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PREFACE 

To many, the thought of walking along 
the coast l ine  of New England produces 
visions of the rocky shores of Maine or 
the sandy beaches of Cape Cod. In te r t ida l  
sand and R I U ~  f l a t s ,  conversely, are typi- 
cal ly  viewed as physically uninviting i f  
not repellent habitats f i  1 led w i t h  s t icky 
muds, foul odors, and singularly uninter- 
esting organism except, possibly, fo r  the 
sof t -shel l  ('"steamer") clam. This view i s  
probably due to a lack of understanding 
and appreciation of these habi ta ts .  While 
t i da l  f l a t s  appear a t  f i r s t  glance to  be 
rather inhospitable portions of the coast- 
1 ine, they play an important ro le  as habi- 
t a t s  fo r  comercia l  l y  and recreational ly 
important invertebrates and f ishes  as well 
as serving as feeding s i t e s  along the  New 
England coast for a variety of cigratory 
shorebirds. 

The purpose of t h i s  report i s  to 
provide a genera1 perspective of t i da l  
f l a t s  of New England, the organisms 
commonly associated with them, and the 
importance of t idal  f l a t s  to the coastal 
zone viewed as a whole. The approach i s  
taxonomically based although there i s  also 
a t t en t ion  paid to  the flow of organic 
matter through the t i da l  f l a t  habitat .  
The pethod of presentation i s  similar to  
that  of Peterson and Peterson ( 7979 )  who 
have described the t ida l  f l a t  ecosystems 
of Narth Carolina. The reader, therefore, 
has the opportunity of comparing and 
contrasting the physical and biological 
functioning of the two regions. Chapter 1 
begins with a general view of the physi- 
ca l ,  chemical, and geological character- 
i s t i c s  of t ida l  f l a t  environments followed 
by a discussion of organic production and 
deco~posi t ion processes v i t a?  to  these 
systems (Chapter 2 ) .  The next three chap- 
t e r s  deal with the benthic invertebrates 
(Chapter 3 ) ,  f i shes  (Chapter 4 ) ,  and birds 
(Chapter 5)  common to New England t idal  
f l a t s .  The coverage within each chapter 
r e f l e c t s  the published inforriation avai l -  

able a t  the time of writing in addition to  
the author 's  perception about the s t ruc-  
ture ,  function, and importance of each of 
the taxonomic groups to  the overaf l t i da l  
f l a t  system. T h e  l a s t  chapter (Chapter 6 )  
considers the response of t ida l  f l a t s  t o  
environmental perturbation as well as 
the i r  value to the New England coastal  
zone. 

The reader should be aware tha t  t h i s  
report i s  not intended t o  be an exhaustive 
survey of the 1 i  t e ra tu re  pertaining t o  New 
England t ida l  f l a t s .  Rather, the approach 
and philosophy used has been t o  provide an 
overall i ~ p r e s s i o n  of the charac te r i s t i cs  
of the various players and the i r  roles 
within the habitat .  I f  there has been a 
goal in the writ ing,  i t  i s  t o  provide a 
bet ter  understandins and appreciation of 
these habitats.  

This report i s  par t  of a se r ies  of 
"communi ty  prof i 1 es"  of coastal habi ta ts  
of the United States .  Sand and mud f l a t s  
are identified as habitats by the  U.S. 
Fish and k ' i ld l i fe  Service, National Wet- 
lands Inventory c lass i f i ca t ion  system 
(Classification of Wetlands and Deepwater 
Habitats of the United States ,  by Cowardin 
e t  a l .  1979) .  Cowardin e t  a l .  placed 
f l a t s  in the  "unconsolidated shore" c lass ,  
the in te r t ida l  subsystem, of the marine 
and estuarine systevs. These landforms 
are produced by erosion and depasi t ion by 
waves and currents and are  a l t e rna te ly  ex- 
posed a n d  flooded by t ides  (see  Figure 11, 
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cation should be addressed to:  

Information Transfer Spec ia l i s t  
Na t i  ona 1 Coas ta  1 Ecosys terns Team 
U.S. Fish and Wildlife Service 
NASA-S7 ide7 1 Computer Go~plex 
1010 Gause Boulevard 
Sf  i d e ? l ,  LA 70458 
(504) 255-6511, FTS 683-6511 



Aside from the i r  aesthetic value, t ida l  f l a t s  represent important areas i n  the 
coastal zone f o r  a variety of invertebrate and vertebrate species. Photo by 
Robert E. DeGoursey, University of Connecticut. 
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CHAPTER 1 

GENERAL FEATURES OF TIDAL FLATS 

1 . 1  INTRODUCTION 

Inter t idal  sand and mud f l a t s  are  
sof t  t o  semi-soft substra ta ,  shal low-water 
habitats s i tuated between the low and high 
t idal  l imits .  Tidal f l a t s  are  found where 
sediment accumulates and are ,  therefore,  
associated with coastal embayments, behind 
sp i t s  and barr ier  beaches, and along the 
margins of es tuar ies .  The occurrence and 
extent of t idal  f l a t s  varies according to  
local coast1 ine morphology and t ida l  
amp? i tude. These habitats a re  sometimes 
bordered landward by s a l t  marshes and sea- 
ward by t i da l  channel s and/or subtidal  
eel grass (Zostera marina) beds (Figure 1 ) . 
Tidal f l a t s  are common features of the New 
England coast l ine ,  especially i n  Maine, 
New Hampshire, and parts of Yassachusetts 
where increased t idal  amplitude exposes 
more of the t ida l  f l a t s  a t  low t ide .  For 
example, t ida l  f l a t s  represent about 48% 
of the in te r t ida l  habitats of Maine (Fefer 
and Schett ig 1980). 

Tidal f l a t s  are not s t a t i c ,  closed 
ecological habi ta ts ,  b u t  a re  physically 
and biologically linked to other coastal 
marine systems. I t  i s  generally recog- 
nized, For example, tha t  organisms inhab- 
i t ing  t ida l  f l a t s  re ly  heavily upon 
organic materials (e.g. ,  plankton, de t r i -  
t u s )  imported from adjacent coasta l ,  estu- 
ar ine ,  r iver ine ,  and s a l t  marsh habi ta ts .  
In addit ion,  many species of estuarine and 
coastal f ishes migrate over t idal  f l a t s  
with the incoming t i de  to feed on the 
organisms found on and in the s e d i ~ e n t s .  

1 . 2  THE NEW ENGLAND COASTAL ENVIRONlilENT 

Climatic conditions of the New Eng- 
land coastal region exhibi t  pronounced 
seasonal temperature f luctuat ions ,  a char- 
ac te r i  s t i c  of temperate environments. 
Extremes in seawater temperatures, warres t 
i n  August through September and coolest i n  

December to  March, are  among the greates t  
in the world (Sanders 1968). The region 
i s  commonly divided, fo r  convenience, in to  
two areas:  the  Gulf of blaine extending 
from Cape Cod, Massachusetts, to  the Bay 
of Fundy, Nova Scotia, Canada, and the 
areas south of Cape Cod ranging t o  western 
Connecticut including Long Island Sound 
(Figure 2 ) .  This division i s  based largely 
on differences i n  annual water temperature 
variation in the two regions. Waters in 
the  Gulf of Raine a re  continually well- 
mixed by t i da l ,  current,  and wind action 
(Brown and Beardsley 1978) and in the sum- 
mer do not become as warm as the waters 
south of Cape Cod. On the south sl'de of 
Cape Cod, the influence of the G u l f  Stream 
coupled with a shallower coastal plain 
produces more abrupt increases in suiimer 
ter~iperatures. The net e f fec t  i s  that  the 
annual range of seawater temperatures 
along the coast of New England i s  closely 
related t o  l a t i tude  (Figure 3 ) .  For 
instance, in the northern portion of the  
Culf of Maine there i s  a 10°C (50°F) 
annual tewperature range while in portions 
of Long Island Sound the annual range i s  
about 20°C (68°F). 

Cape Cod i s  a t rans i t ion  zone rather 
than a discrete  physical ba r r ie r  separat- 
ing warm and cool New England coastal  
water masses. Water associated with embay- 
ment and estuarine environments i s  gener- 
a l l y  shallow and i s  more l ike ly  to  be 
influenced by atmospheric and t e r r e s t r i a l  
conditions than deeper water areas.  Spring 
runoff from r ivers ,  thermal warming of mud 
and sand f l a t s  with subsequent heat 
t ransfer  to  shalloh waters, and low flush- 
ing ra tes  of water in some estuarine 
habitats a l l  contribute t o  warmer water 
temperatures* Warp water embayments north 
of Cape Cod do occur je.g., Barnstable 
Harbor, Massachusetts; upper reaches of 
some es tuar ies  i n  New Hampshire and 
N a i ~ e ) ,  but i n  autumn shaflow water 
habitats respond quickly t o  the cooler 





Figure 2. Map o f  the New England coast. The marine waters are often separated in to  
two areas: G u l f  of tdaine (north of Cape Cod, M A )  and Mid-Atlantic Eight (south of 
Cape Cod, M A ) .  

Figure 3. Monthly surface seawater temperatures a t  four l oca l i t i e s  along the New 
England coast1 ine. Note differences i n  summer terperatures north (Sandwich, MA, 
and Penobscot Bay, ME)  and south (Woods Hole, MA, and Mystic, CT) o f  Cape Cod, KA, 



atinospheric conditions and influence of 
associated land masses, and the waters 
become cooler than nearby coastal waters. 

Buildup of seawater i ce  on New Eng- 
land t idal  f l a t s ,  both north and south of 
Cape Cod, commonly occurs i n  winter. The 
appearance and extent of the i ce  i s  de- 
pendent upon t idal  f luctuat ion,  location, 
and severity of the winter. Because of 
t ida l  action, the ice moves back and for th  
across the f l a t s  result ing i n  appreciable 
geomorphological effects  upon the sediment 
through accretion, erosion, and transport .  
Boulders weighing several tons have been 
transported considerable distances by ice  
a t  Barnstable Harbor (Redfield 1972). S a l t  
marsh turf  may also be transported onto 
t i da l  f l a t s  by ice  movement. Shortly a f t e r  
breakup of the ice in ear ly  spring,  ero- 
sional scars in the sediment are  evident. 
Most of the scars are quickly removed by 
t i da l  and wave action. Although ice  
occurs regularly on Mew England t ida l  
f l a t s ,  re la t ively  l i t t l e  i s  known about 
i t s  effects  on the biota. Ice scouring 
can remove or displace infaunal and epi-  
faunal organisms. Freezing of the sedi-  
ments t o  a depth of 5 to  10 cm ( 2  t o  4 
inches) may a l so  occur, although l i t t l e  i s  
known about what e f fec t  t h i s  has on the 
organisms l iving in the sediment. During 
periods of severe and prolonged ice  build- 
u p  on t idal  f l a t s ,  birds that  use the 
areas as feeding s i t e s  may have to  forage 
e l  sewhere, 

Storn~s tha t  pass through New England 
a l so  a f fec t  the sedimentary features of 
t i da l  f l a t s ,  Both northern and southerr? 
New England normally experience three t o  
f i v e  major storms each yeat ,  usually in 
f a l l  and winter. Winds in New England are 
predon~i nant'ly from the southwest but dur- 
ing winter are l ike ly  to s h i f t  t o  the west 
o r  northwest. Occasional ly winds come 
from the northeast and are typical ly  asso- 
ciated with the n?ost severe storms ( the  
c lass ic  "nor 'easter").  Hurricanes occur 
i n  New England - the l a s t  major storm h i t  
the coastline in 1954. 

Fog i s  common in the coastal zone 
especial ly i n  northern New England. fog 
occurs a t  any time of the year although 
dense fog is associated with the warmer, 
sumnler months, The presence of fog on 

the t ida l  f l a t s  acts  to insula te  organisms 
l iving on or in the sediments from desic- 
cation and allows less  hardy organism to 
survive in in te r t ida l  areas during periods 
of intense solar  heating. 

1.3 GEOLOGICAL, PHYSICAL, AND CHEF:ICAL 
CHARACTERISTICS OF TIDAL FLATS 

On a geologic tiniescale, coastal ma- 
r ine  environments of New England represent 
systems tha t  have continually changed. 
Since the l a s t  Pleistocene glaciation epi- 
sode, the coast l ine  has slowly subsided 
and scalevel has progressively risen.  The 
net e f fec t  i s  a slow pigration of the sea 
into the lowlands, a l t e r ing  coastal habi- 
t a t s .  Historical reconstructions of many 
New England estuarine systems show the 
t ransi t ional  nature of t idal  f l a t  habi- 
t a t s .  Flats develop as depositional fea- 
tures expanding a t  the expense of t idal  
channels and eelgrass beds and they in 
turn are  invaded by the progression of 
s a l t  marsh vegetation (Redf ield 1967).  

The forrnation of t idal  f l a t s  and 
t he i r  sedir~entary characteris  t i c s  are pri- 
marily dependent upon the physical and 
biological environment (e .g . ,  t idal  cur- 
rents ,  wave action,  and biological ly- 
induced sediment mixing), the nature and 
source of available materials,  and the 
glacia l  history of New England. Vast 
deposits of coarse-gra ined sedisien t s  l e f t  
by glacia l  ac t iv i ty  are responsible for 
the general res t r i c t ion  of sand f l a t s  to  
Cape Cod and southward. Mud f l a t s ,  more 
comrnonly found in northern Mew England, 
are  derived from land-based sources, and 
transported by r i  ver sys tems. Sedio~ents 
are a l so  deposited on t ida l  f l a t s  by cur- 
rents from offshore sources or through the 
erosion of adjacent t ida l  f l a t s  or shore- 
l ines .  

Sediments of t ida l  f l a t s  can be 
characterized in various ways. Geologists 
prefer t o  use the bulk properties of the 
sediment (e.g. ,  median grain s ize ,  percent 
s i f  t-clay f rac t ion) .  Sandy sediments are  
those having less than 5 h f  the i r  weight 
composed o f  s i f t -c lay-s ized ;?ateria! 
(par t i c les  less than 62 pm in diameter), 
while muddy-sands and sandy-muds cons i s  t 
of 5% t o  502 and 50% t o  90% s i l t - c lay ,  



respectively. Piuds are sediments with 
greater than 30% s i l t - c l ay  f ract ion.  Biol- 
og i s t s ,  on the other hand, have attempted 
to view sediments with a higher degree of 
resolution. Sediments are described by 
biologists accordins t o  the i r  par t icula te  
consti tuents:  these consist  of a complex 
array of orsanic and inorganic forms, 
varyjng i n  s i ze ,  shape, and qua l i t a t ive  
nature (Table 1 ;  Figure 4 ) .  Most of the 
sediments found in New England t idal  f l a t s  
are dowinated by si l iceous sands, clay 
minerals, and organic-mi neral aggregates 
( de t r i t u s ) .  The abundance and variety of 
par t i c le  types vary spa t i a l l y  and ver t i -  
cal ly within the sediment (Johnson 1974; 
Whitlatch 1981). A larger  variety of par- 
t i c l e  types i s  usually found i n  the upper 
layers of the surface than in deeper lay- 
ers.  Muddy sediments have a greater pro- 
portion of organic-mineral aggregates than 
sandy sediments. 

Examination of the surface of t ida l  
f l a t s  reveals undu! at ions and r ipples  
formed by waves and currents sweeping over 
the f l a t s .  Large grains tend to accumulate 
on the f ront  of the ripples while smaller 
grains tend to  concentrate on the back 
s ide  of the r ipple  marks. Sand and mud 
f l a t s  nay or may not be dissected by chan- 
nels.  When they occur, the channels form 
meandering depressions roughly perpendicu- 
l a r  to the creeks tha t  border the f l a t s  
and are more common on the lower portion 
of the f l a t  (Figure 1 ) .  

Tidal action i s  responsible fo r  sedi-  
ment movement and control of sediment tex- 
ture as currents continually resuspend and 
transport  sediments. I R  exposed areas 
where there  a re  high current veloci t ies  
and turbulence, sediments are general 1y 
cornposed of coarse, unstable sands and 
cobble. In more protected areas,  reduced 

Figure 4. Viewed m a complex array of organic 
and inorganic par t i cu la te  material. The large (0 .2  m m )  plant fragment from cordgrass, 
Spartjna a l t e rn i f l a r a ,  i s  the source of much of the de t r i tus  entering many Mew England 
t ida l  f l a t  ecosystess. Photo by R.B.  Whitlatch, University of Connecticut. 





water flow resu l t s  in the deposition of 
finer-grained, more s tab le  sediments. On 
a larger scale ,  coarser-grained sandy sed- 
i ~ e n t s  are found i n  channels, on beaches, 
and near the ~iouths of i n l e t s ,  while 
finer-grained sedin'ents are  associated 
with increasinc distance from the rtio~ths 
of i n l e t s  and a t  hisher in te r t ida l  eleva- 
t ions.  Redfield (1572) described these 
sed ime~t  dis t r ibut ion patterns a t  Barn- 
s table  Harbor, Massachusetts, notins a 
decrease in grain s ize  proceeding  fro^ 
the ~ o u t h  of the harbor to the vegetated 
s a l t  marsh. 

Wind-ge~erated waves and currents 
also a f fec t  mixing and redis t r ibut ion of 
sediments on some t idal  f l a t s .  The 
1:lagnitude of wind impact i s  largely 
dependent upon the s ize  and depth of the 
waterbody over which the wind passes. 
Large shal low embayments in some southern 
s t a t e s ,  for  example, can be influenced 
considerably by wind-generated waves 
(Peterson and Peterson 1979). In New 
England, enlbayments are comparatively 
smaller and shallower; wind action i s  
generally less s ignif icant  than t ida l  
action. Most wind e f fec t s  on t ida l  f l a t s  
are probably concentrated in periods of 
storm ac t iv i ty  when resuspension and 
redistribution of sediments occur. 

The New England coast has semi- 
diurnal t ides  (e.g. ,  two high and two low 
tides per t idal  day). Channel constric-  
tions and bottom topography a l t e r  the 
magnitude of the t ida l  range although the 
mean t idal  range south of Cape Cod i s  
about 1 to  1.5 rn (3 t o  5 f t )  while mean 
t ides north of Cape Cod range 3 t o  4 m (10 
to 13 f t ) .  The twice daily inundation and 
exposure contributes in an important man- 
ner t o  the spat ia l  and tetrporal complexity 
of the t ida l  f l a t  habitat .  When t ida l  
f l a t s  are submerged, they share many of 
the same physical and chemical character- 
i s t i c s  of the water found in adjacent 
coas ta1 and/or estuarine sys terns. When 
exposed, t i da l  f l a t s  are affected by c l i -  
matic variations of a i r  temperature, pre- 
cipi  ta t ion,  and wind. Organisms l iving in  
these environments, therefore,  must be 
&el1 adapted to  the phgsicallj rigorous 
environmental conditions. 

hihi7e the physical conditions of the 
water over the t ida l  f l a t s  may change con- 
siderably during a t ida l  cycle, physical 
features of the sedinzents are  less vari- 
able. Even a t  low t ide ,  small amounts of 
water are  retained in the sediments; t h i s  
helps prevent desiccation. Sediments a l so  
tend to  buffer temperature and s a l i n i t y  
fluctuations (Sanders e t  a l .  1965; Johnson 
1965, 1967). The net resu l t  i s  tha t  
orcjanisms l iving within t ida l  f l a t  sedi-  
nents a re  normally able to  withstand 
greater environmental f luctuat ion than 
exposed organisms attached to  or l iving on 
the sediments (Alexander e t  a l .  1955). 

Chemical properties of the sediments 
vary ver t ical ly  in t ida l  f l a t s  and i t  i s  
possible to  view th i s  s t r a t i f i c a t i on  by 
examining sediment saniples in cross- 
section. In muddy sediments, two or three 
d i s t i nc t l y  colored zones commonly ex i s t .  
The uppermost i s  1 ight-brown, extending 1 
to 5 mm below the sediment surface. This 
i s  the zone of oxygenated sediment. Below 
t h i s  thin layer i s  a black zone where oxy- 
gen i s  absent and the sediments spell  of 
hydrogen su l f ide  ("rot ten egg" gas) .  The 
black color i s  due primarily to  the pres- 
ence of iron sulf ides .  In some muddy 
sediments a th i rd ,  gray-colored zone may 
ex i s t  below the black zone due to  the 
presence of iron pyr i te .  

The boundary between and position of 
the oxygenated and black anoxic zone 
(termed the redox potential discontinuity,  
or redox zone) varies with depth, depend- 
ing on the amount of organic matter i n  the 
sediment, sediixent grain s ize ,  and the 
a c t i v i t i e s  of organisms burrowing through 
the sediment or disturbing the surface. 
Oxygen diffusion may extend 10 to  20 cm 
( 4  t o  8 inches) below the sediment-water 
in terface  in sandy sediments due to  
increased percolation of water through the 
sediments and small amounts of organic 
material. Qn zany sandy f l a t s  i t  may be 
d i f f i c u l t  t o  find a black zone and the 
sediments may not smell of hydrogen 
sulfide.  In r~uddy s e d i ~ e n t s  containing 
greater amounts of organic material, 
the redox zone i s  usually w i t h i n  sev- 
era? millirxeters csf the surface. Shoads 
(1 974) noted tha t  a c t i v i t i e s  of burrowing 



organisms g r e a t l y  increased t h e  d i f fus -  nematodes. Larger  organisms (e.g. , anne- 
i b i l i t y  o f  oxygen i n t o  ruddy sediment and l i d s )  t h a t  a l s o  l i v e  i n  t h e  anox ic  zone 
extended the redox l a y e r  f u r t h e r  below the  tend t o  b u i l d  tubes o r  burrows t o  t h e  su r -  
surface. Desp i te  t h e  l a c k  of oxygen, face t h a t  b r i n g  o x y ~ e n a t e d  water  t o  t h e  
b lack  reduc ing  sediments con ta i n  a v a r i e t y  organism. 
of small organisms such as b a c t e r i a  and 



CHAPTER 2 

PRODUCERS, DECOMPOSERS, AND ENERGY FLOW 

2.1 INTRODUCTION 

Es tuar ies  and coas ta l  embayments a r e  
we l l - recogn ized  f o r  t h e i r  h i g h  p r imary  and 
secondary p r o d u c t i v i t y .  H i gh  p roduc t i on  
by New England t i d a l  f l a t s  i s  r e f l e c t e d  i n  
t h e i r  abundant and d i ve r se  popu la t i ons  o f  
i n v e r t e b r a t e s  (Chapter 3 )  and ve r t eb ra tes  
(Chapters 4 and 5 )  t h a t  u t i l i z e  t h e  habi -  
t a t  as nursery  grounds and f eed ing  s i t e s .  
I n  a d d i t i o n ,  many New England t i d a l  f l a t s  
suppor t  l a r g e  popu la t i ons  o f  commerc ia l ly  
and r e c r e a t i o n a l l y  impor tan t  s h e l l f i s h  and 
ba i  tworms. The h i g h  p r o d u c t i v i t y  o f  t i d a l  
f l a t s  i s  a t t r i b u t e d ,  i n  p a r t ,  t o  t h e  
d i v e r s e  v a r i e t y  o f  p r imary  food  types 
(e.g., ben th i c  microa lgae,  phytop lankton,  
impor ted p a r t i c u l a t e  o rgan i c  m a t e r i a l s  - 
" d e t r i t u s " )  t h a t  a re  a v a i l a b l e  t o  t h e  
organisms o f  t he  f l a t .  

2.2 PRODUCERS 

2.2.1 M ic roa lgae  

New England t i d a l  f l a t s  suppor t  a  
l a r g e  and d i ve r se  m i c r o f l o r a .  These assem- 
b lages t y p i c a l l y  appear as brownish o r  
g reen ish  f i l m s  o r  mats on the  sediment 
su r f ace  and tend t o  be dominated by ben- 
t h i c  diatoms, euglenoids,  d i n o f l a g e l l a t e s ,  
and b lue-green a1 gae. 

The depth of m i c roa l ga l  d i s t r i b u t i o n s  
i n  t i d a l  f l a t  sediments i s  a f f e c t e d  by t h e  
a b i l i t y  o f  l i g h t  t o  pene t ra te  t h e  sed i -  
ments. Fenchel and S t r aa rup  (1971) found 
t h a t  t h e  p h o t i c  zone (depth o f  l i g h t  pene- 
t r a t i o n )  o f  f i n e  sands was about h a l f  t h e  
th i ckness  o f  t h a t  found i n  coarse sand. 
A l though t he  m a j o r i t y  o f  m ic roa lgae  a r e  
concen t ra ted  i n  t h e  upper severa l  cent ime- 
t e r s  o f  t h e  sediment, pigmented c e l l s  a r e  
commonly found below t h e  p h o t i c  zone. When 
exposed t o  l i g h t ,  these c e l l s  a c t i v e l y  
pho tosyn thes ize  and i t  has been hypothe- 
s i zed  t h a t  they  p r o v i d e  a r e s e r v o i r  o f  

p o t e n t i a l  ben th i c  p r ima ry  producers i f  t h e  
upper seve ra l  cen t imete rs  o f  t h e  sediment 
a r e  eroded by wave a c t i o n  (Van der E i j k  
1979). 

By v i r t u e  o f  t h e i r  l o c a t i o n ,  ben th i c  
m i c roa l  ga l  species composi t ion,  abundance, 
and s p a t i a l  d i s t r i b u t i o n  p a t t e r n s  a r e  
s t r o n g l y  i n f l uenced  by near -su r face  phy- 
s i c a l ,  chemical ,  and b i o l o g i c a l  processes. 
These groups o f  organisms e x h i b i t  p ro -  
nounced s p a t i a l  and temporal  v a r i a t i o n  i n  
abundance. Exposed t i d a l  f l a t s  g e n e r a l l y  
have lower  abundances o f  m ic roa lgae  than  
p r o t e c t e d  f l a t s .  Ma rsha l l  e t  a l .  (1971) 
no ted  t h a t  ben th i c  m i c r o f l o r a  were most 
abundant f roin May t o  August i n  severa l  
sou thern  New England sha l low e s t u a r i e s  
p robab ly  as a r e s u l t  o f  temperature and 
i l l u m i n a t i o n  cyc les.  Wh i le  summer peaks 
i n  abundance a r e  t y p i c a l  th roughou t  New 
England, Wa t l i ng  (L. Wat l ing;  U n i v e r s i t y  
o f  Maine, Walpole; February 1981 ; personal  
communication) has observed dense su r f ace  
f i l m s  o f  diatoms on a t i d a l  f l a t  i n  Maine 
d u r i n g  w in te r ,  p o s s i b l y  a  consequence of 
decreased g raz i ng  a c t i v i t i e s  by ben th i c  
i n v e r t e b r a t e s  a t  t h i s  t ime  o f  t h e  year .  

Most o f  t h e  academic s tudy  o f  t h e  
ben th i c  m i c r o f l o r a  o f  t i d a l  f l a t s  has been 
concen t ra ted  on t h e  diatoms. Diatoms a r e  
o r d i n a r i l y  d i v i d e d  by s p e c i a l i s t s  i n t o  two 
ca tego r i es  : t h e  episammic (non-mot i le)  
and e p i p e l i c  ( m o t i l e )  forms. Most s t u d i e s  
have concen t ra ted  on t h e  e p i p e l i c  fo rm 
s i nce  t h e  method commonly used t o  c o l l e c t  
diatoms (e.g., Eaton and Ross 1966) 
depends on t h e  movement o f  m ic roa lgae  i n t o  
l a y e r s  o f  f i n e  n e t t i n g  p laced  on t h e  sed i -  
ment su r face .  

The ben th i c  e p i p e l i c  d ia tom t i d a l  
f l a t  communities o f  New England a r e  domi- 
nated by pennate forms such as Navicu la ,  
Hantzschia, and N i  t z c h i a  (Moul l  and Kason 
1957; Connor l r ~ h e s e  forms can 
n ~ i g r a t e  v e r t i c a l l y  through sediments by  



extruding mucus threads. The extent of 
mavemnt i s  variable and speci es-speci Fic, 
ranging From diurnally migrating forms 
such as k t z s f i a  t o  re la t ively  immobile 
forms such as Amp'fiora (Round 1979). Ver- 
t i c a l  movements are thought to be depend- 
ent upon cycles of illumination with 
diatoms appearing a t  the sediment surface 
a t  low tide and burrowing into the sedi- 
ment a t  flood t i de  (Palmer and Round 
1967). The downward rrtigration into the 
sediments i s  considered to be e i ther  an 
active response t o  compensate for dis- 
placement by t idal  action or a mechanism 
for  increasing nutrient ava i lab i l i ty  
(Pomeroy 1959). blhi l e  the non-migratory 
farnrs are most commonly attached to  sand 
grains, some species are capable of 
limited nrobility, 

A l though  episam;ic forms are not 
as in tens ive ly  studied as the epipelic 

diatoms because they become nmre e a s i l j  
buried in unstable t ida l  f l a t  sedirents 
(Williams 1962; Sullivan 1975; Pace e t  a l .  
1979), these fo rm may be important 
benthic primary producers. Riznyk (1973) 
found that  when savpling methods were used 
to  col lect  both motile and non-motile 
forms, the l a t t e r  group was more abundant 
on an Oregon t idal  f l a t .  

Occasional ly algal mats are present 
in the higher elevations of t idal  f l a t  
habitats. The mats consist  of t igh t ly  
intertwined groups of species of green and 
blue-green algae. The mats forn; a dark- 
green or blue-black crust  on the sediment 
surface and are found in protected areas. 
The principle species found in a Massa- 
chusetts s a l t  marsh by Brenner e t  31 - .  . 
(1976) were Lyngbya aes"tuarf, Microcoleus 
chthonoplastes, and Cal othrix contareni i .  - ----- 
In cross-section, many of the mats forn: 

Epipef ic  pennate diatoms ( t h i s  specimen i s  approximately 0.2 mm long) a re  commonly seen 
i n  the upper several centimeters of t idal  f l a t  sedinlents, Hhen very aabundant, benthic 
diatoms form brownish films on the sediment surface. Photo  by R . B .  Whitlatch, Univer- 
s i t y  of Connecticut. 



al ternat ing layers of dark-green organic 
matter and l igh te r  colored sedirent  1 to 
10 cm (0.4 t o  4 inches) deep. Algal mats 
are  known to  accelerate ra tes  of sediment 
accretion on t idal  f l a t s  by mucilagenous 
trapping of fine-grained sediments. 

The formation of algal mats i s  prob- 
ably res t r i c ted  t o  the high in te r t ida l  
zone because of the  reduced a c t i v i t i e s  of 
grazing and burrowing organisms in these 
areas. Experimental removal of the 
surface-grazing periwinkle, Li t to r ina  
l i t t o r e a ,  and the vud sna i l ,  Ilyanassa --- 
obsoleta, from the mid-intertidal portions ---- 
of a Barnstable Harbor, Massachusetts, 
sand f l a t  resulted in the formation of a 
1 to 2 mm thick algal mat within several 
weeks. Replacement of the sna i l s  in these 
plots resulted i n  the quick destruction of 
the mats (Whitlatch unpublished data) .  
Other organisms such as amphipods and f ish  
are a l so  known t o  feed on the mats and 
probably help to control the i r  d is t r ibu-  
tion on t idal  f l a t s .  

2.2.2 Macroflora 

Because of the fine-grained and un-  
s table  nature of t idal  f l a t  sediments and 
their  regular exposure to  s a l t  water a t  
high t ide  and desiccation a t  low t ide ,  
macroalgae and rooted vegetation are  rela- 
t ively  uncommon. While these factors  may 
preclude the establishment of s tab le  
macrophytic communities on t idal  f l a t s ,  
several species of ephemeral s ( s  hort-1 ived 
species) are occasionally found in the  New 
England region. These species (notably 
Ulva spp. - sea l e t tuce ,  and Enteromorpk - 
spp. - green algae) a re  often associated 
with protected areas,  the upper portions 
of sand f l a t s ,  o r  with eutrophic condi- 
tions (e.g., sewage ou t f a l l s ) .  They 
appear in ear ly  spring, continue to  thr ive  
throughout the summer, and rapidly decl ine 
during fa17 and winter. 

