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OBJECTIVES

Assess the status of marine “shery resources and water quality in Salem Sound.
The assessment targeted the following subjects at subtidal and intertidal habitats.

€ Fin“sh and major decapods.

€ Resence of shell“sh, marine macrophytes, and other macroinvertebrates.

€ Basic water and nutrient chemistry (at marine and river stations).

€ Relationships between watershed and point-source pollution inputs to water quality.

€ Existing commercial and recreational “sheries.
Compare the results to the 1965 Salem Sound DMF study and other relevant studies.

Provide recommendations for protecting the marine resources of Salem Sound.

View of Salem Sound from Beverly Harbor



EXECUTIVE SUMMARY

INTRODUCTION FRESHWATER WATER CHEMISTRY

Natural marine resources were an essential component dhe freshwater tributaries running into Salem Sound are
the development of the Salem Sound region, and areelatively small, and 1997 discharge was depressed by dry
important today because of their cultural, aestheticconditions.The average contribution from all stations was
commercial, and recreational value.We conducted a yeatless than 100,000 *fday. Given the low freshwater

long study of the marine resources of Salem Sound inlischarge and high tidal range, in most cases, freshwater
1997, focusing on the status of marine “shery resourceshemistry in"uences were con“ned to river and estuarine
and water quality. The study also assisted the conservatibiabitat. Basic water chemistry reflected conditions that
interests of local and inter-agency groups, providedvere supportive of aquatic life in most cases, and elevated
limited comparisons to DMF studies on marine resourcesoncentrations of nutrients were found at each freshwater
in the 1960s and 1970s, and provided baseline informatiostation. Sampling in 1997 revealed the following trends:

to assist the review of large regional projects (power plan

dredging and wastewater treatment plant upgrade). % Infrequent violations of SB criteria for dissolved oxygen

(< 60% saturation) were recorded, and frequent

violations of the SB criteria for pH (< 6.0 pH units)
MARINE WATER CHEMISTRY were found at Sawmill Brook, Manchester.

Salem Sound is a relatively shallow, well-flushed . .
embayment with minor freshwater inputs. These € High measurements of fecal coliform bacteria were
conditions limit strati“cation, prevent the developmentof ~ '€corded at river stations, exceeding water quality
severe dissolved oxygen depressions and appear to reducgfiteria for primary recreation and contributing to
the spatial in"uence of watershed and point source inputs d€graded water quality at estuarine habitats.

of nutrients. We measured basic water chemistry, fecad Spring nitrate and orthophosphate and summer
coliform and nutrients during 18 sampling trips in 1997.  dissolved organic nitrogen were found at concentra-
Most nutrient measurements re”ected low concentrations tions that raise concerns over potential impacts to
and the fluctuations expected due to seasonal aquatic resources.

hytoplankton dynamics. Sampling in 1997 revealed the
]P()”}gtw?ng trends:y ping € Athough TN concentrations in rivers were high, TN

loading to Salem Sound was relatively small because of
€ All bottom dissolved oxygen measurements exceeded |ow freshwater discharge. The TN load from the five
SA criteria (Mass. DEP surface water quality criteria, primary tributaries was approximately 60 mt/year in
Table 3.1) for supporting aquatic life (>75% saturation). 1997.
No SA or SB violations were recorded for the other
basic water chemistry parameters measured. SHELLFISH SURVEY

€ Measurements of fecal coliform bacteria met watetVe surveyed 1,187 acres of intertidal habitat in Salem
guality criteria for primary recreation at most stations,Sound and found that slightly more than half had potential
however, many stations exceeded criteria for shell“sho support soft shell clams, of which, only 19% contained
harvest. soft shell clams. High densities of soft shell clams were
found in several tributaries to the Danvers River, although
several clam "ats reported as productive in 1965 were not
productive in 1997. Overall, the estimate of productive
soft shell clam habitat declined by 72% from the amount
€ The warming influence of the Salem Harbor power estimated in 1965. The accuracy of these estimates and
plant cooling water discharge was detected by “ndingpotential causes for this decline are not known. In addition
elevated surface water temperature at intertidal antb soft shell clams, we observed large populations of blue
subtidal sampling stations in Salem Harbor. mussel and European oyster during the survey, and
incidental occurrences of quahog, surf clam, razor clam
and American oyster.

€ Elevated surface turbidity,ammonium and orthophos-
phate were detected near the effluent outfall of the
regionss wastewater treatment plant.

€ Estimates of total nitrogen (TN) loading from outfall
ef’uent (941 mt/year) were higher than river sources
in 1997, however the daily load is relatively small,
representing about 1% of available TN in Salem Sound
on a given day.



FISHERIES TRAWL CATCHES AT SUBTIDAL HABITAT

Historically, marine “shery resources had a vital role in theT hirty-five species of fish and nine species of decapod
development of culture, commerce and the communitiescrustaceans were caught during 168 boat trawl tows at “ve
of the Salem Sound region. The commercial fishingsubtidal habitat stations in 1997.Winter "ounder, skate,
industry and its relative contribution to local commerce and Atlantic cod were the top ranked “sh, respectively, in
has decreased dramatically since thed®ury, yet a  both relative abundance and frequency of occurrence.
valuable lobster fishery remains as well as modest locgand shrimp dominated the trawl catch of decapods, and
fisheries for mackerel, striped bass, sea scallop and smzk crab and lobster were the only other decapods to
urchins. Lobster landings for the region exceeded on@ccur in at least a third of the tows. A large majority of the
million pounds “rstin 1978 and have "uctuated between fish catch was juveniles. Peak catches occurred in the
one and two million pounds since. Lobster landings insummer and fall, and was probably most influenced by
1997 were about 1.2 million pounds with an ex-vesselwarmer water temperature and young-of-the-year
value of nearly four million dollars. Recreational “sheriesrecruitment to subtidal habitats. Overall, the catch
became important to the region in the"2@entury. composition appeared typical for embayments in the Gulf
Catches of popular groundfish in Salem Sound areof Maine.The highest “sh diversity was associated with
dependent on Gulf of Maine stocks of fish that havethe greater structural complexity of benthic habitats found
declined since the 1965 DMF study.The winter "ounder outside Marblehead Harbor (larger sediments) and
fishery alone was widely renowned and supported fiveBeverlyCove (eelgrass), however, the highest relative
rental boat liveries. Catches of winter flounder in the abundance and species richness for “sh was found at the
1990s have declined sharply since the 1960s and 197@siiform, muddy bottom in Salem Harbor and Haste
and catches of the other ground“sh in the Sound have als€hannel.

declined. Striped bass were the top target and catch in

Salem Sound in 1997 and provided excellent fishingINVERTEBRATES AND MACROPHYTES

opportunities to many anglers. We also recorded the presence of macrophytes and small
invertebrates that were caught incidentally at intertidal
SEINE CATCHES AT INTERTIDAL HABITAT and subtidal habitats. Thirty-four species of macrophytes

Twenty-three species of “sh and six species of decapoagre recorded at the seine and trawl stations. Red algae
were caught during 136 beach seine hauls at six intertidalvas the most diverse group (16 species) and brown algae
habitat stations in 1997. Most of the species occurreavere dominant in terms of relative abundance. A total of
infrequently and in low numbers. Atlantic silverside, 22 species of Arthropods was identi“ed in all collections,
winter "ounder and mummichog were the only species of which tubed amphipods, sand shrimp, mysid shrimp,
to occur in at least 20% of the hauls. Atlantic silversiderock crab, lobster, and the invasive green crab were most
Atlantic menhaden, and Atlantic herring were the top common.The European oyster, green "eece (green algae),
three “sh in terms of numbers caught. Sand shrimp wasnd several species of colonial Ascidians and tunicates were
the most abundantly and frequently caught decapod (90%ther invasive species commonly observed.

of all hauls). Other than sand shrimp, only green crab and

hermit crab occurred frequently. Most “sh found at these

intertidal habitats were juveniles, seasonal migrants, and

schooling species valued as forage. The seasonal

movements and aggregations of “sh and decapods at these

stations are probably most influenced by water

temperature and young-of-the-year recruitment.
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CHAPTER 1. INTRODUCTION

Salem Sound is a prominent embayment on the northPHYSICAL DESCRIPTION

shore of Massachusetts (Figure 1.1) with a long history &§alem Sound borders Massachusetts Bay approximately 24
interaction between human inhabitants and its naturakm northeast of Boston Harbor. Salem Sound is a large
resources. From the period of European colonizationcoastal embayment (36.6 %mf moderate depth (mean
through the Industrial Revolution, the population 9.15 m MHW) (Jerome et al. 1967). Semi-diurnal tides
increased greatly and depended on waterways and thgith a mean amplitude of 2.75 m provide substantial
harvest of marine resources for commerce. Water~yshing of the Sound with water from Massachusetts Bay.
dependent uses contributed to the degradation of habitathe water volume reduction in the Sound from high tide
and water quality and reductions in “sh stocks. In the latteto low tide averages 29%. River "ow into Salem Sound is
half of the 20 century, the majority of economic activity minor relative to the seawater volume and primarily
on the waterfront shifted from commercial to recreationalenters through the Danvers River estuary. Tidal activity
uses.This period has lead to growing interest in improvingjominates the water flow in the Danvers River.
water quality and restoring marine resources in theapproximately 70% of the total water volume is

region. To support this goal, baseline information on the exchanged with each tidal cycle (MDWPC 1985).

status of marine resources in Salem Sound is heeded. . )
Bedrock forms the geological basis of Salem Soundes

The marine resources of Salem Sound were firsghoreline, and the effects of glaciation and erosion are
studied in 1965 by the Massachusetts Division of Maringnore recent, superficial influences. No barrier beaches
Fisheries (DMF) (Jerome et al. 1967). This study wagccur in the Sound, although numerous small, sandy
conducted under the Estuarine Research Progranbeaches are dispersed between rocky headlands. Salt
(Chesmore and Peterson 1970) which completedmarshes are not currently a major feature of the Sound.
resource inventories in 17 coastal bays and estuaries ovg{e Danvers River is a glacially carved estuary that
a ten-year period. These studies provided usefuprobably contained large amounts of salt marsh prior to
information for resource management decisions in the:plonial development. An estimated 182 acres of salt
following decades. DMF selected Salem Sound in 1996 tenarsh existed in the region in 1965 (Jerome et al. 1967).
serve as a pilot project to evaluate a return to the originaCurrently, the estimate is 65.5 acres (Mass GIS, 1990 data),
study series. Salem Sound was suitable for this purpogaimarily found in the Danvers River estuary, Forest River
due to the proximity of DMFes Cat Cove Marine and Chubb Creek inside Manchester Bay.

Laboratory and the strong support from a local . .
conservation coalition, Salem Sound 2000. The studyes S€@ level change has greatly in"uenced the pro*le of
timing was fortuitous because the regional seweragh'® shoreline and islands of Salem Sound in recent
district, South Essex Sewerage District (SESD), waseological hl_story. Following the Wisconsin glacial retreat,
upgrading their primary sewage treatment plant toS€2 level quickly rose (+18 m of present Boston Harbor)

secondary sewage treatment, and an evaluation waden declined (-22 m of present) from about 14,000 to.
initiated for dredging Salem Harbor. This marine resourcel 0,000 years ago (Kaye and Barghoorn 1964). Since this

study provided valuable pre-operational data on SalerR€riod, sea level has risen slowly, and presently at the rate
Sound conditions for these projects. of 1 m per 1,000 years for the last 3,000 years (Duke

_ . o o Energy 2000). Glacial till, depositional sediments and

This study was designed as a special investigation undgsdrock are the primary components of subtidal
the Sport‘shTechnical Assistance Program and conductegybstrates. Bottom sedimentation continues to be
from January-December, 1997. Several components of thg"uenced by erosion, deposition, and wave and current
1965 study were not included in the 1997 study. activity. The geological history and present conditions
Information on morphometric conditions in Salem result in a variety of benthic habitats, from dramatic
Sound and on historical “sheries was well described in theedrock out-cropping to “ne, silty substrates. Jerome et al.
1965 study and not repeated in this report.We did not(1967) provides greater detail on the geology and
conduct a sportfish survey because information wagorphology of Salem Sound.
awilable from another survey source (MRFSS 1999).We
enhanced the present study by adding river sampling,
nutrient measurements, and increased “sheries sampling
frequency during May-October.The present study was
conducted in cooperation with Salem Sound 2000, the
Massachusetts Department of Environ-mental Protection
(DEP), the North Coastal Basin Watershed Team,
Massachusetts Audubon Society and Salem State College.
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CLIMATE Beverly, Salem and Marblehead Harbors.The four largest
Salem Sound experiences a typical maritime climate fdfibutaries in terms of drainage area (Wandle 1984) are the
the temperate region of the North Atlantic Ocean. North River (29.8 kni), Crane River (14.8 ki), Sawmill
Prevailing westerly winds drive the seasonal climatd@rook (13.0 km), and the Porter River (11.4 KnAll of
patterns that bring cold and often stormy weather in thethese larger freshwater inputs except Sawmill Brook "ow
winter, elevated precipitation in spring and warm andinto the Danvers River estuary. Greater details on
calmer weather during summer.The available rainfall angharacteristics of the North Coastal Basin watershed are
air temperature data indicate that 1997 was a dry year witB\ailable in the North Coastal Basin Assessment
normal temperatures.Total precipitation (water equivalen{DeCesare et al. 2000)

of liquid and frozen precipitation) was 35.9 inChes in rp,..... population. Native Americans existed in the Salem
Beverly and 32.7 inches in Marblehead in 1997 (NCDC g nd region for thousands of years prior to European

1998). Long-term records (since 1872) are available froragnact  although there is little evidence that native
Bostonss Logan Airport, located 25 km from Salempqnjations occurred in Massachusetts Bay 10,000 years

Sound. Boston recordec_i 30.4 inches of precipitation inpefore present (Duke Energy 2000). European setilers
1997, which was 11.1 inches below normal (NCDC colonized the Salem Sound region in the early

1998).All months from April-October had below normal g enteenth century while seeking economic

precipitation, resulting in lower discharges atolocal riverse portunities and freedom from homeland governments.
The average annual temper-ature was 48.3 °F at Beverlyjative American populations declined quickly in

and 50.8 °F at Marblehead (NCDC 1998).The Boston response to warfare and disease, and were eventually
awerage was 50.9 °F, which was -0.3 °F below normal.5sgimilated into colonial populations. Agricultural and
Long-term global records indicate that mean surface Afishery resources were the primary attractants for the

temperature has increased in thectury, particularly  settlers, of which cod “shing was the driving force of early
during the last two decades (EPA 1997).This global tren¢. g mmerce and prosperity. The Salem Sound region
is consistent with Boston temperature data that recorde eveloped into a center for maritime commerce during

eight of the ten warmest years in the @entury during  he next 150 years.The Salem maritime industry became
the latter half of the century and four of these warmesk,moys for the entrepreneurial success found in far seas
years in the 1990s (NCDC 2001). trading.This rich cultural tradition is cherished today and

Wind direction in Salem Sound prevails from the supports a growing tourism industry.

southwest during the warmer months and tends 10 The maritime industry diminished with the emergence
originate from the northwest (with greater variation) ¢ steam-power vessels in the mid-&8ntury and the

during the cooler months (Chesmore et al. 1973; CDM jncreased use of deeper ports elsewhere. However, the
1987_)._W|nd records_from Boston |nd|cate that normal egional population continued to grow during the
conditions occurred in 1997: southwest winds p_revalle ndustrial revolution as many manufacturing mills were
from May-November and from the northwest during the  -onstrycted and increased the need for manpower.A new
remaining months (NCDC 2001). Storms are an gge of commerce developed around the mills. The
important natural process that can mflugnce b_e”th'cpopulation peaked during the early"2@ntury as the
habitats and communities in the Gulf of Maine (Witman jis prospered, reaching levels slightly higher than found
1996). No severe storms occurred (excessive Wintyqay The overall population for the six communities has
"ooding and erosion) in 1997, although record snow fell remained stable around 170,000 since 1965 (Figure 1.2).
onApril 1st,when over 20 inches of snow was recorded inthe current population depends on an economy that is a
the Salem Sound region. composite of retail, service, manufacturing, and tourism.
This present day economy is more diverse than previous
SALEM SOUND WATERSHED eras when mill manufacturing, maritime trading, and the
The Salem Sound coastal region is included within theutilization of marine resources were dominant. A
drainage system called the North Coastal Basin (Halliwetthronology of events related to the human development
et al. 1982).The North Coastal Basin includes 435rkm  and utilization of natural resources in Salem Sound is listed
Suffolk and Essex Counties and contains 27 communitieis Table 1.1.
(DeCesare et al. 2000). The following six communities
border Salem Sound and comprise an area of 171 km
Marblehead, Salem, Peabody, Danvers, Beverly, an
Manchester. Most of the small freshwater tributaries th
reach Salem Sound flow through the subwatershe
systems of the Danvers River, Manchester Bay, an

Land and Water Use. Land use categories for each commu-
ity in Salem Sound were provided by the Massachusetts
IS Program using 1990 data (Figure 1.3, page 6).
verall, residential development is the major land-use
ategory and total developed land (residential,
ommercial, industrial and urban) account for nearly 60%



Figure 1.2  Human population in six communities along Salem Sound,
1965-1997. Population data were recorded from the annual reports of the
municipalities.

200,000
" —>— Manchester
& 150,000
< —&— Marblehead
g 00,000 Salem
":Ic_i 100, —aA— Peabody
S £0.000 —@— Beverly
zZ /m ) ‘: ——b — : Danvers
—@— Total

0
1965 1970 1975 1980 1985 1990 1995 1997

Year

Table 1.1  Chronology of events important to natural resource utilization in Salem Sound.
Sources: Jerome et al. (1967), Anderson et al. (1975), PAL (1995), Duke Energy (2000).

Early 1600s Initial European contact and settletne

1650-1750  Fisheries harvest is primary industry; maritime commerce dewlopm
1750-1850 Maritime trading peaks; develogmt of tannery industries.

1850-1900 Maritime trading declines; industrial technologégance tanning industry.
1905 Haste Outfall pipe for raw sewage discharge is constructed.

1910-1920  Tanning and industrial mills peak with WW | dedhapopulation peak.
1925 South Essex Sewerage District (SESD) estaldishe

1940-1960 Tanning and industrial mills diminish after WW I, but remairmpartant.

M

1952 Coal burning power plant with sea water cooling constructed at Saldyar.
1970 U.S. Congress passes Clean Air Act.

1972 U.S. Congress passes CleateY\asct.

1972 Power plant add$'4jenerating unit; circulating water capacity exceeds 6§@.
1977 SESD upgrade from raw to primary sewage treatndischarge at Haste Outfg
1998 SESD upgrade to secondary sewage treatndiffuser added to Haste Outfall.

R



of all land use (Figure 1.4). The coastal areas of Salesurrounding natural resources attracted settlers to this
Sound south of Manchester are very developed withregion over 375 years ago, and the importance of the
residential, commercial and industrial properties. A totaSound to the local economy has been continuous to the
of 38% of the total acreage is classified as opemngresent day. Water uses until recently were weighted
undeveloped or forest. A majority of this is forest awayheavily towards commerce. The sworking waterfrontZ is
from the coast in Manchester, Beverly and Peabody.  still very much a part of the Salem Sound shoreline,
although recreational uses have increased in recent

Figure 1.4  Major land-use categories for decades. In terms of water quality, most of Salem Sound is
communities bordering Salem Sound now classi“ed as SB waters by DEP, which speci“es that
(percent acreage), Mass. GIS 1990 data. areas are «designated as habitat for fish, other aquatic

wildlife and for primary and secondary contact
recreationZ,and in approved areas are suitable for shell“sh
harvesting with depuration (MDEP 1996).

Completely describing water-dependent uses in Salem
Sound is beyond this studyes scope.There are many water
uses and shoreline activities that are not well documented
by a common source. Each harbor has several marinas,
yacht clubs, and other businesses that support commercial
and recreational boating. There is also a commercial
shipping terminal in Salem Harbor that receives shipments
of oil and coal.The coal is used primarily to fuel the Salem
Harbor power plant next to the terminal.To illustrate the

Hresidential, 40% importance of the boating industry in Salem Sound, a
Bwetland/water, 5% survey was conducted of the Harbormasters of five
Ocommercial/urban, 17% communities with berthing for commercial and
Oundeveloped/open, 11% recreational vessels. The Harbormasters of the five
B orest 27% communities reported a total nur_nbe_r of 5,605 assigned
i boat moorings and registered slips in 1997 (Table 1.2).

Only one other source was found of earlier boat counts

The amount of impervious surfaces near the coast hdsr Salem Sound.The SESD Draft Facilities Plan (CDM
increased greatly since 1965 due to growingl987)included a 1986 telephone survey that tallied 6260
transportation and retail demands. The loss of pervioutotal berths in the area.The higher total in 1986 occurred
surfaces can increase the concentration of stormwatéecause of higher counts in Beverly and Marblehead,
pollutants directed to adjacent wetlands. Route 128 is aespite the lack of reporting for Danvers. Both these
major highway that runs along most of the communitiessurveys did not include trailered boats registered in the
a few miles from the coast of Salem Sound.The highwayegion.The accuracy of both surveys is uncertain, but it is
actually crosses over the three western tributaries in theeasonable to conclude that high densities of boats were
Danvers River, where extensive development is found infound in Salem Sound harbors during 1997 and the
close proximity to the highway and rivers.The highway number of moorings and slips probably ranged between
was completed in the late 1940s and adjacent lands wet000 and 7,000 annually during the last 15 years.
steadily developed in the following decades.This corridor

now contains several large malls and shopping areas ttMiAJOR POLLUTION SOURCES
contribute to a'hlgh density of impervious surface Nearcyrrently, the primary sources of pollutants to Salem
the Danvers River estuary. Municipal water supplies ar&sq,nd are two permitted point sources, the SESD

drawn from the Ipswich River Basin and local reservoirs,, 4 stewater facility and the Salem Harbor power plant, and
except for Marblehead uses Massachusetts Water Resoufge non-point sources of stormwater run-off and
Authority (MWRA) sources. Sewage disposal for gimogpheric deposition. All these sources contribute a
households in the region occurs primarily at two y4iety of nutrients, trace elements, inorganic and organic
wastewater treatment facilities; the South Essex SeweraggmpoundS and pathogens that at high concentrations can
District serves most of the region and a smaller plant servgeaten marine resources. Nutrients such as nitrogen and
the town of Manchester. phosphorus act as limiting agents to plant growth, and,
Waterways. The waterways of Salem Sound are well suitedtherefore, are necessary to all ecosystems. In excess,
for a wide variety of commercial and recreational Nutrients can increase primary and secondary production
activities. The ample depth, numerous anchorages and tH@ harmful levels. High plant and algae production can
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Table 1.2  Boat berths in five communities bordering Salem Sound, 1997.
Data were reported by Harbormaster's offices for each community.

Moorings Slips Total Berths
Salem 1000 370 1370
Danvers 110 700 810
Beverly 476 289 765
Marblehead NA NA 1990
Manchester 548 122 670
Total 5605

result in increased water column oxygen demand and Recent sampling of sediments in Salem Soundes
ewentually disrupt natural marine communities. waterways found contaminants that originated from
Numerous contaminants originate from metals andindustrial point sources. High levels of chromium, lead
compounds used in manufacturing and the burning ofand zinc, all by-products of leather tanning processes, were
fossil fuels. These contaminants can be toxic at higliound in North River sediments (Edwards and Kelcey
concentrations to marine organisms, especially at early liil989). Sampling in Salem Harbor during the 1980s as part
stages. Pathogens harmful to human health may naif national study on marine sediments found
threaten marine organisms, but their presence in seafoambntaminants related to industrial manufacturing and
can limit or prevent the harvest and consumption of petroleum constituents from the burning of fossil fuels
valuable species. A common example is the use of fecBlOAA 1988). The concentrations of chromium were
coliform bacteria as a pathogen indicator in theranked highest among all national testing locations;
management of shell“sh harvest. cadmium and lead were ranked second. The study also
found relatively high concentrations of mercury,
fpolychlorinated biphenyls (PCBs), and polyaromatic
hydrocarbons (PAHSs). The reporting of these high
qoncentrations of contaminants resulted in a national

industry during 1750-1850 in response to growing%pUtatlon for Salem Harbor as a polluted waterbody.

domestic and overseas markets established by maritirﬁgmammantS found in sediments were not evenly

. o Istributed, but typically found in depositional zones
trading (PAL 1995).The North River in Peabody became . . { .
a center for the leather tanning industry, earning the namedownstream of former locations of industrial point

*Blubber HollowZ, as waste products from mills fouled igﬁ{ﬁeesﬁfshgrg'ﬁﬁgéﬂ aﬁ?]ngjﬁrlé?r?gﬁaoég;?;g?r?triggztteg
the river. By 1890, there were 61 leather industry ’

establishments in Peabody alone and the North River Wagctlvmes such as dredging and *shing.

severely degraded by the inputs of industrial waste. Earl§outh Essex Sewerage District. The state legislature created

in the 20" century the number of tanneries declined but SESD in 1925 in order to resolve problems with sewage
productivity remained high with the advent of collection inthe region. Soon after, SESD extended an
automation technologies and the market of World War |. outfall pipe that had delivered raw sewage since 1905to a
Other manufacturing businesses developed along Saledischarge near Great Haste Island. This raw discharge
Sound rivers during this time and also used the waterwaysontinued until the completion of a primary treatment
as conduits for waste disposal. plant in Salem in 1977.The plantess National Pollution
Discharge Elimination System (NPDES) permit allowed
a design flow of 41 million gallons per day (mgd) and
typically discharged 25-30 mgd of effluent at the same
tfall through 1997.The origin of this "ow is a network

Historical Point Sources of Pollution. The freshwater streams
leading into the Danvers River were a good source 0
waterpower for colonial manufacturing mills. In
particular, leather tanneries became an important loc

The tanning industry went into decline following
WorldWar Il as the industry shifted to cheaper production
outside of New England.The remaining tanning mills,

metal plating shops and a variety of other busmess%%natural water sources that each municipality maintains,

continued to freely use the waterways for power, cooling, . . .
and waste disposal up until the implementation of theof which the Ipswich River and Wenham Lake are two of

. he largest sources. The plant has since been upgraded
CleanWater Act in the 1970s.As the regulatory effects ot .
the Clean Water Act occurred during the 1980s and June 1998) to secondary treatment and now discharges

1990s, the water quality of Salem Soundss rivers ha]iéomaGGO ft. diffuser pipe attached to the original outfall.

improved, but remnants of regionss manufacturing era ar er]clz?\rlg]r?;lg':i]o(?]f 'itge Ie;nL:]eeTjt ?;Se?ffgrrﬁ?efg&eﬁﬁggf t%ned
found in the sediments of local rivers and harbors. P

new secondary treatment system. Large amounts of
nutrients (primarily nitrogen and phosphorus) enter



Salem Sound through the sewer plant. Concerns exist foconcerns over acute impacts from point source pollution
contributions of nutrients, pathogens, chlorine, andare diminishing at a time when uncertainty exists over
vaious contaminants that flow through the sewagestormwater impacts in the region. A recent study did
collection system. provide a glimpse of the problemes magnitude with

. N :
Salem Harbor Power Plant. The Salem Harbor electricity estimates that 66% of total nitrogen that enters Salem

generating station has operated since 1952, using fossil fi‘gund originates from non-point land uses (Menzie-Cura

to generate electricity and contains once-through se 96).

water systems for cooling. A fourth generating unit wasAtmospheric Pollution. Concerns are growing over the
added in 1972, bringing the circulating water volume to impact of atmospheric pollution on the health of aquatic
607 mgd, and prompting extensive DMF fisheriesresources (Hicks et al. 2000, and Scavia et al. 2002).
investigations (Anderson et al. 1975). The power plant iAtmospheric and stormwater pollution are closely linked
presently permitted (NPDES) to use up to 669 mgd of sedecause of precipitationes role in delivering pollutants to
water for cooling and has limitations on the differentialaquatic habitats. However, speci“c consideration should
between intake and outfall water temperature. Chlorinebe given to atmospheric pollution because significant
is authorized as a sea water system biocide. The primagmounts of deposition occurs directly to waterbodies,
concerns for the power plant impacts on marine resourcesncertain amounts of pollutants are imported from
are thermal effects from discharge water, entrainmendutside the watershed, and remediation requires large-
mortality on eggs and larvae, and smokestack emissioasale, national efforts. Atmospheric pollution is delivered
from fossil fuel combustion. The previous DMF by both wet and dry deposition. Acidic deposition, toxic
investigation concluded that thermal impacts werecompounds, trace elements, and non-toxic compounds
minimal, and the entrainment issue was not evaluatednutrients) are components of atmospheric deposition.
Older power plants, such as in Salem Harbor,that rely oiThe U.S. Environmental Protection Agency (EPA)
coal for fuel are known to produce high emissions ofmonitors “ve major pollutants (particulate matter, ozone,
nitrogen oxide and sulfur dioxide.The actual contribution sulfur dioxide, carbon monoxide and nitrogen dioxide) in
of nitrogen and sulfur to the marine environment and relation to established air quality standards (EPA 1998).
resulting effects has not been assessed. The primary source of these pollutants is the combustion
of fossil fuels, with major contributions coming from

Stormwater Pollution. S_tormwater runoff is a natural power plant emissions and automobiles. Also a concern
component of the cycling of water between the earth andfor human and natural resource health are atmospheric

atmosphere.With undeveloped land, most water in“Itrates

the pervious surface of the ground and surface runoff i rrluscshllcz)r;isng{etg)t()lic Eg:]lults""?ﬁsatsé‘;r?aisc&?jégﬁ;cgrﬁ;?cd
minor. Runoff increases as land is developed and more y pnenys, 9

the ground surface becomes impervious. Stormwater od webs (EPA 1997a).

carries a wide variety of toxic contaminants (trace Sulfur dioxide and nitrogen oxides are of particular
elements, hydrocarbons, organic compounds, salt) thatoncern to aquatic resources because of their
enter watersheds through residential, commercial andontributions to acid rain (both) and eutrophication
industrial activities (MDEP and MCZM 1997). Runoff (nitrogen oxides). Monitoring within Massachusetts has
can also contain excessive nutrients, sediment anshown a general decline in sulfur dioxide concentrations
pathogens that can impact human health and naturah ambient air during 1988-1997 (EPA 1998).The same
habitats. In coastal areas, typical drainage patterns delivaonitoring program found stable concentrations of
runoff to tidal rivers and estuaries. The increase imitrogen dioxide during 1988-1997. Recent studies have
impervious surfaces carries two major concerns: losthown that atmospheric contributions of nitrogen can be
benefits of naturally treated stormwater through soila signi“cant source to coastal waters. For Chesapeake Bay
infiltration and accumulated contaminants are often(EPA 1997b) and Buzzards Bay (Howes and Goehringer
deposited and concentrated in sensitive aquatic habitats996), estimated nitrogen inputs from atmospheric
The watershed adjacent to Salem Sound is highlyeposition were 27% and 22% of total loads, respectively.
developed with urban and industrial landscapes found'he source and fate of atmospheric pollutants in the
along some tributaries. During the last 50 years, th&Salem Sound region are not certain. Within the
population has remained fairly stable but imperviousvatershed, it is expected that the Salem Harbor power
surfaces have greatly increased.The construction of Routgant is a major source of nitrogen and sulfur oxides, and
128 improved automobile transportation in the area andhat the residential density and major transportation
increased residential and commercial actigitieg from  corridors contribute high automobile emissions.
downtown areas. Large shopping areas were developed

along Route 128 in close proximity to tributaries of the

Danvers River in the 1970s and 1980s. Currently,
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PREVIOUS MARINE RESOURCES STUDIES when seine and trawl collections were made with similar

The reports of two previous investigations on the marinemethods throughout Salem Sound. Little sampling was
resources of Salem Sound are available for comparison&@nducted outside of Salem Harbor after 1973.

the present study: the 1965 DMF study of the marine

resources of Beverly-Salem Harbor (Jerome et al. 19673 TUDY AREA

and the DMF investigation on the effects of the SalemThe previous DMF study referred to the study area as
Harbor power plant on marine resources during 1971-«Beverly-Salem HarborZ, although all stations were
1979 (Chesmore et al. 1972,1973;Anderson et al. 1974yithin the embayment known as Salem Sound.The 1965
1979).These documents provide useful information ONnstudy area boundary was used again in 1997 (Figure 1.5).
fish species composition and the general health of thgampling stations for the 1997 study were selected to
marine environment at the time of the studies. replicate some stations used in 1965, and to provide
Comparisons of the present study to the previous studiegsource information by habitat type.

should be made cautiously. None of the studies assessed ) , . . . .

fish population size. Differences in methods, gearsl?each Seine Stations.\We inspected six beach seine stations
objectives, environmental effects and the span of time afS€d in 1965 during 1996 to confirm suitability for
reduce the utility of comparing changes at the populationS€ining and habitat type, and “ve were selected for use in
level. However, the three studies collectively provide a1997 (Figure 1.5, and Table 1.3). The Causeway Station,
useful portrayal of marine resources in the region and afj@rblehead, was eliminated because it could only be

the best references on “shery resources in Salem Sours@Mpled at higher tide stages and yielded very low catches
during the 20 century. g in 1965. A sixth station was added, Sandy Beach, located

on the Danvers River, and along with Obear Park
1965 DMF Study. The 1965 DMF study was thé'#ha  represented tidal river habitats. Both river stations have
series of 17 studies on the marine resources in coastal balsped banks with sand and mud substrate and experience
and estuaries of Massachusetts. The present study wagor salinity depressions due to freshwater inputs.
modeled after the 1965 study using the primary objectiveProctor Point, Tuck Point,and PioneerVillage represented
of surveying marine resources throughout one calendafiarbor beach habitats. These harbor stations are
year.The study centered on monthly water chemistry,moderately protected from wave action, and have mostly
beach seine and boat trawl sampling at similar stations faud and sand substrate with some cobble and patches of
those sampled in 1997.The study also included extensiMglue mussel&Viyrilus edulis). West Beach represented
shellfish resource sampling and documentation of the localynamic beach habitat. It is exposed to wave surges and

lobster fishery and sportfishery. Raw data on fishpossesses uniform, sandy substrate.
collections are no longer available for this study.

