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The diversity of genera and species of sclerac-
tinian corals attenuates with increasing latitude
along the east Australian coast (Wells, 1955b;
Veron, 1974; Veron, 1986). Moreton Bay 1s an area
of particular interest because of its extra-tropical
location and the simultaneous presence of fwo
assemblages. One assembalge comprises the
subfossil remnants within the bay and as a living
reef outside the bay at Flinders Reef. The other
comprises the living bay corals which represent a
reduction in species number and change in
dominance from a period of greater richness and
abundance (Wells, 1955a).

The dominant species in the subfossil and
modern assemblages differ at the subordinal level.
The subfossil assemblage is characterized by the
suborder Astrocoeniina, containing the genera
common to the Indo-Pacific pravince, e.g. Stylo-
phora, Pocillopora and Acropora (Stehli and
Wells, 1971). The present assemblage is characier-
ized by the suborder Faviina with overwhelming
dominance by Favia speciosa. Though compo-
nents of the Indo-Pacific subprovince presently
exist, the composition conforms to the proposed
‘southwestern subprovince’ of Stehli and Wells
(1971). Subsequent work at the species level has
questioned the validity of this distinction on a
regional basis (Veron, 1986).

This paper investigates the change in the coral
assemblages of Moreton Bay by examination of
those inside the bay and by comparing them with
Flinders Reef outside the bay. Re-examination of
the assemblages after a major flood in 1974 and
assessment of recolonization seven years |ater has
lead to speculation about their nature, both past
and present.

PRESENT REEFS

The reef structures formed in Moreton Bay are
fringing reefs. They differ from their consolidated
tropical offshore counterparts by being composed
of unconsolidated coral rubhle mixed with terri-
genous sediments, This rubble is predominantly
subfossil in composition and is overlain by the
recent living assemblages (Fig. ). These recent
reefs therefore may be defined more appropriately
as ‘coral communities” after Wainwright (1965)
whose definition described coral assemblages
growing on a substrate other than that of its own
production.

EArLY HisTORY

Throughout the late Quaternary (7 > 10° vears
B,P.) sea level fluctuated between present MSL
and -150 m (Chappell, 1981). Moreton Bay was
drained and filled repeatedly. Little evidence
remains of the effects this may have had on earlier
Pleistocene reef development. A late Pleistocene
coral fauna (1.2 x 10" years B.P.) from tidal level
at Evans Head (Pickett, 1981) and similar material
from North Stradbroke Island (Pickett et al., 1985)
provide evidence of local coral occurrence prior to
the development of the Holocene reefs (< §,000
years B.P,),

Information on sea-level changes and radiocar-
bon dates provide some reasonable estimates of
the age of Holocene reefs. It is accepted that
Moreton Bay lies on the margin of the stable Mar-
yborough Basin (Hill and Denmead, 1960) and
that tectonic movement has not greatly biased the
evidence in support of eustatic flux.

The reefal thickness of Mud Island reef extends
to a depth of 6 m (Richards, 1931) and 5-7 m depth
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FI1G 1. Present coral assemblage on the northern margin of Peel Island.
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was ascertained for Moreton Bay's soulhwestern
short deposits (Flood, 1978). Most of the bay's
coral facies appear to begin at 3-4 m (Andrew,
1964; Smith, 1973). This level has been related 1o
a Holocene shoreline dated 7,500 years B.P.
{Wood, 1972). This date agrees with the custatic
curve of Thom and Chappell (1975) showing inirial
colonization at 7 m below the present mean sea
level,

The oldest direct evidence of post glacial
transgression is a radiocarbon date of 6,250 + 135
years B.P. (SUA 857) from an in sitw colony of
Favia sp. from eastern Peel [sland (Hekel et al.,
1979). Other evidence of reef developmen! lrom
an earlier period comes from samples dated
between 6,000 = 3,710 years B.P. (Rubin and
Alexander, 1958; Marshall, 1975). Addirional
evidence for a Holocene eustatic high are the
occurrences of in situ coralla in the intertidal zone
near Cassim Island (Friederich, 1978) and the
subfossil deposits in the southern and mainland
margins of Moreton Bay (Andrew, 1964) where
recent coral is now scarce or absent (e.g. Coochie-
mudlo, Macleay, Perulpa/Lamb lIslands and the
Pelican Banks).

Evidence from a Moreton Bay site dated 4,600
years B.P. suggests that an eustatic high of 1 m
above present MSL existed (Jones er al., 1978).
The most convincing estimate of a late postglacal
high sea level of + 2 m was from mollusc shells in
a stand of beachrock dared a1 2,540 + BS vears
B.P. (Lovell, 1975b).

SurFossiL REEFS

Massive coral banks around Mud Island attest
to the dominance by the genus Acropora and 1o
the degree of reef development (Fig. 2). Subfossil
coralla exist on all of the present reef areas with
recent species often growing on them.

Estimates of reefal deposits by the Queensiand
Cement and Lime Co. provide a measure of their
former extent: 3 x 10" kg of reefal limestone
occur on the western perimeter of the bay (e.g.
Raby Bay, Cleveland Bay and Wellington Polnt),
2.4 x 10 kg are estimaled for the southern bay
areas (e.g. Coochiemudlo, Macleay, Perulpa
Island and the Pelican Banks). Quantilies
extracted from Mud Island in the central bay
region were 6 X 10° kg in a 6 vear period (approx-
imation from Queensland Cement and Lime Co.,
1971). None of these areas now exhibit substantial
reef development.

Comparing the information on reefal deposits
with that of the present survey two poinis become
clear: |, the subfossil reefs developed unegually,
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forming the basis of recent reefl arcas; 2, the
subfossil reel’s were more extensive throughout the
bay and occurred in areas where there is no present
development (e.g. southern bay areas).

METHODS

SiTEs

Moreton Bay is a wedge shaped body of water,
bordered by the Australian mainland te the west
and the islands of Moreton and Stradbroke to the
cast. Open communication with the oceanic waters
of the north Tasman Sea is mainly through the
northern 13 km wide passage. The southern end
terminates in a complex network of channels. The
reefs studied are present around the islands of
Mud, St Helena, Green, King, Peel, Bird and
Goat, Cassim, Coochiemudlo, and the western
mainland at Raby Bay and Myora on Stradbroke
[sland (Fig. 3). Flinders Reef is located 1.5 km NE
of Cape Moreton on Moreton Island, It is princi-
pally a sandstone outcrop exposed at low tide and
surrounded by a diverse coral assemblage.

