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EXECUTIVE SUMMARY 

Marine protected areas increasingly are being seen as precautionary mechanisms by which to 
provide for the conservation of major marine habitats. An underlying principle of the approach is 
that the protection of representative areas from impacts of human activities will establish patches 
of healthy habitats in perpetuity and provide refugia from which the wider ecological systems will 
be replenished. McNeil1 (1994) pointed out, however, that marine parks and protected areas 
around Australia generally have been established with little attention to monitoring their biological 
(resource) status, or formal assessment of the effectiveness of their management. Both the design 
and ongoing assessment of marine protected areas require knowledge of the main patterns of 
distribution of biota in the managed areas and structured monitoring studies tailored to rigorously 
tests the effectiveness of various levels of protection from human use. 

In this report we describe some relatively large-scale patterns in the distributions and abundances 
of several coral reef organisms on the northern Great Barrier Reef. We considered the degree to 
which habitat, position across the continental shelf, and region explained variations in abundances. 
These factors have been invoked as major determinants of pattern in abundances in past studies 
and we sought to examine the consistency and generality of such models. Our main focus was on 
the implications of systematic patterns in abundance for the spatial design of sampling and 
monitoring programmes. Ignorance or inappropriate treatment of strong systematic patterns when 
designing monitoring and assessment programmes has the potential to cause mistaken conclusions 
about the merits of future management strategies or the performance of existing strategies. 

I 

Our data indicated that strong patterns in abundances were correlated with habitat, shelf position, 
and regions. Many of these single factor patterns, however, were not consistent among taxa or 
across other major physical gradients. For example, differences among habitats varied greatly 
from mid-shelf to outer-shelf reefs, and the effects of shelf position varied among regions for many 
organisms. The lack of generality of such patterns is contrary to important assumptions underlying 
much previous work. 

Our results have important implications for the design and interpretation of future studies and for 
the design and assessment of managed protected areas. It is clear that for almost all organisms we 
analysed (42 taxa), the common strategy of sampling only ‘representative’ sub-sections of reefs 
will result in inaccurate depictions of patterns in abundances among reefs. It is critical in future 
studies that sampling be well distributed over major within-reef strata. It is also clear that the 
successful choice of truly representative areas for the conservation of major biomes on the Great 
Barrier Reef will require highly structured descriptive information that encompasses a range of 
bio-physical factors. Strong patterns in abundances can be related to major bio-physical factors, 
but it is becoming clearer that the relationships are far less static and general than previously 
thought. Failure to consider the variation in such patterns, that presumably reflect important large- 
scale processes, may lead to the misrepresentation of important aspects of the Great Barrier Reef 
in conservation management strategies. 
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INTRODUCTION 

Recent decades have been characterised by increasing concern for conservation of the global 
environment, socially, economically and politically (Hendee et al. 1990). In particular, the past 30 
years has seen a dramatic shift in approach to management of marine resources. Whereas 
historically access to marine resources was generally assumed, now restrictions on their access and 
use are commonplace. The development of numerous Marine Environment Protected Areas 
(MEPAs) encapsulates this recent shift in emphasis (Kelleher & Kenchington 1991). 

The motivation for MEPAs typically includes conservation of marine environments and principles 
of multiple use (Kelleher & Kenchington 199 1, Kenchington 1990). In practice, however, the 
establishment of MEPAs has been somewhat ad hoc, with the objectives of their declaration and 
management couched in generalities, and rarely consistent (McNeill, 1994). ln many cases, the 
features to be conserved are not specified in detail. This is almost certainly reasonable in many 
(perhaps most) cases initially, because understanding of the function of the target ecological 
systems is rudimentary at best. We rarely understand completely, for example, the multitude of 
interactions that are essential for the maintenance of a particular habitat type. 

Whatever the overriding objective(s) of a protected area, the extent and nature of features to be 
conserved must be established at some stage, usually meaning either the use of prior information 
(such as a resource inventory) or dedicated surveys or monitoring programmes. It is important also 
to establish a framework of regular, systematic, and carefully designed studies for monitoring the 
environmental status of the protected area(s) as a means of assessing the degree to which ;’ 
management strategies are ensuring the conservation of those resources. 

