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Cover:
Fish (top left), anemones (top center), and seaweeds (top right) are common organisms associated with 
rubble structures such as the jetties at Murrells inlet, South Carolina (bottom photograph).
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PREFACE

This community p r o f i l e  provides an 
in troduction to the ecology o f  communities 
on rubble structures in the South A t la n t ic  
B igh t (Cape Hatte ras, North Carol ina, to  
Cape C a n a v e ra l , F lo r id a ) .  The most 
prominent ru b b le s truc tu res  in th is  area 
are j e t t i e s  b u i l t  at the entrances to  
major harbors. We concentrate much of our 
d iscuss ion  on these types o f  s t ru c tu re s  
si nee most o f  the a v a i1a b le 1i t e r a tu r e  
concerns je t t ie s  or b io log ica l communities 
si mi 1ar in  speci es composi t io n  to  those 
th a t  occur on j e t t i e s .  However, we also 
di scuss the ecology o f  na tu ra l hard- 
subs tra te  h a b ita ts  in  general and how 
these compare w i th  the communities th a t  
develop on ru b b le s t ru c tu re s .  I t  is  our 
hope t h a t  t h i s  t e x t  w i l l  se rve  as a 
general, yet thorough, review of why such 
s t r u c t u r e s  are b u i l t ,  t h e i r  g e n e ra l 
e f fe c ts  on near shore sediment dynamics, 
and what forces a ffec t the organisms that 
1 ive in c l ose assoc ia t ion  w i th  these 
s truc tu res .

A f te r  an i n i t i a l  d iscuss ion  o f  the 
d i f f e r e n t  typ e s  o f  r u b b le s t ru c tu re s  
(Chapter 1) and the physical factors that 
a f fe c t  the organisms associated w ith  them 
(Chapter 2), we devote a major portion o f 
our t e x t  to  th e  eco logy  o f  r u b b le -  
s t ru c tu re  h a b ita ts .  In Chapter 3, we

d e s c r i be the  commun i t y  c o m p o s i t io n ,  
d is t r ib u t io n ,  seasonality, and recruitment 
pa t te rn s  o f  the major types o f  organi sms 
found on r u b b le s t ru c tu re s  (p iankton , 
seaweeds, i n v e r te b ra te s ,  f  i shes, and 
b i r d s ) .  We a ls o  d e s c r ib e  the  m ajor 
species w i th in  most o f  these groups and 
review some aspects o f th e ir  basic natural 
hi s to ry .  In Chapter 4, we di scuss the 
m ajor p h y s ical and b io lo g ic a l  fa c to rs  
a f fe c t in g  the o rgan iza t ion  of in te r t id a l  
communities, suni i t  subtidal communities, 
and shaded subtidal communities. We also 
evaluate the potentia l e ffec ts  o f complex, 
and o f te n  i n d i r e c t ,  i n t e r a c t i  ons in  
s t r u c t u r i ng these  communi t i e s .  The 
e ffec ts  o f  rubble structures on shoreline 
evol u t io n  and eng ineering  are considered 
in  the  f i n a l  c h a p te r  (C hap te r  5) on 
management considerations.

Questions or comments concerning th is  
p u b l ic a t io n  o r  o thers in  the p r o f i 1 e 
series should be directed to:

Information Transfer Special i s t  
National Wetlands Research Center 
U.S. Fish and W ild i i fe  Service 
1010 Gause Boulevard 
S l id e l l ,  LA 70458
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CHAPTER 1. INTRODUCTION

The South A t l a n t i c  Bight borders the 
Uni ted  S ta tes  c o a s t l i n e  f rom Cape 
Nat teras,  NC, to Cape Canaveral, FL. The 
shorel ine along the Bight  is  sandy and 
characterized by numerous b a r r i e r  is lands 
separated by t i d a l  i n l e t s .  Interspersed 
along t h i s  c o a s t l i n e ,  e s p e c i a l l y  a t  
i n l e t s ,  are various a r t i f i c i a l  s t ruc tures  
composed o f  hard rubble mater ia ls .  These 
rubble st ructures  are the focus o f  t h i s  
p r o f i l e .

1.1 DEFINITION OF RUBBLE STRUCTURES

Rubble s t r u c t u r e s  are mounds o f  
random-shaped and random-piaced stones 
protected wi th a cover layer  o f  selected 
stones or spec ia l l y  shaped concrete armor 
uni ts  (Whalin et a l . 1984). Most commonly 
they are constructed o f  large boulders,  
but they can be b u i l t  from a wide v a r ie ty  
of mater ia ls ,  inc luding  s tee l ,  concrete,  
p i l i n g s ,  wood t imbers,  and p la s t i c  bags 
f i l l e d  wi th sand (Whalin e t  al . 1984).
Rubble st ructures can be d iv ided in to  two 
general  c a te g o r ie s  based upon t h e i r  
pos i t i on  r e l a t i v e  to the shorel ine and 
t h e i r  purpose. The f i r s t  ca te go ry  
in c ludes  those s t r u c t u r e s  b u i l t  
p e r p e n d ic u la r  to  the  s h o r e l i n e  and 
designed to  i n t e r r u p t  the  l i t t o r a l  
t r a n s p o r t  o f  sediment .  Th is  ca te go ry  
in c lu de s  j e t t i e s ,  w e i r  j e t t i e s ,  and 
gro ins .  The second category o f  rubble 
st ructures includes those b u i l t  p a ra l l e l  
to the shorel ine and designed to prevent 
waves from reaching the h igher e levat ions 
of the beach. This category includes 
b reakwate rs ,  se a w a l l s ,  bulkheads ,  and 
revetments.

Structures Perpendicular to the Shorel ine

J e t t i e s  are s t ructures  used at i n le t s  
to  s t a b i l i z e  the p o s i t i o n  o f  the

navigat ion channel , to  sh ie ld  vessel s from 
wave forces,  and to cont ro l  the movement 
o f  sand along the adjacent beaches so as 
to minimize the movement o f  sand in to  the 
channel .

Weir j e t t i e s  are u p d r i f t  j e t t i e s  wi th  
a low sect ion or w e i r . L i t t o r a l  d r i f t  
moves over the  wei r  s e c t i  on i n t o  a 
predredged d e p o s i t i o n  basi  n which i s  
dredged p e r io d i c a l l y .

Groi ns are shore p r o t e c t i  on 
s t ructures  b u i l t  to t rap  l i t t o r a l  d r i f t  or 
re tard  erosion of  the shore. They are 
usua l ly  shor ter  than j e t t i e s  and are used 
along the beach away from in l e t s .

Structures Paral l e i  to  the Shorel ine

Breakwaters are wave energy ba r r ie rs  
designed to p ro tec t  any 1andform or water 
area behind them from the d i r e c t  assault  
o f  waves.

Seawal1 s are s t r u c t u r e s  separa t  i ng 
1 and and water areas, p r im a r i l y  designed 
to prevent erosion and other  damage due to 
wave act ion.  Seawal1 s are designed to 
receive the impact o f  the sea at leas t  
once dur ing each t i d a l  cyc le.

Buikheads are st ructures  b u i l t  higher 
on the shore than a seawal1 or a revetment 
to re ta in  or prevent s i i d in g  of the land. 
A secondary purpose is to  pro tect  the 
upland against  damage from wave ac t ion 
dur ing storms.

Revetments are fa c i n g s  o f  s t o n e , 
concrete or wood b u i l t  to p ro tect  a scarp, 
embankment, o r  shore s t r u c t u r e  a ga in s t  
e ros ion  by wave a c t i o n  o r  c u r r e n t s .  
Revetments are a p ro tec t ive  armor, ra the r  
than a re ta in in g  s t ruc ture .

1



1.2 BUBBLE STRUCTURES OF THE SOUTH
ATLANTIC BIGHT

Although many small rubble structures 
ex is t throughout the South A t la n t ic  bight, 
the most prominent rubble structures in 
th is  area are the je t t ie s  constructed to 
p ro te c t  the entrances to the re g io n 's  
major harbors (Figures 1 and 2). Some of 
the largest je t t ie s  are described below.

Beaufort, North Carolina

There are two small j e t t i e s  near 
Beaufort In le t .  Radio Island je t t y  was 
b u i l t  p r io r  to 1939 (C.G. Bookhout, Duke 
University Marine Laboratory; pers. comm.) 
to prevent the shoaling o f  Bulkhead Channel 
leading to Beaufort Harbor. Early surveys 
(U.S. Coast Survey Chart No. 874, 1874;
U.S. Coast and Geodetic Survey No. 3387,

Figure 1. The jetties at Murrells Inlet, SC, in various 
shows a close-up of the large boulders used to form 
Engineers).

1913) suggest that Shackleford je t t y  was 
constructed near the turn o f  the century in 
an early attempt to s ta b i l iz e  Beaufort 
Ini e t . Neither of these je t t ie s  is 
currently  more than 300 m in length. 
Although small, th e ir  location near the 
Duke University Marine Laboratory and the 
In s t i tu te  of Marine Sciences of the 
University of North Carolina at Chapel 
H i l l  has made them among the best studied 
je t t ie s  in the South A t la n t ic  Bight. For 
th is  reason they are included here.

Masonboro In le t ,  North Carolina

This in le t  is between W righ tsv il le  
Beach to the north and Masonboro Island to 
the sou th . The nort h j e t t y  o f f  
W righ tsv il le  Beach is 1,140 m long and was 
constructed in 1965-1966 (K ies lich  1981). 
The continued transport of sand in to the

stages of construction (A and B) and completed (C). (D) 
oceanic jetties (photos courtesy of U.S. Army Corps of

2
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Figure 2. Major jetties in the South Atlantic Bight.

channel from the south necessitated the 
c o n s t r u c t i o n  o f  a southern  j e t t y  o f f  
Masonboro Beach in 1979-1980. The 
southern j e t t y  is  560 m long (Whalin et 
a l .  1984).

L i t t l e  R ive r  In le t . ,  between North  and 
South Carol ina

Two j e t t i e s ,  both approximately 1,090 
m in length, were constructed between 1981 
and 1983 (Hansen and Ward 1986). They are 
designed to p ro tect  the channel between 
Bird Island to the north and Waites Island 
to the south.

Murre l ls  I n l e t ,  South Carol ina

The north j e t t y  extends some 1,040 m 
o f f  Garden Ci ty  Beach and was constructed 
between 1977 and 1979 (Van Do! ah et  al . 
1984). The south j e t t y ,  o f f  Huntington 
Beach, is approximately the same length 
and was constructed between 1979 and 1980.

Winvah Bay, South Carol ina

Two j e t t i e s  were constructed around 
the turn of  the century at the entrance to

Winyah Bay. A photograph in the o f f i c e  o f  
Senator B i l l  Doar, Georgetown, SC, shows 
them under construct ion in 1898. The north 
j e t t y  o f f  North Island is some 1,938 m in 
length,  while the south j e t t y  o f f  Sand 
Island is  4,060 m long.

Charleston, South Carol ina

Construct ion on two j e t t i e s ,  4,060 to 
4,689 m in length, was completed in 1895 
(Neal et a l . 1984). Since tha t  t ime
S u l l i v a n s  I s la n d  to  the  n o r th  has 
experienced a net accumulation of  sand, 
w h i l e  M o r r i s  I s la nd  to the  south has 
suf fered severe erosion.

Savannah River,  Georgia

There are two j e t t i e s  c o n s t ru c te d  
between 1890 and 1898 tha t  p ro tec t  the 
Savannah River Harbor ( G r i f f i n  and Henry 
1982).  These j e t t i e s  extend seaward 
approximately 3,658 m and have in te rrupted 
l i t t o r a l  t ransport  o f  sand to the south. 
This and continued dredging o f  the channel 
have resu l ted in considerable erosion on 
Tybee I s l a n d ,  l o c a te d  south o f  the 
Savannah River.

St .  Marys Entrance, between Georgia and
F Ior ida

The entrance is bordered on the nor th 
by Cumberland island and on the south by 
Amelia Is land. Work began on the two 
j e t t i e s  in 1881 ana continued u n t i l  they 
reached t h e i r  p resen t  form in 1927 
(Parchure 1982). The north j e t t y  is 5,980 
m 1 ong and the south j e t t y  is 3,500 m in 
length.  Since t h e i r  cons truct ion,  sand 
has accumulated on both the nor th and 
south sides of  the entrance.

St. Johns River.  F lo r ida

The i n i t i a l  j e t t i e s  were constructed 
between 1880 and 1895. The northern j e t t y  
extended 3,500 m seaward from Fort  George 
Is land. The southern j e t t y  extended from 
Guano Island and was 2,650 m long. Work 
continued p e r io d i c a l l y  u n t i l  1951 when the 
j e t t i e s  a t t a in e d  le n g th s  o f  4,430 and 
3,490 m, r e s p e c t i v e l y  ( P i l k e y  et al , 
1984). The j e t t i e s  have in te r fe red  with 
the southward t ransport  o f  sand and have 
caused severe erosion to the south of  the 
i n l e t .

3



Ponce de Leon I n l e t ,  F lor ida

The i n l e t  l i e s  between b a r r i e r  
is lands on which are located Daytona Beach 
to the nor th and New Smyrna Beach to the 
south. Two j e t t i e s ,  approximately 1,250 m 
long, were b u i l t  between 1958 and 1972 
(Jones and Mehta 1978). T h e i r
const ruct ion has s t a b i l ized the i n l e t ,  but 
has apparent ly in te r rupted  the northward 
movement o f  sediment. Beaches to the
north have eroded while those to the south 
have experienced considerable a cc re t ion .

Natural System Counterparts

There are few natural  counterparts to 
the hard substrate provided by open ocean 
j e t t i e s  in  the South A t l a n t i  c B i g h t .
However, 1 ow reí  i e f  rocky outcrops are
found in the nearshore zone at a smal 1 
area north o f  Cape Fear in North Carol ina 
and along the northern h a l f  o f  the South 
Carol ina coas t . Rock outcrops also occur 
near Mari neland in n o r th e rn  F l o r i d a

(Stephenson and Stephenson 1972; Sear]es 
1984) . In shel tered waters, f l o r a  and 
fau na  s i m i l a r  to  those o f  a r t i f i c i  al 
s t r u c t u r e s  are found on submerged 
vege ta t ion  (Thayer et a l . 1984; Keough and 
Cherno f f  1987), oyster  reefs (Wells 1961 ; 
Dame 1979) and shel l  rubble.

Other A r t i f i c i a l  Structures

S im i la r  organisms are also found on 
almost any hard substrate piaced in the 
wa ter ,  inc luding p i l i n g s ,  docks, boats, 
and re fu se  such as cans and b o t t i  e s . 
Indeed, the epi faunal foul i ng community is 
renowned fo r  the t roub le  i t  causes when 
g ro w i  ng on human made s t r u c t u r e s , 
p a r t i c u l a r l y  boats. Much o f  what we know 
abou t  the  i n v e r t e b r a t e  community comes 
f ro m  s tu d ie s  conducted on a r t i f i c i a l  
s e t t  1 i ng pi ates ( e . g . ,  Su the r land  and 
Kar l  son 1977). There is  no doubt tha t  the 
a c t i  v i t i e s  o f  people in the South A t l a n t i c  
B ig h t  have increased the hab i ta t  space f o r  
these ep iben th ic organisms.
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CHAPTER 2. PHYSICAL ENVIRONMENT

This chapter cha ra c te r ize s  the 
physical environment of the South A t la n t ic  
B igh t.  The phys ica l va r ia b le s  most 
important to rubble communities include 
the temperature and s a l in i ty  o f  the water, 
and the amount of available l i g h t  and 
nutr ien ts . Water movement in the form of 
c u r re n ts ,  t id e s ,  and waves is  also 
important, p a r t ic u la r ly  because of the way 
i t  a ffects  sediment transport along the 
beach. In th is  chapter we consider each 
o f these physical variables in turn.

2.1 TEMPERATURE AND SALINITY

The American A t la n t i c  Temperate 
Region extends from Cape Cod, MA, to  
southern F lo r id a  (Gosner 1979), Cape 
Hatteras is  a na tu ra l b iogeographic 
boundary along the east coast d iv id ing  
th is  region in to the V irg in ian province in 
the north and the Carolinian province in 
the south. The southern boundary o f the 
C a ro l in ia n  province is  Cape Canaveral. 
Thus, the Carolinian province coincides 
with the area treated in th is  p ro f i le .

Cape Hatteras and Cape Canaveral mark 
s ig n if ic a n t  temperature t ra n s it io n  zones. 
In the northern portion o f the Carol in i an 
province (North Carol ina) water 
temperatures can exceed 30 °C in summer 
and drop to 0 °C in Winter (Sutherland and 
Karl son 1977; W. K irby -S m ith , Duke 
U n iv e rs i ty  Marine Labora to ry ; p e rs . 
comm.). As la t i tu d e  decreases, w inter 
temperatures especi a l l  y are g ra d u a l ly  
ameliorated. In central FIorida, water 
temperatures range from 30 °C in summer to 
14 bC in winter (Mook 1980).

In t h i s  p ro f  i 1 e we r e s t r  i c t  our 
attention to the outer coast and to the 
sounds and estuaries where the s a l i n i t y  
generally remains above 20 p p t . The f lo ra

and fauna of these regions are bas ica l ly  
marine.

2.2 LIGHT AND TURBIDITY

In the South A t la n t ic  Bight, t ides , 
waves, and wind-generated turbulence re ­
suspend bottom sediments in the shallow 
waters on the Continental Shelf. This 
sediment resuspension, combined with high 
e s tu a r ine and nearshore phytop lankton 
p r o d u c t i v i t y ,  produces tu rb id  inshore 
waters th a t  d r a s t i c a l l y  reduce l i g h t  
penetra tion. Reduced 1 igh t penetration 
appears to  be the major fac to r  re s t r ic t in g  
pi ant growth to  the shallow portions o f 
most j e t t i e s . F igure 3 shows the 
r e la t io n s h ip  between i r ra d i  anee and 
wavelength taken on the same day f o r  
d i f fe re n t  depths at an inshore s i te  in 
Bogue Sound, NC (the turning basin at 
Morehead C i ty ) , and a s i te  approximately 6 
km offshore from Bogue Sound. As can be 
seen, 1 igh t decreases dramatically w ith 
depth in nearshore waters, where rubb le 
structures are generally located.

2.3 NUTRIENTS

N u t r i e n t  c ond it ion s  surrounding 
je t t ie s  are important because they a ffe c t 
the growth o f the seaweeds attached to the 
je t t ie s  and the growth of phytoplankton in 
the overlying waters. These phytoplankton 
are consumed by benthic f i l t e r  feeders on 
the j e t t ie s .  On je t t ie s  subject to strong 
wave or t i d a l  a c t i o n ,  pi ants may be 
m in im a l l y  a f fe c te d  by 1ow n u t r ie n ts  
because new water is  constantly flowing by 
and because t u r b u le n c e  i n te r r u p ts  the 
formation of d i f fus io n  barr ie rs  around the 
seaweed th a i 1 us . N i t ro g e n  i s  most
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INSHORE SITE, BOGUE SOUND, N.C. 6km SEAWARD OF BOGUE SOUND, NX.
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Figure 3. Irradiance versus wavelength for an inshore site (left) in Bogue Sound, NC, and for a site 6 km offshore 
(right). The numbers on each line indicate depth in meters. (Data provided by R. Forward, Duke University Marine 
Laboratory.)

commonly the n u t r ie n t  l im i t i n g  p la n t  
growth in coastal waters. In summers, the 
a v a i l a b i l i t y  o f  d isso lved  in o rg an ic  
nitrogen may change by more than an order 
o f magnitude on a die! cycle, r is in g  at 
night and fa l l in g  dramatically during the 
day as i t  is  consumed du r ing  
pho tosynthes is  ( L i ta k e r  et a l . 1987) . 
Highly productive seaweeds l ik e  the sea 
le ttuce , Ul va, can take advantage of these 
n itroge n  spikes by ra p id ly  s to r in g  
n it ro g e n  fo r  1 a te r  use . Other more 
massive and slower growing seaweeds 1 i ke 
Codium do not have th is  a b i l i t y  (Ramus and 
Venable 1987), but may gain additional 
ni trogen by e s ta b l is h in g  sym b io t ic  
associations with nitrogen f ix in g  blue- 
green algae (Rosenberg and Paerl 1980).

2.4 CURRENTS

The most important offshore current 
in the region is  the FIorida Current, 
which orig inates in the F lorida S tra i ts  
between Florida and Cuba. I t  is joined by 
the north flowing A n t i l le s  Current, which 
runs along the ou ter edge o f  the 
Continental Shelf. The Florida Current 
moves offshore at Cape Hatteras to become 
the Gulf Stream, although t h i s 1a t te r  name 
is often applied to the F lorida Current as 
wei 1. The position o f the Florida Current 
varies seasonally. In the summer i t  moves 
inshore, bringing warm, c lear water to the 
s h e l f .  In the w in te r  i t  is  d r i ven 
offshore by norther ly  winds. When th i  s 
happens cold water from the north may move

6
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CHAPTER 3. COMMUNITY DESCRIPTION

Rubble-structure communities consist 
of, and in te rac t w ith , a wide va r ie ty  o f 
d i f f e r e n t  f l o r a  and fauna in c lu d in g :  
plankton, seaweeds, invertebrates, f ishes, 
and b irds. This chapter describes the 
most apparent groups o f  organisms 
associated w ith  rubb le  s t ru c tu re s  and, 
where a p p ro p r ia te ,  d iscusses prominent 
species and th e i r  patterns o f  recruitment 
and d i s t r i b u t i o n .  Feeding hab its  and 
basic natural h is to ry  are also treated 
here. Detailed aspects of the ecology of 
these organisms and communities are 
discussed at leng th  in  the fo l lo w in g  
chapter on e co log ica l p a t te rn s  and 
processes.