ASSESSMENT OF THE PRESENT ASSEMBLAGE

Species composition was assessed by placing
four m™ quadrats every 10 m along transect lines,
cnented perpendicular to the shore and extending
to the bayward limit for each assemblage. The
number of colonies of each species was recorded.
An individual colony was defined as any specimen
growing independently of its neighbour and having
more than half of its area inside the quadrat. The
species diversity measure used was that after
Brillouin (1962). The percentage of living coverage
was determined by the use of the line transect
method of Lova (1972) where the presence of a
colony under the transect line was measured and
noted as a proportion of the whole line. Selection
of the sample areas was made in areas of maximum
reel development. The survey was carried out
during 1972 and 1973,

AssESSMENT OF THE PosT FLOOD ASSEMBLAGE

In lanuary-February 1974 the greatest flood of
this century in Queensland occurred in the
Brisbane Basin (Beattie, 1980). The survey sites
were revisited in April. Moriality following
Mlooding was determined by visual inspection of
the original transect areas. The complete or
minimal nature of the flooding mortality in most
areas allows confidence in this method. Initial line
transects were tun {o verify the subjective
esfimations.



538 MEMOIRS OF THE QUEENSLAND MUSEUM

FiG 2. Subfossil coralla, mostly Acropora spp., comprise the reefal material around the islands in Moreton Bay
(Photo: Mud 1.).
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ASESSMENT OF RECOLONIZATION

In May 1981, seven years after the flood, a site
was chosen which had experienced total flood
mortality. The site was surveyed in the original
manner. Eighteen quadrats (72 m?) were sampled.
Comparison was made with the original transects
in terms of species number, diversity (H), evenness
(J) and the percentage of living cover.

The Favia speciosa in the sample were measured.
From the colony diameters, the age class distri-
bution was determined and the periods of recruit-
ment assessed.

RESULTS

CoraL COMPOSITION BEFORE THE 1974 FLooD
Of the 27 species of hermatypic scleractinia in
the bay, 26 occur in the subfossil and 18 in the
current assemblage (94% co-occurrence)
(Appendix). Twelve species were recorded in the
quadrat analysis and five noted only as site
records. Favia speciosa occurred in 93% of
transects, representing in terms of absolute
numbers, 6391 colonies or 89.4% of the bay
samples. Goniopora lobata, comprising 296
colonies or 4.1%, was second in abundance. It
occurred in 68% of the transects. Next most
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abundant and present in 35.2% of the transects
were Favites halicora, Favites abdita and Turbi-
naria peltata. They represent 1.8%, 1.4% and
0.9% of the bay samples, respectively. Table 1
summarizes the species presence at the bay sites
with the localities ranked with respect to number
of species present. Site species diversity (H),
evenness (J) and the percentage of coral cover are
noted.

Species rich areas are found at Peel, Bird and
Goat Islands and prior to the 1974 flood the
eastern reef of Green Island (Table 1). Peel Island
had the most species (16), three of which are
unique to this location. All other bay sites
comprise a reduced component of this assem-
blage. Favia speciosa, Goniopora lobata, Favites
abdita, Turbinaria peltata and Cyphastrea serailia
were the principle elements of the near mainland
and northern island sites.

112 species were found at Flinders Reef. As with
the subfossil assemblage this was dominated by
Acropora. Only two species, Acropora digitifera
and Favia stelligera, occurred in the bay’s past and
present corals but 4 were absent from Flinders
Reef.

CORAL ASSEMBLAGES AFTER THE 1974 FLooD

All coral assemblages on the mainland side of
the bay experienced 100% mortality (Fig. 4). The
islands of Mud, St Helena and Green also had
extensive mortality with the exception of the deep
reef on the eastern side of Green Island. Partial or
no mortality occurred in the eastern bay in areas
of relic water (Stephenson, 1968) and in those sites
buffered by depth.

In areas of partial mortality, coral deaths were
confined to particular genera. Portions of colonies
were often killed. Death was characterized by a
fleshless, silt covered corallum. Coral mortality
was not confined to the species Favia speciosa (cf.
Slack-Smith, 1959). On the contrary, the species
Turbinaria peltata, T. frondens and Goniopora
lobata were most affected by the flooding
influence. This was unexpected as these genera are
some of the most abundant in the bay, often
occurring in the western sites. Mortality on the
deep reef on the eastern margin of Green Island
was partial. The hardiest species in terms of
survival was Psammocora contigua which
averaged 50%. Favia speciosa in this area was
more greatly affected with a mortality estimated
at 70%.

The extent of coral mortality correlated highly
with species diversity and percentage of living
cover. Areas of low diversity (0.15) generally
experienced total mortality. They comprised one



TABLE 1. Species occurrence and diversity indices at the sites within Moreton Bay. The sites and species listing are ranked by species and site presence,

respectively.
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Island, 21. NW Peel Island, 22. ‘Submerged Reef’; Peel Island: 23. Bird and Goat Island, 24. Bird and Goat

Island, 25. Myora ‘coral patch’.

to six species and generally had a low percentage
of living cover. Exceptions to these trends were:
1, Low diversity assemblages at Myora (0.064) and
at the eastern side of Peel Island (0.090) which
experienced no mortality; 2, High diversity areas

with a low percentage of living cover such as
southeast Green Island and northeast St Helena
Island where a high degree of mortality was expe-
rienced; 3, High mortality occurring in areas of
high living cover having low diversity.
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CoRrAL RECOLONIZATION TO 1981

343 specimens were sampled from SW Peel
Island. Seven species were found, two more than
the pre-flood condition (Table 2). The species
diversity (H) is 0.12 (0.15 pre-flood). Evenness is
0.16 (0.24 pre-flood) (Table 2).

