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Figure 1: Sampling stations in Fitzroy River plume study.
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Figure 3: Surface chlorophyll-a (ug/1) in Fitzroy River flood plume.
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Figure 5: Water clarity, as measured by Secchi disc readings (m)
in Fitzroy River flood plume.
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F1gure 6: Nitrogen concentrations (uM) as ammonia (NH4), m’mte (NO2),
nitrate (NO3), dissolved organic nitrogen (DON) and particulate nitrogen

(PN) W1th depth of sampling (m).
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Figure 7. Phosphorus concentrations (uM) as phosphate (PO4),
dissolved organic phosphorus (PON) and particulate phosphorus
(PP) with depth of sampling (m).
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THE EFFECTS OF THE 1991 CENTRAL QUEENSLAND FLOODWATERS
AROUND HERON ISLAND, GREAT BARRIER REEF

Mynam Preker ‘ : ‘ ’ o
Heron Island Research Station, Umversxty of Queensland Great Barner Reef, via Gladstone,

Queensland, 4680

- and for the following. nutrients: NO2; PO4, NH4, N02+NO3, Si and NO3. The Heron Island Research

Twelve oceanographic statidns were sampled around Heron, Wistari, Sykes and One Tree Reefs
(Capncorma Group - Great Barrier Reef) from January 23-28, 1991, to monitor the effects of the 1991
Central Queensland ﬂoodwaters on the Great Barrier Reef. All water samples were analysed for salinity

Statwn s long-term water sample data showed that salinities in the Capricomn area remained 31gn1ﬁcantly

low until 18 February 1991. Two stations affected by the lowered sahmtxes were surveyed for signs of
biota stress.
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FLOOD INDUCED CORAL MORTALITY ON FRINGING REEFS IN KEPPEL BAY

Byron, G.T., and O'Neill, J.P.
Queensland National Parks and Wildlife Service
Rockhampton

Abstract

InJ é{nuary of 1991 Tropical Cyclone Joy crossed the coast near Ayr, northern Queensland. The ensuing
rainfall caused extensive flooding throughout the Fitzroy catchment in central Queensland. In excess of
18.5 million megalitres of flood runoff escaped down the Fitzroy River into Keppel Bay. This runoff
and the associated sediment had a major impact on the fringing reefs surrounding the continental islands
within Keppel Bay.

The shallow fringing reefs on the southern and western shores of the major islands were devastated with
mortality of 90% common.

The analysis of this coral mortality clearly showed that taxonomic and bathymetric differences created
disparate patterns of overall effect. Ecological consequences following this major environmental
perturbation are considered and anthropomorphic exacerbation of the consequences are discussed.
Whilst it is expected that the surviving reefal areas will reseed the damaged reefs, thereby providing the
basis for recovery of ecosystem integrity, the future management of upstream activities may significantly
alter the potential of the system to recover.
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The Fitzroy basin covers an area of 140,000 square kilometres on the North East coast of Australia. The
Nogoa, Comet, Isaac, Connors, Mackenzie and Dawson Rivers are major tributaries drammg into the
Fxtzroy River before it enters the sea 40 km south-east of Rockhampton o S

The chmate throughout the basm is dlstmctly seasonal, w1th heavy summer ramfall and protracted dry
winter spells. -

Most of the large volume flood flows in this basm are due to extremely high, short-term ramfall resultmg
from monsoonal or cyclonic synoptic actxvxty Widespread flooding is common throughout the gently
undulating terrain and broad floodplains, with the subsequent runoff takmg a cons1derable time to -
discharge into the Pacific Ocean through the Fitzroy River. ' ‘

On 26 December 1990, Tropical Cyclone Joy crossed the Queensland coast near Ayr, aud-produced

heavy rainfall and flood runoff in the Isaacs-Connors River sub-catchment (Baddiley, in press). This
was supplemented with lesser flows from the Mackenzie, Lower Dawson and Rockhampton areas and
caused the third largest flood in the Fitzroy since records began in 1860. In excess of 18.5 million
megalitres were discharged from the Fitzroy River in the 25 days from 28 December 1990 to 21 January
1991 (Keane, in press). ’

The discharge from the Fitzroy River enters Keppel Bay at its southernmost point (refer Figure 1). The
flood plume from this event was mapped throughout the Bay during the course of this event and its
movement and physical characteristics have been reported separately by O'Neill, Byron and Wright (in

prep).

