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FOREWORD

The United States Congress created the National Estuary Program
in 1984, citing its concern for the "health and ecological
integrity" of the nation's estuaries and estuarine resources.
Narragansett Bay was selected for inclusion in the National
Estuary Program in 1984 and designated an "estuary of naticnal
significance" in 1%88. The Narragansett Bay Project (NBP) was
established in 1985. Under the joint sponsorship of the U.S.
Environmental Frotection Agency and the Rhode Island Department
of Envirommental Management, the NBP's mandate is to direct a
five-year program of research and planning focussed on managing
Narragansett Bay and its resources for future generations. The
NBP will develop a comprehensive management plan by December,
1990, which will recommend actions to improve and protect the Bay
and its natural resources.

The NBEP has established the following seven priority issues for
Narragansett Bay:

* management of fisheries
nutrients and potential for eutrophication
impacts of toxic contaminants
health and abundance of living resources
health risk *o consumers of contaminated seafood
land-based impacts on water quality
recreational uses
The NBP 1is taking an ecosystem/watershed approach to address
these problems and has funded research that will help to improve
our understanding of various aspects of these priority problems.
The Project is alsc working to expand and coordinate existing
programs among state agencies, governmental institutions, and
academic researchers in order to apply research £indings tc the
practical needs of managing the Bay and improving the
environmental quality of its watershed.

* % % % % %

This report represents the technical results of an investigation
performed for the MNarragansett Bay Project. The information in
this document has been funded whelly or in part by the United
States Environmental Protection Agency under assistance agreement
#CX812680 to the Rhode 1Island Department of Environmental
Management. It has been subject to the Agency's and the
Narragansett Bay Project's peer and administrative review and has
been accepted for publication as a technical report by the
Management Committee of the Narragansett Bay Project. The
results and conclusions contained herein are those o¢f the
author(s), and do not necessarily represent the views or
recommendations of the NBP. Final recommendations for management
actions will be based upon the results of this and other

investigations.
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] SUMMARY

The purpose of this study is to review zooplankton studies in Narragansett
Bay to provide a description of the zooplankton community in Narragansett Bay
and to describe any spatial and temporal trends. For the purpose of analysis
studies are divided into those which look at numerical abundance of organisms
and the species composition of the community, and those measuring the
biomass of zooplankton.

1) There have been a number of studies of the seasonal changes in the
composition and abundance ¢f the zooplankton community in Narragansett
Bay. These were carried out between 1850 and 1987. Most were in the mid to
lower West Passage. Only two include stations in the upper bay. Every study
has used a different method for sampling the zooplankton. in most cases the
mesh sizes used to collect the zooplankton resulted in only the larger members
of the zooplankton community being quantitatively sampled and it is only these
groups which can be used in comparing data from different studies. Smaller but
very abundant members such as copepod nauplii, bivalve larvae, polychaetes
and rotifers which were not quantitatively sampled cannot be used in such
intercomparisons.

2) The zooplankion were dominated by copepods. Other important taxa
include cladocera, rotifers, and larvae of benthic organisms including bivalve
larvae and polychaete iarvae. Two copepods, Acartia hudsonicg and A. tonsa,
dominated the zooplankton. During 1976 these two species contributed 74% of
the annual mean total zooplankion numbers at a station in the lower bay (off
Wickford) and 54% at a station in the upper bay (south of Conimicutt light). At
each station they contributed about 50% of the mean annual total zooplankton
biomass.

3) The major taxa of zooplankton show large seasonal variations’in
abundance. With the two dominant copepods, A, hudsonica and A. fonsa, the
time during which theyAwere present was quite consistant from year to year; the
former during the winter and spring and the latter during the summer and fail.

4) A comparison of data from different studies did not show that any major
changse in the composition of the zooplankton community, or abundance of
different taxa within the community, have taken place between 1550 and 1986.
However, there was considerable interannual variability.

5) The mean annual abundance of A hudsonicg and A. tonsa dyring 1976
did not differ significantly between the upper and lower bay stations. However,




data from other studies demonstrated that the abundance of these species
declined along a transect between the lower bay and Block island Sound.

6) Significant differences in abundance of several of the subdominant
copepod species were observed between the upper and lower bay. These
reflected increased abundance of estuarine species in the upper bay and of
coastal and shelf species in the lower bay. Planktonic larvae of benthic
organisms were also more abundant in the upper bay.

7) There have been several studies which provide a more complete
spatial coverage of zooplankton biomass in Narragansett Bay than is available
for species abundance. These showed that mean annual zooplankton biomass
was not significantly different betwesn the upper and lower bay but declined
along a transect between the lower bay and Block Island Sound. Differences in
methods of collection prevent any analysis of temporal trends in biomass.

8) Temperature strongly affects the potential secondary production rates of
zooplankton and as a result the potential production rates of A. jonsa, which is
present during the summer and fall when temperatures are high, are much
greater than those of A. hudsonica, However field/laboratory experimental
studies indicate that production rates of A. {onsg in the lower bay (off Wickford)
are significantly food limited while those of A. hudsonica are not. Production
rates of A. tonsg are limited by the amount of appropriately sized available food
since the nanoplankters which are frequently dominant in the summer in
Narragansett Bay are too small to be suitable food. As a result of these food
limitation effects the production rates of A. hudsonicg in the lower bay during the
winter-spring period are similar to those of A. tonsg during the summer despite
the iarge differences in temperature. Measurements of zooplankton production
in the upper bay have not been made.

9) The population size of A. {onsa in Narragansett Bay is controlied by a
series of factors which vary temporally in importance. These include food
limitation, predation by gelatinous zooplankton and plantivorous fish, and
cannibalism. With A. hudsonicg these factors do not appear to be important.
Rather, conditions at the time of the initial population recruitment in the late fall
and temperature during the winter appear to control the observed population
sizes.

10) A variety of different sampling methods have been used in studies of
zooplankton in Narragansett Bay making intercomparisons of data sets difficult.
These reflect changes in sampling technology and differences in the purposes




for which the samples were collected. Because of this it is strongly
recommended that before any further sampling be done in the bay,
investigators working with zooplankton meet and agree to standard procedures
which would be used except in situations where the specialized nature of a
study requires different gear.

11) A number of questions need to be addressed in order to more fully
understand the role of zooplankton in Narragansett Bay and factors controlling
their abundance. Some of these include:

a) To what extent are zooplankton controlling the size-structure
and community composition of the phytopiankton in the Bay, and to what extent
are abiotic factors (light, temperature, nutrients, etc ) respensible for the
phytoplankton community observed? Initial evidence suggests that
zoopiankton are not important during the winter-spring period, but that they play
a major role in the summer and early fall. Mors jn sity experiments are needed
to answer this question.

b) What are the factors controiling the population dynamics of the
zooplankton in the Bay? Initial studies of Acartia hudsonica and A. tonsag in
Mer! mesocosms indicats that temporal changes in recruitment to the
populations, rather than changes in growth rate or stage-specific mortality,
cause the major population changes observed. Fieid studies are needed to
investigate this further.

¢) What are the production rates of the dominant zooplankters in
the upper and lower bays? Is there any food limiation of zooplankton
production in the upper bay during the summer? -

d) What are the causes of longer time period (interannual)
variations in the zooplankton? What is the role of changes in mean winter
temperatures on these variations?

e) What is the role of microzooplankton in the Bay? How
important are they as grazers on pico- and nanoplankton, and what is their role
as food for mesozooplankton?
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INTRODUCTION

Zooplankton are divided into three groups (a) microzooplankton, animals
smaliler than about 60-80 um in length; (2) mesozooplankton, animais between
about 80 um and 2-3 mm long; and (3) the macrozooplankton or microneckton,
pianktonic animals greater than 3 mm such as gelatinous zooplankton and
mysids. In terms of biomass, the zooplankton in Narragansett Bay is normally
dominated by the mesozooplankton. 1t is this group which has received the
most attention in previous zooplankton studies in the bay and will be the major
part of this review. This group of animals includes holoplankton (permanent
members of the plankton) such as copepods, cladocera, rotifers and
chaetognaths, and meroplankton (temporary plankton) which are planktonic
larvae of benthic organisms such as bivalives, polychaetes, crabs, etc. The
mesoplankton includes herbivorous, omnivorous , and carnivorous species.

Macrozooplankton are predators of mesozooplankton and at times one
member of this group, the ctencphore Mnemiopsis leidvi, appear to have a
major affect in controlling mesozooplankton populations. Microzooplankton
include loricate (tintinnids) and aloricate ciliates. These may be important as
grazers of nanoplankton flageliates but have not received much attention in

Narragansett Bay.




MESOZOOPLANKTON

Studies of mesozooplankton may be divided into;

(a) studies of seasonal changes in abundance of the whole zooplankton
community (Frolander, 1955; Faber, 1953; Martin, 1965: Marine Research,
1971, 1972 3, b, ¢; 1873 a, b, ¢, d; 1974; Hulsizer, 1976; Durbin and
Durbin, 1981; MERL, 1987; Smayda, 1987) and individual species within
the community (Sweatt, 1980; Lawrence, 1982);

(b) studies of seasonal changes in biomass (Hulsizer, 1976; Kremer and
Nixon, 1978; MERL, 1980; Durbin and Durbin, 1981; Smayda, 1987);

(c) studies of secondary production (Durbin and Durbin, 1981; Durbin et al.,
1983).

The whole zooplankton community studies are perhaps the most useful for
this review. Table 1 shows the station locations of thse studies, the time periods
over which they were carried out, and a brief description of the methods.
Station locations are also shown in Fig. 1a, b. As can be seen in these figures,
with the exception of the studies by Durbin and Durbin (1981) and Smayda
(1987}, all of the studies took place in the mid to lower West Passage.

Comparison of Methods

A problem in comparing these studies is that the methods are different in
every case (Table 1). The mesh size used to collect the organisms is the most
critical aspect. In order to quantitatively collect smaller members of the
community such as the younger developmental stages of the copepods, rotifers,

bivalve larvae and polychaetes, which are not only numerically dominant at




times but are also a significant part of the total biomass, a mesh size of about
60-80 pum is required. Because of clogging problems a plankton net with this
mesh size cannot be used for quantitative sampling. The only alternative is to
use a piankton pump where the vigorous action of the water flowing through a
net on deck reduces clogging. A disadvantage of a pump is that a smaller
volume is generally sampled so that the rarer members of the community are
not quantitatively sampled.