Frequency distribution of diameters provides
evidence that recruitment commenced during the
reproductive period following the flood
(November, 1974). The range in growth indicates
that recruitment has occurred in each year (Fig.
5).

TABLE 2. Pre- and Post-flood composition of the coral
assemblage at Southwest Peel Island.

Pre-flood After 1981
flood Survey
Species number: 5 0 7
diversity (H) 0.15 0 0.12
evenness (J) 0.24 0 0.16
cover (7o) 20.9 0 1.6
Pre-flood 1981
survey
Species component:
Favia speciosa »® X
Goniopora lobata X X
Favites abdita x X
Turbinaria peltata 4 X
Cyphastrea serailia * x
Acanthastrea sp. X
Favites halicora X
DISCUSSION

The results clearly show that the fringing reefs in
Moreton Bay are highly modified by their bay
environment but that their present nature is self-
sustaining. The present distribution is best appre-
ciated within four principle considerations: the
bay’s history; the range of coral assemblages; the
flood effect; and evidence for recolonization.

History

A late Pleistocene fauna near the bay provides
a basis for speculation as to an earlier coral
presence. During the last glaciation (Wurm: ¢. 1.0
x 10°t0 1.0 x 1.0* years B.P.) the bay existed as
a landscape with the first direct evidence of reef
development occurring in the Holocene. The dis-
tinctive reefs of that period developed to relatively
recent times. A change in that fauna occurred in
the form of a reduction of that assemblage. As
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Fic 5. Size frequency distribution of Favia speciosa
recruitment. Vertical lines show expected year class
growth at 10 mm diameter per year. The period
between the annual spawning and the sample date is
0.42 year. The vertical lines are positioned
accordingly.

assemblage similar to the subfossil is extant at
Flinders Reef, providing insight into the nature of
the bay’s paleoenvironment. The present distri-
bution comprises those species tolerant to sedi-
mentation and periodic dilution through flooding.
The pre-flood description of this fauna and the
subsequent differential flood mortality illustrate
the most potent factors influencing the present
distribution.

PRESENT REEF ASSEMBLAGES

The north side of Peel Island represents the
diversity centre in the bay. Diversity is generally
lower in the mainland sites and northern islands.
Exceptions exist in those areas buffered by depth.
The monospecific Acropora assemblage at Myora
is unique and considered either a relic or the result
of recent fortuitous immigration.

Comparing the sites’ parameters of species
diversity (H), evenness (J), species number and the
percentage of living cover provides a fine scale
description of the reefs and allows insight into the
influences conditioning them (Table 3). Sites with
a high diversity (H) are also characterized by high
evenness (r; = 0.77, Table 3a). They share simi-
larities in the nature of their habitats. These are
areas least affected by mainland influences. Those
characterised by low index values are areas around
the northern islands and the near mainland sites.
A third group is represented by E Peel Island, the
Myora ‘coral patch’ and E Bird and Goat Islands.
They are thought to be principally limited by an
unstable substrate.

The independence of sites from mainland influ-
ences is due to their distance (e.g. Peel, Bird and
Goat Islands) or locations bayward of near
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TABLE 3. Comparison of site diversity (H) with respect to, a, evenness (J = H/H na,), b, species number and, ¢, percentage
of living cover; d, comparison of number of species to the percentage of living cover. ‘H’ and ‘L’ denote high and low
categories. The bracketed values quantify these categories. The Spearman Rank Correlation coefficient (r;) compares the
significance of the parameters considered. Comparisons of species number with evenness, and evenness with the percentage
of living cover, were not significant.

a) Diversity (H) b) Diversity (H)
H(>0.15 L H (> 0.15) I
NE St Helena I. SW Mud I, NE St Helena I. Myora
SE Green 1. SE St Helena I. E Green I. E Peel 1.
E Green 1. N St Helena I. SW? Peel 1.
~| SW’ Peel 1. W Green 1. SW Peel 1.
E| SW Peel I. Cassim 1. SE Peel 1. =
=| SE Peel I. N Coochiemudlo I. NE Peel I. A
Al NE Peel I. W Peel 1. N Peel 1. E
| NPeell. E Peel I. Submerged Peel I.
Submerged Peel I. NW Peel I.
NW Peel 1. E Bird and Goat I. o1
2 W Bird and Goat I. W Bird and Goat 1. 2
g E Bird and Goat 1. ZE
2 SW St Helena I. SE Green 1. SW Mud 1. 2
N Green . SE Peel 1. SW St Helena 1. 9
King L. SE St Helena I &
Raby Bay N St Helena 1.
NE Coochiemudlo I. W Green [.
- Myora N Green 1.
King 1. =
Raby Bay
Cassim [.
N Coochiemudlo I.
NE Coochiemudlo I.
W Peel I.
r, = 0.77 Highly significant r, = 0.69 highly significant
c) Diversity (H) d) Species Numbers
H (> 0.15) L H(>5) L
E Green 1. Cassim 1. E Green I. SW St Helena I.
~| SW’ Peel I. N Green I. SW’ Peel 1. N Green 1. =
g" SW Peel . SW St Helena 1. SW Peel 1. Cassim 1. g
—| NE Peel I. NE Peel I. -
Al NPeell. N Peel I. A
1| Submerged Peel I. Submerged Peel 1. o
b NW Peel I. NW Peel 1. B
g W Bird and Goat I. W Bird and Goat I. E
(:n E Bird and Goat 1. SW Mud I. NE St Helena I. SW Mud 1. E:
£ SE Peel I. SW St Helena I. E Peel I. SE St Helena I. £
| NE St Helena 1. N St Helena 1. SE Peel 1. N St Helena I. i
2 SE Green 1. W Green 1. E Bird and Goat I. W Green I. P
King I. Myoroa King 1.
— Raby Bay SE Green 1. Raby Bay ~
N Coochiemudlo I. N Coochiemudlo I.
NW Coochiemudlo 1. NE Coochiemudlo I.
W Peel I. W Peel I.
E Peel 1.
Myora
rs = 0.35 significant r. = 0.57 highly significant
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malniand islands (e.g. NE St Helepna, E Green
Islands). The eastern reef area on Green Island is
relatively deep (34 m below MSL) and was the
only northern island site to escape total destruc-
tion in the 1974 flood. The nearby NE assemblage
at St Helena Island extends to thi¢ depth and has
been characterized by its ocean-like environment
on the basis of plankton samples (Greenwood,
1973). The buffering by depth in these areas during
times of flood is inferred from the observed strat-
ilicanions of freshwater during the 1974 flood and
during the 1968 flood (Stephenson, 1968), Squires
(1962) abserved stratified runoff in Fiji where
species presence was related to the distance from
the Rews River mouth,

