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EXECUTIVE SUMMARY

This report combines the results of two surveys of coral, macroinvertebrate and fish
communities in the Coringa-Herald National Nature Reserve (CHNNR or the Reserve). The
first survey, conducted by JCU in May 2007, surveyed the Herald Cays (NE and SW
Herald). The C&R Consulting survey in October 2007 focused on South East Magdelaine
Cay (SE Magdelaine), Chilcott Islet (Chilcott) and South West Coringa Islet (Coringa).
Ecological communities were found to be in a similar condition to those described in
previous surveys, with very little recovery of hard coral cover.

Reefs in the CHNNR support approximately 7.3% hard coral cover and a relatively species-
poor fish community. Coral cover, already historically low, has been slow to recover from
disturbances in the last two decades, probably due largely to the small size of the reefs, as
well as isolation and exposure. SE Magdelaine supported the highest coral cover, coral
and reef fish diversity and the highest general abundance of surveyed reef species, while
SW Herald had the largest populations of some large reef fish families. The presence of
Pacific Ocean corals lends support to the suggestion that Coral Sea reefs provide
stepping-stones for the dispersal of species between the Great Barrier Reef and Pacific
Ocean reefs.

Corals of the genus Acropora were expected to be diverse and abundant on the clear-
water CHNNR reefs, but very few live or dead colonies were encountered during the
survey. Acropora species are the most vulnerable to disturbance and are also early
colonisers of disturbed sites. Along with the small size and sexual immaturity of other hard
coral, soft coral and sponge colonies, the low cover of Acropora is typical of reefs in the
early phase of recovery.

Algal turf, coralline algae and Halimeda spp. were the predominant benthic taxa in the
CHNNR. Algal turf is an important food source for a range of marine invertebrates and
herbivorous fish, and was dominant primarily in sheltered back reef habitats, corresponding
with the greatest density of large herbivorous fish. Coralline algae, often indicative of heavy
grazing, was abundant on the reef front, and the low abundance of grazing herbivores in
these habitats suggests that the high coralline algae cover is another historical feature of
the reefs.

Densities of holothurians and tridacnid clams were similar to those found in other surveys
of isolated, oceanic reefs. Some holothurians of high commercial value were more
abundant in the CHNNR, suggesting successful protection from exploitation. Gastropods
valuable for the ornamental shell industry were found in high densities in some areas of the
Reserve, indicating that it may be important to include these species in future surveys.

Key fish species were found in low densities, potentially as a result of the low microhabitat
complexity, resulting in lower food and habitat availability. Apex predators such as
serranids and sharks, along with large keystone invertebrate feeders and herbivores, are
economically valuable and globally vulnerable to overexploitation, highlighting the need for
their protection and the careful monitoring and safeguarding of their habitat.

By nature of their isolation, oceanic reefs such as those in the CHNNR harbour unique
communities. They also have few sources of propagules, and tend to recover slowly from
disturbance. Many key species occur in low numbers, making them highly vulnerable to
local extinction. Recommendations arising from these surveys focus on the continued
protection and effective monitoring of the Reserve. The protection of the hard coral
community and of key fish and invertebrate species are crucial to the safeguarding of the
resilience of these reefs in the light of expected climate change.
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2. INTRODUCTION

The Coringa-Herald National Nature Reserve (CHNNR or the Reserve) is a strict Nature
Reserve (IUCN category 1a1) located in the Coral Sea, on the Queensland Plateau some
400 km east of Cairns (Figure 1). The Reserve is part of the National Representative
System of Marine Protected Areas governed by the Department of the Environment, Water,
Heritage and the Arts (DEWHA), and is managed as a strict nature reserve, International
Union for the Conservation of Nature (IUCN) Category la. The aim of the Reserve’s
Management Plan (Environment Australia 2001), is to preserve the natural state of its
habitats, ecosystems and native species. Monitoring programs form a core element of
addressing key management objectives.