In some parts of New England, dense 
populations of Uiiva spp. have been docu- 
mented. Welsh WO) reported quan t i t i e s  
up to  185 g/m2 and several centimeters 
thick a t  the Branford Cove, Connecticut, 
mud f 1 a t .  Edwards (S. Edwards ; Uvrf versi t y  
of Rhode Island, Kingston; June 1980; 
personal communication) founci t h a t  more 
than 75% of t h i s  same t ida l  f l a t  was 
covered by - Ulva during the summer. This 

dense coverage resulted in the establish- 
ment of anaerobic conditions a t  the  sedi-  
ment surface and contributed to the reduc- 
t ion of fiicroalgae through shading as well 
as decreased abundance of meio- and macro- 
fauna. Others (e.g. ,  Woodin 1974; Watling 
1975) have also found that  dense stands of 
Ulva can create anaerobic conditions a t  
the sedintent-water in terface  that  a1 t e r  
infaunal species abundance and composi - 
t ion.  Irlhibitory e f fec t s  of on t ida l  
f l a t  animal populations may also extend t o  
f i sh  species. In a se r ies  of laboratory 
experinents, Johnson (1 98C) demonstrated 
that  morta l i t ies  of post-larval winter 
flounder (pseudopl euronectes americanus) 
were great ly  increased in the presence of 
Ulva. She offered the hypothesis that  the  
increased f i sh  mortality ra tes  were the 
resu l t  of a harmful algal  exudate. 

Other species of large plants are  
commonly transported onto Flew England 
t ida l  f l a t s  from adjacent s a l t  marshes 
(e. g., cordgrass-Spartina spp., rush- 
Juncus sp.  ) ,  from eel grass beds (Zcstera 
marina), and from rocky coastlines'(e.g-; 
fucoids , Codium in southern New England). 
These species are  most abundant on f l a t s  
following storm ac t iv i ty  or during the  
fa1 1 when they begin t o  die and deco~pose.  
When very abundant, these plant remains 
form strand or "wrack" l ines  on the  higher 
elevations of the f l a t s  and provide food 
and protection for  small crustaceans. 
Host of the biomass of these plants,  
however, i s  not used by herbivores but 
i s  broken down by microorganisms and 
by physical and biological fragmenta- 
t ion,  becoming part  of the t i da l  f l a t  
detritus-based food web (see section 
2.3). 

2.2.3 Phy top l anan  

Phytoplankton are  temporary t i da l  
f l a t  components and are  present only when 
water is covering the f l a t .  Phytoplankton 
are  influenced by nutr ient  concentration, 
water temperature and c i rcula t ion pat- 
terns ,  and by grazing ; pronounced spa t ia l  
and temporal va r iab i l i ty  in species com- 
position and abundance ex i s t  along the 
Mew England coast l ine  {see TRIGOF-?ARC 
1974 and Malone 1977 for reviews). Typi- 
cal ly,  phytoplankton concentrations are 
reduced during winter because of cold 
water temperatures and low l i gh t  levels.  



~ ~ ~ ~ t h  rates increase in spring and Kay the sediment and appear 35 purplish films 
remain high throughout the sumncr i n  especially during the warmer months of the 
s h a % ] ~ ~  waters. Primary production, year. Chewosynthetic bacter ia  7 On the 
therefore, tend.; to be higher in near- other hand, tend to be most abundant in 
shore than oceanic waters because t h ~  the redox layer of t idal  f l a t  sedinents 
shallower waters are continuously krell- and derive energy from the oxidation of 
mixed a& t h e  phytoplankton have a con- inorganic con.l~ounds such as su l f ide ,  
s t a n t  supply of nutrients fror, the sedj.. n i t r i t e ,  and amonia. tihile re la t ive ly  
wients. Growth rates are also higher in l i t t l e  i s  known about these bacterial  
southern New England t h a n  northern New types, recent studies i n  ~ e w  idampshire 
England probably due to higher water t idal  f l a t s  (Lyons and Gairdette 19791 and 
tarpperatures and the presence of larger a I":assachusetts s a l t  marsh (Howarth and 
amas~nts of anti-irapogenie nutr.ients in Teal 1980) have shown that  chemosynthetic 
southern areas. bacteria clay contribute s ignif icant ly  to  

primary production. How much of th i s  
Phytopfankton species corpas i t  ion energy i s  transferred to  h i   her trophic 

varies along the ~ c w  England coast. Dia-  levels within the t idal  Flat ecosysteff i s  
tom.; are frost abundant in northern waters not known. 
while the warngr, southern waters have 
higher concentrations of d'inof lagrl lates.  
Iierlburt 11956, 1963 )  found that several 2 .3  THE DECOMPOSERS 
central Mew England shallow estuaries 
cxhibd ted  large conc~ntrations of one or While considerable attention has 
two species of ptlyloglanktun and that  focused on coastal en1bayr3ents and estuar- 
specier diversity &as generally lower than ies ds areas of high primary production, 
irz fftort? oceanic watcrs. These p a t t ~ r n s  r~wch of the organic materjal entering 
are assutned t o  reflect t h ~  iriore physically these systenis i s  in the form of organic 
urns tilble fnshare condi tioos that  favor de t r i tus  ( e ,  g. , dead and decomposing s a l t  
mot{ 'le spticles ( e , g . ,  dinof lagel l a tes f  marsh plants, eelyrass,  phytoplankton). 
that  do rnul sfnk Ca the bottom in shallow Recent evidence points to  a _sLtu u t i l i -  
waters. zation of the bulk of de t r i tus  (Haines 

1971;  Woodwell e t  a l .  1977) as well as 
Oc(;d~I#n~9? Iy, outbreaks of the dino- ir.tportdtion of additional de t r i tus  into 

flagrfl ldte, I j f i ? ~ ! ~ ~  gxc$s$a, occur i n  shallow water fron: adjacent coastal water. 
WPM C n y l d ~ ~ ~ d  nedrri~ore waters. %his "1-ed Combining these organic inputs with those 
tide'Qwryanisrri produces a toxin that i s  coniing from t e r r e s t r i a l  and aquatic 
hzrrniful tar marine Specitts when ir~gested sources and human a c t i v i t i e s  (e.g. , 
(ti?, cj., suspension-feeding clams, ~ lusse l s ) .  Kuenzler c t  a l .  1977; Welsh e t  a l ,  1978), 
I f  the toxin accumulalcs in shel l f ish  in i t  appears that  the u t i l i za t ion  of de t r i -  
suffJc.i@nt quarr t r id ies,  4t may he fatal  to tus i n  inshore waters outweighs the con- 
thc tiost organjsm its well es to  hunlanr sulnption of the products of pritnary pro- 
when cantlantl'nated she1 If isli are ra ten. duction. 
The intensity and duration of  rcd t ide  
outbreaks are vsriable f n  Mew England, bu t  Decon:pos i tion processes beconie in- 
ntasslve ou tbr~akr  create a aevcre heal th credsingly itiiportant to the fauna on t idal  
problern and c?contlrnj@ irtrl%act upon the f l a t s  because of ( 1 )  a high re la t ive  
shel l f ish  fndus try.  proportion of shallow water areas that  

pror?iates the occurrence of autochthonous 
2 .2 ,4  Phaw3t f . red ic  -------..-A- and Chcmasjnthetic - ~. ( indigenous j de t r i  t a l  producers (e .  g. , 
B a c t e r i r  ---- benthic ~ i c r o -  and macroalgae), ( 2 )  low 

velocity current regimes tha t  increase the 
Although photosynthetic bacteria are ~ ) roba t i l i t y  of organic par t ic les  s e t t l i ng  

~~cr?n??anty f@?rnrf i r )  the serfiatent~ of New o u t  from the kiater colucn, and ( 3 )  an 
England t idal  f l a t s ,  relatively l i t t l e  i s  increase in the ra t io  of length of shore- 
known about their  ecolow or role i n  the l ine t o  volt.me of water resul t ing in 
t i d a l  f l a t  food web. These organisms are increased antaunts of a ]  fochthonous f trans- 
res t r ic ted to the upper few m i ?  1 inleters of ported) de t r i t a l  nater ia l  entering fro!:, 



freshwater, terrigenous s a l t  marsh and 
eelgrass sources. 

The organisms primarily responsible 
for the i n i t i a l  decomposition of de t r i t a l  
material on t ida l  f l a t s  are a wide variety 
of microorganisms, mainly fungi and bacte- 
r i a .  Fungi are associated with decompos- 
ing vascular plant material and breakdown 
cellulose by extending the i r  hyphae into  
the de t r i  ta l  fragments. Fungi adhering t o  
other par t i c les ,  such as organic-encrusted 
mineral grains,  a re  less  common in t idal  
f l a t  sediments (Johnson 1974). Bacteria 
are associated with the i n t e r s t i t i a l  water 
found in sediments as well as the external 
surface of de t r i t a l  par t ic les  and the con- 
cave surfaces of mineral grains (Johnson 
1974). Studies have shown tha t  bacterial  
standing stock i s  inversely correlated 
with par t i c le  s i z e  in marine sediments 
(e.g., Dale 1974). Presumably such a rela- 
t ~ o n s h i p  exis ts  because of the increased 
surface-to-volume r a t i o  of the sma7 1er 
par t ic les  resul t ing in increased area per 
unit volume of sedimenc fo r  bacterial  
colonization and growth. Finer-grained 
sediments, therefore,  have more abundant 
bacterial populations than coarser-grained 
sediments. Bacteria are  also more abun- 
d a n t  a t  the surface of sediments than a t  
depth (Rublee and Dornseif 1978) probably 
because of the greater amount of d e t r i t a l  
material found in near-surface sediment 
layers (Whitlatch 1981). 

Decomposition ra tes  of de t r i tus  are a 
function of the type and source of the 
organic substra te ,  physical and chemical 
conditions, and the density and type of 
organism feeding upon the matrix of l iving 
and non-living organic material. Detr i ta l  
material entering t idal  f l a t s  from terres-  
t r i a l  sources i s  more res i s tan t  to decom- 
position than much marine-derived de t r i  t a l  
material. Terres t r ia l  plants ld njore 
s t ructural  polymers ( e -g . ,  l ignins)  than 
rcarine plants and are much more res i s tan t  
to bacterial  decomposition (NacCubbin and 
Hodson 1 e80). Larger organism (e. g. , 
invertebrates) feeding upon de t r i t a l  mate- 
r i a l  have been shown to  accelerate the 
decomposition process through the reduc- 
t ion ef pa r t i c le  size, exposure of grazed 
surfaces to  ti4crobial a c t i v i t y ,  and 
select ive  foraging upon fast-growing 
microbial cel Is  (Fenchel 197C, 1972; 
Fenchel and Harrison 1976; Lopez e t  a l .  
1977). 

The decomposers perforiz several v i t a l  
functions in marine coasta l  habitats.  
F i r s t ,  microbial decomposition of plant 
material serves as the primary l ink be- 
tween primary and secondary production 
(Cdum and de la Cruz 1967). Many studies 
have demonstrated that  only small percent- 
ages of plant material are consumed while 
plants a r e  l iving b u t  t ha t  a f t e r  death and 
physical-biological fragnrentation, plant 
nater ia l  serves as an energy source fo r  
the microbial and fungal populations in 
the sedinent. The resu l tan t  microbial 
ac t i  vi ty breaks down d e t r i t u s  and enhances 
i t s  nu t r i t i ve  value as a food source fo r  
many other species of organisms. Second, 
during the  decompos i tion process, the 
microbiota convert dead organic material 
into nutr ients  that  can be u t i l i zed  by 
primary producers. Loder and G i  1 ber t  
(1980), f o r  example, calcula ted t ha t  7% of 
the dissolved phosphate entering Great Bay 
Estuary, New Hampshire, came from the 
es tuar ine  sediments. Zei tzschel (1 980) 
recently suggested tha t  30% t o  100% of the 
nutr ient  requirements of shal low-water 
phytoplankton growth comes from the sedi- 
ments. Release of nu t r ien t s  from the 
sediment may also be important fo r  t ida l  
f l a t  macroalgal production ( B . L .  Welsh; 
University of Connecticut, Avery Point, 
Groton; February 1981 ; persona? communica- 
t i on ) .  Bacteria can a lso  convert dissolved 
organic materials from the  water column 
into  par t i cu la te  biomass. While the impor- 
tance of dissolved organic material in 
shallow-water marine environments i s  not 
f u l l y  understood, many types of marine 
invertebrates can u t i l i z e  these  substances 
as a food source (Stephens and Schinske 
1961; Stephens 1975). Tidal f l a t  inverte- 
brates have well-developed digestive sys- 
tems fo r  the ingestion of  par t icula te  
material and i t  i s  thought that  bacteria 
can outcompete many of these organisms for  
dissolved organic material in  marine sedi-  
ments (Fenchel and Jdrgensen 1977). Last, 
the net e f fec t  of having bacteria and 
fungi a t  the base of the decomposer food 
web i s  a s t ab i l i za t ion  of energy t ransfer  
to higher trophic levels within the t ida l  
f l a t  habi ta t .  The ava i l ab i l i t y  of food fo r  
consumers i s  not res t r i c ted  to  the growing 
season o f  a temperate climate.  The energy 
t i ed  up i n  the primary d e t r i t a l  fraction 
i s  slowly released depending on the r a t e  
o f  microbial degradation t o  becore avai l -  
able t a  higher trophic levels  throughout 
the year.  



2.4 ENERGY FLOM FOOD W E B  RELBPIOFI'SHIPS The rricrcbial portion ( the  "living-" f rac-  
t ion)  of the de t r i t a l  pa r t i c le  i s  eas ie r  

Organic nrderiajs in rtarine ecosys- to digest and i s  nore nutri t ious t h a n  the 
tenis are channeled throunh two types of structural  !"nofi-l fv ino")  portion. Fungi, 
faad webs: anc bascd on grazinc;, which bactc~ria, and protozoans associated w i  t b  
s t a r t s  with the u t i l  jzatjon of the pro- c 'etr i tal  particle5 are  eff  ic ient ly  re~oved  
ducts o f  prln;ary production; and another by detr i  tivores (Fenchel l r 7 2 ;  Hyl lebcrg 
bascd on the cansun3ptian of de t r i t a l  ra te-  1'75; Lopez and Levinton 197@),  a n d  stud- 

and assocjated niicrobial populations, ies have shown that  these 'l i v i n ~  isaterials 
Hhile tttese two faad webs e x i s t  i n  t idal  are  riorf eas i ly  dipested t h a n  the pan- 
f l a t  habitats,  they are not well-defined. 1 ivinc! fraction {Kofoed 1G75; Netme1 
The tropbic structure of New England t idal  1 ? 7 7 ) ,  biben cur paring the ingestion ra tes  
f l a t s  includes a nucber of primary food of various de t r i t ivores ,  Caramen c t  a7. 
types and an in t r icate ly  connected food (1Q713) found that  the 1:icronial portion of 
web of genera l i z~d  feeders. F4any ornanisns detr i tus  accounted for only atout 10% of 
interact  dncf feed a t  djffc.renS, trophic their  r;~ctafiolic derandr. T h i s  apparent 
levels a t  the same t f n l t ;  and are a f . 1 ~  l o  contradiction suggests s o w  poss ib i l i t j e s  
u t i l i z e  bath living plant and de t r i t a l  about the itrportance cf the l iving vtrsus 
nrltorials. Also, many t idal  f l a t  arganiscrs the nun-l i v i ~ g  fractiorls of d ~ t r i  tus to 
change the i r  trophr'c status w i t h  increals- dctritivorer;. F i r s t ,  de t r i  t ivores ray be 
r'ng sfre, Eosk f i s h ,  for exan:p%@, begin able to  derive post of their  nutr i t ion 
their  lives as ptanktjvores, pass through fror! th r  non-1 iving frdction.  Second, 
a dekr i  CUS-feeding stage, dnd f i n a l  ly  Pner!iy obtained fromi other sources, such 
bacnnrle pr~baceaus as a d u l t s .  as dissolved organic rlaterials or sriid7 1 

rreiufaunal or~anisr ls  (see section 3.3) nay 
Recause dr t r i t i i l  paterial  i s  so figure s ignif icant ly  in a de t r i t i vo re ' s  

conspicuoun dn the guts OF n:any species nutri tiotnai requirements, Last, organisii s 
as$aciated w i t h  t lda?  f l a t s  (Wh-itlatch may be sclcr t ively  feeding on the l iving 
1SSQ; Penore I S i 7 j ,  food webs in these portion of the d r t r i t a l  pa r t i c le .  Selcc- 
habltrrts are considrred to  be detrdta l ly  tl 'vity for h i g h  organic food iterrs has 
drtven, The grazing food web apparently been shown in several species of d e t r i t i -  
contrikrx~tes Irss t o  t idal  f l a t  energy. Grre vores ( ~ ? . c j . ,  k!hi t la tch 1974;  Connor 1900) 
of the nrort. s t r ik fng  exen~plcr of the lack and s ~ f e c t i v e  ingestion of n,icrobial'ly- 
of u t i  l Ixatlors Q F  the products of priri ary enriched fecal sa te r ia l  (teri9ied coproph- 
prodrtctr'un 4s the! rcarcilry of uraanisr?rs agy) i s  coaron (Johannes and Satomi 1566; 
feeding un t i l jg  and !r?f;qaztrph$. \tibile Frankenberg and Sr,ith 1967) .  bihile Fore 
t;tlcise Friacrnpkytes nray densely carpet por- infortoat ion i s  needed to t e s t  the various 
tionc; of NPW England t i d a l  f l a t s ,  only a a l ternat ive  explanations, i t  i s  becorrling 
f @ ~  species ( e ,  g, , the sna i  I ,  kwiW.tg~rina, increasingly apparent tha t  inshorc de t r i -  
nerefd palyrhaeles, some yarysnarict@an tall food weh dynar:!ics are  rrlore cor;:pl ex 
a~\pkriyr?ds, arid birds) fcfld upon thew than prcavious ly  cons idcreb. 
d4rsctlya Occcif;bnrt.ally dense peapulatiovs 
of hjrrjs or sndi ls deplete thflse n,acro- !;any ecologists bclievr t h a t  t idal  
phytes l&rcaI ly ,  but prt-rliably 90"ito 95": f l a t  ecosysterr:s are "energy ~ ~ b ~ i d - l ~ e ( i ' ' ,  
are consumed a f t e r  deiath and entry i n t o  receiving the bulk of the'lr pnerqq fror: 
the detr.i l d l  food web (Flanrr f 972). Grazing acl,:accnt s a f  r: n,arshes, scaclrass beds, 
on n3icsoaJpac by h ~ : r b ~ v o r ~ u s  srsai 1s and es tuar ies ,  dnd  ccastal waters as de t r i  ta l  
5D04@ ttrk~-dwct 1 ing antphiporjs r'orf ciirbon. i t  has been d i f f i c u l t  in actual 
coBmon although ta what extrnt  these practice to assion a re la t ive  inportance 
oryanislr.~ rely exrlusr'vely upon the r icro-  t o  the contributions af organic  ater rial 
algae as food has ye t  to be determiried, f r o r  priciary producers a n d  de t r i  t a l  decom- 

posers and t o  identify fron, which source 
Although de t r i tus  appears t o  be the they are  derived. Kuch of t h i s  uncer- 

rrajor Faad source of ndny t idal  f l a t  orm- tainty centxrs araurid a general lacK of 
ganS$ms, there are tlncertafnties regarding - i n  s i t u  estleiates of p r i r ~ a r y  production 
exact ly  what fractions of the dc t r i t a l  attd decocposition on t ida l  f l a t s .  Some 
n?aterjaIs are util3zcd by dr t r i t ivorcs .  data a re  available an standing crops of 
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macroalyae, but photo- and chenlosynthetic 
bacteria1 productivity have ye t  t o  be 
estimated. There are  several estimates 
of benthic nlicroalgal production in tern- 
perate, shal low-water habitats (Table 2 ) ,  
b u t  only Marshall e t  a l .  (1977) deal spe- 
c i f i c a l l y  with the Mew England region. 
Table 2 shows large regional differences 
in primary production, probably dependent 
upon local biological ,  physical, and chem- 
ical  conditions, and the time of the year 
of the measurements. In addition since 
i t  appears that  niicroalgal production i s  
lower a t  higher l a t i tudes ,  the estimates 
by ?4arshall e t  a l .  (1371 ) cannot be used 
to generalize for  the whole New England 
region. Phytoplankton productivity in 
several temperate estuarine environments 
i s  given in Table 3. As in the case of 
benthic microaigae, large regional d i f fe r -  
enccs in productivity ex i s t  fo r  phyto- 
plankton making general statements of 
f i t t l e  vaiur. No estimate of phytoplankton 
production on New England t ida l  f l a t s  i s  
available and conflict ing evidence ex i s t s  
as to whether t idal  f l a t  production levels 
are  higher or lower than production levels 
in deeper coastal waters. Phytoplankton 
productivity above the f l a t s  may be low 
because these areas are covered by water 
only a portion of the day and the water 
over the f l a t s  i s  turbid because of t idal  
action. Conversely, primary production 
may be stimulated by the increased warmth 
of water over the f l a t  and the closer 
proxiwity of nutrients available in the 
sedirients. 

Few studies have attempted to  deter- 
wine organic sources and e s t i ~ a t e  i n p u t  
and u t i l i za t ion  ra tes  of organic nlatter in 
Mew England coastal environrcents. The few 
data available,  while not specif ical ly  
fronl t idal  f l a t  habi ta ts ,  suggest t ha t  the 
f l a t s  rely on external sources of organics 
tra~lsported by t ida l  action. Nixon and 
Q v i a t t ' s  (1973) comprehensive study on a 
small Rhode Island coastal ernbayment 
derilonstratrd tha t  the systcn, depended 
heavily on iwports of organic matter from 
adjacent s a l t  marsh grasses and micro- 
aloae. Welsh (1980) found a western 
Connecticut mud f l a t  t o  be a nutrient 
-importer I n  whtch nlua f l a t  sediment 
scavenged nutrients derived from both an 
adjacent s a l t  marsh and t ida l  creek. In 
f a c t ,  the sediments were so effect ive  i n  
trapping passing nutrients that  very 
l i t t l e  were transported to  the adjacent 

open estuarine environrr;ent. The periodic 
contribution of de t r i t a ]  material t o  the 
sediment of Barnstable Harbor, Flassachu- 
s e t t s  sand f l a t s  was re la ted t o  the 
annual productivi ty-decay cycles of 
Spartina a l t e rn i f lo ra  (Whitlatch 1981). 
Other data support the view tha t  de t r i t u s  
imported from s a l t  marshes, eel  grass beds, 
and phytoplankton contribute s ign i f ican t ly  
to the annual budget of organic matter 
entering shallow water es tuar ine  systems 
(e.g. ,  Day e t  a l .  1973; DeJonge and Postma 
1974; Wolff 1977). 

Data are available t ha t  contradict  
the "energy subsidy" thes i s .  In a varfety 
of southern New England coastal  ponds and 
es tuar ies ,  Marshal 1 (1  970) found t ha t  ~ o s t  
of the organic matter contributed to  the 
sediment carne from sources within the sys- 
tem (Table 4 ) .  kihile i t  is d i f f i c u l t  to  
extrapolate di rect ly  from these data t o  
t idal  f l a t  habi ta ts ,  they do point t o  ben- 
thic micro- and macrophyte production as  
s ign i f ican t  contributors of organic car- 
bon. Marshall (1972) l a t e r  pointed out 
that  the ra tes  a t  which organic matter was 
added to those systems he studied was l ess  
than the ra tes  a t  which i t  was being u t i -  
l ized.  He suggested tha t  rapid recycling 
of organic materials within the habitats 
could explain the imbalanced carbon bud-  
get. In addition, there i s  a debate 
regarding the importance of s a l t  marshes 
as energy subsidizers of es tuar ine  and 
coastal environments (see Nixon 1980 for a 
review). Early studies suggested tha t  
marsh grasses were exported i n  large quan- 
t i t i e s  to becone the major contributor of 
detr i tus  t o  the coastal zone. More recent- 
ly, studies have indicated tha t  iruch of 
the de t r i tus  associated w i t h  Georgian 
estuaries i s  not derived from marsh grass 
b u t  comes from algal sources (e.g., Haines 
1977; Haines and Mantague 7979). Prodwc- 
tion of organic materials by chemosynthe- 
t i c  bacteria has been overlooked and may 
contribute appreciably t o  the t i da l  f l a t  
carbon budget (see Section 2.2,4). I n  any 
event, i t  i s  obvious tha t  more research 
carried out with a ho l i s t i c  (whole system) 
perspective w i l l  be needed t o  c l a r i f y  t h i s  
s i tuat ion.  The contribution of s a l t  marsh 
organic materials t o  t i d a l  f f  a t  habi ta ts ,  
for  instance, may be determined by hydro- 
graphic character is t ics  (e.g., flushing 
ra tes ,  topagraphic conditions f of the 
individual systems and the proximity of 
the s a l t  marshes t o  the t ida l  f l a t s .  



f a b l e  2. Primary production by benth ic  microalgae in  
some temperate  i n t e r t i d a l  and shal low sub t ida l  h a b i t a t s .  

--- ------ --- -- 

Production 
Area g~/m2/yr  Reference 

Danish Wadden Sea 

Dutch Madden Sea 

115-178 Grdntved 1962 

35-435 cadge and tlegerr~an 1974 

Fa1 se Bay, uashlngtona 143-226 Pama tmat 1 968 

Ythan e s tua ry ,  Scotland 3 1 Leach 1970 

Southern Mew England shoa ls  tll Marshal 1 e t  a l .  1977 
--"- - ------ ------------------------------------ 

' ~ s t i r na t ed  by oxygen method, a l l  o t h e r s  14C. 

Tab1 e 3. Phytoplankton prinrary production i n  sorne t e~npe ra t e  e s t u a r i n e  a r ea s .  
---.. ------- --~-- - -------- 

Production 
Area gc/r1l2/yr Reference 

*- -- ----- --- - " - -  

Long Is land Sound" 380 Riley 1 956 

S t .  Margaret ' s  f?ay, 
Nova Sco t i a  

Loch Et ive ,  Scotland 

198 P l a t t  1971 

7 0 Wood e t  a1 . 1973 

Wadden Sea, Nether1 ands 100-200 cadge and Hegernan 1974 

Ems e s t u a r y ,  Netherlands 13-55 ~ d d &  and Hegeman 1'374 

Grevel i ngen es tua ry  , 
Netherlands 146-200 Vegter i 977 

Marsdiep In1 e t ,  western 
Wadden Sea, Netherlands 135-1 45 Cadge and Hegerrlan 1979 

14, a ~ s t i r a a l e b  by oxygen method, a t  S ottrrtqs L .  



Table 4. Sources and con t r i bu t i ons  of o rganic  carbon t o  some southern 
New England c o a s t a l  ponds and e s t u a r i e s  (Marshall 1970). 

Source 

Percentage of  
Production t o t a l  o rganic  

gC/mZ/y r carbon 

Macrophytes (e .  g . ,  e e l g r a s s ,  
mac roa 1 gae ) 

Benthic n?icroal gae 90 33-34 

Phytoplankton 5 0 18-19 

Allochthonous m a t e r i a l s  (e .g . ,  
t i d a l  marshes, t e r r e s t r i a l  and 
coas t a l  sou rce s )  

Dissolved organic  ma te r i a l s  No es t imate  a v a i l a b l e  

Photosynthet ic  and chemosynthetic 
bac t e r i a  No e s t ima te  a v a i l a b l e  





enough to  be corr-erci a1 ly  h a r v ~ s  ted. The 
i n i t i a l  forination of these beds cn t ida l  
f l a t s  i s  dependent upon the  existence of a 
hard  substra te  such as stones, ciollusc 
she l l s ,  or other debris.  After establish- 
ment, other riussels s e t t l e  and the bed 
spveads l a t e r a l l y  forming a co~,plex mat of 
sediriient, shel l  debris,  and anirvals, The 
trussel beds provide a s tab le  substrate 
upon which other s e s s i l e  epifauna attach 
as well as serving as protection fo r  
piobile epifauna and infauna. Lee (1975) 
found many species of annelids, nlol luscs,  
and crustaceans associated with mussel 
beds in Long Island Sound. New England 
t idal  f l a t  mussel beds have not been well- 
studied and in some areas may be ephemeral 
features of the habi ta t .  Field (1923) 
indicated tha t  many beds in Long Island 
Sound only l a s t  two to three years.  Be- 
cause of the limited ava i lab i l i ty  of firm 
substra te  for  attachment, physical dis- 
turbance such as i ce ,  storm waves, and 
accreting sediment contribute t o  the tem- 
poral ins tab i l i ty  of n,ussel beds. 

The mobi l e  invertebrate epi fauna com- 
prise two taxonomic groups--arthropods and 
molluscs (Table 5) .  Both groups exhibit  
low habitat  spec i f i c i ty  a1 though predatory 
gastropods are found in sandy areas where 
the i r  preferred prey items (bivalve mol- 
luscs) reside. Distribution and ac t i v i t y  
patterns of these epifauna are affected by 
seasonal changes in water temperature. As 
water temperature declines in the f a l l ,  
a11 the crustacean species migrate in to  
deeper water where many burrow into the 
subtidal sediment and become semi-torpid. 
The gastropods are apparently l ess  sensi-  
t ive  than arthropods to low temperatures 
and tend to  r e ~ a i n  on t ida l  f l a t s  unti l  
the beginning of ice  formation. In re la-  
t ively  mild winters, some species do not 
nli grate into deeper water. 

The receding t i de  may reveal large 
populations of gastropods on New England 
t idal  f l a t s .  In high in te r t ida l  areas ,  
concentrations of common CLi t to r ina  1 i t -  
torea) and rough ( L i  t to r ina  s a x a t i m  
periwinkles are often found. These gas- 
tropods are herbivorous and are often seen 
scrapinq the sediment surface for  micro- 
algae or grazing on pieces of % and 
Enteroinorpha. Another species found in 
t h i s  area i s  Hydrobia t o t t en i .  This minute 

v- 

gastropod browses upon s e d i ~ e n t  par t ic les  

consuniing microalgae and associated micro- 
organisms. Although abundant on many t i da l  
Fla ts ,  i t  i s  often overlooked because of 
i t s  small ( 2  to 4 m m )  s ize .  

Extremely large and often dense 
aggregations of the mudsnail, Ilyanassa 
obsoleta, frequent New England t idal  --- 
f l a t s .  This species displays cathol ic  
feeding behavior ranging from s t r i c t  her- 
bivory to carnivory (Brown 1969; Connor 
1980). Aside from the s n a i l ' s  impact on 
the benthic microalgal community (Chap- 
t e r  21, several authors have documented 
the effects  of i t s  feeding and sediment 
disruption upon the benthic infauna. Move- 
ments by I1 anassa reduce the abundance of 
nematodes%chols and Robertson 1979) and 
the infauna associated with amphi pod tubes 
(Grant 1965). Snail enclosure experiments 
conducted a t  Barnstabl e Harbor, liiassachu- 
s e t t s ,  resulted in pronounced decreases i n  
the infauna par t icular ly  newly s e t t l ed  
juveniles of near-surface dwelling poly- 
chaetes (Uhitlatch unpublished data) .  
Boyer (1980) has shown that  the mudsnail 
decreases s t a b i l i t y  of the sediment-water 
interface.  Ilyanassa migrates in to  deeper 
waters during the winter and reappears 
each spring. Rrenchley (1980) f ee l s  that  
th is  migratory pattern may be a l tered by 
the presence of Li t to r ina  1 i t t o r ea  which 
may also in te r fe re  with the reproductive 
ac t i v i t i e s  of Ilyanassa. 

Several species of mollusc-eating 
gastropods are common in  southern New Eng- 
land. The most abundant i s  the moon sna i l ,  
Pol inices dupl icatus;  t h i s  active predator -- 
leaves d i s t inc t ive  c i rcular  bore holes in  
the she l l s  of i t s  victims. Edwards and 
Huebner (1 977) concluded tha t  Pol inices 
eats only l iving prey items anrprefers 
the soft-shelled clam, Mya arenaria.  
WiI t s e  (1980) demonstrated rt-ie influence 
of the s n a i l ' s  foraging ac t i v i t i e s  on the 
infauna using caginp experiments in the 
f i e ld .  When sna i l s  were excluded from 
cages, increased nun~bers and divers i ty  of 
both prey (molluscs) and non-prey (anne- 
1 ids,  sipuncuf i d s )  species were found 
inside the cages. The snai l  k influence 
was both through d i rec t  consurvption of 
prey items and indirect  disruption of the 
upper few millimeters of the sediment sur- 
face as i t  plowed along in search of food. 
Boyer (1980) found tha t  the foraging 
behavior of Polinices destroyed blue-green 
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Table 5. (Continued). 

Species D i s t r i b u t i o n a l  range; h a b i t a t  preferences Feeding hab i t s  

Mol l usca (continued) 

t i t t o r i n a  s a x a t i l  i s  Throughout New England; i n  h igher i n t e r t i d a l  Her b i  vore 
m r m  areas. 