With some exceplions, areas of low diversity are
the result of an environment physically controlled
hy sporadic flood runoff. Distance from the
mainland or occurrence in areas buffered by depth
allow relatively more time for development
towards a more diverse situation. In addition to
the historical component, low index values reflect
near mainland conditlons wheve the linmediare
and persistent effects of silt make the area inhos-
mitable 1o the development of coral assemblages.
Bull (1982) in comparing twa bays on Magnetic
Island, North Queensland, found a marked
reduction in species complement with the near
absence of Acropora in the site most affected by
siltation. Roy and Smith (1971) found a 50% lower
coverage in turbid areas of the Fanning Island
lagoon. Porter (1972a.b) attribured diversity
reduction in back shelf regions of Caribbean reefs
10 sedimentation. Loya (1972) concluded that
heavy sedimentation may be a very significant
factor in determining scleraclinian community
struocture. He attributed a reduction in species
abundance and percentage cover in areas on Eilat
Reefs to this agent. He points out that the few
massive species found in this zone have probably
evolved cleaning mechanisms. Marschall and Orr
{1931}, in studying the effects of sedimentation at
Low Isles, Queensland found the predominant bay
genns of Favig to be a very efficient sediment
remover,

It 15 speculaied that low diversily in areas unal-
fected by runoff (e.g. E and W Pecl, E Bird and
Goat Islands, Myora ‘coral patch’) are due 1o the
unstable sandy substrate which s unsuitable lor
coral colonization, Motoda (1940) explained 1he
paucity of reef corals in certain areas in Palau as
due 1o favourable substances. Kissling (1965)
found substrate to be the prime factor in regulaf-
ing coral distributions in the shallow water envi-
ronmenl ai Spanish Harbour.
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The high measure of evenness in low diversity
situations relates to the overwhelming predomi-
nance of Favia speciosa. Sites grouped on the basis
of evenness do not separate areas with any
nbserved variable. Its independence of other
parameters such as species number and percentlage
of living cover, indicates that the apportionment
of the individuals among the species is not related
to the physical Tactors presumed operative in con-
ditioning the other measures,

In most sites an increase in species number rep-
resents a proportional increase in their relative
abundances making the species number the best
indication of diversity (r, = (.69, Table 3b). Arcas
of low diversity but high species number reflect a
lack of physical stresses which prevent intolerant
species from occurnng. These sites are discussed
with respect to unsuitable substrates. Areas of high
diversity but low species number describe the
situation where the species contribution 1o the
index is low but their abundances are relatively
equal. The sites do not share a common physical
habitat but are characterized by low densities. It
is uncertain as to the combination of factors which
cause this. Areas of low diversity and species
nurnber lnvariably describe near mainland habitats
where the species have been sorted by environ-
mental stresses to those which are tolerant. The
rarity of such species as Coscinarea columna,
Hydnophora exesa and Mycedium elephantotus
indicate that, to a very limited extent, recruitment
of the bay corals may rely on communication with
Flinders Reel where these corals are more
abundant.

The relationship of diversity and species number
1o the percentage of living coverage are correlated
with high significance (r, = 0.35, 0.57, Table 3c,d
respectively). Generally, relatively high diversity
and species number were accompanied by appre-
ciable coverage or were low with sparse coral
occurrences. The groupings again separate the
ocean-like sites from the near mainland areas. An
exception to this relationship is the substrate lim-
itation at W Peel Island. Itis speculated that areas
of limited coverage and high species numbers are
du¢ to a more predictable environment. Abun-
dances here are reduced by unsuitable substrates,

Avreas of low diversity, low species numbers and
high coverage are typified by the predominance of
F. speciosa. This species has utilized substrates
unavailable to species intolerant of the flood-prone
environment. Colonization here approaches the
coverdge characienstic of the more diverse areas.
The 1974 flood caused completc mortality in these
areis.



CORAL ASSEMBLAGES OF MORETON BAY

ErrFeCTS OF THE MAJOR FLOOD OF 1974

Between January 25 and February 1, 1974, tor-
rential rainfall in the Brishane Basin resulted in
the greatest flood of this century. The influence of
this condition on the bay coral was catastrophic,

Coral death was caused by intense rain during a
cyclone coincident with & low tide that occurred
on lhe Queensland coast in 1918 (Hedley, 1923a;
Rainford, 1925). Slack-Smith (1959) recorded
coral deaths at Peel Island in Moreton Bay due 1o
rainfall. From Stoddart (1969), ‘excessive water
has killed shallow water biota by stream flooding
in Jamaica' (Goodbody, 1961) and on the reels in
Tahiti (Crossland, 1928) and Sameca (Major,
1924). Endean et ol. (1956) recorded similar
destruction at Coral Point near Mackay, Queens-
land in 1951. Coral death at Low Isles following
the fMooding of the Daintree River in 1945 was
investigated by Fairbridge and Teichert (1947,
1948).

The flood influence was principally confined to
the western portion of the bay and islands. No
mortality was observed on the northern margin of
Peel Island or al the Myora ‘coral patch’. The
mechanism by which these areas escape destruc-
tion is due to bay virculation patterns. During
times of flooding, there is pooling of undiluted
seawater which remains as *relic' or backwater on
the northern side of the island (Stephenson, 1968).

