
NINGALOO MARINE PARK: PRELIMINARY
FISH DENSITY ASSESSMENT AND HABITAT

With information on Drapella cornas

A report prepafed for the Department of Conservation and
Land Management, Western Australia, by Sea Research: A.M.
.and A.L. Ayling, and funded by the Australian National Parks

and Wildlife Service

June 1987

Sea Research
A.M. and.A,.L. Ayling

P.M.B. 1
Daintree

Queensland 4873
Austalia

SURVEY

coral damage due to
grazing



NINGALOO MARINE PARK: PRELIMINARY FISH DENSITY
ASSESSMENT AND HABITAT SURVEY

Contents

In t roduc t ion  . . . . . . . . . . . . . . . .1

M e t h o d s . . . . . . . .  . . . . . . . . . . . . . 2
Hab i ta tDe l ineat ion . . . . . . . . . . . . . . . .  . . . . . . . . .2
Quantification of Subsratum Type and

Cover  o f  Encrus t ing  Organ i ims . . . . . . . . . . . . . . . . . . . . . . . . . .  2

?Kge"Y;::3::T:::: :: :::::: ::::::: ::3
Resu l ts  . . . . . . . .  . . . . . . . . . . . .  4

Hab i ta t  Descr ip t ion . . . .  . . . . . . . . . . . . . . . . .4
Normal  Reef  S i teHab i ta ts . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .4
Pass  S i te  Hab i ta ts . . . . . . . . .  . . . . . . . . . .4

Abundance of Hard Corals and Other Encrusting Organisms ................ 5
pTpejlacornus Density.. . . . . . . . .  . . . . . . . . .6
f l sn  uounts . . . . .  . . . . . . . .7

Ie th r in idae(Emperors ) . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .7
D e n s i t y . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . 7
I rng th  Frequenc ies . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  g

Other  Recreat iona l l y  Ut i l i sed  F ishes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9
Butterflyfishes: Family Chaetodontidae ............... 10

Discuss ion . . . . . .  . . . . . . . . . . . .  1 l
Habitats and Coral Cover .  .  .  .  .  .  .  .  .  .  .  .  . . . . . . . . . . . . . . . . . . . . . . . . .  l l
Monitoring of ChangesinCoralCommunit ies... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12
Drupeua cornus . . - . . . . . . . .  . . . . . . . , . . . . . . .  12
Monitoring of Changes n Drupella cornus popu1ations....................... 13
F i s h  C o u n t - s . . . . . . . . . . : . . . . . . . . . . . . .  . . . . . . . .  1 4
Monitoring of Density Changes in Fish populations ......16

References . . . . . .  . . . . . . . . . . . .  1g

Acknowledgements . . . . . . . . . . . . . . .  . . . . . . . . . . .  19



NINGALOO MARINE PARK: PRELIMINARY FISH DENSITY
ASSESSMENT AND HABITAT SURVEY, WITH INFORMATION ON
CORAL DAMAGE DUE TO DRUPELLA CORNUS GRAZING

INTRODUCTION

The Ningaloo Reef system extends for 260 km along the wesr coast of the Nonh
West Cape Peninsula, stretching from about 21o50'S to 23'35'5 (figures l-2). The
outer reef is on average only ?.5 km offshore, separated from the coast by a shallow
sand-y lagoon that averages only 2-4m depth. On the seaward side the re6f drops
gently to about 8-10m, with a well developed spur and groove structure. The 6ottom
then falls more gently to the 100m isobath 5-6 lim outside the reef edge, becoming
progressively more ,sandy. 

'The reef is broken every few kilometres 6y passes where
water depth ranges from 6-8m. A general description of the Ningaloo'Reef
environment and its present recreational use has been published 6y the Marine park
Working Group (May et at., 1983).

This area differs from all East Coast reef regions in that the coastline adjacent to the
reef is arid, with average annual rainfall around 200mm. As a result there is little
terriginous sediment input; the lagoon is floored with white calcareous sand. The
northern half of the reef lies next to Cape Range National Park or to unused vacant
crown land, while the sou*lem halfis fronted by sheep grazing pastoral leases.
Recreational use of the coast by visirors is relatively hilFand iiii estimated that
almost 55,-000 people visited coastal areas adjaceni to the reef during 1981-82 (May
et al., 1983). An aerial sr:rvey of the coast on 4th August 1982, during the periodbf
peak use, showed that there was one camping area for each 5 km of coastline, with
a total of almost 1000 people camped on the coast (May et al., 1983). The majority
of these people are involved in recreational fishing, eitlier from the shore or inihe 

-

lagoon from small tin boats, with the most soughiafter fish species being the north-
west snapper (better known as the spangled emperor lzthrinus nebulosus).

Onty preliminary_biological information is available for the Ningaloo Reef tract. A
coral species list has been compiled by I.E. Veron ofthe Australian Insitute of
Marine Science and records 203 species of coral from this area (personal
communication).. A-comprehensive fish list has also been prese*nted by G.R. Allen of
the West Australian MusEum (Allen, 1980). Allen record& 464 specii:s of fish from
81 families. Preliminary species lists have also been compiled foriome other reef
groups, notably echinoderms and molluscs.

The. pulpose of the field work reported here was to delineate the major biological
habitats at several sites within the proposed marine park. and to obtiin somJ
preliminary information on the derisity of recreationilly imponant fish species in the
selected sites.

For{ sites were- surveyed: three in dre Osprey Bay-Sandy Bay area toward the
southern end of the Cgpe Range NationaL Paik where re6reational use is only
moderate; and a founh at Neds Camp near the northern end of the terrestrial oark
where road and boat access is relativ?ly easy and recreational fishing pressutb
relatively.high. The three sites in the Osprey Bay-Sandy Bay area 'Jeie designated
lr.om lortt-r to south: Sandy Bay, Site; Osprey Bay Pass Site; and South Ospriy nay
Site. Dr:ring the cor:rse of fte field work it was noted that large numbers 6f the sniall
muricid gastropod Drupella cornus were eating hard corals at-all four sites. As a
result the survey was extended to cover density estimates of these gastropods at the
four major sites and at four additional sites spiced along the reef trict. 'IJrese
additional sites from north to sourh were: Tairtabiddi Criek; North Mandu Mandu;
Winderabandi Point; and Coral Bay (see figure 2).
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METHODS

Habitat Delineation

{eliminary subdiwision of each site into biological habitats was made by examination
of colour_aerial photographs. The habitats chosen were then verified by field
examination and the photographs were then used to determine the area of the major
marine habitats at each site. ln most cases the habitats occurred in bands parallei to
the shore within each site. The survey area within each habitat was located along a
line running across each site at right angles to the shore (with the exception of site 2;.
Two post leads on the shorc and buoys across the lagoon were used to define the
position of the line. The position of ihe areas suweyed within each habitat at each
site is shown in the attached maps (figures 3-4).

Logistic and weather constraints confined the surveys to inner reef flat and lagoonal
habitats for most of the time. The large ocean swells breaking continuously dn the
front reef limited access to the front reef slope, reef crest and outer reef flai habitats.
Partial surveys of single areas within these three habitats were all that was possible.

Quantification of Substratum Type and Cover of Encrusting Organisms

At the survey areas chosen within each habitat five random 20m long line transects
were used to measure substratum rype and *re cover of corals and other encrusting
organisms.,A f]berglass tape was used to define each transect, run approximately
parallel to the shore, and the length of intersection ofeach organism oi each different
type of substratum immediately beneath the tape was recorded. Corals were
identified to species whenever possible but in iome cases it was more useful to soup
species in similar growth forms within each genus (Acropora plates for example).
The cover ofdead standing hard corals was also recorded. The category of dead
standing coral refers to colonies that have died or been eaten but still retain the form
ofthe live coral; the colony, has not started to break up into coral rubble. Each group
of frve randomly positioned transects was run within an area approximately 50it
square. In a few cases, when time permitted, two groups of fffe transects were
surveyed in adjacent areas within a single habitat.

In two areas that were considered representative of the coral dominated habitats a
further five permanently marked 20m line transects were set up and suweyed in the
same way. These areas were located on the reef flat in site 3, and on the pass shoal
slope in site 2. The transects were located adiacent to a star picket driven jnto the
bottom and were marked at intervds of 2-6m with 10cm maionrv nails driven into
massive pieces of coral. It was envlsaged that these permanent tiansects would give
a detailed baseline from which to follow changes in the coral communities of theie
two areas, to complement *re more general changes that will be detected from
resurveys of the groups of crndom transects.

Drupella cornzs Counts

After a few trials it was found that 5 x 0.5m transects could be searched most
adequately for individuals of this coral eating gastropod and that counts of this area
recorded sufficient numbers to give a reasonable estimate ofdensity in most areas.
These counts were carried out mainly on the back reef flat habitat where coral cover
w.as (or had been)-greatest and 10-30 replicates were searched in the areas surveyed.
Silgle eroups of 5 replicates were also surveyed in the reef crest and front reef siope
habitats.



Fish Counts

Fish were_counted alongfive replicate 50 x 20m belt transects positioned randomly in
each area but run approximately parallel to the shore. Each ransect was defined
using a 50m fiberglass tape and fish within 10m each side of the tape were recorded.
For the majority of the groups of counts three observers were used. One observer
slowly lays_ out the central tape while the other two swim along, one each side of the
tape, recording target flsh that are estimated to be within 10m of the tape. Target
species included all fishes in the families lethrinidae (emperors), lutjanldae (snappers
or sea-p-erch), haemulidae (sweetlips), chaetodontidae (buaerflyfislies), scaridai-
(parrodishes), all-non-secretive members of the family senanidae (groupers), and
large recreationally imponant members of the family iabridae (wrasies).

Where these frshes were not abundant all target species were recorded during a single
pass along the tansect, but where some or all of ihem were abundant the recordini
observers made a number of passes along the transect counting a different group o.-f
species each time. During the first pass species that were repelled by the presence of
the observers were counted; it was important that the diver running out the tape kept
pace with the two observers during this frsr pass so as not to get thead of tham aid
disturb unrecorded fish. Species in this category include all lethrinids and lutjanids
along with the senanids and the large labrids. On the second pass scarids and
haemulids were counted with chaetodontids beine counted on a rhird oass if
necessary. It was imponant that Lethrinus nebul-osus, and to a lesserlxtent L.
mahsena, was giventhe. most careful attention during the first counting pass, with the
observers watching for individuals moving away at the edge of visibility, as these
species were the most obviously repelled by the observe$.

Fish counts were made in the same areas in which encrusting organisms were
surveyed but were spread^over^a larger section of the target [abilat, being run within
an area approximately 150 x 100m.

Underwater visibility of about 8m is the minimum in which this size of visual fish
count can be surveyed accurately; if the visibility drops below this the width of the
transects must be reduced to 10m (5m each side of the tape). During the survey
reported here underwater visibiliry normally rangeA noni t0-tSm. 

-

The total length of alI lzthinus nebulosus and L. mahsena recorded was estimated so
that length frequencies could be constructed for the different habitats and sites.
Where these species were present in lfige numbers all the observers attention was
required to make the count and in such a case the lengths of about 50 randomly
chosen individuals of each species were recorded betiveen counts in the same irea
that the counts were run in.



A

RESULTS

Habitat Description

A total of eight biological habiuts were recognised along the transects in the three reef
sites (sites 1,2 & 4), while six additional habitats were recosnised in the Pass Site
(site 2). These habitats are listed below, along with a brief discription of each, and
are shown in the accompanying maps (frgures 3-4).

Normal Reef Site Habitats:

Outer Reef Slope: The portion of the reef slope on the seaward side of the reef from
about 4m depth down to about 8-10m depth (after which the bonom levels out and
sand patches begin to occur). A firm coral basement with moderate cover of robust
hard corals and moderate cover of dead standing hard corals.

Reef Crest: A narow band of distinctive habitat immediatelv beneath the breakine
waves on the outer edge of the reef flat. Characterised by high cover of hard corils,
notably small clumps of Acropora digiifera, and massive domes of Goniastrea and
Platygyra. ̂ '[\e co:ral basement between the corals is extensively burrowed by large
numbers of the ecttnoid Echinomerra. Corals on ttre reef crest 

'are 
exposed on low

spring tides.

Outer Reef Flat: Extending from the reef crest about halfway back across the reef flat
this habitat is composed of large areas of coral rubble altemating with patches of coral
basement extensively burrowJd by Echinometra atdensities of6ver 50 per sq m.
There is some live hard coral on the patches of coral basement and a moilerate amount
of dead standing coral.

Reef Flat: Coral basement, with some rubble and sand and a high cover of dead
standing coral, primarily plate formin g Acropora, and a variable amount of live hard
coral.

Back Reef Edge: The interface between the reef flat and the lagoon floor. A variable
habitat made up of sand, staghom Acroporapatches,large Porites heads, and a corai
slope from 1-4m deep.

Coral Lagoon: Some areas in the lagoon are characterised by coral communities,
usually growing on patches of hard substratum scanered over the sand and rubble
floor. Neds Camp outer and middle lagoon are good examples of this habitat.

Alg-al Lagoon: Sand or n:bble substratum is typical of the lagoon area but in much of
the lagoon all available hard substratum, whether pieces of coral rubble or emergent
patches of coral basement, is covered with the brown aJga Sargassum or a variety of
other macroalgae_. A few corals and sponges occur amongst the algae but generaily
account for less than 17o of the bo$om cover.

S and- Lagoon : ! arge areas of the lagoon are bare sand with only widely scattered
small clumps of macroalgae.

Pass Site Habitats:

Pass Floor: l,ow coral basement ridges interspersed with sand and coral rubble
gutters at 3-6m depth. Moderate cover of hard coral andmassive Millepora (fire
coral) colonies.



Pass Shoal Top: A shoal, slightly deeper than the reef flat, stetching across the pass
between the outer reef and the shore. Coral basement with moderate cover of hard
coral and extensive areas of dead standing coral.

Pass .lhoal S-lope: -A sleep goral slope off the back edge of the shoal, falling to sand
or,rubble in 3-5m depth. Moderate cover of live hard coral, and massive Millepora
colonies, with moderate cover of dead standing coral.

Sargassarn Slope: Coral basement or rubble slope, descending to a sand floor in 4-
6m depth, covered with dense Sargassran forest. Hard coral largely absent.

Algal Lagoon: Sand and rubble floor in l-3m depth, with a high c over of Sargassun
and other macroalgae.

Inshore Reef Flat: Beach rock plaforms close to shore that are exposed on low
spring tides, and covered with scattered macroalgae, hard coral largely absent.

Abundance of Hard Corals and Other Encrusting Organisms

The raw data from the line Eansect surveys of encnrsting organisms and substratum
type, along with some preliminary analyses, are shown in the tables in Appendix 1.
S ummaries,of mean percentage cover of live hard coral, dead standing hdril coral,
and macroalgae are shown in table 1.

At the time of this survey live hard corals were moderately abundant on the outer reef
*pe. Q0Eo cgver), wherc the corals were primarily massive favids, especially
Goniastrea, Platygyra and lzptoria, and plate and stagh om Acropora.-Dead itanding
coral covered 17.lVo of the substatum here, about equal to the Iive coral cover.
Sponges-were relatively abundant in this habitat, esp6cially the encrusting green-grey
sheets of Sigrzado cia. symbiotica.

The reef crest habitat (suweyed at site 3 only) had a higher cover of live coral than
any.of the other- habitats surveyed with 37 .4Vo cover. Live corals were primarily
small clumps of Acropora with 287a cover, and massive colonies of Goiiastrea'
retifgrmk an!.Platygyra with 5.8Vo cover. Drupellawere not present in large
numbers in this habitat and hence dead standing coral was only an infrequent
occurrance, accounting for less than 57o cover,

Bior .a the Drupel/a infestation the reef flat habitat had been dominated by plate
forrning Acropora; most of the 60-707o cover of dead standing coral in th-e 

-6 
reef flat

survey areas was Acropora plates. Live hard coral cover was low in this habitat in
Sites I &3, rangingfrom3.S-7.lVo, and was primarily Acropora plates and clumps.
At site 4 there was 24.lVo cove.r of live coral, inclu dtig 12J% Aciopora plates, brit
Drupella.were very-active at this site and many of the live coral colonies were partially
eaten at the time of this survey. At site 3 there werc some patches of the soft ioral
Sarcophytoi on the reef flat with a mean cover of 5.7Vo ii one group of 5 transects.

The back reef edge habitat, where coral patches were interspersed with areas of sand,
had a distinctive coral community. Massive Porjtes heads up to 15m in diameter, and
stands of staghorn Acropora were the most obvious features of this habitat, along
with some Acropora clumps and plates. Live hard corals accounted for about l0%
co-ver, with dead standing corals covering another 70-20Vo and sand patches 25-502o
of the substratum.

At site 4 the outer and middle lagoon was not dominated by algae but had a coral
community similar to the back reef edge with I 1.3 and 8.i7o liard coral cover
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respectively. Here Por-ies fing er and porites massive heads were frequent as were
A,crolora cjvmps and Acropora staghom thickets. Dead standing coril cover was
about.equar to live coral cover. In these_ coral lagoon habitats m {ssive Millepora
colonies were also common, covering 4.1 and h.sEo of the subGatum ."p'eiiiu"ry.

In theAlgal dominared lagoonal habitats at all sites comls covered less than 1zo of
the su.bstratum,. while sponges also accounted for less than 1zo. In some areas not
quanfirrecl rn thrs survey the erect, strap_like fan sponge plryllospongia papyracea
was relatrvely. abundant. sargas_ surn and other micro-algae covired"between 15 and
/J"/o OI me SuDstratum ln these habitats.

Large ar.eas of the lagoon were characterised by a uniform sand substratum with little
or no sorld substratum to act as an attachment site for either corals or algal. This sandlagoon habitat was featureless apan from a few clumps of algae, and an"occasional 
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small coral colony.

In the reefpass at sire 2 the pass floor habitat had onry 7.5vo rive corar at the rime of
rne survey.,. pnnanly massive faviid species, but Drupella ac.irvities had resulted in
oead standrng coral accounting for 62.7va cover. Massive Millepora colonies were
also common in this habitat with 5.0Vo cover.

on the top of the pass shoal Dnrpel/a had also been active resurting i n 47 .Zva cover ofdead standing coral. The 11.17o live coral remaining was pimattli, Acroooro "juroi
and plates, with some massive faviids and clumps oFSry lopora ptii ata: 

- - -'-

]!e |1t spne of the pass shoal was d.ominated by algae for part of its length but had
a ncn coral co-rnmunlty arong the remaining half. Live coral cover was primarilv
masslve taurd species. Massive Millepora colonies covered 5.1-g.07a bf tt e
substratum here.

Drupella cornas Density

The coral predatory gasropod Draperla cornus was present in a[ areas where coral
yT d9-I1!-tjul was especialJy common in the reei flat habitat. Density estimateswere made at 7 sites between coral Bay in the south and rantabiddi cre6k in thenorth and these are summarised in tabla 2. As this species was most abundant in the
f"ef.lit,labita! mosr densiry estimates were made tirere- Means rang"a norn 5.aiol d.) per sq m ln_this habirat but the estimates had a very high varianci in most areasand numbers as.high as 175 per sq m were recorded in sing"re transects. where coral
l-af pre;e.nt m the lagoon habitars, as at Coral Bay and Neds Camp, Drupella
occured ln moderate numbers, with a.mean density of 5.0 per sq h in ttre Coral Baysite. on the reef crest and outer reef srope onry single sites'were-suweyed due to 

'
access problems. These indicated rhat Drupel[a wi less common in these more
exposed habitats with densities of 1.3 and-l.6 per sq m respectively

Drupella was usuallv assresated on the rive corar colonies on which ttrey were
feeding; only--7 .3vo 6f fr-osirecorded in on. ,it oizo .ouni, tsite i, .eii nal) *erenot on partially live coral colonies. They were recorded feeding on i *iAe udriew of
:g^T]-:pTi:. 

(see eble 3) but predominintly on aI Acropora,p"r"i", f".p""iiUy 
'' -'

plates), and_ most Montipora species. To a lesser extent'they aitacked pocillop6rids.
ponficls and a small proponion of the colonies of a few faviid species notably
uonastrea retilormis.

IlIi: .""r:9 that Drupella grazing had a distinctive effect on many prey corals,
1T9]41q rhe sotter parts of the skeleton-enrirely, especially ttre gioiing rips ofAuopora .specles, and damaging the skeleton around the pblyps] In ma-nvbf themore ffagrle crumplng Acropora species many of the bran-chei had been broken off
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by the Drupella forcing their way down amongst the tightly packed fingers of the
skeleton. Hence, it could be inferred with some reliability that the majority of the
dead standing coral at all sites surveyed had been killed by Drupella graziig.

The feeding rate of Drupella was estimated using repeated photographs of 12
lcropora plate colo-nies over a 7 day period. This rate was variable, ranging from
0.6 to 10.1 sqcmof the plate area per mollusc per day, with a mean of 2.6.- Atthis
mearl rate 16.2 individuals (the mean number found per sq m in this area) could
completely eat a plate lm square in 237 days. Brawfuy and Adey (1982) also
recorded high^grazing rates_ for the related gastropod Co ralltophtla abbrevrara, with up
to 16 sq cm of coral tissue being eaten per day by each animal.

Th9 lelatr_vely small number of sites surveyed for Drupella density suggest that the
activity of these gastropods has been greatest in the northem part'of tha Marine park,
between Winderabandi Point and Neds Camp. All areas surveyed in this 100hn long
area had high densit.es of Drupella and,/or large areas of dead standing corals.
However, only one survey was made in the southem 200km of the Park (at Coral
Bay) and more work is required to determine the statu s of Drupella in this large area.

Fish Counts

The raw data from all the series offish counts is tabulated in appendix 2, along with
the means and standard deviations for each group of counts.

Lethrinidae (Emperors)

Density

Thr-ee. species of emperc)rs w€re recorded in the couns although one of these,
Lethrinus variegata, was only found in small numbers in two 

-areas. 
A fourth

specie-s, Lethrinus,chrysostomus, was sighted on the outer reef slope but was not
r-ecorded in any of the cognls. Densities of Lethrinus nebalosus (kirown locally as
the NW snapper or spangled emp eror), and lzthrinus mahsena (yellow-tailed 
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emperor or big-eyed qnapper) are summarised in table 4. Of thede two species L.
nebulosus is is the primary target of both recreational and commercial fishermen,
although large specimens of L. ma hsena are retained if taken.

Lethrinus nebulosar was most abundant on the short (550m long) coral dominated
ponion of the pass shoal slope where densities of 426 per ha (hdCtare) were recorded.
This species was also relatively_common in all habitats where areas of sandy
substratum were associated with patches of coral or Sargassutn for shelter, such as
on the back reef edge and inner reef flat, and in lagoon habitats where such shelter
was sufficient. Densities ranged from 42- 1 14 peiha in these areas. In habitats such
as the outer reef slope, outer reef flat and pass hoor, where there was little sand
cover, this species was either rare or absent.

!11ele factq angtysis of variance was gsed to test the significance of the density
differences forl. nebulosns &tween the habitats in each site. Habitats that had a
density -of I, pe-r ha or less were excluded from the analyses. A significant result was
detected only for site 2 where there were 30x density differences between habitats;
dgnsity differences within the other 3 sites ranged fiom l.5x to 9.5x but were not
significant (see table 5).

The yellow+ailed empaor L. malrera was most abundant in the outer reef flat
habitat where densities of 524 per ha were recorded in the single area surveyed in this



habitat. Observations at three other sites suggested that this high density is
widespread in this habitat. L. mahsena was also abundant on the coral dominated
ponion of the pass shoal slope with densities of424perha, and on the outer reef
slope (112 per.ha), the pass floor (152 per ha) and the reef flat habitat (L58-294 per
ha). This species was reasonably common in all other habitats except those
dorninated by macroal gae.

Density differences for L. mahsena between the habitats in each site were significant
in all cases (single factor analysis of variance). With the exclusion of habita'is that
had a density of 1 per ha or less, density differences within the 4 sites were 5x, 6x,
9x and 13x (see table 5).

Using the habitat map for sites 1-3 (figure 3) it was possible to measure the area of
each habitat within the 4km lengrh of coastline that Encompassed these 3 sites. Using
these habitat areas and the density estimates within the different habitats, an estimate-
of the total number of each of these species present at rhe time of the survey in this
part of the coast could be made. Esrimates were 78,469 for L. nebulosus lnd77,168
for L. mahsena.

