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Preface

The assessment of vulnerability to climate change of the Great Barrier Reef
recently published (Johnson and Marshall, eds, 2007) focused on important fauna and
flora components of the GBR and on types of environment. Close examination of this
holistic review in dicates that within the 350 000km?2of the Marine Park, there would be
specific locations of high value and/or greater risk. Raine Island on the northern GBR is
certainly one of these with iconic values extending from its use by Traditional Owners,
its historical navigational beacon, its unparalleled importance as a turtle and seabird
nesting site and its unusual geomorphological features and processes

This report reviews what is known about the island and assesses the impact of
climate change. It identifies what further research is needed for sound management
decisions and provides a Stratggic Plan for the island to 2050.The report contains nine
appendices, separate from, but contributing to , the main text. The appendices allow
more detail on specific topics putting forward hypothesis on particular processes and
assesgssome of the methodologies which may help to save this iconic site or, at the very
least promote the survival of its most important inhabitants.



EXECUTIVE SUMMARY

1.

Raine Island has a very high historical, ecological and environmental value:

it is a significant cultural and story place for the Traditional O wners and
holders of native title rights and interests.

it has the oldest navigational beacon constructed around the Australian coast.
it has a history of nineteenth century exploitation which elucidates much
about the social and industrial history of the time.

it is the most important nesting site in the world f or the green turtle Chelonia
mydas

it is probably the most important seabird nesting site on the Great Barrier
Reef, with 16 species recorded as breeding there.Five of the species are
uncommon or rare in Queensland, one is currently endangered in Austral ia
and one is declared vulnerable in Australia.

for the Great Barrier Reef it is a unique form of reef island in which a
phosphate cap formed from the downward leaching of guano plays an
important part.

Some problems have already been identified on Raine kland including:

a number of demographic factors suggest that the turtle nesting population
may be in an early stage of decline.

population decline in at least 10 of the 16 breeding birds is apparent between
1979 and 2003.

the island is highly dynamic and constantly changing although the overall
volume of sand within the large beach berm may be relatively stable.
Nonetheless, changes are affecting the nesting of both birds and turtles.

Projected changes in climate will almost certainly exacerbate these prdlems.

increasing temperatures will alter the sex ratios of turtle hatchlings and
increase heat stress on both turtles and birds.

sealevel rise may not necessarily result in island erosion but this already
dynamic cay may become even more unstable and respond to any changes in
wind patterns.

sea level rise will cause a rise in the water table increasing the risks of turtle
nest flooding.

sea level rise and temperature increase may change the ecology of the reef flat
and delivery of sediment to the island (possibly an initial wave of new
sediment followed by a rapid decrease).

ocean acidification will certainly affect small organisms det rimentally,
especially foraminifera which make up a large part of the current sediment
budget for Raine Island.

El Nifio Southern Oscillation (ENSO) events have been shown to have
important influences on the breeding behaviou r of both turtles and seabirds.



Although the exact nature of future ENSO changes (more frequent, stronger?)
are largely undetermined, there will be impacts especially on the foraging
EUI EUwOi w1EDPOI w(UOEOEZUwxOxUOEUDPOOU
e Ol UUwP] OOwEI i POI EWET EOT 1 UWEUV wfE® O1 w( UOEOEZ U
(higher?) and cyclone incidence (more frequent, more intense) but the impact
of any change on Raine Island is likely to be negative.

4. The largestcurrent gapsin knowledge for Raine Island relate to physical
oceanography and its influence on the dispersal of turtle hatchlings and on the
foraging grounds of both turtles and seabirds. More knowledge is also needed
on: demographics of turtles and birds and on aspects of the physical environment
including beach dynamics, sediment budgets, cemented layers and water table
behaviour. In addition, future modeling of climate change cumulative impacts is
vital for future management planning.

5. Three modes of management are examined:

e status quo depending on currently in place conservation strategies
and Raine Island being able to adapt as climate change factors start to
impact. Risks with this option are high.

e reactive management whereby a number of thresholds (sand volume,
turtle and bird demographics, coral and foraminifera bleaching etc.)
are put in place and when exceeded produce a management response.
Intensive monitoring is required, and appropriate responses identified
to minimise risk.

e pro-active management, involving action as soon as possible. Further
research will be needed in many of the areas butprograms which may
be considered include sand nourishment, breaking up cemented
layers, vegetation programs, weed and insect control programs,
education and increasing capacity skills of Traditional Owners. More
pro-active options will be identified from research and monitoring.

Risk analysis for each option will be needed

6. A fundamental change in the philosophy of the management agenciesmay be
required given that the most appropriat e management responsesmay involve
modifying what have been regarded as naturalprocesses, highlighting the
difficulty of extracting anthropogenic™ gU1 1 OT OUUI z wET EOT 1 Uwi UOOwUIT 1
1 0O0PbUazwl OYPUOOOI OUEOwWUI EOQUEUS w( Gayinati 1 UDOT wpf
be normal conservation policy but the very high, iconic value of Raine Island
may alter the balance in favour of direct intervention if other options are unlikely
to preserve the island and its inhabitants and viable alternative sites cannot be
found.

7. Research andmonitoring will assist in determining management actions on
Raine Island. Methods examined included:

e assessment of turtle nesting andhatching success

2



10.

¢ testing the bryme rock formation hypothesis

e monitoring of sand depth and sand temperature

e assessment of seabird nesting and hatching success

e use of the FORAM Index to determine the health of the reef

e use of remote sensing, either high resolution satellite imagery or digitized
aerial photography using especially the near infra-red band

¢ maintaining a watch on carbonate productivity levels of the reef using for
example the alkalinity depletion method.

In a changing climate the worst scenario for Raine Island, and all nearby cays is

their complete erosion and even before that, their unsuitability for turtle and bird

nesting (high water tables, rainfall, cyclones). Do turtles have the adaptability to

move to more permanent nesting sites, such as Murray Group (carbonate

dominated beaches of the high islands especially the located in a similar position

to Raine Island)?

The importance of Raine Island to the Traditional Owners is well recognised in

the current management agreements. Any proposed climate adaptation

management options should be considered in consultation with the Traditional

Owners.

