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DENT ISLAND GOLF COURSE ACCESSJETTY: BIOLOGICAL SURVEY OF A
PROPOSED NEW LOCATION

Draft Report Prepared for Hamilton | sland
By Sea Research: A.M and A.L. Ayling

6" March 2007

1. Introduction

The Dent Island passenger access jetty and barge landing for the Dent Island Golf Course
development was initialy proposed to be on the north-east face of the island immediately
south of Titan Island (Figure 1). For aesthetic reasons Hamilton Island are proposing to
separate the passenger access ferry landing from the barge landing and site the passenger
landing immediately to the north of Cowry Island.

In January 2007 Sea Research carried out abiologica survey of the area of the Dent Island
fringing reef likely to be impacted by the installation of the access jetty. This document
reports on the findings of that survey and compares the fringing reef in the jetty areawith two
control sites and with the previously proposed jetty site.

2. Methods
2.1. Design
The biological survey was based on groups of four 20 metre line intersect transects set up in
three depth strata down the fringing reef. These depth strata or habitats were:
e Group 1 on the reef crest at the transition between the reef flat and the reef slope.
e Group 2 on the shalow slope in 3-5 m depth.
e Group 3 on the deep slope in 8-10 m depth.
The reef flat had very low cora cover with moderate cover of algae and seagrasses (Ayling

and Ayling 2001b). Management agencies were not concerned with temporary loss of these
ephemeral groups and the survey did not target this habitat.

These three habitat groups of four transects comprised a site. One site was surveyed at the
end of the previoudy proposed jetty position (jetty 1 location) and similar sites were surveyed
60 m to the north and south. Another site was surveyed at the end of the new Cowry Island
proposed jetty position (jetty 2 location), aso with similar sites to the north and south (Table
1).

Two similar control locations were set up, both with two adjacent sites of three groups of four
20 m permanent transects, for atotal of 48 transects. Control 1 was about 400 m south of the
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old jetty location, between Cowry and Titan Island, and Control 2 was about 600 m to the
south of the jetty 2 location, to the south of Cowry Island (Figure 1).

GPS positions were taken for each survey site.

Table 1. Design of the Jetty Survey.

Habitat: Crest Shallow slope Deep slope
Site:
Jetty 1 centre site 4 transects 4 transects 4 transects
Jetty 1 north site 4 transects 4 transects 4 transects
Jetty 1 south site 4 transects 4 transects 4 transects
Jetty 2 centre site 4 transects 4 transects 4 transects
Jetty 2 north site 4 transects 4 transects 4 transects
Jetty 2 south site 4 transects 4 transects 4 transects
Control 1 north site 4 transects 4 transects 4 transects
Control 1 south site 4 transects 4 transects 4 transects
Control 2 north site 4 transects 4 transects 4 transects
Control 2 south site 4 transects 4 transects 4 transects

All these transects were surveyed during January 2007.

2.2. Survey Methods.

Coral cover was surveyed along permanently marked 20 m long intersect line transects at the
two control locations and at the jetty 1 location. Similar 20 m transects were surveyed at the
proposed new jetty 2 location. Previous trials have shown that there is no advantage in
extending these transects longer than 20 m (Mapstone et al. 1992), and all programs we have
been involved with have used 20 m transects (Ayling and Ayling 1991b, 1995, 19983, 20013,
Ayling et al. 1998, GHD Hay Point 2006). These transects were positioned haphazardly,
running as straight as possible and approximately parallel to the reef edge. The permanent
transects were marked using one metre lengths of 12 mm reinforcing rod driven into the reef
substratum at 5 m intervals along the transect line. Our experience has shown that this
method does not damage the reef community and provides reliable marks that can be
relocated over a period of at least five years (Ayling and Ayling 1998b).