References to specific methods, gears, and results wilfaw! Stations. \We selected _six trawl stations_“ with _the
follow in the appropriate chapters. intention of conducting duplicate tows at speci“c habitats,

while including several of the stations sampled in 1965
Salem Harbor Power Plant Investigations, 1971-1979. (Figure 1.5, and Table 1.3).The Salem Harbor and Haste
Investigations related to the Salem Harbor power planiChannel trawl stations represented harbor channel habitat
were conducted by DMF under the direction of a multi- - and have similar depths and homogenous substrate (mud
agency Technical Advisory Committee and funded by thewith little structure). The remaining three stations all
New England Power Company (Anderson et al. 1975). provided distinct habitats. The Marblehead Harbor trawl
The study was deemed necessary to assess the effecig®fion is a broad area that represented outer channel
existing power generation on marine resources and thabitat. It is the deepest station with heterogeneous
ewaluate potential impacts from additional fossil-fueledsupstrate that includes sand, gravel, kelp patches. Trawl tows
electric generating units. Unlike the 1965 and 1997 were conducted outside of the harbor entrance buoys in
studies, these investigations spanned many years am@ open channel where the tow path was dictated by the
focused on Salem Harbor.The power plant inveStigation%on“guration of lobster gear. Beverly Cove is the
also addressed a wider range of issues, includinghallowest of trawl stations and has mixed macrophyte and
ichthyoplankton and plankton collections, water intake sand substrate, dominated by eelgrass.We selected two trawl
impingement, thermal discharge pro“les, and bioassaystations in the Danvers River for duplicate tows because of
There were similar monthly “sh collections to the other their close proximity and similar river channel habitat. A
studies conducted with seines and trawls, but Comparisom@rrow channel and h|gh density of moorings prevented
are dif‘cult because of changing sampling methods angduplicate tows in the same river stretch.The Salem Harbor
collection frequencies. Raw data on “sh collections are nognd Haste Channel stations were the same as in 1965 and
longer available. The best year for comparisons is 1972 Marblehead Harbor and upper Danvers River stations

border those from the 1965 study.
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Table 1.3 Salem Sound manne and rivar sampling stations, 1857, Tha sampling target was 18 visits
for the marine and primary river stationa (Porter. Morth and Crane Rivers), and 12 for seine stations.

Station Latitude Langitude Mean Station Sample No. Sample Na.
Depth [m)  Classification  (Fisheries) |'WWater|

Subfidal- Trawl

Baverdy CGova 435 33 47° " s ot 3B eeigrass 7 7
Danvers River [upper) 43" 3 437 T B4° 147 55 river channel 13 18
Danvers River [owar) 43 3 257 T 53 47° 4B river channel 13 17
Hasle Channel 427 37 4T T 50 387 11.2 harbar channal 7 17
Masbkahaad Harkar 42" 30 a7 " &5 55° 12.7 autar chanmnel G 18
Salern Harbor 2% 31" 156" T 52 11" 0.2 harbar channel i7 i3
Flarime- Waler Chamistoy
Salern Harbar 42° 31" 25" ¢ 52 o2t BB T LA 18
Bayerdy Harbor 42° 32" 25" 7O 51 3" 6.3 rhaine o 18
Hasie Qutfall 42° 32 15 70 50¢ 15 BB rarins [ 18
infartidal- Saina

Practor Point, Manchaster 23 0aT TtaE21d 0510 harkar baach a 11
WWest Beach, Bewvarly 42%37 381" MrAaE 210t 050 dynamic beach i 12
Tuck Paint.  Bewarly 4737 e TR Y 0510 narkar baach 2 1

Fionaer Villege, Salam 42730 2667 TOUSYQiet 0510 narbar baech 2 12
Cmear Park Bavarly 423 4337 TOURA Q54" 0500 tidall river 12 1

Samdy Beach, Danvers 2°3F 16T TOP55 06T 0510 tidal rives 12 12

Fiver= Viar Chevmistny

Pories Five Diarteers 42% 34" 065" T 55" 402" 014 Fras lparatar A 18
Moirth River, Paabody 42°3° 277" TORE5 058" 027 freshvrater LA 18
Crang River Dareers 42733 275" 7056 14.0° oig freshwader A 18
Wiatars River, Danvers 42°3F 4B 4" 70 56" 20 " 01 fres hwater Pl 14
Sawmil Brock, Manchesier 47% 34" 40 4" TS AE 128" o7 freshvater L 11
Bass River Bavery 42° 3% 380"  TO°53 215 . freshwater [T 7
Forest River,  Salem 429200 318" TOOE4T QB DG freshwater S (51
Souih Rmer Salern 42° A0 24 .0° T 5y 57" (i s hwainr [ 5

Marine Water Chemistry. Basic water chemistry practical to the tidal interface in order to characterize the
measurements were made during each visit to trawl andiatershed influence on freshwater chemistry. The
seine stations. We selected three additional stations fpresence of landmarks and suitability of streambed for
nutrient and basic water chemistry measurements in thdischarge measurements also in"uenced station selections.
study area. The purpose of these measurements was Tbe Porter, Crane,and North Rivers were selected for 18
characterize water chemistry and nutrient concentrationgisits in 1997. These three Danvers River tributaries
in Salem Sound relative to the existing SESD outfall andlischarge the most freshwater to the Sound and contained
river inputs. The Haste Outfall station was locatedexisting or former anadromous “sh spawning runs. Five
approximately 100 m from the outfall off Great Haste small streams were also selected for biweekly sampling
Island. Beverly Harbor and Salem Harbor nutrient stationsluring May through October: Bass and Waters rivers are
were located at approximately 1.5 and 2.5 km from the tributaries to the Danvers River, South and Forest rivers
outfall, respectively. flow into Salem Harbor, and Sawmill Brook flows into

, . I . ; Manchester Harbor.The river names used are local names
RiverWater Chemistry. WWe selected eight "xed river stations ¢ o' 1ivers near their coastal conuence.The names are

Loaggﬁzu;igﬁisslzrﬁteég?ﬁ,rg-ﬁ:?ﬁgnsngrsi:,e‘f,?é?r?lgg{én nsistent with DEP stream inventory classification
i g ) b alliwell et al. 1982) except for Porter River (DEP -

Sound.These stations were not sampled during the 196 . .
study. River stations were selected to be as close §°St Fish Brook) and Sawmill Brook (DEP - Cat Brook).
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Table 1.4 Salem Sound fecal coliform Fecal Coliform Shore Stations. We established 23 shore

bacteria shore sampling stations, 1887, sampling stations to measure fecal coliform concentrations
in addition to sampling at marine and river stations
Fig 1.5  Sampling Station  DMF Sheilfish (Figure 1.5, and Table 1.4).These shore stations were not
(MNo.) Araa No. sampled in 1965. Shore stations were selected for their
Manchester Raror proximity to shellfish beds in the interest of isolating
1 MHHWﬂMDEEI'H M15.1 signi“cant sources of fecal contamination.
g Manm S.IEM el Shellfish Survey.\We surveyed all intertidal area in the study
3 West Beach N1G D area to evaluate potential shell“sh habitat. Soft shell clam
4  Mingo Beach N1E D populations were targeted and the presence of other
5 Lynch Park N16.D species of sheII”_sh were recorded.The same intertidal clam
&  Tuck Point N1T D flats surveyed in 1965 were revisited in 1997 and are
Dianvers Fiver shown in Figure 4.1.in Chapter 4.
7 Porter River N17.0 Sampling Schedule. The monthly sampling design used in
8 Crane River M1F.D 1965 was enhanced to provide better coverage of the
9  Waters River N17.0 warmer months when greater biotic activity is expected.
10 Fosters Point M7 0 Marine and river water chemistry sampling was done on
11 Bass River N17.0 consecutive days during 18 sampling periods. Seining was
12 Kernwood River N17.0 conducted independent of the 18 sampling periods and
13 Morth River N17.0 remained on the monthly schedule used in 1965.Trawling
Salem Shore and river water chemistry sampling trips were conducted
14  Collins Cove N17T.0 monthly for January-April, November and December,
15  Willows Phar MN1T.0 and biweekly for May-October. The actual day of
16  Winter Island M1 sampling was not “xed or randomly selected because boat
17 Forest River Bark Mig 0 operations and trawling were highly dependent on
18  Forest Biver M1B.D weather and tide conditions. During biweekly sampling,
Marblehead Shore sampling periods were separated by titeda§ of the
18  Village Street MiB.O month and by at least two weeks.
20 Fluen Point N1S.0
21 Browns |sland N20.0
22  Inner Harbor M20.0
23 Eastern YC N20 0

PioneerVillage Beach Seine Station
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CHAPTER 2. FISHERIES

Marine fishery resources were a major influence on The lobster fishery was by a large margin the most
human settlement in the Salem Sound region. Theimportant and valuable “shery in Salem Sound in 1965,
dependence on “sheries for food and commerce showrand in 1997. In addition to the lobster fishery, modest
by early populations has diminished greatly. Currently,“sheries occurred in Salem Sound in 1965 for ground“sh
local fisheries constitute a small portion of the regionesvith gilinets and for pelagic species (primarily mackerel)
economy. However, the heritage of utilizing fishery with trap nets. The ports of Beverly and Marblehead
resources is firmly imbedded in the culture of Salemprovided the primary infrastructure to support these
inshore fisheries.The trap fisheries continue on a small
scale. Gillnetting for groundfish has not been allowed
within the Sound since the mid-1980s.The small-scale
commercial harvest of striped bass, sea urchins, sea scallops
and bait digging for clams and sea worms also continues to
generate commercial landings in Salem Sound.

Lobster Fishery. The 1965 report recorded a commercial
catch of 292,337 pounds of lobsters by 45 lobstermen.The
estimated value of lobster catch in 1965 was about
$244,000, the most valuable commercial fishery in the
region.The importance of this “shery continues today. For
all state waters in Massachusetts, the commercial lobster
fishery is the most valuable fishery (Pava et al. 1998).
Massachusettse North Shore has long been a major
Lobster “shery boats in Beverly Harbor producer of lobsters, and in 1997, Essex County landed
more lobsters than any state county. A total of 134
commercial lobster permits were issued to “shermen in
Salem, Danvers, Beverly, Marblehead, and Manchester in

recreational and ecological value. Information on “sherie 997, and total harvest recorded for these permits was

harvest in this region is very limited. Both commercial and 244,161 pounds (Figure 2.1).

recreational “shery data are recorded on wider geographic Lobster catch records were summarized for 1963 to
scales.We did not conduct speci“c investigations on local 997(1966 data were missing) (Figure 2.1). Landings rose
fisheries during the 1997 study. We reviewed availableteadily from 1965, passing the million pound mark in
DMF commercial catch records and federal recreational978, and peaking at 1.86 million pounds in 1986.
survey data in order to summarize the status of locdlandings have declined since 1986, and catches have

Sound communities. Coastal communities continue to
hold marine resources in high regard for their economic,

“sheries in 1997. ranged between 1.2 and 1.5 million since 1992. The
number of permits issued has also declined from a peak of
COMMERCIAL FISHERIES 188 in 1986 to 134 in 1997.Throughout this time series,

Commercial fisheries were vital to the development ofB€verly and Marblehead have been the ports with the
commerce and culture in communities of the SalemMighest landings and the most licensed lobstermen.
Sound region.The 1965 report includes a good account of-andings increased sharply in the 1970s, an era marked by
these historical fisheries. The codfishing grounds off?@0r changes in “shing practices. The numbers of pots
Marblehead have been routinely visited for spring and faff€t in the “shery and participants increased greatly, the use
harvests for over 350 years. Commercial fisheries werf@ 10-20 pot trawls replaced single pots and hydraulic
major components of the regionss economy during thenaulérs became standard equipment. Improvements to
1600s until the mid-1800s. when nearshore stock<£lectronic navigation systems ass_lsted the expansion of the
declined and other industries developed.As an example gBh€ry outside of Salem Sound into Massachusetts Bay.
the magnitude of the colonial fisheries, in 1732, there were/10re fishermen began to fish over a wider spatial and
120 schooners “shing out of Marblehead, employing overt®mporal scale as they pursued lobsters during their fall
1,000 crew. Although commercial fisheries continue to Migration out of the Sound.
decline in modern times, several fisheries still provide The declining catches in the late 1990s are a cause of
substantial economic bene“ts, and are traditional featurasoncern over the health of the lobster stock. The most
to Salem Sound. recent stock assessment for the Gulf of Maine stock
records high fishing mortality rates that result in an
overfished classification for the fishery (NEFSC 1996).
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Massachusetts DMF has monitored the lobster “shery invater from early May to early June to target mackerel.
the Salem Sound region since 1981 (Estrella and Glen8triped bass have become a common by-catch of his trap
1998). Catch rates from sampled traps have fluctuatehery in the 1990s. Regulations require that all striped
between 0.4 and 0.9 marketable lobsters per trap per hablss be released, and release mortality is suspected to be
since 1981.The catch rate in 1997 (0.42) was the secondw.The 1997 season was poor for mackerel, possibly due
lowest during the period, yet a few years earlier in 19940 adverse weather conditions during the mackerel run.
the catch rate (0.90) was the second highest on record fdn contrast, 1998 was a good season with over 100,000
Salem Sound. An ongoing concern is the dependency opounds from the one trap.

the “shery on lobsters harvested the “rst year after moItingSt
to legal size. Each year since 1984, over 90% of the harvebs
were comprised of these new recruits to the “shery.

iped Bass. Records of commercial landings of striped
ss were not available in 1965. Anecdotal observations
indicate a robust rod and reel “shery existed during this
Trap Fishery. Trap nets have been deployed in Massa-time.Harvest records since 1986 in the Salem Sound area
chusetts Bay since the last century for the seasongthow increased participation and landings beginning in
targeting of migratory pelagic species. Seven trapthe mid-1990s. Striped bass are harvested commercially
operated in 1965, with Atlantic mackerel as the primaryby rod and reel during a brief summer season under an
target. Approximately 269,000 Ibs. of mackerel andannual quota.The available landings data are reported for
100,000 Ibs. of unspeci“ed herring were caught in 1965.catches made by “shermen who list their homeports as
Two traps were set in Salem Sound during 1997 at similaMarblehead, Salem, Beverly, Danvers, and Manchester. In
locations around the outer islands as “shed in 1965. Sale@®97, 200 permits from these homeports recorded
Sound trap records are not available because dandings of about 16,000 Ibs. worth nearly $25,000.The
confidentiality limitations when few fishermen are reported catches may not have exclusively come from
involved (Anderson et al. 1998). However, data areSalem Sound or have been sold to Salem Sound ports.
awilable for traps deployed at nearby Cape Ann locationMost “sh are sold in nearby Gloucester.The available data
from 1992 to 1997, and probably re”ect similar conditions still show an overall trend of a modest “shery that provides
to Salem Sound catches.The Cape Ann “shery primarilysupplementary income to a growing number of
targeted mackerel, with average annual catches of abop#rticipants. The catch records also provide another
200,000 pounds. Minor catches of herring (unspeci“ed)reflection of increases in the population of striped bass
and menhaden (<5,000 Ibs.) were also recorded. along the East Coast in response to extensive restoration

Communication with a second generation North efforts beginning in the 1350s (ASMFC 1398a).

Shore trap “sherman, Tim Sullivan, provided details of thisSea Urchin. A “shery developed for green sea urchins in
“shery. Atlantic mackerel remain the primary target, andSalem Sound during the late 1980s in response to Asian
secondary species such as squid and herring can fmarket demand for raw urchin roe. Urchins are caught by
important incidental catches.The traps are typically in thescuba divers and draggers towing small dredges. The

Figure 2.1 Commercial lobster landings in Salem Sound from 1963-1997.
Catch data recorded from DMF commercial permits issued in the ports of Salem,
Marblehead, Beverly, Danvers, and Manchester.
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“shery is regulated to occur in the fall after the majority of available for 1997. Reportedly, less than 10 divers made
“xed gear in the lobster “shery is moved outside of Salemintermittent catches of scallops to supplement their
Sound.The dragger catch provides a majority of landingshncomes.The commercial digging of seaworms and clams
and peaked during the early 1990s when it was commorfior bait has declined from 1965 when it provided primary
to observe 10-20 boats working inside of Salem Sound (Bncomes for some participants and commercial catch
Chase, pers.comm.). records indicate over 30,000 Ibs. of seaworms sold. Local

Commercial landing data for Salem Sound are nofgtch records are not available for 1997, but some digging

; . bserved and catches primarily supplied local bait and
awilable because most catches were landed in Gloucester O o . ) .
and catch location data are not recorded. The fisher ckle shops. The bait “shery decline is probably a function

. . . .’of both lower seaworm availability and the reduction in
clearly has declined in recent years. During 1997 sampli S .
trips for this study and other “eld efforts we observed nowﬁ]?le;jfomuﬁgg r*?,gﬁgt‘se of the decline in the recreational
more than three urchin draggers on a given day. A Y-
reduction in the urchin resource is the likely cause of
declining catch and effort. Urchin dragging inside SalemRECREATIONAL FISHERIES _
Sound is contentious because of con”icts with lobster geaFhe 1965 report described a robust recreational “shery
and concerns over habitat damage. Urchin divers believéhat attracted many anglers to the Salem Sound region. It
that dredges negatively impacted the benthic communityvas called san excellent sportsheryZf f dependent on
and over-harvested urchins in the 1990s. No quantitativevinter "ounder..f.which abounds throughout the area
evidence is available on dredge impacts on habitat in thérough most of the yearZ. Five boat liveries rented skiffs
Sound. The role of sea urchins as keystone consumers f@r “shing in the Sound. An estimated 27,800 skiffs were
hard bottom benthic communities (Witman 1996) further rented in 1965, with winter flounder as the primary
confounds this topic. Sea urchins can influence habitaiarget. Anglers also commonly targeted striped bass,

structure and species richness through extensive kelp b&gackerel, smelt and cod and haddock.A logbook provided
grazing. by an avid recreational fishermen (J.P. Boucher, Salem)

o ortrayed “shing conditions from 1963-1968 where there
Other Fisheries. Minor catches of sea scallops and soft shell,55 no need to leave the Sound to catch ground-“sh, and

clams and seaworms for bait were also made within Sale ple catches of winter "ounder, cod and haddock were
Sound in 1997. Scuba divers harvested scallops typlpa@gde within Salem Harbor. Rod and reel catches of large
during the spring and early summer. Most harvesting, mpers of adult winter flounder (20-80) were made

actually occurs outside of Salem Sound in 50-80 feet Ofom |ate spring to early fall with a half-day of effort.
water. Catch records specific to this region were not

Cod"“shing off Marblehead
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Table 21  NMFS Manne Recreational As much as striped bass are a success story in Salem

Fisheries Survey results for Sakam Sound for Sound and elsewhere, the reduction of the winter
May-October, 1907 (N = 190 imtercepts) "ounder “shery represents a tremendous loss of economic
and recreational opportunities. A single boat livery
Primary Total operated in Salem Sound in 1997 at the Salem Willows
Species Target Species  Catch “shing pier and continued to rent skiffs for the day. Catch
(Mo. of Intercepts) and effort data were not available for this business. Nine
siriped bass 83 233 bait and tackle shops operated in the Salem Sound region
skale d GE and all were visited several times in 1997 to discuss “shery
Atlantic mackers| 3 23 issues. Bait shop owners unanimously stated that striped
wanter flounder 8 12 bass were keeping shops in business and the twenty year
Bluefish 2 & drop in the winter "ounder “shery has left a large void in
Atlantic cod 3 3 their income and fishing opportunities for the average
VLS e : 3 angler. Efforts have been in place since the mid-1980s to
AUBNIIC tomGod . 2 reduce all harvest of winter "ounder.A 12 inch minimum
spiny dogfish d 2 size went into effect in 1986, and in 1990 the recreational
surmmer floundar 2 0

season was closed for the March and April spawning
period and a 10 fish per angler bag limit was enacted.

Three DMF surveys documented the prominence of Seasonal restrictions and a ban on night dragging in state
winter flounder in Massachusettse recreational fisheriegaters were implemented in the 1980s to reduce
during the 1960s and 1970s (Fitzpatrick and Russell 196 tommercial pressure.

MD.MF 1977, and Anderson ‘?t al. 1975). A recreational In 1997, the bait and tackle shop owners indicated that
fishing survey in 1960 found winter flounder was the MOSty o attainment of the winter "ounder bag limit was a rare
sought after species for all of coastal Massachuse Bt usually reserved for an angler with much

(Fitzpatrick and Russell 1961). A 1975 survey by DMF o iaqge of the Sound. During over 30 boat sampling
reached similar conclusions and found winter flounder, :

. ; X trips in Salem Sound in 1997, little fishing effort for winter
was the top recreational “sh on the North Shore in terms”ounderwas observed.We did not observe any angling for
g;cgg? gfn ?hzﬁgéwx%ﬁitlﬁw Z/Ze)sﬁgizlgrrg '}!SL?% s\fiurgg’rwinter "ounder in Salem Harbor. In contrast, the 1972-
"ounder to comprise 70% of the total recreational catch1973 sport'sh survey conducted 30 weekly trips to Salem

. . X Harbor for each year and observed an average of 22
L(irébl\plrg;%)October in 1972 and 65% in 1973 (Anderson “shermen per weekday in 1972 and 28 per weekday in

1973, with winter flounder as the primary target
Recreational “sheries have clearly declined from this(Anderson et al. 1975).
era, with the exception of a strong striped bass “shery in

the 1990s. The recreational fishery specific to Sale In addition to the decline in recreational winter

Mounder catches, angling has also declined for cod,

Sgr?orl]:ctls d?g: t\évg” rggecrl:trgsunéeq'hinl\elar:%eSlIJ?re\z/(?r)éZt\ilg)i; addock and smelt since the 1965 study. Cod and haddock
P Y. are no longer common targets within Salem Sound. Local

Fisheries Statistical Survey conducted by NMFS cover ; : :
most of the Massachusetts coast and provided limited daggg%r: O%%‘;:g%eégu%rfzﬁﬁgg elr?ng]ne n%s;'&%gzrt]grgzlllt

on Salem Sound. This survey conducts dockside, . timein the Sound. Fishing for blue“sh is a positive

interviews (intercepts) of anglers returning from "shing o260 from 1965 to 1997. Catches of blue“sh were not

tr::pr?" A tl_ot'_[al O}c iQOS th(rer:cSepts;] da(rje re_a;:/alllvlableofotr éhfrecorded in 1965 as few blue“sh visited the Gulf of Maine

X ;97'C'p§ |r|es g Om?n all\l?\/IF SOLIJ:. o L:.' 9 Staétl'- t'C © en in those years. Present catches are less consistent than that
(Pers. Comm. ,_risheries Stalislics angg, g jn ‘the late 1970s and 1980s, but an annual run of

Economics Division) (Table 2.1). Striped bass Clear%luefish is expected each year and provide an excellent

; P ' atch of summer "ounder. Incidental catches of this large,

of_top ‘ve targets (strip_ed_ bass, blue”sh, mackerel, cod an redatory "ounder have increased in Salem Sound during
winter "ounder) was similar for the 1965 “shery, except the late 1990s

for the addition of blue“sh.The data set also highlights the
common presence of skate as bycatch, and minor targeting
for winter "ounder (<5% of trips).
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CHAPTER 3. WATER CHEMISTRY

Marine organisms depend on clean water to supporstage in hours was recorded relative to the nearest low tide
metabolic and habitat requirements. Nutrients are essentiat Boston Harbor (White 1997).

for marine plant production, but at high concentrations . . ) . . .
can be toxirc): to s%me or aﬁisms ang result in excessive¢" Stations. At each station, a single water chemistry
9 easurement was recorded at a location selected to

plant growth and reduced dissolved oxygen in the wate represent mixed river "ow. The sonde was placed on the

icnolgrglr;. rr? uSr ooubr{?jcg\:]ed\l\g?ss J,E?I gl?trgﬁgge tvgas\?étg?ewzﬁrtystream bottom at the same location for each visit. Because
standards for supporting aquatic life (Table 3ql) ar¥ ome stream locations were close to the zone of tidal
o nfluence, sampling at tide stages that influenced

identify associations between water quality and majofreshwater flow was avoided. Tidal stage in hours was

rsnoéggﬁrse nc:; nE[)SUvuet;er]ﬁ ;jhee_ b;c’slilgvv\cgtge ] tcmr:r?*ni stt);perﬁjt:)i; corded relative to the nearest high tide at Boston Harbor
: Y. ;E hite 1997) corrected by site speci“c delays. Stream "ow

and pathogen indicator (fecal coliform bacteria). Most?,. . i :
previous measurements of water chemistry in SalerﬁISCharge was measured with a Teledyne-Grley 622-AA

. .current meter attached to a wading rod. Discharge
Sound were conducted as part of environmental perm”lransects with uniform streambed %imensions W(gre

applications, and were short-term with low sampling .
frequencies.This is the “rst investigation in Salem Sounﬁgzgz(g;:gtg{gg O\:]elomty measurements per meter were
to routinely measure water chemistry at both marine an '

river stations, and relate “ndings to aquatic communities
and sources of pollution. NUTRIENT MEASUREMENTS

Nutrients were not sampled in 1965, and few

METHODS measurements have been made in Salem Sound or
freshwater tributaries since then.We selected nutrient

BASIC WATER CHEMISTRY parameters and the sampling approach from the MWRA

MEASUREMENTS Boston Harbor Program, which has conducted extensive

The following parameters (with accuracy in parenthesesjutrient sampling in Boston Harbor and Massachusetts
were measured each seine, trawl and river sampling triBay since 1992. The primary focus was to identify
using aYSI 6820 multi-parameter water quality monitor: in"uences from anthropogenic nutrient enrichment.The
water temperature (£ 0.15 °C), depth (+ 0.12 m), following parameters were measured: nitrite/nitrate,
dissolved oxygen (+ 0.2 mg/l), dissolved oxygen ammonium, ortho-phosphate, total dissolved phoshorus
saturation (+ 2% of air saturation), speci“c conductivity (TDP), total dissolved nitrogen (TDN), silicate, particulate
(= 0.5% of reading plus 0.001 mS/cm), salinity (the organic nitrogen (PON), particulate organic carbon
greater of + 1.0% of reading or 0.1 ppt), pH ( 0.2 units), (POC), and chlorophyl. Ratios of dissolved inorganic
and turbidity (the greater of + 5% of reading or 2.0 nitrogen (DIN, or nitrite/nitrate/ammonium) to silicate
NTU). We calibrated the YSI 6820 using standard and ortho-phosphate were calculated to compare ambient
methods before each deployment. Hydrolab Surveyor llconditions to optimal ratios for phytoplankton growth.
andYSI 6000 multi-parameter water quality instruments . . .

were used as back-ups and calibrated with the same The three Iargest_Danvers River trlbutarles_ (Porter,
process. Dissolved oxygen (DO) measurements were nt'ane, and North rivers) were sampled during each
made before dawn (period of minimum concentrations)S@MPpling period. Chlorophyll was sampled only at these

because of the time constraint of sampling 6-8 stations. thré€ stations, during March-December.The remaining
river stations were sampled during May through

Tiawl and Marine Stations. We measured surface and December. Three Salem Sound marine stations (Salem
bottom water chemistry by positioning the YSI 6820 Harbor, Beverly Harbor and Haste Outfall) were selected
sonde at approximately 0.5 m from the surface and withino provide baseline nutrient concentrations in relation to
one meter from the bottom. We measured light watershed inputs and the SESD ef’uent outfall. Data from
penetration (+ 0.5 m) using a 0.25 m standard secchi disg, MWRA station in Massachusetts Bay were used for
Tidal stage in hours was recorded relative to the nearegiomparison to the three Salem Sound marine stations.

low tide at Boston Harbor (White 1997). _ _
Sampling protocols were adopted from the Estuarine
Seine Stations. At each station, a single water chemistry & Coastal Chemistry Laboratory at the University of
measurement was recorded at a location between the twRew Hampshire (UNH) and are outlined in Loder and
seine replicates and at about half the haul depth. OnlBoudrow (1997). The UNH laboratory measured all
surface measurements were made, with the sondgutrients except PON, POC and chlorophyll a, which
positioned approximately 0.5 m from the surface. Tidalwere subcontracted to the School for Marine Science and
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Table 3.1 Massachusetts Surface Water Quality Standards (MDEP 1998)

Specific critera are set for classifying waterbodies that relate water quality to the following designated
uses: aguatic life, fish consumpbon, water supply, primary and secandary contact recreation,
aesthetics, agricultural and industrial uses, and shellfish harvesting. The harbors and tidal rivers of
Salem Sound are designated as Class 5B, except for Marblehead Harbor which is Class S&.

The following water quality criteria are used by DEP to assess the stalus (support, partial support,
ar non-suppart | of waterbodies for the designated uses of aquatic life and primary recreation, Thess
parameters were measured at river and maring sampling stations in Salem Sound during 1857, The
tabla values are the minimum o suppar! the designated uses.

__Parameter Class Unit ____HNote

Dissolved Anuatic Life (5A) = B0 mgh = 75 % saturation

Choygen Aguatic Life (SB) = 5.0 mgh = G0 % saturation

Temperature Aguatic Life (Coastal) = 28 4°C = 26 7'C max. daily mean

pH Aguatc Life (Coastal) 6.5-85 0.2 maix. change from normal range

Turbidity Aguahc Life (Coastal) 6 MNTU max. changa from normal ranga
Primary Recreation = 12m secchi disk depth

Fecal Coliform  Primary Recreation = 200100 ml  geometric mean for = § samples

Bacteria (=10% of samples =400/ml)

CLASS 5A "Thess waters are designaled as an excellert habital for fish, other aguatic e and wildife

and for priveasy and secandary reciealion, In approved areas they shall he surltable for
shelifsh harnvashng withow! depurahon, These walers have excaelland asstheldic valke

CLASS 5B "These walers ane designafed as habifal for fish, olfer aquadic e and waldiife and for
primary and secondary contsct recrestion, 0 aoproved areas ihey shall be swifahls for
sheifish harvesiing with depuration.  These walers have congistenily good sesthelc value. ®

AQUATIC ‘uze iz supported when switable habftal s avatlatds for sustadming a nabve, ralurally

LIFE divarse, comvmuonity of squalic Mose and faora®

PRIMARY ee g supported when comddions arg suifale for any recrealion o offer waler yse

RECREATION i which therm is prolonged and infimale contact with fhe waler with & sipnificanf risk
of impestion of waler®,

Technology (SMAST) at the University of MassachusettsDifference (RPD) of duplicates was the primary method
Dartmouth.The UNH analyses were made with a Lachatfor assessing sample precision. Refer to Chase (1999) for
QuickChem 8000 autoanalyzer, and SMAST used afurther details on sample collection, processing, analysis
Perkin Elmer 2400 Elemental analyzer. The minimum and quality assurance/control protocols.

detection limits and analytical precision for parameters are

reported in Table A.1. Annual TN (total nitrogen) load (mt/yr) was estimated

for the “ve major freshwater inputs to Salem Sound by
We collected all river and marine nutrient samplesmultiplying monthly TN concentrations by discharge

using acid-washed materials (10% hydrochloric acid) an@infs) measurements for each river (Isaac and Cooperman
held samples on ice until processed later in the day at tH2000). Discharge and TN values for May-October are
DMF Gloucester laboratory. Once processed, samplesiweekly averages. February values were adopted for
were held in a -80°C freezer until transfer to UNH and Jauary when no "ow measurements were made. Missing
SMAST laboratories. Quality assurance and controvalues for Sawmill Brook and Waters River were estimated
protocols of DEPss 104B(3) program were adopted for théby applying a ratio (monthly contribution of TN and
nutrient measurements. Analysis of the Relative Percendischarge to annual budget) from the primary stations
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(average for Crane, Porter, and North rivers) to the mearMost parameters did not vary greatly among stations or
of May-December measurements for Sawmill Brook andseasons. Salinity was slightly depressed at the Danvers River
Waters River.The river TN load was compared to SESDesstations,and DO and water temperature displayed seasonal
effluent input and marine concentrations to provide trends.The upstream Danvers River station, Sandy Beach,
insight on the sources of TN to Salem Sound. Daily showed the most freshwater in"uence, with a mean salinity
sewage discharge data were available from SESD, anfi29.3 ppt.The annual means of the other stations were
ef’uent nitrogen measurements were made 12 to 26 timeslosely matched (30.6 to 31.4 ppt). The lowest DO
per month in 1997 (SESD 1998). These data weresaturation level recorded was 86% and the annual means for
converted to isand TN mg/l and compared to river all stations were supersaturated. Pioneer Village had the

inputs. warmest annual mean water temperature (12.0°C).Annual
means ranged from 10.4 to 11.6°C at the other stations.
FECAL COLIFORM SAMPLING Thermal warming from the Salem Harbor power plant

Surface water samples were collected at marine, river, aigischarge of cooling water in"uenced water temperature at
shore stations in sterilized polypropylene bottles and’'oneerVillage.This effect was apparent when comparing

maintained at less than 10°C until analyzed. Shordhe mean temperature of the sei'ne stations during the
sampling targeted the “nal three hours of ebb tide. Thec@oler months of November-April when temperature
sampling schedule did not allow for targeting dry or wetchanges are conservative (Table 3.2).

weather conditions, although rainfall data (NCDC 1998) Table 3.2 also compares water chemistry data from
assisted in the interpretation of results. Shore stations (28997 to 1965, when the stations and sampling schedule
wereall located on intertidal habitats adjacent to shell“shyere nearly identical. Only water temperature, salinity and
growing areas. Shore samples were analyzed within S®O were suitable parameters for comparison between the
hours of collection, and river and marine samples withintwo studies. Salinity provides a good comparison because
24 hours at DMFss Gloucester Laboratory. Samples wergf the similar sampling accuracy and consistency of salinity
collected and processed utilizing the A-1 techniquein marine waters. Salinity measurements were similar for
according to standard methods of the National Shell“shthe two time periods. Annual means of DO for both
Sanitation Program (NSSP) (NSSP 1997). Fecal coliformperiods were similar and re”ected high saturation levels in
densities were reported as the most probable number pghe intertidal zone. Water temperatures were cooler in
100 ml of water.The geometric mean and tenth percentile1965 than in 1997. The influence of the Salem Harbor
of fecal coliform results were calculated by statiomower plant on water temperature at Pioneer Village

according to NSSP methods (NSSP 1997). during the cooler months apparently also occurred in
1965, but to a less extent than 1997. Despite the apparent
WATER TEMPERATURE MONITORING differences in water temperatures between studies and

Three Ryan Tempmentor thermographs were dep|oyedbetween PioneerVillage and other stations none of these
in Salem Sound to record continuous (every 2 hours)differences were statistically signi“cant (t-test, df = 10 and
water temperature measurements in 1997.The speci‘ed2, P > 0.05).