Given the potential severity of climate change related impacts on Raine Island
researchoutcomes should bereported back to management quickly and
efficiently . Targeted monitoring programs to evaluate the effectiveness of
management actionswill also be required to ensure that strategic plans are able
to cope with increasing climate variability and cumulative impacts. To achieve
the most beneficial management strategies a close linkbetween scientists and
managers will be required to recognise, as early as possible, changes to the
environ ment and ecological reactions. Wherever possible, adaptive m anagement
actions should have a scientific basis in a fragile environment like Raine Island.



1. INTRODUCTION
1.1 Location and Report Approach

Raine Island (11°36S) is located on a detached reef at the northern end of the
Great Barrier Reef Marine Park (GBRMP) (figure 1). It is the largest vegetated cay located
on the edge of the continental shelf of the Great Barrier Reef (GBR) and as such is a
prominent feature for a wide range of fauna. Although only one of 300 reef islands
within the Marine Park, Raine Island has a unique standing and very high
environmental, historical and ecological value extending back before European
EDUEOYI UawlOi w UUUUEOPEzUwl EUUI UOwUI EEOEUEG W' ObI Y
unique values have been identified and, at a time when changes to global climate have
the potential to severely exacerbate these problemsthere is a need to clearly identify the
issues and come up with adaptive management options. With input from as wide a
range of stakeholders as possible, the intention of this project has been to:

e provide a review of the current state of knowledge ( including the
geomorphology which although not the only driving force behind some of
the problems, has been identified as a very influential disciplinary area) and
identify the knowled ge gaps in consultation with key researchers and
managers.

¢ identify existing environmental and ecological problems.

e evaluate aspects of global climate change which may further impact on Raine
Island.

e scopefeasibility assessment of adaptive management options and risk
assessment of current versus adaptive management strategies.

e develop a strategic plan which includes recommendations for future research,
monitoring and management needs with the provision to modify the strategic
plan in the light of new research findings

These topics were discussed at a workshop held in Townsville 5¢ 6 June2008,
attended by a wide range of stakeholders including Traditional Owne rs, managers and
scientists. The main focus was around issues occurring on and around Raine Island, but
the importance of external factors related to the wide dispersal of the green turtles and
seabirds which nest on the island was also recognised and identified as one of the more
difficult issues for management. A further meeting, mainly of managers, was held in
Townsville on 25 July 2008and input from that meeting has also been included in this
report.

1.2 Current Management Arrangements

The management arrangements relevant to Raire Island are depicted in figure 1 and 2.

Raine Island along with Moulter Cay and MacLennan Cay are dedicated as Raine
(UOEOQOEwW- EUPOOEOW/ EUQwp2EDPI OUPI PEMNaGue | PET wbUwx UOU
Conservation Act 1992The Queensland Environmental Protection Agency manages this
area.



www.epa.qld.gov.au/publications/p02061aa.pdf/Raine Island National Park Scientific

management_statement 20062016.pdf

The vision statement from the Raine Island National Park (Scientific)
Management Statement 20062016:

?2%0000pPD0OT WET EPEEUPOOWOT w1EDOI w( UOEOEwW- EUDO
of this protected area and the adjoining marine park areas will, to the extent

permitted by law, be complementary and co -ordinated across relevant agencies,
UOWEOOUUOOwWx UEOPEWEEE]l UUWEGEwWUOwWxUI Ul UYI wEOD
biological diversity, cultu ral resources, and the significance of the area to

Aboriginal and Torres Strait Islander people(s).

Indigenous cultural resources, values and practices will be recognised, respected

and protected, and Aboriginal and Torres Strait Islanders, in particular t hose

groups who assert that they are the holders of native title in relation to Raine

Island National Park (Scientific) and the adjoining marine park areas, will be

Ol EOPOT I UOO0awhbOYOOYI EwPOwWUT 1T wxOEOODOT wi GUuOoOuw

The Stateof Queensland and the Traditional Owners of the region (the Wuthathi
people of Cape York and the Erubam Le, Meriam Le and Ugarem Le of the Torres
Straits) have signed an Indigenous Land Use Agreement (ILUA) (refer to figure 1). The
ILUA includes the Raine Island National Park (Scientific) and surrounding waters
around the islands out to three nautical miles from the high water mark. Entry is by
permit only, and limited to authorised persons undertaking management activities or
scientific research or monitoring.

In 2008, the Great Barrier Reef Marine Park Authority and Queensland
Environmental Protection Agency accredited the Wuthathi Traditional Use of Marine
Resources Agreement (TUMRA). The Wuthathi TUMRA contains provisions for
managing traditional use o f marine resources within an 8 085km?2 area in the Far
Northern Management Area of the Great Barrier Reef Marine Park and the adjacent
Great Barrier Reef Coast Marine Park.The areas covered by the ILUA are excluded from
the TUMRA region. The TUMRA demonstrates a strong commitment to, and
responsibility for, the sustainable traditional use of marine resources by the Wuthathi
Traditional Owners within an area of the GBRMP in which they assert having spiritual
or cultural affiliations.

The waters adjaent to Raine Island, Moulter Cay and MacLennan Cay are within a
Marine National Park (Green or no -take) Zone (refer to figure 1) of:

e the Great Barrier Reef Marine Park Authority 7 (EBRMPA) Great Barrier Reef
Marine Park Zoning Plan 2008xtending below | ow water); and


http://www.epa.qld.gov.au/publications/p02061aa.pdf/Raine_Island_National_Park_Scientific_management_statement_20062016.pdf
http://www.epa.qld.gov.au/publications/p02061aa.pdf/Raine_Island_National_Park_Scientific_management_statement_20062016.pdf

e UT 1T woUIl | GreabEadidr Rdafu(Coast) Marine Park Zoning Plan 2004
(waters between low water and high water).

The waters surrounding Raine Island, Moulter Cay and MacLennan Cay are
declared as Restricted Access Special Management Aras under both Commonwealth
and State Zoning Plans(refer to figure 1). The Restricted Access Special Management
Areas extend from high water seaward 500m and also includes the airspace above the
water to a height of 915m. The GBRMPA and the EPA have developed a position
statement setting out access arrangements to the Restdted Access Special Management
Areas. For further information go to:
www.gbrmpa.gov.au/__data/assets/pdf file/0011/11423/raine_position_statement.pdf

In addition, a Remote Natural Area covers all locations within the Far Northern
Management Area. The objective of the Remote Natural Area is to ensure that some
areas of the Marine Park remain in a state that is largely unaltered by works or facilities,
and to provide opportunities for quiet appreciation and enjoyment of those areas. Within
the Remote Natural Area, motorised water sports are prohibited and the Regulations
also limit the carrying out of certain works including the d umping of spoil, reclamation,
beach protection works or harbour works, and the construction of structures other than
vesselmoorings and navigational aids


http://www.gbrmpa.gov.au/__data/assets/pdf_file/0011/11423/raine_position_statement.pdf
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Figure. 1. Current Management Arrangements for Raine Island, Moulter Cay and MacLennan Cay



Figure 2 Boundaries of the current management arrangements for Raine Island (* referto GBRMP Zoning Plan 2003and GBR
(Coast) MP Zoning Plan 2004 for boundary detail s).



