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Crown-of-thorns-starfish
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Coral Cover
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Reef fishes

!1���� 

���	�����������1����1�,������
����

����
����	 �

����		�
���	�
����
�-
	����

	����
����1�	��,�	���
���
���,��
��

����,1�	��
� 
A�	��������	������1�,���
���
�����
�

�	�
���
�
�	����
#

� +1�� 
A�	��������
	��	�� �	�� ���������1��
'
��1�,���

��
�	�
����
�
��
�

����-�	

�1����'���
	�������	-�����
��1���
�	���	
�5�$�
9�	������	6����-�	
���	���������1�
�

��	���
���1���������	�������1���

��,	
��������
��
�����������6����	
����-�	�1
�

�
�	�
�����	�
�����
��1���	����
��	� �-�	����,���-�����
�����F��1�����1�
��� ��
���

 
������1

��
��
���1����	
����  �
������	���-�	6

� +1�� 
A�	��������	��������	�������1����1�,���

��
�	�
����
�	��
��-����������	��1
���

�-�	��1���� ������1����	-�����
��1������	��1����	����
�����1�����9��,
�5�.�=
	����6

�����	�

���1���
�	���	
�5�$�
9�	������	6��+1����
	�����1�	����
��,1�	����	
����-�	

1
���
�	�
�����	�
�����-�	��1
���� �6

� +1�� 
A�	��������	��������	�������1����1�,���
������
�
���	�
���
�	��
��-���������

	��1
�����
��1������	��1����	����
�����1��!1����
�
�������	6��+1���,
��
���
�����
���

,��1����
����

���	�
����
���	
����-�	����� 
�����	��
��������1������������������
�

E����
6



�

1. Introduction
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Scope and limitations of the program
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Structure of this report
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2. Methods

Program design
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Data handling and analysis
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Data handling and analyses
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3. Reefs of the Great Barrier Reef: general trends
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4. Reefs of the Great Barrier Reef: regional status and
trends
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Princess Charlotte Bay
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Cooktown/Lizard Is Sector
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Outer-shelf reefs
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5. Reefs of the Great Barrier Reef: status and trends

Explanation of the reef status pages
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Manta tow surveys
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Benthic video surveys
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Visual fish census surveys
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Figure 5.2 
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Figure 5.1 Ashmore Banks (1) 

Ashmore Banks (2) 

Ashmore Banks (1) (No. 11-237) is a middle shelf  reef
patches reef with an area of 1 sq.km. There is a sand cay
on the western end. Last surveyed March 1998.

Ashmore Banks (2) (No. 11-237) is a middle shelf reef
patches reef with an area of 1 sq.km. There is a sand cay
on the western end. Last surveyed March 1998.
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Figure 5.3

Ashmore Banks (3) (No. 11-237) is a middle shelf reef
patches reef with an area of 1 sq.km. There is a sand cay
on the western side. Last surveyed March 1998.

Ashmore Banks (1)
This reef has been surveyed three times since 1986. During this time coral cover increased between
1986 and 1995, it has since remained at a very high level. No COTS have been recorded on this reef
and it is currently classified as Non-Outbreaking.

Ashmore Banks (2)
This reef  has been surveyed three times since 1986. During this time there has been no appreciable
change in coral cover, which remains high. No COTS have been recorded on this reef and it is currently
classified as Non-Outbreaking.

Ashmore Banks (3)
This reef has been surveyed three times since 1986. During this time there has been a gradual decline in
coral cover on this reef. When first surveyed in 1986 the reef was classified as an Incipient Outbreak.
Since this time coral cover has continued to decline to the present level which would still be considered
high. This reef is currently classified as Recovering.
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Figure 5.4 

Bird Island (No. 11-167) is an inner shelf planar reef
with an area of 1.2 sq.km. There is a low wooded island
on the north-eastern side. Last surveyed March 1998.

Figure 5.5
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Forty-Winks

Forty-winks  (No. 11-211) is a middle shelf lagoonal reef
with an area of 3.1 sq.km. Last surveyed March 1998
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Bird Island
This reef has only been surveyed three times since 1986. During this time there was an initial increase
and subsequent decline in coral cover.  The most recent decline may be attributable in part to cyclone
Nathan, which influenced this area in March 1998, as well as low levels of coral bleaching observed at
the time of survey. Coral cover remains high. No COTS have been recorded on this reef which is
currently classified as Non-Outbreaking.

Forty-Winks
This reef has only been surveyed three times since 1986. During this time there has been no detectable
change in coral cover which has remained moderate. Low levels of COTS have been recorded on this
reef on one occasion but not in numbers that would be expected to cause significant coral mortality. This
reef remains classified as Non-Outbreaking.

Second Small
This reef has been surveyed four times since 1986. While there was an initial increase in coral cover
between 1986 and 1991 there has been little appreciable change in coral cover since this time. Coral
cover is currently high. No COTS have been recorded on this reef and it is currently classified as Non-
Outbreaking.

Figure 5.6 
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Second Small

Second Small (No. 12-098) is an outer shelf pla-
nar reef with an area of 1.9 sq.km. Last surveyed
March 1998.
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Figure 5.7 

Kay (No. 12-010) is an inner shelf planar reef with an
area of 7.5 sq.km. There is  a vegetated sand cay  on the
western end.  Last surveyed March 1998.
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Figure 5.8 

Log (2) (No. 12-107) is an outer shelf ribbon reef
with an area of 10.6 sq.km. Last surveyed March
1998.
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Kay
This reef has been surveyed by AIMS since 1991 using the manta tow technique. The reef has also
been surveyed three times, using the AIMS video technique, by staff from the Cairns office of
Queensland Department of Environment and Heritage (QDEH) and these data are also presented.  The
manta tow data show that coral cover at the reef level has remained stable at a high level since surveys
began.  The QDEH surveys show a contrasting picture of low stable coral cover for the years surveyed.
This is attributed to the QDEH sites being located on the northern face of the reef where manta tow also
recorded low hard coral cover. The detailed surveys reveal small shifts in cover within the major coral
groups however, given the low percentage cover, these changes are not considered to be ecologically
significant.  It is noteworthy that an extremely high level of algae has been consistently recorded during
the three years of QDEH surveys.  High levels of brown algae were also noted during manta tow
surveys.  Low levels of COTS were recorded by manta tow in 1996, but not in sufficient numbers to
cause significant coral mortality and the reef remains classified as Non-Outbreaking. Low levels of coral
bleaching were also observed during the most recent manta tow survey.

Log (2)
This reef has been surveyed three times since 1991. While there was little appreciable change in coral
cover in the initial years of survey our most recent findings indicate an increase in coral cover to the
current high level. No COTS have been recorded on this reef which is currently classified as Non-
Outbreaking.

Log(2)
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Figure 5.9 

Lagoon (No. 12-061) is an outer shelf lagoonal reef with
an area of 7.2 sq.km. Last surveyed March 1998.
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Figure 5.10

Lagoon
This reef has been surveyed by AIMS since 1986 using manta tow.  The reef has also been surveyed
using the AIMS video technique, by staff from the Cairns office of Queensland Department of Environ-
ment and Heritage (QDEH) and these data are also presented.  The manta tow data show that there
has been little appreciable change in coral cover since 1986 and it remains at a high level. The three
years of data collected by QDEH support the manta tow surveys as they show a relatively stable high
hard coral cover through to 1996 (36.8 %).  The majority of the hard coral on the sites is made up of
corals from the family Acroporidae (30.3% in 1996).  Low levels of COTS were recorded during out
most recent surveys but not in numbers that would be expected to cause significant coral mortality and
the reef remains classified as Non-Outbreaking.

Middle Banks (2)
This reef has only been surveyed in 1995 and 1998. Between surveys there has been an appreciable
increase in coral cover to its present very high level. No COTS have been recorded on this reefs and it
is currently classified as Non-outbreaking.

Middle Banks (2) (No. 11-222) is a small middle
shelf submerged/patches reef. There is a sand
cay on the western side. Last surveyed March
1998.
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Figure 5.11 

Figure 5.12 
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Middle Banks(3)

Quoin Island

Middle Banks (3) (No. 11-222) is a small middle shelf
submerged/patches reef. It has a sand cay on it's west-
ern end. Last surveyed March 1998.

Quoin Is (No. 12-027) is a middle shelf fringing reef
surrounding a high, wooded continental island, with
an area of 0.01 sq.km. Last surveyed March 1998.
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Figure 5.13 

Middle Banks (3)
This reef has been surveyed three times since 1986. While there was little appreciable change in coral
cover in the initial years of survey our most recent findings indicate an increase in coral cover to the
current very high level. No COTS have been recorded on this reef which is currently classified as Non-
Outbreaking.

Quoin Island
This reef has a relatively extensive history of survey since 1986. There has been little appreciable
change in coral cover during this time, which has remained low. COTS have been observed on this reef
to varying degrees on a number of survey years. While Quoin Island was classified as an Incipient
Outbreak in 1992 it is currently classified as Non-Outbreaking.

Raine Island
This reef has only been surveyed three times since 1986. Surveys indicate little appreciable change in
coral cover over this time, which remains generally high. No COTS have been recorded from this reef
which is currently classified as Non-Outbreaking.
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Raine Island 

Raine Island (No. 11-243) is an outer shelf pla-
nar reef with an area of 1.9 sq.km. There is a
vegetated sand cay on the western end. Last
surveyed March 1998.
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Figure 5.14 

Figure 5.15 

Davie (No. 13-130) is an outer shelf planar reef with an
area of 5.6 sq.km. There is a sand cay on the western
side. Last surveyed October 1997.
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Creech (a)

Davie

Creech (a) (No. 13-118) is an outer shelf patch reef with
an area of 4.1 sq.km. There is a sand cay on the western
side. Last surveyed October 1997.
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Creech (a)
This reef has been surveyed three times since 1990.  During this time there has been little appreciable
change in coral cover which has remained high.  No COTS have been recorded on this reef which is
currently classified as Non-Outbreaking.

Davie
This reef has been surveyed since 1986.  Coral cover remained high on this reef up until 1990, the next
survey in 1995 showed there had been a marked decrease in coral cover.  Coral cover now appears to
be recovering (1998) future surveys will determine if this trend continues.  While it is difficult to ascribe
reasons for the drop in coral cover, Cyclone Ivor did impact this area in March 1991. COTS have not
been observed on this reef over the period of survey.  Davie Reef is currently classified as Non-
Outbreaking.

Fife Island
This reef has only been surveyed three times since 1986.  There was little appreciable change in coral
cover in the initial years of survey (1986 to 1995) our most recent findings indicate a trend of increasing
coral cover to the current high level.  No COTS have been recorded on this reef which is classified as
Non-Outbreaking.

Figure 5.16 
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Fife Island (No. 13-081) is an inner shelf planar
reef with an area of 4.39 sq.km. There is a veg-
etated sand cay on the western side. Last sur-
veyed October 1997.

Fife Island
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Figure 5.17 
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Reef No. 13-124 is a middle shelf crescentic reef with
an area of 11.3 sq.km. Last surveyed October 1997.

Reef No. 13-124
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Reef No. 13-124

This reef has been surveyed by AIMS since 1991 using manta tow.  The reef has also been surveyed
twice, using the AIMS video technique, by staff from the Cairns office of  Queensland Department of
Environment and Heritage (QDEH) and these data are also presented.  The manta tow data shows that
COTS have been recorded on this reef in all surveys except 1994.  In each case the COTS populations
were generally below those that would be considered to cause significant coral mortality.  Coral cover
was initially low in 1991 and COTS were at near Incipient Outbreak levels.  COTS numbers have
subsequently declined and coral cover recovered to a moderate level where it has remained. The two
QDEH surveys show similar stable but low-moderate hard coral cover with Poritidae dominating.  A
high cover of algae was also observed during both surveys.  This reef remains classified as Non-
Outbreaking.

Figure 5.18 
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Pelican Island
This reef has been surveyed four times since 1986.  While there was little appreciable change in coral
cover (remaining moderate) between 1986 and 1990, there was an apparent decrease in coral cover
between 1990 and 1995.  While it is difficult to ascribe reasons for the decline in coral cover, cyclone Nina
did impact this area in December 1992.  Since this time coral cover has recovered to its previously
moderate levels.  No COTS have been recorded on this reef which is currently classified as Non-
Outbreaking.

Pelican Island

Pelican Is (No. 13-107) is an inner shelf planar reef with
an area of 3.8 sq.km. There is a vegetated sand cay on
the western side. Last surveyed October 1997.
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Figure 5.19 

Rodda (No. 13-127) is an outer shelf planar reef with
an area of 4.39 sq.km. Last surveyed October 1997.

Tow  number
0 10 20 30 40

%
 c

or
al

 c
ov

er

0

20

40

60

80

100

C
O

T
S

co
un

t

0
10
20
30
40
50
60
70
80
90
100A

Year

86 88 90 92 94 96 98

C
O

T
S

/to
w

0.0

0.2

0.4

0.6

0.8

1.0
%

 c
or

al
 c

ov
er

0

20

40

60

80

100 B AO

IO

Live coral cover 
COTS count

COTS/tow 

Median live coral cover 

Current coral cover and COTS

Historical coral cover and COTS

Major Benthic Groups

M
ea

n 
%

 C
ov

er

0

25

50

75

100

Major Coral Families

Survey year

93 94 95 96 97 98

0

10

20

30

40

Acroporidae Groups

Survey year
93 94 95 96 97 98

M
ea

n 
%

 C
ov

er

0

10

20

30

40

C D

E

Hard Coral
Soft Coral
Algae

Pociloporidae

Acroporidae
Faviidae

Poritidae

Montipora
Acropora Tabulate
Acropora Other

Rodda 



81

Rodda

This reef has an extensive history of manta tow survey by AIMS extending back to 1986.  The reef has
also been surveyed twice, using the AIMS video technique, by staff from the Cairns office of Queens-
land Department of Environment and Heritage (QDEH) and these data are presented.  The manta tow
data show that coral cover was initially very high on this reef then a large decline in coral cover occurred
prior to the next survey. We attribute this to a relatively large population of COTS recorded during the
first survey.  Since 1993 there has been little appreciable change in coral cover though the trend would
suggest a current increase.  This is supported by the QDEH surveys which recorded high hard coral
cover increasing slightly over the three years, with corals from the family Acroporidae responsible for
the increase.  Rodda reef was classified as having an Incipient Outbreak in 1986 and is currently classi-
fied as Recovering.
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Figure 5.20

Carter (No. 14-137) is an outer shelf ribbon reef with an
area of 13.7 sq.km. Last  surveyed October 1997.
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Damsel Fish Genera
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Carter Reef
This reef has a history of broadscale surveys from 1986.  These surveys show that coral cover
remained stable from1986 to 1990 before dropping appreciably in 1991. Whilst COTS were observed
on the reef at this time their numbers were well below the level considered to cause significant coral
mortality.  Examination of other possible impacts between surveys leads to the most likely explanation
that the decline in coral cover occurred as a result of the effects of Cyclone Ivor, which passed in
vicinity of this reef in March 1990.  Significant physical damage on the reef front was observed during
surveys undertaken soon after the cyclone.  Benthic video transects, conducted since 1993, in
conjunction with continued broadscale surveys, show that coral cover is continuing to recover and is
currently dominated by tabulate Acropora on the reef front. The percentage cover of coral increases
rapidly on reefs dominated by tabulate Acropora and coral cover was recently recorded at 59% on the
benthic video transects, up from 13.2% in 1993. Other major coral groups have also increased since
surveys were initiated in 1993 but have not changed during the most recent survey interval.

With the increase in coral cover and resultant habitat complexity, the majority of fish taxa have
increased in mean abundance since detailed surveys began in 1993.  Acanthochromis polyacanthus,
Chromis (C. lepidogenys, C. margaritifer, C. ternatensis, C. weberi), Plectroglyphidodon (P.
johnstonianus, P. dickii), Pomacentrus (P. lepidogenys, P. philippinus), Chaetodontidae (numerous
species) and to a lesser degree Labridae (Hemigymnus fasciatus, Gomphosus varius) all increased
over the period of survey. The only fish group which has decreased are the Acanthuridae with
decreases in the three common grazers, Acanthurus nigrofuscus, Ctenocheatus spp and Zebrasoma
scopas. Chrysiptera rex decreased initially however abundance is currently increasing.



86

Figure 5.21 

Decapolis (No. 14-131) is an inner shelf planar reef with an
area of 0.4 sq.km. Last surveyed October 1997.
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Damsel Fish Genera
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Decapolis
We do not manta tow this reef due to poor water clarity (typically <4m visibility).  The aerial photo
shows that the survey sites cover the majority of the perimeter of the reef.  This reef has the highest
percent cover of macro algae (36.3%) of all the reefs surveyed using video, with the first three transects
of site one dominated by macro algae.  Corals from the family Acroporidae are increasing in cover
while other coral groups and soft coral remain stable at low levels of cover.  There is a high diversity of
hard coral on this reef and abundant gorgonians from the family Ellisellidae and Antipatharians (Black
Coral).

The reef fish community is particularly depauperate.  Prevailing low visibility combined with low
numbers necessitates cautious interpretation of the observed temporal trend for Scaridae. The increase
in Siganidae between years 4 and 5 is due to Siganus lineatus.
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Figure 5.22 

Linnet (No. 14-126) is an inner shelf planar reef with a
sand cay on the north-western end. The reef has an area
of 3.5 sq.km. Last surveyed October 1997.
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Linnet
This reef has an extensive history of survey beginning in 1986.  Since this time there has been little
appreciable change in coral cover which has remained moderate to high.  Data recorded from the
benthic transects show that coral cover is moderately high and stable at 44.5% which is an increase of
10% since surveys were initiated in 1993.  This apparent contradiction reflects the more limited cover-
age of the video transects but also their increased sensitivity over the manta tow method.  The relative
abundance of Favids at this reef is high at 8.7%.  A rise in COTS numbers has been recorded since
1995 and the reef was reclassified as an Incipient Outbreak in 1996. Subsequent surveys should
determine the impact of increased COTS populations.  Low level bleaching was also observed on the
reef.

The moderately high coral cover is reflected in high abundances of many fish taxa. The increase in
Pomacentrus numbers was largely due to the abundant P. moluccensis with P. lepidogenys and P.
brachialis also increasing steadily. The increase in Chromis has been driven by one species (C.
atripectoralis) with other less abundant species (C.ternatensis and C. weberi) also showing steady
increases. Amblyglyphidodon curacao has also increased over the period of surveys. Populations of
larger reef fishes have generally been stable with the exception that  most of the common species of
Labridae and Lutjanidae declined at the latest survey.
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Figure 5.23 

Lizard Island (No 14-116) is a  middle shelf fringing reef
surrounding four high continental islands. The reef has
an area of 14.1 sq.km. Last surveyed October 1997.
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Lizard Island
This reef has been surveyed extensively since 1986. When first surveyed, Lizard Island Reef was
considered to be recovering from COTS activity.  However in 1994 a population of COTS was ob-
served on the reef at Incipient Outbreak levels.  The COTS population has continued to increase and
the reef was classified as an Active COTS Outbreak in 1996 and 1998.  Coral cover has steadily
declined since 1994 and is currently extremely low (<10%) at the reef level.  Detailed benthic surveys
on transects in the south eastern area of the reef recorded hard coral cover of 13.1% during the most
recent survey. COTS and moderate scarring were also observed on the sites during the latest survey.

There has been a large increase in the common grazing Acanthurids (Acanthurus nigrofuscus,
Ctenochaetus spp and Zebrasoma scopas). Given the low and decreasing coral cover it is interesting
that a number of Chaetodontid species also showed general increases over the period although most
declined in the last visit. The damsel fishes Pomacentrus moluccensis and Chysiptera rollandi also
increased over the first three visits before declining to current abundances. Trends in Lutjanidae are due
to incidental presence of schooling species (L. gibbus and L. bohar) in years 4 and 5 rather than
general changes in abundance. The current increase in Chromis is due to a ten fold increase in C.hromis
weberi in the last survey. Abundance of Plectropomus leopardus has been stable except for a high
count in 1996.
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Figure 5.24 

MacGillivray (No. 14-114) is a middle shelf planar reef
with an area of 0.5 sq.km. There is a sand cay on the
northern end. Last surveyed October 1997.
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MacGillivray
This reef has been surveyed since 1986 when it was initially classified as recovering from previous
COTS activity.  Coral cover remained static at a high level through 1986 to 1994.  In 1993 elevated
COTS populations were recorded and the reef was reclassified as having an Incipient Outbreak . This
reef remains classified as an Incipient Outbreak and both manta tow and detailed benthic surveys show
that coral cover is currently in decline with cover on benthic video transects presently low at 17.4%.
Low levels of bleaching were also observed.  It is of note that approximately 20% of the transect area
monitored on this reef is sand.

