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STRUCTURE OF THE REPORT

This report outlines the results of a research program conducted between 1984 and
1988. The program aimed to investigate the biology of dugongs and other large
vertebrates within the GBR region, as a basis for the development of effective
management strategies.

The report consists of five parts of which this is the first. This part is a synthesis of the
results of the project in the context of our knowledge of dugong biology. It evaluates the
current status of the dugong in the GBRMP, and makes recommendations for future
research, monitoring, and management.

Parts 2 and 3 are collections of the papers and reports that have resulted from the
project. Most of the papers are either in press or in review comprises the results
of the dedicated aerial surveys. There are two paper A survey methodology
(Marsh and Sinclair, manuscripts a and b); two pape rt on the distribution
and abundance of dugongs in the northern and
(Marsh and Saalfeld, manuscripts a and b),
Saalfeld, 1988); and a paper on the distributio,
the northern GBR (Marsh and Saalfeld, in pr

orres Strait (Marsh and
undance of sea turtles in

The remaining papers and report are :
habitat usage based on conve satellite telemetry (Marsh and Rathbun,
manuscript), a paper on the maggfige traditional dugong hunting in the Park (Smith
and Marsh, in press), and ev¥incidental sightings of dugongs in the Great
Barrier Reef region (Spen ig

lustrating the distribution of dugongs and seagrasses
the distribution of sea turtles in the northern GBR. Part 5
the aerial surveys, and the computer programs used in the
n, processing and analysis. A copy of the raw data has also
loppy disk in Word Perfect 4.2 format.

Part 4 is a collection
within the GBR i

The aerial surveys yielded data additional to the material covered in this report. Sightings
of sea turtles, cetaceans and sea snakes were recorded on all surveys. | have obtained
funding from James Cook University to process the remaining sea turtle data, and have
additional funding from the GBRMPA to process the valuable baseline information on
cetacean distribution and abundance.






SYNTHESIS: CURRENT PERCEPTIONS ON THE STATUS OF THE DUGONG
IN THE GREAT BARRIER REEF MARINE PARK
IN THE CONTEXT OF ITS BIOLOGY
WITH RECOMMENDATIONS FOR FUTURE RESEARCH,
MONITORING AND MANAGEMENT.

Helene Marsh
Zoology Department,
James Cook University of North Quesg
Townsville, Queensland 4811, A

Executive summary

A four-year study has been carried out to establish &sou
the Great Barrier Reef Marine Park. Procedure re develo
timating the abundance of dugongs from dedi i
over the inshore waters of the entire Gregt.Barri ef region to at least 20km offshore. The surveys
were extended to the outer barrier regf nk Island (17°59'S., 146°14°E.) and Hunter Point

jological basis for managing dugongs in

ing techniques.

The results of both t
their time in the vicini

eys and the tracking studies indicated that dugongs spend most of
e and reefal seagrass beds. Dugong numbers in the Great Barrier
an previously thought; there are an estimated 11,600 + 1,170 animals
to be an underestimate because of the conservative correction factors used
als which are not sighted due to water turbidity.

The number of dugongs in an area is highly correlated with the area of seagrass. With the highest area
of inshore seagrass in the GBR region plus significant seagrasses on some mid-shelf reefs, the Far
Northern Section is the most important Section of the Park for dugongs with more than halfthe popula-
tion of the region. The Starcke River area is outstanding with about 20% of the dugongs in the GBR.
The general level of protection afforded the important dugong areas in the Far Northern Section is
good with five areas zoned Marine National Park B or higher (no fishing allowed) and six zoned General
Use B (no trawling allowed).

South of Cape Bedford, the Cairns Section has little seagrass and no important dugong areas. Many
of the sheltered bays of both the Central and Mackay/ Capricorn Sections support significant num-
bers of dugongs although none of these areas has been given Marine National Park or higher zoning.
Dugong areas in the Central and Mackay/Capricorn Sections of the Park tend to have a lower density
of dugongs than seagrass areas of comparable size in the Far Northern Section. The areas with the
lowest dugong density per area of seagrass tend to have high boat traffic.