2. REVIEW OF CURRENT KNOWLEDGE OF RAINE ISLAND

2.1 The Historical and Cultural Values of Raine Island

The importance of Raine Island was acknowledged in 1981 when the Queensland
Government set up the Raine Island Corporation under the Meaker Trust(Raine Island
Researchict 1981, highlighting historical, ecological and environmental values.

2.1.1 Indigenous Values of Raine Island

Although located 40km offshore , Raine Island is visible from the tops of
continental islands such as the Sir Charles Hardy Group and pre-European use of Raine
Island is recognised, (Chase, 1978)The Wuthathi people of the Shelburne Bay area
identify as the Traditional Owners and holder s of native title with the Erubam Le,
Ugarem Le and Meriam Le peoples also having interests in Raine Island and neaby
MacLennan and Moulter cays. 3T PUw? Ul EwWEOUOUUa» wx UOYDET EwUI UOL
birds eggs and shell (for ornamental purposes) as descibed by Schall (1985) and Smith
(1987, and had significance in providing social and cultural contact between the
Wuthathi peop le and Torres Strait Islanders. More recently (13.08.2007) the State of
Queensland (represented by the Environmental Protection Agency) has negotiated an
Indigenous Land Use Agreement (ILU A) with the Traditional Owners. The intention is
to facilitate the meaningful involvement of the Indigenous Parties i n the management of
the National Park (Scientific) and adjacent marine parks and to provide a management
framework within existing legislation frameworks that is consistent with their
aspirations and interests (SeeSection 1.2)

2.1.2 Nineteenth and Twentieth Century European Impact on Raine Island
The nineteenth century from 1815 onwards was a period of major European
impact on Raine Island (appendix A). Shipping losses led to the building of the first
offshore beaconin Australian waters in 1844. ! UDOU wi UOOwUT | tieRdyOEOE 7z Uwx |
sandstone, the beacon still stands today as oe of the most important structures on the
&' TOWEEEDPOT wOOwW1EDOI w( UOEOEZUWDEOOPEWUUEUUUG
However not all the visits to the island were beneficial and even during its
EOOUUUUEUPOOWUT 1 whOUOPOT wxEUUawUUI EWEPUEz UwI 11
visit ors for the next 60 years.Fruit and vegetable species were also introduced as were
T OE0VUwi OUWEwUT OU0wxT UPOEwWUI UPOUUOaAawbOXxEEUDOT wo

This was probably insignificant compared to the period 1890 -1892 when the
phosphate deposit of the island was mined with more than 100 labourers, mainly
Chinese, living on the island . A tramway was built from the centre of the island to a
wooden jetty for which some coral may have been removed. Ships of 10061500 tons
exported the guano direct to Europe and Melbourne. By 1892 the extraction had ended
Ei Ul UwUl OOYDPOT w? Ul OUwWOI wOi OUUEBEUwWOT wOOOU? wep' U
dismantled and removed but the effect on the island has been permanent and the details
of the original geomorphol ogy and vegetation can only be surmised (see g@pendix A for
more details).



During the following century some turtle harvesting by visiting ships still took
place (Limpus et al 2003), but a 1950 Order of Council declared a year round closed
season for greenturtles and although reopened briefly between 1959 and 1968, Raine
Island was harvested commercially only in 1959. Increasingly there was scientific
interest in Raine Island and visits by film crews highlighted its important status.

Thus, over the last 3 years or so Raine Island has been given an increasing
amount of environmental protection. The importance of the island was acknowledged in
1981 when the Queensland Government set up the Raine Island Corporation under the
Meaker Trust (Raine Island ResehyAct 1981 highlighting the historical, ecological and
environmental values. The waters surrounding the currently proposed Raine Island
National Park (Scientific) are declared Restricted Access Special Management Areas (RA
SMA) under both the GBRMPA Great Barrier Reef Marine Park Authority Regulations 1983
and the Queensland Government Marine Parks (GBR CoasBoning Plan 2004Raine
Island may have been irreversibly impacted by mining and other activities, but its iconic
status isrecognised by the conservation protection it is now being given.

2.2 The Turtles of Raine Island

2.2.1 History of Research

First observations of Raine Island as a turtle rookery are those of Jukes (1847)
since which date nearly all visitors have made some comment about the turtles and
many have harvested the turtles for food (see Limpus et al, 2003 pp361-370 for detailed
historical review). Subsequent studies have shown that Raine Island and nearby Moulter
Cay are the principal nesting sites of the largest remaining green turtle (Cheloniamydas)
breeding population in the world. During the nesting season up to 15,000 females have
been recorded on a single night on Raine Island and the total nesting population for
Raine Island and Moulter Cay can be as high as 131000 females (Limpus et al, 2003). The
importance of the site has been highlighted in numerous research publications and
reports, and in filmed documentaries, (see Limpus et al, 2003 forthe most
comprehensive review).

Systematic turtle research commenced onRaine Island in 1975 was initially part
of exploratory studies by the Queensland Conservation Agency, which became the
Queensland Parks and Wildlife Service. Between 1979 and 1985 the Queensland Turtle
Research Project undertook the development of new methodologies to address marine
turtle population dynamics. In 1985 a priority was placed on these studies after
recognition of potential threats to breeding populations posed by large scale harvesting
within the Australasian region. It is from these studies that the present large scale
knowledge base has developed. It includes numerous reports to the Raine Island
Corporation and in recogni sed scientific journals, a high proportion of which are
referenced in Limpus et al (2003), which is the primary but not on ly source of
information for this report.

