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EXECUTIVE SUMMARY 

Reef-wide population irruptions of coral-feeding crown-of-thorns starfish (COTS, Acanthaster 

spp.) are one of the foremost contributors to coral mortality and reef degradation throughout their 

tropical Indo-Pacific range. In contrast to other disturbances contributing to the plight of coral 

reefs (e.g. climate-induced coral bleaching), COTS are relatively amenable to direct management 

action. However, effective large-scale and long-term management of COTS populations, and 

intended protection of corals, requires an improved ecological underpinning of management 

strategies and understanding of the proximal cause(s) of their population irruptions. While high 

fecundity and other traits likely underpin much of the success of COTS and naturally predispose 

them to major population fluctuations, the initiation and spread of population irruptions has also 

been linked to the downstream effects of anthropogenic activities, particularly terrestrial runoff 

and overfishing. 

The ‘predator removal hypothesis’ proposed that reduced abundance of predators (due to 

overfishing) releases COTS from the predation pressure that naturally regulates their populations. 

This has stimulated considerable interest in predation on COTS, both to unmask the root 

cause(s) of population irruptions and develop strategies to effectively moderate their impact. 

Targeted fisheries management could therefore play a valuable part in conserving the predator-

mediated control of COTS abundance. However, this ‘zoning effect’ largely rests on patterns in 

the incidence of population irruptions and there is a need for experimental field studies to assess 

mechanistic links between zoning, predators, and predation pressure, which could have a major 

bearing on deciding appropriate management responses. 

This study used standardised 24-hour predation assays to quantify and compare relative risk of 

predation on adult Pacific COTS (Acanthaster cf. solaris), particularly with respect to different 

fisheries management zones on Australia’s Great Barrier Reef (GBR). Within each of two 

regions, the northern GBR (Lizard Island region) and central GBR (Townsville region), reefs and 

sites (≥ 3 per reef) were selected within three GBR Marine Park (GBRMP) management zones: 

Marine National Park reefs, closed to fishing (‘green zones’ or no-take areas), Conservation Park 

zones in which fishing is restricted and mostly recreational (‘yellow zones’) and Habitat Protection 

zones which are open to fishing (‘blue zones’). ‘Green’, ‘yellow’ and ‘blue zones’ are thus 

expected to represent a gradient of increasing fishing pressure.  

From 2022 to 2024, 72 predation assays were conducted across the two regions and differing 

GBRMP zones within each region. For each standardised predation assay, we assessed signs of 

full and partial predation on four adult COTS (mean diameter: 34.2 cm ± 0.4 SE), excluding 

caged controls. Time-lapse photography was used to capture predation events and identify key 

predators, while belt and point-intercept transects were surveyed at each site, primarily to assess 

local abundance of predatory fishes. Relative risk of predation was determined based on 

predation scores for each starfish deployed, ranging from 0 (no signs of predation) to 1 (entire 

starfish consumed), with partial predation scored from 0.05–0.95 based on the proportion of body 

area consumed. 

The mean relative risk of in situ predation (i.e. estimated rate of predation) was 0.195 (± 0.021 

SE) across 312 individual COTS assessed, excluding 31 caged controls. Of all individuals subject 

to any degree of predation (n = 89), 51.7% were fully consumed, while 21.3% and 27.0% were 

subject to either high (≥ 0.5 of body) or relatively low partial predation (< 0.5), respectively. 

Considerable predation and mortality was observed at many sampling sites, with up to 3 out of 4 
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COTS fully consumed at the assay level. This highlights that medium- to large-sized COTS are 

vulnerable to predation, despite their extensive physical and chemical anti-predator defences. 

The majority of predation (97%) recorded using time-lapse was attributed to just three predatory 

reef-fish species. More than 55% of the predation recorded was solely ascribed to the spangled 

emperor (Lethrinus nebulosus), which was frequently recorded predating in schools. Most of the 

remaining predation was jointly ascribed to L. nebulosus in combination with one of two other 

species, observed predating on the same (set of) COTS: the starry puffer (Arothron stellatus; 

35.5% jointly with L. nebulosus) and titan triggerfish (Balistoides viridescens; 6.1% jointly with L. 

nebulosus). Motile invertebrates (e.g. giant triton, Charonia tritonis) and many other reef fishes 

purported to feed on adult COTS (e.g. humphead wrasse, Cheilinus undulatus) are not likely to 

be effective and/or ecologically significant predators in the locations studied. This revised 

understanding of key predators (or the lack thereof) improves accuracy in capturing predation 

effects in demographic models. 

Apparent differences in predation recorded relative to the three GBRMP management zones 

corroborate the ‘zoning effect’ in predatory regulation of COTS populations. The mean risk of in 

situ predation on adult COTS in ‘green zones’ (no-take; 0.278 ± 0.031 SE) was 3.6x higher 

compared to ‘blue zones’ (open; 0.077 ± 0.030 SE) and 2.8x higher than in ‘yellow zones’ 

(restricted; 0.099 ± 0.033 SE). Corresponding patterns were observed for both regions. Risk of 

predation in the northern GBR (Lizard Island region) was 3.5x and 3.0x higher in ‘green zone’ 

sites (0.265 ± 0.033 SE) compared to ‘blue’ (0.075 ± 0.037 SE) and ‘yellow zone’ sites (0.088 ± 

0.040 SE), respectively. In the central GBR (Townsville region), risk of predation was 4.6x and 

3.0x higher in ‘green zone’ sites (0.363 ± 0.090 SE) than in ‘blue’ (0.079 ± 0.052 SE) and ‘yellow 

zone’ sites (0.121 ± 0.060 SE), respectively. Moreover, the proportion of individuals that were 

fully (versus partially) consumed was higher in ‘green’ (54%) and ‘yellow’ (55%) zones compared 

to ‘blue zones’ (33%), while the proportion of partial consumption (< half of body), and thus 

potentially sublethal injury, was higher in ‘blue’ (56%) than in ‘green’ (22%) and ‘yellow zones’ 

(36%).  

Novel insights into in situ predation on adult COTS relative to expected fishing pressure 

presented here add considerable evidence to the mechanistic basis of the ‘predator removal 

hypothesis’. In addition to species’ capacity to effectively kill starfish at high rates, the predator-

mediated suppression of populations, and release thereof, inherently relies on the local 

abundance of key predators, and their vulnerability to overfishing and/or reef degradation. Our 

results suggest that the spangled emperor (L. nebulosus), a secondary target and by-product 

species of the Reef Line Fishery (in ‘blue zones’) and highly targeted recreational fishing species 

(in ‘blue’ and ‘yellow zones’), was more locally abundant at study sites closed to fishing. Notably, 

the biomass of L. nebulosus was 2.5 times higher in no-take zones (’green zones’) than fished 

reefs (‘yellow’ and ‘blue’ zones), corroborating previous reports based on GBR-wide surveys.  

This study provides missing links underpinning the ‘predator removal hypothesis’, demonstrating 

that COTS are at markedly higher risk of predation in no-take zones, which is largely attributable 

to the fisheries species L. nebulosus. Whilst this presents an opportunity to refine ecosystem 

models for the targeted decision support of COTS control efforts, our results also highlight the 

applicability of targeted fisheries-based management. In conjunction with contemporary COTS 

control strategies, reduced fishing pressure on L. nebulosus, particularly in key areas in the 

initiation or spread of population irruptions, offers a promising biological control strategy to 

mitigate the threat COTS pose to coral reefs.  
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1. INTRODUCTION 

1.1 Biology, ecology and management of crown-of-thorns starfish 

The coral-feeding crown-of-thorns starfish (COTS; Acanthaster spp.) is one of the most well-

known and extensively studied coral reef invertebrates (e.g. Moran 1986). Following planktonic 

larval and benthic herbivorous juvenile life-history stages, COTS undergo an ontogenetic dietary 

shift to feed on reef-building scleractinian corals (Wilmes et al. 2020). As corallivorous adults 

(Figure 1), COTS exhibit the traits this notorious coral predator is best known for, including a high 

feeding rate, fast growth, large body size and high fecundity (Birkeland 1989; Keesing and Lucas 

1992). These traits are instrumental in the destructive effects of COTS (Deaker and Byrne 2022), 

which increasingly interact with the myriad of other stressors threatening the structure and 

function of reef ecosystems (Mellin et al. 2019; Bozec et al. 2021).  

 

 

Figure 1. Three adult Pacific crown-of-thorns starfish (Acanthaster cf. solaris) feeding on coral colonies of the genus 

Acropora at Wilson Reef, southern Great Barrier Reef, in February 2021. A conspicuous feeding scar is visible in the 

foreground. Photograph: P. Doll 

In comparison to other major stressors causing widespread coral mortality (e.g. mass coral 

bleaching events), COTS appear relatively amenable to localised action. Manual control 

programs, more recently involving lethal injections of COTS in situ, attempt to mitigate the effects 

of large COTS populations on priority reefs (Westcott et al. 2020; Matthews et al. 2024), although 

control efforts have historically lagged behind the establishment of population irruptions (Babcock 

et al. 2020). The prediction and mitigation of rapid population growth inherently depends on 

understanding the underlying biological and ecological factors (Pratchett et al. 2014). Resolving 

critical information gaps pertaining to the ecology of COTS and developing strategies to 

effectively manage its impact at scale continues to be a pivotal task for scientists, managers, and 
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other stakeholders (Pratchett and Cumming 2019), especially given the escalating threats and 

widespread habitat degradation confronting Anthropocene reefs (Bellwood et al. 2019). 

1.2 Consequences and causes of population irruptions 

COTS are notorious for their propensity to undergo population irruptions (density > 15 ha-1) which 

represent a perennial threat to tropical reef ecosystems throughout their tropical Indo-Pacific 

geographic range (Moran 1986). While considered a marine pest (Pratchett and Cumming 2019), 

COTS are native throughout their range and have a negligible impact on coral communities at low 

densities. At elevated densities however, adult COTS rapidly consume prey corals (Figure 2) and 

markedly reduce live coral cover at the scales of entire reefs and regions (e.g. Kayal et al. 2012). 

