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Abstract. Changes in sea-water temperature on coral reefs can cause mass coral bleaching events resulting in 
widespread coral mortality. In the last five years, coral communities of the Gulf of California have had 
bleaching events caused by temperatures below 19 °C. A cold water bleaching event occurred in February 2011, 
providing an opportunity to assess the bleaching response and verify bleaching susceptibility among 
Pocillopora morphospecies. Across three surveyed locations, 84% of corals showed visual signs of bleaching to 
a minor or major degree. The southern-most location was the least affected by cold water bleaching; possibly 
due to the exposition of high levels of wave and current that could diminish the effects of high sea surface 
temperatures, acclimation of colonies to seasonal upwelling of cold water from the California current, and the 
frequency of cold-resistant Symbiodinium glynni in coral colonies, which all suggest adaptation to harsh 
temperature conditions. High significant bleaching to cold water was found between P. damicornis and the rest 
of Pocillopora morphospecies (P. verrucosa, P. meandrina, and P. capitata). High bleaching susceptibility of P. 
damicornis could be due to intra-specific differences in symbiont or genotypic variation among colonies, and 
other factors such as local water circulation and/or flow velocity that can also influence bleaching and 
morphological plasticity in Pocillopora corals. A better understanding of bleaching events and the ability of 
corals to respond to periods of thermal stress (cold or warm) will allow managers to target particular reef 
ecosystems for protection. 
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Introduction 
Changes in sea temperature on coral reefs can cause 
mass coral bleaching events resulting in widespread 
coral mortality. Bleaching is a response by corals to 
stressful conditions and results in a paling or 
whitening caused by photo-inhibition and expulsion 
of microalgae endosymbionts (Symbiodinium spp.) 
(Hoegh-Guldberg 1999). Depending on the intensity 
and duration of the thermal stress, bleaching can 
result in differential mortality among taxa (depending 
of host-symbiont association) or between locations 
(Hoegh-Guldberg 1999, Lesser 2011, Lirman et al. 
2011). 

Research on coral bleaching impacts caused by 
extreme sea temperature events have concentrated 
almost entirely on elevated temperatures because the 
majority of bleaching events have been correlated 
with these conditions and the increasing concern 
about global warming (Hoegh-Guldberg 1999, 
Lirman et al. 2011). However, impacts of cold 
temperature events on coral physiology and mortality 
can be identical or even higher than warm-water 
events (Saxby et al. 2003, Hernández et al. 2010, 
Lirman et al. 2011). For example, catastrophic 

impacts were recorded in the Florida Reef Tract 
during an extreme cold water event (<16°C) in 
January 2010 (Lirman et al. 2011). Coral mortality 
was as 1-2 times greater than previous that caused by 
warm temperatures in the region. The impacts were 
species-specific; taxa with high resistance to warm-
water events were more affected by the cold water 
event than more susceptible spp.  (Lirman et al. 2011). 

In the Gulf of California, the first record of cold 
water bleaching was in February 1988, near Los 
Cabos (23°N), where 95% of Pocillopora corals, the 
main component of coral communities in the middle 
and southern gulf, were dead by July 1989 (Wilson 
1990). More recently, in the south-western Gulf of 
California, cold water bleaching of 10–60% was 
reported in 2006, with temperatures below 19°C. 
Only two years later, more extreme temperatures 
(~17°C) caused severe coral bleaching of up to 90% 
of Pocillopora corals in some locations (Hernández et 
al. 2010, LaJeunesse et al. 2010). General recovery of 
colonies was visible five months after the bleaching 
event, except in the northern locations (around Bahía 
de Loreto National Park, 25°50’N), where 90% of the 
Pocillopora community was dead due to the 
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bleaching event (Hernández et al. 2010, LaJeunesse et 
al. 2010). 

Here, we assess the February 2011 cold water 
bleaching event in the Gulf of California in terms of 
susceptibility to bleaching among the dominant coral 
group (P. capitata, P. damicornis, P. meandrina, and 
P. verrucosa), and discuss the differences in 
bleaching among three locations at the southern Baja 
California Peninsula. 
 
