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           I  ncreases in sea wa ter  tem per a ture as so ci-
ated with El Ni ñ o – Southern Oscillation 
(ENSO) events have resulted in the wide spread 
deg ra da tion of coral reef eco sys tems world-
wide (Glynn 1993, Hoegh - Guldberg 1999). 
Degradation is as so ci ated with mas sive coral 

reef bleaching dur ing which reef - build ing 
stony cor als lose their di no fl a gel late al gal sym-
bi onts (ge nus  Symbiodinium ) as a re sult of long -
 last ing pos i tive anom a lies in sea sur face 
tem per a tures (SST). Along with trig ger ing 
coral bleaching and sub se quent mass mor tal i ty, 
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   Abstract:     We sur veyed coral reefs com mu ni ties be fore (Sep tem ber 2007 – March 
2009) and dur ing (Sep tem ber 2009) the 2009 – 2010 El Ni ñ o event on the coast 
of Oaxaca, south ern Mex i can Pacifi c to eval u ate com mu nity changes as so ci ated 
with the warming event. From May 2009 to De cem ber 2010, we recorded pos i-
tive de vi a tions from the his tor i cal in situ sea sur face tem per a ture val ues. There 
were dif fer ences among the coral spe cies  Pocillopora damicornis, Pavona gigantea,  
and  Porites panamensis  with sig nifi   cant re duc tions in chlo ro phyll  a  and  Symbio-
dinium  den sity dur ing El Ni ñ o, resulting in bleaching ( >  13 % ) and in crease in 
al gal cov er age (mainly ge nic u late cor al line al gae). Concurrently, echi no derm and 
fi sh as sem blages also ex pe ri enced sig nifi   cant mod i fi  ca tions; abundances of the 
sea ur chins   Eucidaris thouarsii  and  Centrostephanus coronatus  in creased dur ing 
the warming event, whereas  Diadema mexicanum  de clined; mean while, fi sh spe-
cies such as  Thalassoma lucasanum  de clined in fa vor of  Stegastes acapulcoensis  and 
 Haemulon maculicauda  dur ing the warming event. During the El Ni ñ o event, 
changes in com po si tion and abun dance of echi no derms and fi sh may have been 
due to hor i zon tal and / or ver ti cal re dis tri bu tion of spe cies rather than spe cies 
mor tal ity or re cruit ment. The ob served changes in coral phys i  ol ogy and con se-
quent mod i fi  ca tions in cor al, echi no derm, and fi sh com mu ni ties high light that 
the 2009 – 2010 El Ni ñ o event im pacted sev eral lev els of bi o log i cal or ga ni za tion 
in the coral reefs of south ern Mexico, be yond the ac tual cor als them selves. The 
ob served changes add to lo cal stress ors as so ci ated with coastal de vel op ment 
and ul ti mately threaten the health of the once con sid ered best - de vel oped reef 
sys tem in the Eastern Pacifi c.  
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ENSO events have also resulted in turn over 
of long - term sym bi otic re la tion ships be tween 
 Symbiodinium  clades and their coral hosts 
(Baker et  al. 2004, LaJaunesse et  al. 2010), 
phase shifts from coral to al gal dom i nance 
(McClanahan, Muthiga, and Mangi 2001; 
Aronson et al. 2002), re duc tion in re pro duc-
tive out put and re cruit ment (Ward, Harri-
son, and Hoegh - Guldberg 2000; Booth and 
Beretta 2002), changes in com po si tion and 
abun dance of in ver te brates and ver te brates in 
coral com mu ni ties and reefs (Hern á ndez, 
Reyes - Bonilla, and Balart 2010; Glynn et al. 
2014), and al ter ations in eco sys tem func tion-
ing (Bellwood et al. 2004). 

 ENSO has had a long - last ing im pact his-
tory in Eastern Pacifi c coral reef frame works 
(Toth et al. 2012). During the last three de-
cades, high (El Ni ñ o) and low (La Ni ñ a) sea 
tem per a tures as so ci ated with ENSO have 
caused bleaching and ul ti mately coral mor tal-
ity in the Gulf of California (Reyes - Bonilla 
1993, 2001; Reyes - Bonilla et al. 2002; Iglesias -
 Prieto, Reyes - Bonilla, and Riosmena -  
 Rodr í guez 2003; LaJeunesse, Reyes - Bonilla, 
and Warner 2007; LaJeunesse et al. 2010; Paz -
 Garc í a, Balart, and Garc í a - de - Le ó n 2012), 
the Mex i can Pacifi c (Carriquiry et  al. 2001, 
Reyes - Bonilla et al. 2002), and Central Amer-
ica (Glynn 1984, 1990; Feingold 2001; Glynn 
et al. 2001; Guzm á n and Cort é s 2001; Jim é-
 nez et  al. 2001). In par tic u lar, Panamanian 
gulfs (Chiriqu í  and Panama) and Galapagos 
Islands ex pe ri enced bleaching and coral mor-
tal ity dur ing the 1982 – 1983 El Ni ñ o (Glynn 
1988), but wide spread bleaching and coral 
mor tal ity was also recorded from the Gulf of 
California (Reyes - Bonilla 2001) to Colombia 
(Jim é nez et al. 2001) and Ecuador dur ing the 
1997 – 1998 El Ni ñ o (Glynn et al. 2001). 

