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ECOLOGY OF BUZZARDS BAY: An Estuarine Profile 1 

Preface 

Buzzards Bay, described by Gabriel Archer in an account of Bartholomew Gosnold's discovery in 
1602 as "the stateliest sound I was ever in," remains one of the few relatively pristine bays in the 
metropolitan conidor from Washington to Boston. The bay and its surrounding marshes and uplands 
have provided a variety of biotic resources not only to European settlers over nearly 400 years but 
also to the Native Americans who relied on this estuary for thousands of years before them. Today 
the uplands are divided between 18 communities and although the bay is still exploited for its biotic 
resources, its aesthetic and recreational values add to the growing concern to preserve its environ- 
mental quality. At the same time, the health of the Buzzards Bay ecosystem, like that of almost all 
estuarine systems, is clearly controlled not just by processes within the bay waters themselves but 
also by inputs from the surrounding uplands as well. Therefore, to properly understand and manage 
this system, it is important to describe in detail activities and land use patterns within the watershed 
as well as within the tidal reach of the bay waters. This combined watershed-bay system is referred 
to as the "Buzzards Bay Ecosystem" and is the necessary frame of reference for understanding the 
biotic structure of the bay and for managing and conserving its resources. 

Located in southeastern Massachusetts, Buzzards Bay and its watershed have long been of inter- 
est to biologists because of their geographical positioning between several major water masses 
along the North Atlantic coast of the United States. This led to the establishment of several major 
marine research centers, the U.S. Fish Commission in 1871 (now the National Marine Fisheries 
Service), the Marine Biological Laboratory in 1888, and the Woods Hole Oceanographic Institution 
in 1930. 

Buzzards Bay's undulating shoreline contains numerous natural harbors and coves, which support 
diverse floral and faunal communities as well as commercial and recreational resources. The port 
of New Bedford, located on the southwestern shore, is the major industrial and business center 
within the Buzzards Bay watershed. Well known historically as a hub of the whaling industry in the 
early 1 8007s, New Bedford remains an active fishing port (coastal and offshore) for the region and 
represents the largest revenue-producing fishing port on the east coast of the United States (Weaver 
1984). The problems facing Buzzards Bay fisheries more than 100 years ago (e.g., overfishing and 
restriction of inland waterways; Baird 1873) still exist; however, the problem of coastal pollution 
has been revived as a potential factor in the apparent decline of the area's fisheries. In addition to 
the historic pollutants (urban runoff, heavy metals), the discovery of polychlorinated biphenyl (PCB) 
pollution in the waters and sediments of New Bedford Harbor in 1976 (Farrington et al. 1984; 
Weaver 1984) and the rapid human population growth within the Buzzards Bay watershed have 
refocused attention and resulted in a renewed scientific interest in the bay and its environs. 

In 1984, Buzzards Bay became one of four estuaries then making up the National Estuary Program. In 
1985, through ajoint effort of the U.S. Environmental Protection Agency and the Massachusetts Executive 
Office of Environmental Affairs, the Buzzards Bay Project was established to develop strategies for pro- 
tecting the bay's natural resources. The Comprehensive Conservation and Management Plan for Buz- 
zards Bay, released in 199 1, focused on three priority problems: closure of shellfish beds, contamination of 
fish and shellfish by toxic metals and organic compounds, and potential water quality de_mdation resulting 
from excessive nutrient loading. Both the Buzzards Bay Project and the Comprehensive Conservation 
and Management Plan are aimed at developing recommendations for regional water quality management 
based on sound information, defining the regulatory and management structure necessary to implement the 
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recommendations, and educating and involving the public in the formulation and implementation of these 
recommendations. 

The purpose of this report is to provide an overview ofthe ecology ofthe Buzzards Bay ecosystem. It 
is not intended to represent an inclusive review ofthe literature, but instead is an attempt to present key 
features of the bay in a readily accessible form and to summarize the dominant ecological processes 
structuring the bay environment. Because the current and future environmental health of these types of 
enibayments can be directly influenced by activities within contributing watersheds, understanding the 
interactions between land and sea is important to understanding the ecosystem as a whole. The subjects 
addressed in this profile, therefore, focus not only on the open bay waters but also on the ecology of 
Buzzards Bay within its watershed. Afier a general introduction to the system, the formation ofthe bay is 
discussed in Chapter 2, followed by descriptions of the physical (Chapter 3) and biological (Chapter 4) 
components of the system and their interaction. Chapter 5 addresses watershed land use and water 
quality issues within the bay proper and its circulation-restricted coastal embayments. while natural and 
anthropogenic influences responsible for present <and future changes to bay systems are the focus of Chap- 
ter 6. We conclude with a summary of management issues and the difliculties in balancing demands for 
access and development while protecting water cluality (Chapter 7). 

Although I J w z ~ ~ d s  Bay is an important environmental and economic resource for New England, eco- 
system levcl infirniation is still rather limited in some areas. We hope that this mono~aph will not only act 
as a reference for researchers, managers, suid citizens interested in the bay but may also serve to point out 
major papsiin our knowledge of this system. 'livo previo~~s conimunity profiles (Nixon 1982; Teal 1986) 
may be particularly usefill co~nparrion texts providing inore delailed inforniation on saltwater wetlands in 
southeastern Massachusetts, in~liiding Buz~irds Bay. 

While 13artholomew C2osnold would certainly be taken aback by the alterations wrought within his 
stately sound's wittershcd, areas of the bay itself remain much as when he sailed them almost 400 years 
itgo. f-iowevcr, many activities and the increasing pressures of devclopnicnt are beginning to sipificantly 
alter this systcnl, and only rnru~agcnient from a whole system perspective will be effective in protecting this 
resotrrcc that attracts so tnatly. 

'I'his cstuarinc protile was originally intended to be one in a series originally coordinated by the U.S. 
Fish azd Wildlife Service's National Wctlrtncfs Kesezuch Center, now part of the National Riological Ser- 
vice. Questions or comments concerning this publication or others in the conimunity and estuarine profile 
series should be directed to: 

C'entcr llirector 
National f3iological Service 
National Wellancis Itescarch ('cntcr 
700 C'qjunifome l3oulevr~rd 
I .ntltycttc. 1,A 70506 
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Abstract. Buzzards Bay remains one of the fe\v relatively pristine bays in the metropolitan corridor from Washington to 
Boston. The bay and its surrounding marshes and uplands have provided a variety of biotic resources not only to European settlers 
over nearly 400 years but also to the Native Americans who relied on this estuary for thousands of years before them. Today the 
uplands are divided between 18 communities, and while the bay is still exploited for its biotic resources, its aesthetic and recreational 
values add to the growing concern to preserve its environmental quality. At the same time. it has become clear that the health of the 
Buzzards Bay ecosystem, like almost all estuarine systems, is controlled not just by processes within the bay waters themselves but 
also by inputs from the surrounding uplands as well. Therefore, to properly understand and manage this system, it is important to 
detail activities and land use patterns within the watershed as well as within the tidal reach of the bay waters. This combined 
watershed-bay system is referred to as the "Buzzards Ray Ccosystem" and is the necessary frame of reference for understanding the 
biotic structure of the bay and for managing and conserving its resources. 

This community profile provides an overview of the ecology of the Buzzards Ray ecosystem. It is not intended to represent an 
all-inclusive review of the literature; instead it is an attempt to present key features of the bay in a readily accessible fonn and to 
summarize the dominant ecological processes that structure the bay environment. Because the current and future environmental 
health of these types of embayments can be directly influenced by activities within contributing watersheds, understanding the 
interactions between land and sea is an important component to understanding the ecosystem as a whole. The subjects addressed 
in this profile, therefore, focus not only on the open bay waters but also on the ecology of Buzzards Bay within its watershed 
including management issues and the difficulties in balancing ciemands for access and development while protecting water quality. 

Key words: Buzzards Bay, estuarine ecology, ecosystem, watershed 
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7l .I. Description 

Buzzards Bay, which separates most of Gape 
Cod from the mainland, is located at a strategic 
transition point for habitat distribution of many 
marine species, being proximate to and exchang- 
ing with three very different marine systems, the 
Atlantic Ocean to the south, Vineyard Sound to 
the east, and Cape Cod Bay to the north (Fig. 
1 .I). At its northeastern end, Buzzards Bay is 
connected to Cape Cod Bay by the Cape Cod 
Canal. The construction of this canal in 1 9 14 al- 
lowed ships navigating along a popular trade 
route from northern to mid-Atlantic and southern 
ports to avoid approximately 1 05 to 16 1 km of 
treacherous waters off of the outer coast of Cape 
Cod. 

'I'he mouth of Buzzards Bay opens up to the 
continental shelf east of Rhode Island and Rhode 
Island Sound, providing access to some of the 
world's most productive offshore fishing 
grounds, notably George's Bank. New Bedford, 
the primary port on Buzzards Bay, still ranks as 
a major fishing center, registering the second most 
valuable fisheries landings in the United States 
in the 1980's. Buzzards Bay itself supports varied 

fish populations, both resident and migratory, with 
over 200 recorded species and productive coastal 
fisheries. In fact, even the name "Buzzards Bay" 
indirectly reflects the fisheries resource, as it was 
ostensibly named after the osprey or fish-hawk 
(Pandion haliaetus) (Strother 1860; Kimball 
1892). Feeding exclusively on fish, the osprey was 
known in early natural history as the buzzardet (little 
buzzard) and was common around the bay (in fact, 
even noted in Gosnolds voyage). Whether due to 
the b m d e t  or simply the misidentification of osprey 
as buzzards, the name Buzzards Bay has supplanted 
the original "Gosnolds Hope." With the recovery of 
osprey populations stimulated by the banning of 
dichlorodiphenyltrichlo- roethane (DDT) and the 
expansion of safe nesting platforms (most notably 
along the Westport River and Martha's Vineyard; 
Poole 1989), Buzzards Bay may again warrant the 
name. 

The long axis of the bay runs northeast to south- 
west, encompassed primarily by the Massachusetts 
mainland to the west, Cape Cod to the east and 
northeast, and the Elizabeth Islands (Cuttyhunk, 
Nashawena, Pasque, Penekise and Naushon) to 
the southeast. The bay is approximately 45 krn long 
and 12 km wide. The bay was formed as a result of 
the last ice age and the retreat of the glaciers (about 
16,000- 18,000 years before present (B.P.); Kaye 
1964; Oldale 1992), and the geologic processes 
generated lasting differences in the contours of the 
western versus the eastern shores. The northwest- 
ern and northern shores of Buzzards Bay are physi- 
cally more irregdar, creating more embayments than 
on the eastern and southeastern shores. This undu- 
lating coastline encompasses about 336 km after 
talung into account all the irregularities (Massachu- 
setts Department of EnvironmentaI Quality Engi- 
neering 1975). The northwestern shore has elon- 
gated inlets formed from drowned valleys cut into 
outwash plain, while the southwestern shore is rela- 
tively smooth, consisting prirnaily of glacial till as 
part of the Buzzards Bay recessional moraine. The 
bay itself is relatively shallow; depths range from S 
to 10 m at mean low water (MLW) near the head 

Fig. 1. l .  Satellite photograph of Buzzards Bay and to slightly over 20 rnnearthe mouth, with a baywide 
Cape Cod. average of 1 1 m (Signell i 987). 
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Bw3ards t3ay supports a wide variety of coastal 
habitats including tidal ~vetl~mds, ee lga~s  beds, tidal 
flats. barrier beaches, rocky shores, and tidal rivers 
and streams. In addition, the joining of Buzzards 
Bay and Capc Cod Bay via the Cape Cod Canal 
provides the potential for mixing of semi-tropical 
and arcadian species, making the bay a unique area 
for study ofrnarine organisms. 'I11e ecological vari- 
ety of the bay itself as well as its proximity to a 
number of different marine environments (bay, 
sound, open ocean) inspired the location of several 
major marine research institutions in the village of 
Woods I iote, near thc southcastem end of the bay 
(Fig. I .2). 'I'he Woods 1; Iolc Oceanographic Insti- 
tution and Marine 13ioIogical1,aboratory are well- 
known marine resmcli hcilities rhat have taken ad- 
vantage of the unique range of environments fhund 
in this region, as have branches ofthe National Ma- 
rirlc Fisheries Scrvia ofthe Nation;d Occtu~ograptric 
and Attnosphcric Admit~istration (NOAA) and the 
/ I S .  Cieologicai Survcy. Near the heacl of the bay, 
the M:issachnscits Mari tinrc Academy trains inen 
and wutncrt in the t~~crchiu~t marine field. 'Ihe clual- 
ity ctfthc rnarine waters Icd Spcr~cer t3aird in 197 1 
to scck estrtblishn~cnt oi'thc li 1,s. Fish Cotr~tnission 
(now the National Marinc 1:isheries Service) in 
Wtwds I lole adjacent to F3u~~ards Ilay, when nlany 
other mid and north Atlantic coastal areas werc 
showing evidence of pollution from cities or high 
turbidity fkctrn sedimcnt input. 

'The watershed area of Bwzirds Ray is divided 
among I0 coastal t o m s  located fiorn Westport on 
the west to Gosnold on the east (Figs. 1.3 and 1.4) 
and 8 noncoastal totms, which either completely 
(Carver, Rochester, Acushnet) or partially (Fall 
River, Freetown, I,akeville, Middleborough. Ply- 
mouth) lie within the watershed boundary. The 
drainage basin encompasses 1,104 km2 coxnpared 
with 550 km20f bay surface (Table 1 .I). Bu7a;trds 
Bay is a moderate-sized estuary compared with 
other systenls such as Chesapeake Bay, San Fran- 
cisco Bay, or even Delaware Bay with watersheds 
1 SO, 140. and 30 times the area, respectively, and 
21,2.3, and 3.4 times the water surface, respec- 
tively, of Biuzxds Ray. Rwmds Bay diEers some- 
what from other major estuarine systems in that the 
wafer surhce represents a large portion, almost one- 
third, of the total area of the bay plus watershed. 
'I'his potentially decreases the role of in- 
puts from the watershed compared with other 
large estuarine systems where the bay area is 
generally less than 10% of the total system 

Fig. l.2. Aerial photograph of research instrtut~ons In 
the village of Woods Hole, Fafmauth, Massachusetts 

Fig. 7.3. Towns of the Buzzards Bay watershed 
region. 



(Table I . 2 )  and i s  a partial reason for the li~igtr 
water quality of the bay. 

While Buzzards Bay has a water surihcc o f  
about 550 k n 5 t  i s  functionally divicfed be- 
tween open water (i .e., the central bay area, 470 
km" and 27 major embaynents (75 km" )(?8ble 
1.3). The cmbayments, kcausc  of their location 
and physical struesure, are the meas first subject to 
c w d  euuophiation; emhymens have restricted 
ci~ul i t iun and smaller volume for dilution of nutri- 
ent: input$ E'rsrn land. Most of the c e i ~ d s s  (Zo,sferu 
marinul) beds md bivalve stocks are located in 
n e a r s h o ~  areas and emhymentt; less than 5 m 

deep. In fact, about 3% of'the "water" portictn of 
the buy Is actually tidal flat. 'l'he bay itselfis reia- 
tively shalftrw with a mean depth of 11 m and a 
~liitivcly uniform hrz5;in. 

'I%e "terrestrial" pt~rliotl of'the system supwrts 
wmc simifiw1: d t  m m h  (fix- New E:o~glmd) 
primarily on the western shore. "f%e overall, mtju of 
bay surface tcr salt marsh i s  a b u t  25, but in the 
i ~ ~ i r r t e d  cmbaymcnts (e.g,, Westf~c~rE) rhc ratio is 
less than 3- Mas? uf thczie \ % t i d y  ~ r n ~ c n  "hdhy.'" 
f tnctioning as n u ~ c n t  trmsfamers imd wwrrirrg 
and nursery grotlnds for fish and shellfish 
ppui;~ti.tions. 
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TabEe 1 . l .  Phys~ographic features of the Buzzards 
Bay system 

Areal 
Feature dimension Sourcea 

Watershed area (total) 1104 Okm? 1 
Land surface 1048 5 km' Z 
Water (lakes, ponds, etc ) 28 3 km2 Z 
Barrier beach 6 3km2 2 
Salt marsh 209km' 2,3 

Bay surface area (total) 550 O kinZ 4 
Open water 475 4 km' 
Embayrncnts 74 6 km" 5 
Tidal flatsb 179krn' 2,6 

Bay drmenslons 
1 englh 45 O km 4 
W~dlh 12 0km 4 
Mean depth 11 Q km 4 
Volume 61x10"rn7 4 

*1  SAIC 1591 2 tiankcn el  at 1985 3 Butzdrds Ray Projecl 199D 
(I S~gnall lB8i 5 Auuroy Consultcnq Inc 'CJ91 O tr\Mittc~cl tor F almoulh 
&tea ICI wcterstrod 

'I~dal flat .rrt.l,! Ilds no! bvtn subtiactad from opcrl w.tt~r or enrbap~ent  
J l O d 5  

Tab/@ g.2. Watershed and surface area of 

Table 1.3. Dirnens~ons of the major ernbayrnents of 
Buzzards Bay Adapted from Costa et al 1994 

Surface 
area Length Width 

Embaynent (km29 m) (m) 

Acushnet R~ver 10 7 12,050 2,000 

Allens Pond 0 8  3,740 180 

Apponagansett Bay 2 9 5,710 940 

Aucoot Cove 1 3  1,280 1,020 

Brant tsland Cove 0 3 1,340 360 

Butterm~lk Bay 2 2 3,800 960 

Clarks Cove 2 9 2,380 1,270 

Hens Cove 0 3 2,650 41 0 

Marks Cove 0 4 1,230 410 

Mattaporsett Harbor 4 3 5,690 1,880 

Nasketucket Bay 2 1 2,640 1,320 

Onset Bay 2 4  3,910 760 

Ph~nneys Harbor 2 2 2,770 1,220 

Pocasset Rtver 0 8 1,520 510 

Qurssett Harbor 0 5 1,170 41 0 

Red Brook Harbor 0 6 2,140 810 

S~pprcan Harbor 7 5 8,660 1,140 
repressntatrve North Arner~can bays Siocums River 2 0 5,440 330 

Watemhed Surface Ratio: Squeteague Harbor 0 3 
area area watershedl 

1,120 410 

Bay (ha) (km2) bay Wareham River 2 5 3,050 560 

CCrosar)eake 13nva l%,W 1 1.400 15 West Falmouth Harbor 0 8 1,520 41 0 
Westport R~ver 

Sen F: ranc~sco Beyb 153,000 1,240 123 
East Branch 

Drdawara Bay" JJ,(XX) 1 .It70 18 West Branch 5 3 8,350 81 0 
Nariagarrsett Ray' 4,613 427 11 Weweant~c R~ver 2 4 3,860 46 0 

Buzzards Rayu 1 104 5.50 2 - W~daws Cove 0 5 1,170 51 0 
*Iliirrifxa*i 1913 
'rt~li irn~ja 01 *I 1 ~ n t 1  W~ld  Harbor 0 5 810 560 
NCJMrCI'A 198O 
"ittrrr,+f$h ~l , ty  f ~ r o p i ~  1989 Wlrlgs Cove 0 9 1,690 660 

i*;Ic.\ cn srlilail primtiry rii crs err~plj into fhc ha) : 
seven arc fi~tanti tstr the iwstcrrl stlore: tlgar%am, 
tfi'iifikico, Wa\rc';i~~tic. M;if&3pois~'ff, t%ci1shrlct, 
X'asLa1~~~1set. arid Westpofl. :ixrd fi~ur on the east- 
em shtrre: Ibncssctt, h c L ,  Wild 1 I:uh?r, and I tcr- 
ring 13roilk (l:ig. 1.3). All art" tidal to sttrne eslcrlt 
inlruld fn>m their motdhs, raid the eastern ?;I~c.rrc riv- 
ers are primarily grota~rdtvater fed. 'fhe r i ~ e r  dis- 
dzstfges crtr diiyerent sides ofthi: ha) reflect thc ye? 

diffkrcnt ~~atersheti areas available for generating 
f rc~t l~~atcr  f10ivs as kvell as the effects of their dif- 
fering glacia1 history on surface versus groundwater 
flow. li~ptris of froshivnter discharges directly into 
the hay are relatively sn~~all compared to the daily 
tluchif~g of scab ater, and subsequent minor dilution 
of'salinity results in hay water salinity concentra- 
tiot~s ~ipprosimating that of nearby oceanic waters. 
'I%e salir~ity results from the relatively small (2: 1) 
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\\atcrshcd bersus hay :lrc;i ( Iltblc 1 , I  1 ;incj ]lei${- 
ens the contrast bet\\cen the cbnbiik ~ l l c ~ ~ t s ,  \\ Rlich 
have more estuarine habitat. 3x1~1 thc ;&ll~sf Ill;lrillc 
open baq . 

Like inany of the i~c\elopcd areas ~ f ' t l l c  east- 
en1 seaboard, Uu~rrirds !Say has cspericr1ct.d high 
mtes of poptllation gro\\ith tt irh i~~crc;ises of'111orc 
than 50°4 over the pas1 $0 years. !Is of 1900, 
this watershed supported ;t poputiition of' 
233.000. or roughly 2.1 people pcr hectiirc. \'hilt. 
this is a n~odcrdte derlsit?. the rc'cent irlcrcascs 11:i\ c 
been dramatic. Son~e t o w s  have grw71 t'r(>~li small 
rural cornmunitics to subt~rhan conlrnunities for 
Boston or Providence; others huvc cspcric~~ccd 
continued grtwth in response tcr the Jeniaricl for 
summer or retirement homes near the \\;ltcr. 

History 
l3tvj.i~~Js Ray was highly reg;~rcied :is a rcsoilrcc 

to the early settlcrs of the region. In fact. inany 01' 
the early uses of the \vaterstzed and ha! s rclnain: 
farming arid cranberry agriculture, fishing, 
shellfishing, and even sonrc haying of salt nlctrsll 
grasses. 

Colcrnists living in I'lymctuth Sam C'apc C'od us  
both a blessing crrid a hindrance: a blessing in that 
it provided trade with the Native Americans ivfio 
inhabited the cape. but a fi)rrnidable hintirancc to  
trade with the Dutch residing in Nc\v k'ork (then 
called New t2msterdrtti1). Navi@tirrg tlic treachcr- 
ous waters around Cape C'od discouraged xnanj 
otherc~~ise profitable voyages. Shcrr-liy ~ifier the es- 
tablishment ct f a pemianent colony at Ncii 1")171011~1 

in 1620 and the Massachusetts Bay C'olon y i n  
1628, a simpler route was discovered. .f'fxis pas- 
sage utilized two nearly ctrnnecti~lg rivers anti a 
portagc across a narrow strip of lard separating 
the head of Cape C'od Bay ffom 13u~zards Bay (a 
passage long used by the Indians) and greatly f'a- 
cilitated trade among the cotctnists bctwccn Ply- 
mouth, the C:onnecticut River, and New k'ork. IIle 
establishn~ent in 1627 of the r~ptucxet 'l'rading I'ost 
(or Manomct 'I'rading Post, located on the riwr ol' 
the same name emptying into Buzzards I3:iyf 

:iir~=~ctc.d rn~lrt! \ isiror s ;~13cl ~ ihscqi~c~~t l !  11c'it set- 
tli-ri; [(I fhc area. ['his p h f .  4it1iatc~f racar \ih:lr is 
ncnl  the \\<st unci i)l'thc C"ipc I"oif ('anrtl, pro- 
iiric~i a statit)~l 10s tsaiie i>t'g<)~r~1s hct\\ccn the 
I)i~tch. the scttlibrs r)t'N~\\ t'l! r~~i )~ i th ,  :incI the rcsi- 
dent \ilitn~pi~~~o:ig 1ntli;trls. 

l'hc first est:rblishcci to\\ n c m  (':ipc C'oci. the 
I oi\ 11 c-~l'S,tr~cJ\\ ich ( 10-30), t ) r ~ g i ~ ~ n l l >  I~~corpor;~tcci 
\\hat is no\\ tllc c~;isf;~l toit  1 1  of'f3otir11c on lZu/- 
sarcis 13a~. L i ' ~ \ t  1 311?10~it11, t)orcic~.i~lg the bit!, \\;is 
tlotnc to rn;trl! C)t~irhcr.s \\hi) scttlcd fl~cre to  ilcc 
perscciltion b! the ['I) rnouth ( 'our-t. 1 hi.; arcit 15 us 
ktro\\rl at the t i~nc '1s "St~cE\,ir~cs~ct" (tocfii? calleii 
Saconrlcssct). ~inn:cti bq t hc N:ltl\ c 21~r~c~ric; i~~s ;is 
"n here thc black 1% LtrlipLirll is linind" ( ~:mcry 
I CI70:4). 13cacis niilclc tint11 q t ~ h o g s  ticre ~iscci :is 
u fitnn of'cuncr~cj. h n o ~ ~ n  as "\i;tn~pun~,";utd fion~ 
tliis use the s p ~ i c s  rlalnc c~l'clii;tl~og f Zli*r.i-c.rwri~r) 
\\;I.; dcrikcd. lV:~~l~pt~l~t fioni the *hells of'the clu~l- 
hog \\as r\ \  ice ;l\ \ ~ l ~ , t h l ~  ;ii; t t l ~  t \ . i ~ ~ ~ ~ j ? ~ i n l  ~ ~ ~ i i d c  
ti0111 &he shell ctf'thc pcri\tir~hfc. hliuaq Nntit c.4n-rcri- 
cans lived 011 the st~orc of 'LZicsl I~alix~c>uth ns a t i -  

dcriccd by the large nun~hcr of' lrlcfinrt relics and 
grit\ c. sites uncovcrcci there in rcccnt q cars. I hesc 
1ndi;ins \\ere gcncraily coopcr~~tivc. a r ~ c i  hclpeci 
m;uq settlcri~ adript to illis nett arcs. taking rtdt an- 
fagc of the nbuniinncc trf~iatuntl rcst~trtccs the baq 
pro\ idcd. 

Although the originai sctt icr\ r r  f'this region ncrc 
prixnitrilj fimners, thc ~ihunciitncc ol'thc .am mpidlq 
encounigeci a hcaittlq ti41ing industry in the late 
I 000's. f:vcn in the 1L.n r i a j s  (;o\nolcf spcnt on  
the bay in 1003, landx~g in prcscni daj  (iosnol J 
and then urxtcring L3u//arcl,c f $a), uliich \vas tlren 
c;llled "(;osnolcis I Iopc." i t  VVLIS cjt':~rff~af "cfi'icrse 
sorts of'\i~clIfi\h a:, scallopi, rr~iii\clz, cockles, lob- 
ster.;. crab\. oyitcrs iind ~ v i  11\4 (sic. ~ I ~ ~ ~ ~ . ( J J I C I I . I U )  
exceeding grtod ;tnd verq grcnf"' lscrr t~.iailahit' 
(i~rcrcton 1 Tt02:20). In support, ( ':ipl. j e ~ l a r l  Sillilh's 
/le\cry,lron of , ' lk~,v l:'r?,q/rrr?ti I 6 i 0 1, although 
prdising Ihc stii :mti c!lm:i!e' !i,r:i~ric:~~!t'-f:r,'. G prtr?icu- 
ltirly notcd the iishing. -l'lni\ \rrll sccr~xctf the caw 
when '1 horeiiu \i\itcd in 1840;inJ i 855, okscnir~g 
"the anhahirants of rile &';tpc LHC o i i ~ 1 1  tit once 
liim~cr.; anal searuler?*" ( Ihcrreari 1 O(t6: I62 1. I hi% 
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statement represents the full system utilization that 
continues, except that residential development be- 
gan supplanting f'anning ar; the major nonurban land 
use, and rnuch ofthe farmland ofl'horeauqs day is 
now reforested (currently 61 O/o of the land is for- 
ested). 

In the 1600's and 1 700's rnqjor uses of the bay- 
watcrshcd were, as statcd, related to fhming and 
fishing. 'I'he bay not only provided harvest but war; 
also the 11lqjor mode oftransport, especially given 
the sandy roads of the region. Farnming was on a 
relatively small scale, primarily for subsistence, 
through the 18th century. C:orr~ was the principal 
crop and served not only as a source crf fimd but 
also as currency. W h a t  was not prevalent as it did 
not grow well and sufTered Sro~n nrildew; however, 
rye was siiccessfully grown along with onions amd 
Iwans. Sheep were especially important during this 
early pcritd as thcy provided htrth mutton anti wool 
for clotI1ing that "nrade up in duriibility what they 
lacked in grace" (Kitteridge 1930). 

Standing at tile land anti sea interface, the salt 
~na r s l~es  ctf t3uzmrcls I3ay provided for nmtljor ex- 
ploitations of Firn-ring and fishing. 'I'hese n-rarshes 
tvere used througllout Ncw I'nglond as a source of 
ahl: stilt marsh hay, ,Sp(~rriri~~/t,cccc'tls. Marsh haying 
was inrpo~lant to early settlers as the ecotlomy of 
tire region was largely dcpendcnt on rmiinals. 'Ihc 
aburxdance ofsalt hay provided a rcridy source of 
h o d  and fi~dder for oxen, horses, cattle, a-rd shccp. 
S;xlt hay was also used as packing ~natcrial and in- 
suiation fbr tile "ice hctuscs." Aficr years of com- 
Intrim otvnership, tflc marshes were dividcci up into 
priv;lte owne~hip, bought ;umd sold much like house 
or wood lots. Salt haying along f3uz~ards X3ay pro- 
gressively diminished with ir1cr~:itst.d availability of 
cultivated hay Smm inli~-rd arcits :urd Iargcly stoppd 
after theL"I)ofiItutd Stornl" in 1 898. Ice fitfling ciuring 
&is major winter stornm des&c)ycd nlost ctf the posts, 
kntr\vn as hay staddles, upon which salt hay \\as 
set to dry above the flooding tides. In recent times 
the high quality of salt hay as a garden mulch. 
relatively free of weed weds. has renewed demand. 

The watershed was dcfbrestcd by the 18th ten- 

tur;v by the combined etTects of agriculture and the 
need for wood for cooking and heating as  the 

population Dew. ?'he uncut forested watershed ob- 
served by Gosnold survives only in isolated patches. 
Substantial amounts of wood were also cut to fuel 
fires for the production of salt through evaporation 
of seawater, an important local industry providing 
salt for the curing of the abundant fish collected fi-om 
nearshore and offshore waters. h 1863 a fertilizer 
factory based on the use of fish was established in 
Woods Hole, with B t m d s  Bay to supply much of 
the required menhaden (Brevoortiu tyralznus) (the 
9,072 t annually required was more than could be 
caught from the bay alone, however, so it was 
supplemented by catch kom other waters) (Fawsett 
1990). 

Unlike in Cape Cod Bay, there are no reports 
of the occasional pilot whale kachings on BW~X& 
Hay shores, which provided a safer and easier 
source of whale products for the local residents. 
'The larger-scale comtnercial whaling industry from 
the early to iate 1800's, however, was a bay-wide 
enterprise with whaling ships being built in or sailing 
from New Bedford on the west, Woods Mole on 
the east, and Warcham at the head of the bay. The 
substantial profit to be gained from whaling encow- 
aged rnany sea captains to settle in the towns around 
the bay. Baleen, being strong but elastic, was a valu- 
able comn-rodity for corsets, fishing poles, and the 
like. Even more important was the harvest of all 
spcies ofwhales for their oil. Whale oil was highly 
prized for lamps, and the waxy residue from pro- 
cessing of this oil, known as "spemacetti" (sperm 
whales supply the purest and largest quantities of 
oil), was equally valuable for making wax candles. 
These candles burned twice as long as traditional 
candles made from mutton, beef, bear, or deer fat; 
in fict. the pure flame given off by spermacetti 
candles was long used as a standard measure for 
clrtificid light. 'One candle-power" was identified 
as the amount of light given off by one pure 
spcrmacetti candle weighing 28 g. 

delnmd for spemacetti resulted in the con- 
struction of a candle house in Woods Hole in 1836, 
at the hei&t ofthe whaling industry. Woods Hole, a 
village of f.'almouth, was already an important sea-. 
wrt, and although much s~naller than the other sea- 
pofls of New Bedford, Provincetom, Truro, and 
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%fell fleet. its deep waters were attractive as a home 
p h t  to nlariy \%rl~aling ships. Even at its height, how- 
ever, U'oods Hole was not nearly as important as 
New Bedford to the whaling indushy. Not only re- 
gionally prominent, New Bedford was known as 
the "Whaling Capital of the World" and the corntry's 
o~eatest whaling port from 1820 until the Civil War. 
i, 

111 1845 alone, 150,000 barrels of sperm oil, 
273,000 barrels of whale oil, and three million 
pounds of whalebone were brought in by Qle 10,000 
seamen on New Bodford ships (Fawsett 1 990). 

Coincident with the growth in whaling was a 
growth in com~nercial fishing in Buzzards Bay, no- 
tably for menhaden and mackerel (Scornher 
scumhrus) during spring and summer months. By 
the late 1800's comn~ercial fishing and catch infor- 
mation were entering the "modern" era with opera- 
tions of the U.S. Fish Commission and advance- 
ments in fishing technology. Bu~zards Bay fisheries 
have changed significantly, with Atlantic mackerel 
(pre- 1920) and scup (Sfenotomus chrysos; post- 
1960) accounting for about half the total commer- 
cial catch (Buzzards Bay Pro-ject 1987). 

In the early 1900's weirs (fish traps) were used 
along the shores of Bu7zards Bay. Tke weirs were 
used for catching species not typically caught by 
draggers like bonito (Sarda surdcc), scup, and but- 
terfish (l'eprilus triucunthus; Bowles and 
Livingston 198 1). Weirs were made by sinking 
numerous upright poles into the sediment and string- 
ing them with netting, making a long, wide extended 
opening to guide fish into the base or bowl of the 
trap. After the disruption to industry as a result of 
the Civil War, weir fishing began to grow in popu- 
larity as it enabled many fishermen to work the lo- 
cal shallow waters without the hazards of deep sea 
fishing. Catch by weir fishing is generally quite vari- 
able with no guarantee of marketable catch; how- 
ever, many local fishermen during thls period were 
able to switch from deep sea to local waters with- 
out serious loss in income (Fawsett 1990). Also 
during this tlrne, attention turned toward the shal- 
low shellfisheries, which provided areliable source 
of income with a smaller investment in equipment. 
Lobstering and clamming grew in popularity along 
with the seasonal scallop industry. 

With the growth of whaling and fishing came a 
large increase in supporting maritime trade indus- 
tries. Farming gave way to marine-based econo- 
mies in towns like New Bedford, Woods Hole, 
Fairhiven, and Padanam (a village of Dartmouth), 
and they experienced a surge in the growth of trades 
to support the sea-based industry. Boat builders, 
blacksmiths, coopers, sail makers, carpenters, and 
so forth settled in these areas along with a large 
number of unskilled laborers. However, the avail- 
ability of kerosene in the 1 860's brought about a 
swift decline in the whaling industry. Coincident with 
this decline was the development of the cotton 
manufacturing industry in the northeast, taking ad- 
vantage of the availability of workers and water 
power and shifting the major industry toward manu- 
facturing (Fawsett 1990). New Bedford and Fall 
River, with their protected waters, proximity to off- 
shore fishing grounds, and extensive growth, have 
continued to be the industrial centers within the 
Buzzards Bay watershed. Early this century large 
urban populations forced New Bedford and adja- 
cent Fairhaven to handle sewage through central- 
ized wastewater treatment plants and to construct 
outfalls into Buzzards Bay. Hence, the inner and 
outer harbor regions of New Bedford represent the 
major industrial and nutrient point sources ofpllu- 
tion for the entire bay, with most of the remainder 
of the region having farming, light industry, and 
nonpoint (septic) disposal ofwastewater as the main 
pollution concerns. This pattern continues today. 
Historically, the primary toxic po1lutants were &om 
textile (dyes), metal fabrication and jewelry (met- 
als), and (more recently) electronics industries 
(PCB's) (Camp, Dresser, and McKee, Inc. 1990; 
Terkla et al. 1 990). 

Present Day 
The fishing industry continues to be an important 

economic resource for Buzzards Bay. Although 
c o m e ~ i a l  finfishing has been profibit& in the bay 
since the late I 800's, a relatively l q e  fishing fleet sup 
ported by ports such as New Bedford and Woods 
Hole fishes George's Barnk for Atlantic cod (Gadus 
morhua), mackerel, haddock (Mlrpnogrammus 



cii.gle/inzr.\ 1, striped bass (,%lon>tzc ,\~;~utili,{ ), kvinter 
flomcfer (Pk~~uwnccre$ ~rmet-iccrn~~\), aid the like as 
kvell :is occan scallops ( X Y O C O I ~ ~ J C ~ ~ M  ~r~e,qc~iluni~'z~S). 
hlore localZy, shclflishing (prin~arily bay scallop 

(Aequil7c~c'tin it-ii-rcrc1icr~1.s) and quahog) was and con- 
tinu~~tstoExmimport;rnt industry ttlroughout tllc 
bay ($4.5 ~nlllicln in 1088), with aciditional 
comn-tel-cia1 atld rccrcittional harvest trf soft- 
shelleil ciams f J f i . c r  trrcncrric~) and lobster 
( IJnftrcrrrr \ ~ i i ? l l ~ r . i c , c i ~ z r . ~ ) .  t Bouever, cncrfishing 
ancl the ever-incrcitsing shcbll fislt k d  c l o s ~ ~ n ~  ht~ause 
of'colifc,m~ cont:tlnin;itii)i~ pula growing strrlinon this 

'l'iic cxccpticrrl to the anoden~ day tiecline in ag- 
ricrtltiire nitllirx thc w;ntc171;11cti is cnuikrry growing. 
~'rr-inbcrr.ii.s wcrc hurvestcci nrountf Xft~/.i.~irds Bay 
hy Native iln~cric:~ns arkti I~itcr hy I'uropcan colo- 
nists. Wit[) lllc ciiltiv;klio~i ~f 'cf;i~~l~crriss ;tnd deve1- 
opil~c'nt ot'cr;int>c.rr.y ttgricullitre can~c  hctth in- 

cn~r~bcrry hol:s, ~~st~allj)" 1-y ~o~~vcrf i f lg  fiesJ~t+ater 
wctlantts ( i'I~c>inas 19(10). At prescnt, cranberry 
agriculture yiclcis 30 tinlcs rmlore rcvcnuc than thc 
sccontl nxrst iittport;trlt. ag.rictlltui.al irtdt~stry, cittiry 
filrl~lislg, ; i l i~i  et~~ploys 12 times the \rorkcrs ('lkrkltr 
ct ;iI, 1 i)O)o), Many of'tltc hogs ivithi~l tf~c I t i i~ /~~rds  
ifay ivr~&nhtltl tvcrc itrigi~~idiy uxxicr cnltivalion ~norc: 
t f~an ;r ccalttiiy apo tttlcr~ the watershed ncctruntud 
161r itbout 25% ol'thc lotid cralthersy production in 
the t irritc..rl Slirtcs. i 11s \\ctf;iild nature ofmany of 

C'anaP ro ~ h c  shipping inciusrry is aln~osf IIIC;L~CU- 
lablu, not or39y for t ho  direct ecanornics o f  
tra11sy3trr.f in st~nrtcning the circuitous route aroirnd 
Cape C'tsd hila atso for zhe savings in counriess 
lives and ships. As in tlie caloriinl era, the bay 
continues to sene at; a ml;jor trarlsportatir3rt sys- 
tem. 'I'raffic throngti the bay toda) consists pri- 
rnarily < t i  oil tankers. freighters. and barges 

carrying over 17.2 million t of commercial cargo 
and much of the refined oil for New England. More 
than 6.300 large cargo ~ e s s e l s  pass through the 
canal each year, as well niore than 25,000 smaller 
vessels, including fishing and pleasure boats, many 
of which would he ill-equipped for the long and 
dangerous voyage around Cape Cod (Farson 
1993). 

One of the primary uses of Bu~zards Bay to- 
day is as an aesthetic and recreational resource. 
* % 1 he many small coves, inlets. and harbors around 
the peritneter of tile hay provide shelter for nu- 
nierous boat moorings and Inany types of recre- 
ational activities, from boating, fishing, sailing, and 
swimming to utiler water sports such as scuba div- 
ing and water skiing. 'I'he high level crfwatcr quality 
generally foitnd within the bay attracts a large nrrm- 
her oftourists each year to its shores, providing an 
important cccrnonaic resource to many of the local 
co~ntnunitius. ~111~ act i~c n'cr~itiotl;d fishery in Duz- 
/;~rcis 13ay prcrvidcs both rtiruct income to the local 
marinc industries and indirect support for the tour- 
ist industry. 

'I'he major alteration in land use within the 1 3 ~ ~ -  
mrds I3ay watershed over the past centiiry 1 1 2 ~  k ~ n  
the shi tt from fanning to resideiltial housing, prima- 
rily post-UTcrrld UCir 11. 'The major urban center, 
greater New f3edford, h a  ~main~ined a nearly con- 
stunt population sirice 1930, a result of the major 
cxpruisic>n in ppulaticm due tc:, the whaling i~tdustry 
in the 1800's and the city's growth as a rnanufac- 
turit~g center (Terkla et al. 1990). in recent years, 
rrgiorxil d~ztnges have k c n  primarily related to sub- 
urban g o r ~ t h .  p;uticularly in the tourisnl and retire- 
rncnt populatictns (i:ig. 1.5). 'l'he result is that the 
nonurhan population has now surpassed the urban 
popufalion. as was the case 200 ycars ago. 

iafier aln~ost 400 years of recorded develop- 
ment, inany of the activitics within the bay-water- 
shed systena remain essentially the s a l e  although, 
of course, technologically advanced in practice. 
Fisheries axxi agriculture remain essential resource 
trses, hut, as in m a y  other systems, the fisheries 
yields have diminished due either to overfishing or 
alterations in habitat. 'The major shift of emphasis 
has been frorn Farming to residential and tourist 
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300 sciatci.l Jci  clopn~t'mt. and thc incxasod population 
:in'] its concon~it;tnt ii~cr-ease in nutrient loading to 

250 - * .  
n ij 

l\a> \ \ ~ ~ c I Y  ma! t i~r  the first time rcpresetlt it sigtlifi- 
L 2 200 Total . cant tllrcat to the procfuctit it)'anJ Ji\-crsity ofthis 
3 

5 . , ccns) stem. 

Year 

Fig. 1.5. Urban and non-urban population growth In 
the Buzzards Bay watershed 
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I~UKJILT~S Urpr and its surrounding upl;tnJ?; rep- 
resent a relative'l? joung e~:~stal t 'c ; t t~1~~ i l l  Xc\\ 
Englix~d. 'lihile the bwic s t n w t ~ w  of'the s\ sleln \ t ~ b  

created by glacial trarlsport and stthsel~ucnt C"I-CI- 

siorl of sediments dtrriix~g glacial t~tclting ;u~d ~.eire;it, 
secold,asy processes of relati\-e se:l-le\ el rise, \\a\ c 

and tidal erosion. and sorting and tnirtslxvrt ol'scdi- 
mrnts continue to tm~sfi~rm bcRh tire IT L I ~ C  1- sca rt-l;tr- 
gin arrd the subaerial portion ofthe h~iv. 

2.1. Formation 
I3~zr,ards Bay was forrrxed by proccsscs asso- 

ciated with the L,aurentide Ice Sheet which. cen- 
tered on Inbndor and f fudsort 133y during thc tinnl 

or Ci'isconsin S t ~ ~ g e  of the I'lcistoce~~e I:.poci~. 
strifled some 50.000-70.00() years f3.f'. I3eli)rc t t ~c  
('ape C'ocl rcgion was gl;toi:rtctl, there \.\as an CS- 
trlnsive coastal plain consisting of Ikrtia~y ; u ~ d  CSC- 
tiioeotis rool\s that cxter~dcd sca\$ard to the ap- 
~ ~ r ~ ~ s i m : t t e  location 01' preseiat dl$> Nitntuckct, 
M ~ ~ h a " s  't'iney~d. tuld Block Xslarld. l'hc land snr- 
tice grtldcd doc~n\irucis to~vasci the rincieilt s1lc)re- 
iirte (1 Iough IC>4O). IYeistoccne glriciation, spccifi- 
c;illy the 13ur~i~rds t h y ,  C'ape ('oJ t h y .  ~ ind  Soiith 
('lt~rrtncl lohcs (Fig. 2.1 ), modilicd illis surlice arid 
to a lesscr c s t c ~ ~ t  the ;ic!jaccnt L I I I ~  uncferlyi~~g Nci\ 
f kglarld Oldlru~d. 'l'hc adviu~cc and setreal of these 
thrce lobcs. ti)rnled hccuuse o f t  asia!ions i11 the 
speed iuld ~ ~ ~ o v c t x l e ~ ~ t  01-the ecigc elf the I ,aurentidc 

Fig. 2. t .  Southern New England showrng the d~reclions of flow of Ice of the 
Wiscanstn Stage (by arrows) and the two posrtions of Ice standslrlf (dashed 
Itnes) From Strahler (1966) 
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ice Sl~cct. Mere rcsponciblc fix ific hrnrtaticrn of 
C'ape ('trd, Nantucket, Martha's Vineyard, anif 
13il/~;irds Ray altd its w:rtersized. 