There has been a general increase in Amblyglyphidodon curacao and the Acanthurids, Acanthurus
nigrofuscus, Ctenocheatus spp and Zebrasoma scopas. The common Pomacentrus species, P.
amboinensis, P. brachialis, P. lepidogenys and P. moluccensis showed increases over the first four
visits before stabilising or slightly declining. Individual counts of Chaetodontids have been variable
though commonly low in the last two surveys. Neopomacentrus azysron has been declining over the
period of survey.
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Figure 5.25 

Martin (No. 14-123) is an inner shelf planar reef with an
area of 10.1 sq.km. There is a sand cay on the north-west-
ern side. Last surveyed October 1997.
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Martin
This reef has a history of broadscale survey extending back to 1990. Coral cover has not changed
significantly on this reef over the survey period.  COTS populations are currently increasing with the reef
presently classified as having an Incipient Outbreak.  Broadscale data suggest that coral cover is slowly
declining while detailed transect surveys show moderate hard coral cover of 23.7%.  It is noteworthy
that COTS and Drupella were recorded on the sites during the most recent surveys and a decline in
coral cover in this area seems likely.

Pomacentrid fishes show trends similar to those observed on Linnet Reef with increases in
Amblyglyphidodon, Pomacentrus and Chromis involving the same species. In contrast, numbers of
Chrysiptera rollandi declined over the last three years. Among larger reef fish taxa, Chaetodontidae
increased until 1997 (primarily Chaetodon aureofasciatus, C. auriga, and C. rainfordi) while the
Serranid Plectropomus leopardus decreased.  The trends in both Lethrinidae and Siganidae result from
the incidental presence of schooling species rather than general changes in abundance.
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Figure 5.26

No Name (No. 14-139) is an outer shelf ribbon reef with an
area of 7 sq.km. Last surveyed October 1997.
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No Name
This reef has an extensive history of broadscale survey from 1986.  No COTS have been recorded
during this time. Coral cover was low through to surveys in 1991.  Cyclone Ivor passed through the
area in 1990 and caused significant physical damage.  The next broadscale survey was conducted in
1994 and showed that average coral cover had increased to around 20-30%.  This is supported by
detailed benthic surveys which showed an average coral cover in 1994 of 23.1%.  Since this time coral
cover has steadily increased to 53.1% in 1998.  This increase in coral cover has been due mostly to a
large increase in tabulate Acropora tabulates. Other corals have also increased  since 1994. It is
notable though, that slight decreases were recorded during the last survey interval for the families
Faviidae and Pocilloporidae.  We suggest that this �apparent� decline may be due to overgrowth by
Acropora tabulate which results in the tabulate coral being recorded during video analysis rather than
the coral underneath.

As with Carter Reef, there has been a general increase in the majority of fish taxon surveyed.
Plectroglyphidodon dickii and P. johnstonianus have almost tripled over the period of surveys, as
have the genus Chromis in which five of the seven species commonly present, have been steadily
increasing. The contrast occurs in the Acanthuridae with steady declines in Acanthurus nigrofuscus
and Ctenochaetus spp. and to a lesser degree declines within the Scaridae.
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Figure 5.27 
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North Direction Island (No. 14-143) is a middle shelf
fringing reef surrounding a high continental island. The
reef has an area of 0.9 sq.km. Last surveyed October
1997.
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North Direction Island
This reef was initially surveyed in 1989 using broadscale surveys. The next survey was in 1994 with
surveys conducted annually since this time.  Coral cover increased appreciably between the 1989 and
1994 broadscale surveys but since then has steadily declined to moderately low levels. We attribute this
decline to the impact of COTS which were observed on all surveys, and at Incipient Outbreak levels in
1995. The COTS numbers have since declined.  Hard coral cover did not change over the last survey
interval and it is currently 17% with a conversly high percent cover of algae. It is worth noting that high
numbers of the corallivorous gastropod Drupella were observed during the most recent surveys.

As with Lizard and MacGillivray Reefs the observed trend in Pomacentrus was due to increases over
the first few surveys with a current stabilisation or decline in some species (notably P. moluccensis).
Observed trends in Neopomacentrus and Serranidae are due to variable counts of N. azysron and
Plectropomus leopardus rather than general changes in abundance. The current decline in Acanthurids
reflects low counts for A. nigrofuscus, Ctenocheatus spp. and Zebrasoma scopas in the latest survey.
Lethrinids, Lethrinus atkinsoni and Monotaxis grandoculis, have increased over the period of survey.
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Figure 5.28 

Yonge (No. 14-138) is an outer shelf ribbon reef with an
area of 11.1 sq.km. Last surveyed October 1997.
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Yonge
This reef has been surveyed annually since 1992.  COTS have only been observed on one occasion
(1994) on this reef and their density was extremely low.  Hard coral cover has steadily increased since
1993 (10.5%).  It is thought that this reef is recovering from Cyclone Ivor (which passed through the
area in 1990).  Overall hard coral cover is currently moderately high at 44.9% with Acropora species
dominating.  Other corals have also increased since initial surveys but did not change during the most
recent survey interval.

Although not as strong, trends in the reef fish community are consistent with those seen at Carter and
No Name reefs. Numbers of Chaetodontids and Chromis have increased steadily in contrast to
declines in Acanthurids and Scarids. Increases in Plectroglyphidodon spp. have lagged behind the
other outer reefs. The increases occurred mainly in the last survey interval and included rises in P.
lacrymatus, P. dickii and P. johnstonianus. Similarly, abundances of the Pomacentrus species, P.
lepidogenys, P. bankanensis and P. philippinus have only increased since 1996. As with the other
outer reefs in this sector, Chrysiptera rex decreased from 1993 to 1995 but is currently increasing.
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Figure 5.29 

Boulder (No. 15-012) is an inner shelf crescentic reef
with an area of 12.6 sq.km. Last surveyed October 1997.
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Figure 5.30 

Eyrie (No. 14-118) is a middle shelf planar reef with
an area of 12 sq.km. there is a vegetated sand cay on
the north-western side. Last surveyed October 1997.
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Figure 5.31 

Mackay Reefs (No. 15-024) is a middle shelf patch reef
with an area of 25.9 sq.km. Last surveyed October 1997.
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Boulder
This reef has been surveyed since 1986.  Over this time coral cover initially increased, peaking around
1990 and then remained relatively stable at moderate levels until 1997.  The current decline in coral
cover coincides with an increase in COTS activity on this reef, and the reef is currently classified as an
Incipient Outbreak.

Eyrie
This reef has been surveyed four times since 1990. While coral cover decreased initially it is currently
stable at a moderate level.  Although COTS have been recorded on this reef during most years of
survey, they have been in numbers below those that would be considered to cause significant coral
mortality.  This reef is currently classified as Non-Outbreaking.

Mackays
This reef has only been surveyed two times since 1986.  During this time coral cover has not changed
appreciably and remains low.  While initially considered to be Non-Outbreaking this reef was classified
as an Incipient Outbreak in 1995. Since this time COTS populations have continued to increase and the
reef is currently classified as an Active Outbreak.

Mackay Reefs
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Figure 5.32 

Reef No. 14056 is a middle shelf crescentic reef with an
area of 7.8 sq.km. There is a sand cay on the north-
western side. Last surveyed October 1997.
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Figure 5.33

Reef No. 14075 is an outer shelf ribbon reef with an
area of 8 sq.km. Last surveyed in October 1997.
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Figure 5.34 

Reef  No. 15077 is a middle shelf planar reef with an area
of 6 sq.km. Last surveyed October 1997.
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Reef No. 14-056
This reef has been surveyed four times since 1990.  Initially coral cover was moderate before declining
in subsequent years.  Although COTS were recorded on this reef in all subsequent surveys they were
well below the level considered to impact heavily on coral cover.  However they may be considered a
factor in the poor recovery of coral on this reef which is currently classified as Non-Outbreaking.

Reef No. 14-075
This reef has been surveyed three times since 1990.  During this time coral cover declined between
1990 and 1995.  The latest surveys indicate coral cover is increasing although the change would not be
considered significant.  No COTS have been recorded on this reef which is currently classified as Non-
Outbreaking.

Reef No. 15-077
This reef has been surveyed three times since 1991.  Coral cover remained relatively stable till 1995
and has subsequently declined.  This decline coincides with increased COTS activity.  COTS numbers
are presently below those that would be considered to cause significant coral mortality and the reef is
currently classified as Non-Outbreaking.

Reef No. 15-077
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Figure 5.35

Ribbon No.1 (No. 15-080) is an outer shelf ribbon
reef with an area of 3.3 sq.km. Last surveyed in
October 1997.
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Figure 5.36 

Ribbon No.3 (No. 15-050) is an outer shelf ribbon reef
with an area of 11 sq.km. Last surveyed October 1997.
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Figure 5.37 

Stapleton Islet (No. 14-054) is a middle shelf planar reef
with an area of 4.8 sq.km. There is a vegetated sand cay
on it the western side. Last surveyed October 1997.
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Ribbon Reef  No.1
This reef has been surveyed four times since 1989.  Over this time there has been no appreciable
change in coral cover which has remained at moderate levels.  No COTS have been recorded on this
reef and it is currently classified as Non-Outbreaking.

Ribbon Reef  No.3
This reef has only been surveyed three times since 1990.  During this time there has been no
appreciable change in coral cover which has remained at moderate levels.  No COTS have been
recorded on this reef and it is currently classified as Non-Outbreaking.

Stapleton Islet
This reef has only been surveyed three times since 1988.  After an initial decline to 1995 coral cover
has remained low.  COTS populations detected during the initial year of survey on this reef are most
likely responsible for the observed decline in coral cover.  Stapleton Islet is currently classified as Non-
outbreaking.

Stapleton Islet
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Figure 5.38 

Startle (East) (No 15-028S2) is one of a series of mid-
dle shelf reef patches with an area of 11.3 sq.km.Last
surveyed October 1997.
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Figure 5.39 

Swinger (No. 15-030) is a middle shelf planar reef with
a sand cay on the  north-western end. The reef has an
area of 2.5 sq.km. Last surveyed October 1997.
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Figure 5.40

Switzer (No. 14-061) is a middle shelf planar reef with an
area of 14.3 sq.km. Last surveyed in October 1997.
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Startle (East)
This reef has been surveyed four times since 1991.  Coral cover has declined since 1992, from a high
level to the current low level.  COTS are most likely responsible for the decline in coral cover, with
COTS activity increasing over the same time period.  This reef is currently classified as an Incipient
Outbreak.

Swinger
This reef has an extensive history of survey since 1986.  Coral cover exhibits an increasing trend up until
1992 then a subsequent decline which is attributed to COTS activity.  COTS were initially observed on
this reef in 1991 with numbers increasing up until 1995.  Although latest surveys indicate a small decline
in COTS numbers, they still remain in numbers considered to cause significant coral mortality.  Swinger
reef is currently classified as an Incipient Outbreak.

Switzer
This reef has been surveyed four times since 1988.  During this time coral cover decreased between
1988 and 1995.  While COTS were observed in 1988 and 1989 they were in numbers considered
below those that would cause significant coral mortality.  As the coral mortality occurred between
surveys it is difficult to directly ascribe the decline in coral cover to COTS though they would be a likely
agent.  Switzer reef is currently classified as Non-Outbreaking.

Switzer
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Figure 5.41 
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Agincourt No.1 (No. 15-099) is an outer shelf rib-
bon reef with an area of 5.1 sq.km. Last surveyed
January 1998.

Agincourt No. 1
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Damsel Fish Genera
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Agincourt  No. 1
This reef was initially surveyed in 1989, using manta tow, then annually since 1994.  Broadscale surveys
have shown an average increase in coral cover over the duration of the surveys.  This is supported by
detailed benthic surveys which show that the percentage cover of hard coral on the sites at this reef has
increased by 14.3% since the detailed surveys started in 1994.  This has been due primarily to an
increase in the percent cover of Acropora spp.  Hard coral cover did not change in the last survey
interval and is currently moderately high at 32.5%. The abundance of algae has decreased while soft
coral abundance has remained constant.  This reef has a high relative abundance of Isoporid Acropora.
No COTS have been recorded on this reef and it is currently classified as Non-Outbreaking.  Isolated
bleaching events have been recorded on this reef.

The increasing hard coral cover is reflected in general increases in Chaetodontidae, Pomacentrus, and
currently Plectroglyphidodon.  Chaetodontid increases are due to a number of species having peaks in
abundance in 1996 or 1997 (Chaetodon ulietensis, C. pelewensis, C. melannotus and C. kleinii)
and C. trifascialis which increased sharply in 1998.  The increase in Pomacentrus is due to an
increase of P. lepidogenys, and to a lesser degree P. philippinus.  Plectroglyphidodon initially
decreased due to decreases in P. lacrymatus to 1996. Since then, P. dickii, P. johnstonianus and P.
lacrymatus have steadily increased. Scarid abundance has been stable across most species since 1995.
The overall decreasing trend is a result of higher abundances of S. chameleon, S. globiceps, S. niger,
S. psittacus, S. sordidus, and S. spinus in 1994.
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Figure 5.42
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Fitzroy Is (No. 16-054) is an inner shelf fringing reef
which surrounds a high continental island. The reef
has an area of 0.2 sq.km. Last surveyed February 1998.

Fitzroy Island
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Fitzroy Island
This reef has been broadscale surveyed extensively since 1986. Coral cover decreased through to
1990, then remained at low levels until the last two surveys which show an increase in coral cover. This
is supported by detailed benthic surveys begun in 1994, which reveal that the percentage cover of hard
coral on the sites has increased by 10% since then and is currently moderately high at 34.7%.  Soft
corals and corals of the families Acroporidae and Pocilloporidae declined in the most recent survey.  A
large proportion of corals on this reef were bleached at the time of survey (1998). The longer term
impact of this bleaching will become apparent in the next survey planned for January 1999.  COTS
were recorded during the most recent survey however the reef is currently classified as Non-
Outbreaking.

The fish community has been relatively stable since detailed surveys began in 1994, with the following
exceptions.  Neopomacentrus has declined strongly over the period of the surveys largely as a result of
the two species N. azysron and N. bankieri.  Pomacentrus has increased then declined as a result of a
doubling of abundance of P. moluccensis to 1996 before a sharp reduction to initial densities.
Acanthochromis polyacanthus is currently showing a slight increase.  Labrid abundance estimates
have been variable but generally declining, predominantly due to a decline in Choerodon fasciatus.
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Figure 5.43
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Green Is (No. 16-049) is an inner shelf planar reef with
an area of 7.1 sq.km. There is a vegetated sand cay at
the north-western end. Last surveyed February 1998.

Green Island
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Green Island
This reef has been broadscale surveyed since 1986 when it was initially classified as Recovering from a
previous COTS outbreak.  Coral cover has remained very low since1986.  An apparent small recovery
in coral cover in 1995 and 1996 subsequently stalled as COTS numbers began to rise.  Surveys in
1998 recorded the lowest value for coral cover on this reef since the commencement of broadscale
surveys. Our detailed survey sites monitored since 1993, show that hard coral cover at this reef is the
lowest recorded of all our survey sites on the GBR, with cover declining or stable in all coral groups.
Although COTS populations on this reef are below what would be considered outbreak levels, resident
COTS populations are clearly having an impact on coral cover.  Green Island is currently classified as
Recovering, however we have seen few signs of this in 12 years of continuous monitoring and the
prognosis for recovery remains poor.  Low levels of bleaching have also been recorded on this reef.

The decrease in coral cover and associated habitat is reflected in the decline of Chaetodontids. This
trend is being driven mainly by Chaetodon aureofasciatus, C. baronessa, and C. trifasciatus.
Labrids have been variable at species level but generally declining. Pomacentrus counts have been
stable except for P. moluccensis which followed the pattern seen at many reefs of increasing until1996
before a current decline, this driving the observed trend in the genus.



 118

Figure 5.44 

Tow  number
0 10 20 30 40 50

%
 c

or
al

 c
ov

er

0

20

40

60

80

100

C
O

T
S

 c
ou

nt

0

1

2

3A

Year

86 88 90 92 94 96 98

C
O

T
S

/to
w

0.0

0.1
%

 c
or

al
 c

ov
er

0

20

40

60

80

100 B

Live coral cover 
COTS count

COTS/tow 

Median live coral cover 

Current coral cover and COTS

Historical coral cover and COTS

Major Benthic Groups

M
ea

n 
%

 C
ov

er

0

25

50

75

100

Major Coral Families

Survey year

93 94 95 96 97 98

0

5

10

15

20

Acroporidae Groups

Survey year
93 94 95 96 97 98

M
ea

n 
%

 C
ov

er

0

5

10

15

20

C D

E

Hard Coral +/.
Soft Coral

Algae -/. Pociloporidae

Acroporidae +/.
Faviidae

Poritidae

Montipora

Acropora Tabulate +/.
Acropora Other

Hastings (No. 16-057) is a middle shelf crescentic reef
with an area of 10.2 sq.km. Last surveyed January
1998.

Hastings
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Hastings
This reef has been broadscale surveyed since 1986. Over this time coral cover has shown little change
remaining at moderate levels.  Detailed coral surveys, conducted since 1993, show hard coral cover has
increased by 7% to 27.8% due to an increase in the percent cover of Acropora spp. The relative
abundance of Isoporid Acropora is high on this reef. The cover of algae has decreased since surveys
began while soft coral cover has remained low.  This reef was originally classified as Recovering from
COTS activity when first surveyed. Given the slow increase of coral cover, the reef remains classified as
Recovering.  Numbers of COTS detected periodically on this reef are lower than those considered to
impact significantly on coral cover.  There are isolated records of coral bleaching from this reef.

The larger reef fish have been very stable over the survey period. The increase in Chaetodontidae
possibly reflects the increasing coral cover while decreases in Siganidae are more an artifact of variable
counts of Siganus corallinus and S. punctatus rather than real trends. The Pomacentridae have been
more dynamic. Acanthochromis polyacanthus has increased slightly over the period of survey.  Both
Plectroglyphidodon lacrymatus and Chrysiptera rex declined to relatively stable numbers after the
first survey.  There has been a general increase in Chromis atripectoralis and C. lepidolepis. The
increase in Pomacentrus is due to a large influx of P. lepidogenys between the 1996 and 1997
surveys.
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Figure 5.45 
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Low Islets (No. 16-028) is an inner shelf planar reef  which
surrounds two low wooded islets. The reef has an area of
2.3 sq.km. Last surveyed February 1998.

Low Islets
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Low Islets
This reef has been broadscale surveyed since 1986. During this time there has been no clear trend in
coral cover, which has remained at moderate to high levels.  Detailed surveys, conducted since 1993,
show that hard coral cover is declining or stable in all coral groups and is currently 31% overall.  Corals
of the family Acroporidae have declined significantly during the last two years.  Approximately 12% of
the area monitored is sand. COTS were recorded on this reef in 1998 for the first time since the
commencement of broadscale surveys. COTS numbers are lower than those expected to cause
significant coral mortality, hence the reef is classified as Non-Outbreaking.  Low levels of coral
bleaching were observed during the most recent survey.

The majority of fish groups have been stable over the period of surveys although some groups have
shown an increase in the last survey. This trend is most obvious in Chrysiptera rollandi (three fold
increase) and Siganus lineatus (ten fold increase). The increase in S. lineatus will need verification in
future surveys given the schooling nature of the species. Scarid abundance has remained stable with the
apparent increase in 1998 due solely to high numbers of the highly mobile Scarus rivulatus on one site.
Pomacentrus, show an overall increase which was driven by a strong increase in P. moluccensis until
1996 followed by stable to slightly declining numbers to present.
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Figure 5.46 
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Mackay (No. 16-015) is a middle shelf planar reef with an
area of 4.2 sq.km. A sand cay is located on the southern
end. Last surveyed January 1998.

Mackay
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Mackay
This reef has an extensive history of broadscale survey since 1986.  Coral cover remained constant
over the first four survey periods then increased between 1991 and 1993, followed by declines to
present day.  COTS were recorded in low numbers in 1993 and have been recorded during  all
subsequent surveys.  The most recent survey revealed relatively large numbers of COTS and a
stabilisation in coral cover.  This reef is currently classified as an Incipient Outbreak.  Detailed benthic
surveys began on this reef in 1993 and show that coral cover has only increased marginally on the
transects since this time (2%) with a current level of 29%.  This contrasts with the decline observed at
the larger reef scale, using the manta tow method.  Cover of algae and soft coral have remained fairly
constant since 1993.  There are isolated records of bleaching on this reef.