 Eastern Pacifi c ENSO - re lated stud ies have 
fo cused on addressing coral bleaching and 
its as so ci ated mor tal ity (Glynn 1990; Reyes -
 Bonilla 1993, 2001; Mungu í a - Vega and Reyes -
 Bonilla 1999; Carriquiry et al. 2001; Feingold 
2001; Glynn et al. 2001; Jim é nez et al. 2001; 
Reyes - Bonilla et  al. 2002; Iglesias - Prieto, 
Reyes - Bonilla, and Riosmena - Rodr í guez 2003; 
Paz - Garc í a, Balart, and Garc í a - de - Le ó n 2012), 
its bioerosive ef fect (Scott, Risk, and Car-
riquiry 1988; Glynn 1990; Eakin 1996, 2001; 

Reaka - Kudla, Feingold, and Glynn 1996), 
his tor i cal and eco log i cal long - term re sponses 
(Colgan 1990, Glynn and Colgan 1992, 
Guzm á n and Cort é s 2001, Toth et  al. 2012), 
and re cently the bleaching sus cep ti bil ity of 
 Symbiodinium  clades in the area (LaJeunesse, 
Reyes - Bonilla, and Warner 2007; LaJeunesse 
et al. 2010; Paz - Garc í a et al. 2012). 

 Despite ex ten sive re search into the coral 
bleaching phe nom ena in the Eastern Pacifi c, 
there are few stud ies ex am in ing the pop u la-
tion bi  ol ogy of af fected spe cies or com mu ni-
ties (Glynn 1988; Hern á ndez, Reyes - Bonilla, 
and Balart 2010; Glynn et al. 2014) and there 
is a lack of stud ies addressing the ef fect of 
ENSO at sev eral lev els of bi o log i cal or ga ni-
za tion. These data are not only needed to 
eval u ate the ef fect of ENSO be yond cor als 
them selves, but they are also re quired to pre-
dict the ca pac ity of cor als and reefs to re spond 
to en vi ron men tal changes. Considered as a 
strong El Ni ñ o warm pool (sensu Ashok et al. 
2007), the 2009 – 2010 El Ni ñ o exerted coral 
bleaching and dis tur bances at sev eral lev els of 
bi o log i cal or ga ni za tion in reef com mu ni ties 
from south ern Mexico. In this pa per, we eval-
u ate the in fl u ence of the strong 2009 – 2010 El 
Ni ñ o (WonMoo et al. 2011) at sev eral lev els 
of bi o log i cal or ga ni za tion, from coral phys i -
ol ogy up to echi no derms and fi sh com mu ni-
ties that live in or are as so ci ated with coral 
reef com mu ni ties in the coast of Oaxaca, 
west ern Mexico. 

  ma te ri als and meth ods  

 Study Area 

 To eval u ate the in fl u ence of the 2009 – 2010 El 
Ni ñ o event at sev eral lev els of bi o log i cal or-
ga ni za tion, we com pared sur veys of coral reef 
com mu ni ties be fore (Sep tem ber 2007 – March 
2009) and dur ing (Sep tem ber 2009) El Ni ñ o 
in the Mazunte – Montosa Island area in the 
coast of Oaxaca, south ern Mexico ( Figure 1 ). 

 The study area (Figure 1) is typ i cal of the 
Eastern Tropical Pacifi c. The re gion ex pe ri-
ences a dry sea son that ex tends from No vem-
ber to April, and a rainy sea son (800 – 1,500 mm 
yr  − 1 ) from May to Oc to ber. The Eastern 
 Pacifi c warm pool (SST  >  28 ° C) in fl u ences 
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these coastal wa ters. This ocean o graphic fea-
ture is cen tered off Guatemala and the south-
west ern coast of Mexico and is char ac ter ized 
by high tem per a tures, small an nual ther mal 
os cil la tions ( <  2 ° C), an av er age sur face sa lin-
ity of 34 prac ti cal sa lin ity units, and the pres-
ence of a shal low (20 – 40 m) and quite sta ble 
ther mo cline (Fiedler and Talley 2006). 

 The most im por tant source of in ter an nual 
ocean o graphic var i abil ity along the coast of 
Oaxaca is the de vel op ment of the ENSO event 
ev ery 4 to 5 yr (Fiedler and Talley 2006), char-
ac ter ized by a deep en ing of the ther mo cline 
and nutricline, which neg a tively im pacts 
pri mary pro duc tiv i ty. When ENSO changes 
to its cold phase (La Ni ñ a), the con di tions re-
verse, resulting in re duced depth of the ther-
mo cline. Consequently, nu tri ent - rich wa ters can 

come close to the ocean sur face, en hanc ing re-
gional pro duc tiv ity (Pennington et al. 2006). 

 Temperature 

 Monthly his toric SST re cords of the stud ied 
area were gath ered from the Hadley Centre 
Sea Ice and Sea Surface Temperature data set 
(  ht tp://w w w.metof f ice.gov.uk /hadobs/
hadisst/ ; re trieved De cem ber 2013). In situ 
tem per a ture was mea sured at 1 - hr in ter vals 
with tem per a ture data log gers (HOBO Data 
Logger UA - 002 - 64; pre ci sion  ±  0.53 ° C) de-
ployed in 11 lo cal i ties of Oaxaca, from Mazunte 
to Montosa Island (Figure 1). Monthly pooled 
data of the 2009 – 2010 El Ni ñ o were cal cu-
lated and plot ted against his tor i cal (1870 –
 2008) da ta. 