Due to their feeding preferences for some coral taxa, particularly Acroporidae, large populations 

of adult COTS can also reduce diversity of coral assemblages (Pratchett 2010). Because of the 

foundational role of corals on coral reefs, such changes to coral cover and diversity can have 

indirect, ecosystem-wide effects on many other reef organisms (e.g. Kayal et al. 2012).  

 

 
 

Figure 2. Four adult Pacific crown-of-thorns starfish (Acanthaster cf. solaris) feeding on a coral colony of the genus 

Leptoria during a population irruption in the Swains region, southern Great Barrier Reef (February 2021). Photograph: 

P. Doll 

 



 

 CCIP-P-06           Page |  5 

 
 

On Australia’s Great Barrier Reef (GBR), recurrent population irruptions of COTS represent one 

of the foremost contributors to ongoing coral loss (De’ath et al. 2012; Mellin et al. 2019). There 

have been four distinct waves of population irruptions of COTS recorded on the GBR since the 

1960s (Pratchett et al. 2014), and the widely anticipated fifth population irruption has recently 

been shown to have commenced in northern and far northern sectors of the GBR (Chandler et al. 

2023; Uthicke et al. 2024), which highlights the urgent necessity for innovation and action to 

mitigate new and renewed population irruptions. While there have been ongoing improvements in 

direct management actions (Westcott et al. 2020; Matthews et al. 2024), effective large-scale and 

long-term management of COTS is conditional upon an improved understanding of the proximal 

cause(s) of population irruptions (Babcock et al. 2016a). 

The biology and traits of COTS naturally predispose them to population fluctuations (reviewed by 

Deaker and Byrne 2022), as seen in other echinoderms (Uthicke et al. 2009). Due to their 

extraordinary reproductive potential, minor changes in demographic rates can contribute to rapid 

population growth and the initiation of localised population irruptions (Uthicke et al. 2009; Doll et 

al. 2021; 2023). Thus, the ‘natural causes hypothesis’ views marked fluctuations in abundance as 

a natural consequence of the biological and ecological traits of COTS (Vine 1973), including their 

high fecundity and plasticity during early life-history stages and transitions. Other prominent 

hypotheses link the incidence of population irruptions to anthropogenic influences on COTS 

populations. The ‘terrestrial runoff hypothesis’ (or ‘larval starvation hypothesis’) links elevated 

survival rates of planktotrophic COTS larvae (and subsequent recruitment surges) to increased 

nutrient levels due to terrestrial runoff following major rainfall events (Birkeland 1982; Brodie et al. 

2005; Fabricius et al. 2010; Wooldridge and Brodie 2015). The ‘predator removal hypothesis’ 

attributes population irruptions to the removal of predators that naturally regulate the abundance 

of COTS (Endean 1969; Sweatman 2008). On balance, a range of factors likely contribute to the 

incidence and spread of population irruptions, with anthropogenic influences on reef organisms 

and ecosystems disrupting processes that naturally regulate COTS populations in some locations 

(Pratchett et al. 2014). 

1.3 Natural predators of crown-of-thorns starfish 

More than 100 coral reef species, including many invertebrates and reef fishes, are reported to 

feed on COTS (reviewed by Cowan et al. 2017a; see also Desbiens et al. 2023), although it is 

largely unknown whether these putative predators can exert ecologically significant mortality, and 

thereby potentially regulate COTS populations. In fact, in situ feeding observations for a 

considerable proportion of these species were recorded only for moribund or dead COTS, while 

evidence of predation on healthy individuals remains scarce. Yet, despite their physical and 

chemical anti-predator defences, COTS are susceptible to predation throughout their life history, 

with different predatory groups acting at different stages (Cowan et al. 2017a). Planktonic COTS 

larvae are readily consumed by common planktivorous damselfishes (Cowan et al. 2016; 2017b), 

while rubble-dwelling crustaceans and other benthic invertebrates predate on COTS during their 

herbivorous early juvenile stage (Desbiens et al. 2023; CCIP-P-05 Wolfe et al. 2025). The pre-

settlement and early post-settlement stages are likely significant demographic bottlenecks in the 

life-history of COTS (Deaker and Byrne 2022), however, predation on their larvae and early 

juveniles has been understudied. Thereafter, larger-bodied corallivorous juveniles and sub-adults 

remain susceptible to predation by motile benthic invertebrates (especially the giant triton, 
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Charonia tritonis) and a suite of predatory fishes, including emperors, pufferfishes, and 

triggerfishes (reviewed by Cowan et al. 2017a).  

The incidence of sublethal and lethal predation purportedly declines with age for COTS, due to 

increased body size and length of spines (McCallum 1987; 1989; Rivera-Posada et al. 2014a). 

Despite their physical (and chemical) defences, larger juvenile and adult COTS frequently exhibit 

injuries, commonly manifested as shortened or missing arms (Rivera-Posada et al. 2014a; 

Messmer et al. 2017; Caballes et al. 2022). In the absence of data on whole animal (or lethal) 

predation, this incidence of injuries (or sublethal predation) has previously served as a proxy for 

(differential) vulnerability of COTS to predation (McCallum et al. 1989; Messmer et al. 2017; 

Caballes et al. 2022). While not immediately fatal, rates of sublethal predation can still 

substantially affect population dynamics, increasing risk of disease and subsequent predation 

events (Glynn 1984; Caballes et al. 2022). Many groups of reef fishes have been observed to 

feed on injured adult COTS within reef habitats, including butterflyfishes, damselfishes, and 

wrasses (Glynn 1984), although such scavenging behaviour is generally not specific to COTS or 

thought to significantly alter COTS population dynamics. Thus, it is essential to differentiate 

between putative predators that opportunistically feed on injured or dead adult individuals (~ 

scavengers), and actual predators that feed on healthy individuals and have the capacity to kill 

COTS or significantly reduce their fitness (Cowan et al. 2017a). 

The ecological importance of predation in regulating COTS populations depends largely on the 

capacity of predators to locate and effectively kill their prey (Cowan et al. 2017a). Giant triton (C. 

tritonis) immobilise COTS with a toxin before consuming the animal (Endean 1969) and the 

small-bodied harlequin shrimps (Hymenocera picta) are also known for their ability to kill much 

larger starfishes, including COTS (Wickler and Seibt 1970). Reef fishes predating on uninjured 

adults likely include the triggerfishes Balistoides viridescens and Pseudobalistes flavimarginatus 

(Ormond and Campbell 1973; Rivera-Posada et al. 2014b), the pufferfishes Arothron hispidus 

and A. stellatus (Ormond and Campbell 1973; Keesing and Halford 1992), and the humphead 

wrasse (Cheilinus undulatus; Chesher 1969; Ormond and Campbell 1973). However, these 

predators generally feed on other starfishes, echinoderms, and invertebrates, and do not appear 

to preferentially select for COTS to the exclusion of other suitable prey (Glynn 1984; Ormond and 

Campbell 1973), highlighting the relative abundance of alternative prey as an additional factor 

influencing the potential impact of predators on COTS abundance.  

The capacity of predators to subject COTS populations to ecologically significant mortality rates is 

inherently constrained by the abundance of the predators and/or their individual capacity to 

consume considerable numbers of COTS. Understanding the actual impact of predators requires 

field-based predation and mortality estimates, however, quantitative data on COTS consumption 

is restricted to lab-based experimental studies to date (Cowan et al. 2017a). Field-based 

predation estimates are inherently difficult to obtain, but standardised predation assays have 

been widely employed to assess predation on other echinoderms (e.g. Young and Bellwood 

2011) and provide comparable, relative estimates of in situ predation risk. Charonia tritonis were 

estimated to consume 0.7 adult COTS week-1 in caging experiments (Pearson and Endean 

1969), although predation by this species can be limited to individual arms of the COTS and is 

not necessarily fatal (Chesher 1969). Large-bodied reef fishes appear to inflict significant 

damage, with some capable of killing and consuming entire adult starfish, such as Arothron 

stellatus (Figure 3). However, there doesn’t appear to be one single species or group that plays 

an overwhelmingly large role (Cowan et al. 2017a). Despite an extensive list of potential 
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predators based on in situ observations and/or eDNA gut analyses (e.g. Kroon et al. 2020), their 

relative functional roles and importance in the field remain largely unknown (Pratchett et al. 

2021a). This limits our understanding of a key aspect of COTS population dynamics and 

highlights the importance of studying the risk of in situ predation. 

 
 

Figure 3. The Starry Puffer (Arothron stellatus), a large-bodied predatory fish that has been observed to consume adult 

Pacific crown-of-thorns starfish (Acanthaster cf. solaris) in less than 10 minutes (Keesing and Halford 1992). 

Photograph: P Doll. 

1.4 The ‘predator removal hypothesis’ 

The ‘predator removal hypothesis’ (or ‘predatory release/overfishing hypothesis’) was one of the 

first hypotheses proposed to account for the (seemingly recent and/or increasing) occurrence of 

COTS population irruptions (Endean 1969). The original concept builds on the idea that COTS 

population irruptions are an unnatural phenomenon, caused by the effect of anthropogenic 

activities on COTS and coral reefs. Specifically, this hypothesis posits that the removal of COTS 

predators (through overfishing and/or habitat degradation) releases them from predation pressure 

that would normally regulate their population size (Sweatman 2008). This hypothesised release 

from top-down regulation has sparked considerable interest in links between fishing and 

predators of adult and juvenile COTS, both to uncover the cause(s) of population irruptions and 

effectively manage them. 

