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Abstract: Numerous pocilloporid coral reef.> occur along lhe 26 km coastline of Huatulco, Gulf of Tehuantepec. 
México. Twelve species of zooxanthellate corals belonging to four genera (Pocillopora, Pavona, Porites, 
Psammocora) are presen! in this area with three species of pociHoporid corais Jarge!y responsible for red 
framework construction. Seventeen fringing reefs, with mean depths ranging from 2 to 14 rn, displayed maximum, 
horizontal framework dimensions rangíng from 58 x 85 m (width x lcngth) lO 283 x 355 m. Recf topographic 
pro files suggest that vertical framework buildups range from about 1 to 5 m. Most reef developrnent occurs in bays 
or along protected shores with hillocky Ol' gently sloping pocillopodd frameworks. At sorne exposed sites, 2-3 rn 
high surge channels dissect seaward-facing reef slopes. Sudden cooling of nearshore waters, from 24°C lo 20°C, 
was detected al lhe reef base (8 m) on a Huatulco reef in February 1996, during the usual upwelling season 
(November-April) in the GulJ of Tehuantepec. Three of 17 reefs were dead, largely in an erosional state and with 
high populatíon densities of Diadema mexicanum. Sexual recrujts of Pavona gigamea were abundant at the 
seaward reef bases of sorne dead reefs. These colonies, dominant!y 5 lo g cm high, probably began (o settle in 
1989 and later, possibly in response lo newly-created substrates following widespread coral mortality during the 
1987 El Niño-Southem Oscillation (ENSO) event. 
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Knowledge of the distribution, structure, 
and species composition of coral reefs in the 
eastern Pacific has increased rapidly since the 
19705. Structural coral reefs occur on the 
mainland coast and offshore islands of northern 
México (Reyes Bonilla 1993a), and along the 
Central American coast (Porter 1972, Dana 
1975, Guzmán and Cortés 1993) to southern 
Ecuador and the Galápagos Islands (Glynn and 
WeHington 1983). Although the early íiterature 
indicated an absence of coral reefs fram eastem 
Pacific upweIling centers (Dana 1843, 
Crossland 1927), recent studies show that coral 
reefs do occur in upwelling areas, such as the 
Gulf of Papagayo, Costa Rica (Glynn et al. 
1983), and the Gulf of Panamá, Pan.amá (Glynn 

et al. J972, Glyrm and Stewart 1973). 
However, these reefs are not as well developed 
as those in nonupwelling environments (Glynn 
1977, Glynn and Macintyre 1977). 

In spite of these recent advances, large 
stretches of inaccessible reefs of the southem 
Mexican coast have uot been adequately studied. 
The presence of coral reefs along the southem 
coast of México has only been vaguely 
referenced (Palmer 1928, Beehe 1942, Reyes 
Bonilla 1993a) and our surveys are the f¡rst to 
reveal numerous weH developed coral reefs 
bordering the Gulf of Tehuantepec. This study 
describes the coral reefs of Huatulco, a 26 km 
stretch of rocky coastline with numerous bays 
and sheltered shores (Fig. 1). In this paper, we 



1034 REVISTA DE BIOLOGIA TROPICAL 

examine aspects of reef distribution, size, 
depth, geomorphology, species composition, 
biogeography, and reef condition. AIso, a five 
day in situ reef temperature record documents 
sudden (hourly) temperature declines, from 
24"C to 20°C, at a Huatulco reef site during 
February 1996. Relatively large sections (lOOs 
to 1000s m2) of dead and eroded corals were 
observed at sorne reefs along the Huatulco 
coast. To determine the tímíng of coral death, 
fue sizes and estimated ages of coral recruits on 
a dead Huatulco reef are related to similar. 
pattems of coral mortality and recruitrnent on 
Panamanian reefs affected during the 1982-83 
El Niño-Southern Oscillation (ENSO) event. 
Evidence is presented indicating that the 1987 
ENSO may have caused extensive coral 
mortality at Huatu1co, as observed off Baja 
California (Wilson 1990, Reyes Bonilla 1993b) 
and inferred at Clipperton Aton (Glynn et al. 
1996). 

