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ABSTRACT: Coral bleaching events have occurred on the
fringing reefs of Magnetic Island (Great Barrier Reef region),
Australia, during the summers of 1979/80, 1981/82, 1986/87,
1991/92 and 1993/94. Continuous in situ water temperature
recordings since 1991 suggest a close correlation between
bleaching of corals and periods of average daily seawater
temperatures approaching 32°C. Each of the bleaching
events has occurred during periods of unusually high air tem-
peratures, suggesting that 'heat waves’' cause a warming of
the inshore waters and are a contributory factor in the recur-
rent bleaching of corals at Magnetic Island. There has been a
significant increase in annual summer and winter air temper-
atures in the Magnetic Island area since the middle of the pre-
sent century. Significant warming trends have also been
observed in the nearby state of Queensland and in Eastern
Australia over the same period. Air temperatures similar to
those present during the 5 bleaching events which occurred
at Magnetic Island have not otherwise been experienced in
this area since the 1930s.
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The available evidence suggests that there has been
an increase in the number and scale of coral bleaching
events (the dissociation of the coral-algal symbiosis)
since the early 1980s (Coffroth et al. 1990, Williams &
Bunkley-Williams 1990, Glynn 1993). The extent, tim-
ing and severity of many bleaching events have been
correlated with positive seawater temperature anom-
alies (Glynn 1984, Cook et al. 1990, Fitt et al. 1993,
Brown et al. 1995, Hoegh-Guldberg & Salvat 1995).
These observations have led to suggestions that we are
witnessing the effects of global climate change (Jokiel
& Coles 1990, Williams & Bunkley-Williams 1990,
Glynn 1991).
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Clear correlations between bleaching events and
climate change (regional or local) are scarce, partly
because long-term records of recurrent bleaching on
reefs, together with accurate records of air and seawa-
ter temperatures, are not yet available. One of the best
records of recurrent bleaching events comes from the
inshore fringing reefs of Magnetic Island (Great Bar-
rier Reef region), Australia, where bleaching events
have been observed in the austral summers of 1979/80
(Oliver 1985), 1981/82, 1986/87 (Coffroth et al. 1990),
1991/92 (J. Oliver pers. obs.) and 1993/94 (Jones 1997
in this issue). Seawater temperatures on the reef slope
at Magnetic Island have been monitored continuously
since late 1991, and air temperature records have been
kept since the early part of this century. In this note,
the relationship between the bleaching events and mid
to long-term seawater and air temperature records is
examined.

Materials and methods. Magnetic Island (19°S
147°E) is a continental island situated ~8 km north of
the mainland city of Townsville (Queensland, Aus-
tralia). Seawater temperatures on the reef slope (5 m
below mean tide level} were measured at Geoffrey Bay
(Magnetic Island) from July 1990 to June 1996 by in situ
waterproof platinum RTD thermocouple sensors (accu-
racy = 0.1°C) and recorded onto data loggers [data from
the Great Barrier Reef Marine Park Authority, Aus-
tralian Institute of Marine Science, and Stobart (1994)].
Average daily seawater temperatures over the period
were determined from the mean of all half-hourly read-
ings from all available data loggers (n =1 to 3).

Long-term air temperature recordings for the Mag-
netic Island area were obtained from the weather sta-
tions at the Townsville Bureau of Meteorology (here-
after TBM, Australian Bureau of Meteorology No.
032040), from 1942 to the present, and the Cape Cleve-
land Lighthouse (hereafter CCL, Australian Bureau of
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Meteorology No. 032005), from 1927 until records
were discontinued in 1987. The TBM weather station is
located on the Australian mainland ~10 km south of
Magnetic Island and the CCL weather station is
located on a remote peninsula 10 km east of Magnetic
Island. The average annual summer (October to
March), winter (April to September}, and daily maxi-
mum and minimum air temperatures were determined
for all available data. The daily temperature range was
also determined from the difference between the daily
maximum and minimum air temperatures.

Results and discussion. Widespread bleaching of
corals was observed on the reef slopes at Magnetic
Island during the summers of 1991/92 and 1993/94.
During the bleaching event of 1991/92 average daily
seawater temperature exceeded 31°C for 14 d, and
31.5°C for 2 d (maximum average daily temperature =
31.7°C; Fig. 1). These figures must be considered con-
servative, since no temperature data is avallable from
mid December 1991 to early February 1992 due to fail-
ure of the temperature loggers. During the bleaching
event of the summer of 1993/94 average daily seawater
temperature exceeded 31°C for 10 d and 31.5°C for2 d
(maximum average daily temperature = 31.8°C; Fig. 1).
No bleaching of corals was observed at Magnetic
Island during the summers of 1990/91 and 1994/95,
when average daily water temperatures exceeded
31°C for 5 d (1990/91, maximum average daily temper-
ature = 31.2°C) and 4 d (1994/95, maximum average
daily temperature = 31.4°C). Average daily seawater
temperature in the summers of 1992/93 and 1995/96
did not exceed 31°C (Fig. 1), and no significant bleach-
ing of corals was observed at Magnetic Island.