Keppel Bay contains some 15 continental islands, a number of which have extensive fringing reefs.. .
Three of these islands support tourist resorts, and a fourth, an underwater observatory. Clearly, these
develOpments have been located to take advantage of the adjacent coral reef communities, with water

' sports providing a major focus for activities offered. It was these coral areas that were most affected by

the flooding from the Fitzroy River.

Historic evidence suggests that this recent flood was simply another event in a long series of natural
environmental perturbations. However, due to recent changes in the adjacent land use processes, the.
severity of impact of such natural events is very likeiy increasing. The cumulative effects of increasing
silt deposition combined with irregular massive freshwater immersion, may be reducing the viability and

" 'potential for reestablishment of the coral communities in certain locations throughout Keppel Bay.
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Locality Map of Keppel Bay
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'the survey.

_ minutes.

;‘In a number of locations where there were clear bathymetric limits to the mortality, depth measurements e
- were taken from the surface to the interface of- live and dead coral : '

Results

Methods o o ' | ] o |

 Areal extent and location of frmgmg reefs were mapped from AUSLIG 1:15,000 colour aenal stereo ‘
‘ photography flown on 7/8/90. ' '

The more extensrve coral communities were chosen for analysis of i unpacts however smaller

'commumues were also observed for an overall understandmg of i unpacts throughout the. bay

| ~The selected sites (Flgures 2,3,4), were observed using standard manta tow techniques descnbed by
- Moran, et. al. (1989) wrth sllght modification, as described below, to suit the parucular cu‘cumstances of

+ Two observers were towed at 2 knots approximately 20 m behind a vessel and 'were se'parated by less
~ than 3 m. Pre—determmed tow transects were run parallel to the reef edge, with each: tow lastrng two

.
'

* At the commencement of each tow a position fix; usmg a JRC, JLU-121 Global Positioning System and

depth, using a JRC, JFV-86 colour echo sounder, were recorded. At the conclusron of the tow another
position fix and depth measurement were recorded. The observers mdependently estimate the amount of .
coral cover and the percentage of that coral that was live and the dominant genera or growth form of _
coral. After a series of two minute tows, (maximum 12), the observers returned to the vessel and a third * . o
person transposed the data from the manta board recorders to data sheets. L

v

All depth recordings were later cornected to a standard tidal Low Water Datum (LWD) using standard

tidal curves as described in the Queensland Ofﬁcral Tide Tables (1991)

There was significant mortality of corals on fringing reefs in Keppel Bay whrch was. drrectly attnbutable ‘
to the ﬂoodmg event generated by Cyclone Joy. Up to 90% mortality was common on the more affected
reefs within the Bay. ‘
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areas suffered extensive mortality across the reef flat and down the crest with only the deeper frmges

)survrvmg Sites on the exposed or eastern sides of the same 1slands (Sites 11,23) however, exhrbrted

comparatively httle mortality, (<30%)

largely unaffected, (<30%).

any, damage that could be attnbuted to the ﬂoodmg event.

- Mortality at various s1tes was hmlted by depth with an obvious boundary between llve and dead coral

(Acropora sps. only). -

The M1dd1e Island underwater observatory was closed to the pubhc on the 29th of December 1990 dueto
the presence of floodwater and regular aerial reconnaissance through until the 19th of January reported i ‘ "

the plume persistence at thrs site.

¥

All Acropora SpS. throu ghout the leeshore areas on the major fringing neefs experienced greater than 80% |
mortality. ‘However, the Favia, Fungia, and Porites sps. particularly, remained healtby in many areas

where Acropora sps. succumbed (Sites 13-18).

