16 0.3102 1.69ep 1. 15ep 2. 10ep -.320 1.22 17.0 77 .3 2.6 3. 1 0.31
3-17 0.3520 1.51¢ 1.48¢ 1.94<1> -.033 0.99 9.5 78.2 9.5 2.8 2.16
3-18 0.2860 1.8Tep 1.62ep 2.13ep -.126 1. 29 10.0 76.9 11.6 1.5 1.40
3-19 0.2426 2.04ep 1.30ep 3.55ep - .198 0.66 29.8 49.7 16.3 4.2 2.78
3-20 0.2961 1.76ep 0.82¢ 2.93<1> -.234 1. 19 23.4 66.4 6.9 3.3 0.97



Table AVII-10

50% mm 4>50 Mz or SKI KG %Gravel % Sand %Silt %Clay %Volatiles

4- 1 .0922 3.444> 3.444> 0.384> +.078 1. 38 90. 1 8.0 1.9 0.87
4- 2 .0914 3.454> 3.454> 0.394> +.101 1. 41 88.5 9.8 1.7 0.74
4- 3 .0942 3.414> 3.424> 0.394> +.130 1.40 90.5 8.0 1.5 1.67
4- 4 .0915 3.454> 3.49¢ 0.414> +.180 1.48 86.9 11.6 1.5 0.91
4- 5 .0916 3.454> 3.534> 0.444> +.300 1.45 84.6 13.4 2.0 0.53
4- 6 .0889 3.494> 3.514> 1. 924> +.489 10.35 86.3 7.2 6.5 0.93
4- 7 .0903 3.474> 3.544> 0.884> +.493 3.83 83.8 11. 9 4.3 1. 64
4- 8 .0893 3.494> 3.534> 0.714> +.342 2.99 84.7 12.3 3.0 1.09
4- 9 .0894 3.484> 3.47¢ 0.44¢ +.004 1.53 87.6 10.3 2.1 0.80
4-10 .0920 3.444> 3.504> 0.554> +.342 1.89 85.4 12.0 2.6 0.94

en 4-11 .0908 3.464> 3.454> 0.384> +.072 1.29 89.4 9.1 1.5 1.47
w 4-12 .0897 3.484> 3.504> 0.504> +.269 1. 93 87.3 9.7 3.0 1. 30N

4-13 .0926 3.434> 3.444> 0.37¢ +. 132 1.33 89.6 8.9 1.5 0.74
4-14 .0918 3.454> 3.444> 0.384> +.025 1.40 90.7 7.8 1.5 0.84
4-15 .0909 3.464> 3.534> 0.814> +.450 3.44 84.3 12.2 3.5 1. 71
4-16 .0888 3.494> 3.51¢ 0.46¢ +.160 1.68 87. 1 9.7 3.2 0.72
4-17 .0897 3.484> 3.504> 0.824> +.391 3.95 87.8 8.2 4.0 0.42
4-18 .0941 3.414> 3.424> 0.49¢ +.271 2.03 90.4 6.4 3.2 0.90
4-19 .0884 3.50¢ 3.64¢ 0.97¢ +.545 3.56 80.1 15.6 4.3 1.65
4-20 .0927 3.43¢ 3.44¢ 0.38¢ +. 150 1.46 89.7 8.4 1.9 0.99



Table AVII-ll

50% mm ¢5G Mz err SKr KG %Gravel %Sand % Silt ~b Cl ay %Volatiles

9- 1 .0607 4.04¢ 4.49¢ 1.86¢ +.557 2.03 13 .1 76.5 10.4 2.85
9-'2 .0936 3.42¢ 3.55¢ 1.32¢ +.502 3.63 78.6 15.1 6.3 1.88
9- 3 N 0 S A M P L E
9- 4 .0782 3.68¢ 3.94¢ 1. 41 ~ +.564 2.44 62.7 30. 1 7.2 1.89
9- 5 .0695 3.85¢ 4,17¢ 1.59¢ +.588 2.46 54.2 36.8 8.9 1. 94
9- 6 .0595 4.07¢ 5.03¢ 2.46¢ +.683 1. 90 47.5 37.5 15.0 2.85
9- 7 .0769 3.70¢ 5.03¢ 2.47¢ +.784 2.17 6i.4 21.9 16.7 2.70
9- 8 .0537 4.22¢ 5.35¢ 2.47¢ +.705 1.51 41.1 41.4 17.5 2.64
9- 9 .0562 4.15¢ 5.02¢ 2.39¢ +.643 1. 86 44.7 40.7 14.6 2.90

