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Abstract N ew  in fo rm atio n  on  the presence an d  relative 
abundances o f 41 reef-building (zooxanthellate) coral 
species a t 11 easte rn  Pacific and  3 central Pacific local
ities is exam ined  in  a  b iogeograph ic analysis an d  review 
o f  the easte rn  Pacific co ral ree f region. T he com position  
and  orig in  o f  the  coral fau n a  an d  o th e r reef-associated 
taxa are  assessed in  the  con tex t o f  dispersal an d  v icar
iance hypotheses. A  m in im um  variance cluster analysis 
using  coral species presence-absence classification d a ta  
a t the  14 localities revealed th ree eastern  Pacific reef- 
co ral provinces: (1) equatorial -  m a in land  E cu ad o r to 
C osta R ica, includ ing  th e  G alápagos and  C ocos Islands; 
(2) northern  -  m a in land  M éxico a n d  the Revillagigedo 
Islands; (3) island group  -  eastern  Pacific M alpelo  Island 
an d  C lipperton  A toll, an d  cen tral Pacific H aw aiian , 
Jo h n sto n  an d  F an n in g  Islands. C oral species richness is 
relatively h igh in  the eq u a to ria l (17-26 species p e r  lo 
cality) a n d  n o r th e rn  (18-24  species) provinces, an d  low 
a t tw o sm all offshore island  localities (7-10 species). A  
high p ro p o rtio n  (36.6% , 15 species) o f  eastern  Pacific 
co ral species occurs a t  only one or tw o localities; o f  
these, th ree d isappeared  follow ing the 1982-83 E N S O  
event, th ree  occur as d ea th  assem blages a t several lo
calities, an d  five a re  endangered  w ith  know n p opu la tio n s 
o f  ten  o r few er colonies. P rincipal com ponen t analysis 
using o rd in a l relative density  d a ta  fo r the 41 species a t 
th e  14 localities ind icated  th ree m ain  species groupings, 
i.e., those w ith  high, m id , an d  narro w  spa tia l d istri
bu tions. T hese groupings co rre la ted  w ith  species p o p 
u la tion -dynam ic characteristics. T hese results were 
com pared  w ith  d a ta  fo r  riverine discharges, ocean c ir
cu la tion  p a tte rn s , shoreline h a b ita t characteristics, an d  
regional sea surface tem p era tu re  d a ta  to  help clarify  the 
analyses as these m easures o f  environm ental variab ility
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affect co ral com m unity  com position . Local richness was 
h ighest a t  localities w ith  the h ighest env ironm ental 
variability . R ecent in fo rm atio n  regarding the  strong  af
finity betw een eastern  a n d  central Pacific co ra l faunas, 
ab u n d an ce  o f  teleplanic la rvae in  oceanic cu rren ts, high 
genetic sim ilarity  o f  num erous reef-associated  species, 
an d  appearances o f  num erous Indo-w est Pacific species 
in  the east Pacific follow ing E N SO  activity , suggest the 
b ridging o f  th e  east Pacific filter b ridge (form erly east 
Pacific barrier).

Key words B iogeography • E astern  Pacific • 
Z ooxan the lla te  corals

E cology obviously p lays a crucial role and, although its 
effects cannot be detected in compilations o f  entire faunas, 
m ust be taken into account i f  fu r th er  progress is to be 
made in our understanding o f  the history o f  diversity and  
the fa c to rs  that affect spéciation. (G .J. Verm eij 1993)

Introduction

T he extrem e iso lation  o f  the shallow -w ater, tropica] 
b io tas o f  the eastern  Pacific region has stim ulated  m uch 
in terest in  the ir taxonom ic com position , orig in  and 
evolu tion . E astern  Pacific coral ree f b io tas offer an  ad 
v an tage in in terpretive b iogeographic stud ies due to  the 
often  m arg inal env ironm ental cond itions affecting them . 
T hese cond itions have fu rth e r spu rred  in terest in the 
study a n d  docum enta tion  o f  local differences in biotic 
com position  an d  causes o f  po p u la tio n  fluctuations.

T he easte rn  Pacific has been separated  from  the 
C arib b ean  Sea since the closure o f  the C en tra l A m erican 
p o rta l, ca . 3.7-3 M a (D uque-C aro  1990; C oates and  
O b an d o  1996), and  is greatly d istan t, betw een 5000- 
8000 km  across a  po ten tia l m ig ra to ry  p a th w ay  (D ana 
1975; G rigg  and  H ey 1992), from  the In d o  w est Pacific 
b iogeograph ic region (Fig. 1). E km an  (1953) concluded 
th a t the easte rn  Pacific barrier (EPB) is the w orld ’s m ost 
effective m arine  barrier to  larval dispersal. D arw in
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Fig. 1 Indo-w est Pacific and  eastern Pacific co ra l reef biogeographic 
regions. A lthough  n o t show n, th e  entire Ind ian  O cean an d  adjacent 
bodies o f  w ater are also part o f  the Indo-W est Pacific region. T h e  14 
localities used in this study are  show n w ith  black circles and  three- 
le tter acronym s, which are  defined in T able 1

(1880, p. 317) regarded the E PB  as “ im passab le” . Tw o 
w idely en terta ined  hypotheses have been p roposed  to 
explain  the distinctness o f  the easte rn  Pacific reef- 
bu ild ing  co ra l fauna: (1) long-d istance dispersal, and  (2) 
the vicariance (i.e. geographically-m ediated  separation ) 
view.

In  light o f  the taxonom ic affinities o f  m odern  reef- 
bu ild ing  corals an d  their p o ten tia l fo r d ispersal, D an a  
(1975) an d  G lynn  and  W ellington (1983) p ro p o sed  th a t 
the eastern  Pacific region has m ost likely been colonized 
relatively recently by long  d istance d ispersal o f  larvae, 
chiefly via the  n o rth  eq u a to ria l co u n ter cu rren t (N EC C ). 
H ow ever, M cC oy and  H eck  (1976), a n d  H eck  an d  M c
C oy (1978) favored a  v icariance exp lana tion , nam ely  
th a t the easte rn  Pacific co ra l fau n a  w as derived from  
p an -T ethyan , w estern A tlan tic  (C aribbean ) species th a t 
h istorically  were d istribu ted  across the  shallow  C entral 
A m erican seaway. W ith  the closure o f  the  C entral 
A m erican  co rrido r, the v icariance hypothesis m ain ta ins 
th a t T eth y an  species survived in  th e  eastern  Pacific as a 
relict fau n a  th a t was subsequently  m odified by extinc

tions an d  evolu tion . M any  o f  the earlier shared species 
becam e ex tinc t in the w estern  A tlan tic  as conditions 
d e terio ra ted  du ring  late P liocene an d  P leistocene glaci
a tion  events (B udd 1989; B udd  et al. 1994).

T his essay exam ines b o th  d ispersal an d  vicariance 
hypotheses in ligh t o f a  w ealth  o f  new  evidence, in 
cluding: com position  o f coral faunas a t  several localities; 
fac to rs affecting the  dynam ics o f  species d istributions, 
such as d ispersal routes; leng th  o f  larval life; stepping 
stones; rafting; El N iñ o -so u th ern  oscillation (EN SO ) 
influences; and , the  age an d  persistence o f  coral com 
m unities in  vary ing  eastern  Pacific env ironm enta l se t
tings. W e develop and  analyze a  new  d a ta  base on  the 
presence an d  relative abundances o f  easte rn  Pacific 
zooxan the lla te  coral species to  be tte r define the  spatial 
d istribu tion  o f  co ral provinces an d  p a tte rn s  o f species 
diversity  w ith in  the  region. W e believe th a t  such in fo r
m ation  can  offer insights regard ing  in tra reg ional bio tic 
con tinu ity  as well as po ten tia l d ispersal rou tes across the 
eastern  Pacific barrier. W idely d istribu ted  an d  rare spe
cies a re  exam ined and  com pared  in  te rm s o f  their p o p 
u la tion  dynam ic characteristics such as reproduction , 
grow th , an d  survivorship. O nly since the  severe 1982- 
1983 E N S O  event has it becom e recognized th a t sudden 
an d  m arked  changes in c ircu lation  rou tes  an d  transpo rt 
ra tes can greatly  influence w est-to -east dispersal p a th 
ways. T h e  tim ing o f  arrival o f  som e Indo-w est Pacific
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co lon ists  follow ing the 1982-1983 E N SO  offers solid 
evidence o f  such accelerated dispersal activity. F u rth e r, 
it is now  u n d ersto o d  th a t E N SO  events o f this m ag n i
tu d e  can  also cause local an d  regional-scale extinctions, 
thus em phasizing  the  dynam ic n a tu re  o f  the com position  
o f  easte rn  Pacific coral reef faunas. T he d a ta  an d  a n a 
lyses we p resen t are fram ed b road ly  to  include consid 
era tio n  o f various biological and  physical fac to rs th a t 
can  influence p a tte rn s  o f species d istribu tions in  trop ica l 
m arine  environm ents. Since this essay reveals m any  gaps 
in o u r  know ledge, we conclude by ou tlin ing  som e critical 
a reas  w here fu rth e r  study is needed.

Eastern Pacific reef coral biota

R ecently  published  con tou rs depicting  global p a tte rn s  o f  
generic an d  species richness show  the  eastern  trop ical 
Pacific (ET P) to  be com prised o f  five genera and  ten 
species o f zooxanthella te  sc leractin ian  corals (V eron 
1995). Im m ediate ly  west o f  th e  E PB  (including the 
H aw aiian  an d  L ine Islands) generic diversity doubles 
an d  then  con tinues to  increase steadily  to  a  m ax im um  o f 
70 genera in  the w est-central Pacific. Species richness 
increases in  a  sim ilar m anner w ith  the 50 species co n to u r 
crossing  the L ine Islands an d  increasing steadily  to  450 
species in  the  Philippine an d  n o rth e rn  Indonesian  a r 
chipelagos. In  con trast, on the A tlan tic  side o f  C entral 
A m erica, m ax im um  taxonom ic richness reaches 20 
genera  a n d  50 species in  the C aribbean  basin.

H ere  we exam ine a  new  d a ta  m atrix  deno ting  the 
presence a n d  relative abundances o f  41 species o f  zoo
x an th e lla te  scleractin ian  corals an d  hydrocorals  in  the 
E T P  reg ion  (T ab le  1). Eleven (1-11) o f  the  14 localities 
listed , includ ing  offshore and  nearsh o re  islands and  the 
m ain lan d , belong to  the E T P  region, an d  th ree (12-14) 
a re  located  in  the cen tral Pacific, a t  the eastern  b o u n d ary  
o f  the  Indo-w est Pacific region (Figs. 1 a n d  2). A  
so u th ern  d ispersal rou te  v ia the M arquesas Islands an d  
T u a m o tu  A rchipelago  is n o t considered likely because o f 
the  p resen t sluggish flow o f  the sou th  eq u a to ria l co u n t
e rcu rren t, w hich is n o t evident east o f  160° W , an d  the 
coo l sea tem pera tu res o f  the P eru -C h ile  cu rren t system s 
(W yrtk i 1965; F ied ler 1992). W e cau tio n  th a t these lo
calities vary  enorm ously  in h a b ita t space su itab le for 
co ra l p o p u la tio n s. F o r exam ple, the shelf a re a  in  the 
G u lf  o f  C a lifo rn ia  (to 10 m depth) is 5200 k m 2, while 
M alpelo  Is land  offers only 0.1 km 2 (0-20 m ) o f  shelf 
h a b i ta t in  the  eupho tic  zone. A lso , the co ral fau n as  a t 
som e eastern  Pacific localities a re  still largely unknow n, 
e.g. in  G u a tem a la , El Salvador, N ica rag u a , a n d  n o r th 
e rn  P eru . F u rth e r , still unknow n is the  p ro p o rtio n  o f 
sh e lf  su b stra te  (e.g. firm  rock  or stab le  ta lus versus fine 
g rained  sedim ents) th a t w ould su p p o rt co ral se ttlem ent 
a n d  grow th . It should  also  be no ted  th a t several taxo 
n o m ic  uncerta in ties exist. F o r  exam ple, Pocillopora  
elegans an d  Pocillopora verrucosa m ay  be synonym ous, 
a n d  the  presence o f  Pocillopora woodjonesi in th e  eastern  
Pacific needs fu rth e r  verification (V eron 1993). A nd

from  m ajo r differences in  the rep roductive biology, 
R ichm ond (1985, 1987) has suggested th a t w est/central 
an d  eastern  Pacific Pocillopora damicornis popu la tions 
m ay represent d istinct species. A d d itio n a l p rob lem atic  
species include the valid ity  o f  P orites sverdrupi, and  
th ree to  fo u r species in  the  genus Psam m ocora. F inally , 
Pocillopora  sp.A , Porites sp .A  an d  Pavona  sp .A  are  new  
species presently  being described.

O u r analyses w ere based on  n u m b e r o f  species, re la 
tive abundances an d  com m unity  com position . T h e  lo 
calities o f  highest species richness, i.e. w ith  20 o r  m ore 
species, are the oceanic R evillagigedo Islands, m ain land  
M éxico, C osta R ica, P anam á, a n d  C o lom bia  (Fig. 3A). 
Low est species richness occurs a t  the  sm all offshore is
lands o f  M alpelo  an d  C lipperton . E leven species show  a 
h igh frequency o f  occurrence, p resen t a t nine o r m ore 
localities (>82%  occupancy, i.e. p resen t a t 9 o r m o re  o f 
11 E T P  localities) a lo n g  the  easte rn  Pacific (T able 1, 
F ig. 3B). These w ide-ranging species are taxonom ically  
diverse, represented by all th ree easte rn  Pacific su b o r
ders o f  scleractin ian  corals (A rchaeocoeniina, P oritiina , 
F ung iina) an d  belong to  all five eastern  Pacific families 
(Pocilloporidae, P oritidae , S iderastreidae, A gariciidae, 
Fungiidae): Pocillopora damicornis, Pocillopora elegans, 
Pocillopora eydouxi, Pocillopora verrucosa (A rch
aeocoeniina, P ocilloporidae); Porites lobata  (Poritiina, 
Poritidae), Psammocora stellata, Psam m ocora super

fic ia lis  (Fungiina, Fungiidae), Pavona clavus, Pavona  
gigantea, Pavona varians (F ung iina , A gariciidae), and  
Cycloseris curvata  (F ung iina , Fungiidae). T h e  range o f 
colony m orphologies are equally  diverse: Pocillopora  
spp. have large b ranch ing  colonies, P. lobata, P. clavus 
and  P. gigantea  have m assive colonies, P. stellata  has a 
sm all, stubby , b ranch ing  colony, P. varians is lam inar 
(platy) to  spherical, and  Cycloseris is so litary  and 
discoid.

A  high p ro p o rtio n  (36.6% , 15 species) o f  all E T P  
zooxanthella te  corals a re  fo u n d  a t  only one o r  tw o 
eastern  Pacific localities (Fig. 3B). F o u rteen  o f  these 
narrow ly  d istribu ted  o r ra re  species occur a t  high 
d iversity  (w ith 20 o r m ore species) localities (M éxico, 
Revillagigedo Islands, C osta R ica, P an am á) an d  th ree at 
localities (G u lf o f  C aliforn ia, C lipperton  Island , Cocos 
Island) w ith  less diverse (<19 species) co ral faunas. Tw o 
scleractin ians {Acropora valida, Porites rus) and  a 
hyd roco ral {M illepora platyphylla) d isappeared  follow 
ing the 1982-83 E N S O  w arm ing  event (G lynn  and 
W eerd t 1991; G lynn  1997). O nly  dead  colonies o f  three 
species {Leptoseris papyracea, Cycloseris curvata, D ia
seris distorta) have been found  a t  several localities, and  
five species {Pocillopora woodjonesi, Siderastrea glynni, 
Pavona frondifera , Pavona xarifae, M illepora boschmai) 
a re  considered endangered , i.e. w ith  know n popu la tions 
o f  ten o r fewer colonies.