The different mesh sizes used can be seen from Table 1. K can be seen
that most studies were carried out with mesh sizes somewhat largsr than those
required to sample all members of the zooplankton community. The 153 pm
mesh net used by Hulsizer (Hulsizer, 13976), for example, does not‘ quantitatively
sample copepod nauplii, bivalve iarvae or rotifers. The 240 pm mesh net used
by Frolander (Frolander, 1955) in his otherwise very careful study not only does
not quantitatively sample these groups, but aiso does not quantitatively sample
many of the smaller copepodite stages as well. Since he did not distinguish
between younger and older copepodite stages, only his counts of adutt
copepods can be considered quantitative and in the present analysis only his
counts of adult copepods have been included. Thus we can only compare this
data with values for adults only in other studies. Martin (Martin, 1965), in his
study, used a 120 um Clarke-Bumpus net. While this samples most of the
smaller forms, he cited problems caused by clogging where the meter did not
register accurately resulting in erroneously high values for the calculatad
numbers per cubic meter.

In addition to some of these sampling differences described above, thers
are differences in the way in which the data were recorded and presented. For
example, Martin, (Martin, 1965) citing the large variations due to mechanical

and natural causes, caiculated an average monthly concentration of




zooplankton coliected over the three-year period. This gave twelve monthly
average concentrations. in calculating these averages he deleted the highest
and lowest numbers for each species or taxonomic group that occurred in each
month. In addition, only data for adult copepods were presented. In her study,
Hulsizer (Hulsizer, 1976) lumped the older developmental stages of Acaria
hudsonicg and A. tonsg, the two dominant zooplankton species into two groups.
These were C1-C3 and C4-C6, C6 being the adult stage. Thus the aduits of
these species were not differentiated from the younger stages, as they were in
all of the other studies. in addition, at some times of the year sha did not
distinguish between A. hudsonica and A. fonsa. For the present analysis total
counts of Acaria were apportioned between these two species. The formula by
which this was done is given at the bottom of Appendix Table 4.

Because of these differences in methods and leve! of reporting of the data,
intercomparison of data from difierent studies is difficut, and can only be done
at a rather superficial level since only the larger members of the zooplankton
were quantitatively captured in ail studies. It is strongly recommended that
some standardized zooplankton sampling methods be developed and adopted
by the different groups working in Narragansett Bay. In addition, at intervals

there should be intercalibration of methods between groups.

Synopsis of Study by Durbin and Durbin

The following discussion of seasonal changes in abundance of
zooplankton in Narragansett Bay and up Bay-down Bay differences is based on
the study by Durbin and Durbin (1981). This is the only study which
quantitatively sampled the smalier but very abundant members.of the

zooplankton community such as copepod nauplii, bivalve larvae, rotifers, and
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polychaete larvae in the upper and lower bay. In this study, seven stations were
sampled (Fig. 1b). Data coliected at each station included temperature, water
transparency, phytoplankton abundance in different size fractions as measured
by chlorophyll 3 and zooplankton dry weight. in a 64-153 um size fraction and a
> 153 um size fraction. Zooplankton were counted only at an up-Bay (station 5,
just south of Conimicut Pt.) and down-Bay (station 1, south of Quonset Pt.).
Phytoplankton and zooplankton production rates were estimated at these two
stations. While this is the most complete study to date, unfortunately it did not
cover a full annual cycle (3/1/76 - 11/5/76). This is because it was part of a
larger study of menhaden (Brevoortia fyrannus) - plankton interactions in

Narragansett Bay and menhaden are only present from late spring until fall.

Mean Annual Abundance of Zooplankton

Table 2 shows the mean abundance of zocplankton in lower (station 1)
and upper (station 5) Narragansett Bay during the period 3/1/76 to 10/22/76. ?'i
The zooplankton in the bay during the 1976 study period were dominated by
two copepod species, Acartia hudsonica and Acadia tonsa. The nauplii,
copepodites and adults of A. hudsonica together constituted 47.6% of the mean
zooplankton numbers in the lower bay (station 1) and 27% in the upper bay
(station 5), while those of A. tonsa constituted 27% of the total at both stations.
Thus 74% of the mean total zooplankton numbers in the lower bay and 54% in
the upper bay were contributed by these two copepod species. The other
numerically important members of the zooplankton were bivalve and
polychaete larvae, rotifers and the cladoceron, Podon polvyphemgides. With the
exception of Qithong sp. at station 5, other copepod species never constituted

more than 1% of the mean zoopiankton numbers. The more important of these



other species were Hemicyclops sp., Parvocalanus grassirostris and
Pseydocalanys sp.

Seasonality

Most members of the zooplankton show large seasonal changes in
atundance (Figs. 2a-g, Appendix Table 1a, b). This is due to the large annual
temperature range (0-22°C) and the fact that individual members of the
zooplankton and the benthos have restricted temperature ranges over which
they reproduce and grow.

Acartia hudsonicg is present from late fall to early summer (Fig. 2a) while
A. lonsg is present from early summer to late fall (Fig. 2b). These spscies
survive unfavorable periods through the production of resting eggs which
remain in the sediments. Peak numbers of A. hudsonica occurred on 4/9/76,
Julian Day 100 (223928/m3 at station 1 and 185540/m3 at station 5) . There
was a slow decline in numbers at both stations following this until they
disappeared in early July. Nauplii disappeared first from the population (Fig.
3a) indicating a lack of recruitment to the population.

Numbers of adult A. hudsonica were much lower at station 1 than at station
5 in the later spring (Fig. 2a). This resulted in significantly lower zooplankton
biomass levels and lower Acartig production rates (Durbin and Durbin, 1981).
A possible reason for this is the iower phytoplankton concentration present at
station 1 at this time.

A. lonsg appeared in the plankton in iate June (Fig. 2b) and increased in
numbers at both stations very rapidly, reaching a peak during July. This was




followed by a decline in August (due to ctenophores and menhaden, see later)
and a second peak in September.

The younger naupliar stages (N1-N6) of both these species were
numerically dominant (Table 2, Fig. 3a, b). The immature copepodite stages
(C1-C5) were intermediate while the adults were lowest. On most sampling
dates there was an approximate exponential decline in numbers with
increasing stage up to C5. (See Fig. 12 from Durbin and Durbin, 1981). Adults
were more abundant than the last immature copepodite stage. This is because
they survive as adults .or a longer time than they remain in the C5 stage.

it is interesting to note that each time A. tonsa adults reached a peak of
abundance, nauplii appeared to decline in abundance at the same time (Fig.
3b). In Fig. 4 we have compared abundance of adult A. fonsa with total naupliar
abundance within each sample. There appears to be an inverse relationship
between the two with high concentrations of adults being accompanied by low
concentrations of nauplii; high concentrations of nauplii and adults did not co-
occur. This suggests some density-dependent interaction between the two
such as direct predation or competition for the same food resource. In contrast,
with A. hudsonica, there was a positive relation between adult abundance and
naupliar abundance (Fig. 4).

Bivalve larvae show two peaks in abundance, one in the late spring and
early summer and the other during late summer and early fall. Maximum
concentrations attained in the spring (4/23/76, Julian Day 114) were 77326/m3
at station 5 and 33088/m3 at station 1. In the late summer (8/30/76 Julian Day,
243) maximum concentrations were 258,000/m3 at station 5 and 60,500/m3 at
station 1. Polychaete larvae wsre present throughout the study but with peaks
in late spring and early summer at station 5 (188,400/m3 on 5/19/76, Juiian Day
140, and 74,196/m3 on 6/28/76, Julian Day 180), and early summer at station 1.




There was no peak abundance in polychastes at station 1 on 5/19/76 as there
was at station 5. Peaks in abundance of both bivaive and polychaete larvae
tended to be quite short. For example, bivalve larvae at station 5 went from
10,000/m3 on 8/23/76 to 258,000/m3 on 8/30/76, and they back down to
9,900/m3 on 9/13/76. This means that any study of larval populations of these
groups, such as might be done in order to assess adult stock sizes, shouid have
closely spaced sampling intervals.

Rotifers were present only during the spring, reaching peak numbers of
186,286/m3 at station 5 on 3/1 2/76 (Julian Day 72) and 85,801/m3 at station 1
on 3/22/76 {Julian Day 82). Cladocera (Evadne nordmanni and Podon
polyphemoides) reached peak abundances during May and June (Fig. 2g).

While the timing of the major seasonal changes in abundance of the
different taxa were similar at the upper and lower bay stations (Figs. 2a to 29),
there were slight differences in the actual time a taxa first appeared, reached
population peaks or disappeared. The cladoceron Evadne provides a good
exampie of this where each of the three population peaks was reached a little
earlier in the upper bay. The rotifers provide another clear example of this. A.
tonsa showed a similar trend with the first cohort which appeared and grew up a
little sooner in the upper bay. However, with the second peak in September,
while the nauplii and copepodites increased a little sooner in the lower bay, the

peak in adults was reached at the same time at the two stations.

Up Bay-Down Bay Differences

Inspection of Table 2 indicates no dramatic differences in the community
composition between the upper (station 5) and lower (station 1) bay. All of the

taxonomic groups listed in Table 2 were present at each station. Howaver,




there were differences in mean abundance between the two stations as will be
discussed below. (It should be noted here, however, that some of the
taxonomic groups, particularly the temporary plankton, represent a number of
species lumped together. This is unfortunate since there are likely to be up-bay
down-bay differences in abundance of individual species within these groups.)

in terms of overall mean abundance, the upper bay station was about 40%
higher than the lower bay (mean = 162,436/m3 at station 5 and mean =
114,760/m3 at station 1). These overall differences in abundance are primarily
due to differences in Jtifers, polychaete larvae, and bivalve larvae, all of which
were several-foild more abundant at station 5. The overall mean numbers of the
two dominant copepods, Acartia hudsonica and A. fonsa were quite similar at
the two stations; A. hudsonicg was slightly more abundant in the iower bay and
A. tonsg in the upper bay. None of these differences was significant, however
(Table 3).

There were significant differences between the abundance levels of some
of the other species or taxonomic groups at the upper and lower bay stations
(Table 3). Eurytemora sp., Hemicvclops sp., polychaete larvae, and rotifers
were all significantly more abundant in the upper bay than in the lower bay
whiie Parvocalanus grassirostris. Temorg longicornis, and Tortanus sp., and the

unidentified harpacticoids were ali significantly more abundant in the lower bay.
Summary of Other Studies
There are a number of other studies of seasonal changes in zooplankton

abundance and community composition (Table 1). Data for these are

summarized in Appendix Tables 2a, b; 3a, b; 4a, b; 5a, b, ¢. These studies
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include stations which are within Narraganestt Bay (Martin station 1; Hulsizer,
station 2, 1972, 1973; Mar. Res. station A, B: Smayda, 1987); stations which are
in the transition zone between Narragansett Bay and adjacent coastal waters
(Frolander station B, off GSO dock; Faber off GSO dock; MERL at GSO dock:
Martin station 3, adjacent to Beavertail); and one station outside of the bay
(Frolander staticn A, south of Point Judith) (Fig. 1). The only station within the
bay which was sampled in more than one year is that off Wickford (Durbin
station 1; Huisizer, 1972, 1973; Smayda, 1 887). The MERL study, which
includes data from 1976-1986, is in the transition zone between the lower bay
and Block Isiand Sound.