accuracy of +0.3°C was confirmed with a certified

thermometer prior to use.Two locations were selected forMARINE STATIONS

monitoring: the Salem Harbor water chemistry station, Water chemistry was measured during 18 sampling trips at
and Glover Wharf Marina along the Beverly Harbor the trawl and nutrient stations in 1997 (Table 3.3). Some
waterfront. Surface and bottom temperature monitorsstations were sampled for water chemistry less than
were set off a "oating slip close to the harbor channel ateighteen times because of technical problems.The general
Glover Wharf. The Salem Harbor monitor was attachedirends in these data correspond with the major water
to a mooring that also served as the water chemistrghemistry characteristics known for Salem Sound: it is a
station mooring. Only bottom temperature was well-"ushed embayment with minimal strati“cation from

monitored at the Salem Harbor location. October to April, minor freshwater in"uences, and rare
violations of SA criteria for bottom water DO (CDM

RESULTS 1978; CDM 1987; CDM 1991; Dallaire and Halterman

SEINE STATIONS (INTERTIDAL HABITAT) 1991; and SESD 1998). No comparisons were made to

, ater chemistry data collected during the 1965 trawling
Monthly water chemistry measurements were made at aWips because only surface water temperature and salinity

gzlr?]e | eS éaitrllanasr,]u%ceg) é CZL%?%? ilzglr,]AtI’I Vr\:;';;]u ;’é?:e Qg\ﬁre recorded in 1965 and few samples were collected (5-
P y ' per station). The following paragraphs summarize

basic water chemistry were within limits that support " . : .
I o major trends for water chemistry parameters that displayed
aquatic life (Tables A.2,A.3 and A.4).Violations of DEPtemporaI or spatial variation.

water quality criteria were not found for these parameters.
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Table 3.2 ‘Waber termperature, salinity, and dissalved cxygen al beach sene slations in 1965 and 1987,
The Cool Maorths [°C) data are mean values from November-April. Monthly samples were collected at
each station (N = 12} in 1857, except for Proctar Pomnt (N = 11), where the average January lemperature

far tha other siatians was applied ta the missing January value

Water Temperature  ‘Water Temperature Salinity Dissolved Oxygen

Arvwesd Mean ([ C) Cooi Months {7 C) Annual Mean (ppll  Anncad Mean (gl

Station 1965 1887 1965 1887 1965 1987 1865 1887
Proctor Paint By 11.3 34 5.0 30.3 30.6 100 10.1
Wesl Beach 8.1 104 3.8 5.2 31.8 31.3 9.9 101
Tuek Pant BB 10.5 38 5.0 3.3 31.2 9.8 8.9
Pianeer Village 8.5 12.0 48 71 31.3 314 10.0 8.9
Ckhear Park 111 108 4.2 5.2 284 30.8 BB By
Sandy Beach - 116 - 5.1 - 29.3 - 8.5
All Stations 2R 11.1 4.0 54 ane T 0.7 0.9

Tabla 3.3 Salemn Socund waler chemistry at frawd and nutient stations: mean values far Jenuary-Decamber, 1957

Parameters Danvers Avwer Darrsers Hives Barveriy Beparty Hizrsie Hasie  Mlarbletensd Salam
iUpper] { Lawer] Harmor Cowa Charrsd Cactall Harbor Harbor

Eamples 411 17 1B 17 17 18 1E 12
Tamp ] T 1ME 15 114 114 114 118 1.7 iz 8
Temp. [T} bt 1.3 122 BH 1.3 LR oA 2% oE
Salirily {ppl) srtaos 314 31.3 R 3T 31.8 314 3z 1 Ll |
Salirily {ppl} batam 314 3.7 32.3 Z0 321 323 T4 ZI
Sp. Cord imSlom)  mwface 475 48z a8.7 487 anb A4 d & 4849
Sp Comd imSlom)  bhabam 480 431 a2 438 LR &2 454 422
pH L - T T8 7B FE | T2 Ta 78 TR 7.8
(= 4] baiam ¥ 7.9 7.9 | Ta T2 T8
D Ooeygers {mighli mfors 5.4 B2 0.1 -] 1.0 100 160 10
O Doy dmigili hatam B2 B2 10.1 e ) a4 38 =k avy
O Deyeen (% aal ) avface 10 4 104 3 100.8 1105 1114 100 3 1105 1138
O Deyen (Y aal}  balam g eke] 10z & 108 1 1103 1003 1033 S5 4 1020
Turbidiy  (MTLG syfane =8 ) Az 12 1.1 na Ta 21 hY. ]
Turbadiy  (WTLY babom a8 4.8 1.6 24 20 d4h 2F i
Seooh dee [m) 1z 18 41 . a7 38 a7 is
[ 4 {im 3] S 8.3 a3 1408 E& 151 &6

Salinity. Salinity measurements were stable and consistefiom freshwater in the discharge effluent. Freshwater
among stations and seasons. Most measurements werériputs in"uenced the depression of salinity at the Danvers
the range of 31-32 ppt. There was minor evidence of River trawl station. The lowest mean salinity for surface
stratification during the summer because of thermalvater among stations was 31.3 ppt at the lower river
warming and reduced mixing. The greatest differencestation. The highest mean salinity was 32.4 ppt at
between mean surface and bottom salinity was 0.5 ppt dflarblehead Harbor, the most seaward station.

the Haste Outfall station.This minor difference may result
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Water Clarity. The measurements of turbidity and seccl
disc depth re”ected relatively good water clarity at ma
sample stations. Mean turbidity measurements were |
(range of 1-3 NTU) and mean secchi disc depth was
least three meters at each station, and exceeded

meters at three stations.The upper Danvers River stat
had the lowest water clarity. This is probably related
particle suspension from watershed inputs and estua
flushing. The highest turbidity outside of the Danver
River occurred at the Haste Outfall station. Visue
observations of the outfall plume confirmed that the:
measurements were elevated by the SESD out
discharge.

Dissolved Oxygen. All measurements of DO at marine
stations in 1997 produced concentrations adequate
support aquatic life. The lowest bottom DO leve
measured was 75.3% saturation (Upper Danvers Ri
station in August) and only three bottom measuremel
out of over 130 were less than 80% saturated.The mt
surface concentrations of DO at all stations we
supersaturated (>100%). The only mean botto
concentration of DO that was not supersaturate
occurred at Marblehead Harbor station, the deepe
marine station (mean depth of 13.1 m). Evidence ui
minor seasonal stratification of DO was found at all

Table 3.4 Mean monthly water temperature recorded
by thermographs at the Salem Harbor marine station
and Glover Wharf in Beverly Harbor, 1997.

January
February
March
April

May

June

July
August
September
October
November
December
1997 mean

stations.The difference between surface and bottom DO
concentrations was greatest during summer and

differences were proportional to station depth.

Figure 3.1  Average daily water temperature in Beverly Harbor and Salem

Beverly Harbor Beverly Harbor Salem Harbor

Surface Bottom Bottom
(C) _(sd) (C) (sd) (°C)  (sd)
25 1.15 2.8 1.16 85 1.10
3.0 0.77 3.2 0.65 3.6 0.46
3.8 0.91 3.9 0.77 4.1 0.55
6.5 1.71 6.2 1.48 5.6 1.16
9.0 1.65 8.4 1.55 7.2 1.29
14.9 1.64 14.0 1.51 11.4 1.43
16.5 1.83 154 212 128 274
17.7 1.31 16.9 1.39 14.1 1.76
16.1 1.97 15.9 1.85 14.9 1.64
11.7 1.20 11.7 1.17 11.7 1.14
8.2 2.13 8.4 2.04 8.9 1.79
4.4 0.94 4.6 0.91 5.4 0.80
9.5 9.3 8.6

Harbor, 1997. Thermographs were deployed to record water temperature

Temp. (°C) measuraments every two hours,
20 1
Bavarly Harbor—surface
|y sseaas Baverly Hasfsor-bolbem A,
Salem Harbor-botom L9l
1-|:1 |*Iﬂ | =
ek
id § Al LR
g I
1L "b-‘:
iz 1 [y A
[ 1
¥
10 ¢
.
B ol Mg
A N
5] T ¥
4 _'!!"-,, . g I. =y 5
2
ke
0
Jan Fab lar Mpr lay June
Data

21

July

My

Dac



Water Temperature. \Nater temperature was the most plant thermal discharge.This station also had the largest
dynamic water chemistry parameter measured as difference between mean surface and bottom
changed in response to seasonal warming and coolingemperatures (2.8°C).

Water temperatures warmed rapidly in the spring resulting The recordings of the continuous water temperature

in minor strati“cation at most stations from May through : , : : o
September. The coolest mean bottom temper(,i,[un,:\mon|torsdlsplayed a substantial amount of daily variation,

o ; especially for the warmer months of May-October
(9.3°C) occurred at the two deepest stations, Has'“?Figure 3.1). The surface and bottom temperatures in

oot osrad s S v soBEVEA o vire losey malched fom Oclaber o
P \pril, and then showed a slight differential due to surface

located about 0.75 km from the Salem Harbor IOOWerwarming (Table 3.4).Tidal action in the Danvers River

Figure 3.2 Swurface (A) and bottom (B) water temperature n:':'E} at
Salem Harbor and Beverly Harbor stations, 1997.
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appeared to be mixing the entire water column in Beverlysaturation fall below 80% (Figure 3.4).Turbidity and pH
Harbor with minor stratification in the summer. Salem were found in a similar range as most other river stations
Harbor bottom temperatures followed a similar trend asand were supportive of aquatic life.

in Beverly Harbor, although November to April

temperatures were slightly warmer and May-OctoberC"me River. This station showed signs of a stressed river

. . ystem. Dissolved oxygen averaged 82% saturation for the
temperatures were slightly cooler.A comparison of Wateiear, with five measurements below 75% and one SB
temperature at Salem Harbor and Beverly Harbor stations.” ;.. . o
(Figures 3.2) illustrate the surface warming in Sale iolation in August (59%). Water temperature reached

X ; . 0°C during each visit during June through August.The
ug[gféoﬁggrl]mk of evidence of warming lower in the mean turbidity was the highest among river stations (14.1

NTU). The mean specific conductivity was relatively
high, approaching 1.00 mS/cm during the coldest
RIVER STATIONS months. Crane River had the second highest mean
The Porter, Crane and North Rivers stations were visiteddischarge among river stations (0.173)malthough
during all 18 sampling periods to measure basic watgfimilar to the other stations, experienced very low "ows
chemistry. The remaining “ve river stations were visited during the summer (Figure 3.5).

from May through December. Bostones Logan Airport , , _

records in 1997 indicated that rainfall was more than 12\erth River. Most basic water chemistry parameters were

inches (27%) under the annual average (NCDC 1998)at similar levels as the other river stations. Dissolved
resulting in low "ows throughout the North Coastal Basin 0Xygen averaged 88% saturation for the year and fell

(Socolow et al 1998). These flow conditions Ck_}(,myslightly pe!ow 75% saturation only on three occasions.
influenced discharge measurements in 1997 andhe turbidity mean of 5.2 NTU was the lowest among
precluded water chemistry measurement in several of thgVer stations.The North River is the largest river in the

smaller streams during the warm months.Water chemistry@/€m Sound region and drains a large area of developed
at the river stations reflected conditions supportive ofVatershed in Salem and Peabody. Discharge measure-

aquatic life according to SB criteria. During summer, MeNts were the highest at this station, averaging 030m

numerous DO measurements were below SA criteria, buf©r the year.

only two fell below SB criteria.Violations of water pH = Sauwmill Brook. Limited comparisons of the water
criteria (< 6.5 pH) only occurred at Sawmill Brook.Raw chemistry at Sawmill Brook and the remaining stations are
data for river stations are in the Appendix (Tables A.5-A.9nossible because of lower sampling frequency and low
and annual mean data are presented in Table 3.5. Theyw conditions. The "ow levels at Sawmill Brook were
following paragraphs summarize major water chemistryoo low for most of September and October to be
trends at the river stations. quanti“ed, but water chemistry measurements were still

Porter River. Several parameters measured in the PorteP0SSible. Sawmill Brook had the lowest pH and DO levels

River re”ected good water quality in comparison to the @M0ng river stations, and second lowest specific

other river stations. The water temperature remainedconductivity. More than half of the pH measurements
relatively cool in the warmer months, not exceeding 20°C Were below SB criteria (6.5 pH). Approximately half of

(Figure 3.3). Dissolved oxygen levels were the highest df1€ DO measurements were below SA criteria (75%
all stations (mean = 10.5 mg/l) and only once did DO Saturation).

Table 3.5 Salem Sound water chemistry at river stations: mean values for January-December, 1997.
Station Sample  Water Salinity Sp. Cond. pH D.O. D.O. Turbidity Flow
(No.) Temp. (°C)  (ppt) (mS/cm) (mg/l) (% sat.) (NTU) (m®/sec.)
North River 18 13.2 0.0 0.70 7.2 9.5 88.0 5.2 0.230
Crane River 18 13.2 0.0 0.72 7.2 8.9 82.1 14.1 0.173
Porter River 18 115 0.0 0.66 7.1 10.5 94.6 7.7 0.084
Waters River 14 14.4 0.0 0.93 7.2 9.4 91.8 6.2 0.025
Sawmill Brook 13 13.3 0.0 0.28 6.3 8.0 75.2 8.1 0.099
Bass River 7 16.8 0.0 0.26 7.7 10.0 100.8 5.4 0.048
Forest River 6 14.3 0.0 0.55 7.3 9.2 88.2 8.6 0.044
South River 5 12.7 0.0 0.52 7.1 7.8 65.6 5.3 0.051
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Figure 3.3 Water temperature I:':l[:]- at Salem Sound river stations, 1997,
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Figure 3.4 Dissolved oxygen (% saturation) at Salem Sound river stations, 1987
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Waters River. The freshwater portion of Waters River Bass River, Forest River and South River. These stations were
contains two small creeks that cross under Endicott Streesampled infrequently because of low flows, making it
Sampling was conducted just below the downstreandif‘cult to draw conclusions from the measurements.The
con”uence of the two creeks.This location was within the stations clearly contributed minor amounts of freshwater
zone of tidal in"uence. Speci“c conductivity was variable to Salem Sound during 1997.The freshwater portion of
and high on occasion, even though measurements wertéhe Bass River "ows out of Shoe Pond, which is regulated
made close to low tide. Wet weather quickly degradedbythe Beverly Municipal Golf Course. Freshwater could
water quality in this river, although dry weather water be consistently sampled only at the spillway of the Shoe
guality was relatively good for the parameters measured?ond Dam, however, no water spilled over the dam during
August, September and October station visits. During this
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Figure 3.5 River discharge im3I5] at Salem Sound river stations, 1887
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same period, the Forest River was nearly dry and Soutlbecember. Particulate concentrations (POC and PON)
River was dry and the streambed was overgrown withwere relatively stable throughout the year, except for the
vegetation. Despite the few measurements, the lowCrane River,which showed much variability.\We observed
speci“c conductivity (0.26 mS/cm) and high pH (7.7 pH) consistently low chlorophyll at most stations, except for
at the Bass River were notable.The high pH is a concerrvariable concentrations in the Crane River.

because ammonia toxicity increases at levels close to 81\(%% River. The highest mean TN among the three

pH. primary stations occurred at the North River (157 mM).
High values of DON contributed greatly to the relatively
FRESHWATER NUTRIENTS high TN. The North River also had the highest mean
River Stations. The North, Porter and Crane Rivers were gmmonium (10.35 mM), which was in"uenced by very
measured for nutrients during each sampling peI'IOdh|gh spring concentrations. Other than TN and
Summary statistics for these stations and Sawmill BI’O%{nmonium’ the North River nutrients did not deviate
andWaters River are provided inTable 3.6. Nutrient datamuch from the ranges found at the other stations. As the
for South River, Bass River, and Forest River are not|argest freshwater discharge with the highest mean TN,
included because low "ow conditions limited sampling to the North River contributed the largest load of TN into
5-7 periods. Raw nutrient data for all river stations areSalem Sound among river sources (Table 3.7).
presented in the Appendix (Table A.10-A.15). Seasonal , . .
trends of major nutrient concentrations at the three Porter River. The Porter River also showed evidence of
primary stations were plotted for 1997 (Figures 3.6 andutrient enrichment, although nutrient concentrations

3.7). High concentrations of silicate, ortho-phosphate, andVere not generally high relative to the other stations.The
DIN occurred during the late-winter and spring period M&an values for Porter River TN and DON were close to

of high run-off, as expected because of the correlatiorfhose for Crane River,which were the lowest for January-
between precipitaton and watershed nutrient December. The lower TN resulted from relatively low

concentrations (Boynton et al. 1995; Ward and Twilley PON, PON, and NH.. No parameter displayed much
1986). The overall temporal trend for TN appeared deviation from the mean values of other stations and only

relatively stable because as DIN concentrations declinetllicate (77mM) held the highest rank among rivers.

in early summer, dissolved organic nitrogen (DON) Cpne River Crane River was unique among river stations
concentrations increased and remained high for the I’F,‘ﬁy having substantially higher mean concentrations of
of the year.The spring peak in DIN was driven by high pOC, PON and chlorophyll, with wide seasonal variation
nitrate (NQs), which is consistent with observations in the in those parameters.The mean concentrations of TN and
Chesapeake Bay region (Boynton et al. 1995; StevensopON were the lowest for January-December. Crane

etal. 1993). Once silicate, phosphate and DIN declined inRRjver substrate in the vicinity of the sampling station
spring and early summer, they remained low through
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exhibited the most abundant periphyton growth observedmade sample “ltering very dif‘cult. The composition of
at river stations in 1997. The nutrient concentrationsthe material is uncertain: turbidity, POC and PON were
measured in 1997 do not clearly indicate the cause of thaot at unusually high levels.
%e;)l/pr?gtt(t))re] grgrivr:]ha’l rk;/ust Osuurggest that dissolved mtrogenWatm River. This station was successfully sampled during
' 14 sampling visits from May-December. Despite the
Sawmill Brook. Comparisons of Sawmill Brook data to absence of early season measurements, the mean TN was
other stations are limited because only 13 sampling visitee highest among river stations (211 mM).The TN mean
were made from May-December. Sawmill Brook had the was most influenced by the highest mean DON value
lowest meanTN of the “ve stations reported in Table 3.6. observed (132 mM). The lack of early season sampling
The absence of early season sampling may depress the iy have suppressed the low ortho-phosphate that is
mean. Sawmill Brook contained “ne suspended materiatypically elevated by spring watershed contributions. Low
that colored the water copper-brown all season long andlischarge in the Waters River barely provided enough

Figure 3.6 Total nitrogen (DIN+DON+PON), dissolved inorganic nitrogen (DIN)
and particulate organic nitrogen (PON) at Salem Sound niver stations, 1997
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water to sample during the dry summer in 1997.The river Nitrogen Loading. The annual TN loading from the five
did respond quickly to rainfall with stormwater flashesmajor freshwater inputs to Salem Sound was estimated to
that drained from the high density of impervious surfacede approximately 58 mt for 1997 (Table 3.7). North River
upstream of the sampling station. had the highest contribution of TN to Salem Sound in
997, followed by Sawmill Brook, and Crane River.
aters River had high concentrations of TN, but with the
west mean discharge, contributed only about 5 mt for
e year. Considering inputs from the other three stations,
mall creeks not sampled, and the low precipitation of
997, the average annual watershed contributions of TN
may be higher, in the vicinity of 100 mt/yr. These
assumptions do not include direct groundwater and

Other Stations. Sampling was infrequent at the Bass, Fore

and South Rivers because of the dry conditions of 1997
and few conclusions can be drawn from these data (s
Table A.15 for raw data). These streams dried out for muchS
of June-October, which prevented consistent sampling1
Both Bass River and South River had no flow during
most of July-September, with the exception of
stormwater pulses.

Figure 3.7 Ortho-phosphate (PQ,), Silicate (Si0.), and Chiorophyll a (Chl.a)
at Salem Sound river stations, 1997
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Table 3.6 Mean nutrient concantrations (with standard amars) for Salem Saund river stations, 1987,
Mitrate {MO.) and Mitrita (NO.) were maasurad separately each month excapt May and June.

Visits TM TON DIN DON  PON NH, N+N NO, NO,
Station (UM} (UM (M) (uM] (UM (uM)  (uM) [uM} {uM)
Crane Rver 18 12405 11152 3947 6870 1373 646 3301 26 .26
(SE) 677 6831 791 780 184 180 657 742 003
Marth River 18 15676 15030 51268 96.98 631 1035 4088 3530 060
(SE) B13 813 908 10.08 052 261 684 803 010
Porter Rver 18 12736 12226 49731 B7.97 483 266 4709 3328 023
(SE) .26 d.28 10,18 g.a5 055 .67 o852 &42 0.05
Waters River 14 21149 20828 7187 13182 296 258 7033 3502 019
(SE) 1128 1133 1603 2247 028 077 1605 133 003
Sawmill Brook 13 11562 1098% 2402 8183 573 308 2084 1388 013
(SE) 11.37 1162 B27 1118 1.31 143 486 258 003
Visits TDP POy Sily, POC TOM:TOP CIMN Chl. 2 Phaeo. Total
Station by (uMy {uM) {uhd) {ugfl)  {uglll {ugl)
Crane Rver 18 DB 066 6582 14726 22553 1187 434 212 646
(5E) 0.18 .28 12,22 16,08 56 47 1.06 1.15 0,44 144
Morth River 18 106 0BT 6517 7850 22206 1223 112 052 165
(SE) 021 028 1058 730 5738 075 028 009 031
Porter River 18 128 0BA 7677 5067 13442 1044 0864 063 128
(SE) 0.30 0,33 1508 &.7H 2007 .53 014 0.20 0.27
Waters River 14 030 0068 6889 3528 35770 1178
(SE) 018 001 1513 418  B435 063
Sawmill Brook 13 128 004 2300 7933 10464 1157
(SE) D20 001 401 1415 1503 163

Table 3.7 Total nitrogen oad budget for major freshwater inputs o Salem Sound, 1997,
Monthly loads were calculated using mean TN (mg/L) and discharge {m”'s) for each river
TN units were converted by: TH mg/L = TH ub x 0.074.

River Station Drainage TM Samples TW Mean  Discharge TN Load
Area(km’)  (No) {mgiL) (m’/s) {mtiy)
Crane River 14.8 16 1.74 0,220 12.34
Morth River 29.8 17 219 0.307 20.95
Porter River 114 16 1.76 115 6.37
Waters River MNA, 11 310 0.054 5.33
Sawmill Brook 13.0 13 1.58 0.294 13.23
TH Sum 58.22
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Table 3.8 Mean nutrient concentrations (with standard emors) for Salem Sound marnine stations,
1897, Mitrate (MOy) and Mitrite (MO} were measured separately each month except May and June

Visits TN TON DiN DON PON MH,4 N+M NO, NGy

Station (ubd LUl LUl (uhd LUl L] b (Ul LUl
Haste- surface 18 8470 4653 2306 2358 BOT 2015 251 3,35 0.68
1=E) 9.28 0.00 4. 0F 7.78 0.53 4 52 115 085 0.39
Hasie- botiom 16 1974 1487 464 1032 4 87 2.25 229 251 0.20
(SE) 1.04 1.0 0.75 0.81 0.38 034 .55 .54 (BRI
Salem- surface 18 3651 3006 304 2641 8,32 1.84 210 2456 0,18
(SE) 11.87 120 1.04 11.48 0.7 0.52 050 068 (X
Salem- botlom 16 21.00 2233 4368 1797 867 223 2.14 2.33 0.20
(SE) 704 B.1% 0BG 812 0.73 0.43 080 0ar 004
Bevarly- surface 18 20,38  15.08 a.04 8.54 533 2.45 258 288 018
(SE) 1.189 1.28 0.BA 068 0.563 049 063 072 (i)
Bevarly- bottam 15 2081 1448 416 1030 B.45 1.85 222 2.49 0.18
(5E) 1.249 1.35 .85 .87 0.59 0.40 0 64 072 004
Visits TDP PO, Si0, POC TON! POCI Chl.a Phaso. Total

Station I:ul'-.-'l:l_ {uh‘lll_ qu-'Ill (L} TDP _ PON _ (ugh) gy fughy
Haste- surface 18 1.80 1.53 648 BBEB4 20935 832 089 012 1.01
(SE) 0.35 0.28 1.00 878 215 0.44 0.21 0.03 022
Haste- bottom L 0.57 D63 452 3698 2891 7.78 1.03 026 129
(SE) 0oy 0.08 0.55 247 2.43 0.3y 022 0.0 0325
Salem- surface 18 048 055 423 4882 3029 7.86 1.24 018 1.42
(SE) 0.05 0.1 0.67 5.79 2.20 0.52 0.29 0.04 0.30
Salem- bottam 18 0.58 DES 466 B473 2516 7.52 162 048 210
(SE) .03 0.07 0.60 B.18 1.25 018 0.37 0,13 024
Beverly- surface 1B 0B2 0.1 4680 4134 2621 7.85 1.09 0.17 127
(sE) 0.05 0.06 0.63 5.53 169 D27 026 0.05 027
Beverty- bottom 15 054 059 438 4968 2801 7.93 119 022 1.41
(SE) 005 .07 084 402 1.76 0,34 0,26 0.06 025

atmospheric inputs to Salem Sound, which can be(Figures 3.8 and 3.9).Three major patterns emerge: wide
significant sources of TN (Millham and Howes 1994; variability of marine nutrients, seasonal response of some
Jarell 1999). It is also important to consider that the nutrients to phytoplankton dynamics, and influence of
sampling frequency conducted may not have captured th€ESD ef’uent at the Haste Outfall station.

relative contribution of dry and wet weather discharges.
Sampling in 1997 was inadvertently weighted towards dry
weather conditions: 14 of 18 sampling dates coincide(ﬁ
with dry weather (<0.5 in. of precipitation during three
days,Table A.5).

The high variation in nutrient data can result from the
ffects of ocean inputs, vertical mixing, stratification,
utrient regeneration, differential rates of phytoplankton
uptake, and anthropogenic inputs. Dissolved inorganic
nitrogen (ammonium, nitrate, and nitrite) are forms of
nitrogen most available to phytoplankton. The data
MARINE NUTRIENTS indicate DIN concentrations declined during spring and
All surface and most bottom nutrient measurements wer@emained low until fall. An exception to this trend was
successfully made at the three marine stations for eagpikes of DIN at the Haste Outfall station, which were
sampling period. Data on mean concentrations areaused by effluent ammonium. Away from the outfall
presented in Table 3.8 and all station measurements areiiffluence, DIN values were low and fairly consistent.
the Appendix (Tables A.16-A.21).The surface concentra-Nitrate and ammonium comprised the bulk of DIN at
tions of major nutrients at the three marine stations ar@®everly Harbor and Salem Harbor, with a minor
plotted over time to illustrate seasonal trends in 199%ontribution from nitrite.
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Figure 3.8 Total nitrogen (TN), nitrate plus nitrite (NQ,+ NQ,), and
ammonium (NH,) at Salem Sound marine stations, 1997.
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Similar to DIN, the depression of ortho-phosphate andto increase in June and peaked from July to early
silicate in the warm months is also a function of planktonSeptember.

phytopiankion abundance and (he particulates (PON, ReU0S Of essential nutrients provide insight on
POC) are secondary indicators.The PON concentrations’Wr"]iterSr|16dk'npUtS andhheIRp |d_ent|fy which r;utrllentj "][mt
- : - : toplankton growth. Ratios were calculated for
were variable, with moderately hlgher values durlng_the BIIB\/I'SFi)O4 and DIgN'PQ at the marine stations (Figures
warm months.The POC concentrations were less varlable‘? 10‘ and 3.11) Rétios of DIN:Sidor both Beverly
with no apparent seasonal trend. The patchiness q_|' P : . : .
< L p . arbor and Salem Harbor were approximately 1:1, which
plankton may have in"uenced the variability in particulate : . , o ,
. are considered typical. The Haste station ratio was 3:1,
Ecing E:Jrg/rf;'gﬂfj' ;zl?]ftpgﬂ\llgtg%iﬁﬁge&ﬂlr%rlfmé;nginresulting from elevated ammonium in the outfall ef'uent.
: ’ Ratios of DIN:PO were generally lower than the optimal
would be expected for spring blooms. Chiorophyll begaan:l with the exceptio% of theyHaste station Wh?Ch had
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Figure 3.9 Orho-phosphate (PQ,), Silicate (Si0,), and Chlorophyll a
(Chl. &) at Salem Sound marine stations, 1997,
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higher DIN and PQbut at a ratio close to the optimum. away frorthe station towards the outer Sound.The high
These ratios imply that excessive DIN was available at thepikes in DIN all came from sampling in the plume.A few
Haste outfall station, however, DIN may have been very low values of DIN occurred when the plume was
limiting to phytoplankton growth at the other stations.  directed out of the Sound. Outside of phosphate and
Haste Outfall Station. Elevated surface nitrogen and ammonium, only surface DON showed elevated
. oncentrations relative to other stations. Chlorophyll levels
phosph_ate were expected because the station was Ioca‘%é:e similar at all three stations. We expected higher
approximately 100 m northv_ves_t_ of_the SESD prlmalrychIorophyII levels at the Outfall station, in response to
effluent outfall. The high variability in ammonium and Uptake of the available ammonium
phosphate can be attributed to the outfall plume at the P '
“xed station.Winds from the south and east pushed the Despite the moderate depth (8.6 m mean), strong
plume across the station towards the Beverly shore.Windstrati“cation of nutrient concentrations occurred at the
from the north and west usually drove the visible plumeQutfall station. Bottom nutrient values were consistently

31



Figure 3.10 DIM vs. 5i0, ratios for surface measurements al Salem
Sound marine stations, 1997, A maolar ratio slope of 1:1 is considersd
optimal for phytoplankion growth,
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Figure 311  DIMN vs, POy ratios for surface measurements at Salem
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low, and within the range of Salem Harbor and Beverly were low and stable. Mean TN was 20.4 pM for the
Harbor. The strati“cation found with nutrients was not surface water and 20.9 uM for bottom water. Dissolved
pronounced in the basic water chemistry data, as indicatearganic nitrogen was the major contributor toTN (mean
by the minor depression of surface salinity. The averagef ~10 uM).

ggxgg g%hé;?éezr {var;l?sfirr?ngs%Efth ?';Jg:# Orfalnged Salem Harbor Station. Mean bottom TN concentrations
mi SES[5 1998 Thi amount sl Htl exceed the.mea eregreater than those found at the other marine stations.
s( )- IS unt sightly -€as oth surface (35 uM) and bottom (31 uM) means were
of 1.0 misfor the major freshwater tributaries to Salem
. : . nfluenced by a few early season DON measurements
Sound (Table 3.9). Despite this relatively large amount othat exceeded 100 uM. The cause of periodic DON

freshwater, the spatial influence of the outfall plume IS nrichment was not apparent, but may be related to high

e esemort or i et o someong ™" e DON abserved in the sping There was more
' evidence of stratification than at Beverly Harbor, but it was

Beverly Harbor Station. The similarity of surface and inconsistent among parameters. Mean bottom

bottom measurements indicated that this station was wetheasurements for PON (8.7 mM), POC (73 mM), and

mixed. The lack of stratification is due to the relatively chlorophyll a (2.1 ug/L) were the highest among marine

shallow depth and tidal movements in the harbor andstations.

Danvers River.The values for most nutrient parameters
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Table 3.9 Monthly values for parameters used o astimate nutrient lcading in Salem Sound, 1957,
All maonthly measurements at maring and river stations were everaged, SESD data were converied
fram manthly mean discharge (MGD) and TEN data in NPDES #MAT100501 reports. TH units were
comnverted by. TH = TEN + (NO NG, ), assuming (MO + NO,) equals 1.2% of known TEMN (GOM 1987}

Maring \Wanine SE=SD River SESD River SESD iver

TH PO, Flow Flow TN TN TN TN
(mag!l) (mall)  (m's)  (mYs)  (mgh)  (mgh) (mbtmonth} (mtimanth)
January 0.704 0.042 1.26 1.31 27.69 243 93.4 85
February 0.609 0.020 1.20 1.91 23.83 3.04 69.2 8.6
March 0.634 0.025 1.41 3,56 22.42 1.90 B4 7 18.1
Agril 0. &8 0.026 211 223 1765 2.00 0&.5 116
May 0.269 0.012 1.26 117 2589 1.56 B7.4 5.8
June 0,373 0.021 082 0.29 30.84 2.12 73,5 16
July 0.251 D013 .80 018 3268 2.4 70.0 1.0
August 0.348 0.017 078 0.08 35.28 2.18 73.7 0.5
September 0.331 0.022 0.72 0.08 23,90 2.09 a4 & 0.4
October 0431 0.031 0.76 014 3548 1.60 T2.2 (R3]
November 0.557 0.040 0,94 1.23 35.81 1.52 B7.3 4.8
December 0,365 0.045 1,08 0.31 31.07 1.69 89.0 1.4
Miean 0,468 0026 110 099 28 55 2.07
Sum 941.5 63.9

Nitrogen Loading. The relative contribution of TN to Salem  to previous estimates of 1,679 mt/yrTKN (TN =TKN +
Sound was estimated from nitrogen data collected at théNOs: + NO 2)) in 1987 (GOM 1987), and 1,950 mt/yr
marine and river stations and from SESD effluentTN for 1988-1990 (Menzie-Cura 1991).

monitoring. Monthly mean discharge estimates for
SESDes primary treated sewage effluent indicated th%
freshwater contributions were of a similar magnitude to
the riversin 1997 (Figure 3.12). Despite similar discharge

These watershed inputs of nutrients can be compared
nitrogen and phosphorus residing in the marine waters
f Salem Sound.Table 3.9 contains mean TN and PO

'stimated from all marine stations (surface and bottom

the TN load from the rivers was far lower than SESD data were averaged). Jerome et al. (1967) reported the

because of much higher nitrogen concentrations in th . .
ef’uent (Table 3.9).The river load estimate in Table 3.9eMHW volume of marine waters in Salem Sound was

diffe_rs slightly fromTable 3.7 because mqnthly loads fro %%gg%ﬁiﬁ .mr:)? éh§6hél Ir_r\l/; /\I/(r)ell;mtesﬁaess%i:ri}?étzegsz’)?igs
all river were summed as opposed to using monthly datg ;’ ¥

for individual rivers.The river TN load estimate for 1997 tofTN at MHW and 111 mt of TN at MLW.The mean

. . PO. of 0.026 mg/l results in 8.6 mt at MHW and 6.2 mt
was 64 mt/yr, in comparison to 941 mt/yr from SESD. A
The 1997 SESD estimate is lower but a similar magnitudgt MLW.Therefore, average daily river loads of TN would

Figure 3.12 Monthly mean discharge from Salem Sound rivers
and SESD affleant outfall, 1997,
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Figure 3.13 Tolal nikogen load (TH kglday) from Salem Sound
rivers and SESD effluent outfall, 1997
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be approximately 0.1% of total TN present, and SESDssoliform counts that exceeded the standard for supporting
load represents 1-2%. Using Menzie-Cura (1996) data foprimary recreation (geometric mean of 200 fcc per 100
TP and 1997 POfield measurements as a proxy for ml). The North River was most contaminated by fecal
phosphorus, the average daily contribution of watershedoliform bacteria: all samples greatly exceeded the criteria
phosphorus is roughly 5% from SESD and 1% from thdor supporting primary recreation. The remaining three
rivers. stations were sampled infrequently because of low "ow
Eg;onditions, therefore limiting conclusions on fecal

This nutrient loading is a rough estimate based on 10(Eoliform counts.

grab samples, and do not account for the cumulative effe
of watershed loadings or consider atmospheric an@fanchester Harbor (Shore Stations). Fecal coliform counts
groundwater inputs. River inputs appear to be relativelywithin Manchester Harbor were variable and subject to
minor compared to the SESD outfall (Figure 3.13), andin”uences from Sawmill Brook.The inner harbor station
daily contributions from both are small compared to (Masconomo Park) samples indicated the presence of
residentTN and TP in Salem Sound.The tidal action andgross bacterial contamination.The rainfall in"uence of an
bathymetry of Salem Sound apparently allows assimilatioearly December storm contributed to high counts for the

of watershed nutrients without evidence of elevatedsubsequent sample. In the absence of this measurement,
concentrations a few kilometers from the sourcesthis station would have demonstrated moderate
However, impacts to marine resources in the vicinity of contamination. The outer harbor station (Manchester
high nutrient concentrations (Haste Outfall and upper Yacht Club) did show potential to meet restricted criteria

estuary) are uncertain. with a geometric mean of 16 fcc/100 ml. An evaluation
of rainfall records indicates that Sawmill Brook was
FECAL COLIFORM BACTERIA signi“cantly impacted during stormwater events, however,

Fecal coliform bacteria samples were collected at marin€€veral high fecal coliform counts were recorded during

fiver and shore stations in 1997 and the results werd'Y weather.

compared to shell“sh and surface water quality criteriagepery Shore (Shore Stations). Fecal coliform counts along
Summary statistics for all stations (Figure 1.5) arghe Beverly Shore between the Manchester Harbor and
presented in Table 3.10. The following paragraphsTuck Point were relatively low. Samples fromWest Beach,
summarize sampling results by station type andynch Park, and Tuck Point showed potential to meet
geographic location.We refer to water quality criteria for restricted criteria, and Lynch Park showed potential to
shell“sh growing areas (Table 3.11) only to compare 199'feet approved criteria with a geometric mean of 9
measurements of fecal coliform to established limits fofcc/100 ml. Mingo Beach station had several high counts
shell fishing. The region is presently closed (classifiegkely indicating a local bacteria source. No rainfall effects
prohibited) to shellfishing. A reclassification of shellfishcould be detected at any of these stations. Except for
growing areas can occur only after a formal sanitation ynch Park, each station in this area did have some
Survey. intermittently high counts.