Much of the lagoon is less than lm deep at low tide and the inner reef flat less than
50cm deep. It was thought that the larg'er flshes may move into deeper areas at this
time with a consequent influence on the density estimates. At site l^separate groups
of counts were made at low tide and at high tide in the reef flat habitat ind in dre oirter
pg1 of the algal lagoon- There were no significant differences in density between
high tide and low tide for either L. nebuloius or L. mahsena (single faclor analysis of
vanance,

The distribution of these two species was very patchy, both between habitats, and on
a smaller scale within each ha6itat. This was'eipeciillv so for L. nebulosus i the
standard deviation of the five replicates made in lach hibitat was usuallv
approximately equal to or great& than the mean, and the variance : mean ratio
averaged_ 8.8 for the 14 groups of counts in which the mean density was over l0 per
ha. For L. mahsena the standard deviation was generally less than half of the mein
(lowest value 1 17o of the mean), and the variance : mean ratio averased,Z.T for the 15
groups of counts in which the mean density was over l0 per ha. Thi-s has important
consequences in any attempt to determine the significance of density changes ihat are
detected through time as will be discussed later.-

Length Frequencies

Length frequencies for Z. nebulosa and L. mahsena in the different habitats in which
they were common are shown in figures 5-7. The minimum takable size for
fishermen for both these species is 28cm. The prefened target of fishermen, the NW
qnapper Z. ryk4lost1s, showed three significantly different pattems of length
frequency- distribltion (significance of differenc-es tested us:ing Kolmogor6v-Smirnov
two sample tests). On the site 1 reef flat habitat and the site 1 and 3 back reef edee
habitat fish from several different year classes, between 20 and 50cm estimated t6tal
Iength (IL),- were-present in moderate numbers with a few larger individuals also
being recorded. On the pass shoal back slope in site 2 and in ihe coral lagoon at site
4 L. nebulosus populations were dominated by a single size class (26-30Im TL) with
few or no la.ree,fiqn being counted in these areas. There was a very different panem
in the combined algal dominated lagoonal habitats. In these areas 
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Vo of frsh

recorded were between 6 and 15cm TL, with a few individuals in all larger size
classes up to 65cm TL. This suggests that the algal dominated lagoonal Eabitats are
nursery areas for this species offering shelter for new recruits and the 0+ age class.
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Mean length for this species ranged from 20.5 i 14.4 cm from all algal habitats to
38.1 + 7.6 cm from the back reef edge habitat. By summing the individuals in each
count that were estimated to be over 28cm in TL it was possible to eet a measure of
the dersity of fish ttrat were potentially accessible to fishermen in eich habitat. By
combining this density with the areas ofeach habitar in the sites 1-3 area (see
estimates of total numbers above) the number of fish over 28cm in the same area
could be calculated. It was found that 11J36 L. nebulosus tn this 4km length of reef
were over 28cm, or 63.5Vo of the total number of this species in this area. 
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L. mahserwlength frequency distributions from the different habitats were all
generally-s-imilar-with only a few exceptions. Il most cases the mean length was
between 26 and 30 cm, the dominant length class was also 26-30cm, and the majority
of fish recorded were benreen 21 and 35 cm in length. The most notable exceotion 

-

was the combined atgal habitats where779o of ndlviduals recorded were less thar
20cm long and 47Vo were in what is probably the Gr age class berween 6 and 10cm
long. It seems likely that these algal dominated habitats act as nusery areas for both
these species of Lethrinus.

L. mahsena did_ not grow to such a large size as L. nebulosus. The largest L.
mahsena recorded was estimated at 39cm TL compared with 65cm for L. nebulosw.
Mean size of L. m ahsena was 15.6cm in algal dominated habitats, and ranged from
24.5 to 30.5cm in other habitats. Of the estimated total number of this spJcies in the
4km long sites 1-3 area (see above),38,562 or 50.07o were over 28cm in TL.

A gopparlso.n oJ l91gt! frgqrency patterns between the relatively heavily fished site 4
and the relatively lightly fished sites 1-3 shows no meaningful fends. For L.
nebulosus thelength frequency graph from the coral dominated lagoon habitats at site
4 (he only habitats suweyed in this site where reasonable numbeis of this species
were recorded) was not significandy different from the similar pass shoal slope
habitat in site 2, although both were significantly different from the reef flat ii site 1
and the back reef edge of sites 1 and 3. In the litter 2 habitats the mean size was also
significantly larger.

Length frequency distributions for L. mahsena from the reef flat habitats of sites l. 3
and 4 also showed no meaningful conelation with fishins level. Sites 3 and 4
showed pattems that were not signi-ficantly different and ilso had very similar mean
lenglls, althoygh site t had a length frequ'ency that was significantly 

-different 
and a

significantly lower mean length.

Other Recreationally Utilized Fishes

Although fishes in the family l,ettrinidae are the major species caught by line
fishermen a number of other groups are accessible t6 spdarfishermdn or-are
occasionally lgdgd b_y !1e fiihermen. These irclude 6od (family Serranidae), large
snappers (family Lutjanidae), sweetlips (family Haemulidae), baidchins and 
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bluebones (fgnrly Lab1dry; genus Choerodon), and large terminal phase parrofishes
(famil-y Scaridae). With the exception of the parrotfishels, none of these gioups were
recorded in sufficient numbers to make more than the most general comnients on their
distribution and abundance.

The most abundant serranid was the chinaman cod Ep inephalus rivulatus that
occurred oicasionally in most habitats, but was cominonln all algal dominated
habitats with mean densities ranging from 26 to 84 per ha lsee talble 6). However,
the majority of specimens of this species were too small to be taken by
spearfishermen. No other serranids were even moderately common; irnly a single
coral tout Plectropomu leopardus was recorded in all thl counts, and the modErate
sized greasy cod Eptnephelw tauvina occurred at densities of about 2 per ha in coral
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dominated habitats (table 6). Although no specimens were recorded in the counts the
queensland grouper Epinephelw lanceolatus wasrelatively common and a total of
five were sighted during the course of this survey.

No large lutjanids were recorded in any ofthe counts, although the 25-30cm TL
black-spot sea-p erch Lutjanus fulviflamma was locally common in coral dominated
habitats (see table 4).

Four species of sweedip were recorded in the counts with a combined density of 12.8
per ha in the coral dominated habitats, the majority from 40-50cm TL (see ta51e 6).

The large labrids in the genus Choerodon, that are commonly referred to as baldchin
groupgr! or bluebones, are the most prized food fish in this area. Two species were
recorded, C. schoenleinii and and an undescribed species, and both werd most
abundant in the deeper habitats associated with coral. Mean combined densities for
these two species were about 4.2 per ha (see table 7).

Parrotfishes were very common in most habitats especially on the reef flat and other
coral dominated habitats. A total of 17 species werb recoided. with combined
densities of up to 2320 per ha. In algal dbminated habitats the small species
Leptoscarus vaigiensis was common, especially in dense Sargassum fbrests where it
was associated with small numbers of another small algal scaidCalatomus spinidens.
In the coral dominated habitats the species.Scaras schiZgeli and.S. sordidudiere
most abundant, with moderate numbers of S. prc giognathus, S . psittacus and S .
frenatus.. Scarus ghobban was present in moderate numbers in all areas surveyed.
The majority of the scarids recorded were small sized fish; only males of the fwe
largest species q{e laken by spearfishermen and these averaged only 16 per ha for the
coral dominated habitats (see table 7).

Estimates of the total number of individuals of these recreationally utilised species
within the 4kn length of reef encompassing sites 1-3 are shown in table 8. 
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Butterflyfishes: Famity Chaetodontidae

Many butterflyfishes are obligate feeders on hard or soft corals and measures of the
abundance of species in this group can give a good indication of the state of coral
populations in an area. On the Ningaloo Reef Tract only 5 species of hard coral
feeding -chaetodontids were recorded and the combined density of these species was
positively co-rrelated with hard coral cover (see figure 8). Thele species frefer to
feed on corals in the family acroporidae and showa better correladon with the
combined percentage cover of corals in this family (figure 8).

Altho-ugh the remaining chaetodons were primarily invertebrate pickers they were
largely confined to coral dominated habitats (see table 9). The only exception was the
westem butterflyfish C. ass-arius that was positively associated wiih macroalgal cover
(see figure 8) and was not found in coral dbminated habitats. The most abun?ant
invenebrate picking species apart from C. assanlzs was C. auriga tith C. citrinellw
and C . lunula also moderatelv common.
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DISCUSSION

Habitats and Coral Cover

Iq general surveys of the Ningaloo reefs conducted prior to 1980 by members of the
West Ausfalian Museum and J. E. Veron, a coral taxonomist from-the Australian
Institute of Marine Science, the coral communities were reoorted to be healthv and
diverse, with a high percentage cover of live corals (Marsfr, 1980; May et a1., 1933;
Veron, pers. comm.). During the present survey the only area visited ihat had a rich
and diverse coral community was the Corat Bay site. This site probably provides tire
best indication of the pre-1980 condition for all sites prior to the outbreak of Drupella
cornus grazing. At Coral Bay the present surveys recorded a percentage cover oi live
coral of almost 507o in the middle lagoon and 28Vo on the back reef flat. the
p€rcentage cover of dead standing corals at all the other reef sites suggests that such
rich coral communities were universal prior to the ou tbreak of Drupitla acd,vity .

The coral communities at most of the sites surveyed did not extend far into the
lagoon, but were replaced by macroalgal domindted communities or open sand flats.
Exceptions were Coral Bay, where coral dominated the entire lagoon, and Neds
Camp.(site 4) wiere all parches of hard substratum in the outer h-alf of the lagoon area
were dominated by corals.

Algal dominated sha4ow water communities are a feature of turbid fringing and
inshore reefs on the Great Barder Reef (GBR) where the water visibiliw iJless than a
metre for Iong periods of the year. Hence it seems possible that water ionditions in
qu.9l1-9f tle Ning_aloo lagoon are also turbid for a large pan of the time, although
visibility during this survey was usually around l0-12m. Altematively it may 5e the
movement of the large amount of sand swept across the reef and consiantly 
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resuspended and moved within the lagoon by waves and currents that inhibits the
growth of corals in this area. Examination of aerial photos of the area suggests that
extensive sand drifts move into and along the lagoon, driven by waves aiii currents,
and are an important feature of much of the lagoon environmeni on the Ningaloo reei
ract.

A feature of the back, reef edge and lagoonal habitats was the presence of many large
massive Porites heads; the largest measured during this survey was 15.5m in 
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daimeter, that -provide focal points for larger fishei such as drummer Kypfrosur
grbsonf, sweetlips and the occasional queensland grouper Epinephelus ianceolatus.
These often occurred in-clumps emerging from the sandy lagoon floor and probably
represent the remains of sand smothered reef areas . T'he Poites may have 6een abie
to survive as a result of their massive habit keeping them above the inundating sand.

With the exception -of the massive Poriles heads most of the corals in the lagoon and
on the reef flat ar-e-fast growing acroporids. On the Neds Camp reef flat, for
exarnple,26% of live har_ d corals were acroporids, primarily plite forming Acropora
species. This suggests that these areas are subject to regular disturbance; 

-the 
coial

community that forms on GBR reefs 5- 10 years after ciown of th oms Acanthaster
p/anci destruction is dominated by acroporids, especially plate forming Acropora
species (T. J. Done, personal corirmunication). Possib6 iources of tfis disiurbance
at Ningaloo are sand smothering in the lagoon, cyclone damage on the reef flat and to
some extent in the lagoon and previous Drupel/a outbreaks.

On the outer reef slope, however, acroporids only accounted for 41 Vo of hvehud
coral at the time of this slrvey, indicating that rhis part of the reef may not be as
frequently disturbed as the reef flat and hgoon.
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The richness of coral cover at Coral Bay, and presumably on the rest of the Ningaloo
reef prior to the Drupella outbreak was high compared to most reefs on the GBR.
Mean live coral cover at Coral Bay was 43.7Vo, in spite of some Drup ella damage,
compared to a grand mean coral cover of 24.7Vo on a selection of 34 reefs between
Caims and Mackay on the GBR (Ayling and Ayling, 1985).

Monitoring of Changes in Coral Communities

Total coral cover should be monitored at a number of sites, as discussed below in
relation to Drupel/a monitoring, to get some indication of the progress of the coral
damage caused by Drupella activities and to keep track of the future recovery of the
coral communities. In addition more detailed monitoring of corals should be made at
a few sites by making annual surveys of permanently mirked transects. During the
present slrvey two groups of five 20m permanent line transects were set up and
surveyed:,one group on the reef flat at site 3; and another on the pass shoafslope at
site 2. Additional groups of permanent transects could be set up if desired at Coral
Bay and Neds Camp.

Drupella cornus

The damage doneby Drupella cornw grazrng on the Ningaloo reef tract has been
dramatic. No site visited in the Ningaloo Marine Park during this survey was free of
D. cornus, although the coral communities at the Coral Bay site were still relatively
undamaged. As Drupella grazing causes distinctive damale to the coral skeleton ii
was possible to determine that the majority of dead standing coral colonies at all sites
were c-ausedby their activities. The sites visited indtcate that Drupella gnanghas
caused massive coral damage along at least 100km of reef berween Tan-tabiddi Creek
and Winderabandi Point. In this area coral cover has been reduced bv a mean of
about 867o on the reef flat and other back reef coral dominated habitas since 1980.
anlby O7o in the single front reef slope site surveyed in this area. The full extent of
this outbreak is not known, although it may be more widespread than this suwey
yog]d rldicqtgqlt has begn relorted that Diupella arc present on reefs in the Danipier
Achipelago 300km north of Ningaloo, and on the Abrolhos Islands 700kn to thd
south (C. Simpson, personal communication).

ih9 extent of the damage to coral communities on the Ningaloo reefs, and the
biological features of the damage, are very similar to that resulting fro m Acanthaster
planci graztng on the GBR. For example the Acanthaster plancj outbreak on about l0
mid-shelf reefs off Townsville in 1983-85 also reduced coral cover between 70 and
957o (Ayling and Ayling, 1986). Ltke Drupel/a the oown of thorns stars selecrively
prey on the fast groving Acropora spp. urd Montiporaspp. and have least effect on
f_avii.ds. Both sources of grazing leave the coral skeleton ielatively intact, a feature
that has consequences in the redevelopment of the coral communiity compared with
destructive agents of coral death such as cyclones.

Although several species of Drupella we present on the GBR (densiies of Drupella
cornus on Norman Reef off Caims were 1.1 per sqm in June 1987, unpublished
personal data) they have not to date been reponed to have caused exteniive coral
destruction on any reef. However, DrupeIIb spp. have been reported in destructive
numbers in a number of areas in the topical Pacific, including Miyake-Jima in
southem-Japan and Mactan Island in the Philippines (Moyer-et al., 1982), and
Enewetok Atoll in the Marshall Islands (BouCher, 1986). 
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Moyer er al. (i982) found

that coml destruction on Miyake-Jima had amounted to as muih as 35Zo on one small
study reef over a period of 2 years. These sources also repon that destruction was
limited to fast-gowing foliose coral s such as Montipora, Acropora and pocillopora.
Fujioka and Yamazato (1983) found that Drupel/a spp. on redfs in Sesoko Island,
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Okinawa showed a strong host preference for acroporid and pocilloporid genera, and
to a lesser extent for Porites, an-d that they actively sought out theseiorals-in hojt
selection experiments. Fujioka and Yamazato (1983) counted coral associated
gastropods ilcludng Drupella spp. along 2 cross reef transects. They recorded mean
densities of 0.2 and 0.6 per sqm for D. cornus and combined densities of 0.4 and 2.4
per sqm for Drzpel/c spp., considerably less than recorded at most sites on the
Ningaloo reefs during this suwey.

No unifo-rm_ explanati-on for destructive outbreaks of Dnpella spp. has been
proposed, although M9ye1 et 4. (1982) suggested rhat th-e Miyike-Jima population
explosio_ns were conelated with massive siltation following birlldozing aird heavy
rain_. It is hard to postulate such an explanation for the Ningaloo popu-lation
explosion of these gastropods. The aria is semi-desen witliaverige annual rainfall
of about 200mm, and the coast for over 500km north and south of Ningaloo also
receives less than 250mm annual rainfall. Hence it is unlikelv that siltadon or
freshwater runoff has had much direct influence on th e Drup'ella cornns population
explosions at Ningaloo, although it is possible that the influence has corie hom
further north via the prevailing Leeuwin Current.

Much of the reef area ofrhe proposed Ningaloo Marine Park has been damaged by
tlis Drupella.corr?us outbreak. By combining the density estimates made during this
ry1iey with the a^pproximate area of coral measured frori aerial photographs of ihe
100-km of reef affected, it is possible to determine that there arc ipproiimlately 500
rnilT:Lon Drupella in {e Marine Park. It seems likely that the pres6it outbreak'began
sometime between 1980 and 1985 (May, personal i:ommuniiation; Simpson,
penonal communication) and that coral cover will eventuallv be reduced dramaticallv
over most of the Marine Park. Once populations of the preferred prey corals are
completely destoyed it seems likely ih{t Drupella populitions will d&line, allowing
coral communities in the Park to recover. Recovery of coral communities on reefs 
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damaged-by Acanthaster generally takes i0-15 years (T.J. Done, personal
communication) and a similar time scale is to be expected for recovery of the
Ningalgo reefs-from Drupella damge. Recovery riay, however, be dehyed if some
Drupgll! arc able,to suwive after the preTerred piey species are removedby eating the
r-emaining, normally rejected, coral species; occasi6n aIIy Drupella indrviarials weie
found on some faviid species and o; Lobophyllia and dther lirgely ignored species.

Monitoring of Density Changes in Drupella cornas Populations

Ij is important th at Drupella poptiation density be monitored at least annually to
determine the progress of the present outbreak. The random 5 x 0.5m trans-ects used
during the present survey are an appropriate size for future monitoring, being easy to
census accurately and covering reasonable numben of Dnryella. .fhe vadanae inhe
groups of couns was very high and at least 20 replicates should be made at each site,
within an area approximately 100m square. Suitable sites would be a reef flat and a
lqggolgt site at Coral pay, a Jane Bay reef flat site, an Osprey Bay reef flat site and a
Neds Camp reef flat site. These sites would give a good tiovlrag6 of the Marine park
reglon.

It would also be useful to make one-off surveys of at least 5 sites between
Winderabandi Point and the southem end of the Marine park to determine the status
of Drupellapopulations and coral communities in this area- In addition it mav be
appropriate to survey about l0 reef flat sites at regular intervals between TaniaUiddi
Creek and Osprey Bay to get an indication of the imaller scale variati on rn Drupe a
density and activity. The same survey techniques mentioned above could be used for
mese two spatlal surveys
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In addition regular estimates of total live coral cover should be made at all the sites at
wtnch Drupella number-s are surveyed. These counts can be made very quickly and
with a suitable degree of accuracy by summing menrally all live hard c6rJl alorig a
20rn line transect-tape in.5 or l0cm incrementi to get a single figure for total cm
intercepts. This figure divided by 20 gives an esti-mate of ferceitage cover. With
practice the coral intercepts can be summed quickly as the-tape is Ging run out. Five
replicate 20m transects should be surveyed ai each-site.

Fish Counts

The,Ni_ngalgo_fis!,fau1a ig dominated by species that are widely disaibuted in the
gopig_al In{qlacifrc;1 5Vo of the 501 lsh species recorded frori.r the NW Cape region
by-Allen (1980,-and personal communication) are coral reef dwelling Indo-picifrj
fishe!. Some of these species are primarily reseicted to the Indian dcean and NE
Pacific and are not found on the GBR eg Naso fageni and Scarus prasiognathus. A
small percentage of the fauna (47o) are restricted o the NW coast bf Aus?alia (from
around Shark Bay to Darwin), and a number of these are undescribed or recenilv
described species.

In generalte_rms the fi,sh communities of the Ningaloo reefs can be separated into
those that inhabit coral dominated habitats and those of the lagoonal aigal dominated
habitats. Many of the fish species common in the algal habitlts are noi normally
found in coral reef areas inc-luding Epinelehs rivulaius, Chaetodon assartus,
I*ptos.carus vaigiensis, Calotomus ipinidens, Psudojuloides elongatus, Cleiilio
inermis, Coris caudbnacula, Cymolutes praetextaus, Halichoeres nebulosus and,
\ercjulis-margaritaceoas.- As far as could be determined fishes were largely absent
from the large expanses of sandy lagoon.

The two species most sought after by recreational fishermen,I*thrinus nebulosus
andL. mahsena, were both abundant at all4 sites surveyed. Although the estimates
of density for these two species were very variable with density diffErences of an
order of magnitude between dre different'habitats within each jite *rere was no
evidence that the higher fishing pressure at rhe Neds Camp site had reduced the
numben of either species at this site compared with comparable habitats in the less
heavily fished sites further south, Similarly, although ldngth frequency distributions
of these two species were dramatically diff6rent between s-ome ofthe tribitats there
was also no evidence that the le_ngth frequencies were influenced by the supposed
differences in fishing pressure beiween ihe different sites.

Both these lethrinids are present on the GBR but are nowhere as abundant as thev are
on the Ningaloo reefs (personal observations). In surveys of Le thrinus nebulosiu on
20 reefs toward the southem end of the GBR the highesf mean density recorded was
51 per ha, while the grand mean for all 20 reefs was only 6.5 per ha (Ayling and
Ayling, 1986). This compares with a grand mean densit], for ilt coral domi-nated
habitats at Ningaloo of 74 per ha and a highest mean derisity of 426 per ha.

None of the bther recreationally utillisgd frsh species occur at the high densities of the
two lethrinid species. of the more preferred species there was an es-timated 15 coral
trout in the 4km length of reef, lagoon and pais that encomDassed sites l-3. alone
with 879.Chaerodon.spp., 1,255 Epincphelus tauvina and 2,661 sweetlips
(Plectorhinchus spp.), compared with 18,469 north-west snappers and 7i,16g
yellow-tailed emperon (seatable 8). As with the more abundiirt lettrinids there is no
real evidence from this survey that there has been any significant reduction in the
oensuy oI any ot these other recreational species at the Neds Camp site. None of
these^specie-s-were recorded in sufficient numbers to make any useiul comments on
the effect of fishing on their length frequency distributions.



Of these species only coral tr�out (PI;ecropo,rn rc spp.) and scarids have been the
subject of comprehensive density surveys on the G-gn. On turbid inshore GBR reefs
where Sargassurn forms dense forests in shallow water the bar-cheeked coral trout
Plectro-pomus maculatus was the dominant species, occurring at grand mean densities
of 10.6 per ha on the 16 inner shelf reefs surveyed in 1983-8=4. Although this
species is recorded frorn the Ningaloo reef algal dominated lagoon (Allen, 1980 and
personal communication), no individuals weie seen during the present survev. The
common coral trout Plectropomus leopardus was abundait on irost GBR re6fs, with
grand mean densities on mid-shelf reefs of about 50 per ha. This compares with a
grand mean density ofonly 0.4 per ha for this speciei in the coral dominated habitats
of sites 1 -3 . . The very low densities of coral trout recorded on the Ningaloo reefs are
almost certainly.not a reflection of excessive fishing pressure but are piobably the
result of some biological feature of the Ningaloo reefs that differs froin the siltuation
on the GBR.

On-the other hand, the density of most of the scarid species is comparable or greater
on Ningaloo reefs compared with similar habitats on the GBR (J.H. Choat, plrsonal
commr:nication): Tlis is possibly a consequence of the creation of a large arba of
suitable grazing habitat on the Ningaloo reefs by the coral grazing activit-ies of
Drupella cornw. !e algat turf that forms on dead standing corat is the prefened
grazing substratum for reef dwelling scarids.

Several studies on the GBR have looked at the disribution and abundance of
chaetodontids as indicators of coral reef community structure (Anderson et al., i981;
S49 and Wiliams, 1982). This group has also been used to look at communifo
differences between different reef habitats (Clarke, 197?). Many chaetodondd! are
obligate feeders on hard or soft corals and some work has also been done on the
relqtionship of chaetodontid abundance to coral cover ( Reese, 1977; Bell and Galzin,
1984; Ayling and Ayling, 1985, 1986).

A total o-f 14 species of chaetodontid were recorded on Ningaloo reefs during this
survey, 5 of which were obligate hard coral feeders, compaied with 27 species
recorded in similar counts on GBR reefs, I I of which were hard coral febders
({fline -andAyling, 1986). The GBR surveys revealed a strong positive correlation
of total density,of hard coral feeders with hard coral cover, indicating that ttrese
species.respond almost immediately to changes in coral cover. Alth6ugh the number
qfspecies feeding of hard coral on the Ningaloo reefs was much loweithan on the
GBR,. tlrg relationship of total density to coial cover was also strongly positive,
especially for Ac ropora corals (see figure 8). In fact the hard cordTeeders were
proportionally more abundant in relation to coral cover on the Ninsaloo reefs than on
!ry9 groups of reefs on the GBR (see figure 9, data from Ayling a;d Ayling, 1985,
1986).