The first recorded population irruptions of COTS on the GBR in the 1960s were linked to the 

substantial removal of giant triton (Charonia tritonis) in preceding decades (Endean 1969). Giant 

triton are capable of killing and consuming juvenile and adult COTS, albeit at relatively low rates 

and tend to preferentially feed on other starfish (Chesher 1969; Pearson and Endean 1969). 



 

 CCIP-P-06           Page |  8 

 
 

Nevertheless, Endean (1969) proposed that the overfishing of C. tritonis, particularly in the 

northern GBR, had relaxed the natural predator-mediated regulation on juvenile and sub-adult 

COTS, leading to elevated densities of large adults with greatly elevated reproductive potential 

(see Babcock et al. 2016b; Pratchett et al. 2021b). Endean (1969) suggested that it was the 

increased reproductive capacity of COTS that initiated population irruptions, rather than 

increased densities of adult starfish. The abundance of C. tritonis on the GBR is currently very 

low, such that these putative predators are unlikely to provide sufficient predation pressure to 

mitigate or prevent COTS population irruptions (Cowan et al. 2017a). 

More recently, studies have proposed that overfishing of fish predators may have contributed to 

population irruptions of COTS, based on their increased incidence with increased fishing 

intensity, such as inside versus outside of no-take areas (Dulvy et al. 2004; Sweatman 2008; 

Kroon et al. 2021). The lines of evidence presented therein usually centre on large predatory 

fishes capable of consuming adult COTS. For top-down effects to be noticeable, predatory fishes 

do not only have to possess the capacity to consume considerable numbers of COTS at a high 

rate but must also be targeted by commercial or recreational fisheries. However, evidence that 

major fisheries target species (e.g. coral trout, Plectropomus spp.) are ecologically significant 

predators of COTS is lacking (Cowan et al. 2017a). Meanwhile, some known predators of adult 

COTS (e.g. Arothron spp.) are generally not vulnerable to overfishing, although some may be 

susceptible to the broader anthropogenic modification and degradation of coral reefs (Potts 

1981). Notably, two Lethrinidae (Lethrinus miniatus and L. nebulosus) are secondary fisheries 

species on the GBR and have been reported to consume COTS (Kroon et al. 2020; 2021). 

On the GBR, Sweatman (2008) demonstrated that the incidence of population irruptions on mid-

shelf reefs was seven times lower within areas closed to fishing (‘green zones’ or no-take areas) 

compared to areas open to fishing (‘blue zones’). Subsequent analyses corroborated that 

population irruptions were less likely on reefs closed to fishing, where purported predatory fishes 

are 2.8x more abundant (Kroon et al. 2021). Moreover, the prevalence of injuries among COTS 

was significantly higher in no-take areas than other management zones (Caballes et al. 2022; 

see also Rivera-Posada et al. 2014a), presumably reflecting higher rates of predation (McCallum 

et al.1989). If predators mediate these apparent differences across gradients of fishing effort 

(Sweatman 2008; Kroon et al. 2021), we can expect to observe more predation on COTS in 

locations closed to fishing (i.e. no-take areas), corresponding with purported differences in the 

abundance of predators (e.g. Dulvy et al. 2004). However, this ‘zoning effect’ and proposed role 

for fisheries management in moderating population irruptions is thus far, largely based on 

patterns in the incidence of population irruptions. Experimental studies measuring and comparing 

predation on adult COTS are required to test the mechanistic basis of the ‘predator removal 

hypothesis’. 

1.5 Objectives and impact pathway 

The overarching objective of this project was to undertake field-based experiments and surveys 

to establish the relative risk of predation for adult COTS among reefs in different management 

zones that permit, restrict or prohibit fishing. Predator-mediated population regulation, and the 

release thereof, may be a major contributor to spatial heterogeneity in COTS abundance (Section 

1.4). Yet, critical mechanistic links between fisheries management zoning, putative predators and 

predation on COTS remain unresolved. Understanding the underlying mechanisms of the 
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apparent ‘zoning effect’ in the incidence of population irruptions has a major bearing on deciding 

appropriate management responses. 

The specific objectives of this project were to:  

• Develop a standardised experimental protocol to effectively quantify relative risk of in situ 

predation for adult COTS. 

• Identify key predators responsible for lethal and sublethal predation on adult COTS. 

• Compare the relative risk of predation for adult COTS at reefs within different fisheries 

management zones, including reefs closed to fishing (green zones or no-take areas), 

reefs at which fishing is restricted (yellow zones) and reefs where fishing is permitted 

(blue zones). 

• Assess the relative abundance of key predators of adult COTS at the same reefs within 

different fisheries management zones. 

This project (CCIP-P-06: Fish predation rates and zoning) forms part of the Prediction 

subprogram of the COTS Control Innovation Program (CCIP) (Figure 4) and has strong 

synergies with CCIP-P-05 (Benthic predation in rubble, Wolfe et al. 2025) and modelling projects 

within the CCIP Response subprogram (Figure 4), particularly CCIP-R-10 (Fish predator 

conservation for biocontrol, Ceccarelli et al. 2025). New insights gained on key predators and 

zoning effects are important to model population dynamics and refine ecosystem models for 

targeted decision support. The outputs associated with the CCIP-P-06 project objectives also 

provide an opportunity to assess the potential role of marine park zoning and/or predator-specific 

fisheries management in mitigating the impact of COTS population irruptions on coral 

assemblages.
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Figure 4. COTS Control Innovation Program (CCIP) program logic, showing how this project (CCIP-P-06: Fish predation rates and zoning) within the Prediction Subprogram 

(rose-coloured boxes) relates to other projects, as well as the overarching outputs, outcomes and impacts of the CCIP.
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2. METHODS 

This project was conducted over three years (2022–2024) but builds upon pilot studies conducted 

at Lizard Island (northern GBR; 2016, 2022) during which the specific methods and sampling 

design were tested and refined. The use of COTS mimics (made from freeze dried tissue of adult 

COTS embedded in agar) was originally considered as a potential test of relative predation rates 

but did not progress to field-based studies due to logistical and methodological problems. 

Therefore, only the short-term deployment of live COTS was trialled to test and refine the 

presentation and containment of the animals. A key component of this study was to assess the 

likelihood of predators to feed upon healthy adult COTS, such that we explicitly tested for 

differences in predation risk (and the species involved) between COTS that were tethered (where 

monofilament was inserted through a long needle that was used to drill through the ossified ring 

surrounding the mouth) versus staked (a single 12 mm diameter stake inserted through the oral 

disk). While much easier to deploy, it was expected that conspicuous injuries caused by staking 

the starfish would attract opportunistic predators or scavengers, more so than tethering. To test 

this, COTS of varying body size were deployed for up to four days using the two methods, with 

their condition monitored at regular intervals. The trials documented comparable rates of survival 

between the two deployment methods for both medium-sized (20–30 cm diameter) and large-

sized COTS (> 35 cm) tested (Figure 5). The condition and survival of the deployed COTS 

decreased substantially within the first couple days of deployment (Figure 5), informing a 

standardised deployment duration of 24 hours for all subsequent predation assays. Given the 

increased time effort, safety risk and difficulty of the tethering method, the staking method was 

chosen for the subsequent components of the project, following a second trial with comparable 

results. The standardised protocol for in situ predation assays (see Section 2.2) and associated 

surveys (see Section 2.3) was finalised as part of this project in late 2022. 

 

 

 

Figure 5. Comparison of survival rates of medium- (20–30 cm diameter) and large-sized (> 35 cm) Pacific crown-of-

thorns starfish (Acanthaster cf. solaris), using two deployment methods (staked versus tethered) over the 87.5-hour 

trial period at Lizard Island in 2016 (n = 4 per treatment, 16 COTS total). The condition of COTS was recorded at 7 time 

points (0-, 5-, 21.75-, 46.5-, 63-, 70.75-, and 87.5-hours following trial commencement). 
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2.1 Sampling design 

Sampling for this project was focused on two distinct regions: reefs within the central sector 

(Townsville region) and reefs within the northern sector (Lizard Island region) of the GBR (Figure 

6). These two study regions were selected based on the accessibility of reefs therein and their 

complementary GBRMP zoning. At the time the study was designed, the two regions also 

provided a natural gradient in COTS densities (Townsville region = moderate; Lizard Island 

region = low) to measure functional responses of putative predators, however, densities in the 

Lizard Island region rapidly increased from 2022–2024 (Chandler et al. 2023; Uthicke et al. 

2024). Field work in these two regions furthermore maximised project effectiveness and 

synergies with other CCIP projects and stakeholders, including COTS density (see Section 2.3.3) 

and feeding data for CCIP-P-01 (Pratchett et al. 2025a), CCIP-P-04 (Pratchett et al. 2025b) and 

the COTS Control Program (reef prioritisation).  

 

 

 

 

Figure 6. Maps of the (A) northern and central Great Barrier Reef (GBR), including the regions and reefs selected for 

predation assay sites and associated surveys (see also Table 1); (B) Lizard Island region in the northern GBR, and (C) 

Townsville region in the central GBR. Underlaying map colours indicate GBR marine park zones, including the ‘green 

zones’ (Marine National Park), ‘yellow zones’ (Conservation Park), and ‘blue zones’ (Habitat Protection) sampled in this 

study (zoning: eAtlas interactive mapping system).  
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To quantify risk of predation relative to local management arrangements, reefs and sites were 

selected within three GBRMP fisheries management zones for both regions (Table 1): Marine 

National Park Zones closed to fishing (‘green zones’ or no-take areas), Conservation Park Zones 

in which fishing is restricted (‘yellow zones’), and Habitat Protection Zones where commercial and 

recreational fishing are permitted, albeit with some constraints on effort and fishing methods 

(‘blue zones’). In ‘yellow zones’, no netting (other than bait netting) is permitted (contrasting blue 

zones) and fishing activities are predominantly recreational, while all commercial and recreational 

fishing is prohibited in ‘green zones’, except for traditional use of marine resources. ‘Blue’ (open), 

‘yellow’ (restricted) and ‘green zones’ (closed) are thus generally viewed as a gradient of 

decreasing fishing pressure.  