Material and Methods 
Field surveys 
Field surveys were conducted in April 2011 at three 
locations near the city of La Paz (24°05’N, 
110°20’W; Fig. 1). To quantify Pocillopora corals 
bleaching, five replicate 20 × 2 m belt transects, 
parallel to the shoreline, were surveyed at each site 
(Fig. 1); except in Punta Arenas where two transects 
were surveyed. On each side of the transect line, a 1 
m2 quadrat was photographed every 1 m. In addition, 
Pocillopora colonies were recorded and assigned to 
one of four morphospecies (P. capitata, P. damicornis, 
P. meandrina, and P. verrucosa) according to their 
morphological characteristics (Veron, 2000; Ketchum 
and Reyes-Bonilla, 2001). Here, we refer to these 
corals as Pocillopora morphospecies because they 
comprise one genetic group in the Gulf of California 
(Pocillopora type 1, sensu Pinzón and LaJeunesse 
2011). 

 
Figure 1: Map of surveyed locations in the southern Baja California 
Peninsula, Mexico. (IG) Isla Gaviotas, (PG) Punta Galeras, and 
(PAV) Punta Arenas de la Ventana. 
 

A random point count method was used to estimate 
coral bleaching in each photo-quadrat using Coral 
Point Count estimate with Excel extensions (CPCe, 
Kohler and Gill 2006). The stratified random method 
(two rows and two columns with five random points 

in each cell for a total of 20 points in each quadrant) 
was used to determine the distribution of random 
points. 

Degree of bleaching of each Pocillopora 
morphospecies was recorded from the photo-quadrats 
and assigned to one of three categories (0 = healthy, 1 
= minor bleaching [<50% bleached tissue], and 2 = 
major bleaching [>50% bleached tissue]). The three 
categories were ranked using a Kruskal-Wallis test to 
determine statistical differences in the degree of 
bleaching of colonies among Pocillopora 
morphospecies and among locations. For all 
significant results, a Mann-Whitney post-hoc test with 
Bonferroni correction was performed. 

Temperature data 
To record changes in sea surface temperature (SST) 
during cold water bleaching, satellite and in situ data 
were used. Data from the AVHRR sensor (resolution 
of 11 km) were accessed (Kilpatrick et al. 
2001; http://las.pfeg.noaa.gov/oceanWatch). 
Temperature data corresponded to geographic 
coordinate 24.4154°N, 110.097°W. In situ water 
temperature was recorded by an underwater data 
logger (HOBO Pendant, Onset Computer 
Corporation) from March 2003 through February 
2008 at 3 km and 8 km from the Isla Gaviotas and 
Punta Galeras reefs, respectively (HOBO location 
was 24.3123°N, 110.3363°W at 5 m). Linear 
regression of daily satellite-derived SST data vs. in 
situ sea temperature data between March 2003 and 
February 2008 showed close agreement between these 
tw

ate Prediction Center 
.cpc.ncep.noaa.gov

o data sources (r2 = 0.8136, P < 0.001). 
To compare the magnitude of recent cold water 

bleaching events in the Gulf of California, Oceanic 
Niño Index (ONI) data were accessed from 1986 to 
2011 through the Clim
(www ). 

ently the coldest months in this 
p

 
Results 
Temperature data 
Average monthly SSTs when no cold water bleaching 
occurred between 2004 and 2010 were characterized 
(Fig. 2B). The normal cold season is between 
December and April with an average monthly 
temperature of 21 ± 1 °C (Mean ± S.D.) in the south 
of the Gulf of California. January, February and 
March were consist

eriod (20 ± 1 °C). 
During the cold water bleaching event in the Gulf of 

California in February 2011, SSTs dropped to less 
than 18 °C and the average of SSTs of January to 
March for cold water bleaching years was 19 ± 1 °C 
(2006, 2008, and 2011). SSTs during cold water 
bleaching were significantly lower than SSTs 
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observed in non-bleaching years during the 2004–
2010 period (P  < 0.001, Mann-Whitney U-test). 

 
Figure 2: Cold water bleaching event in 2011 in the southern Gulf 
of California. (A) Bleaching event of Pocillopora colonies in Punta 
Galeras (B) Average monthly SSTs between 2004 and 2010 (black 
circles), and of years of recent cold water bleaching in 2006, 2008, 
and 2011 (open symbols). Squares represent the cold water 
bleaching threshold (<19 °C) for Pocillopora corals in the Gulf of 
California. (C) Oceanic El Niño Index (ONI) from 1986 to 2011. 
Letters indicate high bleaching events in the Gulf of California in 
the last 25 years according to: (a) Wilson 1990; (b) Reyes-Bonilla 

002; (d, e) LaJeunesse 2007, 2010; and (f) this study. According 

cumented, 
but during the period 1998-1999 no cold water 

pite of ONI values. 