In addition to these studies listed above, there is an early, non-quantitative
taxonomic description of copepods collected from the Narragansett Bay area
(Williams, 1906). This study does not describe methods used or give any
numerical data nor is it a complete listing of species. However, it is interesting

to note the same species present are the same as those seen today.
Temporal Trends

Based on the data available in thess studies there do not appear to have
been any significant temporal trends in the overall composition of the
permanent members of the zooplankton community (Table 4, Fig. 5). The
following group of holoplankters were dominants or subdominants in all of the
studies. These include the copepods Acartia hudsonica, A. tonsa,
Pseudocalanys minutus, Qithona spp. and Centropages spp, and the cladocera
Evadne nordmanni and Podon spp (Table 4). In most cases individual species

of meroplankton were not identified and enumerated, and as a result no such

similar statement can be made about this component of the zooplankton. This
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is unfortunate since the abundance and distribution of benthic animals may
have changed through time in responss to changes in poliution leve! and their
pianktonic larvae would have reflected any such changes.

There does, however, appear to be considerable year to year variability in
some of the zooplankton taxa. For example, mean numbers of A. tonsa
copepodites and adults in Hulsizer's study were 335/m3 in 1972 and 6235 in
1973. Other species present in the summer and fall (Centropages sp., Qithona
sp. Parvocalanys crassirostris and JToranus discaudatus) were also much lower
in 1972,

The differences seen in the relative abundance of some of the dominants
between Martin's and the other siudies similarly reflects short term interannual
variability. In Martin's study Hemicyclops sp. and Parvocalanys sp. were
absent, while Qithong rather than one the of the Acartia Spp. ws the numerical
dominant (Table 4). However, the fact that studies both before (Frolander,
1855), and after (Huisizer, 1976; Durbin and Durbin, 1981; Smayda, 1987: Mar.
Res. 1971, 19723, b, ¢, d, 19733, b, ¢, 1974), Martin's were similar to each other
suggests that his results were not part of a longer term trend.

Some estimate of interannual variations in Zooplankton abundancs can be
obtained from a study by MERL. In this, samples were collected approximately
every two weeks with a 30 cm diameter 64 um mesh net at the GSO dock from
integrated and arithmetic mean abundances for the more abundant copepod
species are shown in Table 6.. At times annual means calculated by these two
methods differed significantly. This is because of the large short term variability
in the data and the sometimes unequal sampling interval. The large difference
in the 1980 means for A. fonsa is due to the fact that a peak in abundance was

followsd by a long period in which no samples were coilected resulting in an
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integrated mean esfimate which was probably too high. Because of these
problems the arithmetic mean is more useful.

Data for Acaria hudsonica and A. tonsa were plotted in Fig. 7. Mean
abundances of A. hudsonica did not vary greatly over the 7 year period from
1976-1983 (arithmetic mean range = 564-1094/m3). However, mean numbers
in 1985-86 were considerably lower (mean = 141/m3). In contrast, mean
numbers of A. tonsa were high during the initial two years and were somewhat
lower and variable during the remaining period of the study (Fig. 7b). As a
rasult of the initial high values during 1976-77 and 1978 for A, fonsa there
appears to be a downward trend in abundance. However, since A, {onsa
population size is strongly affected by predators (Durbin and Durbin, 1981;
Deason and Smayda, 1982) as well as food availability (Durbin and Durbin,
1983) the causes and significance of these variations cannot be evaluated.

Among the othsr ccpepods annual means for Centropages hamatus,
Qithong sp. and Pseudocalanus minutys were quite constant during the study
period, while Paracalanus crassirostris and Pseudodiaptomis coronatus
showed considerable variability (Table 6). P. crassirostris was low during the
initial three years, high for two years, and then decreased again in the final
year. in one year (1980) it was not recorded at all. P. coronatys was low during
the first two years, high the niext two, and then low again during the final two
years. Reasons for the variability in these two species are not obvious.
However, based on data from other studies in Narragansett Bay (Table 4) they
do appear quite variable. Means of P. grassirostris in Hulsizer's study were
74/m3 in 1972 and 823/m3 in 1973. This species was not recorded at all by
Martin in his three year study. Similarly P. coronatus was not recorded by
Durbin and Durbin in their study but was relatively abundant in the others
(Table 4).
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These data do'not indicate any trends occurring in the zooplankton but
rather represent the considerable seasonal and interannual variability which is
sometimes observed. For comparison, Frolander's 1951 data for the same
species are shown in Table 6. With the exception of two species (C. hamatus
and Qithong) there are no significant differences between means observed by
Frolander and MERL. In tha case of Qithona, the mean abundance observed by
Frolander was unusually low. Msan values for Qithona considerably higher
than those observed by MERL were observed by Martin at stations in both the

upper and lower bay (Table 4).

Zooplankton Gradients in Narragansett Bay

There is a reduction in numbers of some of the more abundant taxa along
a transect from the upper bay (south of Conimicut Point) to outside the bay in
Block Island Sound. Species or taxonomic groups which are abundant in the
upper bay such as Acaria hudsonica, A. tonsa, Hemicyclops, Eurytemora,
Podon sp., bivalve larvae and polychaste larvae became much less abundant
or absent at Frolander’s station A south of Point Judith. The changes in
abundance of Acartia hudsonica and A. fonsa adults aiong this transect are
shown in Table 5 and Fig. 5. (Data from Huisizer (1976) and Smayda (1987)
are not shown on this transect because all of the Acartia copepodites are
iumped with the adults.) Above Conimicut Point there is a reduction in numbers
and biomass of zooplankton. This was related to the decreased salinities in the
Providence River (Smayda, 1987)

At the lower bay stations there is an appearance and an increase in

abundance of more coastal species which are absent or not important in the




bay (Table 4). These include Acartia Jongiremis, Calanus finmarchicys, Temora
longicornis, Oncea sp. and Penilia avirpstris.

In addition to these two groups there is another which shows no clear
trends. This includes Pseudocalanys minytys, Qithona, Tortanys discaudatus,
Parvocalanys crassirostris and Evadne nordmanni.

Ventical Distribution

Despite its shaliow depth Narragansett Bay is frequently not vertically well
mixed in terms of temperature, salinity and phytoplankton. Many studies have
shown that zooplankton also are not evenly distributed in the water column and
that their distribution changes betwsen day and'night. However, the only
studies which include information on vertical distribution of zooplankton are
those by Herman (1962), Sweatt (1980) and Marine Research (1971, 19723, b,
¢, d, 1973z, b, c, 1974).

In Herman's study of mysids he showed that these were strong diel vertical
migrators. They were on the bottom and absent from the water column during
the day but rose up into it at night. Sweatt (1980) collected chastognaths from
different depths during the daytime only in his study. He found that in the
summer ail chaetognaths were restricted to cooler water found at depth at the
mouth of the bay. The older reproducing individuals were restricted to this
deeper water at the mouth of the bay throughout the year while younger
individuals predominated within the bay.

In their study in lower West Passage Marine Research collected pump
samples at two depths at one station and three depths at the other. Each depth

was enumerated separately. In addition on one date they coliected a sample at
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night. In general older copepods were lower in abundance at the surface in
these daytime collections. Table 7 shows annual means at the different depths
at the deeper station of Acartig hudsonica and A. tonsa, the dominant copepod
in this study. Mean concentrations at the surface were about one third those
found at 30 and 60 ft. Nauplii (of all species lumped together), howsver, did not
show any such marked depth differences. Mean concentrations at the surface
were a little higher than those at depth. These data refiect the fact that the oider
stages migrate vertically and are deeper in the day when these sampiles were
collected while the nauplii do not vertically migrate. Table 8 shows data
collected at the different depths at 1100 pm, 500 am and 1100 am. A. tonsg, the
dominant zooplankter, was most abundant at the 30 f at 1100 pm and was
absent at 60 ft. By 500 am numbers at the surface were lower while those at 60
ft were increasing. By 1100 am concentrations were highest at 60 ft and lowest
at the surface. Highes* concentrations of nauplii, in contrast, wers found in the
upper 30 ft in both the night and day samples.

Mesozooplankton Biomass

Measurements of zooplankton biomass in Narragansett Bay are availabie
from several studies: Kremer and Nixon (1978), Hulsizer (1976), MERL (1880),
Durbin and Durbin (1981), and Smayda (1987).

In Kremer and Nixon's study zooplankton were sampled at biweekly
intervals from July 1972 to June 1973 at 13 stations within Narragarisett Bay.
Station locations are shown in Fig. 8. Samples were collectsd by vertical hauls
with a 120 um mesh net and then dry weights determined by weighing on glass
fiber filters.
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Hulsizer split the weekly net hauls (150 um mest net) taken off Wickford
(Table 1) during 1972 and 1973 and dried and weighed one half of the split.

in the MERL study 17 stations along a transect from Fox Point to Block
Island Sound (Fig. 10) were sampled with vertical tows using a 153 um mesh
0.7 m diameter plankton net. Durbin and Durbin sampled seven stations (Fig.
1b) throughout Narragansett Bay during 1976 using a pump and collecting
sampies on a 64 um mesh net. These were split and one half size-fractionated
into 64-153 and > 153 um size fractions. These subsamples were then
weighed.

Seasonal changes in zooplankton biomass during 1976 are shown in
Table 8 and Figs. 9a to c. The same major trends can be observed at all of the
stations with biomass peaks in the early spring and mid-summer. Biomass was
low in the late spring and late summer-fall periods. The 64-153 pum size-fraction
constituted about 25-40% of the total (Table 8). However, this smaller size
fraction at times contained a significant proportion of resuspended benthic
material and thus was not always a good indicator of zooplankton biomass.

Mean dry weight for the two size fractions and the total zooplankton at the
seven stations are shown in Table 9. Stations in this table are arranged in
order of distance up the bay with station 4 being in the Providence River (Fig.
1b). Values ranged from 199.8 mg dry wt/m3 at station 1 to 245 mg dry wi/m3 at
station 4. There were no significant differences between any of these stations in
terms of dry weight.

Mean zoopiankton dry weights measured in the Kremer-Nixon study
(Table 11; Appendix Table 6) ranged between 74.7 mg dry wt/m3 in the lower
East Passage to 206.2 mg dry wi/m3 at a station just south of Warwick Neck.
Zooplankton bicmass at stations in the mid to lower East Passage (stations 11,
12, 13, 14 and 15) were lower than stations in other parts of the bay. There did
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not appear to be any trend of increasing biomass from lower and mid West
Passage to the upper bay. This bears out the observations made by Durbin and
Durbin.

Zooplankton dry weights measured by Kremer-Nixon were somewhat
lower than those measured by Durbin and Durbin. For example, mean
zooplankton dry weight at station 8 in the Kremer-Nixon study was 162.8 mg/m3
while at the same location in the Durbin and Durbin study (station 1) the mean
was 199.8 mg/m3. Similarly the Durbin and Durbin station 2 (239.2 mg/m3) is
near the Kremer-Nixon stations 6 and 7 (206.2 and 161.3 mg/m3) respectively.
While it is possible this indicates a trend of increasing biomass, it is probably
more likely due to differences in methodology.