The declaration of the Great Barrier Reef Marine Park in 1975 (GBR Marine Park Act 1975) arose 
out of concern about perceived threats to the Great Barrier Reef (GBR) from extractive activities, 
particularly mining, petroleum exploration and extraction, and fishing (Kenchington 1990). The 
rationale for the declaration of the Great Barrier Reef Marine Park, then, was firstly the 
conservation of the Great Barrier Reef as an ecologically valuable resource. Recognising the 
existing uses of the GBR, and potential benefits from continued use, however, a secondary 
motivation was to provide for ongoing human use and enjoyment of the GBR, consistent with the 
conservation of its environmental characteristics. The Act called for the GBR to be zoned for 
multiple use on a regional basis, but offered no guidance to the demarcation of regions. 

Management of the GBR for conservation (as well as multiple use) should include efforts to 
conserve the full range of bio-geographical characteristics of reef assemblages. Adequate 
judgement of management strategies with respect to conservation of the GBR environment, 
therefore, requires sound empirical knowledge of spatial and temporal patterns in the distribution 
and abundance of organisms on the GBR under ‘normal’ conditions. The Great Barrier Reef 
Marine Park Authority (GBRMPA) sought to use existing knowledge of the hydrodynamics and 
geomorphology of the GBR to define several sections of the GBR Marine Park, which were 
eventually amalgamated into four major sections for the purposes of zoning and management 
(GBRMPA 1983, 1985, 1987, 1988, 1992). The GBRMPA adopted a strategy in each section of 
zoning different areas for different levels of human use, on the premise that ensuring minimum 
human impact on at least some areas would ensure conservation of the GBR’s key features. The 
choice of particular areas for each zone, however, arose more out of patterns of contemporary 
human use than from knowledge of key bio-physical features of the ecosystem. 

The GBRMPA recently has initiated planning for the protection of a system of ‘representative 
areas’ to ensure that samples of major features of the GBR are conserved. This approach 
necessarily draws more than the zoning approach on knowledge of the distribution and abundance 
of bio-physical features. Flexibility in allocation of resources to different management regimes 
should be greatest within relatively homogeneous bio-physical strata of the GBR, and least flexible 
across such strata. For this to happen, and for ‘representative areas’ to be chosen sensibly, some 
knowledge of the systematic patterns in distribution and abundances of reef biota is necessary. 

-- 
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Persistent Systematic Effects on Abundances 

Done (1982), Williams (1982). Dinesen (1983), Williams & Hatcher (1983), and Russ (1984), 
suggested that strong gradients in abundances and/or occurrence of several species exist across the 
continental shelf of the GBR off Townsville, with inshore, mid-shelf, and shelf-break assemblages 
being distinct. Strong, predictable patterns in abundances have been observed also in conjunction 
with the major habitat-types within most reefs (Bradbury et al. 1987, Chave & Eckert 1974, Clarke 
1977, Done 1983, Done & Potts 1992, Galzin 1987, Helfman 1978, Jones & Chase 1975), whilst 
latitudinal (regional) patterns in abundances have been observed for some species, but are 
generally perceived to be less dramatic than the cross-shelf or habitat related patterns (Doherty 
1987, Sale et al. 1984, Williams et al. 1986). 

In most cases, however, these systematic patterns have been thoroughly explored at only relatively 
few locations, and usually not together. It remains unclear how the cross shelf patterns suggested 
by previous workers relate to habitat-related patterns or regional patterns in abundances. 
Similarly, the consistency of habitat effects across the continental shelf or among regions is not 
well documented. Thus, the degree to which these patterns can be accepted as a general basis from 
which to implement conservation management plans remains uncertain. 

