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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 national
significance” in 1988. The Narragansett Bay Project (NBP) was
established in 1985. Under the joint sponsorship of the U.S.
Environmental Protection Agency and the Rhode Island Department
of Environmental 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,
199C¢, which will recommend actions to improve and protect the Bay
and its natural resources.

The NBP has established the following seven pricrity issues for
Narragansett Bay:

* management of fisheries
nutrients and potential for eutrophication
impacts of toxic contaminants
health and abundance of living resources
health risk to consumers of contaminated seafood
land-based impacts on water quality

* recreational uses
The NBP is 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 also working to expand and coordinate existing
programs among state agencies, governmental institutions, and
academic researchers in order ¢to apply research findings to the
practical needs of managing the Bay and impreving the
environmental quality of its watershed.

% % % % *

This report represents the technical results of an investigation
performed for the Narragansett Bay Project. The information in
this document has been funded wholly or in part by the United
States Envircnmental Protection Agency under assistance agreement
$CX812680 to the Rhode 1Island Department cof 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 of 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

There have been three major studies of fish eggs and larvae in
Narragansett and Mt Hope Bays: a study at 4 stations during 1957-58 (Herman
1958, 1963); a study of 160 stations during 1972-73 by Marine Research, inc.
(1974) and a monitoring program since 1972 in Mt Hope Bay, also by MRI
(1972-86).

In the 1972-73 study a total of 42 species or species groups of fish eggs
and larvae were found; maximum abundance was during June-July and
minimum abundance during September-danuary. The rank order of the more
abundant species was: anchovies, menhaden, winter flounder, tautog, cunner,
sand launce, weakfish, windowpane, silversides, mackerel, seaboard goby, and
fourbeard rockling. Two species (sand launce and winter flounder) are winter-
spring spawners, with peak abundance of iarvae during April; two (fourbeard
rockling and mackerei) and spring-early summer spawners with iarval peaks in
May-June; and 7 are late spring-early summer spawners with peak abundance
of larvae in June-July (bay anchovy, tautog, cunner, silversides, weakfish,
windowpane, and seaboard goby). Atlantic menhaden have a protracted
spawning season with greatest intensity during spring and fall. The more
abundant species could be classified into three groups according to their
centers of abundance: 8 of the 12 most abundant species (menhaden,
anchovy, winter flounder, tautog, weakfish, windowpane, silversides, and
seaboard goby) were most abundant in the upper Narragansett / Mt Hope Bays;
3 species (sand launce, rockling, and mackerel) were most abundant in the
lower East Passage; while 1 species, the cunner, seems to be abundant in both

the upper and lower bay. Thus the uppermost, most environmentaily impacted
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areas of Narragansett and Mt Hope Bays also provide the major spawning /
nursery areas for most of the locally abundant fish species.

Herman (1958) identified 34 taxa of fish larvae in his 1957-58 study, all of
which were also subsequehﬂy found in the 1972-73 study by MRI. However the
rank order of the most abundant species was quite different in the two studies;
in Herman's study the 12 most abundant species were: sculpin, silversides,
cunner, anchovy, scup, sand iaunce, searobin, butterfish, winter flounder,
tautog, northern pipefish, and radiated shanny. Thus a list of the 12 most
abundant larval fish species in both studies had only 6 species in common. The
difference in rank order appeared to be due primarily to differences in the
reiative abundance of 5 species (winter flounder, silversides, goby, sand
taunce, and sculpin) which hatch from demersal eggs. Thus the relative
abundance of these species as larvae could not be independently confirmed
from the data on pelagic eggs. It was unclear whether the differences in the
rank order of species in the two studies were due to biased data reflecting
differences in sampling gear, or real differences in the fish community.

The long-term study by MRIi in Mt Hope Bay has revealed that the total
population of larvae has exhibited about 3-fold variation in number, with
evidence of a 4-5 year periodicity, between 1972-86. However the variation in
the number of individual species has been much larger than this. The most
striking change since 1972 has been a 1000-fold decline in the number of
Atlantic menhaden and its replacement by anchovies, predominantly bay

anchovy, as the numerical dominant in the system.




RECOMMENDATIONS FOR FUTURE WORK

1. Since there has been no Bay-wide survey of icthyoplankton since
1972-73, we recommend that another seasonal study be carried out to

determine whether there have been any major changes.

2. Winter flounder are an important commercial and recreational species
in the Bay, which undergo large fluctuations in abundance. These changes
appear to be related both o overfishing and to longer term variation in winter
temperatures. Since year class strength in winter flounder appears to be
established during the early life history stages, we feel that it would be useful to
undertake a longer term monitoring program of winter flounder larvae in
selected parts of the bay. This would provide information which could lead to a

better understanding of the natural causes in the fluctuations in recruitment.
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INTRODUCTION

There have been three major studies of fish eggs and larvae in
Narragansett and Mt Hope Bays: a study at 4 stations during 1957-58 (Herman
MS Thesis, 1958; published 1963); a study of 160 stations during 1972-73
carried out by Marine Research, Incorporated of Falmouth, Massachusetts for
Narragansett Electric; and a long term monitoring program of several stations in

Mt Hope Bay since 1972, also being carried out by MRI.