2obp!ankton biomass in the MERL study (Fig. 11, Table 12) showed the
same spatial patterns as observed by Durbin and Durbin and Kremer and
Nixon. Throughout mc:t of the length of Narragansett Bay (Field Point to
Jamestown Bridge) there wers only slight differences in mean annual biomass.
At Fox Point and in the transition zone at the mouth of the bay (GSO dock) and
outside the bay in Block island Sound values were lower. However the mean
dry weights in the MERL study and in Hulsizer's study (58.2 mg dry wt. / m3 in
1972 and 66.2 mg dry wt. / m3 in 1973) were even lower than those observed at
similar stations by Kremer and Nixon or Durbin and Durbin (Fig ). Some of
these differences might be due to the fact that MERL and Hulsizer used a larger
mesh net (150 um) and thus did not capture the smailer members of the
zooplankton. However, this does not entirely explain the reasons for the
differences because Durbin and Durbin size-fractionated their samples and the
> 153 pm size-fraction at station 1 was 128.8 mg dry wt/m3, about 2x that
measured by MERL and Hulsizer. In all cases the samples were rinsed with

deionized water so salt shiould not have caused the differences. Possibly a 150
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1m net being towed through the water extruded a greater number of organisms
than when being used as a gentle seive on deck as was done by Durbin and
Durbin. However, the presence of differences such as these, particularly
between similar stations sampled during the same year is a little disconcerting

and points to the need for a careful comparison and intercalibration of methods.
Mesozooplankton Production Rates

The only estimates of zooplankton production in Narraganseti Bay are from
the study by Durbin and Durbin (1981). In this study they estimated production
by the two copepods Acartia hudsonica and A. tonsa. Detailed methods and
results are given in their paper. Biomass estimates of these two species were
determined from counts of abundance of each deveiopmental stage and the
weight of each stage. Production rates were determined from measures of
growth rate at different temperatures in the laboratory (duration of each
developmental stage), the size increment between each stage and the numbers
of each stage observed in the field. These estimates are maximal or “potential”
production rates in that they do not take into account any reduction in growth
rate in the field due to effects of food limitation.

Mean A. hudsonicg biomass (station 1, mean = 82.7 mg dry wt/m3; station
5, mean = 95.2 mg/m3) exceeded that of A. fonsa (station 1, mean = 56.7 mg
m3; station 5, mean = 60.0 mg/m3). However, production rates of the two
Acartia spp. were strongly temperature dependent. Thus, despite the higher
biomass of A. hudsonica, low temperatures during the period it was present
resulted in lower production rates (station 1, mean = 7.25 mg C/m3/day; station
5, mean = 10.77 mg C/m3/day) and biomass doubling times of up to 9.6 days.

Production rates of A. tonsg at summer temperatures were high (station 1, mean
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= 19.0 mg/m3/day; Station 5, mean = 22.9 mg/m3/day) and biomass doubling
times were generally less than one day. More recent studies {Durbin et al.,
1983; Durbin et al., in press) have shown that the assumption of maximal
growth is reasonable in the spring when A. hudsonica is present but not during

the summer when A. fonsa is present. At this time A. fonsa appeared to be
significantly food limited.

MACROZOOPLANKTON

This group of organisms includes the mysids and the geiatinous

zooplankton.
Mysids in Narragansett Bay

Herman (1962) studied the abundance and vertical migration patterns of
the possum shrimp Neomysis gmericang in Narragansett Bay between
February 1960 and February 1961. N. americang was confined to lower
Narragansett Bay with greatest abundance near the mouth (Fig. 10). Peak
abundance occurred from August through February. ttis a strong vertical
migrator, coming into the water column at night. It was rarely taken in the

plankton during the day. None of the tows was quantitative.

Gelatinous Zooplankton

Members of the gelatinous zooplankton in Narragansett Bay include

smaller members such as the medusae and the larger ctenophore Mnemiopsis
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leidvi. Medusase have been included in studies of mesozooplankton {e.g.,
Frolander, 1955; Martin, 1965; etc.). They are most abundant in the late spring
(e.g., Appendix Table 3a) but do not appear to be significant as predators on
zooplankton. The larger ctenophore Mnemiopsis leidyi has been the subject of
a number of separate studies.

Mnemiopsis leidyi is present in low numbers in Narragansett Bay
throughout the year. During July it undergoes a rapid increase in population
size. This coincides with the time when summer tempsratures reach their
maximum. The ctenonhore pulse begins first in the upper bay (Kremer and
Nixon, 1976; Durbin and Durbin, 1981; Deason, 1982). Maximum biomass
levels and mean abundance levels decrease down the bay. The population
peak lasts about one month in the lower bay and about two months in the upper
bay. The ctenophore is a voracious predator on zooplankton and appears to
have a major impact c: zooplankton populations in the bay during its period of
peak abundance (Kremer, 1979; Durbin and Durbin, 1981; Deason, 1982:
Deason and Smayda, 1982). The predation by ctenophores on zooplankton
{(Acanrtia tonsa predominantly) in turn releases the grazing pressure on the
larger phytoplankton typically resulting in a bloom of the diatom Skeletonema
costatum (Durbin and Durbin, 1981; Deason and Smayda, 1982). Abundance
of ctenophores is quite variabie from year to year, and appears to be related to
the population size of the zooplankton at the time of the initiation of the

ctenophore population explosion (Deason and Smayda, 1982).




CONCLUSIONS

The studies described here were carried out by a series of different
investigators at different times and using different methods. Each was carried
out with a fairly specific objective in mind and most were not really designed to
address the major questions being asked in this review. The greatest difficulty
which arose in atismipting to compare the results from the different studies,
however, were the differences in methods used and the leve! at which the data
were reported.

Because of the different mesh sizes used to capture the zooplankton in the
different studies, only those organisms which were quantitatively captured in all
studies could be used for comparison and evaluation of spatial and temporal!
trends in the 2ooplankton community. Intercomparison of the zooplankton
biomass data also proved impossible, again because of differences used for
capture and processing of the samples. Even similar size fractions of
zooplankton biomass (that fraction retained on a 153 um mesh net) showed
large differences in the annual mean values between three studies (Hulsizer,
1976; Durbin and Durbin, 1981; MERL, 1980, see Fig ). These differences
reflected the way in which the size fractions were generated. In the case of the
Hulsizer and MERL studies a 150 pm mesh net towed through the water was
used to coliect the samples while with the Durbin and Durbin study zooplankton
were collected with a pump onto a fine mesh net and then the > 150 um size
fraction generated by sieving the sample through a 150 um mesh net on deck.
The lower biomass values obtained by Hulsizer and MERL probably are due to
a greater ioss by extrusion through the net.

It can be seen that in order to collect samplegs which can be intercompared,
standardized methods should be used. We think that before any further
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zooplankton sampling is done in the bay, investigators should mest, evaluate
different sampling methods, and decide upon some standardized procedure.
Our recommendation would be for a two-step sampling procedure which would
include some kind of pumping system where samples would be collected at
muttiple depths on a 60 um mesh net, and a larger metered ring or bongo net
with a 500 - 1000 um mesh towed obliquely in the water column to collect
gelatinous zooplankton. Ths number of depths to be sampled with the pumping
system would depend on careful evaluation of the vertical variability of the
zooplankton distribution and the number of depths required to give a
representative pooled sample. The pumping system should have sufficient fiow
(~ 400 Umin) to collect a sufficient volume to satisfactorily sample the less
abundant organisms. Despite being a little more cumbersome than a net, a
pumping system has many advantages over a net in estuaries where
phytoplankton and zooplankton abundances are high. First, a fine mesh net
can be used to collect smali zooplankters yet clogging is not a problem because
of the vigorcus fiushing action in the net. Second, a flowmster can be placed in
the pump line to give a much more accurate estimate of volume sampled than a
fiowmeter in a net. Third, one can be more certain of the depths which are
actually sampled than with a net towed behind a boat, and, if desired, discrete
depths can be sampled. Despite the problems of
intercomparing the different studies outlined above they have provided us with
a fairly complete picture of the zoopiankton in the bay, particularly with regard to
the composition of the zooplankton community and the seasonal changes in
abundance which are observed.

These studies have shown that there is a distinct community of
zooplankton in the bay which has remained basically the same over the period

encompassed by the different studies. There are large seasonal changes in the
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composition of the community and the same general pattern is observed in all of
the studies. Finally, the abundance and biomass levels of zooplankton
decrease along a transect from the lower bay to Block Island Sound; differences
between the upper and lowser bay were not great, however.

Factors which affect changes in the zooplankton community in
Narragansett Bay include temperature, food availability and predation.

Temperature has a major influence on the zooplankton. The range in
Narragansett Bay is very large, 0 to about 24°C, and this results in the strong
seasonality in the aburdance of different species. This is because a number of
species are able to grow and reproduce over only a portion of this annual
range. The two copepods, Acarlia hudsonicg and A, tonsa, which together
dominate the zooplankton numerically and in terms of biomass, are good
examples of this; A, hudsonica being present at colder temperatures and A,
fonsa being present at =varmer temperatures. Temperature also affects growth
rates of the copepods and hence their production ratss.

The dominant zooplankters in the bay are primarily herbivores and thus
dependent upon the availabiiity of suitably sized phytoplankton. In general
feeding and growth rates of zooplankton increase curvilinearly above some
minimum threshold until a "critical” concentration is reached, at which rates
become maximal. Below this critical concentration growth and reproductive
rates are reduced. At very low phytopiankton concentrations the copepods
starve and mortality increases.

Temperature has an interactive effect with the effects of food availability.
For example, at low temperatures, not only does temperature reduce
metabolism and growth rates and hence food requirements per unit
zooplankton biomass, but aiso the concentration of food below which the
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copepods become food limited (Durbin and Durbin, in press). This critical food

concentration decreases with decreasing temperature.

An important attribute of the phytoplankton as far as the zooplankton are
concerned, is their size. The dominant Acartia species are not efficient at
capturing particies below 5-7 um (Nival and Nival, 1976, Bartrum, 1980). This
has a significant effect on the zooplankton in the summer when small flagellates
dominate. Studies of A. fonsa during 1985 when the picoaigal '‘Brown Tide'
bioom was present (Durbin and Durbin, in press) indicate that growth and
reproduction rates of this copepod were significantly reduced because of the
unavailability of suitabiy sized food. This would suggest that any longer term
trend towards a dominance by such picoalgae will have significant effects on
the planktonic food chain in Narragansett Bay.

