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INTRODUCTION
Northern quahogs, Mercenaria mercenaria, have been hafveste_:d in eastern North
America for centuries (MacKenzie and Burrell, 1997). The bays frorﬁ Rhode Island through
New Jersey have been principal harveéting areas (Fig. 1). In the 1960s and 1970s, Great South
‘Bay in Long Island, New. York, accounted for around half the total U. S. pro‘d‘l‘;ction of quahogs,
as many as 700,000 bnshe]s a year (Anonymous, 1987). In 1879, Barnegat Bay, New Jersey,
. produced 150,000 bushels of quahogs (Ingersoll, 1887), and as late as the early 1970s it yielded
as many as 1004000 bushels (Ford, 1997). Since then, quahog landings in Great South Bay and
Barnegat Bay havé faﬂen sharply, and in 2000 Great South Bay produced about 3% (Z0,0QO
bushels ofquéhogs) of peak harvests in the 1960s and 1970s (D. Bamés]), and Barnegat Bay
produced 06% (600 bushels) of the harvest in the eariy ]970§ (P. Lauer?). kln contfast, quahog
| harvestS/ﬁshgrﬁén from Point Jud.it'h Pond, RI, have been large because the>pond has lar;ge
stocks of quahdgs, énd in the 1990s and through 2002, quahog landings from Raritan Bay, NY
| and NJ, actually rose to about 150,000 bushels/year (MacKenzie and Pikanowski, 1999;
MacKenzie et al., In Press; and recent data). The quahogs in Point Judith Pond (12-15 fishermen
year-round) and Raritan Bay (] 80 ﬁsher'men) héve bee;n héavily harvested. | |
People have been attempting to explain the causes of the declines in fhe quahog stocks in
Great South Bay and Barﬁegat Bay. Fishermen and hatchery operators (C. Strong?’, J. Zatilla*)
on Long ISlal;d and fishermen (J. Harry®, W. Jenks®) in New Jerséy believe a prime féctor has
been a decline in water quality, becaubse brown tides in the two bays first appeared almost -
consistently at the time the QUahog seed started to become scarce and their quahog harvests

began to decline. In addition, the meats of market-sized quahogs have since been thin and gray.



The thin, gray. meats of adult quahogs sﬁggest they have- difficulty ’feeding during the blooms and
alsothat the picop]ankton accumulates on the surfaces of their meats. Another cause of the
quahog declines may be a steep rise in the abundance of blue crabs, Callinectes sapidus, in New
York (Briggs, 1998) and New Jersey beginning in the 1970s (Stehlik et al., 1998). Yet another
cause of the declines may be éverhérvesting of the.quahogs. : |

Before implementing the éurrent project, some information was collected conceminé> the
-pbssib]e importance of predation on quahog abundances. In June 2002, the mémager of the
Bluepoints quahog-oyster hatchery in West Sayville, New York, info(rmed me that if he planted
seed quahogs then in Great South Bay blue crabs or lady crabs, Ovalipes ocellatus, would
destroy them within a few days. This hatchery had been planting hatchery quahog seed in the
bay since the 19605. Quahog farmers in Barnegat Bay were placing screens over the seed
quahogs they had purchased from local hatcheries to prevent blue crabs from destroying them.
In July 1986, we obtained 15,000 quahogs 4-5 mm in length from the Tuckerton quahog
hatchery. They were divided into five groupé of 3,000 quahogs each and thén spread in five
scattered sites around Barnegat Bay. When the planted sites were examined about 30 days after
the p_lanting:, all but 4-5 quaﬁogs.had'beén crushed'and eaten by crabs, pres‘umably blue c_rabs; at.
every site. | .

In the current project, abundances of benthic invertebrates that inhabit the quahog beds
were surveyed in the four bayé above: Poinf Judith Pdnd, Great South Bay, Raritan Bay, and
Barnegat Bay. If inverteb?atel abundanc¢s' were much lower in Great South Bay and Barnegat
Bay than in Raritan Bay and Point Judith Pond, the cause of the quahog scarcity was unlikely

overharvesting of the quahogs, but was more likely related to poor water quality and predation.