Placo ecten ma e l l a n i c u s  I n t e r t i d a l l y  i n  some pa r t s  o f  Maine; most ly  
c sub t i da l .  

Suspension feeder 

Arthropoda 

Carci nus @enas Throughout New England ( int roduced species) ; Mol l  usc i  vore; depos i t  feeder; 
( g r e e n r a b r  most abundant on mud and muddy sand sediments. scavenger 

m 
C a l l  inec tes  sapidus Occasional l y  abundant i n  southern New England Mol l  usc i  vore ; depos i t  feeder; 

,- (b1 ue crab)  estuar ies;  on mud bottoms. scavenger 

Throughout New England; seasonal l y  abundant Bivalves and polychaetes 
i n  spring-summer. 

Throughout New England; ubiqui tous.  Deposit  feeder; scavenger; 
(grass shrimp predator  on small i nve r teb ra tes  

Cran on se tems inosus 
-(*h* 

Throughout New England; ubiqui tous.  S im i l a r  t o  Palaemonetes 

L i b i n i a  emar i n a t a  
.Tq?GF* 

Throughout New England; j uven i l es  more common h n i  vore 
near eelgrass beds, a d u l t s  on muddy sediments. 

L i  b i n i a  dubia Throughout New England, but  more common south S im i l a r  t o  - L. emarginata 
pj5mF crab)T o f  Cape Cod; poss ib l y  more es tuar ine  than 

L. emarginata. - 

Cancer i r r o r a t u s  Throughout New England, more i n t e r t i d a l  n o r t h  Omnivore 
l - i ? z ' - c r ~  o f  Cape Cad; ub iqu i tous l y  d i s t r i b u t e d .  

continued 





Dense aggregations of the mudsnai 1 ,  11yanassa obsoleta, typical ly overwinter subtid- 
ally during Mew England winters. As water temperature increases in the spring, the 
snails begin {sass migrations back onto tidal f l a t s  where they begin reproducing and 
feeding. Snails are approximately 2 cm in length. Photo by R . E .  DeGoursey, Univer- 
si ty of Connecticut. 

algal mats and microalgae, decreased 
sediment s tabi l i ty ,  and contributed to  
increased erosion of the sediment-water 
interface. Another species of naticid 
snail, Lunatia heros, i s  occasionally 
found on tidal f l a t s  in northern New Eng- 
land although i t  i s  more abundant in sub- 
tidal,  sandy substrates. The whei k,  
Busycon canal iculatum, also forages inter- 
tidally in southern New England b u t  is  a 
rare inhabitat of tidal f lats .  

The nlobi 1e bay scallop (Aequipecten- 
irradians) i s  sometimes seen on tidal -- 
f la ts .  Settling juveniles prefer to attach 
themselves by threads to eel grass (Zos tera 
marina) or other subtidal macroalgae, As -- 
scallops grow, they drop t o  the s e d i ~ e n t  
surface in the vicinity of eelgrass beds 
and may move onto tidal f l a t s  a t  high 
tide. 

Sevcra l species of epi faunal arthro- 
pods are common to  New England tidal 
f la ts .  Unlike the gastropods, this  group 
migrates on and off the f l a t s  with the 
tidal cycle. The most comnton species 
throuqhout New Ensland i s  the green crab, 
carciiius maenas. - Like a11 l&ye crabs, 
this species feeds by crushing i t s  prey. 
Feeding rates and preferred prey are re- 
lated to crab size (Elner and Hughes 1978; 
Elner 19801 with a tendency t o  specialize 
on bivalves (e,g. M a  arenaria, Rytilus 
edulis). Ropes (19% noted t h a t  these 
crabs ingest annelids, detritus, and 
Spartina blades as we1 1. Other large crab 
species are also present b u t  are less 
abundant t h a n  the green crab. The blue 
crab, Callinectes sapidus, so very abun- 
dant in the middle and southern portions 
of the eastern seaboard, i s  less so in 
New England, found only south of Cape Cod. 



The gastropod, Polinices duplicatus (she1 1 approximately 8 cm in width), bul ldozing 
through the sediments in search o f  molluscan prey. Photo by P. Auster, University of 
Connectlcut. 

This species is found i n  estuaries and i t s  while searchin for bivalves and polychae- 
distributional pattern varies seasonal iy, tes .  Woodin ( 9 978)  denlonstrated t h a t  this 
with the sexes, and w i t h  the stage of digging activity reduced the abundance of 
development of the crab (Van Engel 1958). several infaunal invertebrates on a Mary- 
Virnstein (1977) has documented the impact land tidal f l a t .  She noted that h i g h  
of this species on the benthic infauna of spring-summer densities of Limulus re- 
Chesapeake Bay. Blue crabs are voracious sulted in feeding pits that covered 50% t o  
predators as well as active diggers in the 70% of her study s i te .  New England popu- 
sediment and can significantly a l te r  both lations of Lirnulus are not as large and 
species composition and abundance of the tend to be more spatially variable t h a n  
infauna, The rock (Cancer j r roratus)  and those described in Maryland. Occasionally 
Jonah (C. borealjs) crabs, con;monly found this  species i s  used as bait for eel fish- 
i n  estuaries on bottoms and rocky o u t -  er ies  and uncontrolled harvesting may have 
crops respectively, are more often found led t o  reduced papulation levels in some 
intertidally in northern New England than Mew England areas. 
in southern New England (MacKay 1943) and 
probably have similar effects upon the Several other species o f  crustaceans 
infauna as the blue crab. also frequent tidal f l a t s .  Thc grass 

s h r i ~ p ,  Palaemonetes pugior, i s  more often 
spring, Limulus =lyphemus, $he found in southern than i n  northern New 

horseshoe crab, appears intertidal ly t:o England eel grass beds. The sand shrimp, 
in i t ia te  spawning activities.  The- crabs Crangon septerspinosus, in contrast, i s  
dig distinctive pits about 3 to  6 cm (1 to  the only conmon shal low-water species 
2 inches) deep on the sedjmeot surface between Cape Ann and the Bay of Fundy. 



This species can o f ten  be seen f o l  lowing 
the leading edge o f  f l o o d  t i d e s  over t i d a l  
f l a t s  feeding on resuspended d e t r i  t a l  
mater ia l  and car r ion .  The hermit  crabs, 
Pa urus longicarpus and P. p o l  l i c a r i s ,  
b n d a n t  l o c a l l y .  Pagurus longicarpus, 
found occupying I lyanassa and L i  t t o r i n a  
shel ls ,  and P. p o l  l i c a r i s ,  p r e f e r r i n g  
Pol in ices  she1 I s ,  are omnivores scavenging 
on l i v i n a  and non- l i v ina  animal mater ia l  
as we l l  i s  d e t r i t a l  mat&ia l  on the sedi- 
ment surface. The lady crab, Ovalipes 
ocel latus,  i s  f requent ly  seen on the sand 
f l a t s  o f  Cape Cod where i t  hides bur ied  i n  
sand w i t h  only i t s  eyestalks exposed. 
Spider crabs ( L i b i n i a  emar i na ta  and L. 
dubia) and f i d d l e r  crabs --"-?-T Uca u g i l a t o r  
and-U_. pugnax) are a l so  l o c a r y  abundant, 
although the former two species are more 
cha rac te r i s t i c  o f  eel grass beds, whi l e  the  
l a t t e r  two species are i n  greatest  abun- 
dance near o r  i n  s a l t  marsh hab i ta ts .  Var- 
ious smaller amphipods and isopods a l so  
occur i n  both mud and sand f l a t s .  These 
species t y p i c a l  l y  burrow s l  i g h t l y  below 
the sediment-water i n t e r f a c e  and have been 
categorized as infaunal  organisms (see 
Appendix I ) .  

3.3 BENTHIC INFAUNA 

Broad designations, based on organism 
size, are used t o  d i s t i ngu ish  among groups 
o f  infaunal  organisms. Confusion ar ises  
because o f  t h i s  approach although s i z e  
groupings tend t o  correspond t o  taxonomic 
groupings. Organisms t h a t  pass through a 
64 pm mesh s ieve are termed microfauna, 
those reta ined on a 300 t o  500 urn mesh are  
ca l l ed  macrofauna, and a l l  others are  
designated as meiofauna. I n  add i t i on  t o  
the a rb i t ra r i ness  o f  s ieve-s ize se lec t i on  
i n  determining the various infauna groups, 
many organisms pass from the meiofaunal 
category t o  the macrofaunal category as 
they grow. 

Because o f  the small s i ze  o f  micro- 
and meiofauna and d i f f i c u l t i e s  i n  sampling 
them, our knowledge o f  these groups i s  
fragmentary and speculat ive. Microfauna 
inc lude the protozoans, espec ia l ly  the 
c i  1 i a tes  and foramini  ferans. They are  
abundant, p a r t i c u l a r l y  i n  f i n e  sands 
w i th  st rong reducing proper t ies  and numer- 
ous s u l f u r  bac ter ia  (Fenchel 1967). Most 

microfauna are  found w i t h i n  several cen t i -  
meters of t he  sediment surface although 
Fenchel (1969) noted d i s t i n c t  species- 
s p e c i f i c  v e r t i c a l  d i s t r i b u t i o n  pat terns 
r e l a t e d  t o  the redox-discont inui  ty layer.  
R e l a t i v e l y  l i t t l e  i s  known about the r o l e  
o f  microfauna i n  coastal ecosystems a l -  
though Barsdate e t  a l .  (1974) found t h a t  
d e t r i  t a l  decomposition was apparently 
s t imula ted and phosphorus c y c l i n g  i n -  
creased i n  the  presence of grazing proto-  
zoans. Other workers have questioned the 
o v e r a l l  importance o f  the  microfauna i n  
the  recyc l i ng  o f  d e t r i t a l  mater ia ls  
(Fenchel and Jplrgensen 1977) recogniz ing 
t h a t  microfauna may be a food source f o r  
meio- and macrofauna. 

Meiofaunal populat ions comprise a 
taxonomical l y  broader group o f  organisms. 
T i e t j e n  (1969), f o r  example, found t h a t  
nematodes, os tracods, harpact ico id  cope- 
pods, and tu rbe l  l a r i a n  flatworms were 
abundant i n  two shallow subt ida l  s i t e s  i n  
southern New England. Meiofaunal d i s -  
t r i b u t i o n s  are  apparent ly  con t ro l  l e d  by 
sediment composition. Turbel l a r i a n s  dom- 
i na te  coarser sandy sediments and nema- 
todes are i n  greater  numbers i n  muddy 
sediments, presumably because o f  the 
increased amounts o f  d e t r i t a l  mater ia l  and 
microorganisms i n  muds. Most mei ofauna 
occur i n  the upper, we1 1-oxygenated layers 
o f  the sediment (Figure 5 )  although nema- 
todes have been recorded a t  greater  
depths. 

As more in format ion  accumulates on 
the marine meiofauna, b i o l o g i s t s  share a 
greater  apprec ia t ion  f o r  the ecological  
importance o f  these organisms i n  so f t -  
sediment environments. I n  a d d i t i o n  t o  
acce lera t ing  decomposition and recyc l i ng  
o f  d e t r i t a l  mater ia ls  (see Chapter 2), 
these e f f e c t s  may be t ransmi t ted  t o  h igher 
t roph ic  l eve l s  i n  the detr i tus-based food 
web (Tenore e t  a l .  1977). A h igh  degree 
o f  i n t e r e s t  has focused on the t roph ic  
posi  t i o n  o f  the meiof auna--questioni ng 
whether they represent a t roph ic  dead end, 
are  competi tors w i t h  macrofauna f o r  shared 
food mater ia ls,  o r  are a major food source 
consumed by macrofauna. Recent evidence 
po in ts  t o  the  last  hypothesis. Gerlach 
(1978) estimated t h a t  foramini fera and 
meiofauna represent 12% t o  30% o f  the l i v -  
i n g  biomass i n  many marine sediments and 
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are fed upon by a wide range of benthic 
macrofaunal invertebrates. Many species 
of juvenile fishes are also known to  
fngest large numbers of meiofauna (e.g., 
gobies, Smidt 1 9 5 1 ;  f l a t f i sh ,  Bregnballe 
1961 ; salrnonids, Feller and Kaczinski 
1975). The transfer of meiobenthic bio- 
mass t o  higher trophic levels may be 
limited to areas where the meiobenthic 
densities are high enough to be readily 
consumed by bottom-feeding invertebrates 
and  vertebrates (Coull and Bell 1979). 

The nlacrofauna are the most we1 l -  
studied group of infauna because of their 
relatively large size and the fact that 
several species are commercially and 
recreational ly important along the New 
England coast (see Chapter 6) .  Annelid 
worms, bivalve molluscs, and amphipod 
crustaceans are usually the most numerous 
although other taxonomic groups such as 
echinodern~s, hemichordates, sipuncul ids, 
and nemerteans are also relatively corr;mon 
on tidal f l a t s .  The nlacrofauna are often 
divided into three generalized trophic 
groups: (1 ) suspension feeders, organisms 
t h a t  obtain food materials (e-g. ,  plank- 
tonic diatoms, suspended sediment) from 
the overlying water column, ( 2 )  deposit 
feeders, organisms dependent upon the 
organic fractions within the sediment for 
food, and (3) scavenger-predators, organ- 
isms that feed mostly on dead and living 
animal materials. These trophic groupings 
are compl icated by the feeding plasticity 
exhibited by most species of infauna 
(e.g., Sanders e t  al.  1962; Fauchald and 
Jumars 1979; Taghon e t  al .  1980). Many 
species tend to be generalized feeders 
whose diet is  primarily limited by the 
size of the food particles they are able 
t o  ingest (Whi tlatch 5980). 

One feature of racrofaunal communi- 
ties i s  the long recognized association of 
particular species or assemblages of spe- 
cies with particular sediment types. The 
scientific l i terature often refers to  
"mud" and "sand'kowmunities rather than 
mentioning specific species names (see 
Figures 6 and 7). Spatial variation among 
such species assemblages i s  primarily 
corveialed w i t h  sedi~riertt part 'r ' tle s i z e  
(Sanders 1958; Fager 1964; Bloom et  al .  
1972 ) .  Other factors directly or indi- 
rectly influencing the composition sf  
bottom sediments can also affect the 

distribution patterns of ~acrofauna (e-g . ,  
sedimentation rates, sediment stabi 1 i ty, 
food availability).  

The intimate association of infaunal 
organisms with sediment features i s  a 
consequence of the animals' reduced mobil- 
i ty.  Infauna rely on sediments not only 
for  shelter,  protection, and areas to 
reproduce, b u t  also for food. Deposit 
feeders usual ly dominate in f i ne-grai ned 
muddy sediments because of the increased 
availability of de t r i ta l  material and 
microorganisms. Suspension feeders, con- 
versely, must retain contact with the 
sediment-water interface to feed and  are 
usually found in stable sedimentary envi- 
ronments where there is  less resuspended 
sediment to clog their f i l te r ing  struc- 
tures. This complementary trophic group 
separation of the benthic habitat by feed- 
ing type while apparently true of New 
England subtidal habitats (Sanders 1958; 
Rhoads and Young 197G), may be less so 
intertidally. While Whitlatch (1977) found 
trophic separation by sediment type in 
Barnstabl e Harbor, Massachusetts, Larsen 
e t  al .  (1979) found deposit feeders to 
be abundant in both sand and mud f l a t s  
in Maine. Only unstable sandy beach 
substrates were dominated by suspension- 
feeding amphi pods. 

I n  addition to conditions i n  the sed- 
iment, other physical factors limit the 
distribution of Mew England macrofauna. 
On a geographic basis, distribution pat- 
terns of macrofauna can be divided into 
three general ized categories: (1 ) species 
that occur throughout the New England 
coast, ( 2 )  species more restricted to the 
cold Gulf of Maine waters, and (3)  species 
found in warmer southern New England 
waters (Appendix I ) .  Cape Cod i s  recog- 
nized as a biogeographical boundary and 
several studies have noted dist inct  groups 
of subtidal benthic species occurring only 
north or south of Cape Cod (Yentsch e t  al .  
1966). Nearshore, where water tempera- 
tures exhibit pronounced fluctuation, 
these categories are less dist inct .  North 
of Cape Cod, warm water embayments and 
estuaries do occur and one occasionally 
finds war% water species i n  these areas 
(e. g . ,  the quahog, Mercenaria rnescenaria). 
Representatives of the cold water group 
inhabit southern New England waters espe- 
cial ly during winter. Depending upon 
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local environmental features ,  members of 
both groups may occupy the same habi ta t  
reproducing a t  d i f fe ren t  times of the year 
a t  plater temperatures appropriate fo r  each 
species (Khitlatch 7977). I t  has been 
hypothesized tha t  a third biogeographic 
boundary ex i s t s  northeast of Penobscot 
Bay, Maine, where boreal species a re  
limited in t he i r  southern dis t r ibut ion 
by warm summer water temperatures (Bous- 
f i e ld  and Laubi t z  1972 cited in Fefer and 
Schett ig 7980). 

O n  a rxorr local scale ,  the s t ructure  
of New England t ida l  f l a t  macrofaunal 
corxnuni t i e s  i s  a1 so determined by temporal 
and spa t ia l  variations in temperature. 
Green and Hobson (1970) found tha t  small 
differences in t ida l  range influenced the 
density of several species of infauna and 
affected the growth r a t e  of the small bi- 
va l ve ,  Gemma gemma. Since t ida l  f l a t s  are  
gently sloping habi ta ts ,  zonation patterns 
are not as pronounced as those observed in 
rocky in te r t ida l  areas. Figure 8 shows an 
example of infaunal zonation on a muddy- 
sand f l a t  in Massachusetts. Broadly de- 
fined, species-speci f i c  patterns are  prob- 
ably related to  physiological tolerances, 
desiccation, and temperature as well a s  
cer ta in  biological in teract ions  (e.g., 
competition and predation). Larsen (1S79) 
suggested the importance of temporally and 

spa t i a l l y  variable hydrographic features 
affecting nearshore zonation of infauna. 
In northern New England regions, winter 
i ce  and spring thaw can a l t e r  patterns of 
s a l i n i t y  fo r  brief periods. In areas w i t h  
r e s t r i c ted  water flow fe .g . ,  g lacia l ly-  
incised es tuar ies ) ,  t h i s  yearly event may 
have profound e f fec t s  on infaunal dis t r i -  
bution patterns (Larsen 1979). 

New England t i da l  f l a t  macrofauna 
display high temporal and spa t ia l  varia- 
b i l i t y ;  numbers of species and tota l  num- 
bers of organisms may vary by several 
orders of magnitude within and between 
years. This high degree of var iab i l i ty ,  
coupled with the effects  of l a t i tud ina l  
variation in physical propertr'es of the 
region, make i t  d i f f i c u l t  to describe a 
"typical " t ida l  f l a t  infaunal association. 
Figures 6 and 7 and Appendix I i l l u s t r a t e  
some of the more cowrnon mcrofaunal organ- 
isms found in sand f l a t s  and rrud f l a t s .  
Not a1 1 species will always occur together 
in any one par t icular  habi ta t .  Rather, 
the species are  representative of those 
associated w i t h  the two d i f fe ren t  sediment 
types. 

!.lost macrofauna l i ve  in the upper 
layers of the sediment, probably re f lec t -  
ing the greater amount of food and oxygen 
in t h i s  zone (Figure 9 ) .  Amphipods and 
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Figure 4. Vertical d is t r ibut ions  of major groups of t ida l  f l a t  macroinvertebrates 
(Whitlatch unpublished data, Barnstable Harbor, MA, 1974 t o  1977). 



b i v a l v e s  are r a r e  res t r i c ted  t o  the near- are often found packed in 
surface layers than are the burrowing an- f ine-grained t i d a l  f l a t s .  Even though 

ids,  The deposi t  feeders e x h i b i t  a wide these are small organisms (about 3 mm) 9 a t  
range of feeding and m o b i l i t y  patterns these high dens i t ies  they are able t o  
although three general l i f e  s t y les  O r  e f f ec t i ve l y  exclude other of 

ids are apparent. F j  r s t  i s  the  surface- S U S ~ & ? ~ S ~  on-feedi ng b i  ves and surface- 
feeding species, These organisms e i t h e r  feeding po1ychaetes from t h e i r  habitats 
l i v e  i n  v e r t i c a l  tubes (e.g., sp ionid and (Sanders e t  a l .  1962; Whi t la tch  unpub- 
t e rebe l l  i d  polychaetes) o r  burrow s1 i g h t l y  l i shed  data). The clam, kC? arenaria, is 
below the surface (e,g., some gamaridean also abundant, espec ia l l y  i n  Maine, New 
amphipods) feeding w i th  appendages on or  Hampshire, and par ts  of Massachusetts. 
s l i g h t l y  above the sedimnt-water i n t e r -  This species tends t o  be associated w i t h  
Pace. The depos i t- feeding clam, Macoma s i  1 ty-sand sediments and i s  not  usual l y  
ba l th ica ,  an abundant species on northern found i n  areas dominated by G.gemma. The -- 
New England mud f l a t s ,  a lso feeds off  the hard-shelled clam, Mereenaria mercenaria, 
sedin~ent surface w i th  a long inha len t  i s  general ly  r e s t r i c t e d  t o  sand f l a t s  i n  
siphon, The surface-feeding gui l d  i s  the southern New England. Abundant assemblages 
most abundant group of organisms i n  t i d a l  o f  suspens ion-feeding amphi pods are  found 
f l a t  habi tats.  Second i n  abundance are i n  northern New England (Croker 1977) 
the organfsrns tha t  burrow through the sed- where they are p r i m a r i l y  associated w i t h  
irnent, n~uch 1 i k e  earthworms, This group sandy beach habi tats.  
has the la rges t  nunrber o f  species (e,g., 
niembers o f  the golychaete worm fain1 1 i es New England t i d a l  f l a t  in fauna l  asso- 
Capi te l l idae,  Nereidae, Syl l idae,  lumbr i -  c ia t ions  are h igh l y  dynamic and many stud- 
nereidac, Orbin i  idae, Nepthyidae). Several ies have noted pronounced seasonal changes 
species bu l  l d  temporary burrow-1 ike  st ruc-  i n  species occurrence and abundance (e.g. , 
turc.; t o  the surface. Since many worn~s Whit latch 1977; Dobbs 1981). Large f l u c -  
ffvc? i n  anaerobic sediments, the burrows tuat ions i n  populat ion s i ze  are a t t r i b u t -  
aide f r o  t ransport  o f  oxygenated water t o  able t o  the short  l i f e  span o f  most in fau-  
the oryanisnr fronr the sediment surface. nal species, (probably 1 t o  3 years) ,  sea- 
Last are the "conveyor-be1 t species" sonal reproduct ive cycles, p redat ion  by 
(Rhoads 1974), organisfits tha t  l i v e  head vertebrates and benthic inver tebrates,  and 
dawn Sn the stlldirnents (e.g., the polychae- large-scale hab i ta t  heterogeneity. Sea- 
tes, Fec t inar fa  oouldji and Q~mene l l a  sonal patterns o f  populat ion and conlmunity 
to&T-GXng a t  depth and deposit ing change are re f l ec ted  as sudden r i s e s  i n  - 
cgested sedjnentary mater ia ls  an the sur- the densi t ies o f  c e r t a i n  species o r  groups 
face, laahile t h i s  feeding group i s  less of species fo l lowed by dec l i n ing  dens i t i es  
dfverse and abundant: than the other two, over a per iod o f  weeks t o  months. S p e c i f i c  
the nanikers are i n te res t i ng  because of patterns of seasonal change i n  New England 
the4r jnzpressive b la turbat ion  a c t i v i t i e s ,  are t i e d  t o  l a t i t ude ,  and increased infau- 
Dense populations o f  $&menel l a  are known na l  abundance may be a response o f  benth ic  
t o  campl@tely b i o t t ~ r b a t ; e ~ ~ ~ ~ - ~ ~ ~ ~ )  sedi- organisms t o  seasonally-induced va r i a t i ons  
ments t a  el depth of 20 cnt (8 inches) i n  food suppl ies. Natural  se lec t i on  favors 
annually. One nat-iceable e f fec t  of t h i s  ind iv idua ls  t h a t  reproduce a t  about t h e  
extensive feedl'n ac t ' l v i t y  i s  described by time tha t  food f o r  juven i les  ( e . ~ . ,  plank- 
Sanders ct a i .  71962) who s ta te  t h a t  the ton ic  p lan ts  and animals) i s  increas ing  i n  
presence s f  =menella on the Barnstable abundance. The r e s u l t  of such a response 
Harbor, Massachusetts, t i d a l  f l a t s  could i s  temporal acce lera t ion  of b i r t h  ra tes  i n  
be detected by walking aver areas and response t o  seasonally-induced increases 
fee l ing  a spongy sed i ren t  underfoot, i n  the a v a i l a b f l j t y  of prey and/or n u t r i -  

ents. Seasonal reduct ion  i n  abundance of 
Suspetrsion-feeding organisms inc lude t i d a l  f Sat benthos begins about July i 

hivalve n;ol?uscs and soirte %p@cdes o f  Massachusetts (Green and Hobson 1970; 
amphi pods and polychaetes. Probably t h ~  Whi t la tch 1977) and s'[ i g h t l y  later i n 
most abundant: suspension Feeder an New Maine (L. Watling; University of Kaine, 
England .&Id81 f l a t s  i s  the small b ivalve,  Walpole; February 1987; personal communi- 
Gems  emm ma* Densit ies exceeding 300,000 cat ion)  and Scat ia  (Levings 1976). - 
Per m2 have been recorded and ind iv idua ls  Seasonal decreases i n  benthic organism 
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Small spionid polychaetes ( t h i s  species i s  Spio se tosa ,  approximately 1 m 
body width) a r e  common inhabi tants  of New England t ida l  f fats .  They construct  
v e r t i c a l l y  positioned tubes i n  the sediment and feed on su r face  deposits  w i t h  
a pai r  of grooved, c i l i a t e d  palps. Photo by K.W. Kaufman, Johns Hopkins Uni- 
versi  ty .  



abundance begin before ~~l~ s o u t h  of Mars- deposit feeders are a b u n d a n t  and f ine sed- 
acpuse t t s  [ouncan ~ $ 7 4 ;  Cobbs 1081 ). These iments are easily r e s u s ~ e n d e d 9  bu t  

decl jnes in population abundance are prob- (1977a, b )  has recently rep0rted t rOphi  
the of biotic interactions group amensalism in a sha110w water sandy 

cmpetirjon for  food and space and habitat. Biologica~ destabi1ization of 
t h e  seasonal appearance of vertebrate and the sediment-water interface by denersal 
invertebrate predators (e .g+,  fish, epi- fishes, large epifaunal invertebrates, and  
faunal gastropods, crabs, and birds). meiofauna has so been reported (e.g* 

Yingst and Rhoads 1978; Boyer 1 9 8 0 ) ~  b u t  
While seasonal change in the pitysf- the predicted effect upon suspension feed- 

cal and chemical components of benthic ers has Yet to be determined* 
systefizs contributes to the highly variable 
s p a t i a l  -temporal abundance of organisms Direct interactions can be either 

t i d a l  f l a t s ,  several studies have noted adul t-adul t or adul t-larval effects.  
the *tent-@ of cons i $tent year-to-year Adul t-1 arval i nteracti occur when 
trerlds benthic co~munjty structure infaunal assemblages of a d d  t organis~s  
in !dew England and elsewhere (Grassle are dense enough to Prevent or r e s t r i c t  
and Smith 3976; Whitlatch 1977; Coull and recruitment of larvae. Woodin (1976) sug- 
Fleeger 1978). The cycle may be at tr ib-  gested that these interactions occur when 
u tctj to seasonal 1y-programed regroduc- suspension and deposit feeders ingest 
tf \re activities of organ-isms found $ n  dif- settf ing larvae or when deposit feeders, 
ferent geogrephk careas (LBhi tlatch 1977) through their feeding ac t iv i t ies ,  bury or 
or to  the seasonal occurrence o f  benthic smother settling larvae. Dense popula- 
fnvertebrate and vertebrate predators tions of infauna are common in New England 
( c ,q . ,  dcn~rsal ffshes, epifaunal crusta- tidal f l a t s  (e.g., Sanders e t  a] .  1962; 
ceans and gastropods). Qtker studles have Whitlatch 1977; Dobbs 1981 ) and there i s  
F a i  led t a  f Ind repeatable seasonal trends evidence that adul t-larval interactions 
irr carr;a%uni ty struetore (e,g,,  Levings occur. A t  present, however, we lack con- 
1916; Dohbrs ?981), The existence of such trolled field studies to document the 
pdt te r i l s  may k the resul t sf the specific importance and magnitude of adul t-larval 
eharilcteristics of the local biotic and interactions in the New England region. 
a b f a t l c  envirufivrrelst controlling the struc- 
ture OF the fnfaunal populations and com- Adul t-adul t interactions involve 
narri ties.  predatory interactions and infaunal organ- 

isms con~peting for either space ( lateral  
Infaunal interactions result in or vertical) and/or food. Whi tlatch (1960) 

a1 terations of thefr abundance and distr i -  found a general relationship between food 
bution patterns on tidal Flats. These and space overlap and sediment orgarlic 
fn terac t f~ns  raay take severe1 forms b u t  matter suggesting the importance of ex- 
rftiry he convenfizntly sepavatcd into direct ploitive conlgetition for food by deposit- 
arrd I t~dlrect  e f f ec t s .  The nlost cotman feeding species. In habitats with high 
Porftr o f  fndl ' r~ct .  interaction i s  h ~ b i  ta t  levels of organic matter, species t h a t  
nrod'ification by one species o r  tropkic were similar in resource utilization were 
group resulefng J n  an adverse impact upon able to coexist and species numbers were 
anather rg~ecl"es or trophic group. The high, In less productive habs'tats, eco- 
best dockan!ent@d example of this type of  f o g i ~ a l l y  s i ~ i l a r  species were excluded 
int@rsctr"csn I s  cia1 fed trophic group amen- and species number declined. Grassle and  
sdlism (Rhaads and Young 1970). Firo t Grassle (1974) documented intraspecif i c  
described in subtidal, muddy sediments of effects on egg productton in the poly- 
Buzzards Z3a y ,  !lassdthur;ct.tts, t h i s  phenor,i- chaete, Capitel f a capi tata., re1 ated t o  
c3rton 3nuo7ves the destabilization of the competition for food. Other studies have 
surficial sediment by the burrowing and noted the importance of exploitive inter- 
feeding activities a-f' deposit feeders actions iff limiting the distributional 
which sew? t s  i n  increased sediment resus- Patterns of infaunal organisms (e.g. , 
pensdan and subsequent 4 nkerference with Levt'nturr 1977; keinberg 7979). Competi - 
the f i l ter ing act ivi t ies  of suspension tion between species for space within sed- 
feeders. This type of interaction i s  mast iments has been shown in a variety of 
likely t o  occur S f l  muddy sediments where suspension- and deposit-feeding species 
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(k:oodi n 1974 ;  kevinton 1977;  Peterson deposi t-feeding. The more i ~ p a r t a n t  pred- 
1977; Peterson and Andre 1S80). There are ators 1 ive outside the infaunal cornnluni ty. 
rc lat  ive'iy few infaunal predators on the Epi faunal invertebrates, deniersal fishes,  
racrobenthos. Neaerteans arid the preda- a n d  birds consutre significant fractions of 
cenus polychatte annelids, Ne~Yej~ yir_e_nr the infauna and can a l t e r  species dis- 
and C , l p ~ ~  gjbranchi?J_d, are the most tribution and abundance patterns (see 
cormon specics although the l a t t e r  two Peterson 1979 for a review). 
species also supp1en:ent the i r  diets by 



CHAPTER 4 

FISHES 

4.1 INTRQDUCT f ON Appendix I 1  gives names and r e l a t e d  
l i f e  h i s t o r y  informat ion f o r  f i s h  species 