METHODS

Larval fishes are difficult to sample quantitatively, and there seems to be
no convenient way to adequately sample demersal eggs. Pelagic eggs and
newly hatched iarvae can be sampled reasonably well with a suitable net.
However older iarvae with better developed sensory and swimming capabilities
are able to detect and avoid conventional plankton nets. They are also
relatively rare and patchy in their distribution, often exhibiting tidal or diel
changes in their depth distribution; thus sampling variability tends to be quite
high.

The bridle on a conventional plankton net has been found to provide an
“early warning" to larvae and increases net avoidance; the advent of the
bridleless sampier called the "bongo” (McGowan and Brown 1966) has greatly
improved the quantitative sampling of fish larvae. The bongo sampler is a
frame supporting paired conical nets, towed by a wire attached to fhe frame

between the nets. This leaves the mouth of each net open, except for a small
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flowmeter which is mounted in the center to provide a quantitative estimate of
the volume of water filtered by the net. The bongo sampler was adopted by the
US National Marine Fisheries Service in the early 1970's for their large scale
surveys of ichthyopiankton and is now the generally accepted gear for this type
of work. Standard mesh sizes for the nets are 333 and 505 um; occasionally
202 um. Smaller meshes are impractical because they clog too quickly and
cannot be towed sufficiently fast to catch larvae (around 2-3 kn is a common
towing speed).

In his pioneering study in Narragansett Bay, Herman used a
conventional 1 meter net witn a rather large mesh size (slightly larger than 1
mm) for his sampling of larvae, but he used a smaller Clarke-Bumpus sampler
with 366 pm mesh to collect eggs. Both nets were metered and quantitative
samples were collected, using stepped oblique hauls. Stations were occupied
cnce weekly.

Early work by Marine Research, Inc. also emplcyed a conventional
plankton net but during 1972 they changed to a metered bongo sampler with a
505 um mesh. An oblique tow was made at each staton. Weekly sampling was
carried out between June-August 1972, monthly sampling between September

1872-March 1973, and weekly sampling between Aprii-August 1973.

RESULTS

Marine Research, Inc. Survey of Narragansett / Mt Hope Bays, 1972-73
The most complete study of fish eggs and larvae in Narragansett Bay is
the 1872-73 survey by Marine Research, Inc. for Narregansett Electric {1974), .

and we will present these results first. Narragansett and Mt Hope Bays and the




Sakonnet River were subdivided into 9 sectors in which 160 stations were
sampled from June 1972 to August 1973 {Figure 1).

The raw data were summarized as the monthly mean concentration of
eggs or larvae in each sector i-n_.Appendix Table 2 of MRI (1974), and we have
used these data in our anafysis. Annual mean values obtained in this way are
slightly different from mean values given in the MRI report, e.g. in Table 2 of MRI
(1974). lItis not clear why this is s0, but it may reflect differences in the degree
to which the data were condensed by MR! and by us prior to analysis, with
rounding-off errors introduced in each step.

The sectors defined by MR differed considerably in volume, and in order
to determine the population size of eggs or larvae in the different sectors it was
necessary to multiply the mean concentration of plankton by the volume of the
sector. MRI cited volume estimates from Hicks (1959) but did not give those
figures in their data report. However in Table 2 of MRI (1974) they reported both
the annual mean concentration of the more abundant species during the period
they were present, and the total population size as calculated from the volume

of each sector, where:
Total popuiation size = No /100 m3 x 102 x Sector volume (m3)

From these data the sector volumes used by MRI weré reconstructed (Table 1).
These volumes were summed and the total volume compared to other figures
given for the volume of Narragansett Bay by Hicks (1959} and Chinman and
Nixon (1985) (Table 1).

The total volume thus calculated (2.659 x 1010 m3) is an order of
magnitude larger than volume estimates by Hicks (3.014 x 109 m3) and

Chinman and Nixon (2.673 x 109 m3). The mean concentration of eggs and

ke
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larvae in Table 2 of MRI (1974) are comparable to raw data presented in their
Appendix Table 2, so there appears to be an error in the caption in their Table
2, in which the reader is instructed to multiply the total abundance estimates by
1010, The correct figure would appear to be 108, which would yield sector
volumes comparable to published data for the bay. Accordingly we applied a
multiplier of 109 to the sector volumes in Table 1 in order to convert
concentration to total number of larvae in each sector.

Although MRI presented data on pelagic fish eggs as well as larvae we
restricted our analysis mainly to the larvae, since a number of important species

hatch from demersal eggs and are not represented in the egg counts.

Species Abundance

MRI reported a total of 42 species or species groups of fish eggs and
larvae (Table 2). Maximum larval abundance occurred during April and July,
with the summer maximum being by far the larger of the two (Figure 2). Larvae
were least abundant between September-January. The number of species or
species groups present as larvae was highest during May-July, where a
maximum of 24 was observed in July 1972 and 29 in May 1973 (Table 3). The
lowest number of species (5) was found in December 1972.