For each reef, three or more suitable sites were chosen for predation assays (see Section 2.2) 

and associated surveys (see Section 2.3), based on prior knowledge and/or observations during 

Scooter-Assisted Large Area Diver-based (SALAD) surveys/collection dives (see Section 2.3.3). A total 

of 60 standardised predation assays were completed in the northern sector over four field trips 

(12/2022, 05/2023–06/2023, 11/2023–12/2023, and 02/2024) and 18 assays were completed in 

the central sector over two field trips (07/2023 and 01/2024).  

Table 1.  Reefs selected for predation assay sites within Great Barrier Reef Marine Park (GBRMP) fisheries 

management zones of the northern GBR (Lizard Island region) and central GBR (Townsville region) sectors. 

Zone (GBRMP) Fishing Northern GBR Central GBR 

Marine National Park No-take Eyrie Reef & Lizard Island 

(South/West) 

Kelso Reef, Little 

Kelso Reef 

Conservation Park Restricted Lizard Island (North/East) John Brewer Reef 

Habitat Protection Permitted Martin Reef Hopkinson Reef 

 

2.2 Standardised predation assays 

Adult COTS for each predation assay were collected during SALAD surveys (see section 2.3.3) 

and/or additional collection dives on each of the relevant study reefs (Marine Parks permit 

G21/45711.1). Small-bodied (sub-adult) and extremely large-bodied individuals were excluded 

from predation assays. The body size of COTS used for predation assays ranged from 17 cm to 

53 cm diameter. However, most individuals were 25–45 cm diameter, with an overall mean of 

34.2 cm (± 0.4 SE). Individuals were carefully collected using tongs to minimise injury and stress, 

and they were moved to the surface in heavy duty catch bags. Between collection and 

subsequent assay deployment, COTS were held in nally bins (for short surface intervals; regular 

water changes) or larger tubs and tanks on marine vessels or at Lizard Island Research Station 

(for long surface intervals and overnight holding; flow-through systems).  

For each standardised 24-hour predation assay, we set up an array of 4–5 individual COTS 

(Figure 7), immobilising each starfish with a single stake (40 cm length, 1.2 cm diameter) 

inserted through the oral disk. From 2023 onwards, we attached plastic-coated wire mesh plates 

(10 cm x 10 cm) to the stakes to sit on top of the starfish body and further reduce risk of escape 
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(in the absence of predation). Predation assays were generally deployed on sand patches at the 

reef edge (mean depth of 5.3 m ± 0.3 SE; 2.1 m to 11.8 m range), with approximately 1 m 

between individual COTS. For approximately half of the predation assays completed, we 

deployed a fifth COTS as a caged control to control for the deterioration or loss of individuals 

independent of predation activity. These individuals were immobilised using single stakes through 

the oral disk and then protected from predators using a 40 cm x 40 cm x 15 cm (or 40 cm x 40 cm 

x 40 cm) cage made of plastic-coated wire mesh plates.  

Figure 7. Standardised 24-hour predation assay used to quantify relative risk of in situ predation for adult Pacific 

crown-of-thorns starfish (Acanthaster cf. solaris). Photograph: P Doll. 

For each COTS deployed, we recorded the body size (diameter), reproductive status (empty vs 

gravid) and sex (if applicable) and any preexisting injuries. Individuals were sexed in situ by 

visually inspecting gonads obtained from a small arm incision. Time-lapse photography (images 

taken every 10 minutes using an Olympus TG-6 camera; see Figure 7) was used for 2–4 

individuals per assay to capture relevant information (including predator identity and time of 

predation) for as many predation events as possible. Associated visual surveys of the local fish 

and benthic assemblages (see Section 2.3) were conducted in proximity of the assay sites. 

Approximately 24 hours following deployment, we conducted the predation scoring for each 

individual starfish, which includes sublethal predation or injuries sustained over the duration of 

the assay. When an entire starfish was missing from the assay site, we conducted a search for 

COTS and feeding scars of the reef area in proximity of the assay site and checked the time-

lapse footage (where applicable), to rule out that the missing individual had escaped (in the 
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absence of predation). The site where each COTS was situated was carefully surveyed for signs 

of predation (e.g. arm(s) and/or spines), which in combination with the time-lapse footage, 

provided sufficient evidence to determine the predation of individuals. Moreover, the presence of 

putative predators in proximity of the assay site during the re-survey was noted and considered 

when analysing the time-lapse footage. Predation scores ranged from 0 (starfish alive and 

attached; no signs of predation or injuries) to 1 (entire starfish missing; evidence of predation) for 

each individual deployed. Partial predation was scored based on the proportion of body area 

missing, e.g. a score of 0.25 if approximately 25% of the body were missing due to predation. 

2.3 Surveys of fish and benthic assemblages 

2.3.1 Fish community surveys 

The abundance, size and composition of predatory fishes was surveyed along four replicate 50 m 

x 5 m belt (250 m2) transects near each predation assay site. Belt transects were generally 

positioned along the edge of the reef, along the base of the reef slope (i.e. where hard reef 

substratum often meets soft inter-reef habitat), in accord with the positioning of the predation 

assays and habitat requirements of large-bodied, roaming predatory fishes, including putative 

predators of adult COTS. The start of the belt transects was positioned at the site of the predation 

assay, with two transects, respectively, heading in opposite directions, following the reef contour. 

Along each belt transect, we identified all potential predatory fishes to species and recorded their 

abundance and size (nearest cm). The predominant reef-fish families for which the abundance 

and size of species was recorded included: Balistidae, Carangidae, Haemulidae, Holocentridae, 

Labridae, Lethrinidae, Lutjanidae, Mullidae, Nemipteridae, Serranidae, Synodontidae, and 

Tetraodontidae. These include known and putative predators of adult COTS, such as the reef fish 

genera Balistoides (Balistidae), Lethrinus (Lethrinidae), Plectropomus (Serranidae) and Arothron 

(Tetraodontidae). 

2.3.2 Point-Intercept Transect (PIT) benthic surveys 

To assess whether benthic cover and habitat condition influences relative risk of predation, coral 

cover and benthic composition were documented with 50-m point-intercept transect (PIT) surveys 

at most assay sites. Four replicate 50-m PITs were surveyed within proximity of the predation 

assay site, following the transect path of the fish community surveys. Along each PIT, the 

organisms or substrate type underlying each of 100 uniformly spaced points (0.5 m apart) was 

recorded, following Pratchett et al. (2009). Hard corals were usually recorded to genus, using 

molecular-based classifications and the 2022 Coral Finder coral identification guide (Kelley 

2022), with some genera sub-categorised by morphology (Acropora, Porites) and a few 

uncommon genera grouped to family. Soft corals and macroalgae were usually identified to 

genus, and the remaining underlying substratum was categorised as sponge, sand/rubble, or 

pavement. Hard coral cover was calculated as the proportion of points occupied by hard corals of 

the number of points occupied by reef substrate (excluding sand/rubble). Topographic complexity 

was estimated using the six-point scale (Wilson et al. 2007), where complexity scores range from 

0 (homogenous habitat with no vertical relief) to 5 (very high topographic complexity at small and 

large scales).  
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2.3.3 Scooter-Assisted Large Area Diver-based (SALAD) surveys 

To test whether the relative risk of predation or role of predators varies depending on the local 

density of adult COTS, this project conducted SALAD surveys in the proximity of most predation 

assay sites, following the protocol described in Chandler et al. (2023). This novel survey method 

integrates high-resolution search activities (to locate often cryptic adult COTS) within large area 

surveys along the reef crest and slope (Pratchett et al. 2022; 2024a; 2024b). Two divers, each 

towing a GPS unit, recorded the number of adult COTS and sets of feeding scars, providing 

estimates of recorded densities (number of COTS recorded) and inferred densities (number of 

COTS recorded plus the number of other distinct sets of feeding scars where the COTS was not 

located). For each COTS recorded, additional biological and ecological information was 

documented, including the size and exposure of the starfish.  

2.4 Data analyses 

The main objective of this research was to determine relative risk of in situ predation at reefs 

within different fisheries management zones, particularly between reefs closed (‘green zones’ or 

no-take areas) and open to fishing (‘blue zones’). Relative risk of predation was determined 

based on the predation observed for individual COTS during the standardised assays, ranging 

from nil predation (= 0) to full predation (= 1). Scores of partial predation (0.05–0.95) were 

determined based on the proportion of body area consumed. To calculate the relative proportions 

of full predation and partial predation (≥ 0.5 or < 0.5), all (full and partial) predation scores were 

summed to obtain a score of total predation events captured (using time-lapse photography). 

Boxplots and associated statistics for comparing relative risk of predation (and predator 

abundance) among management zones were generated in R (R Core Team 2023), including the 

‘ggplot2’ package (Wickham 2016). 

Time-lapse data (photograph 10 mins-1, Olympus TG-6) were processed and analysed as soon 

as feasible upon re-survey of the assay and retrieval of the equipment. In the event of full or 

partial predation on any of the COTS deployed, all photographs for the respective assay were 

scanned for the appearance of putative predators. In the event of the footage showing a putative 

predator feeding on the COTS, the identity of the predator (species) and timing of predation was 

recorded. Similarly, the appearance of putative predators was noted even if a predation event 

was not captured by the time-lapse photographs. Opportunistic predation on injured COTS 

(~scavenging) following predation by another species was not included in analyses. 