The following organisms or groups of organisms were surveyed along the line intersect
transects: all hard corals down to species level where possible but to structural groupings
where reliable field identification was not possible eg. Porites spp. massive; total cover of
fire corals (Millepora spp.); all soft coralsto generic level where possible; total sponges; total
area of substratum covered by turfing algae; total area covered by Sargassum and other
macroalgae. The intersect lengthsin cm of all the above organisms with the transect line were
recorded for conversion to percentage cover measurements. Our experience has shown that
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line intersect transects are more accurate than video transects on fringing reefs where
macroalgae are present (Ayling and Ayling 1998a). Comparative studies using both methods
along the same transects have shown that line intersect transects, as carried out by Sea
Research, are equally as accurate as video transects in non-algal benthic communities, and
more accurate than video where macroalgae are present (Ayling and Ayling 1998a).

When conditions allowed digital photographs were taken to provide avisual record of the
benthos at each site.

To get awider sample of the benthic community and to record damage to hard cora's, counts
were made of al damaged hard coral and soft coral colonies within one metre each side of
each 20 m transect. Colonies were scored in a number of categories: partially bleached;
bleached; diseased and/or partially dead; damaged by sediment deposition; physicaly
damaged. This technique was used successfully as part of the recent Hay Point dredge
monitoring program (GHD Hay Point Monitoring 2006).

2.3. Analysis

The survey was set up to alow patterns to be detected using analysis of variance (anova)
techniques. Abundance patterns among the three sites at each location were tested using a
two factor anaysis of variance (T able 2), while differences between the four locations were
analysed using athree factor anova (Table 3).

Table 2. Benthic Cover Patterns Analysisof Variance Design Testing Jetty 2 Site
Against Adjacent North and South Sites

Source of variation  degrees of Fixed/Random Denominator
freedom

Site 2 F error (transects)

Habitat 2 F error (transects)

Site x Habitat 4 error (transects)

error (transects) 27 R

Table 3. Benthic Cover Patterns Analysisof Variance Design Testing Jetty L ocations
and Controls

Source of variation  degrees of Fixed/Random Denominator
freedom

Location 3 F error (transects)

Site (Location) 4 F error (transects)

Habitat 2 F error (transects)
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Location x Habitat 6 error (transects)
Location x Site (L) 8 error (transects)
error (transects) 72 R
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Figure 1. Map of the Dent/Hamilton Area Showing Survey L ocations.

Two adjacent sites were surveyed at each control location and three at each jetty location,
with three depth strata or habitats in each site and four 20 m long line intersect transects

surveyed in each habitat.
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3. Results
3.1. Jetty 1 L ocation Description

On the reef crest at the old jetty 1 location on Dent Island immediately south of Titan Island
(Figure 1) there was arelatively low cover of Sargassum and other macroalgae such as
Turbinaria and ahigh cover of hard corals. Poritids were the most abundant hard coral group,
primarily Porites finger colonies, and accounted for over third of hard coral cover. Acroporid
coras also accounted for about athird of hard cord cover, with Acropora staghorn especialy
common. Soft coras were relatively common with almost 10% cover of mainly encrusting
Briarium species (Figure 2-10, appendix 1). Fire cora colonies Millepora spp. were
relatively common on the reef crest of the jetty 1 location (Figure 14).

On the shallow reef slope in 3-5 m depth algae were rare and hard corals were very abundant
with amean of about 56% cover. Poritids were again the most abundant coral group,
accounting for amost 35% of hard corals, with finger Porites making up the bulk of this
family in this habitat. Staghorn Acropora colonies were a'so common on the shallow slope,
covering over 14% of the substratum. Agariciids were moderately common, especialy large
colonies of Pavona cactus, as were pectiniids and faviids. Soft corals were not as common as
on the reef crest, covering only 8% of the substratum with both encrusting growth forms and
Snularia and Sarcophyton species present on the shallow reef slope habitat (Figure 2-10,
appendix 1).

Algae were not recorded in the transects on the deeper slope habitat in 8-10 m depth but hard
coras were similar in abundance to the shallow reef slope with a mean of 50% cover.
Acroporid corals, including Acropora staghorn and explanate Montipora, were the most
abundant hard coral group, accounting for almost 30% of hard corals, but pectiniids and
agariciids were also common especially the species Mycedium el ephantotus, Echinophyllia
p., Pachyseris speciosa and Pavona cactus. Poritids covered over 6% of the substratum,
and were represented mainly by large colonies of Goniopora spp (Figure 2-10, appendix 1).
Soft corals were not common on the deeper slope but sponges and black cora trees were
more abundant than in the shallower habitats (Figure 15).

