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Abstract. A field experiment was conducted to determine 
whether in situ mass mortality of Acanthaster pIanci sub- 
sequent to a simulated outbreak would leave a recogniz- 
able signature in surficial reef sediments. Constituent 
particle analyses comparing sediments that received star- 
fish carcasses to those that did not revealed that, after 
a four year interval, the mass mortality was reflected by 
elevated abundances of starfish ossicles in 1-2 mm and 
2-4ram size classes, but not in >4ram and 0.5-1ram 
size classes. Additional field study of starfish taphonomy 
revealed that the abundance of starfish ossicles the importance of taphonomic pro- 

cesses in altering the original size frequency distribution of 
the COTS skeleton and their potential for biasing predic- 
tions of past population levels derived from constituent 
particle analyses of surficial reef sediments. 

Introduction 

The ability of the reef sedimentary record to preserve 
evidence of population explosions of the crown-of-thorns 
starfish (Acanthaster planci) on the Great Barrier Reef has 
been the subject of intensive debate in recent years ]-e.g., 
Frankel 1977, 1978; Moran 1986; Moran et al. 1986; and 
two theme issues for those determining contemporary management stra- 

tegies (e.g., Kenchington 1978, 1987; and Kenchington and 
Kelleher 1992). 

Establishing a relationship between outbreak events 
and the contribution of skeletal elements to surface sedi- 
ment is a necessary though not sufficient prerequisite 
to any conclusions concerning past outbreaks based 
on analyses of subsurface sediments obtained from 
cores. Attempts to establish this relationship by Frankel 
(1977, 1978) and Walbran et al. (1989a, b) have been 
criticized for a variety of reasons. Among these is that 
two critical assumptions are invalid: (1) population 
outbreaks end with a mass mortality of adult starfish in 
situ; and (2) a post-outbreak mass mortality will contribute 
enough skeletal elements to significantly elevate total 
element numbers above background levels (see Moran 
1986, 1992; Keesing et al. 1992; Pandolfi 1992). In re- 
sponse to this concern, Henderson and Walbran (1992) 
acknowledge the paucity of data concerning mortality 
patterns of A. planci (but see Moran, 1992) and suggest 
that, in the absence of these data, the incidence of skeletal 
elements in surface sediment may offer a perspective 
on mortality patterns. Subsequent data comparing the 
results of analyses of surficial sediments obtained from 
reefs with different outbreak histories, including Hol- 
bourne Island reef, where in situ mass mortality was 
certainly due to a mass poisoning program (Zann and 
Weaver, 1988), are presented by Henderson (1992). 
Henderson (1992) concludes that "evaluation of the inci- 
dence of A. planci skeletal elements in surface sediments 
has the potential to indicate outbreak history for individ- 
ual reefs for which observational data on population levels 
is lacking" (p 107). 
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Methods 

During December 1988, Moran (1992) established three permanent 
4m 2 quadrats in 9m of water in the lagoon behind the eastern 
perimeter of Little Broadhurst Reef (Fig. 1). Nine freshly-killed star- 
fish were placed randomly in each quadrat to simulate post-outbreak 
mass mortality and were observed to decay, disarticulate and become 
incorporated into the sediment over a period of seven days. In 
December, 1992, we established three 4 m 2 control quadrats in 9 m of 
water approximately 250 m south of the permanent quadrats. Five 
shallow (15 cm) sediment cores were obtained from each quadrat at 
both locations by SCUBA divers using a PVC pipe (diameter 15 cm) 
fitted with a removable watertight lid. The substrate at both locations 
consisted of a relatively coarse (see later) bioturbated calcareous 
sand. 

Methods of sample preparation and analysis followed that of 
previous constituent particle analyses conducted by Walbran et al, 
(1989a, b) and Henderson (1992) to facilitate general comparisons of 
the results. Samples were oven-dried and sieved into >4mm, 
2-4mm, l -2mm and 0.5-1 mm size classes. Each size class was 
weighed and COTS ossicles were identified using the criteria outlined 
by Walbran (1987). The numbers of COTS ossicles in each size class 
were converted to numbers of skeletal elements of COTS/kg 
(Table 1). An analysis of variance (ANOVA) was performed on 
square root-transformed data (closest approximation to normality). 
Cores within each quadrat were pooled in the analysis. 