V eron’s (1995) b iogeographic analysis o f th e  eastern  
Pacific zooxanthella te  co ral fau n a  recognized three 
provinces: G u lf  o f  C aliforn ia, F a r  E ast (m ain land  Cen
tra l A m erica, from  sou thern  M éxico to  Peru) an d  the 
G alápagos Islands. These coral provinces are very sim-
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Fig. 2  E astern  Pacific coral ree f localities an d  respective shelf areas 
(km 2) po tentially  supporting  coral g row th. L ocality  codes and  
m axim um  shelf dep ths where coral com m unities a n d /o r  reefs have 
been observed follow: G O C  G u lf o f  C alifornia , including all islands, 
IO m ; M X M  M exican m ainland sou th  o f  M azatlán , IO m; R E V  
Revillagigedo Islands, 20 m; C L P  C lipperton  A toll, 70 m ; C R C  C osta  
R ican  m ainland, IO m ; C O C  C ocos Island, 20 m ; P A N  P anam anian  
m ain land , IO m ; C O L  C olom bian m ain land , 10 m ; M A L  M alpelo 
Island , 20 m ; E C  D  E cuadorian  m ain land , 10 m; G A L  G alápagos 
Islands, 20 m . T he co ra l fauna is u n k n o w n  a t  the follow ing four 
localities: G U A  G uatem ala , 10 m ; S A L  El Salvador, 10 m; N IC  
N icaragua, 10 m . Estuarine coastal stretches w ere excluded from  the 
she lf areas. Black circles indicate d a ta  available fo r locality an d  open 
circles indicate no  d a ta  available

ila r to  the classic b iogeographic m odel derived from  the 
d is trib u tio n al analysis o f  several taxa, m ain ly  m ollusks, 
c rustaceans an d  fishes (Briggs 1974; B rusca an d  W all- 
erstein  1979). T h e  only difference is th a t V ero n ’s (1995) 
F a r  E ast prov ince is subdivided by m o s t w orkers in to  a 
su b tro p ica l M exican province an d  a  trop ical P an am á 
province.

O ur analysis o f  the structu re  o f  the  m ultid im ensional 
co ra l species-locality d istribu tion  d a ta  m atrix  (T able 1) 
w as u n d ertak en  w ith  the  sole objective o f  sim plifying the

1 2 3 4 5 6 7 8 9 10 11 12 13 14

N um ber o f L o ca litie s  O ccu p ied

Fig. 3  A Species richness o f  zooxanthella te  corals a t 14 eastern Pacific 
localities (11 eastern Pacific an d  3 east-central Pacific). Black 
h istogram  segm ents deno te  co ra l species occurring in the eastern 
Pacific, and  cross-hatched h istogram  segm ents denote coral species 
occurring in the central Pacific. Species richness fo r H aw aii from  
M aragos (1995), fo r Johnston  A toll from  M aragos and  Jokiel (1986), 
a n d  fo r Fanning  A to ll from  M aragos (1974). B  N um ber o f  localities 
occupied by each o f  41 eastern Pacific coral species

ecological in te rp re ta tio n  o f  the  phenom enon  being 
quantified , an d  separating  the  d a ta  in to  g roups (i.e., 
clusters o f  locales) w hose identities w ere n o t know n in 
advance. T he analyses were conducted  to  p roduce  an 
em pirically useful stratifica tion  o f  the d a ta , and  to  po
ten tia lly  suggest a biophysical basis fo r the  observed 
structu re  in  the d a ta  (Jo h n so n  an d  W iehern 1992). 
Several clustering m ethods w ere explored, b u t W ard ’s 
m in im um  variance m ethod  w as deem ed m ost robust, 
particu larly  to  outliers. C en tra l to  the idea  o f  clustering 
o f  d a ta  po in ts  is the idea o f  distance. In  the  W a rd ’s 
m in im um  variance m ethod , the  d istance betw een two 
clusters is the A N O V A  sum  o f squares between the two 
clusters added  u p  over all the variables.

Broadly, the  results o f th e  cluster analyses show  three 
m ain  types o f  site affinities w ith  respect to  co ral species 
distribu tions. A  strong  affinity am ong far easte rn  equa
to ria l localities is revealed (from  E cu a d o r th rough
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m ainland  C o s ta  R ica), b u t the G alápagos Islands and  
C ocos Island  coral faunas a re  also  closely aligned w ith 
the m ain land  (Fig. 4). W ith in  this m ain  cluster, the  coral 
com m unities o f  E cu ad o r an d  C olom bia are sim ilar to  
each  o th er as a re  those o f P an am á and  C osta  R ica, b u t 
these tw o subclusters a re  different. Endem ism , the cri
te rion  fo r d istinguish ing  a  un ique  G alápagos P rovince 
[e.g., rang ing  from  18% endem ics fo r shallow -living 
m ollusks, K ay  (1991), F in e t (1991), an d  36%  endem ics 
fo r algae, S ilva (1966)] is n o t represented by a  single 
zooxan the lla te  co ral (D u rh am  1966; G lynn an d  W el
ling ton  1983). It is cau tioned  th a t this resu lt is based on  
m orpho log ical characters an d  it is possible th a t m olec
u la r  genetic studies m ay disclose the presence o f  sibling 
species (K now lton  1993). T he Cocos Island  co ra l fauna , 
g roup ing  closely w ith  th e  G alápagos, has a  single Indo - 
Pacific coral species (Pavona xarifae) found  now here else 
in  the  E T P  region (C ortés 1996-1997). T h e  R ev
illagigedo Islands, G u lf  o f  C aliforn ia  an d  M exican 
m ain land  a lso  show  a  close relationship , an d  can  be 
regarded  as a  n o rthern  coral province. B oth  the  e q u a 
to ria l an d  n o rth e rn  eastern  Pacific coral provinces 
dem onstra te  relatively h igh species richness w ith  17-26 
an d  18-24 species p e r locality  respectively. A  th ird  
g roup , includ ing  sm all iso lated  M alpelo  an d  C lipperton  
Islands, an d  th ree  island  localities in the central Pacific 
(H aw aiian  Islands, F an n in g  and  Jo hnston  Islands), are 
also closely aligned. T h e  tw o eastern  Pacific islands a re  
im poverished w ith  ten  o r fewer zooxan the lla te  corals. 
T h e  central Pacific islands also con tain  ten  o r fewer 
easte rn  Pacific corals, b u t w ith  the add ition  o f several 
Indo-w est Pacific species exceed the species richness o f 
any  E T P  locality . Stehli a n d  W ells’ (1971) analysis o f 
zooxan the lla te  co ra l genera  also revealed a  d iscrete 
c luste r re la tin g  th e  east Pacific m ain land  fau n a  w ith 
several cen tra l Pacific island localities, e.g. E aster, 
M arquesas, Jo h n sto n , H aw aii an d  M idw ay.

A t the  ecosystem  scale, E T P  coral reefs are sm all, 
patchy  an d  d iscontinuous in  d istribu tion , o ften  confined

to  shallow  depths a t  m a in lan d  sites th a t su p p o rt reef 
fram ew orks dom ina ted  b y  one o r a  few species (G lynn 
e t al. 1972; P o rte r 1972; G lynn  a n d  W elling ton  1983; 
C o lgan  1990; G uzm án  a n d  C ortés 1993; C ortés 1997). 
U n like co ral com m unities in o ther b iogeograph ic re 
gions, associated  inverteb rate  taxa, such as sponges, 
a lcyonarians, soft corals, anem ones, zoan th id s , poly
chaete w orm s, bryozoans, m ollusks, ech inoderm s and  
tun icates, con tribu te  relatively  little to  the  ep iben thos o f 
E T P  co ra l reefs (G lynn 1982; W ulff 1997). A lso, while 
E T P  ree f fishes are a b u n d a n t, they su p p o rt relatively low 
species diversity w ith roughly  th ree-quarters to  one-th ird  
respectively o f  the  species p resen t on  cen tral (Polynesia, 
Society Islands) and  w estern  Pacific (A ustra lia , G B R ) 
reefs (R obertson  1998). N o tw ith stan d in g  the im pover
ished co ra l fauna, co ra l skeletal g row th  ra tes and 
fram ew ork  accum ulation  ra tes are com parab le  to  those 
in o th e r co ra l reef regions (G lynn 1977; G lynn  and  
M acin ty re  1977; M acin ty re  e t al. 1992; C ortés e t al. 
1994).

T h e  in itia tion  o f  H olocene reef g row th  in  the  eastern  
Pacific seems som ew hat delayed com pared  w ith  the 
C aribbean . C o re  drilling an d  rad io carb o n  dating  indi-

Fig. 4  E astern  Pacific zooxanthellate coral provinces and  sim ilarity to 
central Pacific localities. T he coral b iogeography d a ta  consist o f  5 rows 
(i.e., s  =  1 , . . . ,  41 species) and I  colum ns (i.e., t  =  1 , . . . ,  14 localities; 
T able  1). T h e  elem ent o f  the m atrix  represents the presence or
absence and  relative abundance o f  the species (/ =  1 , . . . ,  s)  at a 
p articu lar locale (ƒ =  1 , . . . ,  £) in  the eastern  Pacific region. F rom  
these d a ta  we developed sim ilarity coefficients fo r the b inary  presence- 
absence coral species d a ta  a t  localities to  m easure the association o f  
the coral com m unity  betw een localities. T he sim ilarity coefficient we 
explored w as Jaccard’s coefficient o f  com m unity Sy, th a t is a  m easure 
o f  resem blance th a t  gives equal w eight to  all the term s, placing twice 
the weight o f  the o ther term s to  double presences since o ne  m ay 
consider the presence o f  a  species as m ore inform ative th an  its 
absence. T h e  sim ilarity m atrix  form ed the basis o f  the d a ta  m atrix  for 
a  range o f  clustering m odels we explored. W e used the statistical 
analysis package SAS (SAS Institute 1990) to  convert similarity 
m easures to  dissimilarities (i.e., 1 -S y) before clustering



ca te  th a t the  o ldest know n Pacific reefs are 4000 years 
o ld in  C osta  R ica (M acin tyre e t al. 1992; C ortés e t al. 
1994) an d  5600 years old in  P an am á (G lynn and 
M acin tyre 1977). R eef build ing in  the C aribbean  
s ta rted  ab o u t 10000 years BP, w as in te rru p ted  briefly in 
m an y  areas by shelf flooding du ring  the H olocene 
transgression , an d  th en  resum ed a b o u t 7000 years BP 
to  th e  present (N eum ann  an d  M acin ty re  1985; M ac
in tyre 1988). F u rth e r, elevated an d  drow ned  Q u ate r
nary  reefs are num erous an d  w idespread  th ro u g h o u t 
the C aribbean  (L ighty  e t al. 1982; E dw ards e t al. 1986/ 
1987; E dw ards e t a l. 1987; F a irb an k s  1989; C hen e t al. 
1991; B lanchon an d  Shaw  1995), w hereas only a  few 
m in o r fossil ree f fo rm ations and  coral com m unities are 
know n in the  easte rn  Pacific (P alm er 1928; D urham  
1947, 1950; Squires 1959; W alker 1991; C ortés 1993). 
C ortés (1993) advanced the follow ing observations to  
explain  the p o o r  p reserva tion  o f  co ral reefs in  the east 
Pacific com pared  w ith the C aribbean ; (1) the structu ra l 
in tegrity  o f  reef fram ew orks is less, (2) subm arine ce
m en ta tion  is rare, (3) crustose coralline algal pavem ents 
a re  poorly  developed, and  (4) b ioerosion  proceeds a t 
h igh rates.

Biogeographic hypotheses and supporting evidence

T h e m ajo r hypotheses advanced  to  explain the origin o f 
the E T P  reef coral fau n a  involve dispersion o r  v icar
iance processes (Veron 1995). D a n a ’s (1975) dispersal 
hypothesis assum es th a t m o d ern  eastern  Pacific (EP) 
co ra ls  are recent im m igrants th a t have colonized w est
ern  A m erican shores from  the  central Pacific v ia the 
N E C C . T h e  Line Islands chain  is regarded  as the cen
tra l Pacific source area , w hich m oved by sea floor 
sp read ing  tow ard  the n o rthw est, in to  the p a th  o f  the 
east-flow ing N E C C  beginning d u rin g  the  Pliocene. This 
hypothesis also  presupposes the  ex tinction  o f all EP  
corals (including Indo-w est Pacific as well as C aribbean  
relicts) during extrem e low P leistocene sea tem perature 
an d  sea level fluctuations. In d irec t evidence supporting  
this hypothesis has been advanced  by G lynn  and  W el
lington (1983), G lynn  e t al. (1983), C ortés (1986), G rigg 
an d  H ey (1992), an d  K etchum  an d  B onilla (1997) fo r 
corals, by E m erson  (1978, 1991, 1993, 1994), E m erson 
an d  C haney (1995), and  V erm eij (1978) fo r m ollusks, 
an d  by add itiona l w orkers fo r o th e r  cora l-associated  
taxa  (R osenb la tt e t al. 1972; G a r th  1974; Lessios e t al. 
1996; R obertson  an d  A llen 1996; A llen and  R obertson
1997). R ichm ond’s (1990) ex tension  o f  the  long  d istance 
d ispersal hypothesis invokes accelerated  w est to  east 
dispersal d u ring  E N S O  events. Several studies have 
offered evidence o f  increased arrivals o f  Indo-Pacific 
m ollusks (E m erson  1991; E m erson  an d  C haney 1995; 
F in e t 1991; K ay 1991), echinoids (Lessios e t aí. 1996,
1998) and  fishes (G roves 1984, 1989; R obertson  and 
Allen 1996) du ring  the very stro n g  1982-83 EN SO  
event. M olecu lar studies o f  allozym e differences be
tween eastern  Pacific an d  cen tral-w est Pacific conspe-

cific p o p u la tio n s o f  several taxa  have dem onstra ted  
little if  any  genetic divergence, suggesting reproductive 
connectiv ity  across the  en tire  E P  ocean basin. T his has 
been show n fo r c rab  sym bionts inhab iting  corals 
(H u b er 1985), shore  fish species (R osenb latt and 
W aples 1986), the crow n-of-thorns sea s ta r  Acanthaster  
(N ish ida an d  L ucas 1988), an d  sea urch ins (Lessios 
e t al. 1996, 1998), the  last study suppo rting  recent gene 
flow across th e  eastern  Pacific, perh ap s related  to  the 
1982-83 E N S O  event. I t  is n o t know n if  the h igh af
finity o f  these ta x a  is a resu lt o f  reciprocal gene flow 
across the eastern  Pacific o r  one-w ay in terchange from  
w est to  east o r east to  west. W hile allozym e differences 
betw een conspecific zooxanthella te  coral popu la tions 
have been detected  in several studies (e.g., S to d d art 
1984; W eil 1993; Benzie e t al. 1995), the affinities o f 
d isjunct p o p u la tio n s have n o t yet been reported .

A  second  d ispersion hypothesis is th e  ‘vortex m odel’ 
p ro p o sed  by Jok ie l an d  M artinelli (1992). This h y p o th 
esis postu la tes a  p redom inan tly  east to  w est d ispersal o f 
p ropagu les, follow ing prevailing ocean  cu rren t flows, 
w ith species accum ulations in  the w est an d  faunal a t
ten u a tio n  along  eastern  b o u n d ary  basins. S upporting  
evidence fo r this m odel is th e  p red o m in an t m ovem ent o f 
cu rren ts  from  east to  west a t  trop ical la titudes an d  the 
docu m en ta tio n  o f  rafting  coral p ropagules a long  the 
sam e course  (Jokiel 1984, 1990a, b).

T h e  vicariance hypothesis (M cC oy and H eck 1976; 
H eck an d  M cC oy 1978) m ain ta in s  th a t eastern  Pacific 
reef-build ing corals (and  seagrasses and  m angroves) are 
descended from  a  w idespread N eogene C aribbean  b io ta . 
T hus, eastern  Pacific corals rep resen t a  m odern  relict 
fau n a  th a t becam e separated  ca 3.7-3 M a  from  the 
C arib b ean  basin follow ing closure o f  the m arine  co rri
d o rs  across C en tra l A m erica (D u q u e-C aro  1990; C oates 
an d  O b an d o  1996). Since iso la tion , the E T P  b io ta  has 
been m odified largely by tectonic events, spéciation  and  
ex tinctions. F ro m  an analysis o f  A m erican  N eogene 
fossil d is trib u tio n s and m orphom etries, B udd (1989) 
concluded  th a t som e m odern  easte rn  Pacific corals could 
be descended from  a  sou thern  easte rn  Pacific relict fauna 
th a t experienced w idespread ex tinctions in  the  C a rib 
bean during  P leistocene env ironm enta l upheavel. E ight 
o f  th e  ten M o d e rn  E P  scleractin ian  coral genera were 
p resen t in  th e  C aribbean  d u rin g  P liocene and  P leisto 
cene tim es (B udd 1989 a n d  in press). Psammocora  
d isappeared  from  the  C aribbean  during  the  Pliocene 
a n d  Gardineroseris, Pavona  an d  Pocillopora  du ring  the 
Pleistocene. Acropora  (extinct since 1983), Leptoseris, 
P orites  an d  Siderastraea  a re  shared between the  E T P  
an d  C aribbean  in the M o d ern  faunas. Cycloseris and  
Diaseris are the  only Pacific genera th a t have n o t been 
fo und  in  th e  C aribbean  fossil record . Several species of 
the  hyd roco ral M illepora  also a re  m em bers o f  M odern  
transis thm ian  zooxanthella te  co ra l faunas. It is possible 
th a t species in  these genera evolved in the  central/w est 
Pacific an d  invaded  the eastern  Pacific after closure o f 
the  C en tra l A m erican  seaway. T hus, these d istribu tional 
records leave open  the possibility th a t som e E T P  corals
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m ay represent descendents o f  v icarian t species. A l
th o u g h  V eron (1995) has discredited  this v icariance ex
p lan a tio n , chiefly on  the basis o f  nu m ero u s fac tual 
e rro rs  in  the d istribu tions o f fossil an d  m odern  coral 
taxa, dism issal o f this hypothesis seems u n w arra n te d  a t 
th is time.