HABITAT CHANGES IN GREAT SOUTH BAY AND BARNEGAT BAY
/ _SINCE THE 1970s

Great South Bay and Barnegat Bay have relatively narrow openings to the Atlantic
Ocean, and thus water exchangés with ocean water is limited.‘ The residence time of water in
Great South Bay is 8-12 weeks (anon. 1978), and in Bamvegat Bay, in the summer, it is about iO
week$ ’(Guo etal. 1997). In contrast, Raritan Bay has a wide opening, 9 km, and resident time of
its water is 2 weeks (Jeffries, 1962). The residence time of water in Point Judith Pond lS ‘ |
unknown.

Great South Bay and Barnegat Bay have had major environmental changes in thé past 30-
40 years, that coincided with the quahog declines. Their shorelines have experienced extensive
- residential deve]opmeht followed by excess nutrient loadings, which are diluted only slightly by
ocean Waters due to the narrow openings. Another change has been an exténsion of municipal
sewerage lines that once emptied treated freshwater into the bays to the far side oftheir barrier
beaches where they efnpty the freshwater into the ocean. This change resulted in raised salinities
in the bays. Concurrent]y, dense b]ooms of Aureococcus anophagefferens, a coccoid
picophytoplanktonic alga, and other algae, including the chlorophyte Nannochloris atomus and
the dinoflagellate Alexandrium fundyense, have deVeloped in the bays during summe.rs. A.

anophageﬁérehs requires salinities above 22 ppt to grow (Olsen and Mahoney, 2001). They are

1Y

the causative agents of “brown,” “green,” and “red” tides, respectively. Blooms of 4.
anophagefferans cause high mortalities to quahog larvae and prevent the growth of juvenile
quahogs (Greenfield and Lonsdale, 2002), and laboratory studies demonstrated that

monospecific cultures of N. atomus do not support growth of larval or juvenile quahogs (Tiu et

al., 1989; Bass et al., 1990). A. anophagefferens has small cells (about 2um in diameter)
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(Grizzle et al, 2001), that the quahogs cannot filter (Tracy, 1988). In.excised quahog gill tissues,
these cells have been shown to inhibit their ciliary beats (Gainey and_ Shumway, 1991). |

The increase in blue crab abur:1dances occurred during and after the 1970s. New York
landings éf blue crabs increased from about 1,000 pounds/year during the 1960s and 1970s to
513,000-1 ,215,000 pounds/year during the early 1990s (Briggs, 1998). In New Jersey, blue
crab landings increased from less than 1 million pounds/year during the 1960s to nearly 8
million pounds in 1993 (Stehlik et al., 1998). Substénﬁal porﬁons of the landings were from
* Great South Bay and Barnegat Bay, while most New Jersey landingé were from Delaware Bay.
Blue crabs are a devastating predator of juvenile quahogs when abundant (Kraeuter, 2001;
MacKenzie et al., in press). fhey élso feed on a wide array of invertebfates that are .associated in
the bottom with quahogs (Stehlik et al., 1998). Lady crabs and rock crabs are also present in

Great South Bay and Barnegat Bay.

DESCRIPTIONS OF THE BAYS’ HABITATS AND QUAHOG FISHERIES
* Point Judith Pond (Fig. 2) |
Point Judith Pond, 5 km long and about 1 km wide, has a relatively wide, deep inlet to the

Atlantic Ocean, and there is little shoaling on its inside or outside. The rise and fall of tide inside
the pond is the same as it is outside in Block Island Sound, which Suggests a large exchange of
pond and ocean Wéters. There has been little obvious pollufion in the pond, and as it has few
noticeable plankton blooms the water is relatively clea.r (MacKenzie et al., In Press).

- Point Judith Pond is a productive quahbg-producing area in Rhode Island. Year-roﬁnd,

the pond usually has 12-15 quahog diggers, each harvesting about 1400 quahogs/day, over 90%
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of which have been littlenecks (1.75-2.25 in. in diameter), the size that brings the highest landed
price (about 20 cents ea.). The diggers have seen large numbers of quahog seed in the beds and

have not mentioned any scarcity of quahogs (MacKenzie et al., In Press).