Fishes migrate onto t i d a l  f l a t s  dur- common throughout the t i d a l  f l a t s  o f  the 
ing f l o o d  t i d e s  and r e t r e a t  dur ing ebb New England coastal zone. Species were 
t i des .  A few species, such as s t i c k l e -  selected from Bigelow and Schroeder 
backs and mumichogs, remain i n  t i d a l  (7953), Leim and Scot t  (1966), and Thornson 
creeks dur ing  ebb t i d e .  It i s  d f f f i c u l t ,  e t  a l .  (1971) who provide extensive inven- 
therefore,  t o  i d e n t i f y  which species of t o r i e s  f o r  the regions they cover. Scien- 
f i s h  ac tua l l y  are representat ive of t i d a l  t i f i c  and comon names are those c i t e d  by 
f l a t  hab i ta t s  s ince they may u t i l i z e  these Robins e t  a l .  (1980). D i s t r i b u t i o n a l  
areas on ly  dur ing por t ions of t h e i r  l i f e  pat terns,  spawning p e r i o d i c i t y ,  and food 
c y c l e  (e,g., as a nursery ground), on a hab i ts  have been accumulated for  each spe- 
da i  1y a r  seasonal basis f o r  spawning o r  c i e s  from several sources and are as gen- 
pursuing preferred prey items, a r  through- e r a l  o r  s p e c i f i c  as the c i t e d  authors have 
ou t  t h e i r  e n t i r e  l i f e  span. In add i t ion ,  reported. 
t i d a l  f l a t s  are not closed ecological  sys- 
tems; ra ther ,  they are bounded by and 
i n t r i c a t e l y  l i nked  t o  other coastal habi-  4.2 TROPHIC RELATIONSHIPS 
t a t s  such as s a l t  marshes, estuaries, and 
e e l  grass beds, Ac t i  ve ly moving organisms A broad spectrum o f  t r oph i c  r o l e s  i s  
such ar f i shes  can and do r e a d i l y  move displayed by f i shes  i n h a b i t i n g  the New 
frm h a b i t a t  t o  hab i ta t  dur ing  the  course England coasta l  zone and i t  i s  poss ib le  t o  
o f  feeding and reproducing. Few species d i v i d e  them i n t o  general ized feeding cate-  
a r e  exclustve l nhabi tan ts  o f  t i d a l  f l a t s  gor ies  (e.g. , demersal feeders, predators, 
b u t  are more o f t e n  found i n  other hab l ta t s  p lank t ivores) .  Aside from menhaden (an 
adJacerrtr t o  t i d a l  f l a t s  (e.g., deeper exc lus ive  herbivorous p lank t i vo re )  and 
waters, rocky outcrops] t h a t  a f fo rd  more several species o f  omnivores and grazers, 
p ra tec t ion ,  Generally, f i s h  u t l l f z i n g  most f i s h  appear t o  be carnivorous. A l -  
tSdal f l a t s  a re  estuar ine specles, Juve- though Appendix I 1  shows t h a t  many species 
nSie and adu l t  f l shes  from deeper marine d l sp lay  wide d ie ta ry  preferences, several  
waters t h a t  use the  s i t e s  as nursery studies have demonstrated t h a t  food selec- 
grounds and feeding s i t es ,  and diadroriious t i o n  does occur on a community l e v e l .  
species t h a t  cross the h a b i t a t  dur ing Demersal and pelagic f ishes apparently 
migrat ions t o  and from spawning s i t e s  o r  s e l e c t  food by s i r e  and type as we l l  as 
w in te r i ng  areas, forage a t  d i f f e r e n t  times or  i n  d i f f e r e n t  

hab i ta t s  (Richards e t  a l .  1963; T y l e r  
The approach taken l o  describe the  1372; Maurer 1976). A change i n  food 

f i shes  associated w i t h  New England t f d a l  preference w i t h  age ( s i z e )  appears t o  be 
f l a t s  has focused on those representat ive t h e  general r u l e  (Appendix 11) w i t h  many 
species one would be most l i k e l y  t o  of the j uven i l e  stases feeding as plank- 
encounter when sampling. Csmatlercia14y t i v o r e s  regardless o f  l a t e r  d i e t a r y  
important species ( f o r  which the most l i f e  spec ia l i za t ion .  Th is  fea ture  i s  p a r t i c u -  
h i s t o r y  in fo rmat ion  i s  a v a i l  able)  and non- l a r l y  germane t o  a d iscussion of t r oph i c  
c o ~ m r c i a l  species [ f o r  which there are re ta t fansh ips  OD t fda i  f l a t s  because many 
sporadic sampling and ' l i fe histerry data)  f i s n  i nhab i t i ng  these areas a re  j u v e n i l e  
a re  viewed co? l e c t i v e l y .  I n  many pub l ica-  %ms, There have been several expla-  
t ions ,  the two groups have been t rea ted  nat ions f o r  age- o r  s ize- re la ted  changes 
separately. i n  feeding behavior, Changing d i e t a r y  



pre fe rence  may reduce t he  e f f e c t s  o f  
i n t r a -  and i n t e r s p e c i f  i c  compe t i t i ve  
i n t e r a c t i o n s  i n  food-1 i m i  t e d  h a b i t a t s .  
Second, t he re  a r e  p robab ly  age- o r  s i ze -  
r e l a t e d  changes i n  the energy requi rements 
o f  f i s h .  Poss i b l y  the  n ie tabol ic  demands 
of species change w i t h  age, n e c e s s i t a t i n g  
s h i f t s  i n  d i e t a r y  preference.  Nany near- 
stlore i n d i v i d u a l s  a re  j u v e n i l e s  t h a t ,  as 
they grow, tend t o  move i n t o  deeper waters  
(Haedrich and H a l l  1976).  O l l a  e t  a l .  
(1974) descr ibed d i f f e rences  i n  h a b i t a t  
preference i n  t h e  tautog.  Large t au tog  
foraged a t  g rea te r  d is tances  f rom r e s t i n g  
s i t e s  than  smal l  i n d i v i d u a l s .  Also, o l d e r  
f i s h  n i g r a t e d  o f f s h o r e  d u r i n g  c o l d e r  
months w h i l e  younger f i s h  remained near- 
shore and became t o r p i d .  F i n a l l y ,  broad 
d i e t a r y  p re fe rence  may r e f l e c t  t he  unpre- 
d i c t a b l e  na tu re  o f  food supp l i es  i n  mar ine 
temperate environments. Pronounced sea- 
sonal and l o c a l  v a r i a t i o n s  i n  p r imary  and 
secondary p r o d u c t i v i t y  may f a v o r  genera l -  
i zed  f eed ing  hab i t s .  

4.3 GEOGRAPHIC DISTRIBUTION PATTERNS 

F i s h  communities n o r t h  and south of 
Cape Cod show d i s t i n c t i v e  d j f f e r e n c e s  i n  
species composit ion, appa ren t l y  r e 1  a ted  t o  
seasonal d i f f e r e n c e s  i n  water  temperature 
(see Chapter 1 ) .  F i sh  comniunit ies n o r t h  
of Cape Cod t end  t o  be dominated by  
boreal ,  non-migratory  forms w h i l e  those t o  
t h e  sou th  p r i n i a r i  l y  c o n s i s t  o f  warm-water, 
m i g r a t o r y  spec ies (Col t o n  1972; Col t o n  
e t  a1. 1979). Species composi t ion on a 
l a r g e  sca le ,  the re fo re ,  i s  determined by  
temperature. 

Temperature e f f e c t s  on a more l o c a l  
sca le  have a l s o  been observed i n  no r t he rn  
A t l a n t i c  coas t  f i s h  communities. T y l e r  
(1971a), work ing i n  a deep, nearshore s i t e  
i n  Passamaquoddy Bay, New Brunswick, and 
Maine, c l a s s i f i e d  f o u r  broad types of 
demersal f i s h  accord ing  t o  t h e i r  res idence  
p a t t e r n s :  year- round res i den t s ,  w i n t e r  
r es i den t s ,  sutrtnjer r es i den t s ,  and occa- 
s l o n a l  species. The f i s h  comnnunity 
r e f l e c t e d  p a t t e r n s  o f  temperature f l u c t u a -  
t i o n  th roughou t  New England. Areas exh ib -  
i t j n g  g r e a t e r  annual temperature f l u c t u a -  
t i o n  (e.g., south o f  Cape Cod) had more 
temporary r e s i d e n t s  and fewer year-round 
spec ies (F igure  10). 
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F igu re  10. Percentages o f  d i f f e r e n t  tem- 
p o r a l  components i n  f i s h  spec ies a l ong  
t h e  no r t heas t  A t l a n t i c  coast1 i n e  (mod i f i ed  
f rom T y l e r  1971). 

Recksiek and McCleave (1973), work ing  
i n  t h e  Sheepscot River-Back R i ve r  es tua r y  
a t  Wiscasset, Maine, found pe lag i c  f i s h  
assemblages corresponding t o  T y l e r ' s  com- 
muni ty s t r u c t u r e  groups. The r e l a t i v e l y  
warm Back R i v e r  es tua r y  had a summer 
pe l ag i c  component cons i s  t i  ng mos t l y  o f  
alewives, blueback he r r i ng ,  and A t l a n t i c  
menhaden, w h i l e  the  r e l a t i v e l y  c o o l e r  and 
oceanic Sheepscot R i v e r  es tua r y  had a sum- 
mer m ig ran t  pe l ag i c  component o f  A t l a n t i c  
her r ing ,  A t l a n t i c  mackerel, and sp i ny  dog- 
f i s h .  Rainbow sme l t  was t h e  o n l y  yea r -  
round r e s i d e n t  and A t l a n t i c  h e r r i n g  was 
t he  o n l y  w i n t e r  r e s i d e n t  species. It ap- 
pears, t he re fo re ,  t h a t  a l  though p e l a g i c  
and demersal f i s h  assemblages can be 
d i v i d e d  i n t o  s i m i l a r  res idency  pa t t e rns ,  
species composi t ion v a r i e s  w i t h  tempera- 
t u r e  regime bo th  w i t h i n  and between l a t l -  
tudes a long  t h e  Mew England c o a s t l i n e .  



4.4  li;lGRATORY PATTFrRNS Because of differences i n  hater tcr,pera- 
ture variation, southern kew E P ~  l and  coq- 

The s t ructure  uf He?k-. England f i sh  ta jns  few permanent Fjsh residents a n d  i r i  

conmuni l i e s  i s  dynavic and the species characterized by a continucusfy shi f t l  oc, 

are,  for the most par t ,  constantly sh i f t -  f i sh  speclies cosjposition. T h e  G u l f  o f  
ing position in the coastal zone. Many Maine, conversely, i s  typifted by i ore 
~muenents can be linked predictably t o  resident species and Jess pt-onouoc~e sea- 
patterns of foraging, local and re$ional sonality i n  s ~ e c i e s  con~l;osition, 
variations i n  water ten~perature, or repro- 
ductive ac t iv i t i es .  The frequency and 4 . 5  REGIOEAL PATTERNS 
magni tude of migrational ac l i  vi t i e s ,  how- 
ever,  appear t o  he both species- and Since Mew England coastal f r sh cormaj- 
regiana l ly-spec4 f i c . nf t i e r  are s trongly i~f luenccd  by water 

temperature variation,  nore d e l a i  leo COP- 

Species i n  the resident (non-migra-  unity descriptions can be rade by exarii- 
to ry) ,  nearshore f i s h  asse~lb1ar;e make nation of both rc%yiunal and spasanal d i f -  
inshore-offshore movements over snial F ferences using Cape Cod as a biogeagrimphic 
d i r  tanccs, mav5ng i nto 51 ightly deeper boundary. Regiona I patterns o f  con<n;vnj ly  
water t o  avoid extremes i n  water  tempera- structure have been separated intcr spr ing-  
t u r e  ( e . g . ,  tor i~od) ,  Wovetwnts are  also sunmrer and fall-winter periods. I t  i s  i n $ -  
lJnked t0 t idal  cycler; where f ish  mve out portant to real ize  that  within-region 
af  areas that  are  exposed at: low t ide  o r  physlsal and t?iolngical condi tr"ons w r y ,  
a r e  yery shallow and reoccupy the areas as  and t h a t  these w i l l  i n  turn affect  thc 
the t fd@ floods ( e , g . ,  muamfchogs). [Iusk distribution and abundance pattcarns o f  the 
feeding %?i!ovenlents are also cclm~on to niifny fishes.  The general iscd p a t  terns d~.;criRed 
species, Herring r:&ove La the surface t o  below arc intended to  xonv fy  o v e r a l l  
feed e t  dusk (SSndermann 't9P9af, juvenile trends I n  seasonal sh i f t s  of sgrcles 
pal lack !Rave in%hare, and str iped bass compot;.i tion and not, nec~s sa r i  i y ,  the 
alsa r i s e  t o  the surface to feed a t  dusk dynamics of .;pecific, 1ocd'Tr'aec: f i s h  
P o l  10winq thci r preferred prey I t t g r , : ~ ,  conmnf ty structure.  

Coastal f i s h  ssr.Dgrat.ions occur on 4 , S . l  South w m r  m m c  of -em- Cape -..-.----- Cad ( P i ~ u r e  32) 
a k-rgdorral s c a k  i n  New England; Ffg- 
ure 11 suniniarikes thest? ncn~ril l  patterns,  atiring spring, anadrot:ou? r p e c i w  
Bluef ish,  mackerel, and menhaden are  such as Ian:preys, strijwd bars, and large  
erramptes of spring-su~ncr northward n t i -  school5 of  certain her r ing  (e .g .  , ale-  
grants. Thcsc spectcs ~ s v e  along the wives, bluebacks, and shad) heg rn  ascend- 
coastltne anti inshore tla southern New Eng- ing r%ver systesis t o  rpawrl i n  bracklsh d n d  

land and the Gulf sf: Ral'ne as water tern- freshwater. Altta~ugta larger r-ivers such 
perature irscrea%es, The tjnrlng of these a5 the htlds~n, Connect ?cu t s  and Tharres 
orlSgratians 1s probably a l s o  a yespanre t o  support rr.a:ar spit.l*;nint, runs, anadrsrous 
increissing fond supplies since dur ing the f i sh  a l s o  enter many smaller rivcrs and 
wifrrrt nxsnths pelagiir: i h ~ d  d ~ . n c r s ~ I  food strear.5. Lanlpreys, sturgeon, a n d  herrin9s 
arganisrrrs are abundant fn coastal areas, havc rpawn'ing psplglations along the en t i re  
In f a l l  artd wjntcr, the f i s h  reverse navtheast coast wh i l e  fa r  the % t " ~ r i p ~ I :  
rlfrectian in responsp to eleclin9ng water bass, the Hudson River carks t h e  raorthern 
temperature, Southward n l ig ra t ing  f ish  da 1 i r r i i t  o f  a raJar spawnins p o p u l a t i o n .  
not always follow the coastljne, but m y  (Kecerle anadronous f i sh  restoration pro- 
move offshore to  the warg,er esntinenfal jects to  re-estabf ish stzcc~ssftkl spawnin9 
slope waters off southern New England populatfons of  the A t l a n t i c  salmon and  
(Figure I t  ), @?any inshore m-igrant species shad have been ini t ia ted i n  nariy Nw Eng- 
(including red hake, s i lve r  hake, scup, land r ive rs . )  Adu l ts  e f  gorse species d i e  
butterfish,  sunater flounder, and goose- $01 1ok15ng spawning fc .  g., Iavgreys) ; 
f i s h ]  winter there fT?TICOf.;-PARC 4 .  others descend t-ivers ancr fcen actively t o  
Son% species, such as the winter flounder, regain body stores l o s t  d u r i n ~  sparurlinc 
reside in cooler offshore waters during (e.g., herrings, s t r i p e d  bass)*  i n  south- 

t;umcr and n;ove inshore i n  winter. e r n  NW England, adults o f  r w s t  anadromaus 
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Figure 11 . Seasonal migra t ion  p a t t e r n s  of New England c o a s t a l  f i s h  popula t ions .  
See t e x t  f o r  d e t a i l s  (modified from TRIGOM-PARC 1974). 
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at any one t ime. There i nd i v i dua l s  or oroupr are found a t  d i f f e r e n t  t ia ies (for the 
most p a r t  sequent ia l l y ,  see t e x t )  t h r o u g h o u t  the p e r i o d  cnnsidercd, The fish are 
typical representati ves o f  groups found in each hahi tat. 



An extensive r e s t o r a t i o n  e f f o r t  has been undertaken t o  re-es tab1 i s h  populat ions of the 
anadromous A t l a n t i c  salmon, Salmo salar ,  i n  New England" major r i v e r  systems. Th is  
i n d i v i d u a l  (approximately 60 c m ) a s  photographed durings i t s  spawning m ig ra t i on  i n  the  
Salmon River, Connecticut. Photo by R. E. DeGoursey, U n i v e r s i t y  o f  Connecticut. 

species have moved from nearshore areas by 
midsummer. Exceptions inc lude s t r i p e d  
bass t h a t  may remain i n  coasta l  waters 
u n t i l  l a t e  October o r  e a r l y  November, and 
f a l l  spawners (e.g., salmon) t h a t  begin t o  
move i n t o  the  es tuar ies  i n  l a t e  w in ter  and 
ear ly  spr ing  and are found i n  the  r i v e r  
systems u n t i l  e a r l y  w in ter .  Fol lowing 
spawning, adu l t s  r e t u r n  t o  the  open ocean 
t o  overwinter .  Rainbow smelt remains i n  
the lower es tuar ies  throughout the w in te r  
and ascends t o  freshwater t o  spawn as soon 
as the i c e  begins t o  break up on upper 
estuar ies (usual 1y February t o  March). 
Juveni 1es of most anadromous species 
occupy es tuar ine  and nearshore water 
t t~ rouyh  l a t e  spr ing  and summer, then move 
offshore ~ l i  t h  decl i n i  ng water temperatures 
i n  f a l l .  

Another group o f  f i s h  i s  more t y p i -  
cal  l y  associated w i t h  es tuar ine  cond i t ions  

i n  southern New England. Tomcod are win- 
t e r  spawners t h a t  pave from brackish t o  
more s a l i n e  waters i n  the  spr ing.  White 
perch and hogchokers move from the  lower 
estuary where they overwinter  t o  more 
brackish waters t o  begin feeding and 
spawning. They remain a c t i v e  i n  es tuar ies  
throughout the  warmer months. Winter 
f lounder are a l so  found abundantly i n  
es tuar ies  and bays i n  e a r l y  spr ing.  They 
spawn i n  l a t e  w in te r  and e a r l y  spr ing  i n  
lower por t ions  o f  t he  estuar ies.  Ty le r  
(1971b) repor ted  t h a t  t h i s  species concen- 
t r a t e s  feeding i n  s o f t  subs t ra te  hab i ta t s  
o f  the i n t e r t i d a l  zone. Adu l t  w in te r  
f 1 ounder begin moving i n t o  deeper waters 
dur ing the  summer t o  avoid e levated water 
temperatures i n  the shallows, whi Se juve-  
n i l e  f i s h  remain i n  r e l a t i v e l y  shallow, 
heavi l y  vegetated, muddy bottoms through- 
out  the year where they feed on benth ic  
inver tebra tes .  



Xn ear ly  sprjng, fish conmunities of 
eelgrass beds and marsh tidal creeks con- 
g i s t  of year-round residents (e.g, ,  k i l l i -  
fishes, sheepshead, sticklebacks, pipe- 
f ish,  and toadfish) that emerge from a 
torpid averkrirtterfng s ta te  and begin t o  
feed actively i n  preparation for spawning 
in mid- and late  spring and early sumler. 
Schools of the planktivorous Atlantic s i l -  
verside (MenSd& me=) a l so  move i n to  
tida3 wetlands and shallow bays to spawn 
in sprSng. The year-round residents and 
the fuven i  les of many spring spawners are 
found i n  wetlands and marshes throughout 
summer and early fa11 and are able to  tol- 
erate severe s t ress  of heated water and 
reduced oxygen levels, These species ase 
active unt i l  fate fal l  and early wfnter 
when i t  i s  believed the majority hide 
beneath veyetcnt ion and sarrlc species burrow 
into nlud t o  &void extremely cold water 
Lemperat%rres. They also may mavc into 

s l ight ly deeper waters (e.g., ~ e i s ,  k i l l i -  
fishes,  and  sticklebacks). Silversides a r e  
apparently an exception since they have 
been observed feeding and schooling i n  
early winter and early spring in southern 
New England, Their whereabouts d u r i n ~  the  
middle of winter has  n o t  been cS~tern~incr?. 

In late spring, anchovies (Anchoa 
mi tch i l l i )  move northward alnrt? the New 
E q a n d  coast and into sniall, s h a l  law bays 
and inlets  where they often scbool i n  trc- 
mendous numbers.. They renrair) i n  soas t a l  
waters throughout the sunlnler and n3eve 
southward and offshore duri ny the f a1 1. 
191 t h o u g h  they are seasonal l y  a b u n d a n t ,  n o  
coruaercial fishery for anchovi et; presently 
exis ts  in southern New Encjland. 

Skates, dogfish, windowpane, and  win- 
t e r  flounder are abundant on sand and  nud 
f l a t s  in early spring. In late sprins a n d  



early sur;imer (June t o  Ju ly ) ,  spawning 
aggregations of searobi ns, which inhabit  
sandy substra tes ,  wove in to  coastal 
waters. Curing the same period, schools of 
scup move froa offshore waters in to  bays 
and in le t s  to spawn. E o t h  scup and sea- 
robins begin to wigrate offshore by Octo- 
ber. Also during the summer months, dense 
schools of the sand lance are found inhab- 
i t ing inshore sand f l a t s ,  often burrowing 
into the sediment. This species i s  an 
i ~ p o r t a n t  food iten; fo r  many pelagic and 
demersal f i s h ,  as well as finback whales, 
porpoises, and terns.  Post of these f i s h  
species begin r~oving offshore by r id-  t o  
l a te  September and disappear frow the 
coastal zone by nlid-October. Only 1 i t t l e  
skate and windowpane flounder remain 
through the fa1 1 and winter. 

With declining f a l l  temperatures some 
offshore species migrate in to  nearshore 
sand and nud f l a t s .  From October t o  
Dececiber, sea ravens move inshore t o  spawn 
and are corrmonfy observed in water 1 t o  

2 m (3.2 to  6 . 5  f t )  deep. Gcosrfish enter  
coastal waters i n  October and Nove~ber to  
feed, and sculpin, which a re  winter spawn- 
e r s ,  move inshore in l a t e  f a l l .  The 
$rubby sculpin i s  frequently found in very 
shallow water during th i s  period. 

Summer southern vigrants tha t  enter 
southern New England waters include the 
summer flounder, black seabass, and k i n s -  
f i sh .  Their occurrence i s  predictable b u t  
the overall abundance of each species 
varies from year to year,  possibly because 
of the abundance of specif ic  year-classes. 
In sow  years, a par t icular  species say be 
abundant in cer ta in  areas while in suc- 
ceeding years i t  may be scarce due t o  
natural population fluctuations and/or 
increasing fishing pressure. 

From Nay to  October, rocky inshore 
habitats adSacent to  t ida l  f l a t s  are  
dominated by two labr ids ,  the tautog 
(Tautoga oni t i  s )  and the cunner (Tautogo- .- 
labrus adspersus) . Both species spawn in -- - 

A larye 55 cni rrlaie t a u t o g ,  Tautoga ---- o r i i t , ?~ ,  erperges froiil a rock crevice i n  t he  spr-iris 
to resume act ively  feeding a f t e r  overwintering i n  a torpid s t a t e .  Tautog prefer rocky 
habitats and adults feed a l r o s t  exclusively on the blue n-ussel, Q%j%ius edulis.  Al- 
thouah tautog are  nlost abundant south of Cape Cod, they also range into  the Gulf of 
EZaine. S t r i c t l y  a coastal f i sh ,  they are seldo~n found rore  than 1-2 kn from shore. 
Photo by R . E .  DeGoursey, University of Connecticut, 



the spring and renlain in or di rect ly  adja- waters in early spring to  spawn, 2nd  also 
cent to  rocky outcrops, pil ings,  or debris one of the f i r s t  species to dbandon those 
t o  Feed throughout summer and f a l l ,  They areas in mid- and la te  suolr?cr to over- 
appear t o  have res t r i c ted  t e r r i t o r i e s  and winter offshore. 
are seldom found more than a few kitome- 
t e r s  from the caastl  ine. The young of A group of warw water, tropical 
both species feed on sipall invertebrates rnigrants also nloves into coastal k~aters of 
while the adults feed mainly on P I U S S ~ ~ ~  soljthern Bew England and sometirxes into 
u s  e d u s  Other snzalfer, more the Gulf of %sine in rrlid- and l a t e  sur:n;er. 
cryptic species also inhabit these areas These tropicals occur sporadically a n d  in 
(Figure 12) and their  abundance and occur- sniall numbers often f i r s t  entering the 
rence may he niore widespread than the shallow bays in Long Island Sound and 
current l i  tera ture  suggests. For exantple, eventual 1y appearing in Connecticut and 
gobies, rock gunnel, and juveniles of Rhode Island and further north in l a te  
tropical  migrants are  nrissed by convcn- sunlmer. Primarily juveniles of niost spe- 
tional fishing ~?!ethods ( R .  DeGoursey; Uni- cies have been collected although adults 
vers i ty o f  Connecticut, Noank; Fpbruary are sori:etin;es recorded. I\io comprehensive 
1981; personal cornmunlcatjon; Nunroc and study has been undertaken to  determine the 
Lutspeich 1979). In l a te  October, the seasondl abundance and dis t r ibut ion of 
jabrids occupy crevices in which they these tropical species, so exist ing data 
overwinter in a torpid s t a t e ,  rrray irlove pr-obably underestimate the i r  numbers in 
to s l igh t ly  deeper areas. The rock g u n -  southern New England. The inore comr;lon 
no1 , a winrcr spawner, rerr~airrs active anti nlisrants include the mu1 l e t s ,  jacks, 
in certain loca l i t i e s  rtlnvrs into shallower drunrs, t r iggerf ish ,  f i l e f i sh ,  and needle- 
wdters t o  spawn. f i shes .  The behavior of these migrants 

clurl'ng declining t~nlperatures in the fa1 1 
The pelayic conrpcrnent of f ishes  i n  i s  not known. I t  i s  n o t  known whether 

%oiithern New Efrgland i s  found s t r i c t l y  they move offshore,  return to  warrner 
dirring the sutnnar and i s  composed of southern waters during the winter, or 
bchool i n g  f ishes t h d t  enter nearshore whcttier a sign3 f icant  proportion experi- 
waters e i the r  as southern n:igrants ( e , g . ,  Qnces winter tsiortality. None of the trop- 
young weakf j sh ,  Bluefish) or offshgre spc- i ca l  s fgrants  have been collected in New 
r i p s  movSrtg insirare from the cclntr'nental England during the winter. 
shelf  ( e .  g . ,  mackerel, butterf i sh) .  Socne? 
sf'ecies a rc  oceanr'c spawners ( e , g . ,  blue- 4.5.2 Gulf ----- of Maine -- - 
fSsh and nerihaden) that enter coastal 
wdlers i r t  late.  spring to feed. Menhadet~ Figure 13 shows that  rnany of the 
form Irervrcclncl'ous schasr l s t h a t  often can be s e " ~ ~ "  ly-re 1 a ted nlovenlen t pat terns of 
spcn {ncrving i f )  drrd oil% sf bdys and bar- f i sh  that. exis t  in southern New England 
hors, Sjnce nlsnhaden fortti such large a l so  a r e  found in the Gulf  of Maine 
aggregations and often enter sha l  low imshre  watX3-s. Far exaaigle, the anadro- 
ei??b;ayr,!ents in 5~rlifijer ir$onths, c leva tpd  n;ous and resident marsh-eel grass specips 
water ttniperstures ant1 low di ssolved 5imi jar ,  a1 though spawning ac t i v i t i e s  
oxygers coricentratiot~s uccasivnaI ~y Cause of the f ~ r f ~ c r  group occur l a te r  in s p r i n ~ .  
n:ass murtdlities ( c . g , ,  i r t  Long Island A f:'aJor difference between the two New 
Suetrrd 1. Engfend regjons j s  t h a t  fewer rr;icratcry 

spec ies  are found in the Gulf of Painti; 
Pelagic predators, such ds the blue-  th is  cnntributes to lo\der sunicrer species 

f ish  and weakfish, entcrr cortstal waters j r j  divers it^ when compared t o  southern New 
southern New kngIsn0 in l a t e  spr.irig and England. In addition, a greater number 05 
early sunmer t o  feed. Young bluefish,  gadids  j @ . g *  s bakes, ~ o l l o c k ,  toil;cod, 
known as "'snappt\rs", often form large ijaddack) are found in the inshore Gulf of 
schaalr; tha t  rnove t h r o u g h  the coastal g.lafne waters. but the hakes, which 
waters chasing prey such as s i lvers jdes ,  ~i.mlrer llrigrants, are year-round res i -  
sand i(attc,r, and juveniles of niany other- dents of tQese waters. The toscod i s  the 
f i sh  species. The Atlantic pdskeref js friast CoflflQfl inshore gadid found a t  the 
usually the f i r s t  to appear in coastal r;.ouths of strears and es tuar ies ,  
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The spstf in butterflyfish, g&a$t&oj ocel latus, is  one of a group of tropical speci 
which migrate northward alang the east coast and enter New England waters during mi 
and late sumr* Wany of these summer southern migrants {such as the fish picture 
are juveniles (about 4 cnt). These fish probably perlsh w i t h  the onset of declini 
water temperatures* There 1s no evidence t o  suggest t h a t  they are capable of retur 
f n g  south ar of overwintering in New England. Photo by R . E .  DeGoursey, University 
Connect fcut. 

As i n  southern New England, flounders pelagic predators are similar to those 
and skates are the cornman derrrersal species found in southern New England, although 
found on n~uddy and sandy bottoms. Bath bluefish, weakfish, and striped bass are 
grtrups feed actively on benthic inverte- a l l  reduced in number when cornpared t o  
brates and the skates make noticeable warmer New England waters. Striped bass 
depressions in the sediment surface as is a popular sport fish, although spawning 
thry forage for crustaceans, bivalves, and populations have not  been located north o f  
pofychaete annelids. Flotrnders represent Cape Cod. A 1  1 there species are sunm?er 
a major Inshore groundfishery in the G u l f  migrants .  The Atlantic herring, another 
of Baiate and winter flounder i s  the most nreruber of the pelagic f i sh  coctponent, i s  
abundant species. Other species of f l o u n -  ccrmnercially the vast important fish i n  
der are also found in "the Gulf of Maine the Gulf of Mal'ne. This species i s  found 
(see Appendix TI), although the smooth offshore during f 6 l l  (when i t  spawns) and 
flounder, windowpane, and A~nerican plaice winter, b u t  4 s seen .in nearshore waters 
are associ atcd narc w i t h  the bays and during surrrwr (Tarr;ett ar;d ff";cCt eave TSi4). 
estuaries o f  northern New Cngf and. The tropical ~ . r ~ i g r a ~ t  species are only 

found sporadically in the G u l f  of Naine, 
Kany species a f  pelagic  fishes restricted t o  those summers with unusually 

Snhabi t northern New Englartd waters, The warn] water temperatures, 
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In winter, many species remain part 
of a year-round resident population 
(Figure 13) .  The winter and smooth 
flounder remain in the estuaries,  with the 
winter flounder, in particular,  moving 
into shallower parts of the area during 
f a l l  and winter. White perch move from 
their habitat upstream in s l ight ly brack- 
ish and freshwater to more brackish and 
oceanic conditions in estuaries during the 
winter. Some boreal-Arctic species (e.g. ,  
a l l iga tor f i sh)  migrate southward into 
these waters in the winter. 

There are  three major differences 
between the fish communities north and 
south of Cape Cod: a greater proportion 
of the fish i n  the Gulf of Maine are year- 
round resident species, so that during the 
suarnler, lacking migrants from the south, 
fish species diversity i s  general ly lower 

than in southern New England; gadids are  
rnore common to the inshore Gulf of Maine 
region, while in southern waters their  
distribution i s  largely restr ic ted to 
offshore waters ; migration and spawning 
ac t iv i t ies  tend to occur l a t e r  in northern 
waters because Gulf of Maine water temper- 
atures increase la ter  than those in south- 
ern New England. 