Species diversity was computed by MRI using Shannon's function. We
have reproduced this section of their report and include it as Appendix 1 to the
present report. _

The monthly mean concentration of the 12 most abundant species of
larvae in each sector, and the total number of larvae after correctiqn for the
volume of each sector, are presented in Tables 4a,b. Of the 12 most abundant

species, two (the sand launce and winter flounder) are winter-spring spawners,




with peak abundance of larvae during April; two (fourbeard rockling and
mackerel) are spring-early summer spawners with larval peaks in May-June;
and 7 are late spring-summer spawners with peak abundance of larvae in
June-July (bay anchovy, tautog, cunner, silversides, weakfish, windowpane
flounder, and seaboard goby). Atlantic menhaden have a protracted spawning
season, with the greatest intensity during spring and fall. In Narragansett Bay
menhaden eggs and iarvae have a split season, with the first period during
April-duly with maximum abundance in June-early July, slightly ahead of the

anchovies, and a second nccurrence during October-November.
Distribution of Larvae

In order to compare the importance of different sectors in the
Narragansett / Mt Hope systems as spawning and nursery grounds we
considered first, the concentration of larvae in each sector and second, the total
number of larvae present in each secter after correcting the concentration
values for the volume of each sector (Tables 4a,b). The integrated areas under
the curves of concentration or numbers vs time were used as the basis for this
compariscn. Although the integrated areas are not corrected for differences in
the development rate of different larval species, they do permit comparison
between areas and years within the same species; and provide an approximate
index of the relative abundance of different species.

The totals for the integrated areas of the abundance curves are
summarized in Table 5. Sectors are ranked in order of the concentration of
larvae in Table 6, and in total abundance in Table 7. The percentage

contribution of each sector to the total population of larvae is given in Table 8.




Comparisons bet»véen 1972 and 1973 are possible for predominantly
summer spawning species. During the summer of 1972, Atlantic menhaden
were by far the most abundant species, with anchovies (predominantly bay
anchovy Anchoa mitchilli) second and two species in the family Labridae
{tautog and cunner) third and fourth respectively (Table 5). However during the
summer of 1973, menhaden were of much lower abundance and ranked
second after anchovies; tautcg and cunner again ranked third and fourth
amongst the summer spawners.

The rank order of abundance of both winter-spring and summer
spawning species during the period January-August 1973 was: anchovies,
menhaden, winter flounder, tautcg, cunner, sand launce, weakfish,
windowpane, silversides, mackerel, seaboard goby, and fourbeard rockling.
Although the autumn period was not sampled during 1973, none of the major
species other than menhaden spawn during that season, and the lack of data
for autumn 1973 would be unlikely to alter the rank; order of the most abundant
species for 1973. |

Overall, the larval population was numerically dominated by a small
number of taxa. During 1973 anchovies and Atlantic menhaden were the most
abundant larvae; together they comprised 76.4% of the total (Table 5). Six taxa
{(anchovies, menhaden, winter flounder, tautog, cunner, and sand launce) made

up 94.0% by number of the total population of larvae.

ichthyoplankton Congentration by Sector The distribution of eggs and

larvae in the bay reflects not only the intensity of spawning in different regions,

put also the physical circulation of the bay, the duration of the pelagic egg and

larval stage, and the criented swimming behavior of the larvae.




The concentration of larvae differed among the 9 sectors, indicating that
spawning by different fish species was localized in different regions of the bay.

The highest concentration of the 12 most abundant species was found in
the following sectors (Table 6):

In 1972, considering summer spawners only: Sector 1 {Greenwich Bay)
for anchovies, weakfish and silversides; Sector 2 (upper Narragansett Bay) for
menhaden and tautog; Sector 6 (upper Sakonnet River) for seaboard goby; and
Sector 9 (lower Sakonnet) for cunner and windowpane.

In 1973, including winter-spring and summer spawners: Sector 1
(Greenwich Bay) for anchovies; Sector 2 (upper Ngrragansett Bay) for
menhaden, tautog, windowpane and seaboard goby; Sector 3 (Mt Hope Bay)
for winter flounder, weakfish and silversides: Sector 8 (lower East Passage) for
mackerel and fourbeard rockiing; and Sector 9 (lower Sakonnet) for cunner and
sand launce.

Lowest concentrations of sand launce, mackerel, and fourbeard rockling
were found in Sector 1 (Greenwich Bay); lowest concentrations of all other
larvae were found in Sectors 7 and 8 (lower West and East Passages

respectively).

Total Abundance of Larvae by Sector If we correct the concentration of

larvae by the volume of each sector, and determine the total number of larvae,
the rankings change because of the considerable differences in the volumes of
each sector (Table 7).

In 1972, considering only the 8 most abundant summer spawners, Sector
2 (upper Narragansett Bay) contained the greatest numbers, and thus
represented the largest percentage of the total bay-wide population, of larvae of

6 species (menhaden, tautog, cunner, silversides, windowpane flounder and.




seaboard goby), while Sector 4 (upper West Passage) contained the greatest
numbers of the two remaining species (anchovies and weakfish).