Great South Bay (Fig. 3) |
Great South Bay, along the sout.h side of Long Island, N.Y ., is about 50 km long, 10 km

wide, and has an area of about 50,000 acres. The public bottoms of the bay extend for neaﬂy
50,000 acres and cémprise‘ about 55% of the total extent of quahog harvesting area; the reminder
has been privately owned or leased. The bay has one major inlet, Fire ls.land Inlet, an opening to
the Atlaﬁﬁc’ Ocean, at its southwestern end. This opening is rather narrow and is shoaled on its
inside, which limits the rise and fall oftide in the bay is about 60 cm. Two other inlets to the
chan; Jones Inlet located farther west, and Moriches Inlet in Moriches Bay at the east end of
Great south Bay, are much smaller than Fire Island Inlet. The bay’s .bottom is mostly fine sand
with oyster shells occurring in small zones. Its water depth throughouf is 2-3 m.

| The percentage of total U.S. landings of M. mercenaria coming from New York (mainly
* Great South Bay) reached about 56% in 1947, but it dropped afterward to just under 20% in
1954. In 2 years in the late 1950s and early 1960s, quahog juveniles set densély throughout most
of Great South Bay. ln 1958 Moriches Inlet was widened and deepened by dredging, and it led
to an i_ncrgase in water exchange With the ocean and an increase in salinity. This opening
apparently set the-environmental stage for the boom in quahog abundance in Great South Bay in .
the 1960s and 1970s. Because the bay’s quahogs grow s‘lowl'y, they remained e;s seed and

littlenecks for several years (MacKenzie et al., 2001; MacKenzie et al., in press). By the mid-



1960s, a few thousand ﬁshermeﬁ were'harvestingv the quahogs on the bay’s public bottoms; most
were landing 5-10 bushels/day. Quahog production from the bay rose steadily to slightly above
60% of the U.S. total in 1978 and remained §lightly above 50% of the total until 1980 (McHugh
1991). Afterward, the bay’s landings fell sharply. In 1999, only about 50 men raked quahogs on
the public bottoms of the bay. Each usually harvested 1.5-2 bushels ofquahogs/day. Since then,
the .quahogs have become even scarcer, and in 2002 each raker landed ohly about 500 quahogs
(slightly less thaﬁ a bushel per raker/day) (MacKenzie et al., In Press).

A Great South Bay survey of quahog abundance in 1975 shciwed there were relatively
few séed under the length of40 mm (Fig. 4). This shows that little setting had occﬁrred for 4 to
5 years before that, i.-e.', 1971-1975. Normally there woLild be far more seed in each length
grouping than in the groupings between 40 and 55 mm. A glancé at Figure 4, upper panel,
shows quahog landings in that period were betWeen 570,000 and nearly 700,000 bushels/year,
about the most eéver produced from the bay. The bay obviously had a large quantity of mature
quahogs, enough to produce hugei quantities of quahog larvae.

Summer blooms of N. atomus and A. anophagefferens were documented in'the 1950s and

in 1985, res;;ectively, iﬁ Great South Bay (Cosper et al., 1987). Both have reappeared in thefn.
nearly every summer since aboui 1985 (Bricelj and Lonsdale, 1997). In the continued presence
of A. anophagefferens in Great South Bay, the meats of quahogs are thin and gray and the

quahogs grow slowly (D. Relyea’, C. S_trongj). :



Rdritan Bay (Fig. 5)

Raritan Bay is friangular_—shaped and about 19 km long. Its deeper areas in New Jersey
consist of mﬁd, the shailower areas of sand. Raritan Bay has an opening to the ocean that is 9 km
wide, allowing a large exchange of its waters. with ocean waters. The rise and fall of tide (2 m) are
about the same inside the bay and in the nearby oéean. The bay is polluted with nutrients, but the
large tidal exchange prevents nearly all deleterious blooms from developing in it. Newell (2003)
stated Raritan Bay waters have four times the quéntity of chlorophyll as Great Sou_th Bay, but
does not have its picoplankton.