On algal dominated fringing reefs in the GBR region chaetodontids occuned at very
low densities and the species prcsent were the same as those on more offshore reefs.
Our own unpublished data from Cape Tribulation fringing reefs showed a combined
chaetodontid density of only 12.7 per ha. In rhe algal Eoiinated lagoon on the
Ningaloo,reefs chaetodontids were considerably m6re abundant wifi a mean
combined density of 64 per ha. However, alm6st 807o of the chaetodontids in the
a]Eal dominated habitats were the westem butterflyfi sh Chaetodon assanlus, a species
that was restricted to this habitat. on GBR reefs tirere is no equivalent chaetod6ntid
restricted to such habitats.
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Monitoring of Density Changes in Fish Poputations

Given the high variance that was a feature of all groups of counts of the nonh-west
snapper special, attention will need to be paid to survey design for future monitoring if
any but gross changes in population density are to be detected. The mean variance :
pgan rytio for all groups of counts with a density greater than 10 per ha was 8.8
indicating that changes will have to be at least an oider of magnitu-de before they can
be tested as significant using analysis of variance techniques. For example, using the
dq4 from the groups of 5 counts made in this survey and testing for significant 
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differences between the habitats at each site gave non-significant results for 1.5x, 8x
and 9.5x differences between habitats. The dnly signific-ant differences were in site 2
where 30x density differences were recorded. However, in other tests between
random groups of counts differences as low as 5.5x gave significant results (see table
)1 .

This indicates that a powerful heirarchical design should be used for future
monitoring, incorporating more groups ofcounts than was used during the present
suwey. An appropriate design could be based on two normal reef locations, one in
an area open to recreational fishing (Neds Camp or similar), and the other within a no
fishilg reef appreciation area (Sandy Bay-Osprey Bay or similar). Within each
location 6 sites would be suweyed; each site iestiicted to a segment of reef
approximellly 150m long and sepamted from other sites by ai least 100m. Each site
would be divided into two areas: coral dominated habitats (including reef flat, back
red edge gld coral dominated pans of the lagoon where these occur) and algal
dominated habitats, and five random replicate counts would be made within a tOO x
150m_area in- each habitat group. This would give a total of 30 replicates in each area
in each location, for a total of 120 counts at each survev time. Subsequent survevs
should be made within the same sites. Analysing such a design with d 4 factor
analysis of variance should enable the reliabie deiection of mrich smaller chan ees than
were possible using the data from the present survey.

The counts made in algal habitats should give an indication of recruitrnent level for
the nvo lethrinids; during the.p-resent survey.it was apparent that the algal dominated
ragoon was a nursery ground tor these specles.

Using the same design for the monitoring of changes in populaions of lzthrinus
mahsewt should give an even more reliable test of significance as the mean variance :
mean ratio fo.r this species in the prcsent survey was 2.7. Single factor analysis of
variance testing for differences between groupi of counts from the present data for l.
mahsena were not significant for differences of less than 2.1x, but were consistently
significant for differences of 2.lx or greater (see table 5)

!t is important that length estimations of these two species are made as part of any
f.uture density surv-eys. If high within-site variance prevents significani testing f6r
density cha,nges_ ofless than about 2x to 5x, comparison of mein length and oT length
frequency distributions should provide evidence bf changes in fish population
structure caused by different fishing regimes. ln comparisons between fished and
pr-otected reefs-on the southern GBR it was found that the mean lengths of coral trout
P lectropomus leopardw were significantly smaller on fished reefs compared with
protected reefs (Aylirg and Ayling, 1986). This was also reflected in significant
$fferences between length frequency distributions from the two groups of reefs. It
has been shown that with suitable taining observers can make relitiveiy accurate
estimates of the length of large reef fish underwater @ell et al., 1985).'

Given the low densities of the other recreationally utilized species it is unlikely that
any future reduction in density will be significani, even using the above desiln, but
these populations should be nionitored to-detect possible incriases in density-thit may
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result from protection. It is probably only worthwhile to count scarids with an
estimated otal length of grreater than 40cnr" and group ail scarid species into a single
category, rather than recording all individuals of all species separately.

It is probably useful to count numben of all species of chaetodontids as they are easy
to detec! have a relatively low variance and provide meaningful infomratioi on the 

'

state of the rcef.
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Table 1. Abundance Summary for Hard Corals, Dead Standing Hard Coral, and
Macroalgae in the Different Habitats Within the Four Survey Sites.

Mean percentage cover from five 20m intersect line Fansects is shown;
np = habitat not presenq nr = not recorded; - indicates zero percentage cover.

Normal Reef Sites Pass Site

Site 2Habitat Site I Site 3 Site 4 Habitat

Hard Coral

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon
Sand lagoorr

20.0
nr
nr
5.5
9.7
np
1 .0
0 .1

nr
37.4
nr

4 )

10.4
np
1 . 1
nr

nr
nr
nr

24.1
nr
9 .8
0 . 1
nr

Pass floor 7.5
Pass shoal top 1 1. I
Pass shoal slope L9.7
Sargasswnslope 0.5
Algallagoon 0.1
Inshore reefflat 0.4

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4 Habitat

Pass Site

Site 2

Dead Standing Hard

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

Coral

17.7
nr
nr

68.7
18.5

-ry

nr
<5
nr

63.3
8 .3

T
nr

nr
nr
nr

61,.2
nr

'-,

nt

Pass floor 62.7
Pass shoal top 47.2
Pass shoal slope 17.2
Sargasnnn slope
Algal lagoon
lnshore reef flat

Sand

Normal Reef Sites

Site I Site 3 Site 4

Pass Site

Habitat Habitat Site 2

Macroalgae

Outer reef slope .. 0 . 1
Reefcrest nr
Outerreefflat nr
Reef flat 0.2
Backreefedge 0.5
Coral lagoon np
Algallagoon 18.3
Sand lagoon 2.4

Pass floor 0.2
Pass shoal too
Pass shoal sl6pe
Sargasszrn slope 56.5
Algal lagoon 52.9
Inshore reefflat 7.3

nr
nr
Ilr
0 .1
l . J

nP
44.3
nr

nr
nr
nr
0 .1
nr
0.2
26.3
nr



T"Ulu_2. Summary of Drupella cornus Density and Coral Cover on the Ningaloo
Reef Tract

Density recorded from a variable number of 5 x 0.5m transects (2.5 sqm), and converted to
number per square metre, along widr estimates (where available) of 7o coral cov er and Vo dead
standing coral cover from five 20m long intersect line transects. nr = not recorded

Site # Site Habitat Replicates Drupella per qm Vo Coral
Cover

VoDead
Coral

sd

6
A

^

5

J

J

8

Tantabiddi Creek
Neds Camp
Neds Camp
North Mandu Mandu
Sandy Bay
South Osprey Bay
South Osprey Bay
South Osprey Bay
Winderabandi Point
Coral Bay
Coral Bay

reef flat
reef flat #1
reef flatll2
reef flat
outer slope
reef flat #1
rr.rof flat#2
reef crest
reef flat
reef flat
coral lagoon

5 .3  8 .5
16. I  18.7
10.4 1.3.4
18.5 38.7
1 .6  2 .3
9.6 r4 .9

16.3 31.2
I  . 3  1 . 0
7 .0  8 .s
7  . 4  5 .0
s .0  3 .2

) \
30
30
25
5
20
25
5
10
10
10

16.4
1 A  1

nr
2.9

20.4
t 1

A 1

37.4
1,0.2
28.0
+5.  t

nr
61.2

nr
r7.7
59.3
65.4
<5
nr
nr
nr



Table 3. Corafs Affecte d by Drupella cornus Grazing.

Live or partially live corals in transects on the site 3 reef flat were recorded as either undamaged or
as actively being attackeAby Drupella cornus. The percentage of colonies attacked is recordEd.

Family Species total colonies 7o colonies attacked

Pocilloporidae

Acroporidae

Agaricidae

Poritidae

Faviidae

Oculinidae

Merulinidae

Mussidae

Pectiniidae

S eriatop ora calie ndrum
P ocillop ora datnicornis
Stybphorapktillan

Acropora plates
Acropora digiffera
Acropora aspera
Acropora robusta
Acropora formosa
Monrtpora encrusing
Monttpora lnlls
Astreopora sp.

Pwona deausata
G ardi rwro s eris p lanulaa

Porites massive

FattialF avites spp.
Goniastrea retiformis
Cfuhastrea serailia

Galaxea spp.

Merulinaampliau

Lobophyllia sp.
Symphyllia sp.
Scolymia sp.

Echinoplryllia sp.

i

5
J

20
<A

12
2
2

10
14

J

i

5

25
20
33

9)
31
)<

100
100
60
57
33

tl

33

56

z)
12
t7

1

I
t
2

33



Table 4. Abundance Summary for the North-West Snapper Lethrinus nebulosus,
the Yellow-Tail Emperor Lethrinus mahsena and the Black-Spot Sea-Perch
Lutjanus fulviflamma in the Different Habitats Within the Four Survey Sites.

1t4sar .lgnsity ftom five 50 x 20m transects is shown, converted to number per hectarc (ha);
np = habitat not present; nr = not recorded; - indicates zero percentage cov-r.

Habitat

Normal Reef Sites

Site I Site 3 Site 4 Habitat

Pass Site

Site 2

Lethrtnus nebulosus

Outer rcef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

(north-west snapper or spangtedemperor)

Pass floor
Pass shoal top nr
Pass shoal slope 426
Sargasswnslope 26
Algallagoon 18
Inshore reefflat 14

nr
nr
nr
1

nt
78
50
nr

nr
nr
1
t4
1 1 0
np
69
nr

nr
nr
1t4
^ . t

np
t2

Sand

Habitat

Normal Reef Sites

Site I Site 3 Site 4 Habitat

Pass Site

Site 2

Lethrinus mahsena (yellow-tail emperor)

Outerreefslooe 112
Reefcrest nr
Outerreefflat nr
Reefflat 294
Backreefedge 60
Corallagoon np
Algal lagoon
Sand laeoon

Pass floor 152
Pass shoal top nr
Pass shoal slooe 424
Sargassurnsl6pe 68
Algallagoon 1
Inshore reef flat

nr
nr
nr
74
nr
56
16
nr

nr
524
158
98
np
1 a

Normal Reef Sites

Site I Site 3 Site 4

Pass Site

Habitat Habitat Site 2

Lutjanus fulviflamma (black-spot sea-perch)

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

nr
202

nr
nr
nr
40
nr
'-,

nr

nr
nr
nr
20
' 1 1

np

nr

;
nr
t-,

1e

Pass floor
Pass shoal top
Pass shoal slope
Sargasszm slope
Algal lagoon
Inshore reef flat

Sand



Table 5. Analysis of Variance of Density Estimates of Lethrinus nebulosus anll
L. mahsena.

Single factor analysis of variance was used to test the significance of between habitat differences at
each site, and to test differences between some selected groups of counts. Difference: indicates the
ratio of lowest to highest mean. ns = not significant; * = 0.05>p>0.01; ** = 0.01>p>0.001; *",,*
= p<0.001.

Site Mean t Std.Deviation for Each Grouo Difference Fratio Sisnificance

Lelhrinus nebulosus

1 7.2+1.3
2 t.4|l.5
3 1.4+0.5
4 5.015.4

7.8+5.4

4.2L4.0
1.8+2.5
4.2+5.1
7.8+5.4

7.8+5.6

11.2L7.4
15.2*9.9
2.2+3.0
3.6+2.9

46.2+47.3
7.4L3.8

15.2+9.9
15.8+2.9
29.4+8.2
42.4L10.9

lt.4+14.2
2.6+5.8
9.6+8.5
7.8+5.6

42.6t4r.2

29.4t8.2
42.4*10.9
9.8r4.6
7.4+3.8

7.6+3.6

42.6+41.2
l1 .0t l2 . l

52.4t5.9

15.812.9
7.6x3.6

9.5x
30.4x
7.9x
1.6x

5.5x

2.23
4.68
1.66
0.43

3.9r

ns

ns
ns

,*

Lethrinus mahsena

I 6.0+3.3
2 6.8+4.7
3 t.2xr.3
4 1.6+1.5

29.4!8.2
3.6t2.9
7.4t3.8
7.4+3.8

11.2t7.4
15.2*9.9

8.7x
6.2x

13.2x
4.8x

1.6x
2. lx
2 . lx
2 . lx
2.6x
2.8x

52.65
21.81
23.44
4.54

0.68
) 1 )

2.69
15.34
13.s7
17.08

* * *

ns
ns
ns



Tabfe 6. Abundance Summary for the greasy cod Epinephelus tauvina, the
chinaman _cod -Epin_ephelus rivulatus and swCetlips Pleciorhinchus spp. in the
Different Habitats Within the Four Survey Sites.

Mean dgnsity from five 50 x 20m transects is shown, converted to number per hectare (ha);
np = habitat not present; nr = not recorded; - indicates zero percentage cov-r.

Normal Reef Sites

Site I Site 3 Site 4

Pass Site

Habitat Habitat Site 2

Epinephelus tauvina

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

(greasy cod)

nr
nr

T
T
nr

nr

nr
nr
4

2
n-p

nr

8
nr
nr

i
1e

Pass floor
Pass shoal top
Pass shoal slope
Sargasswn slope
Algal lagoon
Inshore reef flat

nr

Sand

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4

Pass Site

Habitat Site 2

Epinephalus rivulatus (chinaman cod)

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

2
nr
4
68
42
,

nr
nr
nr
2
nr
I
<')
nr

nr
nr
nr
4
14
np
65
nr

nr
nr
l l
54
np
26
5

Pass floor
Pass shoal top
Pass shoal slope
Sargassurn slope
Algal lagoon
Inshore reef flat

Sand

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4

Pass Site

Habitat Site 2

Plectorhinchus

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

spp. (sweetlips)

8
nr
20
L

nr
nt
nr
10
nr

:
nr

nr
nr
nr
2
38
np

nr

8
nr
nr
J

't

Pass floor
Pass shoal top
Pass shoal slope
Sargasswn slope
Algal lagoon
Inshore reef flat

Sand



Table 7. Abundance Summary for Baldchin Groupers and Btuebones Choerodon
spp., all Scarid Species and all Large Scarids in the Different Habitats Within the
Four Survey Sites.

Mean dgnsity from five 50 x 20m transects is shown, converted to number per hectare (ha);
np = habitat not present; nr = not recorded; - indicates zero percentage cover.

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4 Habitat

Pass Site

Site 2

Choerodon spp.

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon
Sand lagooq

(baldchin grouper, bluebone)

2 w
nr nr
nr nr

nn

nt
16

?

nr
nr

T
nr
z
6
nt

np
6
nr

Pass floor
Pass shoal top
Pass shoal slope
Sargasswn slope
Algal lagoon
Inshore reef flat

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4 Habitat

Pass Site

Site 2

Total Scarids (parrotfishes)

Outerreefslope 962
Reefcrest nr
Outer reef flat nr
Reefflat 708
Backreefedge 130
Coral lagoon np
Algallagoon 92
Sandlagoon I

Pass floor 2320
Pass shoal top nr
Pass shoal slope 1340
Sargassam slope 819
Algallagoon 32
Inshorereefflat 10

nr
nr
nr

1470
s30
np

1 4 1

nr
nr
nr
494
nr
567
70
nr

Habitat

Normal Reef Sites

Site I Site 3 Site 4 Habitat

Pass Site

Site 2

Total Scarids Over

Outer reef slope
Reef crcst
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon

40cm Total Length

4
nr
5_0

nr
nr
nr
8
nr
22' t )

nr

nr
nr
nr
36
t4
np
6
nt

44
nr
nr
1 8
4"t

Pass floor
Pass shoal top
Pass shoal slope
Sargassurn slope
Algal lagoon
Inshore reef flat

Sand



Table 8, Estimates of the Total Numbers of the Different Recreational Fish
Species in the Sandy Bay to South Osprey Bay Area.

Estimates of the total numbers of individuals in ttre 4km length of reef and lagoon that includes
sites l-3.

CommonName Number

Izthina rnahsena
L.mahena>28cm
Izthrinus nebulosus
L. nebulosus >28cm
Large Scarids (>4ocm)
P lectorhinchas spp.
Lutjaruu fulviflatwna
Epinephelus tawina
Chaerodon spp.

yellow-tailed emperor

north-west snapper

parrofishes
sweetlips
black-spot sea-perch
greasy cod
baldies, bluebones

77,168
38,562
18,469
11,736
8,606
2,661
1,874
1  ' 5 5

879



Table 9. Abundance Summary for all Chaetodontids (Butterflyfishes), all Hard
Coral Feeding Chaetodontids and the Western Butterflyfish Chaetodon assarius in
the Different Habitats Within the Four Survey Sites.

Mean density from five 50 x 20m transects is shown, converted to number per hectare (ha);
np = habitat not present; nr = not recorded; - indicates zero percentage cover.

Habitat

Normal Reef Sites

Site 1 Site 3 Site 4 Habitat

Pass Site

Site 2

Total Chaetodontids

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon
Sand

(butterflyfishes)

152
nr
nr

286
t14
np
l4
2

Normal Reef Sites

Site 1 Site 3 Site 4

Pass floor
Pass shoal top
Pass shoal slope
Sargasntn slope
Algal lagoon
Inshore reef flat

Habitat

nr

86
78
np
50
nr

r46
nr
92
tt4
90
40

Pass Site

Habitar Site 2

Total Hard Coral

Outer reef slope
Reef crest
Outer reef flat
Reef flat
Back reef edge
Coral lagoon
Algal lagoon
Sand

Habitat

Feeding Chaetodontids

Normal Reef Sites

Site I Site 3 Site 4

Pass floor
Pass shoal top
Pass shoal slope
Sargassurn slope
Algal lagoon
Inshore reef flat

Habitat

50
nr
26
2

2

nr
nr
nr
32
A / l

np
1
nr

1 1 8
Ilr
nr
2n
68
nl

Pass Site

Site 2

Chaetodon assarius (western butterflyfish)

Outer reef slope
Reefcrest nr
Outer reef flat nr
Reef flat
Backreefedee 2
Coral lagoon- np
Algallagoon 6
Sand lagoon 2

nr

84
86
36

nt
nr

T
nr
5
64
nr

nr
nr

T
np
30
nr

Pass floor
Pass shoal top
Pass shoal slope
Sargassurn slope
Algal lagoon
Inshore reef flat
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MAPS OF SURVEY SITES SHOWING BIOLOGICAL HABITATS AND SURVEY
LOCATIONS . see figure 3 (sites 1-3) and figure 4 (site 4) fottowing.
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FIGURE 5. LENGTH FREQUENCY GRAPHS FOR ZEruIRINAS NEBULOSUS.
Comparison of length frequencies from the habitats in which this species was common in the four survey
sites. Reef flats: combined reef flat habitats (L. nebulosus was only common on the reef flat of Site 1).
Back reef edge: combined from Sites 1&3. Lagoon coral: combined lagoon habitats where coral wai

present (Site 4 only). AU algal habitaa: combined habitats where macroalgae were dominant.
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FIGURE 6. LENGTH FREQUENCY GRAPHS FOR I,E?IIRINUS MAHSENA,
Comparison of length frequencies from all habitat groups in the four survey sites.

Reef flat: combined rcef flat habitats. Lagoon coral: combined lagbon habitats where boral was present
(Site 4 only). Back reef edge: combined from Sites 1&3. All algal habitats: combined habitats where ma-

croalgae were dominant.
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FIGURE 7. LENGTH FREQUENCY GRAPHS FOR TETTIRINUS MAHSENA.
Comparison of length frequencies from the reef flat habitat in the thrce reef sites.

Site 1 (Sandy Bay) an{ S=ite 3 (lguttt Osprey Bay) are the more southerly sites with relatively low fishing
pressue compared with Site 4 (Neds Camp) where access and boat launching are much easier and fishing

pressure more rntense.
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FIGURE 8. PATTERNS IN THE DISTRIBUTION OF CHAETODONID FISHES
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FIGURE 9. COMPARISON OF CHAETODONTID RELATIONSHIPS AT NINGALOO
AND ON THE GREAT BARRIER REEF

Regression line_ for the relationship of total hard coral feeding chaetodontids to percentage live coral cover
for 10 sites on the Ningaloo reefs, for 41 sites on different nJefs off Townwille and MaiKay (GBR north)

and for 41 sites on reefs at the southern end of the GBR (GBR south).
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APPENDIX 1.

Encrusting Organisms and Substratum Type: raw
data and preliminary analyses from five 20m

intersect line transects in each survey location



l105
0

1 3 1 1
0
0

6 0 . 9  5 . 2
Coral rubble 0 0.0 0.0

0.0 0.0

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOOi Site 1; outer reef slope; l5th April 1987

Transect # 1 2 mean std.dev.
(7o oover) (9o cova)(cm) (cm) (cm)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS3

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

spp. 0

0

0 0
0 0

0.0 0.0
0 . 1  0 . 1Macrmlgae
0.

S eriatopora caliendrum
Pocilbpora spp.
Stylophora pistillata

ACROPORIDAE
Acropora saghom
Acropora small clumps
Acropora plae
Montipora massive
Montipora explanare
Monripora hills

AGARICIIDAE
Pavona spp.
Pachyseris rugosa

PORITIDAE
G onb por a I Al v e o po r a sp p.
Porites massive
Porites finger

FAVIIDAE
Favia sulligera
FaialFaiEs spp.
Goniastrea spp.
Cyp has te a micr o p tlul na
Plarygya spp.
Echinopora explanate
Ieparia phrygta
Gudinoceris planulata
Hydrophora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
Lo bo p hyllial Symphyllin ip p.

HARD

0
) l

0

27

7
0
45
0

0
0

0
0
1 1

0
37
51
0
12
0
) /
0
0

0
6
27

0
93
0
3 l
0

0
0

0
0
0

0
19
136
0
n
0
91
13
0

0
8
5

79
44
78
0
7
0

5
0

0
0
0

l6
0
4l
8

0
54
0
0

0 0

0.0 0.0
1 . 1  1 . 3
0 . 5  0  . 7

2 . 3  I  . 5
1 . 5  1 . 3
3  . 0  2 , 3
0.0 0.0
1 . 4  I  . 0
0.0 0.0

0 . 1  0 . 1
0.0 0.0

0.0 0.0
0.0 0.0
0  . 2  0 . 3

0 . 3  0  . 5
0 . 9  0 . 9
3 . 8  2 . 6
0 . 1  0 . 2
r . 1  0 . 4
0.0 0.0
3 . 4  I  . 0
0 . 2  0 . 4
0.0 0.0

0.0 0.0

0.0 0.0

l l 0 . 2

Algae & seagrass
Sponges
Millepora
Hard Corals
Dead Standing Coral

16 2r
A l l

369 484
505 238

0
26
0

345
318

0 .  1  0 . 1
1 . 1  0 . 3
0  . 4  0 . 6

2 0 . 0  3 . 7
t 7  , 7  6 . 9

ls

Data from three 20m intersect line FansecB as total cm intersec8 with mean 70 cover



Transect #

SUBSTRATUM TYPEI

ENCRUSTING oRGANISMS and SUBSTRATUM TypE: NINcALoo; sire l; reef flar #1; 14rh April t9g7

|  2  3 4 5 mean std.dev.
(cm) (cm) (cm) (cm) (cm) (Vo caver) (Vo cover')

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

basement
Coral rubble

110 220
132 315
2W 324

7  . t  3 . 8
7  . 3  5 . 0

1 5 . 4
124 110

I
46
202 . 6

0
0 0

0

0
0

0
0
0

0
0

0.0 0.0
0.0 0.0

Seriaapora caliendrum
Pocilbpora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plaie
Montipora massive
Montipora explanae
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseis rugosa

PORITtDAE
G onb po r at Alv e o p or a sp p.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
Faviat Favites spp.
Goniastrea spp.
Cyp lws tea mi cr o p tlalra
Plarygya spp.
Echinopora explanate
Izparia plvygia
Godircceris planulata
Hydnophora spp.

OCULINIDAE
Galaxea Wp.

MUSSIDAE
Lo bop lryllial Symphyllia ip p.

0 0 0
0 0 0
0 6 0

2 2 2 6 0
3 1  1 6 0
0 6 9 5
0 0 0
0 0 0
t 2 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
2 6 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 2 6  1 2
0 0 0

0
0
0

0
0
1 1
0
0
0

0
0

0
0
0

0
28
0
12
0
0
0
0
0

0
0
0

0

33
0
0
0

0
0

0
0
0

0

0
0
0
0
0
8
0

0

0

0.0 0.0
0.0 0.0
0 . 1  0 . 1

0 . s  0 , 7
0 . 7  0 . 7
1 . 2  L . 4
0.0 0.0
0.0 0.0
0 . 1  0 . 3

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 6  0 . 6
0.0 0.0
0 . 1  0 . 3
0.0 0.0
0.0 0.0
0.0 0.0
0 . 5  0 . 5
0.0 0.0

0.0 0.0

0.0 0.0

0 . 1

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Corat
Soft Corals

0 0
0 0
0 0
58 89

1693 1468

0
0
0
67

96

0
0
0

149
1400

0

0
0
0
t7

1124

0.0 0.0
0.0 0.0

3  . 8  2 . 4
6  6 . 5  1 4 . 5

0.0

0.0

Data from five 20m interseat line transects as total cm intersecF with mean Zo cover



basement 5L6

0
 )
69

z)t
t 1

J))

26
0

365
0
38

1 3 . 9  7  . 6
t . 2  I  . 6Coral rubble
6 . 7  7  . 2

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Sire l; reef flat #2; l5rh April 1987

Transect  # 1 2 3 4 S m€an std.dev.
(cm) (cm) (cm) (cm) (cm) (Vo aver) (Eo cover)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
Melmlgae

0
19
0

0
0

0
0
0

.0 0.0
7 0 0 . 3  0 . 4

0.0

AE
Seriatopora calbndrwn
Pocilbpora spp.
Srylophora pktillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Montilnra massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavora spp.
Paclryseris rugosa

PORITIDAE
G onioporal Alveo pora spp.
Porites massive
Porit6s finger

FAVIIDAE
Favia stelligera
Favial Favites spp.
Goniastrea spp.
Cyphastrea micropthalna
Plarygyra spp.
Echinopora explanate
Ieparia plrygia
Godiroceris planulata
Hydtophora spp.