3.2. Jetty 2 L ocation Description

The new jetty 2 location, immediately north of Cowry Island, had asimilar algal cover on the
reef crest as the jetty 1 location, with almost 13% cover. Hard cora cover was relatively low
in thislocation, at amean of about 22% cover, with acroporids accounting for about 50% of
coras. Poritids were also common, especially Goniopora spp. colonies. Soft corals were
moderately common with 8% cover of mainly Sinularia and Sarcophyton species (Figure 2-
10, appendix 1).

On the shallow reef slope in 3-5 m depth al gae were uncommon and hard corals more
common with amean of 48% cover. Poritids were the most abundant coral group, accounting
for over one third of hard cords, with large Goniopora colonies making up 85% of this
group. Acroporids were a so common on the shallow slope, covering 16% of the substratum,
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with arange of faviids making up 4% cover. Snularia and Sarcophyton soft coral species
were similar in abundance to the reef crest habitat (Figure 2-10, appendix 1).

Turf algae and macroalgae were present on the deeper slope habitat in 8-10 m depth at the
jetty 2 location but only covered 2% of the substratum. Hard corals were common, covering
over 44% of the substratum. A range of hard cora groups were present, with Acropora spp.,
Montipora spp., Goniopora spp., agariciid, pectiniid and faviid cora's covering between 4%
and 7% of the substratum. Soft corals were not common on the deeper slope and sponges and
black cora trees were less abundant than in the jetty 1 location (Figure 2-10, appendix 1).

3.3. Control 1 Location Description

Algal cover on the Control 1 crest was similar to that at the jetty 2 location but hard coras
were more abundant with a mean cover of 35%. Staghorn and clumping Acropora corals
were dominant here, accounting for 36% of hard corals but poritids were also abundant (34%
of hard corals), especialy finger growth form Porites. Fire corals were moderately common
and soft corals were similar in abundance to the shalow jetty 2 habitats (Figure 2-10,
appendix 1).

Algae were uncommon on the shallow slope habitat in the control 1 location with amean
cover of about 0.4% including both turfing and macroalgae. Hard coras were more abundant
here than in the jetty locations with ailmost 70% cover. Coral composition was different at the
two sites surveyed in this location, with large Goiniopora colonies making up over 70% of
hard corals at one site and staghorn acroporids dominant at the other (22% of corals) along
with some Goniopora (20% of corals). Pectiniids and faviids were also common here, with
occasional large colonies of the faviid Caulastrea furcata being recorded. Soft coras and fire
coras were less abundant than on the reef crest (Figure 2-10, appendix 1).

Algae were not recorded on the deeper reef slope where cora's covered a mean of 50% of the
substratum. Coral composition was again different between sites in this habitat, with
Goniopora dominant a one site, with agariciids and pectiniids aso common, and pectiniids
dominant at the other where acroporids, agariciids and faviids were also common. Asin the
jetty locations soft corals were less abundant on the deeper slope than in the shalow habitats
(Figure 2-10, appendix 1).

3.4. Control 2 L ocation Description

The reef crest at the second control location had a higher cover of algae, especially
Sargassum and Turbinaria macroalgae, than the crests at the other three locations but had
similar moderate hard cora cover to the jetty 2 location crest. Explanate Montipora coras
(acroporids) were dominant at one site and Galaxea coras at the other. Soft corals were
present at about half the abundance as at the other two locations and fire cora's were not
recorded in the survey transects (Figure 2-10, appendix 1).

On the shallow reef slope of the control 2 location coral cover was nominally higher than on
control 1 and about 80% higher than in the jetty 2 location. The coral community was
dominated by large massive colonies of Galaxea that made up 60% of hard coral cover. This
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species was uncommon at the other two locations. However, acroporids, agariciids and
pectiniids were also common as they were in the other locations. Poritids were uncommon in
the second control location as were soft corals and fire corals (Figure 2-10, appendix 1).