A n o th er hypothesis, w hich serves m ore to  explain  the 
im poverished n a tu re  o f  th e  E T P  coral fau n a , is based  on  
the  unstab le  com position  o f  faunas in  rem ote  m arg inal 
regions (V eron 1995). D ue m ainly to  physical p e r tu r
ba tio n s, species already living n ear their to le rance limits 
becom e locally extinct and  are  n o t soon replenished afte r 
d istu rbances because o f  the ir relative iso lation  from  
source  popu la tions. Besides the E T P, o th e r  im pover
ished m arg inal co ral faunas include H enderson  Island , 
so u th east Polynesia (Paulay  an d  Spencer 1988), the 
H aw aiian  Islands (G rigg 1981, 1988; Jok ie l 1987), 
n o r th e rn  Ja p a n  (V eron 1992), an d  L ord  H ow e Island  off 
easte rn  A ustra lia  (H a rrio tt 1992). Evidence o f  changing 
fau n a l com position  from  b o th  long-term  (e.g. sea level 
fluctuations and  associated cond itions) a n d  sho rt-te rm  
(e.g. periods o f  cool w ater in trusions) d istu rbances 
is reflected in fossil-to-recent species tu rn o v er an d  in 
m ark ed  varia tions in species p o p u la tio n  abundances 
respectively. F u rth e r  d iscussion o f  v arian ts  o f  th e  above 
a n d  o th er coral b iogeographic hypotheses can  b e  found  
in  R osen  (1988).

Physical environmental setting

W ith  the M iddle A m erican  T rench  and  C olom bian  
T rench  closely bo rdering  th e  E T P  m ain land , the  con ti
nental shelf areas are n a rro w  and  offer relatively little 
shallow  h ab ita t fo r coral ree f developm ent (Fig. 5). The 
largest areas o f  po ten tia l ree f h a b ita t a re  the  G u lf  o f 
C alifo rn ia (G O C ), M exican m ain land  (M X M ), P anam á 
(PA N ), C o lom bia  (C O L), an d  E cu ad o r (E C D ) w ith a 
com bined area  o f  16200 k m 2 (Figs. 2, 6A). A side from  
tw o young  volcanic island  g roups [i.e., Revillagigedo 
(REV ) and  G alápagos (G A L ) Islands], only three small 
iso lated  islands [C lipperton  (C LP), C ocos (CO C) and  
M alpelo  (M A L)] m ake  up  the rem ainder o f  E T P  oceanic 
island environm ents, w ith  a  to ta l shelf area  o f  738 km 2. 
T h e  G alápagos Islands co n trib u te  nearly  95%  to this 
to ta l area . Spatially , the po ten tia lly  hab itab le  co ral reef 
zone is pen insu lar o r track-like, thus constra in ing  biotic 
m igrations a long  a  p redom inan tly  sou theast to  n o rth 
w est course. Som e coasta l m arg ins a re  b o rdered  by long 
stretches o f  freshw ater lagoons, estuaries, sandy  beaches 
an d  m angrove forests (Briggs 1974; C arriqu iry  and 
Reyes Bonilla 1997), thus fragm enting  po ten tia l reef 
hab ita ts . A  close co rrespondence between these types of 
ecosystem s an d  high freshw ater d ischarge is no ted  
(Fig. 6A , B). O ne such area , between so u th e rn  M éxico

F ig . 5  T hree-d im ensional 
d ep ic tio n  o f  eas te rn  trop ical 
Pacific ba th y m etry  show ing the 
n ear-ab sen ce  o f  shallow  co n ti
n e n ta l shelves. (D a ta  from  
N a tio n a l O cean  Service, 15 s 
g rided  b a th y m etry  fo r  the 
G lo b a l O cean)
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Fig. 6A , B  D istr ib u tio n  o f  
n o n -co ra l re e f  ecosystem s and  
freshw ater ru n o ff  in th e  east 
Pacific reg ion . A M an g ro v e  
sho res (so lid  b lack lines), and 
co asta l lag o o n s , san d y  beaches 
and  e s tu aries  (dashed lines); 
m angroves fro m  S p a ld in g  e t al. 
(1997), o th e r  c o as ta l ecosys
tem s from  h y d ro g ra p h ic  charts. 
B F re sh w a te r  d ischarge  rates 
are  scaled  as p ro p o rtio n s  o f  
m axim um  ra te  o f  17650 m 3 s -1 
o ff  C o lo m b ia . F ro m  R -H y d ro - 
net vl.O , a  reg io n a l h y d ro m e
teo ro log ica l d a ta  ne tw o rk  fo r 
C en tra l and  S o u th  A m erica 
sp o n so red  by  C A T A L A C , 
R O S T L A C , U S C om m ittee  on  
Scientific H y d ro lo g y , U n iversi
ty o f  N ew  H am p sh ire  a t  h ttp ://  
w w w .r-h y d ro n e t.s r.u n h .ed u .
W e com piled  m o n th ly  tim e 
series a n d  c lim ato lo g ies, p o in t, 
h y d ro m eteo ro lo g ica l fro m  the 
level 1.0 d a ta  sets o n  C en tra l 
an d  S o u th  A m erican  d ischarge  
an d  m eteo ro lo g ica l tim e series 
d a ta . T h e  d isch arg e  d a ta  were 
then  sum m arized  in to  17 areas 
co n s titu tin g  5° by  5° tiles o f  the 
eas t Pacific  O cean  coasta l 
regim e ru n n in g  fro m  Baja 
C a lifo rn ia  a n d  n o r th e rn  
M éxico (30° N , 110° W ) to 
n o r th e rn  P e ru  (4.65° S,
80.49° W )
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(T ango la  T an g o la  Bay, H uatu lco ) an d  the  G u lf  o f  
F onseca, N ica rag u a , spann ing  a  d istance o f nearly  
1000 km  o f  coastline, is know n as the “ Pacific C entral 
A m erican  faunal g a p ”  because o f  the absence o f  rocky 
shore  fish reco rds (Springer 1958). A ctually , w ith  the

rep o rtin g  o f  reef coral com m unities an d  associated  fishes 
a t L os C éb an o s, El S alvador (O rellana A m ad o r 1985), 
an d  the presence o f  b reakw aters an d  o th e r m arine 
structu res along  the  coast (R oberts  an d  R oberts  1995), 
stepping  stone hab ita ts  a re  now  available th a t could

http://www.r-hydronet.sr.unh.edu
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facilita te an  in te rchange o f  coral species from  sou thern  
M éxico to  N icaragua.

Because o f th e  im portance o f  ocean cu rren ts as 
vehicles o f  m arine  larval d ispersal (e.g. E k m an  1953; 
Scheltem a 1968, 1988; G rigg  1981; Jokiel 1990a, b; 
Briggs 1995; C larke 1995), we describe briefly th e  m ain  
hydrodynam ic cu rren t system s in  the E T P. T he latitu- 
dinally  skewed position  o f  the  E T P, from  ab o u t the 
eq u a to r to  the trop ic  o f  C ancer, is due to  the concen
tra tio n  o f con tinen ts in the n o rth e rn  hem isphere an d  the 
oceanic influence o f  the  C a lifo rn ia  and  Peru  surface 
cu rren ts (Fig. 7). These m a jo r eastern  bo u n d ary  curren ts 
g radually  tu rn  w estw ard, becom ing the n o rth  equato ria l 
(N E C ) an d  sou th  eq u a to ria l (SEC) cu rren ts respectively. 
T h e  eastw ard  flow ing N E C C , located  betw een 3° and 
10° N , m oves by the  Line Islands a t 160°W an d  gener
ally enters the E T P  n ear 80°W  a t C olom bia , P anam á 
an d  C osta R ica. O ccasionally  it also skirts C lipperton  
A to ll a t 10°N, 109°W . D u rin g  E N S O  activity  the N E C C  
increases in velocity , volum e tra n sp o r t an d  du ration

CALIFORNIA«
CURRENT

NECC

/  / 
/  /  9 C H I »  / J  

( G'r'RCWjÆ
PANAMA

CURRENT

PERU 1 
CURRENT I

85 W  80 W 75 W

Fig. 7  G eneral sea surface circulation in  the E T P  (after W yrtk i 1967 
and  Fiedler 1992). T h e  N E C C  is best developed from  June through 
N ovem ber; the C R C C  from  Ju n e  to  A ugust, w hen it  reaches to the 
G u lf  o f  California; an d  the P an am á  C u rren t from  D ecem ber to  April

(F iring  an d  L ukas 1983; W yrtk i 1985; Kessler an d  T aft 
1987; H ansen  an d  H erm an  1989; G lynn  e t al. 1996a). 
A ccelerated  N E C C  flow can  reduce the tran sit tim e be
tw een th e  Line Islands an d  east Pacific by h a lf  o r m ore, 
to  50-80 days instead  o f  160 days (R ichm ond  1990; 
G rigg a n d  H ay  1992). A  second eastw ard  flowing cu r
ren t, o rig ina ting  n ea r  the L ine Islands, is the equa to ria l 
u n d e rc u rren t (EU C ), w hich m oves betw een 50-300 m 
d ep th  an d  surfaces on th e  w est side o f the G alápagos 
Islands (W yrtki 1967). T h e  ch ief E T P  curren ts a re  the 
C o s ta  R ican coasta l cu rren t (C R C C ), the P an am á Bight 
gyre (PB G ), an d  the  P an am á cu rren t (PC). T h e  C R C C  is 
best developed from  June  to  A ugust, w hen it penetrates 
as fa r n o r th  as the  G u lf o f  C alifornia. A  southw est- 
flow ing cu rren t also develops seasonally  (Ja n u a ry -  
A pril), th e  P an am á cu rren t, w hich advects P an am á 
B ight surface w ater tow ard  the G alápagos Islands.

T h e  eq u a to rw ard  flow o f  the relatively cool C alifor
n ia  an d  Peru  curren ts, coup led  w ith  coasta l upw elling, 
restric t the n o rth e rn  and  so u th ern  la titud inal lim its, re
spectively, o f  co ra l d istribu tion  in  the  ETP. T hree  well 
defined, local areas o f w ind-induced upw elling also 
occur w ith in  the E T P  region, nam ely  in  the G ulfs o f 
T ehuan tepec, P apagayo  and  P anam á. D uring  periods of 
s tro n g  upw elling, low  sea w ater tem peratu re , eu tro p h i
ca tion , algal overgrow th , an d  bioerosion, ac ting  alone or 
toge ther, can  reduce live co ral cover and  perh ap s even 
cause local ex tinctions. Evidence suggestive o f  a  clim atic 
coo ling  event du ring  the  L ittle  lee Age (m id 15th to  19th 
C enturies) w as advanced  by G lynn  et al. (1983) to  ex
p la in  th e  d ea th  o f  a  100 km  co ra l reef trac t in the  G u lf  o f 
P apagayo , C osta  R ica. In  1985, m assive dinoflagellate 
b loom s in nonupw elling  areas o f  C osta R ica an d  P an 
a m á led  to  a  h igh m orta lity  o f  corals th a t survived the 
1982-83 bleach ing  event (G uzm án  et al. 1990). A reas 
ou tside the th ree m ain  upw elling centers th a t also  ex
perience periodic upw ellings a re  located off the  sou th 
east co ast o f  B aja C alifo rn ia  S ur and  a t B anderas Bay 
a n d  fa rth er so u th  (Jalisco, cen tra l m ain land  M éxico). 
T h e  m o rta lity  o f  Pocillopora  corals repo rted  off Baja 
C a lifo rn ia  S u r du ring  the w in ter-spring  o f  1988 (W ilson 
1990) was a ttr ib u ted  to  coo l w ater stress by Reyes 
B onilla (in press), an d  the absence o f reef developm ent 
a t  B anderas Bay and  farther so u th  is believed due in  p a rt 
to  upw elling (C arriqu iry  an d  Reyes Bonilla 1997).

Briggs (1995) po in ts  o u t th a t C L IM A P  (1981) sea 
surface tem pera tu re  (SST) reconstructions, based  on 
oxygen iso tope records o f p lan k to n ic  F oram in ifera , re
veal no  tem peratu res low enough  to  cause co ral extinc
tions in  the E T P  during the last glacial m axim um  
(L G M ), ca. 18-20 kyears ago. A ccordingly, he suggested 
th a t elevated  nu trien ts th a t w ould p rom ote  p h y to 
p la n k to n  an d  benth ic algal g row th  could be an  im por
ta n t fac to r lim iting  corals ra th e r  th a n  low tem peratures 
per se. E u tro p h ica tio n  causing  increased com petition  
w ith  filam entous an d  fleshy algae (G lynn an d  S tew art 
1973; B irkeland 1977), an d  elevated b ioerosion (High- 
sm ith  1980) can  lim it reef bu ild ing, and  if pro longed , 
could  resu lt in  the  d isappearance o f  coral ree f buildups
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(H allock  an d  Schlager 1986; H ailock  1988; H ailock  
e t al. 1988). R ecent evidence from  high tem pora l reso 
lu tion  coral iso tope therm om etry  a n d  o th e r  studies in 
dicates th a t trop ical SSTs were p robab ly  significantly 
low er during  the  L G M  th a n  th e  - 1  to  - 2  °C  repo rted  by 
the C L IM A P  (1981) findings. R esults from  w est eq u a
to ria l A tlan tic  (G uilderson et al. 1994) an d  southw est 
Pacific (M cC ulloch et al. 1996; Beck et al. 1997) sites 
show  th a t la te  L G M  to  early  H olocene SSTs w ere 4 -6°C  
low er than  today . I f  these results a re  su b stan tia ted  it is 
likely th a t low  tem peratu re  stress an d  co rre la ted  condi
tio n s  (noted  above) have been adversely affecting E T P 
co ra l reef g row th  during P leistocene an d  early  H olocene 
tim es. U pw elling centers w ou ld  p ro b ab ly  be m ost 
severely affected.

E N S O  disturbances to  co ral reefs d u rin g  1982-83, 
an d  m ore recently (1997-98), have d em o n stra ted  th a t 
p ro longed  sea w arm ing can  also have devasta ting  effects 
in  th e  E T P  region. F o r exam ple, the  1982-83 EN SO  
caused m ean coral m orta lity  o f  97%  in the  G alápagos 
Islands (G lynn 1990a), an d  w ith  th e  fa ilu re  o f  ree f  re 
covery  and  continued in tense b ioerosion , coral reef 
structu res have been v irtually  elim inated  fro m  th is area  
(G lynn  1994; R eak a-K u d la  e t al. 1996). In  ligh t o f  such 
ca ta stro p h ic  events, it is im p o rta n t to  kn o w  how  long 
these k inds o f  p e rtu rb a tio n s have occurred  in th e  E T P  
an d  the localities affected. W ith  the  closure o f  the C en
tra l A m erican  seaw ay ca. 3.7-3 M a, the  m o d e m  eq u a 
to ria l Pacific surface c ircu la tion  developed w ith  the 
onse t o f  E N SO  events. C olgan  (1990) no ted  the  therm al 
extrem es set in m otion  th a t w ould  affect E T P  reef 
g row th  d u ring  the Q uaternary : (1) low ered sea level and  
coo l w ater conditions d u ring  glacial periods an d  (2) high 
sea level a n d  unpred ic tab le  sea w ater w arm ing  events 
d u ring  interglacial periods. Between 18 to  65 E N SO  
events o f  the 1982-83 m agn itude m ay have d isrup ted  
ree f g row th  during  the la test high sea level s tan d . A  
com posite  p lo t o f positive SST anom alies observed 
d u ring  five recent well docum ented  E N S O  events indi
cates th a t C olom bia , P an am á an d  C o s ta  R ica, including 
C ocos and  M alpelo  Islands, a re  located  w ith in  a  region 
o f  frequen t im pact (Fig. 8A). A n ti-E l N iño  (L a  N iña) 
events occur frequently  in  the sam e region, b u t are also 
shifted  m ore tow ard  the no rthw est, as fa r  as El S alvador 
an d  C lipperton  A to ll (Fig. 8B).