3.1 PLANKTON

Both phytop lankton  and Zooplankton 
serve as im portan t foods fo r  ben th ic  
f i l t e r  feeders and fo r  some ju v e n i le  
fishes on je t t ie s .  The a v a i la b i l i t y  o f 
these foods may change on time scales o f 
hours, days, or seasons (H a r r is  1980; 
L itaker et a l . 1987). This is  especia lly  
true on in le t  je t t ie s ,  which are affected 
by oceanic waters at high t ide  and by more 
productive, estuarine waters at 1 ow t id e .  
There are al so s ig n if ic a n t  seasonal and 
die! e ffec ts  caused by in te ractions among 
r a i n f a l l , evaporation, te r re s t r ia l  runo ff,  
and die! patterns in phytoplankton growth 
(L itaker et a l . 1987). As an example, in 
w inter the estuarine waters behind the 
Outer Banks o f  North Carol ina are 
dominated by r ive r in e  inputs because o f 
high ra i  n f a l 1 and 1ow evapora t i on . 
Growth-1imiting nitrogen is suppl ied as 
n i t ra te  and ammonium by runo ff from the 
drainage basin. In summer, the lower 
r a i n f a l l  and h igher evapora ti on ra tes  
cause th is  area to function more 1 i ke a 
lagoon. Most nitrogen is supplied as 
ammonium due to  b io log ica l regeneration.

In w in ter, d ie l changes in phytoplankton 
abundance are smal 1 . In summer, an 
outgoing t ide  in la te  afternoon can have 
twice the abundance o f phytoplankton as an 
outgoing t id e  in early morning (L itaker et 
a l .  1987).

Zooplankton communities are composed 
o f permanent zooplankters (holoplankton), 
such as copepods, and of the larvae o f 
benth i c organi sms (m erop lank ton ), 
in c lu d in g  those on ru b b le s t r u c tu r e s . 
There are 1 arge f luc tua tions  in density 
and species composition o f holoplanktonic 
organisms. These are due to seasonal and 
d ie! changes in temperature, and predation 
by f ish  and other zooplankters (Fulton 
1983, 1985). F Iu c tu a t i  ons in  the
abundance of 1arvae from the benthos could 
be affected by the same factors but w i l l  
a lso be s ig n i f i c a n t l y  a f fe c te d  by the 
t im ing o f la rva l release.

3.2 SEAWEEDS

Community Composition

Most of the South Atl antic  Bight is 
an in h o s p i ta b le  h a b ita t  f o r  seaweeds 
because o f  the 1 arge expanses o f  
unconsolidated sands, s i l t s ,  and muds to 
which most seaweeds cannot a t ta c h . 
Natura l i n t e r t i d a l  rocks are r a r e , 
occurring at only a few pi aces near the 
border between North and South Carol ina, 
and at Marineland, FL. On the Continental 
Shelf, there are outcrops of sedimentary 
rocks th a t  s t a r t  ju s t  south o f  Cape 
Hatteras and run a l l  the way to F lorida. 
However, most o f  these outcrops are 
covered by sediment and so are not 
a v a i1a b le fo r  attachment by seaweeds . 
Hard substrates tha t are available fo r  
attachment occur most abundantly in Onslow 
Bay, NC, and on the coast near Palm Beach,
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FL (Sear!es 1984). Because natural  hard 
substrates are rare i n the b igh t ,  most 
seaweeds are attached to shel1 fragments, 
other algae, seagrasses, or to int roduced 
substrates such as seawal ls,  j e t t i e s ,  and 
docks.

Between Long Island Sound and Cape 
H a tte ra s , the re  are approxim ate ly 150 
species o f  red (Rhodophyta), brown 
(Phaeophyta), and green (Chiorophyta) 
seaweeds (Searles 1984). Between Cape 
Hatteras and Cape Canaveral, there are 
approximately 320 species ; 303 o f  these 
are known from North Carol ina (Searles 
1984). N ine ty-f ive  species occur in South 
C aro lina (Wiseman and Schnei der 1975 ; 
Wiseman 1978; B la ir  and Hal 1 1981), 81
species occur in Georgia (Chapman 1971, 
1973; Searles 1981, 1984), and only 43 are 
reported in F Io r id a  no rth  o f  Cape 
Canaveral (Humm 1952). However, Humm 
(1952) probably underestimates the number 
of species in the area since 234 species 
occur between Cape Canaveral and Palm 
Beach (Kerr  1976; Eiseman 1976, 1979 ; 
Eiseman and Moe 1981; Eiseman and Norris 
1981 ; Hal 1 and Ei seman 1981). There are 
several reasons why North Carol ina appears 
to have 3 to 4 times the number o f seaweed 
species as South Carol ina or Georgi a . 
These include (1) the location o f North 
Carol ina in a t ran s it ion a l zone between 
the temperate seaweeds of New England and 
the t rop ica l seaweeds of the Caribbean, 
(2) the g rea te r  abundance o f  hard

substrates o f f  the North Carol ina coast, 
and (3) the greater number o f seaweed 
speci al i s ts th a t  have i nves t iga ted  the 
marine f lo ra  o f North Carol ina. Because 
o f the extensive f l o r i s t i c  investigations 
conducted in North Carol ina by Searles, 
Schneider, and Kapraun (Schneider 1976; 
Searles and Schneider 1978, 1980;
Schneider and Searles 1979; Kapraun 1980a, 
b, 1984; Kapraun and Zechman 1982; Searles
1984), the seaweeds of th is  area are much 
better known than those in any other part 
o f the South A t la n t ic  Bight. The paucity 
o f data from other regions forces us to 
focus most o f  our di scussi on on the 
seaweeds of the Carolinas. For keys and 
i l lu s t r a t io n s  of seaweeds of the South 
A t la n t i c  B ig h t , see Tay lo r (1960) and 
Kapraun (1980a, 1984).

The seaweeds growing highest in the 
in t e r t i d a l  zone are u s u a l ly  b lue-green 
algae tha t appear as a darkly colored band 
on the rocks (Figure 5). The most common 
seaweeds immediately below the blue-green 
zone are usual ly  the green algae, Ul va. 
Enteromorpha, and Cladophora, and, at 
times, the red alga Porphyra. Ulva and 
Enteromorpha (Figure 6) are br igh t green 
seaweeds that often grow intermixed. They 
are distinguished p r im ar i ly  on the basis 
o f frond morphology. Ulva has a f l a t  
membranous frond composed o f two cel 1 
layers; Enteromorpha fronds are s im ila r  
except tha t they are tubular, at least in 
part. Since some species o f Enteromorpha
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Figure 6. The common green seaweeds (A) Ulva, and 
(B) Enteromorpha.

have broad f l a t  blades w ith  tu b u la r  
morphology only along the margins ( i . e .  
s u p e r f ic ia l ly  l i k e  Ulva) , some members o f  
th is  genus are d i f f i c u l t  or impossible to 
d is t in g u is h  from Ulva w ith o u t  a 
microscope. In cu ltu re , some Ulva species 
produce tubu lar progeny, suggesting that 
d is t in c t io n s  between the two genera are 
questionable. Cladophora is  one o f the 
most common genera o f  small green 
f i lam en tous  a lgae. I t  can e a s i ly  be 
confused with a number o f other algae by 
nonspecia lists. The red alga Porphyra is  
Ulya-1 ike in morphology but is usually 
brown to purple in co lor.

The lower in te r t id a l  zone is usually 
occupied by a mixed species group of red 
seaweeds (F igu re  5 ) .  Several small 
filamentous forms such as Polvsiphonia. 
Herpos iphon ia . Audoui n e l1 a . and 
E rv th ro tr ich ia  are common, but these are 
d i f f i c u l t  to  i d e n t i f y  w ith o u t  
magnification. Hypnea musciformis is  a 
very common la rger seaweed with bushy, 
c y l in d r ic a l branches that often end in 
fish-hook l ik e  te n d r i ls  tha t are used to 
a ttach  secon da r i ly  to  o the r  seaweeds 
(F igu re  7 ) .  Like many o f  the red 
(Rhodophyta) seaweeds, i t  may be deep 
green, red, s tra w -c o lo re d ,  or some

Figure 7. (A) The common red seaweed Hypnea 
musciformis, its hook-shaped branch tips often 
facilitate its attachment to other seaweeds. (B) shows 
a close-up of a Hypnea tip that has attached around 
the base of a Sargassum float.

10



combination of the three. Lomentaria is a 
rose to red-colored plant tha t looks l ik e  
Hypnea but does not have recurved t ip s ,  
i t  forms densely branched creeping mats, 
has hollow axes except at the bases, and 
i t s  branchiets tend to arch back toward 
the main a x is .  G rác i l a r ia  t  i kv ah i ae 
(formerly (L. fo l i i fe ra ) is o l ive  green to 
dark red and has f la ttened , s t ra p - l ik e  
blades w ith  pointed t ip s  (F igu re  8A ) . 
Although the e n t i r e  p la n t  may appear 
ir re g u la r ly  bushy, the branches along each 
main axis a l l  branch in the plane of the 
blade. Rhodymenia pseudopalmata is  rose 
to red in color and has strap shaped, 
dichotomously branching blades w ith  
rounded t ip s .  I t  usually occurs at, or 
below, the low t ide  l in e .  Small, w iry 
tu r fs  of reddish-purple to brown seaweeds 
in the genus Gel idium also occur in th is  
same habita t.

On some je t t ie s ,  green, sponge-like, 
dichotomously branching algae (Figure 8B) 
in the genus Codium (commonly ca lled dead 
man's f ingers) are common at th is  low 
t id a l  le ve l.  In North Carolina, je t t ie s  
have t ra d i t io n a l ly  supported populations 
o f Codi um decort ica tum  and Cod i um
isthmocladum. Within the past decade, 
the introduced species Codium f ra g i le  has 
invaded down the coast from New England 
and now makes up a substantia l portion of 
the Codium biomass on lo ca l j e t t i e s  
(Searles et a l . 1984; J. Ramus, Duke
University Marine Laboratory, Beaufort, NC; 
pers. comm.).

V i r t u a l l y  a l l  o f  the genera and 
species mentioned above also occur in the 
shallow subtidal zone during some times of 
the year or in  some lo c a t io n s .  The 
d i s t i n c t i o n  between i n t e r t i d a l  and 
subtidal seaweeds in the South A t la n t ic  
Bight is not always clear and appears to 
be useful only during some times of the
year (Kapraun and Zechman 1982). However, 
several j e t t y  seaweeds are almost
exclusive ly subtidal.

The most abundant subtidal seaweed on 
je t t ie s  along much o f the coast is the 
brown alga Sargassum. I t  has a w iry main 
a x is ,  l i n e a r  leaves w ith  m id r ib s ,  and 
stalked, spherical a i r  bladders (Figure
8C). In summer, the brown seaweeds Padina 
and Dictyota are also common. Padina 
forms a fanshaped, l i g h t ly  c a lc i f ie d  blade

(F igure 8D) ; D ic ty o ta  has membranous, 
dichotomously branched axes that are brown 
to golden brown in co lo r  (Figure 8E).

Several o the r  seaweeds are 
occasionally common in the subtidal zone 
including; the green alga Bryopsis; the 
red algae Chondri a (F igu re  8 F ) , 
C a l l i th a m n io n . Champi a . Dasya, 
Hvpoolossum. C a lo n ito p h y l lu m , and 
G r in n e l l i a ; and the brown algae 
Ectocarpus, P u n c ta r ia , and P e ta lo n ia . 
Given the d i f f i c u l t i e s  associated w i th  
seaweed id e n t i f ic a t io n ,  readers interested 
in seaweeds should consult Taylor (1960) 
or Kapraun (1980a, 1984) before assigning 
a name to any seaweed from th is  coast.

D is tr ibu t ion

When researchers study a lga l 
communities on rubble structures in the 
South A t la n t ic  Bight at a single point in 
time (usually summer), they often describe 
d i s t i n c t  pa t te rn s  o f  zonation based 
p r im ar ily  on the upper l im i ts  o f dominant 
species (Hoyt 1920; Williams 1949; Earle 
and Humm 1964). When Kapraun and Zechman 
(1982) investigated seasonal patterns of 
ve r t ic a l zonation on je t t ie s  at Masonboro 
In le t ,  NC, they noted what appeared to  be 
r e la t i v e l y  d i s t i n c t  i n t e r t i d a l  and 
subtidal communities in the summer, but 
during the remainder o f the year there was 
no clear separation o f communities at the 
low t ide  l in e .  During winter and early  
spring, so called in te r t id a l  species l ik e  
Porphyra c a ro l in e n s is  and Enteromorpha 
p ro ! i fera became abundant in the subtidal 
zone, but du r i ng the summers, they 
retreated back to the in t e r t id a l . Kapraun 
and Zechman (1982) hypothesized that these 
changes occurred in  response to  changing 
competitive in te rac t ions among the plants. 
However, these changes are also consistent 
w ith  the hypothesis th a t  f i s h  graz ing  
during the warm portions o f  the year, when 
fishes are most numerous, exclude these 
palatable seaweeds from the subtidal zone. 
The 1imited availab le data suggest that 
fishes drive several palatable seaweeds to 
near ex t inc t ion  on subtidal portions o f  
j e t t i e s  in  the summer (Hay 1986). 
A d d i t io n a l ly ,  recent work in  outdoor 
microcosms has shown th a t  Enteromorpha 
grows year round in  the subtidal zone i f  
fishes are excluded from the system (Hay 
1986). I f  f is h e s  are abundant,
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Figure 8. Some common seaweeds on jetties in the South Atlantic Bight. (A) Gracilaria tikvahiae, (B) Codium 
sp., (C) Sargassum filipendula, (D) Padina gymnospora, (E) Dictyota dichotoma, and (F) Chondria sp.
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Enteromorpha i s driven lo c a l ly  ex t inc t  in 
the subtidal zone or occurs only in small 
refuge areas.

The most extensive studies o f the 
spatia l d is tr ib u t io n s  o f seaweeds in the 
bight focus on the d is t in c t io n s  between 
nearshore and offshore species and on how 
they are d is tr ibu ted  north-to-south along 
the U. S. coastline (Schneider 1975, 1976; 
Searles and Schneider 1980; Searles 1984). 
Of the 303 seaweeds known from North 
Carolina, approximately two-th irds occur 
in shallow coasta l h a b i ta ts  and are 
potentia l residents of rubble structures. 
Approximately one-half (109 species) o f 
the 204 species found in shallow water are 
not known to occur in  deep o f fs h o re  
waters. Of the 194 species that do occur 
in deep o f fs h o re  waters, approx im ate ly  
one-half (108) are known only from those 
depths. About one-th ird  (96 species) of 
the to ta l f lo ra  have been collected in 
both shallow and deep habita ts.

For the shallow water species, 21 
reach th e ir  northern l im i t  and 27 reach 
th e ir  southern l im i t  o f  d is t r ib u t io n  in 
North Carolina. Within North Carolina, 
the Cape Lookout je t t y  appears to be the 
northernmost l im i t  in the in te r t id a l  zone 
fo r  t r o p ic a l  and s u b tro p ica l seaweeds 
(W il l iam s 1948; Humm 1969; Schneider 
1976). The Continental Shelf o f f  Cape 
Lookout p lays a s im i la r  ro le  f o r  the 
offshore seaweeds (Schneider 1976). A few 
reach the southern l i m i t  o f  t h e i r  
d is t r ib u t io n  o f f  Cape Lookout (only 1%), 
but many (37%) reach th e ir  northern-most 
l im i t  there. This indicates the more 
t rop ica l a f f i n i t y  of the offshore f lo ra .  
Of the 303 seaweeds known from North 
Carolina, 44% reach th e i r  northern l im i ts  
and 10% reach th e i r  southern l im i ts  w ith in  
the State.

In the Carolinas, seasonal changes in 
the occurrence, abundance, and 
rep roduc t ion  o f  a lga l species can be 
dramatic (Schneider 1975, 1976; Richardson 
1979, 1981, 1982; Kapraun and Zechman 
1982; Peckol 1982; Peckol and Searles 
1983; Van Dolah et a l . 1984). In a study 
o f seaweeds on an in t e r t i d a l  j e t t y ,  
Kapraun and Zechman (1982) noted tha t the 
red algae were most diverse in summer, 
brown algae were most diverse in w inter, 
and green algae were re la t iv e ly  aseasonal.

They also suggested that there were three 
components of the North Carolina algal 
community they studied: 1) a eurythermal 
coo l-tem pera te  element in w in te r  
(comprising 37% of the species at th e ir  
s i te ) ;  2) a eurythermal t rop ica l element 
in summer (comprising 18% of the species 
at th e ir  s i te ) ;  and 3) a la rger, warm- 
temperate element that occurred year round 
(comprising 45% of the species at th e ir  
s i te ) .  Schneider (1975, 1976) studied the 
f lo ra  o f the Continental Shelf and noted 
maximal development in mid-summer. The 
number o f  species and to ta l  biomass 
decreased in f a l l ,  reached a yearly low in 
w inter, and then increased spring through 
summer. N ine ty -n ine  percent o f  a l l  
species were present in mid-summer, 59% 
were present in the f a l l ,  and only 33% 
were present in the w inter.

Successional patterns have not been 
adequately documented fo r  shallow water 
seaweeds in the bight. Van Dolah et a l . 
(1984) documented the summertime abundance 
o f seaweeds on je t t ie s  at Murrells In le t ,  
SC, every year f o r  4 years a f te r  
c o n s t ru c t io n .  Between the f i r s t  and 
second year there was an increase in the 
number o f  a lga l species and in  a lga l 
abundance. Changes between the second and 
fourth years were nond irectiona l.

Patterns of Recruitment

Seaweeds may r e c r u i t  v ia  va r ious 
types of spores or, in some species, by 
fragmentation and reattachment o f  adult 
p o r t io n s  (Dixon 1965). Gi ven the 
seasonally changing nature o f the f lo ra  of 
the South A t la n t i c  B ig h t ,  re in va s io n  
fo l lo w in g  seasons o f  in h o s p ita b le  
conditions could be a major problem fo r  
benthic seaweeds. Many seaweeds appear to 
have adapted to  these c o n d it io n s  by 
pers is t ing throughout unfavorable periods 
as stunted forms or pers is tent ho ldfasts; 
Sargassum f i 1 i pendula. B o tryoc la d ia  
occidental i s . and G rac i la r ia  mammillaris 
do th is  in  Continen ta l S he lf  h a b i ta ts  
(Schneider 1976). Several species on 
shallow je t t ie s  in the bight produce early  
developmental stages that are capable of 
withstanding long periods o f unfavorable 
c o n d it io n s .  Thi s phenomenon has been 
studied in greatest de ta i l by Richardson 
(1978, 1979, 1981, 1982).
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On the je t t y  at Radio Island, NC, the 
brown seaweeds Dictyota dichotoma. Padina 
gymnospora (formerly | \  v icke rs iae) . and 
P ic t v o p t e r i s membranacea ove rw in te r  as 
e a r ly  developmental stages (Richardson 
1978). Of these three species, Dictyota 
has been stud ied  in  g re a te s t  d e ta i l  
(Richardson 1979). Dictyota is  v is ib ly  
present from mid-April to December and 
releases propagules continuously during 
th is  growing season; in  most instances, 
these spores rap id ly  germinate and grow 
in to  mature p lants. Neither spore release 
nor attachment are affected by temperature 
or photoperiod. However, germination and 
establishment are temperature dependent. 
Spores cannot germinate in  w in te r .  
However, i f  the re  is  an i n i t i a l  warm 
period o f 5-6 days, the spores germinate 
and the resu lt ing  sporlings can survive 
several months o f  w in te r  c o n d it io n s .  
Thus, microscopic sporlings produced at 
the end o f the growing season, overwinter 
and assure the c o n t in u a t io n  o f  the 
population when warmer conditions return .

The red alga Dasya bail louviana is  
apparent on the je t t y  between February and 
May ( i . e . ,  the opposite o f the pattern 
shown by D ic tyo ta) . In A p ri l  or May i t  
reproduces and disappears. Like D ic tyo ta , 
i t  pers is ts  as a young developmental stage 
during those times o f year when i t  is  not 
evident (Richardson 1981). Each w in ter, a 
s in g le  genera tion  o f  p lan ts  grows, 
reproduces, and re leases spores th a t  
s e t t le  but do not develop in to  v is ib le  
plants u n t i l  the fo llow ing growing season. 
In Cape Cod, D. ba illouviana pers is ts  
through w inter as a sporeling but produces 
m ult ip le  generations during i t s  growing 
season (Sears 1971). In the trop ics ,  
D. ba illouviana grows year round as a 
v is ib le  p lant (Mathieson and Dawes 1975).

The green alga B rvo p s is piumosa 
exh ib its  a pattern somewhat s im ila r  to 
Dasya and D ic tyo ta . I t  is  v is ib ly  present 
from January u n t i l  May, and p e rs is ts  
through the summer and fa i  1 as a prostrate 
m icrothallus stage (Richardson 1982).

