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a Figure 6.  Mean density and mean size of 
anemones (a, b) and anemonefishes (c, d) 
in relation to bleaching status. The size of 
anemones and anemonefishes was 
estimated in terms of oral disc area and 
total length, respectively. Sample sizes 
(in parentheses) reflect the number of 
surveys (a, c) or the number of 
individuals (b, d). Note that estimates of 
anemone size were calculated from a 
sub-sample of 163 anemones (see 
Materials and Methods section for 
further information). Symbols (▲ or ■) 
denote groups that are significantly 
different (p < 0.017). 

  (22)     (24) 

    (98)   (65) 

  ▲ ■

  (24)   (22) 

 (78)    (34) 
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Figure 7.  Photograph showing a bleached anemone. On the left is a normal anemone of 
the same species (Entacmaea quadricolor). Photograph: © A. Frisch. 
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Figure 9.  The mean density of anemones and anemonefishes in each of four habitat types 
at the Keppel Islands. See Materials and Methods section for definitions of each habitat 
type. Samples sizes for habitats A, B, C and D were 8, 17, 9 and 12, respectively. 
Differences between groups were not statistically significant (p > 0.05). For clarity, ‘minus’ 
error bars are not shown because they extend below the x-axis (n.b. plus and minus error 
bars are asymmetrical because of the logarithmic scale). 
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Figure 10.  The density of (a) anemones and (b) anemonefishes with respect to percentage 
live coral cover at 46 sites in the Keppel Islands. Data points lying directly on the x-axis 
depict sites where anemones and anemonefishes were absent.  
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Figure 11.  The density of (a) anemones and (b) anemonefishes in relation to structural 
complexity at 46 sites in the Keppel Islands. Both relationships were statistically significant 
(p < 0.05). Data points lying directly on the x-axis depict sites where anemones and 
anemonefishes were absent. See Materials and Methods section for definitions of 
structural complexity categories. 
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Table 1.  The number and density of anemonefishes and host anemones (all species 
combined) in relation to habitat indices at each of 46 survey sites in the Keppel Islands. See 
Materials and Methods section for definitions of each habitat type and structural 
complexity. 
 
 
Site
no. 

Location Habitat 
type 

Live 
coral 
cover (%) 

Structural 
complexity 
(median) 

Anemonefishes  Anemones 
N 3000-2 N 3000-2 

1 
 

Monkey Beach B 50 3 - -  - -

2 
 

Monkey Point B 80 3 - -  - - 

3 
 

Halfway Island B 60 3 - -  - - 

4 
 

Halfway Island A 40 3.5 - -  - -

5 
 

Halfway Island C 90 3 - -  - - 

6 
 

Clam Bay B 40 3 - -  - -

7 
 

Clam Bay B 70 3 - -  - - 

8 
 

Clam Bay B 30 3 - -  - - 

9 
 

Southeast Bay A 40 3 6 7.1  57 67.6

10 
 

Reef 23-032 B 60 3 2 2.4  14 16.9 

11 
 

Bald Rock A 30 4 4 4.4  47 51.5 

12 
 

Bald Rock C 10 3 - -  - -

13 
 

Wreck Beach B 60 3 2 1.8  3 2.6 

14 
 

Big Peninsula D 50 3 4 3.8  8 7.6

15 
 

Half Tide Rocks B 60 3 - -  - - 

16 
 

Passage Rocks B 80 3 - -  - - 

17 
 

Middle Island B 70 3 - -  - -

18 
 

Middle Island  B 50 3 - -  - - 

19 
 

Miall Island  B 60 3 - -  - -

20 
 

Miall Island  B 50 3 - -  - - 

 



 

22 
 

Table 1.  (continued) 
 
 
Site
no. 