Ihc  structure ol'tjmc i%it/~iartls Ifay estu;trine scs- 
trm is most closely linked to thc I'Ju/~ardr, Xfay lobe. 
(as it wrxs fntdificcf hy tlic C'ape Cod Ztay aid South 
C'hlrnne.1 lobes). lhe  tfur~ards I3ay lobe initially 
spread kicross tlzc area of I%u;./ards Ifay tcr its far- 
thest ex1e11t ~ t f  tvcstcr~): hilarthlt's Vineyard. At this 
point the I ~ ~ V ~ I I O C  hafted fi~r a pcrioci of nmrc than 
1.000 years during nl~ich gl:.lcial till was ctcposited 
as ice cot.~tinuousiy ;~rrivcd hut rnclted or cvapo- 
rated hcfbre i t  cctulci acivancc thc pcrirnctcr. I'tlis 
t i l l  ccrnsistcd not orlly c~f'soit ;rrlci tlccom~x>setf rock 
i ~u f  i11sooftwdrt)~'k cr~llectud trs thc ice :is i t  tlo~\cd 
s o t l f f ~ ~ ~ a r ~ i  itCT(tsS Ncw 1:trgland. Ormring this strt- 
rioniiry yr11;tsc 11 ptlrtiorr of the tcrn~it~rrl momine of* 
llic If it~/:irciti I3;rp tobc \\;it; clepositcci (Fig. 2.1 ), A 
scrics ol'caolrt:, ti,lloavcci rt.rirr trlitdc the ii)rnlatior~ 
(11'ffle 1 1 1 0 ~ i i l t 1 ~ ~  ~ f f i ~ ~  C";ipc ( ' ~ d  H D C ~  lxlilnds SC- 

givrz ciifSerrrnt rtxut mo% ntomirrc li)m~aticmls thn~uglt- 
out  the I !nitc"rj Sratcs (( )idrife 19V2). /\licr the p- 
ricd crt'rncttir~g ard rctre-c;tf, 16xt.  p2:icier rcttdi;.gncc.ci 
ovcr t l ~ o  tteavicr dcfsosits nerircht the glacier tiice 
a r t !  acted J ~ ) \ G  it 17tzlldo~cr~ fifiillg I ; ~ ~ c ' F >  ol'lE~r g1;1- 
cia1 dcptnits :irxJ strrne prcvioiis snrtilce rtrirttlrial 
and ti~nrsriix~h: tllcrri fi)rw;~rcl ill ;i j~rttccss criiltld 
"gl~rcicr-tcctctriicsSS' In ihc final j~t-aasc. tire n~argitl of 
the: if u/~trrds It;\! Iohc oaferrodc the rt~r~msted de- 
posits and a~/t~cn i f  nre1rc.d let1 3 [hit\ vcr~eer of gla- 
cittl tiif covtrrirly t t ~  thnisted cieposirs that ti,rnr the 
ienuirnai lalt$r.lttrzc. (( )!tiale i')clO:!). 

Sloprnp, li*c>rrl the tuorainc is atr oiir~cinsh 
p1;iin cic.posifeif iks the tirlcr rnateriiils nerc ~ i m i e ~ i  
;r\s;iy Ikrllr the* icc c.tigc in rne.lla~:trcr tloras. Slnt~inrg 
led to ;I g~id~~rion in scJin~crrt siltzing ;uJ .cte~;rtic~n 
~nixvit~g away fccrnr t hc int?r;iitlc indeed. t c ~ h j *  the 
highest elc.tr:itions in rhc ESuxi'ilrdb l3ay warcrshcti 
and ' q i I i ~ h 3 ' ~  VrErtc>*:rrd (30.5-6 l m) ;tsst~ciateil 
t+ith thc 13tv~;u.rf.t 1 % ~  I{\hc r~io~\tr~al Je~w:~sits. Ra- 
dioc;trhwl d;rfirrg (fiiyt. I L)fr4\ akggcsrs ttrat some- 
time aflcr 15.300 - 800 years 13.14 elirtrstic \sarm- 
ilig crattsed the Ru~~irrcis 1J:ry I t k k  to mpidlv retreat 
tcr what is aj~proxin~ately the eastern watershed 
bt i~ld;~?. '  fix i3ufxm-ds I3ay : . t i  the Cape Cod rd135iy 

lobe to the location of the Sandwich moraine 
(1,arson 1980). This secondaxy position of the ice 
margin was held for a period, and rnoraines were 
famled by dacio-tectonic processes and, to a ksser 
oxtent, &:lacid till fiom the continual inflow and melt- 
ing of ice (Strahler 1966; Oldale 1992). Thus the 
retriGveiy large Bun& Rdy (and similarly the Sand- 
wich) moraine was formed, 1.6-3.2 km wide and 
extencling within the watershed fiorrl the t3Iizabuth 
Islancis to the head of the bay. The Cape Cod por- 
tion is surrounded by outcvash on both sides in its 
northern parts and is relatively high at 30.5-6 1 m. 
'l'hc E:lizabcth Islands portion is of relatively low 
~ l i e f .  generally less than 12.2 m a mcxirnm of 
30.1, In. 'rllcse islrulds consist entirely of glacial de- 
bris with eroded hmlciers h ~ n i  the moraine fonrr- 
ing a natural rip-rap in thc face of advancing sea 
lcs*eI (Moore lC363) and providing a rocky sub- 
strate fix ctrlonixition~ by biotic cornmunitics. Be- 
twecrt the IZuz~arards Bay and Saxldwich moraines, 
tile Mashpet. pitted oui\vash plain was fimned, 
making up much of this portion of Cape Cod (Fig. 
3.2). 

1:urfher rutreat trftho t3uzmds Bay lobe across 
crtrrcrlt Z'Zu~rards X3ay to approsin~ately the west- 
ern watershed margin, coupled with minor 
~rid~:u~ces. led to srrlallcr mc~rain~s, outtv~sh plains, 
alxd glacial ri l l  dcpiIsits an the western shore. The 
elevation of the termirral and recessional rnoraines 
with outwash plain sloping away Ilelped to deter- 
nzirlc the \\l;lf~rshed of the existing bay. 'The melt- 
water ertjded the outwash plain and generated 
nutatash ctlanncls that avere later flc~odcd by rising 
see \t c t  . ~i . 10 crcate the many embaymcnts on the 

rwsterrr side ofthe bay and similarly outside the 
M arersticd on tlic southern shore of Cape Cod on 
the Mrishpt. pitted plain (Fig. 2.3). In addition. the 
pruxnce of outt~ash ad-jzltcent to the sl~orefront tends 

whereas erosion of nlrrraine leads to a rock- and 
ho~Xd~r-stre\vn coast. These substrate conditions 
laid dot%,n by glaciation thousands of years ago 
continue t t ~ a f t t t  benthic biotic smct~Ke today. 
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Fig. 2.2. Glacial geologic map showing end moraines and sandurs of the Plymouth-Buzzards Bay area of 
Southeastern Massachusetts. From Larson (1980). 
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I hc retrcztr t~r ' l f tc  tho ;~dj;i~cr~t glacial lcthes did 
not occair in cotlccrt. I he I.Xurrards 13ay ltrbc and 
thc ('ape 7 . d  Hay Iohc rnct ;tpprt,xirn~itciy at the 
1trc:itaon i, !'the Q 'six C'ocl! ( 'i~131. .I he f3uuxds Rll,~ 
lobe hcgalt sctrciziing hcfirrc the C'apc ('od f3ay 
l irlx, uncoccritlg a brcah in thc mct~tine rtt lllc p in t  
\I hew thct jrri~icci. U'i tll the later ntclting of the C'apd. 

C'oil Iiaq lohc- \\atcr \ t i ts able to flo\v through thc 
brcah afhcre thc c;rn~:2% is nou. located, across the 
t>trl\sr:nit, ancf iilto i3u/~.anli Bay. In Iiitcr yettrs, t~vo 
htrcunls ti ith Ilc;iii\\atcrs lcsc allan omc hilorneter 
:tpart irstriihltccl tllc olct glircicr <,titlet. separ:itcct by 
;i stir~d! ridgc: thc Sctissct I{ivcr f l ~ ~ \ i n g  rtosthcast 
inlo ('apt C '(14 fk ty  nnaf a l t ~  M:inamet (or hlonu- 
nlcltt) Ilivcr tlcrhl i r r g  xctiitl~\vest into I3u~l;lrcls i h y .  
Ncl nxi>rc than q). 1 $11 iihovc. sea Ievcl, these v311e16s 
Itccarrtc ;I ~ntur;rl crrca firs latcr constructiot~ ofthc 
(';tp.< ( ' ~ 3 ~ 1  1':a1lal. 

A Marine Bay 
I hc rirpict \\or-iirit~g atk,ut 14.~100 ]cars 13.f). firtit 

c;tt~sctl tlzc rutscat. thinfling, hrcahull. iuld final clis- 
appc;rr;nncc of the icc sheets dici 110t cnd the ice- 
d r i ~ e ~ t  ~~lot"pl~ologic;ii :rlteralic,t~s ofthi: Neb 'fin- 
gl;rnJ surt:,icc. Wllcri tlrc asatcr triippcd in thnf ice 
rcttirr~cri 1 ~ 3  thc* cFcearr5 ;t r.cl;rtit+cly rupicf rise in sca 
lea cl t f ~ ~ ~ t r r c c f .  i )usiog Pii'it 1 8,000 IO 10.000 
Scars oce:ln ic\e.ls s t~w I d ) -  I IEO 111 i4ith levels ahout 
T,OOO yci i~s 13.t4. ;it 7- 10 111 hClo\+ present (cf. 
Ittslcry .in~t /Irihrc.? 190 1 1. In thc segicln oft'apc 
( '64f. t l t i i i  rise i t )  sea IevcI resiilfe~i in ttlc tlootiing I ~ J '  
tftiar~tic ( iccitrr \+,itcrs ir,l'C'apc i 'ctd arlci I3u~~;rrds 
F?;iy> ;ulJ Nnt~tiicfher, Vittc'y~~rai, ;ind 1.011g IsXancl 
%t~rtr~d.;. I"\ rrelatiac ";a I t \  el\ roxc. h23rth;i's Vine- 
t;ir~f iiratf N;alt tnckcr twcarriu islai~ds. arid the Icltt er 
dcpjsirictn k t a ~ e ~ r r  tilt* tcrrnir~;il ;inti t2tk/~i~ds It:\> 
atror;tinc..s i"te"c;irrtc 1111: sr?urtii\. 'I'he lo~ser topi>gct- 
phi crf ait.r;it kcanrc IXtl//aruls 13ay is [?robabl> a 
rcsut t o t ' ~  comhir~:itinrr u f 'e .~  i-nts, strix-tin2 with sub- 
;tcr.iaI u r r r ~ i t ~ n  during ~acriod ttl'cstrc.n~cl~ lo\\ sc.a 
I t a t  cf ~ Y I  the ifate. I crriarr. C'C'c;ifcl?i 1006f. iftst~fficie~tt 
Jcp,sitio~r (!wing at the rnqEn ctfrhc tJl'wehttm pit- 
ted plain). :rnti crt)sicm due to rnelttialcrs lic?tn the 
latrr retrc;zr ol'tf~c C';ifw ( ' c ~ l l  I3a. lobe, i$'hafe.\er 

the cause, rising sea levcl flnoded current Uulmds 
E3ay about 5.000-6,000 years B.P. 

.Fhe historic rltte of relative sea-level rise (the 
combination of eustatic or ocean surface rise and 
changes in the land surface due to subsidence or 
uplift) can be ascertained by radiocarbon dating of 
recfk, deltaic deposits, intertidal pats, 'and so forth. 
One such study using intertidal peats collected at 
the pedtill contact was conducted in Barnstable 
Marsh only  10 k111 from Buzzards Hay. Since the 
p a t  was gencnted by silt marsh plants. which only 
grcns in intertidal wetlands, it acts as a tracer for 
historic rekitive sea Icvet. It appears frornthis method 
(Fig. 2.3) that the early rapid (0.003 ndyeas) rise in 
relative sca level continued until about 3,500 years 
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Fig. 2.3. Age of peat at depths selatrve to the 4000-year 
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m sea level (Inset Curve B IS subsrdence of coast of 
eastern Massachusetts, Cum C s subsdem from Cape 
60d to Virginia Cuwes A, B, and C correspond to rnaln 
figure j From RedIieM (1 967) 
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B.P. ~vllen the rate of rise slowed markedly. During 
this initial period allnost all of the current main basin 
(and many of the current embaynients) became 
flooded with sea water. (Recent acceleration in the 
rate of relative sea-level rise is diserisscd in 
Chapter 6.) 

Given the relatively uniform depth of the Buz- 
z d s  Bay Basin (Fig. 2.4) the transition from emer- 
gent upland to submerged bay bottom would have 

probably occurred relatively rapidly (over a few 
thousand years). Flooding would necessarily have 
followed the depth contours, which get shallower 
moving north toward the head of the bay and later- 
ally along the axis toward the western shore. Current 
bathymetry is smoother than before flooding be- 
cause of marine deposition in the valleys and 
holes. Most of the current bay is less than 15.2-m 
deep, with the exception of Quicks Hole (38.4 m) 

Fig. 2.4. Bathymetric contours of Buzzards Bay adjusted to mean low water datum. 
From Moore (1 963). 
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and the main channels in the bay mouth (30.5-42.7 
m). It has been suggested that the bottom topogra- 
phy reflects glaciation; deep channels In the bay 
mouth extend into the bay (through shoaling) and 
continue into the 15.2-m contour and the greatly 
extended 12.2-m contour toward the bay head. This 
greater channel structure may reflect late glacial ero- 
sion (Hough f 940). To a lesser extent, the outwash 
channels in the western shore (e.g., New Bedford) 
continue offshore (Driscoll and Brandon 1973) be- 
cause of their drowning after formation. Once the 
flooding of the Buzzards Bay basin commenced, 
thenow subtidal sediments were subject to reworking 
and transport. 

2.3. Sediments of 
Buuards Bay 

The surficial deposits within the Buzzards Bay 
watershed appear to be predominately Pleistocene 
in origin. Although deposits of some pre-Pleis- 
tocene sediments have been reported (Woodworth 
and Wigglesworth 1934), these have not been con- 
firmed. It is therefore thought that the earlier Ter- 
tiary and Cretacean strata are not apparent (or ac- 
tive) in the present system (Moore 1963). The tex- 
ture of the glacial drift is coarse with sand size par- 
ticles most abundant and with little silt and clay 
(Hough 1940), and gravels and rocks are common 
within the moraines. The thickness ofthe Pleistocene 
deposits is of course variable, but appears to ex- 
tend to the bedrock (e.g., Dedham granodiorite). 
Emery (1969) reported that a subtidal boring in 
Woods Hole encountered granodiorite at 83 m be- 
low mean low water (under 8 1 m of clean sand and 
2 m of water) aithough basement may be nearer to 
the surface (47 m) to the northeast (Oldale and Tuttlc 
1964). 

The most abundant rocks in the Buzzards Bay 
moraine exposed to bay waters in the southern por- 
tion are gneiss and granites (Houglit 1940: Driscoll 
and Brandon 1973). The source of these granites 
appears to be most likely the Dedham pnodiorite 
and associated rocks from the region adjacent to 
the Boston Basin with apparently some southern 
Maine diorite and possibly contributions from 

northeastern Massachusetts. "Thus it would appear 
that ice moving southward from southern Maine and 
southeastern New Hampshire across the eastern 
margin of Massachusetts could have gathered all of 
the diverse materials found in the Buzzards Bay Mo- 
raine" (Mather et al. 1942: 1 143), and in the reces- 
sional moraines as well. On the western shore, in 
addition to the glacial transport, Dedham grandiorite 
can been seen in outcrops (Emerson 19 17). The 
glacial drift and to a much lesser extent this exposed 
granodiorite adjacent to the bay primarily consti- 
tute the source of "new" sediments to the bay 
bottom (Hough 1940; Moore 1963). 

The initial source of bay sediments was the same 
as the surrounding upland until flooding by the ocean, 
at which time biogenic and water-transported de- 
posits began to form, and reworking and sorting of 
the sediments began to take place. A mineralogy 
study (I-Iough 1 940) found quartz to be the domi- 
nant mineral in all samples, and feldspars were sec- 
ond in abundance. The feldsparthic sands are di- 
rectly related to the erosion of Buzzards Bay sys- 
tem glacial debris. In the deeper waters there is an 
abundance of clays, micas, fine-gained quartz, and 
feldspar. 

Tidal and wind-driven currents are the most im- 
postant source of energy for sediment transport and 
sorting within Buzzards Bay. These currents result 
from the protection offered by Cape Cod and par- 
ticularly b e  Elizabeth Islands, which prevents long- 
period ocean waves from entering the bay (Moore 
1963). In addition to providing a mechanism to al- 
ter basin sediments, the flooding of the basin al- 
lowed for erosion of shoreline deposits by wave 
action. To date, erosion of headlands and island 
shores has cut them back many meters. Coupled 
with longshore transport, the curvature of the coast 
has been somewhat reduced, and some embayrnent 
openings have been restricted by bay mouth bars 
and, if shallow enough, have been filled with wet- 
lands (for example, Great Sippewissett Salt Marsh 
in West Falmouth). Overall, however, the change 
in the shoreline has been modest due to the abun- 
dant boulders in the glacial drift areas, which form a 
pavement and retard erosion (Hough 1940). 
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The subtidal basin topography has undergone 
alterations as well, mainly smoothing (Fig. 2.4) re- 
sulting from erosion of shoals and increased depo- 
sition in hollows. However, like the beaches, the 
shoals (formed &om the same materials) also form 
a coarse surface layer slowing their erosion. The 
major alteration has been the deposition of fine- 
gained sediments in the central bay, producing a 
gently sloping bottom (Hough 1940). 

Overall, B~lzzards Bay is identified as a net depo- 
sitional area (Camp, Dresser, and McKce, Inc. 
1990), with a progression of silts and clays being 
transported from the outer continental shelf into the 
bay and subsequently into the smaller associated 
embayments like New Bedford Harbor. Sediments 
within the bay range from muds and silts in the 
deeper regions to sands, gravels, and boulders in 
shallower areas nearshore and near the eastern head 
of the bay (Fig. 2.5). Almost all of the deposited 
sediments have terrestrial origins rather than rna- 
rine, indicative of deposition from runoff or glacial 
activity. 

Silt is found in the deeper, centraI regions of the 
bay generally below the 12.2-m contour (Figs. 2.4 
and 2.5), with fine sand along the nearshore depo- 
sitional areas ofthe north shore but medium sand 
close to shore on the south side. Coarse sand is 
also associated with the sandy protuberances ex- 
tending out off Penikese, Pasque, and shoal areas, 

as well as in the vicinity of rocky submarine expo- 
sures around New Bedford Harbor, Nasketucket 
Bay, and the northeast shoal areas of the upper bay. 
Areas of coarser sand are swept by stronger cur- 
rents thrrt remove finer sediments (Moore 1963 ). 

These physical features produced by glacial 
transport and sorting of benthic sediment by tidal 
and wind-driven currents have created a textural 
and depositional environment that exerts a sibfifi- 
cant effect on the distribution and composition of 
today's benthic plant and animal assemblages. The 
communities inhabiting rocky versus sandlsilt and 
clay bottoms are very different because organisms 
attach to a rock substrate and burrow into a fine- 
grained one. Most of Buzzards Bay consists of fine 
sand to silt-sized sediments, and in these areas, sedi- 
ment characteristics, including grain size and sedi- 
ment composition, are major determinants of the 
structure of bottom-dwelling communities. Larval 
stages of many benthic animals, particularly inver- 
tebrates and bivalves, require certain sediment con- 
ditions for successhl settlement. Grain size is a lim- 
iting factor for young larvae that burrow into the 
bottom and become established. The result is that 
given the relative stability of the sedimentary envi- 
ronment of Buzzards Bay (Moore 1 963), the geo- 
logic history of the region has played a central role 
in the distribution of today's animal and plant 
communities. 
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I"@, 2-5. Texttarat distitbulron of Buzzards Bay sediments From Moore (1963) 
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3.1. Fresh Water: Rain, 
Surface, and 

Groundwater Flows 
'The kvatershed of Buzzards Bay is that region 

on which rainfall flows over the surface or through 
gouiid\vater into the bay. In simplest terms, the fates 
L 

of precipitation on the land surface are surface wa- 
ter runoff through rivers and streams, subsurface 
transport and discharges as groundwater, or return 
to the atn~osphere via surface evaporation or up- 
take and loss by plants as evapotranspiration. The 
partitioning of flow between these various pathways 
has innportant consequences for nutrient and pol- 
lutant transport to and the salinity structure of bay 
waters. However, accurate partitioning for each 
embayment is complex and requires diverse long- 
tern1 data sets and therefore has yet to be performed 
throughout this system. Measurements of ground- 
water discharges are also very limited and are con- 
ti~unded since many of the rivers and streams have 
significant groundwater contributions. However, 
rained11 has been measured over the long term at 
several locations around the watershed and limited 
river discharge data are available. Based on these 
data, it is possible to generate a general baywide 
picture of fieshwater inputs. Given the highlyper- 
rneable soils resulting fiom glacial outwash, signifi- 
cant amounts of fresh water reach the bay directly 
as groundwater discharge, and the rivers and 
streams around the bay have a significant baseflow 
(groundwater) component to their discharges. Gla- 
ciation has also affected discharge, as the western 
shore with its extensive outwash soils contains the 
major surface water flows to the bay, primarily along 
outwash channels. In contrast, the smaller water- 
shed area and different deposits on the eastern shore 
yield an area dominated by smaller, generally ground- 
water-fed streams and direct groundwater 
discharges (Fig. 3.1, Table 3.1). 

Precipitation is relatively uniform throughout the 
year with only a minor low during summer (Fig. 
3.2A). However, this temporal uniformity in rain 
input does not translate into a constant freshwater 
input to Buzzards Bay. The temporal lag between 

. -- 
7&0. 

Fig. 3.1. Drainage basins and location of major 
streams emptying into Buzzards Bay. Westport River 
(A) has the only long-term stream gauge in the region. 
Numbers refer to rivers listed in Table 3.1. From 
Signell (1987). 

Table 3.1. Estimated freshwater flows to Buzzards 
Bay. Numbers refer to locations of rivers on watershed 
map (Fig. 3.1). Adapted from Signell (1987). 

Contri- 
Drainage Inferred bution 

Map area basin flow of flow 
symbol River (kmz) (m31s) (%I 
A+A'WestoorI 

( ~ a s t + ~ e s t )  
Weweantic 
Sippican 
Paskamenet 
Mattapoisett 
Wankinko 
Agawam 
Acushnet 
Red Brook 

---------------- 
Groundwater + streams 377 7.5 34.2 -------- - - - - - - - - -  

Bay watershed total 11 105 21.9 100.0 
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Fig. 3.2. A. Precipitation and mean monthly discharge 
of the Westport River, normalized by its drainage area. 
B. Comparison of normalized discharge from 2 years 
of data from the Westport and Weweantic Rivers. 
From Signell (1987). 

inputs and discharges results primarily fiom strong 
seasonal sshilts in recharge rates that are due to losses 
via evapmspiration and to a lesser extent the stor- 
age of ice and snow during winter until spring melt. 
Annml retun of rainwater within the watershed to 
the atmosphere is about 65% (45% recharge; 
i,eBlmc et al. 1986). The integrated result ofthe 
cycles of precipitation, temperature, and evapo- 

piration is a distinct seasonal variation in water 
kbIe elevation with resulting variations in discharge. 

Although river discharge data are limited, long- 
term measurements were conducted on the major 
river system, the Westport River (Fig. 3.2B), with 
smaller data sets available for the Weweantic River 
(cf. Signell 1987) and Red Brook (Moog 1987)& 
The seasonality of river discharge is clear in the 

Westport and Weweantic rivers (Fig. 3.2B). Similar 
temporal variations caused by seasonal changes in 
hydraulic gradient were found in groundwater 
discharge into Buttermilk Bay (Weiskel1991). 

The similar discharge rates per unit of water- 
shed for the Westport and Weweantic rivers over 
the same period (Fig. 3.2B) support the use of a 
generalized ratio of discharge/subwatershed area 
for each ofthe major rivers discharging to Buzzards 
Bay (Signell 1987). The ratio from the long-term 
Westport data is 0.01 98 (mz/s)/km2, similar to a 
study by Bue (1 970) for a nearby Cape Cod River 
of 0.0 1 9 1 (m31s)/km2. The bay-wide total freshwa- 
ter inflow estimated fiom this approach is 22 m3/s with 
the Westport and Weweantic rivers accounting for 
about one-third ofthe total flow (Table 3.1). While 
this technique does not separate the contribution of 
moff versus groundwater inflow to total discharge, 
baseflow within this watershed is probably signifi- 
cant based on the geology and Red Brook, where 
approximately 69% of the total flow is baseflow 
(Moog 1987). Because of the relatively small wa- 
tershed area versus bay area, the freshwater inflow 
(22 m3/s) is nearly equivalent to the direct rain input 
to the bay surface (1 8 m3/s), although evaporation 
of bay water must also be considered. Nonethe- 
Eess, the importance of considering direct precipi- 
tation is clear. Although direct precipitation leads 
to dilution of bay salinities, it is less important than 
streamflow in producing .salinity gradients within the 
bay waters. 

The apparent temporal variation in freshwater 
discharge through surface and groundwater path- 
ways and the nearly uniform monthly precipitation 
input directly to bay waters are consistent with the 
salinities observed in the open bay surface waters 
near the mouth. Salinity measurements collected 
over 14 years in Woods Hole, which receives a 
mean mass flux of water from Buzzards Bay and 
has aln~ost no nearby fieshwater discharges, indi- 
cate a small annual range of less than 1 ppt, with a 
minimum in April, maximum freshwater discharge 
in Februq-April (Fig. 3.2), and a maximum of 3 1.9 
pgt in October at the end of the low discharge 
period (cf. Signell 1987). 
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Fig. 3.3. Temperature and salin~ty profiles from the no&vm end of Buzzards Bay through the Cape Cod Canal 
and to Cape Cod Bay for (a) 12August 1959. (b) 1 December 1959: and (c) 11 April 1960. Three disbnctwater 
m a w s  exst Cape Cod Bay water, "Cap Cod Caul  water," and Buzzards Bay water TransiDonal water vnthin canal 
forms a boundary that fluctuates back and foNr vvrth each revem! ofMe tidal cumnt Anraku (7 Wa). 
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Fig. 3.4. Compos~te seasonal water column 
temperature in Buzzards Bay (Station I) and New 
Bedford Outer Harbor (Stations 2-5) Data from 
Howes and Taylor (1 990) 

had watcr col~mmn anoxia and fish kills (fiorn tnicf 
lcI18O's lo p~s t 'n t )  related to pritxlic surnmcr stmti- 
fication (Costa el al, 1992; tiowes and Gaehringer 
1092). For mast of the year higher winds produce 
a tvell-mixcd water colurnn. It is unclear whether 
the tow watcrshed-to-bay surface area ratio that 
results in the relatively low fiseshwatcr input also 
produces a lower hquency m d o r  strrttifi- 
caticrtl sf bay waters or if these processes in part 
mainkin the shble benthic cnrnn~rlrzities in the cen- 
trd basin of the bay. t fowever, given the high oxy- 
gen dernmd ctf central basin sediments (flntves and 
'IBylor 1989; Banti1 et al. 1 WO), prolonged stt-rttifi- 
cation is iikcly to lcad to low oxygen bottom wa- 
ters. I t  appcars then that the physical structure and 
the rltixing processes of the Bwzards Bay system 
may be providing a potentia! bul'fer t o  biotic 
cctmmmities inhabiting thte open bay. 

3.3. CirculatianiCurrents 
and the Tidal and Wind 

Regime 
13wzad5 i b y  is a relatively sMlow estuary, with 

nlcan low water depths ranging from 5 to 1 0  m at 
the head to slightly over 20 rn at the mouth. Depth 
profiles in transects across the bay show a 

~Litively smootl~ ajq~~nletric bottc>nm near drc: head. 
g~dual ly  kcornixmg more imgu la  and convoluted 
near the 1~10ufjh. Tlte eirct~lation pttems within BLE- 
atrds Ray ;m p~dominkltely tidd md tvind-dn'wn 
flows acting on a large-.scale esttmirle ckrlsity driven 
flow of about 1 crds  (Sigtell 1987). 

"The iscation and scrnienclosed nature of Buz- 
T J ~ S  Ray xsult in tidd p;jmmeters sig~mificmtly Jif- 
fti.n.rmt from those fotmd in tfic nwby waters ofvine- 
yard Sound imci Cape Cod Ray. ' rc~  understand 
these diEi.n.nces, it is r~ecessixry to look at the New 
Einglmtd f3ight its a tvhok. fmrn 1,ong Xslrmd Sound 
to Bui.zards Bay (Fig. 3.5). Tides in Rtuztrds Bay 
are predornirrately senlidi~lmal m d  dominated by 
the luxtar cyclc. The sotathem New England shelf 
tidal wave first reaches Khodc Island Sourd in the 
"gap'3hrtween Block Island and Martha's Vine- 
yard m d  then ntoves into the shallower basins of 
Vineyrtrd Sound. Namigansetr Ray, and Bui*a.trds 
Ray, Iluc to the configwittion crf Bwzads Bay, the 
tickdl signal is m~piificd by tile shoding and n m w -  
ing ofthe einhaylnent toward the head, while thc 
tvdve mtaving thmtrgh Vixxyd Sound is din~inisheri 
due to interference with the progressing wave en- 
tering Vineyard Sound from the Gulf of Maitle 
(Redfield 1953). ' f ie interaction of incident wdves 
h n t  the southern New England shelf md their re- 
flection from the head of the bay daminate tidal 
pammctem in Bwzards Bay. 

'Ihe tide range is approximately 1 m wid1 little or 
no tenlporal lag throughout the bay, the headwa- 
ters l a a i r ~ g  only 20 min behind the mouth (Signcll 
1987). In contrast, Vineyard Sound operates more 
like a strait with tidal influence from two sources: 
the Gulfof Maine wave from the east and the south- 
em New England sheifwave from the southwest. 
'The ef'f'ect is a decreased tidal amplitt~de and a fig- 
niticant ternpral lag of roughly 2 4  h behind Bil;r,- 

xards Bay (t3cdfiefd 1953). 'Ibe contrating occur- 
rence of the tidal wave within these two adjacent 
waer bodies causes large phxe and mpfiwde dif- 
ferences bctween the bay and sound a d  gene~ites 
extremely swift c m n t s  ttetwcxn B U ~ Y L L T ~  Bay and 
Vineyard Somd (aveMng 120- 1 50 c d s  in W ~ F  
ffole and Robinsons Hole). 'These exchange 



Fig 3.5. The southern New England Bight. From Spauld~ng and Gordon (1 982) 

cumnt speeds are many times higher than the av- 
erage speeds within the central (20-30 crn/s), head 
(<I  0 cnifs), or near the mouth (50 cmls) of Buz- 
zards Bay (Fig. 3.6). With less important cc~xise- 
yuenees, diiyerenees in tidal phase and amplitude 
create strang currents tfirough the Cape Cod C:x- 
nal joining Bu~xxds  Bay and Cape Cod Bay (f:ig. 
3.6), Meari tidal range in Cape Cod Bay is 2.8 1x1 

and avenages 1.2 rn in Buuads Bay. 'fie estitnatd 
tmcrver tirr'tt* of\vttter tvithin B w x &  Bay is about 
1 0 days (Sumner er al. 1 9 1 3; Moore I 963; Signel l, 
1987). 

'Tidal current is the most imp>-t factor influ- 
encing scdin~ent pattenl, ;uld two major curre~lts 
within the bay propr predominate during ebb and 
foal tides. Che emen& running pmd kl to Natshcm 
Islmd ,and tenxrin;iting near Woods Hole, reaches 

shallow water sands arc directly related to tidal cur- 
rents, with accumulation of silts in deeper waters 
the result of bathymetric entrapment and less dy- 
nmic current activity (Moore 1063). Wind is also 
identified as a m~jor  factor in scdimcnt composi- 
tion h c a ~ ~ s c  wind-drivui wave activity c ~ a t e s  high- 
enerbqr waves in shallow areas of the bay, eroding 
arexs unprotected by headlands. 'This erosion is in- 
dicated by a general coarseness of sediments found 
in theso areis and the presence of greater accumu- 
Iations of fine seditnents on the sotithwcsterly than 
on the r~orthwesteriy margins of harbors and coves 
(Driscoll and lltrandon 1973). 

Nthot~gh tidal forcing is the domit~anr hetor in 
the circulntiart within li3uzz-ds Baj; other param- 
eters itlfluence localized currents, especially in the 
Inore restricted area near the head and the nlore - 

0.6 to 0.8 knots; the second is about 1 1 /2  k111 shelterud h;trklrs imd ernhqments ringing the bay. 
wide and runs along the nofihwest shore of BUL- Of'themetwrt~logicd factors. Ic~al  wind conclitions 
j.;lrds Bay, with con: velocities of about 0.6 kriors. arc' thc most significant; however, nonlocal winds 
Midbay surfacc crinents are weak, generally less md atmnuspi~eric pressure are also important. W~nds 
than 0.4 or 0.5 knots, with no defined directiomlal in this regitm are generafly northwesterly in 1vintt.r 
flow (Fig. 3.6). Although currents m i n g  Lt~vc3en md soud~~t.~esterIy in stnnzmcr. with local sea breezes 
the islands do not extend far into the bay, they are often auwenting the souhcvesterly influence dw- 
inapmta~t to butto~n sediments nw the islands fc,m~- ing summer ~ O I I & S  f Fig, 3,7f. Majar stom~s. holy- 
k g  sand proktkrmces info the bay. The weIl-sc>fted ever, ofien hlolli h m  north or northas.& rou&ly 
sediments found along the shore north of Woods along the long axis of the bay. In addit ion. varia- 
Hole result h m  strong c m n b  in this area (b'kmre tions in nod& wind md amospheric pressurt: can 
1963). The distribution and sorting patterns of lead to a rise and fali af average bay level, The 
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Fig. 3.6. Buzzards Bay tidal current chart show~ng flood currents 4 h after slack tide. Current speeds in knots. 
U.S Department of Commerce, NOAATidal Current Chart From Camp, Dresser, and MctCee, Inc. (1990). 
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currents resulting from this "pumping," however, are 
relatively small compared with those created by Eo- 
cal winds (Signeli 1987). Winds along the axis of 
the bay are most significant in influencing circulation 
and are important to mixing, transport, and exchange 
for the bay (Fig. 3.7). Because of the more com- 
plex bathymetry at the mouth of the bay (Fig. 2.4), 
tidally induced "residual currents," or currents 
caused by the channeling of water as it moves across 
irregular surfaces, are of greater importance to 
subtidal circulation. Tidally induced eddies formed 
near the mouth of the bay (Signell 1987) can affect 
the fate oftransported material. 

The effects of local winds on circulation are most 
pronounced in the smaller, shallower fringing har- 
bors and embayments. The circulation of New 
Bedford Outer Harbor, for example, is controlled 
by its enclosed nature. Although a weak pattern of 
'but  on top, in on bottom" exists, it can be 

dominated by wind patterns such as a light south- 
erly wind, which may stall surface movement 
(Camp, Dresser, and McKee, Inc. 1990). At its 
boundary with Buzzards Bay, circulation in New 
Bedford Harbor is more tidally driven. Flushing of 
New Bedford Harbor and many of the other har- 
bors and smaller embayrnents results from a com- 
bination of tidal influences, winds, runoff, and 
warming of the shallower waters and can be vari- 
able depending on the dominance of any one or 
more of these parameters. Probably more impor- 
tant than the effect of tidal and wind-driven flows 
on water exchange is their effect on vertical mix- 
ing. Although stratification is generally weak the 
tidal currents near the head of the bay are also 
small. It appears that wind-driven mixing plays a 
major role in vertical mixing, hence affecting oxy- 
gen balance and biotic communities within this 
system. 
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Fig. 3.7. W~nd roses from 35 years of data at Otis Air Force Base, Bourne, Massachusetts Wind direction 1s 
from north (upwards), with speed in knots From Signell (1987) 
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Table 4.1. Dominant soft-bottom, hard-bottom, and rocky intertidal commun~t~es in Buzzards Bay Soft- 
bottom species iisted comprise 95% of the species present by number. Hard-bottom species are listed when 
found to comprise more than 2 %  of the population. Data on soft- and hard-bottom species from Sanders 
(1958, 1960), rocky intertidal data from unpublished f~eld surveys (Boston University Marine Program) 

class or I Class or 
Substrate Species phyluma 
Soft bottom 

Hutchrnsontella rnacracanfha Crustacea 
Lumbnnerrs tenilrs Polychaeta 
Turbonrlia sp Gastropoda 
Spto hlrcornrs Polychaeta 
Retusa car~alrcillata Gastropoda 

Substrate Species phylum" 

Hard bottom (cont'd) 
Nuncula proxima Bivalvia 
Nephthys incisa Polychaeta 
Ninoe nigripes Polychaeta 
Cylichna orzya Gastropoda 
Callocardia morrhi:ana Bjvalvia 

Stauronerers caccrrs Polychaeta 
Hard bottom 

Ampelrsca sprnrpes Crttstacea 
Bybl~s serrnta Crustacea 
Cerastoderma ri~rlatinrl" B~valv~a 

Llimbrineris tenltis Polychaeta 
Nepthys ir~cisa Polychaeta 
Molgula complar?ata Tunicata 
Unciola irrora fa Crustacea 

Rocky intertidal 
Sern~balanus balano~des Crustacea 
Ba la r~ i~s  balarlus Crustacea 
Carclrlils maenas Crustacea 
Cancer rrroratcis Crustacea 
Pagunfs lor?grcarpt~s Crustacea 
Llftonna I~ttorea Gastropoda 
L~ttonna ohtiisata Gastropoda 
Ltttonna saxablrs Gastropoda 
Myblus eduirs Btvalvia 
Modrolus rnod~olus Bivalvia 

An?pelrsca rnecrocephaia Creptdula forn~cata Gastropods 
Clycera arnencann Pnlychaeta Nerels vtr-ens Polychaeta 

a~rci organic mattcr anci ctsygcn that :tppcsrs to t ~ c  

Nephthys biicsra Polyctiaeta 
Tell~nn terlera B~valv~a 
N~noe ngnpes Polychaeata 

strt~cturirig tft~jr~artis 13ay hcnthic cctmrllirnitics 

Ascophyllurn nodosilm Phaeophyta 
Fucus vesrailosus Phaeophyta 
C l~or~dn is  cr7sp~s Rhodophyta 

Sanders ( 1058, 1000) claasrrctcri/cci the hcnthic 
mrnr~~unitics in I t u ~ ~ i ~ c i s  13ay into t\\o fitun:rl groups 
orasse~~ibi:iges. 'Ihc filst is ttzpificci hy dclx~sit fkcci- 
crs gcnc.rallqc present in sotier, rnucitficr sediments 
3rd cion~in:ttcd hy  he pc~lychacte ,ti'/~lrl/!~:\ j t~c ' iu i  

and tlxe l~ilt~cllibrt~nch / Y r i n c * l r l ~ r / ~ r r ~ ~ ~ i ~ t ~ ( ~ .  'lqhc ticah 
currcrrts that CIIIC)\V organic mattcr to sctflc ouf in 
thesc :.txn.as provide a source ofbfi,od fbr large nurn- 
hers 01' these dcposir kcdcrs (21 crage .Ylu~c.rilrr 
density 30-40,r)OO/m?). lilat~t horn Sanders ( 1958. 
1960) ~ilsc, intficate that the djstrihution of'iicpt)sit 
keders is strongly correlated to rhc pcrccntagc of' 
clay. with the sriinf ler clay yrtutic1c.s trn;kk ing more aE- 
face area to bird organic matter. 'I'he secot~d con?- 
rlrunity is pri~nxilj fol111d oKshore in sandy In~tk)ms 

=I.'hyl,, arc Itstud for seaweeds classes for other spccles 
'Decause Ccrdstodurnta popuial!orls are tilgtlly :.C~JSOIWI i t  ~b nut considered to be ,a qund cli,lracter~z~ng sp~cies fur this ~oillmiiPity (Sanders 1958) 

and is 1n:idc up rnaiilly ot'ti!tcs 1l.cdcrs dominated 
by amphi pods (, Inipelivc.lr spp.). 'I'hc prinlary dc- 
tcnninant fbr distribution of'liltcr f2edt.r~ is not fi~lly 
knon 11. but their colnmuni tics gcner.all>. predorni- 
natc in arcas of\\ ell-sor-tecf finc sands indicati\ c of 
~nodcrt~tc. ~t.l:iti\*clj constt i t~t  ctin-cnts that proi ide 
sutlicicnt iiwd \ ia suspcnsiol~ in the natcr column. 

i >riscoll and I3rando1l(l973) fiirthcr dii ided 
suhtiditl I~abitilt~ itl~in l 3 ~ v ~ ~ u . d ~  t3aj info hus func- 
tional groups: sh;illoii pl-otected. nearsl~ore. open 
haj. iu-ill ott?;hc~re. Ihc shalloii protcctcd. tlearshorc, 
and of'f'sl~orc areas art. gcncrallj cliaracteri~ed as 
ha\ ing fine-g~iincd scdirncnts (mean $rain diluncter 
of less than 0.18 ~111) .  analogous to thc .Yi/ncrilrr 
l?r.o.\-iaw - ,Z'iy>lrtC<\.\ i~ l~ - i .w  communities identi tied 
hy Sandcrs (1958. 1960). 'I'hese three habitats have 
distinctly ciiifcrent sediment cht~ictcristics and fati- 
nlrl :~sc.mblagcs ttim the opeti brq rvess (mecan ga in  
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diameter greater than 0.1 8 mm), more cornparable 
to tile i-l,v?pt~li,scu assemblage (Sanders 1 958, 
1960). 

Tho sin~ilarities in sedirnetlt type between the 
protected and offshore sites are identified 

as the result of hvo sets of physical conditions. In 
the shallow protected areas, eelgrass, which is of- 
ten prevalent, exerts a dampening effect on cur- 
rents, resulting in deposits of fine-grained, silt- and 
clay-rich sand. Near the mouths of harbors sedi- 
ments are generally fine-grained but poorly sorted, 
duc to stream inputs carrying little or no coarse de- 
tritus and to deposition in a dynan~ic flow field with 
variable wind and wave activity. The sediments in 
the deeper offshore areas also experience less wave 
enerLy and lower current velocities and are afforded 
some protection by the dendritic troughs of the Pleis- 
tocene drainage system (Driscoll and Brandon 
1973), resulting in the accumulation of fine-grained 
hut less organically rich sediments. Offshore areas 
itre generally characterized by water deeper than 9 
111. 'The offshore molluscan macrofauna of north- 
western Bu7zxds Bay is predominately represented 
by two species (making up 90% of all collected), 
rvir.s.suriu.s trivittutzns and 'I'i,ldia lirnuttrlu. In con- 
trast, the shallow, more protected areas are coio- 
nixed by a variety of molluscan fauna, dominated 
by C'repidz~lu .fi)rniccltu, Nuncula proxirnu, 
C'repidulu plana, Biltium alternuturn, and 
Luevicurdium morloni. The most obvious differ- 
ence in fauna is seen in the abundance of Nuncula 
pro.~irnu in shallow, protected areas and its near 
absence from other areas. 

Nearshore sediments maintain greater relative 
abundance of Macomu tenta and Eupletlra 
caztu'crtlc, with few Nunculaproxirna and relatively 
fewer Nus.surizts trivittatus than the offshore ar- 
eas. Open-bay environments, on the other hand, 
are substantially different from the other three sub- 
system types. Benthic communities ofthe open bay 
are generally characterized by suspension feeders, 
carnivores, herbivores, or nonselective deposit feed- 
ers such as Arussurius trivittatus, Chaetopleuru 
upiculutu, and Anuchis avara. Sanders (1 958) 
suggested that the fauna of stable sand bottoms is 
probably inherently more diverse than that of mud 

bottoms, tnost likely because of the more stable 
(less stressful) environmental conditions at these 
sites. 

Overall the deeper parts of Buzmrds Bay have 
~naintained a stable benthic community for several 
decades. Nearshore areas that have been organi- 
cally enriched (possibly by sewage), such as those 
within New Bedford Harbor, are dominated by 
Mediomastzu umbisetu; this species is an oppor- 
tunistic colonizer ofpolluted sediments or those sub- 
ject to disturbances that limit recruitment of most 
other benthic organisms. Monitoring of infaunal 
populations has been conducted at what is known 
as the 301(h) Site offshore from New Bedford 
Harbor (Howes and Taylor 19891, and populations 
have shown little change from what Sanders found 
in the Iate 1950's and early 1960's. It appears that 
benthic populations within the central bay remain 
relatively "pristine," even in the region of New 
Bedford, which contributes almost all of the sew- 
age to Buzzards Bay waters and almost half of the 
total nitrogen load. Even in this region, the impact 
on benthic communities appears restricted to 
nearshore areas (Howes and Taylor 1989; Costa 
et al. 1992). 

Although sediment characteristics are important 
to structuring the infaunal assemblages in Buzzards 
Bay, the reverse is also true. Bioturbation and sedi- 
ment reworking by benthic infauna are significant in 
structuring the biogeochemistry ofthese sediments. 
In fact, Rhoads (1 963) estimated that although one 
species, fioldia lirnntulcr, a deposit-fceding pele- 
cypod, represented less than 10% of the total bot- 
tom fauna, it was potentially capable ofentirely re- 
working the sediments within its range of distribu- 
tion in the bay (Fig. 4.1). More than half buried, 
this clam ingests sediment, extracting food and eject- 
ing waste several centimeters into the water. which 
eventually settles into small mounds around the si- 
phon. Typical of deposit feeders. this species acts 
to mix surFxe sedimentary layers, alters the char- 
acteristics of some of the particles through aggre- 
gation into fecal pellets, and potentially increases 
the oxidation state ofthe surface sediments through 
the presence of its burrow. 
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alterations (Rli~oadsa~d Gemano 1986) in benthic 
cornmr~nities and sedirncnt oxidation (Fig. 4.2) is 
occurring in BLYZZX~S F3ay tclday; the difiiculty for 
tuologists rmd managers is to distinguish alterations 
driven by natural or physical forces from those 
driven by nutrients arid rlrg~utic matter. 