Since ree f build ing corals require h igh levels o f  visi
ble light to  sustain the ir endosym bio tic  algal flora, 
cond itions w hich increase tu rb id ity , such as p la n k to n  
bloom s o r suspended sedim ent load ing , w ould  tend  to  
depress calcification ra te s  an d  decrease reef build ing 
po ten tia l a t g rea ter depths. T h e  m axim um  d ep th  d is
tr ib u tio n s o f  zooxan the lla te  corals in  oceanic env iron
m ents w ith high light p en e tra tio n , 30-70 m  respectively 
in the G alápagos Islands (G lynn  an d  W ellington 1983) 
an d  a t C lipperton  A to ll (G lynn  e t al. 1996a), com pared  
w ith  10-15 m  a t relatively tu rb id  con tinen ta l sites 
(D a n a  1975; G lynn  1976; G uzm án  a n d  C ortés 1989a), 
tend  to  su p p o rt this trend . H igh  seasonal tu rb id ity , due 
chiefly to  elevated p la n k to n  abundance , occurs a t

m ain land  upw elling  centers (G ulfs o f  T ehuantepec, 
P apagayo , P an am á) and on the w est sides o f  F ern an 
d ina an d  Isabe la  Islands, G aláp ag o s Islands w here the 
equa to ria l u n d ercu rren t surfaces. H igh  tu rb id ity  due to  
seasonal freshw ater d ischarge and  sporad ic  flooding is 
no tab le  a t several localities, e.g. in the G u lf  o f  F onseca 
(H onduras), G ulfs o f  N icoya  and  D ulce (C osta  Rica), 
G u lf  o f C h iriqu í (P anam á), a long  the D arien  (Chocó) 
coast (C olom bia) an d  in  the  G u lf  o f  G uayaqu il (Ec
uado r). R iver flows a long  the  east coast o f  the  P an am á 
Bight, w here m ean  an n u a l rain fall exceeds 7.5 m  along  
the coasta l m o u n ta in  ran g e  (F orsbergh  1969), a re  the 
highest in  the E T P  region (Fig. 6B). O n  coral reefs in 
C osta  R ica an d  P an am á, it  is n o t uncom m on  fo r u n 
derw ater visibility to  be reduced to  0.5 m  o r less during 
heavy ru n o ff o f  sedim ent laden w aters (D a n a  1975; 
C ortés 1990).

A lthough  the n u m b er o f  hurricanes generated  in  the 
E T P  is relatively h igh, these usually  fo rm  offshore and  
m ove in a  w est to  n o rth w est d irection , thus avoiding 
landfall (Scoffin 1993; G lynn  an d  M até  1997). H ow ever, 
during  E N S O  events, s to rm  trac ts  can be d iverted to  
m ore n o rth e rly  courses, resu lting  in  dam age to  coral 
com m unities an d  coral reefs a long  the  m ain land  coast o f  
M éxico and  the  G u lf  o f  C alifo rn ia  (G lynn  e t al. 1998). 
N onetheless, while hurricanes in  som e regions -  e.g. the 
C aribbean  a n d  w estern Pacific -  m ay  cause high local 
coral m orta lity  and  have significant effects on  reef 
geom orphology, the elim ination  o f  a  co ra l species from  
any given fau n a  is unknow n.

Ecological factors

Species d istribu tions are also  to  a  large extent con
tro lled  by po p u la tio n  dynam ics, i.e., rep roductive traits, 
po p u la tio n  g row th  characteristics, an d  survivorship. 
H ere we exam ine som e b io tic  an d  environm ental factors 
th a t m ay influence the  d ispersal po ten tia l o f  corals and  
their persistence once co lonizing new  areas. T ra its  o f 
w idely an d  narrow ly  d istribu ted  species are contrasted  
to  help iden tify  ecological fac to rs rela ted  to  these 
varying p a tte rn s  o f abundance  (T able 2). W hile this 
d iscussion will focus on available know ledge o f  E T P  
coral biology an d  ecology, occasional reference will be 
m ade to  cen tral/w estern  Pacific conspecific popu la tions 
w hen relevant in fo rm ation  on EP species is lacking. 
K now n tra its  o f  rep roduction  are exam ined first, 
follow ed by grow th , w hich m ay affect critically such 
p o p u la tio n  dynam ic processes as p red a tio n , com petitive 
p o ten tia l, p o p u la tio n  resilience a n d  com m unity  persis
tence.

Life h isto ry  an d  popu la tion  dynam ic characteristics

C orals exhib it tw o basic m odes o f  developm ent, nam ely 
(1) b rood ing , w ith  in ternal fertiliza tion  an d  the reten tion  
o f  larvae th a t are subsequently  released, and  (2)
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Fig. 8A , B  S p a tia l ex ten t and  
o v erlap p in g  o ccu rrence  o f  five 
m a jo r  E l N iñ o  an d  L a  N iña  
even ts inclusive over a  35 year 
p e rio d  (1953-1989). A El N iño  
positive  S ST  an o m alies  (>1 °C) 
fo r 1953, 1958, 1969, 1983, and  
1987. B L a  N iñ a  negative  SST 
an o m alies  (<1 °C ) fo r  1956, 
1967, 1971, 1975, a n d  1989. 
D arker shades o f  g rey  deno te  
a reas  o f  h ig h est overlap  from  a 
m ax im u m  o f  five to  tw o events. 
F o r  iden tifica tion  o f  extrem e 
even ts , w e u sed  th e  m ultivaria te  
E N S O  index p ro v id ed  by  the 
N O A A -C IR E S  C lim ate  D iag 
nostics C e n te r, U n iv ersity  o f 
C o lo ra d o , B o u ld er (h ttp ://w w w . 
c d c .n o a a .g o v /~ k e w /M E I/). 
E N S O  sp a tia l coverage  after 
A llan  e t al. (1996)

HAW

170 E 180 W 170 W  160 W 150 W 140 W 130 W 120 W 110 W 100 W 90 W

spaw ning, involving the  shedding o f  gam etes w ith  ex
te rna l fertiliza tion  producing  free-sw im m ing p lan u la  
larvae (F ad la llah  1983; H arriso n  an d  W allace 1990; 
R ichm ond  a n d  H u n te r  1990). W hile b ro o d ed  larvae

have the po ten tia l to  rem ain  in  the  w ater colum n for 
p ro longed  periods -  due to  the ir large size, high lipid 
con ten t and  the presence o f zooxanthellae (R ichm ond 
1981) -  they generally tend  to  settle n ear the  p aren t

http://www
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colony . A n exception is the b ro o d er Pocillopora dam 
icornis, w hich produces larvae th a t m ay rem ain  com pe
te n t fo r 100 days o r  longer (H arrigan  1972; R ichm ond
1989). In terestingly , central an d  w est Pacific p o p u la 
tions o f P. damicornis are b rooders w hereas east Pacific 
p o p u la tio n s  a re  spaw ners (R ichm ond an d  H u n te r  1990; 
G ly n n  et al. 1991). The six sc leractin ian  species w ith 
w ide d istribu tions are spaw ners, as a re  th e  th ree  n a r
row ly d is trib u ted  species w ith Indo-Pacific affinities 
(T ab le  2). U n til recently  it was assum ed th a t th e  sm all 
size an d  low  energy reserves in  the eggs o f  spaw ning 
co ra ls  d ic tated  a  b rie f period  in  the p la n k to n . H ow ever, 
som e observa tions show  th a t larvae develop ing  from  
spaw ning  co ra ls  can  have long settlem ent com petency 
periods. T h e  m axim um  com petency periods o f  two 
A cropora  species a re  20 (R ichm ond  1989) an d  91 days 
(H a rriso n  e t al. 1984; tw o species also dem onstra ted  
longevities o f  only  5 to  7 days in  the la b o ra to ry ), and  
range from  26 to  78 days for th ree sub trop ical/trop ica l 
co ra l genera (W ilson an d  H arrison  1998). O f  the  te n  E P  
zo o x an th e lla te  species thus fa r studied , only Porites 
panam ensis  b ro o d s its larvae and  settles w ith in  a  few 
m eters o f  the  p a re n t colonies (Sm ith 1991; G lynn  e t al. 
1994). P erh ap s reflecting a  lim ited capac ity  fo r dis
persa l, th is species is ab sen t from  fou r o f  five offshore 
E P  island localities (Table 1). M oreover, p o p u la tio n s 
sep ara ted  by a b o u t 250 km  along  the  Pacific coast 
o f  P an am á  dem onstra te  significant genetic divergence 
(W eil 1993).

Z ooxan thellae  occur in the eggs o f  Pocillopora dam 
icornis, P orites lobata  an d  M illepora intricata, b u t n o t in 
the  eggs o f  fou r o th e r w ide-ranging (ub iqu itous) species, 
n o r  in  the gam etes o r larvae o f  five narrow ly  d istribu ted  
(restricted) species. R eproductive activ ity  is m o re  p ro 
longed  in  ub iq u ito u s th a n  restricted  species, p erhaps a l
low ing the  fo rm er a  greater o p p o rtu n ity  fo r dispersal 
d u rin g  periods o f favorab le cu rren t advection  (A b b o tt 
1966). E xcept fo r P. damicornis, the in fo rm atio n  avail
ab le fo r u b iq u ito u s species indicates th a t  they require a 
longer period  to  reach  reproductive m a tu rity  th a n  re
stric ted  species. H ow ever, every ub iqu itous species has 
som e p o p u la tio n s w ith  high fecundity  in  co n tra s t to  low- 
m o d e ra te  fecund ity  in restric ted  species. O f  the rem ain 
ing  rep roductive tra its , no  clear trend  in  asexual frag 
m e n ta tio n  or recru itm ent success is evident. P receding 
rec ru itm en t, la rvae m ust undergo  settlem ent a n d  m e ta 
m orphosis, w hich m ay require specific su b stra ta , chem 
ical cues o r b o th  (M orse 1990; Paw lik an d  H adfield
1990). T herefo re, cora l la rvae th a t have crossed th e  east 
Pacific filter b ridge m ay still face a  critica l p e rio d  th a t 
determ ines successful recruitm ent. C rustose  coralline red 
algae, a  p referred  substra te  fo r the se ttlem ent o f  som e 
co ra l larvae (M orse et al. 1994), a re  n o t as a b u n d a n t on  
east Pacific reefs as elsewhere in the  Pacific O cean  (G lynn 
a n d  M acin ty re  1977; C ortés 1993). U n fo rtu n a te ly , no  
in fo rm atio n  on  th is  aspect o f east Pacific coral larval 
ecology is available. U nexpectedly, rafting  has been o b 
served in  the genera o f all restricted  species, b u t only in  
tw o o f  the four genera o f  ub iqu itous species.

C oral g row th  and  fram e-build ing  po ten tia l

G ro w th  traits possib ly  rela ted  to  species d istribu tional 
ranges are colony g ro w th  form , grow th ra te  a n d  fram e- 
bu ild ing  po ten tia l. M an y  ram ose corals, particu larly  
species o f  Pocillopora, M illepora  an d  Acropora, rep ro 
duce asexually by fragm en ta tion , a  process th a t could 
enhance the sp read  an d  persistence o f  popu la tio n s lo 
cally  (Tunnicliffe 1981; B othw ell 1982; H ighsm ith  1982; 
W allace 1985). A lso, th e  colony surface o f  Porites lo
bata, a  m assive species, bears p ro tuberances th a t are 
incidentally  b itten  off" by  balistids b u t o ften  survive, thus 
expanding  local popu la tions. T h e  b reakage an d  dis
persal o f coral fragm ents by fishes has long been rec
ognized as an  im p o rta n t m eans o f  asexual p ro p ag a tio n  
in  the  east Pacific (G lynn  e t al. 1972; H ighsm ith  1982; 
G uzm án  1988; G uzm án  and  R obertson  1989). H igh 
skeletal g row th  rates a re  also associated  w ith  ram ose 
colonies, b u t these traits are n o t consistently  related  to 
east Pacific species abundances. Since east Pacific reefs 
a re  constructed  o f  one o r  a  few species, an d  are  h u n 
d reds to  a  few th o u san d s o f  years old (G lynn an d  W el
ling ton  1983; C ortés 1993), it is reasonab le to  assum e 
th a t species form ing  ree f fram ew orks w ould  persist for 
long periods. Such a re la tionsh ip  is n o t evident.

Interspecific in teractions

Survivorship  capacity  o f  w idely and  narrow ly  d istrib 
u te d  species was exam ined w ith  reference to  relative 
abundance , susceptibility  to  p red a tio n , com petitive ab i
lity (bo th  in tra - an d  in terphyletic), resilience an d  per
sistence. N early  all ub iq u ito u s species w ere ab u n d a n t 
w ith  local p o pu la tions consisting  o f  approx im ate ly  IO4 
colonies. All restricted  species popu la tio n s w ere small, 
consisting  o f  usually  ten  o r few er colonies. T w o  species 
{M illepora pla typhylla , Acropora valida) a re  now  pre
sum ably  ex tinct in the east Pacific, an d  tw o o thers 
{M illepora boschmai, M illepora intricata) have precari
ously sm all popu la tio n s (Fig. 9). F o u r  o f  the  six 
restric ted  species w ith sm all p o p u la tio n s declined 
m arked ly  du ring  the  1982-83 E N S O  d istu rbance , an d  all 
o f  the  declines in  M illepora  spp . could be a t tr ib u ted  to 
pro longed  sea w arm ing (G lynn  an d  W eerd t 1991; G lynn 
1997). D ifferences in the  ab ility  to  avoid  p red a tio n  or 
com pete fo r space w ith o th er ep iben thos m ay be influ
enced by colony grow th  fo rm  and  the  spa tia l a rran g e
m en t o f colonies grow ing in  jux tap o sitio n . H igh  coral 
densities in the east Pacific o ften  resu lt in: (1) the  s ta 
b iliza tion  o f  colonies, (2) the  p ro tec tio n  o f cen trally  lo
ca ted  colonies from  p red a to ry  sea s ta rs  (.Acanthaster), 
a n d  (3) rap id  vertical grow th, all a ttrib u tes  th a t p rom ote  
survival an d  persistence (P o rte r 1974; G lynn  1985; 
R ichm ond  1985). H ow ever, differences in  the ability  to 
avoid p red a tio n  or com pete fo r  space w ith  o th e r  epi- 
ben th ic  taxa  do  n o t seem critica l in  com paring  the two 
groups. Resilience, the capac ity  to  recover fro m  d istur
bances, and  persistence, the long-term  presence o f  spe
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Fig. 9A, B M assive m orta lity  o f  M illepora intricata  a t  U v a  Island, 
Panam á (G u lf o f  Chiriquii) du ring  the 1997-98 E N SO  event (7 m  
depth). A Live, norm ally  p ig m en ta l colonies before in itiation  o f  sea 
w arm ing (29 Ja n u a ry  1997). B D ead , algal covered an d  partially  
eroded colonies follow ing sea w arm ing (18 M a rch  1998)

cies a t  p a rticu la r  localities, w ere m ore com m only 
observed in  ub iq u ito u s th a n  restric ted  species.

Multivariate biogeographic analysis

Principal com ponen t analysis (PC A ), follow ing Pre- 
isendorfer (1988), was used to  determ ine the spatial re 
lationships o f  b iological-physical fields rela ting  to  the 
popu la tion  dynam ics o f  41 co ra l species a t  14 localities 
in the east an d  cen tral Pacific O cean. T h e  m atrix  o f  coral 
species s rela tive ab u n d an ce  x  in  th e  localities I (T able 1) 
was converted  to  a  num erical abundance  x s¡ w here 
ab u n d a n t w as 10000, com m on was 1000, uncom m on 
w as 100, ra re  w as 10, locally ex tinct w as 1, and  u n re 
corded w as 0. Ind iv idual species abundance  observa
tions x  w ere th en  tran sfo rm ed  to  natu ra l-logarithm  
scale, i.e., ln (xs/ +  1), to  app ro x im ate  a  norm al d is tri
b u tio n  fo r subsequen t o rd in a l analyses. A  coral p o p u 
la tion  was considered  to  be a  m em ber o f  the  east Pacific 
fau n a  if  it  h as  been cited  recently  o r in the recent p as t a t 
a  p a rticu la r locality . T he ‘new ’ m atrix  o f  relative a b u n 

dance in  num erical te rm s was then  analyzed using PC A  
m u ltiv aria te  sta tistica l m ethods to  assess th e  b iogeo
g raph ic  ‘connectiveness’ betw een subpopu la tions o f 
ad u lt corals separated  b y  hund reds to  thousands o f  k i
lom eters in  space d istribu ted  over the east Pacific. By 
cen tering  the  reference fram e o f  the d a ta  o n  m ean locale 
ab u n d an ce  an d  ro ta tin g  0 rad ians counterclockw ise 
a b o u t the  jo in t colum n m eans, P C A  enhances the ability  
to  d istinguish  differences in  spa tia l d istribu tion  between 
species w hile p reserving th e  to ta l variance o f  the  da ta  
th a t is in v a rian t u n d e r  ro ta tio n  o f  coo rd ina tes to  the 
p rincipal fram e.