OCUL]NIDAE
Galaxea spp.

MUSSIDAE
ln bop hylli al Symphyllia ip p.

0
0
0

0
91
9
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

)
0
0
0
0

0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

20
70
144
0

0

0
0

0
0
0

0
7
0
0
0
0
0
0
0

0
0
0

l19
86
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0

. A

0

0
0
0

0
60
37
0
18
0

0
0
0

0
0
0
0
0
0
0
0
0

0.0 0.0
0.0 0.0
0.0 0.0

0 . 2  0 . 4
3 . 5  2 . L
2  . 8  3 . 0
0.0 0.0
0 . 4  0 . 5
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 2
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0  . 2  0 . 5
0.0 0.0

0.0 0.0

0.0 0.0

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

7
0
0

100
1480
0

0
0
0

229
1114

0

0
0
0

261
1713

0 . 3  0 . 4
0
0

115
1188

0
0
5

1592

0.0 0.0
0.0 0.0
7 . 1  5 . 2

7  0 .9  t2 .9
0.0

Data from five 20m in@rsect line tmnsects as total cm intersects with mean yo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Sire l; back reef edge; 14rh April 1987

Transect #

SUBSTRATUM TYPE:

|  2  3 4 5 mean std.dev.
(cm) (cm) (cm) (cm) (cm) (7o ovru) (70 aver)

Coral basement
Coral rubble 351

158
292
979

t32
40

180

rr72

2&
105
t307

9 . 6  2 . 6
8 . 6  7 . 0

52 .0  10 .4

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargasswn spp.
Macrmlgae

0
25
0

0
0

0
12
0

0
0

.0
8 0 . 5  0 . 5

.0

Seriaapora caliendrwn
Pocillopora spp.
Stylophora pistllata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G o nio por a I Alveo po r a s p p.
Porites massive
Porites finger

FAYIIDAE
Favia stelligera
FavialFaites spp.
Goniastea spp.
Cphastrea microptdnn
Platygya spp.
Echinopora explanate
kpnria ptuygia
Godinoeeris planlata
Hytlnophora spp.

OCULINIDAE
Galuea spp.

MUSSIDAE
Lo bo p lryllial Sy nphyllia i pp.

HARD

0
0
5

0
r24
0
0
0
l8

0
0

0
0
0

0
0
0
J

0
0
0
0
0

0
0
0

0
44
0
0
I O

0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

0
<^

r98
0
2
0

0 0
0 0

0 0
2 5 0
0 0

0 0
7 0
0 0
0 8
0 0
0 0
0 0
2 2 0
0 0

0
0
0

0
0
0

m
t2l
0
0
0
0

0
0

0
0
0

0.0 0.0
0.0 0.0
0 . 1  0 . 1

1 . 3  2 . 4
5 . 3  2  . 9
2 . 0  4 . 4
0.0 0.0
0 . 2  0 . 3
0 . 2  0 . 4

0.0 0.0
0.0 0.0

0.0 0.0
0 . 3  0 . 6
0.0 0.0

0.0 0.0
0 . 1  0  , 2
0.0 0.0
0 . 1  0 . 2
0.0 0.0
0.0 0.0
0.0 0.0
0  . 2  0 . 5
0.0 0.0

0.0 0.0

0.0 0.0

0 . 1  0 . 1

r10
187
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

0
0
0

t4L
153
30

2 5 0 8 1 2
1 3 0 7 4 0
0 0 0 0
60 150 314 305
346 42r 668 2s8

. 5  0 . 5
0 . 9  1 . 6
0.0 0.0
9  . 7  5 . 6

1 8 . 5  9 , 7
0 . 7

Data from five 20m inlersect line transects as tot'al cm intersects with mean qo cover



Coral basement
Coral rubble
Sand

0
0

96
0

1505 l

49
92

96
t 5

r279

0
60

1578

2 . 4  2 . 4
t <  t ?

7  6 . 6  t 0  . 2

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGATOO; Site t; algal tagoon; t3rtr April 1987

Transect  # 1 2 3 4 5 mean std.dey.
(cm) (cm) (cm) (cm) (cm) (7o over) (Vo co'v"*)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sugassum spp.
V.*rmtgae 360

0

0
JYJ

o 7
491 348
0 0

0 . 8  1 . 0
l 7  , s  6 . 0162

POCLLOPORIDAE
Seriatopora calie ndrum
Pocillopora spp.
Srylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclrynis rugosa

PORITIDAE
G onio por al Alv e o po r a s p p.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
F avial Faites spp.
Goniastrea spp.
Cy phas te a mic r o p thalnn
Platygya spp.
Echinopora explanae
lzptoria phrygia
Godinoceris planulata
Hydrophora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
Lo bop lryllial Sy mphyllia ip p.

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0

0

0 0 0
0 0 0
0 0 0

0 0 0
3 9 7 4 r
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0.0 0.0
0.0 0.0
0.0 0.0

0
0
0

0
t4
0
0
0
0

0
0

0
0
0

0.0 0.0
1 . 0  0 . 9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

Algae & seagrass
S p o n g e s
Mi l l€pora
Hard Corals
Dead Standing Coral

0
0
t4
0

407
0
0
5v
0

0
0
0
0

0
0
7
0
0

491
0
0

0

1 8 . 3  5  . 7
0.0 0.0
0.0 0.0
1  . 0  0 . 9
0.0 0.0

Data from five 20m intersect line transects as lotal cm intersects with mean Zo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO: Sire

Transect #

SUBSTRATUM TYPE:

1 2 3 4
(cm) (cm) (cm) (cm)

l; sand lagoon #1; l4th April 1987

5 mean std.dev,
(cm) (Vo cover) (9o crr.va)

ALGAE & SEAGRASS:

HARD CORALST

TOTAL COVER OF ENCRUSTING ORGANISMS:

Coral basement
Coral rubble
Sand

0 0
0 0

0 0
0 0

0
0

1844

0.0 0.0
0.0 0.0

Sargassum spp.
lvlacrmlge 6

5
6l

5
149
0

I
I

7
119

0  . 3  0 . 3
4 . 4  2 . 3
0.0 0.0

Soiaapora caliendnmt
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghorn
Acropora small clumps
Acropora plale
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseis rugosa

PORITIDAE
G onio gnr a I Alv e o po r a s pp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
FaialFaites spp.
Goniastea spp.
Cyphastea microptMtru
Platygyra spp.
Echinopora explanate
lepnria phrygia
Godbnceris plarulata
Hydnophora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
Io bop hyllial Synphyllia spp.

OTHER HARD CORALS

0 0 0
0 0 0
0 0 0

0 0 0
0 0 5
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

154 57 126
0 0 0
0 0 0
5 0 0
0 0 0

6
0
0
0
0
0

oo
0
0
0
0

4 . 7  2 , 2
0.0 0.0
0.0 0.0
0 . 1  0 . 1
0.0 0.0

0

Data from five 20m inters€ct |ine transects as btal cm intersec$ with mean 7o cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALoo; Sile I;

Transect # I Z 3 4
(cm) (cm) (cm) (cm)

SUBSTRATUM TYPE:

sand lagoon #2; 14th April 1987

5 mean std.dev.
(cm) (Vo crvex) (9o cover)

Coral basement
Coral rubble

0
0

0
0
995

0
0

0
0

2000

0
0

0.0
0.0 0.0

0 . 1

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COYER OF ENCRUSTING ORGANISMS:

Sargassutn spp.
Macroalgae 0 0

0
0

0
0
0

0
0

0 . 1  0 . 1
0.0 0.0
0.0 0

AE
Seriatopora caliendrutn
Pocillopora spp.
Stybphora pistillata

ACROPORIDAE
Acropora saghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavotn spp.
Pachyseris rugosa

PORITIDAE
G oniopralAlveo pora spp.
Poriies massive
Porites frnger

FAVIIDAE
Favia stelligera
Favial Favites spp.
Goniastrea spp.
Cyphastrea micropthalna
Plarygya spp.
Echinopora explanate
lzptoria plrygia
Grdioceris planulua
Hydrcphora spp.

OCULINIDAE
Galarea spp.

MUSSIDAE
In bop hyllial Symphyllia sp p.

CORALS

0
0
0

0
0
0
0
0
0

0
0

0 .  0  0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0.0 0.0
0.0 0.0
0.0 0.0

0
0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

Alga€ & seagrass
Sponges
Mil lepora
Hard Corals
D€ad Standing Corat

0
0
0
0
0
0

)
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0

0 . 1  0 . 1
0
0
0
0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

Soft 0.0

Data from five 20m intersect line transecB as lotal cm intersects rvith mean 7o cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 2; pass flooc l7th April 1987

3 4 5 mean std.dev.
(cm) (cm) (cm) (Vo oover) (% caver)

Transect #

SUBSTRATUM TYPE:

t 2
(cm) (cm)

Coral basement
C.oral rubble
Sand

lJ f

0
&0

50
0

45
0

510

2 . 9  2 . 4
0.0 0.0

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargasswn spp.
N{asmlgae

0
0

0
0
0

0 . 2  0 . 4
0 0

0
0 0.0 0.0

Seriatopora caliendrwn
Pocilbpora spp.
Stylophora pistillata

ACROPORIDAE
Acropora saghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

ACARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G o nio por a I Alve o po r a s p p.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
Ftvial Faviks spp.
Goniastea spp.
Cyphastrea micropthalnn
Platygya spp.
Echinopora explanate
Izptoria phrygia
Godiroceris plandata
Hydnoplnra spp.

OCULINIDAE
Galarza spp.

MUSSIDAE
Ia bop lryllial Symphyllia sp p.

OTHER

0
5
0

0
0
0
0
8
0

0
0

0
0

JO

)
0
0
0
l6
0

0
0

0
0
0

0
6
9

0
0
0
0
0
10

0
2
21

0
22
0
0
0
0

0
0

0
0
0

0
0

134
L4
0
0
20
0
0

0
0

J I

0
0
0
0

t2

0
0

0
0
0

28
0

8
0
0
0
0
0

0.0 0.0
0 . 1  0 . 1
1 . 0  0 . 7

0 . 1  0 , 1
0 . 2  0 . 5
0.0 0.0
0.0 0.0
0  . 3  0 . 3
0 . 2  0 , 3

0 . 2  0 . 5
0.0 0.0

0.0 0.0
0.0 0.0
0 . r  0 . 2

0 . 6  0 . 6
0 . 5  0 , 7
2 . t  2 . 6
1 . 2  0 . 9
0.0 0.0
0.0 0.0
0 . 7  1 . 1
0.0 0.0
0.0 0.0

0 . 1  0 . 2

0 . 1  0 , 2

0
0
0

t9
34
34
JJ

0
0
0
0
0

22
0

0
0
l0

0

0
13
0
0
0
0
0

l3
6
22
51
0
0
5 l
0
0

0

0

0

l0

Algae & seagrass
Sponges
Mil lepora
Hard Corats
D€ad Standing Coral

ls

0 0
0 0
52 38
87 2W

ll55 865

0
0

280
213
745
0

0
0
J

l 1 6
890

0
128
133
1060
0

. 2  0 . 4
0.0 0.0
5 . 0  5 . 5
7 . 5  2 . 7

4 7 . 2  8 . 2
I  0 . 3

Data from live 20m inErs€ct line tsansecB as total cm intersects with mean % cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 2; pass shoal rop; 16rh April 1987

Transect #

SUBSTRATUM TYPE:

|  2  3 4 5 mean std.dev.
(cm) (cm) (cm) (cn) (cm) (?o averl (% cove.r)

910
0
0

735 631
0 0
0 0

4 1 . 0  7 , 8
0.0 0.0

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COYER OF ENCRUSTING ORGANISMS:

Sargassum spp.
tvtasmtgae

0
0 0

0

0
0
0

0 0
0.0 0.0
0.0 0.0
0.0 0.0

POCLLOPORIDAE
Seriatopora caliendrum
Pocillopora spp.
Srylophora pkrt ata

ACROPORIDAE
Acropora staghom
Acro;nra small clumps
Acropora plate
Mondpora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G onio por al Alv e o po r a s pp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
Faviat Favites spp.
Goniastea spp.
Cy p hos te a micr opt halma
Platygyra spp.
Frhinopora explanate
lzpOria plvygia
Gudircceris planulata
Hydrophora spp.

OCULINIDAE
Galaxca spp.

MUSSIDAE
la bop hyllial Symphyllia ipp.

CORAIJ

0 0 0 0
0 6 1 3 0
6 1 7 9 5

3 4 6 2 0
8 9 & 3 1  2 2
0 5 5 5 7 4 3
0 0 0 0
0 0 5 4 0
0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
2 5 0 0 0
0 r 2 0 2 0
3 1  0 0 0
0 0 0 0
0 0 0 0
o 1 2  l 8  0
0 0 0 0
0 0 5 0

0
0
99

70
t7L
l8
0
55
0

0
0

0
0
0

0
l l
60
0
0
0
0
0
0

0.0 0.0
0 . 2  0 . 3
1 . 4  2 . 0

1 . 0  |  . 4
3 . 8  3 . 0
1 . 7  1 . 2
0.0 0.0
1 . 1  1 . 5
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 4  0 . 6
0 . 9  L . 2
0 . 3  0  . 7
0.0 0.0
0.0 0.0
0 , 3  0 , 4
0.0 0.0
0 . 1  0 . 1

0.0 0.0

0.0 0.0

Algae & seagrass 0
0
0

IJ f ,

1060

0
0

r70
890
0

0
0
0

u0
I155

0
0
m
484
865

0.0 0.0
0.0 0.0S p o n g e s

Mi l lepora
Hard Corals
Dead Standing Coral

0
te
193
745

0 . E  0 . 7
1 1 . 1  7 . 5
4 7 . 2  8 . 2

0.0ls

Dala from five 20m inters€ct line transec$ as lotal cm intersects with mean 70 cover



Coral basement
Coral rubble
Sand

lo11 92
0

1 5 0
0
0

| 767 l
0

43.9 12.8
0.0 0.00

0
0

Transect #

SUBSTRATUM TYPE:

ENCRUSTING oRGANISMS and SUBSTRATUM TypE: NINGALOo; sire 2; pass shoal slope; t6th April 1987

|  2 3 4 5 mean std.dev.
(cm) (cm) (cm) (cm) (cm) (9o c.over) (Ea covet)

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
lvlacrulgae

0
0 0

0

0
0 0

0

0
0

0.0 0.0
0.0 0.0
0.0

POCLLOPORIDAE
Seriatopora calie ndrwn
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Monti;nra massive
Montipora explanat€
Montipora hills

AGARICIIDAE
Pavona spp.
Pachyseris rugosa

PORITIDAE
G o nio por a I Al v e o p o r a spp.
Porites massive
Porites frnger

FAVIIDAE
Favia *elligera
Favial Faviks spp.
Goniastrea spp.
Cyphas t e a micro p thalma
Platyya spp.
Echinopora explanate
lzparia plrygia
Godinoceris planulua
Hydtophora spp.

OCULINIDAE
Galarea spp.

MUSSIDAE
Inbop hyllial Sy mphyllia ipp.

0 0
1 2 0
0 1 6

0 253
16 18
0 0
0 0
31 77
0 0

0 0
0 0

0 0
0 0
0 0

0 0
125 r29
37 40
109 69
7 0
t 7 0
83 7L
0 0
0 0

0
0
18

0
0

0
0
0

56
44
101
67
0

54
0
0

3 1

0
0
20

215
LJ

0
0
94
0

0
0

0
0
JJ

16
tg
l3 l

I t

0
0
0
0
0

49

43

0
0
_tJ

0
28
0
0
0
23

0
0

0
0
0

u5
29
85
58
0
0

100
0
0

108

0
J

0
0
0
0

0.0 0.0
0 .  I  0 . 3
0 . 7  0 . 4

4 . 7  6 . 4
0 . 9  0 . s
0.0 0.0
0.0 0.0
2 . 0  2 . 2
0  . 2  0 . 5

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0  . 4  0 . 8

1 . 9  2 .  S
4 . 9  2 . 9
3 . 9  2 . 0
3 . 8  1 . 0
0 . 1  0 . 2
0 . 4  0 . 6
3 .  1  1 . 9
0.0 0.0
0.0 0.0

t . t  1 . 2

1 . 1  2 . 4

1 . 8  1 . 1

46t4

56

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corats
Dead Standing Corat

0
67
507
385
0

0
0

105
7t9
z))

5
220
604
675
0

0
0

t45
863
225
0

0
0

?65

r80

0.0 0.0
0 . 1  0 . 1
8 . 0  4 . 1

3 0 . 9  9 . 1
17 .2  t  0 .0

0.0

Data from five 20m inters@t line transects as total cm intersects with mean 70 cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOOi Site 2; pass shoal slope-perm.; 2lst Apr 198?

Transect #

SUBSTRATUM TYPE:

L 2
(cm) (cm)

3 4 5 rnean std.dev.
(cm) (cm) (cm) (Vo cnver) (Eo cover)

Coral basement
Coral rubble

0
440
0

0
695

0 0
380 430
0 0

0.0 0
2 5 . 5  6  . 760s

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

spp. 0
0

0
0

0
0
0

0.0 0.0
0.0 0.0Macroalgae 0

0
0
0 .0

AE
Seriatopora caliend,rwn
Pocillopora spp.
Stybphora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G onio poral Alve o p o r a s pp.
Porites massive
Porites frnger

FAVIIDAE
Favia stelligera
Faviat Faites spp.
Goniastrea spp.
Cyphastrea microptlalma
Platygya spp.
Echinopora explanate
lzpnria phrygta
Godinoceris plandata
Hydtophora spp.

OCULINIDAE
Galaxca spp.

MUSSIDAE
Ia bop hylli al Symphyllia ip p.

0 0
0 0
0 6

0 0
o 7
0 0
0 0
0 7
9 0

0
0

103
zl
0
0
0
0

0
0

0
0
0

25

118
30
0
0
l0
0
l6

0 0
0 0

0 0
0 0
0 0

0 2 5
78 91
4 2 0
0 1 5
0 0
0 0
0 0
0 0
0 0

0
0
0

0
22
z8
0
0
0

0
0

0
0
0

m
57
T I

0
0
22
r6
0
0

0
0
0

0
8
0
0
5
0

)
0

0
0
0

0
0
J

0
0
0
0
0
0

0.0 0.0
0.0 0.0
0 . 1  0 . r

1 . 0  2 . 3
0 . 6  0 . 5
0 . 3  0 . 6
0.0 0.0
0 . 1  0 . 2
0 . 1  0 . 2

0 . 1  0 . 1
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0  . 7  0 . 6
2 . 5  1 . 9
1  . 6  2 . 4
0 . 5  0 . 7
0.0 0.0
0 . 2  0 . 5
0 . 3  0 . 4
0.0 0.0
0  , 2  0 . 4

0.0 0.0

0.0 0.0

0

0

t7 14 0 . 4

Algae & seagrass
S p o n g e s
MiU€pora
Hard Corals
Dead Standing Coral

0
187
2r
NR

0
0
30
196
NR

8
2

350
NR

0
0

158
177
NR
0

0
0

l Jo

108
NR

0.0 0.0
0 . 1  0 . 2
5 . 1  4 . 1
8 . 5  6  , 1
NR NR

Data from five 20m inErsect line transec8 as bta.l cm intersects wilh mean Zo cover



Coral basement
Coral rubble

0
907
0

0
1371

0 0
1311 1282

0 0

0.0 0.0
5 9 . 5  9 . 6to17

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO: Site 2:

Transect # I 2

Sargassum slope #1; 15th April 1987

5 mean std.dev.
(cm) (7o cnver) (7o aver)(cm) (cm) (cm) (cm)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANIS]US:

Sargassum spp.
l{acrulgae

720
178
0

760
260 230

590
90
0

580
120

3 0 . 3  7 . 4
E  . 8  3 . 6

0.0

AE
Seriatopora caliendruttt
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Auopora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavorn spp.
Paclrywris rugosa

PORITIDAE
G onio por a I Alv e o po r a s pp.
Porites massive
Porites linger

FAVIIDAE
Favia snlligera
FaialFaites spp.
Goniastrea spp.
Cyphastea microptMma
Plarygya spp.
Echinopora explanate
kptoria phrygia
Gudinoceris plarulata
Hydnophora spp.

OCI.JLINIDAE
Galaxca spp.

MUSSIDAE
lo bop hyllial Symphyllia spp.

0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0

0
0
0

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
9
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0

0

0

0.0 0.0
0.0 0.0
0.0 0.0

0 0
0 0

0 0
0 0
0 0

0 0
0 5
l l  0
0 0
0 0
0 0
0 0
0 0

, 0 0

0
0

0
I J

0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 3
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0  . 2  0 . 3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Corat

2
12
1 1
0

1020
0
69
5
0

61(
l9
0
0
0

680
0
0
9
0

700
0
)
r3
0
0

3 9 . 1  8 . 5
0 . 2  0 . 4
0 . 9  l . s
0 . 4  0 . 3
0.0 0.0

Soft

Data from five 20m inbrsect line transects as total cm inersects with mean qo cov€r



Coral basement
Coral rubble

50
0

110
0

240

165
0

460

3 . 7  3 . 2
0.0 0.0

ENCRUSTING ORGANISMS and SUBSTRATUM TypE: NINGALOO; Site 2:

Transect # 1 2 3

Sargassum slope #2; 17th April 1987

5 mean std.dev.
(cm) (7o aver) (qo cover)(cm) (cm) (cm) (cm)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp. 155
1252
0

320
1318
0

110
I3UI
0

1 5 . 7  1 1 . 8
5 8 . 2  9 . 8

AE
Seriatopora caliendrunt
Pocillopora spp.
Stybphora pistillata

ACROPORIDAE
Acropora staghom
Acropnra small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavotn spp.
Pachysois rugosa

PORITIDAE
G onio po r a I Alv eo po r a sp p.
Porites massive
Porites frnger

FAVIIDAE
Faia stelligera
Favial Favites spp.
Goniastrea spp.
Cyphastrea microptMma
Platygya spp.
Echinopora explanatF
Izparia plvygia
Gtdinoceris plantlata
Hydnophora spp.

OCIILINIDAE
Galaxea spp.

MUSSIDAE
Lo bop lryllial Synp hyllia spp.

HARD

0
0
0

0
13
0
0
0
0

0
0

0 0 0
0 0 0
0 0 6

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0

6 0 0
0 0 0
0 0 0

0 0 0
0 3 0
0 0 0
6 0 5
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0

0
5
0
0
0
0

0
0

0
0
0

0
J

0
0
0
0
0
0
0

0.0 0.0
0.0 0.0
0 . r  0 . 1

0.0 0.0
0 . 2  0 . 3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0 . 1  0 . 1
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0.0 0.0
0 . 1  0 . 2
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0
0
0

0
0
0
0
0
0
0
0
0

0.0

Algae & seagrass 1407
0
0
l ?

0

1638
6
0
t2
0
0

r559
0
0

0

L4t7
0
0
l 1
0

7  3 . 9  5 . 8
0 . 1  0 . 1
0.0 0.0
0 . 5  0 . 2
0.0 0.0

Sponges
Mi l lepora
Hard Corals
D€ad Standing Coral

0
0
8
0

Data from five 20m iniers€ct line transecls as total cm intersects .rvith mean qo cover



Coral basement
Coral rubble
Sand

0
0

0
0

890 l

0 0
0 0

0
0

1002

0.0 0.0
0.0 0.0

4 5 . 9  6 .  1

ENCRUSTING ORGANISMS and SLTBSTRATUM TYPE: NINGALOO; Site 2; algal lagoon; 16th April 1987

Trans€ct # 1 2 3 4 S mesn std.dey.
(cm) (cm) (cm) (cm) (cm) (Vo @ver) (7o cover)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COYER OF ENCRUSTING ORGANISMS:

Sargassum spp.
lvlanoalgae 1131

))
rcn

0

35
885 1165

r5
980
0

1 . 1  t . 2
5 1 . 9  5 . 7

0.0

Seriaapora caliendrwn
Pocillopora spp.
Srylophora pistillata

ACROPORIDAE
Acropoa staghom
Acropora small clumps
Acropora plaie
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavotn spp.
Paclryseris rugosa

PORITIDAE
G onio por al Alv e o por a s pp.
Poriles massive
Porites finger

FAVIIDAE
Favia stelligera
Faiat Favites spp.
Goniastrea spp.
Cyp has te a microp t halma
Plarygyra spp.
Echinopora explanate
kptoria phrygia
Gudinoceris plarulua
Hydnophora spp.