2.5 Stakeholder engagement 

Significant stakeholder engagement underpinned the objectives and delivery of this project. Our 

CCIP-P-06 project team was joined by Dr Rick Abom from the Reef and Rainforest Research 

Centre (RRRC) on one of our mid-2023 field trips to the three reefs offshore from Townsville 

(Hopkinson Reef, John Brewer Reef, Kelso Reef). On this collaborative trip, Rick filmed a short-

documentary-style information video, which was later edited, shared with CCIP, and published on 

the RRRC LinkedIn webpage. This video explains the background and methods of this COTS 

predation project (CCIP-P-06) and can be viewed by all stakeholders, including reef managers, 

COTS Control staff and Traditional Owners (TO). The original project team contacted Traditional 

Owner groups in the regions where field sampling was planned, including the Hope Vale 
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Congress Aboriginal Corporation RNTBC (Lizard Island). Regular contact was made with all TO 

groups to update them on project progress and alert them to annual research plans. Given the 

logistical and funding constraints it was not possible to have TO representatives accompany us 

on annual research voyages, but this will be key to future engagement and needs to be included 

in project planning and budgets from the outset. Project updates and data were shared and 

discussed with other stakeholders, particularly reef managers. The results of this COTS predation 

project (CCIP-P-06) were presented to stakeholders and end-users at CCIP symposia and the 

Reef Resilience Symposium 2024. Further stakeholder engagement eventuated through 

workshop-style or informal discussions with reef managers and modellers to share information 

and/or receive feedback on study design and data formatting to maximise the project and 

program pathway to impact. This significant two-way engagement, particularly with reef 

managers, throughout the duration of this project ensured that project objectives and outputs 

were well aligned with what is required to improve the ecological underpinning of COTS 

population modelling and management. 

  



 

 CCIP-P-06           Page |  18 

 
 

3. RESULTS 

A total of 78 standardised predation assays were conducted across the two study regions, 

assessing in situ predation for 312 adult COTS (excluding 31 caged controls). The average risk of 

predation (~ relative predation) recorded across all 312 COTS was 0.195 (± 0.02 SE), reflecting 

the overall proportion of individuals that were fully (= 1), not (= 0), or partially (= 0.05–0.95) 

consumed. For COTS that appeared to have been subject to predation (n = 89), 51.7% were fully 

consumed, while 21.3% and 27.0% of individuals were subject to high (≥ 0.5 of body area; Figure 

8) and relatively low partial predation (< 0.5), respectively. At the assay level (n = 4 COTS, 

excluding caged control), predation scores ranged from 0 (no full or partial predation of any 

COTS) to 0.875 (3 COTS fully consumed, 1 partially consumed). 

Figure 8. Pacific crown-of-thorns starfish (Acanthaster cf. solaris) subject to high partial predation (≥ 50% of body area 

consumed) at Lizard Island, northern GBR. Such a high level of partial consumption likely indicates direct or indirect 

mortality following the predation event. Note signs of predation (spines, tip of arm) in proximity of the stake and starfish. 

Photograph: P. Doll. 

 

3.1 Predators of adult crown-of-thorns starfish 

The analysis of time-lapse photography data revealed a limited suite of predators responsible for 

recorded predation events (Table 2). Of a total of 89 predation events, the time-lapse recording 

allowed us to identify the predator(s) for 35 events (full or partial predation). More than half of the 

total predation (for which predators were identified) was attributed to the spangled emperor 

(Lethrinus nebulosus), which was often captured roaming and predating in schools (Figure 9). 

Most of the remaining predation events (41.6%) were also attributable to L. nebulosus, but in 

combination with either a starry puffer (Arothron stellatus) or a titan triggerfish (Balistoides 

viridescens). In these cases, the predation recorded could not be ascribed to an individual 

species, but rather the combination of both species predating on the same (set of) starfish (Table 
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2; Figure 9). The white-spotted puffer (Arothron hispidus) and giant triton (Charonia tritonis) were 

each captured feeding on COTS once and ascribed minor predation scores (Table 2). 

Table 2. Proportion of total predation on adult Pacific crown-of-thorns starfish (Acanthaster cf. solaris) (for which 

predators were captured using time-lapse photography) ascribed to individual predators (or combinations of predators). 

In the rows of two species listed together, these predators were captured feeding on the same individual (or set of 

individuals) and the (partial) predation recorded could not be ascribed to a single species.  

Predator(s) Proportion of total predation captured 

Lethrinus nebulosus 55.9 % 

L. nebulosus + Arothron stellatus  32.8 % 

L. nebulosus + Balistoides viridescens  10.1 % 

Arothron hispidus 0.8 % 

Charonia tritonis 0.4 % 

 

Figure 9. Predation events captured using time-lapse photography. Top row shows spangled emperors (Lethrinus 

nebulosus) and starry puffers (Arothron stellatus) in (A) proximity and (B) simultaneously feeding on the same adult 

Pacific crown-of-thorns starfish (Acanthaster cf. solaris). Bottom row shows L. nebulosus and a titan triggerfish 

(Balistoides viridescens) feeding on the same individual 10 minutes apart (C) & (D). Photographs: M. Pratchett and P. 

Doll. 
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3.2 Relative risk of predation across fisheries management zones 

The mean risk of in situ predation recorded for staked COTS in ‘green zones’ (no-take; 0.278 ± 

0.039 SE) was 3.6x higher compared to ‘blue zones’ (open; 0.077 ± 0.037 SE) and 2.8x higher 

than in the ‘yellow zones’ (restricted; 0.099 ± 0.040 SE) (Figure 10). Risk of predation recorded 

in ‘yellow’ and ‘blue’ zones was comparably low (Figure 10). 

 

Figure 10. Boxplot showing the relative risk of in situ predation on adult Pacific crown-of-thorns starfish (Acanthaster 

cf. solaris) at reefs (across regions) within different fisheries management zones: Marine National Park or ‘green zones’ 

(No-take), Conservation Park or ‘yellow zones’ (Restricted), and Habitat Protection or ‘blue zones’ (Open). Filled small 

squares (darker colour shades) represent means. Raw data are displayed as grey jitter points and represent mean 

assay-level predation scores (0-1) based on full (=1) and partial (=0.05–0.95) predation of individual COTS (n = 4 per 

assay). 

While the overall pattern of predation across management zones was consistent between 

regions, the relative risk of predation recorded did vary (Figure 11). In the northern sector of the 

GBR (nGBR; Lizard Island Region), the mean risk of predation on COTS in ‘green zones’ (no-

take; 0.265 ± 0.033 SE) was 3.5x higher compared to ‘blue zones’ (open; 0.075 ± 0.037 SE) and 

3.0x higher than in the ‘yellow zones’ (restricted; 0.088 ± 0.040 SE) (Figure 11). In the central 

sector of the GBR (cGBR; Townsville Region), the mean risk of predation on staked COTS in 

‘green zones’ (no-take; 0.363 ± 0.090 SE) was 4.6x higher compared to ‘blue zone’ sites (open; 

0.079 ± 0.052 SE) and 3.0x higher than in the ‘yellow zone’ sites (restricted; 0.121 ± 0.060 se) 

(Figure 11).  
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Figure 11. Boxplots showing the relative risk of in situ predation on adult Pacific crown-of-thorns starfish (Acanthaster 

cf. solaris) at reefs within different fisheries management zones in the northern GBR (Lizard Island region) and central 

GBR (Townsville region): Marine National Park or ‘green zones’ (No-take), Conservation Park or ‘yellow zones’ 

(Restricted), and Habitat Protection or ‘blue zones’ (Open). Filled small squares (darker colour shades) represent 

means calculated using assay-level predation scores based on the full (=1) and partial (=0.05–0.95) predation of 

individual COTS (n = 4 per assay). 

The relative proportions of adult COTS subject to full and partial predation varied among GBRMP 

fisheries management zones (Table 3). While 54% and 55% of individuals predated on in ‘green 

zones’ (no-take) and ‘yellow zones’ (restricted) were fully consumed (= 1), only 33% of individuals 

were fully consumed in ‘blue zones’ (open). However, the proportion of individuals predated on 

that were only partially consumed (< 0.5 of body) was higher in ‘blue zones’ (56%) compared to 

‘green’ (22%) and ‘yellow zones’ (36%). The proportion of COTS that were fully or partially (≥ 0.5) 

consumed of the total number available in each zone was markedly higher in ‘green zones’ (21% 

and 10%) compared to ‘yellow zones’ (8% and 1%) and ‘blue zones’ (5% and 2%). 

Table 3. Full or partial predation (based on body area consumption) on adult Pacific crown-of-thorns starfish 

(Acanthaster cf. solaris), as a proportion of total predation recorded within each fisheries management zone: Marine 

National Park or ‘green zones’ (no-take), Conservation Park or ‘yellow zones’ (restricted), and Habitat Protection or 

‘blue zones’ (open). The percentage value in brackets shows the total number of individuals recorded for each 

predation severity (per zone) divided by the total number of individuals available per zone (Green = 176, Yellow = 72, 

Blue = 64). 

Zone (GBRMP) Full predation (= 1) Partial predation (≥ 0.5) Partial predation (< 0.5) 

Green (no-take) 54% (21%) 25% (10%) 22% (9%) 

Yellow (restricted) 55% (8%) 9% (1%) 36% (6%) 

Blue (open) 33% (5%) 11% (2%) 56% (8%) 



 

 CCIP-P-06           Page |  22 

 
 

3.3 Predator abundance and biomass across fisheries management 
zones  

 

 

Figure 12. Boxplots showing the relative abundance of key predatory fishes in community belt-transect surveys, (A) 

spangled emperor (Lethrinus nebulosus), (B) starry puffer (Arothron stellatus), (C) titan triggerfish (Balistoides 

viridescens), at reefs within different fisheries management zones: Marine National Park or ‘green zones’ (No-take), 

Conservation Park or ‘yellow zones’ (Restricted), and Habitat Protection or ‘blue zones’ (Open). Filled small squares 

(darker colour shades) represent means. Raw data are displayed as grey jitter points and represent the summed 

abundance (log x+1) of each species recorded at the predation assay level (0.1 ha-1). Note the different y axis values. 