T h e  P C A  analyses uncovered  th ree m ain  spatial 
g roupings o f coral species spatial d istribu tions, i.e., wide 
(W ), m edium  (M ) and  n arro w  (N), th ro u g h o u t the east 
Pacific b iogeographic region, and each m ain  group  was 
com prised  o f  tw o subgroups A  and  B (Fig. 10). The 
w idely d istribu ted  species are characterized  by occupy
ing  m any localities (>10 locales) an d  are relatively 
a b u n d a n t a t  occupied localities. Species w ith  m edium  
d istrib u tio n s are characterized  by occupying a b o u t h a lf 
o f  the  localities (i.e., 5 -9  o f  14 locales) and  are  m arg in 
ally a b u n d a n t a t  occupied localities. N arrow ly  d is trib 
u te d  species a re  characterized  by occupying few 
localities an d  are  relatively ra re  w here they are found .

These analyses a re  reviewed in  light o f  th e  lim ited 
popu la tion -dynam ic d a ta  available on east Pacific coral 
species (T able 2). F o r the  w ide d istribu tion  com ponent, 
we fo und  th a t these co ra ls  parsed  in to  tw o m ain  su b 
g roups, here referred to  as W A an d  W B. T h e  W A group 
consisted  o f  five species th a t occupied from  10 to  13 
locales a t relatively high levels o f  abundance . P o p u la 
tion -dynam ic d a ta  w ere available fo r Porites lobata , 
Psam m ocora stellata  a n d  Pavona varians o f  the W A 
g roup . In  general, the p o p u la tio n  dynam ics o f  m em bers 
o f  the W A group  was characterized  by species w ith  low 
to m edium  fram e-build ing po ten tia l, low  to m edium  
gro w th  rates, m edium  com petitive ability , an d  year- 
ro u n d  spaw ning. In  con trast, the  W B group  also co n 
sisted o f  five species w hose p o p u la tio n  dynam ics were 
characterized  by species w ith  low to  m edium  to  high 
fram e-build ing  po ten tia l, h igh to  m edium  g row th  rates, 
h igh  to  m edium  com petitive ability , a n d  w et-season 
spaw ning. F o r  the narrow  d istribu tion  com ponen t, we 
fo und  th a t  these corals also  parsed in to  tw o subgroups, 
here referred  to  as N A an d  N B. T he N A group  was 
characterized  by high to  m edium  resilience, while 
m em bers o f  the N B g roup  w ere characterized  by low 
p o p u la tio n  resilience. T he m id groups, i.e., M A an d  M B, 
h ad  p o p u la tio n  dynam ic characteristics falling between 
th e  wide a n d  narrow  clusters.

Discussion and research directions

Several lines o f  evidence suggest th a t the  “ im passable” 
ea st Pacific barrie r has been frequently  breached  by 
diverse taxa and  is therefore best regarded  as a  filter 
bridge, follow ing GG S im pson’s schem a (M cK enna
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Fig. 10 R esu lts from  the p rin 
cipal co m p o n en ts  analysis o f  
th e  co ra l species relative a b u n 
dances a t  localities m atrix  given 
in T a b le  1, show ing d istinc t 
se p a ra tio n  o f  co ra l species th a t 
hav e  w ide ( W ), m id (M ), an d  
n a rro w  (N )  spa tia l d is trib u tio n s 
in  th e  eastern  and  east-cen tra l 
Pacific O cean
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1973). N um erous Indo-Pacific reef-associated  species, 
e.g. corals, m ollusks, crustaceans, echinoderm s and  
fishes, inhab it the east Pacific, an d  the  m ajo rity  o f  these 
species (those studied) have te lep lan ic la rvae capab le  o f 
long distance dispersal. D evelopm ental stages o f  cnid- 
a rians, polychaete w orm s, sipunculans, gastropods, 
decapod  crustaceans, ech inoderm s, an d  fishes have been 
collected alive in epipelagic w aters between the  Line 
Islands and  east Pacific. T h e  cn id arian s included  pocil- 
lopo rid  larvae, w hich se ttled  an d  grew  fo r a  few  weeks 
u n til they were killed in  a  la b o ra to ry  acciden t (R .H . 
R ichm ond, pers. com m .). These d ispersing larvae have 
been found a t various d istances across the east Pacific 
filter bridge, in the  east-flow ing N E C C  an d  in west- 
flowing N E C  an d  SEC  w aters. Several new  records o f 
Indo-Pacific m ollusks, ech inoderm s an d  fishes have 
been reported  in the east Pacific follow ing EN SO  
events. D em onstra ted  m assive, h igh velocity w est to  east 
advection  during E N SO  periods provides a  physical 
exp lanation  fo r the  increased ap p earan ce  o f  Indo-w est 
Pacific im m igran ts in the east Pacific a t  such  tim es. 
M olecu lar studies based on  allo2ym e differences have 
d em onstra ted  little o r  no  genetic divergence am ong 
d isjunct popu la tions o f  crabs, a  sea s ta r  {Acanthaster), 
sea urch ins and  fishes, suggesting  significant genetic 
in terchange. It is likely th a t som e Indo-w est Pacific 
species have been tran sp o rte d  in to  the east Pacific 
d u ring  the 1997-98 E N S O  event. Every effort should  be 
m ade  to  docum en t the arrival o f  im m igran ts, n o tin g  the 
tim ing, geographic position , developm ental stages and 
cond ition , and  to  m o n ito r the ir popu la tio n s to  better 
define the critical facto rs su rro u n d in g  m etam orphosis,

settlem ent, an d  in teractions w ith  residen t east Pacific 
species.

N o tw ith stan d in g  these significant advances, num er
ous im p o rta n t questions rela ting  to  various details o f 
d ispersal an d  co lon ization  still rem ain . F o r  exam ple, the 
efficacy o f  rafting  needs to  be studied  in m ore detail. The 
ab ility  o f co ral la rvae to  se ttle  an d  survive on  floating 
objects can ad d  substan tia lly  to  dispersal capabilities 
(Jokiel 1990a). C ora ls  settling  on  pum ice can  m ove over 
g rea t d istances (thousands o f  kilom eters) fo r a t  least a 
few years if  food  resources an d  environm ental condi
tions are ad eq u a te  (Jokiel 1990b). Live colonies o f  P o
cillopora dam icornis (ca. 10 cm  d iam eter) have been 
observed o n  sunken  tree tru n k s in  P an am á (G lynn, pers. 
obs.), a n d  a  sm all colony o f  Pocillopora  sp. w as found  
a ttach ed  to  clum ps o f  floating  Sargassum  a t G o rg o n a  
Island, C o lom bia  (P rah l 1988). Pum ice recovered in  the 
H aw aiian  Islands w ith  tw o a ttach ed  colonies o f  P o
cillopora sp., the larger co lony  2 -3  years o f age, likely 
orig ina ted  from  the Revillagigedo Islands (west M éxico) 
an d  d rifted  to  H aw aii in the  N E C  (Jokiel 1984). W hile 
diverse larval stages have been cap tu red  near the east 
an d  w est boundaries o f th e  Pacific filter bridge, where 
transocean ic cu rren ts  first en co u n te r shallow  shelf h ab 
ita ts , th e  ac tua l arrival o f dispersing stages know n to 
have crossed the open  ocean has n o t been reported. 
T hus, it has n o t been possible to  establish the n a tu re  o f 
the d ispersing organism s, i.e. w hether by  drifting  larvae 
o r the ra ftin g  o f  settled stages, o r  the iden tity  o f  the 
tran sp o rtin g  cu rren ts. H ere, as in m o st studies, the 
N E C , SEC  and  N E C C  are assum ed to  be the m ost likely 
cu rren ts fac ilita ting  dispersal. H ow ever, it is possible
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th a t  th e  E U C , orig inating  w est o f  the L ine Islands and  
surfacing  im m ediately  west o f the G aláp ag o s Islands, 
an d  the  S EC C , m oving in an  easterly  d irection  th rough  
F rench  Polynesia, may also p lay  a  role in  dispersal. 
P erhaps related  to  these sou therly  rou tes a re  fo u r fossil 
zooxan the lla te  coral genera (Stylophora , Pocillopora, 
Leptoseris, Porites) th a t have been collected from  sea
m oun ts  o f  the  Sala y G om ez an d  N azca ridges, centered  
a t 25-30°S. T he dredge collection (H D -73) con tain ing  
these corals is from  the “ Shoal G u y o t” , 205-227  m  depth  
a t 85°25'W , 25°44'S (Allison e t al. 1967). T hese ridges 
belong  to  the  N azcaplatensis P rovince, w hich extends 
fro m  E aster Island in an  east to  n o rth ea s t d irection  
across 30° latitude. T he E -m ost end o f  the  ridge lies 
a b o u t 730 km  from  the P eruvian  coast a n d  1600 km  
so u th  o f  the  E T P  ree f coral region. A s no ted  earlier, the 
coo l P eru -C h ile  C urren ts m ay have im peded  co lon iza
tio n  o f  the no rthw est S ou th  A m erican  cost. R em arkab ly , 
som e o f  the  seam ounts o f  the  N azca an d  S ala y G óm ez 
ridges are d row ned  atolls o f  M iocene age, rang ing  from  
250 to  1200 m  in thickness (Parin  e t al. 1997). T h is sug
gests an  im p o rta n t early b iogeographic link betw een the 
sou th  Pacific an d  sou theast Pacific regions.

F u rth e r, since the recru itm en t o f  Indo-w est Pacific 
species has n o t been observed directly, vario u s risks 
associated  w ith  recru itm ent, such as the availab ility  o f 
su itab le  su b s tra ta  during settlem ent, an d  likely high 
ra tes  o f  p red a tio n  and  com petition , have n o t been in 
vestigated . Even assum ing successful rec ru itm en t, a 
num ber o f  conditions m ust be m et to  ensure co lon iza
tio n , including the  estab lishm ent an d  persistence o f  
po p u la tio n s  sufficiently large to  ensure fu tu re  rep ro 
ductive success. T he m arked  fluctuations in  p o p u la tio n  
size an d  local extinctions o f  east Pacific corals d o cu 
m ented  in  recen t years underline the im portance o f  d i
verse env ironm enta l dem ands u p o n  ad u lt species 
po p u la tio n s  (G lynn  1997). T o  be tte r u n d e rs ta n d  the 
dynam ic n a tu re  o f  EP coral reef species, long-term  
m o n ito ring , in  particu la r the assessm ent o f  p o p u la tio n  
size and  stab ility , and  reproductive and  recru itm en t 
success in re la tion  to  physical an d  b io tic  p e rtu rb a tio n s, 
is u rgen tly  needed. T he relatively stro n g  co rre la tion  
betw een popu la tion -dynam ic  characteristics an d  species 
d is trib u tio n  a n d  abundance for the few species w here 
detailed  in fo rm atio n  is available suggests the  need fo r 
expanded  dem ograph ic  know ledge fo r the b u lk  o f  E T P  
species, a n d  the  C en tra l an d  Indo-Pacific species as well 
if  com prehensive com parative b iogeographic analyses 
a re  to  ever be conducted .

D eta iled  m orphom etric  and  genetic com parisons o f 
cen tra l (L ine Islands, M arquesas Islands) an d  east P a
cific cora l species popu la tio n s a re  v irtually  nonexistan t. 
C om p ariso n s o f allozym e differences w ith in  a n d  betw een 
ea s t and  cen tral Pacific coral p o p u la tio n s w ould  provide 
in fo rm atio n  th a t could be used to  guage th e ir  degree o f  
genetic connectiv ity . A lso, new er m olecu lar techniques 
based  on  P C R  (polym erase cha in  reaction) have been 
utilized  in som e coral studies an d  m ay ho ld  p rom ise  fo r 
m o re  in tensive b iogeograph ic investigations. M ito ch o n 

drial and  nuclear m a rk e r genes can  offer h igher resolu
tion  than  p ro te in  electrophoresis, an d  p rov ide a 
quan tita tive  m easure o f  p a tte rn s  o f  evo lu tion  (R om ano  
an d  Palum bi 1996). N uclear ribosom al D N A  (rD N A ) 
analysis has p roved  useful fo r interspecific com parisons 
and  m olecu lar phylogeny  in th e  difficult genera  Porites 
(H un ter e t al. 1997) and  M ontastraea  (Lopez and 
K now lton  1997; M ed in a  e t al. 1999). T he prelim inary  
study o f  H u n te r  et al. (1997) in H aw aii is the  only one to  
da te  th a t has exam ined geographic differences between 
co ra l popu la tions. A nd  evidence o f  hyb rid ization  in 
species o f Acropora  h a s  becom e available from  rD N A  
studies by O dorico  an d  M iller (1997).

Since all cora l genera save tw o ( Cycloseris an d  D ia
seris) are p resen t in  C aribbean  an d  east Pacific fossil 
assem blages, it is possib le th a t som e east Pacific coral 
species could  be descended from  T ethys relicts as sug
gested by B udd  (1989). Tw o can d id a te  species a re  the 
ex tan t endem ic Siderastrea g lynni an d  M illepora bosch
m ai, w hich w ould  offer in te resting  com parisons w ith 
C aribbean  an d  Indo-Pacific congeners.

T he high p ro p o rtio n  o f  ea st Pacific co ra l endem ics, 
24.4%  (10 o u t o f  41 species), m ay be som ew hat inflated 
because six o f  them  have only  recently  been recognized 
o r  nam ed. F u tu re  collecting efforts m ay reveal their 
presence ou tside o f  the east Pacific. T hree  o f  these spe
cies belong to  the eq u a to ria l east Pacific province 
{Siderastrea glynni, Pavona  sp. A , M illepora boschmai), 
tw o are  know n only from  C lipperton , th e  Revillagigedo 
Islands an d  n o rth  M éxico (Pocillopora  sp. A , Porites sp. 
A ), an d  one occurs from  the  G aláp ag o s Islands to  
m ain land  M éxico {Pocillopora inflata). I f  this high level 
o f  endem ism  is substan tia ted  by fu rth e r study , it  w ould 
lend su p p o rt to  a  m odel o f  a llopa tric  spécia tion  in  an  
isolated peripheral area  (see R osen 1988; Jokiel and  
M artinelli 1992; Veron 1995). P erhaps a  su ite o f  E T P  
corals, o rig ina ting  from  cen tral Pacific species by long 
d istance d ispersal, has speciated  in  response to  the novel 
physical an d  b io tic  cond itions characteristic  o f  the east 
Pacific region? In  conclusion, o u r analysis suggests th a t 
the  M odern  east Pacific co ral fau n a  m ay consist o f  a 
m ixture o f  elem ents derived from  b o th  dispersal and  
v icariance events: (1) m ostly  o f  Indo-Pacific m igran ts 
th a t reached the  east Pacific by long  d istance dispersal 
a fte r closure o f  the C entral A m erican  seaw ay, (2) several 
endem ics th a t evolved relatively recently  in  the  iso lated  
and  m arginal east Pacific env ironm ent, an d  (3) a  few 
relict species w ith  closest affinity to  w est A tlantic 
ancestral stocks.

A c k n o w led g em en ts  In fo rm atio n , d a ta  an d  critical com m ents of
fered by th e  fo llow ing are g ratefu lly  acknow ledged : I lia n a  B aum s, 
C h a rles B irkeland , Jo rg e  C ortés, G u ille rm o  A . D iaz , M a ria  D o n 
oso , Jo sh u a  S. F eingo ld , Peggy F o n g , H éc to r M . G u zm án , C arlos 
E. Jim énez, J ia n g a n g  L uo , Ju a n  M a te , A n ita  M ay, D o n a ld  F. 
M cN eill, D o n a ld  B. O lson, H é c to r  Reyes B onilla , R o b e rt H. 
R ichm ond , G eoffrey  Sam uels, B e rn a rd o  V arg as  A ngel, an d  G erard  
M . W ellington. T h a n k s  are a lso  d ue  T e rry  H u ghes and  P ete r F. 
Sale fo r  th e ir  in te rest an d  encouragem en t. T h is  review  benefitted 
from  field w o rk  su p p o rted  by th e  B iological O cea n o g rap h y  P ro 
g ram , US N a tio n a l Science F o u n d a tio n  G ra n ts  O C E-9314798 and



20

O C E-9711529, th e  S m ith so n ian  T ro p ica l R esearch  In stitu te , an d  
the N a tio n a l G eo g rap h ic  S ociety  G ra n ts  5208-94 an d  5969-97, an d  
analy tica l w o rk  su p p o rte d  by U S M an  and  th e  B iosphere M a rin e  
and  C o asta l E cosystem s D irec to ra te  G ra n t 4710-142-L3-B  an d  the 
N O A A  C o a sta l O cean  P ro g a m  G ra n t  N A 3 7 R J0 2 0 0 .