In recent years, Raritan Bay has been a large producer of quahogs. But in 1990, on!y
about 15 men were digging clams in the southeastern part of the bay and the harvesting was
limited to 3-4 sméll areas. The quahogs were relayed to Barnegat Bay for depufatioﬁ. During
the 1990s, quahog abundance increased sharply over about 6,000 acres. The quahog harvesting
fleet swelled to about 100 bull rakers by 1999. Two quahog depuration plants began operations
and they purchésed most quahogs landed; the remainde} were relayed to Bémegat Bay. Each
fishermen hafvested 4-8 bushels of quahogs/day (MacKenzie anAd Pikanowski, 1999). The New
Jerse'y fishermen vwere not hairvesting"the quahégs fast enough to keep up Wlithbqu’ahog growth.
Consequently, the littlenecks and topnecks (about 2.3-2.8 cm long, a markef size slightly vlarger
than littleneci(s), the t'wo quahog sizes that bring the highest market prices, grew to the
chéffystone and chowder sizes before the fishermen could harvest them, and now the bay has
mostly the larger quahogs. The fishermen usually return the chowders td the bottom because.

they sell for low prices, $3.00/bushel (J. Harry®).



Barnegat Bay.(Fig. 6)
' This paper will consider the sections of New jersey’s coastal bays known as Barnegat
Bay and Little Egg Harbor. Collectively, théy span a longitudinal distance of 62 km and they
range fr-om 1.5 t0 6.5 km in width. A_é in Great South Bay, most of their bottoms consist of fine-
grained sand_, but some-consist_ of mud. Barnegat Bay has one opening directly to the ocean,
Bamegat Inlet, located in the southern part of the bay. The bay also.has a narrow inlet, the Point
Pleasant Canal tﬁat connects with the Manasquan River, at its north end, and it is connected with
Littie Egg Harbor though Manahawkin Bay, that is Slightly less than 2 km wide at its southern
| extremity. Barnegat Inlet is relatively narrow (340 m wide) and extensive shoaling witha |
narrow winding channel (185 m wide) snaking through the shoaf. .The rise and fall of tide in the
bay is about 20 cm (Chant, 2001) vs. 2 m on its outside beaches. Little Egg Harbor also has one
opening, Beach Haven Inlet, at its south end.‘ This inlet also has extensive shoals in its insidé |
with akchannel 8-9-km long running through it; in places it is 170 m wide.
During summers in the 19505 when quahogs were abundant, about 250 fishermen were
harvestmg quahogs in Bamegat Bay and thtle Egg Harbor Most used tongs and short rakes for
v harvestmg, while some used bull rakes and some treaded (MacKen21e etal. , In Press). A 1969-
73 survey of the invertebrates in Barnegat Bay showed the abundance was about 2,775
invertebrates/m’ (Loveland and Vouglitois, 1984) |
After the late 1970s, the numbers of ﬁshermen fell when the quahogs became scarcer,
and from 1998 to 2002 only about 8 men were digging quahogs in the summer (P. Lauer®). They
observed little seed in the beds (J. Chadwick’). As in Great South Bay during the late summer,

the meats of most quahogs in Barnegat Bay have beeﬁ gray: The ;nantles, gills, and soft parts of



the clams’ Bodies were So éolored, and they became .da'rker when cookea. The meats have been
much thinner than meats of normal quahogs. When quahogs have been transferred from Raritan
Bay to Barnegat Bay for depuration, after 6 ménths their meats have become thinner (they
usually are harvested in ]-2' months)(J. Harry’).

Dense picoplénkton blooms in Barnegat Bay and Little Egg Harbor are fairly widespréad
and prolonged. The distance between Barnegat Inlet and Beach Haven Inlet is about 32 km. The
blooms are éoncentrated over a distance of 20-22 km roughly mid-way between the two inlets.
They are dominated by N. atomus, but A. anophagefferens has hz;d a similar abundance ét times.
The first occurrences of dense picoplankton blooms causing brown water discoloration in the
summer were observed ivn i985, bu; they may have occurred én.d been unnoticed before that

(Olsen and Mahoney, 2001).