Amsler and Searles (1980) 
in v e s t ig a te d  the d i s t r i b u t i o n  o f  a lga l 
spores in a 20 m water column 30 km o f f  
the coast o f  North Carol ina. Spores of 
green algae were d is tr ibu ted  throughout 
the column and spores o f bangiophycean red

algae ( the  s im p le r red algae l i k e  
Porphyra) were present at al 1 depths but 
concentrated in greatest abundance near 
the bottom. Spores o f  brown and 
f lo r ideophycean red algae ( the  more 
complex red algae l i k e  Hypnea and 
Chondria) occurred almost exclus ive ly near 
the bottom. Green and bangiophycean red 
algae tended to be more opportun is t ic  than 
brown and f lo r ideophycean red algae, 
suggesting th a t  t h is  d i s t r i b u t i o n  o f  
spores is adaptive in that i t  allows fo r  
wide d ispe rsa l o f  the o p p o r tu n is t ic  
species (carried with the surface curents) 
and keeps the less opportun is t ic  species 
near h a b ita ts  where the parents were 
successful.

Epiphytic Algae

Several species o f  algae can use 
o the r  seaweeds as subs tra tes  f o r  
attachment (Figure 7). A host o f small 
algae (diatoms, filamentous blue-green, 
red, brown, and green algae) and several 
la rg e r  macrophytes (such as Hypnea. 
Spyrid ia , Enteromorpha. Chaetomorpha, and 
D ic ty o ta ) commonly occur as ep iphy tes . 
Growing e p ip h y t ic a l l y  can prov ide a 
mechanism fo r  circumventing competitive 
exclusion when a l l  primary substrate is  
occupied (Hay 1981a; Hawkins and Harkin
1985). Epiphytes may also avoid 
herb ivorous f is h e s ,  which v i s i t  la rge  
unpalatable plants less often than they do 
smaller, more palatable ones (Hay 1986). 
Some s p e c ia l iz e d  epiphytes may ob ta in  
nu tr ien ts  from the host (Harlin 1973; Goff 
1976).

In s itua t ions  where consumption by 
f is h e s  does not severe ly  reduce t h e i r  
numbers, small crustaceans th a t  graze 
epiphytes can occur at d e n s i t ie s  o f  
several thousand/nr in  stands o f  
macroalgae. In some cases, grazing by 
these smal 1 crustaceans can keep larger 
seaweeds re l a t i  ve ly  f re e  o f  fo u l in g  
epiphytes (Brawley and Adey 1981a, b). 
These highly productive epiphytes are very 
important in maintaining the high density 
and turnover rate o f  small crustaceans 
tha t are such an important component o f 
the d ie t  o f fishes on rubble structures 
(see la te r  sections).
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3.3 INVERTEBRATES

Community Composition

In the i n t e r t i d a l  zone, s e s s i le  
in v e r te b ra te s  co n s is t  la rg e ly  o f  
barnacles, oysters, and mussels (Figure 9) 
(Stephenson and Stephenson 1952, 1972; 
Wood 1958; Ortega 1981; Van Dolah et a l .  
1984; Fox and Ruppert 1985). The smallest 
barnacle is  Chthamalus f ra g i l  is (Figure 
9A), which is white, eas i ly  destroyed with 
a f in g e rn a i l ,  and has no calcareous basal 
p la te .  Other barnacles in  the genus 
Bai anus are la rger, more robust, and have 
calcareous basal plates. EL improvisus is 
w h ite ,  w ith  a diamond or k ite -shaped 
aperture (Figure 9B). jL trigonus has a 
s im ila r  shaped aperture, but the shell 
p la tes  are rough, w ith  red and wh ite  
co lora tion. EL eburneus is white, but has 
a pentagonal-shaped aperture (Figure 9C). 
1L. amphitr ite has purple s tr ipes on the 
shell p lates. In the south, the much 
la rger, solid-walled barnacle, T e t ra d i ta  
squamosa v. s ta la c t i fe ra , becomes common. 
Bivalves are represented by the common 
oys te r Crassostrea v i r g i n i c a , and the 
small black mussel Brachidontes exustus, 
which forms mats (Figure 9D, E).

There are a few mobile organisms tha t 
are in te r t id a l ,  including the large isopod 
Lvoi a e x o t ic a , the preda tory  A t la n t i c  
oyster d r i l l ,  Urosalpinx cinerea (Figure 
10E), and in the south, the siphonarid 
limpet Siphonaria pect ina ta . Where the 
s truc tura l matrix of the oyster zone is 
well developed, i t  provides a hab ita t fo r  
xanthid crabs such as Panopeus herbsti i 
(Figure 10B).

Mussels and oyste rs  are g e n e ra l ly  
absent sub t ida l ly ,  and the sessile animal 
community cons is ts  o f  sponges, 
coe ien te ra tes  (anemones and h yd ro id s ) ,  
bryozoans, tu n ic a te s ,  and barnacles 
(McDougall 1943; Maturo 1959; Wells et a l .  
1960, 1964; Sutherland 1974, 1977, 1978, 
1981; Sutherland and Karl son 1977; Karl son 
1978; Mook 1981, 1983a, b; Van Dolah et 
a l. 1984; Fox and Ruppert 1985). Except 
fo r  the absence of Chthamalus f ra g i l  i s . 
the barnacles are the same as those found 
in the in te r t id a l  zone.

One o f  the most common sponges is 
Microciona p ro l i fe ra ,  which is  b r igh t red

D

Figure 9. Common intertidal invertebrates. (A) 
Chthamalus fragilis (to 8 mm diameter), (B) Balanus 
improvisus (to 13 mm diameter), (C) Balanus 
eburneus (to 25 mm diam eter), (D) Crassostrea 
virginica (to 150 mm length), and (E) Brachidontes 
exustus (to 35 mm length). A, B, and C redrawn from 
Lippson and Lippson (1984), D and E redrawn from 
Van Dover and Kirby-Smith (1979).
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Figure 10. Common mobile invertebrates. (A) Ampithoe longimana (to 10 mm length), (B) Panopeus herbstii 
(to 25 mm length), (C) Asterias forbesii (to 150 mm diameter), (D) Arbacia punctulata (to 50 mm diameter), and 
(E) Urosalpinx cinerea (to 25 mm height). All redrawn from Van Dover and Kirby-Smith (1979).

and can be encrus t ing  or e rec t  w ith  
f i n g e r - l i k e  p ro je c t io n s  (F igu re  11C) .  
Next in in ten s ity  o f co lor is  the br igh t 
orange, massively encrusting Xestosponqia 
ha1ic h o n d r io id e s . Other sponges are 
rather drab. Mycale cec i la  is  th in ly  
encrusting, slimy, and a pale yellowish 
green or y e l lo w is h  tan . H a lich o n d r ia  
bowerbanki assumes a va r ie ty  of shapes, 
s ta r t in g  as low encrustations, but often 
developing a mass of ridges or branches 
(Figure 1IB ) . I t  is  straw yellow, beige, 
or pale orange in co lor. A number o f 
species of Haliclona (Figure 11A) may be 
found which are d i f f i c u l t  to  t e l l  apart 
without reference to spicules. They are 
generally encrusting, s o f t ly  spongy, and 
gray, tan, or pinkish brown in co lor. 
F in a l ly ,  Lissodendoryx is o d ic tv a l is  is  a 
th ic k ly  encrusting sponge w ith a cr isp

consistency and is  blue-green or yellow- 
green in color. When broken open i t  is  
said to smell o f  g a r l ic .  Because of the 
var ia t ion  in color and shape, spicules 
should be examined f o r  p o s i t iv e  
id e n t i f ic a t io n  (Wells et a l .  I960).

Tubularia crocea is one o f the most 
conspicuous hydroids, forming large tu f ts  
o f long, unbranched sta lks topped with 
pink zooids (Figure 12B). Other common 
hydroids are the white, de lica te  Obelia 
dichotoma. Eudendrium carneum w ith  i t s  
intensely orange colonies, and Halocordyle 
d is t icha  (=Pennaria t i a r e l l a ) , which has a 
long black central s ta lk  with two pinnate 
rows o f s ide branches bearing polyps 
(F igu re  12A). In p ro tec ted  waters 
Hydractin ia echinata forms a white, fuzzy 
encrustation over the substrate. Other
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Figure 11. Common sponges (A) Haliclona sp. 
(colony to 8 cm wide), (B) Halichondria bowerbanki 
(colony to 8 cm high, 30 cm wide), and (C) Microciona 
prolifera (colony to 20 cm high, 30 cm wide). All 
redrawn from Lippson and Lippson (1984).

common coelenterates are the large sea 
whip Leptogorgia v irgu la ta  (Figure 12C), 
the smal 1 stony coral Astrangia danae, and 
the 1 a rger, branching cora l Oculina 
arbuscula. Anemones include Bunodosoma 
cavernata which is  1 arge and w a rty ,  
A iptasia pa li ida (Figure 12D), which is 
smal 1 and pai e brown, and Pi adumene 
leucolena, which is  pale and t ra n s iucent.

The most abundant fo l io se  bryozoan is  
Bugula n e r i t in a , with i t s  red-purple bushy 
colonies (Figure 13B). |L s to lon ife ra  is  
s im ila r  in  morphology to EL n e r i t in a , but 
white in co lor. Anguinella palmata is 
another fo l io se  bryozoan but i t  has gray, 
nondescript colonies. Alcyonidium hauff i 
is  a gray-brown, rubbery bryozoan often 
found enc rus t in g  the s ta l  ks o f  o the r  
bryozoans and hydroids. There are two 
common encrusting bryozoans tha t can be 
di s t in g u i  shed 1a rge ly  on the basi s o f  
c o lo r ;  wh ite  coi oni es are probably  
Membranipora tenuis and orange colonies 
are probably Schizoporella erra ta  (Figure 
13A).

Co lon ia l tu n ic a te s  are al so 
conspicuous features o f  the sessile fauna. 
Eudi stoma ca ro linense  forms t h ic k ,  
i r re g u la r  sandy encrustations, while i t s  
congener Eudistoma hepaticum is  purple and 
1ive r-1 ike . Didemnum candidum forms th in ,  
pure whi te e n c ru s ta t io n s . C la ve l in a  
oblonga is  a semicolonial tunicate with 
elongate, c lear, colorless zooids that are 
jo in e d  toge the r  on ly  a t  the base. 
Pi s t a p l i a bermudens i s comes in  many 
co lo rs--red , orange, and purple--and has 
re la t iv e ly  large zooids embedded in the 
common tu n ic .  The in d iv id u a l  i ntake 
apertures are arranged in c irc le s  around a 
common exha len t opening. Ap lid ium  
c o n s te l1atum is  red-orange to  w h ite ,  
hemispherical and looks l ik e  a small brain 
attached to the rocks. I ts  congener A. 
stellatum forms wh it ish , tough, plate-1 ike 
colonies with orange-red zooids arranged 
in a stel 1 ate pattern (Figure 14C). Both 
are called "sea pork" by local fishermen. 
Perophora v i r i d i s looks l i k e  small, green 
grapes connected with green stolons and is 
o f ten  found in  the canopy o f  o the r 
hydro ids and bryozoans. Pi piosoma 
macdonaldi forms th in ,  transparent sheets 
which contain the black zooids. Also seen 
are the gold-purple-brown, loose blob-1 ike 
r o l l s  and lobes of Bo try llus  sch losseri, 
especia lly  in North Carol ina. In South 
Carol ina and northern F lo r id a  more 
t rop ica l forms are found, such as the 
pinkish, gelatinous, encrusting Symplegma 
v i r id e , w ith i t s  b r ig h t ly  colored zooids. 
Sol i ta ry  tunicates are represented by the 
gray globes o f  Mol gui a manhattensi s 
(Figure 14B), the tough, wrinkled, tan 
in d iv id u a ls  o f  S tve la  p i ic a ta  (F igure
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C D
Figure 12. Common coelenterates. (A) the hydroid, Halocordyle disticha (to 15 cm high), 
(B) the hydroid, Tubularia crocea (to 15 cm high), (C) the sea whip, Leptogorgia virgulata (to 
60 cm high), and (D) the anemone, Alptasia pallida (to 3 cm high). A, B, and C redrawn from 
Lippson and Lippson (1984), D redrawn from Spitsbergen (1980).
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B
Figure 13. Common bryozoans. (A) Schizoporella 
errata (colony to 30 cm wide), and (B) Bugula neritina 
(to 12 cm high). Redrawn from Spitsbergen (1980).

14A), and the pale green A sc id ia  
in te r ru p ta .

Large motile subtidal invertebrates 
inc lude  the s ta r f i s h  A s te r i  as fo rb e s i i 
(F igu re  IOC), the purp le  sea u rc h in ,  
Arbacia punctulata (Figure 10D), the stone 
crab, Menippe mercenaria, and the blue 
crab, Cal 1 i nectes saoidus . The most 
common crab is  the somewhat sm a lle r ,  
orangish mud crab Neopanope sa y i. Hermit 
crabs are represented by the f la t-c lawed 
Pagurus p o l l i c a r i s , the long-clawed 
Pagurus longicarpus, and the much larger 
C l ib a n a r iu s  v i t t a t u s , which has ye l low  
str ipes on the walking legs. The small, 
tube-build ing gammarid amphipods Ampithoe 
(Figure 10A) and Corophium spp. are common 
in summer. In w inter, ca p re l l id  amphipods 
(Caprella spp.) are abundant. Many kinds

Figure 14. Common tunicates. (A) Styela plicata (to 
13 cm high), (B) Molgula manhattensis (to 4 cm high), 
and (C) Aplidium stellatum (colony to >30 cm wide). B 
redrawn from Lippson and Lippson (1984), C redrawn 
from Gosner(l978).

o f sn a i1 s are p re se n t, i nc lud ing  the 
smal 1, seed-shaped, brown lu n a r  dove 
s n a i l , Astyr is  lunata, the la rger greedy 
dove s n a i l , Anachis avara, the sculptured 
top s n a i l , Cal 1 iostoma euglyptum, the 
A t la n t ic  oyster d r i l l ,  Urosalpinx cinerea 
and the F Io r id a  rock s h e l l , Thai s 
hemastoma f lo r idana.
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D is tr ib u t ion

On exposed je t t ie s  the s u p ra l i t to ra l 
f r inge  is blackened by blue-green algae, 
over which wanders the occasional isopod 
Lygia exotica (Figure 5; Van Dolah et a l . 
1984; Fox and Ruppert 1985). Below th is  
is  a barnacle zone, u s u a l ly  w ith  
Chthamalus f ra g i l  i s occupying the highest 
levels and various species o f Balanus at 
lower levels (Figure 5). Barnacles can be 
abundant, approaching 100% cover (Ortega 
1981). Below the barnacle zone at mid- 
in te r t id a l  leve ls , is a zone where the 
oyster Crassostrea v irg in ica  reaches i t s  
highest abundance, although th is  ra re ly  
exceeds 20% cover in exposed h a b ita ts  
(F igu re  5; Ortega 1981). Below the
barnacle and oyster zones is  a zone with 
high densit ies o f the mussel Brachidontes 
exustus, which reaches to mean low water 
(Figure 5). This pattern of zonation is 
found with minor modifications throughout 
the South A t la n t i c  B ig h t ,  a lthough in
northern F lorida we begin to see a more 
t rop ica l fauna. Bai anus spp. give way to 
the larger barnacle Te trad  i t a  squamosa 
and the s iphona rid  l im p e t Si phonari a 
pectinata becomes abundant in  the mid- 
in te r t id a l  zone (Stephenson and Stephenson 
1972).

A s im ila r  pattern o f zonation is  seen 
on more protected rubble structures except 
th a t  the lower i n t e r t i d a l  zone is  
dominated by the oys te r  Crassostrea
v i r g in ic a  instead o f  the mussel
Brachidontes exustus (Ortega 1981).

Subtida lly , our information is biased 
towards shaded h a b ita ts  in  p ro tec ted  
waters o f North Carolina, where most work 
has been conducted. The hallmark o f the 
shallow subtidal community is change. In 
th e i r  studies at Beaufort, NC, Sutherland 
and Karl son (Sutherland and Karl son 1977 ; 
Karl son 1978; Sutherland 1981) found that 
the longevity  o f most community members 
was less than a year. Few species 
appeared able to to le ra te  the en t ire  25 °C 
annual temperature range a t B eaufo rt.  
Fiydroids and tu n ic a te s  were e s p e c ia l ly  
seasonal. Short l i f e  spans also 
contributed g rea tly  to seasonal changes in 
species composition.

C ha ra c te r is t ica l ly ,  mature benthic 
assemblages were invaded by the tun icate

Stve la  pi i cata each sp r ing .  Smal 1
ind iv idual s often grew ep izoo t ica l ly  (on 
top o f other invertebrates) and a f te r  a 
summer o f rapid growth became too heavy 
fo r  th e ir  attachment s ites . S¿. pi icata 
commonly sloughed o f f  in the fa i 1, taking 
many other adhering organisms with i t .  
This process produced bare spaces on the 
substrate, which were most often f i l l e d  
with newly rec ru it ing  1 arvae. Variations 
in 1arva l rec ru itm e n t produced w in te r  
assemblages dominated by a v a r ie ty  o f  
sponges, hydroids, and bryozoans. Summer 
assemblages were dominated by the s o l i ta ry  
tu n ic a te  SL. pi i cata and the fo l io s e  
bryozoan Buqula ne r i t in a  (Sutherland 
1981).

With increasing depth, annual changes 
in species abundance are fewer (Karlson 
1978). Much space is  occupied by 
re la t iv e ly  long-lived organisms such as 
the hydro id  Hvdracti ni a ech i n a ta , the 
sponge Xestospongia halichondroides, the 
anemone Pi adumene 1eucolena (Karlson 
1978), and the coral Oculina arbusculum 
(McCloskey 1970).

In the South A t la n t ic  Bight near Cape 
Canaveral, FL, annual changes in species 
abundance are fewer even in shallow water
assemblages (Mook 1976, 1980, 1981,
1983b). Bai anus spp. and the tube 
b u i ld in g  amphi pod Coroph i um 1 acustre  
dominate these communities throughout the 
year.

Patterns o f  Recruitment

When subs tra te  has been
experimentally cleared (Ortega 1981) or 
when new j e t t i e s  are cons truc ted  (Van 
Dolah et a l . 1984), the general pattern o f 
in te r t id a l  zonation is  restored or created 
by re c ru itm e n t w i th in  a y e a r . Near
Beaufort, NC, Ortega (1981) reports most 
i n t e r t i d a l  re c ru itm e n t o f  Bai anus spp. 
during summer and o f Crassostrea v irg in ic a  
and Brachidontes exustus in f a l l , but i t  
is unknown whether th is  pattern is  typ ica l 
fo r  the A t la n t ic  Bight. Recruitment o f 
oysters is  much higher in protected waters 
than on je t t ie s  and p i l  ings on the open 
coas t, w h ile  the reverse is  t ru e  f o r  
mussels (Ortega 1981). I t  is  l i k e ly  tha t 
re c ru itm e n t is  1owest from January to  
March when temperatures are minimal (e.g. 
Sutherland and Karlson 1977).
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Most studies o f  recruitment patterns 
o f  sub t id a l , s e s s i le  animals ( fo u l in g  
organisms) have been conducted in North 
Caro l ina  (McDougal1 1943; Maturo 1959; 
Wells et a l . 1954; Sutherland and Karlson 
1977; Sutherland 1981). The most 
ex tens ive  study is  th a t  o f  Sutherland 
(Sutherland and Karlson 1977, Sutherland
1981) who collected data at Beaufort, NC, 
fo r  5 1/2 years (Figure 15). Periods of 
recruitment fo r  11 common species show 
considerable seasonality because o f  the 
wide annual temperature range at Beaufort. 
Some species, such as Hal i c l  ona, 
H a lichondr i a . Tubu la r i a . Ha locordyle 
(=Pennaria) , and B o try l lu s , recru ited only 
p e r io d ic a l ly .  Others re c ru i te d
p re d ic ta b ly  each year ( e .g . ,  
S ch izopo re l1 a . S tv e la . A s c id ia , and 
C rassostrea) w h ile  s t i l l  o thers  ( e .g . ,  
Bugula and Balanus spp.) recru ited almost 
continuously (Figure 15). In any given 
year rec ru itm en t could be extremely 
variab le from month to month, resu lt ing  in 
d i f f e r e n t  pa tte rns  o f  community 
development on newly submerged substrate 
(Sutherland and Karlson 1977).

Just south o f  Cape Canaveral, FL, 
s im i la r  v a r ia t io n  in  p a t te rn s  o f  
re c ru itm e n t has been observed by Mook 
(1976, 1980, 1983b) even though the annual 
f luc tua t ion  in temperature there is  less. 
Some species recru ited only pe r io d ica l ly ,  
some p re d ic ta b ly  each year, and some 
almost continuously. Organisms tha t were 
common throughout the South A t la n t ic  Bight 
tended to r e c r u i t  more con t in uous ly  
throughout the year (Mook 1976, 1980).
Organisms with more trop ica l a f f in i t ie s

re c ru i te d  p r im a r i l y  du r ing  the warmer 
months.