2.2.2 Chelonia mydas on Raine Island

The green turtle Chelonia mydaappears to be the only species nesting on Raine
Island although the remains of one hawksbill turtle ( Eretmorchelys imbricardahave been
recorded from the central flat. Raine Island is probably the most studied turtle nesting
site in the world with more than 130 years of observations. DNA analysis has indicated
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that there are three genetically identifiable populations off eastern Australia with th at
centred on Raine Island (with Moulter Cay, Bramble Cay, Murray Island and Number 7
and 8 Sandbanks) making up the largest. Thethree populations do not interbreed
although their foraging areas may overlap. Tagging has indicated that the feeding range
for the Raine Island population extends from Indonesia to New Caledonia and Vanuatu.

Radio carbon ages from clam shells on Raine Island ndicate that a nesting
population was present prior to 1200 years ago and possibly as much as 500§ earsB.P.,
areef flat date beneath the cay coming from the margins of the island which may have
accumulated much of its mass prior to 4700years B.P.(seeappendix B). Although there
is evidence of older fringing reef development around the margins of the reef as deep as
90 m. The conclusion by Limpus et al (2003) that beach areas were not available for
nesting during the post -glacial transgression, appear sound.

2.2.3 Nesting and Nesting Success

From the far flung foraging grounds, where turtles from other populations may
also be feeding, the Raine Island female turtles return to the island for nesting between
September and January, an extended periodcompared to elsewhere, probably because of
the numbers involved. Different foraging areas can be used by the Raine Island nesting
population and distance does not appear to be a significant factor. Nesting success in a
single night may not be high but an i ndividual may try several times on successive
nights. The mean egg count is about 100 with up to 90% hatcHhing success. Predation of
the hatchlings is high, especially by rufous herons and only 6.7% may reach the sea.

Several factors impact on the succes®f nesting including:
e trapping of the nesting turtles on the island, especially in the low lying swale of
the island. Trapped turtles die of heat exhaustion within 24 hours
e turtles dying when they fall off the phosphate cliff (section 2.6.4) whilst
attempting to return to sea
o disturbance of females attempting to locate a suitable nesting site
¢ interference with previously laid nests because of the density of nesting sites
e nest collapse in the dry sand. Mean depth of the nest is between 50 and80cm and
collapse may be common
¢ flooding of the nest in periods of high rainfall producing surface pools or rises in
the water table (see Guard et al, 2008). Exceptionally high tides may also cause
the water table to rise. Eggs maybe drowned within a few minutes
e harvesting of turtles in Australian and waters of neighbouring countries .

2.2.4 Fluctuating Numbers and Indicators of Decline in Turtle Population

Large fluctuations in numbers of nesting green turtles have been recorded (see
figure 3). Limpus and Nicholls (2000) have demonstrated that these fluctuations are a
function of the El Nifio Southern Oscillation climate events. There is a significant
correlation to the mean SOl value approximately 1.5yrs before the breeding season
commences with high numbers after El Nifio events and very low numbers after La
Nina. A nutritional basis is suspected for this fluctuation. This is then determined by the
deviation of the sequence of physiological processes that culminate in egg production.
There is therefore a problem in quantifying the stability of the green turtle nesting
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population. Several decades of detailed monitoring is required to obtain meaningful
trends.

The long life cycle and logistical difficulties of making observations on more than
an expeditionary basis on Raine Island have been noted by most authors. Natural
variability in the size of the female green turtle population is illustrated by figure 3 in
(Limpus et al 2003).Hamann et al (2007) suggest that there has been no significant
decline in the population to date. However, a number of demographic factors analysed
Eaw+DOxUUwl OWEOwmp! YYt AwOl EwUOwWUT T weEOOBEOUUDPOOWUT E
UUET 1T UwOi wel EOPOI wE U wE wlimpusledal, 2003 ps3dOretora O WEE U OU wU
include:

e decline in the average size of breeding females
e increasing remigration intervals
e declining population of older adult turtles

With remigration intervals of 5 -8 years and strong influence of ENSO these trends
may be further defined in the future.

Attempts to identify reasons for decline are also influenced by the very wide
foraging range of the turtle which takes it outside Australian waters and beyond the
protection of Australian legislation. Traditional hunting does take place in the Northern
Great Barrier Reef and Torres Strait, with females at the courtship phase being targeted
(Miller and Limpus, 1991). However, there appears to be little data on the size of the
harvest. Probably more significant are the numbers of the Raine Island population again
mainly large females, taken in Indonesian waters. This harvest has increased since a
major decrease in Indonesian stocks in 1988. Major markets are Bali, Ujung Pandang and
Dobo where increasing pressures on all marine resources are problematic(for review,
see Hopley and Suharsono, 2000). Even in 1991 impus et al (1993) suggested that the
rate of harvesting was not sustainable.
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2.3 The Seabirds of Raine Island

2.3.1 Species and Foraging Areas

Raine Island is one of, if not the most important tropical seabird nesting sites on
the GBR andprobably has been since the island was first formed. Avifauna recorded
between 1843 and 2003 comprises 84 species, with 16 species recorded as breeding on the
island. It is visited by migratory birds and is the focus for seabird activity within the
northern GBR region (Batianoff and Cornelius, 2004).

Observations and studies of the birds range back to the first European visitors
and most parties who landed on the island reported some qualitative information on the
birds as reviewed by Stoddart et al (1981).However the first quantitative records come
from Warham (1961) made in 1959. Systematic records from between 1979 and 1985
come from B.R. King whose methodology was continued by QPWS staff in subsequent
years (See Batianoff and Cornelius, 2004, 2005) uppotthe present day. Numerous reports,
mostly to the Raine Island Corporation are listed in Batianoff and Cornelius (2004, 2005)
and recommendations from a 1991 workshop organized by the Corporation in Taplin
and Blaber (1993). These are the resource referaes for this report.

Each of the 84 species of bird observed and recorded on Raine Island can be
assigned to one of these major habitat groupings:
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i. Pelagic seabirdst 24 species, mainly marine carnivores making up 28.6%
of the total. 14 of these breed on Rane Island.

ii. Water birds ¢ 31 species (37.5%) of shorebirds and birds which depend on
the presence of fresh or saline water bodies for their food supplies.

Twelve of these species are&known to migrate to Australia as non -
breeding summer migrants from the no rthern hemisphere.

iii. Land birds ¢ 28 species (34.1%) dependant on terrestrial food supplies
such as insects, seeds etc. At least 15 are known to be migratory especially
from Papua-New Guinea. However, 13 of the 28 are land birds, probably
weather blown or lo st stragglers.