METHODS

In 2001 , densities of benthic invertebrates in Point Judith Pond, Gréat South Bay, Raritan
Bay, and Barnegat Bay were sampled with a Petit'e Ponar grab with an opening of 15 X 15 cm;
the‘me,s'h openings of the sie;/é used wwere 0.25 Vum. The grab was operated by hand from. small.
boats. The bottoms sample’d all had sand sediments. Two or three grab sémples were takeﬁ at
each station. '‘One station was sampled in Point Judith Pond at a Aistance of 3.75 km from its
inlét; two stétidns 'in G:reat South Bay, both 25 km east of Fire Island Inlei; three stations in
Raritan Bay, 5km éouth, 5 km west, and 15 km west of its inlet; and three stations in Barnegat

Bay, 3 km south, 7 km north of Barnegat Inlet, and another opposite the inlet. All invertebrates



initially were preserved in formalin and within 4 days the formalin was replaced with 70%

alcohol. The animals then were identified in broad groupings and counted.

Statistical Analysis

~Estuary-specific differences in invertebrate comm.unity assemblages were identified by
constructing station by species Bray-Curtis‘similarity matrices from the log transformed mean
numbers of individuals at each of the stations. A 1-way anelysié of'similarity (ANOSIM) test,
with estuary as a factor, was applied to the matrices to test for significant differences (p<0.05) in
assemblage structure. The species responsible for differences in assemblage structure were
determined by performing the SIMPER analysis. Non metrie multidimentional scaling was also
performed to visualize siﬁi]arities in community structure at the stations in the estuaries. All

analyses were performed with Primer Software (Clarke, 1993).

. RESULTS OF INVERTEBRATE SURVEYS
Mean numbers of invertebrates found in the four bays are shown in Figure 7. The

samples from all four bays coneained a fairly broad array of invertebra;[e groups; mollusks,
crustaceans,I polychaetes, and nemerteans, and also a few anemones in Great South Bay and
Barnegat Bay (Tables 1 and 2). ‘Nearly all invertebrates were juveniles (young-of-the-year).
Point Judith Pond and Raritan Bay grab samples hadvan average of about 1,200 invertebrates,
whereas the grab samples from Great South Bay and Barnegat Bay had far fewer. The Great
Southvaay samples had an average of 186 invertebrates, or 15.5% as many, and the Barnegat

Bay samples taken at a distance from the inlet had about 365 invertebrates, or 30% as many.
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The densities of Barnegat Bay invertebrates apparently have fallen sharply since the Loveland
-and Vouglitios (1984) survey in 1969-73.

The 1-way ANOSIM test showed that community stfuctures in the 4 estuaries were '
signiﬁcantly different (R 0.621, P=0.001). In addition, pairwise comparisons tests showed all
the estuaries, except for Point Judith Pond and Raritan Bay (R=0.095, P=0.225)(Table 1), had
significantly different community st?uctqres (R>0.661, P<0.018)(Fig. 8). Shallow coastal bay
(Barnegat and Great South bays) stations had low scores on axis 1 of the non-metric
multidimentional structure plot while those in Raritan Bay and Point Judith Pond had high
scores. Point Judith Pond and Raritan Bay had far more polychlaetes (779/grab, both bays
together), clams (39 clams/grab, both bays together), and Crepidula (8.5/grab, both bays
together) than were in Great S.outh Bay and Barnegat Bay. The latter had a combined 194
polychaetes/grab, 1.5 cléms/grab, but no Crepidula. The grab samples did not collect quahogs in
Point Judith Pond, Great South Bay and Barnegat Bay; but they were present in Raritan Bay .
(3.7/grab).