The phytoplankton abundance in the bay has been the subject of another
review for the Bay Project (Hinga). In general the phytoplankton food of the
zooplankton decreases in concentration along a transect from the upper bay to
outside the bay (Kremer and Nixon, 1978; MERL, 1980). Differences between
the upper bay and lower bay are most pronounced during summer (MERL,
1980; Durbin and Durbin, 1981). During the winter-spring period when the
diaton bloom is occurring up bay-down bay ditferences are not great.

Recent studies have demonstrated that Acartia tonsa female adults are
chronically food limited during the summer in the lower bay (Durbin et al., 1983)
while during the wimér-spring period A, hudsonica females from the same
iocation are not (Durbin et al., in press). Because of the effects of this chronic
food limitation on A, fonsa, mean production rates of A. tonsa during the
summer, and of A, hudsonicg during the winter-spring, are not significantly

different despite the much higher temperatures during the summer and the
higher potential production rates of A, fonsa (Durbin et al., in press).
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One outcome, 6f these observations is that during the winter-spring we
would not expect to see any upper bay-lower bay differences in abundance of
Acaria hudsonica due to the presence of a gradient in phytoplankton, while in
the summer we would expect to see such differences in A.lonsa. This appears
to be the case with A, hudsonica {Durbin and Durbin, 1981) where numbers in
the upper and lower bay are quite similar. However, with A, tonsa predation as
well as food limitation play a major role in controlling the population and the
affects of the gradient in food availability are not atways observed.

Major predators un zooplankton in Narragansett Bay are the ctencphore ,
plankton feeding fishes and adult A. tonsa (through cannibalism on their own
young naupiii ). The importance of ctenophores as predators on zooplankton
was discussed earlier. Major plankton feeding fishes include the Atiantic
menhaden Brevoornia tyrannus, the bay anchovy, and the silverside. Only the
role of the menhaden, a filter feeding planktivore which feeds on larger
phytoplankton and on zooplankton (Durbin and Durbin, 1975) has been
evaiuated. This work with the menhaden is based on a bioenergetic mode!
developed from laboratory and field observations (Durbin et al. 1981; Durbin
and Durbin 1981; Durbin et al. 1983; Durbin and Durbin 1983 ). The results of
this study indicate that the menhaden can be important zooplankton predators
during the summer and early fall.

Because of this role of predators in controlling zooplankton abundance in
the bay during the summer and fall, differences in abundance of A, tonsa
between the upper and lower bay which would be predicted based on up bay -
down bay gradients in phytoplankton abundance, are frequently not observed.
The only time when the effects of this gradient in food concentration on A, fonsa
abundance are readily observed is a brief period during the summer before the
ctenophores become abundant (Durbin and Durbin, 1881).
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These studies on the effects of predation on zooplankton in Narragansett
Bay indicate that year to year variations in predator abundance and the time
over which they are present will have a large effect on summer ang fall
zooplankton populations and causing the large interannual variability seen in
these population (Deason and Smayda, 1982).

In the winter-spring period factors controlling the zooplankton population
abundance are less obvious. Acartia hudsonica. the dominant copepod
present during this period hatches out of resting eggs in the mid to late fall. A
population mode!l (Durbin and Durbin, in press) has shown that at least one
generation matures during the late fall. Nauplii hatched out in December grow
very siowly because of the low temperatures and do not reach maturity until the
foliowing spring. Both food limitation (Durbin et al., in press) and predation
(Durbin and Durbin, 1981) are not important in regulating the A. hudsonica
population size during the winter-spring period. Instead, the population size
present during the winter and spring appears t0 be determined by conditions
during the previous fall when A, hudsonica is hatching out of resting eggs and
the first fall generaticn is growing up (Durbin and Durbin, in press). Factors
likely to be important at this time inciude food availabifity and the presence of
predators. These will determine the size of the initial cohort of A. hudsonicg and
the subsequent population size which matures during the winter-spring period.
More research is needed to investigate how populations in ditferent seasons
are linked. |
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Table 2. Mean gbundance of zooplankton {no/m3) during the ‘period 3/1/76-10/22/76

in iowsr (St 1),"and upper (St §) Narragansett Bay. From Durbin and Durbin (1981).

Means were calculated from the integrated area and the number of days in the study period.

Copepods
Acartia spp.
Acartia hudsonica, nauplii
Acartia hudsonica, C1-5
Acartia hudsonica, adults
Acartia hudsonica, (C+A)
Acartia hudsonica, total (N+C+A)
Acartia tonsa, nauplii
Acartia tonsa, C1-5
Acartia tonsa, aduits
Acartia tonsa, {C+/
Acartiz tonsa, total (N+C+A)
Total Acartia spp., (C+A)
Total Acartia spp., (N+C+A)
Other Copepods {copepodites + aduits)

Centropages sp
Eurytemors sp
Hemicyclops sp (Saphirelia)
Microseteila norvegica
Oithona sp.
Parvocalanus crassirosiris
Pseudocaianus sp.
Temora iongicornis
Tortanus sp
Harpacticoid sp
Total Copepods, (copepodites only)

Cladocera
Evadne nordmanni
Pedon polyphemoides

Othsr Holoplankion
Medusae
Rotifers
Chastognaths

Temporary Plankton
Balanus larvae
Bivalve larvas
Bryazoan iarvas
Decapod larvae
Gastropod iarvae
Polychaete iarvae

Total Mean Zooplankton

Station 1

Station 5

Mean,1976 Mean, 1976
T=235 days Ta=235 days
J. Day 61 296). Day 61-296

44034
8229
2342

10571

54605

22274
€841
1900
8742

31028

19313

85633

117
1
1091
50
378
§90
€33
67
17
€4
22141

587
3322

7
€599
6

128
11007
13
121
235
4288

114760

31640
8361
3877

12238

43888

33876
6958
3241

10138

44044

22436

87933

35
259
2707
35
355
186
541
9

3

43
28538

848
2292

10
25323
13

101
24633
2

81
644
16435

162436

Station 1
% of Total

38.37
7.17
2.04
9.21

47.58

18.41
§.96
1.66
7.62

27.04

16.83

74.62

0.10

Station 5
% of Total

19.48
5.15

o
s =0

Z.95

7.53
27.02
20.85

4.28

1.89

6.28
27.11
13.81
54.13

0.02
0.18
1.67
0.02
0.22
0.12
0.33
0.01
0.00
0.03
16.34

0.01
15.59
0.01

0.06
15.16
0.00
0.05
0.40
16.12
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Table 3 . Mean abundance of zoopiankton (no/m3) during the period 3/1/76-10/22/76
in lower (St 1), and upper (St 5) Narragansett Bay. From Durbin and Durbin {1981).
Means were caiculated from the integrated area and the number of days in the study period.
Species whose abundances differ significantly between the two stations ( Wilcoxon 2-

sample test) are marked with an asterisk

Station 1 Station 5 Station 5
Mean,1976 Mean, 1976 % of Station 1
T=235 days T=235 days
Copepads J. Day 61-296). Day 61-296
Acartia spp.
Acartia hudsonica, nauplii 44034 31640 72
Acartia hudsonica, C1-5 8229 8361 102
Acariia hudsonica, aduits 2342 3877 166
Acartia hudsonica, (C+A) 10571 12238 116
Acartia hudsonica, total (N+C+A) 54605 43888 80
Acartia tonsa, nauplii 22274 33876 152
Acartia fonsa, C1-5 6841 6958 102
Acartia tonsa, aduits 1800 3241 171
Acartia tonsa, {C+A) 8742 10198 117
Acartia tonsa, total (N+C+A) 31028 44044 142
Total Acartia spp., {C+A) 18313 224386 116
Other Copepods (ccpepodites + adults)
Centropages sp 117 35 30
Eurytemnora sp 1 259 25899 °
Hemicyciops sp (Saphirelia) 1091 2707 248 *
Microsetelia norvegica 50 35 €8
Oithona sp. 375 355 95
Parvocalanus crassirostris 580 196 33°
Pseudocalanus sp. 633 541 85
Temora longicornis 87 9 14°
Terianus sp 17 3 20°
Harpacticoid sp 64 43 68 *
Total Copepods, (copepodites only) 22141 26538 120
Cladocera
Evadne nordmanni 587 848 144
Podon polyphemoides 3322 2292 69
Other Hoioplankton
Medusae 7 10 137
Rotifers 6599 25323 384 *
Chastognaths 8 13 2239
Temporary Plankton
Balanus isrvae 128 101 79
Bivaive iarves 11007 24633 224
Bryazoan larvas i3 2 15
Decapod larvas 121 81 67
Gastropod larvas 235 644 275
Polychaete larvae 4288 16435 383 *
Total Mean Zooplankton 114760 162438 142
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Table 8. Annual mean abundance (no/m3) of Acartia hudsonica and A. tonsa
copepodxtes and total copepod naupiii at different depths at Station
B. Data are for the period June 1871 - June 1972. (From Mar. Res.

1971; 1972a, b, ¢, d)
oft 30t 60 #t
Acantia hudsonica 4,133 13,257 10,658
Acartia fonsa 2,579 9,415 9,661
Total Nauplii 55,732 46,969 40,011
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Table 10. Mean zooplankion d

during the period 3/1/1976

Narragansett Bay. Stations are arranged in order of

ry weights (mg dry w/m3)

to 11/5/1976 in

their distance up the Bay from the mouth. From Durbin

and Durbin (1981).

Station

St.
St.
St.
St.
St.
St.
St.

bOLMN. I

64-153

70.2
74.0
87.9
82.0
83.4
§7.2
77.4

Size Class
> 183

137.3
128.8
134.2
160.6
131.7
158.0
173.5

Total

201.0
i585.8
239.2
240.5
229.1
211.4
245.2




Table 11.

Zooplankton dry weights (mg/m3). Fom the Kremer-Nixon 72-73 Bay Survey.
Mean is calc. by trapezoidal integration between each sampling

date. The first column is the mean over the entire period of the study

while the second is over a period similar to that in the study by Durbin and
Durbin (1981). Data from 1972 were added on after the 1973 data

to give an annual cycle. The dates over which the data were integrated were
2/28/73 to 11/13/72.

Station Mean, mg/m3 Mean (D), mg/m3
3 i07.4 134.5
4 147.9 180.4
5 128.9 148.8
6 167.2 206.2
7 141.7 161.3
8 138.9 162.8
9 116.5 128.9
10 87.7 103.0
11 75.0 92.3
12 66.2 74.7
13 82.7 4.5
14 88.0 98.6

i5 81.6 87.3

T R T



Tablerz.Annual mean zooplankton dry weight (mg/m3) in Narragansestt Bay along a transect
from Fox Pt (St 1) to Lower Narragansett Bay (St 17). Data from Fig 7, Meri (1980).
Samples were collected with vertical hauls of a 153um mesh net with a 0.7 m opening.

Dry wt

Station Km mg/m3
1 .5 25.6
2 4.1 41.9
3 7.6 43.7
6 10.0 37.8
8 13.2 45.6
12 16.9 48.9
10 17.6 50.2
13 22.1 58.2
14 25.9 42.1
15 33.85 50.9
16 40.0 28.0
17 44.0 17.6
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Fig.