3.4 FISHES

Community Composition

The coastal warm-temperate fishes o f 
the South A t la n t i c  B igh t f lu c tu a te  
seasonally  in species composition and 
abundance (Huntsman and Manooch 1978; 
M i l le r  and Richards 1979; Lindquist et a l . 
1985; Van Dolah e t a l . 1986). Most
coastal fishes are absent in  w inter and 
gradually return to inshore habitats as 
waters warm in spring. Fishes found on 
coastal je t t ie s  tend to  be a subset o f 
those found on inshore oyster reefs and 
offshore hard bottoms. These fishes can 
be grouped in to  f iv e  general categories 
based on th e i r  m ob il i ty ,  need fo r  benthic 
h a b ita t  com p lex ity ,  and s e a so n a l i ty  o f  
je t t y  occupancy. The f i r s t  group consists 
o f a l im i te d  number o f  small c r y p t i c  
species, such as those in  the blenny 
(Blenniidae) and goby (Gobiidae) fam il ies  
tha t generally do not move over large 
d is tances  and are dependent upon the 
s t r u c tu r a l  com plex ity  o f  the j e t t i e s .  
These f is h e s  are o f te n  re s id e n t  yea r-  
round. The second group consists o f a 
la rg e  number o f  num er ica l ly  dominant 
species such as p in f i s h ,  Lagodon 
rhomboides. s p o t t a i1 p in f i s h ,  D iplodus 
ho lbrook i. black sea bass, Centropris tis  
s t r i  a ta , and p ig f i s h ,  O r th o p r is t is  
c h rysop te ra , th a t  are abundant du r ing  
warmer months but move offshore in cold 
w inter months. The th i rd  group is  made up

Haliclona
Halichondria
Tubularia
Pennaria
Bugula

Schizoporella 
Styela 
Ascidia 
Botryllus

Crassostrea
Balanus

J i  5 O n ' l l j  f  M A M J J A 5 O N d I j  f  M i  M J J A S  O N  0 IJ F M A M J j a S O N O j j F M A M J J A S O N D J P M * M j J A S O N D J F M 4 M J 4 A S O N D

1972 1973 1974 1975 1976 1977 1978

Figure 15. Recruitment periodicities for 11 common invertebrate species. Bars indicate when recruitment was 
observed on artificial plates exposed for 1-4 weeks (Sutherland 1981).
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of several large predatory species such as 
b lue f ish , Pomatomus s a l t a t r i x , and Spanish 
mackerel, Scomberomorus maculatus, tha t 
move over la rge  d is tances  but are 
a t t ra c te d  to  j e t t i e s  because o f  the 
increased de n s ity  o f  prey th a t  occurs 
there. The fourth  group contains species, 
l i k e  the smooth dogfish, Mustelus canis, 
tha t are attracted to je t t ie s  during th e i r  
norther ly  migration in spring or th e i r  
southerly migration in f a l l  (Van Dolah et 
a l . 1984, 1986). The f i f t h  and least
important group contains various trop ica l 
f is h e s  ( e .g . ,  b u t t e r f l y f i shes o f  the 
family Chaetodontidae and surgeonfishes of 
the family Acanthuridae) that occur as 
strays during the warmest months o f the 
year. Only fishes in the f i r s t  and second 
groups are t r u ly  residents o f rubble 
structures.

Although the f is h e s  o f  the South 
A t la n t ic  Bight are well known (Bohlke and 
Chaplin 1968; Dahlberg 1975; Manooch 1984; 
Robins et a l . 1986), very few studies have 
focused s p e c i f ic a l ly  on the fishes using 
nearshore rubble structures. Van Dolah et 
al . (1984, 1986) conducted ex tens ive
investigations of the fishes associated 
with the large je t t ie s  at Murrells In le t ,  
SC, and Lindquist et a l . (1985) studied 
those on sm a lle r  j e t t i e s  at Masonboro 
In le t ,  NC. Data collected by Van Dolah et 
a l . (1984, 1986) are the most extensive 
presently available and the patterns they 
document agree well with those seen on 
offshore a r t i f i c i a l  reefs (Parker et a l . 
1979; M. Hay, pers. obser.) .  We consider 
t h e i r  f in d in g s  to  be broad ly  
representative o f the patterns tha t occur 
on most je t t ie s  in the South A t la n t ic  
Bight. During th e ir  investigations at the 
Murrells In le t  s i te ,  Van Dolah et a l . 
(1984, 1986) c o l le c te d  93 species o f
fishes representing 43 fam il ies . A few of 
the most common species are d iscussed 
below. For i l l u s t r a t i o n s  and species 
descrip tions o f  a l l  the fishes discussed 
in th is  te x t ,  see Robins et a l . (1986).

The smooth dogfish, Mustelus can is, 
and the clearnose skate, Ra.ia eg lan te r ia , 
are often abundant near je t t ie s  during the 
spring when they are migrating from deeper 
to shallower waters or from southern to 
more n o r th e r ly  w a te rs . The clearnose 
skate is the most common species o f skate 
in inshore waters between Long Island and

North Carol ina and grows to have a disc 
width o f s i ig h t ly  less than 1 m (Robins et 
a l . 1986). I t  feeds p r im ar i ly  on fishes 
and 1 arger crustaceans (H iIdebrand and 
Schroeder 1928; Van Dolah et a l . 1986)
and, as i t s  name suggests, has broad clear 
areas on each side of the snout. The 
smooth dogfish is a small (up to 1.5 m in 
length) shark that occurs between the Bay 
o f Fundy and Uruguay. I t  has several rows 
o f  small, pavement-like teeth and, l ik e  
the c learnose skate, feeds on la rg e r  
crustaceans and small f ishes (Hildebrand 
and Schroeder 1928; Van Dolah et al . 
1986).

B lu e f is h ,  Pomatomus s a l t a t r i x , are 
found between Nova Scotia and Argentina, 
although they are rare or absent in the 
Caribbean. During the spring and summer, 
they are common in coastal areas along the 
South A t la n t ic  Bight. These large (up to
1.1 m in  leng th  and 12 kg in mass) 
predators form aggregations when ac t ive ly  
feeding that often drive schools of prey 
fishes in to  shallow waters near swimming 
beaches. On such occasions, swimmers and 
s u r fe rs  have been b i t t e n .  Although 
b luefish  are not resident on je t t ie s ,  they 
often feed on the fishes that do reside 
there and are often caught by anglers 
ca s t in g  from j e t t i e s .  B lu e f is h  are 
p r im a r i ly  piscivorous but may also consume 
nereid worms, crustaceans, and cephalopods 
( p r im a r i ly  squids) (H ildebrand and 
Schroeder 1928; Grant 1962; Richards 1976; 
Gal!away et a l . 1981; Van Dolah et a l . 
1986).

Other common p is c iv o re s  are the 
Spanish mackerel, Scomberomorus maculatus, 
and the conger eel , Conger ocean icus . 
L ike b lu e f is h ,  Spanish mackerel move 
widely between many habitats but frequent 
je t t ie s  to feed on resident je t t y  f ishes. 
They a t ta in  lengths greater than 80 cm, 
weigh up to 5 kg, and can be distinguished 
from most o the r  mackerel by the many 
large, dark brown and brassy spots on 
th e i r  sides. The conger eel is dark brown 
to bluish gray, grows to a size of 2.3 m 
and 40 kg. I t  is  often caught by anglers 
f ish ing  on je t t ie s ,  docks, or piers in the 
m id-A tlan tic  States (Robins et a l . 1986). 
Spanish mackerel and conger eels occur 
between Cape Cod and the Gulf o f  Mexico.
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Three sparid fishes are common on 
rubble structures in the South A t la n t ic  
Bight: the p in f ish , Lagodon rhomboides, 
the spo tta il p in f ish ,  Diplodus hoi brook i, 
and the sheepshead, Archosargus 
probatocephalus. Darcy (1985a, b) 
reviewed available information on p in f ish  
and spo tta il p in f is h ,  and Ogburn (1984) 
investigated feeding by sheepshead on a 
North Carolina je t t y .  Despite the common 
percep tion  th a t  herb ivorous f is h e s  are 
absent from temperate communities (Bakus 
1954, 1968; Montgomery 1977, 1980; Ogden 
and Lobel 1978; Montgomery and Gerking 
1980; Hay 1981b; Gaines and Lubchenco
1982), a l l  three o f these species can 
consume large quantit ies  o f seaweeds (Carr 
and Adams 1973; Adams 1976a; Stoner 1980; 
Ogburn 1984; Stoner and Livingston 1984; 
Hay 1986; Hay et a l . 1987, 1988) and may
s ig n i f i c a n t l y  a f fe c t  the s t ru c tu re  o f  
ben th ic  seaweed communities (see la t e r  
s e c t io n s ) .  In a d d it io n  to seaweeds, 
sheepshead may consume s ig n i f i c a n t  
quant i t ie s  o f  b iva lves  and barnacles 
(Parker e t a l . 1979; Van Dolah et a l .
1984). In the Carolinas, s po t ta i l  p in f ish  
and p in f ish  are among the most abundant 
species on je t t ie s .  Sheepshead are common 
but much less abundant (Lindquist et a l . 
1985; Hay 1986; Van Dolah et a l . 1986).

Ind iv idua ls of a l l  o f these species 
tend to be re la t iv e ly  small on coastal 
rubble structures compared to the larger 
ind iv idua ls  tha t occur on offshore reefs. 
Young in d iv id u a ls  appear to  co lon ize  
j e t t i e s  in  e a r ly  sp r ing ,  grow r a p id ly  
throughout the summer, and move to deeper 
offshore areas as nearshore waters cool in 
the la te  f a l l  (Darcy 1985a, b; Lindquist 
et a l . 1985; Van Dolah et a l . 1986). In 
the Carolinas, these fishes are among the 
major prey species on o f fs h o re  re e fs .  
Their inshore-to-offshore migrations may 
be im portant in  t r a n s fe r r in g  energy 
between p roduc tive  inshore and deeper 
o f fsho re  h a b ita ts  (Darcy 1985a, b ) . 
P infish occur between Cape Cod and the 
Yucatan. S p o t ta i l  p in f is h  are found 
between the Chesapeake Bay and the 
northern Gulf o f Mexico. Sheepshead are 
more widely d is tr ibu ted  and occur from 
Nova Sco tia  to  B ra z i l  (Robins et al . 
1986).

P ig fish , O rthopris t is  chrysoptera, 
show seasonality and migratory patterns

th a t  resemble those o f  the sparids 
discussed above. Near Beau fo rt,  NC, 
offshore migration occurs in la te  f a l l  or 
w inter. The largest ind iv idua ls  are the 
f i r s t  to leave and the f i r s t  to return in 
the spring (Hildebrand and Cable 1930). 
Since ind iv idua ls  returning in the spring 
appear to be in poor condition due to  the 
less  than optimal feeding c o n d it io n s  
o f fs h o re ,  p ig f is h  probably m igra te  to 
avoid low temperatures rather than to seek 
b e t te r  feeding grounds (Darcy 1983). 
P igfish are attracted to hard substrate 
and often school near reefs or je t t ie s  
(Hastings 1972). They are g e n e ra l is t  
ca rn ivo re s ,  w ith  prey s ize  and type 
changing as a function o f  age (Hildebrand 
and Cable 1930; Carr and Adams 1973). 
Small f is h  feed on planktonic crustaceans. 
Larger f ish  feed on small f ishes, benthic 
crustaceans, mollusks, polychaetes, and a 
va r ie ty  of other invertebrates. Pigfish 
occur from Massachusetts to the Yucatan.

Spot, Leiostomus xanthurus, are 
popular panfish common on je t t ie s  during 
the spring and f a l l .  They are found 
between Massachusetts and the northern  
G u lf  o f  Mexico, and eat p r im a r i l y  
b iv a lv e s ,  decapods, and sm alle r 
crustaceans (Adams 1976a; Van Dolah et a l . 
1986).

Both black sea bass, Centropris tis  
s t r i a t a , and tautog, Tautoga o n i t i s , are 
abundant predators that reside on coastal 
je t t ie s .  Black sea bass range from Maine 
to the northern Gulf of Mexico. Tautog 
occur as fa r  north as Nova Scotia but 
extend southward only to  Georgia (Robins 
et a l . 1986; G il i  i gan 1987). Both of
these species are commonly taken by 
hook and l in e  and by spear. Lindquist et 
a l .  (1985) and Van Dolah et a l . (1986) 
found th a t  tautog consumed p r im a r i l y  
je tty-associa ted  bivalves and crustaceans. 
Black sea bass also consume considerable 
quantit ies  o f crustaceans, but the major 
portion of th e ir  d ie t  is  f ish  and they 
ra re ly  consume bivalves. Juvenile black 
sea bass eat a mixed d i et o f  f i  sh, 
decapods, amphipods, and o the r  b e n th ic 
invertebrates. As black sea bass increase 
in size, the proportion o f f is h  in  the 
d ie t  increases consistently  (Van Dolah et 
a l .  1986).
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Oyster to  ad f i  sh , Opsanus ta u , 
s k i l l e t f i s h ,  Gobiesox strumosus, seaboard 
gob ies, Gobi osoma qi n s b u rg i , crested 
blennies, Hypleurochilus geminatus, and 
feather blennies, Hypsoblennius hen tz i. 
were a l l  common on the South Carolina 
j e t t i e s  s tud ied  by Van Dolah e t al . 
(1986). These fishes are c ryp t ic  and tend 
to  be less mobile, and thus less seasonal, 
than the other fishes common on rubble 
structures in the South A t la n t ic  Bight. 
They appear to  be among the only fishes 
tha t overwinter on the je t t ie s  and tha t do 
not migrate seasonally to warmer waters. 
Winter densit ies of these fishes appear to 
be lower than densit ies in  warmer months. 
However, th is  could be a sampling a r t i f a c t  
s ince most b lenn ies  and gobies become 
inactive  and she lte r in crevices at low 
water temperatures. This behavior would 
increase t h e i r  p r o b a b i l i t y  o f  being 
undersampled during the w inter.

On the je t t ie s  studied by Van Dolah 
e t a l . (1986), oys te r  to a d f is h  ate
p r im a r i l y  f is h e s  ( A t la n t i c  s i l v e r s id e ,  
Menidi a menidi a. menhaden, B re v o o rt i  a 
ty ra n n u s , and b lack  sea bass) and 
decapods. S k i l l e t f i s h ,  b lenn ies , and 
seaboard gobies consumed a d ie t  o f mixed 
invertebrates.

The s k i l le t f i s h  is  the only c l in g f is h  
on the U.S. coast that occurs north o f 
F lo r id a ,  i t s  range extending from New 
Jersey to B raz i l .  Oyster toadfish occur 
between Cape Cod and F lorida. Because of 
t h e i r  s ize  and hard iness ( a b i l i t y  to  
withstand po l lu t ion  and other stresses), 
they have become important experimental 
and bioassay organisms. Seaboard gobies 
occur from Massachusetts to  Georgia, 
feather blennies from New Jersey to Texas, 
and crested blennies from North Carolina 
to  Texas (Robins et a l . 1986).

Large schools o f  A t la n t i c  
s i l versides, Menidia menidia, sometimes 
aggregate over shallow portions o f  je t t ie s  
and consume the epifaunal amphipods that 
occur the re  (Van Dol ah e t a l . 1986). 
Since A t la n t ic  s i l versides are ty p ic a l ly  
found along sandy shore 1 i nes and at the 
mouths o f  i n i e t s , th e i  r  occasiona l 
association w ith je t t ie s  is  more 1ike ly  
explained by the loca tion  o f je t t ie s  at 
in le t  mouths than by th e i r  a t t ra c t io n  to 
the j e t t i e s  themselves . A t la n t i c

s i l  versides occur from the Gulf o f  St. 
Lawrence to  the no r theas te rn  coast o f 
F lorida (Robins et a l . 1986). In addition 
to epifaunal amphipods, they consume other 
smal 1 benthic and planktonic crustaceans, 
polychaetes, bivalves, and juven ile  fishes 
(H ildebrand and Schroeder 1928; Adams 
1976a; Bengston 1984; Van Dolah et a l . 
1986).

D is tr ib u t ion

The species composition o f  la rg e ,  
n on c ryp t ic  f is h e s  on shallow rubb le  
structures is  s im ila r  to the community 
composition seen on natural and a r t i f i c i a l  
reefs that occur offshore in the South 
A t la n t ic  Bight (Parker et a l . 1979; Van 
Dolah e t a l . 1984; Sedberry and Van Dolah 
1984; Lindquist et a l . 1985; Van Dolah et 
a l . 1986). However, inshore je t t ie s  tend 
to have a lower d iv e rs i ty  o f species than 
natura l,  offshore reefs. Also the size of 
ind iv idual fishes tends to be smaller on 
je t t ie s  (Buchanan 1973; Van Dolah et a l . 
1986; Wenner et al 1986), suggesting th e ir  
ro le  as nurseries.

When rubb le  s t ru c tu re s  such as 
je t t ie s  are constructed, they are very 
rap id ly  colonized by fishes. The seasonal 
nature of the inshore f is h  fauna obscures 
successional patterns in f is h  community 
structure on new je t t ie s ,  i f  such patterns 
occur (Hastings 1979; Van Dolah et a l . 
1984; Lindquist et a l . 1985). The rapid 
movement o f  fishes onto newly constructed 
je t t ie s  suggests that they are i n i t i a l l y  
a t t ra c te d  by the increased s t ru c tu ra l  
complexity, which provides she lte r from 
predators. However, gut content analyses 
o f common je t t y  fishes such as black sea 
bass, p in f i s h ,  s p o t t a i1 p i n f i  sh, 
sheepshead, spadefish ( Chaetodipterus 
faber) , tautog, grunts (Haemulidae), and 
flounder (Bothidae) show that they soon 
come to re ly  on je tty -assoc ia ted  fauna as 
a food source (Ogburn 1984; Van Dolah et 
a l . 1984, 1986; Lindquist et a l . 1985). 
When Lindquist et a l . (1985) compared the 
fishes associated with a new je t t y  (1 year 
old) to  an older one (15 years old) at 
Masonboro In i  e t , NC, they found few 
s ig n i f i c a n t  di f fe rences  in  spec ies ' 
densit ies. P igfish and sheepshead were 
more abundant on the new je t t y  but i t  is 
possible tha t differences other than je t t y  
age caused these p a t te rn s .  On North
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Carol i na j e t t i e s ,  di f fe rences  in  f i s h  
populations on old versus new je t t ie s  and 
on ocean versus in le t  sides o f  je t t ie s  
appear to be small compared to  the major 
d i f fe rences  in  s p a t ia l  use pa t te rn s  
observed over depth gradients (Lindquist 
e t  al . 1985). Of the ni ne abundant
species studied by Lindquist et a l . ,  s ix  
were s ig n i f i c a n t l y  more abundant a t a 
depth o f  2 m than at 4 m ( p in f is h ,  
s p o t t a i l  p in f i s h ,  sheepshead, p ig f i s h ,  
b lu e f i sh , and round scad, Decapterus 
punctatus) , one was more abundant at 4 m 
(b lack  sea b ass ) , and two showed no 
s ig n if ic a n t  changes in abundance between 
these depths (tautog and spot). Van Dolah 
et a l . (1986) noted s im ila r  patterns fo r  
several o f these species on the South 
C a ro l ina  j e t t i e s  they s tu d ie d ;  our 
experience with the North Carolina je t t ie s  
at Cape Lookout, Shackleford Banks, and 
Radio Island suggests tha t these patterns 
occur on those je t t ie s  as we ll.

The abundance o f spa r id  f is h e s  
( p in f is h ,  s p o t ta i l  p in f i s h ,  and 
sheepshead) is  known to  be p o s i t i v e l y  
corre lated with vegetation cover. Stoner 
(1980b) demonstrated a very high 
corre la t ion  ( r  = 0.998, p < 0.01) between 
p in f ish  abundance and macrophyte biomass 
in  seagrass beds. Other authors have made 
s im ila r  observations (Caldwell 1957; Kilby 
1955; Schwartz 1964). I t  appears tha t the 
spar ids  are abundant in  shallow areas 
because o f  the increased abundance o f  
seaweeds. Seaweeds are fed on d i re c t ly  
and al so support popul a t ions  o f smal 1 
crustaceans th a t  are another im portant 
component of the sparid d ie t  (Ogburn 1984; 
Darcy 1985a, b). Pelagic sport f ishes, 
such as b luefish and Spanish mackerel, may 
be attracted to these shallower depths 
because o f the increased abundance o f  
sparids and other prey.

As mentioned e a r l ie r ,  large seasonal 
changes occur in the species composition 
and abundance o f  f is h e s  on rubb le  
structures in the South A t la n t ic  Bight. 
Numerous s tud ies  suggest th a t  most o f  
these changes are driven by the need o f 
fishes to avoid the colder inshore water 
temperatures th a t  occur in  w in te r  
(Huntsman and Manooch 1978; M i l le r  and 
Ri chards 1979; Parker e t a l . 1979 ;
Lindquist et a l . 1985; Van Dolah et a l . 
1986). Even though these seasonal

temperature changes are less pronounced at 
lower la t i tud es ,  the same general patterns 
o f  offshore or southerly migrations appear 
to  occur throughout the e n t i r e  South 
A t la n t ic  Bight. As an example, p in f ish  
and s p o t t a i1 p i n f i  sh undergo sim i 1ar 
patterns o f  seasonal migration in  both 
North Carol ina and Florida (Adams 1976b; 
Stoner and Livingston 1984; Darcy 1985a, 
b).