In light of the recent worldwide decline in 
coral reefs (Wilkinson 1993, Ginsburg 1994), 
it is urgent to locate and document the 
coudition of reefs that are not subject to direct 
anthropogenic impacts. Such information will 
help to distinguish between natural and 
anthropogenic stresses (Grigg and Dollar 1990), 
and call attention to the protection of coral reef 
ecosystems from harrnful human activities. 
This study identifies a generally healthy, and 
until recentIy remote, coral reef tract off the 
Pacific coast of México. This area, now 
accessible, is undergoing rapid population 
growth and accelerating coastal tourist 
development. This study serves as an ecological 
benchmark and hopeful1y it will encourage the 
management of Huatulco coral reefs in the face 
of irnrninent envrronmental change. 

METHODS 

The SW-trending coastline of Huatulco was 
surveyed over a distance of approximately 26 
km, from Tejoncito (96°03'35"W) to San 
Agustín (96° 1 4'05 "W) (Fig. 1). Coral reefs 

were located with the help onocal fisherrnen 
and sports divers, and by towing divers over 
suspected coral reef habitats. A Global 
Positioning Systems (GPS), MageUan Model 
5000, established the geographic positions of 
the centers of reefs. An Ape1co Ranger 420 
chart recorder mounted on an outboard motor
powered boat was used in the bottom profiling. 
A compass enabled straight-line mus 
perpendicular to the shoreline. Transect mus 
started seaward of the breaker líne, usually at 1-
2 m depth, and distances were estimated by 
timing the runs. AH profiling was penormed 
under calm sea conditions with mínimal current 
actlvlty. Reef framework thickness was 
detennined from bathymetric profiles by 
estimating the vertical heights of coral buíldups 
aboye an assumed evenly sloping rock 
substrate. Naturally exposed framework faces 
allowed verification of buildup heíghts on the 
shallow sections of three reefs. Reef depths 
were obtained with depth guages and were 
adjusted to the mean low water datum. Reef 
dimensions (length x width) were measured 
under water with a tape measure. The locations 
of coral species' assemblages, in relation to reef 
depth and seawardlleeward exposures, were 
determíned from in situ linear measurements 
referred to the bathymetric profile surveys. 

Coral species identifications were made with 
reference to Squrres (1959) and Wells (in Glynn 
and Wellington 1983). AH zooxanthellate coral 
species were recorded at each of the reefs 
surveyed. Voucher specimens are available at 
the Rosenstiel School of Marine and 
Atmospheric Science, Division of Marine 
Biology and Fisheries, University of Miami, 
Florida, and at the Instituto de Recursos, 
Universidad del Mar, Oaxaca, México. 

A calibrated Hg thermometer with ± O.l°C 
accuracy recorded sea surface temperatures. At 
La Entrega reef a HOBO TempR (Onset 
Computer Corp.) underwater recorder sealed in a 
polyvinyl plastic (PVC) waterproof case 
measured the bottom temperature at the reef 
base (8 m) every 30 minutes over a 5 day 
periad (17-22 February 1996). 
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Identical measurements of the sexual recruits of 
P. gigantea were made in the previous year (16 
July 1995) in a 300 m2 area of similar reef 
habitat at Uva Island, Gulf of Chiriquí, 
Panamá. Linear skeletal growth rates for 
upwelling and nonupwelling areas were related 
to the Entrega and Uva sites respectively to 
obtain estimates of the years of recruitment. 

RESULTS 

A total of 17 pocilloporid mnging reefs 
were present between Río Copalita, at the NE 
boundary of Huatu1co, and San Agustín, located 
toward the SW (Fig. 1). Chachacual Bay 
contained one coral reef on the E side, wh1ch is 
sometimes known as Jicaral. No coral feef 
formation was pIesent al Jicaral beach on the W 
side of the bay. Al! of the Huatulco reefs are 
present in bays or behind islands and rocks, 

sites affording protection from direct wave 
assault. Interlocking branches of pocilloporid 
corals stabilízed tbe reef framework. Neither 
crustos.e coralline algae or subrnarine 
cementation apparently strenghthened the reef. 
Most of the reefs exhibited high (30-50%) to 
very high (60-90%) live coral cover, however, 
3 reefs (Riscalillo, Darsena, and Manzanilla) 
were in an erosiona! state with only highly 
dispersed live colonies. 

The principal reef frame at Riscalillo, 
centered in front of an uninhabited beach, is 
dead. Sorne live pocilloporid corals are present 
at the E and W ends of this reef (Table 1). No 
live coral s were found at the Darsena reef, 
which is located on the east side of Santa Cruz 
Bay, a few km south of the harbor, or at 
Manzanilla, where the reef is adjacent to a large 
hotel complexo Most of the deep forereef 
framework at La Entrega is also dead and still 
largely in growth position. 