  

 F  igure  1. Location of stud ied reefs from the coast of Oaxaca, south ern Mexico. 1  =  Mazunte, 2  =  Estacahuite, 
3  =  Tijera, 4  =  San Agust í n, 5  =  Riscalillo, 6  =  Jicaral, 7  =  Cacaluta Island, 8  =  Maguey, 9  =  Viol í n, 10  =  La Entrega, 
11  =  Montosa Island.
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 Corals 

 Five sam ples (10 cm 2 ) from ran dom col o nies of 
 Pocillopora damicornis, Porites panamensis,  and 
 Pavona gigantea  were col lected per lo cal i ty, be-
fore (Sep tem ber 2007; San Agust í n, Jicaral, 
Cacaluta Island, La Entrega) and dur ing (Sep-
tem ber 2009; San Agust í n, Riscalillo, Ca-
caluta Island, Maguey) the 2009 – 2010 El 
Ni ñ o event. To de ter mine  Symbiodinium  den-
si ties, frag ments (2 cm 2 ) of each sam ple were 
fi xed in for ma lin (4 % ) and the tis sue was dis-
rupted by son i ca tion (60 min); sub sam ples of 
the so lu tion were counted in a he mo cy tom e-
ter (Piniak, Lipschultz, and McClelland 2003). 
Chlorophyll  a  (Chl  a ) was extracted in ac e tone 
(90 % ) from an ex tra piece (2 cm 2 ); the con cen-
tra tions were de ter mined spectrometrically 
us ing the equa tions of Jeffrey and Humphrey 
(1975). Extra nub bins (2 cm 2 ) were fi xed in for-
ma lin (4 % ) and decalcifi ed us ing 10 %  ace tic 
ac id; the bio mass was obtained by weighting 
the tis sue af ter dry ing at 60 ° C for 24 hr (Ed-
munds and Davies 1986). Finally, bio mass 
sam ples were used for to tal lipid ex trac tion ac-
cording to Folch, Lees, and Sloan (1957). 

 Because no sig nifi   cant dif fer ences among 
lo cal i ties were detected in the data be fore the 
El Ni ñ o event or among lo cal i ties dur ing 
the El Ni ñ o event (af ter one - way anal y sis of 
var i ance [ANOVA]), sites were merged to es-
ti mate mean val ues ( ±  95 %  con fi  dence in ter-
val) for each var i able (i.e.,  Symbiodinium  den si ty, 
Chl  a  concentration, Chl  a  cell  − 1 , bio mass, and 
to tal lip ids) and spe cies ( P. damicornis, P. pana-
mensis, P. gigantea ), for both be fore ( n   =  20) and 
dur ing ( n   =  20) the El Ni ñ o event. We tested 
the ef fect of the 2009 – 2010 El Ni ñ o warming 
event by looking for mean ing ful changes be-
fore and dur ing the event, in each var i able and 
spe cies, us ing a Student  t  anal y sis af ter check-
ing for nor mal ity and ho mo ge ne ity de vi a tions. 

 Coral Reef Communities 

 Substrate char ac ter is tics were gath ered be fore 
(No vem ber – De cem ber 2008) and dur ing 
(Sep tem ber 2009) the El Ni ñ o event for Risca-
lillo, Viol í n, and Montosa Island reefs, us ing 
25 m long point - in ter sect tran sects (data ev ery 
25 cm). Along each tran sect, all  un der ly ing 

coral spe cies at each in ter sect - point were re-
corded. Additionally, sub strate char ac ter is tics 
such as rocks, sand, al gal mat, rub ble, or ce-
mented coral cover (dead cor al) were recorded. 

 Echinoderm as sem blages were sam pled 
us ing a belt - tran sect (25  ×  1 m, echi noids; 
25  ×  2 m, as ter oids), quan ti fy ing in de tail all  
echi no derms pres ent in any cav ity or hol low 
and with out re mov ing any rock or coral (Al-
varado and Chiriboga 2008). Echinoderms 
were sam pled be fore (No vem ber – De cem ber 
2008) and dur ing (Sep tem ber 2009) the El 
Ni ñ o event in Riscalillo, Cacaluta Island, 
Maguey, La Entrega, and Montosa Island. 
Meanwhile, fi sh as sem blages were sam pled 
along a belt - tran sect (25  ×  2m) (Brock 1954). 
Duration of the fish counts was stan dard ized 
to  <  20 min per tran sect. Fish censuses were 
conducted be fore (No vem ber – De cem ber 
2008) and dur ing (Sep tem ber 2009) the El 
Ni ñ o event at San Agust í n, Cacaluta Island, 
La Entrega, and Montosa Island. All sur veyed 
tran sects were ran domly placed in the reefs, 
run ning par al lel to the coast line at ran dom 
depths but in side the bathy met ric in ter val 
where reefs oc cur. All sur veys were conducted 
dur ing day time (1000 to 1600 hr). 

 We used an or di na tion pro ce dure (prin ci-
pal co or di na tes anal y sis, PCO) to graph i cally 
de ter mine whether be fore and dur ing El Ni ñ o 
sam ples could be grouped based on their over-
all as sem blages. In ad di tion, vec tor over lays 
(Spearman cor re la tion  >  0.5) be tween PCO 
axis and orig i nal var i ables were drawn (An-
derson, Gorley, and Clarke 2008). PCO was 
conducted on Bray - Curtis sim i lar ity ma tri ces 
of square - root transformed data (Clarke and 
Warwick 2006). Furthermore, we tested the 
ef fect of the 2009 – 2010 El Ni ñ o on sub strate 
char ac ter is tics, echi no derms, and reef - re lated 
fi sh as sem blages in Oaxaca, through one - way 
per mu ta tional ANOVA (PERMANOVA) of 
fi xed ef fects. PERMANOVA were conducted 
on Bray - Curtis sim i lar ity ma tri ces of square -
 root transformed da ta, and 9,999 per mu ta-
tions were performed in all  cases. Finally, to 
iden tify the ma jor changes in echi no derms 
or fi sh com mu ni ties in terms of com po si tion 
and spe cies abun dance linked to the warming 
event, we used the sim i lar ity per cent ages rou-
tine (SIMPER). Multidimensional scal ing, 
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PERMANOVA, and SIMPER were com-
puted us ing Primer 6 (Clarke and Warwick 
2006). 