(J) 9-10 .0695 3.85¢ 4.55¢ 2.03¢ +.715 2.20 54.5 33.6 11.9 1. 71
w 9-11 .0745 3.75¢ 4.18¢ 1.56¢ +.692 2.56 58.8 32.3 8.9 2.27w

9-12 .0746 3.74¢ 4.42¢ 1 .59¢ +.852 2.22 56. 1 33.3 10.6 2.74
9-13 .0680 3.88tjl 4.50¢ 1.81 ¢ +.689 2.07 53.4 35.5 11. 1 3.40
9-14 .0763 3.71¢ 4.13¢ 1.43¢ +.710 2.74 61.2 30.9 7.9 3.20
9-15 .0508 4.3G¢ 5.30¢ 2.40¢ +,663 1.39 40.3 42.7 17.0 3.77
9-16 .0757 3.72¢ 4.05¢ 1.46¢ +.658 2.74 59.9 31. 9 8.2 1. 65
9-17 .0708 3.82¢ 4.16¢ 1.58¢ +.568 2.69 55.0 37.0 8.0 2.89
9-18 .0595 4.07¢ 4.52¢ 1.52¢ +.580 1. 75 46.9 45.0 8.1 2.47
9-19 .0753 3.73¢ 4.00¢ 1."! 4¢ +.590 2.08 58.1 37.8 4.1 2.10
9-20 .0731 3.77¢ 4.23¢ 1.64¢ +.694 2.81 56.8 32.4 10.8 2.09



Table AVII-12

50% mm ¢50 r~z or SKI KG %Grave'/ %Sand %Silt %Clay % Volatiles

5- "l .0861 3.54¢ 3.83¢ 'j .60¢ +.630 3.27 73.0 18.1 8.9 2.11•
5-· 2 .0896 3.48¢ 3.60¢ 1.33¢ +.520 3.68 77.7 16. 1 6.2 2.06
5- 3 .0842 3.57¢ 3.91¢ 1.47¢ +.614 2.. 53 69,6 23.0 7.4 1. 67
5- 4 .0795 3.65¢ 3.84¢ 1.32ep +.574 2.86 64.8 27.7 7.5 1. 68
5- 5 .0835 3.58ep 3,,77¢ 0.78ep +.380 1. 21 71.4 25.7 2.9 1. 95
5-, 6 .0811 3. 62 e/> 4.56<b 2.22<f; +.774 2.38 63.1 24.1 12.8 2.23
5- -7 .0842 3.57<f; 3.91¢ 1 .52e/> +.628 2.65 68.2 23.9 7.9 1. 53I

5- 8 .0930 3.43<f; 3.53¢ 0.97¢ +.490 3.49 81.6 13.9 4.5 0.96
5- 9 .0865 3. 53 e/> 3.67¢ O.97¢ +.461 1. 93 73.7 22.4 3.9 2.30
5-10 ,0907 3.46e/> 3.58¢ 1.43¢ +.547 4.57 79.9 12.9 7.2 1. 20
5.. 11 "0831 3.59¢ 4.30¢ 1.77¢ +.729 1.65 65.5 26.4 8.1 1.66
5-12 .0915 3.45¢ 3.59¢ 1.21 ¢ +.552 3.52 78.0 16.1 5.9 1. 10
5-13 .0849 3.56¢ 4.12¢ 1.87¢ +.705 2.84 69.2 19.8 11.0 2.04
5-14 .1008 3.31¢ 3.32¢ O.48¢ +.168 1.40 90.6 6.9 2.5 1. 78
5-15 .0959 3.38¢ 3.45¢ 1.12¢ +.463 3.59 83.3 11.3 5.4 1.43
5-16 .0912 3.45¢ 3.58¢ 1.01 ¢ +.476 2.67 79.2 16.7 4.1 1.48
5-17 .0863 3.53¢ 3.77¢ 0.95¢ +.486 1.63 73.7 22.7 3.6 2.05
5-18 .0751 3.73¢ 4'13¢ 1 .30e/> +.608 1.23 56.7 38.4 4.9 2.12
5-19 .0833 3.59¢ 3.78¢ 1.15¢ +.565 2.74 72.7 22. 1 5.2 1. 70
5-20 .0994 3.33¢ 3.40¢ 0.74¢ +.409 2.15 84.8 13. 1 2.1 1.60
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