TABLE 1 

Locations. dimensiolls. arui deprhs of 15 Huatulco coral reefs. Reefs at Maguey and Violín llave nor beell surveyed. 

Locality 
San Agustín 
Isla San Agustín 
Riscalillo 
La Prima 
Ji caral-Chachac ual 
Las Dos Hermanas 
La India 
Cacaluta 
La Entrega 
Darsena 
Manzanilla 
Mixteca 
Montosa 
Rincón Sabroso 
Tejoncito 

Geographic position 
15°4 1'09"N,96° 13'46"W 
15°41' 16"N, 96° 13'30"W 
15°41' 47"N, 96° 13'25"W 
15°42' 1I"N,96° 12'Il"W 
15°42'00"N,96° 12'5 1"W 
15°42'OO"N.96° 12'30"W 
15°42'30"N.96° 1 1'48"W 
lS043'08"N.96°09'43"W 
15°44'34"N, 96°0T35"W 
IS044'4TN,96°07'3 1"W 
15°45'50"N.96°05'5 1"W 
15°46'00"N,96°05'Ol"W 
15°45'48"N,96°04'56"W 
15°46'08"N,96°04'2 1"W 
15°46'48"N,96°03'35"W 

Maximum length x width (m) 
20 1x 13! 
3 15 x 26 

96( 156) x 25(70) 
1 17 x 4 1  
85 x 58 

355 x 283 
lil x56 
200 x 86 

324 x 233 
398 x 163 
116 x 100 
88 x 88 

236 x 50 
235 x 8 
17 1 x 30 

Maximum depth (m) 
13.3 
10.0 
10.0 
5.0 
1 1.6 
14.3 
5.0 
1 1.6 
13.3 
13.3 
5.0 
4.0 
1 1.6 
4.0 
2.2 

Riscalillo: dímensions of dead reef ffame located near the beach are denoted in parentheses. 

Four reefs are more than 300 m in length, 
and of these the dead Darsena reef is the 
longest, extending for nearly 400 m along the 
E side of Santa Cruz Bay (Table 1). The Dos 
Hermanas reef is probably the largest, 
measuring 355 by 283 m (length x width) with 
the Darsena and Entrega reefs somewhat smaller 
at 398 by 163 m and 324 by 233 m, 
respectively. Maximum framework depths 
(relative to mean low water) vary from 
2.2m (Tejoncito) to 14.3 m (Dos Hermana,» 
(Table 1). 

Back reef frameworks of seven profiled reefs 
fonned at distances of 15 to 25 m from the 
shoreline (Figs. 2 and 3). AlI profiles suggest 3 
to 4 m reef frame buildups with possibly a 
rnaximum reef thickness of 6 m at Jicaral
Chachacual. Exposed sections of reef frame
works at La Entrega, Cacaluta and RiscaliHo, 
due presumably to reef frame disintegratioll, 
revealed minimum thickllesses of 2-3 m. Rock 
outcrops are evident seaward of the reef frame
works at La Entrega and the San Agustín reefs. 
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Fig. 2. Locations of echo sounder transects. A and D are from nautical charts in Winlund et al (1983), scale approx. 1: 
10,000. B and e are from topographic maps of INEGI (Instituto Nacional de Estadística Geografía e Informática), scale 
1: 50,000. Numbered transect locations correspond to the numbered profiles in Fig. 3. 
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Fig. 3. Bathyrnetric profiles of 7 Huatulco fringing reefs. Note vertical scale differences of La Entrega and San Agustín 
reefs (lower right hand comer). 
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fig. 4, A live podlloporid reef, San Agustín (3 m depili, ¡ 9 February 1996). "fhe tightly-packed branches of Pocillopora 
spp. forro 1.0-2.0 m diameler mOJ.mds. 

Fig. 5. Sm'ge chanlld fQlrmed of!i.ve pociUoporid cOrals, San Agustín (3 m deptb, 19 Febmary 1996). A víew towards the 
be ... ch, !larallel lO the dominant direct!{)¡1 of WllVC motion. Maxímum channel height is 2.5 m. 
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Sea surface (SST) at several red 
sites, measured from 0930 to 1500 over the 
period 17-22 February 1996, ranged from 
23.1oC to 25.3'C (n ::: 24). Subsurface 
temperatures at La Entrega re.ef base (8 m) 
demonstrated marked í:1uctuations, ranging over 
4°C during a 5 day periad (Fig. Th.ree degree 
temperature differences occurred 
intervals on 17 and 18 
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H:)wever� a crlHcal 

temperatures recorded during 
tidal stand:;; negated this 
jp.,mr\¡O;f·:;¡t¡,r¡o; at low tide 

comparison of 
low and high 

n == 9) was only slightly higher 

Mean 
± 0.25, 

than f1at at 
peak high tide (22.49"C ± 0.29, n :::o 9). No 
significant ctifrerence in gea was 
noted in 9 consecutivepainvlse low aud 
water comparisons (p > 0.05, Wilcoxon 
matched-pairs test, I -tailed test). 