Large colonies of Galaxea coral aso dominated the deeper reef slope habitat at control 2
location, accounting for over 50% of hard corals. Agariciids and pectiniids were also
common, as they were on the deeper slope in the other two locations. Algae, soft coras and
fire coras were uncommon on the control 2 deep reef slope (Figure 2-10, appendix 1).

3.5. Patternsin Benthic Abundance

There were significant differences in abundance of all the major benthic groups amongst the
jetty and control locations with the exception of faviid hard corals (Table 4, 5, Figure 2-10).
The cover of total hard corals and pectiniid corals was lower in the jetty 2 location than in the
other three locations. There was a significantly higher cover of algae and Galaxea coralsin
the Control 2 location compared with the other three locations. The cover of agariciids and
acroporids was significantly higher in the jetty 1 location than in the controls or jetty 2. Soft
corals were significantly lower in percentage cover at the control locations compared with the
two jetty locations. The cover of poritids was highest in the first control location. In general
the cover of all groups was lower in the jetty 2 location than in the other three locations
(Table5).

There were also significant differences in benthic abundance for all but one major benthic
group between the three habitats over all locations (Table 5, 8, Figure 2-10). Aswould be
expected the cover of algae was significantly higher on the crest than in either slope habitat.
On the other hand the cover of total hard coral, poritids and Galaxea was lower in the crest
habitat than in the dope habitats. The cover of acroporids and soft corals was significantly
lower on the deep slope than in the two shallow habitats, while the cover of pectiniids and
agariciids was higher on the deep slope than in the shallow habitats.

These habitat patterns were not consistent for all locations in some of the benthic groups
giving asignificant location x habitat interaction (Table 4, Figure 2-10).
Table 4. Anova Results for Comparison of Jetty L ocationsand Controls.

NS = not significant; * = 0.05>p>0.01; ** = 0.01>p>0.001; *** = p<0.001

Benthic group Location Site(L)  Habitt L xH  SxH(L)
Total algae *kk NS * Kk * %% NS
Total hard corals *kk *kk *kk *Hok *
Acroporidae *kk *xk *k NS NS
Poritidae * %k *kk *xk *% *
Agariciidae * *x >k NS NS
Pectiniidae * *x xR NS NS
Faviidae NS *x NS NS NS
Galaxea * ok ok *ok * ok ok *kk NS

Tota soft coral ol *x ok NS NS
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Table 7. Comparison of Benthic Cover Amongst the Survey L ocations.

Benthic Group Jetty 1 Jetty 2 Control 1 Control 2
Total algae moderate moderate moderate high
Total hard corals  very high high very high very high
Acroporidae moderate/high moderate moderate low
Poritidae moderate moderate high low
Agariciidae high low low moderate
Pectiniidae moder ate low moder ate moder ate
Faviidae low low low low
Galaxea low low low high
Tota soft coral moderate moderate low low

Table 8. Comparison of Benthic Cover Amongst the Survey Habitats.

Benthic Group Crest Shallow slope Deep slope
Tota algae high low low

Totd hard corals high very high very high
Acroporidae moder ate moder ate low
Poritidae moderate high moderate
Agariciidae low low moderate
Pectiniidae low moderate high
Faviidae low low low
Galaxea low high high

Total soft coral moder ate moder ate low

3.6. Benthic Patterns Within the Jetty 2 L ocation.

At thejetty 2 location groups of transects were surveyed on the proposed jetty position and
separate groups of transects were surveyed 60 m each side of the jetty position. The results of
comparison tests between these three sites at the proposed new jetty location showed that
there were significant site differences within the jetty location for many of the common
benthic groups (Table 9).

Algal cover was higher in the central jetty site than to the north or the south. Aswould be
expected total hard coral showed the opposite pattern with higher coral cover to the north and

south of the jetty site, as did the dominant coral family poritids. Acroporids and soft coras
were more abundant in the south site than in the jetty or north sites (Table 9, Figures 11-13).

Table 9. Anova Results for Comparison of the Three Jetty 2 Sites.