River Stations. Because river station samples WereDauvers River Estuary (Shore Stations). Fecal coliform
freshwater, fecal coliform counts were compared tocounts in the Danvers River estuary and its tributaries
surface water quality standards for supporting primaryere variable and no stations approached approved
recreation (Table 3.1) instead of shell“sh criteria. All “ve criteria for shellfish growing areas. In dry weather, the fecal
stations that were sampled routinely (11 samples) had fecal
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Table 3.10  Summary statistics for fecal coliform bacteria measurements at share, river, and
maring stations in Salem Sound, 1957,

Station Samples Min, Max, Gao, Mean > 43 = 260
[Ha.} (fee100 mi}  (feet100 mi) [feei1 00 mi) (%) (%}
SHORE
Manchastar Harbor
Masconomo FPark 20 3 1587 36 a0 20
Mancheaster YC 20 3 110 16 25 0
Baverly Shore :
West Beach 18 3 iy 149 28 11
Mingo Beach 18 3 800 38 50 17
Lynch Park 18 <3 BY g 11 a
Tuck Paint 18 3 ga0 16 22 &
Porter River 17 T 1687 &7 59 12
Crane River 18 12 1587 172 04 25
Walers River 18 ] 169 34 50 1]
Fasters Paoint 18 3 7 26 22 7]
Bass River 15 19 1587 a8 T2 17
Kemwood Ruar 18 3 G0 &2 56 2]
Maorth River 18 3 LN 118 B3 33
Caollins Cove 15 3 »2400 49 53 20
Wilkows Pier 18 3 =2400 31 44 11
Wintar Island 18 3 110 i & a
Forest River Park 18 3 532 45 a0 11
Faorest River 18 3 a7 55 a1 11
b labaa S .
Village Street 18 3 1587 1" 22 &
Fluen Point 18 3 165 10 28 i
Brawns lsland 18 ] 169 10 17 1]
Inner Harbar 18 3 2400 42 a7 11
Eastam ¥C 18 3 =2400 10 17 &
RIVER
Sawmill Brook 11 28 =2400 38 100 G5
Eass River 5 4 133 15 40 0
Porter River 11 243 =2400 11459 100 91
Crane River 11 T, ga0 268 100 G4
WWalers River 11 14 =240 445 100 T3
Marth River 11 200 =2400 2008 100 100
South River 4 ar »2400 437 100 50
Forest River 3 7 o9 21 50 1]
MARINE
Haste Outfall (plume) 3 14 347 a2 66 a3
Haste Outfall ] <3 243 15 7] a
Beverly Cove T <3 133 4 14 ]
Bewarly Harbor 8 =3 4 2 i} a
Upper Danvers River 8 <3 a7 7 ar 0
Lower Danvers River G =3 51 10 33 i
Balerm Harbor 9 =3 4 2 K] 1]
Marhblehead Harbor B <3 2400 A 12 12
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Table 3.1Water quality criteria for shellfish growing areas (NSSP 1997)

As “lter feeders, shell“sh obtain their food by “Itering large quantities of water. During feeding, shell“sh hg
potential to ingest and concentrate pollutants present in the water column.The primary pollutants of con
are microorganismes that can cause disease in humans. Because these disease causing bacteria and v
(pathogens) are generally transmitted to humans through feces, the presence of sewage in shell“sh grov
is of major concern. Since it is impossible to test water for the hundreds of pathogens in fecal waste, pub
of“cials examine water samples for the presence of fecal coliform bacteria. Fecal coliform bacteria live ir
intestines of warm-blooded animals and are present in large numbers in feces.Their presence in water 3
used as an indicator of the potential occurrence of pathogens.

Five water quality classi“cations have been developed based primarily on the concentration and variabil
fecal coliform bacteria in shell“sh growing areas (NSSP 1997).The classi“cation of a shell“sh growing ar
determined through a sanitary survey study.These studies evaluate the water quality of the area and als
and evaluate all actual and potential pollution sources that impact a growing area.Typically more than 3(
are collected under various conditions in order to classify a shell“sh growing area.These classi“cations &

Approved: Water samples have a geometric meat4éfecal coliform colonies (fcc) per 100 ml of water ang
10% of samples >43 fcc/100 ml. Shell“sh harvested from approved areas are considered safe for direct
consumption.

Restricted: Restricted waters are considered moderately contaminated.Water samples have a geometr
of 88 fcc/100 ml and 10% of samples >260 fcc/100 ml. Shell“sh harvested from restricted areas are not
suitable for direct human consumption and must either be relayed to an approved area for a designated

time or processed in a certi“ed shell“sh puri“cation plant prior to consumption.

Conditionally Approved or Conditionally Restricted: The water quality in these areas meets either
approved or restricted criteria during a predictable period.These areas are affected by intermittent sourg

ve the
cern
ruses
ving areas
ic health
the
amples is

ty of

Pa is

D identify
samples
re:

human

C mean

pberiod of

es of

pollution and the shell“shing area is closed until after the pollution causing event has passed and water quality has

returned to its designated classi“cation.

Prohibited: All areas not meeting one of the above criteria, or there is insuf‘cient information to properly
classify the area. Shell“sh cannot be harvested for any consumptive purpose. Prohibited waters are gen
considered grossly contaminated.

Note: Pacentile standards can vary according to sampling protocol employed. Consult National Shell“sh
Sanitation Program for greater detail and updates.

erally

coliform counts were generally low, but overall, the related to rainfall. The two locatioagay from feshwater
samples re"ected the in"uence of bacterial contaminatiorinputs had lower counts. Winter Island had the lowest
found at upstream river stations. Samples from Fostec®unts of any shore station and showed the potential to
Point, Waters River and Kernwood River stations all meet approved criteria. The Willows Pier station slightly
showed the potential to meet restricted criteria. The exceeded the range for restricted criteria, with
remaining stations within the Danvers River estuaryintermittent high counts that probably are in"uenced by
exhibited moderate to gross bacterial contamination.Thénputs from the Danvers River estuary.

North River and Crane River stations had the hlgheSta%Iarblehead Shore (Shore Station). Of the “ve Marblehead

ggt?gre trécomes?gtisoﬁ?zg%vztlﬁgg?r? el %?@P%C‘éf;sng';e gore stations, only the Inner Harbor station did not show
Y- ' e potential to meet restricted criteria. No apparent

River displayed high counts during dry and wet VVeatherrelationship between rainfall and elevated counts existed

conditions. in the Inner Harbor, suggesting a chronic source of
Salem Shore (Shore Stations). The fecal coliform counts at  pollution. The remaining shore stations between Salem
the two stations within Salem Harbor (Forest River Park Harbor and Marbleheades outer Harbor appeared to
and Forest River) exceeded the range for restrictedbenefit from tidal dilution and lack of freshwater
criteria by a small margin, and several higher counts werna"uences.
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Marine Stations. Fecal coliform bacteria samples collected(Bricker and Stevenson 1996). Cultural eutrophication is
at the marine stations out in Salem Sound were relativelg major concern for the ecological health of embayments
low, with the exception of the Haste Outfall station.The in Massachusetts (Galya et al. 1996; Howes and
Beverly and Salem Harbor stations had very low count$soehringer 1996). Sewage disposal, combustion of fossil
and showed the potential to meet approved criteria,fuels, and stormwater transport of watershed enrichment
although only nine samples were measured. The higlare primary anthropogenic sources of nutrients
counts observed at the Haste Outfall and other marineontributing to coastal eutrophication. Nutrient inputs
stations were intermittent without a clear relationship to from offshore areas can also represent a large natural source
rainfall. Information was not available on fecal coliformto embayments. The following sections discuss the 1997
contributions from boating.The discharge from the SESDwater chemistry results in relation to the major in"uences
outfall negatively affected water quality in the outer on water quality in Salem Sound.

Sound.Although fecal coliform counts should have been

relatively low from this discharge due to primary RIVER WATER QUALITY
treatment, relatively high counts were measured directlyg . .. 117z0r Chemistry. Measurements of basic water
at the Haste Outfall station and in the outfall plume.The chemistry at the river stations in 1997 portrayed water

in"uence of the outfall ef'uent and bactgrlal SOurces In g ajity that was supportive of aquatic life according to
the estuary does not appear to be causing high counts gl p.s syrface water quality standards (DEP 1996). Few
the Beverly Harbor or Salem Harbor stations.Tidal range,ig|ations of SB criteria were identi“ed. Only two DO
and time of travel appears to limit the influence of the measyrements fell below SB criteria, and Sawmill Brook
outfall and estuary sources on fecal coliform counts a{aq frequent pH violations. These results are consistent
these stations. with the North Coastal Basin (NCB) Assessment
conducted by DEP from June, 1997, through March, 1998
DISCUSSION (DeCesare et al.2000).The NCB study adopted the seven
We attempted to relate ambient water chemistry in Salentjver stations sampled by DMF in 1997, resulting in
Sound to major sources of pollution and water quality comparable water chemistry data. The Sawmill Brook
standards for supporting aquatic life. Our findings on(Cat Brook), Crane River, Porter River (Frost Fish
water quality were generally positive, however, Brook), North River and Waters River stations were
conclusions should be tempered by data limitations. Th&ampled most frequently by DEP (N = 6-9). The two
dataset represents only 18 samples during one year, afigersshowing the most evidence of stress, Crane River
1997 was a dry year. Fourteen of the 18 sampling periodgp. conductivity, turbidity, temperature, DO) and Sawmill
coincided with dry weather conditions. This is an Brook (pH, DO) in the DMF study were identified by
important consideration because river discharge anthep for similar concerns.
nutrient concentrations are associated with watershed - . .
runoff. Despite the limitations, these data comprise the 1h€ NCB assessment classified rivers based on their
most detailed annual baseline collected for Salem SourR¥PPOrt of designated uses. The basic water chemistry
to date. Observations of basic water chemistry support th\éasurements in rivers sampled by both studies resulted
expectation that the Sound is typical of embayments il & “supports aquatic life” designation for all except Crane
Massachusetts Bay by nature of a wide tidal range, mindpiver and Sawmill Brook. Crane River received a

seasonal stratification and adequate water quality fop@'ially supports aquatic life” designation because of low

art
supporting aquatic life under most conditions. DO and hlg_h_ conductivity in trlbutarl_es” of the river.
These conditions were considered an in"uence of urban

The composition and dynamics of nutrients in Salemrun-off. Sawmill Brook received‘@artially supports aquatic
Sound are not well understood. Evidence is mounting that[ife” designaﬁon because of SB violations for water
watershed contributions of nitrogen and phosphorus totemperature, pH and DO. Sawmill Brook pH was the
Northeastern estuaries increased dramatically during thewest measured for all streams in the entire NCB

20th century (Roman et al. 2000). The impact of high watershed.A study of the rainbow sni@knerus mordax)
concentrations and loads of watershed nutrients on thgpawning habitat in Sawmill Brook during 1990 also

marine environment is uncertain.We know that marine found low pH (mean = 6.4) during 24 spring
plants depend on nutrients for growth but high measurements (Chase 1995).The three pH data sources
concentrations can cause excessive growth and reduggy Sawmill Brook contained measurements below 6.0
water column DO (eutrophication). Chronic pH, which can threaten the survival of deposited smelt
eutrophication can further degrade marine habitats byaggs. The other rivers with anadromous “sh populations

introducing toxic conditions for some organisms andin the study (Porter and Crane Rivers) did not display
altering the natural composition of aquatic communitiesacidic conditions.
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Fecal Coliform Bacteria. The fecal coliform statistics for the high TN was most influenced by high summer DON,
five rivers sampled routinely in 1997 (North, Porter, however no explanations were found for the large increase
Crane,Waters Rivers, and Sawmill Brook) exceeded SBver other stations. Comparisons between the two data
criteria for supporting primary recreation. The North sets should be made -cautiously. When sampling
River had the highest geometric mean of 2009 fcc/100frequencies are low, precipitation and seasonal changes can
ml. The North River data for 1997 are consistent with bias mean nutrient values.The two sampling efforts did
fecal coliform sampling by Salem Sound 2000 duringcorroborate in terms of revealing river concentrations of
1998 and 1999 at the same station.The Salem Sound 20@@rogen and phosphorus that are a concern for aquatic
sampling produced a geometric mean of 4250 fcc/100 mlife and habitat health.

during eight dry weather samples and 871 fcc/100 ml

during 17 wet weather samples (Salem Sound2000 2000§UTRIENT LOADING

This indice}tes signi“cant sources of fe_cal coliform bacterigimme calculations of TN loading from rivers entering
are entering the North River during dry weather, gglem Sound and the SESD outfall discharge were made
presumably through failed or illicit sewer connections.j, 1997, Despite high TN concentrations, the river loads
Beyond concerns for primary recreation, the h'ghévbere modest (=60 mt/yr) because of low discharge

bacterial counts create a signi“cant challenge to goals Qhjymes.The SESD outfall discharged a similar volume of
opening shell“sh beds at downstream intertidal locationsyeshwater as the rivers in 1997 but much higher TN

Nutrients. Nutrient measurements made at river stations inconcentrations resulted in a load estimate of 941 mt/yr. It
1997 found high concentrations of nitrogen and is not known how well the 1997 river load estimate

phosphorus parameters, primarily in association wittpproximates the actual average annual load for these
spring run-off conditions. This relationship between riversThe measurements represent a maximum of 18 grab
watershed nutrients and precipitation has beerfamples during a single, dry year.The episodic effect of
demonstrated for the Chesapeake Bay region (Boynton gtorms on watershed flushing can result in a significant
al. 1995; Stevenson et al. 1993; and Ward and TWi||e>portion of annual TN loading to occur over relatively few
1986). Few studies have measured nutrients in tributarie@ents (Hicks et al. 2000), and can be underestimated

to Salem Sound, and no previous investigations havhen few grab samples are collected (Jarrell 1999). Long-
estimated TN loading into Salem Sound based onte€rm "ow records are important for accurate nutrient load

freshwater measurements. All major Salem Soun@stimates (Isaac, 1997; Jarrell 1999; Isaac and Cooperman
tributaries except Sawmill Brook were sampled by DEP2000).The 1997 TN load estimate is valuable because it is
on two dates in July, 1985 (MDWPC 1985). Nitrogen the “rst estimate for this region using river measurements

values were in a similar range as 1997, except for thand illustrates that the regionss major point sources
Waters River, which had lower values than all 11 contribute higher loads than watershed river sources.

measurements in 1997.The NCB assessment measuredone previous investigation employed a land use model
ammonia (NH), nitrate, and total phosphorus during o nitrogen loading in 44 embayments in Massachusetts

1997/1998 at common stations as the DMF studygay including Salem Sound (Menzie-Cura 1996). Total
(DeCesare et al. 2000). Of these parameters, only n'tratﬁtrogen loading was estimated as the sum of

was also measured by DMF in 1997, although theyoniriputions from rivers, land use, atmospheric

parameters of ammonium (NH and TDP are  geposition, and point sources. The land use contribution
comparable. was derived from nitrogen loading coef“cients and 1990

The NCB assessment concluded that ammonia and TE!S land use data. Atmospheric deposition was estimated
at Crane River, North River and Porter River was by applying depositional rates to marine surface waters.
elevated. The high nutrient concentrations in the Porter Point sources were recorded from NPDES permits for
and Crane Rivers did not alter the designations related tavastewater treatment facilities. The TN load estimated for
aquatic life for those rivers. The elevated nutrients in theSalem Sound for all sources was 51 mt/yr. The estimates
North River contributed, along with poor habitat and for the individual TN sources were as follows: point source
aquatic community quality, to a designation‘“efn- (21.5%), non-point source (66%), atmospheric (12.5%),
support for aquatic life” for the river segment that included river (0%).

the North River station.These conclusions are consistent the Menzie-Cura (1996) estimate of Salem Sound TN
with the nutrient measurements for this study. North loading appears low when compared to the “eld estimates

River had the highest mean TN and ammonium of the o the “ve Salem Sound tributaries. The 1996 model did
three primary river stations. Unlike the NCB assessmenty ot atiribute nitrogen loading directly to the rivers, but

the 1997 DMF study found very high TN in the Waters jstead assumed that the modeled value for non-point
River.The Waters River TN was substantially higher than ¢4 ,rces  from land-use  would represent  these

all other stations, despite reduced spring sampling. Thggtriputions. Considering this assumption, the 1997 river
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Figure 3.14 Bottom dissolved oxygen at Haste Channel and Haste Qutfall
stations, 1897, The 5A criteria for supporting aquatic life (MDEP 1996)
of 6.0 mg/L is indicated.
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load estimate was about double the estimate for non-pointommunity that water clarity has been improving in
sources in the 1996 study.The minor role of atmosphericSalem Sound in recent years. Reduced water clarity was
deposition is guestionable given the proximity of the measured at the Haste Outfall station and was directly
Salem Power Plant and transportation corridors. Despiteelated to the effluent plume from the primary sewage
these differences, the magnitude of the loading estimateégeatment plant. Water clarity should improve in this area
are similar.Adding the other sources to the 1997 estimatwith the completion of the secondary sewage treatment
would still not exceed 100 mt/yr, a small amount in plant and a multi-port diffuser discharge pipe (1998).The
relation to contributions from the SESD outfall and diffuser pipe is expected to disperse and minimize the
emissions from the Salem Power Plant.The Menzie-Curasurface ef’uent plume.

(1996) study also ranked each embayment in terms of

nitrogen sensitivity and risk for eutrophication. Most%HWatertemperature in Salem Harbor was in"uenced by

e thermal discharge from the Salem Harbor power

Salem Sound locations were ranked moderately, althoug lant. Modest warming of surface water was found at both

the Danvers River held the highest rank (most sensitiv

. . . Intertidal and subtidal stations in Salem Harbor relative to
and highest risk) among all Massachusetts Bay Iocatloné]ther stations in Salem Sound.The in"uence of the Salem

Harbor power plant on Salem Harbor was investigated in
MARINE WATER QUALITY the 1970s as part of the permitting process for a fourth
Basic Water Chemistry. Basic water chemistry parameters atpower generating unit (Anderson et al. 1975). Thermal
subtidal marine stations and intertidal seine stationglume studies conducted in 1973/1974 used vessel
consistently displayed water quality that was adequate {eansects and continuous monitoring thermographs at
support aquatic life. Dissolved oxygen, one of the more‘xed stations.The investigation indicated that the thermal
critical parameters, was found to exceed SA criteria for ajh"uence of the discharge was limited by tidal "ushing.
marine measurements. This “nding is similar to previous\o influence of the thermal plume was evident at a
DO sampling in Salem Sound (CDM 1978; CDM 1987; station 2.0 km from the discharge.The maximum vertical
CDM 1991; Dallaire and Halterman 1991; and SESD penetration of the plume was less than 2 m deep, and the
1998). None of these studies found bottom DO at subtidali°C isotherm of the plume only reached about 15% of the
stations to violate SB criteria and SA violations were rargsyrface area of Salem Harbor at MLW. Observations in
Little difference was found in the bottom DO at the Haste 1997 support these “nding, although greater range in the
Channel and Haste Outfall stations (Figure 3.14)harborwas found for the 1°C isotherm.Thermal warming
providing evidence that the SESD outfall was notfrom the power plant was evident at all tide stages at the

affecting bottom oxygen concentrations. Turbidity and pioneerVillage seine station (~1.5 km away) and Salem
secchi disc measurements found favorably water clarityarbor marine station (~0.75 km away).

supporting anecdotal reports from the scuba diving

39



Fecal Coliform Bacteria. Monitoring of fecal coliform  applications required for the SESD wastewater treatment
bacteria as a pathogen indicator has resulted in closéakility upgrade from primary to secondary treatment.The
shell“sh beds in Salem Sound for many years. As early ast sampling comprised of single measurements during
1925, most shell“sh "ats were closed due to pollution,andOctober 1985 (Gardner et al. 1986). This sampling
during the 1965 study only portions of Salem Harbor included one station near the Haste Outfall,and at several
were open under a *moderately contaminatedZ statusstations on a course leading out of Salem Sound. The
(Jerome et al. 1967). Extensive improvements to theconcentrations measured in 1985 did not vary greatly
regionss sewage collection and treatment systems in thieom 1997 samples, with the exception of chlorophyll a,
last two decades may be reducing bacterial pollution.Thevhich was high for surface measurements (15-50 ug/L),
extent of improvement is uncertain because closednd highest at the Haste Outfall station. Higher
shell“sh areas receive little monitoring and the success ahlorophyll a was also found during 1973 and 1974 Power
point source abatement may be countered with a growingPlant sampling within Salem Harbor where mean values
problem of non-point source contributions. Several shorefor spring and fall peaks were in the range of 10-20 ug/L
stations in 1997 showed promise towards allowing(Anderson et al.1975).

improved classi“cation of shell“sh growing areas. Similar

promise was found at marine stations, although S.ampk‘l?/hen surface and bottom measurements were made on
Condliions.A full santaton scrvey il be reqired hefora 01t GaIES fom May to October (CDM 1987). Similar

: o ; .Stations were visited as the previous study, including the
management decisions can be made on changing shell élgaste Outfall station.The Haste Outfall station produced

classi“cations. Bacterial counts at the Haste Outfall statiop|igh spikes in ammonium (40-80 M) at the surface, as

were vaiable and at times elevated, re”ecting in"uence : LT
from effluent discharge. There was no evidence tha%eII as occasional low values (< 0.1 uM). This similarity

ef’uent bacteria reached the stations in Beverly and Sale 'itgnltgtgigndeétﬁézceecgsrttﬁg_'nhggnﬁ:g égg?ﬁgﬂa%feme
harbors where low counts were consistent. ' P P

Outfall was higher (3.8 uM mean) than any station
Chlorine. Chlorine compounds have long been used by sampled in 1997, and three Rf@ncentrations (5.5-12.4

the major point sources in Salem Sound to reduce bacteriaM) were very high.This difference may re”ect a shift in
and algal fouling in discharge waters. Concerns have bedmusehold use to low phosphorus detergent that occurred
raised by the “shing industry that chlorine toxicity may in the 1970s and 1980s (Roman et al. 2000). Reference
be negatively impacting larval shellfish and finfish in Salerstations outside of Salem Sound had low levels of DIN
Sound. A review of the literature on water chemistry and phosphate, in a range comparable to surface measure-
sampling in Salem Sound did not “nd records of receivingments at the Beverly and Salem harbor stations in 1997.
water measurements of chlorine residuals. Measuremer@sllectively, the three sets of data for Salem Sound portray
of chlorine residuals that result from marine discharges asecondition of high ammonium and low NG NO z in
problematic because of the chemical composition ofthe near-field zone of the SESD outfall and decreased
seawater. No measurements of chlorine residuals we@mmonium and increased N® NO : away from the

made during the 1997 study. Currently, the use of chlorineoutfall. Given the relatively small area in"uenced by the

in the discharges for SESD and the power plant areutfall plume and the minor river inputs, these data point
regulated under NPDES permits. Future monitoring of to the offshore waters of Massachusetts Bay as a source of
discharges and receiving waters may provide mor&O:+ NO simported into Salem Sound.

information on potential impacts from chlorine toxicity. The 1987 SESD Draft Eacilities Plan included an

Nutrients. The Beverly Harbor and Salem Harbor marine evaluation of the 1985-1986 sampling that offered
stations had relatively low nutrient levels that did notdiscussion on nutrient and phytoplankton dynamics in
indicate in"uence from the high concentrations measuredrelation to the secondary ef’uent upgrade (GOM 1987).
at river stations and the Haste Outfall station.This “ndingThey concluded that ammonium would increase about
implies that the tidal range in this shallow embayment aid80% with secondary discharge, as reductions in organic
in assimilating small volume inputs despite high nutriennitrogen would result in higher ammonium. The report
concentrations. The Haste Outfall station produced highprojected that the increase in ammonium should cause an
phosphorus and ammonium measurements but littlancrease in phytoplankton abundance in the vicinity of the
in"uence was detected a few kilometers from the stationoutfall, but should not have a signi“cant impagay from

The 1997 nutrient profile at marine stations wasthe plume (GOM 1987). Future field sampling will be
consistent to previous nutrient measurements in Salemeeded to con“rm these relationships under conditions of
Sound with minor exceptions. Previous sampling in secondary sewage treatment discharge.

Salem Sound was conducted for environmental permit

Nutrient samples were next collected for SESD in 1986
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MWRA Reference Station. The MWRA has conducted The 1997 Salem Sound data are similar to the MWRA
nutrient measurements in Boston Harbor and station NO4, with speci“c differences, particularly at the
Massachusetts Bay since 1992 for the purpose dfaste Outfall station. In general, TN was slightly higher
monitoring the environmental effects of large-scale wateinside Salem Sound due to higher values for PON and
pollution abatement projects in the region (Galya et al. DON (Figure 3.15). Other important parameters, silicate,
1996).This long-term commitment has produced the besiphosphate and chlorophyll a were all in a similar range as
record available for nutrient concentrations in the reference station, with slightly higher silicate in the
Massachusetts Bay.The data series offers a good refereoffghore bottom measurements. Plots of offshore nutrient
of offshore concentrations to the 1997 Salem Sound dat@oncentration by month show similar trends of high.NO
Comparisons were made with one reference station# NO s, phosphate, and silicate in the spring and fall along
MWRA Station NO4, which is located 10 km southwest with minimum levels in the summer: conditions that
of Marblehead, seaward of the 40 m depth contour. Theprobably re”ect typical plankton removals (Figure 3.16).
sampling schedule used by MWRA was similar to theThe offshore bottom concentrations of MONO s were
Salem Sound schedule: 17 sampling periods during thieigher than in Salem Sound, and surface ammonium was
year, and biweekly sampling for most months from Marchhigher in Salem Sound.These differences did not resultin
through October. Mean values for surface and bottommajor differences in DIN among stations except for the
nutrients at NO4 for 1995-1997 are summarized inTablehigher surface DIN at the Haste Outfall. The higher
A.22 (Cibik et al. 1998). inorganic nitrogen concentrations at the outfall station did
not seem to influence the levels seen elsewhere in the
Sound or offshore.

Figure 3.15 Componenis of tolal nitrogen (TH) at Salem Sound marine siations
and MWEA offshore reference station (#M04), 1997,
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Figure 3.16 Nitrite plus nitrate (NO, + NO,), ortho-phosphate (PO,), and
silicate (Si0,) at MWRA offshore reference station #NO4, 1054-1597.
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Sampling at MWRA stations inside Boston Harbor loaded annually by the MWRA primary discharges was
reveals comparable conditions to that found in Salemestimated to be 8,220 mt prior to the secondary upgrade
Sound.The high concentrations and variability in surfacgGalya et al. 1996).A large portion of this was attributed to
ammonium found at the Haste Outfall station were found ammonium.This large input did not appear to in"uence
at several Boston Harbor stations.This condition is likeljthe low TN concentrations found at offshore stations
a function of the MWRA outfall discharge off Deer Island during the 1990s.With a TN load close to 1,000 mt/yr,
or other land-based sources (Kelly and Turner 1995).Thehe SESD primary outfall was the second largest
overall TN trend in the harbor is driven by both plankton municipal point source of TN to Massachusetts Bay in
removal and watershed/ef’uent discharges, which resuli997. Since 1997, both facilities have upgraded to
in high spring and low summer concentrations.The TN secondary treatment.
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Nutrient critical values. Critical nutrient values (Table 3.12) CONCLUSIONS

can be used to compare Salem Sound data to nutrienfvater chemistry sampling in Salem Sound resulted in an
criteria for concentrations that can cause negativeverall portrayal of good water quality during 1997.
ecological impacts.These values are useful for comparatiggmilar to other embayments in the Gulf of Maine, the
purposes, although it should be recognized thatigh tidal range and shallow depths result in favorable
relationships between nutrient concentrations andryshing and minimal strati“cation. Improvements to the
resource conditions are not well established. Some of thegiones sewage collection and treatment system since the
strongest relationships have been demonstrated betweggs study have reduced bacterial and nutrient
high nutrients and the poor health of submerged aquati¢ontributions at the SESD outfall discharge. It is dif‘cult
vegetation in Chesapeake Bay (Stevenson et al. 1993; apgldraw “rm conclusions based on one year of sampling,
Staver et al. 1996). Chlorophyll a is one of the betterhowever, several trends indicate that most habitats have

indicators of phytoplankton/ nutrient dynamics. adequate water quality and some improvements have
Chlorophyll a concentrations in Salem Sound were low gccurred.

in 1997 and did not exceed the listed criteria. The . . .

nitrogen criteria were met in most cases, except for NO concerns were identified from basic water
common violations at the Haste Station. The annualChemistry sampling at intertidal habitats. Tidal flushing
loading criteria pertains to Boston Harbor, but re”ects ther¢duced the effects of seasonal warming and maintained
magnitude of Salem Sound loading relative to the more2dequate DO to support aquatic life. Slight warming of
populated Boston region. The phosphate criteria wa ater temperature was |dent| ed W|_th|n Salem Harbor at
exceeded the most, as the mean concentrations for ea th the subtidal and intertidal stations due to the power
Salem Sound marine stations exceeded the valuBl@ntthermal discharge. Hypoxia (DO < 3.0 mg/L) was
considered the limit for submerge aquatic vegetation in'0t @ threat at any station. No SA water quality criteria

Chesapeake Bay. violations were found for bottom dissolved oxygen.
Table 3.12 Critical nutrient values reported in recent publications.
Value Value

Parameter  (uM) (other) Criteria Reference
Chlorophyll a >10 ugl/l 0 value in Buzzards Bay index (Costa etal. 1996)
Chlorophyll a >12 ugl/l MWRA warning level for Boston Harbor (Galya et al. 1996)
Chlorophyll a >15 ugl/l MWRA action level for Boston Harbor (Galya et al. 1996)
Total pigments <15 ugl/l Chesapeake Bay SAV (Stevenson etal. 1993)
DIN >10 >0.14 ugl/l 0 value in Buzzards Bay index (Costa etal. 1996)
DIN <10 <0.14 ugll Chesapeake Bay SAV (Stevenson etal. 1993)
NH4 >15 >0.21 ugl/l non-support, Aquatic Life criteria (MDEP 1996)
PO, <035 <0.01 ugl/l Chesapeake Bay SAV (Stevenson etal. 1993)
TN load >12,500 mtlyr.  MWRA warning level for Boston Harbor (Galya et al. 1996)

>14,000 mt/yr.  MWRA action level for Boston Harbor (Galya et al. 1996)
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Surface mean DO values were supersaturated at all Most nutrient concentrations did not exceed critical
intertidal and subtidal stations. Water clarity in 1997thresholds for environmental impacts, although speci“c
showed improvements from previous measurements.Thlabitats may be exposed to high concentrations
mean secchi disc depth ranged from 3.2 to 4.7 m for theperiodically. High TN and P@concentrations at some
subtidal stations.The lowest water clarity occurred in thefreshwater stations raise concerns for habitats near the
Danvers River due to estuarine flushing and reducedreshwater/saltwater interface.The impact of high DIN
clarity was also observed at the Haste Outfall station dugom the Haste Outfall on phytoplankton dynamics
to the ef’uent plume. within Salem Sound is still uncertain. The large "ushing
capacity of Salem Sound appears to reduce the range of
oth river and SESD discharge in"uences, and limit the
ffect of land-base inputs to nutrient concentrations in the
Bound and Massachusetts Bay. This is consistent with

low DO and pH were recorded at specific stations.AfmdmgS for Buzzards Bay, another large, well-flushed

g . : : assachusettse embayment (Costa et al. 1996; and Howe
combination of these problems resulted in designations : . ; ’ h
-partially supports of aquatic lifeZ for Crane River andozlnd Goehringer 1996).This study did not assess the input

Sawmill Brook (DeCesare et al. 2000). Observations oE}f specific contaminants (metal, organic and inorganic

River water chemistry measurements created mor
concern than marine stations. High fecal coliform bacteri
counts and low discharge occurred at most river station
High water temperature, high speci“c conductivity, and

excessive growths of periphyton were observed at a OXL:?CSe Sf)roamn d ?r:gqrg?grge”c():t,er?tfifalm?ierr?t’a(:aégt(j) nsvt/(;rt(r:rwi';elirt
stations during the warm months, and was most ’ P P q Y

: h . and marine resources from these sources are uncertain.
noticeable in the North and Crane Rivers.

| e
North River, Salem
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CHAPTER 4. SHELLFISH SURVEY

Similar to much of coastal Massachusetts, the intertidal Several cubic foot samples of substrate were turned over
mud and sand "ats in Salem Sound provide natural habitawith a clam fork within each clam bed and examined for
for soft shell clams.The harvest of soft shell clams for bdigal sized clams (>2 in).We categorized each bed into
was an important fishery during the 1700s and 1800fur qualitative density categori@gine; Low (< 1

when ground“shing was a principal industry in the region clams/ft); Moderate (1-5 clams/fY); and, High (>5

(see Jerome et al. 1967, for historical review). By the stadlams/ff). All habitat and density data were transferred to
of the 20 century, the harvest of soft shell clams hadmaps and digitized into a GIS database.We mapped all
sharply declined in response to low demand for bait andhtertidal area (based on mean tide level), potential habitat,
human consumption and declining clam "at productivity and density data and calculated the area within each bed.
(Belding 1909).The use of Salem Sound waterways fov¥\e estimated clam population size by assigning values
sewage disposal created concerns over the consumpti¢ciams/ft) to each density categoydie = 0; Low = 1,

of soft shell clams and in 1925 the Massachusetts Divisidvioderate = 2.5; and High = 5) and then multiplying those

of Fisheries and Game closed most shellfish flats in thalues by the area for each clam bed sampled.The number
region for harvest (Belding 1930).At the time of the 1965 of bushels represented by this estimate was calculated by
DMF study, there were small areas in Salem andssuming there are 400, 2.5-inch clams per bushel
Marblehead still open for restricted harvest. By 1972, al{Belding 1930). In addition to soft shell clams, we recorded
shellfish flats in Salem Sound were closed and hawabservations of other shell“sh species known to inhabit
remained closed to the present. Salem Sound.