Population simulations (Marsh, 1986) indicate that even with the most optimistic combination of life
history parameters, low natural mortality, and no man-induced mortality a dugong population is un-
likely to increase at more than about 5% per year. Within the GBR region, dugongs are legally hunted
under permit by Aboriginal hunters from several Trust areas north of Cairns. They are also killed in-
cidentally in commercial gill nets, and in shark nets set for bather protection near major population
centres. There are no figures for the number of dugongs drowned in commercial gill nets. The present
level of Aboriginal hunting is apparently within the sustainable yield of the dugong population, and the
number of dugongs killed in shark nets is now very low. Overall, the level of man-induced mortality to
dugongs in the GBRMP is probably relatively low, so that the expected rate of population change is
likely to be slow (< 5% per annum). Because of this expected slow rate of population change and the
difficulties of obtaining precise population estimates, it will probably be about a decade before it can
be confirmed whether dugong numbers are increasing, decreasing or stable in the GBR region. This
means that if the population were decreasing at say 5% per year, numbers would be reduced to about
60% of their present level before the trend is detected. A conservative management policy for dugongs
centred on the protection of their seagrass habitats is therefore recommendegyig order to minimize
the risk of population decline.

Recommendations

1. Zoning

The main strategy for managing dugong populationsg
seagrass habitats, particularly those which support s

he GBR hould be through protection of
umbers of dugongs.

ay/Qapricorn Sections of the GBRMP should be

At least one such area in both the Central ap
: cial fishing including gill-netting is banned

ongs, the zonal boundaries should include the whole seagrass
should be checked, particularly those in the Starcke River and

often highest in intertidal areas, there should be complementary zoning
I land adjacent to areas zoned to protect dugongs in the GBRMP. Such
complementary zoning will be necessary if eastern Cleveland Bay and the Port Newry area are rezoned
as suggested above. In addition, the zoning status of the estuaries adjacent to the Scientific Research
Zone in the Starcke River area which are presently zoned General Use B (which means that gill-net-
ting is allowed there but not in the adjacent fore-shores) should be changed to Marine National Park
'A’ to remove this anomaly.

In the light of the correlative evidence that boat traffic per se seriously degrades the value of an area
as dugong habitat, boat traffic should be discouraged in some of the important dugong areas inthe
Far Northern Section. The Preservation Zone between Dead Dog Creek and Barrow Point is particular-
ly valuable in this regard and should be maintained.

2. Permit and Licence Conditions

Another major strategy for managing dugong populations should be through continuing support of
existing conditions to minimize human mortality of dugongs.



The GBRMPA should take the following steps to monitor human-induced dugong mortality in the
GBRMP:

« Request the Queensland Department of Harbours and Marine to require that shark meshing
contractors collect information on (a) the size and sex of dugongs caught, and (2) the loca-
tion of the net, as part of their contract. The Townsville shark netting contractor should be re-
quired to make dugong carcasses available to scientists at James Cook University for
continuing life history studies. If the meat of these carcasses is edible, an arrangement should
be made with the local Aboriginal and Islander community so that it can be made available to
them.

« Continue to require the collection of dugong catch statistics from Aboriginal communities as
a condition of dugong hunting permits. Hunters should also be encouraged to continue col-
lecting dugong tusks for Q.NPWS to send to James Cook University so that the age/sex com-
position of the catch can be verified.

« Ask the fishing industry to make available log-book statistics e extent of commercial
gill-netting in important dugong areas can be monitored.

« Whenthere is seento be a need for new shark nets withi ajor dugong habitats
within the GBRMP, the GBRMPA should encourag overnment to introduce
drum lines rather than nets in view of the usuall ality in shark nets in the five
years or so after they are first introduced. e. e killed in Townsville shark nets
in the first year of netting (Paterson, 1979).

3. Public Education

The dugong public education pro@g b& expanded to target (1) Aboriginal and Islander

of selling dugong meat, and the current restrictions on dugong
hunting in the GBR i s should be supplied with maps illustrating the high density dugong
areas and enc ighishing in such areas to minimize the risk of damaging their nets.

The success of the dugong management program should be evaluated by monitoring the distribution
and abundance of dugongs in the GBR region by conducting dedicated aerial surveys using the pro-
cedures and designs developed inthis project. (Areas where no dugongs have been sighted and which
contain no suitable habitat need not be surveyed). The surveys should be carried out at five-yearly in-
tervals. The area north of Cape Bedford should be surveyed in one year; the remainder the following
year. The surveys should be carried out in October/November when favorable weather conditions are
most likely. The first survey of the area north of Cape Bedford should be carried out in 1990, five years
after the last such survey.

Information on dugong sightings obtained from the Q.NPWS monitoring program should be collated
in a data base to provide additional information on dugong habitat usage. However, these data will
not be suitable for documenting population trends.



5. Research

The GBRMPA should encourage research using an expanded program of satellite and conventional
telemetry to monitor the movements of individual adult dugongs to determine whether they use spe-
cialized mating and calving areas. The initial phase of this research should be carried out in a clear
water area such as Moreton Bay near Brisbane. The research should then be extended to key areas
in the Far Northern Section of the Park. It would be particularly useful if time-depth recorders could
be attached to the radio-tracked animals to document the proportion of time individual dugongs spend
at the surface, so that the proportion of animals which are unavailable to observers due to water tur-
bidity can be estimated more accurately.