I3u;.j.;uds Bay scdiincrlts also play a11 important 
role in the titi. stages oi'many pelagic species. For 
instance, studies of the eggs of marine planktonic 
copepcis in the bottom scdi~ncnts of ' f 3 ~ u z ~ d s  Hay 
indicaft that scdirncnts nlay be part of rm intportiult 
pathway firr rccniitn~cnt ofthese orga~lisn~s into the 
plankton colnmunity. 'I'he eggs. which have the 
ability to resist digestion when it~gcstedby knthic 
prcdatctrs, ci\lenvintcr in the secfimcnts and hatch in 
spring ullcn water ternperzltures rise (Marcus 
1984). In shail tow coastal waters such as Blw;rmds 

Fig.4-7. Method of feeding reworking of sdirnenb ]jay. storm events, current flo\v, and bioturbation 
by Yoldra 11matnla From Rhoads (1963) also inilucncc the transport and hatching ofthest: 

eggs. Marcus (1084) and others (Ilale 1976; 

'I he strttc c)l'osidatior~ or rcct~ction ot'tllc k ~ t t i ~ i c  
sedin~errts ;it uny o w  Iocatiorl is an integration of 
tlrc t y ~ x  vf'kathic c o m n ~ u r ~ i t ~  nttc of hiotwt~rafion, 
tind rate ol'dclivcry of organic-sic11 particlts, to the 
sedimctxts. In arcas cvith loc\~ org\rric m;ittcr ciciii - 
ery or deep hurrcrwinp. del;x)sit-fkcding conrn~uni- 
tics I X I ~  s~~iilnents are ~ c I I c ' s ; ~ ~ ~  ~ x i d i ~ e d ,  and con- 
vcrselp nmrc redtrcing (snl fitic) where i~jgtl rtitcs of 
org~inic: dejn)sition iuxf sha1Iow bkirro\IV111g C C ) ~ ~ I T I L ~ -  

tliticsocciir. In Xlu~~iircis thy ,  physical disturh:trrccs 
earl affkct h u ~ ~ t h i c  coi t~~~zunir ies  and fiicnci. 
biofurb;ttiorr by reducing thC ctcpth trfbir,twbarlon 
itnil itxxz~qing the skrltiric j.c)nc ol'tlr~e sctfirr~ents; iliidl 
st~lllcicrlt ti~ztc, the co111111ulliti~s are ruestal3lisheci. 
Ovcr the pitst I OOycars, howcli~cr. ~~lf~ricil t  and or- 
gainic dischiugcs ro I3tlr/;lrifs XZay \tatem ( e . ~ . .  Neb5 

E3cdfol-d) huvc led to in~srcssecf organic ~icli.c, cry to 
scdirrmcnts in sorne areas. which appears t o  have 
restlttcd in the alteration o3r'hcrxthic cnmmur~ities. 
Whether the stnicturi~~g Factor is the rate of i3rgulic 
matter delivery rfiwctly or ~ ~ a n d i ~  cfEct~ ct t '~i1t~:r 

column hyposia or anoxia is unclear. 't'he result is 
declining 4i.t ersity and sl~alln\iring of the depth of 
bioturbatio~~ :md therefbre m increase in dte sulfiric 
zone in those arras, fhis general scheme of' 

hndur.st)n ct irl. 1982) ir~dicated this mechanisn~ may 
 SO hc ir~~p~f~t;ttlt for dinotlageIl;~te bloon-1 fbrn~a- 
tion, tchcrehy large numbers of cysts and fine- 
grttincai sediment particles accumulate on the sea 
110c~r t t r d  ;ire: rcsuspcnded on n large scale by cer- 
r:iin physical dist~rrbances such as coastal storms. 
Marcus and I~itlter ( 1085)) later detem~ined that 
pllysical rx~cclranisms atfcctir~g sedimentation and 
winsp,fi can ht. iisctf to predict the distribution and 
ahundsncc of recently spawned eggs on the bay 
fx,ttr#xr. 

Msiofauna. il4eiofhiina represent infauna from 
ntost inarinc phyla with the uni bing trait that they 
;ucr :u~in~:ils, nltbsf 1) rnetLv,cxms. ihat can through 
i t  1 .O-0.5 rnm serccn. Their role in organic matter 
c) cling in co;tstal sedinicnts is still an area of active 
rcscarch, but it is clear that the5 play a role in sedi- 
ment rnlcrcsbial food chains and are consumed by 
&psit Ikders. Mriufi~ud populations in B w m d s  
Ha) arc oi en\ helmingly dominated by nematodes 
md kinorhynoi~s. composing between 89 and 99% 
<.if the. total 11urnbt.r~ (U'ioser 1960). Certain spe- 
cie-s irl'i~uma~odrs appear to be restricted to par- 
t icular secfi~r~ent rypes; h r  instance Odo~lto~~horu 
kit16 d4ep!c~ne~7zt~fftr species dominate sandy 
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Grossly polluted Distance Norm_al 

Fig. 4.2. Alterations in benthic communities and relation to sediment oxidationlreduction state under varying 
levels of (a) physical disturbance, or (b) nutrient and organic matter pollution. From Rhoads and Germano 
(1 982). 

sediments, whereas areas of finer grained, silty sedi- 
ments are dominated by the nematode 
Terschellingia spp. and kinorhynchs such as 
Trachydemus spp. Observations of the distribu- 
tion of these dominant metazoans are comparable 
to Sanders' (1 958,1960) sand and silt distinctions 
formacrofauna, with combinations of spe- 
cies determined by the relative amounts of sand 
versus fine deposits present. 

Shellfish. Shellfish are benthic animals and in 
most cases infauna; however, because they sup- 
~ O J A  commercial and recreational fisheries, they have 
special conditions regulating their population densi- 
ties. Shellfish are relatively fast growing and easy to 
harvest. Buzzards Bay, with its many protected 
harbors and embayments, provides numerous 

suitable habitats for hard-and soft-shelled clams, 
oysters, and scaIlops. Shellfish are also important 
in coastal food chains with large numbers of eggs 
and larvae entering the plankton during spring and 
summer months providing a food source forjuve- 
nile fish and crustaceans. Suitable habitat is impor- 
tant to the production of shellfish in that the young 
of various species require specific types of substrates 
or sediment grain sizes u p n  which to settle or b w  
row. Various shellfish species have specific salinity 
and temperature ranges for reproduction and 
gro~-t l~.  U'atcr circulation d s s  plays a role irr main- 
taining temperatwe and oxygen conditions as well 
as in transporting p h k t o n i c  food, since all of the 
harvested bivalve species are filter feeders. Hard- 
shell clams or quahogs, sofl-shell clams, scallops, 



and o>t;tcs iire tile Ci~~if lal t  shelf fisil species in the 
bay, followed to a lesser cxtcr~t by the edible blue 
rz~ussei. u hich altf~ough emily ga:aEhexd md delicious 
has not rcachcd the popularity it  lias in Europe. 

'T'1.w must widespread shellfishery in Hurards 
E3ay is tflc hwci-shellcd clrun or qt~dlog. A4ljrt*c~ncrr-ict 
frzelz.ctrrir-ra (Fi g. 4.3 ). Capc ('od is as the north- 
ern btxtndary to Iczrgc-scale tfistribution ufthe spe- 
cies (Iiclding ! 0 10). which is a wamm ivzrtcr mol- 
lnsk. Quahogs grow in stiallow and deep \cater; 
however. they wex pritmuily httnlestcci in sftalltrwcr 
waters until thc advent in 1983, ofri deep \cater 
circdgc fishcry in Ihc hay. /2k~n.~v1rlricj populate 
sandy t o  mudctj* sand hottoms gct~enrlly in  ;trc;rs 
wherc salinity is above IS ppt ;irlcd can hc 1i)und 
virtually along tIic perimeter ofthc hay. 'l hey bur- 
p.(\~ intc'r the xciitncnts :uld extcnti their siphons into 
Cllc w;ttcr COIUIIIII  to i'Ccd. 'l'hcse clams are quite 
toicrant Ia sflorf-lwriod stresses sucl~ as Ix~ttorn wn- 
tcr ;uloxir~; they car 21%) su~vive ciurirrg kuvest u hc~r 
tl~cy arc (rut ofwater fhr long periods by '"ci;ul~rning 
up," rerrr;liining wit11 heir shells closcci until conrli- 
riorts irt~pluvc. I,argcr i11tfi~idik;ils arc cstrurnely 
hardy itnd can survivcr days of'anoxi;l or emerge 
Siotn cfccp hurial (tens ctfccntimetcrs) canscd by 
sl~iitirrg s t ~ ~ t t s  or c)vcnva~h during stonns. i'9ltl1c)ugh 
those claals grow quickly ;u~cf achieve maskct:ilhlc 
si~,h: it7 3-3 years. they may live up to 35 years. 

Fig. 4.3. Quahogs (Mercenaria memnana), !eft, and 
shoe-shelled clams (Mya arenanil), right Photo by 
D Goehringer 

Sofi-shclled ol:im\, \It 11 cvc~r~iiriir (!'ig. 1.2). 
gcncr~ily c ~ c ~ u :  in smJ> or n~udi l j  scdinzcnt.\ in pro- 
tccttd 11;itbors arxt inlets ;ind in salt marsh creeks. 
burrou ccl in the scdi171ctlt \;i i r f l  siphons eureriding 
into the ivatercolumn. I'hcir fragile shells arc les\ 
tolerant to disturbttncc atld are niorc casilq hrokcn 
than thosc of most other species of'elams in the 
Iluzxitrds 13ay regiort. I3eca~ise their sliells iio not 
ciose tightly (a portion of tile siphon proinidcs tiom 
the shcll), thej, have lirnited tolcr-ancc to a n o ~ i a  rulcl 
can s11fiii.r high mortalities f h ~ m  sulf?dc. clccut~~ula- 
tion uncicr lo\z o ~ > ~ g e ~  conditions resulting tivrn ci- 
thcr natural rrr ;uld~ropgenic causca. Bccaust: thcsc 
shellfish tue more pre\ alcnt in soil, org~uiic-r-icf~ scdi- 
rncnts, cxuisional low oxygen conditions arc likely 
cfnc to 0xyge1i dcplction in bottom xwtcrs that re- 
sults from nlicrohial dccornposition ot'this orgatlic 
mattcr. Intoicr:irlt of*salinitics less than 5 ppt, they 
freqrtent1j. irrhabit low -energy c r r ~ b q  ments s\I~crc 
organic mnttcr can accurn~ilnte yet 15 it11 sufficient 
ll~eshingor linzittri fi'(~'sh\viitcr inputs to rnaintiiin high 
enough salinity for rcprotiuction and gro\vtIl. J'he 
co~nbination~ of low-cncrgiv, high orgarlic nlattercn- 
viri~nments arid sensitivity to hyposia can result in 
inass n~ortalitics of this species, rt., have occurred it1 

C'apc C'oci t3ay (Ci.K, 1 fampsoii. Woods liole 
Ocuanogriipl~ic Institution, personal commr~nic:l- 
tion). X3ccausc of'tlle sonne\vhat fiapilc nature of 
their shells. tltcrc Ilis h t ~ n  rtxe11;t iritcrest in hyd~ji~lic 
dredging to ciccreasc losses during harvest and in- 
crease yields olfer traditional hand-tonging. 

In addition to inftiun:d bivalscs. I3u1~irds R;ly is 
recognized tbr it% high productivity ofthe cpik-nthic 
bay scai lop, rlcy ztipcrc.fe~z ir-t-trdiurr.~ (Fig. 4.4: 
(;imtsc9il 19-3fll. ('ape ( ' o c i  is ccmsidercd the north- 
cm limit fix t~~esc:~llop, \tIiich is Iessoomnlon ill tf~e 
colder: ~a t c r . s  to the north ((ioodc 1887: l>avis 
I989). 'I'he con%mcrci:ll sc:iIlop fishery in 13u~j-rds 
13114 bcgark it] New liicdford in 1870. principaIlv in 
the lower t\custrnct R i ~ ~ e r  arid Clarks Cove, and 
rapidly expanded to the upper regiorls of the bay 
(f)a\lis f 9893). 'k~diiy. there are many areas arounci 
d~c; bay !I hen. scallctps still swain an immrtult corn- 
rnercial fisf~crq, prin-tarily in ihc 'Mkstp~fi R i v e  but 
also in the Acushx~ctt River and Clarks Co\ e 013 the 
Ivcsrern shore, West IZalmorrth and Wings Neck 
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Fig. 4.4. Scallops Aequipecfin irradians. Photo by D. 
Goehringer. 

along the eastern shore, and the headwaters of the 
bay. 

Adult bay scallops are highly mobile, propelling 
themselves through the water by expelling water 
through the rapid contraction of their shells by their 
adductor muscle. 721is muscle is highly prized for its 
delicate flavor and provides the main edible portion 
of the scallop. Bay scallops grow quickly and rarely 
live more than 2 years. Scallops have only one 
spawning season and environmental conditions can 
cause unpredictable sets (Lee 1980; Capuzzo et 
al. 1982). 'I'he combination of a short life span and 
limited spawing season is partially responsible for 
the large fluctuations in clean populations that drive 
the large annual variations in catch. Spawning gen- 
erally occurs during early summer when water tem- 
peratures approach the annual maximum (20-24" 
C) and are coincident with phytoplankton blooms 
(Sastry 1966, 1968). Although bay scallops are 
generally most abundant in shallow embayments, 
they are also found, occasionaify in large numbers, 
at depths of 4.5-1 2 rn in Burzards Bay (Capuzzo 
1984). Studies of bay scallop gonads taken from 
offshore stations in Buzzards Bay (9 m depth) 
showed offshore populations spawned earlier and 

over longer periods tl-nan inshore populations (e.g.. 
Wings Cove, 2 -~n  depth). Although catches are less 
predictable in the offshore areas, the scallops ap- 
pear to have 20-50% more muscle weight than 
specimens collected inshore ( C a p n o  et al. 1982). 

Scallops are filter feeders and asjuveniles are 
sedentary, often attaching themselves by byssal 
threads to eefgrass (Zosfcru rncvina) blades above 
the sediment surface. 'The impacts of nutrient p l lu-  
tion-such as increasing epiphyte growth or tur- 
bidity in the water column, which decreases light 
availability--can have serious consequences for 
eelgrass beds, hence scallop populations, by elimi- 
nating an important substrate for the early growth 
of-juveniles. Eelgrass blight or wasting disease. re- 
sponsible for the loss of large expanses of eelgrass 
beds in various areas along the North Atlantic coast 
(1 93 1 -32), has indirectly been identified as the 
cause of subsequent declines in scallop populations 
in these regions. The presence of toxic pollutants 
such as heavy metals may also affect scallop popu- 
lations. The scallop fishery in Acushnet River and 
Clarks Cove has declined in recent years, possibly 
as a result of exposure to the high levels of copper 
in New Bedford Inner Iiarbor and Outer Harbor 
sediments. Copper in the water column has been 
shown to reduce growth in these shellfish 
(Sindermann 1979; Davis 1989). Whatever the 
cause, scallop harvests have been low for the past 
decade. 

C'r~~.sso.streu virginicu, the common oyster, is 
not as abundant in Bwards  Bay as other harvested 
bivalves. The entire eastern shore ofthe bay (Figs. 
1.4,3.1, and Table 3. I ) ,  the Agawam, U7estport, 
and Weweantic rivers, Wings Cove, and parts of 
Sippican Harbor (in Marion) all support oyster 
beds. After going through initial juvenile slages. 
young oysters (known as "spat") require a hard 
substrate upon which to settle and grow and are 
often found on rocks, pilings, or frequently other 
oysters. As in the case of other bivalve mollusks. 
they are subject to a variety of natilraf. predators 
(e.g., crabs, birds, sea stars, and oyster drills). 
Oyster harvesting is not presently a large commer- 
cial industry around Buzzards Bay. but evidence of 
past oyster harvests exists in shell middens. or shell 
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piles, lefr by the Native Americans in areas around 
the bay shores. In these shell middens, as today, 
quahogs were the dominant species, with fewer 
oysters and soft-shelled clams (Kitteridge 1930; 
Emery 1979). 

Other species of edible shellfish are also found 
in Buzzards Bay waters but provide little recre- 
ational or commercial harvest. Black clams, 
Arctica iskxndica, similar in appearance to qua- 
hogs, can be found throughout the bay. Although 
they generally inhabit deep waters, they are also 
found in shallow regions. I'itur rnor~!?zicmus or the 
"duck clam" is also hirly common in soft bottom 
areas but is generally not harvested because of its 
strong flavor and weak shell. The common razor or 
Atlantic jacknik clam (Etz.lsi.s directus) is abundant 
in the lower intertidal to subtidal sandy and muddy 
regions. As the clatn burrows deeply, the shivp edge 
of its long slender shc'll am inflict a significimt cut to 
the unaware harcfoot cluluner, Although it supports 
a recreational shellfishery, this clm's rapid escape 
into deep burrows limits the catch per unit effort in 
cornparison to other species. 

'The only major crustacean harvested is the lob- 
ster (Ironzcrr-us umcricunus). Lobstering represents 
at1 important conmnlcrcial resource for Uuzjlxds Ray 
and supports a small recreatictnal fishery, 13uu~rds 
Bay is a spawning ground for lobsters. Larval lob- 
sters hatch in Buuxvds Bay beginning in lare May, 
and the cnriiest larval stage is no longer found by 
mid-July (Callings et al. 1983). Significantly piitcr 
nunnbers of gravid females as a proportion o f  the 
total catch are typically obscrvcd in Buzzards Bay 
compared to regions north of Capc Cod. In 1987 
the catch percentage of gravid females for U t u ~ a d s  
Bay was 3 t %, in strong contrast to the state aver- 
age of 9.2%, and about double the 19% reported 
for the lobster fishery of the Outer Cape (Estrella 
and McKiernan 1988, 1989). The higher larval 
densities in Rwzards Bay compaed to other Mas- 
sachusetts arid Ncw England tvaters north of Cape 
Cod are likely due to wmler  temperatures, result- 
ing in the more rapid maturation of females and en- 
hanced spawning stock levels (Lux et al. 1983). 
The bay's water residence rime and \limn spring to 

fall temperatures help to make it one of the more 
favorable areas for growth and spawning of lob- 
sters in New England. In fact, Buzzards Bay "ex- 
ports" significant numkrs of larvae (1 0-20 million 
per year) through the Cape Cod Canal (Callings et 
4.1983). The Buzzards Bay larvae and spawn &om 
lobsters residing in the rocky bottom of the canal 
presumably help to support the lobster fishery in 
Cape Cod Bay. 

Primarily nocturnally active invertebrates, lob- 
sters generally hide during the daylight hours in rock 
or grass shelters, emerging during twilight hours to 
feed. Small lobsters frequent shallow waters near 
shore, while larger individuals (occasionally up to 
22.7 kg) are more prevalent in deeper offshore 
waters. Relatively slow moving in their four-legged 
walk, lobsters have the ability to rapidly propel 
themselves backward for short distances by the 
contraction oftheir tails. The characteristic claws 
of the lobster perform two functions: the larger of 
the two, or '"crusher," is designed for cracking hard 
objects like the shells of snails or bivalves; the 
smaller, s11'ir  claw, or "cutter" is used for tearing 
apart prey (generally fish) or plant material. Lob- 
sters are also known for their cannibalistic behav- 
ior, frequently eating other lobsters in their soft-shell 
(just past molting) stage and even their own young 
(Meinkoth 198 1 ; Davis 1989). 

Fish. Only limited quantitative data are avail- 
able on the fish populations in Buzzards Bay be- 
cause prohibition of net fishing in bay waters nearly 
a century ago eliminated catch records available from 
this source. There is, however, sufficient informa- 
tion to identify the prevalent species that make the 
bay home for part or a11 of their life cycles. The 
fisheries of Rwaards Bay are discussed in Chapter 
5. 

Reviews of the available data on Buzzards Bay 
fisheries identify 10 dominant fish species (exclud- 
ing salt mash fish described in a following section) 
currently found in bay waters (Table 4.21, with nu- 
n1er.o~~ other species occasionally present. As in 
other eernbayments. these include residents and non- 
residents (migratory species), some commercially 
and recreationally valuable and others not. With its 
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Table 4.2. Dominant commercially valuable fish species in Buzzards Bay in order of post-"160 
abundance and their food preferences (adapted from Davis 1989). 

Common name Scientific name Food preference 

ScuP (or porgy) Stenofornus chrysops Assorted benthos, occasionally small fish 

Bunerfish Peprilus tnacanthus Copepods, small fish, jellyfish, worms 

Winter flounder Pleuronectes amencanus Worms, gastropods, bivalves 

Alewife Alosa pseudoharengus Copepods, shrimp, eggs, and larvae 

Blueback herring Alosa aestivalis Copepods, shrimp, eggs, and larvae 

Atlantic menhaden Brevoortia tyrannus Phytoplankton 

Black sea bass Cenfropnstis stnata Mysids and other benthic organisms 

Tautog Tautoga onitis Mollusks, crabs, worms, lobsters 

Bluefish Pornatornus saltatrix Fish, worms, shrimp, lobster, squid, crab 

Striped bass Morone saxatilis Fish, worms, shrimp, lobster, squid, crab 

m,my coves, smaller embayrnents, salt marshes, and 
tidal flats, Buzzards Ray represents a significant 
spawning ground for southern New England, per- 
haps the best area in all of New England (Davis 
1989). In conjunction with a larger spawning area, 
including Vineyard and Long Island sounds, large 
numbers of American shad (Alosu supidissirnu), 
striped bass, and alewives (Alosa p.sc.udo- 
hurengu.~) migrate into the bay's tributaries during 
spawning season, attracted by the shallow, warm 
waters and high productivity ofthe numerous smaller 
estuaries and rivers. These migrations have pro- 
vided a seasonally dependable source of fish for 
centuries (Table 4.3). The following is a brief natu- 
ral history of the commercially and recreationally 
important species dominant in the bay, with spe- 
cies information summarized from Clayton et al. 
(1 978). Meinkoth ( I  98 I), Davis (1 989), and other 
sources as identified. 

Scup (Stenotomus chrysops). Also known 
as "porgy," scup are the nlost abundant fish in Bm- 
zards Bay. The variable populations of scup are 
generally attributed to varying abundances of suc- 
cessive year classes with recruitment influenced by 
environmental factors rather than stock size. 

Summer and early fall residents of Buzzards Bay 
waters, scup migrate to deeper warmer waters in 
winter. Spawning migrations to inshore regions oc- 
cur in late spring, with June the month of peak re- 
production (Bigelow and Schroeder 1953). Scup 
eggs are buoyant, and studies in the Weweantic 
River estuary indicate eggs are most abundant from 
May through June in water temperatures of 8.5" to 
23.7" C (Lebida 1969). Sudden temperature de- 
creases occurring in late fall have been identified as 
a major environmental cause of scup mortality in 
bays and estuaries such as Buzzards Bay (Clayton 
et al. 1978). Their main predators are other fish 
such as cod, bluefish (Pomatornus salfnfrix), and 
weakfish (Cynoscion rqulis). Scup are primarily 
bottom feeders, consuming small crustaceans, 
worms, mollusks, squid, and occasionally small fish. 
The healthy benthic and bottom-living communi- 
ties of Buzzards Bay appear to provide highly suit- 
able habitat for this species, as reflected by its con- 
tinuous occurrence from the earliest records to 
present. 

Winter flounder (Pleuronectes ameri- 
canus). Winter flounder was amainstay of the New 
England groundfish industry until the mid 1930's; 



3124 Alianttc menhaden Brcvooilra fyrijrinus 1 4126 Rock bass Cenlropnsf~s stnala 
1 

Table 4.3. Dates of first catch' for various species of finfish rn Buzzards Ray recordecl by a weir fisher), for 
1880 Data froin 63 W Dean as quoted rn Goode (1 887) 

Afewtfe Alosa pse~tdaharcr~gus 4/27 Sea robin I Pnoi~otus caroirnus 

Date Common name Scicntffic name 

Smelt Osn~erus tnordax 1 4/28 Squid Loligo opalescet?s 

Date Common name Scient i f~c name 

ron~cod M~ciugadus torncod ( 518 Butterfish Peprilus triacanthus 

I 

Skate Raja erirlacoae / 5\11 Squeteague Cynoscron regalis 

4\63 Sea herring Cllipea Itifrengus 1 5113 Blueltst~ Pomatorr?i~s saltatrlx 

Perch M o ~ o I ) ~ :  ni??er/~arla 

Eel Ar~y~itlla raslrota 1 617 Sand shark Carcllarhrnus pliimbeus 

511 2 Flounder Paral~chthys decltatus 

4/24 ShatJ Alosa saptd~ssfrnn / 618 Stinging ray Dasuabs centroura 

411 5 Striped bass Morurrc sdx~'li111:i / 6/10 Shark (unknown S ~ ~ C E S )  

4 i l  l Scilp Stc~r~ototr!cls cl~rysops 6/25 Bon~to I Sarda sarda 

4/24 [logfish 5(111;f/t15 ~ c a ~ l t l ~ ~ a s  / 8130 Spanish mackerel Scornberoir?orus niacuiaflis 

Mackerel 
-* 

Scorriber st:oinbrris 1 916 Goose fish Loph/us arnencanus 

lio\tc\ cr, ;i/iet lhis t i ~ ~ i c  t11c ~1o1~~1l:\tio~i\ ~ t ~ l ~ ~ r ~ c l  
kcriot~t, ~icsl i i ic~+ ~ I I S  c a ~ ~ s c s  o ~ . \ t l ~ i c l ~  iirc its >ct 
L N I C ~ L ~ ; I ~ ,  i$'iillcr ~ ~ ~ I ~ I ~ I < ~ c ~ s  \[ill sltpg~otT i t l~p<)~?i~t~i  
tE\lwg in the \>a>. trtili/ing tlic cot c\ altct emlxt!nicr~ts 
li,r~.ririual c>;u.l> \t;igc\ot'tl~cir li1Cc~cIc. I 11c ,~;p;~ttn- 
i t r g  zc,tson lix t~i~l tcr  t l o ~ ~ t ~ ~ l c r  is I~chsil;t~> ill  iii)oci\ 
1 !o~L. ( ~ ~ ~ c < I s F  1 'j22) iii~d l ' ~ i l r t~ l t~>  ~ I I I L ~  ~ I L ~ S C I I  f i \ ~  
the l i ' e ~ ~ ~ i f i t i c  [<it  cr ( / chi ti:^ 10001. L4'intcr i1oiu1- 
c!t-r\ arc IIL'II'L c(1 I t )  rcttfsi~ to fllc ~st t i ;~r ie~ot ' f l~ci~-  
(rigin ~i~r~j~~~~i~~ii~g{l'crl~t~~i~tcr 1930: S:iil:i 100 I ). 
;iiicr. \.\ hich rllc ~~onb\ io> m t  egg cli~sfcn rcil~~iit~ otl 

tltc lxittorr~ trl~rtll~;tt~.hin~. I AS\ ac arc at~uncfant ti-on1 
,2,fiu~.Il fI~rt)uglx June. i n  the ha! ttatcrb ( I  .chicfa 1060: 
1:;iirt~arlk~ct :it. 1')7 1; I'ctcsson 1075)- 1 he o u n g  
xl. !I?tcr dt~i!x?cic1-.. t ~ t t c  t i t  1 rcmiiirl \L iCl~it l  c t i ~ h ; ~  111c11th 
rlurini: tllcir firhi Jc'as, nlol ing itut illlrt milre open 

\t liter\ tiurinp sulnincr rrl~\rx&tzs iuki re~urnitt~: Irj 

spt\l~Errgirc.:ls I,rtc i t i  fslf. It  is dttrirrg tt~c flil1 rnigr,l- 
t i t r ~ r  xrhcn the !oting o f  rlle S ~ C C I L " S  ;ire tllo~f 
\ tiincratllc. to pred:ltion :uld fishing. 

M ir~tcr lloundcrs tibed orll? during the day on a 
diet consistir~g priitiaril! ofpo1~ch;tctcs. bivalves, 
gastrojw)ccfs, anti crirst;tcearls. I he tvit~ter flounder's 
hahit of'hurronil~g into \edi~ncnts increases its po- 
tcnti:il u\po\urc to man) pollutants conlptlrcd ti it11 
mici\zutcr specie., and ~csults in ;1 llighcr incidence 
ttl'tii~ sot and hcp'ttic c;~rcinoillw in impacted areas 
wch as Ncit Ilcc1ii)rd ( I  1rsi11 1072). l'ollution. otrcr- 
li\hinp. anct loss of i~llpor-tant nus\cry grounds, par- 
ticularll loss oi'\tctland~. arc a11 anthropogeiiic ac- 
t ~ \  ities attrlbi~tcd 3s fiictoss Icatling to thc decline in 
thrs r'cscwrce. 

Alewife (,flour l~~t~ii~/oll~ilt~rr~q~(.s). The rivers 
and trihutasics ot't3u/zardc 13a\ ha1.e historically 
suse3incrf. sig:ri!icant pqvt!alirm:: of a!eui\ e.: 7'hei;e 
fish ttcri' ;i staple in the diets of early settlers and 
tl~cir ahund:ince I\ ;IS s>nonyrnous ii ith the relative 
pro\pcritj of'co;ist;~i to~tns  (Clayton ct 31. f 978). 
i'he :tbuncl:lnce and regularity u i th  M hich the 
;iIe\~i\ es rctumcd each \icar resulted in dependence 
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on these fish, especially when orher fisheries suf- 
fered decline. 'The value of the alewife fishery is 
evidenced by the substantial number of early laws 
and regulations in the statute books of the Com- 
monwealth of Massachusetts protecting this re- 
source. However, alewives and other anadromous 
fish around the bay have lost spawning habitat or 
access to historic spawning grounds because of ob- 
struction of their inland migration. Alewife popula- 
tions have declined sharply as a result. By 19 13, 
the alewife fishery in Massachusetts had declined 
75% tiom its original levels (Field 19 13). and present 
levels are lower still. 

In northern waters such as those of Buzzards 
Ray, alewives return to their spawning grounds as 
many as three to five times to spawn, whereas in 
southern regions they may spawn only once. Spawn- 
ing migrations to freshwater ponds begin in late April 
to early May depending on water temperature. Ale- 
wife eggs are broadcast randomly at the spawning 
site, and larvae spend only their early stages in the 
freshwater pond, migrating out to the estuaries be- 
ginning as early as July and continuing through fall 
(Cooper 196 1). Although they do not overwinter 
in the ponds, some do spend the rest of their first 
year in the estuary before migrating to the sea 
(Clayton et al. 1978). More recently, alewives have 
also been found to spawn in the brackish (up to 8 
ppt) waters of coastal salt ponds, increasing their 
spawning habitat over that previously reported 
(Bourne 1983; Woods Hole Oceanographic 
Institution, personal communication). 

Although historically caught by a variety of meth- 
ods including gill nets, seines, and weirs, the largest 
numbers of alewives were caught in spring by 
nearshore weirs or by directly intercepting the fish 
on their way upriver to spawn. Capture was ac- 
complished by stretching nets across rivers and sim- 
ply scooping the fish into barrels. The most fre- 
quently identified rivers in Buzzards Bay for alewife 
migrations are the Acushnet, Wareham, 
Mattapoisett, Weweantic, and Agawam, referred 
to ofien in the historic literature for their seasonally 
prolific alewife catch. Alewives are still actively fished 
today, primarily by nets as they enter the spillways 
or streams to freshwater and coastal salt ponds. 

Blueback herring (Alosu crcstircxlis). Often 
found with alewives (and commercially classified 
together with alewives as '"river herring"), blueback 
herrings are anadromous fish and suff'er similar dde- 
clining populations resulting fro111 obstructions to 
herring runs and the effects of pollutants on spawn- 
ing stocks. These fish enter brackish waters to 
spawn in spring, usually by mid-May. Being more 
salinity tolerant, they have a reproductive advan- 
tage over alewives in that the population is not so 
dependent on the nursery potential of freshwater 
areas (Chittenden 1972; Clayton el al. 1978). Ju- 
venile blueback herrings are common throughout 
Buzzards Bay in late swnrner and fall. This species 
feeds primarily on copepods, pelagic shrimp, fish 
eggs, and larvae. Herrings and alewives provide an 
important prey resource for many other species of 
fish, notably bluefish and striped bass. 

Atlantic menhaden (Brevoortia @~-L~M~~zIs) .  
Accounting for the largest portion ofthe United 
States catch, menhaden are primarily used for fish 
meal and oils rather than direct human consump- 
tion. Menhaden populations are often variable; no 
commercial landings were recorded from 1063 to 
1968 in New England (Moss and Hoff 1989). 'l'he 
variable populations observed in Bw~ards Bay may 
be due in part to their speed and schooling behav- 
ior, which make quantitative assessment difficult, 
especially since catches are generally from seines. 
They spawn at sea and in inshore waters, usually 
between April and October, and are typically most 
abundant in Buzzards Bay in late summer, when ju- 
veniles are prevalent. Juveniles and adults feed pri- 
marily in the upper water column on phytoplankton 
through filtration. Smaller crustaceans and various 
larvae are also consumed as the harvest of plank- 
ton is mainly size selective, similar to collection by 
towing a plankton net. The inshore distribution of 
menhaden is likely the result of the concentration of 
plankton in nutrient-rich coastal waters (Higelow 
and Vlielsh 1924). Menhaden is considered an im- 
portant prey species for most carnivorous marine 
fish, with a large population biomass seasonallq 
concentrated in shallow waters. 

Black sea bass (C't,ntropri.s/i.s striulu). This 
fish is a summer visitor to B u d s  Bay, migrating 
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inshore in spring and offshore to deeper waters in 
late fill. 'fie diet of adults consists of crustaceans, 
fish, and mollusks. Juvenile black sea bass utilize 
Buzzards Ray as a nursery ground and, as bottom 
feeders, eat primarily mysids in the shallow areas. 
Sea bass are born as females, transforming into 
males afier their first spawning. As a result fkmales 
tend to predolninate due to their high percentage in 
young age classes. 111 contrast, recreational catch 
consists prin~arily of males, their larger size making 
them sought afier by sport fishcnnen. 'l'he selective 
recreational catch may impact populations by al- 
tering sex ratios and decreasing the number of males 
available for reproduction (Davis 1989). 

Ihautog (7brrtogu onifis). 'I'autog is an impor- 
tant sport fish; moving in from ofl'shore waters in 
spring, this species is abundant in bay waters fiom 
Mny through Scptemhcr. As it does for most of the 
major species, the bay provides critical spawning 
and nursery habitat for tautog. 'l'a~~tog spawning in 
I3u~~;irds I3ay is noted in historical records (Davis 
1080) anci thc continued abundance of tautog is 
noted on species lists fi-om 1620 to present. 'fhis 
specics spawns in weedy, inshore areas, thus t l~c 
many sub-embayxncntr; and coves, cspcially tl~ose 
with estcnsivc celgrass beds, are highly suitable for 
reproduction. 'I'he Wewantic River estuary is a fre- 
quent spawning ground for this species (Clayton et 
al. 1978). 'l'he buoyant eggs and-iuveniles remain 
instlore, ~'ithjuveniles ovenvintering u~ithin the es- 
tuary. particularly in vegetated areas. 'l'he primary 
diet oftautogs consists ot'n~ollusks, blue and ribbed 
rnussels, crabs, worms, and lobsters. The tautog 
population in f J u ~ ~ a d s  Bay Inay be slowly increas- 
ing h x c d  on the catch since I980, \?lhTcfi is prima- 
rily frr>rm rccreational f shing and lobstering; how- 
even; no quantitative asscssinent exists at prcsent. 

Bem@erf/sh (lZepriltrs fric~c*trrrthtrs). Butterfish 
spawn during summer months in shallow waters 
throughout thc mid-Atlantic Bight. and Buzzards 
B2y pmvides ;i nurserj area for the species. Juve- 
nile buaerfish grew quickly md nligrate otyshore to 
deeper waters in late fall, returning again in April. 
The diet of rhe butterfish consists primruily of cape- 
pods, small fish, jellyfish, and polychaetes; in turn. 
butterfish are a prey s o m e  for bluefish. silver hake 

(,Werlucciu.s hilineuris), red hake (iiIrc~p/7yciss 
chuss), and striped bass. It is an i~nportant con]- 
mercial species all along the mid-AtIimtic shelf arid 
is frequently identified in the historic literature as 
being an abundant and in~pofiant species for Buz- 
zards Ray (Davis 1989). The schooiing behavior 
and therefore patchy distribution of this fish results 
in variable year-to-year catch statistics. ?llese varia- 
tions are thought to be due primarily to lirnitati~,~,~ in 
catch rather than significant changes in the 
population (Davis 1989). 

Bluefish (Pomcrtonzzrs sc-rltalriu). Seasonal 
migrations of bl uefish represent an important recre- 
ational and commercial fishery during summer 
months in Buzzards Bay. Although spawning of-f- 
shore, juveniles (known as "snapper blues") nlovc 
in large numbers into the wmn1cr inshore waters of 
the bay. 'I'hese fish are voracious feeders, consum- 
ing a wide variety of fish and invertebrates in the 
water column. Mackerels, menhadens. ale~vivcs, 
trerrings, ~md wakfish, as well a5 shrimp, lohstoss. 
squid (Loligo oj)ule.scens), crabs, mysids, and an- 
nelid worms. are all part of the bluefish's diet. So 
efficient are they as predators, bluefish were fi-e- 
quently blamed for decreases in other fish species 
within Buj .~~rds  Bay waters (Baird 1873; Helding 
19 16). 'rhe abundance of juveniles in shallow 
nearshore waters also provides an important source 
ofprey for other predaceous species. Large flue- 
tustions in bluefish populations occur &om year to 
year, but these fluctuations are attributed more to 
environmental fdctors than to human disturbances. 
'I'he value of the rccreational fishery, pri~narily surf- 
casting, party boat, and individual hook and line 
fishing, is estirnated to exceed that for the co~rtn~cr- 
cia1 fishery for bluefish along the mid-Atlantic (Saila 
and t'ratt 1973). Bluefish has been a consistently 
irnpcxtmt food fishery for at lea5t the past 1 00 years 
in Buzzards Bay. This species is also important in 
estuarine food chains: juveniles exploit prey in wet- 
lands and ernbayments, and adults feed on the 
abundant f argcr prey species. 

Striped bass (Momrze sczxurilisj. Except 
when migrating, striped bass, another anadrornous 
fish, is primarily a nearshore and brackish water 
species. The young remain in their natal estuary 
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uitil l ~hu'rlit J > citrs \)lil. 1% it11 C'l~cs:ip~aRc 13a) ilc- 
iris thc pri~ntii? hp311 ning groinnii f i ~ r  IIIOSI oi'thc 
>lripcci h;iss along the cast i'u;ist. Stripeit [)us\ 3r.C 

not kr.ncnn~ ti) cpLiu n in E3urt~1r.d~ Ra! ti nters: h i ~ u  - 
t\ er. stnnlt fish (a\ cragins 3-5 >cars old out oi"i 
p'tcntiall! 30 >car !if; sp:uif arc frequently fbund iri 

thc li'c\\e,intic t i i i  cr cstunr>. 1Sedford I tar- 
bor Xcushiict l i i ~  es. and tliroughnut the htq itself 
(('la? tun cr at. 1978). Alti~ough primriril> a sumnier 
rcsidcnt. sornc ox crv, intcring bass 11a~ e been rc- 
poflcd in southcru ~4assachusctts rivers. Like hluc- 
fish thCj arc 1 c~racioris fceticrs, consu~ning fish atici 
ixi~er-tchratcs such as herring. smelt. hake, sciuid, 
crrihs, Icrbsters. and polychaetes. Stripeel bass rep- 
rcserlts one of the most important recseational spe- 
cies in the bay. Ovcrtisliing and iiatK1l annual tluc- 
tuations in popult~tions have resulteci in a recent 0 l -  
crn s i ~ c  limit fix this spt'cies in Massachusetts. 

bl~llu~y species prevalent i x i  13~v1~wcis Bay depend 
011 tile brackish \v:rters foilrid in the many tidnf wet- 
1;111ds bordering the bay fix spa\\ ning areas i11l~i 