OCULINIDAE
Galaxca spp.

MUSSIDAE
lo bop hyllial Symphyllia sp p.

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 8 0
0 0 0 0
0 5 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 2
0.0 0.0
0 . r  0 . 1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0

Algae & seagrass 1 1 3 1
29
0
0
0

92I
0
0
8
0

116
))
0
0
0
0

52 .9  5 ,
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

0
)
0

J

0
0
0

l , t  1 . 1
0.0 0.0
0 . 1  0 . 2
0.0 0.0

Soft

Data from five 20m inters€ct line transecb as lotal cm intersects with mean qo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE:

Transect # 1 2
(cm) (cm)

SUBSTRATUM TYPE:

NINGALOO; Site 2; inshore reef flar; l5rh April 1987

3 4 5 mean std.dev.
(cm) (cm) (cm) (Vo cova) (9o cover)

basement t9t9
0
0

I 1808
0

I r877
0

9 0 . 6  4 . 4
0.0 0.0Coral rubble

Sand
0
0

0
0

ALGAB & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
Macroalgae

0
)f, r63

0

0
248

0
78
0

0 . 3  0 . 6
r56 7 . 0  3 . 8

Seriampora caliendrunt
Pocilbpora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plale
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavotw spp,
Paclryseris rugosa

PORITIDAE
G onio po ra I Alve o po r a s pp.
Poriles massive
Porites finger

FAYIIDAE
Faia stelligera
FayAFaites spp.
Goniastea spp.
Cyp hastre a mi cr o p tMtru
Platygya spp.
Echinopora explanate
Izporia phrygia
Gudinoceris planulata
Hydnopltora spp.

OCULINIDAE
Galaxca spp.

MUSSIDAE
Inbop hyllial Symp hyllia spp.

0 0 0
0 0 0
0  l l  0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0

0 0
0 0
0 0

0 0
1 1  5
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0 0
0 0 0

0 5 0
0 0 0
0 0 0

0 0 0
6 0 3
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0.0 0.0
0.0 0.0
0 . 1  0 , 2

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0 . 1  0 . 1
0.0 0.0
0.0 0.0

0.0 0.0
0 . 3  0  . 2
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0

Algae & seagrass 55
20
0
6
0
0

l8t
50
0
I O

0

156
JJ

0
J

0
0

248 78
38 40
0 0
l t 5
0 0

7 . 3  4 .
Sponges
Millepora
Hard Corats
Dead Standitrg Coral

1 . 8  0 , 5
0.0 0.0
0 . 4  0  . 3
0.0 0.0
0.Soft

Dala from five 20m inters€ct line transects as total cm intersects with me3n qo cover



Coral basement
Coral rubble
Sand

490 4
0

160 l

175
0

330

510
0

520
0

100

2t.3 7 .2
0.0 0.00

l ( 2

ENCRUSTING ORGANISMS and SUBSTRATUM TypE: NINGALOO; site 3; reef flat #1; 18th April l9g7

Transect # 1 Z 3 4 5 m€an std.dev.
(cm) (cm) (cm) (cm) (cm) (7o cnver) (?o cwer)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COYER OF ENCRUSTING ORGANISMS:

0 0 0
0 0 0
0 0 0

spp. 0 0
5 0

0.0 0.0
0 . 1  0 . 1
0.

MacrGlgae

Seriaapora caliendrwt
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Acrolnra small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

ACARICIIDAE
Pavona spp.
Pachysok rugosa

PORITIDAE
G onioporal Alveopora spp.
Porites massive
Porites finger

FAYIIDAE
Favia stelligera
FaviatFaites spp.
Goniastea spp.
Cyphastrea mitoptWrna
Platygya spp.
Echinopora explanate
lzptoria phrygia
G ardinoe eris planulata
Hydnophora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
Lobophyllial Synphyllia spp.

0
19
0

0
0
0
0
0
n

0
r8
l3

0
32
0
0
0
0

73
0

0
0
0

0
58
0
0
0

0
0

0
0
0

0
34

6
0
0
l5
7
J

0
0
0

0
t9
0
0
0
0

0
0

0
0
0

0
0
t4
0
0
0
0
0
10

0
0
0

0
0
0
8
0
0
0
0
0

0
0
0

0
l8
0
0
0

a ^

0
0

0
0
0

0
0
l8

0
t4
0
0
0

0

0

0.0 0.0
0 . 4  0 . 5
0 . 1  0 . 3

0.0 0.0
1 . 3  r . 1
0.0 0.0
0.0 0.0
0.0 0.0
0 . 6  0 . 7

0  . 7  1 . 6
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 3  0  . 8
0 . 3  0  . 4
0 . 2  0 . 2
0.0 0.0
0 . 1  0 . 3
0 . 2  0 . 3
0 . 1  0 . 2
0 . 1  0 . 2

0.0 0.0

0.0 0.0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0
' 0

. l

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Coral

0
9
0
46

r295
0

5 0
5 9
0 0

t44 81
1276 1290

0
r9
0

130
lJ{o

0

0
l0
0
43

1507

0 . 1  0 . r
0 . 5  0  . 3
0.0 0.0
4 . 4  2 . 3

6 7  . t  4 . 8
0.0

Data from five 20m inErsect line transects as lotal cm intersecB with mean 70 cover



Coral basement
Coral rubble
Sand

310
0

210
0

y0
0

165

180
0

130
0

330

3 . 3
0.0

5 . 3
0.0
3 . 412.4

ENCRUSTING oRGANISMS and SUBSTRATUM TypE: NINGALOO; Sire 3; reef flat #z; 18th April 1987

Transect # 1 Z 3 4 S mean std.dev.
(cm) (cm) (cm) (cm) (cm) (9o aver) (Vo mver)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
Masoalgae

0
0 0

0

0
0

l )  6

1 0 0
0 0

0 . 2  0 . 3
0 . 1  0 . 2

AE
S eriato pora c al ie ndr um
Pocillopora spp.
Srylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acro[Dra plalg
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavora spp.
Pachyseris rugosa

PORIfiDAE
G onioporal Alveo pora spp,
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
FaialFaites spp.
Goniastrea spp.
Cyphastrea microptMma
Plarygya spp.
Echinopora explanate
Izporia phrygia
Gudinocerb planlata
Hydtoplora spp,

OCULINIDAE
Galaxza spp.

MUSSIDAE
In bophyllial Symphyllia spp.

HARD

0
0
0
t5
0
0
8
0
0

0
0
0

0
15
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
l5
0
0

0
0
0

0
) 9

0
0
0
0

0
0

0
0
0

0
0
0
l l
0
0
0
0
0

0
0
15

0

0
0
0
36

0
0

0
0
0

0
6
0
0
0
0
0
9
0

0
0
0

0
25
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
22
0

0
0
A

95
t7
0
0
0
0

0
0

0
0
0

0.0 0.0
0.0 0.0
0 . 2  0 . 3

1  . 0  2 . 1
1 . 3  0 . 6
0.0 0.0
0.0 0.0
0.0 0.0
0 . 4  0  . 8

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0.0 0.0
0 . 3  0  . 4
0.0 0.0
0.0 0.0
0  . 2  0 . 3
0 . 3  0 . 5
0.0 0.0

0.0 0.0

0.0 0.0

0 . 420

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Coral

0
0
0

1433
0

0

)
1 1 6
1199

0
0
49

I 186
260

25
27
25
50

1418

8
l l
0

139
1127
255

0  , 3  0 . 5
0  . 4  0 . 6
0  . 3  0 . 5
4 . 0  2 , 2

6 3 . 6  7 . 1
6 . 7

Dara from five 20m inbrsect line tsansects as lotal cm intersects wih mean go cover



Coral basement
Coral rubble

0
))u
290

0
530
1 5

0
545
165

0
455

0
520
310

0.0 0.0
26.0  1  .9
1 0 . 3  6  .

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 3; reef flat-permanenq 21sr April t98Z

|  2 3 4 5 mean std.dev.
(cm) (cm) (cm) (cm) (cm) (1o cova) (9o aver)

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Transect #

SUBSTRATUM TYPE:

Sargasswn spp.
lvlrcrmlgae

0
0

0
0
0

0
0

0
0
0

0
0.0 0.0
0.0 0.0
0.0

AE
S eriato pora calie ndram
Pocillopora spp,
Stylophora pisrt ata

ACROPORIDAE
Acropora slaghom
Acropora small clumps
Acropora plate
Montilnra massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Pachyseris rugosa

PORITIDAE
G onb po ral Alveo po ra s pp.
Poriles massive
Porites finger

FAVIIDAE
Favia stelligera
FaiatFaites spp.
Goniastrea spp.
Cyphas tre a mic r o p tlalna
Platygya spp.
Echinopora explanae
leparia plrygia
Godinoceris phnulata
Hydnophora spp.

OCULINIDAE
Galuea spp.

MUSSIDAE
Inbop hyllial Symphyllia spp.

HARD

0 0 0 0
0 0 0 0
6 0 0 0

0 0 0 0
6 7 1 2 3 5
0 0 0 0
0 0 0 0
0 0 0 0
9 1 6 0 2 2

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
6 5 0 3 4
42 42 15 72'26 12 0 l8
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
0

0
6
0
0
0
0

0
0

0
0
0

0
0
6
6
0
0
0
0
0

0.0 0.0
0.0 0.0
0 . 1  0 . 1

0.0 0.0
0 . 7  0 . 6
0.0 0.0
0.0 0.0
0.0 0.0
0 . 5  0 . s

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . s  0 . 7
1 . 8  1 . 3
0 . 6  0 . s
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0 . 2

Algae & seagrass
S p o n g e s
MiUepora
Hard Corals
Dead Standing Coral

0
0
0

100
1059

0
0

r8l
1089
2>

0
0
0
28

tL42

0
0
0
27

1263

0
0
82

r373

0.0 0.0
0.0 0.0
4 . 2  3 . 2

s  9 . 3  6 . 5

Data from five 20m intersect line transects as total cm intersects with mean Zo cover



Coral basement
Coral rubble

l l 0
710

829
0

430
170
730

1403
240

832
zffi

3 7  . 7  2 3  . 4
t3 ,2  13 .3

1012 2 5 . 9  1 9 . 0

Transect #

SUBSTRATUM TYPE:

ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOq Site 3; back reef edge; t8rh April 1987

|  2 3 4 5 mean std.dey.
(cm) (cm) (cm) (cm) (cm) (7o cr,v";-) (% cnver)

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
l[aclelgae

0
0

0
0

0
0
20

0.0 0.0
0
l0

0 0.0 0.0
2 , 1

POCIIIOPORIDAE
Seriatopora calie ndrum
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plais
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Pachyseris rugosa

PORITIDAE
G onio po r a I Alv eo por a spp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligero
FaiatFaites spp.
Goniastea spp.
Cyphas tre a mi cr o p thabra
Platygya spp.
Echinopora explanate
leptoria phrygia
Gudinoceris plarulua
Hydnophora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
lo bop lrylli al Synphyllia sp p.

2l
0
0

0
L4
0
0
0
47

0
0

0
0
0

0
0
0
0
0
0

3 7 7 0
0 0 0
0 0 0

155 0 97
0 2 3  1 5
0 0 0
0 0 0
0 0 0
7 4 0 3 5

0 5 0
7 6 0 0

0 0 0
0 6 0 0
0 0 0

0 0 0
l l  4 4 0
2 3 L 5
0 0 2
0 0 0
0 0 0
0 0 0
0 0 2 5
0 0 0

0
0
0
16
0
0
0
J

0

0
0
0

0
0

0
2l
9
0
0
0
5

0

0
107
0

0 , 7  0 . 8
0.0 0.0
0.0 0.0

2 . 5  3  . 6
0 . 5  0 . 5
0.0 0.0
0.0 0.0
0.0 0.0
1 . 6  1 . 6

0 . 1  0 . 1
0 . 8  1 . 7

0.0 0.0
1 . 7  2 . 4
0.0 0.0

0.0 0.0
0  . 8  0 . 9
0  . 5  0 . 6
0 . 2  0 . 3
0.0 0.0
0.0 0.0
0 . 1  0 . 1
0  . 4  0 . 5
0.0 0.0

0.0 0.0

0.0 0.0

0 .l 1

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

0
0
0

113
f )

0

10 100
0 0
0 9

36 t94
365 2r5

0
0

100
179
78

20
0

216
r92
120

l  . 3  2 . 1
0.0 0.0
3 . 3  4 . 7

1 0 . 4  4 . 7
8  . 3  6 . 3c 0

Data from five 20m inlers€ct line trans€cB as total cm intersects with mean yo cover



Coral basement
Coral rubble
Sand

25
0

tnn

0
0

0
0

854

0 0
0 0

0 . 3  0  . 6
0.0 0.0

4 8 .

ENCRUSTING ORGANISMS and SUBSTRATUM TypE: NTNGALOO: Site 3:

Transect # 1 2 3

algal lagoon #1; 18fi April 1987

5 rnean std.dev.
(cm) (9o mvex) (7o cova)(cm) (cm) (cm) (cm)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
It{aclelgae

840 I
0

1030
0

I r030
0

4 9 . 4  4 . 1
0.0 0.00

0
0
0 0.0

AE
Seriatopora caliendnln
Pocillopora spp.
Srylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plale
Montipora massive
Montipora explana@
Montipora hills

AGARICIIDAE
Pavorn spp,
Pachyseris rugosa

PORITIDAE
G onio po r at Alv eo por a s pp.
Porites massive
Porites finger

FAVIIDAE
Favia sulligera
F aviat F&ites spp.
Goniastrea spp.
Cyphastrea mic ro p t halna
Platygyra spp.
Echinopo'a explanate
lzptoria phrygia
Grdinocois plantlata
Hydnoplora spp.

OCULINIDAE
Galaxza spp.

MUSSIDAE
Lo bop lryllial Synphyllia spp.

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 1 6 0 0
0 0 3 3 0
1 5 0 0 2 4

0 0 0 0
0 0 0 0

0 0 0 0
0 0 2 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0 . 2  0 . 4
0 . 3  0  . 7
0 . 4  0 . 6

0.0 0.0
0.0 0.0

0.0 0.0
0  . 2  0 . 4
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0 .

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

840
0
0
15
0

1020 1030
5 4 8

1020
0
0

0

r030
13
0
49
0
0

49 .4  4 . t
0 . 7  1 . 0
0.0 0.0
1 , 7  1 . 2
0.0 0.0

0
l6
0

0
68
0
0 0.0

Data &om five 20m inlers€ct line transects as total cm intersects with mean Zo cover



basement ))
0

1243

45
0

80
0

951

0
0

. 8  1 . 8
Coral rubble
Sand

0 0.0 0.0
9

ENCRUSTINC ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Sir€ 3:

Transect # I 2

algal lagoon #2; 18fi April 1987

5 mean std.dev.
(cm) (4o crver) (7o cover)(cm) (cm) (cm) (cm)

SUBSTRATUM TYPE:

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargasswn spp.
Macrmlgae

670 4
25 0

0

720
45

91(
25 60

0

37 .6  10 .3
1 . 6  1 . 1
0.0

Seriatopora calbndrm
Pocillopora spp.
Stylophora pistillata

AG.OPORIDAE
Acropora staghom
Acropora small clumps
Aoopora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavora spp.
Paclryseris rugosa

PORITIDAE' GonioporalAlveopra spp.
Porites massive
Porites finger

FAYIIDAE
Favia selligeru
FaialF avites spp.
Goniastrea spp.
Cyp hastea mi crop t halma
Platygyra spp.
Echinopora explanae
lzparia plvygia
Godinoceris plandaa
Hydroplora spp.

OCI,JIINIDAE
Galarza ryp.

MUSSIDAE
Lobop lryllial Symphyllia spp.

HARD

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0

0
0
l l

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
t7
0
0

0
0
t4

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0.0 0.0
0.0 0.0
0 . 3  0 . 3

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0 . 2  0 . 4
0.0 0.0
0.0 0.0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0
0

0
0
0

0
0
0
0
0
0
0
n
0

0.0 0.0

0.0 0.0

0.0

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Coral
Soft

935
20
0
l4
0
0

0
U

0
0

695 470
7 5
0 0
0 0
0 0

r050
25
0
28
0
0

39  .2  t t , 2
0 . 6  0 . 5
0.0 0.0
0  . 4  0 . 6
0.0 0.0

.0

Data from five 20m inters€ct line trans€cts as otal cm intersects with mean qo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 4; reef flat; 22nd April 1987

Trans€ct #

SUBSTRATUM TYPE:

|  2  3 4 5 rnean std.d€v.
(cm) (cm) (cm) (cm) (cm) (Eo cover) (Eo covet)

basement
Coral rubble

155 50
0 8 0
0 0

75
220

45
613
0

? (  t <

1 1 . 1  1 1 . 8
0.0

195

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargassum spp.
lvlacrulgae

0
0 0

l0

0
0 0 0

0

0.0 0.0
0.0 0.0
0 . 1  0 . 2

POCLLOPORIDAE
Serianpora caliendrunt
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Acropora saghom
Acropora small clumps
Acropora plate
Montipora massive
lvtrontipora explarute
Montipora hills

AGARICIIDAE
Pavow spp.
Pachyseris rugosa

PORITIDAE
G onio po ra I Al v e o p ora spp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
Favial Faites spp.
Goniastrea spp.
Cyp hastre a mi cro p t lalna
Platygyra spp.
Echinopora explanate
Izptoria pttrygia
Godbocerb plarulaa
Hydrcphora spp.

OCULINIDAE
Galaxea spp.

MUSSIDAE
lo bo p hyllial Synphyllia spp.

J

1 l
0

0
l l 0
J )

0
0
45

0
0

0
0
0

0 0 0 0
0 0 0 0
0 0 0

0 0 0 0
105 53 94 r24
447 329 232 222
0 0 0 0
0 0 0 0
42 nr n4 80

0 0 8 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 1 8 0 2
1 8 0 0 5
0 0 0 0
0 0 0 0
0 6 1 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
15
2
0
0
0
0
0
0

0

0

0

0 . 0  0 . 1
0 . r  0 . 2
0.0 0.0

0.0 0.0
4 . 9  1 . 3

12.7 7 .6
0.0 0.0
0.0 0.0
5 . 6  4 . 7

0 . 1  0  , 2
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 4  0 . 4
0 . 3  0 . 4
0.0 0.0
0.0 0.0
0 . 2  0 , 2
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

Algae & seagrass
S p o n g e s
Mi l lepora
Hard Corals
Dead Standing Coral

0
0
0

612
I168
0

10
0
0

677
1158

0
0
0

468
r402

0
0
0

221
t12l

0

. t  0 . 2
0
0

+JJ

t272

0.0 0.0
0.0 0.0

24 .1  8  .9
61 .2  5  .7

Data from five 20m inlersect line transects as lotal cm inErsects with mean go cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 4; corat lagoon #l; 23rd April 198i

Transect #

SUBSTRATUM TYPE:

|  2  3 4 5 mean std.dev.
(cm) (cm) (cm) (cm) (cm) (Vo cover) (% cover)

Coral basement
Coral rubble 190

410
1010
l17

435
370 12$

695
580
296

2 2 . 8  t 0  . 7
33 .9  21 .9
16.9 |

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

spP. 0
0
l0

0
0

0

0

0 0.0
I\4acrmlga, J 0 . 3  0  . 5

|  0 . 2

Seriaapora calicndnnn
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Adopora staghom
Acropora small clumps
Acropora plate
Montipora massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G oniopora I Alv e o po r a s pp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
Faviat Favites spp.
Goniastrea spp.
Cy phas trea micr o p tlwlma
Platygya spp.
Echinopora explanate
Izptoria phleia
Gudinoceris planulata
Hydtoplora spp,

OCULINIDAE
Galarza spp.

MUSSIDAE
Lobop hylli al Symphyllia sp p.

0
0
0

0 0
0 0
0 0

1 5 0
4 5 9
0 0
0 0
0 0
0 0

0
0
0

0

z)
0
l5
0

0
0

0 0
0 0

0 0
4 3 0
57 377

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0
0
0

0
75
0
0
0
0

0
0

0
0
I J

0
0
0
0
JJ

0
0
0
0

0
8
0
0
0
0

0.0 0.0
0.0 0.0
0.0 0.0

0 . 2  0 . 3
3 , 6  4 . 5
0 . 3  0 . 6
0.0 0.0
0  . 2  0 . 3
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0 . 4  1 . 0
6 . 0  7  . 3

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0 . 6  0 . 9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0.0

0
0
r6

0
0
0
0
0
0
0
0
0

0
0

0
0
80

0
0
0
0
30
0
0
0
0

0

OTI{ER HARD

Algae & seagrass
Sponges
Mi l lepora
Hard Corals
Dead Standing Coral

0 . 4  0 . 5
0 . 1  0 .  1
4 . 1  4 . 9

1 1 . 3  5 . 4
1 0 . 6  s . 0

0
l)f,

1 1 8
l J J

0

0 3
5 0
0 4 0

160 386
340 96

10
0

280
271

0
0

181
2r8

0.0

Data from five 20m intersect line transects as total cm inFrsecls with mean qo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Sire 4; coral lagoon #2; 23rd April 1987

Transect #

SUBSTRATUM TYPE:

|  2 3 4 5 nean std.dev.
(cm) (crn) (cm) (cm) (cm) (?o mver) (Eo coyer\

basement 2n
0

730

0
160

105
160
12(fr

419
0

9 . 3  7  . 8
3 . 2  4 . 4Coral rubble 0

4l 4  5 . 5  2  3 . 8

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sugassum spp.
lvlaooalgae

0
0
0

0
0
0

0
0
0

0
0.0 0.0
0.0 0.0

S eriaapora caliz ndrwtt
Pocillopora spp.
Stylophora pistillata

ACROPORIDAE
Aoopora saghom
Acropora small clumps
Acropora plat€
Montipora massive
Montipora explanatF
Montipora hills

AGARICIIDAE
Pavona spp.
Paclryseris rugosa

PORITIDAE
G onioporal Alveopora spp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
FavialFaites spp.
Goniastrea spp.
Cy p haste a mi crop t lal nm
Platygya spp.
Echinopora explanate
Ieptoria phrygia
Godinoceris planulata
Hydnoplora spp.

OCULINIDAE
Galuea spp.

MUSSIDAE
lnbop hyllial Synphyllia sp p.

CORALS

0
0
0

20
30
0
0
0
0

0
0

0
0
0

720
7
0
0
0
0

0
0

0
0
0

0
8
0

0
0
0
0
0
0

0
0

0 0
0 0
0 0

1 6 0
2 0 0
0 0
0 0
0 0
0 0

0 0
0 0

0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0

, 0  0
0 0
0 0
0 0

0.0 0.0
0 . 1  0 . 2
0.0 0.0

7 . 6  1 s . 9
0 . 6  0  , 7
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0

0.0 0.0

0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

0
5
0
0
0
0
0
0
0

0
4
0
0
0
0
0
0
0

0

0

0

Algae & seagrass
Sponges
Mil lepora
Hard Corals
Dead Standing Coral

0
888
50
tw
r0

0
0
85
36
19

0
0'ao
0
20
215

0
525
l3

395

0
0

608
731
)J

0.0 0.0
0.0 0.0

23 .5  15 .8
8 , 3  1 5 . 8
5 , 9  7  . 9

Soft . 3  4 . 7

Dala frOm five 20m in@rsect line transecs as total cm intersects with mean qo cover



ENCRUSTING ORGANISMS and SUBSTRATUM TYPE: NINGALOO; Site 4; algal lagmn; 22nd April 1987

Transect #

SUBSTRATUM TYPE:

| 2 3 4 5 mean std.dev.
(crn) (cm) (cm) (crn) (cm) (Eo cler) (Eo cdter)

Coral basement
Coral rubble
Sand

0
0 0

0 0 0
0 0 0

0.0 0.0
0.0 0.0

7 3 . 6  1 1 . 311 1

ALGAE & SEAGRASS:

HARD CORALS:

TOTAL COVER OF ENCRUSTING ORGANISMS:

Sargasswn spp.
Maqelgae

350
500
20

40
r80

t0
430
0

I 8 . 7  7 . 2
1 7 . 0  6 . 3280

l0
3r0

0 , 7

POCIIOPORIDAE
Serianpora caliendnzn
Pocillopora spp.
Srylophora pistillata

ACROPORIDAE
Acropora staghom
Acropora small clumps
Acropora plate
Monti;nra massive
Montipora explanate
Montipora hills

AGARICIIDAE
Pawna spp.
Paclryseris rugosa

PORIfiDAE
G onio po r al Alv e o po r a s pp.
Porites massive
Porites finger

FAVIIDAE
Favia stelligera
FavialFaites spp.
Goniastea spp.
Cy p has tre a mic rop tlmlrw
Platygya spp.
F,chinopora explanate
Izparb phrygia
Gadinoceris plarulata
Hydrcphora spp,

OCT.ILINIDAE
Galaxea spp.

