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ABSTRACT: The nor thern  boundary  of the warm tempera te  region of the mid-Atlant ic  coast of the  
United States is set at Cape Hatteras;  the southern  boundary  lies at Cape Canaveral .  There  is some 
spillover of cool tempera te  species south of Cape Hatteras  into North Carol ina  and  spil lover of 
warm temperate  species south of Cape Canavera l  toward Palm Beach. Elements  of the  warm 
temperate  flora also extend into the nor thern  Gulf of Mexico, but  precise limits to the flora cannot  be  
drawn there. Thirty-one species are endemic  to the warm tempera te  flora. The inshore waters  of 
North Carol ina  include approximately  equal  number s  of species wi th  nor thern  and  southern  centres  
of distribution; the species of the offshore waters  have  predominant ly  southern  affinities, but  also 
include most of the endemic  species. Seasonal  changes  in the  shal low wate r  flora of North Carol ina  
reflect eurythermal  cool t empera te  and  tropical  e lements  in  winter  and  summer  respect ively and  a 
year-round warm tempera te  e lement .  These  groupings  have  b e e n  verif ied by  exper imenta l  s tudies 
in which  l ight  and  tempera ture  were  varied.  The  deep  wate r  flora is a summer  flora domina ted  by  
perennia l  species. The inshore,  eury thermal  cool t empera te  and  tropical  species have  a variety of 
cryptic stages by which they persist  th roughout  the  year. 

I N T R O D U C T I O N  

S t u d y  of t h e  s e a w e e d s  ° * of t h e  m i d - A t l a n t i c  c o a s t  of t h e  U n i t e d  S t a t e s  h a s  r e s u l t e d  i n  a n  

i n c r e a s i n g  n u m b e r  of p a p e r s  o n  s e a w e e d  b i o g e o g r a p h y  i n  t h e  r e g i o n  d u r i n g  t h e  c o u r s e  

of t h i s  c e n t u r y  (Hoyt ,  1920;  S t e p h e n s o n  & S t e p h e n s o n ,  1952;  H u m m ,  1969;  v a n  d e n  

H o e k ,  1975; S c h n e i d e r ,  1976; K a p r a u n ,  1980;  S e a r l e s  & S c h n e i d e r ,  1980).  It is  a c o a s t l i n e  

w h o s e  s a n d y  s h o r e s  h a v e  b e e n  c h a r a c t e r i z e d  as  i n h o s p i t a b l e  to  s e a w e e d s  ( v a n  d e n  

H o e k ,  1975) a n d  H u m m  (1969,  1979) h a s  s u g g e s t e d  t h a t  i t  d o e s  n o t  h a v e  a f lo ra  of i t s  

own ,  b u t  o n l y  t h e  s p e c i e s  f r o m  a d j a c e n t  r e g i o n s  w h i c h  e x t e n d  i n t o  or  a c r o s s  t h e  r e g i o n .  

T h o s e  w h o  h a v e  r e c o g n i z e d  a w a r m  t e m p e r a t e  f l o r a  a l o n g  t h e  m i d - A t l a n t i c  c o a s t  h a v e  

h a d  d i f f i cu l ty  s p e c i f y i n g  i ts  b o u n d a r i e s ,  p a r t i c u l a r l y  t h e  n o r t h e r n  a n d  w e s t e m  b o u n d -  

a r i e s  ( S t e p h e n s o n  & S t e p h e n s o n ,  1952;  v a n  d e n  H o e k ,  1975; K a p r a u n ,  1980).  

T h e  p u r p o s e  of t h i s  p a p e r  w i l l  b e  to  d r a w  t o g e t h e r  e l e m e n t s  of s t u d i e s  m a d e  i n  

r e c e n t  y e a r s  w h i c h  c o n t r i b u t e  to o u r  u n d e r s t a n d i n g  of t h e  l i m i t s  of t h e  r e g i o n ,  to d i s c u s s  

• Paper  presented  at  the Seaweed  Biogeography Workshop of the Internat ional  Working Group on  
Seaweed Biogeography, he ld  from 3-7 April  1984 at the Depar tment  of Mar ine  Biology, Rijks- 
universi tei t  Gron ingen  (The Netherlands) .  Convenor:  C. van  den  Hoek. 

• * The Cyanophyta  are not inc luded  in this discussion since the  range  of species concepts  in  the  
group limit thei r  use in b iogeographica l  studies. 
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the special  characteristics of some of the plants  occurr ing in  it, and  to suggest  lines of 
future study which may further an  unde r s t and ing  of the region and  its seaweeds. 