nwrc oficn as nurser> habitat and feeding areas. 
Mtlny of the species discussed above are preda- 
lory, exploiting fish and alirirai populations in \vet- 
lands during early stages of growth. Shrimp and 
rnenhtrdcn. althougll spawned at sea. ot'ten seek out 
these brackisli waters fix nursery grounds during 
their dcvclopmcntal stages, gro~ving on thc abuti- 
dancc oforganic niaterial provided in  these sys- 
tems. 'I idnl \+etlands arc temporary crr pem;lnent 
horlics to i~r:m}~other species of fish as ~z'ell. Mum- 
n~icliog (f7~~t~clzrl~c.s heferoclifrts), striped killifish 
(i*'ilncr'trllrc n~uj(lli.s). silversides ( M L ~ L T ~ ~ ~ c I  
~~~~jnidirr) ,  and four-spined sticklebacks (,,ipcllr.s 
r/zic~ci'r~~crr.\) ab0~111d in BLITJJS~S Bay salt marshes: 
other species, such as alewives, Atlantic menha- 
den. tautog, sea bass, winter flounder, and three- 
spined sticklebacks (C;a.stcr-os/r.u.c trcl[lrlrlu.s). are 
only seasonal visitors, but their residence period in 
these marshes represents a very important stage in 
their life cycles. More inforsnaticm on these tidal 
marsh species is presented in the section on salt 
mashes. 

Avian Fauna. The diversity ofmarine habi- 
tats within the Bumrds Bay system is reflected in 

the a\ iltn Eiiu~:t. 1 litr-ine rind estuarine birds tirrrvest 
the aquatic resources of the open bay lvaters as 
nellas thc b:t)'s intertidal ~narshcs iuid mudflats. 
;IIore rhm 50 rcsiclcnt arid ~nig~iu~t  spwies rely upon 
bay n;.ntcrs fix food and nesting hahitat ( I?lblc 4.4). 
not including the \.aslous terrestrial specics that op- 
~x>rtinisticatl> ked nitliin intertidal arerls. 

1sl:linds located around the bay (Iiam. Bird, 
(;osnolcf, Nnshnti\icna. Iknckisc. I"~scluc, and 
C'tlttl hunk) iuc impostant nesting hithitats for sca- 
birds. I:ilr inst~tnce, as ot'10X4, (;os~iolJ had c t̂cer 
I ,000 nesting pairs of ciouhle-crested connorants 
( ~ ' ~ ~ I I ~ L I ~ ~ I ' ~ c ~ o I ' I I . Y  ~ll lr i t l l~)  in :tddition ro ti signifi- 
cant number of herring (I,crrrl.v trr.g~.ntcrfrrs; 658 
pair) and great blnck-backeei (f,cirln rntrrirnrs; 1 30 
pair) gulls: Nashuu~z'ena supported nesting pairs of 
snowy cgrcts (I,hr.ctr'ttr tlzrrlu; 30 pair). hlack- 
crowned night herons (iY\~c*licor.trx rq*cficr>rtrs; 20 
p a i r ) ,  common terns (Stcrnir Jrir-~~tt~r'o: 140 pair). 
least t e r ~ ~ s  ( S ~ ~ l r n c ~  ~rnlill~u.itrn; (IS pair), roseate 
terns (Stcr-rtu tkorlcq(rli'ii; 2 pair), herring gulls (030 
pair). and great bl;lck-backed gtllis (200 pair) (13. 
I3lodgeft. Mass~ctlctsetts Natwal I icritage and t'n- 
diurgcrcd Species Program, personal comniunica- 
tion). Long-tern1 studics ofaviiul population dyntun- 
ics arc being conducted in this area by the Masszr- 
clir~setts Nilf~1~i11 1 ierifagc and f'ndangcred Species 
l'rogram and tile Massachitsetts Ilivision of fiish 
and Wildlife. Ofparticular interest at-e Krmand B i d  
islltnds (owned by the Massachusetts Natural I lieri- 
tagc and f:,ndangcrcd Species l"ogmm), both of 
~vI.licta are the si~bject ct f intensive bird recovery pro- 
grrlnls wtlcre attempts are being rnadc to reestab- 
lish ncsting ctrlonics for roscatc, least, iu~d corninon 
terns. 1ncre:tsing populations of nesting lrerring gulls 
and great black-backcd gulls have diminished the 
availability of nesting sites t i~r  these tcms. In addi- 
tion, the grills prey on tcrn eggs and young. incrcas- 
ing ~nostality. Attempts are k ing  undertakorm to in- 
crease tcm nesting populations by discotiraging or 
rc~~zoving noding gitlls in fi~m~erly cct;thlisbctl tern 
sites, enct)wCigingrccoloni/i~tion by h e  terns in lhese 
as ilvell m new areas. Bird Island, a primary nesting 
site fi)r the endangered rose;ite tern, is a printe 
example.. 
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Table 4.4. B~rds of Buzzards Bay 
- 

Common name Scientific name Status" Common name Sclet-i* name Status '  - 
Open Water i Intertidal 
Common loon Gavra irnrner CIW I American 
Red-throated loon Gav~a stella ta U r n  oystercatcher Hoe~r?a!c;;,iis ;>si;i~t:i:i N/U 
Double-crested , Amer~can 

cormarant Phalacrocorax aurrtusNiC "Grea!) egret Casmcmdiiis nibtis N/C 
Great cormorant Phalaoocorax carbo UNV Snowy egret Egreffn thriin k! C 
American black duck Arlas n~bnpes N , C ~  1 Great blue hcion Ardea hemd(,ds N I C  'W 
Mallard Anas platyrfiyrrchos NiCW I Striated Ba~tondrs slfwtils N:C 
Rrant Brarlta bernrclci C,W Bixk-crowned 

Black scoter 

Surf scater 

Wh~te-winged scoter 
Canada goose 

Mute swan 

Canvasback 

Greater scaup 

Corn!-r?an goldeneye 

Conlrnnn eider 
K ~ n g  cider 

Bufffehcad 

Amercan wrgeon 

Red-breasted 
rncrganser 

Common block- 
headed gill1 

t isrnng gull 
Great black- 

backed gi~i i  
Carnnrcan tel r) 
I.ear,l tern 
Ho.;cate terrl 
C>ldsqu;~w 

Melanrtta rlrgra 

Mclar~rtfa persp~ollala 

Melanrtfa fiisca 
Branta cnr?ader?s,s 

Cygl~irs nlor 

Aythya valrst/?erra 

CIW 

lC!W 
GiW 
NJCIW 
MiCMl 

CEW 
Aythya t??arrln GIW 

Bi~ceptiala clangc~la C/W 
Sorr?,&?na mollrssrrna CJW 
Sornatena spcctahtl!~ U/W 

Bucephala albeola C/W 

Anas arrrerrcalln ClW 

1 . 8 f 6 1 ~  rTl9NffilS N ICdW 
Sferrla h~rcjr~do NJC 
Sfcrnil antrlian~rr? NIU 

Sterna dociynlltr MIU 
C1;tnyois ftyerrtalrs CIW 

nrght heron 
Arner~can bittern 
Northern harrlcr 
Osprey 
A~ner~can kestrcl 
K~lldeer 
Black-bellled 

plover 
Scmipalrnatcd 

plover 
P~prng plover 
Belted ktnyfisher 
W~llet 

Sanderling 
Spotted sandpiper 
Senipafrnatcd 

sandpiper 
Least sandpiper 
Bi~nlirt 
Sharp tarled 

sparrow 
Clapper rail 
Black rail 

K~ny rad 

Nyctrcorax r~yct icor;~h Niii  
Bofarils Ic~~t tgtnos~is li 

Ctrcc~s cyartecis N:GiW 
Pnnchotr !)al!aeiiis NiC 
Fillco spat vcr~os C;/W 

Cllaradr/us voctfe?~iis tl 

Piuvral~s sq(1al~710la N:C 
Charadrrus 
s c ~ ? ~ ~ p a l ~ n o t i ~ s  NiC 

Chnradrrcls [rrelodi~s NIU 
CrrryIe alcyon C 
Ca topfrophort~s 

scr?~rpnIrnati~s NIC 
Calrdr~s alba C 
Acfffrs n~acularia NIC 

G;sljcjr~s pusrlla C 
Cairdrrs rnrnutilla C 
Caltclrts nlprna 1I 
Arr?modra/~~us 

onttdacrt trrs N N  
Rallus long~rustrrs NiUiVV 
Lnfcmlliis J ~ / ? ~ ~ ? I C C > ~ I S I S  U 
Ralius elegarts U 

A c51111p~c~c r?rillic.sii ilflhc \ o~ulllilloos i i ifi l iw ii" O l C d  i t )  thi. h i i h j ~ ~ t  ofhirds on (:IPC COJ. SC\ - 

ni:ltioia c>n a\-i;tt~ res~urcc's i n  tltc 13tfp13rds 13;l~ c ~ i i  \i t)t.tl~! o f  I I O ~ C  incl  ticlc f3:iili'! t 1")68). 
systcm is \\ell kyxtci the scope ofthis text. fn 11;~~s:tcf'lusc"tt~.I~iiit1biin Societ) ( t  0 8 ~ ) .  and 1 nil] 

entire tests coul<i be, anti indccei f ~ : i i  i: hct'xl. { lLNi  ), 
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4.1.2. Flora and Aquatic 
Primary Productivity 

I hc nquatic tlora oi'Btrtrards 113: retlccts the 
di\ ersit! nt'ph? sictil en\ ironmcnts discussed prei i- 
ously ( Ikblc 1 . I  ). I'he w tc r  colunrn supp,i-ts ph! - 
toplankton com~nurlitics ha\ ing ;I ri111ge of'prodiic- 
ti\  ity from the nutrient-eni-iched c~r~ha>nlcnts \\ith 
chlorophyll-lr concentratinrzs o\ cr 1 O t i~grn'  to the 
open natcrs near the mouth of the bal at 1-3 I ~ I ~ ' I I I '  

(Rolnan and Itnore 1978; 1 Io\\es and Ii>.lor 
1091). Areas of the bay bottom above the ptlato- 
sjnthetic compensation depth and it~terfidnl flats 
support a \ ariety of benthic floral types \\ ith cii- 
verse species assen~blages. .l'l~csc floral types in- 
cla~de macrc~algac, particularly in the areas of liar~i 
substrate (c.g., rocky shores ofthe 1;limbcth Is- 
lands) and in the shallow waters and intertidal ar- 
eas: periphyton, which coloni~c the surfiice lu~~ers 
ofs:lndy and muddy buttoms ruld intertidal flats: 
arnti subticia1 (ee1gr;iss) and intcrtidnl (salt rn:irsh) 
rooted macrc.tphyte communities with associ;itcd 
periphytic and epiphytic associations (c.g., on 
eclg~~ss)). 

~1ccrinsc s~.conci:q production and hrjbittlt clutll- 
it' \\ itllin i3uc/arcis 132) depend dircctlg on the 
,i!nc-i~u~t arid disfrihurion of organic maner produced 
i3.i ~'hotc~tropl~s. i t  is itsetul to cotnpare the rel:iti\e 
arliounts of or~in ic  inattcr produceti by the di tkr- 
ent flor:li [>yes. d+21ttiougl~ t3~1;lrr1rds 13ay has been 
studied Lrr more thtin ;i centur?. a tluantit:lti\ e brt - 
\\ iife asscssmerlt of'cach of the Ilor~il assemblages 
is Ilnt nvaiI;ltde. I lone\~cr, etluilgh cllda exist to mal\c 
relati\.c co~np~trisons ( IhhEe 4.5). 

l'hytoplanhto~~ procfuction has hccn cfetertilineti 
it1 rnodewtcly detailed ;innu;il studies on the west- 
an (Syninda 1000) and caster11 (lionlar~ rind 'lknore 
1078) shores. I t  is likely that nt Ie;~si sc~meoftlic 
tliree-fold higher c:trbon fixation along the \\csten~ 
shore (360 g C' m -'year ) \rersus eastern shore 
( 1  00 g C' rn ! year ' )  results ti.0111 the greater nutri- 
ent cnrict~~nent l h m  louciing in thc Nc\v I3edfbrct- 
I :airllavcn area. 1 <stirnates o fcelg~lss iuld salt nlarsh 
prc>ciilctio~~ shoulti tx. liiirly accuraic t~ecause ofthe 
availability of'r~lappingstucfies (I lankin eta]. 1985; 
('ostn 1088n) nrrd site-spuciflc productivity csti- 
tnntes (k~liela and 'lkul 1979; C'ostn I988b). 'Iidal 
export liom salt tniirshes is also incli~JetJ in studies 

Table 4.5. Annual primary productlcln of the aquatic resources of Buzzards Bay (adapted 
from Costa 1988b) 

Total 
Production Area Production Oh of subtidai 

Ecosystem component (g C m year ') (ha) (I Clyear)" carbon cycle 

Phytoplanktonb 230 55,000 126,500 89 1 

Benthic per~phyton 45 2,076 930 0 7 
Eeigrass - aboveground- 295 2,920 8 600 

Total 334 9,800 6 9 

Eelgrass epiphytes -- -- I 960 1 4  

Macroaigae 500 400 2 000 1 4  
Salt marshes - aboveground 160 1,993 3 200 

(Potential export)* 640 0 5 
________.C__________._-__.------_C--__l_ 

Subt~dal Carbon cycle 14i 830 iOO 0 
't = metric ton : 10' g 
3Area from Sfgnell 1987 Product~on from Camp Dresser and McKee Inc 1990 (360 C m ' year Wr*,tern Shore) dnd Roman 
and Tenore 1978 (1 06 g C rn - year Eastern Shore) 

"rea currently colonized as mapped by Costa 1988a 
%rea from Hanktn et a1 1985 Production and expoit extra~ciatad fron Great Slpye~vtsseti klars~ (Vdi~ela and Teal 1973) 
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since the effects of salt marsh organic matter pro- 
duction on the open waters ofthe bay are based on 
detrifal food chains. Periphyton, eelgrass epiphytes, 
and macroalgae are estimated from other systems 
and adjusted to approximate distribution within 
Buzzards Bay (Costa 1988a). 

Although macrophytes have higher rates of pro- 
duction, Buzards Bay suipports essentially a phy- 
toplankton-based (89%) carbon cycle. Although 
macrophyte production is nlore concentrated, phy- 
toplankton photosynthesiz~ throughout most ofthe 
water column of the bay and its embayments (Table 
4.5). In addition, the areal extent of phytoplankton 
habitat is more than scven times that for ail benthic 
tloral types. Historic:~lly this distribution has not 
changed significantly given the relatively small con- 
tributions from wetlands and eelgrass beds. 'These 
latter plant communities, however, contribute more 
than organic matter. Eelgrass beds and tidal wet- 
lands providchabitats with ecological processes and 
niches vcry difyercnt from those of the open bay. 
?'he concentration of organic matter production in 
these systems and the physical environlnent they 
create give them a disproportionate role in the 
secondary production of 8u;rxards Bay. 

Phytoplankton and Zooplankton. Buzzards 
IZay phytoplankton popukations are generally re- 
ported as being dominated by Skcletonentu 
coslcrtzrm, I,~~~?foqylincJrrr.s minimus, and species 
of Rhico,solct~ia Zooplankton are dominated by 
the copepods Acu~tiu spp, and F ~ o r r ~ c a l u ~ ~ s  
c~rcr.ssirostri.s. Most of the phytoplankton produc- 
tivity in Rui.~xds Ray is attributed to diatoms, with 
do~ninant species consisting of a mix of estuarine 
and coastal species commonly found in New En- 
gfzmd. Red tide bfoo~ns have not been signific'mt in 
Buzzards Bay to date. Bro\+n tides (Casper et al. 
1987). so detrimental to filter-feedingcon~munities 
and certain fish populations. have not been observed, 
although these phytoplankton have been reported 
in nearby Narraganset1 Ray. 

Macroatgae. The distribution of macroalgae 
in Burzards Bay appears to be controlled by tem- 
perature (lower bay waters are colder than those in 
the shall~w embayn~enls and upper bay), substrate, 

light, and nutrient availability. The temperature ef- 
fect is particularly noticeable in the shallow regions, 
which exhibit distinct. seasonal floras of winter and 
early spring versus midsummer and fall (Davis 
1913). 

Within the Buzzards Bay system there is a vide 
range of macroalgal habitats, each habitat contain- 
ing a diversity of algal species. l'he shallow, high- 
light, nutrient-rich regions support the most 1~xur-i- 
ous growth. Brackish pools and intertidal areas 
within salt marshes have algal mats dominated by 
Lyngbyu and Microcolcus, floating or loosely at- 
tached growths of Enteromorpha species, and 
patches ofA.scophyllum along creek banks. The 
shallow embayments and nearshore zone of the 
open bay support green algae, Cludophora, with 
C. .flexlco,su and C,'. arctu abundant on hard sub- 
strates (rocks, piers) in spring and summer and C 
~ ~ u c i l i s  fonning dense accumulations in embayrnents 
in summer. 

'I'hose areas of rock or cobble shores (south- 
eastern shore) support the most impressive 
macroalgal growth. 'The rockweeds, Ascuphyllum 
nodusurn and Fucus ve.si~~ulosus, abound on rocks 
in the littoral zone. Other hard-bottom (sand, shells, 
or rock) species of note are Luminaria spp., 
C'ondrus crispus and 1701ysiphoniu (8 spp.) in 
deeper water and Surgu.s.strrn and Codium in the 
shallower areas of the bay. Phyllophora is notable 
as being found at the lower depths on substrate 
ranging from rock to sand to mud and is distributed 
throughout the bay (Davis 191 3). 

Macroalgae are of concern to resource manag- 
ers because dense accumulations can result from 
excessive nutrient loading to shallow coastal water 
bodies (Vdiela et al. 1990; Costa et al. 1992). When 
they occur, these accumulations may have detrimen- 
tal impacts on benthic communities, both infauna 
and fish. At the more modest levels of production 
generally found in Buzzards Bay, attached 
macroalgae can have the opposite effect, providing 
habitat for animals and increasing secondary 
productivity. 

Eelgrass. Eelgrass, or Zosteru marina, is a 
rooted subtidal rnacrophyte that forms extensive 
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becis in areas where light penetration is sufficient to 
support growdl. Eelgrass is a perennial angiosperm 
(Fig. 3.5) that is able to flower and undergo polli- 
nation, seed dispersal, and growth completely un- 
derwater. Propagation of this species is primarily 
by rhizome within existing beds and by seedlings in 
new growth areas. 

Eelgrass beds are important to the bay ecosys- 
ten1 as sources oforganic matter production ('kble 
4.5), as habitat for invertebrate and fish species 
(Adan~s 1976; Thayer et al. 1984), and as a food 
source for geese (Buchsbaum and Valiela 1987). 
Eelgrass beds alter hydrodynamics and generate 
low-velocity zones, causing sediment and organic 
matter deposition that secondarily affect benthic ani- 
mal communities. The roots and rhizomes serve both 
for nutrient uptake and binding the substrate. The 
plants themselves become a substrate for attach- 
ment of epiphytic organisms and the eggs and 
larvae of various species. 

Buzzards Bay populations of Zostera appear 
to have generally recovered (Costa 1988b) from 
the catastrophic decline because of a '"wasting" dis- 
ease (Labatynthula), which decimated ee lpss  beds 
throughout New England from 193 1 to 1933 
(Cottam 1933). Costa (1988b), using aerial pho- 
tographs, determined that several years after the 
decline, eelgrass beds in Buzzards Bay covered less 
than 10% of the present area. Although epidemics 
of "wasting" disease have not reoccurred since the 
1930's in Buzzards Bay, smaller outbreaks have 
been found in New England (Short et al. 1986). 

Zostern appears to colonize sandy and mud 
bottoms of the open bay and its embayments. The 
major factor determining the upper limits of this 
subtidal species appears related to desiccation in 
summer and ice scour in winter (Davis 19 1 3; Costa 
1988b). While the lower limit is set by light pen- 
etration (Dennison and Alberte 1985,1986), the 
level of light intensity is less important in determin- 
ing depth than the daily duration of intensity above 
aphysiologically set level. 

Light penetration in simplest terms is a function 
of depth and the concentration of particles within 
the water column. 'The particles can be living @hy- 
toplankton) or inert (sediments). Because Buzzards 
Bay has no large river discharging into it and rela- 
tively coarse-grained sediments resulting from its 
formation, the major source of particles attenuating 
light is generally phytoplankton within the water 
column (and epiphytes on the eelgrass leaves). As 
aresult, light attenuation relative to eelgrass growth 
in Buzzards Bay may be more directly related to 
factors controlling phytoplankton and epiphyte den- 
sity (e.g., nutrients) than in other systems with a 
higher inorganic load. Shallow protected 
embayments support less than one-third ofthe eel- 
grass of Buzzards Bay. The nearshore zone of the 
open bay, with its greater circulation and water b-arns- 
parency, contains beds as deep as 6 m, although 3- 
rn beds are much more common. Compared to the 
open water arcas, eelgrass growth in the more tur- 
bid embayments is restricted, generally growing in 
depths of 0.6 to I .$ m (Costa 1988b). 

Fig. 4.5. The general morphology of the eelgrass Examination of the maximum depth of Zosteru 
Zostera marina. From Costa (1988a). growth at sites throughout the bay (Fig. 4.6) 



Fig. 4.6. Max~mum depth (meters mean low water) of eelgrass (Zostera marina) in different parts of Buzzards 
Bay, From Costa (1 988a) 

Table 4.6. Eelgrass (Zosfara marina) potential hab~tat area versus present area 
calon~zed in Buzzards Bay (adapted from Costa 1988a). 

Habitat areaa Area of Area of Habitat 
0-3.6 m depth Zostera beds Zostera coveP colonized by beds 

Town fha) (ha) (ha) (%I 
Bourne 1,130 700 477 62 
Qanmouth 823 151 
Farrt.laven 1,190 450 
Fairnaukt~ 1,397 559 
Marion 870 331 
Mattaporselt 630 446 
New Wford  240 1 
Wareham 1,480 914 
wt;stport 1,420 389 
Elizabeth 1s.' n d 540 

Totals ~9,180 4,481 2,929.2 
*Almost all of current eeigrass aeds ate at Q? above 3 6 m depth (Costa 1988) 
@Area of twds w&@d tor percent ares colonized j% coverage) 
<All values esb~nated, not directly measured 
n d = not lfetennined 
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suggests that the easte171 shcrre, \\id1 its lo\\er le\*rc.iis 
of nutrient loading and river I l o ~ ,  tna! ha\ c highct 
trmspcuency arid ?x)ssibiy better vt afer quality d~m 
the western shure. 'T'liis tinding is coxlsistcnt \ \ i r ] ~  
the sig~lificantly lo~ver 1evels of ntitrients and pl.l\ - 
toplankton productivity (T'able 4.5) near Ld'oods 
fIole where Zostertl grows to 5.5 ru versus the 
mairn~un depth in the New Bedti,rd-Fair-l1;1ve~1 iw;~ 
of 0.9 to 3.0 m. In general. however, the 3.6-111 
contour encloses almost all of the potenti- 4 1 ~nten- ' 

sive growth area for Zosf~~rcr in Buzzards t3ay 
(Costa 1988 a.b). 

Zostcrcl covers extensive weas of the nearshore 
of 'Hw~xds Bay and fonns a nearly comtinuois bimd 
from Westport to Woods Hole. '1-he area of exist- 
ing beds is about 4,500 ha or about 8% of the 
subtidal area of the bay. Correcting the are11 of the 
beds for bare areas within the beds, the ac- 
tual vegetated area is about 3000 ha ('I'able 3.6). 

As in the case fbr the maximum depth of grc1\141, 
the extent oftheoretically habitable bottom acttxaliy 
colonized appears to be related tcr atittirupogenic 
impacts. '1%~ is particularly clear in the case of New 
Redford Outer f-iarbor, Dartmouth, and to a lesser 
extent Fairhaven, where only 0.3%. 18%, and 38%, 
respectively, of the available area has beds ('lhble 
4.61, and much of the total terrestrially derived nu- 
trient load enters the bay. The potential sensitivity 
of Zosferu beds to nutrient loacting (operating 
through phytoplankton and epiphyte effects) has 
served to make eelgrass a sentinel species for moni- 
toring nutrient-related water quality of Buzzards 
Bay (Buzzards Ray Prc?ject 1990; Costa et al. 
1992). 

4.2.1. Salt Marshes 

Salt marshes (Fig. 4.7) represent an important 
component in the ecology of B w , < t . s  Bay (Tititias 
1.1 and 4.5). Salt marshes occur in pockets all 
around the border ofthe bay, including Little and 
Great Sippewissett in West I'almouth, Allen's Pond 
and Little River in Dartmouth. Weweantic in 

Fig. 4.7. Aerial view of the Great S~ppewissett Salt 
Marsh, Wast Falrnouth, Massachusetts Photo by 
B Howes 

Warel.t;zm. along the Westport IZiver. and Priest's 
Cove and West Is!rt~ld in 1;airhavcn. Wcstport has 
the largest arca of salt marsh in the I3uzzards Bay 
systcin. primarily due to the prescncc of the 
Wcstport Rivor. Irr contrast, New 13edford has the 
srnnilest arm, caused both by the physical structilre 
of the harbrrr as wcli as by large-scale develop- 
tnent that has occurred over the years. Thcsc tidai 
wctlands within the bay systern are typical of'New 
t<ngland marshes, gcncmlly limning hchind prtrtec- 
tive barriers such as barrier bcaches, or as narrow 
fringing marshes in iow-energy environments such 
as circulation-restricted coves arrd embaymcirts. 
'I'hc cfiminisflcci velocities of tidal water as it enters 
ihcsc: covcs aid C I ~ I ~ ~ ~ ~ I L ~ C I ~ ~ ~ ~  rcs.~It~ ifi i h ~ :  Jepttsi- 
tion of strspended particles. ultimately resulting in 
the es~blisl~ment of scdinlcn~5 at m clevatior~ widlin 
the tidal range suitable fix the coloni~ation uf marsh 
piants. ?'he absence of high-energy waves is 
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imp~riant to the establishment of these species. water. Both the low and high mmhes cw sutficiently 
waves prevent the formation of a stable substrate flooded by seawater to inhibit the growth of nlore 
(Red field 19'72). In the initial formation of a wet- freshwater marsh plants such as 7yjhu (cattail) and 
land, a gradation in sediment type exists, ec?m sandy I'hrugmircs (reed). 
toward tihe mouth Ofthe wetland to silty towad the thcow marsh is typically flooded on ever). high 
Ired. This gradation reflects the characteristics of tide is cxclusiwly colonized by sJ,llrfina 
thc suspended matter, as tidal wi~ters have a lower ol,err7!florLI, occasiona~ly with ~ i ~ ~ , , ; ~ ~ ~  nrl,yhi; 
ability to keep heavier materials like sand in sos- lilvender) or ~ ~ l ~ ~ ~ ~ i ~ ~  (glassworts) present. 
pcnsim. resulting in sand dcp~sition near the n~outh ispurri ,?', olicr,-r,i/lo,o exhihits tM,o grow~h forms, 
and subsequent deposition of finer particles nearer ibrnI (up &, -2 nl height), grows 
the headwaters. Once the substrate is available at -3 inland from creeks, and short (less 
suit:ible elevation and tho plants begin to a)lor~ize. t h ; ,  50 ,vhich gr c),v inland From tall zone. 
the extensive root and rhizome systems of marsh .she difTcrcnces in tllese is pnemlly 
species stabili~e the sediments, ;~nd the lrlarsh be- nttribiited lo a of nutrient 
comcs established. A b u t  half ofthe production of ~diulimcnloxidatiOn, md intePdCliom, 
thc dominant low marsh species L S ~ ? ~ l r t i ~ u  with the more productive tall fonn growing in better 
~ r l f ~ ~ r ~ ? i I 7 f r  is in bel~wground production. drained. rnun: osidii.cd sediments (therefore, plants 

'lbe veliic ofthese llighly productive intertidal plss..ss increased to uptikkc nitrogen) with 
\\ictl;inds has 1o11g hccn recognized- --as hihitiit l i~r  ntriiticms groa th inhibiton (such 
\rraterfbwl ;uld shellfish. as stornl hu(lcrs hr adjn- as si,llides; I lowcs Ic)X6). In response the 
cent upl:~nd, as nursery grc)uncis for varioels spcies ru~osic stuiirlents resulting t i ~ m  the high organic md- 
of fish, and as potential buffers f iw terrestrial nutri- tcr inputs ru~d freyuct~t inundation, these plants have 
cnt inputs to coastal waters. 'l'idztl flushing ofsdt adapted an aerenchyma spstern of gas-filled lacu- 
~n~i rs l~es  is also pasft~1;ttc~i as a mccl~rmisrn for cx- nite to tr:insport oxygen to their roots and rhizclmes, 
j ~ ~ j r t  of plant detritus t o  estuarirtc h o d  v,chs in 

~ v h i c h  support aerobic respiration and nutrient 
cmlxkyrncnts like Ilu~ziilrds f3ay. WiIsili~ etal. (1085) upt:ikc ('1 eal ;md Kinwisher 1966; If owes and Teal 
estirn;ttaI bctwcen Y% and 7'%, ol'the orgitnic I13;it- 

1004). "l'lre pl~ysiological difliculties of plant water 
tcr in X3u~~xcis Ikiy sedirncnts was rnade tip of'vas- 

uptake and evaptranspiratio~~ in saline sediments cular plant rcm;tins, with thc hulk of'tlle halance of' 
Iris Imn diminisheci by the evolution of salt glands, organic ~vatter dcrivcct fi-on1 pt~yroplankiirn, l'hey 
\~11ici1 secrcte a concentrated salt solution to main- also estimateti an csport of3-4 x 10' kg p:~rticul;lfe 

organic cr~rtrt,on annu~iily fiom nlar-shcs into the kty. tain osmotic bala~.ltlce wktilc wafer is k i n g  lost dur- 

;trnctu~~ling to ?S-30'%, ol'tlrc total atnount cjfvasc~~- ing eva~wtrrrnspi~~tion. 'Ihe n:itturally high levels of 

Ixr- pl:ust debris in rhc top I cm of'surt'ricc scdirncnt. 17ri1tiaq prcdductivity 1i)und in silt  marshes are gen- 
erally attrihutod to the abundance crf  Spurtinu 

Saltwater ninrsiics in Neix i:i1gIari~i, inckicjii~g 
~r//ttt-~~i/ior~z 

fbosc i r l  Bu/i.artis t3;1y are gcncratlj cfix-icicd into 
two raaljrcr distinctive /,ones: the low IIILUSXI. dcmii- I'he high marsh suppclrts greater plant diversity 
I1t,rcd by tilc ,lll,rsb sl,lrrrii,o 111a13 tllc I c w  marsh and is dominated primarily by 
tr/ferni//t>r?i; ;md the high marsh, dominated b! the salt n m r s i ~  hiIj d spike grass. Along the upland 
s;rlt innrsil hay. ;iJrr,-,itlu ~ ~ ~ ~ , e ~ ~ , ~ .  nl14j spiac ix~rdcr ]\here the duration oftidal flooding is least, 
grass, I ~ ; ~ ~ f i ~ h / i , ~  ~ v ~ ~ j ~ . ~ ~  )-"looding ficqilenc) ;~nd  ~ 1 1 - t o l e ~ ~ t  plmt~, S U C ~  ~~1tntcado1t~msh (Juncu~ 
duration are the p-jnI;q detemlna~ts ljlc distri- gtt~i'ii.~fii). S W I ~ C  h gT:iSS (P~~~zicu112 vir'quium), 
b&iorl of low and l~igjl marsh Lc.)nes. I?lc Icr\\. mrtr;h ch:lirti~ukcr's rush (Scirpus umcricun~ts), salt 
Lone is located between nleatt low water and ntean tniu-sh harlrilsI~ (,Ycilpta rohtnzriscs), and marsh elder 
high ~Glter. while thc high marsh is the xgion lying (I~.icjrrrli~si*i~~.z.c) are commonly found. In most of 
between mean high tvater and sprirrg high the ~narshes around Buzzards Bay where the 
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headwaters are fresh or brackish. stands of reeds 
and cattails predoiiiinate at the Ii~ndtvarcl edges of 
the wetlands. Although fktt amirnals live or h ~ r n ~ ~ ~ ! ~  
in the sediments of the high mash zone, tlle historic 
utilization of salt hay ts feed culd hddcr fbr animals 
and inore recently its use as ti weed-free gardell 
mulch have focused attention on the value of these 
wetlands as a usable resource for alrilost four cen- 
turies. 

Marine life is abundant in the salt marshes of 
Buzzards Bay, such as snails. crabs, mussels, am- 
phipods, and large numbers of small fish. Many 
species of birds (wrens, rails. and wading birds; 
Fig. 4.8) feed on the fish and invertebrates, while 
others (Canada goose (Branta cuilcrdet-~sis) and 
snow goose ((:hen cuerulcsccns); ?T'eal 1980) kcd 
on marsh plants. Mammals such as voles, fieid rnice, 
raccoons (Procyoiz lotor), and skt~nks (Mqrhitis 
mephitis) forage in the marsh during low tides. 
Marshes are well known for their abundance of 
mosquitoes and biting flies, and great efforts arc 
undertaken through managenlent practices, such as 
ditching, to limit the habitat O>rixnarily stagnant pcmls) 
required for breeding. Although considered a nui- 
sance to humans and potentially carriers ofdiscases 
such as encephalitis, these insex& provide albstantisi 

Fig. 4.8. The great egret (Casrnerodius albus). Photo 
by B. Howes. 

hod fix birds and s~trfdcc-ikedingg fish in the \vet- 
land ecosys te~~.  Othcr insects such as plant hop- 
pcrs, grdssl~oppers, and aphids, as well as many 
species of arnplripods and spiders. also cue an im- 
portant pan of thc fauna of Buzzards Ray ssalt 

Molts of  the horseshoe crab (l,imulus 
~3o[vpl~ernt~~s) and frtquently the crab itt;elf, &are com- 
mon sights around Buzzards Ray. Known as a "liv- 
ing ii~ssil," horseshoe crabs have remained basi- 
cally unchanged over the past 200 million years, 
'~bith ~111cestc)rs cstin~afed to have roanled shore- 
lines roughly 35 0 million yews ago. Nor actually a 
crab at all, f,irnldzi,s is an artl~ropad, related to spi- 
ders and scorpions. ?'he larger females move from 
deeper water in early summer to lay eggs along the 
high tide line, EIorseshoe crabs art: partict~larly in- 
teresting irr that they possess a biuo, copper-based 
blood with only one type of cell. which can be cx- 
tracted h r  use in varioirs n~cdicr~l assays such as 
identification of infkctions c~ruscd by spinal menin- 
gitis E. coli, as well as certain types of cancers 
;md blood clots. 

Fish are an important part of the ecology of 
Buzzards Bay salt marshcs, and as both predator 
and prey they represent an important component 
ofthe estuarine food web in the marsh-bay system. 
The tidal marshes of Buzzards Bay support resi- 
dent species, which spend n~ost  of their life within 
thc tidal creeks and pools of the marsh system, and 
nonresident or invading species, which enter into 
marsh waters and spend only a portion of their life 
there. Of'the nonresident species, some are adults 
that enter into salt rnarslics to spawn, and others 
arc juvcnilcs ofcoastal spcics that use the marshes 
as nursery grounds. 

'The resident species offish fbund in Buzzards 
f 3ay ssalt marshes are typilied by the Atlantic silver- 
side, the fbur-spined stickleback, and three spe- 
cies of killifish, murnmichog, striped killifish, and 
sheepshead minnow [Cliprinodun vuriegutus). 
Spawning in the mmh, most of these fish are active 
fiom April through October and then move out of 
the marsh into deeper water or burrow into the 
bottom oftidal creeks or pools during winter. The 
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resident species are associated with the marsh 
throughout their life cycles. The most abundant of 
these, the Atlantic silverside (Fig. 4.9), lives only 1 
year, and the relatively few that survive the winter 
by migrating into deeper waters return to spawn in 
spring. Mummichogs (Fig. 4.1 0) live several years, 
surviving the winter by residing in the bottom of 
creeks or  marsh pools, often in the more brackish 
upper reaches of the marsh. The striped killifish on 
the other hand winters in the lower sandier reaches 
of the marsh duing the winter months. These latter 
species utilix plants and animals in their diets, feed- 
ing on algae that lives on the surface of the marsh, 
but obtaining higher quality food through the con- 
sumption of eggs of other species like the horse- 
shoe crab, small bivalves like Gemma gemma, and 
other invertebrates. 

g. 4.9. The silversides (Menidia menidia). Photo by 
al. 

Fig. 4.10. The rnumrnichog (Fu 
Photo by J. Teal. 

Nonresident species differ in their use of the 
marsh. Some use the marsh as spawning grounds, 
others for protective nursery grounds with abun- 
dant food for the growth of juveniles. 'The three- 
spined stickleback enters the marsh from Buzzards 
Bay in spring to spawn and then returns with its 
young back into the bay. Other invading fishes, such 
as the alewife, the Atlantic menhaden, the tautog, 
the sea bass, and the winter flounder use the marsh 
as a nursery ground and are only present as juve- 
niles during mid and late summer. Bluefish and 
striped bass enter the marshes as moderate to large 
adults for brief periods during high tide and leave 
during ebbing tide, feeding on many of the smaller 
resident species in late summer. 

In a study of the fish populations of Great 
Sippewissett salt marsh in West Falmouth, Werme 
(1 98 1) found that resident fish were far more abun- 
dant than nonresidents (Table 4.7), as is often the 
case for other fish and bird assemblages. Two resi- 
dent species, Atlantic silverside and mumrnichog, 
accounted for more than 90% ofthe fish in the marsh. 
Large differences were found in the growth rates 
between the resident and nonresident species, with 
nonresidents growing an average of 10 times as 
quickly as the resident fish (Table 4.8). Investiga- 
tion of gut contents and fullness of the dominant 
resident and nonresident species were consistent 
with their different growth rates, with invading fish 
maintaining higher feeding rates than the resident 
fishes and generally consuming a higher percentage 
of animal foods (Table 4.9). Resident species 
tended to be more omnivorous, frequently with high 
levels of algae and detritus in their guts. While their 
diet was generally lower in quality than that of the 
nonresidents, resident species increased the per- 
centage of animals in their diet during spawning and 
overall maintained much larger populations (Table 
4.7). 

Other nondominant species found in the marshes 
of Buzzards Bay include bay anchovy (Anchoa 
mitchilli), sheepshead minnow, American eel 
(Anguilla rostrutu), striped mullet (Mzdgil 
cephulus), northern pipefish (Syngnathus fuscur), 
butterfish, black sea bass, cunner (Tautogolabrus 
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Table 4.7. Occurrence and abundance of resident and nonresident salt marsh fishes. Percent occurrence 
(corrected for d~stance) for each of three areas, the main channel (M.C.) which connects to Buzzards Bay, 
sandy creeks and muddy creeks (the furthest landward). Averages are shown + SE. Asterisk (*) indicates 
significance of t-test at 0.05 level of significance. (From Werme 1981). 

Seasonal Abundancel Percent occurrence 
Species occurrence l O Q  in M.C. Sand Mud 
Residents 
Menidia menidia Apr. - Oct 
Apeltes quadracus Apr. - Oct. 
Fundulus heteroclitus Apr. - Oct. 
Fundulus majalis Apr. - Oct. 
Cyprinodon variegatus Apr. - Oct. 

Average 
Nonresidents 
Alosa pseudoharengus July - Sept. 
Bre voortia tyrannus Aug. - Sept. 
Gasterosteus aculeatus Apr. - June 
Tautoga onitis June - Sept. 
Centropristes striata Aug. - Sept. 
Pseudopleuronectes americanus May - Sept. 

Average 
t-test 

-- 

"Standard error not avatlable 
NS - not slgntricant 

Apeltes quadracus 28+0 10 
Fundulus heferoclitus 42+2  20 

Fundulus majalis 50+0 20 

Cyprinodon variegatus 35 + 0 10 

Table4.8. Mean total length and average percent Increase In lengthhonth of res~dent and nonresident salt 
rnarsh fishes.Averages are shown + SE. Asterisks (**) indicate significance of t-test at 0 01 level of significance. 
(From Werme 1981 .) 

Average 

Mean % length1 
Species length month 

Residents 
Menidia menidia 51 + O  30 

Brevoorfia tyrannus 7 8 + 5  -- 
Gasterosteus aculeatus 27 + I 400 
Tautoga onitis 5 0 + 0  180 

Centropristes striata 4 0 + 5  100 

Pseudopleuronectes 
arnericanus 88 It 24 -- 

Average 57.5k9.4 1950k70.9 

Mean % length1 
Species length month 

Nonresidents 
Alosa pseudoharengus 62 + 2 100 

MS ** 
t-test t-test NS ** 

NS - not s~gn~ficant 
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Table4.9. Average gut fullness, percent fish with empty guts, and percent carnivory, herbivory, and detritivory 
rn the diets of resident and nonresident salt marsh fishes. Averages are shown + SE. Asterisks (**) indicate 
significance of t-test at 0.01 level of significance. (From Werme 1981 .) 

Average gut Percent Percent 
Species fullness empty guts Carnivory Herbivory Detritivory 
Residents 
Menidia menidia 36.3 + 1 .O 34 70 20 10 
Apeltes quadricus 32.8 + 4.4 49 80 5 15 
Fundulus heteroclitus 24.8 + 0.9 51 23 52 25 
Fundulus majalis 18.0 c 0.9 53 55 15 25 
Cyprinodon variegatus 18.0 c 1.4 57 13 61 26 

Average 26 0 3.7 4944  48c13  31+11 20 + 3 

Nonresidents 
Alosa pseudoharengus 62.3 + 4.7 18 97 0 3 
Brevoorfis tyrannus 52.5 + 12 1 0 0 67 33 
Gasterosteus aculeatus 56.8 + 4.7 26 90 0 10 
Tautoga onitis 78.5 + 1 .O 0 100 0 0 
Cenfroprisfes str~a tus 40.0 + 8.4 6 90 0 10 
Pseudopleuronectes americanus 65.0 r 6.9 0 90 0 10 

Average 59.2 + 5.3 8 k 5  78+16 11 r t l l  11 _+4 
t-test ** ** NS NS NS 

NS - !lot s~gn~ficant 

adspc~rsus) ,  and sand lance (A mmociytes growing abundantly in the peat around marsh 
ctmericmnrs). 'rhese species are commonly found grasses, and are most prevalent in the lower eleva- 
in Buzzards Bay and arc all nonresidents. Adult eels tion areas ofcreekbanks where tidal inundation is 
and young bluefish, terns, egrets, and herons enter greatest. This mussel is inlportant in the ecology of 
the marsh sporadically to feed on the fish in these coastal wetlands. Mussels are active filter feeders, 
~~zarshes. straining all types of particulates out of the water 

"j'ht: migration of young fish tzatched or reared in calumn, ingestingthe edible and processing the in- 
the tlzarsh to estuarine waters as well as the tran- edible into pseudofeces that accumulate around the 
sjent feeding of deeper water fish such as bluefish mussel in areas where tidal currents are not suffi- 
and striped bass on mardl residents provide mecha- cient to sweep them away. Average rates of 
nisrns wtzereby the abundant productivity found in biodeposition in the fonn of pseudofeces for the 
these intertidal wetIands is exported to estuarine ribbed mussel is 549 dyear (Davis 1985). These 
food wehs. 'These processes represent important mussels can actually bury themselves in these 
components ofthe role and function of these wet- pseudofeces and in some areas must continuously 
lands in caataI ecology and provide a strong argu- migrate upward over time. This phenomenon re- 
menf in defense of vzlrtla~~d prottctioii and sults in the marsh acquiring a humrnockyappear- 
preservation in the coastal landscape. ance with the height of the hummocks being limited 

Ribbed nlussels (G~uke~zsiu cle~nisscr, formerly ta the level at which the mussels can still extract 
lkila(1iolus dec.n.zissu,s) are frequently found in the iiz- emugh food from flooding tidal waters to survive 
tertidal wetland areas around the bay, generally (Teal and Teal 1969). In addition, the network of 
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Table4.10. Average biomass and release of ammonia into marsh waters during summer 
by major marsh organisms. Biomass of mollusks excludes the shell weight; plant biomass 
aboveground only. Excretion proceeds for 12 hlday for Geukensia, 24 hlday for other 
species. Data from Jordan and Valiela (1 982). 

Biomass Release Release 
Species (kg) (pg NH,-Nlhlkg) (kg NH,-Nldaylkg) 

Bivalves 
Geukensia demissa 
Mercenaria mercenaria 
Mya arenaria 
Gemma gemma 
Grasses 
Spartina alterniflora 
Spartina patens 
Fish 
Menidia menidia 
Fundulus heteroclitus 
Fundulus majalis 
Arthropods 
Uca pugnax 
Carcinus maenas 
Orchestia spp. 
Snails 
Melampus bidentatus 
llyanassa obsoleta 55 19 0.02 
"Excretcon assumed equal to that of G demrssa 
bExcret~on assumed equal to that of C maenas 
cExcretcon assumed equal to that of I obsoleta 

byssal tl~reads produced by these mussels h~reases or gametes. The resident ribbed mussel population 
the coherence of their substrate (Davis 1985) and in Great Sippewissett Salt Marsh (West Falmouth) 
may, along with belowground roots mdrhizomes, was found to maintain the highest biomass of any 
stabilize marsh peat, especially areas along animdpopulation,xleasingmoremoniainto&e 
creekbanks. In areas with high levels of contami- water than any population ofplants or animals (Table 
nants like polychlorinated biphenyls (PCB's) and 4.1 O), and accountiilg for 3 1 % of the ammonia re- 
metals in the water column (such as found in the leased into tidal w a t e ~  during summer. Most of f is  
h x s h n e t  River estuary), the deposition of ammonia is presumed to be taken up by phy- 
pseudofeces from filtration of organically bound toplankton or edaphic diatoms, bacteria, and fiingi 
contaminants increases the levels of these growing on Spartina detritus, as the overall am- 
contaminants in the swfiace sediments ofthe marsh. monia concentration in tidal waters remains rela- 

Studies by Jordan and Valiela (1 982) indicate tively unchanged. The population of ribbed mus- 
that ribbed mussels play an important role in the sels in Great Sippewissett was calculated to theo- 
nitrogen cycle of coastal salt marshes. Nitrogen fil- retically filter all of the water in each tidal cycle, 
tered but not deposited by ribbed mussels is ex- although they presumably refilter water in their ad- 
creted as ammonia or dissolved organic nitrogen, jacent vicinity. Their biggestrole in the nitrogen cycle 
or used for production of flesh, shell, byssal threads, of salt marshes is the retention of nitrogen within 
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the system through biodeposition of suspended par- 
ticulate nitrogen. This is also true for other marsh 
species, Mereenaria mereenaria, Mya arenaria, 
and Gemma gemma; however, given the domi- 
nance of the ribbed mussel in this marsh, it is re- 
sponsible for most of the total bivalve filtration and 
biodeposition. If the amount of particulate nitrogen 
filtered by these mussels was instead exported from 

of utilization and protection in valuable yet ecologi- 
cally fragile coastal environments like Btmards Bay. 
More information is available on salt marsh ecol- 
ogy in Teal (1 986) and Nixon (1982). 

Tidal flats are gently sloping unvegetated areas 
- 

the system, a significant loss of nitrogen to coastal extending seaward of coastal landforms to mean 
waters would result. Because nitrogen limits phy- low water 0. These flats are typically exposed 
toplankton productivity in ~uzzards Bay, the in- at low tide, revealing sediments ranging from sands 
creased nitrogen retention by ribbed mussel filtra- to muds and silts. Tidal flats are generally deposi- 
tion may actually serve to reduce fertilization of tional environments, with the area and duration of 
adjacent bay waters. exposure dependent on tidal amplitude. They are 

In addition to their aesthetic value, the impor- often associated with other types of coastal envi- 
tance of marshes as storm buffers, habitats, and ronmentssuchasemba~ments, salt marshes, spits, 
nursery grounds fornumerous species, andhistori- and barrier beaches that provide a source of 
cally as a valuable source of salt marsh hay, has sediment for development of the flat. 

long been a basis for defense in their protection. Tidal currents in Buzzards Bay are primarily re- 
More recently, the role of salt marshes as nutrient sponsible for the sediment makeup of these flats. 
buffers for coastal waters is becoming increasingly Along shorelines exposed to higher currents and 
evident as our understanding of these complex en- wind-driven wave energies, such as along the edge 
vironrnents continues to grow. This is especially true of the bay proper, these flats tend to be made up of 
for areas such as Buzzards Bay where residential coarser, sandier sediments, while those flats in more 
development is continually increasing. protected areas, such as in estuaries, behind bar- 

Because marshes exist at the land and sea inter- rier beaches, or within wetlands or salt ponds, gen- 
face, questions arose in the late 1 9607s and early erally have finer, siltier sediments. Their association 

1970's as to whether salt marshes were nitrogen with t ~ ~ s o f m k n e  systems is important for 

limited, as are marine systems, or phos- providing both a source of strata and a source of 

phorur limited, are many teneS~al systems. E ~ -  allocthanous organic matter to the organisms that 

perirnents undertaken to answer this fundamental inhabit them. 

question, most notably long-term fertilization experi- Because the overlying water column retreats at 
rnents initiated in 1 970 in the Great Sippewissett high tide, only infaunal and epibenthic animals ~010- 
Salt Marsh, identified nitrogen as the nutrient limit- nize tidal flats. At high tide, however, numerous 
ingprodu&oninthe&tm&envimnment(Valiela species of fish "commute" to graze on the benthos 
et al. 1975; Teal 1986). Much attention has been and epibenthic algae. 'l'ke infaunal cmmunities in- 
paid in recent years to the role of nitrogen-limited habiting the tidal flats along Bmzrds Bay provide 
Atmarshes in intempting or buffering nitrogen in- a valuable resource to the aquatic food web and to 
puts from terrestrial sources as they move toward the many species of waterfowl that feed on these 
coastal waters. 'The increased understanding of organisms during low tide. Shorebirds, feeding pri- 
marsh processes in &is regsr~d has contributed to marily on invertebrates such as polychaetes, mol- 
the development of artificial wetland ecosystems lusks,  and^^^^^, ofienfdlowthewater'sedge 
(such as SolarA~atics; Teal and Peterson 1991) as it advances and retreats over the flats, with 
for fie tertiary treament of nutrient-*& wastewa- maximum foraging during low tide when most of 
ter and ~ptage. n e s e  newte&Ologies hold prom- the tidal flat is exposed. Many other species utilize 
ise for dealing the competing objectives the tidal flats, including crabs such as rock crab 
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(Cancer irroratus), green crab (Carcinus 
maenas), and blue crab (Callinectes sapidus); 
these species migrate on and offthe flats with the 
tide, feeding on submerged bivalves and annelids. 
The lady or calico crab (Ovalipes ocellatus) fre- 
quently buries itself in the sandy sediments ofthese 
flats. Hermit crabs (Pagurus longicarpus and l? 
poll icuris) and snails (IZyunassa and Nassarim) 
also coexist on the tidal flats; the hermit crabs utilize 
the empty shells of the snails for semipermanent 
homes. The horseshoe crab frequently uses the tidal 
flats as feeding and spawning grounds and deposits 
its eggs at the high water line. As with marshland, 
Westport has the largest areas of tidal flat and bar- 
rier beach within Buzzards Bay. Additional infor- 
mation onNew England tidal flat communities can 
be found in Whitlatch (1 982). 

The physical processes that formed Buzzards 
Bay not only led to a wide variety of marine envi- 
ronments but also resulted in a diversity of land 
forms, habitats, and natural resources within its up- 
land regions. Human activities within the watershed 
area over the past several centuries, however, have 
significantly altered the structure and composition 
of many of these terrestrial systems. 

Numerous kettle ponds, common to pitted 
outwash plains such as Buzzards Bay, are a domi- 
nant feature of the landscape. These deep ponds 
were formed when large blocks of ice left by the 
retreating glaciers were buried by glacial debris and 
outwash sands that collapsed as the ice melted, leav- 
ing the depressions. When the base of the depres- 
sion was below the water table, a pond was formed. 
Many of these ponds support freshwater marshes, 
typically dominated by Typha and Phragmites, and 
provide important habitat for many species of 
animals. 

Other freshwater environments within the Buz- 
zards Bay watershed, like the freshwater marshes, 
are structured by the amount and duration of fiesh- 
water saturation. Critical habitats such as sphag- 
num bogs, cedar swamps, and vernal pools dot the 

landscape around the bay. Sphagnum bogs are simi- 
lar to marshes in that they become established in 
areas of persistently saturated soils. These bogs are 
dominated by Sphagnum spp. or "peat" mosses 
and low-growing shrubs like cranberry ( Vuccinizrm 
rnrrcrocarpon). The live sphagnum or peat mosses 
grow in thick mats overlying deep layers of accu- 
mulated peat. Avery fragile system, these bogs of- 
ten support a variety of rare and unusual plants 
such as wild orchids and carnivorous plants such as 
sundews (Drosera sp.). Sphagnum bogs can be 
found around the bay, notably in Falmouth 
(Chappaquoit) and Bourne (near the railroad 
bridge). 

Like sphagnum bogs, cedar swamps, which are 
dominated by the Atlantic white cedar 
(Chamaecyparis thyoides), highbush blueberry 
(Vaccinium corymbosum), and swamp azalea 
(Rhododendron viscosum), occur in areas of satu- 
rated soils and acidic waters that affect decompo- 
sition and nutrient availability. The white cedar 
swamp is commonly found along with red maples 
(Acer rubrum), which often restrict the extent of 
white cedar growth. These cedar swamps can be 
found in pockets or associated with cranberry bogs 
around Buzzards Bay, in Bourne (east of the Bourne 
Bridge) and Falmouth (east of Woods Hole and 
east of Little Sippewissett Marsh in West Falmouth), 
but most notably in the Acushnet Cedar Swamp in 
New Bedford and Dartmouth, considered to be one 