Abundances of large reef fish have been relatively stable over the period of detailed fish surveys. The
only observed trends are a slight increases in Ctenochaetus spp.(Acanthuridae)  and an increase in
Lutjanus lutjanus (Lutjanidae) between 1993 and 1995. Pomacentrus moluccensis drives the
observed trend for the genus Pomacentrus. This follows the same pattern observed on many reefs in
the region of strong abundance increases until 1996 followed by a stabilisation.  Pomacentrus adelus
has also increased while P. brachialis, P. grammorhynchus, P. lepidogenys, and P. wardi have all
decreased. Amblyglyphidodon curacao abundance has steadily decreased while Acanthochromis
polyacanthus decreased between 1993 and 1995 then remained stable.
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Figure 5.47 
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Michaelmas (No. 16-060) is a middle shelf crescentic
reef with an area of 30 sq.km. There is a vegetated sand
cay on the south-western end. Last surveyed January
1998.

Michaelmas
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Michaelmas
This reef has an extensive history of broadscale survey since 1986. The coral cover shows an apparent
decline from moderate to low levels in the initial years of survey and has remained generally low since
this time.  This situation is not reflected in the detailed coral surveys conducted since 1993 which show
hard coral cover increasing by 8.7% due primarily to an increase in Acropora spp.  Hard coral cover
has not changed since 1997 and is currently moderately high on the sites at 27.8%. The cover of algae
has decreased while soft coral cover has remained stable.  This apparent contradiction between the
manta tow and video transect methods is explained by the scale of each survey method.  The aerial
photo shows that the area of the detailed surveys covers only a small percentage of the total perimeter
of the reef and so the increase in coral cover in the north eastern part of the reef is not reflective of
changes in other areas of the reef.  COTS populations observed on this reef have generally been
observed on the south western corner of the reef while the coral on the survey sites remains unaffected.
Low numbers of COTS have been observed in most years on this reef.  Numbers are lower than
normally considered causative of widespread coral mortality, however given the low coral cover we
consider COTS are adversely affecting coral growth.  Michaelmas reef is currently classified as Non-
Outbreaking.  There are isolated records of coral bleaching on this reef.

Increasing hard coral cover on the survey sites is reflected in increasing abundance of the
Chaetodontids;  Chaetodon citrinellus, C. melannotus, C. pelewensis, C. trifascialis and C.
trifasciatus.  The apparent increase in Pomacentrus abundance is more likely an artifact of variable
counts of P. lepidogenys, rather than general increases, although P. philippinus and P. bankanensis
show slight current increases.  The decline in Chrysiptera stems from abundance being higher in the
first survey with abundances of the dominant species C. rex stable over the last five years.  Abundance
of Plectroglyphidodon lacrymatus declined to 1995,  but have been increasing steadily since then.
The observed increase in Lutjanidae is an artifact of highly variable counts of Lutjanus fulviflamma,
which appear  sporadically on one site in high numbers.
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Figure 5.48
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Opal (2) (No. 16-025) is an outer shelf crescentic reef
with an area of 24.7 sq.km. Last surveyed January 1998.

Opal (2)
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Opal (2)
Broadscale surveys have been undertaken on this reef six times since 1986.  Surveys have shown no
appreciable change in coral cover which remains at moderate levels.  This is supported by detailed
benthic surveys (since 1995) which show a stable  hard coral cover of  20.7% with a high relative
abundance of Isoporid Acropora.  This reef is notable for a high percent cover of soft coral (37.7%)
which has remained stable since detailed surveys began.  This reef was initially classified as Recovering
in 1986.  Since this time COTS have only been seen in very small numbers and the reef remains
classified as Recovering.

The fish community on Opal (2) has been relatively stable. The observed trend in Labridae is due to the
absence of Gomphosus varius in 1997. Trends observed in Neopomacentrus and Lutjanidae are
both due to intermittent inclusion of schooling species (N. azysron and Lutjanus gibbus respectively) in
the counts rather than steady changes in abundance. The current increase in Pomacentrus, due mostly
to an increase in P. bankanensis, is the most discernible change in the fish community.  While not
revealed statistically there has also been a decrease in Chaetodontids due to steady declines in two of
the most numerate species Chaetodon citrinellus and C. trifasciatus. There has also been a decline
(though not statistically significant) in Chromis as a result of a steady reduction in numbers of C.
atripectoralis and C. margaritifer.
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Figure 5.49 
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St. Crispin (No. 16-019) is an outer shelf crescentic reef
with an area of 38.19 sq.km. Last surveyed January 1998.

St. Crispin
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St. Crispin
This reef has been broadscale surveyed since 1986. Over this time coral cover has remained at
moderate levels. Detailed benthic surveys show  hard coral cover has increased by 6.8% since surveys
began in 1994, to the current level of 24.1%. The increase is due primarily to Acropora spp.  It is
notable that the cover of soft corals is high and stable at 40.1%.  COTS were observed in 1993 in
numbers lower than those considered to cause significant coral mortality. The reef is currently classified
as Non-Outbreaking.  There are isolated records of coral bleaching from this reef.

The majority of fish groups have been stable with some slight declines. The current decline in
Acanthuridae is due to a general decline in Ctenochaetus spp., Zebrasoma scopas and Z. veliferum.
Plectroglyphidodon lacrymatus drives the observed trend in the genus with declining abundance until
1997 then some subsequent recovery.  The negative trend in Lutjanidae is a result of the inclusion of a
large school of Lutjanus gibbus in 1996 with otherwise stable counts.  The only group increasing is
Pomacentrus due to an influx of P. lepidogenys between the 1997 and 1998 surveys.
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Figure 5.50 
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Thetford (No. 16-068) is a middle shelf crescentic reef with
an area of 7.9 sq.km. Last surveyed February 1998.

Thetford
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Thetford
This reef has been broadscale surveyed since 1986. These surveys showed a general decrease in hard
coral cover through to 1994 followed by a gradual increase to the present moderate coral cover. This is
supported by detailed benthic surveys from 1994 which show a 14.9% increase in percentage cover of
hard coral over the last four years, due largely to an increase in the percent cover of Acropora spp.
Hard coral cover is currently moderately high at 31.1%.  Percent cover of algae has decreased since
surveys began while soft coral cover has remained unchanged.  COTS have been observed on this reef
on a number of occasions with numbers too low to cause significant coral mortality. This reef is
considered to be Recovering from COTS activity.  There are isolated coral bleaching records from this
reef.

The increase in coral cover is reflected in increases in the fish community. Both Chaetodontids
(Chaetodon citrinellus, C. trifasciatus, and C. trifascialis) and Chromis (C. atripectoralis, C.
lepidolepis, C. margaritifer, and C. ternatensis) have shown general increases with higher
abundances currently than during the first two surveys. The increase in Pomacentrus is due to P.
lepidogenys with other species remaining stable. Of the groups showing decreasing abundance;
decreases in Neopomacentrus were due to N. azysron,  the decrease in Labridae is due to higher
counts for Epibulus insidiator and Gomphosus varius in the first survey. The current decrease of
Chrysiptera is likely due to variation in the annual estimates rather than a significant change in
abundance.
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Figure 5.51 
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Figure 5.52 
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Euston (No. 16-063) is an outer shelf patch reef with an
area of 0.7 sq.km. Last surveyed February 1998.

Euston

Evening (No. 15-095) is a middle shelf planar reef with
an area of 8.8 sq.km. Last surveyed February 1998.

Evening
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Figure 5.53 
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Euston
This reef has only been surveyed in 1995 and 1998. Over this time there has been no appreciable
change in coral cover which remains at moderate levels. COTS were observed on this reef during our
most recent surveys and were not in numbers high enough to impact on coral cover.  Euston Reef is
currently classified as Non-Outbreaking.

Evening
This reef has been surveyed on a regular basis since 1986. Over this time coral cover has generally
remained at moderate levels. Initially the reef was classified as Recovering from COTS activity.
Relatively large numbers of COTS were observed on this reef in 1995 when it was reclassified from
Recovering to Incipient Outbreak. Our most recent surveys indicate a decline both in coral cover and
COTS numbers.  Evening Reef is currently classified as Recovering.

Flynn
This reef has been surveyed four times since 1986. Coral cover declined till 1995 before subsequently
recovering to the present moderate levels. In the absence of COTS activity the reasons for this trend
remain enigmatic. No COTS have been recorded on this reef and it is currently classified as Non-
Outbreaking.

Flynn (No. 16-065) is an outer shelf planar reef with an
area of 2.2 sq.km.  Last surveyed February 1998.

Flynn
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Figure 5.54 
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Figure 5.55 
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Norman (No. 16-030) is an outer shelf planar reef with
an area of 4.3 sq.km. Last surveyed  February 1998.

Norman

Pickersgill (No. 15-093) is a middle shelf lagoonal
reef with an area of 17 sq.km. There is a sand cay at
the north-western end. Last surveyed February 1998.

Pickersgill
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Figure 5.56  
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Norman
This reef has an extensive history of manta tow survey since 1986. While coral cover was generally high
in the initial years of survey it dropped to moderate levels by 1991. In the absence of COTS
populations the reasons for this are somewhat enigmatic (though Cyclone Joy did impact reefs in this
area during Dec 1991). Since 1991 coral cover has continued to recover to the current high level.
Although small numbers of COTS have been seen on this reef on a number of occasions these have
been in numbers too low to be considered to cause significant coral mortality. Coral cover increased
between 1986 and 1995 where it has since remained at a very high level. Coral cover is presently high
on this reef which is  classified as Non-Outbreaking.

Pickersgill
This reef has an extensive history of survey since 1986. Originally classified as recovering from COTS
activity, coral cover increased on this reef (in the absence of COTS) up until 1990. Coral cover
dropped appreciably on this reef in 1991 in the absence of COTS populations. The reasons for this are
somewhat recondite (though Cyclone Joy did impact reefs in this area during Dec 1991). Since 1991
there has been little increase in coral cover on this reef while COTS numbers have continued to grow.
This reef is currently classified as an Incipient Outbreak. Future surveys will determine trends in coral
cover, which appears to be decreasing at the present time.

Reef No. 15-092
This reef has been surveyed five times since 1986.  Coral cover has generally remained at moderate to
high levels. An apparent drop (1989 to 1991) and subsequent recovery of coral (from 1991) occurred
in the absence of any observed COTS activity.  This reef is currently classified as Non-Outbreaking.

Reef No. 15-092 is an outer shelf ribbon reef with an
area of 4.2 sq.km. Last surveyed February 1998.

Reef No. 15-092
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Figure 5.57
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Figure 5.58
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Reef  No. 16-013 (a)  is a middle shelf patch reef with an
area of 0.4 sq.km.  Last surveyed February 1998.

Reef  No. 16-013 (a)

Reef No. 16-013 (b) is a middle shelf patch reef with an
area of 0.2 sq.km. Last surveyed February 1998.

Reef No. 16-013 (b)



 137

Figure 5.59 
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Reef No. 16-013 (a)
This reef has only been surveyed  in 1995 and 1998. Over this time there has been no appreciable
change in coral cover which is currently at moderate levels. No COTS have been observed on this reef
and it is currently classified as Non-Outbreaking.

Reef No. 16-013 (b)
This reef has only been surveyed in 1995 and 1998. Over this time there has been no appreciable
change in coral cover which is currently considered to be at a high level. No COTS have been
observed on this reef and it is classified as Non-Outbreaking.

Reef No. 16-013 (c)
This reef has only been surveyed in 1995 and 1998. Initial surveys revealed a high COTS population on
this reef and it was classified as an Incipient Outbreak. Recent surveys reveal COTS are still present in
relatively high numbers on this reef and coral cover has declined to a moderate level from the previous
high cover. Reef No 16-013 (c) is currently classified as an Incipient Outbreak.

Reef No. 16-013 (c)  is a middle shelf patch reef with an
area of 0.2 sq.km. Last surveyed February 1998.

Reef No. 16-013 (c)



 138

Figure 5.60 
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Upolu Cay
This reef has only been surveyed in 1995 and 1998. Over this time there has been no appreciable
change in coral cover which remains at low levels. Although COTS were observed on this reef during
our most recent surveys they were not considered sufficently abundant  to impact on coral cover. Upolo
Cay is currently classified as Non-Outbreaking.

.

Upolu Cay (No. 16-046) is a middle shelf planar reef
with an area of 12.1 sq.km. There is  vegetated sand
cay the western side. Last surveyed February 1998.

Upolu Cay
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Figure 5.61 
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Figure 5.62 
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Feather (No. 17-034) is a middle shelf crescentic reef
with an area of 14.1 sq.km. Last surveyed February
1998.

Feather

Noggin (No. 17-008) is an outer shelf crescentic reef
with an area of 9.2 sq.km. Last surveyed February
1998.

Noggin
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Figure 5.63 
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Feather
This reef has been surveyed extensively since 1986 when it was initially classified as Recovering from
previous COTS activity.  Since this time there has been a gradual increase in coral cover to the current
moderate level.  Although COTS were observed on this reef during our most recent survey, they are in
numbers too low to be considered to impact significantly on live coral cover.  The slow rate of increase
in coral cover on this reef means it remains classified as Recovering, despite the last Active Outbreak
being recorded on this reef in 1983.

Noggin
This reef has been surveyed intermittantly using manta tow six times since 1986.  Coral cover has
generally remained at a moderate level.  Although coral cover declined slightly between 1987 and 1988
it has since recovered to the levels initially recorded on this reef.  COTS have only been observed on
this reef since 1995.  While COTS remain at levels below those considered to cause significant coral
mortality, recent surveys indicate COTS numbers may be increasing.  Future surveys should determine if
this trend continues.  Noggin Reef is currently classified as Non-Outbreaking.

Jessie and Kent Islands
This reef has only been surveyed three times since 1986.  Sampling suggests that there has been little
change in coral cover and it remains at a low level.  However, recent surveys indicate a trend of
increasing coral cover.  No COTS have been recorded on this reef and it is currently classified as Non-
Outbreaking.

Jessie and Kent Islands (No. 17-043) is an inner shelf
fringing reef surrounding a high continental island. Last
surveyed February 1998.

Jessie and Kent Islands
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Figure 5.64
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Figure 5.65 
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Hutchison Island (No. 17-043) is an inner shelf fringing
reef with an area of  0.3 sq.km which surrounds a high
wooded continental island. Last surveyed February 1998.

Hutchison Island

Potter (a) (No. 17-059) is an outer shelf submerged
reef with an area of 15.7 sq.km. Last surveyed Feb-
ruary 1998.

Potter (a)
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Figure 5.66 
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Hutchison Island
This reef has only been surveyed three times since 1986.  The manta tow surveys show  an appreciable
increase in coral cover in recent years to a moderate level.  No COTS have been recorded on this reef
and it is currently classified as Non-Outbreaking.

Potter (a)
This reef has been surveyed five times since 1986.  Surveys indicate a gradual increase in coral cover to
the present moderate levels.  COTS numbers on this reef appear to be on the rise, however they still
remain in numbers too low to be considered to cause significant coral mortality.  Potter (a) Reef is
currently classified as Non-Outbreaking.

Scott
This reef has only been surveyed four times since 1986.  Initially this reef was classified as Recovering
from COTS activity recorded before the advent of broadscale surveys.  Our data indicate a small but
gradual recovery of coral cover to the present moderate level.  Our most recent surveys suggest a
dramatic rise in COTS numbers to a level expected to cause significant coral mortality and consequently
Scott Reef is currently classified as an Incipient Outbreak and coral cover is expected to decline.

Scott (No. 17-004) is a middle shelf crescentic reef
with an area of 16.7 sq.km. Last surveyed February
1998.

Scott
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Figure 5.67 
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Wardle
This reef has been surveyed seven times since 1986.  Initially this reef was classified as Recovering from
COTS activity recorded prior to the advent of broadscale surveys.  Our surveys  indicate a small but
gradual recovery of coral cover to the present moderate level.  The most recent surveys reveal a
dramatic rise in COTS numbers to a level expected to cause significant coral mortality.  This is also
reflected in coral cover estimates, which were lower in 1998.  Wardle Reef is currently classified as an
Incipient Outbreak.

Wardle (No. 17-032) is an outer shelf crescentic reef
with an area of 11.8 sq.km. Last surveyed February
1998

Wardle
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Figure 5.68
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Chicken (No. 18-086) is an outer shelf crescentic reef
with an area of 3.8 sq.km. Last surveyed May 1998.

Chicken
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Damsel Fish Genera
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Chicken
This reef has been surveyed since 1986 using the manta tow technique.  The initial survey
indicated a high coral cover which then dropped to a moderate level in 1989, most likely as a
result of COTS which were present in elevated numbers at this time.  Since 1989 coral cover has
remained stable at moderate levels up until the present time.  Detailed coral surveys on the
northeastern flank show that coral cover has increased by 11.8% since surveys began in 1993 and
is currently moderately high at 42.7%.  This reflects increases in tabulate and corymbose Acropora and
to a lesser extent Porites spp.  The abundance of Pocillopora spp. has remained relatively high.  The
cover of algae has declined since detailed surveys were initiated.  No COTS have been recorded since
1989 and the reef is currently classified as Non-Outbreaking.  Low levels of coral bleaching were
recorded in 1998.

Major trends in the fish community follow the general pattern observed on many reefs, of
increasing abundance to 1996 then a decline as seen in Chaetodontidae (Chaetadon citrinellus),
Neopomacentrus (N. azysron) and Pomacentrus (P. bankanensis, and P. lepidogenys).  The
increase in Acanthuridae is due primarily to A. nigrofuscus, Ctenochaetus spp. and Zebrasoma
scopas, all of which have had variable estimates of abundance.  The observed trends in Chromis,
Scaridae and Siganidae result from intermittent inclusion of schooling species (C. weberi, Scarus
globiceps and S. sordidus, and Siganus corallinus respectively).
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Figure 5.69
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Davies (No. 18-096) is a middle shelf lagoonal reef with
an area of 13.8 sq.km. Last surveyed May 1998.

Davies
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Davies
This reef has been surveyed annually since 1986 using manta tow.  Initial surveys show increasing
COTS densities. The reef was classified as an Active Outbreak from 1988 through to 1993 when it
was reclassified as Recovering.  However, the elevated COTS populations appeared to have had only
a minimal effect on coral cover at the reef scale with cover largely unaffected.  Recent surveys show an
increase in coral cover to the present high level as well as a concomitant increase in COTS numbers.
Detailed coral surveys since 1993 show that hard coral cover on this reef has increased by 12.6%
through to 1998 and is currently moderately high at 41.9%.  An observed decrease in tabulate
Acropora spp. in 1997 is attributed to the effects of heavy wave action resulting from Cyclone Justin
which was active in the region in February 1997. Acroporidae and Favidae have increased with other
groups remaining stable.  Low level bleaching was recorded in 1998.  COTS are presently in numbers
which are not causing significant coral mortality and this reef is currently classified as Recovering.

Increasing coral cover is reflected in the fish community with predominantly stable or increasing
trends.  Chaetodontids have shown a steady increase largely due to Chaetodon baronessa, C.
rainfordi, and C. trifasciatus.  The trend in Chromis was due to increases in C. atripectoralis
between 1993 and 1994.  Pomacentrus moluccensis and P. lepidogenys both increased strongly
until 1996 before a period of slight decline.  The increase in Lethrinidae is a result of high counts
of Lethrinus miniatus in 1997.  This species was noted to be very active in shallow reef areas in
the region for several months following the passage of Cyclone Justin.  The only group showing a
statistical overall decline was Plectroglyphidodon.
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Figure 5.70
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Dip (No. 18-039) is an outer shelf crescentic reef with
an area of 5.6 sq.km. Last surveyed May 1998.

Dip
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Dip
This reef has been surveyed since 1986 using the manta tow technique.  Initial surveys revealed high
COTS densities and the reef was consequently classified as an Active Outbreak.  Coral cover declined
dramatically in the initial years of survey before showing some recovery then stabilising from 1993.
Detailed coral surveys, started in 1993, show that there has been a gradual increase in coral cover from
9% to the current level of 25.5% on the northern flank of the reef.  The increase reflects increases in
tabulate and corymbose Acropora and to a lesser extent Montipora spp. and Poritidae.  The reef is still
classified as Recovering from the earlier COTS outbreak.  Low levels of coral bleaching were recorded
during 1998.

Pomacentrus lepidogenys dominates the observed trend in Pomacentrus with a large increase in
abundance between the 1995 and 1996 surveys followed by a current decrease.  The three most
abundant species of Labridae (Gomphosus varius, Halichoeres hortulanus and Hemigymnus
fasciatus) have been steadily declining since the 1995 survey.  The observed trend in Neopomacentrus
is due to N. azysron, however the variability in abundance estimates suggest caution in assigning an
increase to this species.
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Figure 5.71
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Havannah Island (No. 18-065) is an inner shelf fringing
reef which surrounds a high continental island. The reef
has an area of .3 sq.km. Last surveyed April 1998.