4 .6  THE DEPENDENCE AND ROLE OF FISH ON 
TIDAL FLATS 

Many fish u t i l i ze  shallow-water 
coastal habitats as feeding and nursery 
grounds. The reproductive ac t iv i t ies  of 
these species coincide with periods of 
maximuw food production, and predation 
rates on juvenile f ish are  apparently 
lower in shallow-water than adjacent 
deeper water areas. As the f ish grow, 

The longhorned scul pin, Myoxocephalus stodecems tinosus, ( t h i s  specimen 20 cm long) i s  
d i s t  i r ryuislrrd i ~ a t n  the other wes t~ rn  ~ r t r m n t i c  sculpir-s by s long, sharp spine on 
the preopercular bone. i n  the northern part of i t s  range i t  i s  a year-round resident 
moving into deeper waters in cold weather and back inshore in spring. In the southern 
part of i t s  range, i t  remains in deeper water during the warmer months and moves 
inshore with decl ining water temperatures, Longhorned sculpins are winter spawners in 
New England, laying adhesive egg clumps on vegetation. Photo by R . E .  DeGoursey, Uni- 
versi ty of Connecticut, 
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they begin moving into  deeper waters. reported seasonal population decline of 
Haedrich and Hal 1 (1 5'76) hypothesize tha t  infaunal invertebrates in a Kassachusetts 
these sntogenetic habitat  s h i f t s  and the s a l t  marsh habitat  was probably due t o  the 
general absence of adul t s  i n  an estuarine appearance of invertebrate predators 
environment a c t  as mechanisms t o  reduce (e.g., epibenthic crustaceans ) and f i sh  
conipeti t i ve  interactions within species as predators (Schneider 1978). Tyler ( 1  97lb) 
we31 as to allow the juvenile stages found that  adult  winter flounder fed over 
access t o  the more productive marine a Bay of Fundy in te r t ida l  f l a t  and sug- 
habi ta ts .  gested that  destruction of the  habi ta t  

would reduce the productivity of the f i sh  
Age-related changes in the use of populations. Others have also noted the 

inshore environn:ents by f i sh  and their  presence of large populations of demersal 
sribseguent effects  on a t idal  f l a t  habitat  fishes associated with in te r t ida l  zones 
i s  largely species- or group-specif ic  (Hancock and Urquhart 1965; Edwards and 
i . .  resident vs. migratory species). Steele 1968). Virnstein (1977) denon- 
Those f i sh  most dependent upon t idal  f l a t s  s t ra ted experimentally tha t  the e f fec t  of 
for feeding are the demersal species denersal f i sh  on the benthos was highly 
( e . g . ,  Flatfishes,  skates)  and sn~all  hal't- species-specific. Some species l ike  the 
Fishes (e.g., s i lvers ides ,  k i l  l i f i shes ,  hogchoker had a minimal e f fec t  on benthic 
and  nlenhdden), &hi le most of the pelagic population abundance while other species 
Fishes are probably less dependent upon such as the spot (Leiostomus xanthurus) --- 
t i d a l  f l a t s  for food items. reduced both the abundance and species 

diversity of the infauna in a Chesapeake 
duveni1e f i sh  dominate coastal ~ a t e r s  Bay subtidal s i t e .  The re la t ive  rnagni tude 

and  because of the i r  abundance can consume of such impact i s  dependent upon the 
large quanti t ies of benthic invertebrates degree of disturbance associated with for-  
and  have a conspicuous e f fec t  upon the aging on the bottom (e.g. ,  excavating 
structure aF benthic corncnunitics, liiany ac t i v i t i e s )  as well as feeding ra tes .  
deaersal flshes f o n ~  schools (e.g., scup) Species such as skates that  can dis turb 
o r  rnay be foirnd i n  loosely aggregated pop- large areas of the bottom when foraging 
u la t ions  (e -g . ,  winter flounder) and have have more pronounced e f fec t s  on the ben- 
cawscd looalizcd, short-term reductions in thos (Van Blaricom 1978) than species tha t  
the popwhation abundance o f  polychaetes, only browse on the sediment surface. 
I 1 ct-ustaccans, a n d  bivalves. T h e  
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CHAPTER 5 

BIRDS 

5.1 INTRODUCTION 

To the casual observer, the avifauna 
i s  the most conspicuous component of the 
t ida l  f l a t  biota. Since birds are compar- 
a t ive ly  large bodied with high metabolic 
ra tes ,  the i r  impact on the t ida l  f l a t  as 
predators i s  often considerable (Schneider 
-1978). Collectively,  coastal birds take 
on a wide variety of trophic roles and 
occupy numerous positions in the coastal 
food web (Figure 14) ,  ranging f roa  primary 
consuniers that  feed on vegetation, t o  top 
level carnivores tha t  prey exclusively on 
f i sh .  Few are  themselves preyed upon and 
therefore,  regardless of where each spe- 
c ies  or group f i t s  in to  the food web, 
the i r  trophic level i s  necessarily a t e r -  
~ i n a l  one in the t idal  f l a t  ecosystem. 

Appendix I11 l i s t s  the species of 
birds that  commonly use t idal  f l a t s  in New 
England during sowe portion of the i r  l i f e  
history.  The l i s t  i s  not exhaustive and 
does not include a l l  those species that  
wight be seen on a t idal  f l a t  or a l l  spe- 
c ies  of coastal birds. The birds that  
have been included vary considerably in 
terri~s of the i r  use of and dependence on 
the t ida l  f l a t  environment. For some, 
such as  the herons and shorebirds, t ida l  
f l a t s  are an absolutely essent ia l  habi ta t ,  
while for  others such as the diving ducks, 
the t ida l  f l a t  a t  high t ide  i s  jus t  one of 
many potential foraging areas and often 
not even a primary one. The geographical 
ranges of most of New England's t idal  f l a t  
avifauna extend beyond the boundaries of 
New England and much of what we know ahout 
the i r  ecology i s  based on studies done 
elsewhere. This 1 i t e ra tu re  has been 
included because, in most cases, i t  
applies to  Uew England birds as well. 

Various methods nay be used to orqan- 
i ze  a discussion of t h i s  highly diverse 
a s s e~b l age  of organisms. The fol lowing 
.;cherr,e i s  based on trophic groups and i s  

convenierlt since there are f a i r l y  consis- 
tent  relationships within the taxonomic 
groups concerning ecology and d i s t r ibu-  
t ional s t a tus .  The major groups a re :  ( 1 )  
shorebirds, which are largely migratory 
and feed on invertebrates,  ( 2 )  gul ls  and 
terns ,  which feed on f i s h  and large inver- 
tebrates and commonly breed in New Eng- 
land, (3 )  herons, which also breed i n  New 
England and consun~e small f i s h  and large 
crustaceans, ( 4 )  waterfowl, cormorants, 
and diving birds,  which are  primarily 
migratory and as a roup eat  a wide vari- 
e ty  of prey, and (57 raptors,  which breed 
in New England and, while over the t idal  
f l a t s ,  feed on f i sh  and birds.  In addi- 
t ion t o  these f i ve  major groups, the king- 
f i sher  and f i sh  crow have been included i n  
Appendix 111. The kingfisher i s  a year- 
round resident of much of New England. 
The f i sh  crow i s  a year-round resident of 
Connecticut and Rhode Island and feeds on 
in te r t ida l  invertebrates and the eggs of 
unguarded tern and heron nests.  

The following i s  a group-by-group 
discussion elaborating on the functional 
roles and other important biological 
information about each of the f i ve  cate- 
gori es . 

5.2 SHOREE I RDS 

Shorebirds that  appear on the New 
England coast belong to  the families 
Charadri idae (plovers),  Scolopacidae 
(sandpipers f , and Haematopodidae (oyster- 
catchers) .  A1 though several shorebird 
species breed and/or winter in  New England 
(Appendix I I I ) ,  most are hemispheric 
t ravelers ,  appearing only during spring 
and fa1 1 nligrations. The semipalmated 
sandpiper i s  the most abundant shorebird 
in North America. Eecause th i s  species 
has a yearly migratory pattern character- 
i s t i c  of nlany migratory shorebirds, i t  
will be used as an exarriple of the typical 
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yearly schedule of events in the lives of 
shorebirds that frequent New England tidal 
f l a t s .  From i t s  Arctic breeding range, 
which extends from Alaska to eastern 
Canada, the sandpi per riii grates thousands 
of miles t o  i t s  wintering grounds along 
the U.S. Gulf coast and the biest Indies, 
south to northern Chile a n d  Paraguay 
(Palner 1967). During migrations, the 
birds stop a t  various resting and feeding 
areas along the eastern coast of North 
America. In Plymouth, Massachusetts, a 
minor staging area, peak counts of these 
birds occur in late  July and early August 
with stragplers present until early Octo- 
ber (Harrington and  Morrison 1979). Whi 1e 
a t  these stopover areas, the birds do 
l i t t l e  more than rest  and eat,  accu~ulat-  
ing sufficient reserves of subcutaneous 
fa t  t o  fuel what may be a nonstop f l ight  
to the wintering areas in South Ar?erica 
(McNeil and Eurton 1973) where they remain 
for 6 to  7 months. In April, the birds 
s t a r t  on a return migration to  their  
breeding ranges (Palmer 1367), a t r ip  that 
takes many to their fal l  stopover areas. 
Others take an inland route along the 
Mississippi Valley. The spring migration 
occupies less time than the fa l l  migration 
and after  arriving on their Arctic breed- 
ing ranges, they spend about a month pro- 
ducing young. They then accumulate i n  
large flocks a t  major staging areas such 
as James Bay, Ontario, Canada, and Bay of 
Fundy, f i r s t  adults and later  juveniles. 
Soon they depart from the northeast coast 
and repeat this  yearly cycle of events. 

Shorebirds feed primarily on inverte- 
brates (no1 luscs, crustaceans, polychae- 
t e s )  that are captured on beaches and  sand 
and mud f la ts .  Their daily activity pat- 
terns and specific foraging s i tes  are 
often dictated by the tides. During the 
early part of the ebb tide, foraging 
begins on the beaches and as the tide con- 
tinues t o  recede, rvany species then move 
to tidal f l a t s  (Burger e t  a1. 1977). Con- 
nors e t  al .  (1981 ) related these movements 
to the peak availability of prey items in 
these two habitats. During high tide, the 
birds usual ly rest  on adjacent beaches and 
upland areas (Harrington e t  a l .  1974). 

Although there are a few large sand- 
pipers, the majority are arnong the small- 
es t  birds to frequent tidal f l a t s .  These 
exquisitely camouflaged shorebirds often 

go unnoticed by even well-trained eyes. 
They are probers that often feed in small 
flocks. Rany plovers are larger, may 
assume a more upright posture in alarm, 
frequently feed sol i ta r i ly  or in loose 
groups, and are considerably more active 
t h a n  most sandpipers. Only a single spe- 
cies of oystercatcher i s  found in New Eng- 
land. The Atxerican oystercatcher i s  con- 
spicuous with a long, bright orange b i l l .  
As the name implies, these birds feed 
almost exclusively on large molluscs and 
are only infrequently seen. 

A t idal f l a t  may be exploited by a 
large number of shorebirds of many differ- 
ent species. Their effects may deplete 
prey populations (Schneider 1978). Since 
tidal f l a t s  appear to be a physically uni- 
form habitat, severe competition for food 
between predator species may be expected. 
How i s  i t  that so many seemingly similar 
bird species can a l l  exploit the inverte- 
brates of the same tidal f l a t s  and con- 
tinue to coexist? There are several pos- 
sible explanations. Due t o  their migra- 
tory nature, shorebirds may not deplete 
resources to  the cr i t ica l ly  low 'levels 
that would result in severe competition. 
When resources are severely depleted, 
however, we must look for alternative 
explanations. Among these i s  the possi- 
b i l i ty  that a tidal f l a t  may n o t  be as 
physically uniform an environment as i t  
appears. If the t idal  f l a t  actually 
represents a col lection of discrete micro- 
habitats, then different species may 
exploit different habitats with the result 
that competition i s  reduced. Differences 
in sediment grain size, patches of algae, 
depressions, she1 lf ish beds, cobbles and 
larger rocks create surficial , horl'zontal 
discontinuities while segregation by depth 
of water' and sediments of different prey 
itens represents a vertical habitat diver- 
s i ty.  Superimpose on these variables the 
temporal component of t i  da1 fluctuations 
and there exists a wide variety of dr'ffer- 
ent habitats within a single tidal f l a t .  
If bird species differ  in micrahabitat 
preferences, then foraging individuals utay 
be separated in either space or time, 
reducing direct competition* I n  addition, 
morphology ( e - g . ,  bi l l  shape and s ize) ,  
feeding tact ics ,  and prey preferences may 
prevent even those species that forage in 
the sarrce areas sirrultaneousl~ fron actu- 
al ly competing for food. 



There i s  evidence t h a t  bird species 
d i f f e r  with respect to  substrate prefer- 
ences. Sander1 ings prefer sandy substrates 
and dowitchers are  more often found over 
s i  1 t i e r  arcas (Harrington and Schnoider 
1578) while ruddy turnstones &ost fre- 
quently fordge on barnacle-covered rocks 
a n d  in accunulations of t idal  wrack 
(Groves l(378). Other species, such as 
black-be1 l ied plovers, opportunistically 
feed in any of several habitats with no 
noticeably strong preferences (Harrinnton 
and Schneider 1278). Burger e t  a ? .  (1977) 
found that larser species prefer muddier 
algal zones whi 1 e spa1 l e r  species frequent 
dr ier  r iicrohabi t a t s .  

Temporal segregation may occur as the 
t ides recede--when a wave of species, each 
oriented to  preferred distances from the 
water's edge, sequentially use the sanie 
areas of the t idal  f l a t .  Sanderlings and 
seriiipallrlated sandpipers character is t ical  ly 
follow the water's edge as the t ide  ebbs 
while scn,ipalntated plovers r e s t r i c t  the i r  
foraging to the r iddle  areas of t h e  t idal  
f l a t s  (Flarrington e t  a l .  1C74). Knots and 
dunlins also follow the receding t ide  and 

although they occur together, both spa- 
t i a l  ly and teniporal ly ,  conpetition i s  
avoided since knots prefer mol luscs while 
dunlins e a t  polychaetes (Evans e t  a l .  
1979). Cowitchers also follow the t ide  
b u t  feed deeper in the sedi~lents .  The fo r r  
of the b i l l  and leg length influence the 
type of potential prey i ter ,s  available t c  
a species (Figure 1 5 ) .  

Terporal segregation ntay occur on a 
broader, seasonal scale.  As shorebirds 
arr ive  in f a l l  or srrinc;, peak densi t ies  
of di f ferent  species may be staggered in 
time, reducing corrpeti t ion,  par t icular ly  
between ecological 1y s imilar  species 
(Recher lc66).  Even subtle differences in 
rniyration schedules Bay have profound e f -  
fects  on resource avai labi 1 i  ty .  Harrington 
a n d  Schneider (1571)  rrention that  shrirlp 
t h a t  feed on t h ~  juveniles of infaunal 
invertebrates ray not arr ive  on the f l a t s  
unti l  late i n  the shorebird migratory sea- 
son. Shorebirds that  prey on crustaceans, 
such as black-bellied plovers and sander- 
l ings,  are l a t e r  f a l l  migrants than short-  
bil led dowitchers and semipalmated sand- 
pipers that  consurje infaunal prey. 

V E R Y  ICAL FEED1 NC RANGE 
A 8 C 

1 

'BILL LENGTH 
3 (INCMES) 

4 

Fisurr 15. Vert;rat feeding cfe~tks of so:ze cozf:c:: Fe;:. Er;glai;d s h t r e k i r d s  {;icdiffed 
from Recher 1966). E i l l  lengths are an average of the ranges given by Palrer (1957) .  
A = species foraging betwectrl the water and sedinent surface (heights of bars re fe r  to  
water depths);  B = species pr in~ar i ly  feeding an the scdiiscnt surface;  C = species 
slainly feeding helow the scdinlent-water in terface  (the w i  1 l e t  feeds below the sedinent 
surface as %el l  as i n  shallow water). 



In addition to  habitat  se lect ion and 
b i l l  and leg morphology, va r iab i l i ty  in 
foraging behavi ors between bi rd species i s  
also a c r i t i c a l  factor  in determining 
potential shorebird food resources (Baker 
and aaker 1373). Behavioral patterns may 
be stereotyped to  the extent that  not only 
may species ident i f icat ions  be possible by 
observations of behavior, b u t  also i t  has 
been suggested tha t  behavioral as well as 
morphological a t t r i bu t e s  may r e f l e c t  
evol utionary re1 ationships (Matthiessen 
1967). The e r r a t i c  run and peck foraging 
behavior of the plovers eas i ly  d i s t in -  
guishes them from the slower, niore method- 
ical probing sandpipers. Pearson and 
Parker (1 973) found behavioral uniformity 
within each group and an inverse re la t ion-  
ship between b i l l  length and stepping 
speed suggesting tha t  birds tha t  peck 
the surface fo r  prey are  more act ive  then 
those that  probe deeper i n  the sediments. 
The active audio/visual hunting by plovers 
requires increased ac t i v i t y ,  quick move- 
ments, and intermit tent  pauses fo r  search- 
ing and s ta lking.  The probing sandpipers 
locate t he i r  prey primarily by t a c t i l e  
methods, walking slowly and continua7 l y  
thrusting t he i r  b i l l  into the sediment. 
These very d i f fe ren t  hunting techniques 
may resu l t  in the consumption of d i f fe ren t  
prey species or different-sized individ- 
uals of the same species or a more e f f i -  
c ient  prey-capture time. For example, the 
semipalmated plovers that  forage on the 
middle regions of the t ida l  f l a t s  search 
for  prey in areas tha t  have been previ- 
ous ly exploited by the probing sander1 i ngs 
a n d  semi palmated sandpipers. A 1  1 three 
species may consume the save species of 
prey b u t  the la ter-arr iving and visually 
hunting semipalmated plovers a re  more 
successful per unit  time (Harrington 
e t  a l .  1974). Most probing shorebirds 
w i  11 also respond to  visual cues and peck 
a t  prey i t e m .  Often the pecking or  prob- 
ing a l t e rna t ive  may be a function of habi- 
t a t  type and prey ava i lab i l i ty .  

Since mi grating shoreti  rds may often 
occur in high densi t ies ,  aggressive inter-  
actions in the forni of displays and chases 
are qui te  common among nany species,  
par t icu?ar ly  these tha t  feed primarily 
by visually act ive  hunting t a c t i c s  (Burger 
e t  a l .  1575). Probers frequently occur 
in foraging flocks and only rare ly  do 
aggressive interactions occur, as in the 

case of knots that  most com~only feed in 
t i g h t  groups (Bryant 1S79). Species such 
as the sanderling t ha t  feed by both visual 
and t a c t i l e  methods wil l  show l i t t l e  
aggression and feed in flocks b u t  maintain 
in t raspec i f i c  distances while foraging 
s o l i t a r i l y  (Harrington e t  a l .  1974). I n  
general, anlong shorebirds, in t raspec i f i c  
aggressions are  more frequent than in te r -  
spec i f i c  interactions (6urger e t  a1 . 1979) 
and when interspeci f ic  aggression does 
occur, i t  i s  most common among s imilar  
species such as between the l e a s t  and 
semipalmated sandpipers (Recher and Recher 
1969b) tha t  avoid each other by ~ a r k e d  
habi ta t  segregation ( i . e . ,  mud f l a t s  vs. 
grassy marsh and seaweeds). 

A remaining question i s  what role  
shorebirds play in the New England t ida l  
f l a t  community. A1 though the majority are  
t rans ien t s ,  t he i r  ro le  as major consumers 
of invertebrate production i s  a substan- 
t i a l  one during migrations. They may be 
best  described as removers. Other than 
the  nutr ients  in t he i r  feces,  no form of 
the energy they consume i s  returned t o  
the t i da l  f l a t s .  During the f a l l  migra- 
t ion ,  in  jus t  a few weeks they may deplete 
large portions of the i r  prey populations. 
Schneider (1978) found the average harvest 
by foraging shorebirds was 5C% and 70% of 
invertebrate populations during two suc- 
cessive years of study. In Massachusetts, 
dowitchers have been reported to  remove 
nearly one half of available food re- 
sources during July and August (Harrington 
and Schneider 1978). Wintering species 
may have a more dramatic e f f ec t  as seen in 
a study done in England where shorebirds 
were responsible fo r  removing 90% of the 
Hydrobia (snai 1 ) population and 80% of the 
nereid polychaetes (Evans e t  a l .  1979). 
Stomach contents of dunlins in Sweden 
revealed an average of 152 Nereis (poly- 
chaete worm) jaws per i n d i v i d m 5 e n g s t o n  
and Svensson 1968). S i te  selection among 
foraging shorebirds i s  not a random, pas- 
s ive  process. Favorable feeding areas 
with a high density of prey can be recog- 
nized and exploited. Harringtsn and 
Schneider (1 978) found tha t  semi pal mated 
 lovers shif ted the i r  habi ta t  usage t o  
coincide with peak densi t ies  of nereid 
worms and that  e x t r e ~ e l y  high densi t ies  of 
knots could be correlated with an unusual- 
l y  heavy s e t  of Ilyti 1us (mussel s ) .  



Shorebirds, such as this semlpalmated sandpiper, concentrate in large numbers on Mew 
England tidal f l a t s  in sprtng and fa1 1 .  They consume great quantities of invertebrates 
to provide the necessary fat reserves far long migrations frorti Arctic nesting grounds 
to wirrterl ing areas in Sauth America. (Photo by J.M. Greeny; courtesy U.S. Fish and 
Wf ldl ife  Service, ) 

$ ince  shorebr'rd predation n,ay be 5.3 GULLS AND TERNS 
intense aod focused in areas where prey 
species are most abundant, these birds Eight species of gulls and s i x  spe- 
probably play a n  important, $5: temporary, cies of terns (family Laridae) occur con)- 
rate i n  structuring the invertebrate com- nlanly in fiew England. Seven of the four- 
munities of tidal f l a t  earvironrents* On teen species nest i n  colonies an the New 
Long Island, New York, Schneider (1978) England coast, and two species, the her- 
found that such predation resulted in ring and great black-backed gulls, appear 
wider spatial distributions of prey spe- year-round. The distribution of nesting 
cies. By concentrating their foraging on pairs of raionial waterbirds th roughou t  
tCre most abundant prey, shoreb~ rds prevent New England is  given i n  Table  6. 
single species of -r"nvertebrates frorn domi- 
nating areas of the tidal f la ts  a t  the Gulls w i l l  drop t o  the surface from 
expense of others, f l ight  (plunge div ing,  Ashnole 1971 ) when 



Table 6. Nulnber of coas t a l  nps t ing  pa i r s  of colonial  waterbird 
species  in  1977 ( M a i n e - ~ o n n ~ ~ ~ j ~ ~ t ) .  showing occurrence by 
s t a t e  (frorn Erwin and Korscilc,?cn 1979). 

- - 

Species ME NH MA R 3 CT 

Double-crested Cornlorant 
Phalacroxorax a u r i  --.-. t u s  

Great Blue Heron 
Ardea herodi -- a s  

Green Herona 
Butorides ---- s t r i a t u s  

L i t t l e  Blue Heron 
Florida caerul -- ea 

Great Egret 
Ca srrlerodi us a1 bus --- 

Snowy Egret 
E ~ r e t t a  thula -. - 

Louisiana Heron 
Hjdranassa t r i c o l o r  - ...-.----- p-- 

B l  ack-crowned Night Heron 
Mycticorax y c t i c o r a x  -- --- 

Glossy I bi s 
Ple2adis f a l c ine l l u s  .-..- -- ----- 

Comrilon Eider 
Sornateria ~r~ol l i s s ima 
" ---- - ----- -.------- 

Great Black-backed Gull 
t a ru s  niarinus - - - - - -- 

Herring G u l l  
Larus arirentatus 

Laughing G u l l  
Larus -. - a t r i c i l l a  - 

Com:~kon Tern 
Sterna hi rundo 

Arct ic  Tern 1,640 73 
Sterna paradi saea 

Roseate Tern MO '1 ,327 
Sterna dougal l i i  

ieasL Tern 2 t 1 ,551 7 120 

Sterna a1 b i  f rons  
-- 

alncluded only ~ h e n  found a t  mixed S P @ ~ $ ~ S  heronries .  



feeding on schools of small f ish .  More 
frequently they paddle slowly on the sur- 
face dunking the i r  heads (surface dipping, 
Ashaole 1971), f l y  a few feet  up from this  
position and make short plunges in shallow 
water (surface plunging, Ashmole 1971), or 
forage over exposed t idal  f l a t s  or inter-  
t idal  rocky substrates.  Some of the i r  
feeding techniques show remarkable ingenu- 
i ty .  They paddle in shallow water, creat- 
ing a current that  moves away sediments to  
expose infaunal prey. i t  i s  not uncommon 
t o  see gulls cracking mollusc shel ls  by 
dropping them from the a i r  onto docks, 
boulders, parking lo t s ,  or any other large 
hard obJect, 

Ffost New England terns are smaller 
than the gul ls .  Some kinds with forked 
t a i l s  are aptly called sea swallows. Their 
speed and f l i gh t  patterns, part icularly 
when being pursued by one of their  own 
kind, &re renrarkable to  watch. They dre 
most famous for their  group feeding "fren- 
z ies "  when they p'iul~miet head F i r s t  from 
the sky to capture schooling f i sh  and 
crustaceans. More gracefully, on calm 
days they can swoop down and snatch a 
minnow without t~laking a r ipple.  While 
searching for food, they [nay be seen hov- 
6r!1?9 or " s t i l l ing" .  Their re la t ively  
srrlall f e e t  wrve to  orient them but pre- 
vent them Prom being good swimmers. Prey, 
uskjally snrall f i sh  or crustaceans, are 
ycneral ly captured by plunge diving. 

At the turn a f  the century, no one 
would have predicted t h a t  "sea gulls" 
would beconie a ~ y ~ l h o l  of the I4ew Encjland 
seashore. Curing the l as t  two hundred 
years,  the breeding populations of New 
Errgland guf 1s and terns have f luctuatcd 
greatly.  Surveys hdve hecn tliade a t  fre- 
quent intervals during thic century and 
there is ~ o o d  docuritentation for recent 
peri ods of  twtt; decl ines and expansions. 
The following discutsion of the historical  
t r ~ n d s  i n  these populations is  sun!marized 
front Urury (1?773) and Nisbet ('1973). 

During r:~uch o f  the 78th and 19th cen- 
tu r ies ,  the larger gul ls  were exploited 
for the i r  food value and nearly extervi- 
natcb jr: Nt7ti; England, and i n  the later 
decades of the 15th century, the n!iilinery 
trade inf l ic ted hunting pressures on terns 
as well. By 1900, both gull and tern 
populations bere a t  low tevels,  and some 

conservationists feared these species were 
on the verge of disappearing from the New 
England coast. A conscious e f f o r t  to  save 
these birds resulted in the passage of 
several bird protection laws and the 
response of the bird populations has been 
good to spectacular for terns and gul ls  
respectively. 

The blew England herring gull breeding 
population numbered only about 10,000 
pairs a t  the turn of the century, with the 
great majority res t r i c ted  t o  islands off 
the Flaine coast. Both the number and 
range of gulls  have increased tremendously 
in the l a s t  75 years.  From l9OC to  the 
19601s, the population appears t o  have 
increased by a factor of 15 to  30, dou- 
bling every 1 2  to 15 years (Kadlec and 
Drury 1968). As early as the 192C1s, there  
was concern tha t  the rapidly increasing 
herring gull population threatened farm 
and blueberry crops i n  eastern Flaine as 
well as the continued survival of the 
terns;  in the 193Q1s, a gull control 
program was in i t i a ted  in the form of egg 
spraying. This was or iginal ly  focused in 
Maine and the gulls responded in part  by a 
southwestward expansion into  Massachusetts 
(Kadlec and Drury 1968). D u r i n g  the  1940's 
to early 19501s, the control program was 
conducted on most colonies from Faine t o  
Massachusetts, b u t  was eventual 1y aban- 
doned as ineffective.  A1 though gul ls  col-  
onized islands a t  the eastern end of Long 
Island Sound by 1433, i t  was not unt i l  
1950 that  herring gulls colonized the 
shores of Connecticut* By 1960, they had 
expanded the i r  range as fa r  south as  tdorth 
Carol i n a .  

The coil-irnon tern has been the most 
abundant tern nesting on the northeastern 
coast of the United States ,  although the 
Arctic tern may now be more nuirerous in  
Fjaine (W.H. Drury; College of the Atlan- 
t i c ;  Bar Harbor, Maine; April '1987; per- 
sona 1 communication). Historical  popula- 
tion estimates indicate a period of 
increase early i n  th i s  century followed by 
a more recent period of decline in popula- 
tion numbers. Peak populations occurred 
during the 9940's and since then, the pop- 
uidtian has been reduced by about one 
ha?f+  One author suggests tha t  the 
decline of these birds may be due in part  
to decreased breeding success tha t  has 
resulted from the displacement of breeding 



Gulls of several species are the wost abundant and conspicuous birds on hew England 
t ida l  f l a t s .  They feed on a wide va r i e t y  of f i sh  and invertebrates and scavange hurran 
waste. (photo by L . C .  Goldman; cour tesy U.S. Fish and Wildlife Service) 

birds from preferred areas by herring 
gu l l s  (Nisbet 1973), and a l so  from winter 
predation pressure by residents of the 
Guianas on the northern coast of South 
Arrerica ( W . H .  Drury; College of the 
Atlantic;  Rar Hart-or, Flaine; Apri 1 1981 ; 
personal communication). 

!lost gulls  and terns a re  highly gre- 
garious, They are colonial breeders and 
often gather in larpe groups where food i s  
concentrated. I t  i s  impressive t o  witness 
the accumulation of a group of feeding 
gul ls .  I n i t i a l l y  only one or two nay be 
within s ight ,  b u t  within a few minutes 
there ray be one hundred or more. Group 
feeding techniques in gul ls  have been 
exaained by Frings e t  a l .  (1555).  T h g  
found that  food finding and the accumula- 
t ion of feeding groups r e s u l t ~ d  frohi the  
combination of auditor) and visual cues.  

There i s  a constant visual surveil lance of 
a l l  parts of the coast by individuals o r  
sclall groups of birds. A bird tha t  has 
spotted food f l i e s  a charac te r i s t i c  f igure  
eight f l i ~ h t  pattern in an attempt a t  prey 
capture and  etrits a charac te r i s t i c  c a l l .  
Gulls within s igh t  respond t o  the f l i y h t  
pattern and  those within earshot respond 
to  the ca l l .  Terns may also forni feeding 
groups via auditory and visual cues (Erwin 
1977). 

Colonies may serve as inforvation 
centers and be an ivportant aid in food 
finding, par t icular ly  fo r  species t b a t  
feed in Sroups on a patchy resource (gard 
and Zahavi 1973; E r w i n  7978). Dav is  (19?75) 
found tha t  the nests of gulls  tha t  consis- 
t en t ly  fed together a t  f i sh  docks were not 
randomly dispersed in the breeding colo- 
nies,  b u t  were clunlped, susgesting tha t  



gulls may fof low each other to foraging 
s i tes .  Among different species of terns, 
Erwin (1978) suggests t h a t  those species 
which feed closer to the breeding colonies 
are more gregarious while feeding and have 
larger colony sizes. While feeding on 
exposed tidal f l a t s  where food is  patchy, 
herring gul Is may establish terr i tories  
that are defended by calls and posturing. 
These terr i tories  may be maintained by the 
same birds for many years (Qrury and Smith 
1968). 

The displacement of nesting terns by 
gulls can be explained in part by review- 
ing some aspects o f  the biology of these 
species. Herring gulls are general and 
opportunistic foragers, They wi 11 eat 
almast any large piece of organic mate- 
r fa l ,  1Sving or dead, and have thus 
capitalized on a subsidy in the form of 

tons of organic wastes produced each year 
by the northeastern coastal human popula- 
tion which has increased spectacularly 
during this century. The effect has been 
to tremendously increase the carrying 
capacity of their environment which has 
released the population growth rate of the 
gulls from dependence on food resources; 
the New England herring guf  1 population i s  
now dependent on human refuse. Perhaps 
the greatest impact on the species has 
been to increase the survival of wintering 
yearlings that feed on refuse. Harris 
(1965) estimated that in England as much 
as two-thirds of the food remains of her- 
ring gulls were attributable to human  
waste and Kadlec and Drury (1368) sug- 
gested that only 12% of New England gulls 
make an "honest" living by consuming food 
other than that generated by man. H u n t  
(1972) studied Maine islands of varying 

The least tern is  one of four species of terns that feed on small f ish of the Ne 
England tidal f l a t s  and nest on nearby beaches and islands. (Photo by L.C. Goldman 
courtesy U.S. Fish and Wildlife Service) 



distances from refuse sources and observed 
t h a t  fledging success was greatest a t  the 
near islands. Since there i s  l i t t l e  dif- 
ference between the fledging success of 
two and three eag clutches (Kadlec and 
Drury 1068), when chick mortality does 
occur, i t  i s  generally n o t  because of 
insufficient food, b u t  rather due to  
parental neglect (Drury and Smith 1968; 
H u n t  1972). If gull chicks are l e f t  
unattended for long periods of time, they 
may wander into adjacent te r r i tor ies  and 
may be attacked by neighboring adults 
( H u n t  and McLoon 1975). 