of the last truly wilderness areas in southeastern 
Massachusetts. Cedar swamps, like huckleberry and 
maple swamps, were historically much more abun- 
dant but were cleared and diked to form many of 
the existing cranberry bogs, which is the dominant 
agriculture of the region (White 1870; Thomas 
1990). Cranbeny bogs require damp but not satu- 
rated soils for best production, conditions found in 
many of the swamp forests. Some attempts were 
made by the early settlers to conserve the white 
cedar swamps because their wood was used in the 
construction of moisture-proof foundations and for 
the cedar shingles prevalent on many houses in the 
region. ?'he d i s h e d  availability of fxewood with 
progressive deforestation, however, increased the 
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mining of peat from cedar swamps and, with the demand for wood for construction. There was also 
expansion of the cranberry industry in the 1800's, an associated demand for firewood to fuel the 
led to the near loss of this ecosystem from the wa- evaporation of seawater for preparation of salt and 
tershed. to boil whale blubber. About 1.5 cords of wood 

In the elevated areas around Buzzards Bay, the were required for producing only one bushel of salt 
highly permeable soils of the region provide an ideal (O'Brien 1990); at its peak, production of salt from 
site for the growth of hardy species of oak (Quercus Cape Cod was estimated at more than 1 /2 million 
spp.), pitch pine (Pinus rigida), and white pine bushels per year (Fawsett 1990). In fact, the Sand- 
(Pinus shobus), the dominant trees of the region's wich Glassworks was established in the town of 
forested land. Although somewhat small and sandwich not for its abundant sand (which was sup- 
"scrubb~" @., the name "scrub oak") by inland posedly too impure) but for the extensive pitch pine 
standards, these hardy trees reflect the low nutrient and red oak (Quercus rubru) forests, which were 
environment under which these forests have devel- cleared around 1825 provided fuel for 
oped. Even with them~ma~hmentof h~man de- the glass furnaces for over 60 years, leaving the 
velo~mentovertime, these forestsstill supFQrtla%e formerlv well forested Sandwich hills basically bare. 
numbers of wildlife, including deer (Odocoileus result of these various 
virgininnus) and even coyote latruns)' for wood was a general deforestation of the old 
These woodlands have played an important role in 80wth forests all around Bmds Bay, with og a 
the history of the region, yet the species we see few virgin areas now remaining; a notable example 
today are not necessarily those viewed and utilized 

is a grove of white pine forest located in Beebe by the early settlers. 
Woods, a forest preserve located just west of 

Significant changes hve occurred in the 'S center. After cufiing, much of the wood- 
surrounding upland over the past several hundred land was left to natural succession. The relatively 
years. In what is now primarily pitch pine-domi- poor soil conditions that evolved after the destruc- 
nated forest, the landscape once supported signifi- 
cant stands ofold growth forests ofwhite pine, a&, tion ofthe forests have led to reforestation by har- 

walnut 61ugluns spp.), beech (Fugus grandifolia), dier species, notably the pitch pine, which grows 

and holly (Ilex opaca). The extensive acreage of widely in the region in those areas buffeted by wind 

these original forests was frequently identified in the and sea as well as on nutrient poor, sandy, barren 

logs of early explorers and settlers (White 1870; soils. The survivability of this species also encour- 
0' B~ien 1990). Although living near the sea, the aged its widespread planting in the late 1 8O0's so 

early European settlers were predominantly thatwithspeciesofoak (scmb (Quercus ilicifolia), 

farmers. Early on, they attempted to clear the for- red, Post (Quercusstell~tu), etc.), eastemredce- 
ests for agricultural land with little understanding, cJun@erus virginiana, also h-~own as juniper), 
and therefore regard, for the long-term impact on and red maple. siaficmt reforedon has O~JI I -R~ .  

these virgin forests. These settlers were not the fust, 
however, to impact the woodlands. Evidence in 4.4. Unique and 
archeological records indicates that Native Ameri- T h reate ed E nv i ro me nb 
cans typically practiced "slash and burn" techniques 
to clear the forests for the production of corn. 
Large-scaie def-brestation, however, occuned pri- 4.4,1. Anadromous Fish Runs 

marily from the late 1600's t.hrough the 1800's. 
Although many of the settlers shifted from f m i n g  These fish runs are an important component of 
to fishing, the cutting of the forests did not diminish. the fisheries of Buzzards Bay. Streams linking ma- 
With fishing and whaling came shipbuilding, an im- rine and freshwater bodies provide runs for several 
~ o m t  mainstay ofthe economy that increased the species of fish that grow to maturity in the ocean 
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and migrate to fresh water to spawn. Living prima- 
rily in salt water, anadromous fish such as alewives, 
blueback herrings, white perches (Morone 
americana), and rainbow smelts (Osmerus 
mordax) migrate up tidal streams to brackish and 
freshwater systems where, after spawning, the fry 
hatch and eventually return to the sea. Except for 
rainbow smelt, which migrate from February through 
April, migration begins in early March or April (when 
the water temperatures of inland rivers and streams 
begin to warm up relative to colder waters offshore) 
and generally continues into June. Anadromous fish 
typically return to the place where they were 
hatched, although it is not entirely clear how they 
identi@ any particular stream except perhaps by the 
unique water chemistry that may be associated with 
one area versus another. Anadromous fish runs within 

the Buzzards Bay watershed are shown in Table 
4.11. 

Successfbl fish runs have common characteris- 
tics: an unimpeded connection between creeks, 
ponds, lakes, rivers, or streams and the sea; suffi- 
cient volume and depth of flow to enable fish to 
overcome periodic obstructions within the run such 
as fish ladders, natural falls, or log jams; good wa- 
ter quality in the spawning area; and, of course, an 
availability of fish. Because fish in their early life 
stages are very vulnerable to fluctuations in their 
spawning or nursery environment, relatively con- 
stant environmental conditions such as temperature 
and salinity can be important to successful 
recruitment. Industrial pollution also has local im- 
pacts on anadromous fish, such as in New Bedford 
Inner Harbor where several historically productive 

Table 4.11. Anadromous fish runs of Buzzards Bay. (From Massachusetts Department of 
Environmental Quality Engineering 1978.) 

Town River Species Spawning area 

Falmouth Herring Brook Alewife, blueback herring Wings Pond 
Wild Harbor River Alewife Dam Pond 

Bourne Herring River Alewife Little Herring Pond 

Wareham Sippican River Alewife Sippican River 
Agawarn River Alewife, rainbow smelt Mill Pond 
Wankinco River Alewife Parker Mills Pond 
Red Brook Alewife, blueback herring White Island Pond 
Gibbs Brook Alewife Dicks Pond 

Marion Weweantic River Alewife, rainbow smelt Horseshoe Pond 

Mattapoisett Mattapoisett River Alewife Mattapoisett River 

Acushnet Acushnet River Alewife Sawmill Pond 

Dartmouth Slocums River Alewife, rainbow smelt 

Westport Richmond Pond Alewife 
Cockeast Pond Alewife Cockeast Pond 
Westport River Alewife, brook trout Westport River 
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fish runs have been all but eliminated. However, 
around Buzzads Bay it appears that simple impedi- 
ments to migration by construction of dams with- 
out fish ladders or alteration associated with devel- 
opment, farming, or cranberry growing and even 
failure to maintain existing runs are the prime causes 
of declines of anadromous fish popula- 
tions. Renewed interest in this fishery around Buz- 
zards Bay in recent years, however, has resulted in 
increased attention to maintaining or improving the 
existing fish runs? and in reestablishing some ofthose 
lost through neglect or alteration. 

4.4.2. Endangered Species 

Some endangered and threatened species have 
been identified in the region of Cape Cod and the 
Buzzards Bay watershed (Table 4.12). To success- 
fully preserve these species, it is necessary to pre- 
serve their habitats since the decline of many ani- 
mal species is due to loss of nesting or ecological 
habitat. Species at the limits of their ranges are par- 
ticularly sensitive as additional suitable habitat may 
not be readily available in response to alteration or 
destruction of existing areas. In addition to the ob- 
vious wncems over diminishing wildlife populations 
and decreasing habitat for many coastal species, 
indirect effects of activities in the coastal zone may 
also impact populations. The use of fertilizers and 
pesticides, for example, may affect areas far fiom 
the source of application. Beyond the direct impact 
of development, the mere presence of people may 
adversely affect the territorial behavior of many 
animals. Pets roaming free on the beach may act as 
predators and cause birds to abandon their nests. 
Stabilization of eroding dune systems near endan- 
gerad nesting sites by'"p1anting7'usad Christmas W s  
has been identified as problematic as they provide 
hiding places for many predatory animals. Even kite 
flying near ground-nesting birds can affect behav- 
ior because the kites are perceived as large avian 
predators. 

Because the list of rare and endangered species 
(Table 4.12) is substantial and new s p i e s  are be- 
ing added, a species by species discussion is be- 
yond the scope of this text. Several species, 

however, most notably avian fauna, are the focus of 
intensive, integrated, and highly visible protection 
programs and are briefly discussed. 

Sandy beaches surrounding Buzzards Bay, no- 
tably Little Beach and Worseneck Beach on the 
bay's western shore, provide habitat for the feder- 
ally listed piping plover (Churadrius rnelodz~s; Fig. 
4.1 1). Piping plovers are indigenous to sandy 
beaches and have evolved a sand-colored body that 
is diacult to spot. Migrating from areas of the south 
Atlantic coast to northern Mexico, they arrive in late 
March and April and nest on the open beaches 
through August (07Brien 1990). In the I 8007s, pip- 
ing plovers were extremely abundant but were 
hunted to near extinction by the early 1900's for 
the millinery trade. The Migratory Bird Treaty Act 
of 1 91 8 provided the piping plover with some pro- 
tection, and populations increased into the 1940's; 
thereafter, human disturbance and predation of nest- 
ing sites, primarily from development and increased 
recreational use of beaches, once again resulted in 
population decline. Recent surveys indicate less than 
a thousand pairs occur along the Atlantic Coast (D. 
Miwogno, U.S. Fish and Wildlife Service, Hadley, 
Mass., personal communication). Each nesting sea- 
son, beach areas of active and potential nesting are 
cordoned off or fenced to exclude people and 
predators, and nesting success is followed and re- 
corded to gauge population dynamics. Considered 
of "special concern" by the Massachusetts Natural 
Heritage Program and Endangered Species Pro- 
gram are least terns, whose nesting habitats- 
sparsely vegetated regions of the barrier beach above 
the high tide line--are similar to those of the piping 
plover. In the B w d s  Bay area, effo&s undertaken 
to protect plovers are frequently expanded to in- 
clude nesting habitats fbr least terns. 

Buzzards Bay, specifically Bird Island located in 
Marion, also provides habitat for another federally 
listed endangered species, the roseate tern. These 
birds breed primarily on small islands and occasion- 
ally at the end of barrier beaches and build nests 
under or next to vegetation or some other object 
affording protection. Two distinct breeding popula- 
tions are found in North America: one occurs along 
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Table 4.12. Rare plants and wildlife identified by the Massachusetts Natural Heritage Program and Endangered 
Species Program for the Cape Cod region including the Buzzards Bay watershed. From VanLuven (1991) and 
O'Brien (1 990). 
Species Status 

Plants 
lsoetaceae (quillworts) 

lsoetes acadiensis (Acadian quillwort) 
Ophioglossaceae (adder's-tongue ferns) 

Ophioglossum vulgafum (adder's-tongue fern) 
Schizaeaceae (climbing and curly grass ferns) 

Lygodium palmatum (American climbing fern) 
Alismataceae (arrowheads, water-plantains) 

Sagittaria teres (terete arrowhead) 
Poaceae (grasses) 

Aristida purpurascens (purple needlegrass) 
Dichanfhelium wrighfianum (Wright's panic-grass) 
Dichanthelium commonsianum (common's panic-grass) 
Dichanthelium mattamuskeetense (Mattamuskeet panic-grass) 
Diplachne marifima (saltpond grass) 
Elymus mollis (sea lyme-grass) 
Panicum philadelphicum (Philadelphia panic-grass) 
Setaria geniculata (bristly foxtail) 
Spartina cynosuroides (salt reed-grass) 
Spenopholis pennsylvanica (swamp oats) 

Cyperaceae (sedges) 
Carex oligosperma (few-fruited sedge) 
Carex sfriata (Walter's sedge) 
Eleocharis obtusa (ovate spikerush) 
Psilocarya nitens (short-beaked baldrush) 
Psilocarya scirpoides (long-beaked baldrush) 
Rhynchospora inundata (horned beakrush) 
Rhynchospora forreyana (Torey's beakrush) 
Scleria pauciflora (papillose nutrush) 

Araceae (arums) 
Orontiurn aquaticum (golden club) 

Juncaceae (rushes) 
Juncus biflorus (two-flowered rush) 
Juncus debilis (weak rush) 

Haemodoraceae (bloodworts, redroots) 
Lachnanthes carolina (redroot) 

lridaceae (irises) 
Sisyrinchium arenicola (sandplain blue-eyed grass) 

Orchidaceae (orchids) 
Arethusa bulbosa (dragon's mouth orchid) 
Listera cordata (heartleaf twayblade) 
Platanthera dilatata (leafy white orchid) 
Sp~ranthes vernalis (grass-leaved ladies' tresses) 
Tipularia discolor (cranefly orchid) 

Polygonaceae (docks, knotweeds) 
Polygonum puritanorurn (pondshore knotweed) 
Polygonum setaceum (strigose knotweed) 

Endangered 

Threatened 

Special concern 

Special concern 

Threatened 
Special concern 
Special concern 
Endangered 
Threatened 
Endangered 
Special concern 
Special concern 
Special concern 
Threatened 

Threatened 
Endangered 
Endangered 
Threatened 
Special concern 
Threatened 
Endangered 
Endangered 

Threatened 

Endangered 
Endangered 

Special concern 

Special concern 

Threatened 
Endangered 
Threatened 
Special concern 
Endangered 

Special concern 
Special concern 
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Table4.12. (continued) 
Species Status 

Chenopodiaceae (saltworts, sea-blights) 
Suaeda americana (American seepweed) Special concern 

Portulacaceae (purslanes, spring beauties) 
Claytonia virginica (narrow-leaved spring beauty) Threatened 

Rosaceae (roses, shadbushes) 
Crataegus bickneNii (Bicknell's hawthorn) Endangered 

Linaceae (flaxes) 
Linum intercursum (sandplain flax) Special concern 
Linum medium (rigid flax) Threatened 

Empetraceae (crowberries) 
Corema conradii(broom crowberry) Special concern 

Hypericaceae (St. John's-worts) 
Hypericum adpressurn (creeping St. John's-wort) Threatened 

Cistaceae (rockroses, frostweeds) 
Helianthemwm dumosurn (bushy rockrose) Special concern 

Cactaceae (cacti) 
Opuntia humifusa (prickly pear) Special concern 

Melastonataceae (meadow beauties) 
Rhaxia mariana (Maryland meadow beauty) Threatened 

Halaragaceae (water-milfoils) 
Myriophyllumpinnatum (pinnate water-m~lfoi~l) 

Apiaceae (parsleys, angelicas]) 
/-dydrocotyl@ verticiiiata (saltpond psnnycifort) 

Gentianaceae (gentians) 
Sabatia campanulata (slender marsh prnk) 
Sabatia kkennedyana (Plymouth gent~an) 

Asclepiadaceae (milkweeds) 
Asclepias verticillafa (linear-leaved rnrlkwsed) 
Asclepiaspurpurascens (purple milkweed) 

Soraginaceae (borages) 
Mertensia maritima (oysterl@sF) 

Scrophulariaceae (figwotts) 
Agal~nis acuta (sand plain gerardra)" 

Lentibulariaceae (bladdeworlts) 
Utticularia bifiora (two-flowered bladdewort) 
Utricularia fibrosa (fiberous b ladderwort) 
Ufricularia sifbulafa (subulate bladdemrt) 

Caprifofiaceae (honeysuckles) 
Tiiosteumperfoliatum (broad tinker's-weed) 

Asteraceae (asters, composites) 
Achillea millefdium (seaside yarrow) 
Eupaforium ammaficum (fesslersnakeroot) 
Eupatorium iaucolepis (New England boneset) 
Gnaphalium purpu~um (puW!@ cudweedl 
Lactuca hirsufa (hairy wiid Oeauce) 
P~nanthes serpentaria (lion's foot) 

Special concern 

Special concern 

Endangered 
Special concern 

Threatened 
Threatened 

Endangered 

Endangered 

Threatened 
Threatened 
Special concern 

Endangered 

Threatened 
Endangered 
Endangered 
Endangered 
Endangered 
Endangered 
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Takle4. f2. (continuedl 

Species Status 

Wildlife (vertebrates) 
Fish 

Lampetra appendix (American brook lamprey) 
Acipenser brevirostrum (shortnose sturgeon )" 

Amphibians 
Hemidactylium scutatum (four-toed salamander) 
Scaphiopus holbrookii (eastern spadefoot toad) 

Reptiles 
Clemmys guftata (spotted turtle) 
Malacfemys terrapin (diamondback terrapin) 
Terrapene carolina (common box turtle) 
Pseudemys rulbiventris bangsi (Plymouth red-bellied turtle)" 
Caretta caretta (loggerhead sea turtle)" 
Lepidochelys kempii (Kemp's ridley sea turtle)" 
Dermochelys coriacea (leatherback sea turtle)a 

Birds 
Podilymbus podiceps (pied-billed grebe) 
Botaurus lentiginosus (American bittern) 
lxobrychus exilis (least bittern) 
Accipiter striatus (sharp-shinned hawk) 
Circus cyaneus (northern harrier) 
Haliaeetus leucocephalus (bald eagle)" 
Gallinula chloropus (common moorhen) 
Rallus elegans (king rail) 
Charadrius melodus (piping plover)D 
Bartramia longicauda (upland sandpiper) 
Sterna antillarum (least tern) 
Sterna dougallii (roseate tern)" 
Sterna hirundo (common tern) 
Sterna paradisaea (Arctic tern) 
Tyto alba (common barn-owl) 
Asio flammeus (short-eared owl) 
Ammodramus savannarum (grasshopper sparrow) 
Parula americana (northern parula warbler) 
Pandion haliaefus (osprey) 

Mammals 
Nalichoerus grypus (gray seal) 

Wildlife (invertebrates) 
Bivalvia (mussels and clams) 

Leptodea ochracea (tidewater mucket) 
Ligumia nasuta (eastern pond mussel) 

Hirudinea (leeches) 
Macrobdella sesterfia (New England medicinal leech) 

Odonata (dragonflies and damselflies) 
Aesbna mutata (spring blue darner dragofiffy) 
Anax longipes (long-legged green darner dragonfly) 
Enallagma carunculatum (bluet damselfly) 
Enallagma laterale (lateral bluet damselfly) 
Enallagma recurvatum (barrens bluet damselfly) 

Threatened 
Endangered 

Special concern 
Threatened 

Spec~al concern 
Threatened 
Special concern 
Endangered 
Threatened 
Endangered 
Endangered 

Threatened 
Special concern 
Threatened 
Spec~al concern 
Threatened 
Endangered 
Special concern 
Threatened 
Threatened 
Endangered 
Special concern 
Endangered 
Special concern 
Spec~al concern 
Specla6 concern 
Endangered 
Special concern 
Threatened 
Special concern 

Special concern 

Special concern 
Special concern 

Spec~al concern 

Endangered 
Special concern 
S~eciai concern 
~becrai concern 
Threatened 
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Table 4.72. (continued) 
Species Status 

Lepidoptera (butterflys and moths) 
Fixsenia ontario (northern haristreak butterfly) Special concern 
Speyeria idalia (regal fritillary butterfly) Endangered 
Abagrotis crumbi banjamini (coastal heathland cutworm) Special concern 
Apharetra purpurea (blueberry sallow moth) Threatened 
Bagisara rectifascia (straight lined mallow moth) Speclal concern 
Catocala herodias gerhardi(GerhardEs underwind moth) Threatened 
Cicinnus melscheimeri(Melscheimer's sack bearer moth) Threatened 
Cingilia catenaria (chain dot geometer moth) Special concern 
Hemileuca maia (barrens buckmoth) Threatened 
Lithophane viridipallens (pale green pinion moth) Speclal concern 
Metarranthis apiciaria (coastal swamp metarranthis moth) Special concern 
Oligia hausta (northern brocade moth) Special concern 
Papaipema stenocelis (chain fern borer moth) Special concern 
Papaipema sulphurata (decodon stem borer moth) Threatened 

"Ind~cates spectes IS federally listed as same status (U S Flsh and Wildl~fe Sewtce 1994) 

a series of islands off the nortlleastern coast of tile extending fiom the Florida Keys and the Ba11,una.s 
United States, from New Yark to Maine, and has to the 1,esser Antilles. Buzzards Bay represents an 
smaller numbers of individuals extending as far as important locale for this species; approxinlately 60% 
the Canadian Maritilne Provinces; the second oftke northeast population nests on Bird Island in 
breeds or1 islands in the Caribbean Sea region Buzzards Bay (1,650 nesting pairs in 1984; U.S. 

Fish and Wildlife Service 1989; B. Blodgett, Mas- 
sacliusetts Natural Heritage and Endangered Spe- 
cies Program, personal communication). As is true 
for the piping plover, the roseate tern population 

Fig. 4.Yf. The piping plover (Charadrius meiodus). 
Photo by D. Goehringer. 

was significantly decreased in the late 1800's be- 
cause of hunti~~g associated with the millinery trade. 
'The Migratory Bird Treaty Act of 19 18 facilitated 
recovery of this species in the northeast to about 
8,500 nesting pairs by the 1930's; however, the 
population dccrcased to roughly 2,500 pairs by 
1977 because of increased nurnbers of nesting her- 
ring gulls zuid gcat bl~ick-backed gulls and increased 
huinan activities (U.S. Fish and Wildlife Service 
1989). Extensive effbrts have been undertaken to 
increase the species' nesting population and to ex- 
pand the breeding range through a recovery pro- 
gram far the northeastern population. The goals of 
this program are to increase the species' nesting 
population to 5,000 pairs within at least six colo- 
nies in its current northeast range and hopefully ef- 
fect an ultimate return to 1930's levels (U.S. Fish 
and Wildlife Service 1989). 
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The osprey (Pandion haliaetus) is considered kempii, endangered), and leatherback - 
a rare bird whose numbers diminished throughout (Dermochelys coriacea, endangered). These sea 
the United States during the 1950's and 1960's as turtles visit the bay in summer afier migrating from 
a result ofthe widespread use of the pesticide DDT. overwintering regions in warmer southern waters. 
The pesticide primarily affected ospreys by causing Water temperature partially dictates their appear- 
a thinning ofthe eggshell, rendering the eggs fragile ance because they lack the ability to regulate body 
and susceptible to disturbance or predation. Ospreys temperature. Ridley and loggerhead turtles cannot 
nest high above the ground, building large nests up withstand temperatures below 23.2" C and 19.5" 
to 2.4 m in diameter usually in large dead trees near C, respectively (O'Brien 1990), while the leather- 
the water, which provide them with easy access to 
their primary diet of fish. Human activities and de- 
velopment along the coast have resulted in the dis- 
appearance of many of these potential nesting plat- 
forms. Efforts all around B m d s  Bay to erect poles 
with nesting platforms have resulted in the return of 
many ospreys to the bay shores (Poole 1989). 

A nonavian endangered species under federal 
protection is the Plymouth red-bellied turtle 
(Pseudemys rubiventris bangsi), a subspecies of 
the red-bellied turtle of mid-Atlantic coastal plains. 
Only about 200 adults making up 12 populations 
are currently known, all within Plymouth County, 
which extends into the northeastern portion of the 
bay's watershed. Primarily a herbivorous freshwa- 
ter reptile inhabiting freshwater ponds, the Plymouth 
red-bellied turtle requires a sandy substrate in the 
surrounding upland for nesting in late June and early 
July, Hatchlings emerge from late August through 
October, and survivors reach maturity at 8 to 15 
years, females possibly later than males. W l e  many 
factors have led to the decline of the Plymouth red- 
bellied turtle, possibly the most significant has been 
habitat losses both by direct destruction or indirect 
alteration resulting fiom land-use practices that pre- 
vent upland burning and decrease the availability of 
suitable nesting sites (Massachusetts Natural Heri- 
tage Program 1 987). 

There are a few strictly marine threatened or 
endangered species that use the bay; all are sea 
turtles. Federally listed species that frequent Buz- 
zards Bay waters are the loggerhead (Caretta 
caretta, threatened), Kemp's ridley (Lepidochelys 

back, which may have some therrnoregulatory 
mechanism, has been found in colder northern wa- 
ters @. Mignogno, personal communication). The 
numbers of sea turtles frequenting Buzzards Bay 
are difficult to ascertain since their subtidal distribu- 
tion makes sightings rare; however, 14 leatherback 
sea turtles were stranded around the bay from 1984 
to 1987. Kemp's ridley sea turtle reports include 
three strandings in the early 1 900's and a large num- 
ber of sitings and strandings during a single event in 
the 1930's. Since the 1930's there have been no 
reports of further Kemp's ridley strandings (cf. 
Payne et al. 1994), although they have been occa- 
sionally sighted (Prescott in Camp, Dresser, and 
McKee, Inc. 1990). Only a single loggerhead has 
been found stranded in recent years (1 985) within 
Buzzards Bay. 

Use of Buzzards Bay by sea turtles is likely 
greater than suggested by the available sighting and 
stranding reports given the difficulty in seeing turtles 
at sea and the restriction against net fishing within 
the bay, which is a major source of sightings in other 
regions (cf. Payne et al. 1994). 

Buzzards Bay does not present a habitat for sig- 
nificant utilization by either whales or dolphins. It 
appears that the absence of topographic and 
oceanographic features that concentrate prey spe- 
cies (and possibly the bay's shallow waters) are the 
underlying causes. A few individual sightings of ce- 
taceans have been reported this century, though 
they tend to be near the entrance to Buzzards Bay, 
typically off Cuttyhllmk, rather than within the bay 
itself (Payne et al. 1994). 
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To evaluate water quality in coastal embaqments, 
it is important to identify not only point sources of 
pollution discharging directly into the bay itself but 
also those inputs entering from the entire watershed. 
Nonpoint source inputs from the wdtershed are fie- 
quently less discrete and more difficult to quantifj 
than point sources yet frequently Last longer and po- 
tentially have more impact. Tlis impact is especially 
true for nutrient inputs to coastal systems. To un- 
derstand the variations in water quality throughout 
Buzzards Ray it is beneficial to look at the various 
land uses of the communities that make up the wa- 
tershed as well czs the economic factors influencing 
activities within and surrounding the bay. 

Land Use 
Many different land uses are found within the 

Buzzards Bay watershed; however, the relative 
dominance of land use patterns has been shifting in 
recent decades. Forested land represents the larg- 
est acreage in the watershed, followed by residen- 
tial development. Agricultural (including cropland 
and pastureland), commercial, and industrial devel- 
opment make up the bulk of the remaining land uses. 
Over the past four decades, forestland area has 
decreased the most, closely followed by agricul- 
tural land, primarily due to the large increase in resi- 
dential development. Commercial and industrial 
development has also been on the rise, primarily in 
response to the increase in year-round populations 
from new residential development and conversion 
of summer homes to year-round occupancy. 

The changing patterns of land use within the 
Buzzards Bay watershed have had many conse- 
quences for the region. both environmentally and 
economically. Increased populations require addi- 
tional services such as new or improved roads, ad- 
equate waste disposal, and increased utilities. The 
numbers of commercial enterprises such as stores, 
restaurants, and recreational facilities also increase. 
Increased development of watershed areas, espe- 
cially in areas with on-site septic disposal of wastes 
(as is the primary method within the Buzzards Bay 
watershed), can create long-term problems with 
groundwater protection and can threaten the health 

of-nearshore coastal waters through increased nu- 
trient loading. The gradual loss of vegetated land 
surface to buildings, roads, or other paved surfaces 
affects many ecological processes, from the role of 
plants in the cycling of nutrients and water to the 
permeability of soils to precipitation. One of the 
greatest challenges facing land use planners and man- 
agers for the towns within the Buzzards Bay water- 
shed is balancing these clianging land use patterns 
with environmental protection. Maintaining this bal- 
ance is important to ensure both a healthy environ- 
ment and a healthy economy, with the health ofthe 
economy depending to a great degree on that of 
the environment, especially in this predominantly 
tourism-based region. 

5.2. Economy 

5.2.1. Towns Within the 
Watershed 

The Buzzards Bay drainage basin includes 10 
towns located directly on the bay, and 8 noncoastal 
towns located completely or partially within the 
watershed boundary. A brief description of these 
towns (Fig. 1.3), as they relate to Buzzards Bay 
waters, follows (information summarized fiom Buz- 
zards Ray Project 1986,1987,1989,1990; Camp, 
Dresser, and McKee, Inc. 1990; Terkla et al. 1990; 
personal communication with town representatives). 
Coastal: 

Westport. Westport is primarily a rural and 
agricultural community supporting much ofthe dairy 
industry within the Buzzards Bay watershed. In re- 
cent years, however, the town has experienced rapid 
residential growth. The Westport River, which ac- 
tually comprises two rivers, the East and West 
branches, with independent subwatersheds, flows 
through parts of Westport and Dartmouth, with 
tributaries as far north as Freetown (East Branch) 
and Tiverton (West Branch). Both the 13ast and bTa? 
branches of the Westport River have relatively 
high water quality; however. increased numbers of 
closures to swimming and shellfishing because of 
high levels of coli iform bacteria and evidence of 
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increasing nutrient inputs from residential develop- 
ment and upstream agicultu,d activities are ofgrow- 
ing concern to the community. 

Dartmouth. Arelatively large town, Dartmouth 
includes the historic seaport village of Padanaram 
in its southeast comer. The town maintains a sec- 
ondary treatment plant built in 1970 (to be expanded 
sometime in the 1990's) that discharges effluent into 
Buzzards Bay south of Salters Point. A portion of 
the watershed for the East Branch of the Westport 
River lies within the town's boundaries. Increased 
nutrient loading from development is a concern in 
this area; Lake Noquochoke, lying along one of the 
source rivers for the East Branch, currently suffers 
from eutrophication, wid1 overproduction of aquatic 
plants due to excessive nutrient loading. 
Apponagmsctt Bay is also subject to high nutrient 
loads and resulting low oxygen conditions. 

New Bedford. This city has the largest popu- 
lation in the region. with most of its land area (ap- 
proximately 5,26 1 ha) deveioped. Tfle Achuslznet 
River (along the city's southeast border) has been 
heavily polluted by industrial and organic wastes. 
High levels of coliform bacteria, heavy metals, and 
polycldorinated biphenyls (PCB's) are found in the 
river waters and sediments. 'T'he sources of this 
pc)llution range h ~ n  runof'fand residential inputs in 
the upper portions of the river to direct industrial 
discharges and combined sewer i~verfl ows in the 
inner harbor (lower Acushnet River). From 1920 
to 1.973, wastewater was discharged directly into 
New Bedford Outer Harbor; since 1974 New 
Bedford has maintained a municipal wastewater 
treatn~cnt fdcility that continues to discharge primary 
effluent into the harbor, including storm-related 
wastc:~vater. Also, there is a growing concern over 
the potential conkninatic>n of groundwater h n l  the 
existing municipal landfill, which contains more than 
225,000 kg of capacitors and barrels containing 
PCB's. 

Fairhaven. As with many of the towns along 
B w d s  Bay. Fairhaven historically maintained a 
seaport. Bordering B w d s  Bay and the Acushnet 
River across from New Bedford, Fairhaven has 
experienced rapid residential and commercial 
growth in recent years. Fairhaven drains by the 

Acushnet River basin in the \test, the j2/lattapoisett 
River basin in the northeast, and the Nasketucket 
River basin in the central portion ofthe town. Run- 
offof pollution fiom municipal and industrial sources 
into the Acushnet River has resulted in periodic low 
oxygen levels and high bacteria counts, exacerbated 
by inputs from treatment plant effluent and runoff 
from both New Bedford and Fairhaven. 

Mattapoisett. Mattapoisett is a small coastal 
residential community. The town historically sup- 
ported agriculture and shipbuilding but now is pri- 
marily residential with a seasonal influx of tourists 
during the summer months. 'I'he southern portion of 
the town drains directly into the bay through sev- 
eral small streams. Most of the town drains into the 
Mattapoisett River basin except for a small part in 
the northeast corner, which is part of the Sippican 
River basin. Mattapoisett Iiiver discharges into 
Mattapisett Harbor; both have relatively high wa- 
ter quality without significant municipal or industrial 
discharges, although the harbor is occasionally 
closed for shellfishing because of high numbers of 
coliform bacteria. The source of this bacteria is pri- 
marily from discharge at the town pier of a small 
stormwater and sanitary collection system. High lev- 
el s of nutrients and coliform have been measured in 
the stream that drains the center ofthe town, pre- 
sumably from septic system leachate and domestic 
waste discharge. Runofffrom nearby dairy fmns is 
also identified as a source of pollution. Natural 
sources, however, cannot yet be ruled out. 

Marion. Marion is a small rural community on 
the upper bay with a large scasonal influx of.sun1- 
lner tourists. Most of the town's watershed drains 
directly to the bay through a series of streams and 
Sippican Flarbor. Water quality has historically been 
high in all but a small portion ofkthe Sippican River 
found to contain high mercury concentrations origi- 
nating from the former use ofmercury-based anti- 
fouling paints. Marion's wastewater treatment fa- 
cility discharges into a small stream that enters 
Aucoot Cove. Studies conducted in Aucoot Cove, 
the recipient of the town's municipal wastewater 
treatment plant. indicate this area maintains rela- 
tively hidl wiater quality (Howes 1993). The former 
town landfill was graded and planted to reduce 
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leachate productiotl and now serves as a waste 
transfer station. 

Wareham. Located near the southern end of 
the Cape Cod Canal, Wareham contains significant 
areas of tidal wetlands through which three rivers, 
the Weweantic, Agakvam. and Wareham, enter the 
bay. Wareham supports a large tourist industry with 
substantial commercial and retail activity. Intensive 
cranberry agriculture along the Weweantic River has 
historically resulted in problems with pesticide pol- 
lution. The river is often stagnant and occasionally 
experiences problems with low oxygen conditions; 
however, overall water quality conditions appear 
to be relatively good. Occasional fuel oil spills have 
occurred from business in Wareham Center. But- 
termilk Bay, although receiving no known major 
point source discharges, is affected by nonpoint 
source discharge of nutrients from several nearby 
residential developments and historically has suf- 
fered from periodic eutrophication. Butternlilk Bay 
also experiences some oil pollution from the large 
number of boats that frequent this area. Onset Bay, 
immediately southwest of Buttermilk Bay, experi- 
ences much the same inputs from the substantial 
surrounding development. Cranbeny growing is also 
prevalent in these areas, but studies of bog and bay 
exchanges indicate pollutant inputs fiom this source 
are small (Gill 1988; Howes and Teal 1992). 

Bourne. Three-quarters of the population of 
Bourne resides within the Buzzards Bay watershed. 
The majority of developed land is residential with 
historic summer cottages now year-round homes. 
The town borders on Buttermilk Bay, an important 
source of soft-shelled clams that has been repeat- 
edly closed to shellfishing since 1984 due to high 
levels of coliform bacteria. These waters also have 
provided an important area for scallop harvesting. 
Some areas, such as Barlow's Landing in the vil- 
lage of Pocassett and areas around Toby's Island, 
are also frequently closed to shellfishing because of 
high coli form bacteria numbers. 

Falmouth. Primarily a residential community, the 
population of Falmouth increases from 27,000 in 
the winter to 63,000 in the summer. Tourism is a 
major economic resource, with tax revenues from 

tourist accon~modations more than twice that of all 
the other towns within the Buzzards Bay watershed 
combined. Although some of this activity is located 
along the southern shore ofthe town, which is out- 
side the bay's watershed, about one-third of this 
seasonal population increase is located within the 
watershed. West Falmouth Harbor has long been 
known for its high water quality and scallop fisher- 
ies; however, it is an area of future concern be- 
cause it lies in the path ofthe groundwater nutrient 
plume generated by the Falmouth Wastewater 
Treatment Facility. The village of Woods Hole also 
lies within the Falmouth portion ofthe Buzzards Bay 
watershed. 

Gosnoid. The town of Gosnold actually repre- 
sents the Elizabeth Islands made up ofNonamessett, 
Naushon, Pasque, Nashawena, Cuttyhunk, and 
Penikese islands. The 1990 census identified a 
population for Gosnold of 98 people, but even with 
the linlited accessibility of the islands, the popula- 
tion does increase in summer with a small influx of 
tourists. Gosnold maintains no real manufacturing 
or industry, with the exception of a handful of small 
businesses serving the few residents. 
Noncoastal: 

Fall River. Fall River represents a major indus- 
trial city in the region, with a significant manufactur- 
ing center. Although locally important, only a small 
portion of the city resides within the fliuzzards Bay 
watershed. The northeast corner of Fall River lies 
in the Westport River basin, and drains into the bay, 
with most of the city's discharge entering the Taunton 
River basin. 

Freetown. Primarily a residential community, 
Freetown is situated between Fa11 River and New 
Bedford. Within the town's boundaries lies a 1.2 14- 
ha state forest, which has substantially contributed 
to the relatively undeveloped nature of this commu- 
nity. Its resultant nutrient input to Buzzdrds Bay 
waters is likely to be correspondingIy small. 

Lakeville. Lakeville is a sn~all hut growing town 
that has seen recent increases in residential devel- 
opment. The toun includes several large ponds that 
provide fresh water for New Bedford and surround- 
ing towns. Interest in maintaining high levels s f  
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watcr quality in ttresc: ponds h;as fhcused attcntio~r 
to\\fard protectir~g the q lmatity of the surrounding 
grt~undwater to prcver~t contamiriation of these 
source ponds. 

Midd leborough .  A large r~trril to\\lr~, 
Il/lictdlcbomu@r lies ~x~tially \vivithin tklc I f w ~ x d s  Bay 
drainage basin. 'Ihe southc;tst corner of'the  TI is 
in the Mic\tcarrtic ztnii Sippican drainage basins, 
\vhich empty into I3u//artls i3ay. A snbstantiai 
arnount of MicidXcborough is prcscrved fix i~r;~tcr- 
shcci protcctio~l and conscryittion anci docs not pro- 
vide signific;\nt ptlutant inputs to the bay. 

Rochester. Itochcstcr is a rural ;igricultural 
com~nunity ivirh iitrritcd Itighcvi~y access and subse- 
qucritly little cor~lnnerci;il or industrial cievelopment. 
I'hc to\vri is cir;rincd hy tlrc Sippican Iiiver on the 
cast uird the M:ittapoisctt fiiver on tElc \cost. Al- 
ihoiig1.1 tltcrc aiac ntrrncrous cranberry \wgs in the 
frtcvn, \\atcrqu;tiity t-cn1;rins higll in tile ivritcrs flow- 
ing to\\:\rds Ifu/rurrfx I3:iy. A regional trash incin- 
c~:ttion liicilily is lo~-;ficcJ l~t*rc. dnrt acccpts &ish fiorn 
Ilnuny co:tsl;if ccrn~rniitritics in soutt~eustcm Massa- 
chusctts. 

Carver. C'itrvcr is 11 rural coir~n~irr~ity \vitlll;trgc 
arcas of'fi~rcst and ~ ~ h o t ~ t  4tl'!/o ofthe crrit~hcsry l-ttrg 
Ltrea t\ i t l \ i rr  the entire hay \\;ttcrst~ccf ( t  inivcrsily ot' 
Xfass;ichusc.tts C'ranhciry fsjwrimcnt Station. pcr- 

p x s u r e  fils devclopnrc:~~t of 4 ear-round and sea- 
sonal housing. Rihcrs from thc \\ atershed disdlarge 

into Bw~ivds Baq, Plymouth Bay, and the 
Cape Cod Canal: the rivers flowing into Buzzards 
U;,y have their sources in the fYj711outh-Carver aqui- 
fer. These rivers include the Wei\cantic River, 
Wankinco River,Agawarn River, and Red Brook, 
with I ierring ftivcr discharging into the canal. 111e 
municipal sewnge trentnlcnt plant fix Plyniouth dis- 
charges into Plymouth I-iarbor and Cape Cod Bay 
;tnd thercfbre is generally not considered to influ- 
cncc it uzrards Bay. 

Acushnet. 'The town ofAcushnet supports a 
misturc of industry residential development, and 
rural area and is located on the Acuslrnet River 
northeast of New X3edford. liunofrfiom the dairy 
irtcirlstry has been identified as the cause of periodic 
low oxygen conditions and high colifcxm counts: 
altttoi~gh some rc;rerdtion ofrivcr waters is provided 
hy :I datn, this has no et'kct on the increased 
co1ifi)rrn populations identified downstream. Evi- 
dence o f  residual mcrcury inputs has been found, 
possibly fioni the historic use of mercury-based 
~xsticidcs on ncarby orchards ('Terkln et al. 1990). 
l'otenti~d inputs f h m  tl7c ~irunieipd landfill to atribu- 
tary oftfie Acushnet Iiiver have been of growing 
concern in this area. 

scrt~;rl cclr~~rniaricatictn). h2osl of'C1nrtcr is drained 
bt  ttsc Wc'\\earttic iii\ cr hisirr: southcastem C5;ncr 5.2.2. Economic Resources 
i 4  p;ir~ oi'tfre U ' iu~~~tusc t  t<ivcr hasin. i~ the ~torth, and Water Quality 
the Mi'inncttruct Ria cr basin ilo\\s to ttle'liiuntctn 
'Itivcr hahirn. ;rrlci 1 1 1 ~ "  rei~~iincicr of ttic t o \ \ ~ i  drains 
st~tlth 1 0  tf ~ t ~ / t $ ~ d s  I3;ty. Xj~~iltlse if  SCCL'~VCS 110 

~t~unicrpil tttrstc input. lbntcr ciu;tlity is goctci in $his 
river, \t.iih ~tlc csccptictn of sotate areas iciuntitied to 
ha1 e ixsticidc resid~~cs korar cr;inhcry ;tgricultun.. 
I he Warrkirlccr Kii cr irrahcs tip pa? ofthe ('an cr- 
121ytrko~irh h~undtlm~). mtd rni~int;rins mall' ir~~lxtta~cf- 
rrrerlts a x  well as ~r:inberr]r hogs. !:xccpt fi)r S O I ~ C  

e\.jc_lcr~ccl r~t"~xcrsticii1ic residues. this rii er is ci~r~sid- 
ered rciatit el? clc.:~rr as wwI1. 

Plymouth, This towkn r~lainktins the Lrgest 1iinJ 
tireit in the common\\ C ~ L I ~ J I .  stxln~rg it. ith C'awcr ;md 
\iiart.t~am the largest grt~usld\~ liter acpi k r  in ;i\.I;ls- 
sachuserts. P1!*~nutltt1 has espericnced substantial 

Iior a coastal community, high water quality has 
both direct and indirect economic benetits. 'The 
health of vuluahle natural resources such as recre- 
ational and conrn~ercial fish and shellfish species 
dqwnds on the t.nj,ironmcntal health of the ecosys- 
tern as a ~11ole. For t l ~my  coastal communities, tour- 
ism is also an important economic resource. Poor 
iiatcr quality seriously affects the desirability of a 
coastal area lbr tourism: it can also affect the value 
c.rfreat estate. which subsequently affects the rev- 
enue base fbr many of these toims. To evaluate the 
potential long-tern1 impacts of declines in water 
quality on the local economy. it is important to dif- 
lkrentiate between those changes caused by natu- 
ral prt-)cesses as opposed to human activities. In 
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some cases, activities aimed tocvixd stimulating eco- 
nomic growth in coastal areas (such as increased 
developmer-tt) can, if not planned with considerdtion 
for the potential long-term ecological impacts, ulti- 
mately result in decreased desirability and overall 
economic loss to the region. Enviror-t~~~ental bound- 
aries are more easily delineated than econon-tic ones 
because the success of local economies is generally 
closely related to that of the surrounding region. In 
addition to local aesthetics, employment and busi- 
ness opportunities are important influences on the 
desirability of an area for development. Nearby 
metropolitan areas serve both to attract tourists and 
allow towns to serve as bedroom communities. In 
that much of the attractiveness of an area depends 
on its aesthetic appeal, it is somewhat ironic that 
the inherent beauty of the natural system may so 
often lead to its environmental decline. One of the 
primary challenges facing managers and land plan- 
ners today is to maintain economic growth while 
ensuring environmental protection; this is dificult to 
achieve in that both objectives are affected by local 
as well as regional factors. This is certainly the case 
for Buzzards Bay, for within its watershed bound- 
aries lies a wide variety of econon-tic industries and 
natural resources, each affected to some degree by 
the other. 

Identifjing the sources of pollution and evaluat- 
ing their potential impacts on the Buzzards Bay re- 
gion are difficult because, although many point 
sources exist, the primary inputs are via nonpoint 
sources widely dispersed throughout the watershed. 
Another challenge lies in estimating the economic 
losses caused by pollution and the benefits of 
remediative measures, which often involve overlap- 
ping or widely separated political jurisdictions. 
Because rivers, streams, and groundwater are the 
transport mechanisms for many types of estuarine 
contamination, a pollutant's source may originate 
far from the resulting impact. Responsibility for moni- 
toring, evaluating. and protecting water quality of- 
ten lies simultaneously within different levels of gov- 
ernment: federal, state, and local. The combination 
of these overlapping political, economic, and envi- 
ronmental boundaries often interferes with the effi- 
cient development and implementation of integrated 

environmental management and economic devel- 
oprlient plans. With pressures from development- 
and conservation-oriented interests, along with in- 
dications of potentially declining water quality in 
some areas of Bu~zards Bay, increased attention is 
being given to the interrelationship between envi- 
ronmental and economic factors within the bay and 
its watershed. 

A study of economic growth and environmental 
change in Buzzards Bay ('rerkla et al. 1990) has 
identified population growth as the dominant factor 
currently atTecting the environmental health of Buz- 
zards Bay. The continued increase in residential 
development and tourism within the bay's water- 
shed, as for most coastal communities, represents 
the leading cause of environmental degradation that 
is primarily due to increased eutrophication from 
increased nutrient inputs. This degradation may 
threaten the economic viability of some traditional 
agricultural and marine activities. Agricultural ac- 
tivities are likely to be more restricted as they are 
implicated as sources of contamination, while ma- 
rine activities (fishing and recreational uses) are di- 
rectly affected by water quality. Although the cost 
of lost revenues caused by poor or restricted fish 
and shellfish catch can be directly determined, the 
value placed on aesthetics and recreation is more 
difficult to quantify, even though these are the source 
of much of the current demand for improved envi- 
ronmental quality. 

Terkla et ai. (1 990) reported that the Buzzards 
Bay watershed supports five primary economies: 
residential, manufacturing, tourism, agriculture, and 
fishing. all in some way influencing the health of the 
bay. 

Residential. As with rnanjl coastal communi- 
ties, the Buzzards Bay watershed has seen signifi- 
cant increases in residential development in recent 
decades, as evidenced by the changes in popula- 
tion. The region as a whole has seen an average 
increase of 3 I peoplelkt~?~ since 1970, with 50% 
more housing units in I988 than in 1980. This growth 
in the residential compnent affects the environment 
of the bay through increased use of on-site septic 