Knowledge of systematic patterns in abundances is critical also in the design of monitoring 
programmes, impact assessment studies, and experimental field projects. This is so especially if 
systematic patterns across one effect (such as shelf position) are not consistent across other 
common effects (such as habitats). If important interactions between systematic effects occur, 
then it will be misleading to invoke general patterns on the basis of sampling within only selected 
(supposedly ‘standardised’) strata of any of those effects, as often has been the case. For example, 
Ayling (1983a,b) and Ayling & Ayling (1984a,b,c, 1985, 1986a,b) sampled reefs along the length 
of the GBR but sampled only one location on each reef (generally the northern end of the back- 
reef). The AIMS Long Term Monitoring Programme (AIMS 1992) now in progress (Oliver et al. 
1995) adopts a sampling strategy similar to that reported by Sale et al. (1984) and Doherty (1987), 
which involved sampling three sites at only one location on the north-eastern margin of each reef. 
Williams (1982) attempted to standardise community surveys across the continental shelf off 
Townsville by sampling exposed reef slopes, but was forced by bad weather to confound exposure 
with reefs. It has been argued that such standardisation of the within-reef location of sampling 
should provide a satisfactory index of abundances on each reef for comparisons among reefs, 
regions, and assessment of cross-shelf patterns etc. This argument rests on the assumptions that: i) 
the relationship between the location sampled and other locations within the same habitat is 
consistent among reefs and across larger geographic (or temporal) strata; and ii) relationships 
among habitats are also consistent across reefs and larger-scale effects. The presence of 
interactions between Habitat and Region and/or Shelf Position would mean that regional or cross- 
shelf comparisons based on samples from only one Habitat would be prone to provide results that 
were habitat specific rather than applicable to entire reefs. The nature of interactions between 
cross-shelf effects, habitat effects, regional effects, and location effects on the GBR have been 
explored by Mapstone et al. (1995) with the data from this study to test the assumptions implicit in 
many prior sampling programmes. 

Thus, a primary objective of this study was to investigate some aspects of spatial pattern in the 
abundances of a number of reef organisms over a large area of the GBR Marine Park. We were 
concerned principally with: 

l Acanthaster planci, Linckia laevigata, and Tridacna spp.; 
l Sessile benthic biota and non-living substrata, with particular emphasis on live corals; 
l Fish with medium to great mobility over short periods, including Plectropomus spp., 

lutjanids, chaetodontids, and lethrinids; 
l Fish with restricted home-ranges and relatively low mobility over short intervals, such 

as most of the pomacentrids and some labrids. 
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We chose to cover as many organisms as logistically possible because: I) the choice of areas for 
explicit conservation should include consideration of as wide a variety of organisms as possible; 2) 
a monitoring programme (for assessing the status of managed areas) should take into account the 
status of several species; 3) the optimum sizes of sampling units proved to be the same for several 
organisms (Mapstone & Ayling 1993); 4) many of the organisms could be efficiently counted 
concurrently; and 5) much of the cost of such a study is incurred in getting to survey sites and 
support costs whilst in the field, and it was desirable to maximise the return from such costs. 

Survey of Acanthaster planci 

Outbreaks of Acanthaster planci (crown of thorns, COTS) on the Great Barrier Reef have become 
the focus of considerable financial, personal, and institutional resources over the past decade 
(Bradbury et al. 1985, Brodie 1992, Endean & Cameron 1990, Moran et al. 1988). The economic, 
management, and potential ecological consequences of A. planci outbreaks is of great ongoing 
concern. It is still unclear whether the phenomenon of widespread explosions of populations of 
crown of thorns are entirely natural, episodic events or in part the result of anthropogenic 
perturbations to the reef and neighbouring environments (Brodie 1992). Irrespective of their 
cause, it is clearly in everyone’s interests to describe in detail the dynamics of these events. 

One model of the genesis and propagation of crown of thorns outbreaks is that periodically very 
successful recruitment leads to ‘boom’ populations on reefs inshore of the ribbon reefs north of 
Cape Tribulation/Cape Kimberley. These population explosions then generate a wave of 
recruitment that cascades southward with successive generations. This seems to have been the 
pattern of the two most recent series of outbreaks (Dight 1992, Moran et al. 1988, Moran & 
De’ Ath 1992, but see James & Scandol 1992, Scandol 1994). The southern migration of strong 
cohorts of starfish has been attributed to the influence of the East Australia Current on dispersal of 
larvae, and the generally southerly flow of GBR lagoonal water south of the ribbon reef area. The 
reefs behind the ribbon reefs seem relatively unaffected by the East Australia current, probably 
because the emergent, near continuous ribbon reefs provide an effective barrier to Coral Sea 
circulation (Frith et al. 1986). 

If the above model is true, any large populations of crown of thorns that might appear in the future 
would be expected to do so first on the reefs north of Cape Tribulation/Cape Kimberley. We have 
relatively little detailed information, however, about the dynamics of non-outbreak populations or 
the growth of populations to plague status. The provision of such information would greatly aid 
our understanding of outbreaks and increase the predictive power of models of their development. 