001). No 
significant differences were found between northern 
locations (Isla Gaviotas vs. Punta Galeras). 

 

2
to Reyes-Bonilla (2001), no cold water bleaching occurred at (c), 
despite of ONI values. 
 

The cold water bleaching threshold for Pocillopora 
corals in the Gulf of California is around of 19 °C. 
The occurrence of cold water bleaching was 

distinguished by Oceanic Niño Index (ONI), which 
indicated five cold water events in the last 23 years in 
the Gulf of California (Fig. 2C). For these five events, 
four cold water bleaching events were do

bleaching occurred des

Cold water bleaching 
Eighty four percent of surveyed Pocillopora 

colonies showed signs of bleaching during the cold 
water bleaching event. The percent of bleaching was 
twice as high in the northern locations of Isla 
Gaviotas (30%) and Punta Galeras (35%) compared 
with the southern Punta Arenas (15%) where there 
were more colonies with normal coloration (9%; Fig. 
3). The Kruskal Wallis test revealed a significant 
effect of locations on conditions of colonies (χ2

(2, 

n=1726) = 36.44, P < 0.001). A post-hoc test using 
Mann-Whitney U-tests with Bonferroni correction 
showed the significant differences between Punta 
Arenas and Isla Gaviotas (P < 0.001) and between 
Punta Arenas and Punta Galeras (P < 0.

 
Figure 3: Condition of Pocillopora morphospecies colonies at three 
ocations after the 2011 cold wal

w
ter bleaching event in the south-

e
n 

stern Gulf of California. Isla Gaviotas, n = 1009; Punta Galeras, 
= 465; Punta Arenas, n = 252. 

 
Differences in cold water bleaching susceptibility 

were observed among Pocillopora morphospecies 
(Kruskal-Wallis test, χ2

(3, n=1726)=111.32, P < 0.001, 
Fig. 4). P. damicornis was the species most affected 
with an average of 36% colonies bleached among 
sites. Bleaching was observed for P. verrucosa (19%), 
P. meandrina (12%), and P. capitata (8%). The post-
hoc Mann-Whitney U-test showed significant 
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differences in all comparison between P. damicornis 
and other species (P < 0.005), and no significant 
differences were found among other species (P. 
verrucosa vs. P. meandrina vs. P. capitata, all 
comparisons P > 0.05). 

 

Figure 4: Percentage of bleached Pocillopora morphospecies at 
three locations in the south-western Gulf of California during the 

011 cold water bleaching event. The condition of P.2
w

 damicornis 
ly different to the other Pocillopora morphospecies 
 U-tests in all comparison, P < 0.005). 

on. Similar cold water stress occurred in 2008, 
w

igate the effect of flow and 
m

as significant
(Mann-Whitney
 
Discussion 
The 2011 cold water bleaching event was the fourth 
event since the first report of bleaching in the Gulf of 
California 23 years ago (Wilson 1990, Fig. 2). 
Bleaching occurred in 84% of Pocillopora corals in 
the regi

hen 90% of corals were bleached (Hernandez et al. 
2010). 

Taxa-specific bleaching susceptibility to cold water 
has been observed in laboratory experiments and 
during natural bleaching events in the field (Saxby et 
al. 2003, Hoegh-Guldberg et al. 2005, Lirman et al. 
2011). In this study, significantly higher bleaching 
was observed between P. damicornis and the rest of 