Variation in recorded densities of the predominant predators recorded to feed on COTS during 

standardised predation assays (see Table 2), was found to be generally higher in green zones 

(Figure 12), corresponding with the elevated risk of predation recorded at these sites. The mean 

density of L. nebulosus recorded per site (2.64 individuals 0.1 ha-1 ± 0.81 SE) was considerably 

higher compared to the densities of A. stellatus (0.11 ind. 0.1 ha-1 ± 0.05 SE) and B. viridescens 

(0.39 ind. 0.1 ha-1 ± 0.13 SE). The mean density of L. nebulosus was 55% higher at sites within 

‘green zones’ (3.00 ind. 0.1 ha-1 ± 0.93 SE) than at sites within ‘blue zones’ (1.94 ind. 0.1 ha-1 ± 

1.27 SE; Figure 12). Moreover, the mean density of B. viridescens was 92% higher in ‘green 
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zones’ (0.60 ind. 0.1 ha-1 ± 0.25 SE) than in ‘blue zones’ (0.31 ind. 0.1 ha-1 ± 0.15 SE). All three 

species were not recorded (or recorded in low numbers) at the majority of sampling sites, with A. 

stellatus being particularly rare (Figure 12). 

The average biomass of L. nebulosus was 2.5 times higher in No-take zones (mean = 492.3 g 

250 m2 ± 130.9 SE; n = 117 transects; Marine National Park) than in fished zones (195.4 g 250 

m2 ± 80.9 SE; n = 127; Conservation Park and Habitat Protection zones). 

 

 
 
 

Figure 13. Mean biomass (± SE) of spangled emperor (Lethrinus nebulosus) in No-take zones (n = 117; ‘green zones’, 

Marine National Park) versus fished zones (n = 127; ‘yellow’ and ‘blue’ zones, Conservation Park and Habitat 

Protection) estimated from size and abundance data (5 x 50 m belt transect surveys) across both regions. A single 

outlier was replaced with highest non-outlier value. Replicate belt transects (n = 244 across 62 sites and 6 reefs) were 

surveyed at the same sites the predation assays were deployed in 2023–24. 
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4. DISCUSSION AND OUTPUTS 

COTS are well-known for their propensity to undergo large-scale population irruptions that 

contribute to coral loss and reef degradation throughout the tropical Indo-Pacific, including the 

GBR (Moran 1986). The prediction and mitigation of population irruptions is fundamentally 

dependent on understanding the underlying biology and ecology of COTS, especially key 

processes that govern demographic rates (Pratchett et al. 2014). While their inherent life-history 

characteristics (especially exceptional fecundity; Babcock et al. 2016; Pratchett et al. 2021b) 

naturally predispose them to major and rapid changes in local abundance (Uthicke et al. 2009; 

Deaker and Byrne 2022), anthropogenic activities, such as terrestrial runoff (Birkeland 1982; 

Brodie et al. 2005; Fabricius et al. 2010; Wooldridge and Brodie 2015) and/or overfishing of 

predators (Endean 1969; Sweatman 2008), may also disrupt processes that naturally regulate 

COTS populations. The hypothesised release of COTS populations from top-down regulation has 

sparked significant interest in the links between fishing pressure and COTS predation (e.g. Dulvy 

et al. 2004), to understand driver(s) of population irruptions and effectively manage them. 

However, the ecological importance of predation as a process that may regulate COTS 

population dynamics depends largely on the ability of predators to kill their prey at ecologically 

significant rates (Cowan et al. 2017a). 

Despite their extensive physical and chemical anti-predator defences (Deaker et al. 2021), our 

results suggest that large-bodied adult COTS are subject to considerable in situ predation by 

specialist fish predators. The incidence of lethal and sublethal predation on COTS is expected to 

decline with age and body size (McCallum 1987; McCallum et al. 1989; Rivera-Posada et al. 

2014a). However, predators of the adult life stage can still cause significant injuries, with some 

predators capable of killing and rapidly consuming large adult COTS (Keesing and Halford 1992; 

this study). In fact, background predation pressure on adult COTS may be higher than expected 

in places where effective predators are relatively abundant, as we recorded significant mortality in 

some locations, with up to 3 (out of 4) starfish consumed during a 24-hour assay. Rates of partial 

(often sublethal) predation can also substantially affect population dynamics due to increased risk 

of disease and/or subsequent predation events (Glynn 1984; Caballes et al. 2022). For adult 

COTS, up to 60% of individuals have been reported to show evidence of recent injuries 

(McCallum et al. 1989). In the absence of data on lethal predation, the incidence of (sublethal) 

injuries, often manifested as short or missing arms (Rivera-Posada et al. 2014a; Messmer et al. 

2017), had so far served as a proxy for relative predation pressure (McCallum et al. 1989; 

Messmer et al. 2017; Caballes et al. 2022). Here, we trialled and used an experimental approach 

to obtain estimates of predation risk (or relative predation) for adult COTS. This approach allowed 

us to assess the mechanistic basis of ‘zoning effects’ evident in the incidence of population 

irruptions, as well as the relative importance of putative predators. 

4.1 Predators of adult crown-of-thorns starfish 

Our results suggest that only few predatory reef-fish species are effectively exerting predation 

pressure on adult COTS, providing a revised and reduced list of predators compared to previous 

reports (reviewed by Cowan et al. 2017a). The importance of predation in regulating COTS 

populations depends largely on the capacity of predators to kill their prey at ecologically 

significant rates. Only three species demonstrated this capacity during our predation assays, 

whereby more than half of the total predation recorded could be solely ascribed to the spangled 
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emperor (Lethrinus nebulosus), while most of the remaining predation was jointly ascribed to the 

combinations of L. nebulosus and the starry puffer (Arothron stellatus) or titan triggerfish 

(Balistoides viridescens). All three species had previously been reported to feed on healthy adult 

COTS, although for L. nebulosus this was solely based on gut content analyses, rather than 

direct observation of in situ predation (Ormond et al. 1973; Keesing and Halford 1992; Rivera-

Posada et al. 2014b; Boström-Einarsson and Rivera-Posada 2016; Kroon et al. 2020). Whether 

these predators preferentially target COTS over other available prey remains unclear, considering 

all three species are known to feed on starfishes and other echinoderms, as well as molluscs, 

crustaceans, and some other benthic invertebrates (Carpenter and Allen 1989; Allen 1997; 

Matsuura 2001). Notably, L. nebulosus was frequently observed in schools, increasing their 

potential to cause substantial rates of injury and mortality among large adult COTS. In most 

cases of joint predation by L. nebulosus with another species on the same (set of) COTS, L. 

nebulosus were observed initiating the predation event, with a secondary predator (A. stellatus or 

B. viridescens) appearing soon after and generally targeting COTS that had already been 

attacked by L. nebulosus. These results suggest that L. nebulosus may be the foremost predator 

of adult COTS on the GBR, at least in the locations studied, and may thus play a fundamental 

role in the top-down control of COTS populations and incidence of population irruptions.  

The limited number of effective predators presented here contrasts the extensive and ever-

increasing suite of putative predators reported in past studies (reviewed by Cowan et al. 2017a, 

also see Kroon et al. 2020). Motile invertebrates known for their capacity to kill healthy COTS, at 

least at the sub-adult (or small adult) stage, include giant triton (Charonia tritonis) and harlequin 

shrimps (Hymenocera picta) (Endean 1969; Wickler and Seibt 1970). For example, C. tritonis 

were estimated to consume 0.7 adult COTS week-1 in caging experiments (Pearson and Endean 

1969), however, predation by this species can be limited to individual arms and is not necessarily 

fatal for COTS (Chesher 1969, this study). Here, we only recorded C. tritonis during one 

predation assay, documenting the consumption of 1 COTS arm. Moreover, predatory reef fishes 

considered as putative predators of healthy adult COTS include the yellow-margin triggerfish 

Pseudobalistes flavimarginatus (Rivera-Posada et al. 2014a, Ormond and Campbell 1973), the 

white-spotted puffer Arothron hispidus (Ormond and Campbell 1973; Boström-Einarsson and 

Rivera-Posada 2016), and the humphead wrasse Cheilinus undulatus (Chesher 1969; Ormond 

and Campbell 1973). In this study, only limited (and sublethal) predation was recorded for C. 

tritonis and A. hispidus, suggesting their relative risk of in situ predation may be constrained by 

their relative abundance and/or capacity to consume large-bodied COTS at high rates.  

An extensive list of reef fish taxa has been observed consuming injured, moribund and/or dead 

COTS (Cowan et al. 2017a; Kroon et al. 2020), highlighting the necessity to differentiate between 

these opportunistic predators (or scavengers) and predators that can kill and consume healthy 

individuals. Opportunistic predators include numerous species within the reef fish families 

Chaetodontidae, Labridae, Lutjanidae, Mullidae, Nemipteridae, Pomacanthidae, and 

Pomacentridae (Glynn 1984; Cowan et al. 2017a; Kroon et al. 2020; 2021), although the 

scavenging behaviour of these groups is generally not specific to COTS or likely to alter the 

population size of adult COTS. Other species (e.g. coral trout, Plectropomus spp.) have been 

reported to feed on COTS, mostly inferred from gut content analyses or DNA-based analyses of 

faecal or gut content samples (Kroon et al. 2020). Plectropomus spp. have since been 

considered in analyses linking fishing pressure on COTS predators and population irruptions 

(Kroon et al. 2021), however, adult coral trout are (obligate) piscivores and likely just scavenge 

on injured/dead COTS if the opportunity presents. Alternatively, the DNA detections of COTS in 
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the stomach or faeces of putative predators may be a result of predation on earlier life-history 

stages of COTS and/or indirect food chain effects (Kroon et al. 2020). The absence of 

Plectropomus spp., and other putative predators inferred from gut contents and/or DNA, 

throughout the predation events captured in this study further corroborates that these reef fishes 

are generally not effective predators of adult COTS. 