Reef fish, holothurians and benthic communities were surveyed in the Reserve on behalf of
the DEWHA in 1985, 2001, 2003 and 2007 (Ayling and Ayling 1985, Byron et al. 2001,
Oxley et al. 2003, Choat et al. 2007). The most recent of these surveys (2003 and 2007)
recorded very low hard coral cover (<5%) and diversity in comparison to prior years and to
Great Barrier Reef (GBR) sites at similar latitudes. These declines are most probably due
to the impacts of successive bleaching events and cyclones in the last decade.

Coral cover has historically been low on small Coral Sea reefs (Bellwood and Hughes
2001, Oxley et al. 2003, Choat et al. 2007), and recovery from cyclone damage and
bleaching events has been extremely slow (Wakeford 2002, Oxley et al. 2003). Fish
abundance and diversity is correspondingly low, as a lack of microhabitat structure and
complexity results in a decreased availability of food and shelter (Bellwood and Hughes
2001). Previous surveys of the CHNNR have found decreased density and diversity of reef
fish in comparison to the GBR. However, the unique coral and fish assemblages suggest
that these isolated reefs act as stepping stones in the westward movement of larvae from
the west Pacific to the GBR.

Ecologically, the remoteness and small size of these reefs typically results in a species
poor community with a high potential for self-recruitment (Whittaker 1998). This increases
their potential vulnerability for two reasons. Firstly, communities with low diversity are
vulnerable to losing whole functional groups, which can compromise ecosystem function
and resilience (Bellwood and Hughes 2001). Secondly, the remoteness and potential
reliance on self-recruitment makes species inhabiting isolated islands subject to slow
recoveries from any significant disturbance. Given the potential vulnerability of the CHNNR
reefs, and their biogeographical and historical importance, it is crucial that the ecological
status of these reefs is closely monitored.

Commercially valuable benthic invertebrates are not exploited in the CHNNR, but fisheries
such as the Coral Sea Fishery exist outside its boundaries (AFMA 2007). Stocks of these
invertebrates within the Reserve are therefore of particular management interest, as the
CHNNR could serve as a source of propagules for exploited areas. The first assessment of
holothurian density within the CHNNR was conducted in 2003 (Oxley et al. 2003).

Climatically, the CHNNR is located in the Southwestern Pacific annual monsoon belt, with
most rainfall occurring between December and April, and is periodically affected by tropical
cyclones (Environment Australia 2001). At least seven cyclones crossed the Reserve prior
to the 2003 survey (Oxley et al. 2003), and five more have crossed the area since 2003

! Definition: Strict nature reserve/wilderness protection area managed mainly for science or
wilderness protection — an area of land and/or sea possessing some outstanding or representative
ecosystems, geological or physiological features and/or species, available primarily for scientific
research and/or environmental monitoring.



(Australian Severe Weather 2007). Additionally, the Coral Sea is affected by episodes of
elevated Sea Surface Temperatures (SST), leading to widespread bleaching and mortality
in corals. Severe cyclones and elevated SST are both expected to increase as a result of
anthropogenically induced climate change, increasing the vulnerability of reefs worldwide.
CHNNR reef communities are relatively isolated from recruitment sources and exposed to
a high disturbance regime. These reefs are therefore vulnerable due to their exposure to
external agents of disturbance, the potential loss of functional groups resulting from their
naturally low species richness, and the reduced speed of recovery from disturbance.
Closely monitoring the ecological status of these reefs, and documenting temporal changes
in community structure, is therefore a crucial component of managing the Reserve.
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Figure 1. Location of the Coringa-Herald National Nature Reserve in the Coral Sea off the east

coast of Australia (after Oxley et al. 2003).



OBJECTIVES AND SCOPE

The objectives of this study were to conduct ecological surveys of coral, fish and
invertebrate communities in the CHNNR, as part of the ongoing monitoring of the status of
the coral reefs. The survey, conducted over two field trips, included the North East and
South West Herald Cays (JCU, May 2007), and South East Magdelaine Cay, Chilcott Cay
and South West Coringa Islet (C&R Consulting, October 2007). The study serves as a
comparison to previous surveys, especially the 2003 survey conducted by the Australian
Institute of Marine Science (AIMS).