MUSSIDAE
Lo bop lryllial Symphyllia ipp.

OTHER

0
0
0

0
0
0
0
0
0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0
0

0
0
0

0
0
0
0
0
0
0
0
0

0

0

0

0 0
0 0

0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0

0 0

0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0 . 1  0 . 1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0
0

0
0
0

0
6
0
0
0
0
0
0
0

0

0

0

0.0 0.0

0.0 0.0

Algae & seagrass
Sponges
Millepora
Hard Corats
Dead Standing Coral

2
0
0
0
0

545
0
0
0
0

250
0
0
0
0
0

5
0
0
0

520
9
0
6
0

26.3 Lt .2
0 . 2  0 . 2
0.0 0.0
0 . 1  0 . 1
0.0 0.0

0.0

Data fiom five 20m intersect line transects as total cm intersects with mean qo cover



Fish coun,,' ."J;;::il:,,*,nu., ana,yses
from five 50 x 20m belt transects in each survey

location



FISH COUNTS: NINGALOO MARINE PARK; Sire l: ourer re€f slope babiraq 15th April 1987

Transect # 1 mean std.d€v.

SERRANIDAE
Cephalopholis argus
Epinephalus mioodon
Epinephalus tauina
Epinephalus bilobatus
Epinephalus ivulatus
Pkctroporrus leopardus
LUTJANIDAE
Luljanus bohar
Lutjanus carporctatus
Lutjanus fuliflanuna
Lutjanus monostigma
HAEMULIDAE
Diagrannn pictwn
Pkctorhinchus chubbi
P k c t or hinc hus fl ay o ma c uI at us
P I e ct or hi n c h us muh iv i t t a t us
LETHRINIDAE
Letbinus nmlsena
Lcthrinus nebulosus
Lethinus variegatus
CHAETODONTIDAE
Chaetodon assarius
Chaetodon auriga
Chacmdon citrinellus
Chaetodon kleinii
Chaendon lineolatus
Chaendon ludula
Chaetodon melannotus
Chaemdon ornatissimus
Chaetodon plebeius
C hactodon trifascialis
C haetodon trifasciatLt
C hae to do n uni mac ulat us
Chehon rostatus
Total Chaeodontidae
LABRIDAE
C ho er o do n s c ho e nl e i nii
Chooodon n.sp.
SCARIDAE
Lap tosc arus vai gi e nsi I
Colotomus spinid.ens
Hipposcuus longiceps
Scarus cla neleon
Scarus frenatus
Scuns ghobban
Scarus gibbus
Scous globiceps
Scarus prasiognatlos
Scarus psittacus
Scarus rivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus sordidus
Tohl Scarirlae

0
0
0
0
0
0

,,

0
0
0
0
0
0

?

I
0
I
0
0
o

4

0
0
I
0
0
0

5

0
0
2
0
0
0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
1 0 2 0
0 0 0 0

0
0
0
0

0
0
I
0

0
0

8 2 4  1 0 9
0 0 0 0
0 0 0 0

0 0 0 0
0 2 4 0
0 0 0 0
0 0 0 0
0 3 2 0
2 0 2 0
0 0 0 0
0 0 2 0
1 3 1 2 6 7
0 1 3 0
0 2 2 2
1 0 0 0
0 0 0 0
1 6 2 0 2 1 9

0 1 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
1 4 0 0

'26 11 40 9
0 0 0 0
3 0 0 0
6 3 3 0

36 l0 13 11
2 4 4 3 t 1
0 4 1 4 0
3 0 8 r

4 0 3 3 8 9
18 30 18 12
157 99 135 43

0
0
0
0
0
I
0

I

0
0
r0

0
0

0
0
0
0
o

0
0
0
l7
0
0

8
1 l
47

0 . 2
0.0
0 . 8
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 4
0.0
0 . 8
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0 . 8
0.0

7 . 4
0.0
0.0

0.0
0.0
0 . 8
0.0

t t .2
0.0
0.0

0.0 0.0
t . 2  I  . 8
0.0 0.0
0.0 0.0
I  . 0  1 . 4
1 . 0  r . 0
0.0 0.0
0 . 8  1 . 1
8  . 4  3 . 9
1 . 0  t . 2
l  . 6  0 . 9
0 . 2  0 . 4
0.0 0.0

t5 .2  5 .5

0 . 2  0 . 4
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
1 . 0  |  . 7

r 9.0 13.7
0.0 0.0
0 . 6  1 . 3
2 . 4  2 . 5
t7  .4  l 0  . 7
12.0 14.4
3 . 6  6 . 1
2 . 8  3 . 1
1 9 . 6  1 s . 6
t 7 . E  7 , 6
9 6 . 2  5 1 . 1

Data from five 50 x 20m trans€ct counts



FISH COUNTS: NINGALOO MARINE PARK; Sire l; reef llat habirat; high tide; l4rh April 1987

Trans€ct # 1 mean std.deY.

SERRANIDAE
Cephaloplnlis argus
Epinephalus miuodon
Epinephalus tauvina
EpbrcpMus bilobatus
Epinephalus ivulatus
P lectroponus leorydus
LUTJANIDAE
Lwjarus bohar
Ltjatus carponotatus
Lutjanus fulviflatwna
Lutjanus monostigma
HAEMULIDAE
Diagrunna pictum
P lectorhinchus chubbi
P le c ar hin c hus fl av o mac ul at us
P I e ct or hi n c hus mul t iv i t I a t u"s
LETHRINIDAE
Lethrinus maluena
Iethrinus nebulosus
Izthrinus varieganu
CHAETODONTIDAE
Chaetodon assuius
Clactodon awiga
Chaendon citinellus
Claetodon kkinii
Chaetodon lineolatus
Cltaetodon lunula
Chaetodon melannotus
C hae to d.on o r natis simu s
Chaeadon plebeius
Chaetodon tifascialis
Chaeadon tifasciatus
Chaetodon wimaculatus
Chelmon rostratus
Total Chaetodontidae
LABRIDAE
C ho er o do n s c ho e nl e i nii
Choerodon n.sp.
SC ARIDAE
lzp to s c aru.s v ai gi e rLsi s
Cabtomus spinidens
Hipposcarus longiceps
Scarus chaneleon
Scarus frerctus
Scarw ghobban
Scarus gibbus
Scarus globiceps
Scarus prasiogruthos
Scarus pittacus
Scarus rivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scous nrdidus
Toul Scaridae

0
0
I
0
5
0

2

0
0
I
0
0
0

0
0
0
0

0

0
0
0
0

0
0
0
0

4

0
0
0
0
0
0

5

0
0
0
0

0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0.0
0.0
0 . 4
0.0
1 . 8
0.0

0.0
0.0
0 . 2
0.0

0.0
0.0
0 . 5
0.0
2 . 0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0 . 4
0.0

0.0
0.0
0.0
0.0

46 .2  47  .3
1 5 . 6  3  1 . 5
0.0 0.0

0.0 0.0
6 . 0  4 . 7
0.0 0.0
0.0 0.0
0  . 2  0 . 4
0.0 0.0
0.0 0.0
0.0 0.0

1 3 . 8  4 , 9
3 . 0  2 . 7
0 . 4  0 . 9
0  . 2  0 . 4
0.0 0.0

23 .6  11 .3

0.0
0.0

0.0
0.0

2 . 0  2 . 5
0.0 0.0
0  . 4  0 . 5
2 . 2  3 . 9
2 . 4  1 . 5
6 . 4  3 . 4
0.0 0.0
0.0 0.0
7 . 0  I  . 9
t . 2  2 . 2
6 . 0  2 , 5
1 . 0  1 . 4

24.6 14.4
t 7 . 6  8 . 1
7  0 . 8  2 7  , 4

0

0
0
0
0
0
0
2l

t

I
0

A)

17
I
0

0
6
0
0
0
0
0
0
l0
7
0
0
0

0
0

0
I
0
0
J

0
0
9
I
6
0
t5
7

45

33
2
0

0

0
0
0
0
0
0
9
0
0
0
0
l3

0
0

1
0
0

4
0
0

l0
0
l5
l7
62

0
0
0
0

1 1
0
0
8
0

0
36

84

130
72
0

0
0

6
0
1
9
J

9
0
0
5
0
6
2

44
27
tt2

0
0
0
0

0
0
1

0

J I

2
0

0
2
0
0
0
0
0
0
l3

0
0
0
r6

0
0

0
0
0
0

0
0
0
0

tn

0

0

0
0
I
0
0
0
16
J

0
0
0

,4

0
0

0
0
0
0
t

f,

0
0
8
0

l3
l3
51

Data from nve 50 x 20m trans€ct counts



FISH COLINTS: NINGALOO MARINE PARK; Site 1; reef flat habitat; low tide; t6th April 1982

Transect # 1 m€an std,dev,

SERRANIDAE
Cephalopholis argus
Epinephalus microdon
Eptephtlus tauina
Epinephalus bilobatus
Epinephalus rivulatus
P lectropom,u leopardus
LUTJANIDAE
htjarus bohar
Lutjanus carponotatus
Lutjanus fuliflatruna
Lutjanus monostigma
HAEMULIDAE
Diaeranala pictum
P lectorhinc hus c lutbbi
P le c tor hinc hus flavo ma c ul at us
P le ctor hinchus mul tiyi ttatus
LETHRINIDAE
Lethrinus mahsena
Izthinus rcbulosus
Izthrinus variegatus
CHAETODONTIDAE
Chaetodon assarius
Chaendon awiga
Chaetodon cititwllus
Chaetodon kleinii
Chaendon lineolatus
Chaclodon hnula
Chaetodon melannotus
C hae tod.on orrctis simus
Chaetodon plebeius
C haetodon trifascialis
C lme to do n trifas c iat us
Chaendon u naculatus
Chelmon rostratus
Total Chaetodonridae
LABRIDAE
C ho ero do n s c ho e nleinii
Choerodon n.sp.
S CARIDAE
Leptoscrus vaigiensis
Calotomrs spinidens
Hipposcarus longiceps
Scarw chameleon
Scarus frenatts
Scuns ghobban
Scarus gibbus
Scal.rrls globiceps
Scuus prasiogrcthos
Scarus piuacus
Scarus rivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus sordidus
ToaI Scaridae

28
10
0

0
7
0
0
0
0
0
0
t4
6
0
0
0
n

0
0

0
0
0
0

0
0
9

J

l o

6
48

0.0
0.0
0 . 2
0.0
0 . 4
0.0

0.0
0.0
1 . 6
0.0

0.0
0.0
0 . 4
0.0

0.0
0.0
0 . 4
0.0
0 . 9
0.0

0.0
0.0
1 . 5
0.0

0.0
0.0
0 . 5
0.0

2 9  . 4  8 , 2
lL.4 14.2
0.0 0.0

0.0 0.0
4 . 4  2 . 1
0 . 6  I . 3
0.0 0.0
0 . 2  0 . 4
0 . 2  0 . 4
0.0 0.0
0.0 0.0

16 .2  4 .5
I  1 . 6  5 . 3
0 . 4  0 . 5
0.0 0.0
0.0 0.0

3 3 . 6  1 1 . 3

0.0 0.0
0.0 0.0

0 . 8  1 . 3
0.0 0.0
0.0 0.0
0 , 2  0 . 4
1 . 4  t . 7
2 . 8  I  . 6
0.0 0.0
0.0 0.0
4 . 0  3 . 2
r . 4  0  . 9
) ' ,  1 1

0 . 6  1 . 3
9  . 2  4 . 5
7  . 2  3 . 3
29 .8  13 .6

0
0
I
0
0
0

0
0

0

0
0
I
0

2

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

0
0
I
0

1t

5
0

4

0
0
0
0
2
0

5

0
0
0
0
0
0

0
0

0

0
0
0
0

JJ

JO

0

0 0
0 0
1 1
0 0

0 0
0 0
0 0
0 0

4 t  19
6 0
0 0

0 0
6 4
3 0
0 0
l 0
0 0
0 0
0 0

2t 2l
16 t7
l 0
0 0
0 0

48 42

0 0
0 0

1 0
0 0
0 0
1 0
0 0
0 3
0 0
0 0
0 4
t 2
0 0
0 0
4 7
3 1 2
l0 28

0 0

0 0
0 0
0 0
1 0
0 0
0 0
t4 l1
1 3 6
1 0
0 0
0 0
31 20

0 0
0 0

3 0
0 0
0 0
0 0
t 2
3 4
0 0
0 0
4 3
0 2
6 l
0 0
8 l t
8 7

33 30

Daa from five 50 x 20m Fansect counts



FISH COUNTS: NINGALOO MARINE PARK; Sire l; back reef edge habiraq t3th April 1987

Transect # I mean std.dev.

SERRANIDAE
Cephaloplolis argus
Epinephalus mitodon
Epinephalus tauina
Epinephalus Ulobatus
Epinephalus ivulatus
P lectroporas kopardus
LUTJANIDAE
Lwjarus bohar
Lutjanus carponotatus
Lutjanus fuliflatntna
Lutjanus monostigma
HAEMULIDAE
Diagrmttna pictum
Plecorhhchus chubbi
P le c t or hinc hus fl av o nuc ul at us
P I e c t or hinc hus muh iv i t t at us
LETHRINIDAE
Letlvinus mahsena
Lethrinus nebulosus
Lethrinus varkgatus
CHAETODONTIDAE
Chaaodon asssius
Chaemdon awiga
Chaetodon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon hnula
Chactodon mzlannotus
C hacnd.on ornatis simus
Chaeadon plebeius
Chaemdon trifascialis
C haztodon trifasciatus
C hae to do n uni mac ulat us
Chebnon rostratus
Toal Chaetodontidae
LABRIDAE
C hoero do n s c ho e nle inii
Choerodon n.sp.
SCARIDAE
Lepascarus vaigiensis
Cabtomus spinidens
Hipporcrus longiceps
Scarus chatneleon
Scarus frenatus
Scarus ghobban
Scarus gibbus
Scuus globiceps
Scarus prasiognathos
Scarus psittacus
Scarus ivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus sordid.us
Total Scarirlae

0
0
0
0
I
0

0
0
0
0

0
0
0
0

2

0
0
0
0
5
0

0
0
0
0

0
0
0
0

l0

0

I
7
0
0
0
0
0
0

0
0
0
t4

l0
0

0

2
0
0
0
0
0
T4

0
0
0

LJ

0
0

0
0
,
0
0
0
0
0
6
0
0
0
0
8

I
5
0

0
t

0
0
0
0
0
0'|

0
0
0
0
)

0
A

t
0
0
0
0
0
2
0
0
0
0

0
0
0
0
10
0

0
0
0
0

0
0
0
0

5
0
0

0
0
0
0
6
0

0
0
0
0

0
0
0
0

0
0
0
0

0

0
0
0
0

0
0
0
0

7
I
0

0 0 0 0
0 0 0 0

, < i )

0 0 0 0
0 0 0 0
l 6 r 0
0 0 0 0
1 0 1 0
0 0 0 0
0 0 0 0
0 0 0 0
0 6 2 2
5 5 4 0
0 0 0 0
0 3 0 0
2 3 0 0
l l  2 8 8 4

2
0
0

0
0
0
0
0
0
0
0
2
8
t4

0.0
0.0
0.0
0.0
5 . 4
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
3 . 2
0.0

0.0
0.0
0.0
0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

5 . 0  3 . 3
4 . 2  4 . 0
0.0 0.0

0 . 2
3 . 4
1 . 0
0.0
0.0
0.0
0.0
0.0
5 . 4
t . 4
0.0
0.0
0.0

t l .4

0 , 4
2 . 6
t . 0
0.0
0.0
0.0
0.0
0.0
5 . 2
, ,
0.0
0.0
0.0
7 . 3

0.0 0.0
0.0 0.0

1 1

0.0
0.0
2 . 0
0.0
0 . 4
0.0
0.0
0.0
2 . 0
2 . 8
0.0
1 . 0
2 . 6
r  3 . 0

1 . 8
0.0
0.0
2 . 3
0.0
0 . 5
0.0
0.0
0.0
2 . 4
2 . 6
0.0
t . 4
3 . 3
9 . 2

Data from five 50 x 20m transect counts



FISH couNTS: NINGALoo MARINE pARK; site 1; algal lagoon habirari high ride; t6th April l98z

Transect # 1 mean std.dev.

SERRANIDAE
Cephaloplnlis argus
Epituphalus microdon
Epinephalus tauvina
Epinephalus bilobatus
Epinephalus ivulatas
P I e ctr op otrua I e o par dus
LUTJANIDAE
Lujanus bohar
Lutjanus carponotatus
Lutjanus fuliflarruna
Lutjanus monostigma
HAEMULIDAE
Diagranrra pictum
Plecnrhinchus chubbi
P I e c ar hinc hus fl av o ma c ul a t us
P le ctor hinc hus muh iy i lt a t us
LETHRINIDAE
Lethrinus mahsena
Lethrinus nebulosus
Lcthrinus variegatrc
CHAETODONTIDAE
Chaetodon assarius
Chaaodon awiga
Chactodon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon lunula
Chaetodon melatnotus
Chaeadon ornatissimus
Chactodon plebeius
C haetodon trifascialis
C haetodon trifasciat us
Chaetodon uimaculatus
Chehnon rostratus
ToaI Chaerodontidae
LABRIDAE
C ho er o do n s c ho e nI ei nii
Cloerodon n.sp.
SCARIDAE
Lcptosctrus vaigierais
Cabtomus spinid.ens
Hipposcarus longiceps
Scarus clumcleon
Scous frenatus
Scarus ghobban
Scarus gibbus
Scuus globiceps
Scarus prasiognathos
Scarus psinacus
Scarus rtvulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae

0.0
0.0
0.0
0.0
3 . 6
0.0

0.0
0.0
0.0
0.0
1 . 7
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 4
1 . 2
0.0

0 . 9
1 . 3
0.0

0 . 5
0 . 8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . 3

0.0
0.0

0 . 6
t . 2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . E

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0 . 2
0.0
0.0
0.0
0 . 6
0.0
0.0
0.0
0.0
0 . 8

0.0
0.0
0.0
0.0
0.0
0 . 4
0.0
0.0
0.0
0 . 9
0.0
0.0
0.0
0.0
1 . 1

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
5 1 5 3 4
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

0 0 0 0 2
0 3 2 0 1
0 0 0 0 0

0 1 0 1 1
0 r r 2 2
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 2 1 3 3

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 0 0 0 2

Data from five 50 x 20m transect cour6



FISH COUNTS: NINGALOO MARINE PARK; Site 1; algal lagoon habirat; tow ride; l3th April 1987

Transect # I mean std.d ev.

SERRANIDAE
Cephalopholis argus
Epinephalus microdon
Epinephalus tawina
Epinephalus bilobatus
Epinephalus rivulatus
Plectopoms leopardus
LUTJANIDAE
Lwjanus bohar
Lutjanw carporntatus
Lutjanus fuliflarmu
Lutjanus monostigma
HAEMULIDAE
Diagratntm pictum
Plectorhinchus chubbi
P I e c tor hin c hus tl avoma cuJ at w
P I e ctorhinc hus muhiv i tt at us
LETHRINIDAE
I*thrirus mahsena
LathrinLs nebulosus
Iethrinus variegatus
CHAETODONTIDAE
Chaeadon asssiru
Chaaodon awiga
Chaetodon citinellus
Clmetodon kleinii
Chaendon lineolatus
ChaeAdon lmula
Chaetod,on melannotus
Chaetodon orrutissimus
Chaetodon plebeius
C laetodon trifascialis
Chaeadon trfasciatu
Chaetodon m*naculuus
Chelmon rosffatus
Total Chaetodontidae
LABRIDAE
C hoero dn n s c hoe nle inii
Choerodon n.sp.
S CARIDAE
Lzp to s c ar us vai giensi s
Calotomus spinid,ens
Hipposcuus longiceps
Scarus chaneleon
Sctusfrenatus
Scarus ghobban
Scarus gibbus
Scarus globiceps
Scarus prasiognatlws
Scarus psittacus
Scarus riwlatus
Scarus rubrovblaceus
Scarus schlegeli
Scal.tu sordidus
Total Scaridae

0
0
0
0
I
0

0
0
0
0

0
0
0
0

0

0

0
2
0
0
0
0
0
0
0
0
0
0
0
2

0
0
0
0
I
0

0
0
0
0

0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 0 0
0 0 0
0 0 0
0 0 1
, 1 ?

0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
1 0 0
0 0 0

0 1 2
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 2

0.0
0.0
0.0
0 . 2
1 , 6
0.0

0.0
0.0
0.0
0 . 4
0 . 9
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0 . 6
0.0

0 . 6
0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . 0

0.0
0 . 9
0.0

0.0
0.0

0 . 9
0 . 9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . 0

0.0
0.0

6 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . 1
0 . 4
0.0
0.0
0.0
7 . 4

7 . 8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1 . 2
0 . 2
0.0
0.0
0.0
9 . 2

0 0 0 0 0
0 0 0 0 0

r 2 4 2 4 t 7
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 0 2 0 2
0 0 0 0 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 4 4 4 4 2 0

Data from live 50 x 20m transect counts



FISH COUNTS: NINGALOO MARINE PARK; Sire l; sand lagoon habirar #l; r4rh April 1987

Trans€ct # 1 mean std,d eY.

SERRANIDAE
Cephaloplolis argus
Epinephalus miuodon
Epinephalus tauvina
Epinephalus bilobatus
Epinephalus ivulatus
Plecroponus leopardus
LUTJANIDAE
Lwjanus bohar
Lutjanus carporctatus
Lutjanus fulviflatruna
Lutjanus nonostigma
HAEMULIDAE
Diagratnttw pictum
Pkcnrhinchus chubbi
P k c tor hinc luu fl awttac ul at Ls
P I e ctor Nnc hus mul tiy i tt at us
LETHRINIDAE
lzthrinus mahsena
Lethrinus nebulosus
Lethrinus variegatus
CHAETODONTIDAE
Chaetodon asssius
Chaetdon awiga
Chaetodon citrinellus
Chaetodon Heinii
Chaemdon lineolatus
Chaetodon lunula
Chaetod,on melannotus
C hae t odo n ornati s s imus
Chaeadon plebefus
C hae t odo n trifa s cialis
C hae todo n trifas c iat us
C hae to don tnitna c ul at us
Chelrron rostratw
Total Chaetodontidae
LABRIDAE
C ho er o do n s c ho e nl e i nii
Choerodon n.sp.
SC ARIDAE
Lep to s c ar us v ai giensi s
Calonmu spinidens
Hipposcarus longiceps
Scmw chattuleon
Scarus frerutus
Scorus ghobban
Scarus gibbus
Scarus globiceps
Scuus prasiognathos
Scarus psittacts
Scarus iwlatus
Scarus rubroiolaceus
Scarus schlegeli
Scarus sordidus
Total Scariclae

0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

2

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0 0
0 0
0 0
0 0
4 l
0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0

2 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
2 0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

I
0
0
0
0
0
0
0
0
0
0
0
0
0
t

0.0
0.0
0.0
0.0
1 . 0
0.0

0.0
0.0
0.0
0.0
L . 7
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0 . 9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 9

0.0
0.0

0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4

0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4

0.0
0.0

0 . 2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 2

Data from five 50 x 20m transect counts



FISH COUNTS: NINGALOO MARINE PARK; Site t; sand lagoon habirat #2; 14rh April 1987

Transect # 1 m€an std.dev.

SERRANIDAE
Cephalopholk argus
Epinephalus mitodon
Epinephalus tauina
Epinephalus hilobatus
Epincphalus ivulatus
Pkctoporruts kopardus
LUTJANIDAE
Luljanus botar
Lutjanus cuponotatus
Lutjanus fuliflatntna
Lutjanus motostigma
HAEMULIDAE
Diagrattwa pictum
P kctorhinchus chubbi
P le c t or hinc hus fl av o ma c ul at us
P I e c t or hinc hus mul tiv i tt a t us
LETHRINIDAE
Lethrinus malsena
Lethinus nebulosus
Lcthrinus variegatus
CHAETODONTIDAE
Claeadon asssius
Chaetodon awiga
Chaetodon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon lunula
Chaetodon melannotus
Chaetodon onwtissimus
Chactodon plebeius
C hae t odon t rifa s c ial is
Chaemdon trifasciatus
Chaetodon minaculatus
Chclmon rostratus
Total Chaetodontidae
LABRIDAE
C hoero do n s c ho e nl e i nii
Cluerodon n.sp.
SCARIDAE
I*pto s c arus v oi gi ensi s
Calotomus spinidens
Hipposcarus longiceps
Scuus chatrcleon
Sca sfrenatus
Scarus gltobban
Scarus gibbus
Scarus globiceps
Scuw prariognatlas
Scarus pittacus
Scarus rivulatus
Scarus rubroiolaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

o
0
0
0

0
0
0

0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0

0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Data from five 50 x 20m transect counts



FISH COUNTS: NINGALOO MARINE PARK; Site 2; pass floor habitaq 17ft April 1987

Transect # 1 mean std.dcv.