Location Habitat 
type 

Live 
coral 
cover (%) 

Structural 
complexity 
(median) 

Anemonefishes  Anemones 

N 3000-2  N 3000-2 

21 
 

Forty-Acre Patch D 40 3 6 6.9  10 11.5

22 
 

Egg Rock D 40 3 - -  - - 

23 
 

Egg Rock D 70 3 - -  - -

24 
 

Egg Rock A 40 4 45 93.8  490 1020.8 

25 
 

Barren Island  A 40 3 - -  - - 

26 
 

Barren Island  A 30 3 - -  - -

27 
 

Barren Island  A 60 3 - -  - - 

28 
 

Man & Wife Rocks C 70 3.5 10 10.8  33 35.5

29 
 

Man & Wife Rocks C 10 3.5 - -  - - 

30 
 

Man & Wife Rocks C 10 3 - -  - - 

31 
 

Square Rocks C 10 3 2 2.5  1 1.3

32 
 

Sloping Island C 40 3 - -  - - 

33 
 

Pumpkin Island B 20 3 - -  - -

34 
 

Environment Centre B 20 3 - -  - - 

35 
 

Maisy Bay B 30 3 - -  - - 

36 
 

Maisy Bay A 10 3 - -  - -

37 
 

North Keppel Island D 10 3.5 13 15.9  119 145.7 

38 
 

North Keppel Island D 10 3 - -  - -

39 
 

North Keppel Island D 50 3 - -  - - 

40 
 

North Keppel Island D 0 4 - -  - - 
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Table 1.  (continued) 
 
 
Site
no. 

Location Habitat 
type 

Live 
coral 
cover (%) 

Structural 
complexity 
(median) 

Anemonefishes  Anemones 
N 3000-2 N 3000-2 

41 
 

North Keppel Island D 40 3 6 6.9  10 11.5

42 
 

Corroboree Passage D 10 3 - -  - - 

43 
 

Corroboree Island D 40 3 16 15.9  317 314.4

44 
 

Conical Island  C 10 3 - -  - - 

45 
 

Conical Island  D 40 3 - -  - - 

46 
 

Conical Rocks C 40 3 - -  - -
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Table 2.  Results of statistical tests comparing the density and size of anemones and 
anemonefishes in relation to fishing status, bleaching status and depth.  
 
 
Variable Factor Statistical 

test 
Test 
statistic 
(t, χ2 or F) 

Degrees of 
freedom 

Prob.a Figure 
no. 

Anemone density Fishing 
status 

Student’s t 0.35 44 0.73 4a 

Anemone size Fishing 
status 

Student’s t 3.71 161 <0.001 4b 

Anemonefish density Fishing 
status 

Student’s t 0.03 44 0.97 4c 

Anemonefish size Fishing 
status 

Student’s t 1.11 110 0.27 4d 

Anemone density Bleaching 
status 

Student’s t 0.57 44 0.57 6a 

Anemone size Bleaching 
status 

Student’s t 2.66 161 0.009 6b 

Anemonefish density Bleaching 
status 

Student’s t 0.39 44 0.70 6c 

Anemonefish size Bleaching 
status 

Student’s t 1.65 110 0.10 6d 

Anemone density Depth Kruskal-
Wallis 

3.81 2 0.15 8a 

Anemone size 
 

Depth ANOVA 8.13 2/160 <0.001 8b 

Anemonefish density Depth Kruskal-
Wallis 

4.26 2 0.12 8c 

Anemonefish size 
 

Depth ANOVA 3.67 2/109 0.029 8d 

 
a Significant differences were considered to exist when p < 0.017 (as per Bonferroni’s adjustment; 
see Zar 1999). 
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Table 3.  Summary of classification and regression tree (CART) analyses of anemone and 
anemonefish density and size. 
 
 
 
Dependent variable 

 
Explanatory factor Split b 

Anemone density a 
   (3000 m-2) 

Fishing status, bleaching status, depth Depth

Anemone density a 
   (3000 m-2) 

Fishing status, bleaching status Fishing status 

Anemone size 
   (cm2) 

Fishing status, bleaching status, depth Fishing status 

Anemone size 
   (cm2) 

Bleaching status, depth Depth

Anemonefish density a 
   (3000 m-2) 

Fishing status, bleaching status, depth Depth 

Anemonefish density a

   (3000 m-2) 
Fishing status, bleaching status Bleaching status 

Anemonefish size 
   (cm2) 

Fishing status, bleaching status, depth Depth 

Anemonefish size 
   (cm2) 

Fishing status, bleaching status Bleaching status 

 
a Indicates data that were transformed (y = log10[x + 1]) prior to analysis 
b Refers to the explanatory variable that accounted for the greatest amount of variability among tree 
clusters (‘leaves’) 
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Table 4.  Density estimates of anemonefishes at various locations in the west Pacific 
region. Results from the present study are included for comparison. 
 