Pocillopora morphospecies (Fig. 4). Pocillopora 
corals show a high specificity for Symbiodinium 
glynni (ITS2 rDNA type D1 sensu LaJeunesse et al. 
2008) and⁄or type C1b-c in the Gulf of California 
(LaJeunesse et al. 2008, 2010); colonies with S. 
glynni are resistant to bleaching and mortality, while 
colonies harboring type C1b-c are susceptible to 
bleaching (LaJeunesse et al. 2008, 2010). Although 
Symbiodinium type was not identified in the surveyed 
corals in this study, the proportions of bleaching-
sensitive type C1b-c and S. glynni in Pocillopora 
morphospecies were similar to previous studies and 
seem to be stable through the years (LaJeunesse et al. 
2008, 2010). High bleaching susceptibility of P. 
damicornis could be due to intra-specific differences 
in symbiont or genotypic variation among colonies. 
Alternatively, other factors such as local water 
circulation and/or flow velocity can also influence 
differential bleaching susceptibility and 
morphological plasticity in Pocillopora corals (Veron 
2000, Nakamura and Yamasaki 2006). Recently, 
Pinzón and LaJeunesse (2011) suggested that 
Pocillopora corals in the Gulf of California form one 
host-symbiont genetic lineage and that morphological 
variation of this group corresponds to phenotypic 
plasticity. Colonies exposed under moderate to high 
levels of water flow velocity would develop thicker 
branches (e.g. P. verrucosa and P. meandrina 
morphological variations), and this level of flow has 
been demonstrated to suppress bleaching during high 
SST condition (Nakamura and Yamasaki 2005, 2006). 
Conversely, colonies exposed under low flow 
conditions develop branches less thick such as P. 
damicornis and possibly have higher bleaching 
susceptibility as we found in this study in this 
morphospecies. Nevertheless, further research is 
required to invest

orphological plasticity on cold water bleaching in 
Pocillopora corals. 

The southern location of Punta Arenas was less 
affected by cold bleaching in 2006 and 2011 
(LaJeunesse et al 2007) compared with northern 
locations in the Gulf of California. The resistance of 
Pocillopora colonies to bleaching in this location 
could due to several aspects: 1) location in an area 
exposed to high levels of wave and current could 
diminish the effects of SSTs on coral communities; 2) 
Punta Arenas is influenced by cold water of the 
California current which is localized close to a zone 
of seasonal upwelling where possible acclimation of 
colonies could occur (Glynn and Aunt 2000, Reyes-
Bonilla 2001); and 3) most Pocillopora colonies 
harbored the resistant Symbiodinium glynni 
suggesting adaptation to harsh temperature conditions 
(LaJeunesse et al 2008, 2010). In addition, colonies 
from northern locations in the Gulf of California may 
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be more susceptible to cold water bleaching than 
colonies living further south (Fig. 3, LaJeunesse et al. 
2007, Hernández et al. 2010), due to higher 
proportion of Symbiodinium type C1b-c (LaJeunesse 
et al 2010), and also due to differences in local 
oceanographic conditions during the year that could 
raise the accl

lorophyll a levels) (Halfar et al. 2006, LaJeunesse 
et al. 2010). 

Cold water events can produce similar or higher 
bleaching events than warm water stress events.  Cold 
water bleaching events have showed higher 
mortalities in Pocillopora corals at the northern and 
southern limits of their distribution in the Baja 
California Peninsula (90%, Wilson 1990, Hernández 
et al. 2010) than warm bleaching events (<20%, 
Reyes-Bonilla 2001, Reyes-Bonilla et al. 2002); 
perhaps because upwelling zones intensifies the 
stressful conditions on coral reefs by decreasing light 
penetration and the temperature 

ixing of upwelling cold water and masses of cold 
water during thermal stress). 

At our survey locations, 20% mortality of 
Pocillopora morphospecies corals occurred in 2008 
(Hernandez et al. 2010). We were not able to record 

ortality in April 2011, but visits in August 2011 and 
January 2012 showed that most corals had recovered. 

The coexistence of two host–symbiont 
combinations in Pocillopora corals in the Gulf of 
California can serve as a model to infer how more 
complex coral communities elsewhere may respond to 
episodes of environmental stress. Further work is 
required to determine the underlying factors 
contributing to diff

cold stress events. 
 

Acknowledgement 
We thank Alejandro Aldana, Rafael Cabral, Miguel Tripp and 
Mario Cota of CIBNOR and Salwa El Khattabi of UABCS for their 
field and data assistance. Ira Fogel of CIBNOR provided editorial 
services. Thanks to Ray Berkelmans for helpful suggestions 
on improving the manuscript. This study was funded by CONABIO 
(project-CT001) and by CONACYT (project 157993) to E.F.B. 