Fig.

1A.

1B.

Station locations of zooplankton studies carried

out in Narragansett Bay. Station numbers are as

follows. 1, Frolander St. B; 2, Faber; 3, Martin
St. 1l; 4, Martin St. 3; 5, Hulsizer St. 2;

6, Marine Research St. A; 7, Marine Research

St. B; 8, MERL.

Station locations of study by Durbin and Durbin,

1981.




Fig. 2a - g. Seasonal changes in the more abundant
zooplankton taxa in lower (St. 1), and
upper (St. 5) Narragansett Bay. Data

for 1976 from Durbin and Durbin, 1981.
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Fig. 2b

40000 -
@ Atonsf ASt1 ‘
<~ Atonsa AStS ,
30000 -
20000 5
10000 -
o.
50 150 250
Julian Date
50000 1
% AtonsaCSt1

>0 150 250
Julian Date

200000 -

4 Atonsa NSt1
<%~ AtonsaNSt5

100000 -

50 150 250
Jullan Date

AR AT R



Fig. 2¢

3000 -
<@ Eurytemora St5
- Eurytemora St 1
2000 -
1000 4
0 -
50 150 250
Julian Date
2000 -
< Centrop St5
<~ Centrop St 1
1000 -
O -
50 150 250
Julian Date
10000 1
1 & Hemicyci St5
8000 - - Hemicyci St 1
6000 -
4000 -
2000 -
0 g » ' -
50 150 250

Julian Date




Fig. 24
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Fig. 3a. Seasonal changes in abundance of total nauplii,

copepodites and adults of Acartia hudsonica in

lower {St. 1) and upper (St. 5) Narragansett Bay
from Durbin and Durbin (1981).

Fig. 3b. Seasonal changes in abundance of total nauplii,

copepodites and adults of A. tonsa (Durbin and

Durbia, 1981).
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Fig. 3b
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Fig.

4.

Plot of Acartia hudsonica and A. tonsa total

nauplii recorded on a given sampling date
against numbers of adults recorded on the
same date. Data from Durbin and Durbin (1981.

Squares St. 1, diamonds St. 5.



A tonsa nauplii, no/m3

A. hudsonica nauplii, no/m3

Fig. 4

40000

200000 -
)4
a
]
100000 -
|
» o
:'
0 o :. ®
0 10000 20000 30000
A tonsa adults, no/m3
200000 -
a
[ ]
160000 - = “
e
a
- S
s IO. : .
ol . . :
0 10000

A hudsonica aduits, no/m3

20000



Fig. 5a - 4.

Plot of annual mean abundance of major
species of copepods and cladocera.
(a) Frolander; (b) Martin; (c) Hulsizer;

(d} Durbin and Durbin.
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Fig. 6.

Plot of integrated mean annual numbers of adult

Acartia hudsonica and A. tonsa along a transect

from upper (St. 5) to lower Narragansett Bay. i

Data from Table 5.
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Fig. 7a, b. Integrated and arithmetic annual mean

abundance (no/m3) of Acartia hudsonica

and A. tonsa at G.S.0. dock. Data from

MERL.
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Fig. 8. Map of Narragansett Bay showing sampling
locations used in the Kremer-Nixon study

of zooplankton biomass in Narragansett Bay.
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Fig. 9a - c.

Seasonal changes in zooplankton biomass
(total and >153 um size-fractions) in

Narragansett Bay. Data from Durbin and

Durbin (1981).
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Figure 11. Station locations for MERL 1979-80 Narragansstt Bay transect
studies (MERL, 1980).
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Figure 12. Mean annual zooplankton dry weights from different studies in

Narragansett Bay. Data are arranged along a transect from Upper
Narragansett Bay (Fox Pt., 0 km) to Block Island.
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Appendix Table 1a. Seasonal changes in zooplankton abundance {no/m3) at
Station 1 (Durbin and Durbin, 1981).
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Appendix Table 1b. Seasonal changes in zooplankton abundance (no/mS3) at
Station 5 (Durbin and Durbin, 1981).
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Appendix Table 2a. Aoundance of zooplankton (no/m3) in Block Island
Sound, Station A (Frolander, 1955).

N R o i i



ds eesnpawoIpAH
BlejIoUNdoIo0 eoNyiey
BSO|NGN} B|SIES
ds el1eq0
syeuBatoeyn
sjjeuojieu wnjloyoq
pnequeBel ensoiioq
s|{eaioq epe|iy
'ds BnejdoyO
uojyue|dojoH JBYO
eeAse| ejeetpAod
ewa®| podogses
eBAR)] sSnuejeq
eeAr| podeseq
uopjueld Aresodwey
‘ds uopoy
8|)1S0J{AR E|jjuag
elojjuids eupeay
[UUBWPIOU BUPBAT  #
BJ00p2I0
popoediey
"ds sneeokio)
$epnedsip snuepoL
sjulooiBuol eiowe)
sninseu snuefeduiyy
snajed snuejeorieyd
81180498040 SnUB|BORIEY
snojjeeyds sajseBoyerey
SNJBU0I00 SNWICIdRIPOPNASd
L SNNUIW SNUeecopNasy
*ds Beou)
'ds euoullo
$UeON| ejpioW
BA{SOR RIGOOPIQEN
‘ds miowejling
snopddy sefedosjue)
snjewey sefedoqua)
Blowe epepue)
snojyoIewWUy snueje)
0 gjwe)Buo B)BoY
or BSUO} BlIEIY
t4]} BoUOSPNY BllIEOY
(Aluo ;aynpe) spodedo)
682 14:14 642 892 192 0s2 ove ree G522 6ie 4% 90¢ ojeq uveynp
065/94/01 0S/1L/0) 0G/2/01 06/52/6 05/84/6 0S/L/6 05/82/86 05/22/8 0S/€4/8 0S/L/8 0S/L€/L 0S/98/L

-

-~
-
b 4
TOOOMRMNOOO
NOOOOOOODO

TOOOOWTOOCO
(=]
-~

o~

NODOCOOOQOOOO
~rOOODCOOQCO
TOOOCOOQOO

w

DOOWMOOOCO
[=.]
-

TOO~O+~O0DO
o~

-

woowoocCcoo
VOO OOCOCOO0
OCO0OO0O®OOOOO
*TOoOOOCOOOQOOO

o

961 081 10} L2t

~O OO
o~
(=4
~
-
~N
-
(=)
-
=
o~

oN~NO
<

[=]
Qoo

o

(=]

o

<

©

o
DOoND
[~ =]
N
™~
~N

Sy re or 6¢ 3] L2

1 4°] 69¢

o
™
™
-

981 riil 91 s6t 661 L0}
0

N
©
-
w
«
~
o
o
(=4
o
(=4

€54 S€¢
Leel Le}

o w
b
(=4
©
OO ND®
- -
~
-
w
(=]
(=)
o
(=]
TOO0®
~

o~
[
™
wn
~
-
3
n

¥4 4

O
-
(=
7]
(-

[~ =l =]
(=30 = 38 =]
(=]
® OO
-

-
(<]
©
-
~ .
in ©
-«
od
N
~N

Coo0oocoNOOO
CO0OOCOoOO

@
«©
w0
[y ]

OC~0OONOQOOOOCOO
-

OMOOCOoOOoOOoOWw

«
n
-
-—
>

~N
CO0O0CO0OO0OCDOCOCOOO

-— -
CoOo0o0COoOOOCCOCOQEDO

OQO'DOO;OOQOOO
OCVOOOOCOOOWwTTOD
COVDOXYOOOOODOOO

COWOOOCOOOO
CoODOPLOoOCOOO

-
COONODQOOOLCOODO®»OOO

w
-
L=
-~
@© W
D -
o N
-~
(=3
©
]
@ -~
Dwom
o -
NN
-

COCO0OOwOO0OOWwYOW
[=3 ©
-

Coo0oocoCcow
- - -
©
(<]
COO0OTNOTO ~

-
0
(3
-
-

19 992
62

o

«

©
-
-

L0L}
0

~
-
DO OO NWMOOOOMOO

CRPO0OO0OM®MmMOO
ONCOOCwODOOQ®
C-~CQCooOo®oO
DBDDVDOOONDO
DoOooOoON~NO

OCODO0COO0OO0OPOOOO
© o
+ -
[« <]
-

OO0 O0OOBOO

‘Aluo siinpe Joj eJe elep podedo)

(5561 ‘Jepue|oid) v 1S 8J6pue|ol ‘PUNOS puels| ¥ooig Ul (cuwyou) uopyueidooz jo 8:%%2& e|qe}. xjpusddy




OOOOgOONO

ONw~—«N

000

OCNOCOQOITCDOBODROOOOOP®OOO

Sy
bS/v /e

OOOOgOOOO

O N D
-

OO0 0O

ONRNOCOO0OO0COOOOWVOYODOOMOODOOO
-—

8¢
1§/5/2

CoO0O0~—-~00O0CO
[\

[
4

oNGeC

(=~ Ik = =]

MOACOOCONOOONODOOOMONDOCO

-

9e
1S/92/}

COoOO0OONODOOO
-

coNOCOO (=~ =] OWNO

NgOOOOOOOOFOVOOPI\

33
LS/LL/L

CO0DDO0OOOOOC

ocoNC

COoOO0OO0

-

OgOOONOOOO'OGOOOPO*OOO

G
16/§/1

0 ] 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 v bi €e 9¢ 0 [
L 6 14 S 0 L c
0 0 0 0 €l 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 137 )14 S 8
0 0 0 0 0 0 0
0 < 4 S 6 4 9l
0 0 o 0 0 0 0
0 0 0 0 0 4 4
0 0 0 0 0 0 14
0 0 0 0c} vi 02 09
0 0 0 0 0 0 0
0 0 ¢ 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
€ 0 0 0 14 0 0
0 0 (V] 0 0 0 0
4 L 0 0 14 0 0
0 [ [ 8¢ (-] S 0
0 0 0 0 0 0 0
0 4 0 0 0 0 ¢
i91 eL SS 8e 19 cl 4
0 0 4 0 0 0 0
0 ¢ 14 ce 0o¢ 144 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
8 €l e (44 19 [ 9
8 14 0 0 0 0 0
4 0 0 0 0 0 0
e 0 0 S 0 0 0
0 0 0 0 0 0 0
L0} 114 0ch Lo¥ 141 ocy €L2
€ 14 0 0 0 0 0
15¢ iye SER X1 LiE roe 66¢

0G/L1/21 0S/€b/2d 0S/4/21 0S/LH/L4 OG/EL/L) 0G/1€/01 0§/9¢/0}

ds eesnpowopAp
gleundoloo eayiey
Bsoingny ejsies

ds efeqo
suyeuBopeyd
s|jeuojieu wnjjofjoQ
pnequeBie8 eusiolog
g|jealoq epepI4
‘ds einedon|