Havannah Island
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Havannah Island
This reef has been surveyed five times since 1987 using manta tow.  Coral cover increased between
1987 and 1997 then decreased dramatically in 1998.  Detailed coral surveys show that hard coral
cover declined from 43.6 % in 1997 to 28.3 % in May 1998.  This reef was dominated by Acropora
spp in 1997 (35% cover).  By 1998, cover of Acropora had declined dramatically to 21.9%.  The
observed coral mortality is attributed to a failure of the corals to recover from a large scale bleaching
event which occurred over the 1997/98 summer on the GBR.  Extensive bleaching was observed on
Havannah during surveys in May 1998.  Consequently we decided to re-survey the reef in August 1998
to examine the effects of bleaching. By the time of re-survey Acropora cover had further declined to
16.1% with the dead Acropora densely colonized by turf and small non-fleshy macro algae.  Corals of
the family Pocilloporidae present in the 1997 survey were not recorded in August 1998: this is also
attributed to the bleaching event.  Very little soft coral was observed to be bleached during surveys and
overall the cover has not changed, indicating that bleaching did not affect the dominant soft coral
species on this reef (Clavularia sp. and Briarium spp.).  No COTS have been recorded using manta
tow on this reef and it is currently classified as Non-Outbreaking.

Two surveys is insufficient to assess changes in the fish community however no fish taxa appear
to have markedly declined as a result of the bleaching induced coral mortality.
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Figure 5.72
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John Brewer (No. 18-075) is a middle shelf lagoonal
reef with an area of 17.5 sq.km. Last surveyed April
1998.

John Brewer
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John Brewer
This reef has been surveyed since 1986 using manta tow.  Previous surveys indicate that John Brewer
was subject to extremely high COTS populations prior to 1986.  This was confirmed in the initial year
of survey when the reef was classified as an Active Outbreak.  COTS populations subsequently
declined and coral cover remained low through to 1990. When the reef was resurveyed in 1993, coral
cover had increased to moderate levels. 1998 overall coral cover was at high levels. Detailed coral
surveys since 1993 show that hard coral cover reached a maximum in 1996 then declined slightly in
1997 with the impact of Cyclone Justin resulting in a decline in tabulate Acropora.  The cover of soft
corals also declined from 6% to 2.34% in the last survey period.  There has been a corresponding
increase in algae.  Low numbers of COTS were observed in 1997 and a low level of coral bleaching
was recorded in 1998.  The reef is currently classified as Recovering from an earlier COTS outbreak.

The general increase in coral cover to 1996 is reflected in the fish community with all groups
stable or increasing over this period. Amblyglyphidodon (A. curacao), Pomacentrus (P.
moluccensis and P. lepidogenys), and Chaetodontidae (Chaetadon baronessa, C. rainfordi, and C.
trifasciatus) all increased to 1997 before a slight decline. Chromis continued to increase over the
period of surveys largely due to C. atripectoralis.
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Figure 5.73 
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Middle
Fixed transects have been surveyed on this reef annually since 1993 (except 1994).  Manta tow
surveys are not conducted on this reef due to the poor water visibility.  It is worth noting that the video
surveys still produce the required quality footage even when visibility is 2 m or less.  Coral cover has
remained fairly constant since surveys began and was recorded at 34.2% in 1998.

A significant bleaching event was observed during the 1998 surveys which affected both hard and soft
corals on Middle Reef. Cover of the hard coral family Agariicidae decreased from 8.3% in 1996 to
7.2% in 1998.  The majority of corals in the family Pocilloporidae were bleached.  Relatively high cover
of bleached soft corals (mostly Sinularia spp) were recorded.

As a result of the observed bleaching Middle Reef was resurveyed in August 1998. Overall hard coral
cover remained stable over the surveys however caution in interpretation of the last survey is suggested
as only three transects within each site were surveyed due to time constraints. Low levels of  mortality
were observed in the two dominant hard coral families, Agariciidae (5.2% cover) and Poritidae.  The
cover of Pocilloporidae decreased to below a detectable level.   The percent cover of Acroporidae
was unchanged from previous surveys. Soft coral cover had not recovered from the bleaching event,
declining from 13.6% in 1997 to 6.9%.

Large reef fish are not surveyed because of the poor visibility. The Pomacentrid community has low
diversity with only three genera returning abundances suitable for analysis. The trends observed for
Acanthochromis polyacanthus showed a strong increase from 1996 to 1998 and Neopomacentrus
bankieri declined over the same period.  These trends were not statistically significant as a result of the
model specifications rather than magnitude of change.
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Figure 5.74
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Myrmidon (No. 18-034) is an outer shelf planar reef
with an area of 6.2 sq.km. Last surveyed May 1998.

Myrmidon
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Damsel Fish Genera
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Myrmidon
This reef has been surveyed extensively since 1987 using manta tow.  There has been little appreciable
change in coral cover which has remained at moderate levels.  Detailed coral surveys on the northern
flank of the reef show that hard coral cover has increased by 9% since 1993, and is currently
moderately high at 35.4%.  This change is due to increases in the Acropora spp., Faviidae and
Montipora spp. with other groups remaining stable.  The abundance of Favids is relatively high at
10.35% and this includes some large colonies of Diploastrea heliopora.  COTS were observed on our
most recent surveys and these are the first observed on this reef in the twelve years of manta tow
surveys.  Their abundance is currently well below the level expected to cause significant coral mortality
and consequently the reef is currently classified as Non-Outbreaking.  Low level coral bleaching was
also recorded in 1998.

As with the benthic community most fish groups have increased or remained stable over the
years of survey.  Chaetodontidae show a general increase and although variable at the species
level, Chaetodon citrinellus, C. ornatissimus, C. pelewensis, C. trifasciatus and Forcipiger
flavissimus, have all increased.  The increase in Pomacentrus is due to P. lepidogenys, which
peaked in 1996.  Chromis counts were stable for most species over the first five years with
current increases in Chromis atripes, C. iomelas, C. lepidolepis and C. margaritifer.  After a
decline in Plectroglyphidodon lacrymatus between 1993 and 1994, P. dickii, P. johnstonianus,
and P. lacrymatus have all been steadily increasing.  The only group showing an overall decline
are the Labridae and this was driven mostly by declining numbers of Gomphosus varius and
Halichoeres hortulanus.  The �apparent� decline in Neopomacentrus is more likely to have
resulted from the periodic inclusion of small schools on the transects rather than real change.
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Figure 5.75

Pandora (No. 18-051) is an inner shelf planar reef with
an area of .6 sq.km. There is a shingle cay on the west-
ern side. Last surveyed February 1998.

No manta tow surveys conducted at Pandora
Reef due to poor visibility

Pandora

Bleaching

Agariciidae

Acroporidae

Poritid
ae

Soft C
oral

0

5

10

15

20

25

Major Benthic Groups

M
ea

n 
%

 C
ov

er

0

20

40

60

Major Coral Families

93 94 95 96 97 98

0

20

40

60

Acroporidae Groups

Survey year
93 94 95 96 97 98

M
ea

n 
%

 C
ov

er

0

20

40

60

C D

E F

Hard Coral
Soft Coral
Algae

Pociloporidae

Acroporidae
Faviidae

Poritidae

Montipora
Acropora Tabulate
Acropora Other

Bars for each family represent 
surveys from 
Jun. 97 and Feb.98 

Faviidae

Pocillo
poridae

0

2

4

6

Bleached
Not bleached



161

Damsel Fish Genera
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Pandora
This reef has been surveyed annually since 1993 using visual census for fish and benthic video
transects.  Manta tow surveys are not conducted on this reef due to poor water clarity.  There
have only been minor fluctuations in hard coral cover. When last surveyed, hard coral cover was
high at 59.5%. Moderate bleaching was evident in all the abundant hard and soft coral families
during the last survey in January 1998.  The Townsville region experienced a major flood event in the
second weekend in January and it has been reported by other AIMS scientists (Devantier, Fabricius
pers. comm.) that four weeks after the floods, around 80% of the corals on Pandora were bleached to
a depth of around 10 metres.  Large scale mortality has subsequently occurred.  Future surveys of
Pandora Reef will provide detailed quantitative information on the effects of this bleaching event.

Visual census surveys indicate that the fish community is relatively depauperate albeit dynamic
with only two of the groups analysed not showing some trend.  In the case of Siganidae, Scaridae
and Lutjanidae the observed trends are an artifact of the periodic inclusion of schools (Siganus
doliatus and S. lineatus, Scarus rivulatus, and Lutjanus carponotatus respectively) rather than
steady changes in abundance.  Acanthochromis polyacanthus has shown a steady decline in
abundance as has Neoglyphidodon (due mainly to N. melas).  The trend in Pomacentrus is driven
by P. moluccensis which increased strongly until 1995 before declining to a stable point in years
1997 and 1998. Other Pomacentrus species have remained stable.  Neopomacentrus bankieri
increased until 1996 before declining.
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Figure 5.76
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Rib (No. 18-032) is a middle shelf crescentic reef with
an area of 5 sq.km. Last surveyed April 1998.

Rib
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Rib
This reef has been surveyed using manta tow since 1987 using manta tow.  Earlier studies indicate that
Rib Reef had extremely high COTS populations prior to this time.  Between 1990 and 1994 coral
cover increased markedly on this reef and the cover has subsequently stabilised at the present high level.
Detailed coral surveys since 1994 show that coral cover reached a maximum of 68% in 1996. A
decrease in 1997 was is attributed to the impact of Cyclone Justin on tabulate Acropora spp.  Hard
coral cover is still moderately high at 43.8%.  The Acropora community on this reef is diverse with
tabulates dominant while branching and bottlebrush species are also relatively abundant. Soft coral
cover has declined.  Recently, low numbers of COTS have been observed, however, they are presently
in numbers too low to cause significant coral mortality.  Rib Reef is still classified as Recovering from the
last historical outbreak of COTS.  Low levels of coral bleaching were recorded in 1998.

The effects of Cyclone Justin on tabulate Acropora spp. may also be influencing the observed
patterns in Chaetodontidae (Chaetodon baronessa, C. plebeius, C. rainfordi, and C. trifascialis),
Chrysiptera (Chrysiptera rollandi), and Pomacentrus (Pomacentrus  lepidogenys and P.
moluccensis), all of which showed increases up until 1996 and subsequently declined.  Chromis
also increased initially then declined.  Amblyglyphidodon curacao has steadily increased over the
entire survey period. Plectroglyphidodon lacrymatus and Acanthochromis polyacanthus
abundance were initially stable then increased.
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Figure 5.77

Fantome Island (No. 18-053) is an inner shelf fringing
reef which surrounds a high continental island. The
reef has an area of 1.9 sq.km. Last surveyed February
1998.
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Figure 5.78

Reef No. 18-099  is a middle shelf crescentic reef with an
area of 12.5 sq.km. Last surveyed May 1998.
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Figure 5.79

Wheeler (No. 18-095) is a middle shelf planar reef
with an area of 1.9 sq.km. There is a small sand cay on
the western side. Last surveyed May 1998.
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Fantome Island
This reef has been surveyed four times since 1990. While coral cover has remained generally low
on this reef, there is some sign of an increase in coral cover during our most recent surveys.  No COTS
have been recorded and it is currently classified as Non-Outbreaking.

Reef  No. 18-099
This reef has been surveyed five times since 1990.  Initial surveys revealed extremely high COTS
numbers and a low coral cover.  Consequently it was classified as an Active Outbreak up until
1991.  COTS subsequently declined and coral cover presently appears to be increasing on this
reef.  No COTS were seen on this reef during our most recent surveys.  Coral cover is moderate
and the reef is currently classified as Recovering.

Wheeler
This reef has been surveyed extensively since 1986 when it was classified as an Active Outbreak.
COTS numbers continued to increase on this reef until 1988, before declining.  Coral cover declined
from a high level in 1986 to a low level in 1989.  Since then coral has recovered, particularly in the last
few years, to approach the high levels originally recorded on this reef before the outbreak.  The reef is
currently classified as Recovering.

Wheeler
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Figure 5.80 
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Figure 5.81 

Elizabeth (No. 19-082) is a middle shelf crescentic reef
with an area of 7.5 sq.km. Last surveyed April 1998.
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Bowden (No. 19-019) is a middle shelf crescentic reef
with an area of 9.4 sq.km. Last surveyed May 1998.

Bowden

Elizabeth



169

Figure 5.82

Faith (No. 19-044) is a middle shelf crescentic reef with
an area of 3.8 sq.km. Last surveyed April 1998.
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Bowden
This reef has  been surveyed extensively since 1986.  During this time COTS populations initially rose
spectacularly resulting in the reef being classified as an Active Outbreak from 1989 through to 1991.
Coral cover decreased over this time. With the disappearance of large COTS numbers on this reef
coral cover has subsequently begun to increase. Coral cover is currently at moderate levels and the reef
is classified as Recovering.

Elizabeth
This reef has been surveyed five times since 1988.  Although COTS were observed in the initial years
of survey they were in numbers not considered large enough to cause significant coral mortality. Coral
cover appears to have steadily increased over the period of sampling to the present moderate level. This
reef is currently classified as Non-Outbreaking.

Faith
This reef has been surveyed extensively since 1986. COTS were not recorded until the third year of
survey when they appeared in extremely high numbers. COTS populations subsequently increased,
peaking in 1990 before declining.  In line with the COTS outbreak, coral cover declined on this reef
from moderate to low levels. Coral cover on this reef has increased with the disappearance of COTS
during the nineties and is currently at the moderate levels recorded before the outbreak.  Although
COTS have been observed on this reef in recent surveys, they are not presently in numbers considered
large enough to cause significant coral mortality and the reef is classified as Non-Outbreaking.

Faith
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Figure 5.83 

Holbourne Island (No. 19-103) is an inner shelf fring-
ing reef surrounding a high continental island. The
reef has an area of 1.2 sq.km. Last surveyed April 1998.
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Figure 5.84 

Jacqueline (No. 19-061) is an outer shelf crescentic
reef with an area of 6.2 sq.km. Last surveyed April
1998.
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Figure 5.85

Reef No. 19-098 is a middle shelf lagoonal reef with
an area of 5 sq.km. Last surveyed April 1998.
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Holbourne Island
This reef has been surveyed extensively since 1987.  The initial year of survey revealed extremely high
COTS populations and was classified as an Active Outbreak.  COTS populations and coral cover
subsequently declined on this reef.  Coral cover has remained low since 1990 and shows few signs of
recovery. Consequently, this reef remains classified as recovering from COTS.

Jacqueline
This reef has been surveyed four times since 1988.  Although COTS were observed in the initial years
of survey and again in 1998 they were in numbers not considered large enough to cause significant coral
mortality. Coral cover appears to have remained stable at a moderate level over the period of sampling.
This reef is currently classified as Non-Oubreaking.

Reef No. 19-098
This reef has only been surveyed three times since 1992.  Although COTS were observed on this reef
in the initial year of survey they were observed in numbers too low to cause significant coral mortality.
Interestingly, there was an appreciable drop in coral cover on this reef from a high level in 1995 to the
present moderate level.  This is probably a result of the effects of Cyclone Justin which influenced reefs
in this area in March 1997.  Reef 19-098 is currently classified as Non-Outbreaking.

Reef No. 19-098 
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Figure 5.86
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Border Island (No. 20-067) is an inner shelf fringing reef,
that surrounds a high ,timbered, continental Island. It
has an area 1.3 sq.km. Last surveyed February 1998

Border Island
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Border Island
This reef has been surveyed annually since 1995.  Manta Tow data show that hard coral cover has
remained stable at a moderate level.  Detailed benthic surveys show that the sites are dominated by
Gonipora spp. which has been stable over the survey period (28.8%).  The cover of soft corals has
decreased with a corresponding increase in algal cover.  Of  the area monitored 16% is sand or silt.
No COTS have been observed on this reef which is currently classified as Non-Oubreaking.  Low
levels of coral bleaching were recorded in 1998.

Larger reef fish numbers have been very stable with no groups showing statistically significant trends.
Conversely the Pomacentrid community is in decline.  Acanthochromis polyacanthus, Chromis
nitida, Chrysiptera rollandi, Neopomacentrus bankieri and N. azysron have all declined strongly
and represent the resultant trends in their genera.
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Figure 5.87
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Hayman Island (No. 20-014) is an inner shelf fringing
reef which surrounds two high continental islands. The
reef has an area of 3.8 sq.km. Last surveyed April 1998.

Hayman Island
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Hayman Island
This reef has been surveyed regularly since 1990.  Coral cover has remained stable at a moderate level.
Detailed benthic surveys on the southeastern flank show that hard coral cover has decreased slightly
over the last two surveys to 37.6% in 1998, with a corresponding increase in algal cover.  The
decreases are due to a decline in the percentage cover of branching Acropora spp. and Montipora
spp.  This decline is largely on one site.  Favid corals have continued to increase over the survey period
and the cover of Montipora spp. is relatively high at 10.2%.  No COTS have been observed on this
reef which is currently classified as Non-Oubreaking.  Low levels of coral bleaching were recorded in
1998.

The fish community is in general decline with only the Chaetodontidae (due to Chaetodon
aureofasciatus, C. rainfordi and Chelmon rostratus) and Amblyglyphidodon curacao increasing
over the six years.  Chysiptera rollandi and Neopomacentrus azysron showed major declines in the
first, and first three, years respectively and they have since remained stable.  Labridae (Choerodon
fasciatus, Hemigymnus fasciatus and H. melapterus), Scaridae (S. flavipectoralis, S. ghobban,
and S. sordidus) and Siganidae (S. doliatus) all declined steadily over the surveys.
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Figure 5.88 
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Hyde (No. 19-207) is an outer shelf lagoonal reef with
an area of 12.5 sq.km. Last surveyed February 1998.

Hyde
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Hyde
This reef has been surveyed eight times since 1986 using the manta tow technique.  Over this time there
has been little change in coral cover which has remained stable at a moderate level.  This is supported
by detailed coral surveys conducted since 1993 which show a stable coral cover of 18%.  It is
noteworthy that the cover of soft coral at this reef is the maximum recorded on our sites (44.6%).  The
cover of sponges is also relatively high (11.6%) with algal cover being correspondingly low (12.7% ).
No COTS have been observed and the reef is currently classified as Non-Oubreaking.  Low levels of
bleaching were recorded in 1998.

As with the mid shelf reefs of this sector, stable larger reef fish communities contrast with declines in the
damsel fish community.  Acanthochromis polyacanthus and Neoglyphidodon melas both decline over
the period of survey.  The current decline in Chrysiptera rex describes an influx in 1996 which did not
reappear in the following survey.  The trend in Plectroglyphidodon reflects a decline followed by a
current increase in P. lacrymatus.
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Figure 5.89
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Langford and Bird Islands

Langford and Bird Islands (No. 20-019) is an inner shelf
fringing reef surrounding two high continental islands
and a sand cay. The reef has an area of 2.5 sq.km. Last
surveyed March 1998.
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Langford and Bird Islands
This reef has been surveyed using manta tow  five times since 1990.  The coral cover has remained low.
Manta tow surveys were not conducted on this reef in 1998 due to poor water visibility.  Detailed
benthic surveys reveal that this reef has a relatively high abundance of silt and sand on our sites (32% in
1998).  The cover of hard coral cover is relatively low (17.9%) and has not changed over the survey
period.  Goniopora and Porites are the most abundant genera. Soft corals and algae are also stable.
COTS have not been observed  and the reef is currently classified as Non-Outbreaking.  Moderate
levels of bleaching were recorded (approx 20% of hard corals) in 1998.

Eight fish groups show some trend in abundance with only one, Lutjanidae, showing an increase.
Acanthochromis polyacanthus, Amblyglyphidodon curacao, Chrysiptera rollandi, and the Scarids
Scarus flavipectoralis, S. niger, and S. rivulatus all show steady declines over the six years of
surveys.  Labrids have been declining since 1995 due predominantly to declines in Cheilinus fasciatus
and Choerodon fasciatus.  All three species of Neopomacentrus, N. azysron, N. bankieri, and N.
cyanomos declined substantially after the first survey to very low abundances.  Most species of
Pomacentrus have declined over the period however some showed a brief increase in 1996 before
again declining.
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Figure 5.90
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Rebe (No. 19-209) is an outer shelf planar reef with
an area of 8.1 sq.km. Last surveyed February 1998

Rebe
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Rebe
This reef has been surveyed six times since 1990 using the manta tow technique.  These surveys show
that initially, coral cover remained stable at a moderate level before entering a period of decline from
1994.  The reason for this decline in the absence of COTS is not clear however it is suggested that
Cyclone Celeste (1996) and Cyclone Justin (1997) may have exacerbated the decline.  Coral cover has
currently returned to moderate levels.  This trend is not supported by detailed coral surveys on the
southeastern flank, which show that hard coral cover has remained relatively stable since 1994 and is
currently at 19.1%.  The cover of soft coral is relatively high (36.2%) and has been increasing over the
survey period.  The cover of sponges is also relatively high at 11.6%.  The increase in soft corals has
resulted in a corresponding decrease in the cover of algae.  No COTS have been observed on this reef
which is classified as Non-Oubreaking.  Low levels of coral bleaching were recorded during 1998.