This report describes the patterns of abundance, species richness and distribution patterns
of selected groups of reef fishes and benthic organisms. The sampling protocol for reef
fishes was designed to obtain abundance and size-frequency estimates of vulnerable species;
and abundance and distributional data on groups of reef fishes of functional importance in the
Coral Sea reef ecosystem. Invertebrate surveys included a large range of sessile biota
(focusing on scleractinian corals) and mobile invertebrates (holothurians, tridacnid clams,
gastropods, echinoids and Crown-of-Thorns starfish Acanthaster planci). Management
recommendations to the DEWHA are drawn from the results and conclusions of this
survey.
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4.

METHODS

The present surveys were conducted from the 14" to the 18" of May (JCU) and from the
23" to the 31%" of October 2007 (C&R) aboard the Tusa IV and Australian Customs Vessel
(ACV) Botany Bay respectively. The JCU team surveyed North East and South West
Herald Cays (NE and SW Herald), and the C&R team focused on the remaining cays:
Chilcott Islet (Chilcott), South West Coringa Islet (Coringa), and South East Magdelaine
Cay (SE Magdelaine). The C&R team also surveyed shallow water habitats of NE Herald
not covered by the JCU team. Winds in the Reserves are typically strong south-easterly
trade winds, occasionally changing to northerly winds during summer months, often limiting
access to exposed sites.

On each reef, efforts were made to approximate and add to the four sampling locations of
the 2003 AIMS survey (Figure 2, Appendix 1). Generally, three locations were in exposed
or semi-exposed habitats (West Flank, Reef Front and North East sites of the AIMS
survey) and one was in a relatively sheltered habitat (Back Reef). Where sampling sites
were added, efforts were made to locate them on exposed sides of the reefs, as these are
considered critical to ecological processes on isolated oceanic reefs. Reef flat habitats
were surveyed using snorkel swims.

At each SCUBA site, eight belt transects were used to quantify benthic and fish
communities, either concentrating on a single depth zone (8-15m, JCU), or with four
transects placed in deeper habitats (8-15m) and four transects in shallower habitats closer
to the reef crest (4-6m, C&R). A diver (JHC, DC) counted all larger, mobile fish in a 30 x 10
m belt while deploying the transect tape as close to the substratum as possible. The same
diver (DC) then counted all non-cryptic, diurnal site-attached fish in a 4m wide belt while
returning along the transect tape. The second diver (ZR, LvH, AA) recorded all benthic
organisms using the line intersect method (e.g. Baird et al. 2005) along 20 m of the same
transect. Benthic communities were categorised in a way that allowed comparisons with
previous studies and integration between the two 2007 surveys (Table 1).

11
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Table 1. Benthic categories used in this survey.

HC: Hard Coral Hard Coral = Scleractinian Corals as described in Veron 2000.
Tubipora musica (tube coral) and Millepora sp. (fire coral) are
included in counts for the HC category

SC: Soft Coral Soft coral = Xenia sp., Lobophytum, Sarcophytum, Isis hippuris

SP: Sponge

CA: Coralline Algae Coralline algae

HA: Halimeda Halimeda

OA: Other Algae Other algae = Caulerpa sp., other macroalgae

Ol:  Other Invertebrates Other invertebrates = Tridacna clams, hydroid, ascidian,
borrowing urchins, spider conchs (Lambis spp.), nudibranch,
cone shells (Conus sp.) Holothurians (H. atra, S. chloronotus)

SD: Sand Bare sand

DC: Dead Coral Dead hard coral that has maintained its colony morphology

R/R: Bare Rock and Rubble Rock or rubble with no visible biota

Additionally, each SCUBA site was the start or finishing point (depending on the direction
of the current) for a 500m (400m, JCU) belt transect used to survey densities of larger reef
fish (e.g. Maori wrasse, bumphead parrotfish, large predators) and sharks, and
invertebrates such as holothurians, tridacnid clams, invasive species (e.g. Crown-of-Thorns
starfish, Drupella), and other commercially important species (Trochus, ornamental shells).
The distance was determined with a GPS and marked with buoys, and the first diver (AMA,
DC) swam well above the substratum, counting all large fishes and sharks within a 20m
belt, while the second diver (ZR) recorded all invertebrates of interest in a 5m belt. Each
500m swim began at a depth of 15-20m (or as deep as the base of the slope at each site)
and ended at 8-10m.