Although the soft shell clam flats of Salem SoundR ESULTS

remain closed for consumptive harvest, the populationg, tota| of 1,187 acres of intertidal area was surveyed
are valua_ble as forage for other_spemes and provide f roughout the Sound (Figure 4.1, page 50-51). Of this,
limited _balt harvest.The only previous survey of soft shelggo 5cres (56%) was classi‘ed as potential soft shell clam
clams in Salem Sound was conducted during the 196 pitat (Table 4.1). However, only 19% of the potential
DMF study. The objective of the 1965 survey was 10 papjtat actually supported soft shell clams. Fifty-two acres
estimate the size and potential economic value of soft Sh‘g? the productive habitat (41%) supported low densities,
clam populations in this region. We conducted a 35 4cres (289%) supported moderate densities, and 39 acres
qualitative survey in 1997 to estimate the amount 0f3704) supported high densities of clams.We estimated that
productive habitat and population of legal sized soft shethe stydy area contained 38,576 bushels of legal sized clams

clams. Both surveys are useful in the absence of ?2 inches) in 1997. Survey results by area are as follows:
guantitative population assessment, although cautio

should be used when evaluating and comparing singleManchester Harbor. This area is located between Gales Point

year qualitative surveys. and Chubb Creek and consists of 81.48 acres of intertidal
habitat. The majority of the intertidal area consisted of
METHODS rocky areas, exposed ledge, and exposed sandy beach. Of

DMF staff conducted surveys of soft shell clam beds on 2this, 27.58 acres (34%) were potentially suitable soft shell
dates between March and December, 1997, with assistanckam habitat and only 4.49 acres (16%) were productive.
from trained SS2000 volunteers at the Forest River. Thee estimated that 1,205 bushels of legal-sized clams were
intertidal area throughout Salem Sound was surveyed opresent in the area.

foot within two hours of low tide to evaluate its capability

. o2 ly Shore. This area is located between Chubb Creek
to support soft shell clam populations. We classified”"""
intertidal habitat as having the potential to support sofftfnd Lynch Park on the northern shore of the Sound and

shell clams or not, based on the suitability of intertidalcﬁgtrggzrli;?c'ogfE:rﬁis r? felﬂteerrtldzzlxargséghslics)rec;irr?gnaenlg
substrate. This classification relied on the extensiv§ 9 9y, €xp

: . consists primarily of sandy beach with intermittent areas
experience of author, Wayne Castonguay. Al potentlalof rock and exposed bedrock. All potentially suitable soft

nggﬁ; Loxr a?r?ifrgiﬁg?:: ecé%rgsstr\g,%sf;ua;e%es?pﬂgr]:c;]%tl evgh;ﬁ?ell clam habitat was located on the eastern side of two
: : . oves protected from the prevailing open ocean waves.
routinely turning over the substrate with a clam fork. - ; :
; : o nly 12.57 (8%) acres of intertidal habitat were classi“ed
Potential soft shell clam habitat was then classified %gs potential soft shell clam habitat and of this, 2.68 (21%)

productive or non-productive based on the : ; . .
, ere productive. We estimated this area contained 530
presence/absence of soft shell clams. After locating Sg\égljshels of legal sized clams.

shell clams, we mapped the extent of each clam bed an
increased sampling to estimate population density.
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Table 4.1 Soft shell clam habitat survey results, Salem Sound, 1997.

Total Potential  Productive Legal Size
Location Intertidal Habitat Habitat  Soft shell clams Bushels
(acres) (acres) (acres) (No.) (No.)
Manchester Harbor 81.48 27.58 4.49 482,077 1,205
Beverly Shore 153.09 12.57 2.68 202,078 530
Beverly Harbor 123.73 20.91 1.04 59,335 148
Bass River 48.98 46.95 10.1 1,426,422 3,566
Danvers River 113.36 71.48 15.67 1,791,659 4,479
Porter River 56.65 56.27 18.7 2,453,363 6,133
Crane River 39.98 37.43 6.47 690,498 1,726
Waters River 42.01 32.11 21.62 3,287,298 8,218
Kernwood River 31.14 28.6 9.83 1,146,656 2,867
North River 76.33 61.62 12.33 1,403,181 3,508
Collins Cove 72.67 60.12 16.96 1,442,874 3,607
Salem Harbor 229.65 150.55 3.26 538,767 1,347
Forest River 12.72 12.59 3.55 492,453 1,231
Marblehead Shore 63.54 20.76 0.1 4,383 11
Marblehead Harbor 41.25 22.98 0 0 0
Total 1186.58 662.53 126.81 15,421,046 38,576

Beverly Harbor. The Beverly Harbor area is the northerly Porter River. The Porter River contains the second largest
shoreline between Lynch Park and the Beverly Salenamount of intertidal habitat among tributaries of the
Bridge. Intertidal habitat in the harbor has been reducedanvers River estuary.The substrate varied between sand
by shoreline construction (bulkheads, ect.), and theand “rm mud,and nearly all (99%) of the areass 56.65 acres
remaining intertidal area consists primarily of sandyvere suitable clam habitat. Of this, 18.70 acres were
beach. Of 123.73 acres in this area, 20.91 (17%) weneroductive and contained high densities of clams. Due to
classi“ed as potential soft shell clam habitat, of which onlyhe high productivity, 6,133 bushels of legal clams was
1.04 acres (5%) were productive.We estimated that thisstimated for this area.

area contained 148 bushels of legal sized clams. Crane River. The Crane River consists of 39.98 acres of

Bass River. The Bass River tributary is located between the intertidal habitat. The majority of the intertidal sediments
Beverly Salem Bridge and Kernwood Bridge on the was soft mud and silt and was relatively unproductive. Of
western edge of Beverly Harbor. The intertidal area isthis, 37.43 (93%) acres were potential habitat but only 6.47
highly variable and consists of cobble, sand, “rm mud, soff17%) were productive. We estimated that this area
mud and silt. Of the 48.98 acres of intertidal habitat, thecontained 1,726 bushels of legal sized soft shell clams.
vast majority (96%) was classified as potential soft sh
clam habitat. Only 10.1 acres (21%) of this were
productive; however, a majority of the productive habitat
contained high densities of clams, resulting in an estima
of 3,566 bushels of legal sized soft shell clam.

%ters River. This tributary contained 42.01 acres of
intertidal habitat. The substrate varied from mud to silt and
2.11 acres (76%) were classi“ed potential soft shell clam
abitat. Of this, 21.62 (67%) acres were productive. Most
of the productive habitat contained high densities of
Danvers River. This area contains all coves and shorelineclams, resulting in the largest estimate of legal sized clams
along the Danvers River upstream of the Beverly-Salen{8,218 bushels) among study areas.

Bridge not otherwise subdivided into the tributaries listed

) . . ernwood River. This cove contained 31.14 acres, the
bellow.flt con3|sés of 11(13'36 _?cres of mtﬁ.ﬁ'dal Iz_;mql an;izajority of which consisted of soft mud and silt. Although
vaies from sand to mud to silt substrate. The majority o 2%.60 acres (92%) were potential soft shell clam habitat,

this area (63%) was classi“ed as potential soft shell cl% . : ;
, : nly 9.83 acres (34%) were productive.We estimated this
habitat but only 15.67 acres supported clam populations;, ei\ contained 5,8670)bushe?s of legal sized clams.

We estimated this area contained 4,479 bushels of Ieggr
sized clams. North River. The North River contained the most
intertidal habitat (76.33 acres) among tributaries within
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the Danvers River estuary.The substrate varied from sanghore quahogs were found than expected for this region,
to mud to silt and contained 61.62 acres of potentialnone of the populations seemed large enough to support
habitat. Of this, only 12.33 acres (20%) supported clancommercial harvest.

populations.We estimated that this area contained 3,50

bushels of legal size clams. %lue Mussel (Mytilis edulis). Beds of blue mussels were

observed along nearly every shore, bar and island
Collins Cove. This embayment consists of the area betweerthroughout Salem Sound; with expansive beds on the
the Beverly-Salem Bridge and the Salem Willows Parksouth side of Beverly Harbor and near the mouths of the
The majority of the cove is intertidal at low water and Bass, North,Waters, and Kernwood Rivers. Blue mussels
contains 72.33 acres of intertidal flats. Sediments amgere commonly observed at lower intertidal habitats and
primarily soft mud and silt although small portions consissubtidally to shallow depths. Although abundant, no
of sand substrate. Over 80% of this area were potential sditheries occurred during 1997 on the North Shore,
shell clam habitat but clams occurred in only 16.96 acreprimarily because most beds are closed for shellfish
(28%).We estimated that 3,607 bushels of legal size clammarvest.

werelocated in this area. European Oyster (Ostrea edulis). Large populations of

Salem Harbor. Salem Harbor contained the largest amount European oysters were observed in 1997 in Salem Sound.
of intertidal habitat within the study area (229.65 acres)These non-indiginous oysters are a relatively new resident
The substrate varied from rock to cobble to mud and silt.to the Sound, most likely the result of an accidental release
Of this, 150.55 acres were classi“ed as potential soft shébm a private mariculture facility in Salem Harbor during
clam habitat. However, only 3.25 acres (2%) werethe 1980s (Castonguay and Chase 1996). Since that time,
productive.We estimated that this area contained 1,34The oysters have multiplied rapidly and have colonized
bushels of legal-size soft shell clams. numerous locations in the Sound.They are common on
Forest River. This small estuary and tributary runs into hard,séa?t))(ljeffgbstrat?hor st;]ucr:]turis betv}/eeg the Iot\)/v Wat%r
Salem Harbor at the Marblehead/Salem border ExceplIne an -t deep, although they have also been observe
for a few small man-made swimming beacHes thdl muddy areas attached to any available piece of structure

L . . ' _or debris. It is not known if the oysters compete with
rlnzaj702r 'gc(r);éh; iag,;?tfégsl;srt% o{zmgg (%g‘ﬂ /()S)'I\t,\'lgfetgggéﬁz ative shellfish species or other benthic organisms.

' . o ! utside of co-occurrence with blue mussels, we did not
as potential soft shell clam habitat. Of this, 3.55 acres (28% . X

. . . ; observe much overlap in habitat use between the

were productive clam habitat.We estimated that this areg- | o sean ovster and native shell“sh
contained 1,231 bushels of legal sized soft shell clams. P Y '

Marblehead Harbor and Shore. This area consists of the area X927 Clam (Ensis directis). Incidental numbers of razor

.. clams were seen at several locations during the survey at
between Salem Harbor and Marblehead Neck.A ma‘Jomysandy or muddy intertidal habitats. The highest densities
of the shore is exposed to a high-energy ocean TR
environment and consists of a rock, cobble, or bedroc wizleeo(t:)cs)leii:]vseg or\]/(;al(lgrﬁ g’\\/’e\;\':;edr SIIQIZ r;]nHI;ertr)r;\;vood
substrate. This area contains 104.79 acres of intertid ' ' '
habitat, but only 43.74 (42%) were classi“ed as potentiaburf Clam (Spisula solidissima). Surf clams typically occupy
soft shell clam habitat. Potential habitat was primarilysubtidal habitats and the lowest reaches of intertidal
limited to protected flats near the head of Marbleheadhabitat. Therefore, this survey would not likely encounter

Harbor. Of this, only 0.1 acres contained soft shell clamanany surf clams. Observations of individual surf clams and

and an estimated 11 bushels of legal sized clams. shack indicate that notable populations of surf clams are
limited primarily to the subtidal habitat below the
OTHER SHELLFISH SPECIES exposed beaches on the Beverly Shore.

Quahog (Mercenaria mercenaria). Qua_hOQS are distributed  Aserican Oyster (Crassostrea virginica). We did not expect
commonly from the Gulf of Mexico to Cape Cod and  to “nd American oysters in the study area, as they have not
occur incidentally in Massachusetts Bay. Small numbers gken reported in recent years. A few live oysters were

quahogs were found at several locations during thgound in the Manchester Harbor area and shells were
shell“sh survey. Individuals or small concentrations wergound in Collins Cove.

recorded in Salem Harbor, North River, Kernwood Cove, , ,
Waters River, Porter River, Danvers River, and Sea Scallop (Placopectin magellanicus). Sea scallops were not

Manchester Harbor. Relatively large concentrations weré?PServed during the intertidal shell*sh survey, but were
noted near the mouth of the North River and in the cove Caught during subtidal trawls (Chapter 6).
at Tuckes Point Park in Marblehead Harbor. Although
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DISCUSSION were productive in 1965 but did not contain soft shell
We encourage readers to use caution when interpretinglams in 1997.This is especially apparent in Salem Harbor
the results of this shell“sh survey. Simple extrapolationgnd tributaries to the Danvers River.There are a number
were used to estimate standing crop of legal size soft shélf reasons why this change may have occurred naturally.
clams from qualitative density classi“cations.This methodhell“sh spawning success can "uctuate annually due to
does not allow for calculating statistical con“dence in clantlimatic in"uences and physical alterations from storms
population estimates. The absence of data on clams €& cause major changes to the productivity of clam beds.
than legal size is another limiting factor.The value of theClam harvest can quickly reduce populations at speci“c
shell“sh survey is found in the extensive spatial coverage 6fam "ats.The impact of harvest mortality should not be
all potential soft shell clam habitat and the contribution oflarge because nearly all these beds have been closed to
unique information on shell“sh resources in this region. consumptive harvest for both study periods. The
percentage of potential soft shell clam habitat (19%) with

COMPARISON TO 1965 DME STUDY. clams presentin 1997 appears low for an unharvested area.
“ . It does not appear likely that natural fluctuations or

The shell“sh survey conducted by DMF in 1965 (Jerome . .

et al. 1965) is the )(/)nly other su?lvey on soft shEeII clam arvesting are responsible for.the ab_sence of soft sh_eII

throﬁghout Salem Sound. Comparisons to the 1997 lams in all cases where potential habitat was found.This

survey are limited by differences in survey methods.Th(-{éa'S(':‘S cancerns over the potential of negative impacts

1965 survey did not cover all intertidal areas; instead theyes'u'tIng from anthropogenic activities in the region.

covered only clam flats and determined if they were Both surveys noted observations of other shellfish
productive or non-productive. Productive "ats were then species.The 1965 found the duck clamacma balthica)
sampled for clam densities and areas were estimated fravas a very abundant bivalve in most surveyed flats. The
aerial photographs and contemporary geodetic charts. Théuck clam was commonly observed in 1997. Quahog and
1997 survey covered all potential soft shell clam habitaEuropean oysters were commonly observed species in
and digitized data from productive beds to a GIS databask997 but they were not reported in 1965.The American
using 1990 chart data. It is dif“cult to compare these twooyster was observed infrequently in 1997, but was not
different qualitative methods for estimating shell“sh bedreported in 1965. It is not certain if these species were
area. Consequently, the accuracy of estimates of claabsent in 1965 because the survey was designed to target
numbers resulting from area extrapolations is uncertairsoft shell clams.There is no evidence that the introduced
Therefore, we limit our comparison to outstanding trends European oyster existed in Salem Sound during the 1960s
and comments on productive habitat. and 1970s.

The 1997 survey estimated that out of a total of 663
acres of potential soft shell clam habitat only 127 acrddEPUCTION OF PRODUCTIVE HABITAT.
(19%) were productive or contained soft shell clams. The he cause for the apparent reduction in productive soft
1965 survey estimated that 457 acres were productive arfdh€ll clam habitat is unknown. Natural causes have been
did not report a Salem Sound-wide estimate for potentiadiscussed as a potential source. Fishing mortality in
habitat. The difference in amount of productive habitat Unharvested areas does not appear responsible. Substantial
between the two studies is considerable. The differencéeéwage treatment abatement and water quality
could be in"ated by different methods for estimating areaimprovements have occurred since the 1965 study.
Alternatively, the reduction could be even more Environmental fluctuations, acute pollution discharges,
signi“cant when considering that the 1965 survey did notand chronic disruptions from watershed alterations may
include areas in the Porter River and Forest River thathave contributed, but none have been assessed for the
were unproductive because tidegates greatly limited tidaregion. Acute pollution discharges should be a declining
action.These two areas have been open to tidal action igoncern with the implementation of the CleanWater Act.
recent years and accounted for over 20 acres of productiideductions in pervious surfaces and freshwater base "ows
habitat (with high clam densities) in 1997. in the watershed could increase sedimentation impacts in
, o _ the upper estuary. The authors have observed direct
Despite the dif*culty of comparing survey methods, sedimentation impacts to speci‘c "ats in Danvers River
the discussion can be reduced to a comparison of thgiptaries during the 1990s, and suspect that some ats
presence or absence (productive or not) of soft shell clame peen chronically degraded by sedimentation.
at major clam "ats. In this regard, the decline in clam "atsqyerq)|, little information is available on the role of

with clams present is a compelling change between studyaiershed alterations on the productivity of Salem Sound
periods.There are large stretches of intertidal habitat tha§; 1, peds.
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OPENING OF SHELLFISH BEDS Clam populations in some of these areas were also too low
TO HARVEST. to support a restricted commercial fishery. Because

The shellfish beds of Salem Sound were closed fogignhificant administrative, enforcement, and treatment
consumptive harvest for much of the™2@entury. capacity issues are associated with changing growing area
Evidence was found in 1997 to indicate speci“c locationsclassifications, any changes will require extensive
have some promise to reverse this trend (see Chapter F\eluations of existing water quality and available clam
However, a large majority of the Sound was still subjectPopulation.

to chronic bacterial inputs that would preclude the i 5noyid be noted that since this study was conducted,
initiation of sanitary surveys in these areas without &jgnificant pollution remediation has occurred. Salem
signi“cant amount of pollution remediation occurring. In - 54,04 2000 has undertaken a large, Sound-wide pollution
general, bacterial counts within upper Manchesterg,rce assessment project, and have identified chronic
Harbor, Bass River, Porter River, Crane River, North gqrces of bacteria. Large, untreated sanitary sewage
River, Collins Cove, and Marblehead Harbor are relatively gischarges were found within Marblehead Harbor, Collins
high and will _nc_Jt support shellfishing untll _S|gn|f|cant Cove, The South River, North River, Crane River and
source remediation occurs.The water quality in theWatergs 555 River. Some of these sources have been remediated.

River, Kernwood River, Danvers River, and portions of |, aqdition, the SESD plant has been upgraded (1998) to
Salem Harbor showed more potential for an |mprovedrE{J

G : : ovide secondary treatment, which may improve water
classi“cation. Bacterial counts in deeper embayments a ality in the vicinity of the outfall. These ongoing

the outer Sound were relatively low; however, a majority \omediation efforts should reduce bacterial contamination
of these areas were impacted by intermittent pollution;, ss1em Sound in the next decade.

sources that would preclude an improved classi“cation.
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CHAPTER 5. SEINE SAMPLING OF
INTERTIDAL HABITATS

The beach seine net is a traditional sampling gear used important species. Once the catch was sorted, a duplicate
collect “sh at intertidal habitats.We selected this gear tdvaul was made adjacent to the “rst haul without sweeping
document the presence of fish and decapods at specifiver the same substrate. Seine catch data were evaluated
intertidal locations along Salem Sound.We selected sii terms of frequency of occurrence, abundance (humbers
sampling stations that represented river bank, harboraught), relative abundance (catch per haul), species
beach, and dynamic beach habitats. Five of the six stationghness (number of species) and diversity to identify
were sampled during the 1965 study using similarseasonal and habitat trends in the intertidal fish

methods. community. The Shannon-Weaver index was used as
measure of “sh diversity that accounts for the number and
METHODS relative abundance of each species (Ludwig and Reynolds

The six seine stations were visited monthly in 1997.1988).

Seining trips targeted the middle of each month, with no

trips made during the “rst or last weeks of each month. RESULT'S

We awided sampling at high tide and attempted to A total of 136 hauls was made at the six stations in 1997.
conduct all hauls within three hours of low tide (both ebb Duplicate hauls were made each month at “ve of the six
and "ood stages).We used aWilcox sinking beach seinstations. No hauls were made at Proctors Point from
with the following dimensions: 15.2 m (50 ft) length, 1.2 January to April because of the presence of ice. Twenty-
m (4 ft) depth,and a 1.2 m x 1.8 m (4 x 6 ft) bag.The meshthree species of “sh and seven species of arthropods were
was 4.8 mm (3/16 in) square delta nylon. Floats werecaught and quanti“ed (Table 5.1). Six of the arthropods
attached every 50 cm on the "oat line and lead weightswere decapod crustaceans. Shrimp of the dvfjeidacea

were spaced every 25 cm.The 1965 study used a 60 ft haubere caught at each station, often in high densities, but
seine with 4 ft depth and 1/8 in mesh, and also used a 2@0ere not quantified because they were too small to be
ft beach seine. The 50 ft seine with larger mesh wasampled representatively with the 4.8 mm seine mesh.

selected for the 1997 study because it was more Three “sh species (Atlantic silverside, winter "ounder,

e oatuing Sy Stidms I Vinsenehusstts (bosgig mummichog) occurred in at least 20% of all hauls.
9 ntic silverside was the most abundant “sh in the total

etal.1993; Buschbaum et al. 1997). Nets were attached : 0 ,
hauling posts with 50 cm of line between post and net anc?atCh and occurred most frequently in hauls (46%).Winter

: : under was the fourth most abundant “sh caught and
a calibrated spread line was attached to each post f : 0
measuring seine spread. PAnked second in frequency of occurrence (40%).

Mummichog was the “fth most abundant “sh caught and
A crew of three deployed the seine from shore using aanked third in frequency of occurrence (21%).The only

design to cover a 150-300%mectangular section of other “sh species caught in large numbers were Atlantic

substrate. The net was positioned parallel to shore atmenhaden and Atlantic herring. Total catches for these

depth of about one meter.The distance from the net totwo species were derived from a few hauls with many

shore was measured to the nearest 0.5 m with a measuriimgdividuals. Sand shrimp dominated the catch

tape. The seine was then hauled straight to shore. Theomposition of decapods, occurring in 90% of hauls. Haul

width of the hauled area was measured with the spreadensities of sand shrimp were very high in May and

line to the nearest 0.1 m (typically 12-14 m).The areaAugust at some stations, exceeding 1@neen crab and

swept (nf) was computed by the distance from shore timeshermit crab were the only other decapods commonly

spread length. One person trailed the net to release hangaught.

ups.The net was hauled on to the beach, and all “sh and

most decapods were placed in buckets, counted and

returned to the water. Total length (TL) measurements

were made of all commercially and recreationally
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Table 5.1

Seine station catch : all hauls combined from January - December, 1997 (N = 136).

Total Catch Frequency of Presence

Species Name Scientific Name Occurrence by Month

(No.) (No. of Hauls) (No.)

FISH

Atlantic silverside Menidia menidia 10256 62 11
winter flounder Pleuronectes americanus 928 55 9
mummichog Fundulus heteroclitus 396 28 7
Atlantic menhaden Brevoortia tyrannus 5753 19 4
grubby Myoxocephalus aenaeus 23 15 6
Atlantic tomcod Microgadus tomcod 29 11 3
threespine stickleback Gasterosteus aculeatus 13 8 6
northern pipefish Syngnathus fuscus 20 8 4
Atlantic herring Clupea harengus 2150 8 3
windowpane Scophthalmus aquosus 7 7 4
rainbow smelt Osmerus mordax 13 4 3
Atlantic cod Gadus morhua 3 3 1
red hake Urophycis chuss 4 3 3
bluefish Pomatomus saltatrix 14 3 2
sand lance Ammodytes americanus 7 2 1
lumpfish Cyclopterus lumpus 3 2 1
bay anchovy Anchoa mitchilli 2 1 1
silver anchovy Engraulis eurystole 1 1 1
fourspine stickleback Apeltes quadracus 1 1 1
striped Killifish Fundulus majalis 6 1 1
striped mullet Mugil cephalus 204 1 1
little skate Raja erinacea 1 1 1
northern sea robin Prionotus carolinus 2 1 1

Total fish catch 19836
ARTHROPOD
sand shrimp Crangon septemspinosa 71022 123 12
green crab Carcinus maenas 916 75 10
hermit crab Pagurus sp. 915 57 8
rock crab Cancer irroratus 18 8 6
lady crab Ovalipes ocellatus 31 3 1
shore shrimp Palaemonetes pugio 1 1 1
horseshoe crab Limulus polyphemus 1 1 1
Total Arthropod catch 72904

The highest catch abundance and number of fish In addition to water temperature, another important
species caught per haul occurred during May toin”"uence on the catch composition was the recruitment
November (Table 5.2, Table A.23, and Figure 5.1). The of young-of-the-year (YOY) fish to intertidal habitats.The
increased occupancy of fish at these intertidal habitatseine catches of fish were dominated by juvenile life stages,
coincided with water temperatures generally 10°C andof which a majority was YOY. Except for Atlantic
higher. The lowest catches occurred during Decembersilverside, mummichog, pipefish, and sticklebacks, few
through April when water temperatures were adult “sh were caught at the seine stations (two rainbow
approximately 5°C or less (Figure 5.1). Of the decapodssmelt, one little skate and one windowpane). Atlantic
only the sand shrimp was caught during each monthmenhaden and Atlantic herring, ranking second and third
Among fish, Atlantic silverside showed the widestin seine catch abundance, were all YOY. Most winter
temporal range (11 of 12 months). "ounder wereYQY that moved into the intertidal stations

during July and occurred in high densities at some stations
in July and August (Figure 5.2,A.1)
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Table 5.2 Maonthly calch at seine siabons. tofal catch for all statons aach month, Twelve hauls par
menth were targeted at the six stations. A total of 135 hauls were made in 1857

Species Name Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

Fish Mo} (Nod {Moj Mo (Mo (Nod  (Ned  (No)  (Nod (Mol (Ne) (Ned (Mo
Atlantic silvarside 38 2 A 124 40 1[14_9 303s| 47o8| s02| 390| EE-E 10256
winter flounder 1 12| 24| 170] 587 od| 0| 45 g 528
mummichog 6] 41| 26| 114] 161 6] 43 396
Atlantic menhaden G| 58201 105 22 5753
grubby 4 [ 4 3 3 3 23
Aflantic temeod 23 4 2z 24
threespine stickleback 1 1 [ 1 2 1 13
northarn pipafiah 4 1 14 1 20
windowpana 2 3 1 L T
Atlantic herming J90( 1758 2 2150]
Atlantic cod 3 3
red hake 1 2 1 4
bluefish 12 2 14
ranbow small 2 a ] 13
cand lance ¥ T
lumpfish 3 3
bay anchowvy 2 2
silver anchowy 1 1
foursping stickieback 1 1
slripad killifish & B
striped mullet 204 204
little shate 1 L
"llnrtha_rrlaaa robin — | _ _"2___ 2
Total fish catch 30 1 6 15  BB1 1879 1276 3756 107V4 T46 514 260 19836

Arthropod
sand shnmp 8] 30| 308| ATI18074| 8555 6916]23578] 2645) Z2197| 7336| S6T|71022
graen crab 2 2 44| 2Bl 1890] 201| 114] 50) 22 5 916
hermil crab 12| 293] 300] 186 g1 16 15 2 315
rock crab 1 4 1 1 10 1 18
lady crab 31 a1
share shimp 1 1
horseshoe crab 1 i

Total Arthropod catch 38 30 311 376 18130 0142 7408 23065 2882 2274 7373 975 72004

Figure 5.1 Monthly mean number of fish species per seine haul (+ 1 SE), and
maan monihly water tamperaiure ("C) Tor all stations.
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Figure 5.2 Mean catch (+ 1 SE) of winter flounder per haul by manth
for all seine statons (Jan-Aprl, N=10, May-Dec., N=12).
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Table 5.3 Fish catch summany for Salem Sound seine skations, 1997, Species rank refers o relative
abundance. Diversily was calculaled using the Shannon-Weaver index of diversity (H").
H' = -X[|{proportion of givan spacias in lolal sampla) Injproportion of given spacies in total sample)].

Elabion Haulz Tolal Fish Speces CalchiHaul Diversity Species Rank  Specles Rank  Species Rank
(Mo ) Mo, Mo (Mo (H'l [1sk) i2nd) {3rd]

Sandy Baach 24 G563 10 232 0.80 silversida Afl.herming  wint. flounder
Obear Fark 24 231 10 ay 036 silveraide mummechog  wint, flounder
Tuck Paind 24 G724 11 280 0.a7 meEnhaden Al herring wint, Mounder
Pionesr Village 24 2651 7 110 037 silvarsida menhaden mummichog
W'esl Heach 24 351 11 15 1.16 gilversice All. hermng weint. flounder
Proclior Paint 16 2226 14 139 0.50 menhadizn silvirside wint. flounder

No statistical comparisons of seine data were maddensity for silversides was the highest among all seine
because of the high variation expected for seine catchesations, while the densities of sand shrimp and winter
from intertidal habitats. The variability in catch data is”ounder ranked second to Tuck Point.

influenced by gear selectivity, seasonal effects (Wat%bear Park (tidal river habitat). Ten “sh species and three

temperature and recruitment), tidal effects (water level) : :
and relatively infrequent sampling.The following sectionsSpec'es of decapods were caught at Obear Park in 24 hauls

. . .~ “(Table A.25). Atlantic silverside (38%), mummichog
and Table 5.3 summarize catches at each seine station. (33%), winter "ounder (25%), sand shrimp (88%), green

Sandy Beach (tidal river habitat). Ten species of “sh and four crab (54%), and hermit crab (33%) were the only species
species of decapods were caught at Sandy Beach in &2 occur in 20% or more of hauls. All other species
hauls (Table A.24). Atlantic silverside (63%), winteroccurred infrequently and in low abundance and no
"ounder (50%), mummichog (46%), sand shrimp (75%) species was unigue to this station.The species diversity and
green crab (50%), and hermit crab (38%) were the onlyelative abundance (catch/haul) were the lowest among
species to occur in 20% or more of the hauls. Theseine stations.The hauls in May contained high numbers
predominance of these species in the catch compositioof sand shrimp (11 and 8fmDespite the proximity to

was typical of most stations.The catches of striped mulle§andy Beach, the upstream tidal river station, the winter
striped Killifish, shore shrimp and horseshoe crab werflounder catch was much lower at Obear Park, with a
uniqgue to Sandy Beach. The mean May-November May-November mean density of less than 1/160 m
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Pioneer Village (harbor beach habitat). Seven species of “sh hermit crab (33%), and green crab (25%) were the only
and three species of decapods were caught at Pionegpecies to occur in 20% or more of hauls.The exposure of
Village in 24 hauls (Table A.26).Atlantic silverside (58%)West Beach to wave action and resulting sandy substrate
winter "ounder (38%), mummichog (21%), sand shrimp created a habitat unlike other seine stations, and the species
(96%), green crab (75%), and hermit crab (38%) were theomposition re”ected this in"uence. Sand lance, northern
only species to occur in 20% or more of hauls.The leassea robin, fourspine stickleback, and little skate were
number of “sh and decapod species were caught at thignique to West Beach. More windowpane and lady crab
station and no species were unique to this station.This wasgere caught here than at other stations,and mummichog
the only station where sand shrimp was not the mosivas notably absent.Total fish catch/haul was lowest among
abundant species (“sh or decapod).Atlantic silverside hatie seine stations, however the evenness of catch resulted
the highest May-November density (65/100) mmong in the highest species diversity.

all species at PioneerVillage.This catch density was mo . . .
in"uenced by moderate catches of adult silversides in Ma%de Point (harbor beach habitar). Eleven fish and four
ecapods were caught at Tuck Point in 24 hauls (Table

gg%tgrl%e?nd large YOY catches during August an A.29).Winter "ounder (67%), Atlantic silverside (33%),

' sand shrimp (100%), green crab (58%), and hermit crab
Proctor Point (harbor beach habitat). NO hauls were possible (50%) were the only species to occur in 20% or more of
during January-April because of the presence of icethe hauls.The mean number of “sh species per haul for
Despite fewer seine hauls, 15 “sh species and “ve decapdday-November was the lowest among stations and no
species were caught in 16 hauls (Table A.27). Atlantianique species were caught atTuck Point. Despite the low
silverside (56%),Atlantic menhaden (38%), grubby (38%%pecies richness, Tuck Point had the highest catch/haul,
winter flounder (38%), Atlantic tomcod (31%), sand and second highest diversity. The mean May-November
shrimp (94%), green crab (75%), and hermit crab (69%jensities of winter flounder, Atlantic herring, Atlantic
occurred in 20% or more of hauls. Proctor Point had themenhaden and sand shrimp were the highest among
highest species richness for “sh, especially during the fatations. Each of these mean densities were in"uenced by
when 6-7 species were present each month.The catches af few hauls with many individuals. The May hauls
bay anchovy, silver anchovy and lump“sh were unique tocontained high densities of sand shrimp (14 and?,3/m
Proctor Point. Although more “sh species were caught atand one August haul was the largest overall 3.dne
Proctor Point than at other stations, diversity was rankedhaul in August of 384 YOY winter "ounder had a major
only third and abundance for most species were low.Than”uence on the density and variance of winter "ounder
catch of Atlantic tomcod and rainbow smelt was highestcatches at Tuck Point. The use of intertidal habitats in
among stations, however relative abundance was lovialem Sound by juvenile winter "ounder is illustrated by
(about 1 per seine haul). the length data from Tuck Point (Figure 5.3). No winter
flounder were caught at Tuck Point during January-

West Beach (dynamic beach habitat). Eleven species of fish and arch, and a single age-1 "ounder was caught in April.

v e species of decapods were caught atWest Beach in May and June catches of winter "ounder were age-1,

hauls (Table A.28). Atlantic silverside (29%), winter i
"ounder (29%), windowpane (21%), sand shrimp (92%),anOI all catches from July-October were YOY.