UOUBIDOIOH JBYO

8BAR| 81eeyvAj0d
eeAm| podossen
eseAle| snuereq
eeaR| podese(

uopjue|d Aresodwe]

a8 uopod
s{soljAR ejjued
BIojlUKS BUPRAT
NURWIPIOU BUPBA]

BISOOPEID

poofivediey

‘ds sneeokio)
SMEPNBISIP SMUBlIo L
${Wioo)Buo] viowe )
SNINSBU SNUBEOUYY
snaRd snueeoerd

$}11S0|SS8I0 SNUR|BORIEY
snopesyds seysedejesed
$NJeU0.I00 snwojdeipopnesd

SNINUKY SIVBREI0PNGSY
08 B

'ds Buo\llO

suadN B|plNew
BAIISOR RJGO0DIQY)
‘ds esoweidng
snoydA) seBedonuen
sniewey seledonuo
gee Bpepue)
snojyoIeWNY Snuer)
sjweJ|Buo} ejeoY
BSUO} BflIeoy
BJuospNy Bjledy

(Aluo synpe) spodaedod

oleq ueynp

*Auo sjinpe J0) eJe ejep podado)
'(S961 '18puBlold) ¥ IS SJOPUE(0I4 ‘PUROSG PUB|S) YOOI U] (EW/ou) UojuedooZ jo BauBPUNGY @N ejqe), X|pueddy



CoOoO0oOoOwmoOoOoOO©O
-

DOVOOCOCOMOOO wOON ®moOoOO
@ - - I
- ~ -

«

TO QO
-0
N

rioL
0

4

0

0
L0

¥91
1S/EL/9

CVDO0OO0OD~0O0O
-

MmO nooo oo ®o
n W0 N o -«
N ~ N

Coooocooo

oO®OOo
@

6ct

[ X-X-E X-X-
~ [
@ I3

SG1
LS/k/9

CCOCOoOW~00O
- @®
v

oooQoo

mMOoOo0o0

004
144

oONOOOCO

€e
€e
0
Li
0s
a6y
0
6ri
Y

0
514 4

1
16/82/8

TOoOwO COOooOoMNOO©
™ <

rPrOWMOOCOOODWOO QOO ®
- - N o
~ [y] -—

-

OCNOO~OO0CO®
- w -
-—

r.i9

iri
1§/12/8

™

COO0OOLCO®DONOD
-

Loe

(41

oo

o
<

OCOcCo®MoOowoOo
@©

@® N
= M
wn

0
8y
S5
0
6l¢

el
LS/ LIS

OoCo0oQ0oCOoOOOO0

OO0 ©Oo

OOOQO(‘)QOOONOOOOOOO'W
~ wn -] @ ©
- - N

@
~

LS/L18

OOOOgOOOO

oQowN©

ce

141}

0
82
0
529

cect
bG/2/9

CCoCoQOOOC O
-

ol
6¢
(11 4
0
8¢
14
0
1A%}

it
Ls/very

801

Cooco

oo oo

o
-~

Moo ocoNO@ETOCOCOC
~ w ©
- - -

~N

ocoowNO©
-

L8

9014
LS/94/¢

i€

91

oo Co

o0 oo oo m
-

IxB=R=]
~N

«
~N
-

SN - N-N-N-N-N.]
o
f ]

oOCOoOoODOoOOOQCOQ®
-« @
-

-]
sl

col
LS/2H/y

[-X-N-N-] o-—go [N -N-N-N NN
-

oo o

(]
-

?OOOOMOOOOPONOOOOO'

9
1§/9/¢

SCowooo QO oo oo™ OOOOgNOOO
-

-+ -
o~

cCNOOOOWOOOMRONOOWN

08
L5/61/2

(5561 "Jopue|o14) v IS SJapUBIOIY ‘PUNOS pUEIS) ¥oOoIg Ul (EW/OU) UopURIdOOZ |

3 eeSNPOLONAH
BEoundoloo eeyyiey
BS0INGN Bjs/eS
ds eeqo
sueuBoeyn
sifeuoyieu wnjjojjoq
linequeBed eyejoljoq
sijeaioq ejseiiy
‘ds vinerdowo
uohuEidoloH 8O
oeAR| ejeeyohiog
eeAr| podogsen
eeAlg] nueeg
eeAnRt podesnq
uohjueld Amiodwe)
‘ds uopoy
$1/1S0JjAB Bjjjuey
Biojjuids eupeAs
JURWPIOU BUPBAZ
BI800pE1D
popjivediey
‘ds sneeakion
SNIBPNEBISIP SNUBLO)
${u00|Buo) elowe )
SMINSEU SNUBMOUYY
snamd snuerowmy
$|1804i89810 SnuBjBORIEY
snopeeyds sojsefoieiey
SNJBUOI00 SLIOIdelPOPNBsy
SNINUW snueReIoPNes
‘ds BeoUQ)
"ds Buoyio
Suaony epplow
BAlISOR B1600D)qY]
'ds esowalAing
snodA) seBedosue)
snpewey sebedogue)
Bgewe epepued
SNojYOIBWIUY SnueR)
sjweijBuo; ejlieoy
BSUO) ERIBOY
BojUOSPNY BUIRIY
(Ao sinpe) spadedogy
oleq usjnp

‘Aluo siinpe o} a.e ejep podedon

0 9oUBpUNQY ' 6jge) X|pueddy

Bz




B —

TR AR

Y 0 0 0 0 0 0 0 0 0 0 0 ds eesnpousoiphpy
0 0 0 0 0 0 0 0 0 0 0 0 EjEIUNdojo0 reY ey
0 0 0 0 0 0 0 0 0 0 0 0 gsoinqn gisieg
0 0 0 0 0 0 0 0 0 0 0 ee ds ejjeqo
0 0 0 0 0 0 0 ri j: 2 0 Li ce sureuboleeyn
0 0 0 0 0 9 0 0 0 0 0 0 s|jeuojieu wnjjojjoq
0 0 0 0 0 0 0 1] 0 0 0 0 |inequabed eyejofioq
0 0 0 0 0 0 0 [} 0 0 0 0 8jjeeloq epe|ig
€9 694 el €L 1 L) 961 29 ri 0 0 0 [} ‘ds wineion;o
UOINUEIJOIOH JBlIO
0 0 0 0 (o] 0 0 0 0 0 0 0 aBAR| 8)9RYOA|0d
0 (¥4 86¢ ovi Ly 4] €l ri 8 ce 0 ez eeAIE| podosiSes)
0 0 0 0 0 0 0 0 0 0 0 0 eeAR snuejeg
V] 89 86 9¢ Ly 22 8¢ 28 9l t44 89 e eeAr) podeseq
uopjueld Aresodwey
6 LSy rervi v.iEL 89¢ 99 ec eL 0 Llg Ll ree *d8 LopOd
08 Seve €L02 L20¢ 6101 [14] (4:}] ri 0 0 0 0 SjisoljAe ejjlueqd
0 6914 L2S 082 v6 0 0 0 0 0 0 0 el8jjuids supeAy
L2 099 €8ie erii |:7A %4 r6e LLL Lel 88 €84 roe L9} e WpIOU BupeAT]
Biga0pel)
0 0 0 0 0 0 0 0 0 0 0 0 pojopoediay
0 0 0 [} 0 0 0 0 0 0 0 0 ‘a9 sneaokion
0 0 0 0 0 0 0 ri 95 v9 L1 ae snjepnedsip snueye )
6 ] 0 2l 0 ] £9 £0¢ 88L 982 8881 L2 8jui0oiBuo) eiowIe )
0 0 0 0 0 0 0 0 0 0 0 0 sninseu snueesuY
0 0 0 0 0 0 0 0 0 0 0 0 snaed snuepogry
9€ 8ti 85e z2i r6 09 6l 0 0 0 0 22 811S0)|SSRID  SnuRjedRIEy
0 0 0 0 0 0 0 0 0 0 0 0 snojeeyds sejsefaieieg
] 0 ] 0 0 0 0 0 0 ] 0 0 $N1BU0K0D snwoldelpopnas
0 0 ge 19 0 S8 69 2804 284 96 682 6s¢e SNINUW snueesoPNesy
0 0 0 0 0 0 0 0 0 0 0 0 'd8 BeOUQO)
0 89 651 Y61 142} 891 LS 6Le 9 0 3] L9 ‘ds Buoyio
0 0 0 0 0 0 0 0 0 0 0 0 $UBIN| BIPIBK
0 0 0 0 0 9 9 vl 0 0 0 0 BA)SOR BIB00PIGE]
0 0 0 0 0 9¢ 881 L8 re rey iee rie ‘dg viowaying
0 0 43 0 0 re 0 0 6914 | 42 L 0 $n2idA) seBedoyuen
0 Ll 2i 2 0 et 144 €28 90¢ 604 (3741} £L92 snjeurey sefedoguen
0 0 0 0 0 0 0 0 0 0 0 0 Blelje goepue)
0 0 0 0 0 0 0 0 8 b Ll 0 SNOJYOBWILY SnuejR)
0 0 0 0 0 0 0 0 9t 0 0 0 s|wosBuo| eeoy
G091 866 9€£0¢ riid vie rse (3:14 24 0 33 0 ee 85U0) BjUROY
0 0 6r §6¢ L8} 882 92s 99¢e 90¢ (¢23:7) 8191 ovie BOJUOSPNY BlLRBOY
(Ao synpe) spodedon
0s¢ 6ee cee §2e gie (3 %4 902 L6l 061 €8l 9L oLt ojeq uejinp
157276 1S/L2/8 15/02/8 1G/E4/8 1G/9/8 bS/0€8/L  1S/42/L 4S/9L/IL 15/6/L 1§/214 16/52/9 1§/614/9
“Auo synpe 10} oJe ejep podadng
(5561 10pue|01) V IS 8J0pUEI0LS 'PUNOS PURIS| XoOld U| (EW/OU) UOpUEIdOOZ j0 BORPUNGY mN%S X|pueddy




0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
b }
0 0
0 0
9 0
0 0
0 0
} 0
0 0
0 0
0 0
0 0
} 0
0 0
88 cs
0 0
0 0
9 L
0 0
arl €S
b 0
0 0
0 0
A 8
0 0
0 0
0 0
0 0
9L 992
L L
37 14

bGg/Le/21 Ls/24/2)

‘(5564 '1opuelord) v IS sJepuelosy 'punog pueys| woolg up (ewyou) uopjueldooz §

VOOCOONODODOO
©» -—

[~ NN}

DOOw
o~

cCoococQo
(323
©

OOO%OOOOP
-—

TOOO0OO0OO0Ow
-
N

roe
iS/4e/014

o0 QOOCOOOOQ
-
w

coo0oo
-

©CooCcOo
o<

oO~NC OoOO0O
(=
h g

417
1G/61/8

o~CcoOoO

COwo DOCOO
- o

cocor~OMNOONMNODOOOOO

OCPVPOoOoCON~N
Led
=]