The trends in the fish community are very similar to those seen at Hyde. Again there is a general decline
in Acanthochromis polyacanthus and a peak in abundance of Chrysiptera rex in 1996 which
disappeared in the following survey.  Declines in Pomacentrus include a steady decline in P.
bankanensis and a current decline of P. lepidogenys from a high in 1996.   Amblyglyphidodon
curacao approximately doubled in the last survey.  The trend in Neopomacentrus is derived from the
alternate inclusion of small schools which is likely to be an effect of tidal state rather than real population
fluctuations.
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Figure 5.91
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Reef No. 19-131 is a middle shelf lagoonal reef with an
area of 5.6 sq.km. Last surveyed March 1998.

Reef No. 19-131
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Reef No. 19-131
This reef has been surveyed regularly since 1989 using the manta tow technique.  These surveys reveal
a gradual trend of increasing coral cover until 1996 followed by a decline to current moderate levels.
Detailed coral surveys, conducted since 1994 on the southeastern flank show that hard coral cover
decreased from a maximum of 62% in 1996 to 35% in 1998.  The drop in coral cover observed in both
the detailed coral surveys and the manta tows, is attributed to the effects of cyclone Justin which
remained off the Whitsunday coast for an extended period in March 1997 causing strong winds and
high seas which impacted on the reefs in this area.  Soft coral abundance has been consistently low
(approximately 1%).  No COTS have been observed on this reef and it is currently classified as Non-
Oubreaking.  Low level coral bleaching was recorded in 1998.

Trends in fish abundance have been very variable between groups with schooling species influencing
several artificial trends.  The trend in Lethrinidae is due to a school of Lethrinus nebulosus being
included in 1996, whilst a school of Naso tuberosus in 1998 influences the observed trend in the
Acanthuridae.  Scarid abundance is highly variable at the species level however the majority of species
do show higher counts in 1998 than in previous years.  Chaetodontid abundance is relatively stable.
Chrysiptera rollandi counts have been variable and therefore the current increase will need verification
in future surveys.  The decline in Serranidae is due to Plectropomus leopardus.  The current decline in
Pomacentrus is due to most species declining from 1996.
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Figure 5.92

Tow  number
0 5 10 15 20 25

%
 c

or
al

 c
ov

er

0

20

40

60

80

100

C
O

T
S

 c
ou

nt

0

1

2

3A

Year

86 88 90 92 94 96 98

C
O

T
S

/to
w

0.0

0.2

0.4

0.6

0.8
%

 c
or

al
 c

ov
er

0

20

40

60

80

100 B

IO

Live coral cover 
COTS count

Current coral cover and COTS

Historical coral cover and COTS

COTS/tow 

Median live coral cover 

Major Benthic Groups

M
ea

n 
%

 C
ov

er

0

25

50

75

100

Major Coral Families

Survey year

93 94 95 96 97 98

0

5

10

15

20

25

Acroporidae Groups

Survey year
93 94 95 96 97 98

M
ea

n 
%

 C
ov

er

0

5

10

15

C
D

E

Hard Coral ./-
Soft Coral -/-
Algae +/. Pociloporidae ./-

Acroporidae ./-
Faviidae +/-

Poritidae

Montipora

Acropora Tabulate ./-
Acropora Other ./-

Reef No. 19-138 is a middle shelf lagoonal reef with
an area of 2.5 sq. km. Last surveyed March 1998.

Reef No. 19-138
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Reef No. 19-138
This reef has been surveyed regularly since 1990 using the manta tow technique.  COTS were observed
in relatively high numbers in the initial year of survey, then in low numbers the next year.  Coral cover
was low at this time suggesting that we may have observed the tail end of an outbreak cycle.  Coral
cover was slow to recover but increased from 1993-1995 before subsequently declining to a current
moderate level.  This trend is supported by detailed coral surveys on the southern flank conducted since
1993, which show hard coral cover increasing to a maximum of 43% in 1996 before a significant
decline observed in 1997.  The current level observed in 1998 was a moderately low 17%. We
attribute the decline between 1996 and 1997 to the effects of Cyclone Justin (See description in Reef
No. 19-131).  The data show that the Acroporidae were the most affected family and in particular the
tabulates.  Soft coral abundance is low and decreasing.  No COTS have been observed on this reef
during recent surveys and it is currently classified as Non-Oubreaking.  Low levels of coral bleaching
were recorded in 1998.

The declining damsel fish community contrasts with the larger reef fish, which have been predominantly
stable.  The only declines in the larger reef fish have been a slight drop in the Serranid, Plectropomus
leopardus, and decreases in the two common Chaetodontids, Chaetodon aureofasciatus and C.
rainfordi, from high abundances in 1996.  The increase in Acanthuridae is due to an increase in Naso
unicornis during the last survey.  In contrast Acanthochromis polyacanthus and Neopomacentrus
azysron both decreased over the surveys.  The trend in Chromis is driven by a crash in C. nitida from
586 individuals in the first visit to just one in 1998.  Pomacentrus numbers have been in general decline
and it is only high abundances of P. moluccensis and P. lepidogenys in 1996 that restrict the trend to a
current decline.
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Figure 5.93
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Reef No. 19-159 is an outer shelf lagoonal reef with an
area of 3.8 sq.km. Last surveyed February 1998.

Reef No. 19-159
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Reef No. 19-159
This reef has been surveyed regularly since 1986 using the manta tow technique.  Coral cover has been
stable at a high level over the period of survey.  A decline in coral cover was observed between 1996
and 1997 and this is attributed to the effects of Cyclone Justin, which sat off the Queensland coast for
an extended period in March 1997 resulting in large seas impacting on the reefs in the Whitsunday�s.
Detailed coral surveys have been conducted on this reef since 1993.  The sites are less exposed and
located on a steeper slope than Rebe and Hyde and declines in coral cover observed during manta
tows were not observed in the area of the sites.  Hard coral cover is moderately high (44%) and
increased up to the last survey.  Changes in coral cover during the survey period are due largely to
changes in Acropora with tabulate, branching and Isoporid species all increasing.  The cover of soft
coral has decreased slightly while algae has remained relatively stable.  Only one COTS has been
observed on this reef during the seven surveys, the reef is currently classified as Non-Oubreaking.  Low
levels of bleaching were recorded in 1998.

Reef fish communities have been stable over the last four years with the only declines occurring between
the first and second survey.  The species declining over this period, are the Serranid, Plectropomus
leopardus, Chrysiptera rex, Neopomacentrus azysron, and Plectroglyphidodon lacrymatus.  The
increase in Chaetodontidae is due primarily to steady increases in Chaetodon aureofasciatus and C.
rainfordi.  The increase in Siganidae is due to a school of Siganus punctatus in 1998.
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Figure 5.94
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Reef  No. 20-104  is a middle shelf lagoonal reef with an
area of 1.9 sq.km. Last surveyed March 1998.

Reef No. 20-104
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Reef No. 20-104
This reef has been surveyed regularly since 1989, using the manta tow technique.  COTS were
observed at outbreak levels during the first two years of surveys and coral cover declined to very low
levels.  Coral cover remained extremely low until 1996.  Cyclone Justin caused strong winds and large
seas during March 1997 and coral cover was observed to have declined in the next survey in 1997.
Detailed coral surveys, conducted since 1993 on the southeastern flank show a slight increase in coral
cover to 25.8% in 1996 then a decline, to 1997 followed by a slight recovery to a current cover of
22.4%.  The decline in coral cover observed in 1997 was due mainly to a decline in Acropora spp. and
in particular the tabulates.  We attribute the decline to the effects of Cyclone Justin.  It is worth noting
that this reef has a relatively high cover of encrusting Montipora and these corals appeared unaffected
by the cyclone.  Low levels of coral bleaching were recorded during the most recent surveys.

Whilst the larger fish community has remained relatively stable the already depauperate damsel fish
community shows current decline. Chromis nitida, Chrysiptera rex and two Pomacentrus species, P.
lepidogenys and P. moluccensis were all increasing up until 1996 after which time they decreased
rapidly (C. nitida going from 777 in 1996 to zero in 1998).  The increase in Chaetodontidae is
predominantly reflecting increases in Chaetodon aureofasciatus and C. rainfordi.  Higher counts of
Naso unicornis and N. tuberosus in 1998 than other years, drives the observed increase in
Acanthuridae.
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Figure 5.95
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Hardy
This reef has an extensive history of broadscale surveys extending back to 1986.  An Active Outbreak
of COTS was first observed  in 1989 and the reef has then continued to support smaller COTS
populations which have been observed on most survey.  There was an initial drop in coral cover
between 1986 and 1989 corresponding to the elevated COTS populations but the reef soon recovered.
Interestingly recent surveys indicate a trend of decreasing coral cover on this reef in the absence of large
scale COTS activity.  Several large cyclones have had an effect on the region in recent years.  Cyclone
Celeste (Category 3 ) passed to the north of Hardy in January 1996 and Cyclone Justin, remained off
the Whitsunday coast in March 1997 for an extended period resulting in high winds and large seas in the
area.  Large scale physical damage has been observed at the southern end of the reef  during recent
manta tow surveys and it is suggested that both of these cyclones have impacted on the coral cover in
recent times.  Hardy reef is currently classified as Non-Oubreaking.

Hardy (No. 19-135) is a middle shelf crescentic reef
with an area of 41.9 sq.km. Last surveyed April 1998

Hardy
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Figure 5.96 

Ben (No. 20-113) is an outer shelf planar reef with an
area of 1.2 sq.km. Last surveyed February 1998.
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Figure 5.97 

Briggs (No. 20-299) is a middle shelf lagoonal reef
with an area of 0.5 sq.km. Last surveyed March 1998.
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Figure 5.98 

Credlin (No. 20-287) is a middle shelf lagoonal reef
with an area of 9.4 sq.km. Last surveyed March 1998.
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Ben
This reef has been surveyed using manta tow since 1986.  Coral cover has remained high with little
change.  No COTS have been recorded from this reef and it is currently classified as Non-Outbreaking.

Briggs
This reef has been surveyed three times using manta tow since 1988.  There has been little change in
coral cover which has remained stable at a high level.  Surveys in 1995 and 1998 indicate the presence
of COTS but in numbers too low to cause significant coral mortality.  This reef is currently classified as
Non-Outbreaking.

Credlin
This reef has been surveyed using manta tow since 1986.  COTS were observed in low numbers up
until 1990.  Although there was some decrease in coral cover over this time it quickly recovered.
Recent surveys indicate a trend of declining coral cover.  This is probably a result of the effects of
cyclone Justin in 1997.  Recent surveys indicate the presence of COTS in numbers lower than those
considered to cause significant coral mortality.  This reef currently has high coral cover and is classified
as Non-Oubreaking.

Credlin
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Figure 5.100

Reef No. 21-137 is a middle shelf planar reef with an area
of 2.5 sq.km. Last surveyed March 1998.
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Figure 5.99

Reef No. 21-074 is a middle shelf lagoonal reef with
an area of 4.4 sq.km. Last surveyed March 1998.
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No aerial photograph currently available
for this reef.

Reef No. 21-074

Reef No. 21-137
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Figure 5.101

Reef No. 21-140 is a middle shelf planar reef with an
area of 5 sq.km. Last surveyed March 1998.
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Reef No. 21-074
This reef has been surveyed using manta tow three times since 1990.  There has been an increase in
coral cover to the present very high level.  Although COTS were observed on this reef in 1995 they
were in numbers lower than those considered to cause significant coral mortality.  This reef is currently
classified as Non-Outbreaking.

Reef No. 21-137
This reef has only been surveyed  in 1998.  Coral cover is high and no COTS were observed. This reef
is currently classified as Non-Outbreaking.

Reef No. 21-140
Although this reef has been surveyed five times since 1986 the current survey was the first since 1990.
Results indicate that there has been little change in coral cover over this period, and cover remains high.
No COTS have been observed on this reef and it is currently classified as Non-Outbreaking.

Reef No. 21-140
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Figure 5.102

Chinaman (No. 22-102) is a middle shelf lagoonal
reef with an area of 3.1 sq.km. Last surveyed
December 1997.
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Damsel Fish Genera
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Chinaman
This reef has been surveyed extensively since 1986 using manta tow.  Whilst COTS have been
observed during most survey years it is only after our most recent surveys that the reef has been
classified as an Active Outbreak.  Over this time, coral cover has been variable.  Of particular interest is
the drop in coral cover between 1988 and 1990.  The reasons for this remain unknown.  It is unlikely
that cyclones or COTS were responsible.  No cyclones were reported within 200 km of Chinaman
Reef between these years (Cyclone Harry passed within 593 km in 1988-89) and numbers of COTS
were too low to cause significant coral damage.  Since this time coral cover has recovered from
moderate levels to the present moderately high level.  This recovery is supported by detailed coral
surveys since 1993 which show that hard coral cover has increased by 11.4% in the five years to 1998
and is currently moderately high at 33.4%.  This is reflected in all the main hard coral families and there
is a corresponding decrease in algal cover.  Soft coral abundance is moderately high at 30.8% in 1998.

Only Plectroglyphidodon (P. lacrymatus) shows a linear change in abundance, declining over the
survey period.  Labridae (Choerodon fasciatus, Gomphosus varius and Hemigymnus fasciatus) and
Amblyglyphidodon curacao both decline steadily until 1997 before a slight increase in 1998.  The
trend in Siganidae results from S. corallinus, which decreased until 1995 before increasing to 1997.
Similarly Chromis (C. nitida) decreased initially before a steady increase.  Plectropomus leopardus
counts have been variable though tend to increase until 1997 before a slight decrease.
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Figure 5.103 

East Cay (No. 21-305) is an outer shelf crescentic reef
with a sand cay on the north-western end. The reef has
an area of 6.3 sq.km. Last surveyed November 1997.
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Damsel Fish Genera
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East Cay
This reef has been surveyed six times since 1992 using manta tow.  The initial survey recorded high
coral cover.  Surveys in 1994 revealed that coral cover had declined to moderate levels  There has
been no change since.  Detailed coral surveys on the northern flank also show little change in the benthic
community over the survey period with hard coral cover currently moderate at 19.7%.  The cover of
soft coral has decreased but is still high at 39.7%.  No COTS have been recorded on this reef and it is
currently classified as Non-Outbreaking.

The stable benthic community is reflected in the fish community with few obvious trends.  Whilst not
statistically significant the steady decrease in Pomacentrus (P. bankanensis, P. lepidogenys and P.
moluccensis) is the most obvious trend on the reef.  Plectroglyphidodon lacrymatus also declined,
though only to 1997 at which time counts increased slightly.  The current downturn in Scaridae is
representative of low counts in 1997 and 1998 for Scarus chameleon, S. globiceps, S. psittacus, and
S. sordidus.  Amblyglyphidodon curacao decreased between the first and second surveys and
increased from that time on.
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Figure 5.104 

Gannet Cay (No. 21-556) is a middle shelf planar reef with
a sand cay on the  western side. The reef has an area of
1.2 sq.km. Last surveyed December 1997.
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Gannet Cay
This reef has been surveyed extensively using manta tow since 1986.  Over this time COTS have been
present at Outbreak levels in seven of the twelve survey years.  However, despite this high level of
COTS activity it is only in the last year that coral cover has declined to moderate levels.  Detailed coral
surveys, conducted since 1993, also show a steady decline in hard coral cover with cover highest in the
first year of survey at 60.4% and currently moderate at 21%.  The decline is mostly due to loss of
branching Acropora although Pocilloporidae and Faviidae have experienced small decreases.  It is
noteworthy that Porites (mostly P.lichen) has been stable or slightly increasing.  This trend may be
influenced by the selective avoidance of Porites by COTS.  The decline in hard coral cover has seen a
corresponding increase in algal cover while soft coral cover has remained low and stable.  The reef is
currently classified as an Active Outbreak.

The decreasing coral cover is reflected in the fish community with a number of groups declining.
Amblyglyphidodon curacao, Chaetodontidae (predominantly Chaetodon aureofasciatus and C.
rainfordi), Chrysiptera rollandi and, although variable, Plectropomus leopardus, have all shown a
steady decline.  Pomacentrus species were generally stable (P. lepidogenys, P. wardi) or increasing
(P. moluccensis) up until 1997 after which time there was a general decline.  The observed trend in
Lethrinidae is due to a school of Lethrinus nebulosus on one transect in 1996.
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Figure 5.105 

Horseshoe (No. 22-104) is a middle shelf
crescentic reef with an area of 12.5 sq.km. Last
surveyed December 1997.
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Horseshoe
This reef was originally surveyed by manta tow in 1986.  The reef was initially classified as an Incipient
Outbreak.  Horseshoe Reef  has been classified as an Active Outbreak since 1995 with extremely high
numbers of COTS recorded during our most recent surveys.  Manta tow surveys show that coral cover
has generally remained at moderate levels over the period of survey.  The detailed benthic surveys on
the northeastern flank show that hard coral cover was increasing until 1997.  Decreases in hard coral
cover in 1998 coincide with the large increase of COTS.  Figure 12.4A shows that the majority of
COTS were concentrated in the vicinity of the survey sites.  The decline in coral cover results mainly
from decreases in the cover of Acropora spp. and Montipora spp. at one site.  This is a typical pattern
in COTS related mortality as they tend to aggregate and initially be selective in the coral species they
feed on.  At present hard coral cover is moderately high at 47.1% though this will almost certainly
decline through to the next survey.  The cover of soft corals has decreased from 7.1% to 3.4% over the
survey period.

The damsel fish community shows low diversity at the genus level but relatively high numbers within
three species of the genus Pomacentrus (P. lepidogenys, P. moluccensis, P. wardi) all of which are in
decline.  Of the larger fish, Plectropomus leopardus (Serranidae) has shown a steady increase, while
the initial increase and current decline in Acanthuridae is driven by Ctenochaetus spp. and Zebrasoma
scopas. The observed trend in Siganidae is due to the inclusion of a large school of Siganus doliatus in
the last survey.
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Figure 5.106 

Turner Cay (No. 21-562) is an outer shelf lagoonal reef
with an area of 5 sq.km. Last surveyed November 1997.
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Turner Cay
This reef has been surveyed annually since 1994 using manta tow, benthic video transects and visual fish
census.  Over this time manta tow surveys show that coral cover has remained high.  Detailed benthic
surveys show that hard coral cover on the northeastern flank has increased by only 4.1% since 1994
and is currently moderately high at 32.1%.  Acroporidae and Faviidae corals have both contributed to
the small increase in cover.  The abundance of  soft corals is high at 36.6%.  No COTS have been
recorded in recent times on this reef and it is currently classified as Non-Outbreaking.

Many of the observed trends in the fish community are only slight due to the relatively low abundance of
many of the groups.  Plectroglyphidodon lacrymatus decreased steadily as did Neoglyphidodon
melas from the second survey.  Amblyglyphidodon curacao increased steadily as did
Acanthochromis polyacanthus up until 1997. The general increase in Chromis is due to C. nitida
while current increases in Acanthuridae involve Acanthurus nigrofuscus, Ctenochaetus spp. and
Zebrasoma scopas.
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Figure 5.107 

Reef No. 21-529 is a middle shelf crescentic reef with an
area of 6.3 sq.km. Last surveyed November 1997.
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Reef No. 21-529
This reef has been surveyed five times since 1993 using manta tow, benthic video and visual fish census.
Over this time manta tow surveys show that coral cover has remained at moderate levels.  Detailed
coral surveys on the northeastern flank show that hard coral cover has increased by 6% over the survey
period and is currently moderately high at 43.6%.  The increase is primarily due to an increase in
Acropora spp.  There is a  relatively high percent cover of branching and bottlebrush Acropora.  Faviid
corals have also increased but are not abundant (2.5% cover).  No COTS have been recorded on this
reef and it is currently classified as Non-Outbreaking.