Figure 5.3 Maan langth of wanters lowndar caught atl Twck Poinl saing

(o) station, Mean values (+ 2 2E) and number of samples in parentheses,
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DISCUSSION schooling, forage fish was also found during recent
The catch composition at the Salem Sound seine statiorigtertidal habitat sampling in the Gulf of Maine
was characterized by relatively few species of fish arf@uschbaum and Purintan 1997; and Lazzari et al. 1999)
decapods, with most occurring infrequently. In terms ofand Cape Cod (Deegan et al. 1993). Mummichog and
ecological niche, the fish catch was numericallyAtlantic silverside were highly ranked fish among
dominated by schooling, forage species. Based on lengtitertidal catches for each of these studies. Sand shrimp is
frequency measurements, most of the fish caught weré major faunal component of shallow water habitats from
juveniles.A large majority of “sh were caught during the Virginia to the Gulf of Maine. In addition to Salem
warmer water months of May-November (98% by Sound,sand shrimp was the dominant decapod caught
number), and catches peaked in the fall and wereduring intertidal sampling in Plum lIsland Sound,
in"uenced by YOY recruitment. Massachusetts (Buschbaum and Purintan 1997), and at
. . : . __shallow-water stations at a Cape Cod inlet (Heck et al.
The interpretation of seine catch da_ta and comparisongggg) and a New Jersey embayment (Sogard and Able
to previous efforts must be made cautiously because of ”1‘991).The highest densities of sand shrimp during May-
effects of infrequent sampling, the transience of species @hyember were found at the three stations associated
intertidal habitats, and the changes in gear cat_cr,]ablllty thalith the Danvers River (station mean 2-8 shrimpym
can occur with slight changes in seines.The in"uence ofaihough these densities were relatively high, they were
changing tide stage on species presence and densityysj| pelow the 20-40 shrimp/ffound in shallow water
dlﬁ_‘lcult to quantl_fy and does not effect all SpecieSpapitats in New Jersey during May-September (Sogard
uniformly. Sporadic catches of large numbers of a giveRig Aple 1991).The role of sand shrimp in local energetic

species can inflate mean catch densities when sampliRgijyays was not addressed, but must be important given
only once per month. Examples of this occurred duringpe high densities.

individual hauls at Tuck Point in August and September i ) )

when 384YOQY winter "ounder (41% of winter "ounder ~ Comparisons of seine catches speci“c to Salem Sound
catch) and 4,247 YOY Atlantic menhaden (74% of are only available from the 1965 DMF estuarine study for
Atlantic menhaden catch) were captured, respectively. Salem Sound (Jerome et al. 1965) and Salem Harbor

. N _ ower Plant investigations during the 1970s (Chesmore
Despite the observed variability, the seine catches of “sp; 51 1972-1974: and Anderson et al. 1975-1979). The

and decapods appeared typical of cold-temperate watef§jowing section compares the seine results of these
in northern estuaries. The numerical dominance ofgy gies.

Table 5.4 Salem Sound seine station catch in 1965; all hauts combined from January-December
Twed hauls wara made with bath 20 it and 60 1 saines during aach station visit (N = T1)

Total Catch  Frequency of Presence

Species Name Scientific Mame Ococurrence by Month

Ma. (Mo, of isits) (M.
murmmichog Funouius heferociiiis ir 25 8
Atlantic silverside Wenidia meanidia 1271 15 8
Atlantic herring Clupea harangus G830 3 1
rainbow smeilt Osmerus maordax 387 b 5
Atlantic tomcod Wicrogadus fomeod 251 5 3
fourspine stickleback Apelles quadracus 5 4 3
ninespine stickleback  Pungitivs pungitivs 47 5 2
threespine stickleback Gasterosleuws aculealns 45 11 &
wanler Raundar NHIFORECIaS Afmancanus 12 L o
siriped killifish Funduwius majalis 16 4 2
northern pipefish Syngnathus fuscus 15 L ]
lumgfish Cycloplerus lumpus & 1 1
red hake Urophycis chuss 3 3 2
cunner Tautogolabrus sdspersus 2 1 1
longhorn sculpin Myox. oclodecemsminosus 1 1 1
Taotal fish catch 10455
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Table 5.5

Beach seine catch summarny {total number of fish) for three DMF studies in Salem Sound.

Pigneer Village, Obear Park, Tuck Point, West Beach and Procior point are common stafions.  Slafion
visiis and haws are estimated for 1972 and haw's are estimated for 1985

Species Name Scientific Name 1887 1872 1865
(50 1. net) (60 1, net) (20060 0. nel)

Stations & 8 ]
Sampiing dales 12 14 12
stalion visiis 68 112 71
Hails 136 224 284
Atlantic silverside Menidia menidia 10256 =97y 1271
Attanbic manhadean Erevaoria lyranius 5753 214 0
Atlantic herring Clupea harengus 2150 1 B30
winter flounder Fleuronecies amencanus Q28 3 149
rmummchog Fundulus hatarociiiug 384 878 2y
striped mullet Mugil cephalus 204 o 0
Attantic tomced Microgadus fomeood 24 0 251
grubby Mpoxocephalus senaeus 23 0 o
narthern pipefish syngnathus fuscus 20 2 15
Blusfish Pomalomus salfatrix 14 3 0
rainbow smelt Damerus mordas 13 2 387
threespine stickleback Gasterosfeus aculeatus 13 173 4B
sand lanca Ammoadjples ameancanus T 12 0
windowpane Scophithalmus aquosus T ) 0
striped killifish Fundulys majalis & 430 16
hake Uraphycis sp. 4 0 3
lumpfish Cyclopleris lumpus 3 L 5
Atantic cod Eadus marhua 3 6 0
narthvarn sea robin Frionalus caninus s 0 ¥
fourspine stickleback Apeltes quadracus 1 0 [
litfle skate Haja arinacesa 1 0 1]
bay anchavy Anchoa mitchili 2 0 0
silver anchowvy Engraulis ewrysiole 1 0 0
ninespine slicklaback Pungilius purngiius a 7 47
CUTIRRETR Tautogolabrus adspersus 0 o 2
longham sculpin Mpox. ocfodecemspinasus 0 0 1
bBluaback herring Alesa asshvalls a g 0
alewife Alpsa pseudoharengus 0 1 0
fourbeard rockling Enchelyapus cimbnius 0 1 0
white rrullet Mool curaima 1] 1 0

1965 DMF SALEM SOUND STUDY
The 1965 study had very similar spatial and temporagssumed that the area covered by all hauls in 1965
coverage to the 1997 study: six stations were visite@xceeded that area covered by duplicate hauls using a 15.2
monthly and “ve of those stations were revisited in 1997.m netin 1997.

The 1965 study used two seines, a 6.1 m (20 ft) beach e seine catch in 1965 produced 15 species of fish
seine (2.4 m depth and 4.8 mm mesh),and a 18.3 m (6

ft) haul seine (1.2 m depth, 3.2 mm mesh) that was haule

targeted for seining. Despite the lack of raw data, it can be

contrast to the 22 caught in 1997 (Table 5.4).
ummichog and Atlantic silverside were the only two

with assistance of a boat. Both nets were hauled twice Wit e cies that occurred in 20% or more the station visits in

each station visit. A total of 71 station visits was made ifgg5 The catches of other species occurred infrequently
1965, compared to 68 in 1997. Data on tide stage, catchy, iy few hauls with large numbers of individuals. Three
per haul, catch by net type, area covered, and catch

decapods are not available. No specific tide stage wa
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other. Ninespine stickleback were caught during five (50 ft) beach seine (1.2 m depth, and 3.2 mm mesh) was
station visits in 1965 but none were caught in 1997.used from 1971 to 1973.1n 1971 and 1973, this net was
Grubby were caught during 11 station visits and Atlanticused only at Salem Harbor stations. In 1972, this seine was
menhaden were caught during 13 station visits in 1997used at three Salem Harbor locations and “ve stations in
while both were absent in 1965. Differences in winter Salem Sound. Among these stations were the six original
flounder catches exist between studies. Juvenile wintestations sampled in 1965 and “ve of the stations sampled in
"ounder were a major component of the seine catches inl997. Duplicate hauls were made during the monthly
1997; 928 were caught during 36 station visits, and mostisits at each station. Biweekly visits were made on a few
wereYOY. Only 19 winter "ounder were caught during occasions from April to October. Tide stage was not
six station visits in 1965, and only three of theserecorded, but seining at low tide was avoided.

individuals were YOY.The increased catch of YOY winter
"ounder is of interest, but conclusions cannot be drawn
from two widely separated datasets. Seine catches for t
two studies were similar in several regards. The fis
composition at these shoreline habitats was dominated
juveniles of schooling, forage species. Atlantic silversid
mummichog, and Atlantic herring were high ranked
species in both studies. This similarity did have th
exceptions of the absence of Atlantic menhaden in 196
and large reduction in mummichog numbers in 1997.
Both studies showed a concentration of fish catche
during the warm months.The May-November catches

The 1972 catches of the 15.2 m seine are most
8mparable to the 1965 and 1997 studies because of the
imilar sized net and the common sampling stations. Raw
ata are not available for the 15.2 m seine, and catches
ere reported in quarterly summaries. The 1972 seine
urvey caught 17 species of fish with the similar

dominance of schooling, forage species seen in 1965 and
997 (Table 5.5). Catch densities of most species were
very low.The 1972 data provided several observations that
re consistent with results of the 1965 study but are
ifferent from those in the 1997 study. Low catches of
. . . inter "ounder continued as only three individuals were
ic;]orlngpz)n?sed 99% of the total seine catch in 1965 and 98@évaught the entire year. Grubby was again not present in
' the 1972 catch. Ninespine sticklebacks also occurred in
Overall, the 1997 seine survey did not reveal anyl972, whereas none were found in 1997. Four species
obvious change in the intertidal “sh community in Salem found in 1972 were not caught in 1965 or 1997, including
Sound. More species of fish and individual fish werethe anadromous alewife and blueback herring.

caught in 1997; however, the two available seine surveys In addition, a 36.6 m (120 ft) haul seine (2.4 m depth,

are not suf“cient to make conclusions on changing “sh 38 mm wing mesh, 19 mm bag mesh) was used during

populations. It is worthwhile to note that two stations did 1971-1974 . .
; o - and 1977-1979. This larger seine was used
produce markedly different catch compositions between imarily in Salem Harbor. For most years, monthly

studies. Proctor Point seining produced only seven speci . - .
of “sh during 11 station visits in 1965, while 15 speciesé;%at'on visits were made, and there was some biweekly

, . > . sampling during the warmer months. The larger net
}/;/]eerehcizlrj]%r;dg ar,'[gﬁ /ﬁzfﬁmi?]n 1’5;73 Ir\:v:ili:?lg(Z\./E:‘CIé B%'gt fri]sar? covering both intertidal and subtidal habitat, inconsistent

. . ampling frequency, and incomplete record of catches per
caught (11 species).In 1965, Tuck Point produced only 2 A - ;
“sh (8 species), of which only 14 were winter "ounder, aul data diminishes the comparability of these data with

. S, later catches using the 15.2 m seine. Despite the different
compared t0 526 in 1997.The confounding in"uence of rr&gthods used, the 36.6 m seine catch data are valuable

gekgle?:/%% fgtiggi 21f| s Og(')\g:;r%%c;ﬁ slggéo'g Z%Eggr?tt?::)sr%ecause they represent “sh composition at these habitats
' n Salem Harbor during the 1970s. Overall species

the June hauls at Proctor Point that caught over 6’OOdcomposition was similar to the other study periods and

. 0 ;
rcnat:g\rglscrheegcszt(t?e/io nﬁ;gﬁ,ﬂm;g?% ‘,f r?;(t:)mt Tgfﬁ: rlzirgr? chooling, forage species continued to dominate the catch
P y t these shoreline habitats. Higher catches of striped

aggregations of “sh atintertidal habitats. killi“sh occurred in the 1970s than were made during the
other sampling periods and few Atlantic menhaden (2)

SALEM HARBOR POWER PLANT and Atlantic herring (4) were caught.The 36.6 m seine did

INVESTIGATION catch more winter "ounder than catches with the 15.2 m

The Massachusetts Division of Marine Fisheries wageine in 1965 and 1972, and total catches were similar
contracted by New England Power Company to conduct range to 1997.

investigations from 1971-1979 on the effects of the

operation of the coal-powered electric generation stationCONCLUSION

on the marine resources of Salem Harbor (Chesmore dEvaluating seine catch data from the three studies is
al.1972-74;Anderson et al. 1975-79).This effort includeddif‘cult because of the differences in seine gear, sampling
“sh collections using seines, trawls and gillnets. A 15.2 rmethods, targeted tide stage, and the spurious effect that
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infrequent large catches of a schooling species can have pattern of habitat use by YOY and age-1 winter "ounder
abundance ranks. Overall, 35 species of “sh are representecherged from May-November catches in 1997. Spring
in the four data series (including 120 ft. seine). Four oftatches were nearly all age-1 winter "ounder, and YOY
these species occurred in 1997 only: striped mulletmoved into these stations in July and August. Another
windowpane, northern sea robin, and little skate. Theexample of YOY movements into these habitats was the
absence of ninespine stickleback and river herring in 199@ramatic appearance of large numbers of YOY Atlantic
is interesting given the observations in earlier studies.Aftenenhaden in late summer at all stations except West
Atlantic silverside, winter flounder was caught mostBeach.

consistently among the seine stations in 1997.The high

catches of juvenile winter "ounder appear unusual relativeS t;ﬂ%ﬁ:ﬁ%g?%ﬂg?\fg ﬁ\f/f:rcéz\évf ;e,[;ﬂg?]ts' ﬁg dagilr?]rillgr
to the low catches of juvenile winter "ounder in 1965 and )

1972 t the ntertdal stations. Ther Is ot cnough SLECeS eness and corposion as e e haborbank
information to conclude whether these differences Weredynamié beachgstation differed most frorrr)l other stations
coincidental or re"ect a population or year-class effect. in that fish abundance was lowest, diversity highest and

Overall, most occupants of the intertidal habitatsmore unique species were found along the coarser
sampled were seasonal migrants and juveniles, and masybstrate. Otherwise, catches were similar and differences
were schooling, forage species. Seasonal movements aathong stations were not obviously linked to identified
aggregations at these habitats are probably most in"uencetlysical or water chemistry attributes.

by water temperature and YOY recruitment. A distinct

Sorting seine catch at Sandy Beach, Danvers River
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CHAPTER 6.
TRAWL SAMPLING OF SUBTIDAL HABITATS

We used a bottom-tending shrimp trawl to documentthe  Trawl catch data were evaluated in terms of frequency
presence of “sh and decapods at “ve subtidal trawl station occurrence, species richness (number of species),
in Salem Sound during 1997. Small trawl nets towed fronrelative abundance (catch per tow) and diversity to
boats have been traditionally used to collect fish frormidentify seasonal and habitat trends in the “sh community
subtidal habitats.We selected a trawl net commonly usedf Salem Sound.The Shannon-Weaver index was used as
for research collections and similar to the trawl used fom measure of “sh diversity that accounts for the number

the 1965 DMF study. and relative abundance of each species (Ludwig and
Reynolds 1988).The benthic habitat at each trawl station
METHODS was characterized in terms of sediment composition and

We made monthly trawling trips during January-April, macrophyte community. Sediment samples were collected
November and December, and biweekly trips during using a Halltech bottom dredge (2322cduring single
May-October, for a total of 18 trips in 1997.Trawling was station visits. Sediment sizes were sorted with Newark
conducted from a 7 m Steiger Craft boat powered by astandard sieves using a modi“ed Wentworth classi“cation
200 HP outboard engine.AWilcox shrimp trawl net (9.1 as described in Nielson and Johnson (1983).

m (30 ft) sweep, 8.2 m headrope, 3.8 cm stretched mesh

for wings and cod end, and 0.64 cm knotless liner in codRESULT'S

end) was attached to 81 x 41 cm oak doors with steel

runners by 1.5 m of rope legs.Trawl lines were set at a S:TRAWL STATION HABITAT ) _
scope with the length of line dependent on depth. Sediment measurements at trawl stations in Salem Sound

. _ conformed to expectations based on current and depth

We conducted “ve-minute trawls at a target speed of inieractions and previous measurements (CDM 1986).

2.0 nm/hour.Trawl time was recorded by stopwatch and gine sediments were found in the depositional zones in
began when trawl doors rested on the bottom and trawlyarhor channels and larger sands were common in the

line was secured at the desired length. Boat speed wag|jow fringes (Beverly Cove) and in the Danvers River
recorded from a Raytheon NAV298 GPS. Bottom depth (apie 6.1). The largest sediments sampled were found at

was recorded from a Sitex CVS-106 sounder at eachys geepest station outside of Marblehead Harbor.

minute interval, and average depth was estimated from thg,qividual measurements are provided in the Appendix

five recordings. Trawl start and end locations wereraple A 30). Details on macrophyte collections are
recorded from GPS latitude and longitude. A dUp“Categrovided in Chapter 7.

tow was made along a separate path within trawl station _ o

Attempts were made to use consistent tow paths for thédaste Channel. The substrate consisted primarily of “ne
“rst and second tow at each station, but minor deviationssediment (62% fine sand, silt and clay) and appeared as
were common due to lobster gear, wind conditions and thick, black mud. Haste Channel had the least amount of
boat traffic. Because of boat moorings and a narrowarger sediments (4% gravel and pebble) among trawl
navigation channel, duplicate trawl tows in the Danversstations.The macrophyte community was sparse at Haste

River were made in the middle of the channel at upper Channel: red kelp I{aminaria sp.) and shotgun kelp
river and lower river stations. (Agarum cribosum) were the only species found regularly in

tows, although the distribution along Haste Channel

After “ve minutes, the trawl net was quickly retrieved eared patchv and manv tows had no or little kel
and most invertebrates and all fish were identified, counteg PP P y y P-

and returned to the water. All “sh were identi“ed to the Salem Harbor. Salem Harborss substrate was similar to Haste
species level except for skates (big sRatescellata, and ~ Channel. Thick black mud and patchy kelp were the
little skate-Raja erinacea) which were groupedRaja Sp.) primary features of this habitat. More “ne sediments were
due to the dif“culty of identifying at sea. Most decapod found at Salem Harbor (84% “ne sand, silt and clay) than
crustaceans were recorded except for very small speciighe other stations. Red kelp dominated the macroalgae
that were not well sampled by the trawl net mesh. Lengthcommunity in Salem Harbor.The distribution of kelp was
(total length, mm) was measured for all commercially andiot continuous: many tows had little kelp and others
recreationally important “sh, and carapace length (mm)ontained large amounts. Spiny sour wed{arestia

was measured for lobster and sand shrimp. Unidenti“edculeata) occasionally occurred in higher amounts than
specimens were saved in formalin for later identi“cationkelp.

at the laboratory.
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Table 6.1 Mean percent sadiment size (50 in italics) at traw| stations in Salem Sound. Sedimeant
measurements were collected with Halltech bottom dredge (232 cm®) and sorted with Newark sieves
Six samples were collected per station except for eight samples at Marblehead Harbor

Coarse Medium Fine Siltr

Location Pebble Gravel Sand Sand Sand Clay Total

= 22 mm 2-32 mm GE20mm L250%mm O0083025mm = 083 mm %

Haste Channel a 3.9 206 13.8 318 238 100
] 4,58 2360 .57 18 78 12,52

Salem Harbar 0.5 oo 2.3 i1 bE.8 273 100
1.35 10 35 217 118 15 600 11.24

Danvers River (lower) 0.4 12,5 136 24.5 ar.d 114 100
242 1057 F.ri 508 1555 1.4

Danvers River (upper) 3.2 &6 T.2 281 48 1 7.8 100
7B Fa2 4.73 1711 2339 245

Baverly Cowve 0.2 220 283 271 14.2 a3 100
0a87 2330 21.893 .72 1080 335

Marblehead Harbor 8.5 40.5 236 106 6.5 1004 100

&4 J1.8 21 4 17 §8 §.2

Marblehead Harbor. The substrate contained the largest Beverly Cove, although a greater variety of macroalgae
material measured among trawl stations. Nearly 50% ofere found compared to the other stations.

the samples consisted of pebble and gravel and only 17%

consisted of fine sand, silt and clay. The distribution offR AWL CATCH: STATIONS COMBINED

pebble and gravel substrate was not uniform. Sedimenye_hyndred and sixty eight out of 180 possible traw
size diminished with distance from the harbor. Similar toyq s were completed in 1997. Gear problems reduced the
the harbor channel stations, kelp was the primary, mper of successful tows in January and February.
macroalgae at this location. Shotgun kelp occurred mosfhirty-five species of fish, nine species of decapod
frequently and red kelp was also common. Sand dollargsiaceans, and seven species of other invertebrates were
(Echinarachnius parma) and periwinkleslttorina sp.) were caught and quantified (Table 6.2). Five fish species
commonly found in dredge samples, but were oceyrred in at least a third of the tows: winter “ounder
infrequently observed at other stations. (86%), Skate (59%),Atlantic cod (38%), grubby (34%), and

Danvers River. Over 50% of river sediment samples were cunner (33%). Winter flounder, skate, and Atlantic cod
fine sand, silt and clay. Much of the dredge sample&anked “rst,second and third, respectively,in both relative
appeared as black mud, although the material was not aundance and frequency of occurrence. Over a third of
“ne as that at the harbor channel stations. Medium sanéhe “sh species (13) were caught infrequently (1-3 tows).
comprised about 25% of the samples, and small patches\d@st “sh (82% by number) were caught during the warm
coarse sand, gravel and shell deposits were found. Residén@nths of May-October (Table 6.3). April and November
macrophytes were not evident along tow paths in thecatches were higher than the o_ther cool _months due to
Danvers River. Impressive concentrations of sessilélevated catches of cod (April) and winter flounder
organisms occurred on watershed debris, providing muckNovember).Winter "ounder and grubby had the highest
of the structural integrity of benthic habitat in the Danvers monthly frequency of occurrence for “sh (11 months).
River. Sponges and tunicates attached to debris, branch¥éinter flounder were consistently caught from May-
and derelict lobster pots were caught in nearly all towsOctober, occurring in 95% of tows (Table A.31).

The coarse sediments and populations of sessile filter g5nq shrimp dominated invertebrate catches in
feeders both re”ected the in"uence of strong tidal "ow. frequency of occurrence (92%) and number (87% of all

Beverly Cove. Beverly Cove was unique among trawl counted invertebrates). Rock crab (88%) and lobster
stations because of the presence of light colored sand abef%) were the only other decapods to occur in at least a
large eelgrasgdstera marina) beds. Nearly 70% of the third of the tows. Mysid shrimp were commonly caught,
sampled substrate was coarse, medium and “ne sand. Thé&#en at high densities, at each station. However, mysids
was evidence of gravel patches (22% of samples) in thére not quantified because they were too small to be
trawl zone, and minor amounts of silt and clay (8%).Theef ciently caught in the trawl. The catch of invertebrates
dynamic nature of wave action probably limits silt and clayincreased during the warm months (Table 6.4), although
at this station. Eelgrass was the dominant macrophyte Hrge numbers of sand shrimp were often caught from
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Table 6.2 Trawl station catch in Salem Sound: all tows January-December, 1887 (n = 168)

Bpecies Name Scientilic Mame Total Cateh  Frequency of  Presence
Occurrence by Manth
{Mo.} (Mo, of tows) {Mo}
FIZH
wrler flaunder Preunopiearanectes amercanus 1074 145 11
pkata Raja fooalata snd annecas) G843 B9 b
Abanbc cod Gaclus emorhiea ARs B A
grubby OO nhaiie evies s 142 LT 11
gunnar Tawogaishrus adsparsus 344 ] !
red haksa LUirophrypois chuss 125 B4 ]
WD Ene SCOORNETILE SQU0BYS 154 53 a
rack gunnel Praks qunnailis &5 ag ]
nahemn ppefiah Symgralfus fuscus &2 28 T
lumpfish Cyminnieris amples k! a0 &
sitoar hake Merfuooias bl sns ] 15 4
buittertish Feprie macsn g & 1 4
S0 raveEn Meminmlens amencangs 13 g T
rainbow armel D movdas 25 =] g
while haka Liropirpc's dgnins 14 8 3
narthem sea robin Priomalus carsinus a0 =] 2
CEan pul MELmZoarcas amancanis 7 T 5
sharthom sculpin Myoroceoiaivs soonms 7 & §
lﬂml‘ﬂfﬂ Bl A Scahaiie sciodesemM SnNoE0s 5 =1 4
Al sitversicda Menicha manidia X b 4
Al hering Clupea harengus 2] 4 4
Towrspol Aourder Favalcilivs obhangus L 3 3
seasnail Liparts afanhcus 5 3 2
surmmar Mo rdes Bavahctilliys denfalie 3 2 2
AH manhadan Sravcarha ipamis 3 2 2
Al mackerel Soombar seomtvus 2 2 2
Ihreasping slicklaback Eastansie s acasiis 2 F 2
yellowtail floundar Limarda fprmiginea 2 2 2
Al toemcod Microgadus lamocd 3 2 1
Al mopnfish Selens vomer 2 s 1
stup Siehodomus chrysops 3 1 1
Touriesrd rocklng Enchalyopus cimbriug 1 1 1
radiaied shanny Livara sishbifcala 1 1 1
sirped asaanail Lipasis giiburs i 1 1
Total Fish Catch 3364
INVERTEBRATE

sard EhiFnp Crangon Saphami SNsss 27540 154 12
rack crab Cancer ymoralls 1358 147 1
lakmter HOUTANTE Arancanas 18E3 1327 g
gresan B8a uwchn Shrovpivocantroiue droebactenss 157 51 g
grean crab Camnnus maenas Aol 48 10
hermil crab Pagurus sp 118 a0 4
spicar crab Lihinda emaginala &0 24 |
fed shrirmp Fandaling movifadgo B 24 i
laligo souid Lodigo paakal o4 L] £
BUrapaan oysier Osirea adidis a8 51 &
ged scalop P'[EGDP'ESJIETJ [y TR T k1 3 3
shrimg (Euslug 8p.) Eralrs fabnco 2 s 2
quahog Mercarana marsenana 2 2 2
harssghae Srab Limpailis: podynimenmiug £l 1 1
mace snail Livnaisa haros 1 1 1
Graenland shrimp Ledibaus groerisndicus i 1 1
Total nveriebrate Catch 3z1E8
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Table 6.3 Monthly fish catch by number in Salem Scund traw! tows: all stations combined {168 tows).

Species Jan. Feb. Mar. April May June July Aug. Sept. Oct. MNov. Dec. Total
wintar Mounders G 7| 35| &7 BE| B1) 122] 144| 292| 140| B8O 1070
skate (Raja =p.) 3 73 60| 155) 122] 145] 53 1 1 B4l
Atlantic cod 3| 38| 128] 19 8] 110] 36] 22 355
cunner L) i} 12 18] 187 67| 55 2 2400
windowpane o 18] 38| 17] 35 33| & 1 154
aruboy 3 13| 16 Bl 15 9] & 21 18] 33| 18 142
red hakea ] 15| 44| 15 16| 26 3 2 126
northem pipefish 4 4 i 2] 101 31] 38 02
butterfish 2 2 gl 77 a0
silver hake : 28 14| 23 1 (3157
rock gunne| 2 5] 24 1 & 3 1 1 a5
Allantic silvarside 1 28 B Jd
lumipfish 1 2 Bl 15 Fi ] 36
rainbow smelt 1 3 3 4f 12 2 25
Allantic harring 5] 1 12 1 200
northern sea robin i E 20]
white hake 5] B 7 18
B8 raven 1 2 1 1 - | 4 1 ‘Ig
|ocean pout 1 1 2 1 7
shorthom sculpin 1 2 2 1 1 [
langhorn sculpin 1 1 1 2 5
seasnail 4 1 5
fourspot flounder 1 2 1 4
Atlantic tomood 3 3
summer flounder 1 2 3
Allantic manhaden 1 2 3
SCUp = 3
Atlantic mackerel 1 1 2
Atlantic moonfish z 2
threespine stickleback 1 1 2
yellowtail flounder 1 1 2
fourbeard r-:nl:klinvg 1 1
radiated shanny 1 1
slriped seasnail 1 1
Total fish catch 4 19 66 207 230 278 518 552 402 B89 188 107 3354

March through December. Rock crab was commonly Harbor channel stations also had the highest overall
caught in the cool months, and together with sand shrimpspecies richness (Table 6.5).

werethe only species caught n every month (TabIeA'BZ)'Numbers of Fish. Comparisons of the mean number of “sh

Number of Fish Species. Comparisons of the mean number caught per tow by month and station illustrate seasonal
of fish species caught per tow by month and stationrand habitat differences in fish abundance. Mean fish
illustrate seasonal and habitat differences in speciabundance was lowest during January-March (<10
richness.The mean number of “sh species caught per toish/tow), increased during the spring and summer,
was consistent (approximately five) during the warmfollowed by an October peak of about 35 “sh/tow (Figure
months (Figure 6.1). For the remaining months the value6.2). Comparisons by habitat type show that fish
was four species or less, with lows of about one speciebundance was higher at the harbor channel stations and
during January and February. More fish species werBeverly Cove than at Marblehead Harbor and Danvers
caught at the harbor channel stations and Beverly CovRiver. Salem Harbor had the highest abundance (37 mean
(mean of 5.4-5.8 species/tow) than at Marblehead Harbomumber of “sh/tow) of the “ve stations, more than three
(mean of 4.3 species/tow) and Danvers River (mean ofimes that caught at Marblehead Harbor and Danvers
3.6 species/tow) stations during the warm months.River (Table 6.5).
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Table 6.4 Monthly invertebrate catch by number in trawl tows: all stations combined (168 tows)

Species Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Total
sand shrimp 13] 440[1250[4008[4122] 1715] 9o7]2217] 1045[4058]2651[3606] 27940]
Icbsher 7| B4 179| 114| 00| 711| 311 B5 12 1583
rock crab 10| 25| 20| 51| 85| 102| 181 280 347| 1856| 48] 44 1355|
green crab 4] 13| 12{ 38 39| &84 To] 80{ 13 ] 30|
| grean sea urchin 10 2 27 21 - 2] &1 14] 15 167
harmit crab 5 ] 3 41 26| 14 28| 18 4 116
red shrimp 12 16] 30 6] 17 5 BG
loliga squid 3 2 (3] 0] 33 54
spider crab g 3 8l 10] 12] 10 1 1 i |
BUrapaan oysier 2| 28 3 3 36
sea scallop 1 3 1 5
horseshoe crab 4 4
shrimp {Evalis sp.) 1 1 2
guahog 1 1 s
moon snail 1 1
Greanland shrimp 1 1

Taotal invert. catch 23 479 1301 4984 4320 2083 1434 3151 2244 5670 2792 3696 32186

TRAWL CATCH: BY STATION Winter "ounder was the dominant “sh, in terms of

Danvers River (river channel habitat). Sixteen species of “sh,  relative abundance and frequency of occurrence, caught in
six species of decapods, and four species of oth&te Danvers River. More adults were caught in May and
invertebrates were caught and quanti“ed from 36 tows indune, with the highest catch per tow of “ve legal size winter
the Danvers River (Table A.33).Winter "ounder (83%), "ounder (> 305 mm) on June 10th. Catches of YOY
skate (50%), grubby (44%), and cunner (44%) were thwinter "ounder increased in November and December.
only “sh species to occur in at least a third of the tows.Skate egg cases were caught during most tows in the spring
Overall, the Danvers River station had the lowest speciegnd summer, but were not frequently encountered at other
richness and diversity and second lowest catch/tow foptations.Windowpane was a common species at all stations
fish among the trawl stations (Table 6.5).Sand shrimgXcept the Danvers River, where none was caught.The
(94%), rock crab (94%), green crab (89%), and lobstdpvertebrate composition found in the Danvers River
(72%) were the only decapods to occur in at least a thirglearly differed from the other stations. In addition to three
of the tows. Catches of summer "ounder, European oysterunique invertebrate species, this was the only station with

horseshoe crab and quahog were unique to the Danver@@mmon catches of sponge and tunicates. Sand shrimp
River. relative abundance was highest at this station, and elevated

Figure 6.1 Monthly mean number of fish species (+/- 2 SE) per tow for all
franw| stations during January - Desamiber, 1897,

iﬂ{}{
:{i{ |

Jam, Feb. Klar. Apr. May  Jume  July  Aweg.  Sepl. Ol M Dt
Maonth

65

B th M o~

Ho. of Species




Table 6.5 Fish catch summary for Salem Sound trawl stations, 18587, Spacies rank refers ta relatwve
abundance. Diversity was calculated using the Shannen-Weaver index of diversity
H* = -E [(proportion of given species in total sample) Inlproportion of given species in total sample)]

Station Tows Total Fish Species CelchTow Diwersily Species Rank Species Rank Specees Rank
(Mo (Mo (M) (Mo} {H) [18f) {2t} {3rd)
Salern Harbor a3 1217 25 36.9 1.898 wird, Moaamches shale Al ood
Haste Channel 34 758 20 223 1.80 wind. flownder skate Al cod
Marblehead Harbor 39 an 18 10.0 208 wind. fowsnder Al cod shale
Baverly Cove 24 A58 17 183 2.08 =Ty pipefish wint, lounder
Dianvers River 36 422 16 11.7 1.78 wind. flounder skate grubby

Figure 6.2 Monthly mean number of fish {+/- 2 SE) per tow for all traw! stations
during January - December, 1097,
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Month

by large catches in the lower river tows during April and highest among stations for this species. Large numbers of
October.This station also produced the highest rank forl-2 cmYOY during August elevated total cunner catches.
green crab in both relative abundance and frequency oOverall, total numbers of “sh peaked during the summer
occurrence (Tables A.34 and A.35). at Beverly Cove, as opposed to the fall peak found at most

. . other stations. The catch/tow for lobster and rock crab
Beverly Cove (eelgrass habitat). Beverly Cove differed from were highest among trawl stations. Catches of juvenile

other stations because of shallow trawl depth, presence ter and rock crab in the eelgrass beds increased sharply
eelgrass and numerous macroalgae species, and had. §ugust and peaked in September. Sand shrimp was

highest fish diversity. Seventeen species of fish, seven : : .
decapods, and two other invertebrates were caught an cond in catch/tow among stations, and the highest
ensities occurred during April-June. As sand shrimp

auanird fom 341ows t Bevrly Cove (Tabe36) S SISUZ% SSALISS (U0 AL Wat 25 220 S0,
: » As eelgrass biomass diminished sharply in October, “sh
winter "ounder (79%), skate (56%), cunner (47%), grubby nd decanod catches also declined
(44%), cod (44%), and red hake (35%). Four decapoa P '
species occurred in at least a third of the tows: sand shrimyarblehead Harbor (outer channel habitat). Eighteen species
(97%), rock crab (91%), and lobster (79%), and hermit crabf “sh, six species of decapods, and three species of other
(38%). No species were unique to Beverly Cove. invertebrates were caught and quanti“ed from 31 tows at
Marblehead Harbor (Table A.37). Gear problems in

Winter flounder had the highest frequency of . 2
occurrence at this station, but was not dominant due toJmuary and February, and tangles with lobster gear limited

. : : - the number of successful tows to 31. Winter flounder
the high diversity of the remaining catch. The cunner o, . o 0
catch/tow was highest among “sh at Beverly Cove and(84 /0), Atlantic cod (61%), and skate (52%) were the only
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“sh species that occurred in at least a third of the towsa third of the tows: sand shrimp (94%), rock crab (94%),
Lobster (87%), sand shrimp (77%), and rock crab (58U9bster (70%), green sea urchin (58%), and red shrimp
werethe only decapods that occurred in at least a third 0{33%). The striped seasnail, radiated shanny, fourbeard
the tows. Only sea scallop was unique to the Marbleheadockling, scup, Atlantic moonfish and moon snail were
Harbor station. unique to Salem Harbor.