At M1a11 Island (Site 9) soft corals had also died while at the southern end of Great Keppel Island (Sltes

14-19) vrrtually all coral life was affected. . o :

Bleaching ,(ie. loss of colour), was evidenced at Monkey Point, Great Keppel fsland, Halfway Island
and Humpy Island ( Sites 14,20,22 ) and occurred approximately at the time of flooding. Whilst there: | ‘
was no specific monitoring of the affected colonies, it was noted that this bleaching did not last greater,‘ '
- than 5 months. By this time all bleached corals had enther died or recovered.

" At Monkey Point which is a boulder reef, domrnated by small massive corals, (Srte 14) many colomes
* were bleached. These colonies. were conspicuous by their numbers and represent an uncommon
* community within Keppel Bay. This community was observed over a period of § months and it was
: noted that most of the colonies recovered. '
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: - The most devastated areas were the shallower fringing reefs on the southemn and'yyelstem sides of North
Keppel, Miall, Middle and Great Keppel Islands (Sites 3,4,9,10,13- 19) (refer Flgures 3, 4 5) These ‘

The sites in deeper water such as Passage Rocks (Slte 7 ) and the edges of Mlall and Mrddle Islands were

~ The coral communities further offshore at Outer Rock (Site 7 ) and Barren Island (Slte 8) showed httle, 1f
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The freshwater flood effects from the Fitzroy River were evident in the majority of reefs throughout . axe

Keppel Bay. .Of those reefs affected the inshore expansive fringing reef communities on the southern and L

western sides of islands were most devastated. These reefs are dommated by large banks of fast growing
',Acropora formosa, A mdtepora and A. nucropthalma, (Van Woesik, 1989) '

It was evident that various species of corals were affected in different ways to exf)osufe to 'th.e- ﬂood |
plume. Atall sites where mortality occurred, the Acropora sps.. were most severely affected. As »
expected the coral communities further offshore showed liule if any damage that could be attributed to the -
flood, due to the shorter time of exposure to the plume, which was additionally more saline and thmner in
N proﬁle than at the sites closer inshore (O'Neill, Byron and Wright , in prep)

Anecdotal evidence from previous major flooding events (1954,-83,-88) recordﬁa_sirvh'ila‘r pattern of effect -

on the corals in Keppel Bay (B.Morris, pers.comm.). It was obvious that certain colonies particulatly at

Great Keppel Island (Sites 17,19) have been dead for a cons1derab1e time prior to this flood event as they ‘
were overgrown ‘with the brown algae Padina australis.

It has been established that reef corals in general have a low tolerance to freshwater immersion (Banner,
1968). Indeed the effects of floodwaters from a cyclone on Stone Reef offshore Bowen in 1918 showed

_ total elimination of benthic organisms to a depth of 10 (~3 metres ) feet below mean tide level, (Hedley,
1925)

Flooding is undoubtedly a primary regulator of the pattern of development and succession of fringing
reefs within Keppel Bay. These common but 1rregu1ar pulses of mass mortality determine the spatlal and ‘
temporal extent of these reefs. Differential recnntment to the affected areas may also result if the 'A
sediment loads exceed a level which will support developing recruits. In areas such as Clam Bay, (Site
19), where there are large deposits of fine sediment, resuspension of silt is likely to severely restrict
potentnal re-establishment. Whereas previously this Bay supported large areas of healthy coral, little
regrowth has occurred since the previous floods of 1983 and 1988.

| Natural pertufbaﬁohs such as this have always affected coral reef development. It is suspected howeVer
that anthropomorphic actions such as land clearing would indirectly exacerbate the impacts. |
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The development of the lands of the brigalow belt, (Acacia harpophylla), for agriculture in the mid
1960's to the early 1970's resulted in the clearing of several million hectares of central Queensland,
primarily in the Fitzroy catchment (Webb, 1984). The two major problems of soil erosion and soil v
salinity that were associated with this extensive clearing remain with us (Johnson, 1985). Large volumes

of sediment from the brigalow lands are likely to have settled and will remain within Keppel Bay. Whilst i
no overall measurement of the silt load was available for this event, initial estimates made by the Water |
Resource Commission suggest that 10-20 million tonnes of silt passed down the Fitzroy River during the

flood period, (Keane, pers. comm.).