NS = not significant; * = 0.05>p>0.01; ** = 0.01>p>0.001; *** = p<0.001
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Benthic group Site Habitat SxH
Total algm *** *** **
Totd hard corals kK kK *
Acroporidae *x NS NS
Poritidae * * *
Agariciidae NS *x NS
Pectiniidae NS * NS
Faviidae NS * NS
Gaaxea NS * NS

* *

Total soft coral

NS
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Figure 2. Distribution of All Algae in the Jetty and Control Survey L ocations.

Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.
Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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(centre).

Right:Macroalgae (Sargassum
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. were abundant instead.
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Figure 3. Distribution of All Soft Coralsin the Jetty and Control Survey Locations.
Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.

Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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Acropora (left top).

Right: Large spreading colony
of the pinkish encrusting soft
cora Briarium p. on the reef
crest at the jetty 1 location. This
species covered 16% of the
substratum on the reef crestin
the central jetty 1 location.
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Figure 4. Distribution of All Hard Coralsin the Jetty and Control Survey L ocations.
Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.

Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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Right: Hard cord colonies on
the jetty 2 slope, including
Heliofungia actiniformis (left),
Lobophyllia hemprichii (top
centre) and Acropora staghorn
and bottlebrush colonies (right).
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Figure5. Distribution of Acroporid Coralsin the Jetty and Control Survey L ocations.
Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.

Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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were moderately common on
the deep dopeat the jetty 1and
2 locations.
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Figure 6. Distribution of Poritid Coralsin the Jetty and Control Survey L ocations.
Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.

Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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Figure 7. Distribution of Galaxea Coralsin the Jetty and Control Survey L ocations.

Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.
Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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Left: At all except the Control
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Galaxea (centre bottom)
covered less than 5% of the
substratum.

Right: Massive growth form
colony of Galaxea on the
shalow reef slope at the control
2 location where this group of
hard corals made up over 50%
of hard corals.
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Figure 8. Distribution of Agariciid Coralsin the Jetty and Control Survey L ocations.

Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.
Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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Left: A large explanate
colony of the agariciid
Pachyseris speciosa on the
deep reef slope of thejetty 2
location.

Right: The agariciid coral
Pavona cactus formed large
colonies on the deep slopein
the jetty 2 location.
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Figure 9. Distribution of Pectiniid Coralsin the Jetty and Control Survey Locations.
Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.

Error bars are standard deviations. The significance of location and habitat differences and the location x habitat
interactions are shown on each graph.
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corals Echinophyllia spp.
were common on the deep
reef slopes of all except the
jetty 2 location.

Right:The pectiniid cora
Mycedium e ephantotus was
aso common on the deep slope
of al except jetty 2 location.
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Figure 10. Distribution of Faviid Coralsin the Jetty and Control Survey L ocations.

Graphs show grand means in each habitat for each location from two sites of four 20 m line intersect transects.
Error bars are standard deviations. The significance of location and habitat differences and the location x habitat

interactions are shown on each graph.
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Left: A variety of faviid
corals were present on the
reef slope at the jetty 2
location, including the
species Oulophyllia crispa.

Right:The faviid coral
Echinopora lamellosa was
found on the reef slope of all
locations.
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Figure 11. Major Benthic Group Patternsin the Jetty 2 Survey Sites (A).

Graphs show means from four 20 m line intersect transects in each habitat from the Jetty 2 site and adjacent
stesto the North and South. Error bars are standard deviations. The significance of location and habitat

differences and the location x habitat interactions are shown on each graph.
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Figure 12. Major Benthic Group Patternsin the Jetty 2 Survey Sites (B).

Graphs show means from four 20 m line intersect transects in each habitat from the Jetty 2 site and adjacent
stesto the North and South. Error bars are standard deviations. The significance of location and habitat
differences and the location x habitat interactions are shown on each graph.
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Figure 13. Major Benthic Group Patternsin the Jetty 2 Survey Sites (C).