A list of the breeding species is given in Table 1, together with data on numbers
and population dynamics (from Batianoff and Cornelius, 2005).

The extent of the foraging area of Raine Island birds was indicated in a figure in
the RaineIsland Corporation First Annual Report (p5) with recovery of banded birds
from the southern shores of Papua-New Guinea and as far north as New Ireland. Most
recently Dobbs (1999) has reported on the recovery of banded birds not from Raine
Island but from n earby McLennan and Moulter Cays, and Sandbanks 7 and 8. Distances
travelled ranged from 265 km (near Daru) to Tuvalu 3800 km away.

It is not just the numbers of seabirds at Raine Island which makes it such an
important site but also the status of many of t he species.Five are uncommon or rare in
Queensland including the Herald Petrel, Red-tailed Tropic Bird, Red -footed Booby and
the Great and Lesser Frigate Birds. Currently the Herald Petrel is listed as Critically
Endangered in Australia under the Environment Protection and Biodiversity Act 1998nd
the Red-tailed Tropic Bird as Vulnerable in Queensland under the Nature Conservation
(Wildlife) Regulation 19945cheduleBThe Nankeen Night Heron which breeds on Raine
Island is also uncommon on the GBR and the Wedge-tailed Shearwater colony has been
shown to be reproductively isolated from other GBR populations (Peck and Congdon,
2002).

2.3.2 Fluctuating Numbers of Seabirds
Natural fluctuations in numbers of birds are to be expected for a number of
reasons induding site availability and climatic conditions:

seasonal scarcity of prey such as fish or squid. Nest disruption by the green
OUUUOT zUwOIT UUPOT wb OwU U G limitingEfddtar Bowdl birds) OE U wE OE w
OOwlEDPOI w(UOEOEOWXxEUUPEUOGEUOGa wi OUwWEUI 1 EPOT wUI

(Batianoff and Cornelius 2005, p2).

Cyclone activity and heavy monsoonal rainfall in particular appear to influence
the variation in mortali ty of the eggs with reports also of drowning of chicks in the
central depression after heavy rains (Taplin and Blaber, 1993).

Although there is strict regulation of human visitors to the island this has
obviously not always been so. The two years of phosphate mining must have been a
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period of major disruption and even brief visits may have impacted the nesting
populations - much of it deliberate. For example, when HMS Bramblevisited the island in
1845, 36 dozen eggs per day were taken for foodOther visitors, on landing, would break
all visible eggs to ensure that those they collected subsequently were fresh (Stoddart et
al, 1981).

The seabirds of Raine Island, like the turtles, have a wide foraging range,
extending far into the Gulf of Papua and possibly as far north as New Ireland (see map,
p5, Raine Island Corporation, 1982). Whilst not subjected to the same harvesting impacts
they do lie at the upper end of the food chain and therefore reflect changing
oceanographic and trophic conditions (Congdon et al, 2007). Many are important
environmental indicator species. A high natural variability in population numbers may
be expected and causes are reviewed by Congdon et al (2007). Rafionships with ENSO
events seemnotably strong, for example a decline of between 6 and 7% in frigate birds
was noted in 1998 after the particularly strong ENSO. Cyclones and nest flooding are
also factors.

At Raine Island, however, superimposed over this natural variability there
appears to be a progressive decline in the breeding populations (Batianoff and Cornelius,
2004, 2005). Between 1979 and 2003 estimates of breeding bird species suggest significant
population decline in at least 13 of the 16 species. In descending order of reduction they
are: Common Noddy (95.5%), Sooty Tern (84.4%), Bridled Tern (69.1%), Refiooted
Booby (67.9%), Lesser Frigate bird (67.6%), Brown Booby (40.4%), Retdiled tropic bird
(38.5%), Nankeen Night Heron (33.3%), Masked Boby (26.9%), Wedgetailed
Shearwater (18.6%).
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Table 1;

Raine Island breeding bird populations (Mean population data

includes free-flying, breeding and non-breeding birds. The data presented is

inclusive of

all

seasons. In

brackets are

the

visits/recordings) (from Batanioff and Cornelius, 2005).

total

numbers

of

Species

Yearly
Estimates

1979 to 1993

Yearly Estimates

1994 to 2003

Population changes

(1979-93 and 1994-03)

(22 visits)
(22 visits)

1. Herald Petrel 5(9) 2(2) 3 (-60.0%)
2.  Wedge-tailed 1,247 (14) 1,015 (8) 232 (-18.6%)

shearwater
3. Red-tailed 104 (20) 64 (21) 40 (-38.5%)

Tropicbird
4. Masked Booby 1,457 (21) 1,065 (20) 392 (-26.9%)
5. Red-footed Booby 467 (18) 150 (22) 317 (-67.9%)
6. Brown Booby 4,435 (21) 2,642 (20) 1,793 (-40.4%
7. Great Frigatebird 7 (15) 7 (6) No changes
8. Lesser Frigatebird 1,851 (21) 599 (21) 1,252 (-67.6%)
9. Nankeen Night 990 (11) 660 (18) 330 (-33.3%)

Heron
10. Buff-banded Rail 37 (11) 23 (17) 14 (-37.8%)
11. Silver Gull 27 (20) 22 (18) 5 (-18.5%)
12. Crested Tern 29 (13) 48 (7) 19 (+39.6%)
13. Black-naped Tern 65 (14) 85 (12) 20 (+23.5%)
14. Bridled Tern 191 (15) 59 (11) 132 (-69.1%)
15. Sooty Tern 840 (17) 131 (8) 709 (-84.4%)
16. Common Noddy 11,693 (20) 526 (20) 11,167 (-95.5%)
Mean annual 23,445 (9-22) 7,098 (1-22) 16,347 (-69.7%)
population
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Although there may be anomalies in the data, Batianoff and Cornelius (2005)
believe that the trends are so strong that they do indicate the real situation. Congdon et
al (2007) commenting on these figures note that there is no evidence of human
disturbance and no deterioration of nesting habitat or habitat loss over the period of
decline.

23T DUWOEEOWOT wOUTT UwlOl ET EOPUOUWEOGEwWUT 1 wi EE
form foraging associations at sea have similar declining trends, highlights

depletion of marine food stocks linked to changing climate and oceanographic

regimes and/or human influ ences such as trawling as the most likely possible
EUPYDOT wi EEOOUUG?

