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Abstract. Rapid and intensive survey methods were used 
to measure coral breakage by snorkelers on a Maldivian 
resort reef. On the most impacted section of reef, breakage 
over a one month period was estimated at 17% of suscep- 
tible coral cover and 7% of total coral cover. 

Introduction 

In many developing countries, tourism is both a opportu- 
nity and threat. This is true in the Maldives, where dive- 
related tourism is the major industry and the coral reefs are 
the main attraction. Aesthetically pleasing reef communi- 
ties are therefore an important economic resource. 

The notion that tourism can be benign form of develop- 
ment (Kinsey 1988) is not necessarily true (Kelleher and 
Dutton 1985; Salm 1986; Tilmant 1987; Brown 1988; 
Hawkins and Roberts 1992, 1993). Intuitively, damage 
directly due to recreational use would seem small com- 
pared to dredging, coral mining and natural disturbance. 
In fact it may be chronic and highly concentrated. Sub- 
stantial trampling damage to shallow water coral commu- 
nities can occur (Woodland 1977; Kay and Liddle 1984; 
Hawkins and Roberts 1993) and damage by divers is often 
reported (Robinson 1973; Tilmant and Schmahl 1981; 
Rogers et al. 1988; Hawkins and Roberts 1992). Damage in 
the U.S. Virgin Islands and in the Red Sea has also been 
attributed to snorkelers. (Hawkins and Roberts 1993a; 
Rogers et al. 1988). In addition to degrading the reef 
aesthetically, it may occur in concert with other sources of 
stress (Coles and Jokiel1978; Kinsey 1988). The aim of this 
study was to establish the magnitude of such damage on 
a particular Maldivian resort reef (see Fig. 1). 

Methods 

The reef around Vihamanaafushi in North Male Atoll was studied in 
April-May, 1991. The distance around the reef edge at about 1 m 

depth was measured and recently-broken corals were counted in 
a 4 m  wide band around the circumference. Branching, digitate, 
tabular, and foliaceous corals with breakage, and no evident re- 
growth or algal growth on the broken surfaces, were recorded as 
"recently-broken". A colony with breakage was counted only once. 
Broken corals were located using encounter time and swimming 
speed calculated from time/distance measurements. Detailed de- 
scriptive information was acquired at 13 sites (Fig. 2: A-M) using 
50m long line-intercept and belt transects. Spacial complexity was 
estimated using the method of Risk (1972). The spatial distribution of 
snorkeling activity was described using counts from two swims and 
three shoreline surveys. Qualitative observations of snorkeling pat- 
terns, snokeler behavior and state of the reef (poor, good, excellent) 
were noted on these and other occasions. 

Results 

Reef condition varied considerably among locations (Fig. 
2) and quantitative assessments were supported by quanti- 
tative measures. The most remote portion of reef (extreme 
southwest) was subjectively rated "excellent" (32% live 
coral; 42 coral types, rugosity index 1.6 implying relatively 
intact framework (Aronson and Precht 1995)). Reef condi- 
tion to the west and north was classified as "good" (coral 
cover 16%; 29 coral types; rugosity 1.5). The east-central 
area had apparently been mined and was rated "poor" 
(coral cover on top 7%, range 2-lo%, often zero on 
collapsing slopes; 17 coral types; rugosity 1.3). 

Both intensive and rapid surveys showed greatest 
breakage on the west side, peaking in the vicinity of the 
snorkeling channel (Fig. 3). A weak relationship was found 
with breakage inversely related to live coral/coralline algae 
cover and coral diversity. Breakage was directly correlated 
with algal turf and loose debris (r2 = 0.948, n = 6, F = 73.5, 
p = 0.001; Spearman Rank correlation p = 0.0442). Colo- 
nies with older damage mirrored the spatial distribution of 
recently-broken colonies and were three times as numer- 
ous. Abundance of older broken colonies was under- 
estimated because damage is hidden by regrowth, grazing 
and bioerosion (Rogers et al., 1988). Digitate growth forms 
retained indications of the longest breakage. 
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Many breakage events were observed during this study. 
Snorkeling was permitted without snorkeling training or 
instruction about ecologically appropriate behavior. 
Breakage usually occurred as snorkelers kicked or stood 
on coral colonies. The effect was amplified as they were 
jostled by waves and when snorkeling partners stopped at 
the same location. Snorkelers who appeared ill-at-ease 
were more often observed breaking corals than were com- 
petent snorkelers. A possible correlation between the spa- 
tial distributions of broken corals and snorkeling activity 
was tested using rapid and beach survey data aggregated 
over 200m intervals. Levels of breakage and snorkeling 
activity were closely correlated (Beach surveys, r2 = 0.696, 
p = 0.0014; Rapid surveys, r2 = 0.820, p = 0.0003. Spear- 
man's Rank correlation was P = 0.03 for beach survey and 
0.008 for rapid survey). 

Discussion 

Overall, the distribution of broken corals was positively 
correlated with snorkeling activity and no other likely 

Fig. 1. Map of the Maldives with 
insets to show Indian Ocean 
location and detail of 
Vihamanaafushi location 

source of damage was observed. Figure 3 shows that 
breakage was low at sites seldom frequented by snorkelers 
such as the degraded east side and the remote southwest 
sector where breakable corals were abundant but only 
skilled snorkelers would venture. Breakage rates were 
highest at sites with easy access and abundant breakable 
coral colonies ( e g ,  west to north). On the west side, the 
tendency was to explore the reef close to shore and to use 
the access channel to pass through the reef, especially at 
low tide when it could be difficult to pass over the crest. 
Most snorkelers stayed on the portion of reef which was 
closc to thc shorc and thc channcl on thc wcst sidc, cven 
though the reef community farther south was better devel- 
oped. The presence of a large, very aggressive titan trigger 
fish (Balistoides viridescens) 50 m south of the snorkeling 
channel discouraged snorkeling in the area. This may have 
contributed to the reduced breakage there and further 
south. 