Even though the floods have abated, there will be long term ongoing stress of fringing reefs as the waters
of the bay are continually muddied by the resuspension of bottom sediment stirred up by winds, tides and
currents. Many fringing reefs do grow in highly turbid situations, however increased sediment will affect
and inhibit coral growth, (Johnson, 1989). While some coral species are better adapted to cope with high
sediment conditions than others, all species do have critical limits. o

Clearly the Acropora sps. don't cope well with such stress but have a shorter regeneration time. The o
Favites and Porites sps. on the other hand appear to rely on a strategy of survival of the individual. The

critical limits of these later species, if reached, could lead to local extinction with long term recovery

times.

The relatively high mortality and dominance of Acropora sps. on most affected reefal areas suggests high

turnover and growth rates of these species, particularly on the reef flats. It has been suggested that

generally shallow reefs show less short-term stability and lower predictability than deeper reefs, (Brown

and Howard, 1985), an hypothesis which appears to hold true in this instance.

Bleaching was evident at Monkey Point on Great Keppel Island, Halfway Island and Humpy Island. At
Monkey Point where the bleached corals were primarily Favites and Porites species, a significant
recovery was noted 4-5 months after the event

Bleaching of coral, which is a loss of colour caused by either the expulsion of zooxanthellae or by a loss
of photosynthetic pigment or a combination of both is-the result of an environmental stress on the coral
(Brown, 1990). Whilst this bleaching may be initiated by a wide variety of environmental stimuli
bleaching events have generally been attributed to elevated seawater temperatures (Gates,1990) and
susceptibility has been correlated with respiration rate (Jokiel and Coles, 1990).

@
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During the El Nino event of 1982/83 widespread bleaching was reported from the Gulf of Panama
(Glynn and Croz, 1990), Indonesia (Brown and Suharsono,1990), Hawaii and other Indo-Pacific reefs
(Jokiel and Coles, 1990) an_d the Great Barrier Reef , Australia (Harriott, 1985). '

The recovery of colonies from bleaching has been previously reported (Hayes and Bush, 1990).
Typically, however, the bleaching events were quick small scale events caused by simple exposure,
freshwater immersion, temperature extremes, storm shock, turbidity, sedimentation, parasites or
pollutants ( Harriott, 1985).

Isolated bleached corals are commonly observed in the Great Barrier Reef, (Fisk & Done, 1985), and we
therefore cannot totally eliminate the possibility of coincident bleaching caused by some other factor and
this flood event. However, it seems likely that the bleaching in Keppel Bay following the flood event
was due to the cumulative effects of warm summer seawater, low salinity levels and excessive and
continued sediment deposition. These factors would all have been more intense in the shallow water
inshore corals.

The bleaching of Favites sps. at Mdnkey Point (Site 14) was still evident up to 4 months after initial
recordings. The recovery of these corals following this period was noticeable during the Sth month, with
seemingly all colonies recovering fully.

The relationship between depth and mortality was highly variable. As would be expected, there was no
consistent correlation between these variables as the floodwater was unevenly and irregularly distributed
throughout the bay with varying degrees of persistence. Van Woesik (1991) has reported a critical depth
of -1.3m Low Water datum (LWD) for his eight sample sites at Great Keppel, Miall, Middle, Halfway

that this critical depth is not consistent throughout the Keppel Bay reefs (refer figures 2,3,4). Depth of
effect varies with site from -0.51m LWD at North Keppel Island to -2.31m LWD on the southern end of
Middle Island reef. This difference would appear to be consistent with plume persistence and thickness as

and Humpy Islands. Whilst generally we agree with the trends argued by Van Woesik our data suggests -

(-

the areas which suffered to the greater depths experienced prolonged periods of floodwater inundation.
Previous reports of freshwater impacts, (Hedley, 1925), and bleaching, (Fisk & Done, 1985) on corals
in the Great Barrier Reef have referred to a critical depth.
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~ The boundary of effect exhlblted in this. 1nstance would suggest that the freshwater overlaylng the ‘ ‘i :
_ seawater throughout the bay remained essenua]ly as a separate body of water, w1th minimal mixing with -

the saltwater lens underneath. This is consistent with observations of the physrcal nature and movement |
of the freshwater plume during January 1991, (O'Neill, Byron & Wright, in prep), where it is reported
that the freshwater travelled intact, out through the Capncom Bunker group of Islands pnor to
dlspersm g : ' : :