THE GEOLOGIC ENVIRONMENT 

This mid-At lant ic  coast is bordered  on the north by the rocky shores of the New 
Eng land  states, the last rocky shores e n d i n g  in Long Is land Sound (Fig. 1). In the south it 

GA 

MD 

VA 

NC 

sc 

CT \ 

NJ 

CAPE COD 
LONG ISLAND SOUND 
HUDSON RIVER 

CHESAPEAKE BAY 

CAPE HATTERAS 
CAPE LOOKOUT 
CAPE FEAR 

• : '  ":L. ";:.... MARINELAND 
'!~F L:!-" CAPE CANAVERAL 

~ ,~,i - PALM BEACH ". i~ ~ ' 1  

t 1000 km l 

Fig. 1. Atlantic coast of the United States showing features mentioned in the text. CT, Cormecticut~ 
N J, New Jersey; MD, Maryland; VA, Virginia; NC, North Carolina; SC, South Carolina; GA, 

Georgia; FL, Florida 

abuts  on  the coral shores of southern  Florida. The shorel ine  i n b e t w e e n  is characterized 
by sandy  barr ier  i s lands  and  shal low sounds.  The coast is punc tua ted  by a series of 
capes, the most p rominen t  of which is Cape Hatteras in  North Carolina.  Major rivers 
empty  into the ocean through large bays such as the Chesapeake  Bay, through the 
sounds,  or almost directly into the sea in  the case of the Cape Fear River. Offshore of the 
barr ier  i s lands  is the con t inen ta l  shelf which  is only  a few ki lometers  wide at Cape 
Hatteras,  bu t  widens  north and  south of that  cape to 100 or more ki lometers  off the New 
Jersey and  Georgia  coasts. In the south the shelf aga in  narrows along the Florida coast. 

Rocky inter t idal  shores of na tura l  or igin are almost completely absent  a long this 
coast. Intert idal  rocks occur in a small  area just  to the north of Cape Fear and at 
M a r i n e l a n d  in  nor thern  Florida. In shal low water,  seaweeds  therefore grow primari ly on 
shell  rubble ,  as epiphytes  on seagrasses and  other algae,  or on solid substrates intro- 
duced by man:  seawalls,  jetties, groins, docks etc. South of Cape Hatteras there are 
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offshore outcrops of sedimentary  rock all the way into Florida which support  the growth 
of seaweeds.  There  are also outcrops north of Cape  Hatteras, bu t  there are no reports of 
seaweeds from the cont inenta l  shelf a long that part  of the coast, I have explored one 
outcrop just  north of Cape Hat teras  at a depth  of 20 meters  in  mid - summer  and  found  no 
seaweeds (unpubl i shed  data}. The amoun t  of rocky bottom varies a long the coast 
because of sediment  cover. Onslow Bay, b e t w e e n  Cape Lookout and  Cape Fear, and  the 
coast near  Palm Beach, Florida appear  to have the most extensive  outcrops. Ons low Bay 
lacks any input  from major  rivers. The only rivers empty ing  into the bay  or iginate  on the 
coastal plain,  a region of deposi t ion rather  than  erosion. All  other parts of the region, 
except the Florida peninsu la ,  receive effluent from rivers which  or iginate  in  the pied-  
mont or mounta ins  and  carry sed iment  from these erosive areas to the sea, where  the 
sed iment  covers the rocks of the con t inen ta l  shelf. 

HYDROGRAPHIC ENVIRONMENT 

C u r r e n t s  

The dominan t  current  in the region  is the Florida Current,  which originates  in  the 
Florida Straits be tween  the southern  tip of Florida and  Cuba.  As it flows north it is jo ined  
by the Anti l les  Current.  After pa ra l l e l ing  the outer edge of the cont inenta l  shelf, the 
Florida Current  moves offshore at Cape  Hatteras and  moves northeast  as the Gulf 
Stream. North of Cape Hatteras, Virginia  coastal water  genera l ly  flows south a nd  at 
Cape Hatteras turns offshore and paral le ls  the Gulf Stream. The posi t ion of the Gulf 
Stream is not constant.  In the summer  it tends  to move inshore b r i n g i n g  warm, clear  
water  to the shelf. In the winter  it is dr iven  offshore by northerly winds  and  w h e n  this 
happens  cold water  from the north may  move south past Cape Hatteras a long the North 
Carol ina coast {Gray & Cerame-Vivas,  1963; Stefansson et al., 1971). Inshore currents  
south of Cape Hatteras are variable.  South f lowing geostrophic currents  are per iodical ly  
in terrupted by inshore movemen t  of the Florida Current  which  causes a nor thward flow 
(Bumpus, 1973}. 

There are three different k inds  of impor tant  t empera ture  t ransi t ions in  the region.  
From north°to south there is an abrupt  change  in  water  tempera ture  at Cape Hatteras 
where  the Florida Current  meets the Virginia  coastal water  {Gray & Cerame-Vivas,  
1963}. North-south tempera ture  t ransi t ions of impor tance  also occur at the edges  of the 
region at Cape Canavera l  and  Cape Cod (Parr, 1933}. The two other kinds  of t ransi t ions 
in  tempera ture  are the t ransi t ion from inshore to offshore waters  and  the t ransi t ion from 
season to season. In the sounds of North Carol ina  water  tempera tures  can exceed 30 °C in 
the summer  and  drop to 0°C in  the winter  (W. Kirby-Smith,  data t a ke n  at the Duke 
Marine Laboratory, personal  communication}.  In summer,  bottom tempera tures  offshore 
are in  the mid to upper  20's on the inne r  and  middle  shelf and  down to 10°C at the edge 
of the shelf at depths where  l ight  becomes  l imi t ing  for a lgal  growth. In the winter,  
bottom temperatures  on the shelf are highest  in  mid-shelf,  decreas ing  toward the edge of 
the shelf and  toward shore (Stefansson & Atkinson,  1967). Habitats  in  the sounds  may, 
therefore, exper ience  changes  in  tempera ture  of 30 °C or more through the seasons whi le  
the inner  and  mid-shelf  will  exper ience  changes  of near  15-18 °C and  at the shelf b reak  
the seasonal  change  in  tempera ture  wil l  be  8 -9°C  (Stefansson et al., 1971}. 
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L i g h t  