Comparative salinities recorded by Kelley
(unpublished) in the final two days of the 5-day
flood period, allow comparison of the differential
conditions experienced by the bay coral. In the
northern area characterized by low diversities, he
observed stratification of the freshwater, noting
10° /90 salinity in the first melre near Mud Island.
This increased 10 15.5% /00 in the second metre. St.
Helena [sland had salinities of 7.1% /00 in the fira
metre, increasing 10 13-15°/00 in the second. In
contrast, salinities on the north Peel Island reets
decreased 10 21°/00 in the first rwo metres and
24,6°/00 by the sixth, The surface temperature ai
all sites and depths was relatively constam 236
26°C.,

The results of laboratory work ol Edmondson
{1929) agree at the generic level with the 1974 post-
flood observations. Of 23 species of Hawaiian
corals introduced into seawater diluted by 50%
with distilled water two bay genera Favig and
Psammocora proved most hardy. They survived
six davs. These are the only corals which survived
on the eastern reef of Green Island. All species
died within a half hour of submergence in fresh-
waler with the exception of Favia hawaliersis
which died alter foar hours, Of additional interest
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15 that two genera, Porillopora and Montipora
which occurred oaly in the subfossil as well as at
Flinders Reefs, praved very intolerant to dilistion,
dying in 23 to 26 hours respectively, after dilition
in the 50" solutions,

Comparison of reef diversitics and percentage
of living cover with the percentages of the 1974
flood moriality (Fig. 4), served to validate the
hypothesis that diversity in Moreton Bay is phys-
ically controlled. Diversity is generally thbe result
of the degree of immunity from periodic Mooding.
As large floods arc relatively rare, the potential
for higher diversity and percentage ¢cover exists in
recf areas more removed from the effects of river
discharge.

RECOLONIZATION

Recruitment on a reef flat which experienced
total flood mortality seven years previous, shows
development consistent with aspects of its previous
pature. The species complement is two species o
excess of the pre-flood sitpaton, The lower
diversity and evenncss are due to the predomi-
nance of Favia speciosa in the sample. Lower coral
coverage reflects the juvenile nature of the
assemblage,

Growth rate studies (Lovell, 1975a; Moore and
Krishnaswami, 1973) enable the assessment of
colony age from its diameter, A size frequency plot
for Favia specivsa (Fig. 3) reveals a range of colony
sizes indicating growrh, beginning the season
following the flood (November, 1974), Subse-
quent recruitment occurred every year until 1981.
Variability in growth rale (X = S mm; range 1.2
to 8.7 mm) makes it impossible to discern age
classes and thus permits only a general apprecia-
tion of recruitment over the post-flood period,
From the reproductive biology of similar faviids,
il is assumed that the species has an annual spring
spawning season (Kojis and Quinn, 1982;
Babcock, 1984).

CHANGES IN THE NATURE OF THE BAv REEFS
Several hypotheses have been propossd to
explain the change in the assemblage. Saville-Kent
(1893) considered a general climatic chaage in
temperature or in local elevation to be important.
He believed that the islands of Stradbroke and
Moreton were closing off the bay circulation,
intensifying the effects of flooding from the
Brisbane, Logan and Albert River systems. Wells
{1955b) artributed the decline in development to a
worsening of eeneral conditions through a recent
lowering of temperature (Hedley, 1925b;
Howchin, 1924) and depth. A descrease in depth
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of 2-4 m was deduced 'mom spedies present in the
subfossil which are found in deeper water in the
Grear Barrier Reel areas.

The proposition that circulation with oceanic
waters has been reduced due to the passages north
of Moreton Island and that north of Stradbroke
Island has not been substantiated by comparative
aerial photos (e.g. 40 yr time span) or present
observations (Stephenson, pers, comm,), Shore-
lines at the culmination of the post-glacial
trangression 6,000 years B.P., show shghtly
greater communication. Subsequent build-up of
land about the bay and island perimeters has
decreased the bay volume (Hekel e/ al., 1979;
Flood, 1978).

The lowering of sea temperatitre does not appear
to be a principal factor in the reduction in the
number of species, This conclusion |s based on the
large number of species present (112 spp) at
Flinders Reef near Moreton Bay. With the
exception of iwo species, all of the subfossil species
are living in Flinders Reef. From the Solitary
Islands off the New South Wales coast (30°S) there
are 47 species representing a 59% co-occurrénce
with the subfossil record. Veron ef al. (1974) note
a temperature regime which is generally similar to
Moreton Bay (Hedley, 1925b; Crohamhurst Con-
servatory, 1936; Greenwood, 1973). lnformation
on sea temperature around Flinders Reef (CSIRO
unpublished) indicates a similar regime to that of
Moreton Bay and the Solitary Islands. Though
temperatures between 14°C to 15°C have been
recorded several imes during detailed bay obser-
vations it is the author's opinion that deeper areas
are immune to these extremes which represent
surface records. Substantial tida! exchange
between bay and oceanic waters aids in modifying
the shallow water extremes resulting from local
weather.

The differences between the envirommnents and
coral assemblages of rhe bay and Flinders Reel are
evident today, The guestion remains, ‘how similar
was the Moreton Bay environment to that of
Flinders Reef when a similar coral assemblage
developed’? Species presence does not necessarily
reflect the luxuriance or species abundance of the
coral community. Il is difficult to say whether the
subfossil fauna living in the bay occurred as it now
does .ar Flinders Reef. In terms of mass, the
subfossil reefs would suggest this. Distlnet from
the recent, the subfossil and Flinders Reef assem-
blages are principally represented by elements of
the Indo-Pacific province (Stehli and Wells, 1971).

With the transgression, reef development began
occurring in shallow waler. Why such develop-
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ment was unaffected by terrestrial runoff apd
other mainland influences as siltation remains
speculative. A change in climate from one with an
equable rainfall ro that of rhe present seasonal
climate would affect the bay environment by
increasing the potential sediment vield (Hekel et
al,, 1979) and increase the runoff during the wet
5¢ason.

The most evident temporal change in the bay
environment was eustacy. Prior to 10,000 yrs B.P.
the bay was & landscape. Subsequent filling with
water allowed the Holocene reefal structures to
begin development approximately 7,500 yrs B.P.
(Flood, 1978), A1 6,000 yrs B.P,, the present mean
sea level was reached (Thom and Chappell, 1975).
Dated coral and beach rock indicates a high sea
level between 1-2 m above present MSL (Jones ef
al,, 1978; Lovell, 1975b). [t was during this eustatic
high that the subfossil reefs developed. Such a
substantial reef aceretion could have only oceurred
in an environmenl of a more m:eanic nature.