.G. (160065) is a rD.A.P
fellowship. Than
assistance grant to D.A.P.G. 
 

eferences 
alfar J, Godinez-Orta L, Mutti M, Valdez-Holguin JE, Borges JM 
(2006) Carbonates calibrated against oceanographic parameters 
along a latitudinal transect in the Gulf of California, Mexico. 
Sedimentology 53:297-320. 
rnández L, Reyes-Bonilla H, Balart EF (2010) Effect of coral 
bleaching induced by low temperature on reef-associated 
decapods crustaceans of the southwestern Gulf of California. 
Revista Mexicana de Biodiversidad 81:S113–S119. (in Spanish) 

Hoegh-Guldberg O (1999) Climate change, coral bleaching and the 
future of the world’s coral reefs. Mar Freshwater Res 50:839–
866. 

Hoegh-Guldberg O, Fine M, Skirving W, Johnstone R, Dove S, 
Strong A (2005) Coral bleaching following wintry weather. 
Limnol Oceanogr 50:265–271. 

Ketchum JT, Reyes-Bonilla H (2001) Taxonomía y distribución de 
los corales hermatípicos (Scleractinia) del Archipiélago de 
Revillagigedo, México. Rev Biol Trop 49:803–848. 
lpatrick KA, Podesta GP, Evans R (2001) Overvi
NOAA/NASA advanced very high resolution radiometer 
Pathfinder algorithm for sea surface temperature and associated 
matchup database. J Geophys Res C 106:9179–9197. 
hler KE, Gill SM (2006) Coral point co
extensions (CPCe): a visual basic program for the determination 
of coral and substrate coverage using random point count 
methodology. Comput Geosci 32:1  

LaJeunesse TC, Reyes-Bonilla H, Warner ME (2007) Spring 
“bleaching” among Pocillopora in the Sea of Cortez, Eastern 
Pacific. Coral Reefs 26:265–270. 

LaJeunesse TC, Reyes-Bonilla H, Warner ME, Wills M, Schmidt 
GW (2008) Specificity and stability in high latitude eastern 
Pacific coral–algal symbioses. Limnol. Oceanogr. 53:719-727. 
Jeunesse TC, Smith R, Walther M, Pinzón JH, Pettay T, 
McGinley M, Aschaffendurg M, Medina-Rosas P, Cupul-
Magaña AL, López-Pérez A, Reyes-Bonil
symbiont recombination vs. natural selection in the response of 
coral dinoflagellate symbioses to environmental disturbance. 
Proc R Soc Lond, B 277(1696):2925–293

Lesser MP (2011) Coral Bleaching: Causes and Mechanisms. In 
Dubinsky Z, Stambler N (eds) Coral reefs: an ecosystem in 
transition. Springer, Berlin, pp 405–420. 
rman D, Schopmeyer S, Manzello D, Gramer LJ, Precht WF, et 
al. (2011) Severe 2010 Cold-water event caused unpr
mortality to corals of the Florida Reef tract and reversed 
previous survivorship patterns. PLoS ONE 6(8): e23047. 
doi:10.1371/journal.pone.0023047. 

Nakamura T, Yamasaki H (2005) Requirement of water-flow for 
sustainable growth of Pocilloporid corals during high 
temperature periods. M

Nakamura T, Yamasaki H (2006) Morphological changes of 
pocilloporid corals exposed to water flow. Proc 10th Int Coral 
Reef Symp 872-875. 

nzón JH, LaJe
building corals using nucleotide sequence phylogenies, 
population genetics, and symbiosis ecology. Mol Ecol 
20:311–325. 

Reyes-Bonilla H (2001) Effects of the 1997-1998 El Niño-Southern 
Oscillation on coral communities of the Gulf of California, 
Mexico. Bull Mar Sci 69:251–266. 
yes-Bonilla H, Carriquiry JD, Leyte Morale
AL (2002) Effects of the El Niño-Southern Oscillation and the 
anti-El Niño event (1997–1999) on coral reefs of the western 
coast of Mexico. Coral Reefs 21:368–372.

Saxby T, Dennison WC, Hoegh-Guldberg O (2003) Photosynthetic 
responses of the coral Montip
stress. Mar Ecol Prog Ser 248:85–97. 
ron JEN (2000) Corals of the world. Australian Institute of 
Marine Science, Tow