Marblehead Harbor station had the lowest fish Interms of species richness and relative abundance of
catch/tow; however, it had the second highest fish “sh, Salem Harbor was the most productive trawl station
diversity, due to higher species evenness and lesampled (Table 6.5). Despite high species richness, Salem
dominance by common species. Mean bottom Harbor ranked only third in “sh diversity. This is because
temperature was the lowest among trawl stations. Thenost species occurred infrequently and a few species
cooler water temperature may have in”uenced the lowerdominated the total catch. Salem Harbor catches of winter
“sh abundance and reduced the presence of sand shrinflounder, skate and Atlantic cod were highest of all
as a dominant decapod. Fish that prefer cooler watestations.The species composition in Salem Harbor tows
temperatures were ranked high at Marblehead Harborwere similar to tows from Haste Channel.The ranks of the
The frequency of occurrence for cod was the highest fortop five fish in terms of frequency of occurrence are
all stations, and relative abundance for the followingdentical at the two stations. From May-October, skate
species was highest for all stations: sea raven, longhag@adults) and winter "ounder (juveniles) dominated the “sh
sculpin, ocean pout, and sea scallop. Lobster catch/tow armbmposition. High winter "ounder catches of primarily
frequency of occurrence was highest among decapods ¥0OY occurred during October and November (26-
Marblehead Harbor, and the frequency of occurrence wa$6/tow).
highest among stations.Winter "ounder and skate were
commonly caught here, but densities were routinely low, RELATIVE ABUNDANCE OF

not exceeding 10/tow. COMMON SPECIES

Haste Channel (harbor channel habitar). Twenty species of ~ Catch per tow (number of “sh per 5-minute trawl tow)

fish, nine species of decapods and two other species @@ta for the three most commonly caught fish and
invertebrates were caught and quanti“ed from 34 tows atdecapods were used to illustrate seasonal and habitat trends
Haste Channel (Table A.38). Five species of “sh occurredn relative abundance.The following species ranked 1st-

in at least a third of the tows: winter "ounder (91%), skate3rd for both relative abundance and frequency of
(68%), windowpane (65%), red hake (50%), and Atlanti®ccurrence for fish a}nd decapods, r_espectlvely: winter
cod (44%). Four species of decapods occurred in at leasteinder, skate, Atlantic cod, sand shrimp, rock crab, and
third of the tows: rock crab (97%), sand shrimp (94%), andPbster. Catch per tow data for other species were not

lobster (71%). Only Greenland shrimp was unique toSummarized because catches for many species "uctuated
Haste Channel trawl catches. widely and fewer individuals were caught.

Total “sh catch and species richness at Haste ChannéVinter Flounder. The relative abundance of winter
ranked second to Salem Harbor.Winter flounder, skate’ounder increased gradually during spring and summer
and cod were caught in relatively high abundance at Hastand peaked in the fall at most stations (Figure 6.3). Higher
Channel, each ranking second to Salem Harbor. Thecatch rates were found at the harbor channel stations
majority of cod were YOY caught in April and July.The during most months. Sglem Harbor had the highest mean
relative abundance of windowpane and silver hake wagatch rate (14/tow) during the warm months and Beverly
highest among trawl stations. The majority of silver hakeCove had the lowest (2/tow). The higher catches in the
wereYOY caught in August. Half of the “sh species were fall were associated with increasing numbers of YOY
caught infrequently (1-3 tows). Sand shrimp and lobsteflounder aggregating in the harbor channels and the
were common decapods but did not rank high among Danvers River. Estimates of relative abundance for all
stations. The relative abundance of rock crab at Hastgtations combined showed similar seasonal patterns with
Channel was ranked second among all stations, and all ba@bitat differences causing substantial variation in the fall
one tow here caught rock crab. (Figure 6.4).

Salem Harbor (harbor channel habitar). Twenty-“ve species  Skate. The occurrence of skate in Salem Sound was mostly
of “sh, eight species of decapods and three other specié®ited to the warm months. Only “ve skates were caught

of invertebrates were caught and quanti“ed from 33 towsoutside of May-October. In addition to the distinct

in Salem Harbor (Table A.39). Five species of fish occurregeasonal trend, most skates were caught at the harbor
in at least a third of the tows: winter "ounder (94%), skatechannel stations (Figure 6.5).The highest mean catch rate
(70%), windowpane (67%), red hake (45%), and Atlantié12/tow) during the warm months occurred in Salem

cod (33%). Five species of invertebrates occurred in at ledd@rbor and the lowest (2/tow) occurred at the
Marblehead Harbor station. Mid-summer peaks in catch
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Figure 6.3 Monthly mean winter flounder calch per trawd tow, 1987,
Four fows per maonth were attempted for May-Ociober and two fows per
manth for the remaining months al each station,
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Figure 6.4 Monthly mean trawl catch par low (+= 2 SE) for winter
flounder at &l stations during January-December, 1997,
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rates were found at the harbor channel stations and acatch rate occurred in the Danvers River (<1/tow) and
exodus from these habitats was indicated after the firsione were caught there after May.

October trawl sample. The entry and exit of skates mg)bm“ Lobster were commonly caught from May

Salem Sound appeared to be influenced by wate - .
temperature (Figure 6.6). Figure 6.6 also illustrates th hrougthove(rjnber, afnd fe‘\JN were t&kenhlnFAprll aGng
higher catch rates of adult skate than adult winter "ounde Mecem er ﬁm none from arlllua_ry- arc (flgure 8).
in 1997 ean catch per tow generally increased from May-

September at most stations. Large catches of juvenile
Atlantic Cod. Mean catch per tow for Atlantic cod was lobsters were made in August and September at Beverly
variable during February-September, and no cod wereCove and Marblehead Harbor, the two most productive
caught during October-January (Figure 6.7). Nearly halfstations for lobsters. Relative abundance increased greatly
of all cod were caught in March and April, and a smallerin September at Beverly Cove (mean of 116/tow),
pulse occurred in July. All cod were YOY that occurred suggesting a late summer association with juvenile lobsters
primarily in patchy concentrations at the harbor channeland the eelgrass at Beverly Cove. Beverly Cove had the
stations.The highest mean catch rate for the year occurrdutighest mean catch rate (43/tow) during the warm
at the Salem Harbor station (5/tow).The lowest mean months and Salem Harbor had the lowest (3/tow).
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Figure 6.5 Monthly mean skafe catch per iow at each trawl station, 1897, Four
tows par month were attempted for May-October and two tows per month
for the remaining months,
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Figure 6.6 Mean catch per trawl tow of adult wintar flounder and skate, 1987,
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Rock Crab. For most stations, catch rates of rock crab wereSand Shrimp. Sand shrimp was an abundant decapod at all
consistent and not subject to high seasonal variation sestations and catch rates were variable; duplicate tow
for other species (Figure 6.9). The exception was atatches commonly differed by hundreds of shrimp and
Beverly Cove, where a late summer peak was observeaccasionally by thousands.Very few tows had zero catches.
similar to lobster at this station (Figure 6.10). Rock crabThe highest catch rates occurred in the Danvers River
was one of the few fish or decapods that showed consistedtiring the spring and fall (Figure 6.11). Several observed
catches during the cool months. The mean catch ratetrends in sand shrimp relative abundance may relate to
during May-October for all stations were in a similar habitat differences.The low catch rates at the Marblehead
range of about 2-6 rock crab/tow except Beverly Cove Harbor station indicated that this cooler, deeper channel
(24/tow) where large numbers of YOY rock crab were does not attract high densities of sand shrimp. Beverly
caught in August and September. Cove catch rates displayed an April-June peak that may
relate to the onset of eelgrass growth. Pooled catches of
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Figure B.7 Monthly mean cod calch per tow at each trawd stabaon, 1997,
Four tows per manth were altempted for May-Cotober and two tows per month
far the remaining moanths at each station.
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Figure 6.8 Monthly mean lobster catch per tow at each trawd station, 1997,
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sand shrimp revealed spring and late fall peaks, coincidipgovided in the Appendix (Tables A.40-A.44). Overall,
with cool water temperatures (4-10° C) at the subtidaljuveniles dominated the catches, with the exception of

trawl stations (Figure 6.12) skate, which were primarily large adults.

Winter Flounder. Winter flounder size distribution
LENGTH DISTRIBUTION OF vaied greatly among stations and months, partially due to
COMMON SPECIES the seasonal movements of several age classes. Winter

Most species were not caught in suf‘cient numbers to"ounder ages were assigned based on known age-length
summarize size composition by month or station. Lengthrelationships (Witherell et al. 1990). Length frequencies
measurements are summarized below for the three mogjere constructed for the spring, summer and fall to
common “sh (winter "ounder, cod, skate) and lobster andjljustrated seasonal age class dynamics in Salem Sound
sand shrimp. Summary statistics for these species @rgure 6.13). Most winter flounder caught during the
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Figure 6.9 Monthly mean trawl catch per tow (+/- 2 SE) for rock crab
at all statsons during January-Decambsar, 1957,
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Figure 6.10 Maonthly mean rock crab catch per trawl fow, 1987,
Four tows per month were attempled for May-October and two tows
par manth far the remaining months.
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spring were age-1, although this period also included theskate. The size compositions of skates were similar among
highest catches of legal sized (>305 mm) flounder, andtations during their seasonal occurrence in Salem Sound
YOY “rst appear in late June.The summer catches werdgFigure 6.14). Most skate were adults ranging in size from
primarily a mixture of juvenile age classes, as age-400-550 mm (Figure 6.15). The Danvers River had a
overlapped withYOY and age-2. Larger "ounder left the largest proportion of adult skates (Table A.42): only three
Sound in the fall, while many juveniles remained. skates <400 mm were caught in the Danvers River. All
November and December catches were dominated byskates caught were either little skate or big skate.
YOY. Nearly all legal size "ounders were caught betweenindividuals of both species were identi“ed based on teeth
April and September with a peak in June. Legal sizeounts, size at maturity and maximum size (Bigelow and
"ounders comprised 16% of winter "ounder catches atSchroeder 1953, and Waring 1984), however, it was not
Marblehead Harbor (highest among stations) and theractical to identify all individuals.The common catch of
harbor channel stations had the lowest percent&@®(  mature males in the size range of 350-450 mm indicated
that a majority was little skate.
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Figure 6.11 Maonthly mean sand shrimp calch per trawl low, 19897,
Four tows par manth were attempied for May-Ociober and two tows
per month for the remaining months.
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Figure 6,12 Mean sand shrimp calch par low (+- 1 5E) and mean boliem
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Atlantic cod. All cod caught in Salem Sound in 1997 were catches were made. Cod larger than 110 mm were not
YOY. We grouped all cod lengths because the patchycaptured, raising the question whether larger cod were
catches limited comparisons of cod size composition bpresent and avoided the shrimp trawl.

station (Figure 6.16).The few larger juvenile cod (~1OOL0b5t€K The majority of lobster was caught from May-
mm) were YOY caught late in the season. A protracted ovember and the average size was fairly consistent
spawning season was evident by the capture of post-larv 'ﬁmng stations and months. Most lobsters were juveniles
(15-30 mm) in March/Apr_ll and July. Otherwise, mean and only 1% were legal size (>83 mm). The size
cod_lengths were very similar (30-50 mm) throughout the distribution of lobster was symmetrical about a mode of
period of February to September when the last cod50 mm carapace length (Figure 6.17). Mean carapace
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Figure 6.13 Length frequancy (10 mm inlervals) of winter floundear in trawl caich: all
stations combined during three month perkods of spring (A), summer (B), and fall (&), 1997,
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lengths were tightly matched for the “ve stations (Figuretrawl stations by a Salem State College intern
6.18). Only the Marblehead station lobsters showedOsDochartaigh 1998).The measurements revealed several
separation from the other stations, as they were slightlyrends in shrimp size variation among stations throughout
larger during all months.With the exception of a few caseshe season (Figure 6.19). Monthly mean carapace lengths
with small sample sizes, all comparisons of monthly meanere largest at Beverly Cove, and smallest at stations
carapace length among stations were not significantlyithin or close to the Danvers River. Gravid females were
different (t-test, P > 0.05). found in most subsamples measured during April-
September, but few were found during October-

Sand shrimp. Sand shrimp were measured from 12 . . X
ecember The “ve highest percentages of gravid shrimp
subsamples of catches at two seine stations (Tuck Pof],I subsamples occurred at Beverly Cove (25-43% of

and Sandy Beach) and 23 subsamples of catches from four
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Figure 6.14 Meaan total length (mm) of skate at trawl stations during
May-Ociober. 1997,
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Figure 6.16 Length frequency (5 mm intervals) of Atlantic cod in trawl
calch: all stations combined for February-Oclobar, 1987
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Figure 817 Length frequancy (2 mm intervals) of lobister in trawd

(Mo.) calch; all stations for April-December, 1997
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Figure 6.18 Mean carapace length (mm) of labster at trawl stations
during May-MNovembser, 1997,
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Table 6.8 Length measurameants of selected spacies in traswl catch {TL, mem), 1987,

Species Station N Mean sSD Range Month
Atlantic herming Salem Harbor 12 ] 8.08 GE-93 July
butterfish Salem Harbor 51 T1 8.51 48-87 (hzd
rainbow smelt Salem Harbor 22 112 2275 44-170 July-Oct
Ioligo souid all stations 41 23 G.18 12-40 SepliOct
sibver hake Haste Channel 27 a7 4,88 27-50 Aug
silver hake Haste Channal 12 G2 14.50  48-102 Sepl.
silvar haks Salem Harbor 18 ag 168.44 a7-129 Ot
rad hake Beverly Cove a7 By 18.81 87-165 Jdunly
red haks SalemiHaste 34 133 5E.05 hE-239 Sapt /Ot
wandowpane all stations 28 238 a7.02 116-320 May June
windowpane all stations 38 1] 16.63 44-117 gt Moy

subsample). These catch rates indicate an associationrS&fBTIDAL HABITAT ASSOCIATIONS

large, gravid females with eelgrass habitat during thgubtidal and intertidal sampling stations were classi“ed in
summer at Beverly Cove. general physical categories prior to sampling in order to

Other Species. Relatively few length measurements were CONtrast species diversity, composition and relative
made for most other species, but, for several speciedoundance by habitat type. Our interest was to improve

the data grouped by station or month provides usefuﬁ_ur understandipg of habitat relatio_nships to the life
information on age composition (Table 6.6). Most of istory of valued “sh and crustaceans in Salem Sound. For

these individuals were YOY or juveniles. All Atlantic the intertidal seine stations, major habitat effects among

herring, butterfish and silver hake, and most rainbowStations were not apparent. More evidence of habitat
smelt, loligo squid, and red hake caught were YOY. in"uence on subtidal fauna was found at the trawl stations.

A wider range of sizes was found for windowpane Harbor Channel Stations. Salem Harbor and Haste Channel
(Table A.45), similar to winter "ounder. Mixed sizes were had the highest species richness and relative abundance of
found during May-September, with an increase of YOY many common species among trawl stations.The substrate
evident in August. During June and July, windowpane at the harbor channel stations had the highest percentage
(mostly 200-300 mm) were caught only at the harbor of fine sediments and provided the least amount of
channel stations.The larger individuals departed the travdtructure. The attraction of the habitat at these stations is
zones in the fall and by October all caught wereYOY.The not known. Relatively high densities of sand shrimp,
three summer flounder (uncommon in Salem Sound)mysids, and tubed amphipods at the harbor channel
caught in the Danvers River were large individuals (355stations suggest the presence of suitable forage.The deeper

405,500 mm). harbor channels also maintained cooler, more consistent,
bottom water than Beverly Cove or the Danvers River.
DISCUSSION \We suspect that the water temperature dynamics and the

The' fish catch composi'tion at the Salem Sound trav_vl rustacean forage base were influences on the well-
stations was characterized by a large number of f's,gb“ned migration of skate to the harbor channel habitats
species, predominance of juveniles and demersal Speciggying May-October. The Salem Harbor station stood out
and relatively few species that occurred frequently andg haying the highest “sh abundance, richness and most
abundantly. The catch composition of decapods wagnique species. It is not possible to determine from our
dominated by three species: sand shrimp, rock crab argyta whether the identi‘ed surface warming from heated
lobster. By a considerable margin, winter "ounder was the,;\ver plant discharge exerts any in’uence on subtidal “sh

most consistently and commonly caught fish species, decapod composition and abundance.
Peaks in relative abundance and species diversity came in

the summer and fall and appeared to be driven by the The higher fish abundance and richness at harbor
recruitment of YOY fish to subtidal habitats.The following channel stations is not consistent with comparisons

section relates our fish and decapod catches to specifi€tween vegetated and unvegetated habitats in a Cape
subtidal habitats. Cod inlet (Heck et al. 1989) and Chesapeake Bay (Orth

and Heck 1980). More recently, a study of estuarine
habitats in New Jersey matched the fauna of trawl catches
to habitat type and found a positive association of species
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richness and diversity to the structural heterogeneity oChesapeake Bay (Orth and Heck 1980; Heck and Orth,
habitat (Szedlmayer and Able 1996).They identi“ed the1980). Sand shrimp, rock crab, mysids, lobster,and cunner
physical heterogeneity of habitat as a good predictor odll displayed large increases in catch/tow during speci“c
estuarine fish and decapod assemblages. The previqueriods of the eelgrass growing season. The catch of
studies also found higher fish diversity at eelgrass afavenile lobster in September was dramatic, averaging over
structurally complex habitats. This is consistent with “sh100 lobster/tow.This association is contrary to Heck et al.
catches at Beverly Cove and Marblehead Harbor(1989) where little evidence was found that eelgrass
however, relative abundance and richness wergrovidedimportantlobster nursery habitat ata Cape Cod
unexpectedly high at the more homogenous substraténlet.

found along the harbor channel stations. Juvenile Nursery Habitat. A common observation for all

Outer Channel Station. The outer channel habitat at the subtidal trawl stations in Salem Sound was that juveniles
Marblehead Harbor station was characterized by havindominated the size composition of most fish and
greater depth, larger bottom sediments and cooler bottormdecapods. A majority of juveniles were YOY, which
water temperature than the other trawl stations. Kelp wasecruited to these subtidal habitats in late summer and fall.
the primary macrophyte at this station. Speciesiwo notable exceptions to this trend were the catches of
composition of fish did not vary much from the other adult skate and juvenile lobster (older than YOY).The
stations, with the exception of more frequent occurrencesselectivity of the shrimp trawl is a potential bias that
for several species that favor cooler water. Relative fisehould be considered when evaluating size composition
abundance was lowest among stations, however thdata.The limited head rope rise and small sweep may have
balanced species composition resulted in the secorallowed larger individuals to avoid the net. The trawl
highest diversity rank.The kelp and gravel bottom wascatches of juveniles does indicate that these habitats are
presumably well suited for lobster, as evident by thé@mportant nursery habitats for several species of “sh and
highest frequency of occurrence rank among stations andiecapods.

the high density of commercial lobster pots.

Danvers River. The river channel habitat in the Danvers COMPARISONTO PREVIOUS STUDIES

River was unusual because of the rich structure provided he interpretation of trawl catch data and comparisons to
by a composite of watershed debris, sponges, tunicates, aBtgvious efforts must be made cautiously because
molluscs. No resident species of macrophytes werglifferences in sampling design and variation in the
identi“ed in the navigation channel used for a trawl path. ef‘ciency of trawl nets at capturing all species occupying
This benthic structure was not noted in the 1965 study,subtidal habitats. The shrimp trawl deployed was a
and was markedly different from all other trawl stations Pottom-tending net with sweep of 9.1 m and a maximum
Catch rates of sand shrimp and green crab in the Danvef$ad rope rise of 1.8 m.This relatively small net may have
River exceeded the other stations. In addition to the greerbeen selective towards smaller fish, less able to avoid
crab, other invasive species, the European oyster arfpture.The net design was also selective for demersal “sh
several tunicates were found at high densities. Th&nd not ef‘cient at catching pelagic species.Therefore, we
abundance of these invasive species appears to h&kspect the catch did not fully portray the pelagic fish
increased in the past decade (B.Chase, pers. obs.), howeg@mmunity in Salem Sound. Several species of pelagic “sh
little information is available on ecological interactionswere caught incidentally. Sporadic catches of pelagic “sh

between invasive species and natural communities. ~ and observations on the depth sounder of pelagic schools
, . _ _ ... . inthe water column indicated that pelagics occur more
Eelgrass Habitat. Interesting associations were identified equently at the trawl stations than found in the trawl

between the faunal community and speci“c species angaich Depth sounder observations of pelagic schools were
eelgrass beds at the Beverly Cove station. Previoysosi common at the Salem Harbor station.
investigations have found vegetated habitats to support

higher fish and decapod diversity and abundance than Despite the limitations in gear selectivity, we believe the
unvegetated habitats (Heck and Orth 1980; Heck et altrawling effort provided catches that reflect the
1989; Sogard and Able 1991). Beverly Cove did have th&€omposition of resident and migrant fish and decapods
highest species diversity among stations but relativexpected for subtidal habitats in Salem Sound.The list,
abundance and richness were lower than the lesglominance, and rank composition for species are typical
structured, muddy bottom of the harbor channel stations Of cold-temperate waters for embayments in the Gulf of
A strong seasonal effect was observed at the eelgrd4gine (Bigelow and Schroeder 1953; Jerome et al. 1967;
habitat.While the other stations displayed fall peaks of forlaedrich and Haedrich 1974; Heck et al. 1989; and
fish and decapods, the highest catches at the eelgrddgschbaum and Purintan 1997).The question arises over
habitat coincided with the summer growing season forwhether there has been a change in the species
eelgrass. This relationship has been demonstrated §®mposition or in the abundance of important species
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since the 1965 DMF study on Salem Sound. Thisdeclined since the 1965 study (Vaughn 1993; ASMFC
important topic is not easily addressed because of the 1a@®98b).Winter "ounder have clearly declined since 1965
of adequate annual baselines to monitor changes. Thigigure 6.20), yet were the most common “sh caught in
1965 DMF study and the Salem Harbor power plant both studies.The peak 1965 winter "ounder catches were
investigations in the 1970s are the only studies availab&ult fish caught in the spring, while a majority of the
for direct comparison to the 1997 study. In the next two catch in 1997 was YOY and age-1 juveniles caught later
sections, we discuss major “ndings of the 1965 study anith the season. Cod were highly ranked in both the 1965
Power Plant investigations and compare them to the 1996tter trawl and 1997 shrimp trawl catches, but adult cod
trawl catches. werecommon in 1965 whereas only YOY were caughtin
1965 Salem Sound Study. Comparisons of 1965 and 1997 1997.Yellowtail flounder were common In 1965 (58%

FOC in otter trawl) and uncommon in 1997 (1% FOC in

trawl data are limited because of differences in trawl nets, . : .
: . - rimp trawl). Haddock were caught during one tow in
and sampling designs (Table 6.7). Catchability for som§;65 and absent in 1997. However, despite the known

species certainly varied between the shrimp trawl used i

. Gulf of Maine changes, differences in trawl net sizes and
1997 and the larger net towed by a 12.2 m dragger in o -
1965. The shrimp trawls used in 1965 and 1997 Werecatchablllty greatly limit the use of Salem Sound data to

JEe e . oY iscuss population changes.
similar in size, but catch comparisons are also limited du% pop 9

to the lack of a liner in the 1965 net and few number of  Skate catches between 1965 and 1997 are not similar
trawl tows in 1965. However, a descriptive comparison ofand may not be biased by differences in net catchability.
the catch data is useful because the 1965 data still repres@ver 600 skates were caught at a high frequency of
a directed trawling effort (36 tows) in Salem Sound with occurrence (59%) in 1997, and most of these were large
three common stations to the 1997 trawling. adults (>40cm). Skates clearly dominated the overall

In 1965, 28 species of fish were caught in 36 tOWSblomass of 1997 “sh catches that were otherwise mostly

(Table 6.8). Records were not kept on catch of decapods'luggg'!?h sh. Only four skates were caught In 36 tows in
Similar to 1997, winter "ounder was the highest ranked - 1he 1.4'9 m trayvl should have ea_lsny caught skates
I y : of this size if present in large numbers in 1965.

fish in terms of frequency of occurrence in trawl tows

(1965 otter trawl - 96%, 1965 shrimp trawl ... 83%, andalem Harbor Power Plant Investigations. Trawl sampling was
1997 shrimp trawl ... 86%). Other than winter "ounder, conducted during DMFes ecological investigation of the
only Atlantic cod, yellowtail "ounder, Atlantic tomcod, impact of the Salem Harbor Power Station on marine
and American eel occurred in a third or more of the otter resources from 1971-1979.A 14.9 m (sweep) otter trawl
or shrimp tows. Most other species occurred incidentallynet towed by a commercial dragger, and a 9.1 m (sweep)
in only a few tows. Seven species occurred in 1965hrimp trawl net towed by a small boat were used to
trawling that were not found in 1997, while 15 species sample fish (Table 6.7). Trawling was not conducted in
that were caught in 1997 were not found in 1965. 1975 or 1976, and annual coverage was not continuous
Therefore, 22 species did not co-occur in both samplingfor several other years. Sampling focused on Salem
periods. This number may appear high but some ofHarbor, but some limited trawling was conducted outside
absences may be related to sampling design and Salem Sound. Substantial differences exist in sampling
catchability differences and not reflective of ecologicatlesigns, trawl nets, and stations between the Power Plant
changes. For example, American eel and pollock werefforts and studies in 1965 and 1997. Sampling methods
caught in 1965 but not in 1997, yet they were observed inused in 1972 and the two-year period of April 1977 to
1997 during other components of the study. March 1979 allow limited comparisons to trawl sampling
Environmental influences on fish distribution may in 1965 and 1997.

account for the presence of warmer water species such aSDuring 1972 and 1977-1979, otter trawl sampling was

scup, moon'sh, summer "ounder and northern sea rObInconducted at the Salem Harbor station and one station in

in 1997, and their absence in 1965. The differences irb . X
: ' alem Sound.The shrimp trawl was towed at two stations
shrimp trawl frequency of occurrence for grubby (1965 . ; ithin Salem Harbor ang “ve stations outside in Salem

0 0 X ; :
0%, and 1997 ... 34%) and ninespine stickleback (196 gund in 1972. Only the two Salem Harbor stations were

0 0 i
17%, and 1997 ... 0%) appeared unusual. leferencessl mpled in 1977-1979 with the shrimp trawl. A similar

such catch observations could be related to the use of &
. . S sized net for the three otter trawl efforts should have pro-
?rggheenn%;lzg:ngir}ggz or coincidental effects of low duced similar catchability. The differences in cod-end net
' liner and sampling designs greatly limit comparisons of the
It is tempting to use trawl catch data from the 1965 andfour shrimp trawl sampling records. Replicates and bi-
1997 studies as evidence of population changes faveekly sampling were targeted for the 1977-1979 period,
important Gulf of Maine groundfish. Winter flounder, however, deviations from this design were common be-

yellowtail flounder, Atlantic cod and haddock have cause of gear problems (primarily lobster pot obstruction).
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Table 6.7

Trawl net specifications used for Salem Sound marine resource studies. Sampling frequency

noted as "monthly*" targeted monthly replicate trawls during the cold months and biweekly replicate trawls
during the warm months. Biweekly sampling frequency included intermittent triplicate and weekly sampling.

Year Net Boat Sweep Wing Cod-end Cod-end Duration of Sampling Stations Tows

(m) (m) Mesh (cm) Mesh (cm) Liner (cm) Tow (min) Frequency (No.) (No.)
1965 otter 12.2 14.9 12.7 10.2 none 20 monthly 3 24
1972 otter ~12.0 14.9 12.7 10.2 none 20 monthly 2 40
1977-79 otter ~12.0 14.9 12.7 10.2 none 20 biweekly 2 133
1965 shrimp 4.9 9.1 3.8 25 none 5 July/Oct. 6 12
1972 shrimp 6.1 9.1 3.8 2.5 0.32 5 monthly 7 104
1977-79  shrimp 6.1 9.1 3.8 2.5 0.32 5 biweekly 2 173
1997 shrimp 7.0 9.1 3.8 3.8 0.64 5 monthly* 5 168

Table 6.8 Mumber of fish caught and frequency of occurrence (FOC) in 1965 trawl catch,

Trawl fowws wera made with 48 | otter trawel (24 tows), and 30 it shrimp trawd (12 tows)
48 ft, Trawl 49 fi. Trawl 30 fi. Trawl 30 ft. Trawl

Species Catch FoC Catch FOC Total Fish
(Mo (Mo (Mo (Mo} (Mo}
wrdir lounder 1724 23 230 10 1954
Atisntic cod av 18 av
yelowtail founder 5 14 59
haddock 34 | -]
edvar hake 29 3 29
fowrspine stickishack 28 2 24
A snic homcod 24 5 24
thresspine stckisback 16 2 16
langhorn sculpin 2 P 10 4 12
Wi pane 2] 3 1 1 10
red haka 0 i 10
ooemn poul g & B
Arnanican ee =] 4 |
Atlantic slverside 7 1 ¥
pallock 3 3 3 1 g
rainbiow emelt 4 3 2 1 &
northern pipefish 5 2 b
ninespens sfickleback ] 2 5
ekats (bwo Raja sp.} 3 3 1 1 4
lumgdish 1 1 3 2 4
858 raved 2 2 2
goosefish 2 2 2
while hake 1 | 1 1 2
blueback henmng 1 1 1
epany dogfish 1 1 1
seagnail 1 1 1
O 1 1 1
Total 1977 355 2332
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Figure 6.20 Winter flounder commercial and recreational landings
imt} in the Gulif of Maine, 1964-1997 (ASMFC 1998)
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Trawling caught 33 fish species in 1972 and 32 fishthe 1970s and was 1.98 in 1997. Shrimp trawl catch per
species in 1977-1979 (Table 6.9). Species totals wetew was typically higher in the 1970s than in 1997. A
similar in 1965 (28) and 1997 (35). Five species wer@rimary reason for this, and in"uencing He as well, were
unique to the Power Plant trawling. Eight species werethe higher catches of winter "ounder, Atlantic silversides
unique to the 1997 study and the 1965 study had one.Allnd sticklebacks during the shrimp trawling efforts in the
unique species occurred incidentally, with the exception1970s.
of 90 butter“sh caught in 11 tows in 1997. Overall, the
rank abundance of common fish species caught by thﬁ1
otter trawling is fairly comparable. Winter flounder
dominated the otter trawl catch for all periods, with
secondary contributions from skate, windowpane, cod an
yellowtail "ounder.All other species occurred incidentally. P
The shrimp trawl catch showed a similar rank of common
species to that in 1965 and 1997. Winter flounder
dominated the catch during each period. Catch rates fo
Atlantic silversides and stickleback species were muc

lower in 1997 than the previous three periods, and catche pecies rank correlation was not tested between 1997

f/(\?é raenri(g?é?ggySigvssérp%té?éﬁ“’r';?éin%Plgfgtzc\lfvgfér{plg rawl data and oth_er years because of 'differences in study
highest i o . @e&gns. Comparisons of fyke and seine net catches at a
ghest in 1997 despite the use of a larger net durin : :
longer tows in 1965, 1972 and 1977-1979. entral_ Maine estuary during _the early 19903 anq 1970s
' found little change in the species composition during the
The Power Plant investigations generated estimates ¢#o decades (Lazzari et al. 1999).This appears to be the
species richness and diversity speci“c to Salem Harbocase for species composition in Salem Sound, and may be
These data can be compared cautiously to 1997 Saletgpical of embayments in the lower Gulf of Maine.
Harbor data.All annual values (both nets and three Sale@onspicuous changes in catch rates for some individual
Harbor stations) of species richness and diversity in th&pecies were found; many of these are probably an
1970s are lower than 1997 values.Annual species richnesfluence of sampling selectivity, although some may
ranged from 9-20 in the 1970s and was 25 in 1997.There”ect region-wide changes in Gulf of Maine stocks.
annual diversity index (He) ranged from 0.17-1.06 during

The Power Plant investigations found little evidence
at the electric generating station was affecting fish
populations in Salem Harbor (Anderson et al. 1979).They
ound no negative trend in catch per tow and the
hannon-Weaver diversity index from 1971 to 1979.The
over Plant study also found a signi“cant association in
species rank abundance for Salem Harbor trawl catches
etween 1971-1974 and 1977-1979 (Anderson et al.
979).These analyses led to the conclusion that the “sh
pecies composition did not change in Salem Harbor.
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Table 6.9 Trawl catch summary for DMF Salem Sound and Salem Harbor power plant studies.