In 1973, considering the 12 most abundant species, Sector 2 (upper
Narragansett Bay) contained the greatest number of larvae of 5 species
(menhaden, tautog, weakfish, windowpane, and seaboard goby); Sector 3 (Mt
Hope Bay), winter flounder and silversides; Sector 4 (upper West Passage),
anchovies; and Secior 8 (lower East Passage), 4 species (cunner, sand launce,
mackerel, and fourbeérd rockling).

Sectors 2 and 4 toaether contain the greatest percentage of the totai
population of larvae in the Narragansett / Mt Hope Bay systems, ranking first or
second in at least 1 year for all species except sand launce (sixth), mackerei
(eighth), and rockling (fourth). Sector 3 (Mt Hope Bay) contained the greatest
number of winter flounder and (in 1973) silversides, although both species were
quite abundant in Sectors 2 and 4 also. The other major center of larval
abundance,Sector 8 in the lower East Passage, because of its large volume
ranked first in total abundance of cunner and sand launce, aithough it ranked
only fourth and sixth respectively in concentration of those species; Sector 8
ranked first in concentration as well as total numbers for mackerel and rockling.

Sectors 1 and 9, though exhibiting high concentration of several species
of larvae, had relatively smali volumes and generally contained only a minor
fraction of the total population of those species. Greenwich Bay did not rank
higher than 6th in the overail abundance of any species; Sector 9 ranked
second for cunner in 1972 but otherwise not higher than fourth for other
species; it ranked second for sand launce, but otherwise not higher than 5th
overall in 1973. .

Among the 8 summer-spawning species for which comparisons during 2

consecutive years could be made, 4 species (anchovies, menhaden, tautog




and cunner) were very similar in their pattern of distribution in both years.
Silversides and seaboard goby were also fairly similar, with two of the the three
sectors containing the highest concentrations being the same in both years.
Weakfish and windowpane flounder were the most different in their centers of
distribution in the two years, showing preferences for both the Mt Hope Bay /
Sakonnet systems and upper Narragansett Bay.

Among these 8 species, the overall abundance of anchovies and
seaboard gobies increased greatly between 1972 and 1973, whereas
menhaden and silversides decreased substantially, and tautog, cunner,
weakfish and windowpane flounder decreased moderately.

Marine Research tesied for the significance of differences in the
concentration of larvae in different sectors using the Mann-Whitney U test: these
results are reproduced in Appendix 2.

In summary, aithough most of the more abundant larval species are
found throughout the Narraganset / Mt Hope systems, they may be classified
into three groups according to their centers of abundance (Tables 6,7): 8 of the
12 most abundant species (menhaden, anchovy, winter flounder, tautog,
weakfish, windowpane flounder, silversides, and seaboard goby) are most
abundant in the upper Narragansett / Mt Hope systems; 3 species {(sand launce,
rockling, and mackerel) are most abundant in lower East Passage; while 1
species, the cunner, seems to be abundant in both the upper and lower bay
systems. Thus the uppermost, most environmentally impacted areas of
Narragansett and Mt Hope Bays also provide the major spawning / nursery

areas for most of the locally abundant fish species.
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Herman (1958)

Herman's stations 1 and 2 were located in the lower East and West
Passages of Narragansett Bay, respectively; Station 3 was near the northern
entrance to Sakonnet River and Station 4 was in lower Mt Hope Bay (Figure 3).
Herman did not sample in the upper portions of Narragansett Bay. His four
stations most nearly corresponded to Station 84 in Sector 8, Station 136 in
Sector 7, Station 15 near the boundary of Sectors 3 and 6, and Station 23 in
Sector 6 of the MRI study of 1972-73.

Data from all 4 stations were combined in Herman's dissertation
although he commented on relative abundance at different stations in his
discussion of individual species. Data are reported as the mean abundance of
eggs and larvae during the period of occurrence, iniTables 2 and 3 of the thesis.

The overall seasonal pattern of abundance of eggs and larvae was quite
similar during Herman's study in 1957-58 and in the MRI study of 1972-73
(Figure 2). Peak abundance was observed during June-dJuly, and minimum
abundance in October-November, in both studies.

Herman identified 17 species of pelagic fish eggs and 34 species or
genera of larvae in his study (Table 8). MRI found the same species, with some
additions of rare taxa, in their bay-wide survey in 1972-73, and their 1971-86
studies in Mt Hope Bay.

However both the rank order and the abundance of larval fishes,
including species hatched from demersal eggs, were strikingly different
between the two studies (Table 10). A list of the 12 most abundant larval fish
species in both studies has only 6 species in common (Tables 5,9). In
Herman's study the sculpin is by far the most abundant larval fish, followed by

silversides and cunner. In 1972-73, these species ranked fifteenth, ninth and

10
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fifth, respectively in relativé abundance (Table 10). Scup, searobin, and
butterfish were also relatively abundant in Herman's study, ranking fifth,
seventh, and eighth respectively, but ranked thirteenth, fourteenth, and
sixteenth in 1972-73. Anchovy, menhaden, and winter flounder, which ranked
first, second and third in abundance during 1972-73 ranked only fourth,
thirteenth and ninth respectively in Herman's study.