Differences in community structures at stations in Great South Bay and Barnegat Bay
/ were distinguisﬁable on.axis 2 of the ordination plot in Figure 8. The Barnegat Bay samples had
more phylogenetic groups than Great South Bay (10 vs. 7), and it had over 40 time‘s more
amphipbds (353.8 vs. 8.33/grab) and about 3 times as many polychaetes and nemerteans. There
are two differences in the _habitais where the stations were located in Great South Bay and
Barnegat Bay. The stations in Great South Bay were’25 km from Fire Island Inlet, its nearest

inlet, whereas the stations in Barnegat Bay were 1 to 7 km from Barnegat Inlet, its nearest inlet.
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The other difference is in the orientation of the bays. Great South Bay is oriented in an.
almost east-west direction. During the summer, wind speeds uéually are low in the morning, but
they are brisk in a southerly direction most every afternoon. Because of the bay’s orientation,
the afternoon breezes -blow across the bay and would likely have relatively little effect on the
bay’s water currents. On the other hand,'Bamegat Bay is oriented in a north-south direction, and
the afternoon breezes from the south blow up the bay and likely hz.t.ve a strong effect on the bay’s
water currents. The stronger water currerit‘s in Barnegat Bay might‘ bring more food to its benthic

invertebrates.

CONCLUSION

The survey reveals the bénthic invertebrate densities in Great South Bay and Barnegat
" Bay, where quahogs have become scérce, were much lc;wer than they were in Point Judith Pond
and Réritan Bay, where quahogs are abundant. The declines in quahog abundances in Great
South Bay and Barnegat Bay probably were related to poor water quality and crab predation.
'Th',eir brown tides likely interfere with egg production, spawning, and larval development of
their invertebrates. Little quahog’harvesting has occurred in Great South Bay and Barnegat Bay
in the past twenty years, yet abundances of quahogs and invertebrates have not rebounded.

Thus, it is unlikely the declines were related to harvesting.
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Table 1. Average abundance (expressed as mean number per grab) and percent contribution of
invertebrates to the average dissimilarity of Point Judith Pond and Raritan Bay sample
groups as indicated by cluster analysis and ordination of grab collections in June,

2003.
Average Dissimilarity = 33.22
Abundance
(No./Grab)
Species _ Point Judith Pond Raritan Bay Percent Contribution
Nucula 67.67 : . 23.00 14.72
Unidentified clams 152.67 47.43 . 11.81
Tellina 0.00 C13.71 10.58
Nemerteans 107.00 124.71 10.20
Crepidula . 1.33 15.71 ' 1.72
Harpacticoids 81.00 37.43 7.62
Mites 0.00 13.43 _ 6.94
Amphipods - 12.67 84.71 6.11
Juvenile hard clams 0.00 ' 3.71 : 5.30
Isopods ‘ 0.67 . 429 4.81
Polychaetes . 785.00 772.14 3.55

Lunatia 0.00 ‘ 1.71 3.19
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Table 2.  Average abundance (expressed as mean number per grab) and percent contribution of
invertebrates to the average dissilimilarity of Great South Bay and Barnegat Bay
sample groups indicated by cluster analysis and ordination of grab collections in

June, 2003. '
Average Dissilimilarity =.36.07

Abundance

(No./Grab)
Species Great South Bay Barnegat Bay Percent Contribution
Amphipods 8.33 353.80 23.83
Nemerteans 52.00 156.20 11.38
Unidentified clams 5.50 ~0.60 9.37
Isopods 3.83 - 0.80 8.77
Polychaetes 95.50 291.60 8.33
Harpacticoids 21.50 29.00 - 8.29
Solemya 0.00 - 2.20 6.77
Anemones 0.50 2.20 6.30
Tellina 0.00 2.00 6.24
Nucula 0.00 2.00

6.24
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Figure 1. A portion of northeastern United States showing the locations of Pt. Judith Pond,
Great South Bay, Raritan Bay, Barnegat Bay, and Little Egg Harbor.

Figure 2. Pt. Judith Pond showing the locations of its inlet and Station 1. -

Figure 3. Great South Bay showing the locations of Fire Island Inlet and Stations 1 and 2.
Figure 4. Great South Bay data on historical landings and lengths of quahogs, Mercenaria
mercenaria. Upper panel shows commercial landings from 1960 to 2000 (data from New York
State DEP). Lower panel shows length- frequency data from collections of quahogs on June 10,
1975 (data from MacKenzie, 1977).

Figure 5. Raritan Bay showing its wide opening to the Atlantic Ocean and the locations of
Stations 1, 2, and 3.

Figure 6. Bamegat Bay and Little Egg Harbor showing the locations of Bamegat Inlet and
Stations 1, 2, and 3.