Graphs show means from four 20 m line intersect transects in each habitat from the Jetty 2 site and adjacent
stesto the North and South. Error bars are standard deviations. The significance of location and habitat

differences and the location x habitat interactions are shown on each graph.
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Figure 14. Branching Millepora Fire Coral Colonies Covered Over 8% of the Jetty 1
Reef Crest But Were Uncommon in the Jetty 2 L ocation.

Figure 15. Several Species of Black Coral Antipathes sp. wer e Found on the Reef Slope
Below About 10m Depth.
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3.7. Damaged and Diseased Corals

Hard cora's are subject to a number of different diseases that can cause partia mortality of
affected colonies. During this survey of fringing reefs in the Dent Jetty locations and controls
amean of between 0.5 and 1.0 colony per 40 sg m transect exhibited partial mortality that
appeared to be aresult of disease (Table 10). The mgjority of diseased corals were Acropora
species with coral eroding disease (Figure 16) but there were also a few Galaxea and
Goniopora colonies with disease as well as a selection of other damaged species (Figure 17).

Fringing reefs in this area are subject to strong tidal currents that naturally resuspend fine
sediment and deposit it on the surface of the coral colonies. This sediment can accumulatein
depressions on the colony surface during bad conditions and cause patches of mortality. A
mean of 0.1-1.7 colonies per 40 sq m had suffered recent patches of mortality due to sediment
smothering (Table 10). Explanate growth form colonies of Pachyseris speciosa and Merulina
ampliata were the species most commonly affected by sediment smothering (Figure 18, 19)
but all other corals with the exception of Acropora species aso had some sediment damaged
colonies. Sediment smothering was much more frequent in the two control locations than in
the proposed jetty locations (Table 10) possibly because both jetty |ocations were subject to
stronger currents than the controls.

A few coral colonies showed some physical damage, usually breakage of some fingers on
Porites finger colonies, or had small patches of partialy bleached tissue (Table 10).

Table 10. Summary of Coral Damage and Disease for the Jetty Survey L ocations.

Damage category Jetty 1 Jetty 2 Control 1 Control 2
mean sd mean sd mean sd mean sd
Diseased corals 05 0.9 0.7 11 1.0 1.3 0.6 0.8
Sediment damage 0.1 0.3 0.2 05 1.7 1.6 15 14
Broken corals 0.1 04 0.1 0.2 0.1 0.3 0.0 0.0

Partially bleached 0.1 0.2 0.1 03 0.1 0.2 0.0 0.0
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Figure 16. Acropora Corymbose Plate Colony with Disease | nduced Mortality.
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Figure 18. Sediment Smothering on an Explanate Merulina ampliata Colony
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4. Discussion

The fringing reefs on the east side of Dent Island generally support arich community of hard
cora's despite the damage inflicted by the 1998 and 2002 bleaching events. The combined
percentage cover of hard corals ranged from almost 30% on the reef crest to 55% on the
shallow slope and 50% on the deep slope. Overall cora cover during the latest survey was
still similar to that recorded during the first major survey in thisareain 1990 (Ayling and
Ayling 19914).

Like most other fringing reefs there were many large coral colonieson the fringing reefsin
this area. Goniopora colonies of between 5 and 20 m across were common, along with
Acropora staghorn, Porites finger, Pachyseris speciosa, Leptoseris yabei, Echinophyllia,
Pavona cactus, Caulastrea furcata and Merulina ampliata colonies from 2 to 5 m across.

Reef communities at the proposed new passenger landing location (jetty 2) were similar to
those on other parts of the Dent east coast athough overall coral cover, as well as the cover
of most other benthic groups, was significantly lower here than in the other three survey
locations. There were no unique features of the fringing reef in the jetty 2 location compared
with other reefs we have surveyed in the area.

The density of diseased corasin the survey locations was very similar to that recorded
recently on Hay Point fringing reefs in the Mackay area (GHD Hay Point reports 2006),
where the normal density of diseased coras was between 0.6 and 1.3 per 40 sqgm. The
density of sediment smothered coral colonies was markedly lower at the jetty locations than
in the two controls probably because the jetty |ocations are subjected to stronger tidal currents
than the controls.