Seasonal p a t te rn s  o f  abundance on 
je t t ie s  in the bight have been studied 
most e x te n s iv e ly  on the j e t t i e s  a t 
Murrells In le t ,  SC (Van Dolah et a l . 1984, 
1986). Abundance and community 
composition of fishes frequenting these 
je t t ie s  were assessed quarter ly  using g i l i  
ne ts ,  v is u a l  obse rva tions , crab traps  
modified to  re ta in  small fishes (6.4 mm 
mesh), unmodified crab t ra p s ,  and 
q u a l i ta t iv e  rotenone co l lec t ions . G i l i  
nets were run from the je t t y  to  a distance 
o f 23 m away from the je t t y  to  sample not 
on ly  re s id e n t  j e t t y  f is h e s ,  but a lso 
pelagic predators preying on these fishes. 
Crab traps were deployed on, or very near, 
the je t t ie s  and thus assessed je t t y  fishes 
that would enter traps. Visual counts by 
d ivers provided an additional assessment 
o f noncryptic j e t t y  fishes tha t may not 
have been adequately sampled by the other 
te chn iques . The q u a l i t a t i v e  rotenone 
co l lec t ions  allowed a crude assessment o f 
small c ryp t ic  species 1 ike blennies and 
gobies. Rotenone is a toxin that stresses 
small f is h ,  causing them to  leave th e ir  
c ryp t ic  habitats and swim in to  the open 
water where they can be collected.

Data from these studies are shown in 
Table 1 and in Figures 16-25. Most o f 
these data are reported in the 1ite ra tu re , 
and thus in our tables and f igures, without 
an ind ica tion  of the variance (Van Dolah et 
a l . 1984, 1986). We have included
measurements o f variance where they ex is t.  
The only other availab le studies dealing 
with fishes on je t t ie s  in the bight (Ogburn 
1984; Lindquist et a l . 1985; Hay 1986) are 
less extensive but show s im ila r  patterns.

The to ta l  number o f f ish  species seen 
in visual counts, or collected using g i l i  
nets or modified crab traps, was highest 
during warmer seasons o f the year and 
decreased markedly in winter (Table 1).
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Table 1. Number of fish species collected or counted 
during different seasons on the jetties at Murrells inlet, 
SC (data from Van Dolah et al. 1986).

Method Spring Summer Fall Winter

Visual
transects 11 24 22 1

G il i  nets 25 34 25 6
Modified

crab traps 7 5 3 2
Unmodified

crab traps 11 9 8 7
Rotenone 13 11 12 9

CD2D

O- -□ individuels
O — o Moss

'□

120

100
80

60

40

20

0

O 
— !>r~
>00
LO

7TcQ

S pring  S u m m e r Fall W inter

Figure 18. Unmodified crab trap collections from the 
north jetty at Murrells Inlet, SC. Plotted are the total 
number and mass of fishes collected during each 
season using 15 traps set for a period of 12 daytime 
and 12 nighttime hours during each season (data from 
Van Dolah et al. 1986).
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Figure 16. Gili net collections from jetties at Murrells 
Inlet, SC. Plotted are the totals from three nets 
deployed for 3-hour set periods during each season. 
One end of the 30.5 m long net was set on the jetty; the 
other end was about 23 m from the jetty (data from Van 
Dolah et ai. 1986).
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Figure 19. Modified crab trap (covered with 6.4 mm 
mesh to retain small fishes) collections from the base 
of jetties at Murrells Inlet, SC. Plots show means ± 1 
standard error for 14 traps that were set for 3 hours 
during each season (data from Van Dolah et al. 1986).
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Figure 17. Diver observations of the seasonal 
abundance of common fishes on the jetties at Murrells 
Inlet, SC. Plotted are the totals from ten 5-min counts 
In each season (data from Van Dolah et al. 1986).
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Figure 20. Rotenone collections from the jetties at 
Murrells Inlet, SC. Plotted are the total number of 
fishes in a single qualitative collection made during 
each season (data from Van Dolah et al. 1986).
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Figure 21. Seasonal abundance of common fishes captured in gili nets set near jetties at Murrells inlet, SC. 
Histograms show the totals from 3 nets set for 3 hours during each season (data from Van Dolah et al. 1986).

L in d q u is t  e t a l . (1985) a lso found a 
s ig n if ic a n t  co rre la t ion  between the mean 
number o f  species observed each month 
(counted in  visual transects) and water 
temperature ( r  = 0.82, p < 0.01). Van 
Dolah et a l . ' s  (1986) co l lec t ions  from 
unmodified crab t raps  and by rotenone 
indicated tha t species number was at a low 
in the w in ter, but the re la t iv e  change was 
s l i g h t  compared to th a t  o f  the o the r 
co l lec t ion  methods (Table 1). Figures 16- 
20 show seasonal change in  the t o ta l  
number, and in some cases to ta l  mass, o f 
fishes collected by each method. A l l o f  
these show large decreases in the w inter

even though unmodified crab trap s  and 
rotenone coi 1e c t io n s , aga in, tended to  
show smaller re la t iv e  reductions than did 
the other co l lec t ion  methods. Rotenone 
c o l le c t io n s  focused p r im a r i l y  on smal 1 
blennies and gobies tha t are probably less 
able than the 1 arger speci es to  
s u c c e s s fu l ly  make the long o f fsh o re  
migration to deeper water. Reasons fo r  
the reduced seasonal v a r ia t io n  in  
unmodified crab-trap co llec t ions are less 
apparent.

Figures 21-25 show seasonal patterns 
o f abundance fo r  the most common species
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Figure 22. Seasonal abundance of common fishes observed by divers on the jetties at Murrells Inlet, SC. 
Histograms show the totals from ten 5-mln counts during each season (data from Van Dolah et ai. 1986).

assessed by each o f  the methods discussed 
above. A l l  species show peak abundances 
in  spring, summer, or f a l l  and are absent 
or re la t iv e ly  rare in w inter.

Feeding Patterns o f Fishes On and Near 
Je t t ie s

Three s tud ie s  have in v e s t ig a te d  
feeding by fishes on je t t ie s  in  the South 
A t la n t ic  Bight. Ogburn (1984) quantif ied 
the gut contents o f  sheepshead collected 
from je t t ie s  at Masonboro In le t ,  NC, and

L in d q u is t  et a l . (1985) i nves t iga ted
feeding by sheepshead, p in f ish ,  s po t ta i l  
p in f ish ,  and tautog on th is  same je t t y .  
Van Dolah et a l . (1986) have provided the 
broadest data base on th is  top ic .  They 
quantif ied  the gut contents of 55 f is h  
species captured near Murrel1 s In le t ,  SC. 
Table 2 shows th e ir  f ind ings fo r  those 
species and seasons where at least three 
in d iv id u a l  s th a t  conta ined food were 
examined. About h a l f  o f  the species 
examined fed p r im a r i l y  on j e t t y  b io ta  
during one or more seasons. Sheepshead,
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Figure 23. Seasonal abundance of common fishes captured In unmodified crab traps deployed on the north 
jetty at Murrells Inlet, SC. Histograms show the totals from 15 traps set for 12 hours during the day and 12 hours 
during the night for each season (data from Van Dolah et al. 1986).

black drum ( Pogonias cromis) , tautog, and 
spadefish were among the im portan t 
re c re a t io n a l  f is h e s  th a t  fed almost 
e x c lu s iv e ly  on j e t t y  b io ta .  Other 
im portan t re c re a t io n a l  f is h e s ,  such as 
b luefish , black sea bass, spotted seatrout 
(Cynoscion nebolosus), red drum (Sciaenops 
oce lla tus) , Spanish mackerel, and weakfish 
(Cynoscion reaal i s ) , were in d i r e c t l y  
dependent on the je t t y  since they fed 
heavily on smaller fishes tha t d i re c t ly  
consumed je t t y  b iota (Van Dolah et a l . 
1986).

Patterns o f  Recruitment

The general p a t te rn  o f  la r v a l  
recruitment seen fo r  most ree f fishes in 
the South A t la n t ic  Bight is  tha t large 
numbers o f  ju v e n i le s  invade re e fs ,  
je t t ie s ,  or estuaries s ta r t in g  la te  in the 
w in te r  and c o n t in u in g  throughout the 
summer (Hildebrand and Cable 1930; Wang 
and Raney 1971; Hoss 1974; Thayer et a l . 
1974; Adams 1976b; Parker et a l . 1979; 
Bozeman and Dean 1980; Van Dol ah e t a l . 
1986). In our experience with je t t ie s  in

North Carol ina, i t  appears tha t je t t ie s  on 
the ou te r  coast are co lon ized  in the 
spring by both adults and juven iles , while 
j e t t i e s  in  the sounds are co lon ized 
p r im a r i ly  by juven iles .

Je t t ie s  as Concentrated Nurseries

Je t t ie s  often harbor high densit ies 
o f young fishes tha t t y p ic a l ly  l i v e  on 
o f fs h o re  ree fs  as a d u lts .  P in f is h ,  
s p o t t a i l  p in f i s h ,  b lack  sea bass, 
sheepshead, spadefish , and gag 
(Mycteroperca m ic ro le p is ) a l l  prov ide 
examples o f  t h i s . For these f is h e s  
j e t t i e s  obv ious ly  serve as n u rs e r ie s ,  
p ro v id in g  both feeding s i te s  and the 
s t r u c tu r a l  com plex ity  necessary fo r  
avoiding predators. These fishes can be 
very dense on j e t t i e s  (F igu re  26); 
spo t ta i l  p in f ish  can occur at 8/nr (Hay 
1986). However, the extremely small area 
covered by rubble structures compared to 
the immense stretches o f sandy beaches and 
estuarine habitats in  the b ight, suggests 
tha t rubble structures cannot be having a
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Cynoscion nebulosus 250-350
>
14/18

F 2 <1 
SI)

1 3 14 3
11 12 <1 65 <1 <1

74 1 -3 ,5 ,1 5 ,2 1 -2 3(s p o tte d  s e a tro u t) (TL) F
i i 15

Cynoscion re g a l is  
{w e a k fis h }

Leiostom us xan thurus 
(s p o t)

255-400 /8 SP 100
24-26

1 ¿,4,6,21,25- 36

(TL)

12-208
(SL)

$
18/2 0
'5 /2 6
q/25

SU
F
SP
SU 2 52

3
3

31
<1 3

5
16

7
15 <1

53 
<1 7

100
100
TOO

F <1 <1 2 41 <1 4 <1 5 47 <1 <1 <1
5/23 IJ 7 <1 9 83 <|

M e n tic ir rh u s  am ericanus 227-278 /3 F 5 <1 69 26 1,37
(s o u th e rn  k in g f is h ) (SL)

23 noM e n tic ir rh u s  l i t t o r a l i s 239-358 SP <1 <1 99 <1 1 1,37( g u l f  k in g f is h ) (SL) . f /6 SU 8 90 2 <1
'  ' /16 F 100 <1

M icropogon ias und u la tus 176-267 4/7 SU 100 <1 2,4,18,21 £3,
( A t la n t ic  c ro a k e r) (SL) 25-2933-35 38,39

Poqonias crom is 222-463 6/a SP 1 <1 <1 78 <1 21 <1 1 ,2 ,4 ,1 5 ,2 1 ,2 3
(b la c k  drum) (SL) 5/3 SU <1 76 <1 22 <1 1 <1

5/3 F <1 <1 95 <1 <1 2 <1 2
Sciaenops o c e lla tu s 242-262 /5 SU 33 67 1 ,2 ,5 ,2 2 ,4 0 -4 3

(re d  drum) (SL)
C h ae to d ip te ru s  fa b e r 135-230 6/6 SU 7 70 2 15 <1 <1 <1 2 1 <1 2 1,10,1339,4430

(s p a d e fis h ) (SL)
Tautoqa o n i t i s 188-288 5/4 SP <1 <1 66 1 22 IO 1 1 ,8 ,1 4 ,4 5

( ta u to g ) (SL) 5/6 SU <1 <1 29 2 38 18 <1 <1 11
H y p le u ro c h ilu s  qem inatus 26-79 ' 0/10

5/2514/35

0/16V 'o

SP 3 7 2 4 1 81 1 1C,46
(c re s te d  b lenny ) (TL) SU 48 8 1 7 1 11 24

F 49 <1 12 6 2 <1 7 9 12 1 2
W 45 5 4 <1 2 1 13 5 9 9

1,46H ypsoblennius h e n tz i 19-62 SP 1 12 31 7 48 1
( fe a th e r  b lenny) (TL) i / 5 su 6 53 37 2 1

?5/25 F 6 2 <1 36 <1 IO 40 2 2
1,47Gobiosoma q in s b u ra i 12-42 '? /2 2 SP 7 2 89 2

(seaboard goby; (TL) 25/35
5/25

?6/25

su 15 16 3 23 1 6 7 25
F 36 4 8 4 1 10 38
w 8 19 7 20 50

Scomberomorus m acu la tus 253-418 35/25 su 100 48,49
(S pan ish  m a cke ra l) (FL) I

P e p rilu s  a le p id o tu s 125-154 9/2 8 SP 17 83 ¡1
(h a r v e s t f i  sh) (SL)

à Many o f  the  b la ck  sea bass examined in  f a l l  were from  tra p s  b a ite d  w ith  menhaden. T h is  p ro b a b ly  in f la te d  the p ro p o r t io n  o f  f is h  in  th e  d ie tV

Code f o r  fe e d in g  re fe re n c e s :
1. H ild e b ra n d i; S ch rod er 1928 14. L in d q u is t  e t  a l . 1985
2 . Darne ll 1958 15. O v e rs tre e t & Heard 1982
3. C a rr & Adams 1973 16. Ogburn 1984
4. D ie n e r e t  a l . 1974 17. S p rin g e r & Woodburn 1960
5. Odum & H e ra ld  1972 18. Hansen 1969
6 , Adams 1976a 19. S to n e r 1980a
7, Bengston 1984 20 . Darcy 1985a
8. S te im le  S Ogren 1982 21. D a rn e ll 1961
9. G ran t 1962 22 . M ercer 1984a
10. G allaw ay e t  a l . 1981 23. Pearson 1929
11. R ichards  1976 24. M e rr in e r  1975
12. Darcy 1983 25. Chao & M usick 1977
13. Van Dolah e t  a l . 1984 26. S tic k n e y  e t  a l . 1975

27. C u rr in  e t  a í. 1984 40. Bass & A v a u lt  1975
28. Govonl e t  a l.  1983 41. M ercer 1984b
29. Govoni e t  a l . 1986 42. O v e rs tre e t & Heard 1978a
30. Hales & Van de A ry le  1985 43. Boothby& A v a u lt  1971
31. Hodson e t  a l 1981 44. R anda ll & Hartman 1968
32. K je ls o n  e t  a í 1975 45. O lla  e t  a l .  1974
33. K o b y lin s k i & S heridan 1979 46. L in d q u is t  & O illam an 1986
34. Roelofs T954 47. Munroe S L o tsp e ich  1979
35. Sheridan  & Trim  1983 48. Naughton & Solomait 1981
36. Smi th  e t  a l . 1984 49. B e rr ie n  & Finan 1978
37. Bearden 1963 50. Randal! 1967
38. O v e rs tre e t & Heard 1978b 51. B ig e lo  & Schroeder 1953
39. Reid e t  a l .  1956 52. R a d c li f fe  1914

53. Schwartz & O utcher 1963
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Figure 24. Seasonal abundance of common fishes captured In modified crab traps at Murrells Inlet, SC. 
Histograms show the total numbers captured in 24 traps set for 3 hours during each season (data from Van 
Dolah et al. 1986).

s ig n i f i c a n t  e f f e c t  on the reg iona l 
abundance o f these species.

3.5 BIRDS

Community Composition

A great va r ie ty  o f birds in  the South 
A t la n t ic  Bight use rubble structures as 
loa f ing  or roosting s ites .  However, birds 
in  a few eco !og ica l ca te g o r ie s ,  or 
"gu i ld s " ,  feed on or near je t t ie s  and can 
be considered part o f the rubble structure

community. The g u i ld s  in c lu d e :  (1)
surface-searching shorebirds, (2) aeria l - 
searching b irds, (3) f lo a t in g  and div ing 
water b irds, and (4) wading birds (Table 
3 ) .  Surface-search ing  shoreb irds  feed 
p r im a r i l y  on c rus taceans, po lychae tes , 
barnacles, molluscs, and insects. The 
most common shoreb ird  is  the ruddy 
tu rn s to n e ,  A renaria  in te r p r e s . When 
feeding on je t t ie s  i t  is  often found in 
groups o f  100 or more (C. Harsh; pers. 
comm.) .  Purple sandpipers, C a li d r i s 
maritima, are also occasionally abundant, 
in  f lo c k s  o f  40-50. Both the ruddy
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Figure 25. Seasonal abundance of common fishes in rotenone collections at Murrells Inlet, SC. A single 
collection was taken each season (data from Van Dolah et al. 1986).

turnstone and the purple sandpiper use
rocks and je t t ie s  as th e ir  primary feeding
habitats. Other shorebirds use them only 
on occasion, feed ing on surrounding 
m udfla ts  and seagrass beds as w e ll 
(Peterson and Peterson 1978; Thayer et a l . 
1984).

A e r ia l-s e a rc h in g  b ird s  inc lude  a 
group of sea gu l ls  (Table 3) which are
opportun is t ic  consumers of "anything they 
can get o f f  the rocks" (C. Marsh; pers. 
comm.). Thi s inc ludes  mol 1 uses, 
crustaceans, f is h ,  insects, carrion, and 
refuse. The most common b ird  in th is
group is  the h e rr in g  g u i i ,  Larus 
a rg e n ta tu s . Brown p e l ic a n s ,  Pelecanus 
occidental i s and a va r ie ty  o f terns are 
also frequently seen roosting on rubble 
structures, but generally do not use them 
as feeding s ites  (J. Parnell; pers. 
comm.).

The g u i ld  o f  f l o a t in g  and d iv in g  
water birds is  composed la rge ly  o f a group

o f sea ducks (Table 3 ) .  Most o f  these are 
strong underwater swimmers and feed on 
echi noids (sand d o l1ars) and b i val ves 
( c l ams, and seal 1 ops) found on sandy 
bottoms near j e t t i e s .  The su rf scoter, 
Melanitta p e r s p ic i l la ta , is  a p a r t ic u la r ly  
capable d ive r, a t ta in ing  depths o f  12 m or 
more. Fish are al so taken by birds in 
t h is  group, e s p e c ia l ly  by the double- 
breasted cormorant, Phalacrocorax a u r i tu s . 
The American wigeon, Anas americana, does 
not dive; i t  is  a surface dabbler, feeding 
p r im a r i ly  on algae and seagrasses.

Wading b irds (Table 3) are commonly 
found only near rubble structures b u i l t  in 
estuaries away from severe wave action. 
In these qu ie t, shallow waters they can be 
seen feeding on small f ishes and crabs.

D is tr ibu t ion

Most sho reb irds  th a t  make use o f  
je t t ie s  breed in the A rc t ic  during June 
and July (Johnsgard 1981; Farrand 1983a).
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Figure 26. Spottail pinfish, Diplodus holbrooki, on the jetty at Radio Island, NC. The common sea urchin Arbacia 
punctulata can be seen in the lower center of the picture.

They can be found along the southeast 
coast o f the United States during the rest 
o f the year. The American oystercatcher 
and b o a t - ta i le d  g rack le  are year-round 
residents. The r in g -b i l le d  gu ii breeds in 
the western United States and Canada and 
is  seen in the South A t la n t ic  Bight only 
in  w inter. Other gu l ls  are year-round

residents (Farrand 1983b). Except fo r  the 
double-breasted cormorant which is  present 
year-round, most f lo a t in g  and div ing water 
birds breed during the summer in Canada 
and the A rc t ic  (Farrand 1983a). They can 
be found in  the South A t la n t i c  B ight 
during the remainder o f the year. The 
wading birds are year-round residents.
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Table 3. Types of birds common to rubble structures in the South Atlantic Bight.®

Species Present

Surface-searching shorebirds
Black-bellied plover (Pluvialis squatarola) winter
Semipalmated plover (Charadrius semipalmatus winter
American oystercatcher (Haematopus palliatus) resident
W ille t (Catoptrophorus semipalmatus) resident
Ruddy turnstone (Arenaria interpres) winter
Red knot (Calidris canutus) wi nter
Sanderling (Calidris alba) wi nter
Semipalmated sandpiper (Calidris pusilla) spring, fa l l
Western sandpiper (Calidris mauri) winter
Least sandpiper (Calidris m inutil la) wi nter
Purple sandpiper (Calidris maritima) wi nter
Dunlin (Calidris alpina) winter
Boat-tailed grackle (Quiscalus major) resident
Fish crow (Corvus ossifraqus) resident

Aerial-searching birds
Laughing guii (Larus a t r ic i l la ) resident
Ring-billed guii (Larus delawarensis) winter
Herring guii (Larus argentatus) resident
Great black-backed guii (Larus marinus) resident

Floating and diving water birds
Common loon (Gavia immer) winter
Horned grebe (Podiceps auritus) winter
Double-crested cormorant (Phalacrocorax auritus) resident
American wigeon (Anas americana) winter
Canvasback (Aythya valis ineria) winter
Redhead (Aythya americana) winter
Ring-necked duck (Aythya co lla r is ) winter
Greater scaup (Aythya marila) winter
Lesser Scaup (Aythya a ff in is ) winter
Oldsquaw (Clangula hyemalis) winter
Black scoter (Melanitta niqra) winter
Surf scoter (Melanitta perspic il la ta) winter
White-winged scoter (Melanitta fusca) winter
Common goldeneye (Bucephala clangula) winter
Red-breasted merganser (Mergus serrator) winter

Wading birds
Great blue heron (Ardea herodias) resident
Great egret (Casmerodius albus) resident
Snowy egret (Egretta thula) resident
Green-backed heron (Butorides striatus) resident
Black-crowned night heron (Nycticorax nycticorax) resident
Tricolored heron (Egretta t r ico lo r) resident

aData fo r  th is  l i s t  were assembled from Pearson et al (1942), Stokes 
and Shackleton (1968), Zingmark (1978), Farrand (1983a, b), Scott et 
a l. (1983), and observations of C. Marsh (Un ivers ity  of South 
Carol ina, Coastal Carol ina College, Conway, SC), J. Parnell (University 
of North Carol ina, Wilmington, Wilmington, NC), and W. Hon (University 
of Georgia, Marine Extension Service, Savannah, GA).
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CHAPTER 4. ECOLOGICAL PATTERNS AND PROCESSES

This chapter discusses the ecological 
processes tha t determine the d is t r ib u t io n  
and abundance o f  f l o r a  and fauna
associated with rubble structures in the 
South A t la n t ic  Bight. In general, we 
r e s t r ic t  our attention here to waters o f 
re la t iv e ly  high s a l in i t y ,  characterized by 
predom inate ly marine organisms. In 
several cases, the processes organizing 
these communities have not been
in tens ive ly  studied on rubble structures, 
and we must, th e re fo re ,  i n f e r  t h e i r  
importance from studies conducted in other 
s im ila r  hab ita ts. In th is  chapter, we 
ou tl ine  our general conceptual framework 
and then concentrate on the organization 
o f  i n t e r t i d a l  communities, s u n l i t ,  
subtidal communities (which tend to  be
dominated by seaweeds), and shaded, 
subtidal communities (which tend to  be
dominated by benthic animals). We also 
discuss the e ffec ts  o f  in d ire c t ,  complex 
in teractions among organisms since these 
in teractions are probably more important 
than has been generally appreciated.