References

A b b o tt D P  (1966) F a c to rs  in fluencing th e  zoogeog rap h ic  affinities 
o f  th e  G a láp ag o s  in shore  m arin e  fau n a . In : B ow m an R I (ed) 
T h e  G a láp ag o s , p roceed ings o f  the sym posia  o f  th e  G aláp ag o s 
In te rn a tio n a l Scientific P ro ject. U n iv  C a lifo rn ia  Press, B erkeley 
L os A ngeles, p p  108-122 

A llan  R , L indesay  J , P a rk e r  D  (1996) El N iñ o  S ou th ern  O scilla tion  
a n d  clim atic  v ariab ility . C S IR O  P ub lish ing , A u stra lia , pp  405 

A llen  G R , R o b e rtso n  D R  (1997) A n  a n n o ta te d  check lis t o f  the 
fishes o f  C lip p e rto n  A to ll, trop ica l eas te rn  Pacific. R ev Biol 
T ro p  45:813-843 

A llison  E C , D u rh a m  JW , M in tz  L W  (1967) N ew  so u th e ast Pacific 
echino ids. O ccas P a p  C a lif  A cad  Sei 62:1-23 

B abcock R C  (1985) G ro w th  an d  m o rta lity  in juven ile  corals 
(G oniastrea , P la tyg yra  an d  Acropora): the firs t year. P ro c  5th 
In t  C o ra l R eef C o n g r 4:355-360 

B eck JW , R écy J , T a y lo r  F , E dw ard s R L , C ab lo ch  G  (1997) 
A b ru p t ch anges in  ea rly  H olocene trop ica l sea surface tem 
p e ra tu re  derived  from  c o ra l reco rds. N a tu re  385:705-707 

B enzie JA H , H askell A , L eh m an  H (1995) V aria tio n  in th e  genetic 
co m p o sitio n  o f  c o ra l (Pocillopora dam icornis  an d  Acropora  
palifera) p o p u la tio n s  fro m  differen t ree f h ab ita ts . M a r  Biol 
121:731-739

B ertelsen  E, U ssing  H (1936) M a rin e  tro p ica l an im als ca rried  to  the 
C o p en h ag en  S ydhavn  o n  a  sh ip  from  the B erm udas. D an sk  
N a tu rh is to r isk  F o re n in g  I K jo b en h a rn  V idenskabelige M ed- 
delelser 100:237-245 

B irkeland  C  ( 1977) T h e  im p o rtan c e  o f  ra te  o f  b iom ass accu m u la tio n  
in  early  successional stages o f  ben th ic  com m unities in  th e  su r
vival o f  c o ra l recru its . P ro c  3rd In t  C o ra l R e e f Sym p 1:15-21 

B irkeland  C , M eyer D L , S tam es JP , B uford  C L  (1975) S ub tid a l 
com m unities o f  M a lpelo  Island . S m ithson  C o n tr ib  Z o o l 
176:55-68

B lanchon  P , Shaw  J (1995) R e e f d row ning  d u rin g  the last d ég la 
cia tion : evidence fo r  c a ta s tro p h ic  sea-level rise an d  ice-sheet 
collapse. G eo logy  23:4-8  

B othw ell A M  (1982) F ra g m e n ta tio n , a  m ean s o f  asexual re p ro 
d u c tio n  an d  d ispersa l in  th e  coral genus A cropora  (Scleractinia: 
A stroco en iid a : A cro p o rid a e ) -  a  p re lim inary  rep o rt. P ro c  4 th 
In t C o ra l R eef S ym p 2 :137-144  

Briggs JC  (1974) M a rin e  zoogeo g rap h y . M cG raw -H ill, N ew  Y ork , 
p p  475

Briggs J C  (1995) G lo b a l b iogeography . D evelopm en ts in p a la e o n 
to logy  a n d  s tra tig ra p h y  14, E lsevier, A m ste rd am , p p  452 

B rusca R C , W allerste in  B R  (1979) Z o o g eo g rap h ic  p a tte rn s  o f  id- 
o te id  iso p o d s in  th e  n o r th e a s t Pacific, w ith  a review o f  shallow  
w ate r zo o g eo g rap h y  o f  th e  a rea . Bull B iol Soc W ash 3:67-105 

B u d d  A F  (1989) B iogeography  o f  N eogene C a rib b ean  re e f  co ra ls  
and  its im p lica tio n s fo r  th e  ancestry  o f  eastern  Pacific ree f 
corals. M e m  A s A u s tra  P a la e o n t 8:219-230 

B u d d  A F  (2000) D iversity  a n d  e x tin c tio n  in  the C enozoic h is to ry  o f  
C a rib b ean  reefs. C o ra l R eefs 19:25-35 

B u d d  A F , Jo h n so n  K G , S tem an n  T A  (1994) P lio-P leistocene ex
tin c tio n s a n d  the o rig in  o f  th e  M o d e rn  C a rib b ean  reef-coral 
fauna. In: G in sb u rg  R N  (com piler) P roceed ings o f  th e  co llo 
qu ium  on  g lo b a l aspects o f  coral reefs: h ea lth , h azard s and  
h isto ry , 1993. R osenstie l S choo l o f  M a rin e  and  A tm o sp h eric  
Science, U n iv ersity  o f  M ia m i, p p  7-13 

C a rriq u iry  JD , R eyes B onilla  H  (1997) C o m m unity  s tru c tu re  a n d  
g eo g rap h ic  d is tr ib u tio n  o f  th e  co ra l reefs o f  N ay arit, M exican 
Pacific. C iencias M a rin as  23:227-248 

C have K E , S m ith  SV , R o y  K J  (1972) C a rb o n a te  p ro d u c tio n  by 
co ra l reefs. M a r  G eo l 12:123-140

C hen  J H , C u rra n  H A , W h ite  B, W asserbu rg  G J  (1991) Precise 
ch ro n o lo g y  o f  the last in terg lac ia l p erio d : 234U -230T h  d a ta  from  
fossil co ra l reefs in th e  B aham as. G eol Soc A m er Bull 
103:82-97

C lark e  T A  (1995) L arvae  o f  n earsho re  fishes in oceanic w ate rs  o f  
th e  cen tra l eq u a to ria l Pacific. P ac  Sei 49:134-142 

C L IM A P  P ro je c t M em b ers (1981) G eol Soc A m  M ap  C h a rt S er 36 
C o a te s A G , O b a n d o  JA  (1996) T he geologic evo lu tio n  o f  the 

C e n tra l A m erican  isth m u s. In: Ja ck so n  JB C , B udd  A F , C oates 
A G  (eds.) E vo lu tion  a n d  env iro n m en t in  tro p ica l A m erica. 
U n iv  C hicago  Press, C h icago  L o n d o n , p p  21—56 

C o lgan  M W  (1990) El N iñ o  an d  the h isto ry  o f  eastern  Pacific reef 
bu ild ing . In: G lynn  P W  (ed) G lobal ecological consequences o f  
the 1982-83 El N iñ o -S o u th e rn  O scilla tion . E lsevier O ceanog
ra p h y  S er 52, E lsevier, A m ste rd am , p p  183-232 

C o rté s  J  (1986) B iogeografía  de  corales herm atíp icos: el istm o 
cen tro am eric an o . A nal In s t C ieñe M a r  L im no l U N A M  13:297- 
304

C o rté s  J  (1990) T he co ra l reefs o f  G olfo  D ulce, C o sta  R ica: d is
tr ib u tio n  an d  com m u n ity  s tru c tu re . A to ll Res Bull 344:1-37 

C o rté s  J  (1993) C o m p ariso n  betw een C a rib b ean  an d  eas te rn  Pacific 
co ra l reefs. Rev Biol T ro p  41, supl 1:19-21 

C o rté s  J  (1996-1997) B iod iversidad  m arin a  de C o s ta  R ica: filo 
C n id a ria . Rev Biol T ro p  44(3)/45(l):323—334 

C o rté s  J  (1997) Biology a n d  geology o f  eas te rn  Pacific co ra l reefs.
P ro c  8 th I n t  C o ra l R e e f Sym p 1:57-64 

C o rté s  J , G u zm án  H  (1998) O rgan ism os de Ios arrecifes co ra linos 
d e  C o s ta  R ica: descripción , d is trib u c ió n  geográfica e h is to ria  
n a tu ra l de Ios co ra les zo o x an te lad o s (A n th o zo a : Scleractin ia) 
del Pacífico. Rev Biol T ro p  46:55-92 

C o rté s  J ,  M a cin ty re  IG , G ly n n  P W  (1994) H o lo cen e  g ro w th  h istory  
o f  a n  eas te rn  Pacific fring ing  reef, P u n ta  Islo tes, C o sta  R ica. 
C o ra l R eefs 13:65-73 

D a n a  T F  (1975) D ev e lo p m en t o f  co n tem p o ra ry  eas te rn  Pacific 
co ra l reefs. M a r  Biol 33:355-374 

D a rw in  C  (1880) T h e  o rig in  o f  species by m ean s o f  n a tu ra l selection 
o r  th e  p reserv a tio n  o f  fav o u red  races in  th e  strugg le fo r  life. 
Jo h n  M u rra y , L o n d o n , p p  458 

D u q u e-C aro  H  (1990) T h e  C hoco  b lock  in th e  N W  co rn er o f  S o u th  
A m erica: s tru c tu ra l te c to n o s tra tig rap h ic  a n d  paleogeograph ic  
im p lica tions. J  S A m  E a rth  Sei 3:71-84 

D u rh a m  JW  (1947) C orals from  th e  G u lf  o f  C a lifo rn ia  a n d  the 
N o r th  Pacific coast o f  A m erica. M em  G eol Soc A m er 
20:1—68

D u rh a m  JW  (1950) 1940 E .W . Scripps cru ise  to  th e  G u lf  o f  
C a lifo rn ia . P a r t II: M egascopic paleon to lo g y  an d  m arine  
s tra tig rap h y . G eol Soc A m  M em  43, I-viii, p p  216 

D u rh a m  JW  (1966) C oe len te ra tes , especially  s to n y  corals, from  
the G a láp ag o s  a n d  C ocos Islands. In: B ow m an R I (ed) T he 
G a láp ag o s : proceed ings o f  th e  sym posia  o f  th e  G aláp ag o s 
In te rn a tio n a l Scientific P roject. U niv  C a lifo rn ia  Press, B erkeley 
L o s A ngeles, p p  123-135 

E d w ard s R L , C hen  JH , W asserbu rg  G J  (1986/1987) 
238U -234U-230Th-232T h  system atics an d  the p recise m easu rem en t 
o f  tim e over the p as t 500000 years. E a r th  P lan e t Sei L ett 
81:175-192

E d w ard s R L , C hen  JH , K u  T -L , W asserbu rg  G J  (1987) Precise 
tim in g  o f  th e  las t in terg lac ia l p e rio d  from  m ass spectrom etric  
d e te rm in a tio n  o f  thorium -230  in  corals. Science 236:1547-1553 

E k m an  S (1953) Z oogeo g rap h y  o f  th e  sea. Sidgw ick an d  Jack so n , 
L o n d o n , p p  417

E m erson  W K  (1978) M ollusks w ith  Indo-P acific  fau n a l affinities in 
the eas te rn  Pacific O cean. T h e  N au tilu s  92:91—96 

E m erso n  W K  (1991) F irs t reco rd s fo r  C ym atium  m undum  (G ould) 
in  th e  eas te rn  Pacific O cean, w ith  co m m en ts o n  the zo ogeog
ra p h y  o f  th e  trop ical trans-Pacific  to n n acean  an d  non- 
to n n acean  p ro so b ran ch  g a s tro p o d s  w ith  Indo-P acific  faunal 
affinities in  w est A m erican  w aters. T h e  N a u tilu s  105:62-80 

E m erso n  W K  (1993) O n  the firs t reco rds o f  Cypraea m oneta  L in
naeus an d  C ym atium  m undum  (G o u ld ) on  th e  w est A m erican  
m a in la n d  (C ypraeidae: R anellidae) w ith  zo o g eo g rap h ic  im p li
ca tio n s . T h e  Festivus 25:70-74



21

E m erson  W K  (1994) A zo o g eo g rap h ic  sum m ary  o f  th e  m arine  
m ollusks o f  C lip p erto n  Is lan d  ( tro p ica l eastern  Pacific O cean). 
T h e  Festivus 26:62-71 

E m erson  W K , C haney  H W  (1995) A  zo o g eograph ic  review o f  the 
C ypraeidae  (M ollusca: G a s tro p o d a )  o ccu rring  in  th e  eastern  
Pacific O cean. V eliger 38:8-21 

F a d la lla h  Y H  (1983) Sexual re p ro d u c tio n , developm en t an d  larval 
bio logy in  sclerac tin ian  corals. C o ra l R eefs 2 :129-150 

F a irb an k s  R G  (1989) A 17000-year g lac io -eusta tic  sea level record: 
influence o f  glacial m elting  ra tes  o n  th e  Y o u n g e r D ry as  event 
an d  deep-ocean c ircu la tion . N a tu re  342:637-642 

F ied ler P C  (1992) Seasonal c lim ato log ies a n d  v ariab ility  o f  eastern  
trop ica l Pacific su rface w aters. N O A A  Tech R p t  N M F S  
109:1-65

F in e t Y  (1991) T he m arine  m o llu sk s o f  th e  G aláp ag o s Islands.In : 
Jam es M J (ed) G aláp ag o s  m arin e  inverteb ra tes : taxonom y, 
b iogeography , an d  evo lu tio n  in D a rw in ’s Islands. Plenum  
Press, N ew  Y o rk  L o n d o n , p p  253-280  

F irin g  E , L u k as R (1983) El N iñ o  a t  th e  E q u a to r  a n d  159° W . T ro p  
O cean -A tm os N ew sl 21:9-11 

F o rsb e rg h  E D  (1969) O n  the c lim ato logy , o cean o g rap h y  an d  
fisheries o f  the P an am á  B ight. Bull In te r-A m erican  T ro p  T un a  
C om m  14:49-385 

G a r th  JS  (1974) O n  th e  occurrence in th e  eas te rn  trop ica l Pacific o f  
Indo-w est Pacific d ecap o d  c ru stacean s com m ensal w ith  reef- 
bu ild ing  co ra ls w ith  rem arks o n  d isp e rsa l, a rriva l, a n d  survival. 
P ro c  2nd In t  C o ra l R eef S ym p 1:397-404 

G ly n n  PW  (1974) T h e  im pact o f  A canthaster  on  corals an d  coral 
reefs in th e  eastern  Pacific. E nv iron  C on serv  1:295-304 

G ly n n  P W  (1976) Som e physical a n d  bio logical d e te rm in an ts  o f  
co ra l com m unity  s tru c tu re  in th e  e a s te rn  Pacific. E col M o n o g r 
46:431-456

G ly n n  P W  (1977) C o ra l g ro w th  in  upw elling  a n d  nonupw elling  
a reas  o ff  th e  Pacific coast o f  P an am á . J  M a r  R es 35:567—585 

G ly n n  P W  (1982) C o ra l com m u n ities  a n d  th e ir  m odifica tions 
re la tive  to  p as t an d  prospective  C e n tra l A m erican  seaw ays. 
A dv M a r  Biol 19:91-132 

G ly n n  P W  (1985) El N iño -asso c ia ted  d is tu rb a n c e  to  co ra l reefs and 
p o st d istu rb an ce  m o rta lity  by  A can thaster planci. M a r  Ecol 
P ro g  Ser 26:295-300 

G ly n n  PW  (1990a) C oral m o rta lity  a n d  d istu rb an ces to  co ra l reefs 
in the tro p ica l eastern  Pacific. In: G ly n n  PW  (ed) G lo b a l eco
logical consequences o f  th e  1982-83 E l N iñ o -S o u th e rn  Oscil
la tio n . E lsevier O ceanogr S er 52, A m ste rd am , pp  55-126 

G ly n n  PW  (1990b) F eed ing  eco logy  o f  selected co ra l-ree f  m acro 
consum ers: p a tte rn s  an d  effects o n  c o ra l com m unity  structu re . 
In: D ub insky  Z  (ed) C o ra l reefs, ecosystem s o f  the w o rld  25, 
E lsevier, A m ste rd am , pp  365^100 

G ly n n  P W  (1994) S ta te  o f  co ra l reefs in the G a láp ag o s  Islands: 
n a tu ra l vs an th ro p o g en ic  im p ac ts . M a r  P o llu t Bull 29:131-140 