Turbid i ty  in  the shal low sounds b e h i n d  the barr ier  is lands limits l ight penetra t ion so 
that seaweeds  do not genera l ly  grow more than  1-2 meters be low the low tide l ine (Hoyt, 
1920). Water  clarity is greater  offshore with seaweeds  growing to depths of 90 meters 
(Schneider,  1976), bu t  clarity can change  marked ly  with in  short periods of time, 
par t icular ly  in  the nearshore,  shal lower envi ronments .  In the winter,  l ight penet ra t ion  is 
decreased due  to storms which  suspend  sediments ,  the influx of sediments  from river 
runoff, and  increased  amounts  of phytoplankton.  In the summer  intrusions of Gulf 
Stream water  t end  to increase water  clarity. The episodic na ture  of the changes  in light 
pene t ra t ion  are shown in  the data from Peckol & Searles (1984) showing changes  in  light 
pene t ra t ion  at a midshelf  station off Cape Lookout. 

THE BIOLOGICAL ENVIRONMENT 

C o m p e t i t i o n  for s p a c e  

The lack of hard substrates on this coast must  make  competi t ion for space an 
impor tant  e l emen t  in  the ecology of the seaweeds,  bu t  there has b e e n  little study of this 
in  the region.  Richardson (1979, 1981, 1982) s tudied  some aspects of colonization by 
seaweeds  in  the sounds of North Carolina~ and  Peckol & Searles (1983) have invest igated 
colonizat ion by seaweeds  and  interact ions among  seaweeds  and  sessile invertebrates  on 
an  offshore rock outcrop. In spite of the l imi ted hard substrate in  the region it still 
supports a flora of over 300 species and  one can only speculate  on the potent ial  for a 
larger flora if addi t iona l  rocky habi tats  were avai lable .  

G r a z e r s  

A relat ively depaupera te  e l emen t  of the fauna  in the region  is the herbivorous fish 
guild. There  are many  tropical fish in  the waters south of Cape Hatteras; but  many 
species of parrotfish (Scarideae) and  surgeonfish (Acanthuridaeae) ,  two of the most 
impor tant  groups of herbivorous fish from the tropics, do not occur north of the central 
Florida east coast (Briggs, 1958), or are present  in  low a b u n d a n c e  in  the region (S. W. 
Ross, personal  communicat ion) .  Graz ing  an imals  of impor tance  in  the region are the sea 
urchins,  Lflechinus variegatus Lamarck and  Arbacia punctata Lammarck. Peckol & 
Searles '  (1983) studies on the offshore rock outcrops suggest  that these omnivorous 
grazers may  be more effective in  control l ing the growth of sessile inver tebrates  than they 
are in  control l ing seaweeds.  The coastal waters north of central  Florida may, therefore, 
be a refuge from the in tense  grazing pressure of herbivorous fish which is common in the 
tropics. 

FLORISTIC AND BIOGEOGRAPHICAL BACKGROUND 

Study of seaweeds  on the mid-At lant ic  coast of the Uni ted  States dates back over one 
h u n d r e d  years, bu t  the first major  contr ibut ion to phycology in  these waters began  with 
Hoyt 's  (1920) inves t igat ions  which were concent ra ted  in  North Carol ina  waters just after 
the tu rn  of the century. In addi t ion  to ca ta loging  133 taxa from inshore and offshore 
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waters, he noted both the marked  seasonal  shifts in  the species presen t  and  the large 
number  of species which were either at the nor thern  or southern  limits of their  ranges  in 
North Carolina. Since the work of Hoyt, subsequen t  invest igators  have increased  the 
number  of species known  in the region to over 300. The n u m b e r  of species recognized is 
in part a function of where  one chooses to draw the regional  boundar ies .  

After Hoyt 's comments  on the geographica l  re la t ionships  of the flora, the topic lay 
dormant  unt i l  the S tephensons  (1952} s tudied the inter t idal  communi t i es  at Mar ine land ,  
Florida, Charleston,  South Carol ina  and  Beaufort, North Carolina.  O n  the basis  of the 
species present  and  the average  month ly  tempera tures  at these locat ions they charac- 
terized the region b e t w e e n  Cape Canavera l  and  Cape  Hatteras as wa rm tempera te  and  
suggested that it conta ined  four e lements :  {a) eurythermic  tropical species, {b) euryther-  
mic cold-water species, (c)eurythermic  cosmopoli tan species a nd  (d )mid-At lan t ic  
species with distr ibutions centered in  the region. They predic ted  that e lements  {a) and  
{d} would  predomina te  in  the region. H u m m  (1969) character ized the region  as a long 
transi t ion zone be tween  a Car ibbean  centered,  tropical flora and  a North Atlant ic  - 
centred, cool/cold water  flora. He said that e lements  of each flora ex tended  different 
distances into or across the region, bu t  recognized no species with a dis t r ibut ion centred 
in  the region. 

