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RESUMEN

Extenso blanqueamiento del coral Porites lobata en la isla Malpelo, Colombia, durante
un episodio de aguas frias en 2009. El blanqueamiento coralino es asociado frecuentemente con
temperaturas inusualmente cdlidas, pero también puede ocurrir durante episodios de enfriamiento del
agua. En esta nota registramos un evento de blanqueamiento coralino, especialmente en Porites lobata,
después de las temperaturas del mar mds bajas registradas para Malpelo en 21 afios. En abril de 2009
observamos blanqueamiento en cuatro de las diez especies coralinas registradas en la isla Malpelo. Este
evento fue més frecuente (hasta el 72 % de las colonias) y extenso (hasta el 87 % del 4rea de la colonia)
en P. lobata. La temperatura superficial del mar obtenida por satélites alcanzé valores tan inusualmente
bajos como 23.1 °C en marzo de 2009 con anomalfas térmicas hasta de -4.4 °C. Un sensor de temperatura
instalado a 20 m de profundidad indicé que la temperatura fue altamente variable durante el episodio frio
disminuyendo hasta 15.8 °C en febrero de 2009. Una conjuncién de la temporada de bajas temperaturas,
condiciones similares a las de La Nifa y otros factores no identificados parecen haber causado un episodio
de descenso extremo de la temperatura que provoco una respuesta de blanqueamiento en P. lobata, un
coral sensible al enfriamiento del agua.

PALABRAS CLAVES: Blanqueamiento coralino, Isla Malpelo, Pacifico colombiano, Pacifico Este
Tropical, Porites lobata.

Bleaching in zooxanthellate corals is the loss of some of their symbiotic
algae or photosynthetic pigments as a generalized response to stress by diverse
environmental factors (Hoegh-Guldberg, 1999; Baker er al., 2008; Lough and
van Oppen, 2009). The occurrence of mass bleaching events has been associated
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most often with prolonged increases in water temperature (Glynn, 1993; Brown,
1997; Hoegh-Guldberg, 1999; Baker et al., 2008; Eakin et al., 2009), but localized
bleaching events have also been documented during episodes of unusually low
temperature (e.g., Glynn and D’Croz, 1990, Coles and Fadlallah, 1991; Hoegh-
Guldberg et al., 2005). However, reports of bleaching events during cold episodes
and, in general, studies about bleaching produced by low temperatures are scarce
(Saxby et al., 2003). In this note, we report the occurrence of extensive coral
bleaching at Malpelo Island (Colombian Pacific) in coincidence with an extreme
decrease in water temperature in early 2009.

Malpelo Island (4°00°12” N, 81°36°26” W) is a rocky island of volcanic
origin with an area of 1.2 km? located 380 km from the nearest point on the Pacific
coast of Colombia (Lépez-Victoria and Rozo, 2006). Besides small, isolated patch
reefs and scattered coral colonies along the rocky sublittoral, Malpelo Island has
a small coral reef in its north-eastern sector known as El Arrecife and a coral
community on its western sector at the site known as La Nevera (Zapata and
Vargas-Angel, 2003). Among the ten species of corals found in Malpelo, Porites
lobata (Dana, 1846) stands out for its abundance below 15 m at El Arrecife and its
dominance in La Nevera, with colonies ranging from 0.5 to 3 m in diameter in both
sites (Rodriguez-Ramirez et al., 2007).

Between April 23 and 28, 2009 we made a visit to Malpelo Island during
which we observed extensive coral bleaching, particularly in P. lobata. To assess
the prevalence and extent of coral bleaching we examined the corals in two 80 x
1 m transects, one at 18 m and the other at 20 m depth, in El Arrecife, and in two
other 100 x 1 m transects at the same depths in La Nevera. In the transects at 18 m
depth we examined all the coral colonies present and their condition; if bleaching
was observed, we measured the maximum length and width of each colony (to
estimate its size as the area of an ellipse) and visually estimated the percentage of
the bleached area. In the transects made at 20 m depth we only examined in detail
those colonies with evident bleaching. To examine if the bleaching event was due
to abnormal water temperature conditions, we analyzed the weekly averages of sea
surface temperature (SST) obtained by satellites between 1990 and 2010 (NOAA-
NCEP NOMADS Meteorological Data Server, http://www.emc.ncep.noaa.gov/
cmb/sst_analysis/, Reynolds et al., 2002), and temperature data recorded every 1.2
h between September 2008 and December 2009 by a continuous recording sensor
installed in El Arrecife at 20 m depth.