treatment of wastes and lawn fertilizers, the primary 
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nonpoint sources of nutrients (via groundwater trans- 
port) to the bay. In fact, only New Bedford and 
Fairhaven support significant public sewer systems, 
with most of the homes in the maI  areas and much 
of the major towns of Falmouth, Bourne, and 
Wareham depending on private, on-site treatment 
(see Chapter 6). 

Residentid nutrient loading is magnified because 
many summer communities that were originally built 
close to bay waters and developed at high densities 
have been or are now being converted to year- 
round residences. Re~wlations frequently permitted 
this type of intense development with limited leach- 
ing field area (one-fifth of that required for year- 
round occupation) under the rationale that summer- 
time water tables were lower, allowing for increased 
filtration of contaminants, and that the leaching fields 
would "cleanse themselves" during the balance of 
the year when not in use. Considering that nitrogen 
(a major potential contaminant to coastal waters) is 
not significantly altered in groundwater transport, 
the concurrent increase in nutrient loading as these 
swnlrner homes are converted to full-time occupancy 
may substantially increase the potential for eutrophi- 
cation in the bay's shallower coves and embayrnents 
without an obvious increase in housing stock. 

'The desirability of an area fbr residential devef - 
opment is dependent to a significant extent on aes- 
thetics. Althou@ most of B w d s  Bay and its as- 
sociated coves and harbors are still relatively clean, 
irlcreased frequency of eutrophic cvents and in- 
creased clc~sures caused by coli form bacteria are 
k w n ~ i n g  a factor. ?'he towns surrounding Bwmds  
Bay face ever-increasing challenges to maintain the 
delicate balance between increased revenues from 
growing development versus Ihc potentially signi fi- 
cant economic impacts of overdevelopment. 

Manufacturing. Traditional manufacturing in- 
dustries mund Buzzards Bay include textiles, print- 
ing, b~lilding materials. primary metals. and gaper. 
as well as marine-related industries such as boat 
building and repair. In recent years manufacture of 
advanced 0ce.mographic instrumentation, partially 
related to the proximity to Woods IIole research 
institutions, has b m e  an expanding industry 

8.3% ofthe area's total manchchlring jobs, instru- 
ment production is the third largest employer in the 
region, replacing older industries such as rubber, 
plastics, and primar): and fdbricated metals. 

Although experiencing a decline. New Redford 
remains the region's major manufacturing center, 
with 80% of the total related employment. 
Historic manufacturing practices severely impacted 
the environmental health ofNew Bedford Harbor, 
specifically the so-called "inner harbor," which had 
significant textile and metal-related industries. Thc 
production of electrical equipment and machinery, 
the second-largest manufrlcturing sector in New 
Bedford, has historically been a major polluter spe- 
cifically to New Bedford Harbor. With new envi- 
ronmental regulations in the late 1970's, the two 
major electronics firms using PCB's were required 
to replace them with other materials. Because of 
their persistence in the environment, however, 
PCB's discharged into the Acushnet River and New 
Bedford Harbor still remairl at levels kvell in excess 
of EPA guidelines in the water column (parts per 
billion vs. EPAstandards of 1 part per trillion). Sedi- 
ment contamination with PCB's has resulted in the 
closure of thousands of hectares to the harvest of 
shellfish and lobsters since 1979. Although PCB's 
have been replaced in the manufacturing industry, 
municipal wastewater continues to contain signifi- 
cant levels. Metal wastes from fabrication and pri- 
mary metal industries contribute wastewater con- 
taminated with heavy metals, acids, and other ma- 
terials. Separation of metals "in-house" and land- 
based disposal of contaminated sludges have less- 
ened the impact of these discharges on Buzzards 
Bay waters. Although Federal guidelines and dis- 
charge restrictions have reduced industrial waste 
inputs into Buzzards Bay, contaminants still con- 
tinue to enter through the city's sewerage system. 
Because ofthe dominance ofNew Bedford as an 
industrial center, the environme~~tal impact by in- 
dustrial pollution to Buzzards Bay is IargeIy con- 
fined to the Acushnet River and New Bedford In- 
ner and Outer harbors. 

Tourism. Tourism provides a major economic 
resource to Buzzards Bay communities, especially 
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tile towns of Falniouth, Bourne, and Wareham, 
Those same qualities that make the Buzzards Bay 
region attractive for residential growth are also re- 
sponsible for attracting tourists. Maintaining the natu- 
ral resources on which the tourism industry is based 
requires a careful balance between protection of 
natural resources and accomnlodating the demands 
for access, especially to some of the most sensitive 
yet desirable areas. Employment in the two major 
tourist sectors, lodging and restaurants, has roughly 
doubled in the Buzzards Bay region since 1970, 
and the growth in tourist numbers has been even 
larger. With this surge in tourism comes a parallel 
increase in water activities such as boating, fishing, 
and shellfishing and growth in marine-related 
businesses. 

The seasonal influx of tourists to communities in 
the Buzzards Bay region raises their populations by 
almost three-fold, increasing nutrient loading at a 
time when nearshore coastal waters are most sus- 
ceptible to additional inputs. Parallel increases in 
recreational boating activities can increase turbidity 
in shallow, nearshore waters, decreasing light pen- 
etration with negative ecological consequences, 
notably the potential loss of valuable eelgrass beds. 
In addition, boat septic discharges add pollutants 
(although major efforts are underway to increase 
the availability of pump-out facilities and to restrict 
nearshore discharge), and small oil and gasoline spills 
are associated with power boat operation. The natu- 
ral scenic beauty and recreational resources, as with 
most coastal environments, are in essence the basic 
cause oftheir own potential d e m o n  by increasing 
the demand for access to these resources. 

Agriculture. Cranberry growing is the domi- 
nant agricultural activity in the Buzzards Bay water- 
shed, with dairy cattle farming second. There are 
12 times more cranbeny growers than dairy farm- 
ers, with economic revenues outstripping dsury pro- 
duction 30 to 1 (Terkla et al. 1990). Although both 
have been identified as potential sources of pollu- 
tion to Buzzards Bay, recent evidence indicates that 
cranberry production contributes only very small 

fertilizers (Howes and Teal 1992). The dairy in- 
dustry, however, is a major generator of fecal 
pollution through runoff, primarily in the Westport 
Iiiver area. 

With increasing concern over excessive nutrient 
inputs, it is commonly believed that agriculture rep- 
resents at1 important nonpoint source of these pol- 
lutants to coastal waters. In the drainage area around 
Buzzards Bay, cranbeny growing is by far the larg- 
est agricultural land use, occupying some 2,695 ha 
around the head of the bay. Cranberry bogs are 
classified as wetlands; although highly modified &om 
natural wetlands and managed so the plants are 
growing in well-drained soil, there are still periods 
when the soils are completely saturated (Fig. 5.1). 
Bogs, frequently created from swamps or low- 
lying areas, are sited near readily available water, 
usually with a stream flowing through them which 
then flows into coastal waters. Cranberry bogs are 
flooded during certain times of year, in conjunction 
with insect and disease control, harvesting, and fi-ost 
protection. Although some of this water may be 
pumped back into reservoirs when the bogs are 
drained, eventually it all reaches the coast. 

Cranberry bogs located within the B m d s  Bay 
watershed contribute about half of Massachusetts 
cranberry production. Although concentrated in 
Carver, Rochester, and Wareharn (about 80% of 
the total hectarage in the watershed), bogs are 

XIlounts of toxic contaninants from pesticides (Gil Fig. 5. f .  Aerial view of a cranberv bog within the 
1988) and minimal amounts of nitrogen from Buzzards Bay watershed. Photo by B. Howes. 
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predominant in the watershed contributing to the 
head of the bay (Fig. 5.2). 'Two primary nlethods 
are used in cranberry harvest: water harvesting, 
whereby bogs are flooded during the harvest sea- 
son and the floating berries can easily be gathered 
on the surface ofthc water, and dry harvest, where 
the berries are nicchanically scooped dry, which 
tends to damage the vines. 'The disadvantage ofwet 
harvest is Inore rapid deterioration of the berries, 
with these generally processed for juice or sauce 
(90% of the national cranberry market). Dry-liar- 
vested berries are generally sold fresh or frozen, 
making up the bal'mce of the market. 

Crankrry cultivatiorl has often h e n  scrutinized 
for its potential as a source ofpollution to coastal 
waters in that fertili7ation and pesticide application 
are common practices in this agriculture (Fig. 5.3). 
Increased ifernand for cr;inberry products has gcn- 
erally rcsr~ltcd in more efficient agriciiltural prac- 
tices mtiicr t11;tn overall areal growth, with chenlical 
application nlctl~ods becoming increx3ingly sophis- 
ticated to mr~ximizu yields. Aconstant concern has 
been the potential for coastal eutrophication result- 
ing fi-om nutrient losses through ninoflf'and ground- 
water flow. I lowever, nleasuremcnts of inputs and 
losses frorii a major cranberry bog into thc head of 
i 3 i ~ i t r ~ i s  t3ay (13utte11iiilk Bay) indicate that losses 
are stwall, comparixble to those generated by low- 
density (0.4 ha) residential developnient and cer- 
tainly less than those of other dominant shoreline 
rises aroiind the bay (1 iowes and 'Seal 1902). Nu- 
trient retention by the bogs is corisistent with crop 
niiu~agemcnt practices to prcvcnt overfertili;.atictn, 
which tonds to reduce yields by encouraging ex- 
cessive vcgctative growth. C;cnerallg: powers in the 
If~jriirds ?Jay watershed apply only enough fertil- 
izer to ccjmpensatt" for the nitro get^ lost in berry 
harvest. Pesticides generally used in cranberry ag- 
riculture have been approved by EI)A for applica- 
tion, and most 1~at.e short life spans in the environ- 
ment. With the increased use ofrecycled bog wa- 
ter (primarily diie to Iiniited water supplies), residual 
pesticides and nutrients are given ildditio~dl uppr-  
tunity to become sequestered within the bog before 
the potential for loss to adjacent coastal waters. 
Altllough fertilized. the bog loses about one-half to 

one-third of the anlortnt of  dissolved inorganic ni- 
trogen (DIN, a readily bioavailablc form of nitro- 
gen) per unit area compared to detailed studies of a 
natural wetland, Great Sippewissett Salt Marsh 
(Valiela and Teal 1979). The pattern of loss is 
roughly the same for both systems, with greatest 
losses occurring during the coolest parts of the year 
when the receiving coastal waters are less sensitive 
to inputs. 

'The dairy industry has been identified as a po- 
tentially important source of agriculturally based 
pollution to Buzzards Bay waters. The towns of 
Carver, Rochester, and Westport are the primary 
sites within the watershed, with only Westport lo- 
cated directly on the bay. All of these towns have 
seen a decrease in agricultural activities in recent 
decades as residential development has replaced 
farmland. Of the three towns, Westport supports 
most of the dairy industry, althougli it has declined 
by more than half in the past two decades. How- 
ever, closures of shellfish areas because of bacte- 
rial contarnitlation have become more frequent even 
while the total nuniber of dairy cows has decreased 
because the density of cattle per hectare in many 
areas has increased. 'I'he greater density has in- 
creased manure concentrations in some places, 
causing higher inputs in runoff from pastures and 
feedlots to streams entering the river and bay. As 
nmrc Imd is converted h m  agricultwdl to residen- 
tial housing, pllutmt inputs &om the dairy industry 
will be replaced, most likely with somewhat differ- 
ent but nevertheless si~aificant inputs h m  humans. 

Marine Economy. 'The marine economy in Buz- 
i.iurls &y consists primarily ofcommercial finfishing 
and sliellfishinp, although co~mlercial finfishing is 
prohibited in thc central bay. Much of the com- 
mercial fishing feet  is based out of New Bedford, 
wit11 most fishing activities concentrated offshore. 
The shellfishing industry, however, is centered pri- 
marily within B u u a d s  Bay. Four major species of 
shellfish are harvested--qualiogs (or hard-shelled 
clarns. hk~~cenuriu mrrcenuria). oysters, soft- 
shelled clariis (or steamers), arid bay scallops (see 
also Chapter 4). Quahogs represent the largest por- 
tion of the shellfishery, yet significant numbers of 
the other major species are harvested each year. 
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Fb. 5.3. Spray irrigation an cranberry bogs, the 
primary method for application of fertilizer and 
pesticides, although flooding is also used for pest 
control. Photo by 0. Howes. 

As commercial finfishing is prohibited within 
Bmzxds Bay waters, the marine economy most 
impacted by poor water quality conditions is the 
she tlk*ng i n d w .  IJdodmely, d y  limited long- 
tern infannation is available on local catches, and 
much of these data are uf marginal quality for our 
p w s e s .  "Ile lack of idonnation reslrictc, our ability 
to look at long-ter111 trends in economic losses 
c i l d  by pollution or overfislimg. Closures of shell- 
fish beds Exxausc of col ihm co~ltamination, how- 
ever, provide a general idea of the increased im- 
pact of melhropogenic activities within the water- 
shed (cf. Chapter 6). 

Although cornrnercinl marine activities do con- 
tribute some poilutian to the bay, they also tend to 
be the most affected by pollution. ?his is particu- 
larly evident in the steady increase of shellfish bed 
closures caused by fecal colifom contmination, 
originating &om road runofT, damaged septic sys- 
tems, and wildfowl and other animal wastes. The 
average of 1,764 ha closed to shellfishing in 1970 
has steadily in reacIhg an avemge of 4,452- 
4,856 ha in f 988 and nearly 6,070 ha in 1990. 
Although only a moderate portion of the overall 
hellfishey (primarily h u @  mmtional harvest), 
soR-shelled clams are particularly affected by bed 
closures since they are concentrated in areas most 
susceptible to bacterial conta~nination such as 

shallow nearshore ernbayments. The impact of the 
shellfishery (and recreational finfishery) on the ma- 
rine economy is much greater than value of the an- 
nual catch because both support secondary indus- 
tries and tourism. 

5.3. Fisheries 
Although early records of fish catches in Buz- 

zards Bay are quite limited, it is clear that fish rep- 
resent one of the most important resources of the 
bay. ARer the initial establishment of faming to en- 
sure an adequate food supply, the early settlers 
turned toward the bay to supplement their diets. 
Salted and dried fish, primarily cod and mackerel, 
kept well and are frequently referred to in the his- 
toric literature, although many other species were 
also caught in the bay for immediate consunlption. 
Schools of mackerel, bluefish, sea bass, butterfish, 
scup, and n~enl~aden historicalIy provided a signifi- 
cant catch in the deeper open bay waters (Bclding 
19 16). In the late 1 80O9s, the bay was also a source 
of menhaden, alewives, tautog, squeteague (also 
known as weakfish), and eels (Baird 1873). The 
extent to which Cape Cod's namesake, the cod- 
fish, was plentiful in Buzzards Bay waters is un- 
clear; however, it has historically been part of the 
catch within the bay during late winter through early 
spring before It moves offshore during the warm 
summer months. The value of codfish to early set- 
tlers is evidenced by the fact that in 1639 the Gen- 
eral Court of the Massachusetts Bay Colony or- 
dered that these fish no longer be used as fertilizer. 
Cod landings for coastal Massachusetts vary widely, 
from anxord high of 133,000 tin 1880 to 16,000 t in 
1965, and 18,000 t in 1972 (Clayton et al. 1978). 

Naturjl within-species variability compounds the 
di6culties with identifling long-term changes in fish 
populations within Buzzards Bay waters. For in- 
stance, scup were abundant when the early settlers 
arrived. notably from Z 62 1 to 1642, but at some 
point toward the end of the century they virtually 
disappeared. They reappeared in abundance about 
1794 and decreased again around 1864 but did 
not disappear completely (Baird 1873). Scup must 
have been an important resource, especially in the 
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late 1 8OO's, as many petitions were introduced to 
control certain fishing methods to protect their ap- 
parently declining stocks. Ofien the declines of many 
fish species were blamed on the voracious and rela- 
tively nonselective feeding of bluefish, which are fie- 
quently found to have not only scup in their stom- 
achs but also rock crabs, eels, sand lances, and a 
whole variety of other species. Remarks presented 
by a gentleman named Atwood at the 1870 Con- 
ference ofthe United States Commissioner of Fish- 
eries stated that "all present" (including the com- 
missioners of Rhode Island and Massachusetts) at 
those meetings agreed "scup, tautog, sea-bass and 
striped bass had within a few years diminished in 
Buzzards Bay," (Atwood 1820: 11 7) but that over- 
fishing was not a clear cause of this decline. These 
petitions also referred to concern over the threat of 
overfishing to mackerel. Mackerel are migratory 
and, swimming in large schools, provide a substan- 
tial catch if found. Their transient nature, however, 
made them somewhat unreliable as a sustainable 
fishery, and although mackerel were easier to cure 
than codfish, anglers were often more inclined to 
fish for other more dependable species. 
Nevertheless, mackerel were abundant, and their 

surfaGe swimming behavior made them a frequent 
catch in fish weirs. 

A representation of historical changes in catch 
compiled for the Buzzards Bay Comprehensive 
Conservation and Management Plan by Moss and 
Hoff (1 989) is shown in Fig. 5.4. Recordsprior to 
1920 indicated about 190 species of finfish spent 
some portion of their life cycle in Buzzards Bay. 
Unfortunately, few data exist from 1920 to 1960; 
however, for the post-1 960 period 100 species of 
finfish have been identified. Combining the two 
periods, over 203 species of fish have been recorded 
in Buzzards Bay (Moss and Hoff 1989). This in- 
formation indicates that B m d s  Bay fisheries were 
dominated previously by Atlantic mackerel, butter- 
fish, silver hake (Mcrluccius bilinecrris), alewives, 
herring, and scup (Fig. 5.4). Today the most abun- 
dant fish species in Buzzards Bay are scup, winter 
flounder, and butterfish (Table 4.2). Bluefish, striped 
bass, and Atlantic mackerel are also seasonally 
prevalent in the bay, using it in summer and fall as a 
nursery ground. Young-of-the-year butterfish, sea 
bass, and scup numerically dominate the fauna each 
year. 

Pre-1920 Post-1 960 

Fig. 5.4. Changes in reported fish catches for Buzzards Bay. From Buzzards Bay Project (1987) 
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The cause for the apparent species changes is 
unclear but may only reflect sampling differences 
from various fishing methods (i.e., traps vs. lines) 
and sampling locations as well as methods of 
recordkeeping (Moss and Hoff 1989). Trap fish- 
ing, for instance, was common before 1920 yet is 
not used to any great extent today. Although most 
of the species abundant in the pre- 1920 data were 
present after 1960, there are some real differences 
in dominance. Shad, abundant in earlier years, are 
not abundant today (Davis 1989). F-Iistoric records 
disagree occasionally, as they do for instance with 
scup. Scup are identified as being important (but 
not dominant) before 1920 (Moss and Hoff 1989); 
however, substantial catches of scup were also re- 
ported in 1888, appearing in such numbers "as to 
bring down the price so that it hardly paid to ship 
them to New York" (Nye 1889: 1 GO). Also, testi- 
mony from Theodore I,yman, the Massachusetts 
Uom~nissioner of Inland Fisheries in 1872, stated 
that "no reprcsentative (of the 'white fishes') has 
been more abundant on the south shore of Cape 
Cod than the scup" (Lyman 1 872: 1 1 2). Lyman at- 
tributed the decline in scup populations in these 
waters, including Buzzards Bay, to want of food, 
traps, and bluefish. k le dismissed pollution as a cause, 
referring to the large numbers of fish and shellfish 
living in proximity to industries (Baird 1873). 

Anadrornous fish utilize Buzzards Bay for an 
important stage in their lik cycle, the migdtion from 
salt water to brackish or freshwater areas for the 
purpose ofspawning (see also Chapter 4). Sev- 
eral species dominate the anadromous fish popula- 
tions in B w ~ ~ r d s  Bay: alewives. blueback herring, 
white perch. rainbow trout (Or?c~orhynchus 
mykiss). and rainbow smelt. Of these, alewives hdve 
been historically dominant, most notably in the re- 
gions of the kcushnet, Mattapoisett, and Wareham 
rivers. Arriving earlier in the year than herring, ale- 
wives were usually caught for Iocal consumption, 
with herring often exported (Wilcox 1887). 

Blueback herring historically have been abun- 
dant in the bay; they were so plentiful that the early 
settlers would spread them on the land for fertilizer, 
a practice they learned from the Native Americans. 

The Pilgrims would huny two or three hexing in each 
kill of corn, a practice known as "spot fertilizing." 
The success of corn cultivation by the early settlers 
was attributed to this practice, since no other source 
of manure was available to them. Many of the fields 
the Pilgrims worked had previously been cleared 
and cultivated by the Native Americans and had 
become depleted in nutrients. The herring were 
abundant, and the practice continued even after 
animals were imported from England, especially for 
corn, to preserve manure for other crops. As is true 
for alewives, herring were so important for food 
and fertilizer that laws were passed in the early 
1700's to prevent grist mills, saw mills, and other 
water-powered industries from interfering with the 
upstream migration of these fish (Fawsett 1990). 

The productive shellfish resources of Buzzards 
Bay have long represented a readily accessible and 
abundant source of food and income for residents 
living on or near the bay. The four primary shellfish- 
eries are quahogs (or hard-shelled clams), scallops, 
soft-shelled clams, and oysters, with a relatively 
small fishery in surf clams and mussels (see also 
Chapter 4). The catch from recreational fishing of 
these species generally meets or exceeds that of 
the commercial fishery in all cases except for qua- 
hogs. Quahogs represent the largest commercial 
shellfish industry for R u z x d s  Bay, with commer- 
cial catch generally exceeding the catch of all other 
species combined (Table 5.1). 

The hardiness of this bivalve with its rugged shell 
and ability to close tightly when disturbed or faced 
with low oxygen conditions results in a relatively 
long lifetime for individuals of this species. Little- 
necks and cherrystones are the smallest of the al- 
lowable harvest, and they are favored for steaming, 
as well as for eating whole and raw. Chowder clams 
are generally chopped and used in chowders or other 
seafood dishes. Although catch statistics generally 
do not break down into size classes, each class 
maintains a somewhat distinct market (even though 
most methods of harvest do not discriminate among 
sks) .  .As the most important commacia1 shellfishing 
industry in Buzzards Bay, the steadily increasing 
harvests of this clam reflect their value to the 



Table 5.1. Recreational versus commercial shellfish landings for Buzzards Bay by year (in kilograms). 1977-1 982 data from Massachusetts Division of 
Marine Fisheries in Terkla et al. 1990 (data not available on bay scallops and surf clams); 1983-1990 data from Steven Cadrin, Massachusetts Division of 
Marine Fisheries, Sandwich, Mass. 

Quahogs Soft-shelled clams Oysters Bay scallops Surf clams Mussels 
Year Rec. Corn. Rec. Corn. Rec. Corn. Rec. Corn. Rec. Corn. Rec. Corn. 



fishery. They are the only one of the four major 
shellfish species found in water deeper than about 
3 m. Before 1982, there were few deepwater qua- 
hog dredge boats in Buzzards Bay, with harvesting 
primarily conducted in shallow waters. The abrupt 
expansion ofthe deepwater fishery resulted in a large 
increase in quahog landings (Terkla et al. 1990), 
along with a p d l e l  increase in landed value prices. 

The highly prized bay scallop makes up an im- 
portant fishery, especially in the shallower reaches 
of the bay. Although generally carrying a relatively 
high market price in comparison to other species, 
the significant year-to-year variability of scallop 
populations makes them a less dependable com- 
mercial resource relative to the more stable qua- 
hogs, sott-shelled clams, and oysters. The scallop 
has only one spawning season and is relatively short 
lived (only a couple of years on average); there- 
fore, year-to-year populations can fluctuate sub- 
stantially depending on the success of the previous 
set. In addition, scallops may grow to marketable 
size before they reach sexual maturity (Walsh et al. 
1 978), potentially reducing the nunlber ofindividu- 
als available for spawning (Capuzzo and Taylor 
1979). The fishery began in the 1870's, focusing 
primarily on the western shore embayment of New 
Bedford and the Acushnet River; however, because 
of industrial contanlination this area no longer pro- 
vides the scallop resource of the past. West 
Falmouth harbor on the eastern sli~ore has histori- 
caily been a11 area ofhigh scallop production. In- 
creased interest and activity have been directed to- 
ward mallaging the scallop fishery in reccnt years, 
with attempts to increase natural production by 
transplanting or seeding scallops from productive 
beds and commercial hatcheries. The apparent de- 
cline in the ppulation, as defined by the annual land- 
ings (Table 5. I), has all but removed this fishery 
from the bay in recent years; the cause of the de- 
cline is not known. 

Oysters, being somewhat limited in distribution 
around the bay, represent only a small portion of 
the total shellfishery. Although found on both shores, 
oyster populations are not abundant. Anecdotal his- 
torical information and the presence of shell middens 

left by the Native Americans indicates ojxsters were 
once very prevalent in the bay. Most indications 
are that overfishing of this resource is the cause of 
long-term changes in the population, as supported 
by declining commercial and recreational catches 
over the past few years (Table 5 .  I ) .  The appar- 
ently declining populations ofthis and the other shell- 
fish species have resulted in attempts to seed areas 
such as New Bedford with stock fiom other areas 
within the bay. The requirement for suitable sub- 
strate for the settling ofoyster spat has resulted in 
the establishment ofnew oyster beds in areas where 
artificial structures have been constnicted, such as 
the spillway for the hurricane banier in New Bedford 
I Iarbor. 

One of the primary threats to the Buzzards Bay 
shellfishery (although not the shellfish) is the ever- 
increasing number of shellfish bed closures because 
of bacterial contamination. Routine monitoring of 
fecal coliform bacteria is conducted by the State of 
Massachusetts Division of Marine Fisheries; high 
levels of coiiforms (greater than 14 colonies/ 1 00 
mi) in a shellfish area wiII result in bed closure. CIo- 
sure is done primarily to protect public health; how- 
ever, the method has come under scrutiny in past 
years. as it does not necessarily reflect the ecologi- 
cal health of the environment. Coliforms are easily 
measured and although not directly harmful to hu- 
mans are sonletimes associated with other enteric 
pathogens harmful to human health. Shellfish bed 
closures that are due to the presence of coliform 
bacteria have increased dra~natically over the past 
decade, paralleling the increased population growth 
experienced in the Buzzards Bay watershed (see 
also Chapter 6). 

Although methods of estimating shellfish catch 
vary from town to town, total catch for Buzzards 
Ray in 1983 was estimated at over 9 1,000 bushels 
(36.3 k&ushel). Ofthis, 76,000 bushels were com- 
mercial landings. In 1987, catch estimates increased 
to over i 36,000 bushels, 94,000 of which were 
fionz commercial landings. This increase was in spite 
ofdeclining fishable areas available due to increased 
closures froin colifornl bacteria. The value of the 
B m d s  Bay shellfishery in 1985 was estimated at 
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$6,575.000 (S. Caclrin, M~assachusetts Department 
of Marine Fisheries. persoaxil communicatiotI). 

In contrast to their reputation as a high priced 
delicacy today. lobsters historically \\ere so abun- 
dant they were considered "poor 1nan"s Eoc.td." 
Rccords from the early days of the Plymouth 
Colony described occasional "plethoras" of the 
species thrown up onto the beach after a storm, 
sonletimes several layers deep and often consid- 
ered a nuisance. In some parts of the country, es- 
pecially the south, lobsters were fed to the servants 
and slaves so fi-equently that a colonial Virginia gov- 
ernment granted a petition that lobsters were not to 
be fed to these individuals more than twice a week. 
Cape Cod appears to be one of the first areas to 
actually pursue the lobster as a true fishery in its 
own right in the late I 700's; the well known Maine 
fishery did not support a lobster fleet until around 
1940 (O'Brien 1990). What was once considered 
a nuisance species has now turned into a multimil- 
lion dollar industry (see also Chapter 4). 

The reason for the apparent decline in lobster 
populations for the past few hundred years is not 
totally clear, but overfishing and in some cases 
coastal pollutioll are generally identified as the pri- 
mary causes. In 1841 the average catch for Buz- 
zards Bay was one lobster per day per pot. Today, 
the average catch per 3-day set is 0.8 lobsters per 
day (Davis 1989). Compared with 1 84 1, today's 
rate of 0.8 lobsters per day per pot appears low, 
but the per unit catch in Buzzards Bay is still rela- 
tively high when compared to that of northshore 
fishing areas (Estrella and McKiernen 1 988,1989). 
Buzzards Bay today remains a very productive lob- 
ster area (Davis 1989). The lobster fishery origi- 
nally began around 1807 along the Elizabeth Is- 
lands, primarily in Cuttyhunk. In 1880 the lobster 
catch from the New Bedford district (84,155 kg) 
was as follows: New Bedford, 22,919 kg; 
Fairhaven, 20,4 1 2 kg; Mattapoisett, 1,36 1 kg; 
Dartmouth, 34,020 kg; and Westport Point, 5,443 
kg. Lobster catch statistics from the period of 198 1 
through 1991 show the annual catch to be rela- 
tively stable over this period (Table 5.2) and similar 
to that of 100 years ago. The lobster fishery also 

Table 5.2. CommercjaI lobster landings for 
Buzzards Bay from 1981 to 1991. Data from Steve 
Cadrin, Massachusetts Division of Marine 
Fisheries, Sandwich, Massachusetts, personal 
communication. 

Landings 
Year (kg) 
1981 97.088 
1982 124,161 
1983 144,033 
1984 125,203 
1985 107,653 
1986 108,289 
1987 11 3,298 
1988 134,674 
1989 143,401 
1990 148,102 
1991 131.868 

provides a small recreational fishing industry. Lob- 
ster traps require smnc attention and must be 
checked frequently, especially in areas with higher 
lobster populations, to avoid cannibalism. In con- 
trast to fishing, lobsteritlg is not generally consid- 
ered a recreational activity for the transient tourist; 
however, the increased demand for lobster in fish 
markets and restaur~ants around B W , ~ X ~ S  Bay dur- 
ing the tourist season of'ten results in inflated prices, 
fkequently inspiring residents who do not routinely 
maintain pots to set out a few traps to catch lob- 
sters for their own consumption. 

Buzzards Bay is important to the regional Iob- 
ster fishery as a productive spawning area and 
source of larvae for Massachusetts Bay via the Cape 
Cod Canal (Clayton et al. 1978; Davis 1989). The 
percentage of gravid females caught in 1987 in 
Buz7xds Ray (3 1 %) was significantly higher than 
those of regions north of Cape Cod. In compari- 
son, areas north of Buzzards Ray maintained the 
following averages: Cape Ann, 4.5%; Beverly- 
Salem. 1.8%: Boston Harbor, 1.7%; Cape Cod 
Bay, 3.9%; and Outer cape, 16.9% (Estrella and 
McKiernan 1988.1989). 
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6 Human I m ~ a c b  and other comn~lercially valuable species. For a 

Over the past several centuries, Buzzards Bay 
has experienced major shifts in both marine and land- 
based activities, many of which have affected the 
bay to some degree. Some ofthese activities have 
had a major impact on the utility and to some extent 
functioning of the bay, such as the construction of 
the Cape Cod Canal, yet have resulted in little en- 
vironmental degradation to the systern. Some ac- 
tivities, such as overfishing, were identified early on 
as potentially detrimental to the health of the bay, 
allowing sufticient time to implement management 
strategies. The impacts of other activities, how- 
ever, are only recently beginning to be recognized, 
and our limited understanding oftheir long-term con- 
sequences hinders development of sound manage- 
ment policies to ensure protection of the system. 
Of these activities, the most recent focus of con- 
cern is the long-term effect of nutrient loading on 
the water quality of the bay. 

Although water quality conditions in Buzzards 
Bay are still relatively good, some of the smaller 
circulation-restricted coves and inlets around the 
bay are experiencing declines. While PCB contarni- 
nation and oil pollution present significant problems 
for the bay ecosystem, they tend to be localized 
(e.g., New Bedford Inner Harbor and Wild Har- 
bor), with the major threat to Buzzards Bay aquatic 
resources being primarily from increased nutrient 
inputs. The growth in residential development and 
increased tourism are frequently identified as the 
causes for water quality declines, the long-term im- 
plications ofwhich are still unclear. Periodic eutrophi- 
cation events occur when increased nutrient inputs 
stimulate the overproduction of algae and phy- 
toplankton, which, with dark respiration activities 
and decomposition, can result in oxygen depletion 
in these water bodies. The impacts ofthese nutrient 
inputs are greatest in shallow, circulation-restricted 
embayments, where lower rates of dilution and 
flushing are less effective in ameliorating the effects 
of additional inputs. In addition, stimulated growth 
of epiphytes on eelgrass as a result of increased 
nutrient loading can cause the decline of eelgrass 
beds, important in the production of bay scallops 

ma-jor estuarine system in the metropolitan corri- 
dor, however, the entirety of Buzzards Bay remains 
relatively pristine. still supporting a diversity of eco- 
systems, benthic co~mnunities, and fisl~eries (Tables 
1.1.4.l.4.5, and 5.1). The goal for environmental 
managers will be to maintain the diversity and func- 
tions of-the bay systern as development continues. 

6.9.1. Cape Cod Canal 

The shallow waters offthe easternmost shores 
of Cape Cod have historically claimed many ships 
and lives. Attention was often drawn to the narrow 
strip of land separating Cape Cod Bay from Buz- 
zards Bay as a potential route to avoid these treach- 
erous waters. This narrow, low strip of land, formed 
at the joint ofthe Buzzards Bay lobe and the Cape 
Cod Bay lobe of the Laurentide Ice Sheet, had two 
rivers that together nearly connected the bays. The 
Scusset River flowed northeast to Cape Cod Ray, 
and the Monument River southwest to Buzzards 
Bay, with only a few kilometers of low valley sepa- 
rating their headwaters. Early settlers discovered 
this trading route from the Indians, who used small 
boats to transport goods fiom Scusset River, haul- 
ing goods over land a few kilometers to the head- 
waters of the Manomet River and out to Buzzards 
Bay. Discussions were recorded as early as 1620 
regarding the potential for a canal to be dug con- 
necting these rivers, and three centuries later the 
Cape Cod Canal was constructed along nearly the 
same route; the history ofthe canal summarized here 
is extensively described in Farson (1 993). By 1627, 
the use of the rivers even with portage became a 
popular route for Plymouth to trade with the com- 
munities along the Connecticut River and New York. 
Many initial planning attempts were made for con- 
structing a canal, most notably when British war- 
ships blockaded the offshore route around Cape 
Cod in 1 776 and later during the War of 18 12. 
The project continued to flounder despite steady 
increases in shipping and shipwrecks, as well as an 
increased concern for future military defense. Sev- 
eral charters were granted, and there was even an 
initial start at digging by the Cape Cod Canal 



9 8 BIOLOGICAL REPORT 31 

Company in 1890. Each new proposed project was 
larger than the one before, and all had their own 
plans for dealing with the extreme currents that 
would be created by the differences in tidal range 
between the bays. Finally, work began in earnest in 
1909 with plans to include locks abandoned in fa- 
vor of a larger canal (primarily due to fear of freez- 
ing in the stagnant locks). Five years later the canal 
opened under private operation (Cape Cod Canal 
Company), and the waters of Buzzards and Cape 
Cod bays were joined. 

The new canal was not without its problems; 
the swift current caused by its limited width (30.5 
m) necessitated good maneuvering by ships, and 
many boats hit the banks ofthe canal. Frequently 
two large ships could not pass easily in opposite 
directions. During World War I, the canal received 
new attention in 19 17 after a German submarine 
sank a tug and a string of barges off of Orleans 
(Cape Cod). The increased war-time shipping that 
resulted overburdened the canal's capacity, requir- 
ing the Federal Government to take over opera- 
tions and perform emergency improvements and 
dredging. When World War I ended, the canal was 
sold to the 1J.S. Government, which began major 
expansion projects from 1932 to 1940, creating 
the system seen today. During this time, the canal 
was widened from 30.5 to 146 rn at bottom level. 
making it the widest sea-level canal in the world. It 
was deepened to 9.8 m, and the approach channel 
was extended out to 28 km. The two highway draw- 
bridges were replaced with fixed level bridges (the 
Bourne and Sagamore bridges), and a railroad 
dratvbridgt: was rcpiaced by a vertical lift bridge. 
Tolls were not charged for these bridges, yet the 
utility of the canai (foreseen in 1 776 and 18 12) was 
confirmed during World War II when Gennan sub- 
marines routinely prowled the coast. The canal is 
now operated and maintained by the U.S. Army 
Corps of Engineers, Engineering Division, New 
England. 

Although si&ficantly improved afier widening, 
the Cape Cod Canal still represents a significant 
navigation& challenge. One of the major difficulties 
for shipping Iies in the very strong tidal currents ex- 
perienced thoughout the passage. These currents 

result from the large differences in phase and am- 
plitude of tides in Cape Cod Bay versus Buzzards 
Bay, with a mean tidal range in Cape Cod Ray of 
2.8 m versus 1.2 m in Buzzards Ray. Currents main- 
tain aregular reversal approximately every 6 h, the 
westerly current being the stronger (due to the higher 
tidal amplitude of Cape Cod Bay), with velocities 
averaging 3.5 knots (6.5 kmlh), or 4 knots (7.4 
krn/h) during spring tides. The passage of large and 
small ships alike is closely n~onitored with extensive 
coordination, especially for larger ships such as tank- 
ers or cruise ships transiting the canal, to minimize 
the chance for accidents that threaten not only hu- 
man safety but also the health of the environment. 

Although it is often difficult to separate the im- 
pacts of overfishing fiom natural population varia- 
tions as the cause for the declines in many Bwsards 
Bay fisheries, it is nevertheless clear that overfish- 
ing may be an important causative factor. Commer- 
cial finfish populations were already being overfished 
in the late 1800's with Baird (1 873) attributing di- 
minished fish populations in major part to the in- 
tense pound net and weir fisheries in southeastern 
Massachusetts. There were 30 weirs in the bay 
alone, whose shoreline covers only about 10% of 
the Massachusetts coast but accounted for 95% of 
the total Massachusetts menhaden catch in 1876 
(Goode 1879). In an attempt to restore the popu- 
lation, net fishing was banned in Buzzards Bay in 
1896, and the ban continues today. Unlike in most 
populated coastal regions where gill netting and 
trawling continue to deplete many fish stocks, the 
Buzzards Bay finfishery has been protected for 
nearly the last century. 

Eiowever, the major present fishery, shellfish, has 
certainly been damaged by overfishing in many ar- 
eas, specifically in nearshore areas. Nearshore 
shellfishing in Bwxds  Bay functions more as aquac- 
ulture. with management practices undertaken over 
the past few decades to encourage healthy popula- 
tions and allow deple.ted stocks to recover. Seed- 
ing progmms are conducted, especially for quahogs, 
all around the perimeter of the bay, with beds closed 
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ibr periods to allow reesziblishment of the popula- 
tion. To this end. an inadvertent advantage of shell- 
fish bed closures due to high bacterial counts is tt~at 
shellfish populations are left undisturbed and alloj-ced 
to increase in size on their own, unimpacted, at least 
by human predation. Were it not for overfishing of 
the shellfish beds, seeding programs would gener- 
ally not be necessary. The need for seeding pro- 
grams to maintain the beds in many areas, how- 
ever, signifies that the Buzzards Bay shellfishery has 
shifted more toward a cultivated rather than natural 
fishery. 

Given the vast changes in fishing effort and the 
quality ofcatch statistics over the past 100 years, it 
is diMicult to quantitatively evaluate the effects of 
overfishing on Buzzards Bay commercial species. 
Some general conclusions can be drawn for a few 
species, however. Shellfisheries form the best data 
base because they involve sessile populations and 
therefore can be thought of as local indicators. The 
major economic species of the late 1800's was the 
oyster, distributed throughout the bay's shallow 
waters. The evidence is fairly strong that for this 
species overfishing for at least 150 years following 
European colonization greatly depleted stocks, 
which remain so to this day. Freeman (1 86250) 
stated that oysters "formerly abundant and very large 
and finely flavored, have ceased" in parts of Buz- 
zards Bay. 

Goode (1 887:272) reported that in the Westport 
River "an ancient bed of native oysters, which has 
now nearly disappeared through too great 
raking .... not more than 50 bushels a year can now 
be caught throughout the whole three miles from 
the 'Point' up to the bridge." Compare this with 
roughly 400 bushels per year for the entire Westport 
River embayment from 1977 to 1987 (Terkla et al. 
1990). Similarly, even Wareham, which was once 
reputed to have the "choicest brand" of oysters, 
supports few today. How much the lack of recov- 
ery results from the continuous fishing of a depleted 
stock (currently at 4,000 bushels/year) and how 
much from habitat destruction and disease is un- 
clear, but the day of "oisters ... a foot long ... so bit it 
must admit of a division to be got in your mouth" 
(Wood 1634 as quoted by Goode 1887:73 1 )  are 

not likely to be seen again soon on Buzzards Bay 
shores. 

Shellfishing historically has been conducted in 
the nearshore zone by the use of rakes and tongs. 
generally by individuals or snlall groups, which to 
some extent limited the catch by virtue of the lim- 
ited energies of the fishemen. Although newer tech- 
niques are available. mechanization of the industry 
has been slow. n~ostly for ecological reasons. as 
the primary method available requires large-scale 
scraping of the bottom, resulting in significant dam- 
age to the system. New techniques such as hydro- 
dredging, using forced water to uncover produc- 
tive beds, have increased commercial catches in 
some areas; however, again the potential disturbance 
to the sediments has resulted in intense scrutiny and 
potential restrictions of this practice. Assessing the 
impact of overfishing on the scallop industry is more 
complex owing to the scallop's single spawning sea- 
son and inherent natural variability. However, since 
scallops frequently reach harvestable size before 
reaching sexual maturity, the impact of overfishing 
on the already unstable population may have great 
consequences for future scallop populations within 
Buzzards Bay. 

One important finfishery in Buzzards Bay dating 
to the earliest colonists is that for alewife. While 
overfishing by nets at iniets greatly reduced the 
population prior to 1896, today the harvest is again 
small compared to previous records. Much of this 
reduction is due to reduced demand and therefore 
reduced effort in catch (P. Brady, Sandwich Branch, 
Massachusetts Division of Marine Fisheries, per- 
sonal communication), but it also appears to be a 
result of the lack of maintenance of "herring runs" 
or waterways, usually streams that lead from fresh- 
water and brackish water ponds out to the sea. His- 
toric waterways have been dammed, fish ladders 
have fallen into disrepair, pond flows have been al- 
tered by development. and natural processes that 
affect small flows in the coastal zone have all re- 
sulted in the decline of herring populations (D. 
Bourne, Woods Hole Oceanographic Institution, 
personal cornmication). Without a clear freshwa- 
ter to saltwater pathway, which is required during 
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the liib cycle ofthis species, population declines have nnearly 5,990 ha by the end of the decade, and 1992 

been caused by physical obstacles rather than over- closures averaged approximately 6,070 ha. The 
fishing or chemical perturbation (see also Chapter growing increase in closures during the past decade 
4). 'The alewife fishery is indicative of the variety of has had a significant impact on the shellfishery and 
factors that may cause fish stocks to decline and has directed attention to the advancing ecological 
underscores the need for sound biological data for and economic threats posed by declining water 
ecological management. quality conditions in some areas of the bay associ- 

ated with sewage inputs (Fig. 6.1). 

6.1.3. Bacterial Contamination 
6.d .4, Toxic P~111uf;ants 

Bacterial shellfish closures have been docu- 
mented for Buzzards Bay since the early 1 goo's, 
primarily as the result of illness linked to the dis- 
c h q e  of raw sewage. Clnfbrtunately, bacterial con- 
tamination of shellfish beds in the early part of the 
ccntury was generally identified only after resulting 
public hcalth impacts werc felt, with water tested 
after the outbreak ol'ilinesses. For example, only 
31tcr ovcr 500 cases ot'typhoid fever were identi- 
tied among shellfistz consunlers in New Bedford was 
it  dctcrnlined that substantial amounts of' raw scw- 
erage werc entering New Bedford Ilarbor 
(C;crnlano 1993). Sigrri ticant restrictions were sub- 
seyi~ently placcd on the shclltishery, which led to 
the construction of a sewage system to collect all of 
New 13cdfhrd.s sewage and discharge it f i e r  into 
f3uz~ards Bay, the precursor to the city's current 

The variety of potential sources of toxic con- 
taminants to Buzzards Bay are as wide as the vari- 
ety of potential contaminants. Toxic chemicals, in- 
cluding petroleum hydrocarbons, PCB's, pesticides, 
organic compounds, and metals, can enter the bay 
through point and nonpoint source inputs from 
outfalls, runoff, rivers, streams, and atmospheric 
deposition. Chemical contamination from industrial 
activities primarily occurs in the urban areas ofNew 