The quantitative abundance of larvae was also quite different in the two
studies. Peak abundance of eggs and larvae in the MRI study were of the same
order of magnitude, whereas peak abundance of larvae was 2 orders of
magnitude lower than eggs in Herman's study. Herman's value for the mean
concentration of scuipins was about a factor of 10 greater than in the MRI study
(where mean concentration can be found by dividing the total area in Table 4a
by the total number of days larvae were present: e.g. for Anchoa, Sector 1,
1973 mean concentration = 82182.5 / 92 = 893). Mean concentrations of scup,
searobin and butterfish in Herman's study were similar to the MRI data, while
Herman's data for the remaining species in Table 10 were 1-2 orders of
magnitude lower than the MRI data (Tables 6,9).

These discrepancies persist even when the comparison with Herman's
data is restricted to those four sectors in the MRI study most closely
corresponding to Herman's sampling locations (Sectors 3, 6, 8, 9: Table 10).

In contrast to the larvae, however, the species composition and
abundance of pelagic fish eggs in Herman's study were in good agreement with
the later, bay-wide survey by MRI (Table 11). Abuf}dance estimates by Herman
were, except for Labridae, somewhat lower than the overall mean values found
by MRI but were of the same order of magnitude. The rank order of the 9 most
abundant species or species groups of eggs was, except for menhaden and

mackerel, identicai in both studies. By themselves these resuits would seem to
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suggest that the fish community, or at least that portion which hatches from
pelagic eggs, had remained basically stable during the 15-year interval
between these studies.

Since the egg data provided an independent means of confirming the
relative abundance of the majority of the more abundant species, the larvae
were separated into two groups depending on whether they hatched from
pelagic or demersal eggs (Table 11).

it we consider only those species which hatch from pelagic eggs, the
rank order of abundance is much more consistent between the two studies
(Table 11). In Herman's study the rank order of the abundance of larvae closely
follows that of the eggs. The correspondence between the egg and larval data
is not as close in the MRI study, the most notable discrepancy being in the
Labridae, which constituted 29.8% of the eggs but only 8.9% of the larvae, a
distant third place behind menhaden and anchovy. Labrid larvae were
relatively less abundant than eggs in Herman's study also, although they
retained first piace in the relative rankings of larvae hatched from pelagic eggs.
The low numbers of Labrid larvae compared to eggs could be indicative either
of high mortality or low availability of larvae, perhaps because of some aspect of
their behavior, to the sampling gear. Overali it appeared that the relative
abundance of larvae which hatch from pelagic eggs was in most cases
confirmed by the relative abundance of eggs, and there was a generally good
correspondence between the two studies in the relative rankings of most
species as both eggs and larvae.

In contrast there was little apparent correspondence in the relative
- rankings of the more abundant species that hatched from demersal eggs (Table
11). In Herman's study sculpins ranked first, constituting 80.3% by number in

this group, while winter flounder ranked fourth with 2.9% of the numbers of
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larvae. In the MRI study winter flounder ranked first, with 63% of the numbers
while sculpins ranked fifth, or 1.2% by number. Silversides and sand launce
ranked second or third in both studies, while gobies ranked fourth or fifth. The
rankings of these larvae could not be verified from egg data since demersal
eggs are exceedingly difficult to sampie quantitativé!y and this was not
attempted in either study. Clearly, however, the poor correspondence in the
larval fish data in the two studies is caused mainly by the variation in the
rankings of the speciés hatching from demersal eggs, e.g. sculpins, silversides,
sand launce, winter flounder, and gobies.

MRI (1974) suggested that the generally low catch of larvae, the
preponderance of sculpins (a large, robust species) and low relative
abundance of winter flounder (a small, delicate species) in Herman's study was
to a large extent an artifact of the sampling gear, where the combination of a
bridled net and large mesh size both undersampled the overall population, and
biased the catch towards large larvae. We would agree that while the sampling
gear available to Herman was quantitative for pelagic eggs, it probably biased
the catch of larvae to an unknown degree. However the selectivity of the é

sampling gear does not rule out the possibility that at least some of the

differences in the rank order of abundance within the two studies were real. For
example, newly hatched scup, searobins and butterﬁsh are about the same size
as winter flounder, and gear selectivity alone would not seem to be a sufficient
explanation for the greater abundance of those species than winter flounder in
Herman's study. it remains possible that these three species really were more

abundant than flounder in 1957-58.

Unfortunately we cannot determine the extent to which the differences in
the abundance and rank order of larvae in the two studies reflects gear

selectivity in Herman's study or true differences in the abundance of certain [
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species. As will be seen in the next section, however, the differences in
abundance of certain species implied in the two studies is within the range that

has been observed in the long-term monitoring of Mt Hope Bay.