To extensively survey shallower habitats, 500m transects were swum on snorkel over the
reef crest, reef flat and shallow back reef habitats (only C&R). The number of these
transects at each Cay was determined by the size of the reef and by the weather
conditions (Table 2). Two surveyors swam parallel to each other and approximately 10m
apart, recording all invertebrates of interest in a 5m belt.

Table 2. Summary of replicates conducted at each reef of the CHNNR by both surveys.

Survey SW Herald NE Herald SE Chilcott Coringa
Magdelaine

Invertebrate swims — 4 4 4

SCUBA (500x5m)

Invertebrate swims — 7 11

SCUBA (400x5m)

Invertebrate swims — 12 8 10 4

snorkel (500x5m)

Fish transects (30x10m) 21 46 32 32 32

Benthic transects (20m)* 28 60 32 32 32

Large fish swims 4 4 4

(500%x10m)

Large fish swims 7 11

(400x20m)

*The May survey benthic transects were also used to record mobile invertebrates along a
5m belt.

12
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Figure 2. Map of sampling sites A) NE Herald and B) SW Herald, both JCU; C) NE Herald, D) SE
Magdelaine, E) Chilcott and F) Coringa (C&R). Locations of major JCU sites: SFL=South Flank,
SFR=South Front, MB=Mid Back, NFL=North Flank, NB=North Back, MF=Mid Front, NFR=North Front.
C&R sites: yellow dots: SCUBA sites for fish and benthic transects; yellow lines: snorkels and
SCUBA swims (approx 500m long); red dots: Temperature loggers at SE Magdelaine and Chilcott

Cays. Note that scale bars and North arrows are not included in subsequent figures using these
maps.
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An extension to the marine surveys undertaken in this project was the deployment of four
temperature loggers and the collection of 4 population samples for zooxanthellae
genotyping by Dr. Ray Berkelmans at AIMS (Appendix 2). The diversity of dinoflagellate
symbionts present in these corals will be quantified to examine the Coral Sea
zooxanthellate community in the context of locating strains that may enhance survival from
coral bleaching.

Results from these surveys are presented using the pooled data from both 2007 surveys,
except where otherwise stated. Abundance estimates of fish, holothurians, clams and other
macroinvertebrates were converted to percent cover or density (individuals per hectare)
where appropriate, to enable comparisons with previous studies. The statistical
significance of differences between reefs, habitats, exposure and / or depth was tested
using Analysis of Variance (ANOVA), with logarithmic transformations used when data did
not conform to the assumptions of normality and homogeneity of variances. To detect
significant patterns at the level of communities, Multivariate ANOVA (MANOVA) was
employed, and followed up with Canonical Discriminant Analysis to illustrate the nature of
the separation between groups (e.g. which species were driving the separation between
habitats in the fish community).

Multivariate analysis was conducted on the grazing herbivore assemblages to examine
whether the structure and composition of this assemblage at the Herald Cays differs to the
assemblages found on the GBR and Elizabeth and Middleton Reefs (Figure 3). The
analysis was conducted on untransformed data using the Modified Gower (base 10)
dissimilarity measure. This measure has been shown to allow a direct weighting of a
change in species composition to an order of magnitude change in abundance (Anderson
et al. 2006). Non-metric multidimensional scaling (nMDS) was used to visualize
multivariate patterns in regional reef fish assemblages. To visualise the maximum
difference between regions, a canonical analysis of principle co-ordinates CAP was used
(Anderson and Millar 2004). This method searches for the axis that represents the greatest
between group differences in multivariate space. In this case, we wanted to visualise the
between region differences.

Where possible, comparisons were made with the results of previous surveys in the
CHNNR (Ayling and Ayling 1985, Byron et al. 2001, Oxley et al. 2003) and with surveys
conducted in other Commonwealth Marine Reserves. Most of these comparisons could not
be tested statistically, as the raw data were not available, but trends could be detected
easily from the graphical representation of the data.