Figure 7. Hlstobars show the average numbers of invertebrates/grab in the four bays. In
Barnegat Bay, the average number of invertebrates/grab at two stations farthest from the inlet
and one station directly opposite the inlet are shown.

Figure 8. Estuarine station groups based on n-m ordination of Bray-Curtis similarities computed
from 4th-root transformed abundances of invertebrates collected at 21 stations (j-Point Judith
Pond; g-Great South Bay; r- Raritan Bay; and bb-Barnegat Bay).
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Figure l.. A portion of northeastern United States showing the locations of Pt. Judith Pond,
' Great South Bay, Raritan Bay, Barnegat Bay, and Little Egg Harbor.



Atlantic Ocean.

Figure 2. Pt. Judith Pond showing the locations of its inlet and Station 1.
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Figure 3. Great South Bay showing the locations of Fire Island Inlet and Stations I and 2.
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Quahog Landings, Great South Bay
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Figure 4.

Great South Bay data on historical landings and lengths of quahogs, Mercenaria mercenaria.
Upper panel shows commercial landings from 1960 to 2000 (data from New York State
DEP). Lower panel shows length-frequency data from collections of quahogs on June 10,
1975 (data from MacKenzie, 1977).
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Figure 5. Raritan Bay showing its wide opening to the Atlantic Ocean and the locations of -
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'

Figure 6. Barnegat Bay and Little Egg Harbor showing the locations of Barnegat Inlet and
Stations 1,2, and 3.
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Comparative Numbers of Invertebrates in Four
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Figure 7. Histobars show the average numbers of invertebrates/grab in the four bays. In
Barnegat Bay, the average number of invertebrates/grab at two stations farthest from-
the inlet and one station directly opposite the inlet are shown.
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Figure 8. Estuarine station groups based on n-m ordination of Bray-Curtis similarities
computed from 4th-root transformed abundances of invertebrates collected at 21
stations (j-Point Judith Pond; g-Great South Bay; r- Raritan Bay; and bb-Barnegat
Bay). : ' ‘

25



Procedures for Issuing Manuscripts
in the
Northeast Fisheries Science Center Reference Document (CRD) Series

Clearance: All manuscripts submitted for issuance as
CRDs must have cleared the NEFSC 's manuscript/abstract/
webpage review process. If any author is not a federal
employee, he/she will be required to sign an “NEFSC
Release-of-Copyright Form.” If your manuscript includes
material lifted from another work which has been copy-
righted, then you will need to work with the NEFSC’s
Editorial Office to arrange for permission to use that mate-
rial by securing release signatures on the “NEFSC Use-of-
Copyrighted-Work Permission Form.”

Organization: Manuscripts must have an abstract and table
of contents, and — if applicable—lists of figures and tables.
As much as possible, use traditional scientific manuscript
organization for sections: “Introduction,” “Study Area”/
“Experimental Apparatus,” “Methods,” “Results,” “Dis-
cussion” and/or “Conclusions,” “Acknowledgments,” and
“Literature/References Cited.”

Style: The CRD series is obligated to conform with the style
contained in the current edition of the United States Govern-
ment Printing Office Style Manual. That style manual is
silent on many aspects of scientific manuscripts. The CRD
series relies more on the CBE Style Manual. Manuscripts
should be prepared to conform with these style manuals.
The CRD series uses the American Fisheries Society’s
guides to names of fishes, mollusks, and decapod crusta-
ceans, the Society for Marine Mammalogy’s guide to names
of marine mammals, the Biosciences Information Service’s
guide to serial ftitle ‘abbreviations, and the International
Standardization Organization’s guide to statistical terms.
For in-text citation, use the name-date system. A
special effort should be made to ensure that all necessary

bibliographic information is included in the list of cited -

works. Personal communications must include date, full
name, and full mailing address of the contact.