Hg. 6. Reef base (8 m depth) temperatures a'e La Entrega red reco:rded every 30 minutes wilh a HOBO 
n!corder during 17-22 February 1996. 

underwater 

Large seclions of the fcrereef at Darsena a\1d 
La Entrega ,::onsisted of dead pociHoporid coral 
rubble (Fig. 7) or patches of reef frame still in 
growth position (Fig. These areas ¡,Iso 
supported high densities of Diaderna 
mexicanum with several aggregatiom: in excess 
of 100 individuals. The sea urchlns were 
grazing Oil epilithic fihunentous and cmstose 
coram.ne algae, and simultaneously 
the dead coral substratum. Since the sea urchins 
often aggregate around the bases of pociHoporid 
b!ocks, bt'1eir rasping resuhs in undercuttíng, 
destabilízation and coliapse of frameworks 
(Colgan 1990). Much of the 1003e Pocillopora 
spp. mbble (Fig. 7) is likely a result of the 

intensc grazing by Diadema, ,:vhich is thus a 
primary cause of the disintegration of 
pocilloporid frameworks 8). 

At La the largely dead, 
bioeroded, forereef mbble zone is populated 
rmmerous, sman colonies of Pavona 
Because these colonies are 
growíh habit (not derived. from j:rregularly 
shaped fragments) and fru removed (2: 10 m) 
from large reproductive colonies, they aTe 
assumed to represent sexual recruits. In an (i!"I",.ll 
of abour 300 In 2, 74 recmits were censused, 
equivalent to a population density of 2,500 fiel 
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Fig. 7. Aggregations of Diadema mexicanum on dead pocilloporid rubble, Darsena reef (4 ro depth, 3 March 1995). 

Fig. 8. Diadema mexiccmum clustered l'Ii'Ound an emaed pocillopm:id reef frarfre block, DarSell!l roef (4 111 depth, 3 March 
1995). 
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Fig. 9. Size structures of young Pavona gigalltea coJonies 
!hat recruited to dead pociIJoporid reef frames at A 
Huatulco, México (sampled in Februar¡ 1996) and B Gulf 
of Chiriquí. Panamá (sampled in July 1995). 

In situ sea temperature observations in this 
study demonstrated that the Entrega reef is 
subject to at least short periods of moderate 
cooling. Satellite images of SST in the Gulf of 
Tehuantepec sometimes show the principal 
upwelling plume reacbing the Huatulco coast 
(Stumpf and Legeckis 1977, Clarke 1988, 
Legeckis 1988) and sometimes not (Barton et 
al. 1993). When a strong offshore eurrent jet 
and anticyclonic eddy develop, warm eoastal and 
eooled central Gulf waters are advected around 
the periphery of the eddy, thus limiting the 
intrusion of large negative temperature 
anomalies nearshore (Banon et al. 1993). If tbis 

circulation pattem is predominant, it is 
probable that the Huatulco reef tract is not 
subject to the intense, nearshore upwelling that 
occurs in the Gulfs of Papagayo and Panamá. 
Whether or not the relatively deep development 
of reefs at HuatuIco is related to reduced 
upwelling is a question that would require 
considerable detailed study. 