14
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Figre 3. The location of the Herald Cays in the Coral Sea and the positions of comparative coral reef
systems (GBR outer reef fronts and Elizabeth and Middleton Reefs).
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RESULTS AND DISCUSSION

5.1

511

Benthic communities

The CHNNR is characterised by low live coral cover, with an average of 7.3% and a range
from 6 -14%. The prevailing substrate on all reefs was turf algae, the calcified gree alga
Halimeda and coralline algae, the latter particularly in exposed habitats. The composition of
the sand suggests that Halimeda is a major contributor to the local sediment supply. The
composition of turf algae was a matrix of mixed algal components depending upon location
— for example, algal turf on the reef front of Chilcott consisted of Halimeda, coralline algae,
green and calcareous algae. Overall, benthic cover estimates in the CHNNR have
remained relatively stable since 2003. Hard coral cover appears to be slowly increasing,
and patterns of coral cover and community structure are consistent with those expected of
an exposed reef with historically low coral cover that is recovering from disturbance.

BENTHIC COVER — OVERALL TRENDS

Between 53 and 61% of the benthos in the CHNNR is comprised of algae; turf algae was
the dominant benthic component of all five surveyed reefs (Figure 6). Benthic community
structure was significantly different between the five CHNNR reefs (Appendix 3).

Proportionally, the cover of hard coral was highest at SE Magdelaine, and lowest at SW
Herald (Figure 4, Appendix 3). Sponges and soft corals, although common at most sites,
were generally present as small colonies and therefore did not contribute greatly to cover
estimates (e.g. Figure 5). Between 14 and 20% of the reef within the Reserve was abiotic
(non-living). Macro-invertebrates including clams, holothurians, gastropods, nudibranchs
and hydroids were found in low humbers on transects at all locations except Coringa. Only
a very small amount of dead coral was recorded at NE Herald, but it should be noted that
coralline and turf algae quickly overgrow dead coral or bare substrate. The presence of
bare rock/rubble at NE Herald and SE Magdelaine is indicative of historical mortality and a
high level of community turnover and productivity.

O SW Herald

| NE Herald
Coringa

O Chilcott

B SE Magdelaine

Figure 4. Proportion of hard coral cover at different locations within the CHNNR.
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There was no significant difference in the hard coral cover between habitats (Appendix 3),
but a general trend was detected (Figure 7). The greatest cover of hard coral was found in
the NE Flank (exposed) habitats, followed by the West Flank (exposed), Back Reef
(protected) and Reef Front (exposed) habitats. SE Magdelaine had the highest cover of live
hard corals in all four surveyed habitats, reaching over 15% in some areas, although the
difference was smallest in exposed Reef Front habitats (Figure 8). The NE Flank of NE
Herald and the West Flank of Chilcott were the only areas with coral cover comparable to
that found on SE Magdelaine. All other habitats and reefs supported coral cover of well
below 10%.

Figure 5. Soft corals at SE Madgelaine, clockwise from top left: Efflatounaria, Lobophytum, Xenia,
Isis hippuris (Photos: DC)
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Figure 6. Mean percent cover (+SE) of coarse benthic categories from five locations within the
CHNNR. HC = hard coral; SC = soft coral; SP = sponge; CA = Coralline, HA = Halimeda, TA = Turf,
OA = Other Algae; IN = other invertebrates; SD = sand, DC = dead coral and R/R = bare rock/rubble.
Data for the last five categories are presented from the October surveys only.
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Figure 7. Mean percent cover of hard coral in different habitats within the CHNNR.

18



% Cover (+S.E))

157 mse Magdelaine

20 4 OSW Herald

ONE Herald
B Coringa
& Chilcott

Reef Front Back Reef NE Flank West Flank
Habitat

Figure 8. Mean % cover of hard coral across the habitats of each surveyed reef in the CHNNR. Reef
Front and NE Flank habitats were not surveyed at SW Herald.