 
Location Species Density a

(1000 m-2) 
Reference

Lizard Island, 
Great Barrier Reef 

A. melanopus 11.9 Srinivasan et al. 1999 

Kimbe Bay, 
Papua New Guinea 

A. melanopus 4 Srinivasan et al. 1999 

Guam, 
Mariana Islands 

A. melanopus 1 Ross 1978 

Keppel Islands 
 

A. melanopus 0.62 This study 

Solitary Islands, 
New South Wales 

A. akindynos 100−520 Richardson 1999

One Tree Island, 
Great Barrier Reef 

A. akindynos 5−25 Sale et al. 1986 

Julian Rocks, 
New South Wales 

A. akindynos 6−8 Richardson 1996

Keppel Islands 
 

A. akindynos 0.55 This study 

Murote Beach, 
 Japan 

A. clarkii 29−39 Ochi 1989 

Madang, 
Papua New Guinea 

A. clarkii 0−31 Elliot 1992

Olango, 
Philippines b 

A. clarkii 20 Shuman et al. 2005 

Olango, 
Philippines c 

A. clarkii 1.5 Shuman et al. 2005 

Keppel Islands 
 

A. clarkii 0.04 This study 

 
a Data are means or ranges 
b Protected reefs 
c Exploited reefs 
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Table 5.  Selected quotes from the logbook of a recreational SCUBA diver at the Keppel 
Islands (1988−1994). Each quote refers to one dive (25−55 minutes in duration). 
 
 
Location Date Max.

depth (m) 
Quote a

Humpy Island 28-8-88 14 ‘Huge anemones with abundant clownfish’ 
 

Man & Wife Rocks 18-2-90 18 ‘Found heaps of anemones. About 10 
colonies. Both akindynos and melanopus’ 
 

Monkey Beach 26-8-90 3 ‘12 melanopus and 11 anemones’ 
 

Egg Rock 5-7-92 17 ‘Heaps of tomato clowns’ 
 

Man & Wife Rocks 5-1-94 12 ‘Saw ... many clownfish’ 
 

 
a  ‘Clownfish’ refers to any species of anemonefish. ‘Tomato clowns’ refers only to Amphiprion 
melanopus. 
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DISCUSSION 
 
In general, anemones and anemonefishes were found to be rare at the Keppel Islands; only 
1100 anemones and 112 anemonefishes (all species combined) were found within 139225 
m2 of reef habitat. Furthermore, almost half of these organisms were found at a single site 
(Egg Rock). It is unlikely that this result was an artefact of the sampling methodology 
because (1) both divers are competent (i.e. over 20 years combined experience) at finding 
anemones and anemonefishes, (2) timed-swims enabled adequate sampling of each site by 
facilitating extensive surveys across large tracts of reef, (3) the same anemonefishes were 
found when the same site was re-surveyed on different days, and (4) survey sites covered 
the vast majority of reefs at the Keppel Islands. The degree to which anemonefishes at the 
Keppel Islands are rare can be further demonstrated by considering the relevant published 
literature. In particular, estimated densities of A. melanopus, A. akindynos and A. clarkii at 
other west Pacific locations are typically an order of magnitude greater than those of 
conspecifics at the Keppel Islands (Table 4). 
 
Logbook records from a local recreational SCUBA diver (1988−1994) show that 
anemonefish sightings were once a common occurrence at the Keppel Islands, including 
sites that were surveyed during the present study (Table 5). As an example, ‘12 melanopus 
and 11 anemones’ were recorded during a single dive at Monkey Beach in 1990. Not a 
single specimen of either organism was seen at this site during the present study. If 
anemonefish populations at the Keppel Islands have declined by as much as this anecdotal 
evidence suggests, the ‘baselines’ set by the present study will instead reflect ‘low’ levels 
of abundance. Hence, a caution is issued with respect to future stock assessments that 
evaluate changes based on the results presented here. 
 
Because of the lack of previous quantitative information about the density of anemones 
and anemonefishes at the Keppel Islands, it is difficult to determine the cause of the 
purported declines in abundance. This problem is exacerbated by the current paucity of 
anemones and anemonefishes at the Keppel Islands, since the high frequency of zero 
values in the dataset compromises the statistical power of comparisons between 
experimental treatments (Zar 1999). Hence, small (but potentially important) divergences 
may have gone unnoticed because the minimum detectable difference for each of the 
statistical analyses was relatively large. 
 