The strong north flowing currents at the jetty 2 location during falling tides will ensure that
any sediment that may be generated during the landing construction processis carried quickly
away from the reef.
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Appendix 1. Summary of Cover for the Major Benthic Groupsin the Three Habitats at
Each L ocation.

Table 11. Composition of the Benthic Communitiesin the Jetty L ocations.

Figures show means from groups of four 20 m line intersect transects at each location, along
with the standard deviation (sd) in italics.

Location | Jetty 1 Jetty 1 Jetty 1 Jetty 2 Jetty 2 Jetty 2
centra north south central north south
Benthic Group: mean mean mean mean mean mean
(sd) (sd) (sd) (sd) (sd) (sd)
REEF CREST
Total agee 838 8.1 133 351 103 15.2
99 6.2 13.7 49 39 6.0
Sponges - 0.1 - 0.1 24 0.3
0.3 0.2 20 0.2
Millepora 82 5.6 28 - 16 -
28 5.2 4.1 33
Total Hard Coral 41.8 548 39.8 6.5 289 15.7
| 122 4.2 164 53 10.7 173
Pocilloporidae - 0.3 - - 0.2 -
0.3 0.3
Acroporidae 45 295 | 11 57 7.0 135
39 9.9 0.7 4.7 7.0 16.8
Acropora 38 288 0.9 5.6 6.8 12.6
45 9.7 0.6 44 6.9 151
Montipora 0.7 0.8 0.2 0.2 0.2 0.7
11 0.6 0.2 03 0.3 13
Poritidae 26.2 105 242 0.2 137 1.0
14.3 7.1 194 0.3 3.2 15
Agariciidae 15 - 6.9 - 18 -
22 7.3 14
Pectiniidae 11 4.7 0.8 - 17 -
21 32 16 18
Faviidae 29 4.6 17 03 16 0.3
13 32 19 05 0.6 04
Galaxea 14 05 15 - 1.0 -
08 04 22 17
Total Soft Coral 19.8 51 136 17 124 44
11.9 36 8.6 15 4.3 4.3
SHALLOW
SLOPE
Total agee - 0.1 04 144 0.8 74
0.1 0.8 75 05 9.7
Sponges 14 0.6 0.2 05 16 0.3
12 05 0.3 0.7 12 0.6
Millepora 13 14 19 114 23 0.3
16 19 22 20 4.2 0.6
Total Hard Coral 574 68.6 43.2 248 46.3 49.7
41 51 45 59 105 16.3
Pocilloporidae 01 0.3 04 - 0.7 -
0.2 0.7 0.7 0.6
Acroporidee 111 335 21 30 148 173
6.6 5.8 13 15 7.0 109
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Location | Pipeline | Pipeline | Control 1 | Control 1 | Control 2 | Control 2
north south north south north south
mean mean mean mean mean mean
(sd) (sd) (sd) (sd) (sd) (sd)
Acropora 96 321 21 15 111 135
7.3 7.0 13 21 7.6 105
Montipora 15 14 - 09 21 38
13 19 09 18 12
Poritidae 255 174 211 70 159 195
56 6.3 8.0 39 7.2 139
Agariciidae 50 12 133 11 15 -
76 17 7.8 13 1.6
Pectiniidae 49 74 09 0.7 28 22
42 49 0.7 09 29 16
Faviidae 36 29 21 37 37 4.6
11 45 16 23 12 6.0
Galaxea 15 21 09 20 12 05
14 16 13 17 20 0.6
Total Soft Coral 86 50 116 44 79 45
46 22 6.4 33 7.9 29
DEEP SLOPE
Total agee - - - 37 31 0.8
11 3.7 16
Sponges 32 17 18 18 14 05
23 20 0.6 13 14 0.3
Millepora - - 0.3 - 0.1 -
0.7 0.2
Total Hard Coral 58.8 62.1 38.8 350 314 57.3
32 143 149 78 95 53
Pocilloporidae - - 0.6 0.1 0.2 -
0.9 03 05
Acroporidee 83 234 55 59 6.1 18.2
15 151 32 28 28 10.1
Acropora 21 18.9 3.6 20 16 115
25 151 25 23 0.7 8.3
Montipora 59 44 18 3.7 33 6.6
31 28 17 21 19 3.7
Poritidae 42 5.6 6.9 59 7.0 134
41 2.7 6.0 33 53 45
Agariciidae 23.7 10.0 121 39 55 122
80 43 74 55 34 125
Pectiniidae 16.3 131 8.6 46 29 43
55 26 55 51 20 5.2
Faviidae 32 38 20 483 7.0 18
16 34 04 29 2.7 11
Galaxea - 25 04 16 14 33
25 05 15 16 26
Total Soft Coral 0.7 0.3 13 14 22 31
05 04 1.0 14 14 39
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Table 12. Composition of the Benthic Communitiesin the Control L ocations.