(Congdon et al, 2007, p438).

Within the context of this report differentiation between causal factors on and
beyond Raine Island itself will be important in assessing future risks which ¢ an be
managed locally.

Declining numbers of seabirds at other nesting sites on the GBR have also been
noted with a strong relationship to ENSO events (Congdon et al, 2007)

2.4 Vegetation of Raine Island (figure 4).
Although there appears to be nothing remarkable about the vegetation of Raine
Island,? 10l wDPUOEOEzZVUwi OOUEWPUWEOwWDHOUI T UEOwWI EOOOT PEE
stability and in providing appropriate nesting environments for turtles and
EPUEU> ! EUPEOOI | wi OWEOOWRNNT wxt t &

There are nolong term climate records for Raine but various authors have
estimated total annual rainfall at about 1000 mm, highly seasonal and variable.

Thus unlike many other GBR cays which have accumulated guano deposits, a
woodland vegetation (perhaps of Pisoniagrandis) does not appear to have existed here,
with all early observations noting only a low shrubby vegetation (e.g. Juke, 1847).
Natural disturbance by turtle nesting contributes to a high turnover but examination of
long term observations and records by Batianoff (1991); Batianoff et al (1993) and
Batianoff and Cuff (2004) also highlights the anthropogenic impacts on the vegetation
especially the introduction of goats in the 1840s and most especially by the phosphate
mining in the 1890s. Although there may be gaps in collections the earliest observations
in the 1840s suggested that there were about 20 species of vascular plants but these had
reduced to only 11 by 1874 and by the 1950s and 1960s to onlgix, (Batianoff et al, 1993).
Stoddart et al (1981) list 10 species, with 12 species recorded in 1987 (Hacker, 1990).
Harsh climate, turtle nesting and disturbance by humans produce a high turnover of the
plants most of which are annuals. Most appear to be dispersed by flotation with Hacker
(1990) identifying 19 species of drift seeds on the beach in 1987. Of these on®angium
eduleis not known in northern Australia but seems to have originated from Papua -New
Guinea. A full list of all species of vascular pl ants observed at various times on Raine
Island is given in Table 2.

Batianoff and Cuff (2004) defined 8 map units (fig ure 4):
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Beachrock (0.65ha)

Sandy strand plain (5.69 ha)

Succulent sparse herbland (1.3ha)

Lepturussparse to open tussock grassland (5.3 ha)
Lepturusopen-tussock to tussock grassland (2.1%a)

Mixed open herbland (3.4 ha)

Abutilon-Achyranthesdwarf open -heath to herbland (5.75ha)
Abutilon-lpomoea dwardpen-heath (0.7ha)

© N AN E

Although it is more than 100 years since mining operations ceasedon Raine
Island it would appear that many plants have not returned to the island. Continued
vegetation monitoring has been recommended (Batianoff et al, 1993) especially of the
most important stabili sing grass Lepturus repensvhich may play an important part in
island stability/erosion studies. The Abuliton asiaticumvar. australiensgaxon on Raine
Island has a unique prostrate growth habit and tolerance to a wide range of sail
conditions and also has the potential to be usedfor future coral cay revegetation
program s (Batianoff and Cuff, 2004).

2.5 Geomorphology of Raine Island and its Ecological Significance

2.5.1 Basic Morphology and Holocene History
Whilst there are no totally unique features on or beneath the Raine Island reef the

combination of features are not common on the GBR.
21EDPOI w(UOEQEwWPUOwWDPOwi EEUOWDPOUI UT UUDPOT wOOU WO
of small, semi-EUDE wl UEOOWEOE wxT OUx1T EUIl wbPbUOEOEUWDPOWUI
(Stoddart et al, 1981, p1).

The Raine Island reef is one of a series of detached reefs found on the northern
GBR separated from the outer shelf slope by water depths of >300m. It is a platform reef
about 3.5km long and 0.75 km wide with an area of 210 ha. The cay lies at the western
end of the reef with an area estimated in1973 as 27300m?, a length of 860m and width
420m (Stoddart et al, 1981). The vegetated area was estimatd as 163300m2 or 60% of
the total island area.
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TABLE 2: Number of recorded plant species and dispersal mechanism on
Raine Island. (1959-2003) From: Batianoff and Cuff (2004)

Species (Family) c | =
512 |3|g | |8 |% |38 |8
28 |22 |2 |2 |3 |38
| N
a
Abutilon asiaticunvar. S B P |P P ) ) P 5
australiense (Hochr. ex Britten]
Fosberg(Malvaceae)
Achyranthes aspera L. Ha | B/H N P P P 5] [5) P
(Amaranthaceae)
Amaranthusnterruptus R.Br. | H2 | B P | N P P P P )
(Amaranthaceae)
Boerhavia albiflora Fosbexgr. Hp | B N P P P P [5) P
albiflora(Nyctaginaceae)
Cleome viscosa Ha |BH | N | N N P P ) P
(Capparaceae)
* Dactyloctenium aegyptium | Ha | H N | N N P P P N
(L.) Willd (Poaceae)
* Eleusine indica (L) Gaertn, | 12 | H P | N P P P P N
(Poaceae)
Ipomoea macrantha Roem. & v o N N N P P P =)
Schult(Convolvulaceae)
* Lepidium englerianum Ha | O N [N ) N N N N
(Muschl.) AShehbaZStoddart
1973) (Brassicaceae)c
Lepturus repens (G.Forst) R.| TP BO |P |P P ) ) P 5
subsp repengPoaceae)
Portulaca oleracea Ha | B P N P P P P P
(Portulacaceae)
Sesbania cannabina (Retz) p¢ 12 | B/H | N | P P P P P )
var. cannabingFabaceae)
Tribulus cistoides L. Ha |B/O |P |P p ) P S 5
(Zygophyllaceae)

Plant data: J. Warham (1959), K.A. Hindwood (1961), D.R. Stoddart (1973),

B.K. King (1981), JIBacker (1987), G.N. Batianoff & M.A. Card (1991) and G.N. Batianoff (2003).
Dispersal: B = Birds, H = Humans, O = Ocean currents

Life forms: S = Shrub, Ha = Annual herb, Hp = Perennial herb, V = Vine

P = Present, N = Not recorded or absent

* = Introducedexotic plant species.
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Raine Island has been the focus of a number of physical studies over the last 40
years (Stoddart et al, 1981; Gourlay and Hacker, 1991; Gourlay, 1995, 1997; Hopley and
Rasmussen, 1989; Hopley et al, 2007; Neil el 2000; Neil, 2003, 2005; Guard et al, 2008;
Dawson, 2008) and these form the basis for this section of the report.