G ly n n  P W  (1997) E aste rn  Pacific re e f  coral b iog eo g rap h y  an d  
fau n a l flux: D u rh a m ’s d ilem m a revisited . P ro c  8 th In t C ora l 
R e e f Sym p 1:371-378 

G ly n n  P W , M acin ty re  IG  (1977) G ro w th  ra te  an d  age o f  co ra l reefs 
o n  the Pacific c o as t o f  P a n a m á . P ro c  3 rd  In t  C o ra l R e e f Sym p 
2:251-259

G ly n n  PW , M até  JL  (1997) F ie ld  gu ide to  th e  Pacific co ra l reefs o f  
P an am á. P ro c  8 th  In t C o ra l R e e f Sym p 1:145-166 

G ly n n  PW , L eyte M o ra les  G E  (1997) C o ra l reefs o f  H u a tu lco , west 
M éxico: ree f developm ent in upw elling  G u lf  o f  T eh uan tepec . 
Rev Biol T ro p  45:1033-1047 

G ly n n  PW , S tew art R H  (1973) D is tr ib u tio n  o f  co ra l reefs in the 
P ea rl Is lan d s (G u lf  o f  P a n a m á )  in  re la tio n  to  th erm al co n d i
tions. L im nol O ceanogr 18:367-379 

G ly n n  P W , W eerd t W H  de (1991) E lim in a tio n  o f  tw o  reef-build ing  
h y d ro co ra ls  fo llow ing th e  1982—83 El N iñ o  w arm in g  event. 
Science 253:69-71 

G ly n n  PW , W elling ton  G M  (1983) C o ra ls  an d  co ra l reefs o f  the 
G aláp ag o s  Islands. U niv  C a lifo rn ia  P ress, B erkeley, p p  330 

G ly n n  PW , S tew art R H , M cC o sk e r J E  (1972) Pacific co ra l reefs o f  
P an am á: s tru c tu re , d is tr ib u tio n  a n d  p re d a to rs . G eo l R undsch  
61:483-519

G ly n n  PW , P rah l H von , G u h l F  (1982) C o ra l reefs o f  G o rg o n a  
Islan d , C o lo m b ia , w ith  special reference to  corallivores and  
th e ir influence on  co m m u n ity  s tru c tu re  an d  developm ent. A n 
In s t Invest M a r  P u n ta  B etin  12:185-214 

G ly n n  PW , D ruffel E M , D u n b a r  R B  (1983) A dead  C en tra l 
A m erican  co ra l re e f  trac t: possib le  link  w ith  th e  L ittle  lee  Age. 
J  M a r  R es 41:605-637 

G ly n n  P W , G assm an  N J , E ak in  C M , C o rté s  J , Sm ith D B , G u zm án  
H M  (1991) R eef co ra l re p ro d u c tio n  in  the eas te rn  Pacific: C osta  
R ica , P an am á , a n d  G aláp ag o s  Islands (E cu ad o r). I. 
P ocillo p o rid ae . M a r  B iol 109:355-368 

G ly n n  P W , Im ai R , S akai K , N a k a n o  Y , Y am aza to  K  (1993) 
E xperim ental responses o f  O k in aw an  (R yukyu  Islands, Ja p an ) 
ree f co ra ls  to  h igh  sea tem p era tu re  an d  UV  rad ia tio n . P ro c  7th 
In t  C o ra l R eef S ym p 1:27-37 

G ly n n  PW , C olley  SB, E ak in  C M , Sm ith  D B , C o rtés  J , G assm an  
N J , G u zm án  H M , D el R o sa r io  JB , F eingold  JS  (1994) R eef 
co ra l re p ro d u c tio n  in th e  eas te rn  Pacific: C o sta  R ica, P anam á, 
an d  G a láp ag o s Is lan d s (E cu ad o r). II. P o ritid ae . M a r  Biol 
118:191-208

G ly n n  P W , V eron  JE N , W elling ton  G M  (1996a) C lip p erto n  A toll 
(eastern  Pacific): o cean o g rap h y , g eom orpho logy , reef-build ing  
co ra l ecology a n d  b iogeography . C o ra l Reefs 15:71-99 

G ly n n  P W , C olley  SB , G assm an  N J , B lack K , C ortés J , M a té  J 
(1996b) R eef co ra l rep ro d u c tio n  in  the eas te rn  Pacific: C osta  
R ica, P an am á , a n d  G aláp ag o s Is lan d s  (E cuador). III . A garici
id ae  (Pavona g igantea  and  G ardineroseris planulata). M a r  Biol 
125:579-601

G ly n n  P W , L irm an  D , B aker A C , Leyte M o ra les  G E  (1998) F irs t 
d o cu m en ted  h u rrican e  strikes o n  eas te rn  Pacific co ra l reefs 
reveal o n ly  sligh t dam age. C o ra l R eefs 17:368 

G rig g  R W  (1981) A cropora  in H aw aii. P a r t 2. Z oogeo g rap h y . Pac 
Sei 35:15-24

G rig g  R W  (1988) P a laeo cean o g rap h y  o f  c o ra l reefs in  th e  H aw ai- 
y ian -E m p ero r chain . Science 240:1737-1743 

G rig g  R W , H ey  R  (1992) P a leo ceanography  o f  th e  trop ica l eastern  
Pacific O cean . Science 255:172-178 

G ro v es JS  (1984) T h e  influence o f  the 1982-1983 El N iñ o  o n  the 
ich th y o fau n a  on  the G aláp ag o s  A rch ipelago . T ro p  O cean- 
A tm o s N ew sl N o v  1984:18-19 

G ro v es JS  (1989) El N iñ o  1982-1983 an d  new reco rds o f  Indo-w est 
Pacific fishes a t  th e  G aláp ag o s . A nn  R ep t W est M alaco l 
Soc 21:5

G u ild erso n  T P , F a irb a n k s  R G , R u b e n sto n e  JL  (1994) T ro p ica l 
tem p e ra tu re  v a ria tio n s  since 20000 years ago : m o d u la tin g  
in terhem ispheric  clim ate change. Science 263:663-665 

G u zm án  H M  (1988) D istribución  y a b u n d an c ia  d e  o rgan ism os 
co ra lív o ro s en  Ios arrecifes c o ra lin o s  de la Isla del C a ñ o , C osta 
R ica . Rev Biol T ro p  36:191-207 

G u zm án  H M , C o rtés  J  (1989a) C o ra l re e f  com m unity  s tru c tu re  at 
C a ñ o  Islan d , Pacific C osta  R ica . P .S .Z .N .I: M a r  E col 10:23-41 

G u zm án  H M , C o rté s  J  (1989b) G ro w th  ra tes  o f  e igh t species o f  
sc lerac tin ian  co ra ls  in  the ea s te rn  Pacific (C o sta  R ica). Bull M ar 
Sei 44:1186-1194 

G u zm án  H M , C o rté s  J  (1993) L o s  arrecifes co ra linos del Pacífico 
O rien ta l E cu a to ria l: revisión y  perspectivas. R ev Biol T ro p  
41:535-557

G u zm án  H M , R o b e rtso n  D R  (1989) P o p u la tio n  an d  feeding 
responses o f  th e  co ra lliv o ro u s pufferfish A rothron meleagris 
to  co ra l m o rta lity  in  the ea s te rn  Pacific. M a r  Ecol P rog  
Ser 55:121-131

G u zm án  H M , C o rtés  J , G lynn P W , R ich m o n d  R H  (1990) C oral 
m o rta lity  asso c ia ted  w ith d inoflagella te  b loom s in th e  eastern  
Pacific (C o sta  R ica and  P an am á). M a r  E col P ro g  S er 60 :299- 
303

H allo ck  P (1988) T h e  role o f  n u tr ie n t  availab ility  in  b ioerosion: 
consequences to  ca rb o n a te  bu ild u p s. P a laeogeography , Pal- 
aeoclim ato logy , Palaeoecology 63:275-291 

H a llo ck  P , Schlager W  (1986) N u tr ie n t excess a n d  th e  dem ise o f  
co ra l reefs an d  ca rb o n a te  p la tfo rm s . P ala ios 1:389-398 

H allo ck  P, H ine  A C , V argo G A , E lrod  JA , Ja a p  W C  (1988) 
P la tfo rm s o f  the N icaraguan  R ise: exam ples o f  the sensitiv ity  o f



22

c a rb o n a te  sed im en ta tion  to excess tro p h ic  resources. G eo logy  
16:1104-1107

H an sen  D V , H erm an  A (1989) E vo lu tio n  o f  iso th erm  d ep th  
anom alies in th e  eastern trop ica l Pacific O cean  d u rin g  the 
El N iño  even t o f  1982-1983. J G eophys Res 94 C 10:14461- 
14473

H a rrig a n  J F  (1972) T he p lanu la  larva o f  Pocillopora damicornis-. 
lu n a r  p eriod ic ity  o f  sw arm ing  an d  su b s tra tu m  selection 
b ehav io r. P h .D . d isserta tion , U niv  H aw aii, p p  213 

H a r r io t t  V J (1983) R eproductive  ecology o f  fo u r  sc lerac tin ian  
species a t  L iz ard  Island , G re a t B a rrier R eef. C o ra l Reefs 
2 :9-18

H a r r io tt  V J (1992) R ecru itm en t p a tte rn s  o f  sc le rac tin ian  co ra ls in 
a n  iso la ted  su b -trop ica l re e f  system . C o ra l R eefs 11:215-219 

H arriso n  P L , W allace  CC  (1990) R e p ro d u c tio n , d ispersa l an d  re 
cru itm e n t o f  sc lerac tin ian  corals. In : D u b in sk y  Z  (ed), C o ra l 
reefs, ecosystem s o f  the w orld  25, E lsevier, A m ste rd am , p p  133— 
207

H a rriso n  P L , B abcock  R C , Bull G D , O liver JK , W allace CC , 
W illis B L  (1984) M ass spaw ning in  tro p ica l re e f  corals. Science 
223:1186-1189

H eck  K L , M c C o y  E D  (1978) L o n g -d is tance  d ispersa l an d  the reef- 
bu ild ing  co ra ls  o f  the eastern  Pacific. M a r  Biol 48:348-356 

H ig h sm ith  R C  (1980) G eograph ic  p a tte rn s  o f  c o ra l b ioerosion : 
a  p ro d u c tiv ity  hypothesis. J  Exp M a r  B iol E co l 46:177-196 

H ig h sm ith  R C  (1982) R ep ro d u c tio n  by  frag m en ta tio n  in corals.
M a r  E co l P ro g  Ser 7:207-226 

H o ls t I, G u z m á n  H M  (1993) L ista  de co ra les herm atip ico s (A n 
th o zo a : Sclerac tin ia ; H ydrozoa: M illep o rin a) a  am b o s lados del 
Is tm o  d e  P an am á. Rev Biol T ro p  41:871-875 

H u b e r  M  (1985) P o p u la tio n  genetics o f  e igh t species o f  Trapezia  
(B rachyura : X an th id ae), sym b io n ts  o f  corals. M a r  Biol 
85:23-36

H u n te r  C L , M o rd e n  CW , Sm ith  C M  (1997) T h e  u tility  o f  IT S  
sequences in  assessing re la tionsh ips am o n g  zo o x an th e llae  and  
corals. P ro c  8 th  In t  C o ra l R eef Sym  2 :1599-1602 

Jo h n so n  R A , W iehern  D W  (1992) A pplied  m u ltiv a ria te  sta tis tica l 
analysis. P ren tice  H aii, E nglew ood Cliffs, N ew  Jersey , p p  642 

Jo k ie l P L  (1984) L o n g  distance d ispersa l o f  re e f  co ra ls  by  rafting .
C o ra l R eefs 3:113-116 

Jok ie l P L  (1987) E cology, b iogeography  an d  ev o lu tio n  o f  co ra ls  in 
H aw aii. T ren d s  E col Evol 2 :179-182  

Jok ie l P L  (1990a) L ong-d istance d ispersa l by ra ftin g : reem ergence 
o f  an  o ld hypo thesis . E n d eav o u r N ew  S er 14(2):66-73 

Jok ie l P L  (1990b) T ra n sp o rt o f  ree f co ra ls  in to  th e  G re a t  B arrier 
Reef. N a tu re  347:665-667 

Jok ie l P L  (1992) H o w  corals gain  fo o th o ld  in  new  environm ents.
C o ra l R eefs 11:192 

Jok ie l P, M artine lli F J  (1992) T h e  v o rtex  m odel o f  c o ra l ree f 
b iogeography . J  B iogeogr 19:449-458 

K a y  EA  (1991) T h e  m arine m o llusks o f  th e  G a láp ag o s : d e te rm i
n a n ts  o f  in su la r  m arine  faunas. In: Ja m es M J (ed), G a láp ag o s 
m arin e  inverteb ra tes : tax o n o m y , b iogeo g rap h y , an d  evo lu tio n  
in D arw in ’s Islan d s . P lenum  Press, N ew  Y o rk  L o n d o n , p p  2 3 5 -  
252

K essler W S, T a f t  B A  (1987) D y nam ic  h eigh ts an d  zo n a l geo- 
s tro p h ic  tra n sp o r ts  in th e  cen tra l tro p ic a l Pacific  d u rin g  1979— 
84. J  Phys O cean o g r 17:97-122 

K e tch u m  JT , R eyes B onilla H  (1997) B iogeography  o f  h erm atyp ic  
co ra ls o f  th e  A rch ip iélago  R evillagigedo, M éxico . P roc  8 th In t 
C o ra l R eef Sym p 1:471-476 

K n o w lto n  N  (1993) S ib ling  species in the sea. A n n u  R ev E co l Syst 
24:189-216

L essios H A , K essing  BD, W elling ton  G M , G ray b ea l A  (1996) 
Indo -P acific  ech ino ids in  the tro p ica l e a s te rn  Pacific. C o ra l 
R eefs 15:133-142 

L essios H A , K essing  B D , R o b e rtso n  D R  (1998) M assive gene flow 
acro ss th e  w o rld ’s m ost p o te n t m arine  b io g eo g rap h ic  barrier. 
P ro c  R  Soc L o n d  B 265:583-588 

L ig h ty  R G , M a c in ty re  IG , S tu ck en ra th  R  (1982) A cropora pa lm a ta  
re e f  f ram ew ork : a  reliable in d ica tio n  o f  sea level in  th e  w estern  
A tlan tic  fo r  the p as t 10000 years. C o ra l R eefs 1:125-130

L opez JV , K n o w lto n  N  (1997) D isc rim in a tio n  o f  species in the 
M ontastraea annularis com plex  using m u ltip le  genetic loci. P roc  
8 th  In t  C o ra l R eef S ym p 2:1613-1618 

M acin ty re  IG  (1988) M o d e m  co ra l reefs o f  w estern  A tlan tic: new 
geological perspective. A m er A ssoc P e tro l G eo l Bull 72:1360- 
1369

M acin ty re  IG , G ly n n  PW , C o rté s  J  (1992) H o lo cen e  re e f  h isto ry  in 
the eas te rn  Pacific: m a in lan d  C o s ta  R ica, C a ñ o  Islan d , C ocos 
Island , a n d  G a láp ag o s  Islands. P ro c  7 th  In t  C o ra l R e e f Sym p 
2:1174-1184

M a rag o s JE  (1974) R e e f co ra ls  o f  F a n n in g  A to ll. P ac  Sei 28:247-255 
M a rag o s J E  (1995) R evised  checklist o f  e x ta n t sha liow -w ater stony 

co ra l species from  H aw aii (C n id aria : A n th o zo a : Scleractinia). 
B ishop M u s O ccas P ap  42:54-55  

M arag o s JE , Jok ie l P L  (1986) R e e f co ra ls  o f  J o h n s to n  A toll: o ne  o f  
the w o rld ’s m ost iso la ted  reefs. C o ra l R eefs 4:141-150 

M cC oy E D , H eck  K L  (1976) B iogeography  o f  co ra ls, seagrasses 
and  m angroves: an  a lte rn a tiv e  to  th e  cen te r o f  orig in  concept. 
Syst Z oo l 25:201-210 

M cC ulloch  M , M o rtim er G , E sa t T , X ian h u a  L , P illans B, C h a p 
pell J  (1996) H ig h  reso lu tio n  w indow s in to  early  H olocene 
clim ate: S r/C a  co ra l reco rd s from  th e  H u o n  P en insu la . E arth  
P lan e t Sei L e tt 138:169-178 

M cK en n a  M C  (1973) Sw eepstakes, filters, co rrid o rs, N o a h ’s A rks, 
an d  beached  V ik ing  fu n e ra l sh ips in  pa laeo g eo g rap h y . In: 
T arlin g  D H  a n d  R u n c o rn  SK  (eds) Im p lica tio n s o f  con tinen tal 
d rift to th e  e a r th  sciences. V ol. 1 A cadem ic Press, N ew  Y ork , 
pp  295-308