With eustatic decline, the reef assemblage
became more vulnerable to the influences of the
mainland on the bay environment, The effect of
periodic flooding became more pronounced as the
volume of the bay decreased. A change in direction
of the Brisbane River outflow from a northesly to
easterly direction gave the northern islands of
Mud, St, Helena and Green, a nearshore nature
with the encroachment of the river delta (Hekel er
al., 1979). This event does not constitute the
principal reason for the change in the nature of
the entire bay assemblage as Peel Island, repre-
senting a diversity centre, is relatively immune to
this effect.

Faunal change may have been abrupt as the
recent coral is observed growing on the subfossil
facies. These facies, dated to recent times (Hekel
eral., 1979; Marshall, 1975) indicate that they have
never been subjected to erosion from a marine
regression. Reefal facies comprising only recent
malerial are uncommon. The age of the recent
assemblage has been estimated at 1,000-2,000 yrs
B.P. (Hekel et al., 1979). The possibility remains
that the faunal change was much later,

Assessment of subsequent recolonization
reflects the nature of the surviving species, in both
complement and relative abundance. The atten-
uation of the subfossil species to those of the
present is expected on the basis of species
tolerance, given the presumed alteration of the bay
environs. In areas of high diversity, lack of dis-
turbance has resulted In longer periods for devel-
opment. When local extinction occurs through
flooding, the less flood prone areas represent a
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component which will bias the composition of
recolonization. The bay species differ in their
physiological tolerances to this stress which serves
as the mechanism in determining the assemblage.

The second factor is the presence of unsuitable
substrate or the effect of silt suspension. The
importance of silt as an inhibiting facror is
uncertain. Observed were the limitation of reef
areas by rhe presence of silt at the northern islands
and near mainland sites, and the unconsolidated
sandy areas on the eastern side of the bay.

CONCLUSIONS
I, The subfossil reefs occur more widely through-
out the bay than the present living ones do, This
older assemblage most likely occurred ducing a
period when the bay was more oceanic in
nature,
The reduction in the number of species in the
bay has accurred during the period of eustatic
decline, It is uncertain whether this was gradual
or relatively abrupt.
3. This reduction is mainly the result ol wa
clrcumstances:
a) The increased susceptibility of reef areas to
the periodic effects of fHooding.
b) The effects of siltation, turbidity and unsaic-
able substrate I'rom terrestrial sedimentation.
4. The present day assemblage in the longer term,
can survive a major flood. Circulation patterns
allow the more diverse areas (o remain rela-
tively unaffected, providing a source of
recruitment.
5. Recolonization of a flood devastated reel
indicates that species number and, to a lesser
extent, diversity are maintained.

b

ACKNOWLEDGEMENTS

Many thanks to Drs C. Wallace, J. Veron and A.
Dartnall for critically reading the manuscnipt, The
recruitment data and Flinders Reef species list were
compiled jointly with J. Veron. R. Reicheit
assisted with analysis. Supervisors of the inltial
research were W. Stephenson, J.M. Thompson
and Dr J.S. Jell. Thanks to the University of
Queensland and the Australian Institute of Marine
Science [or support.

LITERATURE CITED

ANDREW, A, 1964, Seismic survey of subfossil coral
deposits in Moreton Bay. Under private contract io
the Queensland Cement and Lime Company, unpub-
lished. Capies with the Department of Mines and
Hzbour & Manne Department.

Basock, R.C, 1984, Reproduction and dislribution of

547

iwo species of Gomasrrea (Scleractinia) from the
Great Barrier Reef Province. Coraf Reefs 2: 187-195.

Bearre, D, W. 1980, Brisbane river stream [low al
Savage Crossing, Queensland. Stream Flow Records
to 1979, Volume 1l. Queensland Warer Resources
Commisslon 1980,

BriLLouiN, L. 1962, ‘Science and Information theory'.
2 ed. {Academic Press: New York), 351 pp.

Hupr, G.D. 1982, Scleractinian coral comimunities of two
inshore high island fringing reefs at Magnetic Island,
North Queensland. Mar. Ecol. Prog. Ser. 7(3): 267-
272.

CHarreELL, 1. 1981, Relative and average sea level
changes, and endo-, epi-, and exogenic processes on
the earth. p. 411-430. In ‘Sea level, ice, and climatic
change®. Inr. Ass. Hydrol. Sci. Publ. Na. 131,

CROHAMHURST CONSERVATORY 1936, The sea surface
femperature at the Pile Light, Moreton Bay, Obs,
Pap. Crohamhurst Obs. No. 3.

Crossuann, C. 1928, Notes on the ecology of the reef-
builders of Tahiti. Proe, Zool. Soc, Lond, 1928: 717-
735.

Eomonpson, C.H. 1929, Growth of Hawaiian corsls,
Bull. Bernice P. Bishop Mus. 58: 1-38.

ENDEAN, R., KENNY, R. AND STEPHENSON, W, 1956, The
ecology and distnbution of intertidal organisms of
certain islands ofT the Queensland coast, Awsi, J.
Mar. Freshw. Res. 7(3): 317-342.

FarkarinGr, R.W. aND TRICHERT, C, 1947. The rampart
sysiem al Low Isles, 1928-45. Rep, Gt Barrier Reef
Comm, 6: 1-16.

1948, The Low lsles of the Great Barrier Reef. A new
analysis. Geogr. J. 111z 67-88.

Froop, P.G. 1978, Significan¢e ol Two Contrasting
Sedimentary Environments (The fringing coral reel
and the tidal mud flat). Presently in juxtaposition
along the southwestern shore of Moreton Bay,
Queensland. Pap, Depr Geol,, Univ, of Qd B(2): 44~
64

Frienericy, M.C. 1978. Subtidal sedimentary facies,
southern Morcton Bay. Pap, Dept Geol., Univ, Od
B(2): dd-64.

Goopaopy,, |. 1961, Mass morality of a marine fauna
following tropical rain, Ecology 42: 150-155,

Grecnwoob, 1,G. 1973, ‘Calanold copepods of Moreton
Bay: a taxonomic and ecological account’. (Unpub-
lished Ph.D, Thesis; Univ. Qd: St Lucia).