Prior to 1995, when the GBRMPA commenced fine-scale SCUBA counts of A. pfanci, most 
information about crown of thorns abundance came from rapid manta-tow surveys of reef 
perimeters (Moran et al. 1988). Those methods allowed useful qualitative statements about 
whether a reef had an outbreak or not, but did not provide reliable or accurate estimates of 
abundances, particularly at intermediate levels (Fernandez 1990, Fernandez et al. 1990, but see 
De’ Ath 1992). From a management perspective, the precise description of population dynamics 
prior to outbreak conditions would provide a vital ability for managers to predict where and when 
outbreaks were imminent. In the longer term, better understanding of consistent spatial patterns in 
A. plartci outbreaks will provide a better basis for zoning decisions and regulating use of the GBR. 

Accordingly, a secondary objective of the study was to document the status of A. planci in the mid- 
north regions of the Cains Section of the GBR Marine Park. We sought to obtain precise estimates 
of densities of A. pfanci on the reefs north of Cape Tribulation and on those reefs immediately 
south of Cape Kimberley, where the first ‘flow-on’ effects of increases in northern populations are 
likely to be seen under the above model. If sufficient numbers of COTS were observed, we sought 
to test the hypothesis that COTS outbreaks first arise on reefs behind the shelf-break ribbon reefs 
north of Cape Kimberley (Dight 1992, but see James & Scandol 1992, Scandol 1994). If few 
COTS were recorded, our data would provide useful baseline information for future surveys of A. 
pfanci that might indicate the genesis of further ‘booms’ in COTS populations. In either case, 
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these data will contribute to an empirical test of the predictions of the model in the event of future 
increases in numbers of crown of thorns. 

The density data we obtained for A. planci also provided an important complement to the more 
qualitative data provided by manta tow surveys of the same areas by AIMS personnel. The two 
methods were used sequentially, through collaboration with Moran and his co-workers, to provide 
valuable data for comparison of the methods and validation of the generality of the conclusions 
drawn about manta tows by Femandez (1990) and Femandez et al. (1990). Concurrent with 
counting A. planci, we estimated percent coverage and some gross population parameters of hard 
corals. Given knowledge of the recent history of COTS outbreaks, these data allowed us to 
compare recovering assemblages with coral assemblages not recently affected by crown of thorns. 
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METHODS 

Field Methods & Data Processing’ 

Timing & Reef Selection 

Fieldwork was done from the research vessel RV Sunbird during four cruises totalling 70 days 
between December 12, 1989, and April 10, 1990. We surveyed 24 reefs in the northern 2/3 of the 
Cairns Section of the GBR Marine Park, between latitudes 14”25’S and 16”455 (Table 1). Twelve 
reefs were ‘outer-shelf reefs’ (OS), being located at the edge of the continental shelf, and 12 reefs 
were considered ‘mid-shelf reefs’ (MS) because they were positioned well offshore from the 
mainland but inshore of the continental shelf-break. The 12 reefs in each shelf position were 
selected with equal frequency from three latitudinal regions between Cape Flattery and Cairns. 
Thus, four mid-shelf and four outer-shelf reefs were sampled north of Cape Flattery, between 
Cooktown and Rattlesnake Point, and south of Cape Tribulation. 

Table 1: Reefs sampled for this project. Four reefs were selected from each of 2 offshore 
positions in each of three regions. Zone = category of each reef under the 1983-90 GBRMPA 
zoning plan for the Cairns Section of the GBR Marine Park. COTS History = recent exposure to 
A. planci outbreaks: RE = Recent Outbreak; NO = No recent outbreak. 

REGION POSITION REEF LATITUDE ZONE COTS 
(Offshore) c: 5) (I983-90) HISTORY 

Cape Flattery Mid-shelf Lizard 14:41 NPZI2 RE 
(Southern boundary) Eyrie 14143 GU NO 

Martin 14:45 GU NO 
Helsdon 14:57 GU RE 

Outer-shelf Hicks 14:27 GU RE 
Day 14:30 GU RE 
Carter 14:33 NPZ RE 
Yonge 14:36 GU RE 

Cooktown Mid-shelf Boulder 15:25 GU NO 
(Northern Boumiaty) Egret 15:29 GU NO 

Endeavour 15:46 GU RE 
Pickersgill 15:52 GU RE 

Outer-shelf Ribbon #4 15:26 NPZ NO 
Ribbon #3 15:30 GU NO 
Ribbon f2 15133 GU NO 
Lena 15:39 GU NO 