Another potential control on popula- 
tion growth is  available breeding space. 
During the las t  75 years of rapid expan- 
sion, the density of nests in herring gull 
colonies has rewained unchanged (Kadlec 
and  ijrury 1968). As the nuivber of birds 
in the New England gull population has 
grown, new nesting pairs have established 
new colonies, expanding the breeding 
range. Rost breeding colonies occur on 
nearshore islands, the same type of 
islands used by breeding terns. Kadlec 
and Drury (1968) have estimated that 
approximately 15% to 3G% of adult herring 
gulls are nonbreeders in any given year. 
There is  a tendency for gulls that find no 
space in existing colonies to establish 
terr i tories  on islands that support tern 
colonies and, in time, to displace the 
terns (Drury 7974). 

Terns are much more selective in 
their feeding than gulls, preferring small 
fish and crustaceans. Unlike the herring 
gulls, their population growth i s  food- 
l iwi ted. During the breeding season, adult 
males may h u n t  for food up to 14-5 hours 
per day (Nisbet 1973). There i s  evidence 
that the number of chicks that survive to  
fledging way be a function of food avail- 
abi l i ty.  LeCroy and Collins (1972) found 
t h a t  both roseate and conlmon tern produc- 
t iv i ty  in Long Island Sound, as measured 
by successful fledgings, fluctuated year- 
ly ,  and the authors sugsested that these 
fluctuations were related to food avail- 
abi l i ty.  These workers also examined the 
relationship between clutch size and chick 
survsval .  Ce~mon and roseate terns may 
lay either two or three egg clutches and,  
unlike the herring gulls, the survival 
from hatched egg to fledging i s  much 
greater in two egg clutches t h a n  three. 

This evidence suggests that ( 1 )  dur- 
ing this century, we have increased the 
carrying capacity of Fiew England for the 
herring and great black-backed gull popu- 
lations, ( 2 )  tern populations are 1 imi ted 
by natural controls, and (3 )  both groups 
over1 ap considerably in their preferred 
breeding areas. Col lectively then, this 
evidence irriplies that the dense coastal 
human population of the northeast i s  
threatening the continued coexistence of 
these two groups of birds. 

5.4 HERONS AND OTHER WADING BIRDS 

For many people, the most conspicu- 
ously beautiful and aesthetically pleasing 
birds that frequent tidal f l a t s  are the 
herons and egrets. These long-legged and 
slender-necked wading birds are elegant as 
they take off and land with broad wings 
beating in slow motion. A t  other tinles as 
they pursue prey with feet splashing, head 
jerking, and wings flapping, they seem 
clumsy. Like the gulls and terns, herons 
and other wading birds are colonial breed- 
ers t h a t  often nest on islands. Table 6 
shows the relative abundance of coastal 
breeding herons in New England. Most spe- 
cies frequent the New England coast only 
during the warmer months, b u t  the great 
blue and the black-crowned night herons 
may remain a l l  winter. After young are 
fledged, there i s  a general dispersion 
northward and then a southward migration 
in the f a l l .  I n  New Enyland, herons are 
primarily tree nesters. Until the 1!350is, 
most kinds of wading birds nested only in 
more southern states. Since then there 
has been a steady "invasion" into New Eng- 
land (R. Andrews; U.S. Fish and ldildlife 
Service, Rewton Corner, Kassachusetts; 
April 1981; personal communication}. I n  
the south, dense rilul tispecies breeding 
and feeding assemblages frequently occur. 
Each species has a characteristic foraging 
behavior and the callective repertoire of 
the feeding behaviors of this group has 
been studied ex tens i vely. 

Soon after  a r r i  vins from wintering 
areas, pairs of herons establish well- 
defended breeding ter r i tor ies ,  A t  least 
one member of the pair always occupies the 
te r r i tory  (Jenni 1969). Nest s i t e  selec- 
tion i s  species-specific. Snowy egrets 
have a tendency to nest in exposed areas 



around the periphery of the colony, while 
l i t t l e  blue herons prefer more protected 
locations (3enni 1969). 

Egg destruction occurs as the result 
of predators such as raccoons or crows 
(Teal 1965). During the f i r s t  few weeks 
after  hatching, chick mortality may be 
high. Jenni (1 969) suggested that snowy 
egret chick loss was largely due to star- 
vation. He found that mortality rates 
were 37% per nest of four, 23% per nest of 
three, and 10% per nest of two. I n  a mixed 
species heronry in Georgia, 10% of the 
nest1 ings died of starvation (Teal 1965). 
Nest success varies from species to spe- 
cies. Teal (1965) found t h a t  only black- 
crowned night herons fledged more than 50% 
of the eggs l a id .  He attributed this to  
pugnacious behavior of the chicks who 
vigorously defend their nest. He suggested 
that the smaller and less fierce species 
(snowy egret and Louisiana heron) were the 
least successful. 

After fledging, high mortality rates 
may be sustained through the f i r s t  year of 
lffe.  Kahl (1963) found t h a t  76% of the 
cointncrn egrets a1 ive on July I died during 
their f i r s t  year, and mortality rates of 
75% (Owen 1959) were reported for the 
great blue heron, Mast of the f i r s t  year 
snor*tality for bo th  coirxmon egrets and great 
blue herons occurs between July and Decem- 
ber and nlay be due to the unfanii'liari t y  of 
inexperienced young of the year with 
riiigratory territorfes (Kahl 1463). I t  
takes tfme for young birds to become pro- 
f icient hunters, Altllough feeding behav- 
lors appear t o  be innate contponents of a 
heron" biSiolog~4 and similar techniques are 
used by bo th  adults and juveniles, succes~ 
rates arc rtuch higher for adult birds. 
Recher and Recher (19693) found that far 
each nlinute spent foraging, adult l i t t l e  
Blue herons obtained moore prey by weight 
than the juveni les. S i t i l i  larly, adult great 
blue herons were found to be successful in 
62% of strikes whl'le juveniles captured 
prey jn  only 33% of their attempts {Quin- 
ney and Smith 1980). 

While i t  appears that food i s  a 7 i m -  
i ting resource particularly during the 
breeding season, Teal (1965) cancl uded 
that there i s  a surplus of food, b u t  this 
food is  not sufficiently available to even 
the adult birds since they are relatively 

inefficient predators. This i s  n o t  sur- 
prising since the primary prey are mobi le  
fish and large crustaceans, making food 
finding and foraging techniques cr i t ica l  
factors in heron ecology. 

The role of colonies as information 
centers has been studied extensively i n  
heron breeding colonies. Krebs (1974) 
specifically addressed this problem in a 
study of the great blue heron. To i l lus-  
t rate  the advantage of gregariousness, he 
showed that while the birds exploited a 
patchy food supply, individuals were not 
behaving independently, and birds that 
foraged in groups had a higher rate of 
food intake than those feeding sol i ta r i ly .  
Feeding areas were highly variable from 
day to day and the colony tended to switch 
in unison from one feeding s i t e  to anoth- 
er. Departure from the breeding colonies 
t o  foraging areas generally occurred in 
groups and birds from neighboring nests 
frequently fed in the same areas. Finally, 
Krebs (1974), who p u t  styrofoam models of 
foraging herons in the f ield,  found indi- 
viduals flying overhead were attracted t o  
them, landed, and began foraging. 

During foraging, the herons rnay be 
either sol i tary and  defend feeding ter r i  - 
tories or gregarious and form small 
flocks. Great blue herons have their 
highest rate of feeding success a t  a flock 
size of about twenty birds a n d  Krebs 
(1974) suggests t h a t  flocks may buffer the 
risk of birds being unsuccessful in feed- 
ing on the short term, which may be c r i t i -  
cal when rearing chicks. Even when great 
blues feed alone, colonies may s t i l l  play 
a role as information centers in locating 
the position of food resources relative to  
the colony (Ward and Zahavi 1973). 

As a group, the herons use a diverse 
array of foraging behaviors and within the 
tidal f l a t  environment, may segregate 
themselves according to  habitat prefer- 
ences and morphology. As a result,  the 
overlap in prey items between species may 
be reduced. In Florida, Meyerriecks 
( '1962) has seen as many as nine species of 
herons feeding on the saae shoal; he 
claims t h a t  lkeir ability t o  coexist whiie 
using a cofimon habitat results from their 
use of different feeding methods. Kushlan 
(1976) provides a good descriptive sum- 
mary of heron feeding behaviors. The major 



categories of foraging tac t i cs  are stand 
or s t a l k  feeding, disturb and chase feed- 
ing, and aer ia l  and deep water feeding. 
W S  thin each of these major categories,  
there are several variations.  The stand 
and wait feeding behavior i s  the most 
typical and i s  common t o  a l l  species of 
herons ( A 1  len 1962). 

Depending on the habi ta t ,  which in- 
cludes prey density, predator density, 
water depth, and plant cover, species use 
their  own unique hunting t a c t i c s  (Kushlan 
1976). In his study of heron feeding in 
southern New Jersey, Willard (1977)  sua- 
marized the foraging behaviors of many of 
the herons seen in  New England. He found 
that  great blue herons and common egrets 
h u n t  in deeper water than the smaller 
species. Great blue herons used stand 
and wait and slow wading techniques t o  the 
same extent.  Active pursuit  was rare ,  
probably related t o  the large and highly 
mobile f i sh  species in the d i e t .  Great 
egrets also used slow wading techniques 
b u t  the i r  pace was fas te r  than the great 
blue herons, and when feeding in flocks,  
they used the stand and wait technique. 
Snowy egrets showed the greatest  variety 
of feeding behaviors and of habitat  selec- 
tion. They were the only species to  f re -  
quent exposed mud f l a t s  where they would 
take large polychaetes. Slow wading was 
the post frequent hunting technique, b u t  
foot s t i r r i n g  and active pursuit were a lso  
common. The foot s t i r r i ng  behavior re- 
sulted in a larger portion of benthic 
crustaceans in the snowy eg re t ' s  d ie t .  
The Louisiana herons a lso  re l ied on act ive  
pursuit ,  but the post comrilon feeding 
behavior was to crouch and s t r i k e  hori- 
zontal to the water 's  surface. This was 
the only species in which slow wading was 
not the preferred technique. L i t t l e  blue 
herons commonly waded slowly and peered 
around banks and vegetation. The green 
heron and black-crowned night heron were 
not studied by Willard (1977) .  Both these 
species can be commonly seen crouched 
overlooking the water 's  surface where they 
wait motionless for  prey t o  wander by. 

(Gaviidae), grebes (Podicipedidae), corrno- 
rants (Phalacrocoracidae), and the ducks, 
geese, and swans (Anatidae). The rnajori ty  
are migrants, present in  New England only 
during spring and fa1 1, or they a re  winter 
residents.  Exceptions are the double- 
crested cormorant, common loon, gadwall, 
wood duck, and red-breasted merganser t ha t  
breed in some areas of New England and the 
pied-bi l led grebe, Canada goose, black 
duck, mallard, and mute swan tha t  are  
year-round residents. hi t h  only a few 
exceptions (the geese, swan, and dabbl ing 
ducks), a l l  these birds dive for  t he i r  
food which i s  usually f i sh ,  molluscs, or 
crustaceans. A1 though many species a re  
capable of dives to great depths (over 
70 m or 230 f t  fo r  the coninon loon),  most 
forage in shallower water, usually l ess  
than 10 m (33 f t )  deep. Some have become 
extrenjely we1 1-adapted t o  an aquatic 
existence, can barely walk on land, and 
can only take off from the water. 

Two species of loons (common loon and 
red-throated loon) a re  often found along 
the New England coast during the winter. 
Although they do not concentrate t he i r  
foraging on t ida l  f l a t s ,  a t  high t i de ,  
they may be seen over these shallow areas 
diving fo r  f i sh .  Common 'loons a re  so l i -  
tary ,  even during migrations, and occur 
singly or i n  pai rs ,  while the red-throated 
loons accumulate in large flocks,  particu- 
l a r ly  during migrations (Terres 1980). 
Because the loons require u p  t o  several 
hundred meters of water "runway" t o  become 
airborn, when approached, they w i l l  dive 
rather than f l y  as a nieans of escape. 

Grebes, 1 i ke the loons, may use t ida l  
f l a t s  a t  high t ide  as  one of several of 
the i r  feeding areas. They are e x t r e ~ e l y  
well-adapted fo r  t he i r  primarily aquatic 
existence where they feed, sleep,  court ,  
and carry the i r  chicks on the i r  backs i n  
the water. Of the three species seen along 
the New England coast, the horned and red- 
necked grebes breed in Canada b u t  winter 
in coastal New England, The pied-billed 
grebe breeds throughout hew England and 
winters as f a r  north as Massachusetts. 
Their d i e t s  consis t  of small f i sh  and 
crustaceans. 

This group i s  composed of a wide Cormorants are related to  pelicans 
variety of families, including the loons and feed alrnost en t i re ly  on f i sh  tha t  they 
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f lock-feeding, cormorants exp'ioi t school- 
ing f ishes .  Active fishing i s  confined 
alniost exclusively to the front l ine  of 
birds, and as many as one quarter t o  one 
half of the birds triay be underwater a t  one 
time. 

Peak densit ies of wintering waterfowl 
on the Atlantic coast occur in the mid- 
Atlantic s t a t e s ,  b u t  large numbers of 
several species are found on the  New Eng-  
land coast ,  some of which use t idal  f l a t s .  
North American migratory waterfowl that  
pass through or winter along the New Eng- 
land coast use the Atlantic flyway, which 
i s  one of the four great North American 
mi yratory flyway systenis ( t i  ncoln 1935, 
ci ted i n  Gusey 1977).  Unlike the long, 
nonstop migratory f l igh t s  of shorebirds, 
waterfowl often follow the coast, stopping 
occasionally t o  res t  and feed. Flocks even 
take up residence in areas fo r  extended 
periods. For example in Massachusetts, 
oldsquaw niay appear during the middle part 
of October, ren:ain unt i l  the middle of 
November, and then f l y  fa r ther  south 
(MacKdy 1892). 

Geese (Canada geese and brant)  fre- 
quent the New England coast prinrarily dur- 
ing the winter, although a sr:,all number of 
introduced Candda geese breed in  New Eng- 
land as well. As herbivores, Canada geese 
forage on submerged eel grass (Zostera 
marina) and algae in shallow coastal areas ------ 
by reachincj down into  the water with the i r  
long necks, often t i l t i n g  the i r  t a i l s  
s t ra igh t  u p  in the a i r .  Brant are true 
sea geese with we1 1-developed s a l t  glands 
t h a t  enable them to  drink s a l t  water. A l -  
though they are usual ly herbivorous, brant 
also ea t  crustaceans, mol luscs, and poly- 
chaetes (Bent 1937). Before the 1930'5, 
brant fed almost exclusively on eel grass. 
After a blight destroyed much of the eel- 
grass in the northeast, the brant popula- 
tion declined dramatically. Since then, 
brant have switched the i r  foraging prefer- 
ence t o  -- Ulva (sea l e t tuce)  and although 
the population i s  reduced compared t o  that  
in the 1930's,  i t s  nun,bers have increased 
in recent years. 

T h e  rrbajority of wintertng ducks ana 
mergansers in Xew England belong to only a 
few species. E i v i n g  ducks and ntergansers 
use t i d a l  f l a t s  a t  high t ide  as one of 
several habitats for catching svall  f ish  

and invertebrates,  w h i l e  the dabblers are  
more res t r i c ted  to  shallow coastal areas 
and may feed extensively on t idal  f l a t s  a t  
high and low t ide .  S to t t  and Olson ( 1 9 7 2 )  
found a l l  wintering species in New Hamp- 
shire  (scoters , goldeneye, red-breas ted 
merganser, oldsquaw, and buff lehead) to  be 
within 450 01 (1 ,476  f t )  of the shoreline.  
Competition between these wintering birds 
appears t o  be reduced as a r e su l t  of 
species-specific habitat  and food prefer- 
ences. Many species of sea duck studied 
were consistent in the i r  habitat  usage 
from arr ival  in the f a l l  un t i l  departure 
in the spring (S to t t  and Olson 1973). 
Within the study area,  there were sandy 
beaches, rocky outcrops, and bays. The 
scoters preferred to feed i n  areas adja- 
cent to the sand beaches, while goldeneyes 
and red-breasted mergansers ciost often 
foraged c loser  t o  the rocky headlands. 
Oldsquaws showed no consistent habi ta t  
preferences and buff leheads were alnlos t 
exclusively res t r i c ted  t o  the quieter  
bays. All  these species are divers.  
Ninety percent of the sco te r ' s  d i e t  con- 
s i s ted  of ir~olluscs of which the Atlant ic  
razor clam (Ensis K r e c t u s ) ,  Arctic wedge 
clam (Mesodesma a rct&= and blue mussel 
(Myti 1us edul is)-"&ere the most abundant 
species. Although the goldeneyes and red- 
breasted rr,ergansers overlapped in habi ta t  
preference, the goldeneyes a t e  smaf 1 crus- 
taceans, with some gastropods and poly- 
chaetes, while the mergansers were f i s h  
eaters ,  consuming ki 11 i f i sh  and s i lve r -  
sides.  Small sand shrimp comprised 90% by 
volurne of the buff'iet~ead's prey itenis. 
Ni lsson (1969) found similar habi ta t  
segregation among wintering ducks i n  
southern Sweden, but in his study he found 
yoldeneyes to  feed main'sy over nud b s t -  
toms. 

Waterfowl are the only group of 
coastal waterbirds that  const i tu te  a com- 
modity harvested fo r  recreational use, 
The bulk of each year ' s  harvest in New 
England i s  dabbling ducks; the major spe- 
cies taken are black ducks, ma? lards ,  and 
geese, Eiders and oldsquaw are a l so  taken 
in numbers along the coast of Maine ( W . W .  
Drury; College of the Atlantic;  Bar Har- 
bor, :k ine;  A b r i  1 1981 ; p2rsonal co~fl:ui;; - 
cation),  The dabbling ducks are  mainly 
herbivorous b u t  omnivorous in t ha t  they 
eat  whatever the i r  feedi ng techniques 
catch in shal low subn~erged vegetation. 





reduction in the levels of DIIE, PCBs, or 
mercury during th i s  period. I t  i s  d i f f i -  
cu l t  to assess recent trends in bald eagle 
numbers in Maine, but the current levels 
of recruitment per nest remain below that  
necessary to  sustain a s tab le  population 
(Famous e t  a l .  1980). 

Several other raptors are included in 
Appendix I I I  because they rnay consume 
shorebirds. Of these, the peregrine f a l -  
con preys most heavily on shorebirds and 
often follows migratory shorebird flocks 
( E . L .  Mills;  Dalhousie University, Hali- 
fax, Nova Scotia;  April 1981; personal 
communication). In a study conducted on 
the west coast of the United S ta tes ,  Page 
and Whitacre (1975)  found tha t  raptors 
consume a large portion of wintering 
shorebirds. A t  the study s i t e ,  a variety 
of hawks and owls removed 20.7% of the 
dunlins, 11.9% of the l e a s t  sandpipers, 
and 13.5% of the sanderlings. New England 
t idal  f l a t s  are migratory stopover areas 
for  most shorebirds and such large remov- 
a l s  do not occur. Most of the raptors 
studied on the west coast occur in New 
Eng land a1 so and occasional ly consume 
shorebirds. 

5 . 7  DEPENDENCE ON TIDAL FLATS 

The major groups of coastal birds 
d i f fe r  in the i r  dependence on t ida l  f l a t s .  
For the shorebirds that  feed extensively 
on exposed f l a t s  and the wading birds that  
feed in shallow waters, t idal  f l a t s  are 
essential  sources of food. The migratory 
and winter habi ta t  and feeding behavior 
among shorebirds and the feeding behavior 
of wading birds suggests a dependence 
relationship tha t  has persisted on an 
evolutionary time-scale. Tidal f l a t s  
d i f fe r  in the i r  importance as feeding 
s i  tcs ,  with those areas having dense popu- 
lat ions of infaunal invertebrates being 
[:lore a t t r a c t i ve .  Also, p i  gration routes 

d i f f e r  among species of shorebirds and a 
re la t ive ly  few coastal areas support large 
nurnbers of shorebirds (Morrison and H a r -  
rington 1379). The wading birds are  more 
evenly d i s t r ibu ted ,  especially in southern 
New England. Since many nest there ,  the 
a b i l i t y  t o  successfully fledge young i s  a 
function of how we77 t ida l  f l a t s  can pro- 
vide energy for t he i r  metabolic demands. 

The terns  and par t icular ly  the gulls 
are the most pers is tent  and comnion birds 
of New England t ida l  f l a t s ,  but t h i s  habi- 
t a t  i s  only one of many used by t h i s  
group. Deeper waters are sui table  fo r  
hunting pelagic fishes and gul ls  feed as 
well in rocky in te r t ida l  areas and terres-  
t r i a l  refuse s i t e s .  Gulls make greater 
use of the exposed t ida l  f l a t s  than the  
fish-eating terns.  This i s  t rue  especia l ly  
in winter when the terns migrate south and 
many f i sh  leave the coastal area. Exposed 
f l a t s  become par t icular ly  important t o  
wintering gulls that  feed on sedentary 
invertebrates and organic materials l e f t  
by the t ides .  

Although waterfowl and diving birds 
often forage over t ida l  f l a t s  a t  high 
t ide ,  they are not res t r i c ted  t o  these 
areas. Many species prefer rocky sub- 
s t r a t e s  and those tha t  forage in or over 
sof t  substrates often do so in deeper 
water. Exceptions are the omnivores tha t  
do not dive, such as several species of 
dabbling ducks, geese, and the mute swan. 
For these species,  foraging occurs i n  
shallow water where they can reach benthic 
vegetation by "tipping up" without diving. 

Raptors, other than the osprey and 
the eagle general fy feed over t e r r e s t r i a l  
areas and, except for  peregrines and mer- 
l i  ns, only occasional ly  h u n t  shorebirds on 
t ida l  f l a t s .  Ospreys are especially de- 
pendent on the f l a t s  i n  the spring when 
pelagic schooling species of f i s h  a r e  
rare.  



CHAPTER 6 

TIDAL FLATS: THEIR IMPORTANCE AND PERSISTENCE 

I t  has been recognized since the l a te  
1950's that  nearshore marine habi ta ts ,  
par t icular ly  es tuar ies  and coastal embay- 
raents, are v i t a l ly  irnpartant as  nursery 
and spawning grounds for  f ishes and as 
habitats for she l l f i sh .  Tidal f l a t s  func- 
t ion in many of the same ways as deeper- 
water, coastal habitats in addition to  
providing resting and feeding s i t e s  for  
coastal birds. Because the coastal zone 
i s  heavily used fo r  other land- and 
marine-Bdsed recreational and cotnn~erical 
purposes, t idal  f l a t s  frequently are sub- 
jected to reversible and i r revers ible  man- 
induced environn~entdl impacts. Confl ic  tiny 
derrlands on the use of t idal  f l a t s  necessi- 
t a t e  legis la t ive  participation i n  the man- 
a~ertlent of these arcas and i t  1s important 
to  address questions such as:  How valu- 
able are t idal  f l a t s  re la t ive  to other 
coastal habitats and how r e s i s t ~ n t  or 
r e s i l i en t  are t idal  f l a t  organisms to 
crlvironn~ental perturbat ion? Irr other 
words, can we afford to lose t ida l  f l a t  
11ab-i td t s  ~ ' i  thotit experiencing unacceptable 
a1 Xerations i n  the productivity of r~iarine 
Rliata? 

6,2 RESPONSE OF TIDAL f LATS TO CNVIRUN- 
LlENTAL. PERTURBATIONS 

The rtrajori ty o f  illan-i ttduced i~r~pacts  
on t idal  f l a t s  can be categorized as 
follows: ( 1  ) dredging and channelization 
to n~aintain navigable waterviays and the 
construction and n~al'ntenance of water- 
dependent industries or businesses (e .  g., 
marinas), ( 2 )  di~cfldrgf? of pol jutants fro111 
waste disposal and industrial  ou t fa l l s  or 
non-point sources (e .s ,  , sewac;e, cher?;i- 
cals ,  o i l ) ,  (3 )  buildirrg of darls and j e t -  
t i e s  result ing in altered inorganic depo- 
s i t i on ,  ( 4 )  spoil disposal for the crea- 
t ion of s a l t  marshes, or l andf i l l  fo r  
residential  and/or commercial purposes, 

and ( 5 )  overexploi tatiori of comn~ercial ly 
important t ida l  f l a t  she1 l f i sh .  

The response of t ida l  f l a t  organisrls 
and the i r  ab i l i t y  to recover fron sian's 
a c t i v i t i e s  depends upon the type, magni- 
tude, and frequency of the impact, Envi- 
ronmental impacts can be c lass i f i ed  as 
those which are ( 1 )  destructive (e .g . ,  
dredging and spoil disposal)  and r e su l t  in 
changes in habi ta t  quantity or ( 2 )  those 
tha t  a1 t e r  habitat  ua1 it-y (e.g. ,  exces- 
s ive  organic pollution f and resu l t  in the 
degradation of the habitat .  

The nlost eas i ly  detected e f fec t s  upon 
t ida l  f l a t s  are  those tha t  lead to habitat  
des truction.  General 1y these impacts are 
incremental and vary widely. Dredging 
and spoil disposal, f o r  instance, can 
resu l t  in drantatic changes in the physi- 
c a l ,  cheiriical, and biological nature of a 
t idal  f l a t .  When these perturbations are 
taken t o  extrenies, the r e su l t  i s  i r revers-  
ib le  habitat  loss or niodification. Dredg- 
ing eliniinates feeding s i t e s  for  shore- 
birds and spoil  deposition destroys ben- 
th ic  invertebrates and feeding s i t e s  for 
vertebrates,  

The response of t idal  f l a t  popufa- 
t ~ o n s  to severe habitat  a l t e ra t ion  has 
usually been studied by examining change 
in species , composition and abundance 
fof1owing perturbation. Field studies rrjay 
involve r;ioni toring the patterns of repopu- 
la t ion by benthic organisr::~ fa1 lowing 
spoil disposal (e .g . ,  Rhoads e t  a l .  1978) 
or a f t e r  experinlerital e l i ~ i n a t i o n  of the 
fauna in re la t ive ly  small areas (e.g. ,  
Grassle and Crassle 1974; McCalf 1977; 
Zajac 7981 3 .  Despite differences in the 
type of dis tiarbance, environmental charac- 
t e r i s t i c s ,  and species c o ~ ~ p o s i  t ion consid- 
ered, there are conn?on trends in benthic 
community re-establ ishment and develop- 
ment. Early colonizers of a disturbed 
habitat  are  small species,  predominately 



golychaete worm. These species have sim- 
i l a r  l i f e  h i s to r ies ,  such as p ro l i f i c  
reproduction (often h i  t h  several broods 
per year ) ,  early ra turat ion,  and high mor- 
t a l i t y  rates ( e . ~ . ,  the c lass ic  pollution 
indicator species,  the ~o lychae te  worms, 
Ca i t e l l a  capi ta ta  and 3 r e b l o s p i o  bene- -+ d l  c t i  These so-called ~ o r t u n i s t s "  -- - 
are  gradually r ep l ac~d  by s l i gh t l y  larger,  
taxonomically more diverse asscnlblages 
that  typically exhibit  slower growth 
r a t e s ,  lower mortality ra tes ,  delayed 
reproduction, and reduced reproductive 
ra tes .  Rhoads e t  a l .  (1978) have a l so  
noted changes in benthic infaunal l i f e  
node during the recolonization of dis- 
turbed subtidal soft-bottom habi ta ts .  
Early colonists on spoil  disposal s i t e s  
tended to  1 ive in the upper layers of the 
sediment and to  i so la te  themselves from 
the surrounding sediment through tube- 
building ac t i v i t i e s .  As the sediments 
were increasingly affected by bioturba- 
t ion,  (e.g., by organisms burrowing and 
feeding), larger,  subsurface burrowing 
animals invaded the spoil s i t e .  

Patterns of temporal change reported 
in the ' l i tera ture  corre la te  recovery ra tes  
of disturbed shallow-water areas w i t h  
habitat ,  type of disturbance, and the s i z e  
and degree of isola t ion of the affected 
area. In one study, over 3 years were 
needed to establish a s table  number of 
benthic species (Dean and Haskins 1964), 
while Sanders e t  a1. (1980) found tha t  
cofilplete recovery of a benthic comruni t y  
following a sn~all  o i l  s p i l l  had not oc- 
curred over a period of more than 5 years. 
On a smaller scale ,  recolonization may 
take weeks to rr$onths (Grassle and Grassle 
1974; McCall IS773 Zajac 1981). Recruit- 
vent by benthic organisms into  sof t -  
bottoms can be accomplished by planktonic 
larval se t t l enen t  as well as migration of 
adults from surrounding areas. This colo- 
nization i s  re la t ively  rapid when compared 
to marine rocky substrate systems (Osman 
1977) in which repopulation of disturbed 
s i t e s  i s  almost exclusively planktonic. 

Life his tor ies  of infaunal species 
inhabiting New England t ida l  f l a t s  include 
a ranpe of s t ra tegies .  Many species d i s -  
play 1 i f e  his tor ies  character is t ic  of the 
ea r l i e s t  stages of recolonization. Tem- 
perate t ida l  f l a t  environirents a re  con- 
t inual ly  exposed to extreres of natural 

physical and biological change (See Chap- 
t e r s  I and 3 ) .  The organisms inhabiting 
f l a t s ,  therefore,  are  we1 1-adapted t o  
withstand natural perturbations and per- 
s i s t  by recoveri n9 rapidly. Other species 
have l i f e  his tor ies  more similar to  those 
found in the l a t e r  stages of recoloniza- 
t ion.  These organisms are more sensi t ive  
to  disturbance and do not inhabit  t ida l  
f l a t  areas that  are continually exposed t o  
environmental f luctuation.  In Naine, dense 
populations of b& arenaria are commonly 
found in areas that  are  not abraded by i c e  
scouring (L. Watling; University of blaine, 
Walpole; February 1981 ; personal communi- 
cat ion) .  

Fish and birds respond dif ferent ly  to  
habitat  perturbations. They a re  more 
mobile and move fron; the in;pacted area. 
Fish and birds may not be affected by the 
loss  of small portions of a t idal  f l a t ,  
b u t  a bigger loss of that  habitat  would 
have an e f fec t  upon species abundance and 
cornposi t i  on. The remarkable recovery of 
many populations of New England coastal 
birds following near annihilation in the 
l a s t  century was almost certainly depend- 
ent upon the existence of undisturbed 
feeding and nesting s i t e s .  Inshore f i sh  
communities a l so  appear res i s tan t  to small 
habitat  losses or modifications (e .g , ,  
Nixon e t  a l .  1978) but more pronounced 
a1 tera t ions  of these habitats would un- 
doubtedly resu 1 t i n  decreased abundance of 
cer ta in  f i sh  species. Spinner (1969), f o r  
example, reported the decl ine i n  menhaden 
population abundance a f t e r  loss of estua- 
r ine  nursery areas i n  Connecticut. 

The effects  of more subtle habitat  
degradation can readily be seen on both a 
regional and historical  basis in New 
England. The southern New England coast- 
l i ne  i s  more heavily populated than north- 
ern New England and many t idal  f l a t s  a re  
exposed to res ident ia l ,  municipal, and 
commercial pol 1 utant discharges. Increased 
pol 1 ution fe.g . from sewage, heavy metals , 
bacteria) has dras t ical ly  reduced t i da l  
f l a t  shel l f isher ies  in southern New Eng- 
land. In upper Narragansett Bay, Rhode 
Island, oyster populations were once so 
abundant that  they were used t o  fa t t en  
pigs by eariy ke& Eng land colonists.  
k'hi'le the upper bay supported a viable 
oyster industry for many years (peaking i n  
the ear ly  1900is),  no oysters have been 



harvested there s ince 1957 primari 1y 
because of pol lu t i  on and overf ishi  ng 
(Robadue and Lee 1980). The soft-shell  
clam fishery i n  upper Narragansett Bay i s  
apparently experiencing a similar fa te .  
In 1949, approximately 296,600 kg (650,000 
I b f  of clams were harvested while in 1979 
commercial landings declined to  about 
3,650 kg (8000 l b ) .  Abundant populations 
of clams have been reported in the upper 
bay but many areas have been closed t o  
shel 1 fishing because of organic pol lution 
(Robadue and Lee 1980). In Connecticut, 
approxinlately 30% of t ida l  f l a t s  are  
closed to  shel l f ishing because of pol lu- 
t ion.  Urbanization and i t s  associated 
impacts on northern New England t idal  
f l a t s  have not yet  been as severe. Al- 
though approximately 20% of Maine's t idal  
f l a t s  are closed annually to sof t -shel l  
clamming because of water pol lution,  over- 
exploitation of the shel l f i sher ies  may 
pose a greater threat  to  clam populations 
than habitat  degradation (Doggett and 
Sykes 1980). 