Van den  Hoek {1975) was more specific and  quant i ta t ive  in  descr ib ing  the relat ion-  
ships of what  he recognized as a warm tempera te  flora with the other floras in  the North 
Atlantic. He indica ted  that  the flora showed greatest  s imilar i ty  to the tropical wes tern  
Atlantic flora to the south, bu t  was a much  smaller,  depaupera te  flora which  lacked  
many  of the species of that tropical region.  He recognized a sharp dis t inct ion b e t w e e n  
the warm temperate  Caro l in ian  reg ion  and  the cold tempera te  Atlant ic-Boreal  reg ion  to 
the north. His data ind ica ted  that the warm tempera te  Caro l in ian  and  the tropical 
Atlantic regions both show greater  s imilar i t ies  to the warm tempera te  Medi te r ranean-  
Atlantic region to the east than  to the nor thern  floras. He also noted very low levels  of 
endemism {five species} in  the Caro l in ian  reg ion  compared with the warm tempera te  
Medi te r ranean-At lan t ic  region (40 % endemism)  and  the tropical Western  Atlant ic  
region (55 % endemism).  

RECENT DEVELOPMENTS 

Limi t s  of t he  r e g i o n  

The boundar ies  of the region have b e e n  unc lea r  and  therefore the size and  composi- 
tion of the flora have b e e n  uncer ta in .  The min ima l  boundar i e s  appear  to lie at Cape 
Canavera l  in  the south and  Cape Hatteras in  the north. Elements  of the flora centred in  
the region extend south to Palm Beach, Florida and  west  into the Gulf  of Mexico, a rgu ing  
for possible  inc lus ion  of those areas. The coast l ine north of Cape Hatteras is e i ther  
unc l a imed  by seaweed biogeographers  (Stephenson & Stephenson,  1952~ van  den  Hoek, 
1975}, is inc luded  in  the warm temperate  reg ion  (Kapraun, 1980, Fig. 1), or is a l l ied with 
the nor thern  flora (Humm, 1979}. The broader  l imits of the region  would  encompass  over 
500 species, the narrower  limits approximate ly  320 species. 
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T h e  n o r t h e r n  b o u n d a r y  

The  we igh t  of phyco log i ca l  e v i d e n c e  ind ica tes  tha t  the  nor thern  l imi t  of the  warm 
t e m p e r a t e  r eg ion  ends  at  C a p e  Hat te ras ,  a v i ew in accord  wi th  that  of zoogeographers  
(Briggs, 1974}. Taylor  (1957} s ta ted  that  the  flora as far south as New Je r sey  (where the 
s andy  coas t l ine  begins)  is bo rea l  ra ther  than  t rop ica l  in its affinities.  He recogn ized  two 
a s s e m b l a g e s  of a l g a e  wi th  northern,  subarc t ic  centers  of dis t r ibut ion;  one ex t ended  as 
far south  as C a p e  Cod, the o ther  r e a c h i n g  into Long I s land  Sound.  A recen t  checkl is t  of 
s e a w e e d s  from Connec t i cu t  and  Long I s land  Sound,  a s s e m b l e d  by  Schne ide r  et  al. 
(1979), l ists 192 species .  Thir tyf ive  pe rcen t  of these  are  p lan t s  of nor thern  affinit ies at 
the i r  sou thern  l imit .  This l a rge  nor thern  e lement ,  in the a bse nc e  of a comparab l e  warm 
wa te r  e lement ,  suppor ts  Taylor ' s  inc lus ion  of this  a rea  in his borea l  region.  

The  flora from Long I s l and  Sound  south to C a p e  Hat te ras  is documen ted  in the 
repor ts  of Z a n e v e l d  & Wil l i s  (1974, 1976), Ott  (1973), and  H u m m  (1979). It inc ludes  just  
over  150 species .  There  is a s ing le  e n d e m i c  species ,  th ree  spec ies  at  the i r  nor thern  l imits  
of d is t r ibut ion,  34 spec ies  (22 %) at  thei r  sou thern  l imits  of d i s t r ibu t ion  and 30 species  
(20 %) which  ex tend  south th rough  the region,  sp i l l ing  pas t  Cape  Hat teras ,  but  go no 
further  south than  Nor th  Carol ina .  This l a rge  e l e m e n t  of spec ies  wi th  nor thern  affinities 
and  the  a b s e n c e  of a s ign i f ican t  e l e m e n t  of sou thern  spec ies  ind ica tes  that  the area  
shou ld  not  be  i n c l u d e d  in the  wa rm t e m p e r a t e  region.  

South  of C a p e  Ha t t e ra s  there  is a s t r ik ing  c h a n g e  in  the  flora. The  waters  of North 
Caro l ina  suppor t  over  300 species .  Fif ty-four pe rcen t  of these  reach  thei r  l imit  of 
d i s t r ibu t ion  in North  Carol ina .  One  h u n d r e d  thir ty-four  (44 % ) reach  thei r  nor thern  l imit  
of d i s t r ibu t ion  there  and  30 spec ies  (10 %) reach  the i r  southern  l imit .  The  r ema inde r  are 
local  endemics  (14 species) ,  spec ies  wi th  d i s junc t  or unce r t a in  d is t r ibut ions  (35 species), 
or spec ies  which  r ange  north and  south  of North  Caro l ina  (90 species) .  