Bedfbrd, Fairhaven, and Dartmouth. Agriculturally 
derived chemical inputs (pesticides and herbicides), 
however, are more likely to enter through runoff 
'and small rivers, which flow through virtually all of 
the bay's watershed, most notably the areas of 
Westport, Dartmouth, Fairhaven, and Mattapoisett 
(see also Chapter 5). 

sewerage treatment system. It was not until 1 925, The most serious water quality problems involv- 
when nationwide outbreaks of tphoid Sever led the ing toxic contamination in  mads ~ a y  are focused 
I J.S. Public lIcalth Scrvice to develop a program 
ii)r routine nronitorinrr of bacterial contanlination in " 
shcIliis!x areas, that other areas in Buzzards Bay, 
including parts of Mattapoisett [!arbor and 
12pprntg;ustt 13ay In Dartmouth, experienced clo- 
sures. E3y 1 930 1.174 ha of shellfish beds had been 
oloscd. 'I'his tigrirc remained relatively constant for 
years, increasing to approximately 1,700 ha in the 
1 960's. but with year-to-year variations caused by 
increased closures fi)llo\ving major storms and hur- 
ricanes. In the 1970"s shellfish bed closures in- 
creased significantly to over 3,238 ha: however, 
some of this increase is attributed to the increased 
monitoring effort undertaken during this time by the 
Dspartrnent of Environmental Quality Engineering. 
This increase, however, was dwarfed by the sub- 
stantial increase in closures during the 1980's to 
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Fig. 6.1. Population versus shellfish bed closures for 
the Buzzards Bay watershed. 
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in New Bedford f Iarbor. Unregulated industrial 
discharges, pri~~aril? h r n  two local ~nanufacturers 
over many years, have resulted in high levels of sev- 
eral toxic pollutants in the sediments. PCB's, which 
were discharged into New Bedford Harbor and 
Buzzards Bay via the Acushnet River and from the 
New Bedford Wastewater Treatment Facility at 
Clarkes Point from 1947 through 1978, are major 
sources of concern. Heavy metals have also been 
introduced to the bay, again primarily at New 
Bedford, including copper, chromium, zinc, silver, 
cadmium, and lead. Sediment samples from out- 
side New Bedford Harbor indicate a gradual spread 
of these contaminants. Fish and shellfish in the area 
continue to maintain high levels of these contarni- 
nants in their tissues. Because of the retention of 
these pollutants in the sediments, fishing and 
shellfishing in many areas will continue to be pro- 
hibited for years to come. In addition to any imme- 
diate toxic effects of these pollutants, their 
bioaccumulation can also seriously affect offspring, 
such as eggs and juveniles ofwinter flounder (Camp, 
Dresser, and McKee, Inc. 1990). This impact is 
not limited to resident species, but also affects mi- 
gratory species that return to inshore spawning ar- 
eas. In addition to the decreased viability of em- 
bryos, high concentrations of these compounds of- 
ten reduce or delay spawning activity in adults 
(Bengtsson 1980; Black et al. 1988). The extreme 
difficulty and expense of removing, treating, and 
safely disposing ofthese compounds (notably the 
PCB's), however, has led to at least one recom- 
mendation that they remain in their present environ- 
ment rather than being moved and reintroduced into 
a new area. 

Other sources oftoxic pollution to Buzzards Bay 
include stormwater runoffand landfills. Storm drains 
can often combine rainwater with oil and gas runoff 
from roads, chemicals from lawn fertilizers, and 
animal wastes from pets or wildlife. Landfills can 
be a major sourcc ofpollution from commercial and 
household toxic wastes that can leach into and con- 
taminate groundwater and drinking water supplies. 

accidental spills. waste discharges, and boating 
activities. and indirectly through stormwater nmoff. 
'There are no major point sources within the water- 
shed, no production facilities, refineries, or pctro- 
chemical p!ants; about halfof the oil entering the 
bay comes from oil "imports" to New Bedford, to 
meet demands for gasoline, heating oil, and indus- 
trial oil, and to the Boston region via the Cape Cod 
Canal. In fact. one of the major ecological effects 
of the canal stems from its use for oil transport re- 
sulting in periodic (1 969,1974,1978) large-scale 
spills h m  oil barges traveling northward (Fig. 6.2). 
While the impacts of these spills are dramatic, they 
are also localized and account for only about half of 
the total oil entering the bay over the past 25 years. 
Small-scale spills from boats and fuelloil harbor fa- 
cilities, leaching from pilings, and outfalls account 
for less than 10% ofthe inputs. ?'he largcst chronic 
source, and the hardest to control, is runoff from 
residential, commercial, industrial, and road surfaces 
(SAIC 1991). There is anotlicr potential source of 
oil to bay waters, however, ironically from com- 
mercial fishing vessels and small recreational boats. 
Buzzards Bay supports about 4,300 moorings and 
slips and is the highway for more than 20,000 ves- 
sels per year. Recreational vessels discharge oil pri- 
marily as a function of outboard motor use, but it is 
the 200 or so fishing vessels that use 1 '9-3.8 mil- 
lion liters of engine oil per year, much unaccounted 

Oil Pollution. Petroleum enter Fig. 6.2. Oil spill from the barge Florida. 1969. Photo 
B m d s  Bay waters directly through large and small by J . Teal. 



for, that may represent a significant unquantilied 
source to bay waters (SAIC 199 1 ). 

Our understanding of the effects of oil spilis on 
coastal marine systems has been significantly in- 
creased through two of the oil spills in Buzzards 
Bay, which provided experimental sites for investi- 
gation of long-tenn ecological impacts. 'fie chronic 
impacts ofthese oil spills (both occurring within the 
relatively short time frame of5 years) have been 
monitored by researchers since their original oc- 
currence and provide some of the only long-term 
data sets available on thc persistencc of aromatic 
hydrocarbons, the major constituents of oil and the 
compounds considered most damaging in the 
coastal environment. 

On 16 Septenlber 1969, the barge fi'loridu ran 
aground on a rocky shoal just wcst of Fassctt's 
Point, West Falrnouth, Massachusetts. Roughly 
675,000 1, of Number 2 fuel oil leaked into Ruz- 
zards Bay and were driven on-shore by strong 
south-southwest winds into the Wild I Iarbor Rivcr 
in North Falnrouth. 'I'he oil spread over more than 
400 ha, incl~iding 6.4 km of coatline, contaminat- 
ing intertidal m d  subtidal bay areas and causing the 
death of rnarry rnarine and salt marsh organisms. 
Much of  the oil settled along a few meter band in 
the Wild W a b r  h/I<mh, resulting in significant losxs 
of benthic inf'auna and marsh grass, prinlarily 
LSpa~tinu u/tcm(fk)rr~. Riunier et al. ( 1975) reprtcd 
up to 95% of thc benthic bay animafs were dead or 
dying in heavily oiled areas 8 days aflcr the spill; 16 
months aRer thc spill, areas with more than 1-2 mg 
oiVg .sediment contained no living higher plants. Mod 
of the fuel oil entering the marsh was sorbed into 
If-rt: anoxic marsh xdin~ents with long-termchronic 
efkcts. Even in high marsh areas dominated by 
L~~~~rlina/?cric~~?gr. oil was found to have penetrated 
at least I 15 crn below the surface. In less contami- 
nated areas where Spurtinu had nonethciess been 
killed, some regrowth of LC;c~licorrziir europuccir was 
evident (Salicornia sp. germinate we11 from seed 
and ofZen recolonize damaged wetland areas until 
outcompeted by .Ypa'?inu, tvhieh grows primarily 
from roots and rhimmes; Burns and Teal 1979). 
The abundant green algae (L;nreromorj?ha 
c[athr~tu) was highly contaminated, as was the less 

abundant red algae (Polys iphonia ,fibrillosa). 
'rhese algae, along with Spurtr'na and Sulicornia, 
are the major sources ofplarit nlaterial to detritivores 
in these marshes. All ofthe organisms in the imme- 
diate area of the spill had oil incorporated into their 
tissues, including the fiddler crab (IJcapugnux), 
the marsh killifish (Fzrndulus confluentus), the 
ribbed mussel, and the herring gull. Fiddler crabs 
obtained most oftheir oil through feeding on mud, 
detritus, and algae; mussels and fish were probably 
contaminated through the processing of contami- 
nated water; and the gulls were contaminated pri- 
marily from food. The effect of the spill on these 
organisms, although still evident, had lessened afler 
4 years. Although over 90% of the heavily oiled 
areas were considered "recovered" within 6 years, 
oil was still detectable in a subtidal mud core at 10- 
15 cm, and fuel oil hydrocarbons were present in 
some organisms near the contaminated salt marsh 
sites 20 years after the spill (Teal et al. 1992). 

The greater recovery 5-20 years after contarni- 
nation in subtidal areas versus marsh was due to 
oK~hore stations being affected by physical and bio- 
logical processes that stir and weather the sedi- 
ments, increasing physical removal and degrada- 
tion of sorbed oil. The highly organic and reduced 
nature of marsh sediments and their low-energy 
environment limit physical removal and oxidation of 
introduced hydrocarbons. Twenty years later there 
was only limited evidence for oil hydrocarbons in 
existing marsh species, and that residue appeared 
to be a result from oil in less than 1 % of the con- 
taminated marsh area. Crabs, which burrow in the 
sediments and feed on detritus and algae, showed 
the greatest concentration of hydrocarbons in their 
tissues. Although present in only trace concentra- 
tions, these hydrocarbons still appear to be impact- 
ing the biota. 

The other monitored spill that affected Buzzards 
t3ay waters occurred on 9 October 1974, when 
the barge Bouchard No. 65 hit a submerged ob- 
ject while travelling northeast into Buzzards Bay 
(i-iapson and Moul1978). The barge was towed 
to the west entrance of the Cape Cod Canal and 
axbored, leaking an undetermined portion of the 
original 1 1,604,8 10 L of Number 2 fuel oil into the 
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bay. As with the firida spill, Lzigh winds and rough 
seas made containment impossible, and the oil was 
driven onshore onto Bassett's Island and Winsor 
Cove. A substantial immediate kill ofmarine life re- 
suited, affecting crabs, snails, and clams; shortly 
thereafter marsh plants in Winsor Cove began re- 
sponding as in the West Falmouth spill, with brown- 
ing of Spartina, Salicornia, and the sea lavender 
(Limonium), Although plants were recolonizing the 
affected areas after 3 years, the recovery was slow 
and new growth limited in stem density and culm 
height compared with unoiled areas. Winsor Cove 
was more affected than other areas, as it received 
repeated applications of oil through tidal inundation 
and consistent winds. The marsh became impreg- 
nated with oil, and weathering was limited. The slow, 
chronic release of toxic aromatics fiom the buried 
oil impeded recolonization of plants and animals. 

While the general focus will probably remain on 
the large and dramatic oil spills where there are 
obvious impacts, it is clear for Buzzards Bay and 
likely for most coastal waters that petroleum is en- 
tering daily, possibly at rates greater than those of 
the spills. Regardless of the source, all petroleum 
hydrocarbons combine to create the potential for 
cumulative chronic impacts to the aquatic systems 
of the bay, each with its specific sensitivity and ca- 
pacity to retain or lose hydrocarbons. 

Concern over the potential for significant envi- 
ronmental degradation fiom future shipping acci- 
dents has brought increased scrutiny to the regula- 
tions covering shipping through the Cape Cod Ca- 
nal. Considering the hazardous nature of canal cur- 
rents and the ecologically sensitive nature of Buz- 
zards Bay, Massachusetts and federal regulations 
now require all foreign vessels and U.S. vessels 
sailing on register to be under the direction of a first- 
class pilot whose license is endorsed specifically 
for the canal and bay waters. In addition, begin- 
ning in 1992 a substantial effort was undertaken to 
remap the bay floor, primarily in response to sev- 
eral groundings in poorly charted areas around the 
bay. 

Pesticides. 'The impacts of pesticides on the 
bay have greatly decreased since the banning of 

certain chlorinated pesticides such as DDT and di- 
eldrin. During the 1950's and 1960's, these pesti- 
cides were frequently used for mosquito control 
within the watershed with detrimental results, most 
notably to resident invertebrate and fish populations 
(SAIC 1991 j. The pesticides routinely in use today 
(e.g., diazinon, parathion, cararylj, primarily for 
cranberry agriculture and mosquito control, are short 
lived and generally nonpersistent in the environnlent. 
As with most chemicals, however, excessive or im- 
proper application may have deleterious effects on 
animal communities, especially fish in small 
embayments; therefore, routine monitoring of these 
compounds is necessary to ensure protection of 
potentially susceptible areas. 

Polychlorinated Biphenyls. Although minor 
inputs of PCB's enter Buzzards Bay from boat 
paints, dredged material disposal, and atmospheric 
inputs, the most significant input has been h n ~  manu- 
facturing, primarily in New Redford (Fanington and 
Capuzzo 1990; SAIC 1991). Contamination of 
New Bedford Harbor by PCB's represents the larg- 
est single source oftoxic contamination in the bay 
because they were used since 1926 as insulation in 
electrical transformers and as coolants and lubri- 
cants. Significant inputs of PCB's occurred in the 
upper reaches of New Bedford Harbor from the 
1940's to the late 1970's as a result of industrial 
waste discharge from several New Bedford firms 
that manufactured electrical components. Because 
these compounds do not break down into less haz- 
ardous chemicals, they pose a potential long-term 
problem to the ecology of Buzzards Bay and to the 
public health of residents who consume fish and 
shellfish fiom the region. 

About 145 t of PCB's were discharged into the 
New Bedford-Acushnet River system between 
1958 and 1977 (Fanington and Capuzzo 1990; 
SAIC 199 1 j. However, with the decline in PCB 
release to the environment because of the develop- 
ment of alternative compounds and an active prs- 
gram to halt PCB discharge through the outfall, the 
primary present sources to Buzzards Bay are from 
resuspension of sediments in New Bedford Harbor 
and from atmospheric deposition. It appears that 
with the cleanup of the most contaminated 
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sediments in the tlarhor and the restricted circula- 
tion inlarxd ot'the hurricane barrier at the mouth of' 
the hcirbc~r, mcrst crf'the I'CR's will remain in harbor 
sediments and he bi~ried by natural accretion. At 
present, the major source of PCIJ's to the bay 
proper appears to be by atrr~osphcric deposition 
(Mayer 1982; 1:anington cmd Ciapu;l~, 1900; SAIC ' 
1 00 1 ), 

In 1082. New Ifcdford 1 [arbor was selected 
by tile IIPA fhr inclusion on the National I'riorities 
l is t  of the Nation's worst hni.arcfous waste sitcs. 
making it cligihle fbr Supertirnd cleanup funds. "She 
site ofcontatrlination is large (over 400 ha), with 
the 11-1ost serious contanination occurring near the 
hcaci of the estuary, wlzcre I'C'lf cor~ccntrations 
ap~mxich 30.000 pprn in the xtfiments. I>( '13's ha\ c 
tlecr~ C I C ~ C C ~ C C ~  in tlic tisstres ofsfref Ifis11, I(?bstcr, and 
tlouxlcicr, ir~diciiti~ig tllof~ili/;ttion of'tliis contiut~iinu~t 
thn)ugl.r the fbod chain, prirlrarily tlrrt\ngl.i the ingcs- 
tion irf'oi,ntamir~~IIcd sctfimcnts or co~~tur~~i~i:~lcci 
prey (I:ig. 6 . j  1. c2lthough tllc highest tissue coriccn- 
tr:rtions :ire fi~und tzcarest the site ofgreatest con- 
talninaliot~, clcvutc~i conccn&~tions havc txen fi~und 

Fig. 6.3. Average PCB ccmentratlons fo: iabsters an& 
winter flounder collected at varrous statrons around 
Buzzards Bay Note the high concent~at~on at New 
Bedford Data from J Schwartz Massachusetts DI- 
vtsion of Marine frsherfes, and Buzzards Bay Project 
(1 987) 

throughout ahc ha>. -I hc I'C 13's migralc fi-am ihc 
hi&ly contruninatcd bjttonl ilei?ir~lcnts into d ~ t .  o~ er- 
lying uatcr calunin primarilj througtl cicsorptii)ra, 
sedirncnt resuspcnsictn by houndaq la? er currents. 
and through scdintent remorliing bq benthic organ- 
isins. PC13 ccrntamination i t i l l  bc a hat:lrci to the 
ecological health of New Bedtbrd and Wufzards 
L3ay for a long tirne. 

Trace Metals. Ye\\ Bcdfbrd iiarbor is also 
the prirnrtry location for trace nletal cctntamination 
within Ruuards I3oy. Mctals, including cadmitun, 
chrc~mium. Icfi~d, mcrctq. copper, silver, nickel, and 
arsenic, can cnter bay ivaters through industrial 
waste discharge, boat paint, seurtge effluent, and 
dredged material, as \\ell  as through ~ltnrospheric 
deposition arid nat~lral rock ueatlicring. Industrial 
activitics and thc wastetirater treatment fi~cility in 
New I3ecifbrci. however, are dominant sources of' 
these cctntaminar~ts. Altllough ind~~strial use of cop- 
jxr &for rrlcral plating, historically a lrtrge industry in 
thc New 13edfijrci area, is no longer prevalcnt, the 
use ofcoppcr-containing antifi~ulirlg paints :u~d cop- 
pcr pipes fix water lincs eo~rtinues to input low lev- 
els ofcopper to the bay. Elevated concentrations 
ofmetals havc k e n  found in ~nmsels, murnmictlogs, 
;intf winter tlounder in New 13edfbrd Harbor, as 
uell as in riny-billcd gulls and tnice, indicating 
biorn:r~iliwtion of nletals may bc: cxcuning througli 
the ft)oci chain (11-3'. Inc. 1088). Elevated levels of 
metals are found in the adjacent saltwater wetlrtnds 
and in the detritivorcs and their predators living and 
feeding in these \vetlands. As with IX.C:W's. tissue 
zorn~cor~lrntions :\re gcrlerally highest in areas near- 
est the areas of dircct cot~t~unination (New Bedford 
Inner 1 tarbt,r and near the outfiili); nevertheless. nro- 
biliz;ltion ofthese metals is believed to be occurring 
dtmugh food chain Wmfer within the New Bedford 
1 Iarbur system. as \+ell as potentially to Buzzards 
133). (Farrington and C'ap~17zo 1990; SAIC 199 1). 

6.1 -5. Nutrienb and Cultural 
Eutrophication 

Although the basic ecoloa of much of the BLU- 
~ a r d s  Bay system remains relatively healthy and 
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pristine and in manj ways similar to that esperi- 
cnced by early settlers in the region, there has been 
a major ~nodification affecting the whole of the brry. 
'I'his system-wide change involves nulsients. prima- 
rily nitrogen. In 1602 when Gosnold \vas sailing the 
waters of Buzzards Bay, the nitrogen inputs to the 
bay systems, especially in the shallow marginal ar- 
eas, were substantially lower than they are today. 
Population increases (Fig. 1.5) of more than 100- 
fold fi-om early colonial occupation to greater than 
250,000 persons today are the primary causes for 
the increased loading, although regional develop- 
ment leading to increased atmospheric deposition 
of nitrogen has also been significant. 

Nitrogen is a natural and essential part of all eco- 
systems, aquatic and terrestrial. For Buzzards Bay, 
as for most temperate coastal systems, nitrogen is 
limiting to phytoplankton, algal, and rooted plant 
productivity and therefore secondary production, 
especiaily shellfish. It would, therefore, seem that 
increasing nitrogen inputs would be a benefit to the 
system, increasing fisheries harvests. I Iowever, there 
is much current discussion about the problems as- 
sociated with nitrogen loading to coastal systems 
and there are multimillion to billion dollar projects 
to reduce nitrogen loading to the coastal zone. The 
apparent paradox stems from the fact that at low 
levels of nitrogen in coastal waters, increased load- 
ing stimulates secondary production (e.g., fish and 
shellfish); at higher levels increased yields may still 
be achieved, but changes in comn~unity structure 
may begin to occur (e.g., phytoplankton species, 
benthic animal species, and impacts to eelgrass habi- 
tats). At higher loadings, however, the increased 
oxygen demand in the water column and sediments 
stemming from increased plant production exceeds 
the rate of oxygen input from photosynthesis and 
by atmospheric mixing, and lowered oxygen con- 
centrations can occur (hypoxia, anoxia). It is the 
stress associated with low oxygen concentrations 
that has the most deleterious effects on plant and 
animal communities, and that at higher fi-equencies 
and durations results in the loss of stable popula- 
tions and their replacement with opportunistic spe- 
cies. This sequence of nitrogen inputs leading to 
low oxygen concentrations in aquatic syste~ns is 

called eutrophication, and when the nitrogen inputs 
are the result of human activity (as opposed to natu- 
ral processes), the process is termed "cultural 
eutrophication." Cultural eutrophication is the great- 
esr potential long-term threat to the Buzzards Bay 
ecosystem. While toxic impacts (e.g., oil spills) can 
have serious consequences. they tend to be rela- 
tively localized. The difficulty with managing nitro- 
gen loading is its widespread distribution frotll a wide 
array of sources. 

Current nitrogen inputs to Bwzrds Bay include 
natural inputs fiom undisturbed areas, microbial ni- 
trogen fixation, exchanges with offshore waters, and 
inputs due to development: directly through sewer 
outfalls, precipitation, and runoff, and indirectly 
through groundwater transport from septic systems, 
lawn and a g i c u l t d  fertilizers, and animal fanning. 
Although the population ofthe Buzzards Bay wa- 
tershed has been increasing steadily since colonial 
days, only recently have significant signs of incipi- 
ent cuiltural eutrophication become apparent in many 
of the embayrnents. One reason for this is that both 
the distribution and the total mass loading of nitro- 
gen that determine the impact are related not to the 
rate of population increase but to the number of 
persons present. The population of the watershed 
has doubled this century (Fig. IS), but equally im- 
portant has been the change in population distribu- 
tion to a more widely dispersed occupation of the 
watershed surface. 

The importance of the changing land uses and 
associated nutrient loading to the watershed, hence 
to bay waters, can best be evaluated by comparing 
the amounts and modes of input from the major 
sources. In addition, since there is no evidence that 
the "natural" sources of nitrogen have changed sig- 
nificantly over the past 350 years and since the as- 
similative capacity (the ability of the system to re- 
ceive more nutrients without deleterious effects) has 
only recently been approached for most of the 
ernbaq-ments, evaluatiols of "sources" will foeus on 
the "new" sources related to human activities (i.e.. 
the ones capable of being managed). 

Point sources ofnutrient pollution tend to be dis- 
crete and easily quantifiable, and nonpoint sources, 
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which are more widespread and more difficult to 
identify and measure, generally reach B w ~ ~ d s  Bay 
w a t e r s  through groundwater transport. Point 
sources have histo~ically been regulated and quan- 
tified, whereas nonpoint sources are a recent area 
of research and have a larger error associated with 
the i r  estimates. 

Point Sources. The only rnajor point source 
of nitrogen in the Buzzards Bay watershed origi- 
nates from sewage. Other potential point sources 
1 ike major river discharges and large-scale agricul- 
ture d o  not contribute to bay waters (cf. Chapters 
1 a n d  5, respectively). Residential and municipal 
wastes arc: piped to wastewater treatment facilities 
in the more heavily populated areas of the water- 
shed. New Bedford, Wareham, Dartmouth, 
Fairhaven, Falmouth, and Marion maintain these 
fkilities, and dl except F;almouth dischdrge directly 
to bay waters ('Ijble 6.1). The Falmouth facility 
discharrgcs to groundwater by rapid infiltration and 
spray irrigation. Although tilt Falmouth facilityat- 
tempts to lower nutrient loading (about 1 %of the 
reginn's total) tcr coastal waters by adding a plaint 
uptake and soil nitrogen removal step not used at 
the othcr f'acilities, the I'acility still "imports" nitro- 
gen into E3u~mds Bay because the contributing ar- 
eas are outside crf tile bay watershed (Ilowes et al. 
I 992). In contrast, the Marion facility (less than I % 
of total nutrient loading) discharges to surface wa- 
ter at the head of'a .salt marsh, wf~ich performs lirn- 
ited tertiary treatment before discharge to Aucoot 
Cove, and represents true removal (I-$owes 1993). 

Table 6. f .  N~trogen ~nputs to Buzzards Bay from 
sewage treatment plants Adapted from SAlC 
(199rj) 

Treatment plant t Nlyear 

New Bedford 962 
Wareham 29 

Dartmouth 57 
Fairhaven 140 
Falmoutha 15 
Marion 7 
Total 1,210 

*~isposal  by rapid ~nf~ftrat~on and spray trrrgatlon, transport through 
grouncfwater to West Falrnouth Harbor Buuards Bay 

Almost all of the treatment Fdcilities' input to the 
bay is in the New BedfordlFairhaven area, with the 
New Bedford outfall and combined sewer over- 
flows accounting for 80% of the total inputs from 
this source. The New Bedford outfails (1 13.6 mil- 
lion IAay) serve 98% of the city's population plus 
600 residences in Dartmouth and 60 in Acushnet. 
Thirty-eight sewer overflows contribute to the 962 
tlyear entering New Bedford Inner and Outer Har- 
bors, discharging nutrients, coliforms, and toxics to 
bay waters. Combined sewer overflows are the fo- 
cus of an ongoing rernediation program (Camp, 
Dresser, and McKee, Inc. 1990); these discharges 
are responsible for restricted shellfishing in this area 
throughout this century. Sewage treatment plants 
and combined sewer overflows are the major source 
of nitrogen loading to bay waters, 1,2 10 t/year. 
These facilities service about half of the population 
of the bay's watershed and most of its heavy com- 
mercial and industrial area. 

Nonpoint Sources. These diffuse sources of 
nitrogen to bay waters stem from residential waste 
disposal and fertilizer use, ag r i cu ld  fertilizers, d a y  
and cattle farming, surface water runoff, and direct 
precipitation. In total, they represent slightly less than 
llalf of the "new" nitrogen loadings to the bay (Fig. 
6.4). 

Fig. 6.4. Relative sources of nitrogen inputs to 
Buzzards Bay water. Note that wastewater 
(sewer and septic) accounts for two-thirds of 
the total annual input. 
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As rnight be expected from the outfiill data, ni- 
trogen from on-site septic treatment of wastewater 
is the major nonpoint source with a total contribu- 
tion of 320 tlyear. Nitrogen inputs from septic sys- 
tems have been quantified within the Bwzards Bay 
watershed (Weiskel and Howes 199 1 ) to calibrate 
loading models. Septic disposal treats the waste- 
water from almost half of the population, and with 
residential fertilizer usage (68 t/year) accounts for 
almost 80% of the nonpoint source nitrogen inputs 
originating within the watershed (i.e., disregarding 
input from precipitation). Both of these sources reach 
bay waters primarily by groundwater transport. Re- 
gardless of the original form of the nitrogen, the fonn 
of almost all nitrogen in groundwater is nitrate. For 
exan~ple, although both organic and inorganic ni- 
trogen enter septic systems, as a result of degrada- 
tion and anaerobic conditions within tanks alnlost 
all of the nitrogen released is as ammonium. Even at 
the very high resulting concentrations (millirnolar), 
the ammonium is rapidly oxidized to nitrate by bac- 
teria (nitrification) generally after a few meters of 
infiltration. Once the nitrate reaches the groundwa- 
ter it is transported nearly conservatively (i.e., con- 
centration changed only by dilution) to the bay shores 
(Weiskel and Howes 1992). Even where large treat- 
ment facility groundwater plumes occur the amount 
of removal fiom the groundwater is quantitatively 
relatively small compared to the loading (Smith et 
al. 1991). 

Of the residential sources, septic system and 
fertilizers, the role of lawn fertilizers is more difficult 
to quantify because they are applied at low con- 
centrations over wide areas. Estimates of lawn fer- 
tilizer application within the watershed are thus vari- 
able and subjective. Using data based on the num- 
ber ofdwellings per lot size (<0.1-0.2, and > 0.2 ha, 
with 279,465, and 1,394 m2 of lawn, respectively) 
a general application rate of 0.45 kg of nitrogen per 
93 m7 per year, and a 30% transport to groundwa- 
ter, the estimated input of nitrogen is 68 tiyear (SAIC 
1991). An understanding ofthe role of lawn fertil- 
izers is important for management, as they are a 
moderate-sized source but present an inexpensive 
trade-off for controlling nitrogen inputs when 

compared to removing nitrogen loading &om septic 
s> stems or agricultural sources. 

Agricultural inputs from cranberry bogs, dairy 
f m s ,  and cattle, and miscellaneous crops account 
for the remaining land-based inputs (1 04 tiyear). 
Cranbeny growing accounts for relatively little ni- 
trogen, about 33 tlyear (Howes and Teal 1992), 
about the same as dairy farms and cattle or terres- 
trial croplands (Buzzards Bay Project 1990; Terkla 
et al. 1990). While they may be locally important 
sources of nutrients to the associated embaynents, 
agricultural inputs do not represent a major source 
to the bay proper and are probably even smaller 
than stated since the inputs from dairy and cattle 
farming are based on the assumption of significant 
runoff in these permeable soils. The conclusion that 
low nitrogen loading results from agricultural prac- 
tices is often hotly contested at the citizen and regu- 
latory levels. The debate frequently arises from in- 
tuitive awareness that fiam~ing uses fertilizers and 
from omitting alternative uses of the land from the 
nitrogen loading equation. For example, while the 
total input from agriculture is from an area of the 
watershed about half the size of that covered by 
residential lots, its contribution of nitrogen is only 
about a quarter as much. The comparison with ur- 
ban areas with sewage outfalls yields even greater 
contrasts. The sewered area of New Bedford rep- 
resents much less than half of the total agricultural 
area of the watershed yet discharges 44% of the 
total nitrogen load to bay waters compared to less 
than 5% for agriculture (Terkla et al. 1 990). 

A frequently overlooked source of nitrogen to 
coastal waters is atmospheric deposition, either di- 
rectly on the bay or via groundwater recharge. At- 
mospheric deposition takes two forms: dry (par- 
ticle settling) and wet (dissolved in rainwater). The 
nitrogen in atmospheric deposition is about equally 
divided between organic and inorganic forms. In a 
study of nitrogen inputs to a Buzzards Bay salt 
marsh, Valieia and Teal (1 979) found a total annual 
nitrogen deposition of alnlost 0.79 gyear at an av- 
erage rainfall of 105 edyear on each square meter 
of the watershed. Dissolved inorganic nitrogen 
deposition has been the topic of several regional 
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studies producing similar results. Because deposi- organic forms in soil. The result is that the perme- - 

tion to the bay surface is direct, it represents a ma- 
jor nitrogen input of 433 tiyear; however, deposi- 
tion also occurs on the watershed surface. In im- 
permeable areas (roof top, paved surfaces, etc.) 
rainfall collects an additional nitrogen Ioad that, if' 
directed into bay waters or shunted to subsurface 
leaching pits, transports much of its nitrogen load 
(37 t/year) intact to the bay ('l'able 6.2). 

Fortunately, most of the watershed surface is 
penneable and vcgctated so that deposition on most 
of the surhce is not washed off but enters the soil 

able areas with almost twice the deposition of im- 
permeable areas represent less than 4% (1 6 V'year) 
of the total nitrogen delivery to bay waters. Com- 
paring all of the nonpoint sources, atmospheric 
deposition accounts for aimost half (46%) of the 
total loading. While some portion of this atmospheric 
deposition is certainly from within the watershed, 
the limited population and industry and the relatively 
small area involved indicate that most is probably 
due to the movement of nitrogen-contaminated re- 
gional air masses. 

system whcre plant upt:&c and microbial nitrogen Boat discharges that place nutrient inputs directly 
transfornlations can occur. In these areas, most of into bay waters have not been quantitatively evalu- 
the nitrogen deposited fi-om the atrnospherc is re- ated, but they represent a very small potential 
moved in transport. being denitrified or held in source. There are 4,300 slips and moorings asso- 

ciated with Buzzads Bay, but the vast majority are 
summer usage and typically occupied only a few 
days per week. In addition, pump-outs for boat 
wastes are available around the bay (the nutrients 

Table 6.2. Annual inputs of nitrogen to Buzzards then becorning a part of the treatment fjcility in- 
Bay waters puts), and direct discharges are prohibited 

Nitrogen input %Of nearshore. ?'he result is a potential input from this 
Nitrogen source (Uyeaf) total 

source less than 0.1 YO of the total loading to bay 
Precipitation 

on bay watersd 433 19 8 waters and an input distributed throughout the bay, 
runoff - developed surfacesb 37 1.7 Compliance with proper discharge procedures re- 
groundwater (uncontaminated)' 16 0.7 duccs this source to near zero. The problem with 

Wastewater treatment plants" ,210 55.3 boat discharges appears to be more associated with 
(Outfalls and CSO's) bacterial and pathogenic contamination of the wa- 

Septic drsposal of wastewater 
(groundwater contaminated) ters than with cultural eutrophication. 
year-roundd 260 12.0 Comparisons of the various sources of "new" 
seasonaic 60 2.7 nitrogen to Buzzards Bay waters clearly indicate 

Nitrogen fel-tilizers 
lawnb 68 3.1 that disposal of human wastes accounts for most of 
agriculture (mlsc.Ib 38 1.7 the inputs (70%), with treatment facilities account- 
cranberry bogs' 
dairy and cattle9 

Total 2.188 100 
aSurface area : 55 000 ha 0 75 mg NIL (Vallela and Teal 1979), total 
N~trogen (TN) 105 crn iain:year TN was used since other Inputs (I e , 
outfatis) include dissolved organlc Nltrogen + part~culate organic NI- 
trogen pools 

SAIC 1991 and Buzzards Bay Project 7990 

*Land area = 1 103 krn: (SAC 1991) 1 9 M In groundwater (We~skel and 
Howes 19911, 54 cur recr~aryriyear (Fr~tnpt~-i el dl i 993) 

dTerkia et al 1990 SAlC 1991 Welskel and Xowes 1991 

"20 1 % seasonal (U S Census Terkla et a1 1990), 155 mol N personbear 
(Welskei and H a w s  1991) and estlrnate of 4P. 4 nio/H (Herr 1984) 

'2,695 ha bogs In watershed (Terkla el a1 1990) and 13 kglhalyear (total 
bog export Eiowes and Teal 1992) 

ing for 55% and septic disposal 15% (Table 6.2). 
Of the remaining inputs, precipitation accounts for 
22%, agriculture for 5%- and lawn fertilizers 3%. 
While each embayn~ent requires its own nitrogen 
management scheme focusing on the site-specific 
sources and tolerances (Costa et al. 1994), it ap- 
pears that the: major management issues must focus 
on waste disposal. 

The potential impacts of nitrogen inputs from 
treatment facilities and residential inputs, septic sys- 
tems, and l a w  fertilizers differ in several ways. First, 
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for more than 60 years in the distribution of the in- 
puts, almost all of the treatment facility input to the 
bay has been from a single region, New Redfordl 
Fairhaven. The nutrient-related ecological impacts 
of these inputs have thus remained relatively local- 
ized (Howes and Taylor 1989; Costa et al. 1992). 
The result is that only a small portion of the bay has 
been degraded, although it is receiving almost half 
ofthe total loading to the entire bay. In contrast, 
over the same 60 years there has been a rapid rise 
in the nonurban population (Fig. 1.9, which uses 
septic waste disposal and is distributed primarily 
along the tributaries to the bay's shallow 
embayments. Although these systems in total re- 
ceive lower loadings, they are shallow and poorly 
flushed and mixed, giving them a lower assimilative 
capacity; as a result, some are already exhibiting 
eutrophic conditions. It also appears that there is a 
much lower per capita nitrogen load from septic 
systems versus treatment facility disposal; both sys- 
tems cover about the same population base but dif- 
fer in contribution by four-fold. Part of this differ- 
ence is due to additional nitrogen sources (com- 
mercial and industrial and combined sewer over- 
flows) in the treatment facility fraction, but a major 
factor is the removal of particulates, sorption, 
and denitrification associated with septic disposal 
(Weiskel and Howes 1991). The particulates form 
most of the "septage" removed when tanks are 
cleaned (Teal and Peterson 199 1 ), and the signifi- 
cant nitrogen that they contain is transported to a 
surface disposal site or is put through the treatment 
facilities. 

The incipient cultural eutrophication of the 
embayments compared to the bay proper stems 
from their lower assimilative capacity and higher 
relative nitrogen loadings. Although almost all treat- 
ment facility discharges are to better flushed areas, 
the embayments receive nearly all ofthe other wa- 
tershed inputs, so that while they receive less than 
25% of the "new" nitrogen load, they occupy less 
than 14% of the area (75 km2) and even less of the 
volume of the bay (calculated from Table 6.2). In 
addition, much of the watershed nutrient load first 
cycles through the embayment systems, which 

retain or remove some of the load, thus buffering 
bay waters. Unfortunately, it is these same 
embayments and nearshore waters that support the 
most diverse ecological habitats and productive fish- 
eries, as well as much of the recreational and aes- 
thetic values of the bay. 

6.2. Natural Modification 
The land-sea interface ofthe coastal zone is al- 

ways in transition, especially landscapes like those 
surrounding Buzzards Bay, which are relatively re- 
cent and are composed of unconsolidated glacial 
till. In addition to the normal surficial weathering 
that operates on geologic time scales, two processes 
are altering the coastal zone on smaller time scales: 
relative sea-level rise (the level of the sea relative to 
the level of the land at any locale) and storms. Al- 
though these processes have been acting on Buz- 
zards Bay throughout its existence, the apparent re- 
cent acceleration in the rate of relative sea-level rise 
has increased the rate of erosion and coastal re- 
gression to the point of easy observation in periods 
much less than a lifetime. Coastal storms act in con- 
cert with rising sea level; however, the two differ in 
that rising sea level is continuous and gradual and 
coastal storms are occasional but often dramatic. 

6.2.1. Relative Sea-level Rise 

There has been much recent concern over 
changing sea levels and the potential effects on the 
coastal zone; however, relative sea level has been 
constantly changing through geologic time. The rela- 
tive level of land and sea can be modified by changing 
sea or ocean level (eustatic sea level) and by chang- 
ing land level. There are many mechanisms that al- 
ter land and sea levels: changes in the volume of 
water in the oceans through changes in the volume 
of the ocean basins by plate tectonics and sea floor 
spreading, or even sedimentation or changes in land 
levels through tectonics or isostatic adjustment. 
While the whole variety of factors are at work in 
the world's coastal zones today, in Buzzards Bay 
two primary factors account for the rise in sea level 
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over the past several thousand years: subsidence 
of the land and changing oceanic or eustatic sea 
level. 

The subsidence of the watershed of Buzzards 
Bay (and the region) is due to the after effects of 
the same ice sheets that led to its formation. As the 
Laurentide Ice Sheet, with its Buzzards Bay, Cape 
Cod Bay, and South Channel lobes, formed and 
expanded, it imposed an overburden on the earth's 
surface. This overburden resulted in a "sinking" of 
the land surface under the load and a rise around 
the margin of the ice sheet. The rise around the 
margin is called the peripheral bulge, which during 
the last ice age extended along much of the Atlantic 
coast with a high centered near Cape Hatteras (cf. 
Emery and Aubrey 199 1). As the ice sheet melted, 
the weight was released and the land surface re- 
bounded with a concomitant subsidence ofthe pe- 
ripheral bulge. The initial rise in sea level into 
Buzzards Bay resulted fiom this subsidence and the 
return to the oceans of the vast arnouilt of water 
that had been held in the ice sheets. 

The fraction of relative sea-level rise resulting 
from eustatic (oceanic) sea-level rise is of present 
concern in that the rate of rise may be accelerating 
because of climate change. Predictions of eustatic 
sea-level rise over the next century are driven pre- 
dominately by attempts to assess the extent of ther- 
mal expansion of ocean water and the volume of 
"new" water entering from the current glacial stocks, 
both factors related to hypothesized global warm- 
ing trends. 

Because the Buamds Bay lobe extended south 
of the bay and a terminal moraine extended south 
to Long Island, recent sea-level rise in Buzzards 
Bay can be evaluated within this regional context. 
'Ihe contours generated from many spatially sepa- 
rated tide gauges measuring relative sea level in- 
crease tend to parallel the historic margin of the 
Laurentide Ice Sheet with Bu7mrds Bay at the pe- 
ripheral bulge (Fig. 6-5). Recent rates of relative 
sea-level rise in southeastern New England and 
Buzzards Bay have been determined &om tide gauge 
m r d s ,  generally fiom within the past 70 years (Fig. 
6.5 Aand B). Although there is significant year-to- 

year variation in the records, all of the tide gauges 
in the region indicate increasing relative sea levels. 
although the long-term rates vary. In the Buzzards 
Bay watershed over the past century, relative sea 
level has been rising at about 0.24 mIl00 years (2 
mdyear) with about 0.09 m from global sea level 
change and 0.15 m &om sinking ofthe land (Emery 
and Aubrey 1991). Whatever the cause of the rise 
and regardless of the debate over acceleration in 
the current eustatic component, the relative sea level 
will continue to rise at least at current rates, and the 
modification this produces to Bwards  Bay shores 
will continue far into the future. 

Effects on Upland Area. As the sea rises in 
this region, it covers (floods) the historic upland 
su&ace. The degree of encroachment on the land is 
directly related to the amount of land at each new 
flooding elevation and to the erosional retreat of the 
upland face, headlands, and scarps. However, in 
Buzzards Bay most of the upland is protected eom 
ocean waves, and the flooding over or passive re- 
treat of the upland edge is the major contributor to 
land loss (Geise 1989). It is not possible, at present, 
to ascertain the incremental retreat at each point 
along the Buzzards Bay coastline. However, be- 
cause sea level rises over long periods and the land- 
scape in most areas decreases in elevation, it is pos- 
sible to predict the long-term rate of passive retreat 
of the upland edge from hypsometric curves of the 
upland topography. An upland hypsornetric curve 
is the cumulative percent of the area of interest (e.g., 
a town) below each measured elevation relative to 
current sea level (Fig. 6.6). The curve indicates the 
area of land lost as the rising sea floods the lower 
elevations. When used to determine rates of loss 
over large areas and long periods (25-1 00 years) 
in watersheds like Buzzards Bay, the technique has 
useful application, especially as a management and 
educational tool. 

Hypsometric curves for representing the ex- 
tremes found in the Buvards Bay watershed, New 
Bedford (western shore), and Wareham (head of 
the bay) demonstrate the low relief of the land sur- 
face. The elevational distribution of each town also 
indicates its different susceptibility to upland loss in 
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Top: At the left of each record is the name of the station, the mean annual 
change of relative land level in mmlyear (regular numbers) and the t-confi- 
dence of the regression line (italic numbers). 

Bottom: A. Positions of tide-gauge stations from above. The edge of the latest 
Wisconsinan ice sheet at its maximum extent (about 16,000 years B.P.) lay 
along the offshore islands. B. Mean annual change of relative land level based on 
linear regression analysis of full records from tide gauges. Contours show areal 
distribution of rates in mmlyear. 

Fig. 6.5. Mean annual and changes in relative land levels at tide-gauge stations 
in Long Island Sound and vicinity. From Emery and Aubrey (1991). 
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However, some forecasts of global climate change 
60 

suggest that this rate may increase several fold over 
- 50 
E - , 750 g the next 100 years. As no accurate value is avail- 
5 - 40 .- able, predictions generally use a range offuture 
5 30 - rise rates encompassing the various models avail- 
W 

20 able. Ckse and Aubrey (1 987) and Giese (1989), 
using the large range of eustatic rise rates by 

10 

3 
Hoffinan et al. (1 986) and local rates of subsidence 

o 10 20 30 40 50 60 70 80 90 100 (Braatz and Aubrey 19871, estimated land loss fiom 
Upland area (%) hwsometric curves for each coastal town in the Buz- 

-'I 

Fig. 6.6. H~ psometric curves for the upland areas of lards Bay watershed 6.3). 'rhe increasing 
the Buzzards Bay towns of New Bedford and 
Wareham. Adapted from Giese (1989). 

diRerence in the hectarage from the high versus low 
estimates of sea-level rise through time results mainly 
from the increasing uncertainty in long-term predic- 

the face ofa rising bay. Almost half(47 km2) of the 
upland surfice of Wireham is less than 12 m above 
sea level, while only 15% (7 km2) is this low for 
Ncw Redford (Fig. 6.6). 

It is possible to determine bay-wide land loss 
using hypson~elric curves for each coastal town in 
the watershed and the predicted rate of sea-level 
rise. 'The ma.jor weakness in this method is not the 
hypsometric approach but the prediction of future 
water levels (Fig. 6.7). As stated above, at present 
the custatic cotnponent is about one-third of the 
total rise (0.00 In out of 0.24 m/100 years). 

\\ '. 
N A s ( isas)  k \ 

Vlllnch (19871 '0 

1980 2000 2020 2040 2060 2080 2100 
Year 

Fig. 6.9. Future sea level projections by various au- 
thors Hollow rectangles represent spot est~mates, 
sol~d triangles mark extreme ends of range estimates. 
Dashed line 1s the trend if present "assumed" rate of 
eustattc sea-level rlse continues unchanged Adapted 
from Emery and Aubrey (1 991) 

tions. In the near term (50 years), however, the dif- 
ferences between estimates are less than two-fold 
and with significant loss of upland, about 1,000 ha, 
or 1 % of the total land mass. 

In addition to the direct flooding of upland, sec- 
ondary effects such as increased additional flood- 
ing during storms, coastal erosion, saltwater Intru- 
sion, and raising of the groundwater table will oc- 
cur. The impacts on coastal infrastructure will most 
certainly be disproportionate to the percent of 
hectarage lost due to the concentration of the popu- 
lation and development in the low-lying areas di- 
rectly adjacent to the coast. As stated above, the 
encroachment of the sea on upland is occurring re- 
gion wide (Giese and Aubrey 1987; Fig. 6.8) and 
indeed throughout most of the world. 

Effects on Saltwater Wetlands. In contrast 
to effects ofrelative sea level on uplands, salt marsh 
area is not necessarily impacted, and in fact, sea- 
level rise is involved in the maintenance of healthy 
tidal wetland functioning. The vegetated regions of 
salt marshes can be divided functionally into high 
versus low marsh, where high marsh is only inter- 
mittently flooded and dominated by Spartinapat- 
ens, Distichlis spicata, and Junczw spp., and low 
marsh maintains a more intimate contact with es- 
tuarine waters, being routinely floocied and vegetated 
by S'?artina ulterniflflora (Redfield 1972; 1967; 
Nixon 1982; Teal 1986; cf. Chapter 4). 

The distribution ofplant communities in tidal 
wetlands is predominately related to the tidal flooding 
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Table 6.3. Projected losses of upland acreage in Buzzards Bay coastal towns. Based 