4.1 CONCEPTUAL FRAMEWORK

In a d d i t io n  to  the seasonal 
temperature e ffec ts  discussed previously, 
the two major physical gradients a f fec t ing  
the plant and animal communities o f rubble 
s t ru c tu re s  are t i d a l  1 evei and 
a v a i la b i l i t y  o f sun iight.

The animal communities in p a r t ic u la r  
are well segregated by t id a l  level fo r  
reasons discussed by Jackson (1977). In 
the in t e r t i d a l  zone s o l i t a r y  s e s s i le  
animals dominate. These animals usually 
possess hard ex te rna l coverings ( e . g . , 
she lls )  which confer superior resistance 
to  the harsher phys ica l condi t i  ons 
experienced when exposed during low t id e .  
Subtida lly , colonial animals are more

abundant because they have indeterminate, 
vegetative growth and are less susceptible 
to  overgrowth and g raz in g .  S o l i t a r y  
animal s su rv ive  s u b t id a l l y  through 
morphologica l o r behav io ra l a t t r ib u te s  
( large s ize, aggregative behavior) which 
protect them in competition with colonia l 
animals and from subtidal predators.

Jackson (1977) has also argued tha t 
when 1 igh t is  s u f f ic ie n t  and a l l  else is  
equal, c o lo n ia l  animals lose  in  
competition with plants. This is  because 
many plants, 1 ike colonial animals, have 
c h a r a c te r is t ie s  th a t  are im portan t in  
competition (e .g .,  asexual reproduction 
and indeterminate growth). A d d it io na lly ,  
w ith adequate 1igh t,  plants have a fu r th e r  
advantage in  th a t  they can 
p h o to s y n th e t ic a l ly  d e r ive  energy fo r  
growth and reproduction. In contras t,  
co lon ia l animals must depend on external 
food sources. There fore , seaweeds 
g e n e ra l ly  dominate s h a l1ow s u n l i t  
hab ita ts , and co lonia l animals generally 
dominate deeper, darker water and shaded 
habitats beneath docks and bridges.

Wave action appears less important 
than t id a l  level and suni igh t,  but some 
organi sms, f o r  example the o y s te r  
Crassostrea v i rg in ic a , are in to le ra n t  o f 
the higher wave action of the open coast 
(Ortega 1981).

4.2 ORGANIZATION OF INTERTIDAL COMMUNITIES

In s p i te  o f  the pau c ity  o f  
experimental studies, i t  is  l i k e ly  tha t 
the o rg a n iza t io n  o f  the in v e r te b ra te  
community on rubb le  s t ru c tu re s  is  by 
processes s im iia r  to those operating in 
o the r  rocky in t e r t i d a l  communities 
(Connell 1972; Menge 1976). On exposed 
shores, the upper 1im its  o f  bl ue-green
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algae, barnacles, and mussels are probably 
contro lled by physical factors (e.g. Van 
Dolah et a l . 1984). Chthamalus f ra g i l  is 
is  probably re s tr ic te d  to the upper levels 
o f the barnacle zone through competition 
with la rge r, fas te r  growing Balanus spp. 
(Wethey 1983, 1984). S im iia r ly ,  the lower 
d i s t r ib u t i o n a l  l i m i t  o f  barnacles is  
probably set by com pe tit ion  w ith  the 
mussel Brachidontes exustus since 
predation on barnacles in the in te r t id a l  
is  minimal (Ortega 1981; Van Dolah et a l . 
1984). The lower l im i t  o f the mussel beds 
at mean low water (Figure 5) is probably a 
r e s u l t  o f  p reda tion  by the s t a r f i s h  
Asterias forbesi i . the sheepshead, (Van 
Dolah e t a l . 1984), and the A t la n t i c  
oyster d r i l l  (Wood 1968). Experimental 
studies have shown tha t oyster abundance 
on exposed je t t ie s  is  low because exposure 
to heavy wave action re s t r ic ts  growth and 
s u rv iv a l  and because oys te rs  are 
outcompeted by the mussel Brachidontes 
exustus (Ortega 1981).

In protected waters i t  is also l i k e ly  
tha t the upper l im i ts  of each zone are 
determined by physical factors while the 
lower l im i ts  are determined by b io log ica l 
fac to rs . Again, Chthamalus f raa i 1 is is 
probably excluded from lower le v e ls  
through com petit ion  w ith  the 1 arger 
Bai anus spp. (e .g .  Wethey 1984). 
Brachidontes exustus is  absent from 
protected waters and Ortega (1981) has 
shown tha t oysters competit ive ly exclude 
barnacles from the oyster zone. In waters 
o f re la t iv e ly  high s a l in i t y  there is an 
abrupt end to the oyster zone at mean low 
water (Wells 1961). This is  probably a 
re su lt  o f  several b io log ica l processes, 
in c lu d in g  p reda tion  by o y s te r  d r i l l s ,  
U rosa lp inx  c inerea (Chestnut and Fahy 
1953) and Thais f lo r idana (Wells and Gray 
I960), and shell erosion by the boring 
sponge Cl i ona celata (Lunz 1943). Oysters 
are found s u b t id a l ly  on ly  where 1ow 
sal i n i t y  excludes these o the r  species 
(Wells 1961).

Physical and b io log ica l disturbances 
can cause cons iderab le  changes in  the 
abundance of organisms in each zone. For 
example, near Beaufort, NC, Brachidontes 
exustus was absent from p i l in g s  on the 
open beach from May through August 1977 
(Ortega 1981). Abundance increased to 
n ea r ly  100% cover in  September 1977,

remained high u n t i l  February 1978, and 
decreased again to near 0% a f te r  March.
M o rta l i ty  seemed to be a d ire c t  re s u lt  of
wave action on mussels which had increased 
in size during a w inter o f  growth. I t  is 
poss ib le  th a t  the wooden subs tra te  
provided a less secure attachment s ite
than the g ra n i t ic  rock o f  which je t t ie s  
are u s u a l ly  made. However, s im i la r  
changes in the abundance of mussel s were 
observed on je t t ie s  at Murrells In le t ,  SC, 
by Van Dolah e t a l . (1984), where
m o rta l i ty  was a re su lt  o f  w inter feeding 
by ruddy turnstones and g u l ls .

The i n t e r t i d a l  community o f  
invertebrates is  r e s i l ie n t  (Holling 1973); 
the general p a t te rn  o f  zonation is  
restored by recruitment w ith in  a year or 
two a f te r  experimental c learing (Ortega 
1981) or predation by birds on mussels 
(Van Dolah et a l . 1984).

A lthough experimenta l data are 
lacking, the most 1ike ly  factors a ffec ting  
the biomass and species composition of 
in te r t id a l  algal communities on je t t ie s  in 
the South A t la n t ic  Bight are desiccation 
during low t ides and grazing by f i  shes 
during high t ides . Green algae in  the 
genera U lva . Enteromorpha. Cladophora, 
U lo th r ix . Chaetomorpha, and Bryopsis and 
red algae in  the genera G e l id i  um. 
E r y t h r o t r i c h ia , and Audou ine lla  are 
commonly among the more abundant seaweeds 
in the in te r t id a l  zone (Williams 1949; 
Kapraun and Zechman 1982). Feeding 
preference and gut content studies show 
these algae to be preferred or heavily 
used by omnivorous fishes common to the 
b ig h t .  Ogburn (1984) noted th a t  
sheepshead tended to  feed in  the 
in te r t id a l  zone during periods o f high 
t id e  and tha t more than 70% o f  the algae 
and in v e r te b ra te s  in  t h e i r  stomachs 
occurred p r im ar ily  in the in te r t id a l  zone 
at her study s i te .  Hay (1986) documented 
some o f  the e ffec ts  of je t t y  fishes on 
pa t te rn s  o f  seaweed d i s t r i b u t i o n .  
P a la tab le  seaweeds 1 ike  Ulva and 
Enteromorpha were almost com ple te ly  
excluded from su b t id a l h a b i ta ts  dur ing  
warm periods o f  the year when fishes were 
common. During cold seasons when fishes 
were ra re ,  Ul va and Enteromorpha were 
common in  subtidal areas.
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I n t e r t i d a l  habi ta ts  on rubb le  
structures may serve as p a r t ia l  refuges 
fo r  p a la ta b le  a lga l species th a t  are 
seasonally eaten to  ex t inc t ion  in subtidal 
habitats by herbivorous fishes (e .g .,  Hay 
1981c, 1984a, 1985; Hatcher and Larkum
1983). Since seaweed p r o d u c t i v i t y  in  
subtidal communities is  often much less 
than in  i n t e r t i d a l  communities, the 
e ffec ts  o f herbivory on seaweeds can be 
much greater in the subtidal zone (Hay 
1981c; Hatcher and Larkum 1983). This 
occurs because p r o d u c t i v i t y  o f te n  
decreases r a p id ly  w ith  depth due to  
decreasing l i g h t  and tu rb u le nce , which 
provides n u t r ie n ts  by break ing down 
d i f f u s io n  g rad ien ts  around the a lga l 
th a i i  us. Thus, the proportion o f  net 
production lo s t  to  grazers can be greater 
in deeper than in  shallower waters even i f  
absolute grazing rates are equal. As an 
example, Vine (1974) and Hay (1981b) found 
tha t seaweed production was 27 to over 400 
times greater at 2 to 3 m deep than at 13 
to 20 m deep on trop ica l reefs. Thus, i f  
herbivores removed equal amounts o f  plant 
material from deep and shallow s ite s ,  the 
e ffec ts  on the deep hab ita t plants would 
be greater since losses would be a larger 
portion o f net growth and take longer to 
replace. This pattern is  compounded by 
the fac t tha t seaweeds in deeper areas are 
always a v a i la b le  to  herb ivorous f is h e s  
w h i le  those in  sha llower areas 
p e r io d ic a l ly  escape f is h e s  du r ing  low 
t id e s  and periods o f  tu rb u le n t  seas. 
The e f fe c ts  o f  herb i vorous f i shes are 
di scussed at g re a te r  1ength in  the 
f o i l  owing section on the organization of 
suni i t ,  subtidal communities.

The e ffec ts  of other herbivores on 
in t e r t i d a l  communities have not been 
studied. The most common sea urchin, 
Arbacia p u n c tu la ta , is  very prone to  
desiccation and appears to  have 1 i t t l e  
impact in in te r t id a l  communities. I t  is  
poss ib le  th a t  herbi vorous amphi pods, 
i sopods, or po lychaetes could graze 
in te r t id a l  algae and avoid desiccation by 
sheltering in the bases o f  algal tu r fs  
during low t id e .  Some o f  these small 
mesograzers consume macroalgae (Glynn 
1965; Martin 1966; Greze 1968; N ico tr i 
1977, 1980; Zimmerman et a l . 1979; Lewis 
and Kensley 1982; Norton and Benson 1983; 
D'Antonio 1985; Gunnii! 1985; Hay et a l . 
1987, 1988), but th e i  r  e f fe c ts  in  the

in te r t id a l  zone along th is  coast have not 
been studied. Herbivorous gastropods have 
been shown to have a substantia l impact on 
i n t e r t i d a l  a lga l communi t ie s  in  New 
Engl and and elsewhere (see the review by 
Hawkins and Hartnol 1 1983), but t h e i r  
e ffec ts  on in te r t id a l  hard substrates in 
the bight have not been studied.

Competition has been demonstrated to 
p lay  a s u b s ta n t ia l  r o le  in  the 
o rg a n iz a t io n  o f  i n t e r t i d a l  a lga l 
communities in New England and on the west 
coast o f  the United States (Dayton 1971, 
1975; Lubchenco 1978, 1980; and others). 
Descriptive studies o f algal seasonality 
and zonation on je t t ie s  in the bight have 
suggested that competition among seaweeds, 
and between seaweeds and invertebrates is 
im portan t in  de term in ing  community 
o rg a n iz a t io n  in  the i n t e r t i d a l  zone 
(Williams 1949; Kapraun and Zechman 1982). 
However, no experimenta l evidence is  
a v a i la b le  to  e i th e r  support o r  re fu te  
these contentions.

4.3 O R G A N IZA TIO N  OF SU N LIT , SUBTIDAL
COMMUNITIES

In the shallow s u b t id a l zone, 
seaweeds tend to be the dominant members 
o f  the sessile community. In the one 
lo c a t io n  where succession has been 
studied, the algal community appeared to 
be the resu lt  o f a 3-year-successional 
process (Van Dolah et a l . 1984). Van 
Dolah and coworkers found tha t the mussel 
Brachidontes exustus dominated the 
subtidal zone in the f i r s t  year a f te r  
construction o f  the je t t ie s  at Murrells 
In le t .  Predation by the s ta r f is h  Asterias 
fo rb e s i i . and sheepshead appeared to  
re su lt  in the replacement o f mussels by 
hydroids, bryozoans, and tunicates a f te r  
the f i r s t  year. These groups in turn were 
replaced by red and green algae by the 
th i rd  year. This successional process was 
not e n t i re ly  predictable; i t  was observed 
only on the north je t t y .  EL exustus 
dominated the subtidal zone on the south 
j e t t y  f o r  the two years th a t  i t  was 
studied (Van Dolah et a l . 1984). However, 
B. exustus is  1argely absent from the 
subtidal zone o f je t t ie s  in North Carol ina 
(J. Sutherland and M. Hay; pers. obser.). 
I t  is  1ike ly  tha t mussels are 1imited to 
the in te r t id a l  zone by predation. The
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endpoint o f succession appears to  be the 
brown alga, Sargassum f i l ip e n d u la .

No experimental s tud ies  have 
unambiguously demonstrated the importance 
o f  the var ious  phys ica l fa c to rs  th a t  
a f fe c t  the o rg a n iza t io n  o f  s u n l i t ,  
subtidal communities in the South A t la n t ic  
Bight. However, the large annual changes 
in  water temperature tha t occur throughout 
th is  region c le a r ly  have major d ire c t  and 
in d i r e c t  e f fe c ts  on ben th ic  community 
struc ture . Changes in water temperature 
appear to be d i re c t ly  responsible fo r  the 
large-scale migration of most fishes from 
inshore waters in the w inter and fo r  th e i r  
return in  the spring. These migrations 
probably have a s u b s ta n t ia l  e f f e c t  on 
energy trans fe r from inshore to offshore 
habitats and on inshore and offshore prey 
p op u la t ions .  As o u t l in e d  in  p rev ious 
chapters, temperature changes also have 
major e ffec ts  on seaweed and invertebrate 
populations. Some o f these organisms must 
re invade rubb le  s t ru c tu re s  each year, 
while others have evolved mechanisms fo r  
"over-w intering" as resting stages.

Wave action also changes seasonally, 
and w in te r  storms, or la rge  waves 
generated in other seasons, can have a 
s u b s ta n t ia l  impact on su b t id a l 
communities. Evidence of th is  can be seen 
in the large mass o f  subtidal organisms 
occasionally deposited on beaches in the 
South A t la n t ic  Bight. Since much of the 
b ig h t  is  devoid o f  hard subs tra te  in  
shallow water, waves may have more impact 
on rubble structures than on natural hard 
subs tra te  h a b i ta ts ,  which are u s u a l ly  
deeper. Waves also increase sand scour 
and t u r b i d i t y .  Both o f  these fa c to rs  
should s i g n i f i c a n t l y  a f fe c t  ben th ic  
community structure by k i l l i n g ,  slowing 
growth, o r  decreasing rep roduc t ion  o f  
benthic f lo ra  and fauna. Sedimentation 
and scour might be p a r t ic u la r ly  damaging 
to newly se ttled  juven iles.

The e ffec ts  o f  competition on the 
o rg a n iz a t io n  o f  suni i t ,  s u b t id a l 
communities have ra re ly  been addressed in 
the South A t la n t i c  B igh t .  However, 
experiments have been conducted in hard 
substrate communities at a depth o f  20 m 
on the Conti nental S h e lf  o f f  North 
Carol ina (Peckol and Searles 1983). These 
experiments in d ic a te d  th a t  seasonal

pa t te rn s  o f  rec ru itm en t and p h y s ical 
disturbance interacted with competitors 
and consumers to a f fe c t the d is t r ib u t io n  
and abundance of both seaweed and benthic 
invertebrate populations. When s e t t l in g  
plates were in cages tha t excluded large 
consumers, competition fo r  space occurred. 
However, communi t y  development was
dependent upon season o f  submergence and 
upon the seasonal growth and recruitment 
charac te r is t ics  of the species involved. 
In t h i s deep and often poorly 1 i t  hab ita t, 
i t  appeared tha t barnacles would have been 
the competitive dominants had they not 
been se lec t ive ly  consumed.

Richardson (1978) conducted a s im ila r  
study at a depth o f  1.5 m below low t ide  
level on the je t t y  at Radio Island, NC. 
In his cages, mucous/sand-tube build ing 
polychaetes dominated, b iva lves  and
s e rp u l id  polychaetes increased, and
barnacles and lea fy  algae decreased in 
abundance compared to th e i r  abundance on 
plates in open-sided control cages. Some 
o f  these changes were in terpreted as being 
a consequence o f competition on the caged 
pi a te s . However, unoccupied space 
remained at about 50% on plates in  the 
closed cages and i t  is  dou b tfu l th a t  
com pe tit ion  caused the reduc t ion  in 
barnacles and leafy algae. Both amphipods 
and polychaetes along the North Carol ina 
coast have recently been demonstrated to 
be capable o f  consumi ng s ig n i f i c a n t  
quantit ies  o f  la rger organisms (Hay et a l . 
1987, 1988). A build-up o f  these organisms 
in  the cages o f  both o f  the above 
mentioned studies could have s ig n i f ic a n t ly  
affected th e i r  resu lts  (Brawley and Adey 
1981a, b ) . Si nee amphipods and 
polychaetes are common prey o f many fishes 
(Table 2), th e i r  increased abundance in 
f is h  exclosures seems 1ike ly .

Both f ie ld  and microcosm experiments 
using seaweeds from j e t t i e s  in  North 
Carol i na demonstrate th a t  seaweeds in  
close association with 1 arger, overstory 
algae 1 ike Sargassum, experience decreased 
growth rates due to competition (Hay 1986; 
P f is te r  1987). The consequences o f  th is  
fo r  commun i ty  organization have not been 
adequately evaluated. Given the large 
ro le  o f  competition fo r  space, 1ig h t,  and 
n u t r ie n ts  in  o the r seaweed- domi nated 
communities (Pearse and Hines 1979; Dayton 
1975; Kastendiek 1982; Reed and Foster
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1984; S an te lices  and Ojeda 1984), the 
importance o f competition in s truc tur ing  
s u n l i t ,  benthic communities in the South 
A t la n t ic  Bight deserves more a tten tion .

Competition among fishes in the South 
A t la n t ic  Bight has not been studied, but 
given the high degree of d ie t  overlap 
among many fishes on je t t ie s  (Table 2) and 
the high d e n s i t ie s  o f  these f is h e s ,  
competition seems l i k e ly .  I f  in t r a ­
spec if ic  competition fo r  food occurs, then 
the growth of immature fishes should be 
density dependent. This pattern has been 
documented on several occasions and is  
widespread in marine fishes (Anthony 1971; 
Cushing and Horwood 1977; Leggett 1977; 
Rauck and Z i j l s t r a  1978; Jones 1984a, b ) . 
However, the importance of in te rsp e c if ic  
competition in juven ile  stages of temperate 
reef fishes has not been investigated.

For the many ju v e n i le s  th a t  use 
rubb le  s t ru c tu re s  and e s tu a r ie s  as 
n u rse r ie s ,  com pe tit ion  from abundant 
omnivorous f is h e s ,  l i k e  p in f is h  and 
spo tta i l  p in f ish ,  could be p a r t ic u la r ly  
acute. In shallow habitats along portions 
o f the b ight, p in f ish  and spo tta il p in f ish  
may comprise more than 50% of the to ta l 
f is h  standing stock during the summer and 
f a l l .  This is also the time when feeding 
by fishes has reduced the abundance of 
epifauna! prey to  yearly  lows (Thayer et 
a l.  1975; Adams 1976a; Nelson 1979, 1980a, 
b; Darcy 1985a, b ) . Because the d ie ts  of 
these sparid fishes overlap subs tan t ia l ly  
with the d iets o f ju ven ile  gag, spot, 
black sea bass, and others (Adams 1976a; 
Link 1980), com pe tit ion  between these 
species and sparids could be p a r t i c u la r l y  
important.