2.5.2 Significance of Holocene Evolution

The Holocene evolution of the reef and cay is outlined in appendix B. It shows
that changes in sealevel, or probably more importantly, changes in the depth of water
over the reef flat have had very important implications for the deli very of sediment to
the island. Also important has been the morphology of lagoon or reef flat with an
uneven reef flat producing a frictional e ffect on wave energy and also reducing sediment
delivery. Thus it is not surprising to find that both erosional and progradational periods
EUIl wUl EOQUET EwPOWLIEDPOI w( UGEBEzZUwI PUUOUAOWUT T wET
possible within a few hundred years . Cementation in the form of beach rock and
phosphatic cay sandstone appears to have been a processver a long period of the
P U OE O E 7 .Thelededtdi®He alder cay sandstone can be approximated but beach
rock may underlay m any parts of the island and will retard any future erosion or other
responses such as changing sediment delivery as the result of climate change.

2.5.3 Reef Flat Zonation and Sediments (see figure 5)
The reef flat zonation is described by Gourlay and Hacker (1991) and by Clegg et
al (1997) commencing from the reef margin:

e areefrim zone of dense coral growth (42 specieg§ dominated by Acroporids.
Stout growth forms reflect the high energy of this environment.

¢ algal pavement dominated by large areas of turf and sand at about 0.9 m H.A.T.
with living foraminifera ( Baculogyginasphaerulataand Marginoporasp). Small
Poritesheads also exist here.

e a branchedAcroporazone in the central reef flat formed in a slightly lower area

e amicro atoll zone, mainly Poritessp close to the island with an elevation of 0.5m
to 0.6 m L.A.T. Unconsolidated sediments are mainly Halimedaand foraminifera
with some sea grass ([Thalassighemprichi) growing on these sediments. 44 species
of hard corals are recorded for this zone.

e EOQwsi UOET EzwUI T 1 wUOUUI EET wE Gnad0i4imuATU0T UOwi OE

Neil et al (2000) observed the sediment zonation over the reef flat noting that it is
very thin veneer, a reflection of the high energy levels experienced by this very exposed
reef. The eastern end of the reef may have little or no cover except in occasional
depressions. In the west it is rarely more than 5cm and exceeds 1@cm only adjacent to
the cay and between microatolls. The sediments range from 100% gravel to 100% sad
with no fines. They are coarsest around the margins of the reef. Coral and coralline algae
are the major constituents with lesser Halimedaand foraminifera ( Marginoporaand
Calcarinacan be up to 80%). Three sediment zones were recogised by Neil et al (2000):

e an outer well-rounded coarse Marginoporarich facies
e acentral angular fine mixed facies
e an intermediary coarse foraminiferan + medium Halimedafacies.
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Notably for the Raine Island cay and its future, the reef flat is not a store of
sediment which can be rejuvenated by sea level rise and increased reef flat wave action
as may take place on other reefs (se&.6.J).

2.5.4 Geomorphological Components of the Cay (see figure 6)

Raine Island has a concentric zonation apart from at the eastern end where
beachrock and phosphate rock are contiguous with little beach. Most detailed
descriptions are by Stoddart et al (1981) and Neil et al (2000). The zones are:

¢ the beach rising steeply from the reef flat with a width of between 18 and 20 m
and rising to a 4 to 5 m berm, generally higher in the north -east than south-west.
It contains approximately 0.68 ha of beachrock dipping seawards at between 3
and 12° especially along the north -eastern shore.

e aswale which Neil et al (2000) indicates is underlain by an undefined cemented
2EUaAO0] 2 wUOE OwE U wBwEhe swhlé istB0 to @ Bvidd) Wi thia 6 Y
partial tussock grassland. This and the berm are major turtle nesting sites.

¢ a phosphate cliff, fronted by isolated outliers and boulders. It surrounds more
than 60% of the island. The cliff is undercut and cavernous 1.0 to1.5m high. The
upper level is very uniform and cementation is greatest here with stalactite like a
densely vegetated unconsolidated sand ridge rising to 8.0m in the south-west,
6.5m in the north -east. It almost encircles the island and is 25 to 100n wide.

e an interior central depression, largely unvegetated but with a fresh white guano
covering. Rich organic soils were described in this area by the early explorers but
it is from here that most of the guano was mined. Nonetheless, a depression did
exist prior to mining. Elevation today is about 6.0 m but appears to be tilted to
the south-east. This is e major bird roosting and nesting site.

The phosphate rock, cliffand newly E1 UEUDE | E wshave asDonguibflGeio® 7
on the turtles and to a lesser extent the birds. A hypothetical mo del of development is
given in appendix C (see especially figure C1).

2.5.5 Raine Island Sediments

Several studies have included investigations of the sediments of Raine Island but
by far the most comprehensive is that of Gourlay and Hacker (1991). Except for a small
amount of pumice (common on other GBR cays) all sediments are derived from the reef
top. They include coral, algal, molluscan, foraminifera and Halimedafragments, generally
in the coarse sand size fraction. Typically coralline algal values are 10.0 to 23.6%,
Halimeda5.4 to 53.8%, molluss 8.8 to 14.0% and foraminifera 20.4 to 53.8%. The
foraminifera include Baculogypsinaphaerulatgup to 50%) and Marginoporaand

beaches but also very susceptible to climate change(seeSection 3.6.2 and apendix D).
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Figure 6. Island geomorphology and comparison of shoreline and berm crest
position, Raine Island 1 1984, 1990 and 1995. (Adapted from Gourlay and Hacker
1991 figure 5.13)

2.5.6 The Phosphate Rock of Raine Island (see figure 7 and appendix C)

Although not unigue to Raine Island, the capping of phosphate rock has been the focus
of many observations in the papers quoted and especially in Baker et al (1998). The
material has formed from avian guano over the last 1200 years (based on ages from the
juxtaposed beach rock). Cementation is highest at the surface and rarely extends below
2.0m. The cap over the island is planar but the lower cementation level has a stalactite
relief. The phosphatic mineral has been identified as dahllite (carbonate hydrox yapatite).
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Baker et al (1998) regard the Raine Island deposit as classic and not unusual.
They describe the formation as the result of rainfall descending vertically through the
overlying layer of guano and soil. The hardpan formed below the evaporative zone
where porewaters could undergo &0 enrichment creating intense phosphatisation and
total replacement of most bioclasts.