On a scale of several square meters, broken colonies 
were clustered due to standing snorkelers shifted by waves 
and the tendency of members of a group to stand when one 
of the group members stood. Presumably, educating all 
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Fig.2. Map of the Vihamanaafushi and surrounding reef. Transects 
were located on the forereef, parallel to the reef edge and are lettered 
A to M. Multiple transects at one site are listed in order of proximity 
to the reef edge. Distance from the snorkeling channel (0 m) to the 
harbor in both clockwise and counter-clockwise directions is in- 
dicated (1 150m). Assessment of reef conditions:excellent, good; poor- 
details in text 

snorkelers to avoid contact with corals and training them 
accordingly would have a multiplier effect in reducing 
damage. 

On the heavily used area (sites A, B, C, L, M), estimates 
of recently-broken corals were 17% of susceptible and 7% 
of coral cover or 11% and 5.3% of abundance. The 
breakage must have occurred no more than a month prior 
to observation since algal recruitment on dead corals 
occurs within several weeks in Maldives and elsewhere 
(Biggs and Eminson 1977; Rogers et al. 1988). Since the 

resort runs close to capacity year round, a substantial 
amount of coral would be broken in a year. Exposed 
colonies, such as those on prominences or in open flat 
areas are more likely to be damaged, than colonies in less 
exposed circumstances. 

The breakage is similar to that observed in the Red Sea, 
where Hawkins and Roberts (1993b) reported breakage of 
5% of all colonies. Although both study sites are situated 
in relatively benign physical environments which favor 
stucturally delicate corals (Kenchington 1984; Hawkins 
and Roberts 1993b) damage estimates are conservative. 
Minor breakage is difficult to detect in finely branched 
species (e.g., Acropora hyacinthus and A. cytherea) and 
inconspicuous tissue and fine skeletal structure damage 
may be incurred by massive and encrusting colonies (Haw- 
kins and Roberts 1992a) with protracted recovery times 
(Liddle and Kay 1987). Secondary stresses may arise since 
loose debris can be unstable and abrasive, and erodes 
rapidly to produce sediment. To cope with such stress, 
corals may divert energy from other functions such as 
growth and reproduction. Liddle and Kay (1987) reported 
that damaged Acropora millepora colonies grew slowly 
than undamaged colonies. Meeresters et al. (1994) re- 
ported reduced growth in abraded Montastrea annularis 
colonies and Ward (1995) found damaged Pocillipora 
damicornis colonies were adversely affected. While frag- 
mentation may be an important means of reproduction on 
some reefs, especially for branching Acropora species 
(Highsmith 1982), this was not the case in the Maldives, 
where coral fragments soon died. This is consistent with 
the pattern described by Sammarco (1985) for Acropora 
species on the Great Barrier Reef. 

In summary, the observed breakage is important be- 
cause of potential reduction of the aesthetic appeal of the 
reefs to tourists, and degradation of the reefs' ability to 
sustain the islands they protect and nourish. The fact that 
appreciable damage has been recorded is reason enough to 
advocate a programme to: (a) further quantify the harm 
done to reef function and aesthetics; (b) educate and train 
users to reduce the damage; (c) monitor user attitudes and 
behavior, and reef status; (d) develop information pack- 
ages and simple effective data collection methods suitable 
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Fig.3. Extensive survey of 
broken coral abundance. The 
snorkeling channel is centrally 
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the mid-point on the far side 
of the reef is - 1150m 
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for amateurs. Existing networks of dive and tour operators 
could provide an efficient implementation vehicle. Mitiga- 
tion of SCUBA diving damage, should be integrated into 
the programme. 
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Errata: Copy Editor Damage to snorkeler damage in the Maldive Islands paper. 
 
An anonymous copy editor of dadaist persuasion introduced a number of though-
provoking errors, and consistently I suppose, missed several legitimate errors. I did not 
receive the page proofs in time to correct the errors and the relevant editor of Coral Reefs 
refused to publish the corrections so I have appended them below. 
 
p. 217, para 2, line 24: "in the Maldives" was originally, "on this reef". The data do not 
support the generalization to Maldives made by the copy editor. 
p. 215, last sentence: "retained indications of the longest breakage" was originally, 
"retained indications of breakage the longest". 
p. 215, Results line 2: first “quantitative” was originally, “qualitative”. 
p. 215, Address: "Majecdhee" was originally, "Majeedhee", and should have included 
"SEA Explorers Assoc." 
p. 215, line 1: "a opportunity" was originally, "an opportunity" 
p. 215, para 2, line 1: "can be benign form" was originally, "can be a benign form" 
p. 215, para 2, line 14: there should not be a period after "snorkelers". 
p. 215, line 11 of Methods section: the archaic "spacial" was originally, "spatial" (as in 
the following line). 
p. 215, Results, para 2, line 3: The original was, “Weak relationships were found, with 
breakage inversely related to live coral/coralline algae cover and coral diversity.” 
p. 217, para 2, line 17: "grew slowly than" was originally, "grew more slowly than" 
p. 218, the concluding sentence has an unnecessary and distracting comma after the word 
“damage”. 
 
The following errors were present in the original draft and are my responsibility. They 
were not corrected by the copy editor. 
Citations: “Hawkins and Roberts 1992a and 1993b” should have been, “Hawkins and 
Roberts 1992 and 1993”. 
p. 217, para 2, line 5: “stucturally” should have been “structurally”. 
No doubt additional errors exist for which I am responsible. 