Results 

Previous workers have combined the four size classes 
listed when reporting values for skeletal elements of 
COTS/kg (e.g., Walbran 1989a, b; Henderson 1992). For  
all the size classes listedin Table 1 mean values based on 15 
samples are 12.34 (SE=2.73)  skeletal elements of 
COTS/kg at the control site and 17.10 (SE = 2.80) skeletal 
elements of COTS/kg at the experimental site. The results 
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Fig. 1. Field locaiities. Fieldwork adjacent to Orpheus Island was 
supported by the Orpheus Island 



Table 1. Data obtained from experimental and control sites estab- 
lished on Little Broadhurst Reef. Values are the number of skeletal 
elements of COTS/kg 

Experimental site: 
replicate > 4 mm 2-4 mm 1-2 mm 0.5-1 mm 

1 8.55 0.00 9.29 2.68 
2 0.00 0.00 13.69 37.31 
3 0.00 0.00 15.75 41.26 
4 0.00 6.53 40.96 24.49 
5 0.00 0.00 14.76 40.95 
6 0.00 0.00 8.57 21.79 
7 0.00 0.00 32.60 85.40 
8 0.00 0.00 40.54 96.34 
9 0.00 0.00 33.78 52.84 

10 0.00 7.24 26.75 19.24 
11 0.00 8.60 14.28 55.28 
12 0.00 0.00 41.07 18.17 
13 0.00 0.00 28.03 34.29 
14 0.00 8.71 16.67 41.71 
15 0.00 0.00 37.88 39.78 
Average 0.57 2.07 24.95 40.77 
Standard deviation 2.21 3.59 12.18 24.70 

Control site: 
replicate > 4 mm 2 4 mm 1-2 mm 0.5-1 mm 

1 0.00 6.43 8.38 58.62 
2 0.00 0.00 3.88 61.41 
3 0.00 0.00 0.00 74.94 
4 0.00 0.00 5.34 53.33 
5 0.00 0.00 0.00 58.62 
6 0.00 7.49 5.14 16.30 
7 0.00 0.00 0.00 63.06 
8 0.00 0.00 6_20 68.26 
9 0.00 0.00 2.14 45.37 

10 0.00 0.00 0.00 28.82 
11 0.00 0.00 5.26 39.02 
12 0.00 2.65 8.33 13.25 
13 0.00 0.00 3.93 40.92 
14 0.00 2.27 10.62 20.16 
15 0.00 0.00 3.96 16.49 
Average 0.00 1.26 4.21 43.90 
Standard deviation 0.00 2.48 3.36 20.75 

breaking reefs surveyed. The reef was estimated to have 
almost 430,000 individual starfish: fifty times the number 
observed 
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Table 2. ANOVA results for square root transformation of number 
of skeletal elements of COTS/kg (closest approximation to normality). 
These results indicate that there is a marginally higher proportion of 

Source df Sums of Mean F-value P-value 
squares square 

Treatment (A) 1 3.4033 3.4033 4.59 0.0479 
Size class (B) 3 123.4300 41.1420 55.48 0.0000 
A,B 3 8.9013 2.9671 4.00 0.0266 
Error 16 11.866 0.7416 
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Fig. 2. ResultsofCOTSskeletalelementsabundancesfromeachsize 
class for both the experimental and controI sites at Little Broadhurst 
Reef. Abundances are pooled from results of 15 cores (3 quadrats x 5 
cores/quadrat) per treatment. Error bars are standard errors 

Significant loss of skeletal elements 

An individual crown-of-thorns starfish is composed of 
over 25,000 individual elements (Keesing personal com- 
munication) and, during an outbreak, the number of indi- 
vidual starfish varies through several orders of magnitude 
(see Moran and De'ath 1992). Yet ossicles constitute a min- 
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Fig. 3. Grain size distributions at sites established on Little Broad- 
hurst Reef and adjacent to Orpheus Island. Chi square analyses of 
these distributions showed no difference between the experimental 
and control sites at Little Broadhurst Reef (LBE and LBC, respec- 
tively, P = 0.2428). The distributions obtained from the sites at Little 
Broadhurst Reef were distinct from that obtained from Orpheus 
Island site (ORPH, P = 0.0035). Error bars are standard errors 