Preparation: Type a clean/neat, single-spaced version of
the document. The document must be paginated continu-
ously from beginning to end and must have a “Table of
Contents.” Begin the preliminary pages of the document —
alwaysthe “Table of Contents” — with page “iii.” Begin the
body of the document — normally the “Introduction” —
with page “1,” and continuously paginate all pages including
tables, figures, appendices, and indices. You can insert .
blank pages as appropriate throughout the document, but
account for them in your pagination (e.g., if your last figure
ends on an odd-numbered/right-hand page such as “75,” and
if your next page is the first page of an appendix, then you
would normally insert a blank page after the last figure, and
paginate the first page of the appendix as “77” to make it
begin on an odd-numbered/right-hand page also). Forward

the final version to the Editorial Office as both a paper copy

and electronically (i.e., e-mail attachment, 3.5-inch floppy
disk, high-density zip disk, or CD). For purposes of publish-
ing the CRD series only, the use of Microsoft Word is
preferable to the use of Corel WordPerfect.

Production and Distribution: The Editorial Office will
develop the inside and outside front covers, the inside and
outside back covers, and the title and bibliographic control
pages (pages “i” and “ii”) of the document, then combine
those covers and preliminary pages with the text that you
have supplied. The document will then be issued online. .

Paper copies of the four covers and two preliminary
pages will be sent to the sole/senior NEFSC author should
he/she wish to prepare some paper copies of the overall
document as well. The Editorial Office will only produce
four paper copies (i.e., three copies for the NEFSC’s librar-
ies and one copy for its own archives) of the overall docu-
ment. '

A number of organizations and individuals in the North-
east Region will be notified by e-mail of the availability of
the online version of the document. The sole/senior NEFSC
author of the document will receive alist of those so notified.




Research Communications Unit
Northeast Fisheries Science Center
" National Marine Fisheries Service, NOAA
166 Water St.
Woods Hole, MA 02543-1026

MEDIA
MAIL

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for the benefit of the nation
through their science-based conservation and management and promotion of the health of their environment.” As the research arm of the
NMFS's Northeast Region, the Northeast Fisheries Science Center (NEFSC) supports the NMFS mission by "planning, developing, and
managing multidisciplinary programs of basic and applied research to: 1) better understand the living marine resources (including marine
mammals) of the Northwest Atlantic, and the environmental quality essential for their existence and continued productivity; and 2) describe
and provide to management, industry, and the public, options for the utilization and conservation of living marine resources and
maintenance of environmental quality which are consistent with national and regional goals and needs, and with international
commitments." Results of NEFSC research are largely reported in primary scientific media {e.g., anonymously-peer-reviewed scientific
Journals). However, to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally releases its results
in its own media. Those media are in four categories:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series typically includes: data reports of long-term field or lab’
studies of important species or habitats; synthesis reports for important species or habitats; annual reports of overall assessment or monitoring
programs; manuals describing program-wide surveying or experimental techniques; literature surveys of important species or habitat topics,
proceedings and collected papers of scientific meetings; and indexed and/or annotated bibliographies. All issues receive internal scientific review
and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series typically includes: data reports on field
and lab studies; progress reports on experiments, monitoring, and assessments; background papers for; collected abstracts of, and/or summary reports
of scientific meetings; and simple bibliographies. Issues receive internal scientific review, but no technical or copy editing. -

Resource Survey Report (formerly Fishermen's Report) -- This information report is a quick-turnaround report on the distribution and relative
abundance of selected living marine resources as derived from each of the NEFSC's periodic research vessel surveys of the Northeast's continental
shelf. There is no scientific review, nor any technical or copy editing, of this report.

The Shark Tagger -- This newsletter is an annual summary of tagging and recapture data on large pelagic sharks as derived from the NMFS's
Cooperative Shark Tagging Program; it -also presents information on the biology (movement, growth, reproduction, etc.) of thesc sharks as
subsequently derived from the tagging and recapture data. There is internal scientific review, but no technical or copy editing, of this newsletter.

OBTAINING A COPY: Toobtain a copy of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center
Reference Document, or 10 subscribe to the Resource Survey Report or the The Shark Tagger, either contact the NEFSC Editorial
Office (166 Water St., Woods Hole, MA 02543-1026; 508-495-2228) or consult the NEFSC webpage on "Reports and Pubhcatlons
(htp://mvww.nefsc.noaa. gov/nefsc/publicationsy/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY
ENDORSEMENT