Catch per tow numbers are standardized for 9.1 m trawl tows (5 min) and 14.9 m trawl tows (20 min).

1997 77/78/79 1972 1965 77/78/79 1972 1965
Species 9.1mNet 9.1mNet 9.1mNet 9.1mNet 14.9m Net 14.9m Net 14.9m Net
(No. of tows)  (168) (104) (40)
winter flounder 6.4 8.8 7.5 19.2 24.2 237.0 71.8
skate (Raja sp.) 3.8 0.2 0.1 0.1 1.3 1.9 0.1
Atlantic cod 2.2 0.6 0.6 <0.1 3.7 3.6
cunnner 2.0 0.7 0.2 <0.1 0.2 <0.1
windowpane 0.9 0.1 0.1 0.1 0.8 5.6 0.4
grubby 0.8 0.5 0.3
red hake 0.8 0.4 0.1 0.8 <0.1
northern pipefish 0.5 15 29 0.4
butterfish 0.5
silver hake 0.4 <0.1 <0.1 0.2 1.2
rock gunnel 0.3 <0.1 <0.1 <0.1
Atlantic silverside 0.2 4.8 1.9 0.6
lumpfish 0.2 0.3 <0.1 0.3 <0.1
rainbow smelt 0.1 1.2 0.2 0.2 0.1 0.4 0.2
Atlantic herring 0.1 <0.1 <0.1
northern sea robin 0.1 <0.1
white hake 0.1 0.5 0.7 0.1 0.2 <0.1
sea raven 0.1 <0.1 <0.1 0.3 0.1
ocean pout <0.1 <0.1 <0.1 <0.1 1.2 0.4
shorthorn sculpin <0.1
longhorn sculpin <0.1 0.8 0.3 0.1
seasnalil <0.1 <0.1 <0.1
fourspot flounder <0.1
Atlantic menhaden <0.1 <0.1 <0.1
Atlantic tomcod <0.1 3.1 1.8 2.0
summer flounder <0.1
scup <0.1
threespine stickleback <0.1 13.6 5.8 1.3
yellowtalil flounder <0.1 <0.1 <0.1 10.7 25
Atlantic moonfish <0.1
Atlantic mackerel <0.1 <0.1
radiated shanny <0.1
striped seasnail <0.1 <0.1
fourbeard rockling <0.1
fourspine stickleback 23.3 34 23
ninespine stickleback 3.3 1.2 0.4
American eel 0.4 0.1 0.8
pollock 0.1 0.3 0.1 0.1
alewife <0.1 0.1
mummichog <0.1 0.1
striped anchovy <0.1
smooth flounder <0.1
sand lance <0.1
blueback herring <0.1 <0.1
goosefish 0.1 0.1
striped bass <0.1
haddock 1.6
spiny dogfish <0.1
Total Fish catch/tow 20.0 63.7 27.2 29.6 26.7 261.7 82.4
Number of Species 35 27 29 17 14 18 20
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CONCLUSION Beverly Cove (eelgrass) stations. The highest relative
Trawl sampling in 1997 provided evidence of a diverseabundance for Iobsfter was algo found at these statio_ns.
community of demersal fish occupying the subtidau_JnexpectedIy,the highest relative a_bundance and species
habitats of Salem Sound. Fish species richness was higghness for “sh was found at the uniform, muddy bottom
(35), although the three most common fish (winter of the harbor channel stations in Salem Harbor and Haste
"ounder, skate and Atlantic cod) comprised over 60% ofChannel.

total “sh catches. Decapod crustacean catches diSDlayedComparisons to previous DMF trawling efforts in
lower species richness and diversity, and were dominategh|em Sound reveal no obvious reductions in species
by sand shrimp, rock crab and lobster (88% of recorde@yersity or major shifts in the rank of common species
decapod catch). Few other “sh or decapods were caugttiyer the four data series (1965, 1972, 1977-1979, and
frequently or abundantly relative to these six speciesigg7). A total of 49 fish species were caught by trawl
Overall, the species composition appears typical of thajyring the four study periods (including two species of
expected for a Gulf of Maine embayment. skate). Most of the commonly caught demersal “sh held

A large majority of the “sh caught in the shrimp trawl Similar ranks among study periods.Winter "ounder held a
was juveniles. Peak catches of fish in terms of relativdigh rank of relative abundance for each trawling effort.
abundance, richness, and diversity came in the summéfostly YOY and age-1 winter "ounder were caught in
and fall, and appeared most in"uenced by warmer wate#997, indicating that Salem Sound continues to provide
temperature and the recruitment of YOY fish to the Valuable nursery habitat for this species. Comparisons
subtidal habitats. The timing and relative abundance obetween these studies should be made cautiously because
YOY catches indicate that the stations sampled containe@f differences in trawl net selectivity and sampling designs.
valuable nursery habitat for several commercially andf is also important to consider that the unusual
recreationally valuable species. The highest “sh diversitgccurrence or lack of a given species during annual studies
was associated with the greater structural complexitynay simply be a function of natural annual variation or
found at the Marblehead Harbor (larger sediments) angampling variability as opposed to ecological changes.

Winter "ounder caught trawling in Salem Harbor
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CHAPTER 7. OTHER RESOURCES AND COLLECTIONS

The 1997 study focused on water chemistry and marine Five species of the order Mysidacea were identified.
“sheries resources in Salem Sound.This chapter contaifdysids were common at most trawl and seine stations.
summaries of observations and collections of other marin€hree species were found on occasion at high abundance:
resources in Salem Sound.The sections include designéunus flexuosus, Mysis mixta, and Mysis stenolepis. Mysids
collections that accompanied trawl and seine effortare small, delicate shrimp not large enough to attract
(identification of invertebrates and macrophytes), andeconomic interest, but they are vital to local food webs.
discussion on valuable resources that were not speci“calljigh densities of small mysids (thousands per trawl tow)
sampled (diadromous fish and invasive species).We alaere caught in late spring at the Beverly Cove eelgrass
included references to independent studies that utilizedtation, and larger mysids were caught again in high
1997 field efforts to sample marine resource of locatlensities during the September tows.

interest (trophic interactions, contaminants, and scuba

survey), Four species of the order Amphipoda were identi“ed.

The scud Gammarus oceanicus) and skeleton shrimp
(Aeginella longicornis) were common to the eelgrass station.
INVERTEBRATES The tubed amphipodlptocheirus pinguis) was observed
The species composition of invertebrates in Salem Soungk low frequencies in catches at the Harbor Channel
is extremely diverse and numerous inconspicuous speciggtions, but other observations imply these small
are abundant.We endeavored to record the presence @fmphipods were abundant. For instance, large numbers of
major arthropods in Salem Sound, and all crustaceans @fped amphipods were found in skate stomachs from
the order Decapoda were quanti“ed and reported in theharbor channel stations. Each bottom grab sample of
Seine andTrawl chapters. Some very small arthropods argdiments at the harbor channel stations (N = 12)
other invertebrates occurred in trawl and seine catches biontained from a few to several dozen tubed amphipods.
could not be accurately quantified because the larger mesthe Salem Harbor Power Station investigations also noted
size of the sampling nets.These specimens were saved fee¢ abundance of tubed amphipods when benthic
later identification. Identification of invertebrates was sampling in the 1970s recorded tubed amphipods as the
made using the guides of Smith (1964), Gosner (1978 qumerically dominant Arthropod (Chesmore et al. 1973).
Meinkoth (1981),and Pollock (1997). Other invertebrate , _ ,
Phyla were also present in Salem Sound but catches were I N€ Observations of arthropods in Salem Sound during
limited because of the “sheries gear used. Observations or?9/ indicated that sand shrimp, mysid shrimp, and tubed
the Phyla Porifera, Chordata, Annelida, and Echino-2MPphipods were numerically abundant and vital
dermata were made and summarized below. Observatiof@MPonents of local food webs. Lobster, rock crab, green
of the Phylum Mollusca focused on larger bivalves and argf@P and hermit crab were larger Arthropods, also
reported in the Shell“sh Chapter. Other Phyla (Cnidaria, abundant and important to trophic interactions. The

Ctenophora, and Bryozoa) are ecologically important andgelgrass habitaft of B_everly Cove had the highest Qensities
common to Salem Sound, but are not discussed her@nd greatest diversity of Arthropods among seine and
because of incompatible collection methods. trawl stations. More mysids, skeleton shrimp, scuds, baltic

) ) _ isopods, lobster and rock crab were observed at Beverly
Phylum Arthropoda. We identi*ed 22 species of Arthropods  Cove than at the other trawl stations, and sand shrimp
in the trawl and seine catch (Table 7.1). Most of these arganked second among stations.

omnivorous scavengers, and many are important as pre , . o

for “sh. Eleven species were decapods, the most commo(%’l”"?A””d’d“- The sampling design did not attempt to
order of Crustacea, of which “ve were frequently caught duantify the presence of marine worms (Class Polychaeta)
(sand shrimp, rock crab, lobster, green crab and hermRecause of their small size and burrowmg hablts.T_he
crab). The lobster is the best known crustacean, as RPlychaetes most commonly observed during sampling
favored seafood and most economically valuable, livingV€€ S€a worms of thiereis genus. Sea worms burrow in
marine resource in Salem Sound.The rock crab and sad@ud but also actively swim and were routinely caught at

shrimp are two other abundant decapods, which werdnost seine and trawl stations. Sea worms (most often

found to be important forage for the striped bass and\Vereis virens) were found in the striped bass stomachs, and

skate. In addition to the order Decapoda, we identified Wer€an important component of the skate«s diet.The only

several species from the orders Mysidacea, Amphipod@ther polychaete identi“ed was the sea modpérddite
and Isopoda. hastata) which occurred in one skate stomach.
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Table 7.1

Arthropod spacies in Salem Sound same and trawl catch, 18587, Dacapods and

horseshoe crab were quantified, Other crustaceans were too small to be efficiently caught and
quantified by seine (0.5 cm square mash) and trawl (0.64 cm codend liner) nets.

Selne  Trawl
Species Common Name Catch  Catch Motes
CLASS: MEROSTOMATA
Limelies polyphamus harseshoe crab 1 4 all fram Danvers River
CLASS: CRUSTACEA
Order: Decapoda
Crangon seplemsminosa sand shrimp 71022 27840 mosl abundant decapod
Cancer irrovalus rock crab 18 1355
Hamarus amencanus lobsier a 1883 highest commercal value
Carcinus masnas gresn crab 21a Jai nonindigenous species
Fagurus sp. hermit crab a15 116
Lilvinia emarginata spider crab a 50
Fandalivs montagui Montague's shrimp a E6
Eualirs fabnci - a 2
Labbeus groamnianaicus Greenland shrimp a 1
Owalipes ocellafus lady crab a1 1] September anly
Falaemoneles pugia shara shrimp 1 I
Order: Mysidacea
Mpsis muxla oppossum shrimg EE Lt common and abundant
Mpsis slenalopis - Wi yas common and abundant
Praunus Mexuosus bl mysid yias Yo common and abundant
MlBownpySls afrarktans - (g5 Y COHTIMOA
Hatarampsis formosa rad oppossum shrimp WEE ] CAOFTI T
Order: Amphipoda
Aaginaila longicoms skeleton shrimgo ¥es yes O
GFAMMAETUS OCERMICUS soud Yes YES COMIMEn
Hypena galba big-eyed amphipod Yes ne only 2 caught
Leplocheirus pinguis tubed amphipod M0 YES faw caught by nets
Order: Isopoda
ldatea balbca Baltic iapad yis YEs COMHTION

Phylum Echinodermata. Echinoderms were not well  Phylum Porifera. Sponges were noted in trawl catches while
characterized during this study but deserve mentiorrecording data on marine vegetation (Table 7.2). Several
because of the common occurrence of sea urchins angpecies of sponges were frequently found attached to
starfish. The green sea urchitStrdugylocentrotus debris in trawl catches at the Danvers River station. Smalll
droebachiensis) was found at each trawl station and is onebunches of finger spongéldlicona oculata), red beard

of a few species that support a directed commercial “shergponge Microciona proliferai), and boring sponge_(iona
within Salem Sound (Chapter 2). Sea urchins are knowrsp.) appeared to be common structural components to the
to target kelp as food and can limit kelp bed growth. benthic habitat in the Danvers River.The scrumb of bread
Star“sh are of ecological interest because they are majspongeZHalichondria panicea) Was also common in the
predators on bivalves in Salem Sound, especially on théver and several large colonies weighing 1-2 kg were
abundant blue mussel. Several star“sh species (primardgught. In contrast, sponges were not common at the
Asteriid) were abundant at most trawl stations and wer@ther four trawl stations. Fig spon@algrites ficus) was
easily observed from piers along the Sound. The onlyaught twice each at the two Harbor Channel stations,
other Echinoderm identified was the sand dollarand the bright orange palmate sporigéi(rya sp.) was
(Echinarachnius parma), which was caught occasionally in observed once in a Salem Harbor tow.

trawl tows.
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Table 7.2 Sessile sponges and tunicates collected at Salem Sound trawl stations in 1997.

Species Common Name Station Notes
Phylum : PORIFERA
Halicona oculata finger sponge Danvers River common
Cliona sp. boring sponge Danvers River common
Microciona proliferai red beard sponge Danvers River common
Halichondria panicea crumb of bread sponge  Danvers River common
Suberites ficus fig sponge Salem Harbor/Haste Channel four observations
Isodictya sp. palmate sponge Salem Harbor/Haste Channel one observation

Phylum:  CHORDATA
Class:  Ascidiacea

Botryluss schlosseri golden star tunicate all trawl stations most common in river
Styela clava club tunicate most trawl stations most common in river
Botrylloides sp. orange sheath tunicate  all trawl stations most common in river
Didemnum sp. white crust tunicate all trawl stations most common in river
Molgula sp. sea squirt most trawl stations most common in river

Phylum Chordata, Class Ascidiacea. Ascidians, commonly  because invasive species can compete with indigenous
known as tunicates or sea squirts, are “Iter feeders found species for food and habitat and import diseases. In the
sessile colonies or individuals.We identi“ed at least “velong-term, the potential exists to alter native food webs
species of ascidians (Table 7.2), and found them vergnd unique marine communities. In recent decades,
common at the Danvers River trawl station. The numerous benthic invertebrates have invaded New
following encrusting tunicates were also common atEngland coastal waters, and several are currently found as
Beverly Cove and occasionally at other trawl stationsdominant species in subtidal habitats (Whitlatch and
white crust Didemnum sp.), Golden star tunicat@o(ryllus Osman 1999; and Sebens 1999).We did not catch any “sh
schlosseri), and orange sheath tunicaserfylloides Sp.).The  species in 1997 that could be classi“ed as invasive, but we
lobed shaped sea squivio{gula Sp.) and club tunicate did record two invasive invertebrates (green crab and
(Styela clava) commonly occurred in Danvers River and European oyster) and one macrophyte (green "eece) in
occasionally at the other trawl stations. Of thesethe trawl catches and made observations of invasive
encrusting tunicates, only the sea squirt is native to théunicates while trawling and seining.

Gulf of Maine (next section). The 1965 study and the
Salem Harbor Power Plant investigation did not
document the presence of these Ascidians in the 196
and 1970s, although the studies did not target sessigfl
organisms.

Green crabs were introduced to New England coastal
dgaters over 100 years ago and have long been known for

using negative predatory affects on valuable populations
blue mussels and soft shell clams (Ropes 1968). Green
crab was commonly caught at most trawl and seine
Phylum Chordata, Class Thaliacea. Salps are planktonic stations at a variety of habitats and depths (0-10 m). It was
chordates that can occur solitarily or attached in chainsalso observed in the diet of skate and striped bass.The
They are typically oceanic drifters, but occasionally appeaelative abundance of catches, range of habitat and trophic
in great numbers in coastal waters. The Saig;a contributions all indicate that the green crab is firmly
democratica, appeared in Salem Sound and throughout theestablished as an important macroinvertebrate in Salem
North Shore in the fall of 1997 in very high densities. Sound.The European oysterss presence in Salem Sound is
Although often present in offshore waters south of Capanore recent. The bivalve is suspected to have escaped a
Cod, the occurrence of this salp in Massachusetts Bay w&slem Harbor marine culture facility in the 1980s
novel to many who are familiar with the waterfront and (Castonguay and Chase 1996). The European oyster

local newspapers ran stories in 1997 on the oddity. population expanded greatly within Salem Sound in the
1990s and soon was observed in lower densities north
INVASIVE SPECIES (Cape Ann) and south (Boston Harbor) of Salem Sound

Invasive species (also called nonindigenous species) e Chase, pers. obs.). Dense concentrations of the
species introduced to ecosystems outside of their nati\}éuropean oyster were observc_ad in 1997 at subtidal habitats
geographic range as a result of human activities (Nico arl S@lém Harbor, Danvers Rivers, and Manchester Bay.

Fuller 1999). Concern is rising over these introductions ' N€ €ffect of this recent invasion on native marine
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communities is not known. Field observations made afteand Taylor and Villalard (1985). Shoreline collection at
the 1997 study indicate that the rapid increase inseine stations were conducted in 1997 by Salem State
population size has peaked and may have declined in son@mllege interns (Reynolds 1998) and summarized below.

areas. Green "eec€ddium fragile) was found in trawl and , .
seine catches at a low frequency. Green fleece W%SAtotaI of 34 species of seaweed was identi“ed from the

introduced to New England in the late 1950s from dgine andhtr;awl coIIec'ﬂons :jn 1|997 (Table 7'3)';-?%”103'[
Europe or the Paci“c Ocean (Gosner 1978) and is very® SrS€ Phylum was the red a 9R@oflophyta) Wit
common south of Cape Cod. species |den_t| ed, followed by brown al_gﬁeaéophyt_a)
with 10 species, green algaii(rophyta) with 6 species,
Three colonial ascidians (golden star, orange sheath, aadd only eelgras&dstera marina) represented the seed-
white crust tunicates) and the club tunicate werebearing vascular plan8pdymatophyta). Only six species
commonly observed at most subtidal trawl stations. Theseanked higher than incidental (Table 7.4): eelgrass, kelp
sessile, filter-feeders were abundant and a distin€Laminaria Sp.), shotgun kelpdgarum cribosum), Soft sour
structural component of benthic habitats, particularly inweed Qesmarestia viridis), spiny sour weedesmatestia
the Danvers River.The invasive colonial ascidians haveculeata), and one green algae speciR8izpclonium
become common to New England coastal waters in thetortuosum). We noted rapid growth of most species of
last 20 years and some spediesy(loides Sp.) have  seaweed in June and July and a sharp reduction in relative
severely impacted indigenous assemblages (Sebens 198B)indance by the end of September. Mostly dead or dying
Observations in Salem Sound during the 1990s imply thatletrital seaweed was observed by late October. Eelgrass,
the four invasive ascidians, especially the brightly colorekielps, and sour weeds were the predominant seaweeds
encrusted tunicates, have increased spatially and found in the trawl catches in Salem Sound.This sampling
abundance (B. Chase, pers.obs.). design concentrated on trawl zones and did not
adequately characterize species found within or near the
intertidal zone, such as rockweeflsa(s sp.) and sea
ttuce Ulva lactuca), which are found commonly along
e Salem Sound coastline.

A very recent introduction to New England waters, the
Jpanese shore crablefiigraspus sanguineus) was not e
observed in Salem Sound in 1997. The crab preferi.I
shallow, rocky intertidal habitats, similar to several sein
stations that were routinely sampled in 1997.The JapaneseBrown algae had the highest relative abundance among
shore crab was released from ballast water in New Jersmacrophyte phyla in Salem Sound. Kelp spdcies#ria
around 1987 and has since moved north to New Englandagardii andLaminaria saccharina) were most common at the
In 1999, the Japanese shore crab was caught while seinidgeper stations. Shotgun kelp (or sea colander) was
at the PioneerVillage seine station with a local school classmmon at deeper stations and most abundant at
(B. Chase, pers. obs.).We have since heard of increasimarblehead Harbor station (deepest station). The most
observations of Japanese shore crabs in Salem Sound. diversity and abundance of seaweed was found at Beverly

Cove. Eelgrass was the dominant plant at this station (74%
MARINE MACROPHYTES of tows), although five other species were ranked

Marine macrophytes, commonly known as seaweed, grdominant dur_ing at least one tow.The'sour weeds were
important to the ecology of Salem Sound because the@bundant during early summer, especially the spiny sour
provide habitat and food for many species of marine faun€€d that at times accounted for a large majority of the
and through photosynthesis contribute oxygen to thetrawl catch weight. A dramatic mcre_asez@fzoclomum
aquatic environment. The 1965 DMF study recorded fortuosim occurred at Beverly Cove in late July, but was
species of macroalgae collected at each shoreline sefff@ S€en after August.

station and referenced observations made at trawl stations.Red algae displayed high species diversity but were not

We recorded the presence of macrophytes at shorelingyund abundantly. Red algae only occurred incidentally

locations in a similar manner to the 1965 study andand many were mixed with the eelgrass and sour weed at
enhanced the detail of trawl observations to contribute toBeverly Cove. Irish mossfondrus crispus) was found

a description of subtidal habitats. most frequently among the red algae, but only incidental

Macrophyte presence in trawl catches during 1997 wa&mounts in six tows. No evidence of resident macrophytes

categorized by the following qualitative ranks based ofVas found at the Danvers River trawl station during 36
relative abundance (volumayuinant (>50% of seaweed tows.All observations of seaweed at the river stations were

in tow), secondary (10-49% of seaweed in tow, anddental of detrital algae, primarily rockweed and sea I_ettuce.
(<10% of seaweed in tow).A fourth categdeyiral, was ~ SPONJes, tunicates, and watershed detritus provided the

used for algae that was not resident to the station where gtructural diversity of benthic habitats at the Danvers
was collected. Species were identi“ed using microscopitIVer trawl zones.
analysis and guides by Gosner (1978), Martinez (1994),
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Table 7.3 Marine macrophytes collected in Salem Sound, 1997. Presence is noted by an asterisk

Common Trawl Seine Seine
Species Name 1997 1997 1965

Phylum: CHLOROPHYTA (Green Algae)

Chaetomorpha linum

Ulva lactuca sea lettuce
Ulothrix flacca

Rhizoclonium tortuosum

Codium fragile green fleece
Enteromorpha intestinalis * *
Protomonostroma undulatum

Phylum: PHAEOPHYTA (Brown Algae)

Desmarestia viridis soft sour weed
Desmarestia aculeata spiny sour weed
Laminaria sp. kelp

Agarum cribosum shotgun kelp
Ascophyllum nodosum rock weed
Fucus spiralis rock weed
Fucus vesiculosus rock weed
Fucus disticlus edentatus rock weed
Petalonia fuscia

Petalonia zosterifolia

Chorda filum devil's shoe lace

Phylum: RHODOPHYTA (Red Algae)

Bonnemaisonia hamifera

Chondrus crispus irish moss
Antithaminion cruciatune

Callithamnion corymbosum

Phymatolithon laevigatum pink crust
Hildenbrandia rubra

Polyides rotundus

Dasya baillouviana

Ceramium rubrum

Rhodymenia palmata dulse
Palmaria palmata

Porphyra miniata

Porphyr linearis

Porphyr umbilicalis

Callophyllis cristata

Polysiphonia lanosa

Phycodrys rubens *

Phylum: SPERMATOPHYTA (seed plants)
Zostera marina eelgrass

* %k ¥ X X

*

* X F F

L S N I T R

¥ % 3k ¥ X X 3k X X X F* F

* % X

Comparisons to Previous Studies. The 1965 DMF study ~ methods were simple in approach and opportunistic.The
reported only 13 species of seaweed, in contrast to 34997 collections were conducted at a higher frequency
species reported in this study. Thirty-six species weré¢han in 1965, and probably better represents actual species
reported for both studies combined, of which 23 were composition. Interestingly, no references were made in
only found in 1997.1t is not certain if this large increase in1965 to the ecologically important eelgrass or sour weeds
reported species represents actual changes in spedhes were abundant in 1997.
composition within Salem Sound. Both collection
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Table 7.4  Macrophyte rank at Salem Sound trawl stations in 1997. Species were qualitatively ranked
during each trawl as dominant, secondary, incidental or detrital. Only the listed species received the
ranks of dominant (D) or secondary (S). Table values are the percentage of observations at given ranks.

Beverly Cove Haste Channel Marblehead H. Salem Harbor Danvers River

(N =34) (N = 34) (N =29) (N = 33) (N =34)

Species D S D S D S D S D S
Zostera marina 74%, 15% 0 0 0 0 0 0 0 0
Laminaria sp. 6%, 3% 47%, 18% 38%, 38% 55%, 6% 0 0
Agarum cribosum 3%, O 41%, 12% 76%, 7% 6%, 9% 0 0
Desmarestia viridis 6%, 9% 0 0 0 0 0 0 0 0
Desmarestia aculeata 15%, 15% 0 0 3%, 0 6%, 12% 0 0
Rhizoclonium tortuosum 6%, 9% 0 0 0 0 0 0 0 0

The Salem Harbor Power Plant investigation recordedfood webs.Although know to occur in local sport and bait
seaweed species and monitored eelgrass beds in the eéslyeries, little documentation exists for the anadromous
1970s within Salem Harbor. A 1973 list of marine plantsrainbow smeltQsmerus mordax), blueback herring4losa
contains 17 species (Chesmore et al. 1973). Sour weedstivalis) and alewifeAlosa pseudoharengus) (both called
were again noticeably absent on the list. The list doegiver herring), and the catadromous American eel
include eelgrass, and observations were recorded @finguilla rostrata) in Salem Sound. The three DMF
eelgrass at four locations in Salem Harbor: Cat Cove, offsheries studies in Salem Sound recorded sparse catches
Pickering Point, off Folgers Point, and off Derby Wharf. of the four species, and minor spawning runs of alewife
Subsequent monitoring in the late-1970s found that thewere reported earlier in the 2Q@entury in the North
Cat Cove and Pickering Point eelgrass beds were healtiiver (Belding 1921) and Crane River (Reback and
and expanding. DeCarlo 1972). Smelt spawning habitat was monitored in

The present study did not sample eelgrass habitﬁ%igg);tg %%Zrdgéwgstgigéggaln%ngﬁgggrgigff
out_side of Beyerly_ Coye,_although observations mad ennett Brook and Sawmill Brook of Manchester Ba)’/
during sampling trips indicated that the Cat Cove and Chase 1995). No smelt spawning was found in the Forest

Pickering Point beds were present and may havey’ : .
. ver (Chase and Roderick 1994), or North River and
expanded. Observations were also made of large beds tane( River (Chase 1993). Sp)ecific collections on

eelgrass off Naugus Head, in Manchester Channel, and | adromous “sh were not made in 1997.We discuss their

:aheel [?Zgggjrséve&gzegéfd%ocqe%eg C%Véll;[,hir? izsgs 'i\:]egélr; atus here because of the apparent declining trend in the
9 y y pulations of these valuable species.

Sound, as part of a statewide monitoring program (Charle
Costello, DEP, pers. comm.).The use of aerial and boat Only one diadromous species, rainbow smelt, was
observations found numerous eelgrass beds (Figure 7.taught during the 1997 study. Sparse catches of smelt
including one of the largest eelgrass meadows in the stabecurred during seine and trawl sampling, and these were
north of Cape Cod off the Beverly Shore. primarily YOY caught from July to November. Twenty-

We did not target salt marsh species of vascular plarflree of the 25 traw| caught smelt came from Salem

, : arbor and 11 of 13 seine caught smelt came from
in the present study, although Reynolds (1998) did recor roctor Point. No smelt were caught at the Danvers River

the presence of cordgrassgsr(ina sp.) and common : . .
reed Qhragmites australis) near intertidal stations.The 1965 Enear Porter River spawning habitat) and Beverly Cove

study did record the presence of salt marsh species, a egelgrass habitat) stations.The absence of American eel in

. S 97 catches is probably more re”ective of the sampling
produced a list of plants similar to Reynolds (1998) excepl, .. .
that there was no mention of the common reed in 1965. tations and methods than presence of eels. Juvenile eels

were observed at several freshwater sampling stations in
1997. The 1965 and power plant studies caught low
D_IADROMOL_]S FISH _ numbers of all four diadromous species, except for no
Diadromous fish are valued for supporting popularcatch of alewife and 384 smelt (1 day at Obear Park) in
sportsheries, the attraction they provide during spring1965 and one haul of nearly 900 blueback herring caught
spawning migrations, and as a vital component of locaht Salem Harbor in 1973 during the power plant study.
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We suspect catches from the three studies do notead values in winter "ounder were below detection limits,
adequately re”ect the decline in smelt and river herringand zinc and mercury were signi“cantly lower than Boston
populations during recent decades. In 1965, a viable fallarbor samples. Concentrations in lobsters were also low
and winter “shery existed for smelt in Salem, Beverly ando moderate except for chromium, which was signi“cantly
Manchester harbors and modest river herring populationgreater than Boston Harbor values. In contrast to winter
spawned in Danvers River tributaries. River herring runs”ounder and lobster, relatively high concentrations of
were reported as severely degraded from passaggromium,cadmium and lead were found in Salem Sound
obstructions and pollution discharges early in tfe 20 soft shell clams. High cadmium and lead values resulted
century (Belding 1921). It is not known if the infrequent from samples collected at the «Lead MillsZ, a former lead
observations since the 1960s represent remnants fromill that operated on the Forest River from 1826 to 1920
degraded runs in the Danvers River or colonizing river (Essex Institute 1971). Both these metals are expected in
herring from outside of Salem Sound.The DMF smelt deposits from lead manufacturing.The high chromium in
monitoring and 1997 observations indicate that smeltboth lobster and soft shell clams is most likely related to
spawning habitat is degraded from stormwater inputs oflischarges from the leather tanning industry that once
sediments and nutrients which foster excessive periphytdiourished in the region.
growth. Collectively, the “sh catch data, smelt monitoring
and anecdotes from local “sheries indicate smelt and riv%
herring populations have declined during the last two
decades. As of 1997, smelt and river herring runs hay,
diminished to a very low level of detection.

Sixty-six striped bass were collected from coastal
assachusetts in 1997 and analyzed for PCBs (Schwartz
t al. 1998). Included in this sample were 14 striped bass
om the Salem Sound region.All striped bass were at least
28 inches, the minimum size for recreational catches. Both
the coastal and Salem Sound mean concentration of PCBs
CONTAMINANTS was less than 0.30 ppm, and no individual samples

Contaminant concentrations in the edible tissues ofexceeded the 2.00 ppm U.S. FDA tolerance level for
certain marine “sh and shell“sh have been monitored byhuman consumption and interstate commerce.

DMF since the mid-1980s to establish baseline data for N , ,

human health considerations. Samples were collected in NO Signi“cant annual trends in the concentrations of
Salem Sound during this period of winter flounder, PCBs and trace metals were found in Salem Sound during

lobster and soft-shell clams. Additional samples of thede?86-1990. For several parameters there was the
species and striped bass were collected in 199#PPearance of modest reductions during this period.
Polychlorinated biphenyls (PCBs) and six trace metalfecent monitoring may con"rm the expectation that the
(chromium, cadmium, copper, lead, zinc, and mercury) ar evels of these conta‘fmlnants in the edible tissue of Salem
analyzed because of potential health risks associated wigRund “sh and shell"sh have stabilized, and some may be
the consumption of marine organisms that bioaccumulat€€clining during the last 20 years. It is important to
these contaminants. Once a common by-product of€mphasize the contaminant data addres_s relatively few
industrial processes, PCB manufacturing is now bannedyP€s Of contaminants in only three species. Numerous
although a variety of disposal methods have dispersétin€r toxic pollutants (other metals and inorganic
PCBs in coastal areas where they enter food webs. Tra&@MPounds, hydrocarbons) are found in Salem Sound
metals are naturally occurring, but can be found in highSediments (NOAA 1988;and Edwards and Kelcey 1989).
concentrations, particularly in sediments near industrial "€ €ffect of these other contaminants on marine
disposal locations. Mercury and PCBs carry U.S. Food antfSources has not been assessed and remains a concern.
Drug Administration tolerance levels of 2.00 ppm or less
for human consumption.There are no tolerance levels forTROPHIC INTERACTIONS
the remaining trace metals because the acute and chronlte stomach contents of two large predators were collected
impacts are presently uncertain. during the 1997 study for DMF diet studies. Skate (Raja
During 1984-1989, PCBs were found in winter erinacea and Raja ocellata) were collected from trawl

"ounder, lobster and soft-shell clams sampled from Saler%atches at all stations during May-October. Striped bass

Sound (Schwartz et al. 1991). The PCB values Weriwﬂerecollected by gillnet and angling during monthly trips
. . ;

signi“cantly lower than comparable samples from Bosto om May-October, and represent a subset of samples for a

ulti-year DMF study on striped bass diet. Diet data for
Harbor and 98% were below the FDA tolerance level. : : :
Trace metals ar:alysis during 1986-1991 for the sa oth species will be reported in other documents by DMF

species in Salem Sound found primarily low or moderat 'nkzugqs”(]jirrlizrf t?ﬁ eriilj(ljts hgieog) provide insight on trophic
concentrations (Schwartz et al. 1993). Most cadmium an 9 9 yp '
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Striped Bass. The stomach contents of 120 striped bass
were sampled from Salem Sound during 1997. Most
samples were empty or contained bait, and only 49
stomachs contained natural prey (Table 7.5). Despite the
few samples, several observations may reflect actual
conditions in Salem Sound.The rocky habitat common
on the North Shore provides good habitat for numerous
decapod crustaceans. Decapods comprised a large
majority of stomach contents (90% by weight). Rock crab
and lobster alone accounted for 76% by weight of all prey
items.All but one occurrence of rock crab and lobster prey
in striped bass stomachs were found in samples collected
at the rocky islands in outer Salem Sound. The data
support an earlier account on the importance of decapods
in the diet of striped bass in the Gulf of Maine (Bigelow
and Schroeder 1953).The low occurrence of “sh in prey
composition may be biased by the small sample size.

Skate. A total of 429 skate stomachs was collected from
trawl catches, of which 373 stomachs contained prey
contents (Table 7.6). Contents from these samples were
dominated by four species of invertebrates. Sand shrimp,
tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs

tubed amphipod, sea worm (Nereis sp.), and rock crab
were found at a high frequency of occurrence and
accounted for 81% of all prey weight. Bivalve molluscs


































































































































