  re sults  

 Temperature 

 SST his tor i cal val ues showed lower val ues 
oc curred dur ing Jan u ary ( ∼ 26.2 ° C), steadily 
in creased from Jan u ary to May ( ∼ 29.5 ° C) and 
steadily de clined to ward Jan u ary. Compared 
to the his toric pat tern, in situ recorded tem per-
a ture remained very close to the his toric data 
from Jan u ary 2009 to April 2009 ( Figure 2 ), 
but from May 2009 to De cem ber 2010 pos i-
tive de vi a tions from the his toric val ues were 
ev i dent. Compared to the his tor i cal trend, in 
situ data dur ing May 2009 showed an in crease 
of  ∼ 0.2 ° C, but dur ing June 2009 this dif fer-
ence in creased to  ∼ 1.03 ° C, and in Oc to ber 
2009, it was as large as 1.85 ° C above his tor i cal 
da ta. During No vem ber 2009, the dif fer ence 
be tween his tor i cal and in situ data be came 
smaller, and dur ing De cem ber 2009 no dif-
fer ence was detected. From Jan u ary 2010 to 
May 2010, tem per a ture was lower than 
the his tor i cal val ues, the larg est dif fer ence 
 occurred dur ing March 2010 when in situ 
data were  ∼ 1.28 ° C lower than the his tor i cal 
val ue. From May to July 2010, in situ 

 recorded tem per a tures were close to the his-
tor i cal means. 

 Corals 

 Coral bleaching was fi rst ob served by ear ly /  
mid dle Au gust 2009 mainly af fect ing 
 P. panamensis  and  P. gigantea  irrespective of 
depth (0 to 15 m) at all  reef sites. During Sep-
tem ber 2009, bleaching was mild and wide-
spread in patch reefs from Mazunte to Montosa 
Island, but bleaching of whole col o nies irre-
spective of spe cies was also ob served. Bleach-
ing ranged from 3 %  to 13.3 %  (mean 7.7  ±  5.2) 
but was par tic u larly large at Montosa Island. 

 Bleaching of  P. damicornis, P. gigantea,  and 
 P. panamensis  col o nies in the stud ied area re-
sulted from the sig nifi   cant re duc tions in Chl 
 a  and  Symbiodinium  den si ties as the 2009 – 2010 
El Ni ñ o de vel oped in the re gion ( Figures 3 A, 
B  ).  Symbiodinium  de cline was highly var i-
able among taxa, while  P. damicornis  and 
 P.  gigantea  ex pe ri enced higher losses ( ∼ 82.7 %  
to 67.4 % ),  P. panamensis  de clines were rel a-
tively mi nor ( ∼ 22.9 % ). The same trend was ob-
served re gard ing Chl  a  concentration, while  P. 
panamensis  ex pe ri enced a de cline of  ∼ 29 % ,  P. 
damicornis  ex pe ri enced de clines up to  ∼ 70.1 % . 

 During the El Ni ñ o event,  P .  damicornis  
and  P .  gigantea  ex pe ri enced sig nifi   cant re duc-
tions in Chl  a  cell  − 1  ( P. damicornis,   ∼ 61.8 % ; 
 P.  gigantea,   ∼ 48.6 % ) (Figure 3 C ), but they 
showed mean ing ful in cre ments in bio mass 
( P.  damicornis,   ∼ 38.4 % ;  P. gigantea,   ∼ 110.2 % ) 
(Figure 3 D ), where as,  P .  gigantea  was the only 
spe cies that ex pe ri enced sig nifi   cant re duc tions 
in lipid con tent ( ∼ 41.1 % ) (Figure 3 E ).  Porites 
panamensis  remained in vari able to changes as-
so ci ated with 2009 – 2010 El Ni ñ o event in Chl 
 a  cell  − 1  (Figure 3 C ), bio mass (Figure 3 D ) and 
lipid con tent (Figure 3 E ). 

 Coral Reef Communities 

 Associated with the 2009 – 2010 El Ni ñ o event, 
sub strate char ac ter is tics in the stud ied area 
ex pe ri enced mod i fi  ca tions ( Figure 4 ). During 
the warming event, there was a slight in crease 
(2.4 %  to 6.1 % ) in al gal cover (mainly turf 
algae), but by Sep tem ber 2009 al gae (mainly 
ge nic u late cor al line al gae be long ing to ge nus 

  

 F  igure  2. Historic (1870 – 2008) and in situ recorded sea 
sur face tem per a ture dur ing the 2009 – 2010 El Ni ñ o in 
south ern Mexico. In situ tem per a ture was mea sured at 
in ter vals of 1 hr with HOBO pen dant tem per a ture data 
log gers (pre ci sion  ±  0.53 ° C) deployed in 11 lo cal i ties of 
the Mazunte to Montosa Island reef track. ENSO  =  El 
Ni ñ o – Southern Oscillation.
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 Amphiroa ) over grew live cor als. Coral cov er-
age ex pe ri enced de cline (6.5 %  to 19.4 % ), while 
bleaching up to 13 %  was recorded. Vector 
over lays (Spearman cor re la tion  >  0.5) showed 
that coral bleaching and al gal cov er age ex pe ri-

enced the larg est mod i fi  ca tions. Permutational 
anal y sis dem on strated that changes as so ci-
ated with the warming event resulted in sig nif-
i cant dif fer ences in sub strate char ac ter is tics 
(PERMANOVA; pseu do -  F   =  5.01,  P   =  .0018). 