Long-Term Monitoring in Mt Hope Bay, 1972-Present

Marine Research, Inc. has carried out long-term monitoring at several
stations in Mt Hope Bay since 1972. Data are available for the years 1972-86
(MRI 1972-86). Althougn Mt Hope Bay was not included in the scope of the
present analysis, data on a few selected species at the contro! station at Spar
Island (Station 10 in Sector 3, Figure 1) in central Mt Hope Bay are presented in
Figure (4).

The integrated abundance curve of the total numbers of larvae has
fluctuated about 3-fold over this 15-year period, with evidence of a 4-5 year
periodicity. However individual species have showh much greater fluctuation in
abundance than has the total number of all larvae.

The most dramatic change in the larval population since 1972 has been
a precipitous decline in the abundance of the Atlantic menhaden and its
replacement by anchovies, predominantly the bay anchovy Anchoa mitchilli, as
the dominant species of larvae in Mt Hope Bay. Menhaden ranked first in
abundance of larvae in 1972, but declined 3 orders of magnitude between
1972-76, and since then have been present in negligible numbers. Bay
anchovy populations increased at the same time as menhaden declined and in
1974 replaced menhaden as the most abundant larvae in Mt Hope Bay. Since
1977, the year of maximum abundance of anchovies, their numbers have

fluctuated about 3-fold, with a 4-5 year cycle. Since menhaden and later

Ed
FA
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anchovies overwhelmingly dominated the numerical abundance of larvae, the

temporal trend of the total population as shown in Figure (3) principally reflects

the behavior of these two species.

Sand launce have undergone extreme changes in abundance,
increasing from low numbers in the early-mid 1970's to a peak in 1979,
followed by a return to very low abundance in 1985-86.

Winter flounder has exhibited an approximately 5-6 fold variation in
numbers; like the anchovy it appears to be cyclic with a 4-5 year period.

From this limited analysis it appears that individual species are capable
of extreme variation in number, and also cyclical change in numbers over
periods of 4-5 years in Mt Hope Bay. The ‘otal population size of larvae is

evidently more stable, with a lower amplitLde of variation, than is the behavior

of individual species.

Bl st
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1
|
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Table 1. Estimates of the volumes of Narragansett and Mt Hope Bays, and the
nine sectors used by Marine Research, Inc. in their 1972-73 study. Sector
volumes as computed from Table 2 in MRI (1974) appear to be an order of
magnitude too high, when compared with other estimates of the total volume of
Narragansett Bay. A corrected volume, shown below, was used for the present
analysis.

Volume of Narragansett Bay:

From Hicks (13539) as cited in MRI (1974), at Mean Low Water:
Area = 324.5 km?2

Mean Depth=8.8 m
Volume = 3.014 x 109 m3

From Chinman and Nixon (1985 ), at Mean Low Water:

Volume = 2.673 x 109 m3
Volume of sectors in Marine Research study, as computed from their Table 2,

where:

Vol (m3) = Concentration of larvae (No / m3) / Total (No larvae/sector)

Sector Vol. fromTable 2 (x1010m3) Corrected Vol. (x10%m3)

1 0.0301 0.0301
2 0.319 0.318
3 0.180 0.190
4 0.437 0.437
5 0.378 0.378
6 0.144 0.144
7 0.328 0.328
8 0.753 0.753
9 - 0.0802 0.0802

Total 26.590 x 109 m3 Total 2.659 x 109 m3




Table 2. List of species whose eggs or larvae were found in Narragansett / Mt Hope Bays during
the June 1972-August 1973 survey by Marine Research, Inc.

(From Table 1 of MRI 1974_ ).

ANGUILLIDAE
Anguilla rostrata
OPHICHTHIDAE

CLUPEIDAE
Alosa spp.

revi ig tyrann

ENGRAULIDAE

Anch itchill
A, hepsetus

OSMERIDAE
Qsmerys mordax

LOPHIIDAE
L ophi .
GADIDAE
Enchelyopus cimbrius
Gadus morhua
| m lefi
Merluccius bilinearis
Urophycis spp.
Pollachius virens
ATHERINIDAE
Menidia menidia
GASTEROSTEIDAE
Gasterosteus aculeatys

SYNGNATHIDAE
sSyngnathus fuscus

POMATOMIDAE
- Pomatomus saltatrix

SPARIDAE
Stenotomys chrysops

SCIAENIDAE
noscion regali

Menticirrhus saxitilis
LABRIDAE

T it

Tautogolabrus adspersus
STICHAEIDAE

Ulvaria subbifurcata

(Americal eel)

(Snake eels)

{Alewife and Blueback)
(Atlantic herring)
(Atlantic menhaden)

{Bay anchovy)
(Striped anchovy)

(Rainbow smelt)
(Goosefishy)

(Fourbeard rockling)
(Atlantic cod)
(Haddock)

(Silver hake)
(Hakes)

{Pollock)

(Atlantic silverside)

(Threespine stickleback)

(Northem pipefish)

(Bluefish)

(Scup)

{Weakfish)
(Northern kingfish)

(Tautcg) )
(Cunner)