The effects  of changing habitat  qual- 
i t y  extend to  other groups of organisms 
using t ida l  f l a t s .  Haedrich and Hall 
(1976) suggested that  the degree of sea- 
sonal change i n  New England fish conmuni- 
t i e s  (see Chapter 4 )  i s  a convenient indi- 
cator of estuarine environnlental "health". 
Envi  ronirients unaffected by pol 1ut ion 
should exhibit  high annual diversity of 
f i sh  species and pronounced seasondl turn- 
over in species compos i tion. Where unfav- 
orable habitat  change has occurred, the 
n~ost sensit ive species will be el i;riinated 
and only those bes t-adapted to i nhospi t- 
able conditions wi l l  reinain. The net 
e f fec t  upon f i sh  communities, therefore,  
i s  an overall reduction in the variety of 
species that  u t i l i z e  the habi ta t .  

Other sources of pollution are  also 
responsible fo r  ddnrage t o  !dew England 
t ida l  f l a t s .  One of the more severe and 
'long-lasting impacts is frarn o i l  s p i l l s .  
I n  a well-documented study of  a re la t ive ly  
small s p i l l  i n  Wild harbor, Massachusetts, 
Sanders e t  a l .  (1980) observed an alniost 
complete e l i r~ ina t ion  of benthic organisms 
a t  several ofled s i t e s .  The e f fec t s  of 
o i l  on the biota were s t i l l  detectable a t  
t h i s  s i t e  5 years a f t e r  the sp i l  I ,  i n  part  
because o i l  remained in the sediments and 
did not degrade or disperse. 

Not a1 1 responses to  environniental 
degradation a re  as draaiatic as these. 
Sindermann (1975a), in reviewing pol f u -  
tion-associated diseases i n  f i s h ,  sug- 
gested that  many effects  are  subt le  ( e . g . ,  
f i n  rot  and f i n  erosion) and due to  
chronic exposure of f ish  to a polluted 
inshore environs:ent. Since many f i sh  
inhabiting inshore waters ar? juveniles, 
they nlay be even nore sensi t ive  to these 
chronic effects  than adul ts .  

The Kew England region provides a 
we1 I-documented his tor ical  case study of 
environmental degradation and destruction 
of t idal  f l a t s  and the i r  resident organ- 
isnrs. These changes in hew England should 
provide an impetus for  developing manage- 
nient c r i t e r i a  for t idal  f l a t  hdbitats.  To 
begin such an undertaking, however, the 
t idal  f l a t ' s  inportance to  the coastal 
zone must be we1 1-understood. 

6.3 THE IKPORTAP4CE OF NEW E N G L A N D  T I D A L  
FLATS 

In the past ,  legis la t ion protecting 
rirarine coastal habitats was based on a 
se r ies  of suppositions regarding the role 
of these hahitats i n  the overall coastal 
zone ( e * g . ,  Oviatt e t  a l .  1977). The sup- 
pasit ions focused on a hab i t a t ' s  role as 
wi I d 1  i f e ,  f i sher ies ,  and stornl-control 
areas in addition to  i t s  potential for 
exporting organic rr~aterials to stiniulate 
or enhance production in adjacent n2arine 
systems. k'hile much at tent ion has been 
directed toward identifyin9 the function- 
ing of specif ic  coastal habi ta ts ,  i t  has 
been liiore d i f f i cu l t  to assign a "value" to  
individual systems. Early e f fo r t s  to 
evaluate habitats converted primary pro- 
duction values for s a l t  marshes into aver- 
age dollar value per calor ie  produced by 
the marsh (Gosselink e t  a l .  1 9 7 4 ) .  This 
approach remai ns subjective because inan) 
of the functions or roles of s a l t  marshes 
l i e  outside recognized rwnetary system 
and do not have an agreed monetary value 
(Shabnian and Batie 1980). I n  addit ion,  
adequate evaluation of coastal zone habi - 
t a t s  nrust include values associated w i t h  
increrrienta'l changes (i .e . ,  kji t h  time) in 
these habitats and not be res t r i c ted  to  
ttie byorth of an "average" s a l t  marsh, 
t idal  f l a t ,  or estuary. Alternative 
approaches t o  value assessment of coastal 



zone habitats have been formulated (e.g. ,  
Kennedy 1980) although no generally 
accepted method presently ex i s t s .  

Unlike s a l t  marshes tha t  a re  recog- 
nized fo r  the i r  potential for  exporting 
the prirriary production of grasses t o  
adjacent marine habi ta ts ,  t ida l  f l a t s  
function as s i t e s  fo r  the conversion of 
plant production into  animal biomass. The 
most tangible evidence of the value of New 
England t idal  f l a t s  t o  human consumers i s  
the she l l f i sh  and ba i twor~  f i sher ies .  All 
New England coastal s t a t e s  exploit  t ida l  
f l a t  shel l f i sh  populations. The extent of 
these f i sher ies  varies widely between 
s t a t e s  and harvestable catch i s  largely 
dependent upon habitat  quali ty.  In south- 
ern New England, urbanization of the 
coastal zone and associated pol lution has 
resulted in the closure of niany t ida l  
f l a t s  t o  shel l f ishing.  In Connecticut 
only a few hundred pounds of she l l f i sh  are  
harvested annually and v i r tua l ly  a l l  of 
the common t ida l  f l a t  she l l f i sh  (e.g. ,  fly& 
arenaria and Mercenaria mercenaria) sold 
commercially are  imported f rom outside the 
Sta te .  In northern New England, where 
coastal urbanization i s  not as extensive, 
t i da l  f l a t  she l l f i sh  and baitworm f isher-  
i e s  are extremely important industr ies* 
In Kaine soft-shell  clam (u arenar ia)  
and baitworm (Nereis virens and Glycera 
dibranchiata) f i sher ies  rank thi rd  and 
fourth in economic value a f t e r  the exten- 
s ive  lobster and (now diminished) shrimp 
f i sher ies .  While sof t -shel l  clams and 
haitworms are not res t r i c ted  to  t ida l  f l a t  
habi ta ts ,  the i r  abundance i s  greates t  in 
these areas and destruction or degradation 
of these habitats would e l  iminate the 
f i sher ies .  Other species of economical l y  
valuable invertebrates (e.  g., crabs) a re  
a l so  found on New England t ida l  f l a t s .  
Crabs do not depend en t i r e l y  on f l a t s ,  b u t  
use them as important feeding s i t e s .  

The value of t ida l  f l a t s  t o  coastal 
f i s h  populations i s  more d i f f i c u l t  to  
assess.  Most f i sh  frequenting f l a t s  are  
juveniles and are known t o  consume t i da l  
f l a t  food items (especially benthic inver- 
t ebra tes ) .  Relatively l i t t l e  i s  known 
a b o u t t h e  degree of dependence cf Juve- 
n i l e  f i sh  on f l a t s  and about the contribu- 
t ion of these populations to  commercial 

catches. Probably d e ~ e r s a l  f i shes  fe .g . ,  
winter flounder) re ly  most heavily on 
t ida l  f l a t s  for  feeding, b u t  to what 
extent remains conjecture. Tyler (1971b) 
has suggested t ha t  the destruction of 
t ida l  f l a t s  in the Bay of Fundy would 
reduce the winter flounder populations. 
Shallow water coastal hab i ta t s  provide 
juvenile f i sh  a refuge from the i r  preda- 
to r s  in addition t o  serving as  shel tered 
feeding areas. 

Many species of shorebirds rely heav- 
i l y  (and some species exclusively) upon 
t ida l  f l a t s  fo r  feeding and res t ing s i t e s .  
Without productive benthic invertebrate 
populations on f l a t s  some bird species 
would probably suffer  population declines. 
A recent study (Goss-Custard 1977) tha t  
has addressed the importance of t ida l  
f l a t s  t o  shorebird populations, however, 
has fa i l ed  t o  define the degree to which 
the birds are limited by t idal  f l a t  habi- 
t a t  ava i lab i l i ty .  Other groups of birds 
(e.g., gu l l s ,  terns ,  waterfowl ) ,  while not 
as  dependent on t i da l  f l a t s  fo r  feeding 
s i t e s ,  are commonly present and are known 
t o  consume benthic invertebrates.  

One of the major d i f f i c u l t i e s  in 
attempting t o  assign spec i f i c  values t o  
t ida l  f l a t  habitats centers on the lack of 
information about the nagni tude of t he i r  
primary and secondary productivity and 
about how much of tha t  production i s  chan- 
neled t o  higher trophic levels within the 
coastal food web. Examination of the 
sources and amounts @f organic materials 
entering the f l a t s  fron other systems, the 
ra tes  a t  which these organics are  u t i l i -  
zed, and the amounts passed t o  di f ferent  
trophi c levels requires detai 1 ed informa- 
t i o n  about energy flow, l i f e  history char- 
a c t e r i s t i c s  of resident and t ransient  
organisms, as well as insiyht i n t o  ab io t ic  
and b io t ic  processes affect ing t ida l  f l a t  
populations. This lack of knowledge, of 
course, does not diminish the in~portance 
of t ida l  f l a t s  t o  the coastal  zone. More 
information about ecological processes and 
interre la t ionships  on t ida l  f l a t s  i s  
requi red before planners, managers, and 
leg i s la to rs  will be able to develop a com- 
prehensive and rational basis fo r  the pre- 
servation,  u t i l i z a t i on ,  and management of 
t ida l  f l a t s .  
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Appendix I .  f Conti nued) . 

Taxonomic group Species 1 t i  vi ng Feeding 
Range ~ a b i t a t ~  mode3 mod e4 

Amphi poda 
(continued) 

Acanthohaustorius spinosus 
Phoxocephal us hol boll i 
Trichophoxus epi stomus 
Psammonyx nobi 1 i s 
Talorches t ia  megalophthalma 
Tal o rches t i a  longicorni  s 
Orchestia g r i l l u s  

Estuarine sands 
Sands 
Sands, e spec ia l ly  beaches 
Fine sands 
Sands 
Sands, sandy muds 
Fine sands 
Sands 
Sands 
Fine sands 
Commonly under wrack 
Common1 y under wrack 
Estuarine muds 
Estuarine muds 
Estuarine muds 

T-S 
T-S 

Tanai dacea Leptochel i a  savignyi C Muds, sandy muds T-S D F 

S i  puncula Phascol opsi s goul d i  i C Primari ly i n  sands B DF 

Hemi c hordata Saccoglossus kowa1er.rskyi M Sands U-B DF 

Nenler tea  P!icrura l e idy i  C Sands 
~ e r e b r a t b l  us l a c t e u s  C Sandy muds 
Aniphi porus ochraceus V Sands and mu+.? 
Amphi porus g r i  seus V Sands and muas 
Lineus spp. C Mud3 and sands 

B i  v a l  via P~JA- a r ena r i a  
Maconia ba 1 t h i ca  
Mercenari a mercenari a 

C Muddy sands,  muds 
C Estuarine muds 
V Sands, sandy muds 
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Appendix 11. Continued. 

Naiite cor i : :~on~scient i f ic  Dis t r ibut ion  Spawning period Food preferences l4ove:nen t s  References 

Order K , i  j i I-or:,ies 
R a j i d ~ e  - Skates 

L i t t l e  Sk-ite 
R L J ~  e~Jbmiu$ 

Barndoor Skate 
b a a -  js-deiz 

Winter Skate 
Fa?. occ!.!a& 

Southern s ide  Eggs apparent1 y Benthic i nvertebt-ates; 
of Gulf of l a id  year- ch i e f ly  crabs ,  shriinps, 
S t .  Lawrence round but :nost worms, ainphipods, 
and northern productive ascideans,  bivalves,  
Nova Scotia F!ovember- riiolluscs, squid,  sn:all 
t o  Virginia.  January and f i s h  including lance ,  

June-Jul y. herr ing ,  cunners, 
s i l  vers ides ,  tomcod, and 
s i l v e r  hake. 

Banks of 
Newfoundland, 
Gulf of S t .  
Lawrence, dnd 
outer  coas t  of 
Nova Scotia and 
Nova Scotia banks 
to  North Carolina. 

Southern s ide  
of Gulf of St .  
Lawrence and 
southern pa r t  of 
Newfound1 and 
banks t o  north- 
ern North 
Carolina . 

Lay eggs in Bivalves, worms, various 
winter;  hatch crustaceans,  (rock crabs ,  
in spring.  l obs t e r s ,  shrimps),  

squid,  and f i s h  (dogf ish ,  
alewives, herr ing ,  menhaden, 
bu t t e r f i sh ,  sand lance ,  
cunners, tautog, scul p ins ,  
s i l v e r  hake, hake, f l a t f i s h ,  
and probably cod, haddock ) . 

Eggs 
col lec ted  
off  south- 
eas tern  New 
England 
Apr i l ,  tilay, 
A ~ g u s t ,  
"loember, 
February. 

Rock crabs and squid 
f avo r i t e  prey. Also take 
!.ror:ns, a!nphipods, shrimp, 
razor clams, and any 
ava i l ab l e  sinall f i s h  
including ska t e s ,  e e l s ,  
herr ing ,  alewives, blue- 
backs, menhaden, smel t ,  
lance ,  chub mackerel, 
bu t t e r f i sh ,  cunners, scul -  
p ins ,  s i l v e r  hake, tomcod. 

PI-efers sandy o r  gravel ly  Giqelow and Sct~roeder 
bottoms; wide temperature (1953);  Richards e t  al. 
tolerance.  Inshore i n  (1963); Lei!:] and Scott 
su-lrcer; of fshore  in w i ~ t e r .  (1966);  Thoi,ison e t  a l .  

(1971). 

Inshore i n  f a l l ;  
offshore when water 
temperatures r i s e .  

Found confined t o  sandy 
o r  gravel ly  bottoins in 
shoal water < 80 rr! i n  
teniperatures 18-1 ~ O C  in 
s o ~ t h e r n  New England. 

Biaelow and Schroeder 
(1553); Tholnson e t  a l .  
(1971). 

Giuelow and Schroeder 
(1 553) ; Thornson e t  al .  
(1971). 
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Appendix I I .  C o n t i n u e d .  
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Naiiie co!i~i.ion/scieritific Dis t r ibut ion  5~ :.>! i , q ~ j  !:er j & Food preferences Movei1:en t s  References 

Engraihidae - Anchovies 

Bav Anchovv Maine to Texas 

Cape Cod. 

Order Sc~li iot~ifot-tries 
Sal~iioiiidae - Ti-outs 

ch i e f ly  west 
and soutli of 

At lant ic  iia1::lon Forrlier l y froril 
S?II~- 5 2 1 : ~ ~  northeastern 

La brador to  

Brown Tro i t  
S*1 ~ ! g  cr2 t La 

Housatoni c 
Kiver and 
possibly liudson 
River. 

Intt-oducctl in to 
strealis  frot.1 
Newfoundlaqd 
to  hew Jersey.  

Lare sc~rjn.3 to  Chiefly mysids p l  ~s copepods 
end of sunixer. d'id gastropods. 

Spawn in Younq feed on in sec t s  and 
October- iqsect  la rvae;  adu l t s  do 
Noveiii ber ; not feed iii freshwater.  
eggs hatch Durinq sea run,  s i ~ a l l  f i s h ,  
i n  sprinc;. c rus taceznr ,  euphausi i d s ,  

and pelagic ai:iphipods. 

Spawn in f a l l .  r4octur'nal feeder;  inver te-  
brates and f i s h .  

Schooling f i s h  found r::ostly aiyelaw and Schroeder 
along sandy shores and (1 953);  Thoii;son e t  a1 . 
ii~ouths of r i v e r s ,  ii~uddy (1971).  
coves. Probably a year- 
round r e s iden t  in southern 
New England with onshore 
and offshore  movenient. 

Young in freshwater 2 t o  Bigel ow and Schroeder 
3 years .  Adults r e tu rn  t o  (1953); Leim and Scot t  
freshwater April-October (1966); Thoii~son e t  a l .  
t o  spawn a f t e r  sea runs (1971). 
from 1 to  2 years.  Adults 
t h a t  survive e i t h e r  re turn  
iin!r?ediately t o  the sea or 
remain in freshwater urlti 1 
spr ing .  

Soiile populations in Nova Tho~nson e t  a1 . (1971 ) ;  
Scotia a r e  d e f i n i t e l y  ie i i~ :  and Scot t  (1966). 
anadroioous. Sea run popu- 
l a t i ons  have a l s o  been 
es tabl ished on the Avalon 
Peninsula,  Newfoundland. 

con t i  nued 



ffl 
c: 
Li 
a, 
U 
io U 
V] 

C I7 
m L 
fil u 

.c .- 
U77 v) 
3 C n.r 
r n " J 0 f f l  

n . ~  
m ^.*-'+- 
c, ffl iT 
ion a- 
W ,- E r- 
u V) m m 
m 3, $ +., & 
m m 
3 -a-c, 
L m a r  
L) n V- m 

0 L 
-saw - 5 F F.: e g $ &  
i.5 u rn 1 



3- O N  a! 
L a  L 
min 0 
wr- 0 
n. v z  

s * 
E a1 W 
o a o  
.Pa0 
. P s v  
0 m  
a 0  .Pi- - m 
m s s  

-7 a) 
C L T :  
0 a'-' 

3 .P 
*.P c 

. s m o  
m u  U .- 
'i- LC 
E . O  
0 m  L) w 0 
.P R L  



C J .  c CJ 
L -  0 L U  . 
worn r "  m o -  
W U  m U a-0 
a,* S F .  w u l  c 
0 UJv- 0 ern 
L, c o 4 ' E ;  L V  a 
-c EZ C  " u ,-g T E Z  EZ 
&' " 2 ,  ...-..- u r n ~ ~ ~ .  

V) 
I= F; w-m- -. 3%'; 

o ;  B c m r r  ~ 5 . ; -  cC3 - w z  or.CJ1 c LZ Clo r i m  Z . - t c - u r n -  .o m 2 w 2 -  
?.. -* _ B .- ." ... - j: ... .- .--- 5 

oC1-L.- . 0 om-- c 
r-MID-0-m - m m m  a 
mLnIDh U1 R3 wLnW% 8- 

c n m o > m m  w cnmmm S 
. r r - , - - I 3 4 - ' C  .,-.Fr."?-. 0 
CL] .-*. .l' d tx q, ,d m-v-m 



Appendix 11. Continued. 

- - -. . -. -- -- - -. - -. P --- 

Name ccii:i!~~n/scienti f i c  Dis t r ibut ion  Spawning period Food preferences f~love~~ients iieferences 

S i l v e r  He ke 
Merl ucci us bi 1 i neari s . - ---- -.. -- -- --- 

Atlant ic  Toi:rcod 
PEiicrocladus tonicod 
....l_l&___. -- 

Pol lock 
Pollachids virens 
- - . - .. - . - . . . - .- 

Newfound1 and 
banks to South 
Carol ina.  

Gulf of S t .  
Lawrence and 
northern blew- 
foundland t o  
Virgin ia ,  

Southeastet-n 
par t  of Gulf of 
S t .  Lawrence and 
northeastern 
Nova Scotia to  
New Jersey .  

blay to  
October- 
Gulf of 

Voracious; prefer  f i s h -  
herring , !:lackere1 , iwn- 
haden, alewives,  s i l v e r -  

Maine; June s ides .  A1 so crustaceans,  
t o  Cieceriber niolluscs, and worms. 
--Mid-Atlantic 
3 ight .  

Spawn i n  shoal S1:1a11 crus taceans ,  ch i e f ly  
,waters of shrimps and air~phipods. 
e s t u a r i e s  in A1 so wornis, iiioll uscs,  and 
s a l t -  o r  brack- f i s h  f ry .  
i sh  water 
Norei~iber - 
February; 
peak in 
January. 

October- 5:nall f i s h ,  pelagic c rus t a -  
Febrdary in ceans,  mostly euphausiids,  
Gulf of Maine. n~ol iuscs .  

Year-round r e s iden t  in 
Long Island Sound. In 
northern pa r t  of range,  
movements of fshore  in 
winter t o  e i t h e r  deeper 
water o r  t o  the  south.  

S t r i c t l y  inshore f i s h .  
Frequent a t  mouths of 
streams and e s tua r i e s .  
In Gulf of Maine--soiiie 
s t ay  in brackish water 
and zove i n t o  freshwater 
in winter.  South of Cape 
Cod--?love out  from shore t o  
s l i g h t l y  deeper water i n  
spr ing.  Come i n t o  es tua r i es  
in autui;in and winter.  

Eotto111 t o  surface according 
to food supply,  of ten  
school i ng . Young observed 
t o  be loosely  segregated 
by s i z e  along the  coas t  
( s i z e  increas ing to  
o f f sho re j .  A1 so nocturnal,  
s h i f t  inshore t o  feed. l  

Gignlo~~r and Scht-oeder 
(1953); Lei111 and Scott  
(1 966); l'l101r:son e t  a1 . 
(1971 1; Col ton e t  a1 . 
(1979); Langton arid 
Bowiian ( 1  980). 

Ei gelow and Schroeder 
(1953);  Leiiii and Scot t  
(1966); Th~i i i s~n e t  a l .  
(1971). 

Eigelov~ and Schroeder 
(1953);  Lein; and Scot t  
(1966); Thoilrson e t  a l .  
(1  971 ) ;  Col ton e t  a1 . 
(1979); Lanyton and 
Bowri~an (1 983) . 

continued 





Appendix I I .  Continued. 

Name corrunon/scientific Dis t r ibut ion  Spawning period Food preferences Moveinen t s  References 

Zoarcidae - Eelpouts 

Ocean Pout 
Macrozoarces 

S t r a i t  of Belle 
aliiericanus I s l e ,  Gulf of S t .  

Lawrence, and 
southeastern 
Newfound1 and; 
south t o  Delaware; 
comnion from south- 
ern Gulf o f  S t .  
Lawrence t o  New 
Jersey.  

Order Atheriniformes 
Scor~~beresocidae 

September and Echinoderms; sea urchins,  sand Adults may congregate through Bigelow and Schroeder 
October . d o l l a r s ,  ophiur ids ,  c rus t a -  summer; autumn and ea r ly  (1953); Leim and Scot t  

ceans, an~phipods, molluscs, winter on rocky bottoms where (1966); Colton e t  a l .  
worms, t un i ca t e s ,  s17all f i s h .  eggs a r e  deposited and guarded. (1979); Langton and 

They disperse  again in  winter Bowman (1 980). 
to  smoother ground where food 
i s  niore abundant. Also autumn 
s h i f t  of fshore  t o  deeper water 
and spring movement t o  coas ta l  
regions.  

At lant ic  Saury Temperate p a r t s  Fry caught Primarily small pelagic Oceanic f i s h ;  only seen Bigelow and Schroeder 
Scornberesox saurus o f  Atlant ic  between crustaceans and on small inshore June t o  October (1953); Leim and Scot t  

north t o  south- 11-40O~. f i sh .  o r  November. (1 966). 
e rn  Newfoundland 
and southern Nova 
Scotia;  south to  
South Carolina, 
West Indies.  

Cypri nodontidae - K i  1 l i  f i  shes 

Sheepshead Minnow Cape Cod t o  Apri 1 -September Omnivorous and aggressive Resident species ;  confined Bigelow and Schroeder 
Cyprinodon variegdtus Mexico. in shallow feeder;  known to  be cleaning t o  shallow waters in bays, (1953); Thomson e t  a l .  

waters.  symbiont with E. majal is .  i n l e t s ,  and sa l  t marshes (1 971 ).  
of ten  in brackish water. 

continued 



Append? x I I .  Cont inued.  

Narne con~mon/sc ient i f~c  3 i s t r i  bution Spawning ~ e r i o d  Food preferences Moven~en t s  References 

t4umnii c hog G~llf of St .  Spawn in  April - &nivorous, including Resident coastal/marsh Eigelow and Schroeder 
Fundul us he :erocl i  t u s  Lawrence t o  August; court-  d e t r i t a l  inaterial ,  e e lg ra s s ,  species ;  local ized  nioveiients (1953);  Leirn atid Scott 

'Texas. Res t r ic ted  ship  and spawn- diatoms, forams, shri:?ps, only. Res is tant  to  low (1966); Thomson e t  a l .  
to  e s t u a r i e s ,  ing r i t u a l  . sinal ? crustaceans,  nioll uscs oxygen l eve l s  in auturnn; (1 971 ); Fr i t z  and 
; ~ ~ a r s h e s ,  ecibay- ( p a r t i c u l a r l y  I1ya a r e n a r i a ) ,  probably r~ioife t o  water of Lotrich (1975); Kelso 
vnents. f i s h  f ry .  reduced s a l i n i t y  to  over- (1 979). 

winter . 

Striped Ki1 l i f i s h  Southern Gulf of 
Frindulus m j a l  i s  Maine t o  Florida.  

Rainwater K i l l i f i s h  Massachusetts 
L!C?G? ~ 1 . ~ 5  to  i l o r i d a  

occurs in 
v e ~ e t a  ted 
areas  and 
a lqal  
coivuni t i e s .  

Atherinidae - Si lvers ides  

At lant ic  S i lve r s ide  Con:ioti on southern 
s ide  of Gulf of 
St .  Lawrence and 
outer  Nova Scotia 
coas t  t o  Rassa- 
chuset t s  Bay; very 
abundant south t o  
Chesapeake Bay. 

Spaim l a t e  
rp r i  ng to  
1 a t e  suqcier 
west and 
south o f  
Cape Cod. 

Late spring- 
sunnier. 

Ray-Jul y in 
southern New 
England. 

Sml! animals; molluscs, 
crustaceans,  f i s h ,  i n sec t s  
and in sec t  la rvae ,  vegetable 
m t t e r .  

%?all prey such as  
crustaceans;  known to  
be cleaning symbiont 
to  g. v a r i e ~ a t u s .  

hn ivo rous ;  copegods, iiiysids, 
shril-ips, anphipods, cl  adocer- 
ans,  f i s h  eggs, squid,  worms, 
ro l luscan larvae ,  i n sec t s ,  
a lgae ,  diatoms. 

Resident coastal/warsh Eigelow and Schroeder 
soecies ;  local ized  move- (1953); Thoiilson e t  a l .  
nients. Closer t o  sa l twater  (1 971 ) .  
in e s tua r i e s  than 
F.  f ie teocl i tus .  - 

Bige? ow and Schroeder 
(1953); Thoinson e t  a l .  
(1971); Hoese and 
Moore (1977). 

Schooling f i s h ;  prefers  sand Bigelow and Schroeder 
and gravel shores i n t o  eel - (1953);  Leirn and 5cott  
grass ,  Zostera,  and cordgrass,  (1966);  Thornson e t  a l .  
Spartina-; ventures i n t o  (1971). 
brackish waters.  Resident 
with no known offshore- 
onshore nitration. 

continued 



Appendix  IT. C o n t i n u e d .  

Name cnmnion/scientific Dis t r ibut ion  Spawning period Food preferences t.lovements References 

Inland S i lve r s ide  Cape Cod to  Spring and l a t e  Small c rus taceans ,  molluscs, Probably nore e s tua r ine  Bi qel ow and Schroeder 
Menidia beryl l ina  -- -- -- South Carolina. suniirer in Long w o r ~ s ,  and in sec t s .  than 5. menidia. (1953);  rhonison e t  a1 

Island Sound. (1 971 ) . 

Order Gasterostei  Formes 
Gasterosteidae - Stick1 ebacks 

Fourspined Stickleback Southern s ide  
Ape1 t e s  quadracus- of Gulf of St .  

Lawrence and 
Nova Scotia 
t o  Virginia.  

Threespined Stickleback Circumpolar in 
Gasterosteus -- -- aculea tus  northwest 

At lant ic  from 
Hudson Bay and 
Baffin Island 
t o  Chesapeake 
Bay. 

May-July a t  
idoods Hole 
l a t e r  i n  
Gulf of 
Maine; nes t  
bui 1 der  t o  
protec t  eggs 

Spring in  
freshwater,  
brackish 
water i n  
southern 
New England. 

Small c rus taceans ,  
primarily copepods. 

S t r i c t l y  an inshore Bigelow and Schroeder 
r e s iden t ,  primarily in (1953);  Leim and Scott 
s a l t -  and brackish water (1966);  Thomson e t  a l .  
but occasionally i n t o  ( 1  971 ) .  
freshwater.  

Small i nve r t eb ra t e s ,  f i s h  Similar t o  Apeltes 
eggs, and f i s h  f r y .  quadracus. 

Bigelow and Schroeder 
(1953): Leini and Scott  
(1966 j f Thomson e t  a l .  
(1971).  

Blackspotted Stickleback Newfoundland Probably Probably s imi lar  t o  o ther  Probably s i a i l a r  to  o ther  Bi gel ow and Schroeder 
Gasterosteus wheatlandi ---- to New York, s imi lar  t o  s t icklebacks .  s t icklebacks .  (1953);  Leim and Scott 

l e s s  conirnon - G.  aculea tus .  (1966);  Thomson e t  a l .  
south of (1971). 
Massachusetts. 

continued 
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Appendix 11. Continued. 

Name common/scienti f  i c  Dis t r ibut ion  Spawing period Food preferences Movements References 

Mhite Perch Gulf of St .  April-June in Fish eggs, small f i s h  f r y ,  Localized movements ; re-  Bigelow and Schroeder 
Morone americana -- Lawrence. New England; squid, shrimp, crabs ,  various s t r i c t e d  in i t s  seaward (1 953) ; Thornson e t  a1 . 

move i n t o  o the r  i nve r t eb ra t e s .  range. Found in  brackish (1 971 ) .  
f resh-  o r  bays, e s t u a r i e s ,  r i v e r  
brackish water mouths. Move t o  s l i g h t l y  
t o  spawn. deeper waters t o  overwinter.  

Serranidae - Sea Basses 

Black Sea Bdss Cape Cod t o  May-June. 
C e n t r o ~ i  s t i s  s t r i  a t a  --- -- - northern 

w 
0 

Flor ida ,  
v occas ional ly  

to  Maine. 

Crabs, l obs t e r ,  shrimp, 
various molluscs, f i s h  
f ry ;  sometimes squid. 

S t r i c t l y  sa l twater .  
Depths of few f e e t  t o  
moderately deep water . 
Prefer hard sandy bottoms 
inshore. Move inshore off  
New Jersey ,  Long Island 
Sound, and southern New 
England during mid-May 
and offshore  i n  l a t e  
October t o  ea r ly  Nov- 
ember (7-8'~).  Preferred 
offshore  movements may 
conibi ne with southward 
migration o f f  Virginia 
and North Carolina. 

Bigelow and Schroeder 
(1953); Thomson e t  a l .  
(1 971 ) ; Bri ggs (1 978). 

continued 



Appendix 11. Continued. 

Name conimon/scientific Dis t r i  but; o l  Spawning ueriod Faod preferences Movements References 
A 

Pornatomidae - gluef ishes  

Bluefish U i  de1 y 
Pornatomus sa l t a  t r i x  3 i  s t r i  huted 

i q  :bar?ier 
seas to  Cape 
Cod and 
occasional i y  
t> %va Scotia.  

Sparidae - Porgies 

Scup Cape Cod Lo 
Stenotonus cfhf_s:3~ tlorth Carolina; 

occasionally in 
coastal  Gulf 

Mid-Ray to 
p-~d-September 
peak July and 
Augiist in 
Yid-Btlaqtic 
81 ;ht; pro& bl y 
tiin se sa ra t e  
spanning oopu- 
l a t i ons  a1003 
e a s t  coas t  of 
dni ted S t a t e s .  

Piscivorous; ch i e f ly  
~mcket-el, mnhaden, 
alewives,  sclip, weakfish, 
hake, S i i t te r f i sh ,  cunners, 
o ther  sw?zll f i s h  of a l l  
kinds. "Snappers" (15- 
20 cw) chief ly  feed on 
copepods, crustaceans,  
r ~ l l u s c a n  larvae ,  f i s h  
f ry .  