  

 F  igure  3. Chlorophyll  a  (Chl  a ),  Symbiodinium  den si ty, Chl  a  cell  − 1 , bio mass, and lip ids be fore (Sep tem ber 2008, 
 black ) and dur ing (Sep tem ber 2009,  gray ) the 2009 – 2010 El Ni ñ o in south ern Mexico. Coral spe cies are noted on 
each graph. Data are expressed as mean  ±  SD. Asterisks (*) in di cate sig nifi   cant dif fer ences.
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 Along with sub strate char ac ter is tics, echi-
no derm com mu ni ties inhabiting the stud ied 
ar eas (Riscalillo, Cacaluta Island, Maguey, 
Viol í n, La Entrega, Montosa Island) were sig-
nifi   cantly (PERMANOVA; pseu do -  F   =  12.02, 
 P   =  .0001) mod i fi ed by the 2009 – 2010 El Ni ñ o 
event ( Figure 5 ). Analysis of the com po si tion 
and abun dance of spe cies (SIMPER) re veals 
that as El Ni ñ o de vel oped in south ern Mex-
ico, there was a de cline in the abun dance of 
the sea ur chin  Toxopneustes roseus  (100 % ), 
 Diadema mexicanum  (95.8 % ), and the sea star 
 Pharia pyramidatus  (43.4 % ), but an in crease in 
the sea ur chin  Eucidaris thouarsii  (140 % ),  Cen-
trostephanus coronatus  (69.5 % ) and the sea star 
 Phataria unifascialis  (50.7 % ). Vector over lays 
(Spearman cor re la tion  >  0.5) showed that the 

sea ur chins  E. thouarsii, D. mexicanum,  and 
 C. coronatus  ex pe ri enced the larg est mod i fi -
ca tions dur ing the warming event. 

 Fish as sem blages inhabiting the stud ied area 
(San Agust í n, Cacaluta Island, La Entrega, 
Montosa Island) ex pe ri enced sig nifi   cant mod i-
fi  ca tions (PERMANOVA; pseu do -  F   =  5.38, 
 P   =  .0001) as so ci ated with 2009 – 2010 El Ni ñ o 
( Figure 6 ). Abundance anal y sis (SIMPER) 
dem on strated that dur ing the 2009 – 2010 El 
Ni ñ o event, there were in creases in  Diodon 
hystrix  (2,600 % ),  Abudefduf troschelii  (1,750 % ), 
 H. maculicauda  (666 % ),  Johnrandallia nigriros-
tris  (610 % ),  Plagiotremus azaleus  (585 % ),  Hali-
choeres nicholsi  (377 % ),  T. lucasanum  (302 % ), 
 Microspathodon dorsalis  (211 % ),  Halichoeres 
chierchiae  (184 % ),  Microspathodon bairdii  (183 % ), 

  

 F  igure  4. Principal co or di na tes anal y sis (PCO) or di na tion of sub strate char ac ter is tics of coral reefs be fore ( closed 
squares ) and dur ing ( open squares ) the 2009 – 2010 El Ni ñ o in south ern Mexico. Vector over lays among PCO axis and 
orig i nal var i ables; only Spearman cor re la tion  >  0.5 are shown.
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 S. acapulcoensis  (163 % ),  Chaetodon humeralis  
(158 % ),  Stegastes rectifraenum  (127 % ),  Cepha-
lopholis panamensis  (121 % ), and  Lutjanus ar-
gentiventris  (118 % ) rel a tive to the prewarming 
con di tion. Meanwhile, the spe cies  Dermatol-
epis dermatolepis, Harengula thrissina, Canthe-
rhines dumerilii, Malacoctenus hubbsi, Zanclus 
cornutus, Scarus rubroviolaceus, Ophioblennius 
steindachneri, Caranx caballus,  and  Cirrhitich-
thys oxycephalus  prac ti cally dis ap pear dur ing 

El Ni ñ o. In ad di tion, there were de clines 
in  the spe cies  Bodianus diplotaenia  (93 % ), 
 Chromis atrilobata  (81 % ),  Stegastes fl avilatus  
(78 % ),  Cirrhitus rivulatus  (68 % ),  Halichoeres 
dispilus  (45 % ), and  Halichoeres notospilus  (42 % ). 
Vector over lays (Spearman cor re la tion  >  0.5) 
showed that the fi sh spe cies  T. lucasanum, 
S. rubroviolaceus, C. dumerilii, H. maculicauda,  
and  S. acapulcoensis  ex pe ri enced the larg est 
mod i fi  ca tions dur ing the warming event. 

  

 F  igure  5. Principal co or di na tes anal y sis (PCO) or di na tion of reef - as so ci ated echi no derm as sem blages be fore 
( closed squares ) and dur ing ( open squares ) the 2009 – 2010 El Ni ñ o in south ern Mexico. Vector over lays among PCO 
axis and orig i nal var i ables; only Spearman cor re la tion  >  0.5 are shown.
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  dis cus sion  

 The 2009 – 2010 El Ni ñ o event infl u enced sev-
eral bi o log i cal and / or or ga ni za tional lev els in 
coral reef com mu ni ties from the south ern 
Mex i can Pacifi c. SST increments af fected 
coral phys i  ol o gy, but also stressed coral com-
mu ni ties, while al ter ing in ver te brate (echi no-
derms) and ver te brate (fi sh) com mu ni ties that 
live in or are as so ci ated with coral reef com-
mu ni ties in south ern Mexico. 