Despite the problem of low statistical power, the mean size of host anemones was found to 
be significantly different between sites of dissimilar fishing status, bleaching status and 
depth. Interestingly, closed sites generally had larger anemones than did open sites and 
low-bleached sites generally had larger anemones than did high-bleached sites. Whilst it is 
possible that these differences were caused by collecting and bleaching (respectively), an 
unambiguous result can only be achieved after temporal replication. With respect to 
depth, anemones at 7 m were generally smaller than those at 3 and 15 m. This result may 
reflect the fact that two of the most important (and potentially most impacted) collecting 
sites at the Keppel Islands were sampled at 7 m (n.b. information on the relative 
importance of collecting sites was provided by commercial fishers). This hypothesis is 
supported by CART analyses, which revealed that fishing status (as opposed to depth or 
bleaching status) accounted for the greatest amount of variability in anemone size between 
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sites. It should also be noted that anemone size may be influenced directly by collecting, or 
indirectly by removal of anemonefish (see below). 
 
Field and laboratory observations indicate that individual anemones live for many 
decades, that successful recruitment is rare, and that asexual ‘budding’ is the predominant 
mode of reproduction for species such as E. quadricolor (Fautin & Allen 1992). Also, it has 
been experimentally demonstrated that host anemones require the protection of 
anemonefish to grow and reproduce (Godwin & Fautin 1992; Porat & Chadwick-Furman 
2004; Holbrook & Schmitt 2005). Thus, it can be inferred that whole anemone colonies may 
be very old and that their natural rate of increase (in terms of both size and number) is 
extremely slow. For this reason, it may take several decades for anemone (and thus 
anemonefish) populations to recover from severe disturbance or over-exploitation. 
Contemporary comparisons of ‘open’ versus ‘closed’ sites may therefore be confounded by 
historical collecting that occurred before closed sites became protected (i.e. before 1988 in 
the case of Middle Island or 2004 in the cases of Clam Bay, Monkey Beach, Environment 
Centre and North Keppel Island). This concept will also apply to any future stock 
assessment undertaken at the Keppel Islands during the next few decades. 
 
Habitat type (A, B, C or D) and amount (%) of live coral cover were found to have little or 
no influence on the densities of anemones and anemonefishes at the Keppel Islands. Thus, 
habitat type and percentage live coral cover are probably unsuitable surrogates on which 
to base any future spatial management scheme. A more appropriate surrogate for this 
purpose is probably structural complexity. It should also be noted that a high proportion 
of all anemones and anemonefishes at the Keppel Islands were found at just a few sites. 
Given the rarity of anemones and anemonefishes at the Keppel Islands, these ‘special’ sites 
may warrant close attention by management agencies. In any case, it will be crucial to 
manage anemone and anemonefish populations simultaneously, because these organisms 
are mutually dependent on each other. 
 
In summary, anecdotal evidence suggests that the abundance of anemones and 
anemonefishes at the Keppel Islands has declined significantly in recent years. More 
importantly, this study has demonstrated that anemones and anemonefishes are currently 
rare at the Keppel Islands, at least at the locations sampled. Comparisons of abundance 
across different sites revealed spatial patterns that would be expected if anemone and 
anemonefish populations were previously impacted by both bleaching and collecting. 
However, it was not possible to reach an unequivocal conclusion with respect to causality 
because of the lack of temporal replication and the overall rarity of anemones and 
anemonefishes at the Keppel Islands. Regardless of what may have caused the apparent 
decline in abundance, the unique biological characteristics of anemones and 
anemonefishes dictate that future management will need to be careful and considered.  
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 Appendix 1.  Description and coordinates of the 46 survey sites at the Keppel Islands.  
 
 
Site 
no. 