Of a total of six species of corals found in El Arrecife at 18 m, only one (P.
lobata) was bleached (Table 1). Although the prevalence of bleaching in P. lobata
was 31.4 % of colonies, the percentage of bleaching per colony was on average
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62.0 + 33.8 % (Mean += SD) at 18 m and 51.4 % (+ 14.6) at 20 m depth. Due to
the large size of the bleached colonies of P. lobata in El Arrecife (5.7 + 5.8 m?),
and the relatively high coverage by this species at this depth (~ 20%), the extent
of bleaching on the entire reef was considerable. In La Nevera, the prevalence
and extent of bleaching were higher than in El Arrecife (Figure 1): three out of
eight species observed at 18 m showed bleaching (Table 1). Except for two species
with low coverage (Pocillopora capitata and P. eydouxi with 18.2 % and 28.6 %
of colonies bleached, respectively), bleaching occurred mainly in P. lobata (72.2
% of colonies), while the remaining five species were not affected. The extent of
bleaching per colony of P. lobata averaged 66.3 % (+ 28.6) at 18 m and 86.8 % (+
8.7) at 20 m. Additionally, Gardineroseris planulata showed bleaching at 20 m in
La Nevera, albeit with very low prevalence and extent. Finally, although we did

Table 1. Prevalence of bleached colonies (as percentage of total colonies observed per transect) and
average extent of bleaching (as bleached percentage of total colony area ) in coral species observed on
transects at 18 m depth in the coral reefs of El Arrecife and La Nevera in Malpelo Island on April 24 and
26, 20009, respectively.

A) El Arrecife
No.(%)of  Mean (SD)size _ican (SD)
. Total No. of percentage of
Species . bleached of bleached .
Colonies . . > bleaching per
colonies colonies (m?)
colony
Pocillopora eydouxi 80 0
Pocillopora capitata 8 0
Porites lobata 70 22 (31.4) 5.7 (£5.8) 62.0 (£33.8)
Pavona clavus 42 0
Pavona chiriquiensis 20 0
Pavona gigantea 30 0
B) La Nevera
No.(%)of  Mean (SD)size ~ican D)
. Total No. of percentage of
Species . bleached of bleached .
Colonies . . 5 bleaching per
colonies colonies (m?)
colony
Pocillopora eydouxi 33 6 (18.2) 0.2 (x0.04) 89.2 (x17.4)
Pocillopora capitata 14 4 (28.6) 0.1 (x0.04) 77.5 (£26.3)
Porites lobata 79 57 (72.2) 3.6 (£5.1) 66.3 (£28.6)
Pavona clavus 59 0
Pavona chiriquiensis 15 0
Pavona gigantea 42 0
Pavona varians 45 0
Gardineroseris planulata 12 0
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Figure 1. Coral bleaching of P. lobata in La Nevera, Malpelo Island at 20 m depth, seen from the deep
towards the shallow zone. Photo R. Navas-Camacho, April 25, 2009.

not sample in the shallow zone (<15 m), we observed a large number of bleached
colonies in this area of La Nevera.

The analysis of the water temperature data suggests that the coral bleaching
observed in April 2009 at Malpelo was caused by an unusual drop in temperature. SST
data from satellites clearly showed that after the first week of February 2009 there was
an abrupt temperature drop that reached the lowest values recorded in the last 21 years
(23.1 °C) during the third week of March 2009 (Figures 2 and 3). Negative thermal
anomalies relative to the long-term average (1990-2010) < -2 °C occurred during six
consecutive weeks between February 25 and April 1, 2009, and reached -4.4 °C in the
week of March 18, 2009. The sensor data from El Arrecife showed that at a depth of 20
m the decline of temperature began one month earlier than indicated by satellite SST data
(Figure 2). Sensor data also showed that the cooling event was not a simple episode of
low temperature but a series of sharp fluctuations in temperature between January and
April 2009 (Figure 2, inset). During this period the average daily temperature fluctuated
within a maximum range of 8.9 °C between December 29, 2008 (27.3 °C) and March
10, 2009 (18.4 °C). The absolute minimum temperatures recorded by the sensor were
16.1 °C (January 19, 2009), 15.8 °C (February 20, 2009), and 16.0 °C (March 10, 2009),

188 Boletin de Investigaciones Marinas y Costeras — Vol 40 (Supl. Esp.) - 2011



29 4

28 4

L]
-~
L

ra
=2
1

P
o
L

Temperature (°C)
n
-

23 o
3
22 4
2
E
21 .
20 18
i § é E E g -
t 2 8 g 5| B -]
» +-+-+r-r--r-r-r-r-r-r-—r—rrrrrreerrrr e T T
a 5 > - a = > c o a r %}
<] ] =3 @ 3 3 = D
& o = = I < = S I & (o] a
T 2 R ® 2 % ¥ & ®° & 8§ g

Figure 2. Temporal variation of water temperature at Malpelo Island. Circles indicate the long-term
average (+ 95 % C.L.) of satellite-obtained sea surface temperature (SST) on each date based on weekly
averages for 21 years (1990-2010). The solid line shows the variation of weekly average SST obtained
by satellites between September 2008 and December 2009. The dotted line shows the variation of weekly
average water temperature recorded by a continuous recording sensor located at 20 m depth at El Arrecife
in the same period. The inset shows the variation in daily average temperature recorded by the same
sensor between December 1, 2008 and April 22, 2009.
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Figure 3. Temporal variation in weekly average sea surface temperature from satellite data for Malpelo
Island between January 1990 and November 2010.
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but these were transient with durations < 3.5 h. Sharp fluctuations in temperature of short
duration can be caused by tidal cycles and internal waves (Sheppard, 2009).