The  wa te r s  to the  south  have  fewer  spec ies  repor ted ,  95 in South Caro l ina  (Wiseman 
& Schneider ,  1976; Wiseman ,  1978; Blair  & Hall ,  1981) and  81 in Georg ia  (Chapman,  
1971, 1973; Searles ,  1980 and  u n p u b l i s h e d  data).  These  are  most ly  spec ies  wi th  warm 
wa te r  d is t r ibut ions;  there  are  five spec ies  r each ing  nor thern  l imits  of d is t r ibut ion in 
South Caro l ina  and  five in Georgia .  

S o u t h e r n  a n d  w e s t e r n  b o u n d a r i e s  

S t ephenson  & S tephenson  (1952) s u g g e s t e d  Cape  Canave ra l  as the boundary  
b e t w e e n  t ropica l  and  wa rm t e m p e r a t e  regions ,  a v i ewpo in t  suppor t ed  by  most zoogeo- 
g raphe r s  (Briggs, 1974, pp.  61-64). Inves t iga tors  at the  Harbor  Branch Founda t ion  have 
r ecen t ly  r epor t ed  234 spec ies  of s e a w e e d s  in the  waters  south of Cape  Canave ra l  to Palm 
Beach,  F lo r ida  (Kerr, 1976; Eiseman,  1976, 1979; E i seman  & Moe,  1981; E iseman & 
Norris,  1981; Hal l  & Eiseman,  1981). H u m m  (1952) r epor ted  43 spec ies  of s e a w e e d s  from 
Mar ine l and ,  north of C a p e  Canavera l .  N in ty - e igh t  of the  spec ies  from the waters  just 
south of Cape  C a n a v e r a l  (42 %} are at thei r  nor thern  l imi t  of dis t r ibut ion,  g iv ing  the flora 
a d is t inc t ly  t ropica l  cast. On ly  four of the  M a r i n e l a n d  spec ies  a re  at thei r  nor thern limit 
(9 %) a n d  two are  at  thei r  sou thern  l imits.  

This  da ta  re inforces  the  sugges t ions  tha t  C a p e  C a n a v e r a l  sets  the  b o u n d a r y  be tween  
t rop ica l  and  wa rm t e m p e r a t e  regions .  The  b o u n d a r y  is b lu r red  s l ight ly  by  the presence 
of seven  spec ies  which  were  o r ig ina l ly  d e s c r i b e d  as Nor th  Caro l ina  endemics  (Table 1) 
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Table 1. Warm temperate endemic species from the east coast of the United States 

Taxa Species 

Rhodophyta 

Phaeophyta 

Chlorophyta 

Xanthophyta 

Porphyra carolinensis Coil & Cox 
Porphyra rosengurttii Coil & Cox 
Audouinella affinis (Howe & Hoyt) Schneider 
Audouinella hoytii (Collins) Schneider 
Audouinella ophioglossa Schneider 
HelminthocIadia andersonii Searles & Lewis 
Scinaia incrassata Eiseman (1) 
Dudresnaya patula Eisemann & Norris (1) 
Dudresnaya georgiana Searles 
Mesophyllum sep. nov. Suyemoto & Townsend (3) 
Cirrulicarpus carolinensis Hansen 
Trematocarpus papenfussii Searles 
Hypnea volubilis Searles (2) 
Petroglossum undulatum Schneider (2) 
Gloioderrna blomquistii Searles (2) 
Gloioderma sp. nov. Searles (3) 
Maripelta atlantica Eiseman (1) 
Aquardhinula browneae (J. Agardh) DeToni (4) 
Branchioglossum minutum Schneider (2) 
Branchioglossum prostratum Schneider (2) 
Calloseris halliae J. Ag. 
Searlesia subtropica (Schneider) Schneider 
Dipterosiphonia reversa Schneider 

Giffordia sp. nov. Amsler ex Amsler & Kapraun (3} 
Streblonema invisible Hoyt 
Onslowia endophytica Searles (2) (6) 
Padina profunda Earle (5) 

Codium carolinianum Searles [5) 
Derbesia turbinata Howe & Hoyt 

Vaucheria acranda Ott & Hommersand 
Vaucheria adela Ott & Hommersand 

Explanations: 
(1) Endemic to the waters between Palm Beach Florida and Cape Canaveral. 
(2) Range includes the waters between Palm Beach Florida and Cape Canaveral. 
(3) Species as yet unpublished or in press. 
(4) Florida distribution not certain, cast ashore. 
(5} Range includes the northeast Gulf of Mexico (Earle, 1969; Cheney & Dyer, 1974). 
{6} Florida collections by E. C. Henry (personal communication). 