M ed ina  M , W eil E , S zm an t A M  (1999) E x am in a tio n  o f  th e  M on
tastraea annularis species com plex  (C n idaria : Scleractin ia) using 
ITS a n d  C O I sequences. M a r  B iotechnol 1:89-97 

M orse  D E  (1990) R ecent p ro g ress in la rval se ttlem en t an d  m e ta 
m orphosis: c losing  th e  gaps betw een m olecu lar bio logy and 
ecology. Bull M a r  Sei 46:465-483 

M orse  D E , M orse  A N C , R a im o n d i P T , H o o k e r  N  (1994) 
M orphog en -b ased  chem ical flypaper fo r  A garicia humilis 
co ral larvae. B iol Bull 186:172-181 

N eu m a n n  A C , M a cin ty re  IG  (1985) R e e f response  to  sea level rise: 
keep-up , ca tch -u p  o r  g ive-up. P ro c  5 th In t  C o ra l R e e f  C ongr, 
T ah iti, 3 :105-110 

N ish ida  M , L ucas JS  (1988) G enetic  differences betw een geo
g rap h ic  p o p u la tio n s o f  th e  c ro w n -o f-th o rn s  s ta rfish  th ro u g h o u t 
the Pacific region. M a r  Biol 98:359-368 

O dorico  D M , M iller D J  (1997) V aria tio n  in th e  rib o so m al in ternal 
tran scrib ed  spacers an d  5.8S rD N A  am o n g  five species o f  A c
ropora  (C n idaria ; Scleractinia): p a tte rn s  o f  v a ria tio n  consisten t 
w ith re ticu la te  evo lu tion . M ol Biol Evol 14:465-473 

O rellana A m a d o r  J J  (1985) F ishes o f  E l S alvador: m arin e  fishes o f 
L os C é b a n o s. S igm a F o u n d a tio n , N ew  Y o rk , p p  126 

P alm er R H  (1928) Fossil and  R ecen t co ra ls  a n d  co ra l reefs o f  
w estern  M éxico. T h ree  new  species. P ro c  A m er Phil Soc 
67:21-31

P arin  N V , M iro n o v  A N , N esis K N  (1997) B io logy  o f  the N azca 
and  Sala y G ó m ez  subm arine  ridges, a n  o u tp o s t o f  the Indo- 
W est Pacific fau n a  in the eas te rn  Pacific  O cean: com position  
and  d is tr ib u tio n  o f  th e  fauna, its  com m unities an d  h isto ry . A dv 
M ar Biol 32:145-242 

P au lay  G , S pencer T  (1988) G e o m o rp h o lo g y , p a laeoenv ironm en ts 
and  fau n a l tu rn o v e r, H en d erso n  Island , S .E . Polynesia. P roc  
6 th In t  C o ra l R e e f Sym p 3:461-466 

Paw lik  J R  an d  H adfield  M G  (1990) A  sym posium  on  chem ical 
fac to rs  th a t  influence the se ttlem en t an d  m e tam o rp h o sis  o f  
m arine  in v erteb ra te  larvae: in tro d u c tio n  a n d  perspective. Bull 
M a r  Sei 46:450-454 

P o rte r  JW  (1972) E cology and  species d iversity  o f  c o ra l reefs on 
opposite  sides o f  the Isthm us o f  P an am á. Bull B iol Soc W ash 
2:89-116

P o rte r  JW  (1974) C o m m unity  s tru c tu re  o f  c o ra l reefs on  opposite  
sides o f  th e  Is th m u s o f  P an am a. Science 186:543-545 

P o tts  D C , D o n e  T J, Isdale  P J , F isk  D A  (1985) D o m in an ce  o f  a 
co ra l com m u n ity  by the genus Porites (Sclerac tin ia). M a r  Ecol 
P ro g  S er 23:79-84



23

P ra h l H  v o n  (1988) R espuesta  a  la crítica  de G u zm án  al tra b a jo  de 
P ra h l y M ejia . R ev  Biol T ro p  36:167-169 

P ra h l H  v o n , E rh a rd t  H  (1985) C olom bia: co ra les y  arrecifes 
co ra lin o s. Im p reso  en E d ito ria l P resencia, B o g o tá , p p  295 

P ra h l H  von , M e jía  A  (1985) P rim er in fo rm e de u n  c o ra l ac ro p ó rid o , 
A cropora valida  (D a n a  1846) (Scleractinia: A strocoen iida: 
A cro p o rid a e) p a ra  el Pacífico am ericano . R ev Biol T ro p  33:39-43 

P re isen d o rfe r R W  (1988) P rinc ipa l co m p o n en t analysis in m e
teo ro logy  a n d  o cean o g rap h y . In: M obley  C D  (ed) D evelop 
m en ts  in  a tm o sp h e ric  science, 17. E lsevier, N ew  Y o rk , p p  425 

R e ak a -K u d la  M L , F eingo ld  JS , G lynn  PW  (1996) E xperim en ta l 
s tud ies o f  rap id  b ioerosion  o f  co ra l reefs in  th e  G a láp ag o s  
Islan d s . C o ra l R eefs 15:101-107 

R eyes B on illa  H  (1992) N ew  reco rd s fo r  h erm aty p ic  co ra ls (A n 
th o zo a : S cleractin ia) in th e  G u lf  o f  C a lifo rn ia , M exico , w ith  an  
h isto rica l a n d  b iogeo g rap h ica l d iscussion . J  N a t  H is t 26 :1163- 
1175

R eyes B onilla  H  (1993) B iogeografía  y  eco log ía  de  Ios co ra les 
herm atíp ico s (A n th o zo a : Scleractin ia) de! Pacífico de M éxico. 
In: S alazar-V allejo  SI, G onzález  N E  (eds) B iod ivcrsidad  m arin a  
y co ste ra  d e  M éxico . C O N A B IO /C IQ R O , M éxico C ity , pp  
207-222

R eyes B onilla  C o ra l reefs o f  th e  Pacific coast o f  M éxico . In: 
C o rtés  J  L a tin  A m erican  C o ra l reefs. E lsevier, A m ste rd am  (in 
press)

Reyes B onilla  H , R io sm en a  R odríguez  R , F o s te r  M S  (1997) H er
m atyp ic  co ra ls asso c ia ted  w ith  rh o d o lith  beds in the G u lf  o f  
C a lifo rn ia , M éxico . P ac  Sei 51:328-337 

R ich m o n d  R H  (1981) E nergetic  co nsidera tions in  the d isp e rsa l o f  
Pocillopora dam icornis  (L innaeus) p lanu lae . P ro c  4 th  In t  C ora l 
R e e f Sym p 2:153-156  

R ichm ond  R H  (1985) V aria tio n s in the p o p u la tio n  b io logy  o f  
Pocillopora dam icornis across the Pacific O cean. P ro c  5 th In t 
C o ra l R e e f C o n g r 6:101-106 

R ich m o n d  R H  (1987) E nergetic  re la tionsh ips and  b iogeograph ica l 
differences am o n g  fecund ity , g ro w th  an d  rep ro d u c tio n  in the 
ree f co ra l Pocillopora dam icornis. Bull M a r  Sei 41:594-604  

R ich m o n d  R H  (1989) C om petency  a n d  d ispersal o f  spaw ned  versus 
b ro o d ed  co ra l p la n u la  larvae. P ro c  6 th  In t C o ra l R e e f Sym p 
2:827-831

R ich m o n d  R H  (1990) T h e  effects o f  the El N iñ o /S o u th e rn  O scil
la tio n  o n  th e  d ispersa l o f  corals an d  o th e r m arin e  o rgan ism s. In: 
G ly n n  P W  (ed) G lo b a l ecological consequences o f  th e  1982-83 
El N iñ o -S o u th e rn  O scilla tion . E lsevier O ceanogr Ser 52, 
E lsevier, A m ste rd am , p p  127-140 

R ichm ond  R H , H u n te r  C L  (1990) R ep ro d u c tio n  an d  rec ru itm en t 
o f  corals: co m p ariso n s  am ong  th e  C a rib b ean , th e  tro p ica l 
Pacific, a n d  the R e d  Sea. M a r  Ecol P rog  Ser 60:185-203 

R o b e rts  R , R o b e rts  C  (1995) T h e  fo rg o tto n  m iddle: a  c ru ise r’s 
gu ide to  th e  Pacific co asts  o f  G u a tem a la , El S a lv ad o r, H o n 
d u ra s  an d  N ica rag u a . R  &  C  R o b erts , Sp ring  V alley, p p  63 

R o b e rtso n  D R  (1998) D o co ra l-ree f  fish fau n as have a  d istinc tive  
tax o n o m ic  s tru c tu re?  C o ra l R eefs 17:179-186 

R o b e rtso n  D R , A llen G R  (1996) Z o o g eo g rap h y  o f  the shorefish 
fa u n a  o f  C lip p e rto n  A to ll. C o ra l Reefs 15:121-131 

R o m a n o  SL, P a lu m b i S R  (1996) E vo lu tion  o f  sc lerac tin ian  co ra ls 
in ferred  from  m o lecu la r system atics. Science 271:640-642 

R osen  B R  (1988) P ro g ress, p rob lem s an d  p a tte rn s  in the b io g eo g 
ra p h y  o f  re e f  c o ra ls  an d  o th e r trop ica l m arin e  organ ism s. 
H e lg o län d er M e eresu n te rs  42:269-301 

R o se n b la tt R H , W ap les R S  (1986) A  genetic com parison  o f  allo- 
p a tr ic  p o p u la tio n s  o f  sh o re  fish species from  th e  eas te rn  and  
cen tra l Pacific O cean: d ispersa l o r  v icariance? C ope ia  1986:275- 
284

R o se n b la tt R H , M c C o sk e r JE , R u b in o f f i  (1972) In d o -w est Pacific 
fishes from  the G u lf  o f  C h iriqu í, P a n a m á . C o n trib  Sei N a t  H ist 
M u s L A  C o  234:1-18 

SA S (1990) S A S /S T A T  U ser’s gu ide, version  6, 4 th  cd, vol 1, SAS 
In stitu te  C a ry , N o r th  C a ro lin a  

Scheltem a RS (1968) D isp e rsa l o f  la rvae  by eq u a to ria l ocean  c u r
re n ts  a n d  its  im p o rta n c e  to the zoogeography  o f  sh o a lw a te r  
tro p ica l species. N a tu re  217:1159-1162

Scheltem a RS (1988) In itia l evidence fo r  th e  tra n sp o r t o f  te leplanic 
la rvae  o f  b en th ic  in v erteb ra tes  across the eas t Pacific barrier. 
Biol Bull 174:145-152 

Scoffin T P  (1993) T h e  geolog ical effects o f  h u rricanes o n  co ra l reefs 
an d  the in te rp re ta tio n  o f  s to rm  deposits . C o ra l Reefs 12:203— 
221

Silva P C  (1966) S ta tu s o f  o u r  know ledge o f  th e  G a láp ag o s ben th ic  
m arin e  algal flo ra  p r io r  to  the G aláp ag o s  In te rn a tio n a l Scien
tific P ro ject. In: B o w m an  RI (ed) T h e  G aláp ag o s: p roceed ings 
o f  th e  sym posia  o f  the G a láp ag o s  In te rn a tio n a l Scientific P ro 
jec t. U n iv  C alifo rn ia  P ress, B erkeley L os A ngeles, p p  149-156 

Sm ith  D B  (1991) T h e  re p ro d u c tio n  a n d  rec ru itm en t o f  Porites 
panam ensis  V errili a t  U v a  Island , Pacific P an am á. M s thesis, 
U n iv  M iam i, F lo rid a , p p  64 

S oong  K , C h o  L C  (1998) S ynchron ized  release o f  m ed u sae  from  
th ree  species o f  h y d ro zo an  fire corals. C o ra l Reefs 17:145-154 

S p a ld in g  M D , B lasco F , F ie ld  C D  (1997) W orld  m an g ro v e  atlas.
In t  S oc M an g ro v e  Ecosys, O k inaw a, p p  178 

S p rin g e r V G  (1958) System atics and  zoog eo g rap h y  o f  the clinid 
fishes o f  th e  su b tr ib e  L ab riso m in i H u b b s. P u b s In s t M a r  Sei 
U n iv  T exas 5:417—492 

Squires D F  (1959) R esu lts o f  the P u ritan -A m erican  M useum  o f  
N a tu ra l H is to ry  E xped ition  to  w estern  M exico: 7. C o ra ls  and  
c o ra l reefs in  the G u lf  o f  C a lifo rn ia . Bull A m  M u s N a t  H ist 
118:367-431

S tehli F G , W ells JW  (1971) D iversity  an d  age p a tte rn s  in 
h e rm a ty p ic  corals. Syst Z o o l 20:115-126 

S to d d a r t JA  (1984) G enetic  d ifferen tia tion  am o n g st p o p u la tio n s  o f  
th e  co ra l Pocillopora dam icornis o ff  so u th w este rn  A ustralia . 
C o ra l R eefs 3:149-156 

T unnic liffe  V  (1981) B reakage and  p ro p ag a tio n  o f  th e  s to n y  coral 
A cropora cervicornis. P ro c  N a t A cad  Sei 78:2427-2431 

V arg as A ngel B (1996) D is tr ib u tio n  an d  co m m u n ity  s tru c tu re  o f  
th e  U tria  ree f corals, C o lo m b ian  Pacific. R ev  B iol T ro p  44:627- 
635

V erm cij G J  (1978) B iogcography  and  a d a p ta tio n : p a tte rn s  o f  
m arin e  life. H a rv a rd  U n iv  Press, C am bridge , p p  332 

V erm eij G J  (1993) T h e  b io log ical h is to ry  o f  a  seaw ay. Science 
260:1603-1604

V eron  JE N  (1992) E nv iro n m en ta l co n tro l o f  H o locene changes to 
th e  w o rld ’s m ost n o r th e rn  herm atyp ic  co ra l o u tc ro p . P ac  Sei 
46:405-425

V ero n  JE N  (1993) A b iogeograph ic  d a ta b a se  o f  h erm aty p ic  corals: 
species o f  th e  C en tra l Indo-P acific  g en era  o f  th e  w orld . M o n o g r 
Ser. 10, A u s t In s t M a r  Sei, pp  433 

V eron  JE N  (1995) C orals in space and  tim e: the b iog eo g rap h y  and  
evo lu tio n  o f  th e  Scleractin ia . C om sto ck /C o rn e ll, I th a c a , p p  321 

W alk er S E  (1991) T ap h o n o m y  and  paleoeco logy  o f  V illam il fossil 
m eg ag as tro p o d s o f  Isla  Isabela . In: Jam es M J (ed) G aláp ag o s 
m arin e  invertebrates: tax o n o m y , b iogeography , and  evo lu tion  
in  D a rw in ’s Islands. P lenum  Press, N ew  Y ork , p p  423-437  

W allace C C  (1985) R ep ro d u c tio n , recru itm en t an d  frag m en ta tio n  
in  n in e  sym p a tric  species o f  the coral genus Acropora. M a r  Biol 
88:217-233

W eil E (1993) G enetic  and  m orph o lo g ica l v a ria tio n  in C arib b ean  
a n d  eas te rn  Pacific Porites (A n th o zo a , S cleractin ia), p relim i
n a ry  resu lts. P ro c  7 th  In t C o ra l R eef S ym p 2:643-656 

W ilson  E C  (1990) M ass m orta lity  o f  th e  re e f  c o ra l Pocillopora  on 
the so u th  co as t o f  B aja C a lifo rn ia  S ur, M exico. Bull S o u th  C a lif 
A cad  Sei 89:39-41 

W ilson  J R , H a rriso n  P L  (1998) S ettlem ent-com petency  periods o f  
la rv ae  o f  th ree  species o f  sc lerac tin ian  co ra ls. M a r  Biol 131:339- 
345

W ulff J L  (1997) C auses and  consequences o f  differences in sponge 
d iversity  a n d  ab u n d an ce  betw een th e  C a rib b ean  a n d  eastern  
Pacific o f  P anam á. P roc  8 th In t C o ra l R eef Sym p 2:1377-1382 

W yrtk i K  (1965) Surface cu rre n ts  o f  the eas te rn  trop ica l Pacific 
O cean . Bull In ter-A m  T ro p  T u n a  C om m  9:269-304 

W y rtk i K  (1967) C ircu la tion  an d  w ate r m asses in  the eastern  
e q u a to r ia l Pacific Ocean. In t J O ceanol L im n o l 1:117-147 

W y rtk i K  (1985) Sea level flu c tu a tio n s in  th e  Pacific d u rin g  the 
1982-83 El N iño . G eophys Res L e tt 12:125-128