HEepLEY, C. 19254, The natural destruction of g coral
reel, Rep. Gi Barrier Reef Comm. 3: 15-40,
1925b. The surface temperature of Moreton Bay,
Trans, Roy, Geog. Soc., Qd. Br. 1; 144,

HexEeL, H., WarD, W.T., JonEs, M. AND SEARLE, D.E,
1979, Geological development of northern Moreton
Bay. In Bailey, A. and Stevens, N.C. (eds), ‘Northern
Moreton Bay Symposium.’ (Roy. Soc, Qd: Brisbane),
130 pp.

Hite, D. anp Denmeap, A.K. 1960. ‘Geology of
Australia®.  (Melbourne  University  Press:
Melbourne).

Howchin, W, 1924, The recenl extinction of certain
marine animals of the southern coast of Australia.
Aust. Assoc. Adv. Sci, 16: 94-101,



48

Jongs, M., HekeL, H.; anp Sparce, D.E. 1978, Late
gualernary sedimentation in Moreton Bay, Pap, Depr
Geol., Univ, Qd $(2): 6-17,

Rissung, DL, 1965, Coral distribution on a shoal in
Spanish Harbour, Flarida Keys. Bull. Mar, Sci. 15:
600-611.

Kouis, B.L. annQuinn, N1, [9B2. Reproductive ecology
of rwo laviid corals (Coelenterata : Scleractinia).
Mar. Ecol. Prog. Ser. B: 251-255.

LovELL, E,R. 1975a. ‘The reef huilding corals (Coelen-
terata ' Scleractinia) of Moreton Bay, Queensland:
Their distribution and ecology”. (Unpublished M Sc.
thesis; Zoology Dept: Univ, Queensland). %6 pp.
1975b. Evidence for a higher sea level in Moréton Bay,
Queensland. Mar, Geal, 18: 87-44,

Lova, Y. 1972, Community structure and species
diversity of hermatypic corals at Eilal, Red Sea. Mar.
Biol, 132): 100-123,

MARSHALL, 1.T. 1975, 'Uranium-series dating ol corals
from the southwest Pacific’, (Unpublished M.Sc.
thesis; Aust, Nal. Univ,: Canberra).

MARSHALL, S.M. AnD Orr, A.P. 1931. Sedimentation
on Low lsles and its relation 1o coral growth, Scient.
Rep. Gt Burrier Reef Exped, 1(5), 1928-1929,

MAYOR, A.G, 1924, Structure and ecology of Samoan
reefs. Pap. Dept Mar. Biol. Carnegle Inst, Wash, 19:
1-25,

Moore, W.S. anND KrISHNASWAMI, 5. 1974, Correlation
ol x-radiography revealed banding in corals with
radiometric growths rates. Proc, 2nd Ini, Coral Reef
Symp, 2: 269-276. (Gt Barrier Reel Comm.:
Brisbane).

MoTooa, S. 1940, The environment and life of the
massive reef coral, Goniastrea aspera Verrill, inhab-
iling the reef flat in Palao. Palao Trap. Biol. Stn
Shed. 2: 1-6.

PickeTT, 1.W. 198]. 3:2 A Laie Pleistocene coral fauna
[rom Evans Head, N.S.W. Afcheringa §: T1-83,
PrekeTT, JLW., THoMeson, C.H., KELLEY, R.A. AND
RomaN, D, 1985, Evidence of high sea level during
isolupe stage 5C in Queensland, Australia, Quarrer-

nary Research 24: 103-114.

Porrew, J. 1972a. Patterns of species diversily in
Carlbbean Reef corals. Ecology 53(4): 745-T48,
1472b. Ecology and species diversity of coral reefs on
opposile sites of the Isthmus of Panama, Bull. 8idl,
Soc, Wash, 2: 89-116.

QueenstAND CEMENT AND LiME CoMpPANY LTD. 1971,
Letrer to Hon. J.A. Row, Minister of Primary
Industry [rom H.S5. Cameron, General Manager, 29
December 1971.

Ramwrorp, E.H. 1925, Destruction of the Whirsunday
Group fringing reefs. Aust. Mus. Mag. 2: 175-177.

RiCHARDS, H.C. 1931. Unpublished brochure for the
Queensland Cement and Lime Company.

Roy, K.J, AND SMITH, 5.V, 1971, Sedimeniation and
coral reel development in wirbid water: Fanning
Lagoon. Pac. Sci. 15: 234-247,

RusiN, M, AND AiLExanDer, C. 1958, U.S, Geological
Survey Radiocarbon Dates V. Science 127; 1476~
1487,

SAVILLE-KENT, W. 1893, “The QOreat Barmer Reel ol

MEMOQIRS OF THE QUEENSLAND MUSEUM

Australia; its products and its pratentialities.” [W.H.
Allen & Cao.: London), xii-387,

SLACK-SMITH, R.J. 1959, An investigation of coral
deaths al Peel 1sland, Moreton Bay in early 1956,
Dept af Zool., Univ. Qd, Paps. (7).

Smird, 1.D. 1973. A possible submerged stradline in
Moreton Bay. Geol. Surv, Qd, Qd Govt Mining J.
Necember: 418-419.

Souires, D.F 1962. Corals at the mouth of the Rewa
River, Viti Levu, Fiji. Nafure 195; 361-362.

STEHLI, F G, Axo WELLS, T.W. 197]. Diversity and age
pameris in hermacypic corals. Syst. Zool. 20; 115-
126.

Sreprensun, W. 1968, The eflects of a flood upon sal-
initles in the southern portion of Moreton Bay . Proc.
Roy. Soc. Od BO(3): 19-23.

STODDART, DR, 1969. Ecology and morphology of
recent coral teefs. Biol, Rev, 44(4); 433-498.

THOM, B.G. ANp CHABPELL, J. 1975, HolocCene sea levels
relative to Australia, Search 6: 90-93.