Annual rainfan in the Huatu1co area, 800 to 
1,000 mm, is low compared with the Gulf of 
Chiriquí where rainfall ranges from 2,400 to 
3,200 mm yr-I (Climatic atlas of North and 
Central America 1979). In neither area, 
however, does freshwater dilution or sediment 
transport appear to limit reef growth. Although 
tropical cyclones batter the southwest coast of 
México (Hubbs and Roden 1964), we found no 
evidence of storm damage to Huatulco coral 
reefs. This was unexpected in light of the 
relatively fragile pocilloporid frameworks 
because similar eastem Pacific reefs ofien 
display majar framework damage, due 
presumably to storm-generated high seas and 
seísmic activíty (Porter 1972, Glynn and 
Wellington 1983). For example, large 
pociHoporid blocks, separated from 
frameworks, or that have slumped, tilted or 
overtumed, are sometimes evident in the Gulf 
of Chiriquí (Glynn et al. 1972, Porter 1972). 
Surge channels and buttresses form along the 
seaward faces of sorne relatively exposed 
Huatulco reefs. Generally, however, fuese 
geomorphologic features are rarely present on 
eastem Pacific reefs, although pocilloporid 
buttresses with a high cover of crustose 
corallíne algae occur on exposed reefs at 
Gorgona Island, Colombia (Glynn et al. 1982). 

Even for the eastern Pacific, the 
monogeneric character of the Huatulco reefs is 
especially pronounced. While pociUoporid 
species are often the dominant framework 
builders of eastem Pacific reefs, other 
encrusting, nodular and massive species are 
usuaUy present. For example, pocilloporid reefs 
in fue Galápagos Islands (Glynn and 
Wellington 1983, Colgan 1990), Colombia 
(Glynn et al. 1982, Vargas Angel 1996), 
Panamá (Glynn 1976, Wellington 1982), and 
Costa Rica (Guzmán and Cortés 1989), contain 
several associated species, particularl)' in 
cryptic microhabitats within the reef framework 
(encrusting, foliose and nodular species), and at 
the reef base where pociUoporids are less 
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recruits at Huatulco and Panamá suggest 
different periods of settlement that may 
correspond with the availability of reef 
substrates following El Niño-related coral 
mortality. In Panamá, recruitrnent was highest 
3-6 years after the 1983 coral mortality evento 
Peak recruitment at Huatulco occurred during 
1991-1993, 4-6 years following the 1987 
ENSO. Although coral mortality was not 
observed on reefs in the Panamanian province 
during 1987, pocilloporid mortality was 
reported in Baja California at that time (Reyes 
Bonilla 1993b) and probably occurred at 
Clipperton Atoll as well (Glynn et al. 1996). 

In summary, this survey has disclosed 
vigorous reef building along the Huatulco 
coast, an area influenced by Gulf of 
Tehuantepec upwelling. The monogeneric coral 
reefs of Huatulco are built primarily by only 
three species of· Pocillopora. The majority of 
the reefs are in a healthy state, but sorne have 
experienced relatively recent and extensive coral 
mortality, presumably from natural causes, and 
are presently in various stages of recovery. 
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RESUMEN 

A lo largo de los 26 km de la costa de Huatulco, en el 
Golfo de Tehuantepec, México. existen numerosos 
arrecifes de corales pocilopóridos. Entre éstos se 
encuentran doce especies de corales con zooxantelas. 
Estos corales pertenecen a los géneros Pocillopora, 
Pavona, Porites y Psammocora. Tres especies de corales 
pocilop6ridos son los principales responsables de la 
construcción de la estructura arrecifal. Se observaron 
diecisiete arrecifes en franja cuyo intervalo dominante de 
profundidad se presentó entre los 2. y los 4 m y que 
presentan dimensiones desde 30 m de ancho por 20 m de 
largo hasta 283 x 355 m. Los perfiles topográficos de 

varios arrecifes también sugieren que la dimensión 
vertical de las estructuras puede variar desde 1 a 5 m. La 
mayoría de los arrecifes con promontorios o pendientes 
suaves están constituidos por corales pocilopóridos y 
localizados en bahías o en costas protegidas del oleaje. En 
las áreas más expuestas al oleaje, se forman canales con 
una profundidad de 2 a 3 m. Las surgencias costeras se 
presentan desde el noviembre hasta el abril. Estas 
surgencias de aguas más frías llegan a veces hasta la 
zona de los arrecifes en el Golfo de Tehuantepec. 
Durante esta investigación también se observó que 3 de 
los diecisiete arrecifes estaban muertos. Estos estaban en 
un avanzado estado de erosión, presentando una alta 
densidad poblacional de Diadema mexicanum. El 
reclutamiento sexual de Pavona gigalllea tat-nhién se 
observó en abundancia en las áreas más profundas. 
principalmente en las bases de los arrecifes muertos. 
Estas pequeñas colonias de P. gigantea (5-8 cm de altura) 
tal vez comenzaron su asentamiento larval en el substrato 
formado por los corales que murieron a causa del evento 
El Niño-Oscilación del Sur en 1987. 
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