51.2

CORAL BIODIVERSITY

A total of 140 species of scleractinian coral were recorded from the four surveyed reefs.
This raises the 2003 biodiversity estimate by 41 species - only 99 species were previously
known from the Reserve (Oxley et al. 2003). The highest local biodiversity was 77 species
recorded from Madgelaine, followed by 74 species at Coringa, 58 species at NE Herald,
and 52 species at Chilcott (Figure 9). The coral assemblage within the Reserve spans 31
Genera (Table 3) and 11 Families of scleractinian coral (Figure 10). Notable absentees
from the community were members of the genus Pachyseris, Alveopora, Pectinia and
Anacropora. Pachyseris is common in all habitats on the GBR and can dominate some
sites, particularly lower reef slopes. Alveopora, Pectinia and Anacropora are also usually
present on the GBR, but may be absent from the CHNNR because of the lack of
appropriate habitats (protected turbid water, Veron 2000). Porites lichen and Coscinarea
exesa were dominant on back reefs, resembling Lihou Reef back reef environments (Oxley
et al. 2003). The predominance of these species in Back Reef habitats in Coral Sea
Reserves is unusual, and should be taken into account during future monitoring surveys.
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Table 3. Hard coral genera present in the Reserve (species number in brackets).

Acanthastrea (4)
Acropora (31)
Astreopora (4)
Barabattoia (1)
Caulastrea (1)
Coeloseris (1)
Coscinarea (2)
Cyphastrea (3)
Diploastrea (1)
Echinopora (4)
Euphyllia (1)
Favia (8)
Favities (5)
Fungia (2)
Galaxea (1)
Gardinoseris (1)
Goniastrea (6)
Goniopora (2)
Leptoseris (1)
Leptastrea (2)

Echinophyllia (1)
Halomitra (1)
Herpolitha (1)
Hydnophora (2)
Isopora (1)
Lobophyllia (3)
Montastrea (4)
Montipora (8)
Ouphyllia (2)
Pavona (5)
Platygyra (4)
Plerogyra (1)
Pacillopora (6)
Porites (7)
Psammocora (2)
Seriatopora (1)
Stylophora (2)
Symphyllia (2)
Stylocoeniella (2)
Turbinaria (2)
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5.1.3

The presence of Pocillopora linguata, previously known only from the Central Pacific, and
Siderastrea savignyana, usually recorded in the Indo-Pacific region but not in Papua New
Guinea or Australia, suggest a range extension for these species. This indicates that there
are biogeographic connections between the CHNNR coral community and Pacific Ocean
coral assemblages, corroborating the idea that reefs in the Reserve may serve as
stepping-stones in the dispersal of species between the GBR and the Pacific Ocean (Choat
et al. 2007). A Pocillopora colony was observed with narrow branches resembling
Pacillopora indiana, however this species is known only from the Indian Ocean and must
be considered a dubious record. This species is included as cf. P. indiana in the species
list (Appendix 4) and requires further confirmation during follow-up surveys. Another
characteristic of oceanic Pacific coral communities was a large outcrop of Isopora palifera
growing in the back reef habitat of SE Magdelaine.

CORAL COMMUNITY COMPOSITION

Coral taxonomic composition varied between reefs, with SW Herald supporting a higher
proportion of Favids and non-scleractinian (mostly soft) corals than other locations, while
Porites spp. dominated at Chilcott and Acropora spp. were predominant at SE Madgelaine.
(Figure 10).
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Figure 10. The taxonomic composition (Family level) of hard corals within the CHNNR.
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In terms of coral cover and diversity, SE Madgelaine can be considered to be in the best
condition of all CHNNR reefs surveyed, with Acropora, Porites and Stylophora representing
the most common genera. Acropora, Favia and Pavona were the most common genera
observed at NE Herald, and some colonies of the non-scleractinan coral Tubipora musica
(organ pipe coral) were present. Pocillopora, Acropora and Porites were the most common
genera at Chilcott. A unique feature of the Chilcott coral community was the presence of
Hydnophora excesa and Echinopora plates, as these species were not recorded at any
other location in the CHNNR. Pocillopora, Porites and Favia were the most common
genera at Coringa. Unique species records at Coringa included Echinophyllia aspera and
Ouphyllia crispa (Figure 11). Another interesting feature of this reef was the prevalence of
Isopora colonies growing only in shaded locations underneath sheltered patch reefs. These
are normally found across all microhabitats; hence it is likely that other individuals growing
in non-shaded habitats have died. Whole colonies of fossilised favid corals found on the
high tide mark of the cays provide evidence of the long history of coral growth in the
Reserve (Figure 12).