This groundwater model, which enlists the basic Ghyben -Herzberg freshwater
lens, (figure 7, lower fig ure) is important in possibly explaining the present morphology.
The fresh/brackish lens can have an elevation above that of the surrounding ocean and if
Raine Island has been larger in the past, erosion into the domed water table at which
cementation took place would explain the prominent scarp of phosphate rock today and
possible slope of the interior of the island. It also disposes with any need for a higher sea
level in the formation of the phosphate cap.

3T T wsEUaAOl wUOEOz wEUOU O E und indy belaldddntadoétidn O |
to the phosphatic cay sandstone as discussed below and inappendix C.
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_F10. 3.—A) Cross section A-B, showing Site 1, from where 1A, IE, 10, and 1H were collected. Note the existence phosphat down
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aerial photography). Date of 4780 ka shown in cross section C-D is for cemented coral material underlying phosphate §s Rasmuss
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Fic. 8.—Groundwater flow model for an oceanic island. Note that in shoreline
areas, the freshwater-seawater interface can be well below sea level. Modified after
Todd (1980).

Figure 7. Cross section of Raine Island showing phosphate rock and Ghyben -
Herzberg groundwater model both (from Baker et al, 1998)
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Impacts of the Physical Features of Raine Island
Although Raine Island is already attractive for nesting activities of both turtles

and birds, there are many aspects of the geomorphology which cause problems. These
have been discussed by Neil et al (200) and Neil (2005).and include:

the phosphate cliff restricts access to the internal parts of the island and causes
the mortality of turtles if they fall over it on their return to the sea.

the lithified sediments in the major nesting area of the beach berm and swale.
inundation of nest sites laterally by tide waters.

freshwater run -off from the central depression through the nesting sites.

over wash of the berm by strong waves

The most seriousproblems are:

Flooding of turtle n estst resulting from pools of water forming on the less
permeable central phosphate flat but also from rising water tables after rain,
especially beneath the swale in which many nests are built. Limpus et al, (2003)
provi de an example of the problem. One of the largest nesting populations was
recorded in December 1996. However, instead of thousand of hatchlings crossing
the beach the following February elevated water tables resulted in only hundreds
being observed. Both rainfall and exceptionally high tides can produce this
elevation which intercepts the critical ~80 cm depth of the turtle nests.

Shoreline changest Raine Island is very dynamic as indicated by the analyses of

Gourlay and Hacker (1989), Gourlay (1997, 19981999), Neil et al (2000) and

Dawson (2008).Appendix E summarises their conclusions which include:

i) although periods of erosion have been most noticeable over the past 40
years there has actually been a net gain of ~14,00M3 and, over the last 10
years a gain of ~45,000n3,

1)) these figures, however, are small within the context of the island as a
whole which is in a very delicate state of balance between sediment
supply, from the reef flat, and sediment loss off the reef top.

iii) the major beach changes have been related to changing wind patterns and
ENSO events. Major changes in the 1970s are comparable to those
described on Warraber Island in Torres Strait (Rasmussen and Hopley,
1995), and in the BunkerCapricorn Group by Flood

These changes may provide insight into the response of Raine Island to climate

change (further discussed in later sections).
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3. Projected Climate Change Impacts on Raine Island and Inhabitants

3.1 Sources of Information
231 1 Ul w b U scihidie dowdOthat human activities have changed the
composition of the atmosphere and the oceans. The change in the heat balance of
U1 wl EV0T wPUwOOPWEEUUDOT wOEUI UYI EWET EOT T Uwb

(Lough, 2007, p17)

Current climate trends and future projections have been summarized
comprehensively elsewhere, and this review draws on a number of theserecent reports,
some specifically related to the GBR. The latest global projections have been derived
primarily from th e Fourth Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC, 2007, a, b, c, d)Projections specific to Queensland and the GBR are
drawn from the relevant chapters in Johnson and Marshall (2007) and arecently released
assessment fromthe EPA (2008) which evaluates the IPCC projections in conjunction
with modeling by the CSIRO and Bureau of Meteorology .

The source ofmuch of the following section is the major vulnerability assessment
carried out by the Great Barrier Reef Marine Park Authority in 2007 (Johnson and
Marshall, eds. 2007) utilising the relevant chapters:

¢ climate change projections (Lough, 2007)

e turtles (Hamann et al, 2007)

e seabirds (Congdon et al, 2007)

e geomorphology (Smithers et al, 2007)

e physical oceanography (Steinberg,2007)

e coral reefs (Fabricius et al, 2007)

¢ island flora and fauna (Turner and Batianoff, 2007)

3.2 Projected Climate Changes (table 3, 4 and figure 8)

The IPCC assigns uncertainty ranges to projections based on expert judgement
and statistical analysis of a body of evidence (IPCC, 2007d).There has been increasing
confidence in many climate projections in the latest reports, especially for those climatic
components most directly related to the proportion of greenhouse gases in the
atmosphere. Unfortunately, considerable uncertainty remains about future changes in
components with more complex feedbacks such asthose related to El Nifio events.
Climate projections of greatest relevance to Raine Island include

Atmospheric temperature : since the end of the 19 century average global air
temperatures have risen by 0.7°C.The eleven warmest years since the beginning of the
instrumental record have all occurred since 1995 (NASA, IPCC 2007).. Temperatures in
Queensland coastal areas are projected to increase by an abol@d.9 °C (range of 0.¥1.2
°C) by 2030 (EPA, 2008) and as much as 4 to°& by 2070 (Lough, 2007). Projections for
Cairns suggest anaverageincreaseof 0.9°C (0.6-1.2°C) by 2030 and 1.3C (1.12-:2.0°C) to
2.9 (2.0-3.9°C) by 2070 depending on future emissions pathways. Whilst lower than
further south, these changes will still have implications for both bird and turtle
populations and also the sediment budget of Raine Island as discussed below.
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Table 3 Projected global atmospheric CO, concentrations, temperature rise and sea level rise for four IPCC SRES storylines.

, Climate Change and the Great Barrier Reef: A Vulnerability Assessmént
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