(Radiated shanny)

i




PHOLIDAE
Pholis gunnellys (Rock gunnel)
AMMODYTIDAE )
Ammodyvies americanus (American sand launce) ,
]
GOBIIDAE
iosoma ginshurgi (Seaboard goby)
SCOMBRIDAE
Scomber scombrus (Atlantic mackerel) §
STROMATEIDAE :
Peprilus triacanthus {Butterfish)
TRIGLIDAE
Prionotus spp. (Searobins)
COTTIDAE
Myoxgcephalus spp. (Sculpins)
AGONIDAE
Aspidophoroides monopterygius (Alligatorfish)
CYCLOPTERIDAE
Liparis atlanticus (Seasnail)
BOTHIDAE
Scopthalmus aquosus (Windowpane)
Paralichthys dentatus (Summer flounder)
P_oblongus (Fourspot flounder)
PLEURONECTIDAE
Pseudopleuronectes americanus (Winter flounder)
Limands ferrugineg (Yeliowtail flounder)
t hal n (Witch flounder)
Hi ! i | i {American plaice)
SOLEIDAE
Trinectes maculatus (Hogchoker)

TETRAODONTIDAE
Sphoeroides maculatus (Northern puffer)

. R L 1 ST 1 O N e R A B Shaeniosh e i e 2L T e S AR 0 5 e e F RO Sl s Ve e S e
B 0w D R s i B . . . .



Table 3. Number of species or species groups found by MRl in Narragansett

and Mt Hope Bays during 1972-73.

Year

1972

1973

Month

June

July
August
September
October
November
December

January
February
March
April
May
June
July
August

Number of Taxg

21
24
18
6
12
9
5

9
7
10
15
29
28
25
19
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Figure 1. Ichthyoplankton stations and sampling sectors in the Marine

Research, Inc. study of 1972-73. i
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Figure 2. Comparison of total densities of fish eggs and larvae collected during

the 1857-58 survey (closed symbols) of Herman and the 1972-73 survey (open
symbols) of MRI .
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Figure 3. Station locations in Narragansett Bay in the 1957-58 survey by

Herman (1958).
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Figure 4. Time series showing the integrated area under the curve of
abundance of selected species, and total numbers, of larval fishes collected at

Spar island in central Mt Hope Bay, 1972-86. From MRI (1972-86).

Jp.
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Appendix 1. Analysis of species diversity of icthyoplankton in Narragansett and

Mt Hope Bays during 1972-73. Reproduced from MRI (1974).
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species diversity for the 1973 spawning pericd has been calculated

gata in Appendix Table 2, using Shannon's information function

Hs ===»E pi lnpi where p;

gibe percent (or probability) of occurrence of each species in a given
goth and sector (Pielou, 1369).

The value of Hs depends both on the number of species present, and
atke "evenness® of the number of 1ndividua1_s in each species, This even-

uss has been separately celculated from the formula

H H
P -2 —_
J=Hpax = 1nS
vhere Hmax is the theoretical maximum value of Hg for a given number of

species, S (Pielou, 1969).
| YValues for Hg and J are presented in Table 6, and in Fig. 97, which gives
werages for Sectors 1-3, 4-6, 7-9 (Upper, Middle, and Lower Bay, respective~

i), compared with Sector 10.

Dominance in a population by a single species has the effect of lowering
35- Low diversity is widely considered to reflect a relatively unstable popu-
htiOn, Or one on a "siressed® condition, as from pollution. But low diversity

ks commonly found in upper estuaries, even when they are unpollutad: only a

e e e B N o 0 A B bt A

BT e . R
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gpecies can tolerate the fluctuations in temperature and salinity en-
ntefed there,

Annual ranges of H s for adult fish populations sampled in a number of
‘waﬁes and sounds suffering various degrees of pollution have been given
”HaedriCh and Haedrich (1974). The lowest values . for Galveston Bay,

-y were 0.13 to 0.91 (Bechtel and Copeland, 1970). The highest cited,
g2 relatively unpollutéd estuary in Georgia (Dahlberg and Odum, 1970) were
7 10 1.8. The Haedrichs suggest that ",..such diversity levels may be
garacteristic of all temperate estuaries." Using data of Richards (1963),

o Merriman and Warfel (1948), they calculated a seasonal range in diversity
gr bottom trawl collecti;ms made in Block Island and Long Island Sounds of
1.7t0 1.7,

Direct comparisons should not be made, however, between values of Hs
lerived from samples of adult populations, and our own, based on fish larvae,
dr data reflect the diversity only of those species which are present in Narra-
Rosett Bay, and also spawning at a given time. The list of larvae at any
eason will be shorter than the list of adult fishes present.

Further, without knoWledge (most of it presently lacking) of the size-
rquency and fecundity of the parent population, and the mortality rates of
ber eggs anc larvae, it is not possible to use; ichthyoplankton diversity as

-

!®easure of diversity among spawning adults.

e
3

SO SR s
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we offer these data, then, primarily for the purpose of comparing
sgansett Bay's ichthyoplankton with that of other areas for which similar
ces might be calculated.