Location Coordinates Survey 
area (m2) 

Fishing 
status 

Depth 
(m) 

Bleaching 
status a 

1 Monkey Beach S23 11.796
E150 56.241 

2655 Closed 3 High 

2 Monkey Point S23 11.751 
E150 56.604 

3040 Open 3 High 

3 Halfway Island S23 12.155
E150 58.104 

2735 Open 7 High 

4 Halfway Island S23 11.725 
E150 58.250 

3190 Closed 7 High 

5 Halfway Island S23 11.970 
E150 58.406 

3120 Closed 15 High 

6 Clam Bay S23 11.294
E150 58.133 

2830 Open 7 High 

7 Clam Bay S23 11.304 
E150 58.885 

3175 Closed 3 High 

8 Clam Bay S23 11.428
E150 59.023 

3850 Closed 7 High 

9 Southeast Bay S23 10.896 
E150 59.557 

2530 Open 7 High 

10 Reef 23-032 S23 10.572 
E150 59.659 

2480 Open 3 High 

11 Bald Rock S23 10.191
E150 59.591 

2740 Open 3 High 

12 Bald Rock S23 10.341 
E150 59.624 

3705 Open 15 High 

13 Wreck Beach S23 09.539
E150 58.554 

3415 Open 3 High 

14 Big Peninsula S23 08.988 
E150 58.599 

3150 Open 7 High 

15 Half Tide Rocks S23 09.261 
E150 56.282 

2920 Open 3 High 

16 Passage Rocks S23 10.081
E150 55.812 

2450 Open 3 High 

17 Middle Island  S23 09.877 
E150 55.302 

3725 Closed 3 High 

18 Middle Island S23 10.238
E150 55.145 

3480 Closed 3 High 

19 Miall Island  S23 09.211 
E150 54.025 

4970 Open 3 Low 

20 Miall Island  S23 09.016 
E150 54.206 

3685 Open 7 Low 
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Appendix 1.  (continued) 
 
 
Site 
no. 

Location Coordinates Survey 
area (m2) 

Fishing 
status 

Depth 
(m) 

Bleaching 
status a 

21 Forty-Acre Patch S23 09.002
E150 53.312 

2615 Open 7 Low 

22 Egg Rock S23 11.978  
E151 05.916 

2770 Closed 7 Low 

23 Egg Rock S23 11.974 
E151 06.078 

2595 Closed 3 Low 

24 Egg Rock S23 11.965  
E151 05.909 

1440 Closed 15 Low 

25 Barren Island  S23 09.721  
E151 04.149 

2650 Open 15 Low 

26 Barren Island S23 09.552 
E151 04.121 

2640 Open 7 Low 

27 Barren Island  S23 09.441  
E151 04.325 

2425 Open 3 Low 

28 Man & Wife Rocks  S23 07.141 
E150 59.489 

2790 Open 15 Low 

29 Man & Wife Rocks S23 07.157  
E150 59.526 

3680 Open 7 Low 

30 Man & Wife Rocks S23 07.147  
E150 59.521 

3740 Open 3 Low 

31 Square Rocks S23 06.295 
E150 53.073 

2385 Open 7 Low 

32 Sloping Island S23 06.027  
E150 54.045 

2785 Open 7 Low 

33 Pumpkin Island S23 05.525 
E150 54.208 

2515 Open 7 Low 

34 Environment Centre S23 04.794  
E150 53.033 

3070 Closed 3 High 

35 Maisy Bay S23 05.171  
E150 53.718 

3240 Open 3 High 

36 Maisy Bay S23 05.144 
E150 54.218 

3580 Open 7 High 

37 North Keppel Island S23 04.991  
E150 54.763 

2450 Closed 7 Low 

38 North Keppel Island S23 04.845 
E150 54.813 

3275 Closed 15 Low 

39 North Keppel Island S23 04.353  
E150 54.429 

3290 Closed 3 Low 

40 North Keppel Island S23 03.931  
E150 54.172 

2885 Closed 3 Low 
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Appendix 1.  (continued) 
 
 
Site 
no. 

Location Coordinates Survey 
area (m2) 

Fishing 
status 

Depth 
(m) 

Bleaching 
status a 

41 North Keppel Island S23 03.532 
E150 53.922 

3050 Closed 7 Low 

42 Corroboree Passage S23 03.177  
E150 53.424 

3895 Open 3 Low 

43 Corroboree Island S23 03.023 
E150 53.342 

3025 Open 7 High 

44 Conical Island  S23 02.958  
E150 52.794 

2870 Open 3 Low 

45 Conical Island  S23 02.842  
E150 52.703 

2720 Open 3 Low 

46 Conical Rocks S23 02.165 
E150 52.565 

3000 Open 3 Low 

 
a Refers to the severity of coral bleaching, as recorded in April 2007 (see GBRMPA 2007). 
 
 
  
 