In general, large-bodied reef fishes with the morphological traits required to feed on motile 

invertebrates such as COTS can inflict significant damage, and we cannot rule out that additional 

fish species (other than the predators identified in this study) may be contributing to adult COTS 

predation and mortality in other locations. Importantly, the relative predation pressure different 

predatory fishes exert on adult COTS populations inherently depends on their local abundance 

and feeding preferences. Most of the aforementioned (putative) predators feed on other 

starfishes, echinoderms, and benthic invertebrates, without evidence of preferential selection for 

COTS over other suitable prey (Ormond and Campbell 1973; Glynn 1984). The relative 

abundance of alternative prey may thus be an underappreciated factor in the potential impact of 

predators on COTS.  

Despite their anti-predatory defences, COTS are clearly susceptible to predation at all life stages, 

with different predatory groups acting at different stages, including many motile benthic 

invertebrates and small-bodied reef fishes (Cowan et al. 2017a; Desbiens et al. 2023). Many of 

the putative predators listed above (but not captured in our assays), including species inferred 

based on eDNA analyses (Kroon et al. 2020) may in fact be effective predators of COTS larvae, 

juveniles or sub-adults. While understudied compared to the adult stage, the pre-settlement and 

early post-settlement stages of COTS are thought to present considerable demographic 

bottlenecks (Wilmes et al. 2018; Deaker and Byrne 2022). The planktonic larval stages of COTS 

are readily consumed by damselfishes (Cowan et al. 2016; 2017b), while herbivorous (early-

stage) juveniles are subject to predation by a suite of benthic invertebrates, including rubble-

dwelling crustaceans (Desbiens et al. 2023; Wolfe et al. 2024). Thereafter, coral-feeding juveniles 

and sub-adults are susceptible to predation by motile benthic invertebrates (e.g. C. tritonis) and 

various groups of reef fishes (reviewed by Cowan et al. 2017a). Clearly, predation on COTS is 

multifaceted and highly complex, and the identity and relative roles of different suites of predators 

must be assessed for each life-history stage. 

While major information gaps persist for the predators of pre-settlement and early-post settlement 

COTS (but see Desbiens et al. 2023; Wolfe et al. 2024), this study presents a revised 

understanding for the key predators of adult COTS. The trio of reef fishes captured in this study 

does not represent a comprehensive (or final) list of adult COTS predators, valid across the Indo-

Pacific range of COTS, but rather species that can effectively consume adult COTS and thus 

appear capable to influence COTS population dynamics in the northern and central GBR. The 

identification of L. nebulosus, and to some extent A. stellatus and B. viridescens, as the foremost 

predator(s) of adult COTS improves accuracy in capturing predation effects in demographic 

models and provides an opportunity for targeted fisheries management in reducing the risk of 

COTS population irruptions. 
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4.2 The ‘zoning effect’: can no-take areas protect corals from 

COTS? 

The ’predator removal hypothesis’ proposes that reduced abundance of predators (due to 

overfishing) releases COTS from the predation pressure that naturally regulates their populations, 

whereby the increased abundance of adult COTS (and concomitant reproductive potential) 

causes population irruptions (Endean 1969). This has stimulated considerable interest in 

predation on COTS, both to unmask the root cause(s) of population irruptions and develop 

strategies to effectively moderate their impact (Dulvy et al. 2004; Sweatman 2008; Kroon et al. 

2021). Fisheries management, including no-take marine protected areas, could thus play a critical 

role in conserving (or re-establishing) this predator-mediated control of COTS abundance. 

However, this ‘zoning effect’ lacked ecological underpinning as evidence in support of it largely 

rested on broad-scale patterns in the incidence of population irruptions on reefs where fishing 

was or was not permitted (e.g. Sweatman 2008). 

This study provides new insights into in situ predation on COTS relative to different management 

zones on the GBR, adding considerable evidence to the mechanistic basis of the ‘predator 

removal hypothesis’. If apparent differences in COTS abundance across gradients of fishing effort 

(Sweatman 2008; Kroon et al. 2021) are mediated by predators, we expect that the abundance of 

key predators and relative risk of predation would be much higher in areas closed to fishing. Our 

results corroborate this underlying assumption of the ‘zoning effect’ as they report a higher risk of 

predation for COTS on reefs closed to fishing (‘green zones’) compared to reefs where fishing is 

restricted or permitted (‘yellow’ and ‘blue zones’). The ‘zoning effect’ apparent in relative risk of 

predation was considerable and consistent for both regions studied, with ‘green zones’ reporting 

threefold higher predation scores than ‘yellow’ and ‘blue zones’ in both the northern (Lizard Island 

region) and central (Townsville region) sectors of the GBR. Moreover, adult COTS in ‘blue zones’ 

were less likely to be fully consumed by predators but instead reported high relative rates of 

partial consumption (less than half of body) or sublethal injuries, compared to COTS in ‘green’ 

and ‘yellow zones’, potentially due to the lower abundance of large-sized predators in fished 

zones. These findings correspond with reported differences in the incidence and severity of 

population irruptions (Sweatman 2008; Kroon et al. 2021) and prevalence of injuries for COTS on 

the GBR (Caballes et al. 2022), reinforcing the notion that increased predation risk in areas 

closed to fishing does have the capacity to moderate the local abundance of COTS, and could 

potentially prevent the establishment of population irruptions. 

Our findings indicate that the relative risk of predation by spangled emperor (L. nebulosus) varies 

among the different fisheries management zones. The predator-mediated suppression of 

populations, and release thereof, inherently relies on a range of factors, including the local 

abundance of predators, and their vulnerability to overfishing and/or reef degradation. Our results 

suggest that the spangled emperor (L. nebulosus) was more locally abundant at study sites 

closed to fishing. Based on site-specific predator surveys, we estimate the biomass of L. 

nebulosus to be 2.5 higher in ‘green zones’ than on fished reefs (‘yellow’ and ‘blue’ zones) 

Analyses of larger-scale abundance (e.g. AIMS LTMP) and fisheries data for L. nebulosus and 

other predators are required to evaluate system-wide links between zoning and the dynamic role 

of predators in controlling COTS populations. For purported top-down effects to be noticeable at 

the scale of the GBR (e.g. Sweatman 2008), some key predators (see Section 4.1) must be 

targeted by fisheries. Kroon et al. (2021) demonstrated that fish biomass removal through 
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commercial and recreational fisheries may be a major driver of COTS population irruptions. Many 

of the reef fish taxa included in their analyses are unlikely to directly drive this ‘zoning effect’ 

(Kroon et al. 2021), given limited evidence that major fisheries target species (e.g. coral trout, 

Plectropomus spp.) are effective predators of COTS (Cowan et al. 2017a). Nevertheless, it is 

possible that indirect effects of anthropogenic activity and/or the general degradation of reef 

ecosystems may contribute to the increased incidence and severity of population irruptions in 

fished areas (Cowan et al. 2017a).  

The foremost predator of adult COTS identified in this study (spangled emperor, L. nebulosus) is 

a secondary target and by-product species of the Reef Line Fishery (> 40 t per annum, East 

Coast Queensland) and is a highly targeted recreational fishing species (Newman et al. 2021). In 

contrast, other identified predators of adult COTS, including the starry puffer (A. stellatus) and 

titan triggerfish (B. viridescens), are generally not targeted, although may be susceptible to the 

broader anthropogenic modification and degradation of coral reefs (Potts 1981). While A. 

stellatus and B. viridescens may have the capacity to consume COTS and disband aggregations 

if locally abundant, they are unlikely to effectively control populations of COTS as they are often 

rare (Endean 1977; Cowan et al. 2017a, this study). However, reduced populations of L. 

nebulosus outside of no-take zones (Kroon et al. 2021, this study), due to commercial (‘blue 

zones’) and recreational fishing pressure (‘yellow’ and ‘blue zones’), may be an important driver 

of heterogeneity in COTS abundance and the incidence or severity of population irruptions. 

Past research on ‘zoning effects’ and their underlying processes has largely focused on sub-adult 

and adult COTS, with limited information on key predators of the larval and juvenile stages (but 

see Sweatman 1995; Cowan et al. 2016; 2017b, Desbiens et al. 2023), as well as their relative 

impact on COTS population dynamics and their vulnerability to anthropogenic stressors. For 

example, it is plausible that top-down effects of overfishing may result in reduced/elevated 

densities of key predators of juvenile COTS (e.g. Schizophrys aspera; Desbiens et al. 2023) in 

fished/unfished locations, although the trophic links underpinning this potential mechanism 

remain elusive. Apparent differences in adult abundances across these locations may thus be a 

result of differences in predation pressure on earlier life-history stages. Moreover, the collective 

consumption of COTS across life-history stages by different groups of predators may be 

compounded by indirect effects of anthropogenic activities on reef fishes that directly or indirectly 

influence COTS population dynamics, including widespread declines in reef biodiversity and 

productivity (Wilson et al. 2006).  

Improved understanding of the underlying mechanisms of ‘zoning effects’ apparent in the 

incidence of population irruptions constitutes a critical step to explain and model the large 

heterogeneity in COTS abundance over space and time. This presents an opportunity to refine 

ecosystem models for the targeted decision support of COTS control efforts. Considering new 

information on in situ predation and key predators across management zones, our results also 

highlight a potential role for marine park zoning and targeted fisheries management of L. 

nebulosus in mitigating the considerable threat COTS pose to Anthropocene coral reefs. 