Cape Tribulation Mid-shelf Batt 16:25 GU NO 
(Northern Boundary) Hastings 16:31 GU RE 

Michaelmas 16135 NPZ NO 
Arlington 16:42 GU RE 

Outer-shelf Agincourt 4 15:57 GU RE 
Agincourt 3 15:59 NPZ NO 
St Crispin 16:06 GU NO 
Opal 16:13 GU RE 

1 This section is rcpcated in the companion report by Mapstone ef al., 1995, which arose from the same data. 
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We stratified reefs by shelf position and region a priori because: i) Shelf Position has been 
invoked to explain distributions of several species of fish and corals (Done 1982, Dinesen 1983, 
Russ 1984, Williams 1982, Williams & Hatcher 1983, Williams et al. 1986); and ii) we wished to 
distinguish between the hypothesised ‘source’ regions for COTS outbreaks (north of Cape 
Tribulation) and the initial ‘sink’ region (south of Cape Tribulation) in the propagation of COTS 
outbreaks southward down the GBR (Dight 1992). We intended that two of each group of four 
reefs would have suffered recent COTS infestation and two would have been unaffected by COTS 
recently (Mapstone et al. 1989), but we were not able to find both types of reefs in all regions. In 
particular, COTS history and region were confounded completely on the outer shelf reefs. All 
outer-shelf reefs in the Cape Flattery (northern) region having suffered COTS outbreaks, none of 
the outer-shelf reefs in the Cooktown (central) region having been affected, and half of the outer- 
shelf reefs in the Cape Tribulation (south) region being affected (Table 1). Zoning status was 
standardised among reefs as far as possible after satisfying the other reef selection criteria. 

Sampling within reefs 

Reefs would comprise the effective ‘experimental units’2 (Hurlbert 1984) or replicate instances of 
a management (or ‘use’) treatment when monitoring human activities potentially impacting on the 
GBR, when assessing the effectiveness of management strategies, and for many ecological studies. 
It was important, therefore, that we distributed sampling within reefs sufficient to make inferences 
about whole reefs or gross strata of them. In so doing, however, it was important also that we 
estimated variation at smaller scales of interest within the GBR, such as those appropriate to 
assessing localised impacts of human uses such as tourism. 

Habitats 

The most conspicuous systematic strata within reefs were related to exposure (windward and 
leeward aspects) and gross habitat characteristics (reef slope, reef crest, large bommies, etc.) 
(Chave & Eckert 1974, Clarke 1977, Done 1983, Gladfelter & Gladfelter 1978, Green ef al. 1987, 
Helfman 1978). Windward and leeward aspects were common to all reefs, as were reef slopes, and 
reef crests. Sampling reef crests, however, was logistically unfeasible on low tides and in rough 
weather, so we restricted sampling to substrata of more than 2m depth. Shallow (<20m depth) 
large bommies were restricted to back-reef (leeward) areas, and did not occur on all reefs. In order 
to maximise the generality of our conclusions, and facilitate straightforward comparisons among 
reefs, we stratified sampling within reefs only by exposure, meaning that we sampled back-reef 
(leeward) and front-reef (windward) habitats. This front-reef/back-reef (hereafter ‘Habitat’) 
stratification meant that we sampled only reef slopes on the front-reefs, but in the back-reef we 
often sampled both reef slope and bommie habitats. Only one (back-reef) location was comprised 
of large bommies at any reef, and that location was always towards the middle of the back-reef 
areas (Figure 1). 

Locations, sites, & transects 

The first of the four field trips was considered a pilot survey to review field procedures and refine 
the within-reef sampling design for subsequent surveys. Carter, Lizard, and Eyrie Reefs (Table 1) 

2 The term ‘experimental unit’ is used in a general sense to indicate the largest random scale of replication of 
a nominated systematic effect (such as Shelf Position). In the simplest contexts, experimental units equate 
with sampling units (transects), but in most cases one to several levels of sub-sampling within true replicate 
effects will be done, and the experimental units will be the units of replication at the top of that hierarchy of 
sub-sampling (most often reefs in this report) (see Hurlbert 1984 for further discussion). 






































































































