 The 2009 – 2010 El Ni ñ o was detected by 
tem per a ture data log gers in south ern Mexico 
as early as May 2009, when an in crease of 
 ∼ 0.2 ° C with re spect to the his tor i cal av er age 
was recorded. At that time, how ev er, vi sual 
signs of stress (i.e., bleaching) were not ob-
served in any of the patch reefs lo cated in the 
sur veyed ar ea. By June 2009, tem per a ture was 
 ∼ 1.03 ° C above his tor i cal re cords and by Oc-
to ber 2009 it was  ∼ 1.86 ° C higher than the 

  

 F  igure  6. Principal co or di na tes anal y sis (PCO) or di na tion of reef - as so ci ated fi sh as sem blages be fore ( closed squares ) 
and dur ing ( open squares ) the 2009 – 2010 El Ni ñ o in south ern Mexico. Vector over lays among PCO axis and orig i-
nal var i ables; only Spearman cor re la tion  >  0.5 are shown.
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av er age his tor i cal tem per a ture. Bleaching 
was fi rst ob served by ear ly / mid dle Au gust 
2009 (1.1 ° C above) in south ern Mexico, but 
by early Sep tem ber 2009 (1.57 ° C above) it was 
wide spread, though mild, in patch reefs of 
the ar ea. The vi sual signs of bleaching de-
tected dur ing Sep tem ber 2009 were re lated to 
al gal sym bi ont phys i o log i cal al ter ations as so-
ci ated with an in crease in the sea wa ter tem-
per a ture. The in fl u ence of tem per a ture in 
the ob served re duc tion of Chl  a, Symbiodin-
ium,  and Chl  a  cell  − 1  most likely in volved ir-
re vers ible pho to sys tem dam age caused by 
ther mal stress (Hoegh - Guldberg and Smith 
1989; Glynn 1993; Fitt and Warner 1995; 
Warner, Fitt, and Schmidt 1996). Heat stress 
has been re cur rently in voked as the main 
cause of bleaching dur ing El Ni ñ o events 
(Hoegh - Guldberg and Smith 1989, Glynn 
1993) in the Ca rib be an, In dian Ocean, South 
Pacifi c, and Eastern Pacifi c (Jones et al. 2000, 
Glynn et al. 2001, Reyes - Bonilla et al. 2002, 
Riegl 2003, Eakin et al. 2010) and was also 
reported as be ing re spon si ble for the coral 
bleaching dur ing the 2009 – 2010 ENSO in 
the Central Pacifi c (Vargas -  Á ngel et al. 2011), 
Venezuela (del M ó naco et  al. 2012), In dian 
Ocean (Guest et  al. 2012, Marimuthu et  al. 
2013), and Brazil (Mi ran da, Cruz, and Le ã o 
2013). 

 We ob served an agree ment among the de-
crease of the to tal lip ids and the re duc tion of 
Chl  a, Symbiodinium,  and Chl  a  cell  − 1  dur ing 
the 2009 – 2010 warming event in the stud ied 
ar ea, mean while tis sue bio mass val ues were in-
versely cor re lated with bleaching. Reductions 
in coral tis sue bio mass are com monly linked 
to in creases in sea wa ter tem per a tures (Fitt 
et al. 2000), be cause higher tem per a tures lead 
to in creas ing re spi ra tory me tab o lism and de-
cline of en ergy re serves in the coral tis sue. 
While to tal lipid re duc tion dur ing the 2009 –
 2010 warming event is in agree ment with the 
de ple tion of en ergy re serves in coral tis sue, 
the in crease ( P. damicornis, P. gigantea ) or sta-
bil ity ( P. panamensis ) in tis sue bio mass sug gest 
that these spe cies may have obtained en ergy 
from het ero tro phic feed ing (Grottoli, Rodr í-
 guez, and Palardy 2006; Palardy, Rodr í guez, 
and Grottoli 2008), ab sorp tion of dissolved 
or ganic mat ter (Houlbr è que et  al. 2004), a 

com bi na tion of ge no typic and phys i o log i cal 
var i a tion among coral col o nies and / or their 
en do sym bi onts (i.e., over all per for mance of 
the holobiont) (Thornhill et  al. 2011), or a 
com bi na tion of these. The rel a tive im por-
tance of any of these sources of en ergy in the 
gain or main te nance of coral tis sue bio mass 
in the stud ied spe cies dur ing the 2009 – 2010 
El Ni ñ o event in south ern Mexico is un-
known, but fu ture re search may in ves ti gate 
the role of het ero tro phic car bon in ges tion as 
a rel e vant source of en ergy for cor als in the 
ar ea. 