One advantage tha t sparids may have 
is  the a b i l i t y  to feed on plant material 
when crustacean popu la tions  have been 
depleted. This may allow them to maintain 
high densit ies that prevent the recovery 
o f crustaceans and therefore make the area 
o f marginal value f o r  o the r  ju v e n i le  
f ishes. Jones (1984a, b) provides several 
l ines  of evidence suggesting that juven ile  
temperate fishes might be l im ite d  by the 
abundance o f epifaunal prey.

Temperate in v e s t ig a t io n s  o f  how 
herb ivorous in v e r te b ra te s  a f fe c t  a lga l

di s t r i  b u t i  on and the o rg a n iz a t io n  o f  
benthic communities in general, have been 
remarkably f r u i t f u l . They have provided 
both ideas and a data base fo r  many of the 
generalizations in the current ecological 
l i te ra tu re  (Dayton 1971, 1975; Menge and 
Sutherland 1976; Lubeheneo 1978; Sousa 
1979; Paine 1980; Lubchenco and Gaines 
1981; Gaines and Lubchenco 1982). The 
e ffec ts  o f grazing invertebrates on the 
o rg a n iza t io n  o f  s u n l i t ,  su b t id a l 
communities in the South A t la n t ic  Bight, 
however, are la rge ly  uninvestigated. Both 
Richardson (1978) and Peckol and Sear!es 
(1983) demonstrated th a t  exc lus ion  o f  
large consumers could s ig n i f ic a n t ly  a f fec t 
benthic prey populations. However, th e ir  
experiments did not separate the e ffec ts  
o f  the i nve r te  b ra t e s ( u rc h in s , la rge  
crabs, e tc .)  from those of the fishes, so 
the e ffec ts  o f  invertebrates alone are 
unknown.

The most obvious in v e r te b ra te  
herbivores on je t t ie s  in the bight are sea 
urchins. No f ie ld  experiments have been 
conducted to  assess t h e i r  e f fe c ts  on 
community structure. Hay et a l .  (1986) 
present some data on the je t t y  seaweeds 
tha t are preferred and avoided by the 
common sea urchin Arbacia punctulata, and 
on i t s  chem oattrac t ion  toward these 
seaweeds. Some low preference seaweeds 
l i k e  the brown alga Dictyota dichotoma 
are chemically defended against Arbacia 
(Hay et a l .  1987). P f is te r  (1987) has 
also demonstrated tha t palatable seaweeds 
gain some protection from grazing Arbacia 
by being c lo s e ly  assoc ia ted w ith  
unpalatable seaweeds l ik e  the brown alga 
Sargassum f i l  i pendula. The consequences 
o f  these types o f  in te ra c t io n s  are 
discussed at greater length in the section 
on complex in te ra c t io n s .  Given the 
s ig n if ic a n t  e ffec ts  that sea urchins have 
been shown to have in other benthic marine 
communities (Lawrence and Sammarco 1982), 
i t  is  probable tha t sea urchins, when 
abundant, s i g n i f i c a n t l y  a f fe c t  the 
o rg a n iza t io n  o f  communities on rubb le  
structures in the bight.

Other common herb ivorous i nve r te -  
brates include amphipods, isopods, crabs, 
gastropods, and polychaetes. These can be 
im portan t he rb ivo res  in  some h a b ita ts  
(Steneck and Watling 1982; Hawkins and 
Hartnoll 1983) but 1i t t l e  is known of
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Nelson 1979, 1980a, 
b; Brawley and Adey 
They appear to have

th e i r  e ffec ts  on subtidal seaweeds in the 
South A t la n t ic  Bight. Studies of some of 
these smaller herbivores show tha t they 
are ra re ly  resource 1imited (Zimmerman et 
a l. 1979; Stoner 1980c) but are often 
s t ro n g ly  a f fe c te d  by th e i  r  preda tors  
(Young et a l.  1976; Young and Young 1978;

b, 1981; Stoner 1980a, 
1981a, b; Edgar 1983). 
only 1 i mi ted impact on 

most seaweeds (Carpenter 1986) because 
th e ir  predators usually keep them well 
below carrying capacity. However, th e ir  
potentia l impact is great. Brawley and 
Adey (1981a) demonstrated tha t amphipods 
could have a large e ffe c t on recently 
es tab l ished  a lga l communities, and P. 
Dayton and M. Tegner (Scripps In s t i tu t io n  
o f Oceanography; pers. comm.) have 
re c e n t ly  observed g ia n t  kelp p lan ts  
(Macrocvsti s i on the west coast being 
com ple te ly  consumed by amphipods when 
amphipod-consuming f ish e s  were m issing 
from nearshore communities because o f  
events related to the El Niño phenomenon.

Amphipods and polychaetes can also 
s ig n i f i c a n t l y  damage seaweeds th a t  are 
very res is tan t to f is h  grazing. Hay and 
coworkers (Hay et a l .  1987, 1988; Paul et 
a l .  1987) have re c e n t ly  shown th a t  
seaweeds avoided by omnivorous fishes are 
often se lec t ive ly  consumed by amphipods 
and polychaetes (Figure 27) and tha t the 
seaweed secondary m e tabo l i tes  th a t  
e f fe c t iv e ly  deter feeding by fishes often 
do not a f fe c t ,  or may even stimulate, 
feeding by amphipods and po lychaetes. 
They suggest the fo llow ing reasons fo r  the 
evolution o f th is  pattern. Because small, 
re la t iv e ly  sedentary herbivores l i k e  tube- 
build ing amphipods and polychaetes l iv e  on 
the pi ants they consume, they should view 
pi ants as both foods and 1 i ving s i te s . 
Since large, mobile herbivores l ik e  fishes 
commonly move among, and feed on, many 
plants, they should view pi ants p r im ar i ly  
as foods and ra re ly  as potentia l l i v in g  
s ites .  In the South A t la n t ic  Bight, where 
f is h e s  th a t  consume pi ants are a lso 
im portant p redators  on amphi pods and 
polychaetes (Table 2), seaweeds avoided by 
fishes should represent safer 1iv ing  s ites 
fo r  smal 1 g ra z e rs . Thus, sm a ll,  
r e l a t i v e l y  sedentary herbi vores should 
evolve a preference fo r  seaweeds tha t are 
well defended against fishes because i f  
they are l iv in g  on unpalatable seaweeds
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Figure 27. Feeding preferences of two omnivorous 
fishes and two invertebrate grazers common in the 
South Atlantic Bight. Lines through the top of each 
histogram represent ±1 standard error (data from Hay 
et al. 1987,1988; M. Hay unpubl.).

they should experience less predation than 
i f  they are 1iv ing on seaweeds preferred 
by f i shes. There are now several 
documented cases o f South A t la n t ic  Bight 
or Caribbean amphipods and polychaetes
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being r e s is ta n t  to  seaweed chemical 
defenses tha t deter co-occurring fishes. 
However, the re  are s t i l l  no data to  
suggest tha t these small grazers sequester 
the algal metabolites and thereby d i re c t ly  
reduce t h e i r  a c c e p ta b i l i t y  as prey to  
local fishes (Hay et a l.  1987). The 
e f fe c ts  o f  small g razers on a lga l 
community s t ru c tu re  c le a r l y  warrants  
increased a tten tion .

Given the la rg e  impact th a t  
herbivorous invertebrates have been shown 
to have on temperate algal communities, i t  
is surpris ing tha t more a ttention has not 
been focused on the e ffec ts  o f  temperate 
herb ivorous f is h e s .  These f is h e s  are 
abundant in  the South A t la n t i c  B ight 
(F igu re  26), are very m obile , search 
v is u a l ly ,  and have high metabolic rates 
r e la t i v e  to  c o -o ccu rr in g  in v e r te b ra te  
he rb ivo res .  I t  would be s u rp r is in g  
therefore i f  they did not have a large 
impact on the organization of subtidal 
community s t ru c tu re .  Choat (1982) 
recently reviewed feeding by fishes in 
temperate waters and i t s  e f fe c ts  on 
benthic community structure. He compiled 
an impressive l i s t  o f studies that suggest 
that temperate herbivorous fishes have the 
p o te n t ia l  to  a f fe c t  ben th ic  community 
structure . However, he concluded tha t no 
studies had c le a r ly  demonstrated extensive 
modification of temperate, hard-substrate 
b iota by grazing fishes.

The fo llow ing fam ilies  o f herbivorous 
fishes occur in the South A t la n t ic  Bight: 
Sparidae, Bleniidae, Kyphosidae, Mono- 
canthidae, Mugilidae, and Pomacentridae. 
Of these, the Sparidae (p in f ish ,  spo tta il 
p in f ish , and sheepshead) probably have the 
greatest impact on the community organ­
iza tion of rubble structures because they 
are often the most abundant fishes in 
shallow waters (Adams 1976b; Darcy 1985a, 
b; Hay 1986). They also consume large 
quantit ies  o f benthic macrophytes (Carr and 
Adams 1973; Adams 1976a; Ogburn 1984; Darcy 
1985a, b; Lindquist et a l. 1985). As an 
example, Table 4 shows the stomach contents 
o f 21 s po tta i l  p in f ish  collected from the 
je t t y  at Radio Island, NC during la te  
summer. Approximately 98% o f the dry mass 
o f stomach contents was pi ant m a te r ia l. 
Carr and Adams (1973) reported s im ila r  data 
fo r  several size cl asses o f spo tta il 
p in f ish  ranging from 26 to 167 mm; 50% to

90% of the vo lume of th e ir  stomach contents 
was algae. When offered a var ie ty  of 
common macrophytes in the 1 ab, both p in fish  
and spo tta il p in f ish  showed a strong 
preference fo r  some species and consumed 
very l i t t l e  of others (Hay et a l .  1987, 
1988; and Figure 27). During mid- to la te -  
summer, high preference species such as 
Hypnea and Calonitophyllum show dramatic 
declines in abundance as f is h  numbers and 
sizes increase. Low preference species such 
as Sargassum, Padina, and Dictyota increase 
or show no change in abundance at th is  time 
(M. Hay; pers. obser.).

To assess the potentia l e ffec ts  of 
temperate herb ivorous f is h e s  on the 
o rg a n iza t io n  o f  su b t id a l j e t t y  
communities, Hay (1986 and work in  
progress) cons truc ted  e ig h t  5,000-L 
outdoor microcosms tha t were designed to 
mimic the nearby je t t y  at Radio Island, 
NC. Each microcosm was divided by 1.5 cm 
p la s t ic  mesh in to  two equal sized parts of 
1 m each. The mean wet mass/m of a l l  
common algae from the je t t y  was attached 
to the bottom and sides of each p a r t i t io n ,  
and the mean f ie ld  density o f  each common 
herbivorous or omnivorous f is h  was placed 
in one p o r t io n  o f  each microcosm. 
Spotta il p in f ish  were stocked at a density 
o f 8/m2; p in f ish  and planehead f i l e f i s h ,  
Monocanthus h is p id u s , were stocked at 
1/m . Five new cinder blocks were added 
to each side o f each microcosm and were 
monitored at 2- to 4-week in te rva ls  fo r  
presence and percent cover of a l l  animal 
and plant species. The same cinder blocks 
were monitored without replacement fo r  the 
en t ire  4 month study . A l l  microcosms 
were located immediately adjacent to Bogue 
Sound and received continuous inputs of 
u n f i l t e r e d  sound water through an 
apparatus which also generated waves. The 
water in the microcosms turned over every 
45-90 minutes.

Between the i n i t i a t i o n  o f  the 
experiment in early  August and termination 
in la te  November, f is h e s :  (1)
s ig n i f ic a n t ly  reduced the abundance and 
ra te  o f  es tab lishm ent o f  Ul y a , 
Enteromorpha, smal 1 filamentous algae, and 
a l l  o f the common red seaweeds (Hypnea. 
Spyrid ia . Chondria, Champia. Polysiphonia, 
G rac i1a r i a . and N eoaqa rdh ie l la ) ,  (2) 
s ig n i f ic a n t ly  increased the abundance of
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Table 4. Gut contents of 21 spottail pinfish collected from the jetty at Radio Island, NC, on 1 September
1984. Prey abundance rankings are for the jetty and are subjective. Rare = very difficult or impossible 
to find. Common = small or isolated individuals can be collected but a kilogram of the material would be 
difficult or impossible to collect in an hour. Abundant = a kilogram could be collected easily in only a 
few minutes.

Mean dry mass Frequency of 
Species + SE (mg) occurrence Abundance of prey

Small filamentous red algae 50,.9 ±
Hypnea musciformis 2,.7 +
G rac ila r ia  tikvahiae 0,,4 +
Enteromorpha sp. 1..2 +
Ulva sp. 0., b ±
Cladophora sp. 0.,2 ±
Rhodymenia pseudopalmata 0,,1 ±
Polysiphonia sp. 0,,1 ±
Bryopsis sp. 0.,1 ±
G rac ila r ia  verrucosa 0.,2 ±
Gelidium americanum 0..2 +
Calonitophyllum medium 0.,2 +
Dictyota dichotoma 0.,2 +
Sargassum f i l ip e n d u la 0. 2 ±
Padina gymnospora 0.,2 ±
Amphipods 0.,1 ±
Copepods 0.,1 ±
Other crustaceans 0..6 ±
Polychaetes 0.,1 ±
Snail s 0. 2 ±
Barnacles 0.,1 ±
Bryozoans 0.,1 ±
Hydrozoans 0. 2 ±

11.0 1.00 rare
1.1 0.71 rare to common
0.2 0.38 rare to common
0.6 0.76 rare
0.2 0.52 rare
0.06 0.43 rare
0.04 0.24 rare to  common
0.04 0.19 rare
0.05 0.14 rare
0.02 0.05 rare
0.02 0.05 common
0.02 0.05 rare
0.02 0.05 abundant
0.02 0.05 abundant
0.02 0.05 abundant
0.05 0.24 rare
0.05 0.14 ?
0.06 0.05 ?
0.05 0.14 rare
0.02 0.05 common
0.02 0.05 common
0.04 0.19 rare
0.02 0.05 rare

unpa la tab le  brown seaweeds such as 
Sargassum. Padina, and Rosenvingea. (3) 
s ig n i f ic a n t ly  decreased the abundance of 
oysters, ascidians, mussels, arborescent 
bryozoans, small crustaceans, and worms 
th a t  l i v e d  in  s o f t  tubes, (4) e i th e r  
increased or did not a f fe c t  the abundance 
of barnacles and worms tha t constructed 
hard tubes, and (5) i n i t i a l l y  decreased 
the establishment o f scallops but la te r  
in d ire c t ly  increased scallop survivorship 
by preying on crabs. These data strongly 
suggest th a t  temperate f is h e s  can 
s ig n i f ic a n t ly  increase the abundance o f 
r e la t i v e l y  unpa la tab le  1 arge brown 
seaweeds and decrease the abundance of 
competing red and green seaweeds. Thus, 
previous suggestions th a t  herb ivorous 
fishes are absent from temperate habitats 
because these habitats are dominated by

re la t iv e ly  unpalatable browns (Bakus 1969; 
Montgomery and Gerking 1980) may need to 
be modified i f  i t  is found that herbivory 
by temperate fishes is  an important fac to r 
in producing and maintaining the dominance 
of these browns.

Because microcosms are not perfect 
mimics o f the natural system, resu lts  from 
f ie ld  experiments, when they are conducted, 
could d i f f e r  from Hay's resu lts  i f  
predators or a lterna te  food sources change 
the foraging behavior o f these herbivorous 
fishes. However, a l l  available data on the 
natural h is to ry ,  feeding preferences, and 
feeding behavior o f these fishes under 
laboratory, microcosm, and f ie ld  conditions 
suggest that herbivorous and omnivorous 
fishes o f the South A t la n t ic  Bight have a 
large e f fe c t  on the organization of
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shallow-water hard-substrate communities 
(Ogburn 1984; Darcy 1985a, b; Hay 1985; Hay 
et a l.  1987, 1988).

4.4 O RGANIZATIO N OF SHADED, SUBTIDAL  
COMMUNITIES

Organisms growing on shaded hard 
substrates have long been regarded as a 
source o f trouble since they also grow on 
the bottom o f  boats and must be 
p e r io d ica l ly  scraped o f f .  As a resu lt  
th is  assemblage is  often referred to as 
the fo u l in g  community. Low l i g h t  
a v a i la b i l i t y  generally l im i ts  the growth 
o f  macroalgae on these subs tra tes , 
allowing sessile animals to dominate.

The s ta r t in g  point o f community 
development on unoccupied substrate is  the 
recruitment o f  larvae to  that substrate. 
This process is extremely unpredictable; 
d i f fe re n t  patterns of i n i t i a l  development 
are possible from month to month and from 
year to  year (Mook 1975, 1980; Sutherland 
and Karlson 1977). Instead o f  preparing 
the way fo r  subsequent a r r i v a l s ,  most 
re s id e n t  adu lts  s t ro n g ly  i n h i b i t  the 
recruitment and growth of other species 
(Sutherland 1974, 1977, 1978, 1981;
Sutherland and Karlson 1977). This 
pattern of development appears to conform 
to what Connell and Slayter (1977) have 
termed the in h ib i t io n  model o f succession. 
Species vary in th e ir  a b i l i t y  to re s is t  
subsequent invasion and larvae vary in 
th e i r  a b i l i t y  to invade assemblages o f 
a d u lt  organisms. As a r e s u l t ,  the 
d i r e c t io n  and ra te  o f  community 
development are dependent on the order of 
invasion and are d i f f i c u l t  to pred ic t.

The endpoint o f  community development 
depends on location and, at times, on the 
perspective o f the observer. Sutherland 
and Karlson (1977) have argued that near 
Beaufort, NC, community composition never 
stops changing and th a t  no c lim ax 
community is  present. As pointed out in 
prev ious se c t io n s ,  the w in te r  species 
assemblage is  extremely variab le from year 
to  year. However, Sutherland (1981) has 
also argued th a t  one endpoint is  a 
community dominated by the sol i ta ry  
tun icate Stvela p i ic a ta . This species 
predictably dominates summer assemblages,

in h ib i ts  recruitment by other species when 
present, and reinvades in spring a f te r
sloughing o f f  the previous fa i 1. This is 
analogous to  the mussel communities 
studied by Paine (1956, 1974) and Menge 
(1976), where patches o f  mussels are
removed by a va r ie ty  o f disturbances, but 
eventually reinvade. Thus, whether or not 
a "climax" is present depends on which 
period is chosen as a reference point and 
the length o f the observation period.

Other shallow water fo u l in g  
communities near Beaufort in North 
C aro lina  " te rm in a te "  at d i f f e r e n t  
endpoints. In th e ir  studies, Sutherland 
and Karlson worked p r im ar ily  at the dock 
of the Duke University Marine Laboratory 
and the nearby p i l in g s  of the ra il road
bridge across the Beaufort channel . 
P il ings near the A t la n t ic  Beach bridge in 
Bogue Sound are dominated by the colonial 
tu n ic a te  Ap lid ium  c o n s te l1atum. which 
apparently can maintain th is  competitive
dominance fo r  long periods o f  time. Wells 
et a l .  (1964) found the fou ling  community 
at Cape Hatteras to be dominated by the 
colonial tunicate Botry llus schlosseri and 
various species o f sponges.

Near Cape Canaveral in  F lo r id a ,  
community development in  sha llow  water 
ended in assemblages dominated by the 
tubiculous amphipod Corophium lacustra and 
several species of Bai anus, in sp ite  of 
differences in i n i t i a l  development (Mook 
1981). The F lo r id a  assemblage was 
pers is ten t,  showing few annual changes in 
species composition.

On p i l ings  in deeper waters (>2m) 
near Beaufort, NC, the fou ling  community 
is dominated by long-lived forms such as 
the hydro id  Hvdracti ni a echi n a ta , the 
sponge Xestospongia halichondroides and 
the anemone Diadumene leucolena (Karlson 
1978). These species are res is tan t to 
g raz ing  by the sea u rch in  Arbaci a 
p u n c tu la ta , which removes o the r less 
res is tan t forms. Grazer res is tan t forms 
tend to re c ru i t  at very low in te n s it ie s ,  
but gradually come to dominate through 
vegetative growth (or binary f is s io n  in  
anemones). In the presence o f  A. 
purictul a ta , these grazer re s i  s tan t  
endpoints would presumably be observed 
regard less  o f d i f fe re n c e s  in  i n i t i a l  
development. Indeed, Karl son (1978)
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documented enhanced re c ru itm e n t and 
vegetative growth o f FL echinata in the 
presence of /L punctulata.

A no r th -sou th  g ra d ie n t  in  the 
in ten s ity  o f f is h  predation on fou ling  
organisms may be present. Near Beaufort, 
f is h  are on ly  o c c a s io n a l ly  im portan t 
predators and have l i t t l e  to do w ith the 
eventual endpoint o f community development 
(Sutherland 1974). Fish can remove small 
in d iv id u a ls  o f  the tu n ic a te  Stye!a 
p i i c a t a , when they s e t t l e  on open 
substrate. However, juven iles o f th is  
tunicate commonly f ind  refuges at the base 
o f  e rec t co lon ies  o f  hydro ids  and 
bryozoans, and adults predictably dominate 
summer assemblages. Near Cape Canaveral, 
S. p i ica ta  is predictably removed from 
shallow water assemblages by sheepshead. 
This tu n ic a te  dominates on ly  when 
substra tes  are e x p e r im e n ta l ly  is o la te d  
from f is h  predators (Mook 1981).