Hay-August; Bottoi-2 feeder,  c m e f l y  
peak in  feeds on c r ~ s t a c e a s s  
southern (aqpbi pods and copepds  ) , 
Yew England. m r ~ r s ,  ilyciro~ds, sand 

d o l l a r s ,  s q d ~ d ,  sf-dl1 f i s h  
f r y ,  criistacean and l i s -  
ca? larvae ,  append~cular -  
l a % ,  and various o tner  
Senthic inver tebra tes .  

Schooling species.  Warn Bigelow and Schroeder 
seasonal migration along (1953); Lund and 
coas t ;  not found in  numbers Maltezos (1970); 
i n  water below 14-16'~. Thomson e t  a1 . (1 971); 
Adult f i s h  en t e r  bays and Kendall and Walford 
harbors along southern New ( 1  979). 
England i n  l a t e  October t o  
nave offshore.  Guveniles 
aro babl y move southward 
along coast following warv 
water za s s .  

Migrate inshore in ea r ly  aigelow and Schroeder 
May and withdraw fropi (1953); Richards e t  al. 
coastal  waters i n  l a t e  ( 1  963); Thoilison e t  a1 . 
October. A coas ta l  f i s h  (1971 ) .  
found in  bays and harbors,  
often schooling. Fish ~:;ovi!lg 
offshore appear t o  follow 
iOOc i so the r r s .  

continued 
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Appendix I I .  Continued. 

Name co~nriion/scientific Dis t r ibut ion  Spawni nq period Food preferences Movenien t s  References 
-- -- - - -- - --- -- 

Labridae - Urasses 

Tau tog 
T>~$pga !in_irj 

Outer coas t  of Mid-Hay t o  Invet-tebrates; chief ly  Coastal species--from Bi gelow and Schroeder 
Newfound1 and ~!id-,4ugust, univalve and bivalve t ide1 ine  t o  approxiniately (1953); Cooper (1965, 
to  South i r ~ l l ~ s ~ s ;  especia l ly  20 ni depth. Prefers  1966); Leirii and Scot t  
Carolina.  m s s e l  s and barnacles.  ledges,  sub~~erged  ob jec t s ,  (1966); Thoiitson e t  a l .  

Also crabs ,  sand d o l l a r s ,  boulder bottoms, and (1971 ) ;  Colton e t  a l .  
s ca l lops ,  amphi pods, riiussel beds. Larger f i s h  (1979); Olla e t  a l .  
shrimps, i sopods, and migrate and overwinter (1 974, 1979). 
l obs t e r s .  offshore.  Small f i s h  rerr:ain 

nearshore. Overwinter i n  
torpid  s t a t e .  

Cunner iiewiocndlanc and Nay to  August. 
T_dgtg_o1a_br)s akp_ers_j_~ the Gul f of S t  . 

Larhirence. South 
to Chesapeake Bay. 

Stichaeidae - Pricklebacks 

Omnivorous; feeds ch i e f ly  Coastal year-round r e s iden t .  
on ariphipods, shrii::ps, Many i'love t o  deeper r e  t e r  in 
y o u n ~  lobs t e r s ,  stnall winter.  May leave shoal 
crabs ,  o ther  crus taceans ,  waters to escape high teniper- 
univalve and bivalve a t u r e ;  overwinter i n  torpid  
in01 lu scs ,  hydroids, worms, s t a t e  in crevices .  
sinall f i s h ,  sea urchins,  
bryozoans, and asc id ians .  
Also ee lgrass  and niacroalgae. 

Sndkebl ~ n n y  Arctic and north I n  Europe in  Anphipods, copepods, small 
&yefi~ lx '_retaeforn1ls At lant ic  t o  o f f -  autumn o r  crus taceans ,  s t a r f i s h ,  b i -  

shore southern winter.  Pry valves; holothurians l n  
New England. caught i n  Glrlf European waters. 

of Maine from 
March-May. 

Bigelovi and Schroeder 
(1953); Leim and Scott  
(1966); (1 971 ) ; Thoinson Green (1 e t  975) a l .  ; 

Olla e t  a l .  (1979); 
Shuinr~ay and St i tkney 
(1975);  Dew (1976); 
Col ton e t  a1 . (1979). 

Bisel ow and Schroeder 
(1953); Leim and Scot t  
(1966). 

continued 



Appendix f I .  Continued. 

Nanie co:nmon/scienti f i c  D i s t r i b u t i o n  Spawning p e r i o d  Food p re fe rences  Movements References 

Daubed Shanny A r c t i c  Ocean t o  Probably i n  Vorrns and p e l a g i c  amphipods. O f f  Europe, spends most o f  R i  gelow and Schroeder 
Lumpenus maculatus Cape Cod. w i n t e r .  y e a r  i n  deep water  and m i g r a t e s  (1953); Leini and Scot t  

t o  sha l lows  t o  spawn. (1  966). 

Radiated Shanny 
Ul v a r i a  s u b b i f u r c a t a  

l 'ho l idae - Gunnels 

Eastern La te  s p r i n g  
Newfound1 and, th rough  
n o r t h  shore o f  summer. 
G u l f  o f  St .  
Lawrence, 
n o r t h e r n  Nova 
S c o t i a  t o  Nan- 
t u c k e t  Shoals 
and sou thern  
New England. 

Hock Gunnel lludson S t r a i t  t o  Deceinber t o  
ph~llL ~L!L!!I!%~~.Y~ o f f  Delaware Bay. February. 

J u v e n i l e s  l e s s  than 55 rm; Resident  species r e s t r i c t e d  Bigelow and Schroeder 
p rey  on copepods. Larger  t o  a smal l  hom range (1 953); Leim and S c o t t  
f i s h  p r e y  p r i m a r i l y  on ( l e s s  than  3 m'). (1966); LeDrew and 
amphipods and n e r e i d  worms. Green (1 975); Green 

and F i s h e r  (3977). 

Amphi pods, isopods,  smal l  Year-round c o a s t a l  r e s i d e n t .  B igelow and Schroeder 
decapod;, b i v a l v e s ,  g a s t r o -  Leaves i n t e r t i d a l  zone i n  (1953); Leim and S c o t t  
pods, worlns, a lgae.  w i n t e r .  (1966);  Sawyer (1 967). 

Andrhichadidae - W o l f f i s h e s  

A t l a n t i c  W o l f f i s h  Davis S t r a i t  I n  European Hardshe l led  mo l luscs ,  S o l i t a r y ,  year- round r e s i d e n t .  B igelow and Schroeder 
Anarl?ichas lg_uz t o  Cape Cod. waters f rom crustaceans,  echinoderms. (1953); Leim and S c o t t  

November t o  (1966); Thomson e t  a l .  
January. (1971).  

con t inued  
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Appendix I I .  Continued. 

-- -- - 

Narne conunon/scienti f i c  Dis t r ibut ion  Spawning period Food preferences Movements References 

Scombridae - Mackerels 

At lant ic  Mackerel Northern s ide  
of Gulf of S t .  
Lawrence and 
S t r a i t  of Belle 
I s l e  to  North 
Carol i na . 

Str>omateidae - Butterf  i shes 

But ter f i  sh Gulf of St. 
Pepri 111s t r i a c a n t h u ~  Lawrence, and 

Newfound1 and t o  
North Carolina. 

Tr.1 g1 idae  - Searobi ns 

Northern Searobin Bay of Fundy t o  
Prtiono tus carol  inus . -- South Carolina; 

chief1  v west and 
south i f  Cape 
Cod. 

May t o  July  
in Gulf of 
Maine, April 
to  June in 
Mid-Atlantic 
Bight. 
Bight. 

May t o  August 
i n  Gulf of 
Maine, May t o  
October in 
Mid-Atlantic 
Bigh t .  

!*lay -November 
in Rid-Atlantic 
Bight. June- 
Ju ly  in Long 
Island Sound. 

Pelagic crus taceans ,  f i s h  
eggs, small f i s h ,  plankton. 

Small f i s h ,  squid ,  
c rus taceans ,  vnrms. 

Young-of-the-year feed 
primarily on copepods. 
Adults feed primarily on 
small crustaceans;  occa- 
s iona l ly  on squid,  bivalves,  
worms, small f i sh-herr ing ,  
men haden, winter flounder . 

continued 

Warm water migrant t o  Se t t e  (1950); Bigelow 
nearshore areas  o f  Gulf of and Schroeder (1953); 
Maine and southern New Lei~n and Scot t  (1 966); 
England. Overwintering o f f  - Tho~nson e t  a1. (1 971 ); 
shore in warm waters a t  o r  Colton e t  a l .  (1979);  
near shel f  break. Each Morse (1 980). 
spring a general northern 
migration occurs and f i s h  
move inshore a s  we1 1 .  

Schooling f i s h ;  winter o f f -  Bigelow and Schroeder 
shore and surniner inshore (1953); Leini and Scott  
migration.  (1966); Thornson e t  a l .  

(1971). 

In southern New England Bigelow and Schroeder 
rnove inshore i n  May o r  (1953); Richards 
June t o  t i d e l i n e ,  move e t  a l .  (1963); Colton 
offshore in October. e t  a1 . (1979). 
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Appendix  I I .  C o n t i n u e d .  

Name common/scientific Distribution Spawning period Food preferences Movenients References 

Shorthortl Scul pin West Greenland 
Myoxocepha1us scorpius and southern 

Labrador. 
Southward 
to southern 
New England. 

Cyclopteridae - Snailfishes 

Luinpf i sh Gulf of St. 
C-vclopterus 1 unipus Lawrence, New- 

foundland, Lab- 
rador, Hudson 
Bay, Davis 
S t r a i t ,  and 
west Greenland 
to New Jersey. 

Seasnai 1 Northeastern 
Liparfs atlanticus Newioundland , 

Gulf of St. 
Lawrence, and 
Grand Banks to 
southern New 
England. 

November- Crustaceans, particularly Cold water f i sh  found in Bigelow and Schroeder 
February crabs, shrimp. Also, sea nearshore waters in Gulf (19531, 
a t  Woods urchins, worms, f i sh  fry,  of Maine. 
Hole. rarely shellfish. 

Probably Euphausi ids ,  medusae, 
Apri 1 -June amphipods, caprellids, 
in Gulf of small fish. 
Maine. 

I4ovement of adults into 
shoal water a t  spawning 
time and offshore Inove- 
inent following spawning. 

Bigelow and Schroeder 
(1 953). 

Late winter and Presumably small crustaceans, Primari ly  coastal f i sh ,  rarely Bigelow and Schroeder 
spring in Gulf small shel l f ish,  similar to pelagic. Attach by sucker to (1953). 
of Maine. European species. stones, kelp, and other sea- 

weeds. Probably inshore in 
winter to spawn. Winter migrant 
to southern New England waters. 

continued 



Appendix 11. Continued. 

Nan~ecomon/scientific Distribution Spawning period Food preferences Movements References 

Order Pleuronecti fo rms  
Bothidae - tefteye Flounders 

Summer Flounder 
Paralichthys dentatus 

Maine to South In Mid-Atlantic Predaceous--chiefly small Young move inshore during Bigelow and Schroeder 
Carolina, chiefly Bight, Septem- f i sh ,  squid, crabs, shrimps, warmer lmnths. Majority (1953); Thomson e t  al. 
south of Cape Cod. ber-April , other crustaceans, small of population, especially (1971); Colton e t  a l .  

peaking in she1 led moll uscs, worms, l a rge r f i sh , s t ayo f f sho re .  (1979). 
October. In and sand dol lars .  
Gulf of Maine 
probably 
October-Apri 1. 

Fourspot Flounder George's Bank May to Chiefly small f i sh  and Found in deeper water in  B i  gelow and Schroeder 
Paralicht* oblongus to  coast of mid-July. squid. Also on worms, Gulf of Maine. In southern (1953). 

South Carolina. shrimp, crabs, and other New England adults a re  
Mast abundant crustaceans. found inshore during warmer 
from southern months. 
Mew England to 
Delaware Bay. 

Windowpane 
Scophthalnlus aquosus 

Gulf of St. May to Feeds primarily on inysids; No migration evident. Bigelow and Schroeder 
Lawrence to September. also sand shrimp, amphi- Year-round resident in (1953); Tho~nson e t  al.  
South Carolina. pods, and small f ish.  coastal Gulf of Maine and (1971). 
Flost abundant Mid-Atlantic Bight. 
west and south 
of Cape Cod. 

continued 



Appendix I I .  Continued. 

Name common/scientific Distribution Spawning period Food preferences Movements References 

Pl e~ronect idae - Righteye Flounders 

Snnoth Flounder Virginia Bay, December to Amphi pods, small moll uscs, Occurs close to shore over Bigelow and Schroeder 
Liopsetta putnami - Labrador, S t ra i t  March. shrimp, crabs, worms. en t i re  range. Found in (1 953). 

of Belle Is le ,  es tuaries ,  r iver  mouths, 
Gulf of St. bays, and harbors w i t h  
Lawrence south mud bottoms. 
to Ekissachusetts 
Bay. 

Winter Flounder 
Pse-leuronectes - 

a~iiericanus 

S t r a i t o f B e l l e  Spawnin 
Is le ,  Gulf of occurs 
St. Lawrence, differe  
and Newfoundland times i 
to  off North differe  
Carolina and parts o 
Georgia. range. 

May pea 
April i 
bay Har 
Maine, 
Februar 
April p 
in Marc 
Mystic, 
necticu 

9 Omnivorous; chiefly feeds Moves into deeper water in  Pearcy and Richards 
a t  on i sopods, copepods , sumer when temperature (1 962) ; Kl ei n-MacPhee 
n t  amphipods, crabs, shrimp, exceeds 15OC. Remain off-  (1  978) .  
n worms, molluscs, snail shore in 12-15OC isotherms 
n t  eggs, and some seaweed. until  f a l l .  Moves inshore 
f the to  s awn during winter 
March- g (3-4 C ) .  
king in 
n Booth- 
bor , 
mid- 
Y t o  
ea ki ng 
h in  
Con - 

continued 
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Appendix 111. Bird species tha t  regularly u t i l i z e  New England t ida l  f l a t s .  

Residency s t a t u s  
(Peterson 1980) 

Diet 
(Terres 1980) 

Shorebirds 

American Oystercatc her Breeds local 1y north to  Priniari ly  bivalves, 
tfaei~~atopws - - - - -- - ~ l l i a t u s  Massachusetts some crustaceans and 

echinoderms 

Bl ack-be1 1 ied Plover 
Pluvial i s  - . .- squatarola - 

Lesser Golden Plover 
Pluvial i s  dori~.inica -- -- - 

Ruddy Turnstone 
Arenaria .- i n t e g r e s  -. - 

Serni pal tila ted Plover 
Charadrius semipalniatus 

Pi ping Plover 
Charadrius me1 odus 

Migrant; a few present 
in sumnier and winter 

Migrant; r a re  

Migrant; prefers 
rocky coasts 

Migrant 

Breeds local ly  along 
New England coast in  
very sr~ial 1 nunibers 

Crustaceans, pol ychaetes, 
mol luscs 

Molluscs, crustaceans 

Crustaceans, polychaetes 

Polychaetes, crustaceans, 
moll uscs 

Polychaetes, crustaceans, 
molluscs 

K i  1 1 deer Breeds throughout New Crustaceans, insects  
Charadri us voci ferus -- --Up- 

Eny land; generally inland; 
on f l a t s  in  f a l l  

Short-bi 1 led Dowitcher Mi grant 
Lininodronius p i  seus - .- .--- 

Long- bi 11 ed Dowi t c  her Fa1 1 migrant 
Lio:nodromus scolopaceus 

Moll uscs, crustaceans, 
polychaetes 

Moll uscs, crustaceans, 
polyc haetes 

W i  1 1 e t  Breeds local ly  north to Polychaetes, crustaceans, 
Ca toptrophorus semi palma tus  -- - -- southern Naine and Nova niolluscs, some small f i s h  

Scotia; rnore conrmon as 
migrant 

Greater Ye1 1 owl eg s Migrant; occasionally Fish, molluscs, 
Tri nga. melano1 euca winters north to polychaetes, crustaceans 

Massachusetts 

Lesser Yellowlegs Migrant; unconrmon in  Fish, molluscs, 
Tri - nga f l a v i ~ e s  - - -- spri nq pol ychaetes, crustaceans 

S t i  1 t Sandpiper Migrant; r a re  in spring Molt uscs, crustaceans 
i4icropa'lma himantopus- 

continued 



Appendix I I I .  (Conti nued) . 

Residency s t a t u s  
(Peterson 1980) 

Diet 
(Terres 1980) 

Shorebirds (continued) 

Red Knot 
Cal i d r i s  canutus  

Sander1 i ng 
Ca l id r i s  a l b a  

Migrant 

Mi grant  

Pectoral Sandpi per Mi grant  
Cal i d r i s  ~ e l a n o t u s  

Primari l y  in01 1 uscs, sorne 
crustaceans,  polychaetes 

Primari l y  in01 1 uscs, some 
crustaceans,  pol ychaetes 

Crustaceans 

Spotted Sandpi per 
A c t i t i s  macularia .-- --. 

Fall migrant; breeds Crustaceans 
inland 

Dun1 i n Migrant; some winter Crustaceans, polychaetes, 
Ca l id r i s  a1pina -- - north t o  southern Maine mol I uscs 

Purple Sandpiper 
Cal i d r i s  n~aritirria --.- -- 

Migrant; some winter Crustaceans, in01 luscs  
throughout New England; 
rocky areas  

Least Sandpi per Migrant 
Cal i d r i s  minu t i l f a  - 
Serni pal tna t e d  Sandpi per Migrant 
Ca l id r i s  pusi11a - 

Western Sa ndpi per 
Ca 1 i dr i  s mauri 
I___-- 

Whi te-ruirrped Sandpi per 
Cal i d r i s  fwscicol l  i s  _-- -----I 
Hudsonian Godwi t 
t i mosa haemasti ca . - I _ _ _  

Marbled Godwit 
Lin~osa f edoa _ _I___ 

Crustaceans, polychaetes, 
moll uscs 

F I O ~  1 uscs, polychaetes, 
crustaceans 

Migrant; may winter in  Molluscs, polychaetes, 
very small nuriibers , crustaceans 
ra re  i n  spring 

Migrant; r a r e  in  spring Polychaetes, molluscs 

Mi grant  

Migrant 

Moll uscs, crustaceans,  
polychaetes 

Moll uscs, crustaceans,  
polychaetes 

Gulls and t e r n s  

Herring Gul l  Breeds on is lands  along Fish, inver tebra tes ,  
Larus a r g e n t a t u s  -- New England coas t ;  winters refuse ,  seabird chicks 

throughout New England and eggs 

con t i  nued 
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Appendix 111. (Continued). 

Residency s t a t u s  
(Peterson 1980) 

Diet  
(Ter res  1 980) 

Gul l s  and t e r n s  (cont inued)  

Ring-bi l led Gull Migrant; w in t e r s  a1 ong Fish, r e fu se  
Larus delawarensi s - .--.- New England c o a s t  

Great Black-backed Gull 
Larus rnarinus 

Breeds on i s l  a n d ~  along 
New England c o a s t ;  win te rs  
throughout New England 

Fish, i n v e r t e b r a t e s ,  
r e fu se ,  seab i rd  ch icks  
and eggs 

Breeds loca l  l y  along 
New England c o a s t  

Fish, t e r n  eggs o r  chicks Laughing Gulf 
Larus --- a t r i c i  l l a  

Bonaparte' s Gull 
Larus pt-j f adel  p h i a  -- 

Migrant; w in t e r s  l o c a l l y  
along New England c o a s t  

Fish, i n v e r t e b r a t e s  

Least  Tern 
Sterna a1 bi f rons  -- 

Breeds north t o  c e n t r a l  
Maine 

Fish, c rus taceans  

Breeds south t o  
Massachusetts 

Fish, c rus taceans  Arc t i c  Tern 
S te rna  p_aradf saea -- ---- 

Breeds on coas t  throughout 
New England 

Fish, c rus taceans  Comrlon Tern 
S te rna  h i  rundo .--- --- ---- 
Roseate Tern 
S te rna  dou91 - 1 i i, 

Breeds l o c a l l y  through 
southern New England and 
Maine 

Fish 

Waterfowl and d iv ing  b i rds  

Breeds i n  i n t e r i o r  
New England lakes ;  
win te rs  a long c o a s t  

Fish Conin~on Loon 
Ga v i a i ra!~er - 

Red-t hroa ted Loon 
Gavia s t e l f  a t a  -- --- 

Migrant; a1 so win te rs  
along New England coas t  

Fish 

Fish and some shrimp Horned Grebe 
Podi c e p s  a u r i  t u s  

Winters throughout 
New England 

Fish Red -necked Grebe 
Podi lynbus gr i segena  

Winters l o c a l l y  along 
New England c o a s t  

continued 



Appendix I I I .  (Continued). 

Residency s ta tus  
(Peterson 1980) 

Diet 
(Terres 7 980 ) 

Waterfowl and diving birds (continued) 

Double-crested Cormorant Migrant; breeds on is lands  
Phalacrocorax auri  t u s  
pp --.- along New England coast ,  

n ~ s t l y  north of Cape Cod 

Great Cormorant Winters along New 
Phal acrocorax carbo England coast 

Mute Swan 
Cygnus o lor  - -- 

Canada goose 
Branta canadensi s 

Brant 
Branta berni cla --- --- 

Year-round resident 
inland and on coast i n  
Connecticut, Rhode Is1 and, 
and Massachusetts 

Mi grant: d 1 so resident 
throuqhout Mew England 

Priiriarily f i sh ,  a lso  
crustaceans 

Primarily f i s h ,  a l so  
crustaceans 

Aquatic plants 

Prinrarily aquatic plants ,  
a1 so trio1 luscs and small 
crustaceans 

Mi grarrt ; soirie winter Aquatic marine plants 
north t o  southern Maine 

filal lard Resident; increasing Aquatic plants ,  seeds, 
Anas platyrhynchs2- -.. due to stocking grains 

Black Duck 
Anas rubripes 

Resident; rrrost breed inland, Aquatic plants ,  sorrle 
winter alonq coast 1no7 luscs ,  crustaceans and 

pol ychaetes during winter 

Breeds 1 ocdl 1 y in New Aquatic plants,  invertebrates 
England; some winter 

Zanvdsback Migrant; especially spring F'ririlarily aquatic plants ,  
&t&? va l i s iner ia  in southern New England, d l  SO some ~ : io l l  uscs 

sorne winter 

Red head PIigrdnt; especidl iy spring Prinlarj l y  aquatic plants ,  
@ h x  arneri cana - ------ - i n  southern Mew England, a1 so son~e nioll uscs and 

soii~e wi n t e r  crustaceans 

Greater Sea up liligrant; winters Iocal'ly Pri;;ic?ri 1 y r11ol1 uscs, a1 so 
Aythya rnarila --- aquatic plants 

Lesser Sc?!~p Migrant.; a few winter Prirrlari 1 y n\of 1 uscs, a1 so 
Aythya a f f i n i s  noreh to  Cape Cod aquatic plants 

continued 



Appendix I I I .  (Continued) .  

Residency s t a t u s  
(Peterson 1950) 

- 

Waterfoc"i1 artd d iv ing  b i rd s  (cont inued)  

C O ~ ~ I O ~  Go1 deneye Winters a long New England 
Buc e ~ h a  1 a --. c I a rtp!_la- coas t  

Buff lehead 
Bucephald -- - - a1 -- beola ---- 

Winters along New England 
cods t  

Whi te-winged Scoter  Pli g r an t ;  l ocd l l  y cor:unon 
Meldnitta dh~!la_"d_i~ -- -- - - - - - in win te r  

Surf Scoter  Mi g r a n t ;  1 ocal l y  conrl~on 
Melanittd y e r s p i c i l  - - . - --- --- -- l a t a  - in  win te r  

Black Scoter  
Meldni t t a  niqra --ma-..- 

O l  dsq uaw 

Diet 
(Ter res  1980) 

Moll uscs and c rus taceans  

Pr imar i ly  shriinp, a l s o  
o t h e r  c rus taceans  and 
ill01 1 uscs 

Prirliari l y  i ~ ~ o l l u s c s  
(espec ia l  t y  b1 ue n~ussel  ) , 
sonie c rus taceans  

Primari ly  rilol l u s c s  
( e s p e c i a l l y  blue mussel ), 
some crus tdceans  

Mi g r a n t ;  1 ocal l y  coliiinon Prirliari l y  niol l u s c s  
i n  w i  n i e r  ( e s p e c i a l l y  blue rnussel),  

sotrte c rus taceans  

Miqrant; win te rs  l o c a l l y  Mol 1 uscs and c rus taceans  
o f f  shore 

Cornri~on Eider Winters a long New England Prirrlari l y  rnussel s 
Soriia t c r  i ii iiio I 1 is 5$1d - - -  --- c o a s t ,  a long Cape Cod and 

o f f sha re  i s lands  

l?arIccj~iin Duck Winters l o c a l l y  along Moll uscs and c ru s t aceans  
Hi s t r i o n i c u s  h ~ s t r - i o n i c u s  - c o a s t ,  p r e f e r s  rocky a r e a s  

Red-brea s ted  Merganser B r c ? e d s l o c a l l y i n n o r t h e r n  P r i i i ~ a r i l y f i s h ,  sorne 
M e r s  s e r r a  t o r  - ----- New Eng land;  win te rs  a1 ony c rus taceans  

i'iew England coas t  

Wading b i rds  

Great  B i  ue Heron 
Ardea herodi - as  

Breeds 1ocafl.y on Maine Pr'iinarily f i s h ,  dmphii' b ians ,  
coas t  dnd elsewhere i n  son~e c rus taceans ,  snlall 
i n t e r i o r ;  occasional  l y  in81 ma I s 
win te rs  nor th  t o  southern 
!.la i ne 

con t i  nued 



Appendix I I I .  (Continued f . 

Residency s t a t u s  
(Peterson 1980) 

Diet 
(Terres 1980) 

Wading birds (continued) 

L i  t t l e  Bl ue Heron 
Florida caerulea 

Great Egret 
Casmerodius a1 bus --- 
Snowy Egret 
Egretta thula 

Bl ack-crowned N i g h t  Heron 
Nycti corax nycti corax 

Green Heron 
Butorides s t r i a  tus ---- 

Glossy Ib i s  
P-adis -- falcinellus- 

Breeds loca l ly  north to  
southern Maine 

Breeds very local ly  north 
t o  Massachusetts 

Breeds loca l ly  north to  
southern Maine 

Breeds local 1y north t o  
eastern Maine 

Breeds throughout New 
England, coast  and i n t e r i o r  

Breeds along coast t o  
southern Maine 

Fish, crustaceans 

Primarily f i s h ,  and 
crustaceans 

Fish, crustaceans, 
some polychaetes 

F i s h ,  crustaceans, 
amphibians, occasionally 
heron and te rn  chicks 

Fish, crustaceans 

Crustaceans 

Raptors 

Bald Eagle Breeds local ly  i n  northern Fish, carr ion,  birds 
Hal iaeetus leucoce_phal us ---- --- --- Maine; some winter on 

coast o r  i n t e r i o r  throughout 
New England 

Osprey Breeds 1 ocal l y  throughout Fish 
Paandion ha1 iaetus  --- ------ New England, coast and 

i n t e r i o r ,  ruostly in  Maine 

Marsh Hawk 
Circus c x n e z  ----- 

Sharp-shi nned Hawk 
Accipiter s t r i a t u s  

Rough-f egged Hawk 
Bu teo 1 agopus 

Migrant; breeds 1 ocal l y  Sma 71 mammal s , birds 
in New England; winters 
north t o  Cape Cod 

Migrant on coast;  
resident inland 

Bi rd s , srrta 1 1 ntamnia 1 s 

Pigrant;  winters throughout Smal 'l mammals, 
New England occasionally birds 

Red-tai led Hawk Breeds throughout New Sn@ 1 7 mamma 1 s , 
Buteo jamaicensis Engf and; winters north occasionally birds 

t o  central  Maine and 
Nova Scotia 

continued 



Appendix I I I .  (Concl uded) . 

Residency s ta tus  Diet 
(Peterson 1980) (Terres 1980) 

-- 

Raptors (continued) 

Merl in 
Falco col umbari us -- -- 

Peregrine Falcon 
Fa1 co peregri nus 

Others 

Belted Kingfisher 
Megaceryle a1 cyon - 

Fish Crow 
Corvus ossi f r a ~ s -  
P 

Migrant; occasional 1y 
winters throughout New 
England 

Rare migrant 

Breeds throughout New 
England; year-round 
resident north to  
northern Maine 

B i  rds , small mammal s 

Birds 

Primarily f i s h ,  
some crustaceans 

Year- round resident Crustaceans, bird eggs 
Connecticut, Rhode Island, 
Massachusetts 



/ The i c ~ l o c y  o f  Ysw Engi-ind 7 i i i . i )  i i d t b :  d Cairii~urii ty  P r o f i l e  , March 1982 

Ttrr j iurpu*,tJ  :?f i t 1 1  s r viii!r I i i ti) i ~ r o v l t l c  d qeflt~t'dl r ) ~ r $ j ) t ' c t i v ~  o f  t , i d d l  f l a t s  o f  New 
Fti ic ' ldni i ,  tb f t  urcidnl  ' r n i i  i uiittrii3r1l y dsrcu r il ted w i  t h  theiii, dnct t h e  i a i p o r - t a n c r  of t i d a l  f l a t s  
t o  thc  c i i a 4 2 ~ 1  r o w  v r c ~ w t ~ r i  c t c ,  I ?  w i l o l  t ~ .  Itit. d j ) p r ' o d ~ t ~  i~ t axono i t l i ca  i 1 y b d ~ e d  a l t h o u g h  
thrv-e 7 5  d l ~ c i  r l t t e t ~ t ~ i t n  i rn ld  ti, the f l a w  o f  u r g d r r i c  r r ~ a t t r r  t lrr-ouyh t h e  t i d a l  f l a t  h d b i -  
t c i  t .  Theb rscthod n f  : t r t .~ ,cn: , r t ton i s  5 t r ~ i i  l;rr t o  tt tcat  (7E i 3 e t e r 5 0 n  d t ~ d  P e t e r - s o n  (1979) who 
ttdvc2 i2ri,cr! hod the t lcid 1 f l  ,it t3cnsy\ ter r i5  o f  N o r t h  Car-ol i n d .  The reader, t h e r e f o r e ,  has 
tilt o p p ~ ) r t i l n ~  f y o t i ~ ~ i i i p d r i  r ~ c j  t i r x l  ( o n t  ra";i rlcj the ptlysical and b io log ica l  F u n c t i o n i n g  o f  
t h r  twca rc:irirn, ... ( t i a v t t . r  1 brcj-rns w i t h  a c j r n e r a l  v i e w  o f  t h e  p h y s i c a l ,  c t r e i i ~ i c a l ,  and 
:jeolnqrcal ~ t l d i d ( t ~ ? r ~ ~ t ' I < * ~  o f  t l d d l  f l d t  envirorti11t5rltr, followed by a discussion OF or- 
i j3n1e priicful t i o n  and t iccoul ;~or~ t ion i)roccssiica vircill t o  t h ~ s c  s y s t e m s  { C h a p t e r  2). The 
nclxt t h rc i  r h a p t c r s  cfcd i w'l t h  the benthic I n v c ~ t e t t r a t ~ i  ( C h d p t e r .  31, f i s i~es  ( C h a p t c r  4 ) ,  
~trld :311'd1; (Cf i<iptc l r  5) ccictrriun to t h c  ?~E'w i n c j l a n d  t l d d l  f lei t s .  Thc c o v e r a g e  w i t h i n  ~ d ~ h  
ciifi:lter. rclf Ecbc,t s the ~ t 1 1 j 9  I infot 'rr~d t i n n  n v a i  l d b l ~  d t  dlle tlrrle o f  w r i  t i n y  i n  a d d i t i o n  
t17 t hd  a ~ i t t i o r - ' ~  p r r c e r , t i c i n  d b a u t  Lhr " , l ructure ,  f t inc l l ion,  arid i m p o r - t d n c r  o f  c a c t r  o f  the 
tdxununirz:  ( j rof ipc ,  to  the b v r r d l l  tldifl f l d t  \ y~ tc" l i i .  The  l a s t  c h d p t ~ t -  (Chdpter 6 )  con- 
k,adef--, tkic r ~ \ p r t c i n r , ~  o f  t~cij i  flcltt, t o  ~ ? n v i r o n m o n t a l  p e r t u r b a t i o n  as w@l I as t h e ~ r  vatue 
t o  l h ~  N(:w Friqlzrrtd co i is ld l  Lone. 