 Physiological re sponses of al gae and coral 
hosts to the 2009 – 2010 El Ni ñ o in the stud-
ied area were spe cies - spe cifi  c. It has been pro-
posed that spe cies - spe cifi c re sponses may be 
re lated to a com bi na tion of ge no typic and 
phys i o log i cal var i a tion among coral col o nies 
(Edmunds 1994), their en do sym bi onts, or the 
over all per for mance of the holobiont (LaJeu-
nesse et al. 2010). In the stud ied ar ea,  Pocillo-
pora  spp. col o nies har bor the  Symbiodinium  
D1 clade (LaJeunesse et  al. 2010), whereas 
 Pavona  spp. and  P. panamensis  har bor clade C 
(Walther-Mendoza et al. 2016). The  Symbio-
dinium  D1 clade is ther mally tol er ant; in deed 
cor als containing these sym bi onts were more 
abun dant on reefs af ter ep i sodes of bleaching 
and mor tal ity in west ern Mexico (LaJeunesse 
et al. 2010) and Central America (Baker et al. 
2004) or un af fected dur ing bleaching else-
where in the Eastern Pacifi c (Glynn et  al. 
2001). On the con trary,  Symbiodinium  C types 
are more sus cep ti ble to bleaching (Glynn et al. 
2001, Baker et al. 2004). The pres ence of D 
and C  Symbiodinium  clades in  Pocillopora, 
Pavona,  and  Porites  in the south ern Mex i can 
Pacifi c (LaJeunesse et  al. 2010, Walther-
Mendoza et al. 2016) sug gest that these com-
bi na tions of holobionts may tol er ate the 
sea son ally stress ful en vi ron men tal con di-
tions that per vade in the area (i.e., re gional 
up well ing) and to some ex tent, ex traor di nary 
events such as El Ni ñ o. In the near fu ture, 
stud ies mon i tor ing the ge netic iden tity of 
 Symbiodinium  be fore, dur ing, and af ter en vi-
ron men tal per  tur ba tion may help to eval u ate 
the per for mance of the holobionts in the area 
and their abil ity to cope with fu ture stress ful 
en vi ron men tal events. 
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 Warming not only al tered coral phys i  ol ogy 
in south ern Mex i can reefs, but also the reef 
com mu nity itself. By Feb ru ary 2010, bleach-
ing resulted in mor tal ity not only in the sam-
pled lo cal i ties (Riscalillo, Viol í n, Montosa 
Island), but it was also wide spread from Ma-
zunte to Montosa Island (A.L.P., pers. obs.), 
along a coastal stretch of  ∼ 55 km in Oaxaca, 
south ern Mex i can Pacifi c. Previous ENSO -
 re lated stress ful events in the stud ied area 
were ob served dur ing 1998 in Mazunte and 
Tijera patch reefs, but they were prob a bly as-
so ci ated with cold stress (Reyes - Bonilla et al. 
2002); those au thors es ti mate that as much as 
90 %  of the live coral cover was lost in the 
ar ea. Also, Glynn and Leyte - Morales (1997) 
showed that the size dis tri bu tion of  P. gigan-
tea,  and the pres ence of large dead or eroded 
coral frame work ar eas at La Entrega, may be 
in dic a tive of per tur ba tions caused by the 1987 
ENSO event. So far, there are no published 
re ports addressing coral bleaching as so ci ated 
with the 2009 – 2010 ENSO event in the en tire 
Eastern Pacifi c, but mor tal ity as so ci ated with 
bleaching was reported in the In dian Ocean 
(5 %  to 94 %  bleaching, Guest et al. 2012; 2 %  
to 10 % , Marimuthu et  al. 2013), Central 
 Pacifi c (35 %  bleaching, Vargas -  Á ngel et  al. 
2011), Ca rib bean (12 %  bleaching, Bayraktarov 
et  al. 2013), and At lan tic (Brazil, Mi ran da, 
Cruz, and Le ã o 2013; Venezuela, 34 % , Basti-
das et  al. 2012, and 62 %  bleaching, del 
M  ó naco et al. 2012). Compared with these re-
ports, the stud ied area ex pe ri enced bleaching 
lev els sim i lar to those ob served in Indonesia 
(Guest et al. 2012), but larger than val ues re-
corded else where. Similarly, bleaching was 
as so ci ated with heat stress but compared to 
bleaching reported dur ing 2010 in other ar eas, 
reefs in the cen tral south ern Mex i can Pacifi c 
pre ceded bleaching else where by al most a year 
(Vargas -  Á ngel et al. 2011, Bastidas et al. 2012, 
Guest et al. 2012, del M ó naco et al. 2012, Ma-
rimuthu et al. 2013, Mi ran da, Cruz, and Le ã o 
2013). 

 Ordination and PERMANOVA anal y sis 
dem on strated that echi no derm com mu ni ties 
were sig nifi   cantly mod i fi ed by the 2009 – 2010 
El Ni ñ o event in the stud ied ar ea. Variables 
as so ci ated with El Ni ñ o are  able to cause sev-
eral dis tur bances to coral reef – as so ci ated 