and  w h i c h  n o w  a p p e a r  to sp i l l  o v e r  t he  C a p e  C a n a v e r a l  b o u n d a r y .  T h r e e  s p e c i e s  
cu r ren t ly  k n o w n  on ly  f rom the  coas t  b e t w e e n  C a p e  C a n a v e r a l  a n d  P a l m  B e a c h  h a v e  a lso  

r e c e n t l y  b e e n  r e p o r t e d  (Eiseman,  1979; F . i seman & Moe ,  1981; E i s e m a n  & Norris ,  1981). 
In t he  Gu l f  of Mexico ,  Tay lo r  (1955) has  a r g u e d  tha t  t h e  f lora  is c h a r a c t e r i s t i c a l l y  

t rop ica l  w i t h  c h a n g e s  to t h e  no r th  a n d  w e s t  in  t he  G u l f  b e i n g  d u e  to i m p o v e r i s h m e n t  

r a the r  t h a n  r e p l a c e m e n t  by  a t e m p e r a t e  flora.  Ea r l e  (1969), on  the  bas i s  of h e r  s tud ie s  of 
the  P h a e o p h y t a  f rom the  e a s t e r n  Gulf ,  n o t e d  s imi l a r i t e s  b e t w e e n  the  w i n t e r  f lora  in tha t  
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area and  the Caro l in ian  flora. Edwards & Kapraun  (1973) a nd  Kapraun  (1974) working 
along the Texas and  Louis iana shores also noted e lements  of the mid-Atlant ic  coast flora 
on those shores, bu t  with a larger n u m b e r  of tropical species. Zoogeographers  have also 
po in ted  out affinities b e t w e e n  the faunas  of the nor thern  coast of the Gulf of Mexico and 
those of the mid-At lant ic  coast (Briggs, 1974). There  is, however,  no consensus  about the 
na ture  of the flora or its limits. 

E n d e m i c  s p e c i e s  

Al though van  den  Hoek (1975) indica ted  only 5 endemic  species in  the region, there 
are now 31 species reported which have their centres of dis t r ibut ion in the region and are 
either l imited to the region  as narrowly defined,  or ex tend a short distance into the 
tropical region  (Table 1). These 31 species consti tute 10 % of the total flora as narrowly 
def ined (320 species). This  is a small  proport ion of e n d e m i s m  compared with the floras of 
the warm tempera te  At lan t i c -Medi te r ranean  region  (40 %) or the tropical Atlantic 
region  (55 %), bu t  is comparable  to the 11% e n d e m i s m  of the much more extensive cold 
tempera te  Atlantic-Boreal  region reported by van  den  Hoek (1975). 

D i f f e r e n c e s  b e t w e e n  i n s h o r e  a n d  o f f shore  f loras  

The differences b e t w e e n  the inshore and  offshore floras have b e e n  wel l  documented  
on the North Carol ina  coast where  they are striking. 

Approximate ly  2/3 of the species, 204 of a total 303 species, occur in  the shallow, 
coastal env i ronmen t  and  an  equa l  fraction, 194/303 live in  the deeper,  offshore waters. 
About  half of the p lants  in  shal low water, 109 species, do not occur in deep water and  
about  half of those in  deep  water, 108 species, are restricted to deep water. That  leaves 
one third of the flora, 96 species, which  occurs in  both shallow and  deep water. Sixty- 
three species (21%) of the flora in  shal low water  are at the nor thern  limit of distr ibution 
and  29 (10 %) are at their  southern  limit. The plants  in  deep water  inc lude  113 species, 
37 % of the flora, at their  nor thern  l imit  of dis t r ibut ion and  only 3, 1% of the flora, at the 
southern  l imit  of distr ibution.  The data  becomes  more s t r iking if the eurybathyal  species 
which  occur in  both deep and  shal low water  are e l imina ted  and  only the species 
restricted to deep or shal low water  are considered.  The shal low water  habitats  include 
21 species at their  nor thern  l imit  of d is t r ibut ion and  a s imilar  number ,  27 at their 
southern  limits. In deep water  the plants  restricted to that env i ronmen t  are, in contrast, 
almost exclusively tropical, 75 of the species occurr ing at their nor thern  limit. Only a 
s ingle  species restricted to deep  water  is at its southern  l imit  of dis t r ibut ion and  that 
species, Gigartina stellata (Stackh.) Bart. is represen ted  by only a s ingle  anomalous  
collect ion (Schneider  & Searles, 1973). 

S e a s o n a l  c h a n g e s  i n  t he  f lora  

The seasonal  changes  in  the shallow water  flora in  the Carol inas  were highl ighted 
by the work of Hoyt (1920) and  Wil l iams (1948). They  descr ibed a winter  flora the 
conspicuous  species of which  had  cool temperate ,  nor thern  dis t r ibut ions and  a summer 
flora with species hav ing  tropical, southern  distr ibutions.  Kapraun  & Zechman (1982), in 
a deta i led  study of a jetty at Masonboro Inlet, North Carolina,  suggested  that there are 
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three components  to the flora there:  a eu ry the rma l  cool t e m p e r a t e  e l e m e n t  in winter ,  a 
eury thermal  t ropical  e l e m e n t  in  summer,  and  a w a r m  t e m p e r a t e  e l e m e n t  which  is 
observed  al l  the yea r  round.  They  d id  not  b r e a k  down the la t te r  e l e m e n t  on the  bas is  of 
geograph ic  r ange  as S t ephenson  & S tephenson  {1952} had  done.  