upon low and high estimates of sea-level rise (SLR). Adapted from Giese 1990, and Giese 
and Aubrey 1987. 

Town land 
Coastal area Area of land submerged (ha) 
town (ha x 1,000) SLR 2,025 2,050 2,075 2,100 

Westport 13.7 Low 27 48 77 11 5 
High 43 100 308 577 

Dartmouth 15.8 Low 49 87 141 21 0 
High 79 183 563 1,056 

New Bedford 4.9 Low 14 2 5 4 1 62 
High 23 53 165 309 

Acushnet 4.7 Low 5 9 15 2 3 
High 8 19 60 113 

Fairhaven 3.2 Low 32 57 93 138 
High 52 120 37 1 696 

Mattapoisett 4.5 Low 17 2 9 47 7 1 
High 27 62 190 355 

Marion 3.7 Low 51 91 146 218 
High 82 190 585 1,097 

Wareham 9.5 Low 112 200 323 48 1 
High 180 418 1,291 2,421 

Bourne 10.6 Low 36 65 105 157 
High 59 1 36 420 788 

Falmouth 11.5 Low 91 162 263 391 
High 147 340 1,050 1,968 

Gosnold Low 14 25 40 59 
High 22 52 159 299 

Totals Low 448 798 1,291 1,925 
High 722 1,673 5,162 9,679 

Estimated SLR Low(m) 0.18 0.34 0.52 0.76 
Total from 1980 High (rn) 030 0.67 2.07 3.87 

frequency and duration. Along the eastern coast of 
North America, low marsh areas tend to be colo- 
nized by S. afterniflora, as is the case for the Ruz- 
zards Bay estuary. In fact, the region of the tidal 
range (mean high - mean low water) where '7. 
ufternijlora will persist appears to be constrained 
to a zone of about two-thirds of the tide range (al- 
though subject to local variation), which is also true 
for Cape Cod marshes (Fig. 6.9). The difficulty in 
maintaining low and high marsh within the appro- 
priate flooding range stems from the need to bal- 
ance the accretion of the marsh surface with the 
rate of sea-level rise. In the southeastern Massa- 
chusetts marshes. accretion is predominately from 
the accumulation of decomposed roots and rhizomes 

of the wetland plants with little inorganic accumula- 
tion (Redfield 1972; I-iowes et al. 1985; Orson and 
Howes 1992). This contrasts with wetlands in ar- 
eas receiving significant sediment loading from riv- 
ers (e.g., Mississippi Delta) where inorganic accu- 
mulation predominates (Raunann et al. 1984; Sali- 
nas et al. 1986). 

While accretion rates vary within each marsh, 
the marsh flats colonized by S uffemijflora appear 
to be accreting at the same rate as relative sea level 
is rising. This is the case for two marsh systems 
proximate to Buzzards Bay, Barnstable (Redfield 
1972) and Waquoil (Orson and Kokves 1992). The 
continual rise in relative sea level accommodates 
wetland elevation increase without significantly 



1 14 BIOLOGICAL REPORT 31 

0 2 4 6 8 10 

Tidal range (ft) 

Fig. 6.9. Vertical range of Spartina alterniflora in rela- 
tion to the range of the tide. Open circles: positions 
between Massachusetts and Florida; solid circles: 
positions on Cape Cod. The slope of the line is 0.7. 
From Redfield (1 972). 

Fig. 6.8. Upland retreat rates for Massachusetts 
functions within the estuarine system, such as nutri- 

coastal cornmun~ties. expressed as the percentage entmsformations, spawningand nursel~ grorounds 
of total upland lost per century at the present rate of fbr fish and shellfish, etc. The rate of sea-level rise 
relat~ve sea-level rise Note several barrier beaches that results in the conversion of wetlands to open 
and sand sp~ts are not shaded and are not ~ncluded in wdter is the subject ofintense study. 
the calculations of upland loss for their respective 
towns. From Giese and Aubrey (1 987) Even if the wetlands can "keep up," changes will 

cxcur, and in the Buzzards Bay system the salt marsh 

altering the flooding frequency and duration of the 
~wtPartd plrmt communities. This ncccssitates a bal- 
ance between the rate of sea-level rise and sedi- 
ment accrction, however. At present rates of sea- 
level rise, B m d  Bay wetl:inds appear to be able 
to maintain their elevation, and marsh drowning and 
the conversion of vegetated marsh to open water is 
not occurring. Given that almost all of the vertical 
accretion is  self-generated (organic matter praduced 
by the plants) rather than trapped imported inor- 
ganic mat-ter, however, it is likely that at the highest 
rates of relative sea-level rise some of the wetland 
area will be converted to open water. This conver- 
sion will have an associated loss of wetland 

area is likely to diminish. As stated, as relative sea- 
level rises, the upland retreats. Because wetlands 
are con~posed of relatively unconsolidated sedi- 
ments, they persist only in lower wave energy envi- 
ronments, and therefore they will be eroded back 
with the land margin on an open shore. The more 
general case for Buzzards Bay is the development 
of salt marsh behind a barrier dune complex (Fig. 
6.10). As sea level rises, storms occasionally erode 
the dune barrier and wash the sand back onto the 
marsh in a process called ovenvash (Fig. 6. I I A). 
With successive ovenvash events and continually 
rising sea level. the dune complex is reestablished 
inland of the initial location over some of the present 
marsh, and old marsh surface can be exposed on 
the new shore (Figs. 6.10 and 6.1 1 B) where it is 
quickly eroded by the direct wave action fiorn Buz- 
zards Bay. With tlie now-higher sea level, however, 
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Fig. 6.10. Response of the current barrier dune marsh system to rising sea level under unrestricted and 
restricted conditions at the marsh-upland interface 

Fig. 6,ff. A. Aerial view of dune overwash. Storms carry the barner dune back over the marsh where they 
eventually reestablrsh. B Vestig~al peal. Remains of old salt marsh protruding seaward after protecttve barr~er 
dune migrated landward over the marsh Photos by D. Goehringer 

tidal flooding begins to flood upland faniier inland. entire wetiand s j  stem migrates inland (Fig. 6.10). 
I'he result is that rnaPsh species at the former marsh- and altftough each marsh varies, the net effect does 
upland boundary can now colonize over previous not necessitate signif cant wetland loss; in fact, wet- 
upland communities. The total effect is that the land cxpmsion could occur. The most likely result 
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for Burzards Bay, however, will be the loss crf wet- 
land hectares, Much ofthe current uplan&wetia~d 
border is currently or likely to bc: armored or graded 
to protect inland areas from flooding by coastal 

The rcsult of these alterations ttr the uplazd-mrm21 
boundary is that as the bay edge ot'thc marsh mi- 
grates inland, the nzarshcs will compress into the 
upland embzinknlents decreasing their areal extent 
(Fig. 6.10). 'l'f~is potential mechrtnis~n fix loss of 
wetlands is a managcr-t~ent issue that increases in 
importmcc rts coxctal development continues In the 
&ice of an increasing rate of relative sea-levet rise. 
I"cologica1 impacts of wetland loss extend out into 
the bay rmd arc possibly multiplied in that the nutri- 
ent-bufyering capacity provicicci by \vetlands t-t-tay 
hc decreasingjust as the loading from the water- 
shed is increasirtg. 

Marsh Dieback. Alteration ot'the flooding fie- 
querlcy and duration rif wetlands, as a rcsctlt of 
changing rclritive A C ~  ievel or in resyx3nsc to human 
alteration of'thc l-tydrodynanric regime, can lead to 
ritpid, local large-scalc declines of salt marsh plant 
comm~mitics througti a process called "dieback." 
'I'his response is similar to the. initial stages of wet- 
land cotzversion to open water such as what occurs 
when sca lcvcl is risirlg fiister than the marsh sur- 
hce can accrete. Salt marsh dieback is a poorly 
u~de~tc)txl phenomenon whcre large stands of tidal 
wetlixt-td plants sin-tply die. Major dieback events 
l-tavc occurred in North Crirolina, I.ouisiana, pasts 
of fhc mid-/\tiantic coast, and Circat Britain 
(Cioodtnan and Williarrzs 106 1 ; SrxiitEl 1970; Scars 
and Parkcr 1% 1).  'i'he first documented case of 
marsh diehick in New I ' n g l 2 ~ l d 0 ~ c i ~ d  at Noi-tqiiitt 
Marsh, South Biirttno~tth, beginnirlg in the mid- 
1970's. By September 1980 over 60°/b of'the for- 
merly healthy stands ofL7/~rrr.tino crltrrn[fltrnc had 
become denuded. 'I'he marsh lies along the south- 
western sfiore of Bu/~iirds 13ay and is bordered on 
three sides by hardwood and pine upland imd by a 
barrier kith imcl r t d  running parallel to the shore. 
Tidal exchange :c:\iiIIz die hay is h u @  a culv~rt  run- 
ning under the mad, ~vhich operated for over fimr 
decades prior to the dieback event. Investigations 
conducted into the potential cause of this dieback 

(Sears and I%rker 198 1) ruled out domestic and 
chemical pllutants. 

Although there are 11-tany hypothetical causes for 
vltrious diehack events, the one at Nonquitt Marsh 
is thought to be due to restriction oftidal exchange. 
'The adverse impact of impeded circulation within 
this type of system is extended soil waterlogging, 
which results in oxygen deficiency that can alter the 
physiology and growth of,Ypur.linu (Mendelssofm 
and Seneca 1980; EIowes et al. 1986). Between 
60% and 80% of the tidal volume remains ctrithin 
Nonquitt Marsh between tidal cycles, as compared 
to other heal thy systerns like Barnstable Marsh, 
Massachusetts, whcre only 10% of the volume re- 
mains in the confines of the marsh systcrn at low 
tide (Eiedfieid 1972). In Nonqtiitt, the marsh was 
apparently able to tolerate restricted circulation for 
several decades until storms appear to have caused 
excessive cloging of the culvert. triggering the die- 
back event. 

Although tiieback occurs rapidly, recovery oc- 
curs over longer periods, even after adequate tidal 
exchange is restored. In Noncluitt, initial regrowth 
along the denuded edges began immediately, with 
naturally invading plants having somewhat more 
success in colonimtion than transplants. Four years 
later most of the barren areas ren-tained wet or wa- 
terlogged with little new growth, except for sparse 
occurrences of rapidly colonizing Sulicorniu spe- 
cies. ?'he remaining large denuded areas are most 
likely due to the highly reducing conditions resulting 
kom extended soil waterlogging, as \veil as salinity 
elevation in shallow pools and sediments on the 
tnarsh surface resulting from evaporative losses. 
Concentrdtions of up to 55 ppt chloride were found 
in the top 2 cm of sediment in denuded areas (three- 
fold higher than Buzzards Bay waters); however, 
tidal water salinities did not appear significantly el- 
evated (D. Goehringer, unpublished data). It ap- 
pears that as plants recolonize the edges of this 
marsh, sediment characteristics become more fa- 
vorable for growth with increased oxidation of the 
sediments in the presence of plants (Howes et al. 
1986). Without restriction to circulation, much of 
the wetland probably will recover to predieoff con- 
ditions. On the other hand, the settling of peat and 
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erosion ofthe marsh surface in many areas has cre- problems because the effects are not readily ob- 
ated shallow depressions that retain standing water servable on an annual scale. 
and are likely to restrict regrowth for many more ~ l t h ~ ~ ~ h  storm occurrence is irregular and un- 
years. predictable from year to year, over longer periods 

there is a probability of a major storm every 1-2 
6.2.2. S ~ O S " ~ S  years and smaller storms at a much higher frequency 

In contrast to the gradual effects of continuous (Fig. 6.12; Aubrey and Speer 1984). Storm oc- 

relative sea-level rise, storms are infrequent and currence is seasonal, composed of the Atlantic tropi- 

sometimes cause major physical and biological cal storms in late summer and fall and northeast 

changes in a matter of moments. The reason for the storms of winter. In all, there have been at least 160 

temporal disparity is that sea-level rise in Buzzards gales (wind greater than 15 rids) in the Atlantic 

Bay is caused by geologic processes of land sub- regi0n from 870 975 
sidence and changes in global sea level, while the (cf. Aubrey and Speer 1984). It is difficult to deter- 
effects of storms are the result of rapidly changing mine the precise r~umber of storms Per Year over 
atmospheric and tidal phenomena that exist fir hours past centuries because the early records tend to 
to days. The gradual and infrequent processes that include only major storms. The apparent recent in- 
drive coastal changes both produce management crease in storm frequency since 1948 demonstrates 

Fig. 6.12. Cyclone activity affecting the area of Cape Cod (60" W to 70° W, 37.5" N to 42.5O N) from 1885 to 
1982. Storm count is indicative of storm number and duration, not individual events. The data addresses long 
term trends in relative storm occurrence. From Aubrey and Speer (1 984) 
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the high frequency of major storms in the region. The effect of this rotation in a stom1 moving north- 
The magnitude of the effect of storms on the Buz- ward is that the wind speed of its eastem portion is 
zards Bay system is determined by a v*et~ of fat- effectively increased by the storm's advance while 
tors, most importantly wind speed and direction, the winds of the storm,s portion have a 
tide stage, rainfall, and season. 

lower ground speed. The enhanced wind effect on 
Storms, both hurricanes and "nor'easters," tend the eastern side ofthe storm has termed that side of 

to approach Buzzards Bay from the south. Wind 
speed and direction arc determined, in part, by the the cyclone the "dangerous semi-circle" (Oldale 

track ofthe storm center as it Dasses the bay mov- 1992). The effect on ~uzzards  Bay is that stomls 
ing northward. Storms in the northern hemisphere with centers passing to the west tend to produce 
rotate in the counter-clockwise direction (Fig. 6.13). the most coastal erosion and flooding. 

Fig. 6.13. NOAAsatellite photograph of Hurricane Bob, 19August 1991, at 11 31 h. The eye of the hurricane is 
south of Bunards Bay, off the coast of New Jersey, The counter-clockwise rotation of the storm can be clearly 
seen as the storm moves northward. From Potter (1991). 
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The effect of the wind has greater consequences 
than direct damage and producing larger waves: in 
the Buzzards Bay system winds can also have a 
major effect on storm surge. Surge is the increase 
in bay water levels associated with meteorologic as 
opposed to lunar (tidal) events. Bu~zards Bay is a 
funnel-shaped estuary with the mouth facing to the 
south-southwest, a situation enhancing the build-up 
of wind-driven water (surge) most dramatically at 
the head of the bay as a storm moves northward 
(the normal path) and passes to the west. Surge is 
also created by the low barometric pressures of 
storm systems, especially hurricanes. The waves 
built up by storm winds ride on top of the surge, 
allowing them to strike the coast with greater force 
and penetrate farther inland. 

Given the positioning and structure of Buzzards 
Bay, the ingredients for a maximum strength coastal 
storm are a major storm (e.g., hurricane) passing 
near the west of the bay, maximizing winds via the 
dangerous semicircle effect, and maximum water 
levels fkom surge coinciding with the lunar high tide. 
These were just the conditions for the largest storm 
to hit the bay in recorded history, the "Great Long 
Island-New England Hurricane of September 21, 
1938" (cf. Potter and Steward 199 1). The forward 
motion ofthe hurricane was 97- 1 13 krnh with sus- 
tained winds of 12 1 - 145 km/h and gusts to 16 1 
km/h when it reached Buzzards Bay. In the upper 
bay, the storm surge raised levels 4 m above the 
coincident high tide, with waters 4.9 and 5.8 m 
above mean low water in the bay's mid and head 
regions, respectively. The combined high waters and 
2.4 m wind-driven waves tossed rocks through 
windows 8.8 m above mean low water at a site 
near the entrance to the Cape Cod Canal (Oldale 
1992). The 1938 hurricane was extreme but not 
unique. In 1954 Hurricane Carol followed the 1938 
track and produced an even higher surge (4.9 m) 
because the eye passed closer to the bay. It is clear 
that other similar storms have taken place and will 
continue to occur. 

Storm effects on the Buzzards Bay system are 
related to sea-level rise although they differ in sev- 
eral aspects. One way to envision the relationship 
is that storm effects can be increased incrementally; 

i.e., wave height on a surge on a high tide on arising 
bay level. The impact of sea-level rise, on the other 
hand, is more constant and can be predicted with 
some confidence. An important difference is that 
while flooding by bay incursions during storms may 
produce "short-teml" effects, an area flooded due 
to relative sea-level rise persists. Both ofthese short- 
and long-term processes result in coastal erosion 
and the retreat of the shoreline. 

Storms do have some unique physical and eco- 
logical effects on the bay system. Ovenvash of sand 
from barrier dunes onto salt marshes (Fig. 6.1 1A) 
not only restructures the dune systems and some- 
times tidal inlet dynamics, but also can produce 
changes in plant communities. Ifoverwash deposits 
cover salt marsh to a level above all but the highest 
tides, they will not be recolonized by the marsh 
grasses or by dune plants but sometimes will per- 
sist for many years with a cover of opportunistic 
colonizers (e.g., Salicornia). Storms can affect in- 
land plant communities as well, not only through the 
obvious effects of uprooting trees but also often 
through greater effects of desiccation and salt sprays 
as almost all inland plants are not salt tolerant. These 
latter processes were responsible for major impacts 
to the terrestrial ecosystems within the Buzzards Bay 
watershed during the passage of Hurricane Bob, 
19 August 1 99 1. The eastern shore of the bay re- 
ceived almost no rain during the hurricane, but in- 
stead a spray of salt water was delivered kilome- 
ters inland. The result was that many deciduous 
trees browned and lost their leaves, and a few died. 
However, among the affected conifers, particularly 
the relatively salt-sensitive white pine trees, a mor- 
tality of 50% was predicted (Potter 1991). The ef- 
fects of salt spray are compounded by the simulta- 
neous high winds, which increase the rate of 
evaporation from the leaves and hence enhance 
their desiccation. 

Storms that deposit significant fresh water can 
also have important ecological impacts, primarily 
on aquatic systems. The increased freshwater flow 
into coastal salt ponds and embayrnents carries with 
it sediments and nutrients and frequently results in a 
temporary stratification of water columns. 
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StratijBcation effectively isolates the lower waters storm events may provide a temporary local so- 
frc~-.n tile at~nosj)l~ere. which in nutrient-rich systems lution to land loss by erosion and flooding. Over 
wi th  high sales of oxygen consumption can result the long term, however, the Buzzards Bay Wa- 
i!, ciepletion Of dissolved oxygen (Costa et al. tershed will diminish in size, the saltmarshes, 
i '191: laylor and 1 lowcs 1994). The indirect ef- barrier dunes, and beaches will continue the re- 
lkct of str;itiiication is n significant impact to the treat that they began shortly after ~~~~~~d~ Bay 
arairrastl and plant comn-runities of the receiving first became an estuary. 
I\ i t t ~ " ~  body. 

I-fuitding scawalls arid armoring the coast in 
rlac fiicc of'a continually rising bay and periodic 
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1 o r  l3.S.  ~niJ  c i i~d Xcjrtl~ l i ~ l : ~ r ~ ~ i c  c o ~ , t ~ ~ $  C > I L I ~ I ~ -  
ies. 13tizr:lrJs 13a~ stands our as a rcl,irit r\l\ clean 
itnci he:iithj ccilsj stem \\ it11 ,ahrrticfar?t ii,irur,il re- 
sources and I~igit. acslhetic. cori~mcrci:ll. and recrc- 
ational L altic. As 111~)s~ and t ~ t o r c  co;~stal 
cmha>mcnts succumh to \iatcrcplalit> ilepradatiotl 
resulting fionr c\,cr-inctoasirlg dc\ clopt~lcrlt prcs- 
surcs. the cfesim~~ilit~ of 13urards Ra) unavoi~lrthl!~ 
increases and threatens the health of this systern. 
I'hc efttct oi'incrcased coa~stal tic\ cloy~ment is c\*i- 
dencod bl the pxtllei rise in the number of si~ell tish 
bed closures (Fig. 6. i ) and increasing cutropliica- 
tion in the bay's smallcr harbors and embaymenrs. 
Without proper environrncntal ruanagen~ent strnte- 
gies, the desirability ot'Ru/~ards Hay could, in cf- 
Sect. cause its decline as \ve11. 

7.1. Toxic Pollutants 

Most of'the concern over toxic pollutants in 
13u~jriuds Hay centers 011 thc PC13 and heavy mctul 
contanintition otXew Bedford I Irrbcx (see C'l~apter 
6). 'l'he concentrations offY'C'n 'sand heavy trlctals 
in harbor sediments are so high in the inner reaches 
of this harbor (up to 30,000 ppm) that it was desig- 
nated by the IiF'iZ in I982 as one of the Nation's 
worst hwiirdous waste sites, resulting in 7.385 ha 
of the harbor region being declared the Nation's 
first rnarine Superfi~nd site. Subscquent study has 
identified 399 ha of the Inner New I3edford 1 jar- 
bor region as the fbcus area. Concern over public 
and environnlental health surrounding this toxic 
waste site has resulted in numerous strldies to qiun- 
tifL existingconditions a5 well as 10 define potential 
rernediative measures. '1.h~ fkasibility studies fbr 
re~nediation have fwused on several evaluation cri- 
teria: overall protection of public healtli and the 
environment: long-term effectiveness; reduction in 
the mobility, toxicity, or volume of contaminants 
through treatment; feasibility(logistic and economic); 
and acceptability to both the State of-Massachu- 
seas and the New Bedford community. Several al- 
ternatives have been presented, including capping, 
removal via dredging and disposal, and removal and 
treatment by various methods. that w u l d  resiilr in 

\ arious lc\~t.ls of contamir~ant reduction. "No ac- 
tit711" is ;ifso heing corrsidere~f, an altcnt;rtive as scri- 
ous concern surrt~un(is ttlc ptenti;il JcIci~rio~is i111- 
p ; w ' t ~ ~ f  wsuspending, hctlce reiritrodticing. decpcr 
uedirnetlt-t~outtcI ccjntl~rninants to the :icti\*c biotic 
,one. .-Is of 1 ilOF. the nlternatit cs \\ere still under 
1 1 3  ie\\. cud nc\\ infhmiation tiom resotvch arid i'ca- 
sibilit? stticfics continues to enter the process. If is 
clear that it \ \ i l l  be ssotnc time hli>rc IY'IZ contarni- 
nittion no longer prt.scnts 21 halard to ttic ccologic:~l 
health of Nc\\ I3ectfbrd and i3~1x;rar.d~ 13ay. 

Afier the discoven. ofsignitic;~nt IY('l3 contunli- 
nntictn in Nc\\ Ikcffbrul t lartx~r, one oftlie first mqjor 
rt.gu1ator-y :ictions t\.;ls aimed primarily to\ttud pro- 
tectir~g tile public heriltli arid u:is itnplcmentcci in  
1970. t i  series ot'rcstrictions has imposc'd ~z~otling 
from the area ofgreatcst cont~trnin;ltion towarci the 
I~cttcr fl~~sfied regions of'tllc orrtcr harbor and out 
to where tllc h;lrfK)r txcon~cs part ot'f3tt~~iirtis t3dy 
proper. 'l'hc rcgul;ttions range frtr~n restricting ilic 
taking o t'lohsters. fish, anti shellfish tic)m inner liar- 
bc~r  regions identi ficd ;IS flligl~ly conf~~linated, ic) Iinl- 
iting take of'-just bottom-fbcding fish and lobstcrs 
t v i t t ~  dist;ince away from the inner harbor region, 
luid finally to restricting only t11c taking of.lobsters 
f:lrthcr out toward the o1x.n writers of I 3 u ~ ~ i ~ d s  13rty. 
'lhc closures related to this contrtminittion hevc re- 
sulted in annual losses ofovcr $250,000 to the lob- 
ster fishery alone (C'i:ncattieri ruld Stockingcr 1 c)88)* 
Many of t i~c closures relatcd tcr toxic cotitantinn- 
tion, hotvcvcr, arc also areas that would bc closed 
to tishing :is a rcsulr ofirltcnse harbor activities or 
sewage outtiill. 

C'estain tosic cotnpounds like f3C'f3's :ire rcsis- 
tmt to both chcrriical and biological cfcg~tii;ltio~i :ind 
jxrsist in the environrnctit fix long periods, all ihc 
while exerting acute arid chrorric impacts, ~ " ~ ~ ~ " ~ i i t l l y  
on benthic animnals. Many ~nctals and 111'13's arc 
incorporated into bort0111 sediments: huriril is the 
major naturirl renlov;ll tllechanistn fix these com- 
pounds within thc bay. Within Nczv Rcdfbrd I Iar- 
bor. rates crf sediment accunlulation rcach 3 mm/ 
year (I fuwcs and 'ljplor E 990). uhieh over time 
will isolate incorporated con~pounds f ic r rn  the ac- 
tive biotic zone in the water ccrlurnn and stlrficial 
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sediments. Compounds may, however. reenter the 
system directly by resuspension or indirectly by in- 
gestion by benthic communities with possible tram~fer 
up the food chain. Because PCB's have been hund 
in birds like the ring-billed gull and in white-footed 
mice (Peromyscus sp.), it is clear that food chain 
transfer of this contaminant is occurring, possibly 
resulting in biomagnification of the toxin with in- 
creased predator size. Of additional concern are 
potential aalterations to the benthic communities with 
shifts to more pollution-tolerant species, which may 
in turn modify the prey resource for other species, 
especially bottom-feeding fish. Unfortunately, the 
cooccurrencc of many pollutants within the con- 
taminated areas makes it impossible to accurately 
identify this effect. 'fhe good news is that PCB, or- 
ganic toxin, and heavy metal inputs to the bay 
through water flows can be controlled by environ- 
mental manage~emcnt practices because they tend to 
be point sources and can be a4justed before dis- 
charge. 'T'he major problem in this area, at prescnt, 
is the rerneciiation of previously ciischarged com- 
pounds. 

'fhc New 13edfc~rdlI:airhaven area discharges 
almost a11 of the toxic pollutants and heavy n~etals 
and rnore than half of the sewage inputs to the bay 
(cf. Chapter 6). l'his historic "'concentration of im- 
pacts" has led to an isolation of ecological degra- 
dation in the nearshore zone (FIowes and Taylor 
1990; Costa et al. 1902) of one of the bay's 27 
ernbayments. 

Other sources of toxic pollutants to Buzzards 
I3ay tend to have rnore widespread inputs and are 
therefore more difficult to manage; however, most 
of these inputs are small, such as road runoff or the 
leakage of nonvolatile and volatile compounds fro111 
recreational outboard motors (the notable excep- 
tion is inkequent but dramatic oil spills). Increased 
effectiveness of quick response to large and small 
oil spills and improved cleanup techniques desiped 
to minimize impacts are now being supported by 
spill prevention mediodologies within the bay's har- 
bors. As with all human introduced compounds, the 
focus of management on prevention of discharge 
rather than remediation is becoming the standard. 
The impacts of recent Buzzards Bay spills remain 

fresh in the menlory ~f many and provide a base fbr 
management. At present, however, the inputs of 
hydrocarbolls in sewage effluent, industrial dis- 
charges. and stonnwater runoffmay actually equal 
the inputs fionn accidental spills (Farrington and 
Capuzzo 1990). Efforts to increase awareness of 
citizens of their role in oil inputs and to develop regu- 
lations aimed at minimizing inputs fi-om these sources 
arc underway for Bwnrds Bay by local cornrnuni- 
ties as well as regionally through the bay-wide Buz- 
zards Bay Pro-ject and Coalition for Buzzards Bay. 

7.2. Coiiform 
Contamination and 
Shellfish Closures 

One of the primary consequences of increased 
pollution in B w m d s  Bay is reflected by the signifi- 
cant increases in shellfish bed closures in recent 
years (Fig. 6. I) .  The parallel between the increase 
in these closures and increasing development in the 
bay watershed has led many to conclude that faulty 
septic systems are the primary culprit. Evidence is 
increasing, however, that although septic systems 
are a potential cause, other sources may be more 
itnportant (tleufelder 1988; P. Weiskel, U.S. Geo- 
logical Survey, Marlborough, Massachusetts, per- 
sonal communication). Although measurements of 
fecal coliforrn bacteria are not accurate indicators 
ofsewage contamination (or for that matter nutrient 
pollution) because of the various sources of bacte- 
ria, the trend in shellfish closures due to colifonn 
contamination does reflect the increased popula- 
tion growth along the bay. In 1970, an average of 
1,781 ha of shellfish beds were closed due to the 
presence of this enteric bacteria. In 1988, how- 
ever. more than 4,452 ha were closed, about 
10% of the total hectarage of open shellfish beds 
in Bwards  Bay (this figure temporarily surged to 
7,689 ha after the New Bedford sewage treatment 
plant released 378,500 L of sewage into the bay). 
In 1989, roughly 5,059 ha were closed; in 1990 
this number grew to nearly 5,666 ha, indicating a 
continual and steady increase in shellfish bed clo- 
sures for Buzzards Bay waters. These closures are 
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grouped into t~vo types: permanent and variable. 
Permanent cfosurcs are long-tenn restlictions with 
no immediate prospect for opening; \ ariabie clo- 
sures are periodically closed and reopened. About 
60% of the closures are permanent. Variable clo- 
sures are generd1ly related to weather (wanner tern- 
peratures increase bacterial activity and therefore 
often increase coliform populations) and sewage 
treatment facility malfunctions. In both cases, how- 
ever, shellfish can be transferred to clean areas for 
growth and spawning purposes. 

Fecal coliforms are the most comn~on bacterial 
group used as indicators for potentially dangerous 
human viruses, which are the real public health con- 
cern involved in shellfish bed closures. Identifica- 
tion and quantification ofcoliform bacteria in coastal 
waters are relatively simple; this is not the case for 
viruses, however, and to date no routine methods 
are available for viral monitoring without great ex- 
pense and specialized laboratories. Several prob- 
lems surround the use of coliform bacteria as a 
monitoring tool. As intestinal bacteria, they are only 
indicators of pathogen inputs. 'his method b' wes  no 
indication of toxic inputs or nutrient or oxygen con- 
ditions, which ultimately structure the ecological 
health of an environment and the viability of benthic 
communities and economic species of fish and shell- 
fish. More importantly fiom a monitoring standpoint, 
the presence of coliform bacteria does not mean 
that viruses are present or even that human wastes 
are involved. Attempts to identify more specific 
bacterial indicators have as yet been unsuccessful, 
with no organism determined to be specific to hu- 
man sources nor as easily measured as fecal 
coliforrns and as cost effective as coliform monitor- 
ing. At least for the near future, regulators and man- 
agers have decided to remain conservative in pro- 
tecting Buzzards Bay's residents and visitors, main- 
taining the use of fecal coliforrns to identify poten- 
tial threats to the public health. 

High levels ofcoliform bacteria usually result in 
two regulatory actions: first, closure of shellfish beds 
to harvesting to minimize threats to public health 
through consumption; and second, closure of %la- 
ters to swimming to minimize direct contact with 
contaminated waters. Shellfish depuration is 

occasionally undertaken when beds are closed, 
whereby the shellfisl~ are removed from bacterially 
contaminated regions to clean areas and allowed to 
filter for a specified period (from days to weeks), 
subsequently ridding themselves of the temporary 
bacterial associates. After suitable testing, these 
shellfish are then evaluated for consunlption. 

There are several sources of pathogens and bac- 
teria to Buzzards Bay, including sewer outfalls, 
poorly functioning on-site septic systems, 
stonn'ivater nmof-f, wildlife, waterfowl, and domes- 
tic animals. Sewage treatment facilities utilizing 
outfalls are required to disinkct wastes before dis- 
charge; however, occasionally failures occur and 
wastes enter untreated. Bacteria from <animal wastes 
can be introduced to Buzzards Bay waters both 
directly (primarily waterfowl) and indirectly through 
incorporation into stream and stormwater flows. 
Colifoonn contamination from storm runott'has been 
identified as the primary cause of shellfish closures 
in Massachusetts (i-ieufelder 1988; Weiskel et al. 
1996), and apparently in Buzzards Bay as well. It 
appears that bacteria associated with animal wastes 
are washed from impermeable surfaces (roads), 
which frequently drain directly into the surface wa- 
ters of an embayment. This helps to explain the re- 
lationship between increasing nonurban population 
(Fig. 6. I )and area of shellfish closures because the 
amount of impermeable land surface is related to 
development. 

While potential colifoml contamination from hu- 
man wastes is also related to development, the only 
mechanism for transport involves breakout and sum; 
face flow from septic tanks since coliforms appear 
to migrate less than 2 m from residential subswiBce 
disposal sites even if discharge is directly to the 
water Fable (Weiskel et al. 1996). In addition, 
coliform closures occur in areas already served with 
sewers as well as in areas of on-site disposal. Ke- 
cent studies that compare the ratio of fecal coliform 
to fecal streptococci may be useful as fecal strep- 
tococci art: often considered beleer indicators for 
human wastes. Case studies characterizing the 
sources of fecal coliform in storm water for the wa- 
tershed of Bourne showed these ratios to be quite 
low, indicating only very limited instances of 
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contamination by human wastes (Gale Associates 
1989 in SAIC 1991). Inasimilarstudy for Buttermilk 
Bay, most of the bacterial loading could be 
accounted for by dog waste (Ileufelder 1988). In- 
puts from agicultural activities, notably dairy and 
beef industries as found within the Westport Rivcr 
watershed, may be locally important as an addi- 
tional source of coliform bacteria, as increased lev- 
els ofcoliform have been observed in the Westport 
River. Without quantitative assessment of sources, 
management can fbcus on the wrong sources, but 
within the Buzzards Bay system determination of 
the importance of surface runoff has led to a prior- 
ity to address surface-water discharges through 
rapid infiltration beds and is already showing posi- 
tive results. New methodologies to deal with 
stornlwater are being considered by several towns 
arou~lct I3~~z;lrds Bay. 'fie town of Bourne recently 
installed an innovative filtration system that treats 
initial road nmofr(about the first few centimenters 
of stonnwater runoff, which contains most of the 
pollutants) before it reaches bay waters, the first in 
what is plzulned to bc many stormwater remediation 
projects around the bay. 

'Ihe difliculties in identification of spe~ific sources 
of'coli fonn bacteria have led researchers and regu- 
iators to also consider other potential direct dis- 
ch~argcs. Discharge of untreated boat waste, while 
not significant to nutrient loading baywide (cf. Chap- 
ter 6), is an important potential cofifom~ and patho- 
gen source. Although there has been an increase in 
the use ofpump-out facilities for boat wastes, el- 
cvatcd levels ofcoliform bacteria are still evident in 
many marina areas. Recognition of the impact of 
direct discharges is leading to zero discharge regu- 
lations for Buzzards Bay; in 1992 the town of 
M/arehan? had its coastal waters designated as a 
Federal "no discharge area" by the EPA, the first 
such designation on the East Coast. 'This designa- 
tion prohibits discharge of untreated and treated 
boat wastes and involves increasing boat purnp- 
out facilities md providing an expanded baiter cdu- 
cation program. 

Regardless of the source of bacterial contami- 
ndtion in Buzzards Bay waters, it is clear that there 
has been a significant increase in shellfish bed 

closures moktnci the hay over the past few decades. 
'Fhese closures affcct the recreational and commer- 
cial shellfisheries and restrict many water-based 
activities such as stvimming and snorkeling. Increases 
in restriction of shellfishing 'and swimming with in- 
creased growfh of'the nonurban population within 
the watershed are resulting in increased attention to 
land use and management objectives to protect both 
the public health and shellfishing, one of the most 
important economic resources Buzzards Bay has 
to offer. Fortunately coliform contamination, while 
restricting resource use (swimming, fishing, etc.), 
does not seriously impact the ecosystem and ani- 
mal species of the bay waters. The consequence is 
that finding and preventing future inputs will result in 
rapid "recovery" ofthe bay's resources. 

7.3. Nutrient Loading 

The primary sources of anthropogenic nitrogen 
inputs to Bwzxds Bay are sewage treatment facili- 
ties, on-site septic treatment ofwaste, and fertiliz- 
ers added to lawns, golf courses, and agricultural 
land (Fig. 6.4; Table 6.2). This nitrogen enters bay 
waters through direct discharge, groundwater trans- 
port, or stream flow (which often are supplied by 
groundwater). Overall, Rw~ards Bay is well-flushed 
and at present maintains high levels of water qual- 
ity. 'T'he smaller coves and embayments surround- 
ing the bay, however, are the most sensitive to ad- 
ditional nutrient inputs due to their shallow nature 
and generally low-flushing characteristics (Table 
1.3). These subsystems are of the greatest concern 
as they support most of the commercial and recre- 
ational shellfishing industries as well as much ofthe 
recreational activity around the bay, and most of 
the increasing population is settling in these areas 
(Fig. 1.5). New Bedford Harbor and Buttermilk 
Bay are examples of embayments that have experi- 
enced high nitrogen inputs and are therefore con- 
sidered to be relatively impacted, New Bedford via 
its point source outfall and Buttermilk Bay via 
groundwater-transported inputs. 

At present, only about 53% of the area in the 
Buzzards Bay watershed suitable for building has 
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been developed (Bur~zrds Bay Project 1990); this 
translates into a potential doubling ofnutrients to 
the bay at maximum development. Because vari- 
ous embayments are showing the signs of incipient 
cultural eutrc>phiation, the nearshore areas uill suf'fer 
significant habitat degradation without sonse fonn 
of nitrogen management. Several mechanistns of 
nutrient management can be enacted uith the aim 
of allowing watershed development to continue but 
in a fashion that mitigates potential darnage to the 
estuarine system. The goals of managers, environ- 
mentalists, fishermen, and local citizens converge in 
that degradation of the embayments does not just 
affect ideological conservationism. Degradation also 
directly impacts jobs related to fisheries within the 
bay and on offshore species that rely on the bay 
and its marshes for portions of their life cycles, and 
the property values (e.g., capital invesbxents) of all 
of the private citizens within the watershed. There- 
fore, it is in the personal and financial interest ofthe 
general population to support environmental man- 
agement programs that protect resources or 
remediate degraded areas of the Buzzards Bay sys- 
tem. The increasing awareness of the need for re- 
source management, particularly watershed nitro- 
gen management, is being, demonstrated by town 
governments, the growth of citizens' groups aimed 
at distributing information, and the active participa- 
tion of individual citizen-based monitoring programs 
on a bay-wide scale (through the Buzzards Bay 
Project) and by individual towns (e.g., Falmouth). 

Through individual efforts and as part of larger 
cooperative efforts of the Buzzards Bay Project and 
the Coalition for Buzzards Bay, towns within the 
Buzzards Bay watershed are now working toward 
more effective management strategies to minimize 
additional nitrogen inputs into the waters of the bay. 
Through these efforts, local by-laws and regional 
management plans for the bay that take into ac- 
count the variety of land uses (Table 7. I), economic 
smcture, and specific limitations (for instance, ad- 
ministrative or financial) of these different commu- 
nities are being developed. An example of this is 
the cooperation between three towns, Bourne, 
Wareharn, and Plymouth, to address the increasing 

eutrophication in Buttermilk Bay. Working with town 
officials, local and regional planners in the towns 
have adopted local zoning overlay districts, which 
rezone areas within the subwatershed in an attempt 
to minimize new sources of nitrogen to Buttermilk 
B ~ J .  

With the goal of assessing water quality condi- 
tions baywide, the Buzzards Bay Project and the 
Coalition for Buzzards Bay, in coopemtion with the 
Woods Hole Oceanographic Institution, initiated a 
citizen-based water quality monitoring program in 
1992 aimed primarily toward monitoring nitrogen 
and oxygen conditions in the numerous nitrogen- 
sensitive coves and embayments around the bay. 
Not only does this project provide important infor- 
mation for the long-tern1 assessment of coastal m7a- 
ter quality in Buzzards Bay, but it also stimulates 
interest and education of the local citizens in pro- 
tecting the environn~ental health of their nearshorc 
coastal waters. 

Technological advances may also increase the 
carrying capacity of the watershed. New systems 
are becoming available that remove nitrogen and 
phosphorus from wastewater. These systems can 
be added predischarge from outfalls or can be used 
on a small scale in the more sensitive areas of spe- 
cific subwatersheds. Investigation is also continuing 
into the design of septic systems that are cost- 
effective and can remove nitrogen by stinlulating mi- 
crobial denibification before discharge of the efilu- 
ent to groundwater. However, one of the essential 
requirements to proper management is the deter- 
mination of the assimilative capacity of individual 
embayments. While it may seen1 costly, this ap- 
proach actually represents a fraction ofthe expen- 
diture required in the prevention or remediation of 
nutrient loading. Given the expense of wastewater 
treatment systems it is inefficient to improve treat- 
ment over present systems in all areas within the 
bay system. The proper method is to determine the 
aIlo\vable nitrogen input and the lctctltions where 
post-discharge magnification of the input is greatest 
and focus the efforts there. For instance, given the 
heavy metal, PCB, oil, and other inputs to New 
Bedford Outer Harbor and the relatively limited area 
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regulations outside of major pollution events. As nu- 
trient-related water quality degradation is becom- 
ing increasingly apparent in the smaller harbors and 
embayments of the bay, sound environmental man- 
agement policies must be implemented that allow 
for the intelligent use of these areas while ensuring 
their protection. 

7.4. Relative Sea-level 
Rise 

Although ample scientific evidence exists to sup- 
port the contention that relative sea level is rising 
along the Buzzards Bay shoreline (Figs. 6.5 and 
6.8), few management strategies are in place to deal 
with the resulting changes that will ultimately occur 
along the bay's coast. The desirability of waterfront 
property has led to significant development along 
the water's edge, in some cases fortified by sea- 
walls or revetments to protect these properties from 
storm or erosional damage. Although these con- 
structions provide some protection against storm 
related wave activity, they cannot provide long-term 
protection against rising sea levels. 

New approaches are being considered to re- 
strict or lessen new development along barrier 
beaches; however recent court cases (i.e., Lztcas 
vs. South Curolina Coastal Council, U.S. Su- 
preme Court, July 1992) have called into question 
the right of regulatory boards and agencies to re- 
strict economically productive uses of properties 
without compensatory payment. Other ongoing 
cases involve the right (or lack thereof) of land- 
owners to protect their property under emergency 
situations, which frequently involve construction of 
hard structures currently restricted or prohibited by 
state or local law. Currently, new construction of 
seawalls, revetments, and the like is generally pro- 
hibited from coastal dunes but can he permitted on 
coastal banks around Buzzards Bay. Unfortunately, 
since many of these hard structures were estab- 
lished before current restrictions were put in place, 
much of the regulation regards repair and replace- 
ment and is often on a case-by-case basis, fre- 
quently under emergency situations as the result of 

major coastal storms. Because there are often sub- 
stantial financial incentives, many of these cases are 
carried through the various levels of the legal sys- 
tem, being financially difficult for local or regional 
governmental boards and agencies to pursue. In light 
of several severe storms that have hit Buzzards Bay 
over the past two decades, however, the problem 
has been made at least temporarily apparent, and 
increased efforts have been made to educate cur- 
rent and prospective owners of waterfront prop- 
erty about the short- and long-term risks of living 
directly on the water. 

Much of the attention given to the problems of  
waterfront development is focused on building that 
occurs directly on coastal dunes or banks; how- 
ever, a significant amount of development also oc- 
curs along the wetlands found behind barrier 
beaches. With rising sea level, barrier beaches natu- 
rally migrate landward as do the wetlands behind 
them (Fig. 6.10). Many of the marsh-front devel- 
opments have hard structures for protection against 
major storms, in essence preventing the landward 
migration of the wetland over time. Increased rec- 
obmition ofthe importance of intertidal wetlands to 
coastal ecology has resulted in more attention to 
extending buffer zones and developing new ap- 
proaches to management that take into account the 
long-term need for wetlands to migrate landward. 

Building seawalls and armoring the coast in the 
face of a continually rising bay and periodic storm 
events may provide a temporary local solution to 
land loss by erosion and flooding. Nevertheless over 
the long term the Buzzards Bay watershed will di- 
minish in size, and the salt marshes, barrier dunes, 
and beaches will continue the retreat that they be- 
gan shortly after Btizzards Bay first became an es- 

tuary. 
Buzzards Bay and its watershed have been con- 

tinually changing since their formation 16,000 years 
ago, but the rate of alteration has been accelerating 
since the co'toniaf cra. I iurnan activities have been 
readily apparent in their effects on terrestrial sys- 
tems with the original forests being cut for Iumber 
and cleared for agricultural fields, which are now 
reverting to forest or being developed for residential 



settlement. In contrast, the marine systems of the 
bay have experienced much less alteration. 'fie Buz- 
zards Bay estuary sailed by Gosnold in 1602, by 
the WBrehm-built whaling ship Pocuhonlus leav- 
ing on her maiden voyage in 1 82 1, and by the 
Woods EIole research vessel Aslerius plying the 
waters in the 1930's has presented virtually the same 
face through centuries, with all these ships travers- 
ing similar habitats and aquatic ecosystems. But by 
the time the n/V Asforiccs was decommissioned in 
the late 1 9807s, several significant oil spills had 
cxcurred, PCB and heavy metal contamination was 
apparent in the New Bedford region, and inore 
imprtantly, subtle changes were being observed in 
the ecology of some of the sensitive shallow 
cmbayments of the bay. 

It is now clear that significant threats to the pro- 
ductivity and diversity ofthe bay" sitnal and plant 
con~muriities exist, stemming primarily from in- 
creased nutrient loading to bay waters. Nutrient in- 
puts in excess ofthe assimilative capacity of the 
systerH are locally altering habitat quality and re- 
sulting in ~struchrring of system ecology. But nutri- 
ents, unlike toxics, are natural. parts ofthe biotic 
systems and thcrefore need to have their inputs 
rnz-nn~tgcd, not stopped. Major removal of existing 
nutrient potsis is not neccs.csuycsuy While managing the 
current and firture nutrient loads to levels tolerable 
to thc nearshare systems of Bumards Bay will be 
difficuit, the initial steps have been made, and the 
ecological and ecunorrric benefits are becoming 
apparent. Givcn the resilience crf the marine eco- 
systems of W u~~xirds f33y and the ongoing manage- 
ment ofdevelopment-related impacts, can hoper 
tkit kfirrc: thc recently ccrmmissioncd iU\iA.~it>p.im 
{I[) is retired, it will he used to quantify the rccov- 
cry of"cmrlt1y irnp~cted mzrginal systcrtis and con- 
tinue to document the relatively pristine nature of 
Buzzards Bay proper. 
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