85¢
LS/et/6

ds oesnpewoIpA
EIEIOUNAQI00 BaN ey
Bsoinqny ejsreg
ds ejeq0
ayeuboleeyo
Sifeuofieu wnjjojjog
pnequeBeB ensjojiog
sjjealoq ejeyppy
‘ds eInedoNiO
uouEldoH 8O
o8B Bleayohlod
eBAIR| POdOASED
oeAlR) snuepg
oeAs] podess()
uoiyueld Aresodwe )
'ds Uopog
S|i1804|Ae B)||juBy
BJ0j{UN9 BupeA]
juURBWPIOU BUpPBA]
6000810
popjoediey
'ds sneeokion
SMEPNEOSIP SNUBLO |
$jus00|Buo) vioWe)
SNINSBU SnueeOUlyY
snard snueeoried
8[1804|5880 8SnuBjEORIEY
snojieeyds sejselejerey
$NJeU0I00 SIUCITINOPNSSY
snuil snueEoapnesd
‘ds Beou))
ds Buoo
suadn| eip|new
BA|ISOE BIS0ODK)
‘dg esoweiing
snoydA) sebedoguen
snewey sefedoaus)
Beuse Boepue)
INoJyIBLILY SnuBRD
sjweibuo) epseoy
B3U0} BRIEDY
BOUOSPNY EepIedy
(Ao synpe) spodedag
alBQ ue)np

‘Auo sjinpe Joj e elep podedog

o oocmvczn«.mm ejqe), Xjpueddy




Appendix Table 2b. Ahundance of zooplankton (no/m3) in Block Island
Sound, Station B (Frolander, 1955).
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Appendix Table 3a. Zooplankton abundance in upper West Passage, Station
1 (Martin, 1965)
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Appendix Table 3b. Zooplankton abundance in upper West Passage, Station
3 (Martin, 1965)
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Appendix Table 4a. Z- oplankton abundance off Wickford during 1972
(Hulsizer, 1976)
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Appendix Table 4b. Zooplankton abundance off Wickford during 1973
(Hulsizer, 1976)
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Appendix Table 5a. Mean annual abundancs of zooplankton at Stations A
and B. (Frolander, 1955).




Appendix Table Sa. Mean annual abundance of zooplankton (no/m3) in lower West Passage (St B) and SW of

Pt Judith (St A). From Frolander (1955). Means were caiculated by calculating the integrated

area (abund. times days betwean each sampling interval and then summing over the total study period),
and then dividing this by the number of days during the study period. Also shown are the means calcuiated

over the same period as that in the study by Durbin and Durbin (1981).

Station A Station B Station A Station B
T=356 days T=358 days Ts= 239 days Tw= 245 days
Day 65-304 Day 59-304
Copepods (adults only) Mean, 1951 Mean 1951 Mean, 19510 Mean 1951D
Acartia hudsonica 316.81 1106.17 469.38 1355.97
Acartia tonsa 258.76 872.32 326.27 749.43
Acartia longiremis 3.40 0.14 5.06 0.20
Calanus finmarchicus 1£.00 06.22 23.84 0.32
Candacia armata 0.00 0.0 0.00 0.0
Centropages hamatus 226.49 136.07 337.17 195.98
Centropages typicus 13.42 0.58 16.60 0.78
Eurytemora sp. 30.89 40.58 46.01 58.30
Labidocera asestiva 0.53 0.14 0.79 0.20
Metridia lucens 0.83 0.0 1.21 0.0
Oithona sp. 76.28 59.14 ~ 86.88 55.13
Oncea sp. 6.67 0.0 9.94 0.0
Pssudocalanus minutus 263.16 180.04 363.8% 242.20
Pseudodiaptomus coronatus 0.0Q 131.86 0.00 154.38
Paracalanus crassirostris 106.34 103.99 94.87 87.56
Paracalanus parvus 0.48 1.18 0.00 0.78
Rhincalanus nasutus 0.02 0.0 0.00 0.0
Temora longicornis 160.10 33.81% 237.65 48.56
Tortanus discaudatus 10.86 8.27 16.17 12.09
Harpacticoid spp. c.0 34.42 0.0 18.70
Cladocera
Evadne nordmanni 276.93 143.92 410.01 209.87
Evadne spinifera 24.69 0.0 36.77 0.0
Penilia avirostris 547.17 275.09 815.03 401.97
Podon sp. 96.82 170.34 143.67 248.08
Temporary Plankton
Decapod larvae 13.01 747.69 19.38 $091.31
Balanus larvae 4.07 64.04 3.83 14.20
Gastropod larvas 48.18 291.47 68.67 422.14
Polychaete larvae .74 11.48 0.78 11.14
Other Holoplankton
Oikopleura sp. 60.14 14.31 83.80 19.76
Fritillaria borealis 4.38 0.0 6.53 0.0
Doliclium nationalis 0.10 0.0 0.15 0.0
Chaetognaths 15.23 5.77 17.83 1.42
Obelia sp 19.04 6.04 27.28 8.33
Rathkea octopunctata 2.22 0.36 3.26 0.582
Hydromedusae sp 3.61 0.0 5.37 0.0
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Appendix Table 5b. Mean annual abundance of zooplankton at Stations 1 and
3 (Martin, 1965).




Appendix Table 5b. Mean annual abundance of zoopiankton {no/m*3) over the period 1958-1962.
From Martin (1965). The columns where the station number is followed by a D is the mean
caiculated for a similar period to that used in the study by Durbin and Durbin (1981).

St 1 St3 St1D St3D
Mean Mean Mean Mean
Copepods (aduit only) T=245 days  Tw=245 days
Acartia clausi 850.68 761.10 707.76 1047.76
Acartia tonsa 2670.14 327.12 2612.24 413.47
Ceniropages hamaius 77.75 194.27 57.43 249.43
Centropages typicus 0.00 36.58 0.00 11.27
Eurytemora herdmanni 20.03 31.81 29.84 47.39
Harpacticus gracilis 0.00 0.09 0.00 0.00
Microsetella norvegica 85.62 921.64 72.24 443.67
Oithona spp. 4314.52 4947 .40 4545 .31 5652.24
Oithona spinirostris 2.12 25.12 3.16 22.61
Paracalanus parvus 0.00 80.44 0.00 84.08
Pseudocalanus minutus 168.90 952.33 125.31 1088.78
Pseudodiaptomus coronatus 44.30 49 81 34.04 64.33
Temora longicornis 20.00 126.88 16.24 167.71
Tortanus discaudatus 22.58 142.58 22.41 194.65
Cladocerans
Evadne nordmanni 234 41 145.29 340.53 216.45
Penillia avirostris 0.82 14.55 1.22 21.06
Podon polyphemoides 911.78 153.97 1248.16 223.27
Temporary plankton
Balanus larvae 118.22 82.81 37.55 31.53
Bivaive larvae 41.37 292.33 0.00 138.78
Decapod larvae 36.30 61.81 54.08 92.08
Gastropod larvae 369.04 292.60 537.55 423.67
Polychaete larvae 356.44 140.21 204 .49 90.71
Ciher Holoplankton
Chaetognaths 6.56 15.90 6.86 16.31
Dolioletta gegenbouri 0.00 0.00 0.00 0.00
Obelia sp. 17.89 15.88 26.65 23.65
Oikopleura spp. .00 81.37 0.00 112.04
Rathkea octopunctata 16.64 0.85 24.80 1.27
Rotifers 1878.08 351.78 2188.57 455.51
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Appendix Table 5c. Mean annual abundance of zooplankton at Station 2
during 1972 and 1973 (Hulsizer, 1976).




Appendix Table 5¢. Mean abundance of zooplankton (no/m3) during 1972 and 1873 in lower West Passage.
From Hulsizer (1976). Means were calculated from the integrated area and the number of days
in the study period. Also shown are the means calculated over the same period as that in the
study by Durbin and Durbin (1981).

Msan, 1972 Msean,1973 Mean,1972D Mean, 1973D
T=231 days T=232

Copepods,copepodites only. Day 67-298 Day 64-296
Acartia hudsonica 1-3,Total 3596.72 5§333.84 4523.07 7012.99
Acartia hudsonica,4-6 Total 3976.70 4020.75 3912.60 5075.37
Acartia hudsonica , Total 7573.42 9354.59 8435.67 12088.36
Acartia tonsa 1-3 Total 200.61 2368.86 223.30 3373.40
Acartia tonsa 4-6 134.10 2070.66 90.45 2861.58
Acartia tonsa, Total 334.72 4439.51 334.72 6234.96
Total Acartia spp. 7908.14 13794.11 8749.41 18323.31
Centropages hamatus 99.72 287.70 139.46 404.73
Harpacticoid 10.14 28.71 12.07 40.53
Hemicyclops sp (Sophirelia) 5§0.22 278.89 23.15 216.69
Oithona sp. 355.36 835.65 486.51 1276.46
Parvocalanus crassirostris 51.38 587.86 74.00 823.12
Pseudocalanus minutus 624.52 946.49 795.85 1022.87
Pssudodiaptomus coronatus 126.63 185.29 196.26 277.94
Temora longicomis 81.91 85.33 126.01 127.96
Tortanus discaudatus 32.78 96.76 §0.47 145.55
Total Copepods 9340.82 17226.78 10653.20 22659.17
Cladocera
Evadne sp 167.57 676.57 259.70 924.12
Podon spp. 262.34 2020.64 408.57 2995.88
Cladoceron 5.36 2.09 3.14 1.90
Total Cladocera 435.27 26998.29 669.40 3921.90
Temporary Plankton
Barnacle larvae 100.56 174.64 67.15 42.28
Bivalve iarvae 143.94 635.98 219.81 940.70
Decapod larvae 3.74 1.17 5.80 1.76
Gastropod larvae 13.67 71.09 20.53 104.54
Polychaete larvae 620.49 790.3% 928.73 1082.89
Other
Chastognath 0.34 3.57 0.46 3.86
Medusas 11.18 58.51 17.32 87.82
Oikopisura 0.17 32.74 0.26 48.79
Ostracod 0.00 0.87 0.00 0.56
Rotifer 720.14 1285.30 1011.94 1868.31
Tintinnids ' 0.00 81.17 0.00 122.10

Z-A. hud 1-3,4-6 est = (Z. A. hud. All)2
A. hud 1-3 est=(A. hud 4-6)/((A. hud 4-6) + (A. ton 4-€))" (A. spp. 1-3)
A. tonsa 1-3 est = (A. ton. 4-6)/((A. hud 4-6) + (A. ton 4-6))* (A. spp. 1-3)
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Appendix Table 6. Seasonal changes in zooplankton biomass in
Narragansett Bay (Kremer and Nixon, 1978).
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