Table 4. Abundance of crown-of-thorns starfish ossicles in surficial 
sediments after two weeks post-mortem in Pioneer Bay, Orpheus 
Island, Great Barrier Reef. Values are the number of skeletal el- 
ements of COTS/kg. Note extreme variability within each size class 

Replicate > 4 mm 2-4 mm 1-2 mm 0.5-1 man 

1 0 .00 37471.16 54.19 2316.22 
2 146.34 759.41 389.00 295.62 
3 0.00 688.86 51.62 176.94 
4 37.85 1663.45 1649.83 408.47 
5 0.00 156.20 73.52 90.48 
6 0 .00  3007 .35  658.14 990.10 
7 39.10 1858.27 497.80 526.60 
8 0.00 764.58 1639.55 101.63 
9 1567.00 878.45 2566.56 155.84 

10 33.59 330.93 226.24 29.41 
11 0.00 24.42 28.36.62 542.05 
12 20.86 29.35 1010.53 326.48 
13 15.75 1951 .59  1543.87 24.65 
14 15.38 908.94 7382.76 19.23 
15 10.04 0.00 955.84 42.25 
Average 125.73 3566 .20  1435.74 403.06 
Standard 

deviation 400 .44  9473 .88  1867.80 592.70 

Table 3. Abundance of crown-of-thorns starfish ossicles retrieved 
from surficial sediments > 0.5 mm in size and obtained from reefs 
with differing outbreak histories. Data from Henderson (1992); Wal- 
bran et al. (1989a, b) and this study 

Skeletal elements 
of COTS/kg Standard deviation 

High intensity: 
Green Island 21.7 
Holbourne Island 13.1 
Hope 16.0 
John Brewer 11.2 
Little Broadhurst a 12.34 

Moderate to low intensity: 

23.50 
6.10 
9.37 

21.50 
2113 

Centipede 3.4 1.27 
Davies 7.8 2.31 
Gannet Cay 3.1 2.73 
22-110 5.5 1.82 

No outbreak 
Heron Island 0.04 0.00 
Lady Musgrave 0.00 0.00 
Myrmidon 7.50 3.85 

"Average of 15 replicates from the control site 

iscule and highly variable percentage of reef sediments. For  
example, the highest level of COTS ossicles reported for 
any reef is an average of 21.7/kg (standard devi- 
ation -- 23.5) from 46 samples obtained from Green Island 
Reef, which experienced two maj or COTS outbreaks since 
1962 (Table 3) (Walbran et 



particles (see for example the pioneering work of Chave 
1964). Tumbling experiments have also been used to 
explore the effect of variations in skeletal durability and 
decay time on the preservation potential of marine invert- 
ebrates (see for example Allison 1986; Kidwell and Baumil- 
let 1990; Greenstein 1991). 

We conducted a series of tumbling experiments on 
a total of 17 crown-of-thorns starfish. Freshly killed star- 
fish were preserved in 95% ethanol for transport to the lab 
and each was subsequently immersed in household bleach 
to remove all organic material. This treatment resulted in 
an initial "sample" of skeletal material much like that 
available in natural conditions after 7-9 days of decay 
(Moran 1992). Each skeleton was dried for several days 
under a laboratory hood, weighed and then placed in room 
temperature (22 ~ synthetic seawater (instant ocean) in 
a plastic tumbler attached to a variable speed motor. 
A 3 cm-wide "shelf" was glued along the length of the 
tumbler interior to ensure that the contents would tumble 
once with each rotation rather than slide around the outer 
wall. Five trials of 1, 10 and 100 h each were run at 25 rpm. 
This tumbling speed was selected as it provided moderate 
agitation to the contents of the tumbler. At the end of each 
trial, the contents of the tumbler were wet-sieved through 
a s.04,r 1 rg
0.64 
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in the 0.5-1 mm size fraction while the 1988 simulated 
outbreak is more represented in the 2-4 and 1-2 mm size 
classes. We reject this hypothesis, 
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are needed before the broader  ques t ion of the an t iqui ty  
of C O T S  outbreaks  can be interpreted more  accurately. 
We conclude that  sediment  cons t i tu tent  particle ana-  
lysis of reef sediments has yet to demons t ra te  accurately 
the ant iqui ty  of C O T S  outbreaks.  
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