The diversity indices, Hs’ for Narragansett Bay show a small March
fkfonowed by a sharp drop in the middle and upper parts of the Bay, due
58 dominance of winter flounder larvae in the April populations there -
Wimstanding the fact that more species were actually present in Aprii},

g sectors Tose to a seasonal high in early and midsummer. The lower Bay
o ocean sectors showed the highest diversity, partly due to the number of
gecies present (a numbsr of migratory, more or less marine, species do not
megate Very far up the Bay), and partly because the most abundant summer
eaners, anchovies and menhaden, concentrate their efforts in the upper
by, with the consequent depressing effect on H already described.

Using data from Wheatland's (1956) study of Long Island Sound, we have
#alated a peak value for Hg of 1.32 (June, 1952 collections). This is based
tumbers of fish eggs. Larval indices derived from her data at the peak
Wsons were lower, the highest being 0.96 (June, 1953 collections), These
Nes are lower than those we calculated for Narragansett Bay (Table 6; Fig.
B, though Wheatland's repoft is based upon far fewer collections. (The

%Nebﬂity of catching rarer species and thus increasing the diversity index

Y .
Songly dependent on sampling effort.)

by
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g7: Shannon's indecx of diversity, IIq, and the ratio of observed

lgtheoretical maximum diversity, J, for fish larvac in Narragansectt
to ) 1973. Values for upper, middle, and lower Bay are means for
;’:ctofs 1-3, 4-6, and 7-9, respectively (data from Table 6).
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Unfortunately, the other, major surveys of Block Island and Long
and ounds (Perlmutter, 1938; Richards, 1959; Merriman and Sclar, 1952)
i

Jgerman's Narragansett Bay study (1963) are not reported in ways that

fmit similar computations.




Appendix 2. Mann-Whitney U Tests of the significance in the differences in
concentration of the more abundant species in the 9 sectors of the 1972-73

survey in Narragansett and Mt Hope Bays by MRI. Reproduced from MR
(1974).
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ATIVE ABUNDANCE OT SECTOR POPULATIONS

Inasmuch as the population sample sizes were far from normally dis-
gibuted' & non-parametric statistical method, the Mann-Whitney U Test,
435 chosen to determine whether individual sampling sectors were significant-
Iyricher or poorer in individual ichthyoplankton species than other sectors in
e BaY Using population densities for 21 species of fish eggs and larvae
pgken during the first ten weeks of sampling (June 22 to August 24, 1372),
wd the last ten weeks (June 19 to August 30, 1973), each of the ten sectors
gas individually compargd with each other sector,

The results for six important larval species are presented in Table 5,

&cept for winter flounder (Pseudopleuronectes americanus), for which only

me year's data was in hand, the results for two se€asons' sampling are repre-

sented in the table,

A

Taking those cells in Table 5 which were scored the same for two years
amning, as a percentage of the total number in the matrix, the consistency
%tween 1972 and 1973 ranged from a low of 44% for weakfish larvae (Cynoscion
zgalis}), to a high of 82% for anchovies {Anchoa spp.}). Seventy-one percent

dthe cells were the same both years for tautog (Tautoga onitis), 69% for

anner (Tautogolabrus adspersus), and 72% for larval menhaden (Brevoortia

Tannus),
Figs, 13-94 show spawning typically beginning in the nérthern ticr of

Rmpling sectors . with the center of abundance moving southward in successive i
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’,,ks- This probably reflects the combined effects of water flow down the
ary and a progressive wave of spawning activity from north to south
glated With rising water temperature.

Interestingly (and perhaps surprisingly) the highly polluted waters of
” providence and Taunton Rivers and Mt., Hope Bay (EPA, 1971) do not
o= to be a barrier to spawning or the development of the larvae,

Sector 2 (Providence River), seems outstandingly productive for many
gecies while Sector 3» (upper Mt. Hope Bay) is in most cases either more
ipductive, or not significantly different in productivity, than Sectors 1, and
#10. (In 45% of the cases §iven in Table 5, Sector 3 was significantly richer,
ud in 34% not significantly different in iarval population densities than the
soe other sectors tested against it statistically,)

This test in no way compares absolute population densities from year
pyear, but only the product;ion of one sector relative to that of each other
sector within @ year. For example, the Mann-Whitney U Test for larval
achovies shows Sector 2 to have been significantly more productive than all
dher sectors except nos. 1 and 4 both in 1972 and 1973; the patterns are
Uentical (Table 5).

Quantitative comparisons of sector populations from year to year are the

Rbject of the next section.




Table 5: Sectors listed horizontally are significantly richer
(+) or poorer () ir a given species than the sector numbered
at the left-hand edge of the matrix. Results of Mann-Whitney
U Test of 1972 and 1973 Narragansett Bay mean (unweighted)
sector population densities, interpreted at the 35% confidence
level,
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Pseudopleuronactes americanus larvas
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Appendix 3. Correspondence with Marine Research, Inc. regarding an error in
their larval fish data report (MRI 1974). The caption to their Table 2,
summarizing the abundance of different larval fishes in different sectors of

Narragansett Bay, incorrectly instructed the reader to multiply the figures by

1010, The correct multiplier was 109.
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