The analysis of coral mortality clearly showed that taxonomic and bathymetric differences created
disparate patterns of overall effect. The ecological, and hence rnanagement consequences of this major
environmental perturbation are therefore difficult to generahse Site effects are lughly vanable but largely
result from a combination of depth, locauon and commumty type. R

Clearly managers and'developers alike need to consider these dramatic environmental changes when ;
planning for the future use of areas. Whilst considerable effort is expended on a regular basis monitoring

- and managing anthropomorphic impacts and change throughout the Great Barrier Reef Marine Park,‘little n .,

effort is expended on the natural changes occuring in our resources. Quite often, as managers we have
limited understanding of the extent of natural changes in our resources and we are unable to manage or
plan for major environmental events such as floods or cyclones. When such events do occur we take a
reactive role of measuring the impacts and managing the consequences. ' |
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EFFECTS OF LOW SALINITY ON THE TISSUES OF HARD CORALS ACROPORA
SPP. POCILLOPORA SP AND SERIATOPRA SP FROM THE GREAT KEPPEL
REGION

1.S. Glazebrook and R. Van Woesik
Faculty of Aquatic Science, Deakin University, Warnambool
Sir George Fisher Centre for Tropical Marine Studies, James Cook University, Townsville

The shallow coral reefs on the leeward edge of the Keppel islands were substantially damaged by the
flood waters. Approximately 85% of the coral was dead and overgrown by turf algae two weeks after
the flood event. Absolute mortality continued to -1.3m (Low Water Datum), below this demarcation a
narrow band of bleached coral was evident. In contrast to the leeward sides, the reefs to windward have
only narrow reef flats and were only marginally affected (5%). Mortality was most extensive for
acroporids and pocillliporids. Survival in shallow habitats was apparent for faviids (Leptastrea,
Cyphastrea, Goniastrea, Favites and Favia species). Ironically, the species most vulnerable to low
salinities (Acropora) <}iominatc the reef assemblages - a consequence of regional circumstances.

Ten coral fragments were collected from sites considered to be marginally affected by the fresh water
plume from the Fitzroy River viz. Clam Bay and Barron Island.

The microscopic appearance of the soft tissues examined suggested an acute toxic syndrome.
Histopathological changes included hypertrophy, hyperplasia and lysis of the epidermis as well as
degenerative changes in the gastrodermis which sometimes extended to necrosis. Bacterial emboli were
present in the sub-epidermis. '

Surface salinitics as low as 8 ppt were recorded in the region.
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EFFECTS OF THE JANUAR}Y 1991 FITZROY FLOOD ON; INTERTIDAL
INVERTEBRATE COMMUNITIES OF KEPPEL BAY

M. Coates

-Department of Biology, Umversuy of Central Queensland

Seasonarl flooding of coastal streams and/or the Fitzroy River, may cause significant, but short.lived

~ dilutions of the surface water of Keppel Bay. For example, during April 1989 the salinity of coastal

water remained at 18 to 20 ppk for three days (normal seawater salinity in these areas is between 35 and.

36 ppk). During March/April, 1990 salinities between 14.4 and 24.5 ppk were recorded for seven days.

Monitoring of intertidal communities revealed no significant mortality during these episodes. However,
very heavy flooding of the Fitzroy during January, 1991 reduced salinities to between S5to 14 ppk for 13
days, and again durmg February to 18 to 22 ppk for a further 11 days. :

 These last dilution events caused heavy mortality of barnacles, oysters and gastropods along‘ the

Capricorn Coast. Previous surveys had provided good baseline data for these coastal sites.

Mortality on offshore islands of Keppel Bay appeared less severe. Unfortunately, good baseline data
exist only for Pleasant Island, which is relatlvely distant from the mouth of the Fitzroy, where some | B
changes in species abundances and distributions were recorded '

Long term ecological studies are underway to study the recovery of these areas after this natural

catastrophe. A major question here is will the communities in these areas return to their orxgmal makeup
and 1f so how long will the process take. ' ‘
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