There was little dead coral evident throughout the surveyed sites, and the more exposed
habitats were generally characterised by a lack of structured microhabitats. This may be
indicative of historical disturbance predating the 1998 and 2002 bleaching events, which
may have had a severe impact on the coral community. The coral community appears to
be in a state of recovery, and is composed of a large proportion of juveniles.

el L
oringa Islet are testimony to the long history

o D Al
Figure 12. Lithified coral skeletons on the shoreline at
of coral growth within the Reserve (Photos: ZR)

22



514

CORAL SIZE STRUCTURE

Coral size frequencies in the CHNNR were strongly skewed toward the smaller size ranges
(Figure 13; Chi-square=61.22, d.f.=28, p<0.001). The predominance of small colonies was
especially evident at SW Herald, while most of the larger colonies occurred at SE
Magdelaine. The frequency of small (<5 cm) colonies representing the most recent recruits
was similar to that of several of the larger size classes. A predominance of colonies in the
5-10 cm size category suggests a possible high recruitment pulse for the previous cohort
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Figure 13. Size frequency distribution of hard coral colonies in the CHNNR.

5.1.5

TEMPORAL COMPARISON

The results of five previous surveys of the Herald Cay reefs spanning 23 years were
available (Ayling and Ayling 1985, Byron et al. 2001, Oxley et al. 2003, Evans et al. 2007).
The cover of hard coral reached a peak of approximately 20% shortly before the 1998
bleaching event (Wilkinson 1998, Byron et al. 2001), when a dramatic decline occurred not
just in hard coral cover, but also in the cover of soft coral and sponges (Figure 14). Hard
coral cover declined to approximately 3%, while soft corals and sponges all but
disappeared. Recovery has been extremely slow, with present records of hard coral cover
ranging between 5 and 6%.
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Figure 14. Temporal comparisons of hard coral, soft coral and sponge over 23 years at NE Herald.
1984: Ayling and Ayling (1985); 1997: Byron et al. (2001); 2003: Oxley et al. (2003); 2006: Evans et
al (2007); 2007: this report. Note the x-axis is non-linear and the steepness of the lines does not
represent the true rate of change. Note also that 1997 data is only from sheltered habitats of the
Herald Cays.

5.1.6 REGIONAL COMPARISONS

In comparison to the Great Barrier Reef and Pacific Ocean, coral diversity is low within the
Reserve. However, in comparison to other National Nature Reserves (e.g. Ashmore Reef,
Lihou Reef, Elizabeth Reef) diversity is relatively high (Table 4). Low diversity is not
atypical for isolated oceanic reefs.

Low coral cover is also a consistent feature of other isolated reefs. However, often these
reefs are larger and support higher coral cover than the CHNNR reefs (e.g. Choat et al.
2006). West Australian, Tasman Sea and other Coral Sea oceanic reefs were similar in
terms of their hard coral cover (Figure 15), while outer GBR reefs have had a minimum of
10% and an average of approximately 35% over the last 15 years (AIMS, pers.comm.).
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Table 4. Species richness of scleractinian coral at different locations.

Location Sp. Richness Source
Milne Bay, PNG 442 (Fenner 2003)
New Caledonia 342 (Pichon 2006)
Northern Great Barrier Reef 324 (Veron 1993)
Marshall Islands 284 (Richards and Wallace
submitted)
Rowley Shoals, WA 188 (Veron 1986)
Osprey Reef, Coral Sea 180 (Fenner 2007)
Ashmore Reef, WA 156 (Kospartov et al. 2006)
Coringa-Herald National Nature Reserve 140 This Survey
Elizabeth Reef, SE Australia 114 (Oxley et al. 2004a)
Cartier Reef, WA 103 (Kospartov et al. 2006)
Lihou Reef, Coral Sea 100 (Oxley et al. 2004b)
Cocos (Keeling) Islands, Indian Ocean 99 (Woodroffe and Berry 1994)
Christmas Island, Indian Ocean 92 (Berry and Wells 2000)
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Figure 15. Mean hard coral cover recorded since 1984 across West Australian (Ashmore, Cartier,
Scott and Browse Reefs), Tasman (Middleton Reef) and Coral Sea (Lihou, NE Herald, Chilcott, SW
Herald, SE Magdelaine and Coringa) regions.
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51.7