Kapraun  s tud ied  severa l  sha l low wate r  spec ies  us ing  l i gh t - t e mpe ra tu r e  g r ad i en t  
tables  and  demons t r a t ed  a r ange  of responses  to combina t ions  of those  two factors wh ich  
in gene ra l  cor respond  to the  obse rved  p h e n o l o g i e s  of the  p lan t s  in the  field.  Eury the rmal  
spec ies  wi th  cool t e m p e r a t e  dis t r ibut ions ,  e.g. Polysiphonia urceolata (Lightf.) Grev. ,  
have  max ima l  growth  and  reproduc t ion  in the  win te r  in North  Carol ina ,  and  show 
maximal  growth  at  i n t e rmed ia t e  t empera tu re s  and  m a x i m u m  reproduc t ion  at  low tem-  
peratures .  Eury thermal  t ropica l  species ,  e.g. Polysiphonia ferulacea Suhr, have  ma x ima l  
growth  and  reproduc t ion  in  the  summer  months  and  also show m a x i m a l  growth  and  
reproduc t ion  at h igh  l ight  and  h igh  t e m p e r a t u r e  condi t ions  in the  cross g r a d i e n t  
exper iments .  Warm t e m p e r a t e  species ,  e.g. Polyslphonla denudata [Dillw.} Kutz., are  
observed  yea r  round  in North  Caro l ina  and  show grea tes t  g rowth  and  rep roduc t ion  at 
i n t e rmed ia te  t empera tu re s  and  l ight  condi t ions  (Kapraun,  1978b). Kapraun  (1978b) has  
also shown dif ferences  b e t w e e n  the l ight  s a tu ra t ed  growth  responses  of Polysiphonia 
denudata from North  Caro l ina  and  those r epor t ed  by  Edwards  (1970) for tha t  spec ies  in 
Texas, sugges t ing  that  the  Caro l ina  popu la t ions  are  eco types  a d a p t e d  to lower  leve ls  of 
solar  radia t ion.  Kapraun  has  also shown (1978a) d i f ferences  in the  eco typ ic  responses  to 
l ight  levels  and  t empe ra tu r e  of Nor th  Caro l ina  popu la t ions  of Ca111thamnion byssoldes 
Arnott  ex Harv. in Hook.  and  those d e m o n s t r a t e d  by  Edwards  (1971} in Texas  popu l a -  
tions. 

Schne ider  {1975} showed  that  the  offshore flora wi th  its a b u n d a n c e  of t ropica l  
spec ies  is a flora which  has  a p e a k  d e v e l o p m e n t  in mid-summer .  The  n u m b e r  of spec ies  
and  the b iomass  of p lan ts  dec reases  in the  fal l  to a win te r  low and  g r a d u a l l y  inc reases  
th rough  the spr ing and  ear ly  summer.  N in tyn ine  pe rcen t  of the  spec ies  in that  offshore 
flora were  p resen t  in mid-summer .  Spec ies  such as Grinnellia americana (C. Ag.) Harv.  
and  Dasya baillouviana {Gmel.) Mont.,  wh ich  are  charac te r i s t ic  m e m b e r s  of the  sp r ing  
flora in  sha l low waters  are  in f requent  in d e e p  water ,  bu t  t hey  pers is t  l onge r  into the  
summer  in d e e p  wate r  than  they  do in sha l low wa te r  {personal observations}.  

The dominan t  spec ies  of the  offshore flora, Sargassum filipendula C. Ag., Codiurn 
carolinianum Searles,  Botryocladia occidentalis {Borg.} Kylin and  the Dic tyo ta l i an  t axa  
Zonaria tournefortii (Lamour.) Mont.  and  Lobophora variegata (Lamour.) Womers .  
{Schneider,  1976; Peckol  & Searles ,  1983} al l  a p p e a r  to be  p e r e n n i a l  p l an t s  which  
overwinter  as holdfasts  and  basa l  b r anches  {personal observations}.  M e c ha n i sms  of life 
his tory adap ta t ions  of spec ies  in sha l low wa te r  have  b e e n  s tud ied  and  show more  crypt ic  
pe renna t ion .  Fiore  {1977} demons t r a t ed  that  Humrnia onusta [Kutz.) Fiore,  which  has  a 
conspicuous  sporophyte  s tage in spring,  ove r summers  as an ec tocarpoid ,  game tophy t i c  
plant .  Richardson  desc r ibed  a p ro tonema l  s tage  in Dictyota dichotoma (Huds.) Lamour.  
under  win te r  condi t ions  {1979}, a crypt ic  f i l amentous  s t age  in Dasya baillouviana in the  
summer  and  win te r  {1981} and  a c o m p a r a b l e  c r eep ing  s tage  in Bryopsisplurnosa (Huds.) 
C. Ag. in the  summer  (1982). 