4.5 COMPLEX INTERACTIONS

Experimental marine ecologists have 
been im p ress ive ly  successfu l in  
documenting how competition, predation, 
and physical disturbances a ffe c t community 
structure (Paine 1966; Dayton 1971, 1975; 
Sutherland 1974; Connell 1975, 1978;
Lubchenco 1978; Sousa 1979; Ayling 1981; 
Hay 1981b; Hixon and B ro s to f f  1983; 
Dethier 1984). The best o f these studies 
have also investigated the in teractions 
among the various fac to rs .  However, 
the obvious success achieved by studies 
focus ing p r im a r i l y  on c o m pe t it io n ,  
predation, or physical disturbances may 
have caused ecologists to overlook the 
importance o f  more complex, and o ften  
in d i r e c t ,  in te ra c t io n s .  These
in te ra c t io n s  can be counter i n t u i t i v e  
( i . e .  one com petito r is  dependent on 
another), and thus are easy to  overlook. 
However, in some cases they may have a 
major impact on how communities function 
(Dethier and Duggins 1984; Hay 1986). Two 
examples o f complex in te ractions tha t do, 
or may, occur on je t t ie s  in the South 
A t la n t ic  Bight are described here.

On je t t ie s  in  the b ight, palatable 
seaweeds can gain s ig n if ic a n t  protection 
from herbi vorous f i shes by associ a t ing  
with abundant competitors tha t are less

pai atable to these fishes. In fa c t ,  when 
herbivorous fishes are present, palatable 
seaweeds are com plete ly dependent upon 
th e i r  unpalatable competitors to provide 
m ic ro s ite s  o f  reduced he rb ivo ry  th a t  
prevent fishes from causing th e i r  local 
e x t i  n c t i  on . When f i shes are exc luded , 
however, the growth ra te  o f p a ia ta b le 
species can be severely decreased (by more 
than 80%) by th e i r  assoc ia t ion  w i th  
unpalatable ones (Hay 1986). For these 
palatable seaweeds, the costs o f  being 
associated with an unpalatable competitor 
are much less than the costs o f increased 
consumption in  the absence o f  th a t  
competitor. For the North Carol ina je t t y  
community where t h i s i n te ra c t io n  was 
studied, i t  appeared tha t removing the 
dominant (unpalatable) seaweed competitor 
from the system would cause a decrease, 
instead o f  an increase, in the abundance 
o f co-occurring (pai atable) competitors 
(Hay 1986). More recent investigations 
( P f i s te r  1987) have shown th a t  these 
unexpected in teractions between competing 
seaweeds have simi 1ar e f fe c ts  on both 
foraging fishes and sea urchins.

AÍ though there  are no r ig o ro u s  
studies o f the recruitment of ju ven i le  
f ishes to  je t t ie s  or reefs in the South 
A t la n t ic  Bight, a New Zealand study (Jones 
1984a, b) may be in s t r u c t iv e  fo r  i t s  
information on the ecology o f a temperate 
ree f f is h  and fo r  i t s  i l lu s t r a t io n  o f 
complex ecological in te rac t ions. Jones' 
s tudy, as w e ll as extens ive  work on 
t rop ica l reefs, suggests tha t the spatia l 
and temporal changes in d is t r ib u t io n  and 
abundance of many species resu lt  p r im a r i ly  
from pa tte rns  o f  ju v e n i1 e re c ru itm e n t 
(Sale 1980; Williams 1980; Williams and 
Sale 1981 ; Doherty 1982, 1983a, b ) . Jones 
(1984a, b) showed expe r im e n ta l ly  th a t  
seaweed abundance was c r i t i c a l l y  important 
in  the rec ru itm en t o f  ju v e n i le  f i s h  
because i t  provided both cover and food in 
the form of epifaunal crustaceans. When 
re c ru i  tment was monitored over a wide 
range o f  r e e f  h a b i ta ts ,  ju v e n i le  
recruitment at a s i te  was shown to be 
s ig n i f i c a n t l y  c o r re ia te d  w ith  a lga l 
abundance. A dd it iona lly ,  when seaweeds 
were removed from some re e f  areas, 
recruitment on those areas decreased by 
87% compared w ith nearby contro ls . When 
al gal abundance was e xp e r im e n ta l ly  
increased by removing herb ivorous sea
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urchins, recruitment o f  juven ile  fishes 
increased approximately s ix fo ld .

The p o te n t ia l  in te ra c t io n s  between 
herb ivorous sea u rc h in s ,  seaweeds, and 
juven ile  reef fishes may be o f  p a r t ic u la r  
in te res t  in heavily fished areas o f  the 
South A t la n t ic  Bight since i t  appears that 
urchins occur in unusually high abundance 
p r im ar i ly  in areas that have been heavily 
f ish e d  by people (Estes and Palmisano 
1974; Estes et a l .  1978; Simenstad et a l. 
1978; Hay 1984b). On some reefs in  the 
b igh t,  urchins may occur at densit ies of 
>30/m. On je t t ie s  near Beaufort, NC, 
urchin density ranges from <1 to 10/m . 
Predatory fishes on temperate and trop ica l 
reefs have been shown to a f fe c t  sea urchin

di s t r i  b u t i  on, s ize  frequency, and 
abundance (Tegner and Dayton 1977, 1981 ; 
Bernstein et a l.  1981 ; Cowen 1983; Hoffman 
and Robertson 1983), as well as behavioral 
patterns, foraging range, and d ie t  breadth 
(Nelson and Vance 1979; Vance and Schmitt 
1979; Carpenter 1984). Studies from both 
the east and west coasts of North America, 
as well as the Caribbean, have strongly 
suggested that human removal o f urchin 
predators in d ire c t ly  resu lts  in unusually 
high urchin densities and thus the loss o f 
a lga l cover upon which many o the r
organisms may depend (Estes and Palmisano
1974; Breen and Mann 1976; Estes et a l .
1978; Simenstad et a l .  1978; Hay 1984b).
This could resu lt  in longterm suppression 
of some ree f fishes.
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CHAPTER 5. MANAGEMENT CONSIDERATIONS

Rubble structures are constructed as 
part of a management strategy to  slow 
coastal erosion and/or in le t  migration. 
They are designed to  so lve a lo ca l 
problem, but they almost always have 
broader impacts on the coasta l 
environment. These impacts are the major 
focus of th is  chapter. In the A t la n t ic  
B ig h t ,  rubb le  s t ru c tu re s  represent a 
unique h a b i ta t  in  o therw ise d i s t i n c t l y  
d i f fe re n t  surroundings. They can a t t ra c t  
large numbers of fishes, but on a regional 
scale, rubble structures have very l i t t l e  
impact on f ish  and w i ld l i f e  population 
s izes or d i s t r ib u t i o n s .  There are, 
however, some very loca lized benefits o f 
je t t ie s  to  people who f is h  and to  other 
re c re a t io n a l  e n th u s ia s ts .  These are 
discussed at the end o f the chapter.

5.1 SHORELINE EVOLUTION

In the South A t la n t i c  B igh t most 
rubble structures are in s ta l le d  on b a rr ie r

islands. To understand the e ffec ts  tha t 
je t t ie s  and groins have on these islands 
i t  is  necessary to  understand the 
dynamics o f the in te rac t ion  between the 
land and the sea.

The fact o f overrid ing importance is 
tha t the level o f  the sea is  r is in g .  Some 
15,000-18,000 years ago (at the end o f the 
la s t  ice age) sea level was as much as 100 
m lower than at present because of the 
amount o f  water t ied  up in g lac ia l icecaps 
(Figure 28). As the g lac ie rs  melted, sea 
level rose quite rap id ly  u n t i l  about 5,000 
years ago. Since then, although the rate 
o f r ise  has slowed, i t  continues at about
0.3 m a century (Pi 1 key et a l .  1980). 
Experts expect t h is  ra te  o f  r is e  may 
a c c e le ra te .  The Nationa l Academy o f  
Science has warned that the burning o f 
fo s s i l  fue ls and other a c t iv i t ie s  have 
resulted in the presence o f  extra carbon 
dioxide and other "greenhouse gases" in 
the atmosphere. The resu lt ing  "greenhouse 
e f fe c t"  causes the atmosphere to re ta in

Present Sea Level

years 

9000 years ago
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Figure 28. The sea-level rise during the past 17,000 years (fro m  Pilkey et al. 1984).
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heat, which increases the melting o f the 
polar ice caps and ra i ses sea leve l.

As sea 1 evei r is e s ,  the b a r r i  er 
is land-sound system mi gra tes  up the 
Continental Shelf. This process has been 
operating fo r  the la s t  several thousand 
years and continues today. The f ro n t  side 
o f  an i si and is  moved backwards by 
erosion. The back side o f the island 
grows by two processes (Neal et a l.  1984). 
Storm driven waves can carry sand from the 
beach across the island to the back side 
in a process known as overwash (Godfrey 
and Godfrey 1977; Knutson and F inkelste in 
1987). In essence, islands migrate by 
r o l l  ing over on themselves 1 ike a tank 
t r e a d . Secondly, storms o f ten  form 
in le ts ,  new passageways between the sound 
and the ocean. Tidal currents often carry 
large quantit ies  o f sand through these 
in le ts  in to  the sound, forming a t id a l  
d e l ta  much th ic k e r  than the o r i g i nal 
is land. Longshore currents cause these 
in le ts  to migrate, and as they do the 
island is thickened over the distance of 
the migration. This process continues as 
long as the in le t  is  open. Overwash areas 
and t id a l  deltas become s ta b i l ized with 
vegetation and a new sound-side border to 
the island is  formed.

The d i stance a b a r r ie r  i si and 
migrates with a given r is e  in sea level is  
a function o f  the slope o f  the Continental 
Shelf. In much of the South A t la n t ic  
Bight the slope is  so gradual tha t a 0.3 m 
r ise  in sea level produces a 1andward 
m ig ra t ion  o f  the b a r r i  er i s i and-sound 
system of from 30 to 300 m ( P i l key et a l . 
1975, 1980). This means tha t current
rates o f sea level r ise  trans la te  in to  a 
landward migration of 0.3 to  30 m per 
y e a r . Thi s m ig ra t io n  is  what beach 
engineers cal 1 erosion.

The size and shape o f  b a rr ie r  islands 
depend on the re la t iv e  magnitude o f t id a l  
and wave energies (Nummedal e t a l. 1977). 
The d i fference in the forms of a t id e -  
dominated and a wave-dominated coastline 
re f le c ts  the a b i l i t y  o f the t id a l  currents 
to  t ra n s p o r t  sediments through i n l e t s , 
versus the a b i1 i ty  o f  wave-generated 
longshore currents to transport sediments 
along the coast. Along wave-dominated 
c o a s ts , the 1ongshore cu rre n ts  produce 
long, continuous b a r r ie r  is land s  w ith

smal l  e b b - t id a l  del tas (sand bod i es 
seaward o f in le ts )  because waves rap id ly  
disperse the sediments. Sediments carried 
landward in to in le ts  by t id a l  currents 
accumulate in 1 arge back-barrier f lood- 
t i d a l  del tas because these areas are 
sheltered from wave d ispe rsa l. With an 
increase in t i  dal range along t id e -  
dominated c o a s ts , the t i d a l  cu r re n ts  
through the in le ts  increase in strength. 
Consequently, they can support la rger ebb- 
t i d a l  del tas aga ins t the d e s t ru c t iv e  
influence of the waves.

In the South A t la n t ic  Bight, ba rr ie r  
islands along the North Carol ina coast 
t y p i fy  the wave-dominated coastline. The 
mean t ide  range is  only 0.9-1.2 m (Figure 
4 ) .  The is lands  are long, g e n e ra l ly  
narrow, and cut by widely separated t id a l  
in le t s  w ith  1 arge f l  o o d - t i  dal del t a s . 
They are low in elevation and frequently 
overwashed (Neal et a l . 1984). Islands 
along the southern South Caro l ina  and 
Georgi a coasts ty p i  fy  a t ide -dom ina ted  
coastline. Here the t id a l  range is  1.5-
2.2 m (F igu re  4 ) . The i siands are 
r e l a t i  ve ly  sho rt  and stubby and are 
separated by stable t id a l  in le ts .  Large 
ebb-tidal deltas are associated with a l l  
in le ts .  The islands usually have a we ll-  
developed row o f sand dunes para l le l to 
the beach that is s u f f ic ie n t  to block 
overwash (Neal et a l . 1984).

In the South A t la n t ic  Bight, ocean 
waves generally h i t  the coast at an angle 
which produces 1ongshore cu rre n ts  from 
north to south. This is the d irec t ion  in 
which sand and in le ts  migrate, especia lly 
along wave-dominated coastlines. However, 
these waves can be refracted by large ebb- 
t id a l  deltas, producing south to  north 
currents ju s t  south o f  the in le t .  Ebb- 
t id a l  deltas may also produce a wave dead 
zone ju s t  south o f the in le t .  I siands in 
South Carol ina and Georgi a th a t  are 
s u f f ic ie n t ly  long have the shape of a 
drumstick as sand is  lo s t  (to the ebb- 
t id a l  de lta  o f the next in le t )  at the 
south end and sand accumulates at the 
north. In contrast, islands in North 
Carol ina are o f s im iia r  width throughout.

For a geologist, beaches extend from 
the base of the f i r s t  row o f dunes to a 
depth o f  10-15 m o f fs h o re . What we 
usually walk on is  only the upper beach.
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Beaches are extremely dynamic systems. We 
have al ready seen how they respond to 
rises in sea level and how th e ir  size and 
form is  determined by the r e la t i v e  
importance o f wave and t id a l  energy. They 
also respond predictably to the increase 
in wave energy produced by storms (Figure
29). During a storm, waves take sand from 
the upper beach or the f i r s t  dune and 
transport i t  to  the lower beach. The 
beach becomes more f la ttened  and storm 
waves expend th e ir  energy over a broader 
and more level surface. The upper beach 
can lose a great deal of sand during a 
storm. Much o f  i t  is  rep len ished , 
however, during f a i r  weather. Sand is 
pushed shoreward by fa ir-weather waves or 
carried in by long-shore transport. The 
source of sand a f te r  storms is the same 
sand that was on the upper beach p r io r  to 
the storm.

5.2 SHORELINE ENGINEERING

We have seen tha t ba rr ie r  islands in 
the South A t la n t ic  Bight are extremely 
dynamic systems. They migrate landward as 
sea level r ises , are moulded by waves and 
t ides , and respond in predictable ways to 
storms. A ll o f these responses involve 
the transport o f enormous quantit ies  of 
sand. The engineer's response to th is  
movement, labelled erosion, is to t r y  to 
stop i t  and "s ta b i l  ize" the shore. The 
most common method is  w ith  rubb le  
structures: j e t t i e s , groins and seawalls.

Both g ro ins  and j e t t i e s  are 
successful sand t r a p s . I f  1 ongshore 
transport o f sand is  s ig n if ic a n t ,  sand 
w i l l  p i le  up on the u p d r i f t  side of the 
structure . However, th is  accumulation of 
sand on the u p d r i f t  side 1im its the supply

First dune

Beach

/  Normal high tide

Steep slope

o

New first dune forming

Fallen house
New^beach position

^Normal high tide

Gentle slope

o
New profile of adjustment 

after storm
Pre-storm profile

Figure 29. Beach flattening in response to a storm. Shaded area in A1 is about equal to shaded area in A. House 
is not drawn to scale. (From Pilkey et al. 1984).
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o f sand to beaches on the downdrift side. 
The r e s u l t  is  th a t  these s t ru c tu re s  
ac tua lly  increase the rate o f erosion on 
downdrift beaches. A c lass ic  example o f 
th is  is  represented by the je t t ie s  b u i l t  
in  1898 to  s t a b i l  i ze the i n l e t  to  
Charleston Harbor (Neal et a l . 1984). 
Since that time, sand has accreted at 
Sul 1ivans Is land  to  the n o r th ,  w h ile  
Morr i s I si and to  the south has been 
severely eroding. In the mid - 1800's, 
Morris Island had dunes 10-12 m high and a 
we ll developed fo re s t  o f  pines and 
palmettoes. P resen tly  i t  is  a low, 
rap id ly  migrating sand f l a t .  The Morris 
Island Lighthouse, which was approximately 
850 m from the shoreline in the la te  19th 
century, now stands 500 m offshore (Figure 
30) (Neal e t a l . 1984).

Recognizing tha t je t t ie s  often cause 
eros ion  o f  "downstream" beaches, newer 
je t t ie s ,  such as those at Murrells In le t ,  
SC, are being b u i l t  w ith provisions to 
move sand from the u p d r i f t  side o f  the

j e t t i e s  to  the downdri f t  s id e .  At 
Murrells In le t  the inner section o f the 
north je t t y  is  a subtidal weir je t t y ,  
a l 1owi ng sand to pass over in to  a 
deposition basin (Van Dolah et a l . 1984). 
The design was to  allow the basin to be 
p e r io d ica l ly  dredged, depositing the sand 
on the downdrift side o f the south je t t y .

Seawalls and bulkheads are 
constructions o f  la s t  resort (Pilkey et 
a l , 1980). Seawalls r e f le c t  wave energy 
at high t id e ,  inc reas ing  the ra te  o f  
offshore sand tran spo rt . Thi s steepens 
the beach p ro f i le ,  which in turn increases 
the energy o f  the waves s t r i k i  ng the 
seawal1. Seawal1 s al so increase the 
in te n s i t y  o f  1ongshore c u r re n ts , which 
remove even more sand from in f ron t  of the 
w a ll .  U lt imate ly the system is  s e i f -  
destructing.

Seawalls and bulkheads also prevent 
the exchange of sand between the beach and 
the dunes during storms. The beach cannot

Figure 30. The lighthouse at Morris Island, SC (photo taken by O. Pilkey).
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flatten in response to storm generated 
waves. Instead, the full force of these
waves is expended on the structure with 
the result th a t  it f requen tly  f a i  1 s . 
U l t im a te ly ,  if sea level continues to  
r is e ,  anything th a t  doesn' t  migrate 
shoreward w i11 be destroyed or 1 e f t  at sea 
1 i ke the Morris I si and Lighthouse (Figure
30)i

5.3 EFFECTS OF JETTIES ON NEARBY BENTHIC
COMMUNITIES

Knot e t al . (1984) sampled the
macrobenthic communities of the in te r t id a l  
and nearshore su b t id a l e n v ironments at 
Murrells In le t ,  South Carol ina. This was 
done during the construction o f  the je t t y  
and once again 5 years la te r .  They found 
the infaunal community to be dominated by 
several species o f polychaetes (40% o f the 
species and 60% o f  the in d i  v idua l s ) , 
amphipods, and pelecypods. The presence 
o f  the j e t t y  appeared to  a f fe c t  the

d is t r ib u t io n  and abundance of only one 
bi val ve and one polychaete. Comparison of 
species abundance between years and among 
1 ocal i t i  es (updri f t  and downdri f t ) 
suggested no wi despread impacts 
a t tr ib u ta b le  to je t t y  construction.

5.4 JETTIES AS FISHING SITES

Recreational f i shing is  o f te n  
concentrated around ru b b le s t ru c tu re s  
(F igure  31) because o f  the increased 
numbers o f f i  shes that occur there. 
Parker et a l . (1979) estimated tha t
an a r t i  f i c i  al re e f  cons truc ted  o f f  
M u rre l1 s I n le t ,  SC, i ncreased f i s h  
standing stock in that immediate location 
by a fac to r of 1,800. Je tt ies  could have 
s im iia r  consequences and often seem to 
i ncrease ang ler d e n s i t ie s  by s im i la r  
amounts. Figures 32 and 33 show the 
seasonal p a t te rn  o f  anglers using the 
je t t ie s  at Murrells In le t ,  SC, and the 
species o f fishes caught re la t iv e  to the 
types fo r  which they were f ish ing .

Figure 31. Large jetties like the one at Murrells Inlet, SC, pictured here, provide favored nearshore fishing sites 
(photo taken by R. Van Dolah).
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Figure 32. Estimated total number of boats (A) and 
bank-anglers (B) using the jetties at Murrells Inlet, SC, 
during different seasons (data from Van Dolah et al. 
1986).

5.5 JETTIES AS DIVING SITES

Most o f  the sport d iving industry 
along the South A t la n t ic  Bight is centered 
around wreck diving on the Continental 
S he lf .  However, t r a i  ni ng di ves fo r  
begi nni ng SCUBA classes and most 
recreational shore dives take place at 
j e t t i e s  since these provide nearshore 
access to deeper water and allow divers to 
view h igher d e n s it ie s  o f  f i shes and 
benthi c organi sms. Given the small 
proportion o f the population that dives 
and the l im ited  number of dives conducted 
on je t t ie s ,  je t t ie s  do not represent a 
substantial asset for the sport d iving 
in d u s try .  Nonetheless, they provide 
inexpensive recreational and educational 
opportunities to individuals that would 
not otherwise be able to view these ree f­
l ik e  communities.
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Figure 33. Types of fishes caught compared w ith  types desired by anglers using the jetties at Murrells Inlet, SC
(data from Van Dolah et a t 1986).
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