Two fish groups are increasing in abundance.  The increase in Chromis is due solely to a steady
increase in C. nitida, while the increase in Siganidae is due to steady increases in Siganus argenteus,
S. puellus and S. vulpinus.  Many of the Pomacentrus species were stable up until 1996 or 1997 then
declined.  The strong increase from 1993 to 1995 was due to increases in the common P. moluccensis
and P. lepidogenys both of which remained stable before declining after 1997.  Chrysiptera rollandi
and Neopomacentrus azysron were similar in that they increased until 1996 then declined.  In contrast
Amblyglyphidodon curacao declined over the survey period.
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Figure 5.108 

Reef No. 22-088 (Snake) is an inner shelf ribbon reef
with an area of 14.4 sq.km. Last surveyed November
1997.
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This reef has been surveyed six times since 1993 using manta tow, visual fish census and benthic video
surveys.  Initial surveys revealed relatively high COTS populations on this reef, and the reef was
classified as having an Incipient Outbreak through to 1997.  Manta tow surveys recorded a large drop
in coral cover between 1993 and 1994, which is attributed to COTS activity.  The detailed coral
surveys on the northeastern flank also recorded an initial drop in coral cover: this was largely due to a
decrease in the coverage of Acroporidae, in particular Montipora spp.  Subsequent surveys have
revealed little change with the exception of an increase in the abundance of Porites spp. which is
currently the most abundant genus at  9% cover.  Hard coral cover is currently moderate at 21.4%.
The cover of algae decreased during the most recent survey interval.  Our most recent broadscale
surveys did not detect any COTS  and coral cover showed signs of a recovery.  The reef is currently
classified as Recovering.

The relatively stable benthic community is reflected to some degree in the fish community with only
Chaetodontidae showing changing abundance amongst the larger reef fish.  This change reflects declines
in the two abundant species Chaetodon aureofasciatus and C. rainfordi.  Current declines in
Neopomacentrus (N. azysron) and Pomacentrus (predominantly P. lepidogenys, P. moluccensis and
P. wardi) occur after periods of increase with peaks in 1996 and 1997 respectively.
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Figure 5.102

Chinaman (No. 22-102) is a middle shelf lagoonal
reef with an area of 3.1 sq.km. Last surveyed
December 1997.
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Chinaman
This reef has been surveyed extensively since 1986 using manta tow.  Whilst COTS have been
observed during most survey years it is only after our most recent surveys that the reef has been
classified as an Active Outbreak.  Over this time, coral cover has been variable.  Of particular interest is
the drop in coral cover between 1988 and 1990.  The reasons for this remain unknown.  It is unlikely
that cyclones or COTS were responsible.  No cyclones were reported within 200 km of Chinaman
Reef between these years (Cyclone Harry passed within 593 km in 1988-89) and numbers of COTS
were too low to cause significant coral damage.  Since this time coral cover has recovered from
moderate levels to the present moderately high level.  This recovery is supported by detailed coral
surveys since 1993 which show that hard coral cover has increased by 11.4% in the five years to 1998
and is currently moderately high at 33.4%.  This is reflected in all the main hard coral families and there
is a corresponding decrease in algal cover.  Soft coral abundance is moderately high at 30.8% in 1998.

Only Plectroglyphidodon (P. lacrymatus) shows a linear change in abundance, declining over the
survey period.  Labridae (Choerodon fasciatus, Gomphosus varius and Hemigymnus fasciatus) and
Amblyglyphidodon curacao both decline steadily until 1997 before a slight increase in 1998.  The
trend in Siganidae results from S. corallinus, which decreased until 1995 before increasing to 1997.
Similarly Chromis (C. nitida) decreased initially before a steady increase.  Plectropomus leopardus
counts have been variable though tend to increase until 1997 before a slight decrease.
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Figure 5.103 

East Cay (No. 21-305) is an outer shelf crescentic reef
with a sand cay on the north-western end. The reef has
an area of 6.3 sq.km. Last surveyed November 1997.
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East Cay
This reef has been surveyed six times since 1992 using manta tow.  The initial survey recorded high
coral cover.  Surveys in 1994 revealed that coral cover had declined to moderate levels  There has
been no change since.  Detailed coral surveys on the northern flank also show little change in the benthic
community over the survey period with hard coral cover currently moderate at 19.7%.  The cover of
soft coral has decreased but is still high at 39.7%.  No COTS have been recorded on this reef and it is
currently classified as Non-Outbreaking.

The stable benthic community is reflected in the fish community with few obvious trends.  Whilst not
statistically significant the steady decrease in Pomacentrus (P. bankanensis, P. lepidogenys and P.
moluccensis) is the most obvious trend on the reef.  Plectroglyphidodon lacrymatus also declined,
though only to 1997 at which time counts increased slightly.  The current downturn in Scaridae is
representative of low counts in 1997 and 1998 for Scarus chameleon, S. globiceps, S. psittacus, and
S. sordidus.  Amblyglyphidodon curacao decreased between the first and second surveys and
increased from that time on.
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Figure 5.104 

Gannet Cay (No. 21-556) is a middle shelf planar reef with
a sand cay on the  western side. The reef has an area of
1.2 sq.km. Last surveyed December 1997.
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Gannet Cay
This reef has been surveyed extensively using manta tow since 1986.  Over this time COTS have been
present at Outbreak levels in seven of the twelve survey years.  However, despite this high level of
COTS activity it is only in the last year that coral cover has declined to moderate levels.  Detailed coral
surveys, conducted since 1993, also show a steady decline in hard coral cover with cover highest in the
first year of survey at 60.4% and currently moderate at 21%.  The decline is mostly due to loss of
branching Acropora although Pocilloporidae and Faviidae have experienced small decreases.  It is
noteworthy that Porites (mostly P.lichen) has been stable or slightly increasing.  This trend may be
influenced by the selective avoidance of Porites by COTS.  The decline in hard coral cover has seen a
corresponding increase in algal cover while soft coral cover has remained low and stable.  The reef is
currently classified as an Active Outbreak.

The decreasing coral cover is reflected in the fish community with a number of groups declining.
Amblyglyphidodon curacao, Chaetodontidae (predominantly Chaetodon aureofasciatus and C.
rainfordi), Chrysiptera rollandi and, although variable, Plectropomus leopardus, have all shown a
steady decline.  Pomacentrus species were generally stable (P. lepidogenys, P. wardi) or increasing
(P. moluccensis) up until 1997 after which time there was a general decline.  The observed trend in
Lethrinidae is due to a school of Lethrinus nebulosus on one transect in 1996.
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Figure 5.105 

Horseshoe (No. 22-104) is a middle shelf
crescentic reef with an area of 12.5 sq.km. Last
surveyed December 1997.
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Horseshoe
This reef was originally surveyed by manta tow in 1986.  The reef was initially classified as an Incipient
Outbreak.  Horseshoe Reef  has been classified as an Active Outbreak since 1995 with extremely high
numbers of COTS recorded during our most recent surveys.  Manta tow surveys show that coral cover
has generally remained at moderate levels over the period of survey.  The detailed benthic surveys on
the northeastern flank show that hard coral cover was increasing until 1997.  Decreases in hard coral
cover in 1998 coincide with the large increase of COTS.  Figure 12.4A shows that the majority of
COTS were concentrated in the vicinity of the survey sites.  The decline in coral cover results mainly
from decreases in the cover of Acropora spp. and Montipora spp. at one site.  This is a typical pattern
in COTS related mortality as they tend to aggregate and initially be selective in the coral species they
feed on.  At present hard coral cover is moderately high at 47.1% though this will almost certainly
decline through to the next survey.  The cover of soft corals has decreased from 7.1% to 3.4% over the
survey period.

The damsel fish community shows low diversity at the genus level but relatively high numbers within
three species of the genus Pomacentrus (P. lepidogenys, P. moluccensis, P. wardi) all of which are in
decline.  Of the larger fish, Plectropomus leopardus (Serranidae) has shown a steady increase, while
the initial increase and current decline in Acanthuridae is driven by Ctenochaetus spp. and Zebrasoma
scopas. The observed trend in Siganidae is due to the inclusion of a large school of Siganus doliatus in
the last survey.
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Figure 5.106 

Turner Cay (No. 21-562) is an outer shelf lagoonal reef
with an area of 5 sq.km. Last surveyed November 1997.
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Turner Cay
This reef has been surveyed annually since 1994 using manta tow, benthic video transects and visual fish
census.  Over this time manta tow surveys show that coral cover has remained high.  Detailed benthic
surveys show that hard coral cover on the northeastern flank has increased by only 4.1% since 1994
and is currently moderately high at 32.1%.  Acroporidae and Faviidae corals have both contributed to
the small increase in cover.  The abundance of  soft corals is high at 36.6%.  No COTS have been
recorded in recent times on this reef and it is currently classified as Non-Outbreaking.

Many of the observed trends in the fish community are only slight due to the relatively low abundance of
many of the groups.  Plectroglyphidodon lacrymatus decreased steadily as did Neoglyphidodon
melas from the second survey.  Amblyglyphidodon curacao increased steadily as did
Acanthochromis polyacanthus up until 1997. The general increase in Chromis is due to C. nitida
while current increases in Acanthuridae involve Acanthurus nigrofuscus, Ctenochaetus spp. and
Zebrasoma scopas.
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Figure 5.107 

Reef No. 21-529 is a middle shelf crescentic reef with an
area of 6.3 sq.km. Last surveyed November 1997.
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Reef No. 21-529
This reef has been surveyed five times since 1993 using manta tow, benthic video and visual fish census.
Over this time manta tow surveys show that coral cover has remained at moderate levels.  Detailed
coral surveys on the northeastern flank show that hard coral cover has increased by 6% over the survey
period and is currently moderately high at 43.6%.  The increase is primarily due to an increase in
Acropora spp.  There is a  relatively high percent cover of branching and bottlebrush Acropora.  Faviid
corals have also increased but are not abundant (2.5% cover).  No COTS have been recorded on this
reef and it is currently classified as Non-Outbreaking.

Two fish groups are increasing in abundance.  The increase in Chromis is due solely to a steady
increase in C. nitida, while the increase in Siganidae is due to steady increases in Siganus argenteus,
S. puellus and S. vulpinus.  Many of the Pomacentrus species were stable up until 1996 or 1997 then
declined.  The strong increase from 1993 to 1995 was due to increases in the common P. moluccensis
and P. lepidogenys both of which remained stable before declining after 1997.  Chrysiptera rollandi
and Neopomacentrus azysron were similar in that they increased until 1996 then declined.  In contrast
Amblyglyphidodon curacao declined over the survey period.
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Figure 5.108 

Reef No. 22-088 (Snake) is an inner shelf ribbon reef
with an area of 14.4 sq.km. Last surveyed November
1997.
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This reef has been surveyed six times since 1993 using manta tow, visual fish census and benthic video
surveys.  Initial surveys revealed relatively high COTS populations on this reef, and the reef was
classified as having an Incipient Outbreak through to 1997.  Manta tow surveys recorded a large drop
in coral cover between 1993 and 1994, which is attributed to COTS activity.  The detailed coral
surveys on the northeastern flank also recorded an initial drop in coral cover: this was largely due to a
decrease in the coverage of Acroporidae, in particular Montipora spp.  Subsequent surveys have
revealed little change with the exception of an increase in the abundance of Porites spp. which is
currently the most abundant genus at  9% cover.  Hard coral cover is currently moderate at 21.4%.
The cover of algae decreased during the most recent survey interval.  Our most recent broadscale
surveys did not detect any COTS  and coral cover showed signs of a recovery.  The reef is currently
classified as Recovering.

The relatively stable benthic community is reflected to some degree in the fish community with only
Chaetodontidae showing changing abundance amongst the larger reef fish.  This change reflects declines
in the two abundant species Chaetodon aureofasciatus and C. rainfordi.  Current declines in
Neopomacentrus (N. azysron) and Pomacentrus (predominantly P. lepidogenys, P. moluccensis and
P. wardi) occur after periods of increase with peaks in 1996 and 1997 respectively.
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Figure 5.109
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Broomfield (No. 23-048) is an outer shelf planar
reef with an area of 21.3 sq.km. Last surveyed De-
cember 1997.

Broomfield
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Broomfield
This reef has been surveyed  since 1986 using manta tow.  These surveys show that hard coral cover
dropped dramatically from a high to moderate level between 1988 and 1990.  Though the reason for
this is unclear, evidence suggests corals were physically removed by strong wave action in the region.
Since 1990 coral cover has been slowly increasing.  Detailed surveys conducted since 1993 on the
northeastern flank of the reef show a dramatic increase in hard coral cover from 10% in 1993 to 43% in
1998. Tabulate Acropora now occupy 24% of the substrate which contrasts dramatically with 0% in
1993, another 10% can be attributed to other Acropora lifeforms.  Historical records indicate that
dominance by tabulate Acropora is typical for reefs in this region.  The cover of algae shows a decrease
which corresponds to the increase in hard coral abundance. No COTS have been recorded on this reef
and it is currently classified as Non-Outbreaking.

The recovery of the benthic community, and hence fish habitat, from severe disturbance is evident in the
fish community with obvious increases in many groups. Acanthuridae (predominantly Acanthurus
nigrofuscus, Ctenocheatus spp. and Zebrasoma scopas), Chaetodontidae (Chaetodon citrinellus,
C. kleinii, C. rainfordi, and especially C. trifascialis), Labridae (Gomphosus varius and
Hemigymnus melapterus), Scaridae (many species) and Chromis nitida have all increased greatly
over the period of survey.  The current negative trend in Pomacentrus reflects P. coelestis which
recruited strongly in the first years post disturbance and is currently in decline.  In addition, the decline in
Pomacentrus reflects the decline of coral cover and habitat at site three which was not obliterated by
the disturbance and acted as a refuge for P. moluccensis, P. lepidogenys, P. wardi and others.  The
increasing coral cover on sites one and two do not provide the habitat complexity that was afforded by
site three.  The decline in Lethrinidae is artificial reflecting the inclusion of a large school of Lethrinus
atkinsoni in one survey.
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Figure 5.110
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Lady Musgrave Island (No. 23-082) is an outer shelf
lagoonal reef with a sand cay at the southwestern
end. The reef has an area of 12.5 sq.km. Last sur-
veyed December 1997.

Lady Musgrave Island
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Lady Musgrave Island
This reef has been surveyed extensively using manta tow since 1986. These surveys show that coral
cover on this reef dropped dramatically from an extremely high level to a moderate level between 1988
and 1990. Though the reason for this is unclear, evidence suggests corals were physically removed by
strong wave action in the region.  Coral cover on this reef continued to decline to low levels in 1993
before beginning to recover.  Detailed benthic surveys conducted since 1993 on the northern flank of
the reef show that hard coral cover has increased exponentially from less than 5% in 1993 to a current
very high level of 50%. Cover of tabulate Acropora has increased dramatically from 0% in 1993 to a
current level of 39.2%.  Another 5% of cover can be attributed to other Acropora lifeforms.  Historical
records indicate that dominance by tabulate Acropora is typical for reefs in this region.  Pocilloporidae
corals have increased from less than 0.5% to 1.5%. Soft coral cover is low.  The cover of algae shows
a decrease which corresponds to the increase in hard coral cover.  Although COTS have been
observed on this reef on a number of occasions they have not been in sufficent numbers to be
considered to affect coral cover. Overall coral cover on the reef is presently moderate and the reef is
classified as Non-Outbreaking.

As with other reefs in the region the strong increase in abundance of most groups is associated with the
recovery of the benthic community following catastrophic physical removal.  The following groups and
species have all increased over the period of survey, Acanthuridae (Acanthurus nigrofuscus),
Chaetodontidae (Chaetodon citrinellus, C. kleinii, and C. trifascialis), Chromis (C. margaritifer,
C. vanderbilti, C. weberi), Labridae (Gomphosus varius, and Hemigymnus melapterus),
Plectroglyphidodon (P. dickii and P. johnstonianus).  The current decline in Pomacentrus is due
solely to P. coelestis which recruited to the disturbed area and is now in decline.  P. bankanensis and
P. lepidogenys are currently increasing.
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Figure 5.111
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One Tree Island (No. 23-055) is an outer shelf lagoonal
reef with a vegetated sand cay at the south-eastern end.
The reef has an area of 18.09 sq.km. Last surveyed De-
cember 1997

One Tree Island
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One Tree Island
This reef has been surveyed  since 1986 using manta tow.  These surveys show that coral cover
dropped dramatically from a very high level to a moderate level between 1988 and 1990.  Though the
reason for this is unclear, evidence suggests corals were physically removed by strong wave action in
the region.  Manta tow surveys show that coral cover has been increasing since this time.  Detailed
benthic surveys conducted since 1993 on the northeastern flank show that coral cover has increased
from less than 5% in 1993 to a current level of 42%. Tabulate Acropora make up 27% of the current
cover, a dramatic increase from 0% in 1993.  Another 7.3% of cover can be attributed to other
Acropora  lifeforms.  Historical records indicate that dominance by tabulate Acropora is typical for
reefs in this region.  The cover of Favid corals currently 2.3% with other groups being 1% or less.  The
cover of algae has declined in line with the increase in hard coral cover.  No COTS have been recorded
on this reef and it is currently classified as Non-Outbreaking.

Of the reefs surveyed in this sector One Tree had the least habitat complexity following the large scale
physical disturbance which is reflected in the still very depauperate fish community.  Acanthuridae
(predominantly Acanthurus nigrofuscus), Chaetodontidae (C. citrinellus, C. flavirostris, C. kleinii,
C. rainfordi and C. trifascialis) and Scaridae (S. sordidus), all increased over the surveys.  While
Pomacentrus coelestis drives the rapid increase and current decline in Pomacentrus.  The decrease in
Chrysiptera is due to a combination of C. flavippinnis, which was present until 1995, and C. rex
which is currently in decline.
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Figure 5.112 

Wreck Island (No. 23-051) is an outer shelf planar reef
with a vegetated sand cay on the western end. The
reef has an area of 6.3 sq.km. Last surveyed December
1997
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Wreck Island
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Wreck Island
This reef has been surveyed four times since 1993 using manta tow, benthic video surveys, and visual
fish surveys.  Manta tow surveys show that at the reef level coral cover has remained at moderate levels
over the period of survey with a trend of increasing coral cover.  Detailed benthic surveys on the north-
eastern flank show that hard coral cover has increased dramatically from around 15% in 1993 to
66.6% in 1998.  Tabulate Acropora make up 47.8% of the total cover in 1998 from 0% cover in
1993.  Another 10% cover can be attributed to other Acropora lifeforms.  Historical records indicate
that dominance by tabulate Acropora is typical for reefs in this region.  Soft coral cover is relatively high
compared with other reefs in this sector although, cover has declined from 14.8% to 10.7% in the most
recent survey.  The other hard coral families have also changed from an increasing to a decreasing trend
in the most recent survey although numbers are very low.  Further investigation is required to determine
if overgrowth by tabulate Acropora causes mortality in other coral groups or whether the apparent
decline is an �artifact� of the video technique favouring identification of the overgrowing tabulates.  The
cover of algae has declined as the cover of hard corals has increased.  No COTS have been recorded
on this reef and it is currently classified as Non-Outbreaking.