5.1.8

CORAL HEALTH

Crown-of-Thorns (COT) starfish were a primary target transects and long swims, a
reflection of the potential impact of this species on the sparse coral cover of the Herald
Cays. No COTs were recorded from NE Herald, Chilcott or Coringa. They were observed
only at SW Herald, where nine individuals were found, and on SE Magdelaine, where two
coral colonies carried COT feeding scars and two COTs were recorded. The low numbers
recorded by the two survey methods suggests that the smaller-scale transects were
revealing individuals that may have been cryptic to the observers engaged in long swims.
There was no evidence of larger aggregations or feeding scars over broad areas, indicating
that COTs are not currently a significant source of coral mortality in the CHNNR.

There were no instances of coral disease apart from pigmentation response on a small
number of Astreopora and Porites colonies. Pigmentation response may be a chemical
reaction to stimulus (e.g. algae rubbing on the colony surface) and may not indicate any
pathogens or cause for concern. Fish feeding scars were apparent on numerous large
massive Porites colonies on the reef crest, and on small corymbose Acropora colonies on
the reef fronts. The only records of dead coral were obtained from NE Herald and some
overturned plates were found at SE Magdelaine. At other locations within the Reserve
there was no evidence of recent coral mortality events, unless all dead coral had already
been removed by storm surges. At the time of these surveys no incidences of coral
bleaching were recorded.

CONNECTIVITY

Reefs with disturbance-induced low coral cover may have increased chances of recovery if
they are within dispersal distance of other reefs, and therefore have the potential of being
carried there by ocean currents (Harrison et al. 1984, Richmond 1987, Baird 1998). The
Australian Connectivity Interface (Condie et al. 2005) is a web-based tool for environmental
scientists and managers to investigate the large-scale patterns of ocean connectivity in
Australian waters. The model estimates the probability that any two regions are connected
by modelling ocean circulation over a specified dispersion period. Coral larvae have poor
swimming abilities (Fadlallah 1983, Chia et al. 1984) and fit the model's assumption of
passive dispersal. The probability of a particle reaching a chosen sink location (e.g. the
CHNNR) from other locations is plotted in a raster-based map. Twenty days after
spawning, 20-50% of spawned coral larvae are expected to still be alive and competent to
settle (Baird 2001), so a length of 20 days was used to model connectivity for the CHNNR
in October, the major spawning period in Australia. The model output (Figure 16) suggests
that while good connectivity exists for parts of the Coral Sea (e.g. Marion Reef), the
Reserves have a low probability of receiving larvae from reefs in surrounding areas at this
scale. The reefs within the CHNNR may be connected by smaller-scale currents and
eddies, and local hydrodynamics may prove more important in the recovery of these reefs
from disturbance than larger-scale patterns (Arthur et al. 2006).
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Figure 16. Models of the dispersal connectivity probability of the CHNNR (from 149° to 150°30’E,
from 17°11' to 16°23’S) and surrounding locations, using the Australian Connectivity Interface
(Condie et al. 2005). The connectivity probabilities imply the probability that larvae arrive at the
CHNNR in a pelagic larval duration time of 20 days. Marion Reef is the southernmost Coral Sea reef
shown on this map.

5.2

521

Invertebrates

HOLOTHURIANS

Across the CHNNR, a total of 65 snorkels and long SCUBA swims were completed by both
surveys to estimate current densities of holothurians, amounting to 15.35 hectares across a
range of habitats and depths. A total of 6,703 holothurians of 10 species were recorded
across all surveyed sites, of which Holothuria atra (lollyfish), H. leucospilota
(chocolatefish)and Stichopus chloronotus (greenfish) together made up 98.7% (77.6%,
11.6% and 9.5% respectively). The other seven species were recorded in low numbers in
most habitats.

The h