The mid-term temperature record suggests that
bleaching of corals is likely to occur at Magnetic Island
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when average daily seawater temperatures on the reef
slope exceed 31.5°C. It has been established that corals
in subtropical and tropical locations are existing very
close (1 to 2°C} to their upper thermal lethal limit dur-
ing summer months (Coles et al. 1976). [t is now
becoming clear from the relationship between bleach-
ing events and seawater temperatures at Magnetic
Island (Fig. 1) and in the Indo-Pacific (Brown et al.
1995, Hoegh-Guldberg & Salvat 1995) that differences
in average daily seawater temperatures of <1°C may
separate bleaching and non-bleaching years.

The exact start of each of the bleaching events at
Magnetic Island has not been determined; however,
each event has always been observed in the January
through February period, during the height of the aus-
tral summer period (J. Oliver pers. obs.). Average air
temperatures from January through February (deter-
mined from data from both the TBM and CCL weather
stations) have exceeded 28.5°C 6 times since the early
1970s. and bleaching events have occurred during 5 of
these occasions (Fig. 2). A comparison of average Jan-
uary through February air temperatures since 1970
indicates consistent differences between bleaching
and non-bleaching years (Mann-Whitney U-test, p <
0.05). Given the connection between positive tempera-
ture anomalies and coral bleaching events (Fig. 1;
Glynn 1984, Cook et al. 1990, Hoegh-Guldberg & Sal-
vat 1995, Brown et al. 1996), the most persuasive
explanation for the recurrent bleaching of corals at
Magnetic Island is high air temperatures (heat waves)
resulting in localised seawater warming in the shallow
reef environment (see also Jones 1997).

Annual air temperature at the TBM has increased by
+0.87°C since 1942 (significant at the 5% level). The
increase has occurred through significant changes in
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Fig. 2. Average January through February air temperature
recorded in the Magnetic Island area from 1927 to 1995. Data
from 1927 to 1941 represent recordings at the Cape Cleve-
land Lighthouse (CCL) weather station only, from 1942 to
1987 a mean of temperature recordings at the CCL and
Townsville Bureau of Meteorology (TBM) weather stations,
and from 1988 to 1995 recordings at the TBM weather station
only. Bleaching events at Magnetic Island are indicated by
open circles. The bleaching status of the reefs around
Magnetic Island prior to 1970 is unknown

both summer and winter temperatures and through
proportionately larger increases in daily minimum
than maximum air temperature (Table 1). This 'asym-
metric’ temperature increase has reduced the average
daily temperature range by -0.52°C since 1942 (signif-
icant at the 5% level). Significant warming trends also
involving ‘asymmetric’ temperature increases have
been detected in the long-term records of 13 other
locations in Queensland (Lough 1995; Table 1) and
Eastern Australia (Plummer 1991) as well as in many
other parts of the world (Karl et al. 1991, 1993).

Average January—-February air temperatures (i.e. the
period in which all bleaching events have occurred at
Magnetic Island) have increased by +1.54°C since 1942
(significant at the 5% level; Fig. 2). Temperatures simi-
lar to those present during bleaching events at Mag-
netic Island in recent years have not otherwise been
recorded in the local area since the 1930s (Fig. 2). The
relationship between bleaching events and periods of
elevated air and seawater temperatures (Figs. 1 & 2),
and the absence of similar air temperatures from the
late 1930s until the late 1980s, is suggestive that
bleaching events at Magnetic Island are a compara-
tively recent phenomenon (in the last 25 yr) and are
associated with a change in the local climate system.
However, it should be noted that air temperatures simi-
lar to those experienced during recent bleaching events
are not without precedent in the longer term record
(Fig. 2).

Long-term water temperature monitoring projects
are currently under way at Magnetic [sland and may
further define the relationship between water temper-

Table 1 Changes (°C) in mean annual summer (October to
March) and winter (April to September) maximum and mini-
mum air temperatures and in the average daily temperature
recorded in the Magnetic Island area (Townsville Bureau of
Meteorology, TBM) from 1942 to 1994 and changes in annual
maximum and minimum air temperatures and the average
daily temperature recorded at the TBM, in Queensland and in
Australia (data from Lough 1995) from 1948 to 1987. Bold type
indicates the linear trends are significant at the 5% level

Period Area Summer Winter
1942 to 1994 TBM maximum T 0.84 0.29
1942 to 1994 TBM minimum T 1.28 1.40
1942 to 1994 TBM average T 1.06 0.84
1948 to 1987 TBM maximum T 0.76 0.32
1948 to 1987 TBM minimum T 1.41 1.62
1948 to 1987 TBM average T 1.09 0.98
1948 to 1987 Queensland maximum T 0.20 0.51
1948 to 1987 Queensland minimum 7 0.72 1.20
1948 to 1987 Queensland average T 0.50 0.88
1948 to 1987  Australia average T 0.54 0.46

ature, air temperature and the bleaching of corals. Of
particular importance is the additive or synergistic
effect of irradiance and elevated water temperature,
which affects the degree of coral bleaching observed
in laboratory studies (Fitt & Warner 1995) and has not
been addressed in this study. Nevertheless, if the cur-
rent warming trend continues in the Magnetic Island
area, further bleaching events are likely to occur.
Unless corals can adapt to temperature increases in the
short term, possible consequences of these events may
include varying degrees of coral mortality and the
restructuring of assemblages to more temperature-
tolerant species (e.g. Porites spp.) or coral genera
which can reach maturity between bleaching events
(Hoegh-Guldberg & Salvat 1995).
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