Peckol  (1983) e x a m i n e d  seasona l  shifts in pho tosyn the t i c  ra tes  of two codominan t  
spec ies  from an offshore rock outcrop. Lobophora variegata, a w i d e s p r e a d  t ropica l  
species ,  showed  h ighes t  photosynthe t ic  rates  at  a m b i e n t  t e mpe ra tu r e s  from J a n u a r y  to 
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May.  Zonaria tournefortii, a spec ies  res t r ic ted  to the  Caro l inas  and  Brazil, showed  peak  
pho tosyn the t i c  ra tes  h i g h e r  than  those  of Lobophora in May.  These  changes  in photo- 
syn the t ic  rates  which  occur as the  seasons  and  t empera tu re s  shift  on the  cont inenta l  shelf 
m a y  sugges t  the  bas is  for the  codominance  of these  two spec ies  in this habi tat .  

OUTLOOK 

The descr ip t ive ,  f loristic p h a s e  of s tudy on this coast  is p r o b a b l y  reach ing  a point  of 
d i m i n i s h i n g  returns,  a l though  the i nd iv idua l  spec ies  b e i n g  d i scovered  may  cont inue to 
be  of in teres t  from a t axonomic  and  sys temat ic  po in t  of view.  The  bas ic  composi t ion  of 
the  f lora is, however ,  e s tab l i shed .  There  is n e e d  for add i t i ona l  floristic, a lpha  taxonomic  
work  in a d j a c e n t  areas .  E i s eman ' s  work  in  d e e p  wa te r  on the  eas t  coast  of F lor ida  and the 
work  off North  Caro l ina  sugges t  tha t  deep  wa te r  s tudies  in the  C a r i b b e a n  wilt  be 
r eward ing .  

The low level  of s e a w e e d  e n d e m i s m  in the reg ion  is in teres t ing.  Al though  low 
re la t ive  to s e a w e e d  floras in the  reg ions  to the south  and  in the  eas t e rn  Atlantic,  it  is h igh 
re l a t ive  to e n d e m i s m  in the  fish popula t ion .  Briggs (1974) s ta tes  that  there  are  only 6 
e n d e m i c  spec ies  or subspec ie s  of f ish in the  region.  One  migh t  th ink  that  the  in termit tent  
spac ing  of su i tab le  subs t ra tes  for a lga l  g rowth  in the  reg ion  migh t  l e ad  to isolat ion and 
specia t ion .  However ,  in spi te  of the  pa tchy  d i s t r ibu t ion  of substrates ,  d i spersa l  in some 
spec ies  is effective.  Codium fragile subsp,  tomentosoides (van Goor) Si lva  has moved 
south  from Long I s l and  Sound  to the  Nor th  Caro l ina  coast  in tess than  25 years  (Seafles  et  
al., 1984), demons t r a t i ng  that  the  l ack  of subs t ra te  is not a ser ious  p rob lem to d i spersa l  in 
that  species .  S tud ies  of co lon iza t ion  in offshore hab i ta t s  (Amsler  & Searles,  1980; Peckol 
& Searles ,  1983) ind ica te  a l imi ted  ab i l i ty  of the  dominan t  spec ies  in that  hab i ta t  to 
co lonize  by  spores.  The  whole  ques t ion  of d i spe r sa l  and  co loniza t ion  by  spores  vs. 
vege t a t i ve  f r agmen ta t i on  is un re so lved  a n d  this could  be  an app rop r i a t e  reg ion  in which  
to s tudy it b e c a u s e  of the  pa tchy  d i s t r ibu t ion  of subs t ra tes  and,  therefore,  the  discont inu-  
ous popu la t ions  of s eaweeds .  

Kap raun ' s  demons t r a t i on  of op t ima l  g rowth  and  reproduc t ion  in some species  in 
wa rm t e m p e r a t e  wa te r  condi t ions  is l imi t ed  to p lan ts  from sha l low water .  Since many  of 
the  p l an t s  from offshore a n d  most  of those  res t r ic ted  to d e e p  wa te r  have  t ropical  centres  
of dis t r ibut ion,  they  migh t  not  be  e x p e c t e d  to show t e m p e r a t e  wa te r  growth and 
rep roduc t ive  opt ima.  However ,  most  of the e n d e m i c  spec ies  of the  reg ion  (21 of 33) are 
res t r ic ted  to deep  wa te r  and  they  may  pe rhaps  be  a d a p t e d  to the modera te ,  but  
s easona l ly  cooler  t empe ra tu r e s  that  occur on the  con t inen ta l  shelf. Perhaps  the  endemic  
spec ies  and  some of n o n e n d e m i c  spec ies  on the shelf  wi l l  a lso show spec ia l i zed  growth 
and  rep roduc t ive  charac ter i s t ics  di f ferent  from those  of more  southern  popula t ions  if 
they  are  s tud i ed  in expe r imen t s  s imi lar  to those conduc ted  by  Kapraun  on p lants  of 
sha l low water .  

Work  on s e a w e e d s  in the  reg ion  in the  future should  emphas i ze  exper imen ta l  
s tud ies  wh ich  wil l  a l low us to d e t e r m i n e  how phys io log i c a l l y  and  gene t i ca l ly  different 
p lan t s  a re  from those  in  ad j acen t  reg ions  and  how the i r  r anges  are  l imi ted  by  both  the 
phys i ca l  and  b io log ica l  envi ronments .  
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