or gan isms (Glynn 1990), most of them as so-
ci ated with changes in abun dance of a few key 
graz ing spe cies of sea ur chins (Glynn 1988; 
Haley and Solandt 2001; McClanahan, 
Muthiga, and Mangi 2001; Aronson et  al. 
2002; Attrill and Kelmo 2007). An in crease of 
 Diadema  spp. has been com monly noted fol-
low ing warming events in the Eastern Pacifi c 
(Glynn 1988) and the At lan tic (Attrill and 
Kelmo 2007) as a con se quence of high re-
cruit ment, low pre da tion, and the in crease of 
ben thic al gae in reef sys tems. Changes in the 
echi no derm com mu nity have also been re-
lated to lo cal ex tinc tion of spe cies as recorded 
in north ern Bahia, Brazil (Attrill, Kelmo, and 
Jones 2004), col o ni za tion of the reef en vi ron-
ment by op por tu nis tic echi noids (Attrill, 
Kelmo, and Jones 2004), and ver ti cal mi gra-
tion of in di vid u als (Glynn 1988). We hy-
poth e size that the ob served de cline in the 
abun dance of the sea ur chin  D. mexicanum  
and the sea star  P. pyramidatus,  but the in-
crease in the sea ur chin  E. thouarsii,  resulted 
from the wide spread mor tal ity of the for mer 
in Oaxaca reefs dur ing May 2009 (Ben í tez -
 Villalobos, D í az - Mart í nez, and Mart í nez -
 Garc í a 2009), cou pled with the ver ti cal 
mi gra tion of  P. pyramidatus  and  E. thouarsii . 
The lat ter au thors ob served a high num ber of 
loose spines and hun dreds of bare tests of  D. 
mexicanum  scattered over La Entrega reef and 
as far as 80 km away and sug gest dis ease as the 
cause. When  D. mexicanum  mor tal ity oc curred 
dur ing May 2009, tem per a ture was  ∼ 0.2 ° C 
above the his tor i cal re cord, with an ac cu mu la-
tion of no more than 2 – 3 weeks of heat stress; it 
is un cer tain whether  Diadema  mor tal ity was 
due to a phys i o log i cal tem per a ture -  re lated 
break down of the spe cies. A mi cro bi al -
 medi ated out break linked to warmer sea wa ter 
tem per a ture (Webster and Bourne 2012) may 
have played a role. On the other hand, sea 
stars and ur chins move in ter mit tently to 
search for food (Mueller et  al. 2012) or to 
avoid phys i cal stress (Broszeit et al. 2013). Ver-
tical move ment of  E. thouarsii  to ward shal low 
wa ters was al ready suggested by Glynn (1988) 
to ex plain its den sity in crease on Galapagos 
reefs fol low ing the 1982 – 1983 El Ni ñ o dis-
tur bance.  Pharia pyramidatus,  on the other 
hand, is abun dant (2.43 in di vid u als 50 m  − 2 ) in 
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shal low, rel a tively cold wa ters (mean 25 ° C) 
of  the Gulf of California (Reyes - Bonilla, 
Gonz á lez - Azc á rraga, and Rojas - Sierra 2005), 
but rather rare (0.1 in di vid u als 50 m  − 2 , unpubl. 
da ta) in warmer (mean 28 ° C) trop i cal reefs 
from Oaxaca; there fore, it is likely that the 
spe cies may have moved to ward deeper, cooler 
wa ters to avoid phys i cal stress. 

 Along with changes in com po si tion and 
abun dance in echi no derm com mu ni ties, we 
ob served mod i fi  ca tions in reef - re lated fi sh as-
sem blages as so ci ated with the 2009 – 2010 El 
Ni ñ o in south ern Mexico. Many fi sh spe cies 
ex pe ri enced in creases or de creases dur ing the 
warming event (see Results sec tion) sim i lar 
to the ob served changes in abun dance and 
com po si tion in re sponse to phys i cal stress 
(i.e., up well ing) ob served in the stud ied area 
(L ó pez - P é rez et  al. 2013) and else where in 
Central America (Glynn et al. 2014). In par-
tic u lar, acute in creases (Spearman cor re la tion 
 >  0.5) were ob served in the planktivorous 
 T. lucasanum,  the her biv o rous  S. acapulcoensis,  
and pi sciv o rous  H. maculicauda,  whereas acute 
de clines were recorded in the her biv o rous 
 S.  rubroviolaceus  and the om niv o rous  C. du-
merilii . Contrary to the ob served changes, 
lon ger - term im pacts of bleaching such as deg-
ra da tion of reef frame work and loss of struc-
tural in teg rity might be more dra matic to fi sh 
as sem blages than the sud den in crease of turf 
al gae and loss of coral tis sue dur ing bleaching 
(Garpe et al. 2006, Graham et al. 2013, Glynn 
et al. 2014, and ref er ences there in). Nonethe-
less, we no tice that the changes in cor als, the 
coral com mu nity itself, and phys i cal stress 
( ∼ 1.85 ° C above his toric da ta) as so ci ated with 
the 2009 – 2010 warming event exerted a rapid 
re sponse of fi sh as sem blages. Rather than be-
ing as so ci ated with lo cal ex tinc tion, mor tal i ty, 
or re cruit ment (Glynn et  al. 2014), the ob-
served changes in fi sh spe cies com po si tion and 
abun dance may have been largely due to hor i-
zon tal and / or ver ti cal re dis tri bu tion of spe cies 
in the ar ea. Similar pro cesses were in voked to 
ex plain short - term fi sh re sponse to bleaching 
in Tanzania reefs dur ing the 1997 – 1998 ENSO 
(Garpe et al. 2006); in par tic u lar, rov ing her-
bi vores should be  able to ben e fi t from sud den 
in creases in turf al gae fol low ing coral mor tal-
ity (Hart, Klumpp, and Russ 1996). 

 The ob served changes in coral phys i  ol ogy 
and mod i fi  ca tions in cor al, echi no derm, and 
fi sh com mu ni ties high light that the 2009 – 2010 
El Ni ñ o event im pacted sev eral lev els of bi o-
log i cal or ga ni za tion in coral com mu ni ties and 
reefs of south ern Mexico be yond the ac tual 
cor als them selves. Future stud ies may in ves-
ti gate whether the geo graphic set ting of the 
coral reef track in south ern Mexico may en-
hance het ero tro phic car bon in ges tion, result-
ing in higher sur vival (Thornhill et al. 2011) 
and po ten tial re cov ery fol low ing bleaching 
and other stress ors. Similarly, fu ture stud ies 
mon i tor ing the ge netic iden tity of  Symbiodin-
ium  be fore, dur ing, and af ter en vi ron men tal 
per tur ba tion may help to eval u ate the per for-
mance of the holobionts in the area and their 
abil ity to cope with fu ture stress ful en vi ron-
men tal events. 
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