Figures show means from groups of four 20 m line intersect transects at each site, along with
the standard deviation (sd) in italics.

Location | Control 1 north | Control 1 south | Control 2 north | Control 2 south
Benthic Group: mean mean mean mean
(sd) (sd) (sd) (sd)
REEF CREST
Total agee 236 18.6 416 412
16.4 17.8 30 59
Sponges 0.2 0.3 01 -
0.2 0.3 0.1
Millepora 48 20 - -
6.6 18
Total Hard Coral 29.9 40.2 164 16.7
15.6 16.4 25 4.8
Pocilloporidae - 0.3 - -
0.6
Acroporidee 6.4 211 14 8.0
6.1 159 0.3 3.8
Acropora 6.0 19.0 0.9 31
59 15.3 0.2 24
Montipora 04 21 05 50
04 14 04 19
Poritidae 154 8.3 22 17
104 55 0.6 05
Agariciidae 0.1 14 05 09
0.2 11 0.6 18
Pectiniidae 05 15 0.7 0.2
1.0 16 0.8 05
Faviidae 24 2.7 25 17
24 0.8 17 0.3
Galaxea 12 - 53 10
14 17 21
Total Soft Coral 4.3 7.7 36 10
38 3.2 35 04
SHALLOW
SLOPE
Total agee - 0.8 79 38
15 5.8 3.8
Sponges 04 21 0.8 0.9
05 15 0.8 0.7
Millepora 0.6 - - -
0.6
Total Hard Coral 69.5 64.5 714 713
6.9 158 52 6.2
Pocilloporidae 04 0.6 - 0.2
0.9 0.7 0.3
Acroporidee 9.1 233 41 50
8.6 17.6 4.6 40
Acropora 88 20.2 12 41
8.0 18.9 1.0 4.3
Montipora 0.2 31 29 09
04 40 36 18
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Location | Control 1 north | Control 1 south | Control 2 north | Control 2 south
mean mean mean mean
(sd) (sd) (sd) (sd)
Poritidae 494 12.7 19 28
16.3 5.8 25 31
Agariciidae 14 29 27 56
21 13 28 51
Pectiniidae 17 51 38 9.3
16 21 38 6.3
Faviidae 0.8 7.7 12 40
12 4.3 13 14
Galaxea 1.0 44 519 330
1.6 25 5.8 117
Total Soft Coral 37 38 12 26
17 4.1 0.9 22
DEEP SLOPE
Total agee - - 35 -
3.7
Sponges 11 3.6 14 24
14 18 13 1.0
Millepora - - - -
Total Hard Coral 56.8 42.6 635 62.7
13.0 59 8.6 154
Pocilloporidae 0.1 - - -
0.2
Acroporidee 43 6.5 24 04
18 33 15 05
Acropora 0.6 32 0.7 0.2
05 38 11 05
Montipora 37 33 17 0.2
1.9 23 18 0.3
Poritidae 299 53 34 33
21.7 3.2 26 38
Ageariciidae 11.7 53 103 114
5.7 31 33 8.2
Pectiniidae 58 14.3 6.9 125
12 12.0 21 8.2
Faviidae 15 52 0.3 0.8
16 4.3 0.6 11
Galaxea 20 0.8 36.6 306
23 0.6 113 12.2
Total Soft Coral 0.3 11 0.8 0.7
04 1.0 0.8 0.6
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