As with other reefs in this sector the increase in abundance of most fish groups is related to the recovery
of habitat after severe physical disturbance.  The following groups and species have all increased over
the period of survey: Acanthuridae (Acanthurus nigrofuscus and Ctenochaetus spp.), Chaetodontidae
(Chaetodon citrinellus, C. kleinii, C. melannotus, C. plebeius, C. rainfordi and C. trifascialis),
Chromis (C. nitida), Labridae (Gomphosus varius, Hemigymnus fasciatus and H. melapterus) and
Scaridae (Scarus frenatus, S. globiceps, S. psittacus, and S. sordidus).  The current decline in
Pomacentrus is due solely to P. coelestis which recruited to the disturbed area and is now in decline.
P. lepidogenys, P. moluccensis and P. wardi are currently increasing.
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7. Appendices

Appendix A

Locations of survey reefs and the types of samples taken.
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Appendix C

&���/LVW�RI�ODUJH��PRELOH�ILVK�VSHFLHV�WKDW�ZRXOG�EH�FRXQWHG�RQ���P�ZLGH�WUDQVHFWV
$FDQWKXULGDH &KDHWRGRQWLGDH��FRQW� /XWMDQLGDH��FRQW�

$FDQWKXUXV�DOELSHFWRUDOLV &KDHWRGRQ�WULIDVFLDOLV /XWMDQXV�YLWWXV

$FDQWKXUXV�EORFKLL &KDHWRGRQ�WULIDVFLDWXV 0DFRORU� �JURXSHG�

$FDQWKXUXV�GXVVXPLHUL &KDHWRGRQ�XOLHWHQVLV

$FDQWKXUXV�JUDPPRSWLOXV &KDHWRGRQ�XQLPDFXODWXV 6FDULGDH

$FDQWKXUXV�OLQHDWXV &KDHWRGRQ�YDJDEXQGXV %ROERPHWDSRQ�PXULFDWXP

$FDQWKXUXV�PDFXOLFHSV &KHOPRQ�URVWUDWXV &HWRVFDUXV�ELFRORU

$FDQWKXUXV�PDWD )RUFLSLJHU�IODYLVVLPXV +LSSRVFDUXV�ORQJLFHSV

$FDQWKXUXV�QLJULFDQV )RUFLSLJHU�ORQJLURVWUXV &DORWRPXV�FDUROLQXV

$FDQWKXUXV�QLJULFDXGD +HPLWDXULFKWK\V�SRO\OHSLV 6FDUXV�DOWLSLQQLV

$FDQWKXUXV�QLJURIXVFXV 6FDUXV�EOHHNHUL

$FDQWKXUXV�QLJURULV /DEULGDH 6FDUXV�FKDPHOHRQ

$FDQWKXUXV�ROLYDFHXV &KHLOLQXV�IDVFLDWXV 6FDUXV�GLPLGLDWXV

$FDQWKXUXV�S\URSKHUXV &KHLOLQXV�XQGXODWXV 6FDUXV�IODYLSHFWRUDOLV

$FDQWKXUXV �VSS� &KRHURGRQ�IDVFLDWXV 6FDUXV�IRUVWHQL

$FDQWKXUXV�WULRVWHJXV &RULV�JDLPDUGL 6FDUXV�IUHQDWXV

$FDQWKXUXV�[DQWKRSWHUXV (SLEXOXV�LQVLGLDWRU 6FDUXV�JKREEDQ

&WHQRFKDHWXV ��JURXSHG� *RPSKRVXV�YDULXV 6FDUXV�JORELFHSV

1DVR�OLWXUDWXV +DOLFKRHUHV�KRUWXODQXV 6FDUXV�PLFURUKLQRV

1DVR�WXEHURVXV +HPLJ\PQXV�IDVFLDWXV 6FDUXV�QLJHU

1DVR�XQLFRUQXV +HPLJ\PQXV�PHODSWHUXV 6FDUXV�RYLFHSV

3DUDFDQWKXUXV�KHSDWXV 6FDUXV�SVLWWDFXV

=HEUDVRPD�VFRSDV /HWKULQLGDH 6FDUXV�ULYXODWXV

=HEUDVRPD�YHOLIHUXP /HWKULQXV�DWNLQVRQL 6FDUXV�UXEURYLRODFHXV

/HWKULQXV�KDUDN 6FDUXV�VFKOHJHOL

&KDHWRGRQWLGDH /HWKULQXV�ODWLFDXGXV 6FDUXV�VRUGLGXV

&KDHWRGRQ�DXUHRIDVFLDWXV /HWKULQXV�OHQWMDQ 6FDUXV�VSLQXV

&KDHWRGRQ�DXULJD /HWKULQXV�PLQLDWXV 6FDUXV �VSS�

&KDHWRGRQ�EDURQHVVD /HWKULQXV�QHEXORVXV

&KDHWRGRQ�EHQQHWWL /HWKULQXV�REVROHWXV 6HUUDQLGDH

&KDHWRGRQ�FLWULQHOOXV /HWKULQXV�ROLYDFHXV 3OHFWURSRPXV�DUHRODWXV

&KDHWRGRQ�HSKLSSLXP /HWKULQXV�RUQDWXV 3OHFWURSRPXV�ODHYLV

&KDHWRGRQ�IODYLURVWULV /HWKULQXV�[DQWKRFKLOXV 3OHFWURSRPXV�OHRSDUGXV

&KDHWRGRQ�NOHLQLL 0RQRWD[LV�JUDQGRFXOLV 3OHFWURSRPXV�PDFXODWXV

&KDHWRGRQ�OLQHRODWXV 9DULROD�ORXWL

&KDHWRGRQ�OXQXOD /XWMDQLGDH

&KDHWRGRQ�PHODQQRWXV /XWMDQXV�DGHWWL 6LJDQLGDH

&KDHWRGRQ�PH\HULL /XWMDQXV�DUJHQWLPDFXODWXV 6LJDQXV�DUJHQWHXV

&KDHWRGRQ�RFHOOLFDXGXV /XWMDQXV�ERKDU 6LJDQXV�FRUDOOLQXV

&KDHWRGRQ�RUQDWLVVLPXV /XWMDQXV�FDUSRQRWDWXV 6LJDQXV�GROLDWXV

&KDHWRGRQ�SHOHZHQVLV /XWMDQXV�IXOYLIODPPD 6LJDQXV�MDYXV

&KDHWRGRQ�SOHEHLXV /XWMDQXV�IXOYXV 6LJDQXV�OLQHDWXV

&KDHWRGRQ�SXQFWDWRIDVFLDWXV /XWMDQXV�JLEEXV 6LJDQXV�SXHOOXV

&KDHWRGRQ�UDIIOHVL /XWMDQXV�NDVPLUD 6LJDQXV�SXQFWDWLVVLPXV

&KDHWRGRQ�UDLQIRUGL /XWMDQXV�OXWMDQXV 6LJDQXV�SXQFWDWXV

&KDHWRGRQ�UHWLFXODWXV /XWMDQXV�PRQRVWLJPD 6LJDQXV�YXOSLQXV

&KDHWRGRQ�VSHFXOXP /XWMDQXV�TXLQTXHOLQHDWXV

/XWMDQXV�UXVVHOOL =DQFOLGDH

=DQFOXV�FRUQXWXV
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&��/LVW�RI�GDPVHOILVK�VSHFLHV�WKDW�ZRXOG�EH�FRXQWHG�RQ���P�ZLGH�WUDQVHFWV

$FDQWKRFKURPLV�SRO\DFDQWKXV 3RPDFHQWUXV�DPERLQHQVLV

$PEO\JO\SKLGRGRQ�FXUDFDR 3RPDFHQWUXV�DXVWUDOLV

$PEO\JO\SKLGRGRQ�OHXFRJDVWHU 3RPDFHQWUXV�EDQNDQHQVLV

$PSKLSULRQ�DNLQG\QRV 3RPDFHQWUXV�EUDFKLDOLV

$PSKLSULRQ�FKU\VRSWHUXV 3RPDFHQWUXV�FKU\VXUXV

$PSKLSULRQ�FODUNLL 3RPDFHQWUXV�FRHOHVWLV

$PSKLSULRQ�PHODQRSXV 3RPDFHQWUXV�JUDPPQRUK\QFXV

$PSKLSULRQ�SHULGHUDLRQ 3RPDFHQWUXV�OHSLGRJHQ\V

&KURPLV�DFDUHV 3RPDFHQWUXV�PROXFFHQVLV

&KURPLV�DJLOLV 3RPDFHQWUXV�QDJDVDNLHQVLV

&KURPLV�DPERLQHQVLV 3RPDFHQWUXV�SKLOLSSLQXV

&KURPLV�DWULSHFWRUDOLV 3RPDFHQWUXV�WDHQLRPHWDSRQ

&KURPLV�DWULSHV 3RPDFHQWUXV�YDLXOL

&KURPLV�FKU\VXUD 3RPDFHQWUXV�ZDUGL

&KURPLV�IODYRPDFXODWD 3RPDFKURPLV�ULFKDUGVRQL

&KURPLV�LRPHODV 3UHPQDV�ELDFXOHDWXV

&KURPLV�OHSLGROHSLV 6WHJDVWHV�DSLFDOLV

&KURPLV�PDUJDULWLIHU 6WHJDVWHV�IDVFLRODWXV

&KURPLV�QLWLGD 6WHJDVWHV�QLJULFDQV

&KURPLV�UHWURIDVFLDWXV

&KURPLV�WHUQDWHQVLV

&KURPLV�YDQGHUELOWL

&KURPLV�YLULGLV

&KURPLV�ZHEHUL

&KURPLV�[DQWKXUD

&KU\VLSWHUD�IODYLSLQQLV

&KU\VLSWHUD�UH[

&KU\VLSWHUD�UROODQGL

&KU\VLSWHUD�WDOERWL

'DVF\OOXV�DUXDQXV

'DVF\OOXV�UHWLFXODWXV

'DVF\OOXV�WULPDFXODWXV

'LVFKLVWRGXV�PHODQRWXV

'LVFKLVWRGXV�SHUVSLFLOODWXV

'LVFKLVWRGXV�SURVRSRWDHQLD

'LVFKLVWRGXV�SVHXGRFKU\VRSRHFLOXV

+HPLJO\SKLGRGRQ�SODJLRPHWRSRQ

1HRJO\SKLGRGRQ�PHODV

1HRJO\SKLGRGRQ�QLJURULV

1HRJO\SKLGRGRQ�SRO\DFDQWKXV

1HRSRPDFHQWUXV�D]\VURQ

1HRSRPDFHQWUXV�EDQNLHUL

1HRSRPDFHQWUXV�F\DQRPRV

3OHFWURJO\SKLGRGRQ�GLFNLL

3OHFWURJO\SKLGRGRQ�MRKQVWRQLDQXV

3OHFWURJO\SKLGRGRQ�ODFU\PDWXV
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*HQHUDO�VWDWXV�RI�FURZQ�RI�WKRUQV�VWDUILVK�RQ�WKH�*UHDW�%DUULHU�5HHI������������

'�� 6WDWXV�RI�FURZQ�RI�WKRUQV�VWDUILVK��&276��LQ�HDFK�VHFWRU�LQ��������$2� 
$FWLYH�RXWEUHDN��,2� �,QFLSLHQW�RXWEUHDN��5(� �5HFRYHULQJ��12� �1R�RXWEUHDN�

6HFWRU 1R���RI
UHHIV

1R�
&276�
WRZ

1R�
&276

1XPEHU�����RI
UHHIV�ZLWK�&276

0HGLDQ��UDQJH��FRUDO
FRYHU

0HDQ�FRUDO

FRYHU���6(

��$2
RU�,2
UHHIV
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UHHIV
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UHHIV
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3ULQFHVV�&KDUORWWH�%D\ � ����� �� � ���� ����� ����WR���� ����±���� ��� ���� ����

&RRNWRZQ�/L]DUG�,V �� ���� ��� �� ���� �� ����WR���� ����±���� ���� ���� ����
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7RZQVYLOOH �� � � � ��� ����� ����WR���� ����±���� ��� ���� ����

&DSH�8SVWDUW � � � � ��� �� ����WR���� ����±���� ��� ���� ����

:KLWVXQGD\ �� ����� � � ���� �� ����WR���� ����±���� ��� ���� ����

3RPSH\ � � � � ��� �� ����WR���� ����±���� ��� ��� �����

6ZDLQV �� ���� �� � ���� ����� ����WR���� ����±���� ���� ���� ����

&DSULFRUQ�%XQNHUV � ���� � � ���� �� ����WR���� ����±���� ��� ��� �����



'�� 6WDWXV�RI�FURZQ�RI�WKRUQV�VWDUILVK��&276��LQ�HDFK�VHFWRU�LQ��������$2� 
$FWLYH�RXWEUHDN��,2� �,QFLSLHQW�RXWEUHDN��5(� �5HFRYHULQJ��12� �1R�RXWEUHDN�

6HFWRU 1R��RI
UHHIV

1R�
&276�
WRZ

1R�
&276

1XPEHU�����RI
UHHIV�ZLWK�&276

0HGLDQ��UDQJH��FRUDO
FRYHU

0HDQ�FRUDO

FRYHU���6(

��$2
RU�,2
UHHIV

��5(
UHHIV

��12
UHHIV

&RRNWRZQ�/L]DUG
,VODQG

�� ���� ��� � ���� �� ����WR���� ����±���� ���� ���� ����

&DLUQV �� ���� �� � ���� ����� ����WR���� ����±���� ��� ���� ����

,QQLVIDLO � ���� �� � ���� ����� ����WR���� ����±���� ���� ���� ���

7RZQVYLOOH �� ���� � � ���� �� ����WR���� ����±���� ��� ���� ����

&DSH�8SVWDUW � ���� � � ���� ����� ����WR���� ����±���� ��� ���� ����

:KLWVXQGD\ �� ����� � � ���� �� ����WR���� ����±���� ��� ���� ����

3RPSH\ � � � � ��� ����� ����WR���� ����±���� ��� ��� �����

6ZDLQV � ���� ��� � ���� �� ����WR���� ����±���� ���� ���� ����

&DSULFRUQ�%XQNHUV � ���� � � ���� �� ����WR���� ����±���� ��� ��� �����



'�� 6WDWXV�RI��FURZQ�RI�WKRUQV�VWDUILVK��&276��LQ�HDFK�VHFWRU�LQ��������$2� 
$FWLYH�RXWEUHDN��,2� �,QFLSLHQW�RXWEUHDN��5(� �5HFRYHULQJ��12� �1R�RXWEUHDN�

6HFWRU 1R���RI
UHHIV

1R�
&276�
WRZ

1R�
&276

1XPEHU�����RI
UHHIV�ZLWK�&276

0HGLDQ��UDQJH��FRUDO
FRYHU

0HDQ�FRUDO

FRYHU���6(

��$2
RU�,2
UHHIV

��5(
UHHIV

��12
UHHIV

&DSH�*UHQYLOOH �� ����� � � ���� ����� ����WR���� ����±���� ��� ��� ����
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,VODQG
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Appendix E
3HUFHQWDJH�FRYHU�RI�VHOHFWHG�JURXSV�RI�EHQWKLF�RUJDQLVPV��VHH�7DEOH
�����UHFRUGHG�IURP�UHJLRQV�LQ�HDFK�VXUYH\�\HDU���������

(�� 0HDQ�SHUFHQWDJH�FRYHU�RI�EHQWKLF�JURXSV�UHFRUGHG�LQ�HDFK�UHJLRQ�LQ�WKH������VXUYH\V�&*� �&DSH�*UHQYLOOH��3&� �3ULQFHVV
&KDUORWWH�%D\��&/� �&RRNWRZQ���/L]DUG�,V��&$� �&DLUQV��72� �7RZQVYLOOH��:+� �:KLWVXQGD\V��6:� �6ZDLQV��&%� �&DSULFRUQ��
%XQNHUV���, �,QVKRUH��0� �0LG�VKHOI��2� �2XWHU�VKHOI

6HFWRU 6KHOI $OJDH +DUG 6RIW $FURSRULGDH )DYLLGDH 3RFLOORSRULGDH 3RULWLGDH $FURSRUD $FURSRUD 0RQWLSRUD

&RUDO &RUDO 7DEXODWH 
2WKHU


&* , ���� ���� ��� ��� ��� ��� ��� ��� ��� ���
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Appendix G
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Appendix H
6XPPDU\�FRXQWV�RI�WKH�GLIIHUHQW�ILVK�WD[D�UHFRUGHG�RQ�UHHIV�LQ�HDFK�VXUYH\�\HDU���6HFWRU
FRGHV��&*� �&DSH�*UHQYLOOH��3&� �3ULQFHVV�&KDUORWWH�%D\��&/� �&RRNWRZQ���/L]DUG�,V��&$� 
&DLUQV��72� �7RZQVYLOOH��:+� �:KLWVXQGD\V��6:� �6ZDLQV��&%� �&DSULFRUQ���%XQNHUV
+���1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO�WUDQVHFWV�RQ
HDFK�UHHI�
6HFWRU 5HHI 5HHI�,' 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGDH LGDH LGDH FOLGDH
&/ 'HFDSROLV ������ , � �� � � �� � �� �� �
&/ /LQQHW ������ , ��� ��� �� � �� ��� � ��� �
&/ 0DUWLQ ������ , ��� ��� �� �� �� ��� �� �� �
&/ /L]DUG�,V ������ 0 ��� ��� �� �� �� ��� �� �� �
&/ 0DFJLOOLYUD\ ������ 0 ��� ��� �� �� �� �� �� �� �
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&/ <RQJH ������ 2 ��� ��� �� �� �� ��� � � ��
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&$ *UHHQ�,V ������ , ��� �� �� � �� ��� � �� �
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72 5LE ������ 0 ��� ��� �� � � ��� � �� �
72 &KLFNHQ ������ 2 ��� �� �� �� �� ��� �� �� �
72 'LS ������ 2 ��� �� �� � � ��� � � �
72 0\UPLGRQ ������ 2 ��� �� �� � � ��� � � �
:+ %RUGHU�,V�$ ������ , � �� �� � �� �� �� �� �



���

+��FRQWLQXHG��1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO
WUDQVHFWV�RQ�HDFK�UHHI�
6HFWRU 5HHI 5HHI�,' 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGDH LGDH LGDH FOLGDH
:+ +D\PDQ�,V ������ , � �� �� � �� ��� � �� �
:+ /DQJIRUG�	�%LUG,V ������ , � �� �� � �� ��� � �� �

:+ �����6 ������ 0 �� ��� �� �� �� ��� �� �� �
:+ �����6 ������ 0 �� ��� �� � �� ��� �� �� �
:+ �����6 ������ 0 �� �� �� � �� ��� �� �� �
:+ �����6 ������ 2 ��� ��� �� �� �� ��� �� �� �
:+ +\GH ������ 2 ��� �� �� � � ��� �� �� �
:+ 5HEH ������ 2 ��� �� �� � � ��� �� � �
6: �����6 ������ , �� �� �� � � ��� �� � �
6: �����6 ������ 0 �� �� �� �� �� ��� �� �� �
6: &KLQDPDQ ������ 0 ��� �� �� � � ��� �� �� �
6: *DQQHW�&D\ ������ 0 �� �� �� �� � ��� �� ��� �
6: +RUVHVKRH ������ 0 ��� ��� �� � � ��� �� �� ��
6: (DVW�&D\ ������ 2 ��� �� �� � � ��� �� �� �
6: 7XUQHU�&D\ ������ 2 ��� �� �� � � ��� � � �
&% %URRPILHOG ������ 2 ��� �� �� � � ��� � � �
&% /DG\�0XVJUDYH�,V ������ 2 ��� �� � � � �� � � �
&% 2QH�7UHH�,V ������ 2 �� �� � �� � �� � � �
&% :UHFN�,V ������ 2 �� ��� �� � � �� � � �



���

+���1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO�WUDQVHFWV�RQ
HDFK�UHHI�
6HFWRU 5HHI 5HHI 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGDH LGDH LGDH FOLGDH
&/ 'HFDSROLV ������ , � �� �� �� �� � �� ��� �
&/ /LQQHW ������ , ��� ��� �� � �� �� � ��� �
&/ 0DUWLQ ������ , ��� ��� �� �� �� �� � ��� �
&/ /L]DUG�,V ������ 0 ��� ��� �� �� �� ��� �� �� �
&/ 0DFJLOOLYUD\ ������ 0 ��� ��� �� �� �� ��� � �� �
&/ 1��'LUHFWLRQ ������ 0 ��� �� �� �� �� �� � �� �
&/ &DUWHU ������ 2 ��� ��� �� � ��� ��� � � ��
&/ 1R�QDPH ������ 2 ��� ��� �� �� �� ��� � � ��
&/ <RQJH ������ 2 ��� ��� �� �� �� ��� � � ��
&$ )LW]UR\�,V ������ , �� �� �� � �� �� � �� �
&$ *UHHQ�,V ������ , ��� �� �� � �� ��� � �� �
&$ /RZ�,VOHV ������ , � �� �� � �� �� � �� �
&$ +DVWLQJV ������ 0 ��� �� �� � �� ��� � � �
&$ 0LFKDHOPDV ������ 0 ��� �� �� � � ��� � �� �
&$ 7KHWIRUG ������ 0 ��� �� �� � � ��� � �� �
&$ $JLQFRXUW�1R�� ������ 2 ��� ��� �� �� �� ��� � � �
&$ 2SDO���� ������ 2 ��� �� � � � �� � �� �
&$ 6W��&ULVSLQ ������ 2 ��� �� �� � � ��� � � �
72 +DYDQQDK�,V ������ , � �� �� � �� ��� � � �
72 3DQGRUD ������ , � �� �� � �� �� �� �� �
72 'DYLHV ������ 0 ��� ��� �� �� � ��� �� �� �
72 -RKQ�%UHZHU ������ 0 ��� ��� �� �� � ��� �� �� �
72 5LE ������ 0 ��� ��� �� � � ��� � �� �
72 &KLFNHQ ������ 2 ��� �� �� � � ��� � �� �
72 'LS ������ 2 ��� �� �� � � ��� �� � �
72 0\UPLGRQ ������ 2 ��� �� �� � � ��� � � ��
:+ %RUGHU�,V�$ ������ , � �� �� � �� �� �� �� �
:+ +D\PDQ�,V ������ , � �� �� � �� �� �� �� �
:+ �����6 ������ 0 �� ��� �� � � ��� � �� �
:+ �����6 ������ 0 �� �� �� �� �� ��� � ��� �
:+ �����6 ������ 2 ��� ��� �� � �� ��� � �� ��



���

+��FRQWLQXHG��1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO
WUDQVHFWV�RQ�HDFK�UHHI�
6HFWRU 5HHI 5HHI 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGDH LGDH LGDH FOLGDH
:+ +\GH ������ 2 ��� �� �� � � ��� � �� �
:+ 5HEH ������ 2 ��� �� �� � � ��� � � �
6: �����6 ������ , �� �� �� � � ��� �� �� �
6: �����6 ������ 0 � �� �� �� �� ��� �� �� �
6: &KLQDPDQ ������ 0 ��� �� �� � � ��� �� �� �
6: *DQQHW�&D\ ������ 0 �� �� �� � �� ��� �� ��� �
6: +RUVHVKRH ������ 0 ��� ��� �� � �� ��� �� �� ��
6: (DVW�&D\ ������ 2 �� �� �� � � �� � � ��
6: 7XUQHU�&D\ ������ 2 ��� �� �� � � ��� �� �� �
&% %URRPILHOG ������ 2 ��� �� �� � � ��� � � �
&% /DG\�0XVJUDYH�,V ������ 2 ��� �� � � � �� � � �
&% 2QH�7UHH�,V ������ 2 �� �� � �� � �� � � �
&% :UHFN�,V ������ 2 �� ��� �� �� � �� � � �



���

+���1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO�WUDQVHFWV�RQ
HDFK�UHHI�
6HFWRU 5HHI 5HHI 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGHD LGDH LGDH FOLGDH
&/ 'HFDSROLV ������ , � �� �� �� �� �� � ��� �
&/ /LQQHW ������ , �� ��� �� � �� �� � �� �
&/ 0DUWLQ ������ , ��� ��� �� �� �� ��� � �� �
&/ /L]DUG�,V ������ 0 ��� �� �� �� � ��� �� �� �
&/ 0DFJLOOLYUD\ ������ 0 ��� �� �� �� �� ��� � �� �
&/ 1�'LUHFWLRQ�,V ������ 0 �� �� �� �� �� ��� �� �� �
&/ &DUWHU ������ 2 ��� ��� �� �� ��� ��� � � ��
&/ 1R�1DPH ������ 2 ��� ��� �� �� ��� ��� � �� ��
&/ <RQJH ������ 2 ��� ��� �� �� �� ��� � � ��
&$ )LW]UR\�,V ������ , �� ��� �� � ��� �� � �� �
&$ *UHHQ�,V ������ , ��� �� �� � �� ��� �� �� �
&$ /RZ�,VOHV ������ , �� �� �� � �� �� � �� �
&$ +DVWLQJV ������ 0 ��� �� �� � �� �� � �� �
&$ 0DFND\ ������ 0 �� �� �� � �� ��� � �� �
&$ 0LFKDHOPDV ������ 0 ��� ��� �� � �� �� � �� �
&$ 7KHWIRUG ������ 0 ��� �� �� � �� ��� � � �
&$ $JLQFRXUW�1R�� ������ 2 ��� �� �� �� �� ��� � � �
&$ 2SDO���� ������ 2 ��� �� �� � �� ��� � �� �
&$ 6W��&ULVSLQ ������ 2 ��� �� �� �� � ��� � � �
72 +DYDQQDK�,V ������ , � �� �� � �� ��� � � �
72 3DQGRUD ������ , � ��� �� � �� �� � �� �
72 'DYLHV ������ 0 �� �� �� � �� ��� � �� �
72 -RKQ�%UHZHU ������ 0 ��� �� �� � � ��� � �� �
72 5LE ������ 0 �� ��� �� � � ��� � �� �
72 &KLFNHQ ������ 2 ��� �� �� � � ��� �� �� �
72 'LS ������ 2 ��� �� �� � � ��� � �� �
72 0\UPLGRQ ������ 2 ��� ��� �� � � ��� �� � �
:+ %RUGHU�,V�$ ������ , � �� �� � �� �� �� �� �
:+ /DQJIRUG�	�%LUG,V ������ , � �� �� � �� �� � �� �
:+ �����6 ������ 0 �� ��� �� � �� ��� � �� �



���

+��FRQWLQXHG��1XPEHUV�RI�ODUJHU��PRELOH�ILVKHV�UHFRUGHG�RQ�UHHIV�LQ�������6XP�IURP�DOO
WUDQVHFWV�RQ�HDFK�UHHI�
6HFWRU 5HHI 5HHI 6KHOI $FDQWK� &KDHWR� /DEU� /HWKULQ� /XWMDQ� 6FDU� 6HUUDQ� 6LJDQL� =DQ�

,' XULGDH GRQWLGDH LGDH LGDH LGDH LGDH LGDH LGDH FOLGDH
:+ �����6 ������ 0 �� �� �� �� �� ��� �� �� �
:+ �����6 ������ 0 �� �� �� �� �� ��� � �� �
:+ �����6 ������ 2 ��� ��� �� � � �� �� �� ��
:+ +\GH ������ 2 ��� �� �� � � ��� � �� �
:+ 5HEH ������ 2 ��� �� �� � � �� � � �
6: �����6 ������ , �� �� �� � � ��� � �� �
6: �����6 ������ 0 � �� �� �� � ��� �� �� �
6: &KLQDPDQ ������ 0 ��� �� �� � � ��� �� �� �
6: *DQQHW�&D\ ������ 0 �� �� �� � �� ��� �� �� �
6: +RUVHVKRH ������ 0 ��� ��� �� � �� ��� �� ��� �
6: (DVW�&D\ ������ 2 ��� �� �� � � �� � � ��
6: 7XUQHU�&D\ ������ 2 ��� �� �� � � ��� �� �� �
&% %URRPILHOG ������ 2 ��� ��� �� � � ��� �� � �
&% /DG\�0XVJUDYH�,V ������ 2 ��� ��� �� � � �� � � �
&% 2QH�7UHH�,V ������ 2 �� ��� � �� � �� � � �
&% :UHFN�,V ������ 2 ��� ��� �� �� �� �� �� � �



+���1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem- Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromis phidodon centrus nas astes

&/ 'HFDSROLV ������ , � � � � � � � � ��� � � ��� � �
&/ /LQQHW ������ , ��� ��� � �� �� � � �� ��� � � ���� � �
&/ 0DUWLQ ������ , �� �� � �� ��� � � � ��� � � ���� � �
&/ /L]DUG�,V ������ 0 �� �� � �� ��� �� � �� ��� � �� ���� � �
&/ 0DFJLOOLYUD\ ������ 0 �� �� � ��� ��� �� � � �� � �� ��� � �
&/ 1�'LUHFWLRQ ������ 0 �� �� � �� ��� � �� � �� � �� ��� � �
&/ &DUWHU ������ 2 �� � � ��� �� � � � � � �� ��� � �
&/ 1R�QDPH ������ 2 �� � � ��� �� � � � � � �� ��� � �
&/ <RQJH ������ 2 �� � � ��� �� � � � � � �� ��� � �
&$ )LW]UR\�,V ������ , � �� � � �� � � �� �� � � ��� � �
&$ *UHHQ�,V ������ , �� �� � �� ��� �� � �� �� � � ��� � �
&$ /RZ�,VOHV ������ , �� �� � � �� � � �� ��� � � ��� � �
&$ +DVWLQJV ������ 0 � � � �� � �� � � �� � �� ��� � ��
&$ 0DFND\ ������ 0 �� ��� � �� �� � �� �� �� � � ���� � �
&$ 0LFKDHOPDV ������ 0 � � � �� �� � � � ��� � �� ��� � ��
&$ 7KHWIRUG ������ 0 �� � � �� �� � � � �� � ��� ��� � ��
&$ $JLQFRXUW�1R�� ������ 2 �� � � �� �� � � � � � �� ��� � �
&$ 2SDO���� ������ 2 �� � � ��� �� � � � � � �� �� � �
&$ 6W��&ULVSLQ ������ 2 �� �� � ��� � � � � � � �� ��� � �
72 0LGGOH ������ , �� � � � � � � � ��� � � �� � �



+��FRQWLQXHG��1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem- Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromis phidodon centrus nas astes

72 3DQGRUD ������ , �� �� � � � � � �� ���� � � ��� � �
72 'DYLHV ������ 0 �� �� �� �� ��� � � �� ��� � �� ���� � �
72 -RKQ�%UHZHU ������ 0 �� �� � �� ��� � �� �� ��� � �� ���� � ��
72 5LE ������ 0 �� �� � ��� �� � � �� ���� � �� ���� � �
72 &KLFNHQ ������ 2 �� � � �� �� � � � ���� � ��� ���� � ��
72 'LS ������ 2 �� � � ��� �� � � � ��� � ��� ��� � ��
72 0\UPLGRQ ������ 2 �� � � ��� � �� � � �� � ��� ��� � �
:+ %RUGHU�,V�$ ������ , �� �� � ��� ��� � � � ��� � � ���� � �
:+ +D\PDQ�,V ������ , ��� ��� � � �� � � � ��� � � ���� � �
:+ /DQJIRUG�	%LUG�,V ������ , �� �� � � ��� � � � �� � � ���� � �
:+ �����6 ������ 0 � � � ��� �� � � � ���� � � ���� � ��
:+ �����6 ������ 0 �� �� � ��� �� � � � ��� � � ���� � ��
:+ �����6 ������ 0 �� �� � ��� ��� � � � ���� � � ���� � �
:+ �����6 ������ 2 �� �� � ��� �� � � �� ��� � �� ���� � �
:+ +\GH ������ 2 � �� � � ��� � � �� � � �� ��� � �
:+ 5HEH ������ 2 �� �� � �� ��� � � �� ��� � �� ��� � �
6: �����6 ������ , � �� � � �� � � � ��� � � ���� � ��
6: �����6 ������ 0 � ��� � ���� ��� � � � ��� � � ���� � �
6: &KLQDPDQ ������ 0 �� �� � ��� � � � �� ��� � �� ���� � �
6: *DQQHW�&D\ ������ 0 � ��� � ���� �� � � � � � � ���� � �
6: +RUVHVKRH ������ 0 � ��� � �� � � � � �� � � ���� � �



+��FRQWLQXHG��1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem- Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromis phidodon centrus nas astes

6: �����6 ������ 2 �� �� �� �� �� � � � ��� � �� ���� � �
6: (DVW�&D\ ������ 2 �� �� � � �� � � �� �� � �� ��� � �
6: 7XUQHU�&D\ ������ 2 �� �� � �� � � � �� �� � �� ���� � ��
&% %URRPILHOG ������ 2 � � � �� �� � � � �� � � ���� � �
&% /DG\�0XVJUDYH,V ������ 2 � � � � �� � � � �� � � ���� � �
&% 2QH�7UHH�,V ������ 2 � � � � �� � � � � � � ���� � �
&% :UHFN�,V ������ 2 � � � � � � � � � � � ���� � �



+���1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem-s Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromus phidodon centrus nas ates

&/ 'HFDSROLV ������ , � � � � � � � � ��� � � ��� � �
&/ /LQQHW ������ , ��� ��� � �� �� � � �� ��� � � ���� � �
&/ 0DUWLQ ������ , �� �� � �� �� � � �� ��� � � ���� � �
&/ /L]DUG�,V ������ 0 �� �� � �� ��� �� � �� ��� � �� ���� � �
&/ 0DFJLOOLYUD\ ������ 0 �� �� � ��� ��� �� � � � � �� ��� � �
&/ 1��'LUHFWLRQ�,V ������ 0 �� �� � �� ��� � �� �� �� � �� ��� � �
&/ &DUWHU ������ 2 �� � � ��� �� � � � � � �� ��� � �
&/ 1R�1DPH ������ 2 ��� � � ��� �� � � � � � �� ��� � �
&/ <RQJH ������ 2 �� � � ��� �� � � � � � �� ��� � �
&$ )LW]UR\�,V ������ , �� �� � � �� � � �� �� � � ��� � �
&$ *UHHQ�,V ������ , �� �� � �� ��� � � �� �� � � ��� � �
&$ /RZ�,VOHV ������ , �� �� � � �� � � �� �� � � ��� � �
&$ +DVWLQJV ������ 0 �� � � �� � �� � � ��� � ��� ��� � ��
&$ 0LFKDHOPDV ������ 0 �� � � ��� �� � � � ��� � �� ��� � �
&$ 7KHWIRUG ������ 0 �� � � �� �� � � � �� � ��� ��� � ��
&$ $JLQFRXUW�1R�� ������ 2 � � � ��� �� � � � � � �� ��� � �
&$ 2SDO���� ������ 2 �� � � �� �� � � � � � �� ��� � �
&$ 6W��&ULVSLQ ������ 2 �� �� � �� � �� � � � � �� ��� � �
72 +DYDQQDK�,V ������ , �� �� � � � � � �� ��� � � ��� � �



+��FRQWLQXHG��1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem-s Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromus phidodon centrus nas ates

72 3DQGRUD ������ , �� � � � � � � �� ���� � � ��� � �
72 'DYLHV ������ 0 �� �� �� ��� ��� � � ��� ��� � �� ���� � �
72 -RKQ�%UHZHU ������ 0 �� �� � ��� ��� � �� �� ��� � �� ���� � ��
72 5LE ������ 0 �� �� � ��� �� � � �� �� � �� ��� � �
72 &KLFNHQ ������ 2 �� � � ��� �� � � � ��� � ��� ���� � ��
72 'LS ������ 2 �� � � ��� �� � � � ��� � ��� ��� � ��
72 0\UPLGRQ ������ 2 �� � � ��� � �� � � � � ��� ��� � �
:+ %RUGHU�,V�$ ������ , �� �� � �� ��� � � � ��� � � ��� � �
:+ +D\PDQ�,V ������ , �� �� � � �� � � � ��� � � ���� � �
:+ /DQJIRUG�	�%LUG,V ������ , �� �� � � �� � � � �� � � ��� � �
:+ �����6 ������ 0 � � � � � � � � ���� � � ���� � ��
:+ �����6 ������ 0 � �� � �� � � � � ��� � � ���� � ��
:+ �����6 ������ 2 �� �� � ��� �� � � �� �� � �� ��� � �
:+ +\GH ������ 2 �� �� � �� �� � � �� � � �� ��� � �
:+ 5HEH ������ 2 � �� � �� �� � � � �� � �� ��� � �
6: �����6 ������ , � �� � � � � � � ��� � � ���� � �
6: �����6 ������ 0 �� ��� � ���� ��� � � � �� � � ���� � �
6: &KLQDPDQ ������ 0 � ��� � ��� � � � �� ��� � �� ���� � �
6: *DQQHW�&D\ ������ 0 � ��� � ���� �� � � � � � � ���� � �
6: +RUVHVKRH ������ 0 � ��� � � �� � � � �� � � ���� � �
6: (DVW�&D\ ������ 2 �� �� � � �� � � �� �� � �� ��� � �
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6: 7XUQHU�&D\ ������ 2 �� �� � �� � � � �� �� � �� ��� � ��
&% %URRPILHOG ������ 2 � � � �� �� � � � �� � � ���� � �
&% /DG\�0XVJUDYH,V ������ 2 � � � �� �� � � � �� � � ���� � �
&% 2QH�7UHH�,V ������ 2 � � � � �� � � � � � � ���� � �
&% :UHFN�,V ������ 2 � � � ��� � � � � �� � � ���� � �



+���1XPEHUV�RI�GDPVHOILVKHV�UHFRUGHG�RQ�UHHIV�LQ������VXUYH\V��6XP�IURP�DOO�WUDQVHFWV�DW�DOO�VLWHV�RQ�HDFK�UHHI�
6HFWRU Reef Reef Shelf Acantho- Amblygly- Amphi- Chro- Chrys- Dasc- Dischis- Neogly- Neopoma- Poma- Plectrogly- Poma- Prem- Stega-

ID chromis phidodon prion mis iptera yllus todus phidodon centrus chromis phidodon centrus nas astes

&/ 'HFDSROLV ������ , �� � � � � � � � ��� � � ��� � �
&/ /LQQHW ������ , ��� ��� � ��� �� � � �� ��� � � ���� � �
&/ 0DUWLQ ������ , �� �� � ��� �� �� � �� ��� � � ���� � �
&/ /L]DUG�,V ������ 0 �� �� � ��� ��� �� � �� ��� � �� ���� � �
&/ 0DFJLOOLYUD\ ������ 0 �� �� � ��� ��� �� � � �� � �� ��� � �
&/ 1��'LUHFWLRQ ������ 0 �� �� � �� ��� �� �� � �� � �� ��� � �
&/ &DUWHU ������ 2 �� � � ��� �� � � � � � �� ��� � �
&/ 1R�1DPH ������ 2 ��� � � ��� � � � � � � �� ��� � �
&/ <RQJH ������ 2 �� � � ��� �� � � � � � �� ��� � �
&$ )LW]UR\�,V ������ , �� �� � � �� � � �� �� � � ��� � �
&$ *UHHQ�,V ������ , � �� � �� ��� � � � �� � � ��� � �
&$ /RZ�,VOHV ������ , �� �� � � �� � � �� ��� � � ��� � �
&$ +DVWLQJV ������ 0 �� � � ��� �� � � � ��� � ��� ��� � ��
&$ 0DFND\ ������ 0 �� �� � � ��� � �� �� � � � ��� � �
&$ 0LFKDHOPDV ������ 0 � � � ��� � � � � ��� � ��� ��� � �
&$ 7KHWIRUG ������ 0 �� � � �� �� � � � � � ��� ��� � �
&$ $JLQFRXUW�1R�� ������ 2 �� � � ��� �� � � � � � �� ��� � �
&$ 2SDO���� ������ 2 �� � � ��� �� � � � �� � �� ��� � �
&$ 6W��&ULVSLQ ������ 2 �� �� � �� � �� � � � � �� ��� � �
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72 +DYDQQDK�,V ������ , ��� �� � � � � � �� ��� � � ��� � �
72 0LGGOH ������ , �� � � � � � � � ��� � � �� � �
72 3DQGRUD ������ , �� � � � � � � �� ���� � � ��� � �
72 'DYLHV ������ 0 �� �� �� ��� �� � � ��� ��� � �� ���� � �
72 -RKQ�%UHZHU ������ 0 �� �� � ��� �� � � �� ��� � �� ���� � ��
72 5LE ������ 0 �� �� � ��� �� � � �� ��� � �� ��� � �
72 &KLFNHQ ������ 2 �� � � �� �� � � � ��� � ��� ��� � ��
72 'LS ������ 2 �� � � ��� �� � � � ��� � ��� ��� � ��
72 0\UPLGRQ ������ 2 �� � � ��� � �� � � � � ��� ��� � �
:+ %RUGHU�,V�$ ������ , �� �� � �� ��� � � � ��� � � ��� � �
:+ +D\PDQ�,V ������ , ��� �� � � �� � � � ��� � � ��� � �
:+ /DQJIRUG�	�%LUG,V ������ , �� �� � � �� � � � �� � � ��� � �
:+ �����6 ������ 0 � � � � �� � � � ��� � � ��� � �
:+ �����6 ������ 0 � �� � �� �� � � � ��� � � ���� � ��
:+ �����6 ������ 0 �� � � � �� � � � ��� � � ��� � ��
:+ �����6 ������ 2 �� �� � ��� �� � � �� �� � �� ��� � �
:+ +\GH ������ 2 �� �� � � �� � � � � � �� ��� � �
:+ 5HEH ������ 2 � �� � � �� � � �� � � �� ��� � �
6: �����6 ������ , � �� � � � � � � �� � � ��� � ��
6: �����6 ������ 0 � �� � ���� �� � � � � � � ���� � �
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6: &KLQDPDQ ������ 0 �� �� � ��� � � � �� ��� � �� ���� � �
6: *DQQHW�&D\ ������ 0 � ��� � ���� � � � � � � � ���� � �
6: +RUVHVKRH ������ 0 � ��� � � � � � � �� � � ��� � �
6: (DVW�&D\ ������ 2 �� �� � � �� � � �� �� � �� ��� � �
6: 7XUQHU�&D\ ������ 2 � �� � ��� � � � �� �� � �� ��� � ��
&% %URRPILHOG ������ 2 � � � ��� � � � � �� � � ��� � �
&% /DG\�0XVJUDYH,V ������ 2 � � � �� �� � � � �� � �� ��� � �
&% 2QH�7UHH�,V ������ 2 � � � �� � � � � � � � ��� � �
&% :UHFN�,V ������ 2 � � � ��� � � � � � � � ��� � �
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I1. Cooktown / Lizard Is sector



I2. Cairns sector



I3. Townsville sector



I4. Whitsunday sector



I5. Swain sector



I6. Capricorn / Bunker sector
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Appendix K

Statistical Analysis of the LTMP Survey Data

Analysis of Individual Reef Trends

Fish
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Benthic Cover Data
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Analysis of regional trends

Fish abundance and benthic cover data
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