SERRANIDAE
Cephabpholis argus
Epinepdus mitodon
Epinephalus tauvina
Epinephalus bilobatus
Epinephalus ivulatus
Pkcfioporru.r leopardus
LUTJANIDAE
Lwjanus bolar
Luljanus carponotatus
Lutjan*s fulviflamma
Lutjanus monostigma
HAEMULIDAE
Diagramra pictutn
P lecnrhinch*s chubbi
P I e c tor hinc hus fl avo ma c ul at us
P le ctor hinchus muh ivi ttatus
LETHRINIDAE
Izthrinus mahsena
lzthrinus nebulosus
Iztbinus variegatus
CHAETODONTIDAE
Chactodon assoius
Chazadon awiga
Chaelodon citinellus
Chaetodon kleinii
Chaendon lineolatus
Chaeadon lunula
Chaztodon tnelannotus
Chaetodon ornatisimus
Chaetodon plebeius
C lmctodon trifascialis
C haeto do n trifas ciat us
Chaetodon minnculatus
Chelmon rostratus
Toal Chaetodontidae
LABRIDAE
C hoero do n s c ho e nl e i ni i
Choerodon n.sp.
S CARIDAE
Leptoscuus vaigiensis
Calotomus spinidens
Hipposcuus longiceps
Scarus clanneleon
Scarus frenatLs
Scarus ghobban
Scarus gibbus
Scarus globiceps
Scarus prasbgnatlos
Scarus psittacus
Scarus iyulatus
Scarus rubroiolaceus
Scarus schlegeli
Scarus nrdidus
Total Scaritlae

0
0
0
0
I
0

0
0
0
0

0
0
0
0

2

0
0
0
0
0
0

0
0
0
0

0
0
1
0

o
0
0

0
0
8
0
0
I
0
0
J

1
0
0

l5

3

0
0
0
0
0
0

4

0
0
0
0
0
0

(

0
0
0
0
0
0

J L

0
0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 1 2
0 0 0

5 1 5 t 6
0 0 0
0 0 0

0
3
6
0
0
I
0
0

I
0
0
0
18

0
0
9
0
0
0
0
0
0
I
0
0
0
t0

0
0

0
0
0
f,

t2
0
0
0
5
l4
5
0

186
57
284

0
0
8
0
0
0
0
0
^

0
0
0

l t

0
0

2
0
0
7
l z

0
0

6
l5
5
0

129
46
225

0
1
9
0
0
0
0
0
J

0
0
0
0

I J

0
0

I
0
0
l3
J

0
0
0
l0
15
6

173
O I

288

0
0

I
0
0
8
7
0
0
0

38
t2
0

107
40
216

0
0

I

0
0
6
6
0
0
0

7
,)

I
82
J)

t47

0.0
0.0
0.0
0.0
0 . 2
0.0

0.0
0.0
0.0
0.0
0 . 4
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0 . 8
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0 . 8
0.0

15.2
0.0
0.0

0.0
0 . 8
8 . 0
0.0
0.0
0 . 4
0.0
0.0
3 . 4
1 . 6
0.0
0.0
0 . 4
t4.6

9 . 9
0.0
0.0

0.0
1 . 3
L . 2
0.0
0.0
0 . 5
0.0
0.0
) <

1 . 9
0.0
0.0
0 . 9
3 . 2

0.0 0.0
0.0 0.0

1 . 0
0.0
0.0
7 . 8  3 . 1
E . 4  3 . 4
0.0 0.0
0.0 0.0

0 . 7
0.0
0.0

0 . 5  I  . 3
6 . 2  2 . 6
1 7 . 8  1 l , 8
6 . 0  3 , 7
1 . 0  1 . 7

1 3 5 . 4  4 3 . 8
4 7  . 8  1 1 . 0
232.0 57.E

Data from five 50 x 20m trans€ct counts



FISH COUNTS: NINGALOO MARINE PARK; Site 2; pass shoal slope habihq l6rh April 1987

Trans€ct # I m€an s ld,dev.

SERRANIDAE
Cephabpholis argus
Epinephalus microdon
Epinephalus tauina
Epinephalus bilobatus
Epinephalus rivulatus
P lectropotruts kopardus
LUTJANIDAE
Lwjanus bohar
Ltjanw caryonotatus
Lutjanus fulviflatruna
Lutjanus monostigma
HAEMULIDAE
Diagrannm pictum
P lectorhinchus chubbi
P le c tor hinc hus flav oma c ul at us
P Ie ctor hinchus mukiviu atus
LETHRINIDAE
I*thrinus nmlsena
Izthrinus nebulosas
Izthrinu variegatus
CHAETODONTIDAE
Chaetodon assoius
Chaetodon awiga
Chaetodon citrincllus
Chaetodon kleinii
Chaeadon lineolatus
Chaeodon lunula
Chaelod.on talannotus
C haetodon ornatissimus
Chaetodon plebeius
Claetodon trifarcialis
Chaetodon tfasci^tus
Chaetodon uitruculatus
Chelnon rostatus
Toal Chaetodontidae
LABRIDAE
C ho er o don s c ho e nl e i nii
Choerodon n.sp.
SCARIDAE T
Izpmscuus vaigiensis
Calotomus spinidens
Hipposcarus longiceps
Scuus cla neleon
Scuusftenatus
Scuus ghobban
Scarus gibbus
Scarus globiceps
Scuus prasiognathos
Scarus psittacus
Scarw rivulatus
Scarus rubrovblaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae
* trvo counts only

0
I
2
0

44
41
0

0
I
3
0
0
I

0
0
J

0
0
0
0
8

2

0
0
0
0
I
0

0

2
0
I
2
0
0
1

0
0
I
12

3

0
0
0
0
0
0

0
2
2
I

0
z
2
0
0
0
0
0
2
0
0
0
0
6

4

0
0
0
0
1
0

0
0
I
0

0
t

0
0

0
0
4
I
0
0
0

I )

5

0
0
0
0
0
0

0
0
0
I

0

0
0
0
0
0
0
I
0
0
0
0
f

0 0 0
1 0 0

48 26 12
0 1 0

0
0
0
0
0
0

0
0
1Z
0

0
0
J

0

0
0
0
0

30
18
0

1 0 0 1 0
3 0 2 r 0

0 0
0 0
0 0
4 6
3 8
0 4
0 4
4 7
6 4 5
' ) <

6 2 2
t 2

37 45
'r1 ?n

90 178

36 59 43
1r4 26 14
0 0 0

0.0 0.0
0 . 2  0 . 4
2 0  . 2  t 7  . 6
0  . 2  0 . 4

0.0
0.0
0.0
0.0
0 . 4
0.0

0.0
0 . 6
1 . 0
0 . 4

0.0
3 . 0
) ' ,
0.0
0 . 2
1 . 0
0.0
0.0

0 . 4
0.0
0.0
0 . 2
9 . 2

0 . 4
t . 2

0.0
0.0
0.0
0.0
0 . 5
0.0

4 2 . 4  1 0 . 9
4 2 . 6  4 1 . 2
0.0 0.0

0.0
0 . 9
1 . 0
0 . 5

0.0
1 . 4
1 . 5
0.0
0 . 4
1 . 0
0.0
0.0
1 . 3
0 . 5
0.0
0.0
0 . 4
4 . 2

0 . 5
1 . 3

0.0 0.0
0.0 0.0
0.0 0.0
5 . 0  t . 4
5 . 5  3 . 5
2 . 0  2 . 8
2 . 0  2 . 8
5 . 5  2 . 1

25 .5  27  ,6
3  . 5  2 . 1
1 4 . 0  I  1 . 3
l . s  0 . 7

4 1 . 0  5  . 7
2 E  , 5  2 . 1
13  4 .0  62 ,2

Data from five 50 x 20m transeal coun6



FISH COUNTS: NINGALOO MARINE PARK; Site 2; Sargassum slope habitar; group 1; l5rh April 1987

Transect # I mean std.dev.

SERRANIDAE
Cephalopholk argus
EpinepMus microdon
Epincphalus tauina
Epinepdus bilobatus
Epinephalus ivuJatus
Pkctopotrus kopardus
LUTJANIDAE
Lutjanus bohar
Lutjanus carponotdtus
Lutjanus fuliflamma
Lutjanus monostigma
HAEMULIDAE
Diagramna pictum
P lectorhinchus chubbi
P I e c tor hi nc hus fl avo mac ul a t us
P le ctol Nnchus muhivit tat us
LETHRINIDAE
lzthrinus mahsena
Lethinus nebulosus
Izthrinus vuiegatus
CHAETODONTIDAE
Chaendon assuius
Chaaodon awiga
Chaetodon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon lunula
Chaetodon melannotus
Chaetodon omatissimus
Chaetodon plebeius
Chaendon trifascialis
C hae to do n trifas c iat us
C haetodon uninaculatus
Chelmon rostatus
Toal Chaetodontidae
LABRIDAE
C ho er o do n s c ho enl einii
Clnerodon n.sp.
SC ARIDAE
l*pascarus vaigiensis
Calotomus spinidens
Hipposcuus longiceps
Scarus claneleon
Scarus frenatus
Scarus globban
Scarus gibbus
Scuus globiceps
Scarus prasiogratlos
Scarw pittacus
Scarw ivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae

0
0
0
0
11
0

0
0
0
0

0
0
0
0

0
0
0
0
t2
0

0
0
0
0

0
0
0
0

0
8
0

0
1
0

6

I
0
0
0
0
0
0
0
0
0
l 1

0
0

0 0
0 0
0 0
0 0
7 1 3
0 0

0 0
0 0
0 0
0 0

0
0
0
0
6
0

0
0
0
0

0
0
0
0

0
2
0

0
7

0
0
0
0
0
0
0
0
0
0
6

0
0

0.0
0.0
0.0
0.0
9 . 8
0.0

0.0
0.0
0.0
0.0
3 . 1
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0 . 4
0.0

0.0
) 1

0.0

0.0
0.0
0 . 9
0.0

6 . 2
1 , 4
1 . 6
0 . 2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
9 . 4

0 . 2
0.0

0.0
3 . 3
0.0

t ?

0 . 9
l . l
0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3 . 6

0 . 4
0.0

r  4 .8  13  .6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
7 . 8  5 , 1
0 . 4  0 . 9
0.0 0.0
0.0 0.0
0.0 0.0

23 .0  15 .5

0 0
0 0
2 0
0 0

0 0
0 0
0 0

I
0
0
0
0
0
0
0
0
0
0
0
5

8 9
2 2
3 1
0 0
0 0
o 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
13 12

0 l
0 0

0
0

0
0
0
0
0
0
0
0
i

0
0
0
0
38

a i

0
0
0
0
0
0
0
0
t4
2
0
0
0

40

6
0
0
0
0
0
0
0
0
t2
0
0
0
0
l8

2
0
0
0
0
0
0
0
0
2
0
0
0
0
/t

8
0
0
0
0
0
0
0
0
7
0
0
0
0
15

Daa from five 50 x 20m transect counn



FISH COUNTS: NINGALOO MARINE PARK; Site 2; Sargassum slope habirar; goup 2; l6th April 1987

Transect # I mean std.dev.

SERRANIDAE
Cephalopholk argus
Epinephalus mitodon
Epinephalus tauina
EpinepMus bilobatus
Epinephalw ivularus
Plectopotrus leopudus
LUTJANIDAE
Lfijanus bohar
Lwjanus carponotatus
Lutjanus fuliflatwna
Lutjanus monostigma
HAEMULIDAE
Diagranana pictwn
P lectorhinchus chubbi
P le c tor hinc hus fl av omac ul at us
P I e ct or hin c hus muk iv i t t a t us
LETHRINIDAE
Izthrinus nnhsena
Lethrinus nabulosus
Letlvinus variegatw
CHAETODONTIDAE
Chaetodon asssius
Chaaodon awiga
Chaeadon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon lunula
Chaetodon nnlannotus
Chaetodon orrutissimus
Chaendon plebeius
C hae t odo n trifas c ialis
Chaendon trifasciatus
C haet o do n udinu c ulat us
Chclmon rostarus
Toal Chaetodontidae
LABRIDAE
C hoer o do n s c ho e nl ei nii
Choerodon n.sp.
SCARIDAE
leptoscans vaigiensis
Cabtomus spinidens
Hipposcuus longiceps
Scarus chanwleon
Scffus frenarus
Scarus ghobban
Scarus gibbus
Scarus globiceps
Scarus prasiognatlos
Scarus psittacus
Scants ivulatus
Scuus rubroviolaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae

0
0
0
0
J

0

0
0
0
0

0
0
0
0

8
0
0

2

0
0
0
0
I
0

1

0
0
0
0
5
0

4

0
0
0
0
7
0

)

0
0
0
0
J

0

0
0
0
0

0
0
0
0

I
0
0

7
I
0
0
0
0
0
0
0
0
0
0
0
I

2 0 0 0 0
0 0 0 0 0

73 246 151 86 18
4 7 4 t 1
0 0 0 0 0
3 0 0 1 3
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

?? ), 1() 0 2

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

1r3 275 194 97 25

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

1 0 1 2 3
0 1 3 0
0 0 0

10 10 1l
0 6 0
0 0 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
10 17 l l

0.0
0.0
0.0
0.0
3 . 8
0.0

0.0
0.0
0.0
0.0
2 . 3
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

6 . 8
2 . 6
0.0

1 0 . 6
, a

0.0
0 . 2
0.0
0.0
0.0
0.0
0 . 4
0.0
0.0
0.0
0.0

13.4

0 . 4
0.0

0.0
0.0
0.0
0.0

4 , 7
5 . 8
0.0

2 . 9
. . ,
0.0
0 . 4
0.0
0.0
0.0
0.0
0 . 9
0.0
0.0
0.0
0.0
5 . 4

0 . 9
0.0

1 1 4 . 8  E 7 . 3
3 . 4  2 , 5
0.0 0.0
1 . 4  1 . 5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

21 .2  15 .3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

l4  0 .8  96 .1

l )

0
0
0
0
0
0

0
0
0
0
2l

Data from five 50 x 20m hansect counts



FISH COTNTS: NINGALOO MARINE PARK; Site 2; algal lagoon habibq t6rh April 1987

Transect # I mean std.dev,

SERRANIDAE
Cephaloplolis argus
Ephephalus microdon
Epinephalus tauina
Epinephalus bilobatus
Epinephalus ivulatts
P I e ct op otnts I e o par dus
LUTJANIDAE
Lutjanus bohar
Lajanus carponotatus
Lutjanus fuliflarwna
Lutjanus monostigma
HAEMULIDAE
Diagrmttna pictum
P lecnrhinchus chubbi
P I e c tor hinc hus fl avo ma c ul at us
P lector hinchus muhiy i tt at us
LETHRINIDAE
Lethrinus mahsena
Lethrinus nebulosns
Lethrinus vriegans
CHAETODONTIDAE
Chaelodon assarirs
Chaetodon awiga
Chaetodon citrinellus
Chaetodon kleinii
Chacndon lineolatus
Chaendon lmula
Chaetodon melannotus
C hae t odo n ornatis s i mus
Chaetodon plebeius
Chaeadon trifascialis
C haeto do n trifas c iat us
Chaetodon ufimaculatus
Chelnon rosffatus
Total Chaetodontirlae
LABRIDAE
C ho er o do n s c ho e nl e inii
Choerodon n.sp.
SC ARIDAE
Izp tos c arus v ai giensi s
Calotomus spinidcns
Hipposcuus longiceps
Scarus chanuleon
Scarus frenatus
Scarus ghobban
Scarus gibbus
Scrus globiceps
Scarus prasiognathos
Scarus psittacus
Scarus rivulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus nrdidus
Total Scaridae

0
0
0
0
f,

0

z

0
0
0
0
5
0

0
0
0
0
6
0

0
0
0
0

0
0
0
0

0

0
0
0
0

0
0
0
0

0
I
0

0
0
0
0
0
0
0
0
0
0
0
0
2

0
0
0
0

0

0
0
0
0

0
0
0
0

0
0
0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 l
0 7
0 0

1 0  1 0 9
0 0 2
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
l0 r0 1l

0 0 0 0 0
0 0 0 0 0

r 4 2 6 1
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 1 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 4 3 6 1

0
0
0
0

0
I
0

t2
0
0
0
0
0
0
0
0
0
0
0
0
t2

0.0
0.0
0.0
0.0
4 . 2
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 2
1 . 8
0.0

8 . 6
0 , 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
9 . 0

0.0
0.0

2 . E
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4
0.0
0.0
0.0
0.0
3 . 2

0.0
0.0
0.0
0.0
1 . 9
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 4
2 . 9
0.0

3 . 8
0 . 9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4 . 0

0.0
0.0

1 a

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 5
0.0
0.0
0.0
0.0
1 . 9

Data from five 50 x 20m transect coun6



FISH COUNTS: NINGALOO MARINE PARKI Sire 2; inshore reef flat habirau t5rh ADril 1987

Transect # 1 mean std.dcv.

SERRANIDAE
Cephalopholis argus
Epittcphalus mirodon
Epinephalus tauina
Epinepdus bilobatus
Epinephalus ivulatus
Plecropotruu leopudus
LUTJANIDAE
Lwjanus bohar
Lujanus carporotatus
Lutjanus fuliflatntna
Lutjanus monostigma
HAEMULIDAE
Diagra runa pictum
Plectorhinchus chubbi
P I e c tor hi nc hus fl avo ma c ul at us
P le ctorhi nc hus muhivittatus
LETHRINIDAE
Lethrinus malsena
Lethrinus nebulosus
lzthrinus variegatus
CHAETODONTIDAE
Chaemdon assoius
Chaetdon awiga
ChaeOdon citinellus
Chaetodon kleinii
Chaeadon lineoluus
Chaetodon lutula
Chaetodon melannotus
Chaetodon ornatissimw
Chaetodon plebeius
Chaemdon trifascialis
C hae to do n trifas c iar us
C hac t o do n uai nmc ul at us
Chelmon rosnans
Total Chaerodontidae
LABRIDAE
C ho er o do n s c ho e nl ei nii
Choerodon n.sp.
SCARIDAE
Izpasctus voigiensis
Cabtomus spinidens
Hipynscarus longiceps
Scsus chanuleon
Scarus frenatus
Scarus globban
Scarus gibbns
Scarus globiceps
Scarus prasiognothos
Scarus psifiacus
Scarus ivulatus
Scarus rubroyiolacew
Scarus schlegeli
Scuus nrdidus
Total Scaridae

0
0
0
0
0
0

0 0
0 0
0 0
0 0
0 l
0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0 0 0
0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 1 0 3
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 1 0 0
0 0 0 0
0 2 0 3

0
0
0
0
I
0

0
0
o
0

0
0
0
0

0
J

0

0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0
0
0
0

0 0
0 1
0 0

l 1
0 l
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
t 2

I
0
0
0
0
0
0
0
0
0
0
0
0
I

I
J

0

r0
0
0
0
0
0
0
0
I
0
0
0
0
1 1

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
f

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
0 . 4
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 2
1 . 4
0.0

3 . 6
0 . 2
0.0
0.0
0.0
0.0
0.0
0.0
0 . 2
0.0
0.0
0.0
0.0
4 . 0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0 . 8
0.0
0.0
0.0
0.0
0.0
0.0
0 . 2
0.0
1 . 0

0.0
0.0
0.0
0.0
0 . 5
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0 . 4
1 . 5
0.0

4 . 0
0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4
0.0
0.0
0.0
0.0
4 . 2

0.0
0.0

0.0
0.0
0.0
0.0
0.0
1 . 3
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4
0.0
t . 4

Data from five 50 x 20m transect counB



FISH COLTNTS: NINGALOO MARINE PARK; Sire 3; reef flat habiraq t8th Aoril 1987

Transect # I 4

0
0
0
0
0
0

0
2
0
0
0
I
0
0
0
0

0
0

5

0
0
0
0
')

0

mean std.d ev.

SERRANIDAE
Cephalopholis argus
Epbvphalus microdon
Epinephalus tauvina
Epinephalus bilobatus
Epinephalus rivulatus
Plectoporntrs leorydus
LUTJANIDAE
Lwjarus bohar
Lujanus carponoratw
Lutjanus fuliflamna
Lutjanus monostigma
HAEMULIDAE
Diagranrra pictum
P lectorhinchus chubbi
P le c tor hi n c hus fl avoma cnl at us
P I e c t o r hi nc h us muh iv it t at us
LETHRINIDAE
Letlrinus mahsena
Lethrinus nebulosus
lzthrinus variegatus
CHAETODONTIDAE
Chaetodon asstius
Chaetdon awiga
Chaetodon citrinellus
Chaetodon kleinii
Chaetodon lineolams
Chaetodon lunula
Chaetodon tolannotus
C hae to do n o r na tis simus
Chaetodon plebeius
C hactodon trifascialis
Chaetobn trifasciatus
C haetodon unituculatus
Chebnon rostra/],lt
Total Chaetodontidae
LABRIDAE
C hoero do n schoenleinii
Choerodon n.sp.
SCARIDAE
Lcptoscarus vaigiensis
Calotomus spinidens
Hipposcarus longiceps
Scarus chanvleon
Scarus lrerctus
Scarus ghobban
Scarus gibbus
Scarus globiceps
Scarus prasiognathos
Scarus psittacus
Scarus riyulatus
Scarus rubroviolaceus
Scarus schlegeli
Scarus nrdidus
Total Scaridae

0
0

0

0
0
0
0

t2
2
0

0
I
I
0
0
I
0
0
3
2
0
I
I
l0

0
0
5
0

0
0
0
0

18
1
0

0
6
0
0
0
I
0
0
5

I
0
0
15

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
o 4 0 1 2
0 0 1 0 0
7 5 7 4 5
5 5 0 4 3
2 0 0 0 0
0 0 0 0 0
9 5 t 4 4
7 4 7 5 7
1 l  1 1  1 8 2
1 1 0 3 0

77 40 z7 79 62
79 38 58 59 70
198 ll3 102 167 155

0 0 0
0 0 0
2 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
I t r

0 0 0

0 0 0
0 0 0
0 0 1
0 0 0

16 14
l 2
0 0

0 0
6 3
0 0
0 0
0 0
t 2
0 0
0 0
0 0
0 1
0 0
0 0
0 0
7 6

l9
t
0

0.0
0.0
0 . 4
0.0
0 . 4
0.0

0.0
0.0
2 . 0
0.0

0.0
0.0
0 . 2
0.0

t  5 . 8
1 . 4
0.0

0.0
0.0
0 . 9
0.0
0 . 9
0.0

0.0
0.0
r . 7
0.0

0.0
0.0
0 . 4
0.0

2 . 9
0 . 5
0.0

0.0 0.0
3 . 6  2 , 3
0 , 2  0 . 4
0.0 0.0
0.0 0.0
1 . 2  0 . 4
0.0 0.0
0.0 0.0
1 . 6  2 . 3
1 . 0  1 . 0
0  . 6  0 . 9
0  . 2  0 . 4
0 , 2  0 . 4
8 . 6  4 . 0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
t . 4  1 . 7
0 . 2  0 . 4
5 . 6  I  . 3
3 . 4  2 . 1
0  . 4  0 . 9
0.0 0.0
4 , 6  2 . 9
6 . 0  1 . 4
6  . 6  4 . 8
r  . 0  t . 2

5 7 . 0  2 2 . 9
6  0 . 8  1 5 . 4
r 4 7 . 0  3  9 . 5

Data from five 50 x 20m transect counr



FISH COLINTS: NINGALOO MARINE PARK; Site 3; back reef edge habitat; tgrh April 1987

Transect # I mean std.d ev.