Vioron, J.E.N. 1974, Southern geographic limits (o the
distribution of Great Barrier Reef hermalypic corals,
Pruc, 2nd Inr, Coral Reef Symp. 1: 465-473. (Gt
Barrier Reef Comm.: Brisbane),

1986. ‘Corals of Australia and the Indo-Pacific.”
{Angus and Robertson: North Ryde). 644 pp,

VErON, J.E.N,, How, R., Downg, T., ZELL, L AND
DobkiN, M. 1974, Corals of the Solitary lIslands,
ceniral N.5.W. Aust, J, Mar. Freshw. Res. 25: 193-
208,

Veron, | E.N. anp PicHon, M. 1976, Scleraciinia of
eastern Australia, Part |, Families Thamnasteriidae,
Astrocoeniidae, Pocilloporidae, Aust. (nsr, Mar, Sci.
Maonogr. Ser. 1, 86 pp.

1980. Scleracting of ecastern Awstralia. Part (11
Families Agariciidae, Siderastreidae, Furngiidae,
Oculinidae, Merulinidae, Mussidae, Pectiniidae,
Caryophyllidae, Dendrophylliidae, Aust. Insr. Mar.
Sci. Monogr, Ser. 4, 422 pp.

1982, Scleractinia of eastern Australia. Part 1V,
Family Poritidae. Awst, Inst, Mar. Sci. Monogr. Ser.
5, 159 pp.

Veron, J.E.N., PicHon, M. Anp WusMmaN-BEST. M,
(1977). Scleractinia of eastern Australia, Part 1L
Families Faviidae, Trachyphyllidae. Ausr. Inst. Mar.
Seif, Manogr. Ser. 3: 233 pp.

Veron, LE.N. AND WaLLACE, C.C. 1984, Scleractinia
of eastern Australia. Part V, Family Acroporidae,
Aust, Inst, Mar, Sci. Monagr. Ser. 6, 485 pp.

WainwiioHT, S.A. 1965, Reel communities visiied by
the Jsragl South Red Sea Expedition, 1962. lsrael
South Red Sea Expedition 1962, Report No, 9, Bull,
Sex Fish Res. Stn, Israel 38: 40-53.

WeLrs, J, W, 19553, Recent and subfossil corals of
Morelon Bay, QId. Pap. Deépt Geol, Univ, Qd (n.s.)
A(10): 318,
1955b, A survey of the distribution of reef coral genera
in the Oreal Barrier Reel reglon, Rep, Gr Barrier Reef
Corm. 6(2), 1-9,

Waop, PLA. 1972, A possihle Holocene shoreling at
Maroochydore, Queensland, Qd Gove Mining J. T3
13],



CORAL ASSEMBLAGES OF MORETON BAY 549
APPENDIX
Hermatypic Scleractinia of Moreton Bay (recent and subfossil)' and Flinders Reef”.
Moreton Bay [Flinders Moreton Bay |Flinders
27.5°S Reef 27.5°S Reef
27.5°8 27.5°8
- w w - O w 2 w
EEs8| & FE S8 %
o | 22 | =0 Lo | 22 | =&
=2 na i = ZEs —
Thamnasteriidae L. hemprichii -
Psammocora contigua + - + Scolymia australis +
P. digitata - S. cf. vitiensis +
P. haimeana + Pectiniidae
Pocilloporidae Echinophyllia aspera +
Pocillopora damicornis - - Mycedium elephantotus + + -
Seriatopora hystrix + Caryophylliidae
Stylophora pistiliata + 5 Euphyllia ancora +
Faviidae Dendrophylliidae
Favia favus + Heteropsammia cochlea +
F. pallida + Turbinaria bifrons +
F. maritima + T. frondens + i3 +
F. speciosa - - -+ T. mesenterina +
F. stelligera + - T. patula +
Favites abdita + + + T. peliata + + +
F. chinensis + T. radicalis +
F. flexuosa S T. stellulata +
F. halicora + + + Poritidae
F. pentagona + Alveopora allingi -
F. russelli + A. marionensis +
Goniastrea australiensis + A. spongiosa +
G. favulus + Goniopora djiboutensis +
G. pectinata + G. lobata + + +
Platygyra daedalea + + G. somaliensis +
P. lamellina + + + G. stutchburyi + + +
P. sinensis + Porites australiensis +
Leptoria phrygia + P. lobata +
Hydnophora exesa + + + P. lutea e
H. microconos + P. murrayensis +
Montastrea annuligera + Acroporidae
M. curta + Acropora austera +
M. magnistellata + A. clathrata +
Plesiastrea versipora + + + A. cytherea —+
Leptastrea bewickensis + A. danai B
L. transversa + A. divaricata +
Cyphastrea serialia + + + A. digitifera + +
Agariciidae A. donei %
Pavona explanulata + A. florida +
P. maldivensis + A. gemmifera +
P. minuta + A. glauca +
P. varians + A. grandis +
Siderastreidae A, humilis +
Coscinaraea columna + + + A. hyacinthus -+ +
Fungiidae A. latistella +
Cycloseris costulata + + A. lutkeni +
Mussidae A. microclados +
Acanthastrea bowerbanki + A. millepora +
A. echinata + A. nana -
A. hillae + + A. nasuta - +
A. lordhowensis - A. nobilis +
Lobophyllia corymbosa + + + A. palifera +
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APPENDIX cont.
Moreton Bay |Flinders Moreton Bay |Flinders
27.5°S Reef 27.5°S Reef
27.5°S 27.5°S
ge | EE| 8 gg | 82| 8
2 Be | e 2 8 lag
= | aa | 28 22 |28 | = &
A. palmerae + A. moretonensis + +
A. robusta + A. myriopthalma +
A. samoensis + Montipoia caliculata +
A. sarmentosa + M. danae +
A. secale + M. foveolata +
A. solitaryensis + M. mollis - +
A. subulata + M. peltiformis +
A. valida + - M. spongodes +
A. verweyi + M. spumosa -
A. yongei + M. tuberculosa +
Astreopora cucullata + M. turtlensis +
A. listeri + M. venosa +

'An early version of this was published in Lovell (1975b). The taxonomy now conforms to Veron e al. (1976-1984);
Flinders Reef species list was compiled jointly with Dr Veron.
*Wells (1955a). The taxonomy now conforms to Veron et al. (1976-1984).
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