Low water temperatures between January and March of each year are
a well-known feature of the seasonal pattern of variation in the oceanographic
conditions of Panama Bight (Forsberg, 1969; Stevenson et al., 1970; D’Croz and
Robertson, 1997). At Malpelo, this pattern is evident in the long-term averages of
SST and the greater variation around the means between January and March than
in the rest of the year (Figure 2). During this period, the Intertropical Convergence
Zone migrates from ~8-10 °N to ~2 °N, and consequently the north-east trade winds
blow more strongly over the bight, producing a cyclonic pattern of water circulation
and cold water upwelling in the Gulf of Panama and the middle of the bight, with
a consequent shallowing of the thermocline (Rodriguez-Rubio ez al., 2003; Devis-
Morales et al., 2008). In late 2008 and early 2009, the Oceanic Nifio Index (ONI)
showed thermal anomalies between -0.5 and -0.8 °C for four consecutive months.
Had these anomalies been maintained for one more month, they would have been
sufficient for a formal declaration of a La Niifia cold event (http://www.cpc.noaa.
gov/ products/analysis_monitoring/ensostuff/ensoyears.shtml). Hence, there was an
overlap between the annual cold season and the occurrence of thermal conditions
similar to those presented during a La Nifia event. However, the same coincidence
during La Nifa of 2007-2008, with values of the ONI between -0.6 and -1.4 °C for
nine months did not produce a decrease in temperature of the magnitude seen in 2009
(Figure 3). Also, there were no reports of coral bleaching during La Nifia of 2007-
2008 in Malpelo (Navas-Camacho et al., 2010) or other coral areas of the Colombian
Pacific (F.A. Zapata, Pers. Obs.). This suggests that some other unidentified factor
may have influenced the unusual decline of temperature in 2009.

Corals are highly sensitive to short exposures near their lower limit of
temperature tolerance (~18 °C, Coles and Fadlallah, 1991). Porites lobata is
considered one of the most sensitive species to low temperature since it begins
to die as early as 23 h after being continuously exposed to temperatures of 15 °C
(Edmondson, 1928). While the relationship between low temperature and coral
bleaching is known but little studied (Saxby et al.; 2003, Baker et al., 2008), cases
of bleaching have been documented experimentally by exposing species such as
Pocillopora damicornis, Montipora verrucosa, Fungia scutaria (Jokiel and Coles,
1977) and Montipora digitata (Saxby et al., 2003) for short periods (< 30 days)
to temperatures near or below 15 °C. It has also been shown that, similar to high
temperatures, low temperatures decrease photosynthetic efficiency and cause
loss of zooxanthellae and changes in photosynthetic pigment concentration as a
response to increased susceptibility of corals to photoinhibition with decreasing
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temperature (Saxby et al., 2003; Hoegh-Guldberg et al., 2005; LaJeunesse et al.,
2007; Baker et al., 2008).

Natural bleaching events during cold episodes have been reported in other
localities. In Saboga Island (Gulf of Panama) bleaching of 27.2 % of colonies was
attributed to a decrease in temperature to 17 °C in March 1985 (Glynn and D’Croz,
1990). However, at this same island in 2000 the water temperature declined to ~15
°C and no evidence of coral bleaching was observed (Glynn et al., 2001). Unusual
bleaching of Pocillopora spp. colonies occurred in the Gulf of California between
April and May 2006, but the temperature was only slightly lower than normal and
never less than 19 °C, so that bleaching may have been caused by high levels of solar
radiation during unusual conditions of water clarity (LaJeunesse et al., 2007). An
extensive coral bleaching event observed in the Capricorn-Bunker Islands, southern
Great Barrier Reef, Australia, in the winter of 2003 was attributed to a combination
of low air temperature (13.3 °C), low humidity and strong winds during a low tide
aerial exposure (Hoegh-Gulberg et al., 2005).

In conclusion, although the evidence presented here is correlational, it
strongly suggests that bleaching of P. lobata and other corals at Malpelo Island was
caused by the sharp decline in temperature that occurred in early 2009. Although
coral bleaching has received much attention in relation to temperature increases, a
more complete understanding of this phenomenon requires a more comprehensive
documentation of the thermal conditions in which it occurs, especially given the
expectations of global climate change. We recommend that coral bleaching events
during cold episodes be documented routinely.
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