4.3 Key outputs 

The primary outputs of this project are: 
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• New knowledge on important predators of adult COTS. Contrary to past reports (and 

popular belief), only a small number of species were recorded predating on adult COTS 

during predation assays. The spangled emperor (Lethrinus nebulosus) emerged as the 

foremost predator of adult COTS. This result has implications for the potential role of 

targeted fisheries management in controlling COTS populations. 

• New knowledge and empirical data on in situ risk of predation. Even large-bodied adult 

COTS are susceptible to in situ predation if effective predators are present, despite 

significant physical and chemical defences. These new insights have application for 

population modelling. 

• New knowledge and empirical data on differences in risk of in situ predation on adult 

COTS on reefs within different GBRMP management zones, corroborating the hypothesis 

that predatory release may elevate COTS abundance in areas open to fishing. These 

results add evidence to the ‘predator removal hypothesis’ (Endean 1969; Sweatman 

2008) and highlight a potential role for marine park zoning in managing COTS population 

irruptions. 

• New datasets (relative risk of predation; abundance and size of predatory fishes; benthic 

cover and composition) to further assess the mechanistic basis of the ‘predator removal 

hypothesis’ and improve the ecological underpinning of COTS population monitoring, 

modelling, and management. 
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5. RESEARCH SYNERGIES AND NEXT STEPS 

This study presents novel data on predators of, and predation on, adult COTS, which 

complements work undertaken to identify new predators of the early juvenile life stage (CCIP-P-

05, Wolfe et al. 2025). The influence of predation on COTS populations is likely highly complex 

and multi-faceted, and the urgent need to understand key demographic processes (such as 

predation) across all life history stages is clear (Cowan et al. 2017a). The combined outputs of 

CCIP-P-05 (Wolfe et al. 2025) and CCIP-P-06 provide an opportunity to revise and supplement 

the ecological data that underpins COTS population modelling. Thus, strong links exist with 

modelling projects within the CCIP Response subprogram (Figure 4), particularly CCIP-R-10 

(Fish predator conservation for biocontrol, Ceccarelli et al. 2025). New insights gained on key 

predators and zoning effects are important to model population dynamics and refine ecosystem 

models for targeted decision support (CCIP Response subprogram). The outputs associated with 

CCIP-P-06 (and potentially CCIP-P-05) also provide an important opportunity to assess the 

potential role of marine park zoning and/or predator-specific fisheries management in mitigating 

the impact of COTS population irruptions on coral assemblages. 

Moreover, the research conducted in CCIP-P-06 compliments additional CCIP projects within the 

Prediction Subprogram (Figure 4). Notably, much of this research has been delivered in 

conjunction with other CCIP Prediction subprogram projects, especially CCIP-P-01 (Pratchett et 

al. 2025a) and CCIP-P-04 (Pratchett et al. 2025b), which collectively contribute to the improved 

understanding of COTS population irruptions and the ecological underpinning of management 

strategies. Overall, the outputs of this research, in conjunction with linked projects within and 

beyond the Prediction Subprogram, provide an extensive body of new insights and data that will 

facilitate considerable improvements to the monitoring, modelling and management of COTS 

populations.  

5.1 Priorities for future research 

Key priorities for future research into predatory release, and its role in COTS population 

irruptions, that have emerged through this project, include: 

• Improved understanding of the distribution, abundance and fisheries take of key 

predators, particularly the spangled emperor (Lethrinus nebulosus). Analyses of larger-

scale predator abundance data (e.g. AIMS LTMP, e.g. Kroon et al. 2021 including 

Lethrinidae), in conjunction with commercial and recreational catch estimates, could 

further resolve mechanistic links underpinning the purported ‘zoning effect’ and establish 

generality of our findings. Potential management scenarios surrounding L. nebulosus 

should be explored by complementary modelling. If spangled emperor are found to play a 

disproportionate role in the regulation of COTS populations, consideration should be given 

to providing increased protection from fishing, effectively increasing the potential benefits 

of fisheries management without necessarily modifying zoning. 

• Ongoing large-scale sampling of COTS predation and surveys of putative predatory fishes 

at additional locations on the GBR, including reefs or regions of ecological interest. These 

should include putative initiation areas of population irruptions (other than the Lizard 

Island region), including the Cairns region and potentially the Cape Grenville regions 
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(Pratchett et al. 2024a; 2024b). Predation assays could make use of methodological 

advances (e.g. continual video recording of assay sites) for highly resolved predator and 

predation data. This includes the collection of both predator data and COTS density data 

along the same spatiotemporal scales. 

• Longer-term tagging study (or alternative approaches) to provide field-based estimates of 

absolute predation and mortality rates for COTS. This study could bridge the gap between 

relative predation risk and mortality rates and may thus facilitate the use of predation data 

in population models. Importantly, this study should also explore the extent to which 

predation on COTS is density-dependent, identifying the rate of predation and the density 

of predators required to control COTS populations at a range of densities (i.e. prior to and 

during outbreaks). 
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6. MANAGEMENT IMPLICATIONS AND IMPACT 

Coral reef scientists, managers, and other stakeholders are faced with the challenge of 

mitigating, if not preventing, the destructive effects of COTS population irruptions on 

Anthropocene reefs, which are increasingly compounded by the effects of climatic disturbances 

(Mellin et al. 2019; Bozec et al. 2021). In comparison to climatic disturbances, population 

irruptions of COTS are at least somewhat amenable to direct management action, largely through 

culling of adult COTS (Matthews et al. 2024). Improvements to management strategies and field-

based culling activities are ongoing (e.g. single injection method; Rivera-Posada et al. 2014b). 

Nevertheless, the incidence of new and renewed population irruptions (Chandler et al. 2023; 

Pratchett et al. 2024a; 2024b; Uthicke et al. 2024), as well as the continuing devastation caused 

by COTS in some parts of the GBR (e.g. Swains), highlight the critical importance of further 

research and innovation to improve the ecological underpinning of direct or indirect population 

management approaches. Most notably, improved understanding of the proximal cause(s) of 

population irruptions, or factors contributing to their severity, would provide indirect pathways to 

effective conservation of coral reefs. 

Our results indicate applicability of fisheries-based management, including marine park zoning, to 

prevent or mitigate COTS population irruptions, and their concomitant impact on coral reef 

ecosystems. Spatial zoning and no-take areas (or marine reserves) are used (on the GBR and 

globally) to effectively manage fisheries (Sala and Giakoumi 2018). On the GBR, no-take areas 

appear to have a major effect on COTS abundance and the incidence of population irruptions 

(Sweatman 2008; Kroon et al. 2021). Considering contemporary zoning and catch limits were not 

developed with consideration of COTS predators and primary fisheries target species (coral trout) 

are not consuming COTS (Kroon et al. 2021), the magnitude of the apparent ‘zoning effect’ 

reported (e.g. Sweatman 2008) is somewhat surprising. Nevertheless, the combined results of 

these and the present study suggest that protected reefs with ‘healthy’ predatory fish 

communities can directly or indirectly suppress COTS densities. For improved management of 

COTS populations, any future revisions to spatial zoning and/or additions of no-take areas should 

therefore consider the spatial distribution and abundance of COTS and their predators. 

Specifically, additional no-take areas within the initiation areas of population irruptions (Pratchett 

et al. 2024a; 2024b) and/or reefs of high ecological importance (e.g. recruitment, adult 

abundance, and larval dispersal/sink hotspots (e.g. Hock et al. 2014) could complement manual 

population control efforts.  

Targeted species-specific management of key predators represents an alternative, and 

potentially much more tractable opportunity for effectively managing fisheries impacts that may 

cause or exacerbate population irruptions of COTS. Specifically, reduced fisheries take (or 

temporal closures) for key predatory fish(es) that have a disproportionate influence on COTS 

population dynamics presents a more direct and less-restrictive approach, compared to 

alterations of large-scale zoning plans (Kroon et al. 2021). Notably, the foremost predator 

identified in this study, L. nebulosus, is a secondary target and by-catch species of the Reef Line 

Fishery (> 40 t per annum, East Coast Queensland) and highly targeted recreational fishing 

species (Newman et al. 2021). Reduced commercial and/or recreational take of this species 

would improve the recovery potential of reduced biomass and functionality of this species and 

supplement the predator-mediated regulation of COTS populations. However, the recovery of 

biomass for L. nebulosus (or other reef fish predating on other COTS life-history stages) could 

take more than a decade (MacNeil et al. 2015), thus some of the contributions and benefits of 
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targeted fisheries management to controlling COTS population irruptions may only be evident in 

the long term.  

Contemporary management efforts to reduce COTS densities, largely centred around the manual 

control of adults (Matthews et al. 2024), may lack necessary capacity to effectively suppress 

COTS populations at scale, evident in established and enduring population irruptions in far 

northern and southern parts of the GBR (Pratchett et al. 2024a; 2024b). In contrast to widespread 

efforts to improve water quality, partly due to the ‘terrestrial runoff hypothesis’ (Birkeland 1982; 

Brodie et al. 2005; Fabricius et al. 2010; Wooldridge and Brodie 2015), the management of 

COTS predators has not been a major part of strategic management frameworks or the reef 

prioritisation process. The increasing evidence in support of the ‘predator removal hypothesis’ 

(Endean 1969; Sweatman 2008; this study) indicates that further emphasis on predator biocontrol 

as part of COTS management efforts may help regulate GBR populations. While there is not 

sufficient evidence that predatory release in and of itself can fully account for the initiation of 

COTS population irruptions, a reduction in anthropogenic stressors on COTS predators, by 

means of no-take areas or taxon-specific limits, represents a ‘no-regrets’ strategy to suppress 

COTS abundances, in conjunction with the contemporary control strategy. Our study highlights 

that these targeted fisheries-management approaches, considering the population dynamics of 

COTS and their foremost predators across life stages, may contribute to an effective reduction in 

the incidence and severity of population irruptions across the Indo-Pacific range of COTS, 

including the GBR. 
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