SERRANIDAE
Cephabpholh argus
Ephephalus microdon
Epineplalus tauvina
Epinephalus bilobatus
Epinephalus rivulatus
P lectropornu leopardus
LUTJANIDAE
Lutjanus bohar
Luljanus caryonotatus
Lutjanus fuliflanana
Lutjanus monostigma
HAEMULIDAE
Diagratnrna pictum
P leclor hinchus chubbi
P le c tor hin c hus fl av o ma c uI a t us
P I e clor hin c hus muk iv i u a t us
LETHRINIDAE
I*tb-inus malsena
Lethinus nebulosus
lethrinus vafiegatus
CHAETODONTIDAE
Chaendon asssins
Chactodon awiga
Chaetodon citrinellus
Chaetodon kleinii
Chaemdon lineolatus
Chaetodon lutula
Chaetodon melannotus
Chaeadon ornatissimus
Chaetodon plebeius
C haetodon trifascialis
C hae to do n trifos c iat us
C haetodon rnimac ulatus
Chelmon rostratus
Total Chaetodontidae
LABRIDAE
C hoer o don s c hoe nl e i nii
Choerodon n.sp.
SC ARIDAE
Lcptoscuus vaigiensis
Cabtomus spinidens
Hipposcarus longiceps
Scarus charneleon
Scarus freratus
Scarut ghobban
Scarus gibbus
Scuus globiceps
Scut+s prasiogrcthos
Scarus psittacus
Scarus rivulatus
Scsus rubroviolaceus
Scarus schlegeli
Scarus nrdidus
Total Scaridae

0
I
0
0
I
0

0
0
2
I

0
0
0
l3

t7
t7
0

0
0
0
0

0
0
0
0
2
0
0
6

0
0
0
0
I
0

0
0
I
0

0
0
0
0

5
0
0

0
z
0
0
0
0
0
0
I
0
0
0
0

5

0
0
0
0
0
0

0
0
0
0

0
0
0

1 l
?o

0

0
J

0
0
0
0
0
0
2

2
0
0
8

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
5 1 1 1 6  I
0 0 0 0 0
3 3 5 6 4
2 0 0 2 0
0 0 0 1 0
0 0 0 0 0
0 1 0 0 3
2 0 2 0 0
r 0 1 0 0
0 0 0 1 0
2 D 5 1 3 4 2 2 4
3 2 2 2 8 n 1 1
65 t2 50 95 43

0 0
0 0
l 0
0 0
4 l
0 0

0 0
0 0
J L

1 0

0 0
0 l
0 0
0 1

9 7
l 8
0 0

0 0
3 4
0 0
0 0
0 0
0 0
0 0
0 0
1 ) 1

1 0
4 0
0 1
0 0
l0 12

0.0
0 . 2
0 . 2
0.0
t . 4
0.0

0.0
0.0
1 . 4
0 . 4

0.0
0 . 2
0.0
3 . 6

0.0
0 . 4
0 . 4
0.0
1 . 5
0.0

0.0
0.0
1 . 1
0 . 5

0.0
0 . 4
0.0
5 . !

9 . 8  4 . 6
1 1 . 0  t 2 . l
0.0 0.0

0.0
2 . 4
0.0
0.0
0 . 4
0 . 4
0.0
0.0
2 . 4
0 . 4
1 . 6
0 . 2
0.0
7 . 8

0.0
1 . 5
0.0
0.0
0 . 9
0 . 9
0.0
0.0
. . ,
0 . 5
t , 7
0 . 4
0.0
3 . 5

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
4 . 8  6 . 5
0.0 0.0
4 . 2  I  . 3
0 . 8  1 . 1
0 . 2  0 . 4
0.0 0.0
0 , E  1 . 3
0 . 8  1 . 1
0 . 4  0 . 5
0  . 2  0 . 4
20 .E  13 .9
20 .0  12 .9
5 3 . 0  3  0 . 4

Data from five 50 x 20m transect counts



FISH COLjNTS: NINGALOO MARINE PARK; Sire 3; atgal lagoon habiat #l; lgrh Aprit 1987

Transect # I mean std.dev.

SERRANIDAE
Cephaloplolis argus
Epinephalus mitodon
Epiruplalus tauiru
Epinephalus bilobuus
Epinephalus ivulatw
P lectroponus leopardus
LUTJANIDAE
Lajanus bohar
Laianus carponotatL,
Lutjanus fuliflarnna
Lutjanus monostigma
HAEMULIDAE
Diagrarnttm picnm
Pkctorhinchus chubbi
P le c t or hinc hus fl av oma c ul at us
P I e c t or hinc hus mul t iv i u a t us
LETHRINIDAE
Iztlrinus mahsena
Lcthinus rcbulosus
Iztlrinus vaiegatus
CHAETODONTIDAE
Chaetodon assuius
Chaendon auriga
Chaeadon citrinellus
Chaetodon kleinii
Chaemdon lineolatus
Claeadon hnula
Choetod.on rnlannotus
C hae to d.on o r nati s simus
Chaetodon plebeius
C haetodo n trifascialis
C haztodon trifasciat us
C haz to do n uninn c ulat Ls
Chelmon rostratus
Total Chaetodontidae
LABRIDAE
C ho er o do n s c ho e nl einii
Choerodon n.sp.
SCARIDAE
Izpascarus vaigiensis
Calotomas spinidens
Hipposcuus longiceps
Scous chanuleon
Scuusfrenatus
Scans ghobban
Scarw gibbus
Scarus globiceps
Scarut prasiogtutlos
Scarus pittacus
Scarus rivulatus
Scuus rubroviolaceus
Scarus schlegeli
Scuus sordidus
Total Scuidae

0
0
0
0
5
0

t

0
0
0
0
6
0

0
0
0
0
J

0

0
0
0
0

4

0
0
0
0
J

0

5

0
0
0
0
I

0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

5 0
t i

0 0

0 0
0 0
0 0
0 0

6 0
0 0
0 l
0 0

0
0
0
0

0

0

0

0
0
0
0
0
0
0
0
0
0
0
2

0 0 1
0 2 0

0 1 0 3
0 0 0
0 0 0
7 r 0 0
0 0 0
6 3 0
0 0 0
0 0 0
1 0 0
3 1 0
0 0 0
0 0 0
0 0 0
2 0 0
1 9 u 3

0 6
1 3 4
0 0

6 3
3 0
0 0
0 0
0 0
t 2
0 1
0 0
0 0
0 0
0 0
0 0
0 0
1 0 6

J

0
0
0
0
0
0
0
0
0
0
0
0
J

0
I

0
0

0

0
0
0
2
0
0
0
0
16

0
2
0
0
0
0
0
0
0
0
0
0
0
2

0
0

0
0
I
0
0
0
0
0
0
0
0
0
0
2

0.0
0.0
0.0
0.0
4 . 6
0.0

0.0
0.0
0.0
0.0
1 . 1
0.0

0.0
0.0
0.0
0.0

2 . 7
0.0
0 . 4
0.0

0.0
0.0
0.0
0.0

1 . 2
0.0
0 . 2
0.0

) ,
4 . 2
0.0

2 . 4
1 . 4
0.0
0.0
0.0
0 . 6
0 . 2
0.0
0.0
0.0
0.0
0.0
0.0
4 . 6

0 . 2
0 . 6

3 . 6
0.0
0.0
5 . 0
0.0
2 . 4
0.0
0.0
0 . 2
1 . 2
0.0
0.0
0.0
0 . 4
12.8

3 . 0
5 . 1
0.0

2 . 5
1 . 3
0.0
0.0
0.0
0 . 9
0 . 4
0.0
0.0
0.0
0.0
0.0
0.0
3 . 4

0 . 4
0 . 9

3 . 9
0.0
0.0
4 . 3
0.0
2 . 5
0.0
0.0
0 . 4
1 , 3
0.0
0.0
0.0
0 . 9
9 . 8

Data from five 50 x 20m ransed couns



FISH COUNTS: NINGALOO MARINE PARK; Site 3; alga! lagoon habir,at #2; l8rh April t98Z

Trans€ct # I mean std.dev.

SERRANIDAE
Ceplnlopholis argus
Epinephalus mitodon
Epinephalus tauvina
Epinephalus bilobatw
Epineplalus rivulatus
Plectopomus leopardus
LUTJANIDAE
Lajanus bohar
Lutjanus carporctatus
Lutjanus fulviflanuna
Lutjanus monostigma
HAEMULIDAE
Diagranra picnnr
P kctorhinchus chubbi
P le c tor hin c hus fl av o mn c ul at us
P I e ctor hin c hus muh il) i t t at us
LETHRINIDAE
Letbinus nalsena
I*thinus nebulosus
Lctbinus vuiegatus
CHAETODONTIDAE
Chaaodon asssius
ChaeAdon awiga
Chaetodon citirwllus
Chaetodon kleinii
Chaeadon lineolatus
Claetodon lunula
Chaetodon melannotus
C hae todon ornatissimus
Chaetodon plebeius
C haetodon trifascialis
C lae t odo n tr ifasci at us
C hactodon unimactiatus
Chebtnn rostatus
Toal Chaetodontidae
LABRIDAE
C hoero do n s c ho e nI einii
Choerodon n.sp.
SC ARIDAE
lzpmscarw vaigiensis
Cabtomas spinidens
Hipposcuus longiceps
Scuus clwneleon
Scrusfrenatus
Scarus globban
Scarus gibbus
Scarus globiceps
Scarus prasiognatlos
Scarus pittacus
Scarus riwlatus
Scarus rubroiolaceus
Scarus schlegeli
Scrus sordidus
Total Scaridae

0
0
0
0
6
0

0
0
0
0

0
0
0
0

2
6
6

0
0
0
0
l 1
0

0
0
0
0

0 0 0 0 0
0 0 0 0 0

1 8 4 0 3 8 & 1 5
0 0 0 0 0
0 0 0 0 0
0 r 0 0 0
0 0 0 0 0
2 2 r 2 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 r $ 3 9 6 6 1 5

0 0 0
0 0 0
0 0 0
0 0 0
l 1  1 0 4
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

1 3 0
1 7 2 0 5
2 0 r 0

0
0
0
0

0
0
0

6

0
0
0
0
0
0
0
0
0
0
0
8

2
2
0
0
0
0
0
0
0
0
0
0
0

5

0
0
0
0
0
0
I
0
0
0
0
10

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
I

0.0
0.0
0.0
0.0
8 . 4
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

t . 2
9 . 6
3 . 6

0.0
0.0
0.0
0.0
a . t

0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

1 . 3
8 . 5
4 . 3

3 . 6  2 . 1
1 . 6  1 . 7
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0 . 2  0 . 4
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
5  . 4  3 . 6

0.0 0.0
0.0 0.0

3  5 . 0  1 9 . 8
0.0 0.0
0.0 0.0
0  . 2  0 . 4
0.0 0.0
L . 4  0 . 9
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

36 .6  20 .3

Data from five 50 x 20m transect couns



FISH COUNTS: NINGALOO MARINE PARK; Site 4; reef flat habibt: 22nd ADril 1987

Transect # 1 mean std,d ev.

SERRANIDAE
Cephalopholis argus
Epinephalus miuodon
Epincphalus tauina
EpinepMus bilobatus
Epinephalus rivulatus
P lectopotrua leopard:us
LUTJANIDAE
Lutjanus bohar
Lurjanus carponotatus
Lutjarusfuliflamma
Lutjanus monostigma
HAEMULIDAE
Diagratnta pictum
P lectorhinchus chubbi
P I e c tor hin c hus fl av o mac ul at us
P I e c t o r hi nc hus mu 

 

iv i t t a t us
LETHRINIDAE
I*thrinus mahsena
Izthinus nebulosus
Letfu-inus variegatus
CHAETODONTIDAE
Chaetodon assar Ls
Chaaodon awiga
Chaetodon cirrinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon lunula
Chaetodon tnelamotus
C hac md.on o r nati s s imus
Chaetodon plebeius
C haetodon trifascialis
C haeto do n trifas ciat us
C haetodon wimacti.atus
Chelnan rostatus
Total C'haetodontidae
LABRIDAE
C ho ero do n s c ho e nl e inii
Choerodon n.sp.
SCARIDAE
lz p to s c arus v oi gi e nsi s
Calotomus spinidens
Hipposcarus longiceps
Scarw charuleon
Scuusfrenatus
Scarus globban
Scarus gibbus
Scarus gbbiceps
Scarus prasiognathos
Scarw psittacus
Scarut ivulatus
Scuus rubroviolaceus
Scarus schlegeli
Scarus nrdidus
Total Scaridae

0
0
0
0
0
0

I
0
J

0

0
0
0
0

2

0
0
0
0
0
0

1

0
0
0
0
0
0

4

0
0
0
0
0
0

5

0
0
0
0
1
0

0
0

0

0
0
0

l 0
0 0
2 l
0 0

0 0
0 0
0 0
0 l

5 7
0 0
0 0

0 0
o 2
0 0
0 0
0 1
0 4
0 0
0 0

t ,  , 1

17 17
, , t

0 0
0 0

4L 47

0 0
0 0

0 0
0 0
0 0
0 0
l 0
1 l
0 0
0 0
0 0
8 2
1 t
0 t
9 1 2
25 2l
65 38

0
0
l 1
0

0
0
I
1

I J

I
0

0
J

0
0
,
2
0
0

L9
1
0
0
g

0
0

0
0
0
0
I

0
0
0
22
0
0
1

z7
53

J

0
0

0
2
0
0
0
6
0
0
l8

0
0
0
50

0
0

I
0
0
I
3

0
0
0
0
0
0
l5
25
49

9
0
0

0
0
0
0
0
0
0
0

26

0
0
0

49

0
0

0
0
0
0
2
0
0
0
0

0
l6
19
42

0.0
0.0
0.0
0.0
0 . 2
0.0

0 . 4
0.0
4 . 0
0.0

0.0
0.0
0 . 2
0 . 8

7 . 4
0 . 2
0.0

0.0
L , 4
0.0
0.0
0 . 6
2 . 4
0.0
0.0

2 2 . 8
2  0 . 0
1 . 0
0.0
0.0

48.2

0.0
0.0
0.0
0.0
0 . 4
0.0

0 . 5
0.0
4 . 0
0.0

0.0
0.0
0 . 4
0 . 8

0.0
1 . 3
0.0
0.0
0 . 9
2 . 6
0.0
0.0
3 . 7
3 . 3
1 . 0
0.0
0.0
4 . E

0 , 2  0 . 4
0.0 0.0
0.0 0.0
0 , 2  0 . 4
|  . 4  1 . 1
1 . 6  1 . 5
0.0 0.0
0.0 0.0
0.0 0.0

t t .z 12.9
0 . 6  0 . s
0 . 2  0 . 4
1 0 . 6  6  . 0
23.4 3 .3
49 .4  10 .5

3 . 8
0 . 4
0.0

0.0 0.0
0.0 0.0

Data from five 50 x 20m trans€ct counts



FISH COUNTS: NINGALOO MARINE PARK; Sire 4; coral lagoon habirar #l; 23rd April 1987

Trans€ct # I mean std.d€v.

SERRANIDAE
Cephalopholis argts
Ep ephalus microdon
Epinephalu.s lauina
EpinepMus bilobatus
Epineplalus rivulatus
Plearopomts leopardus
LUTJANIDAE
Lutjanus bohar
Lwjanus carponotatus
Lutjanus fuliflatruna
Lutjanus monostigma
HAEMULIDAE
Diagranma pictum
P lecmrhinchus chubbi
P le c tor hinc hus fl av oma c ul at us
P I e ct or hinchus mubiv i t t a t u s
LETHRINIDAE
lzthrinus mahsena
Itthrinus nebulosw
Lcthrinus variegatus
CHAETODONTIDAE
Cluaodon asssius
Chaendon awiga
Chaetodon citinellus
Chaetodon kleinii
Chaetodon lineolatus
Chaetodon luula
Chaetod.on melannotus
Chaeadon ornatisimus
Chaetodon plebeius
C haetodon trifascialis
Chactodon trifasciuus
Chaetodon minaculatus
Chclmon rostratus
Toul Chaetodontitlae
LABRIDAE
C hoer o do n s c ho e nle i nii
Choerodon n.sp.
SC ARIDAE
Lep to s c arus v ai gi e rLsi s
Calotomus spinid,ens
Hipposcarus longiceps
Scuus chaneleon
Scuusftenatus
Scuus glubban
Scous gibbus
Scuus globiceps
Scarus prasiognatlos
Scarus psittacus
Scarus ivulatus
Scanu rubroviolaceus
Scarus schlegeli
Scarus sordidus
Total Scaridae

0
0
0
0
0
0

0
0
0
0

0
0
0
I

0
0
0
0
0
0

0
0
0
0

3

0
0
0
0
0
o

4

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0

l3
J

0

0
2

0
0
2
0
0
12

0
0

0
0
0
I

5
0

0
2

0
0
0
0
0
t5
5
2
0
0
'26

0
I

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

8 3
1 7 6
0 0

0 0
2 0
6 0
0 0
0 0
0 0
0 0
0 0
7 t 4
2 1 2
0 0
0 0
0 l
t7 27

0
0
0
0

7
8
0

0

0
0
1
0
0
7
t
I
0
2
t7

0 0 0 0
0 0 0 0

1 1 2 0
0 0 0 0
0 0 0 0
1 5 ) ?

0 0 0 0
4 0 5 4
0 1 0 0
3 0 0 0
4 1 0 0
3 3 5 7
1 6 6 1 2 9
0 0 0 0
?3 24 22 10
30 14 11 12
90 55 59 45

0
0
0
0
0

0
0
0
9
10
1
l9
t5
{7

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.0
0.0
0.0
0 . 4

7 . 6
7 . 8
0.0

0.0
1 . 6
2 . 4
0.0
0.0
0 . 6
0.0
0.0

I  1 . 0
5 . 0
0 . 6
0.0
0 . 8
2 2 . 0

0.0
0.0
0.0
0 . 5

3 . 6
5 . 4
0.0

0.0
0 . 9
', ,t

0.0
0.0
0 . 9
0.0
0.0
3 . 8
4 . 1
0 . 9
0.0
0 . E
4 . E

0.0 0.0
0  . 2  0 . 4

0 . E  0 . 8
0.0 0.0
0.0 0.0
2 . 2  1  . 9
0.0 0.0
3 . 2  1 . 9
0  . 2  0 . 4
0 . 6  1 . 3
1 . 0  1 . 7
5 . 4  2 . 6
1 0 . 5  3 . 7
0 . 2  0 . 4

20.6 6 ,8
t6 .4  7 .8
6 r ,2  t7  ,0

Data from five 50 x 20m transect counts



FISH COUNTS: NINGALOO MARINE PARK; Sire 4; coral lagoon habitar #2; 23rd April 1987

Transect # I mean std.dey.

SERRANIDAE
Cephalopholis argrs
Epircphalus miuodon
Epituphalw tauina
EpinepMus bilobatus
Epinephalus ivulatus
Plecffopomus leopardus
LUTJANIDAE
Luljanus bohar
Lwjanus cuponotatus
Lutjanus fuliflanaaa
Lutjanus monostigma
HAEMULIDAE
Diagrama pictum
Pkctorhinchus chnbbi
P le c t or hi n c hus fl avomn c ul at ns
P I e ct or hinc hus muh iv i t t a t Ls
LETHRINIDAE
Lcthrinus nalsena
Lethinus rcbulosus
Izthrinus variegatus
CHAETODONTIDAE
Chaetodon assa.ins
Chaaodon awiga
Chaemdon citrinellus
Chaetodon kleinii
Chaetodo^ lineolatLs
Chaetodon lunula
Chaetodon nAlannotus
Chaeodon ornatissimus
Chaetodon plebeius
Chaetodon rifascialis
Claeadon tifasciatus
Chaetodon unimaculatrc
Chebnon rostatus
Total Chaetodontidae
LABRIDAE
C ho er o do n s c hoe nleinii
Choerod.on n.sp.
SCARIDAE
lepmscuus vaigiensis
Calotomus spinidens
Hipposctus longiceps
Scuus chaneleon
Scouslreuttu
Scuus gltobban
Scarts gibbus
Scarw globiceps
Scous prasbgtuthos
Scaru,s psittacus
Scarus livulatt/,s
Scarus rubroiolaceus
Scarus schlegeli
Scarus nrdidtts
Total Scaridae

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
1 0 6 5 1
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
1 0 2 0 0

t

14
l l

8
t2
0

1 5 2
l 0 2

0 0 0

2 2 0
a a n

0 0 4
0 0 0
0 0 0
0 4 0
0 0 0
0 0 0
8 1 6  1 3
o 2 l
0 0 4
0 0 0
0 0 0
12 26 22

0 1 0 0 0
0 0 0 0 0

0 0 1 0 0
0 0 0 0 0
0 0 0 0 0
6 1 2 L 4
1 0 1 1 0
9 3 7 2 5
0 0 0 0 0
0 0 0 0 0
0 0 4 r 0
6 8 7 r 4 r 2
2 2 7 4 0
0 0 0 0 0
1 8  1 7 3 3 1 4 9
1l 13 t4 15 6
53 44 76 52 36

0

0
0
I
0
0
9
I
0
0
0
l5

0
0
0
0
0
0
0
7
0
0
0
0
8

0.0
0.0
0.0
0.0
0 . 2
0.0

0.0
0.0
0.0
0.0
0 . 4
0.0

0.0
0.0
2 . 6
0.0

0.0
0.0
0.0
0 . 6

3 . 6
7 . 8
. , ,

1 . 0
1 . 2
1 . 2
0.0
0.0
1 , 0
0.0
0.0

1 0 . 6
0 . 8
0 . 8
0.0
0.0

1 6  . 6

0 . 2
0.0

0.0
0.0
0.0
0 . 9

2 . 9
5 . 6
4 . 9

1 . 0
1 . 1
1 . 8
0.0
0.0
t . 7
0.0
0.0
3 . 8
0 . 8
1 . 8
0.0
0.0
7 . 3

0 . 4
0.0

0  . 2  0 . 4
0.0 0.0
0.0 0.0
z . E  2 . 2
0 . 6  0 . s
5 . 2  2 . 9
0.0 0.0
0.0 0.0
r . 0  t , 7
9 . 4  3 . 4
3 . 0  2 . 6
0.0 0.0

t8 .2  9  .0
1 1 . 8  3 . 6
52.2  r  5 .0

0.0
0.0

) ' f

0.0

Data from five 50 x 20m transect counrs



FISH COUNTS: NINGALOO MARIM PARK; Sire 4; algal lagoon habitaq 22nd April 1987

Transect # 1 mean std.dev.

SERRANIDAE
Cephabplolis argus
EphvpMus mitobn
Epinephalu tauina
Epinephalu bilobatus
Epinephalus rivulatut
P I e ctr op ottws le o pardus
LUTJANIDAE
Luliaru+s bolte
Lutjanw carponotuits
Lutjanus fuliflanvna
Lutjanus nnnostigma
HAEMULIDAE
Diagranna picnm
Plectorh rchus chttbbi
P kc tm Nnc hus fl avo tnac ri at us
P le ctor hinchus mul ivittatus
LETHRINIDAE
Iztlrinus ttmlsena
Lcthinus rcbulosus
Lctlrinus vriegatus
CHAETODONTIDAE
Chaaodon assoius
Chaetdon auriga
Chaetodon citinellus
Chaetodon kleinii
Chaetodon lineolans
Claemdon luula
Chactodon nelamons
Chaetodon ormtbsimus
Cheadon plebeiw
Chactodon trifascialis
Chactodon trifasciaau
Chaeadon mhuculatus
Chelmon rostratus
Total Clnemdontidae
LABRIDAE
C ho ero don s c ho e nleinii
Cloaodon n.sp.
SCARIDAE
Lcptoscans vaigiensis
Calotomus spinidens
Hipposcuus longiceps
Scarlts clta ncleon
Scousfrenatu
Scous globban
Scarus gibbus
Scous globiceps
Scuus prasiognathos
Scaru pnttacus
Scarus rtvubttrs
Sctus rubroviolaceus
Scarus schlegeli
Scarus sordid,us
Total Scaridae

0
0
0
0
5
0

.|

0
0
0
0
6
0

0 0 0
0 0 0
0 0 0
0 0 0
l l  2 2
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

4 0 1
2 1 4  I
0 0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

2 6
0 0

1 0 9
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1
0 0
0 0
0 0
0 0
10 l0

0 1 4
0 0
0 0
0 0
0 0
3 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
3 t 4

0 l
0 0

0 2
0 0
0 0
0 0
0 0
2 6
0 0
0 0
0 0
2 6
0 0
0 0
0 0
0 0
4 1 4

7 4
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
7 4

1 . 0
0 l

,,
0
0
0
0
0
0
0
0
0
0
0
0
2

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
< t
0.0

0.0
0.0
0.0
0.0
3 . 7
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

1 . 5
5 . 4
0.0

1 . 6
5 . 0
0.0

6 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 2
0.0
0.0
0.0
0.0
6 . 6

0 . 4
0 . 2

a ' ,

0.0
0.0
0.0
0.0
, a

0.0
0.0
0.0
1 . 6
0.0
0.0
0.0
0.0
7 . 0

3 . 4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 . 4
0.0
0.0
0.0
0.0
3 . 6

0 . 5
0 . 4

6 . 1
0.0
0.0
0.0
0.0
z.s
0.0
0.0
0.0
2 . 6
0.0
0.0
0.0
0.0
6 . 6

Data from five 50 x 20m transect counts