The GBRMPA should fund research to maximize the information obtained form the dedicated surveys
carried out to date. In particular, the valuable baseline information on the distribution and abundance
of cetaceans and sea snakes should be analyzed and synthesized.

The GBRMPA should fund research to check the extent of the seagrass g portant dugong
habitats, particularly those in the Starcke River and Port Newry areas.



Introduction

The dugong, the only herbivorous mammal which is strictly marine is listed as vulnerable to extinction
in the IUCN Red List of Threatened Species (1986). Trade in dugong products is regulated or banned
(depending on the dugong population involved) by the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES). :

The range of the dugong extends throughout the tropical and subtropical coastal and island waters
of the Indo-West Pacific from East Africa to the Solomon Islands and Vanuatu, and between about 26-
27° north and south of the equator (Nishiwaki and Marsh, 1985). Over much of this range which spans
the waters of 43 countries, dugongs are now believed to be represented by relict populations separated
by large areas where they are close to extinction or extinct. This assessment is, however, almost en-
tirely based on anecdotal information and the actual extent to which their range has contracted is un-
known.

A significant proportion of dugong stocks is believed to occur in no tralian waters between
Moreton Bay (near Brisbane) in the east, and Shark Bay in the wed§I'he seal@ass beds in the Great

the Starcke River area (Nishiwaki and Marsh, 1985).

The Great Barrier Reef Marine Park Authority (GBRMP.
within the Park for two reasons. Firstly, the GBRMPE
responsibility for endangered species and secondly, the |
listed as a reason for the region’s being given eritage'Listing.

Life history and reproductive ecology

Almost all information has been ob
drowned in shark nets or killed unterin northern Australia and Papua New Guinea (Marsh,
1980, 1986 and unpublished,
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imated is 73 years, and the minimum pre-reproductive period

nine or 10 years for The pre-reproductive period is very variable and ranges up to 15-17

Aboriginal hun d it is not known whether it occurs only in specific areas. A single calf is usual-
ly born after a gestation period estimated to be about 13-14 months (H Marsh and B E T Hudson, un-
published). The few reports available (see Marsh et al., 1984c) suggest that calving occurs in shallow,
specialized areas which are not associated with seagrass beds. Calving in the Great Barrier Reef Park
is diffusely seasonal; most calves are born between September and November inclusive. The cow/calf
bond is close. Calves can suckle for at least 18 months (Marsh et al., 1984c).

There are no reliable data on age-specific fecundity or mortality, but there is evidence that some males
may become post-reproductive (Marsh et al., 1984b). Estimates of mean calving interval based on ap-
parent pregnancy rates, placental scar counts, or calf counts range from three to seven years for
various Australian/Torres Strait populations (Marsh, 1986; Marsh et al., 1984c). Population simulations
(Marsh, 1986) indicate that even with the most optimistic combination of life history parameters, low
natural mortality, and no man-induced mortality, a dugong population is unlikely to increase at more
than about 5% per year.



Natural mortality

Population models indicate that natural mortality must be low for a dugong populationto be sustained
(Marsh, 1986). There is little information available on causes of natural mortality and no information
as to their relative importance. Dugongs bearing scars indicating that they have experienced and sur-
vived attacks by large sharks are occasionally sighted (Anderson, 1979; personal observation), and
fatal shark (Patterson, 1939; Bradley in Marsh et al., 1984c) and crocodile (unpublished data, 1988)
attacks on dugongs have been observed in northern Australia. Storm surges associated with cyclones,
such as that which devastated Bathurst Bay in 1899, can strand large numbers of dugongs (Marsh et
al., 1986); fortunately such events are probably rare.

Food and Feeding

Dugong food and feeding ecology have been reviewed by Lanyon et al., (in press). Analyses of
stomach and mouth contents indicate that seagrasses (families Potamogetonacae and
Hydrochantaceae) are their staple food and that they consume awide variety oftropxcal and sub-tropi-

the GBR Region as well.

It is not known how selective dugongs are in choosing food.

seagrasses found in the shallow inshore waters of th
have been sighted during aerial surveys (Marsh and S

incidentally.

When feeding on soft and delicate s
whole plant including the rhizome:
a silty plume to form in the wate

ive feeding trail on the seagrass bed and causing
t al., 1977; Anderson and Birtles, 1978).

Diving behaviour

As bottom feeders,
to breathe at freq
dugongs were digd
maximum of 400 sec. N gnd Rathbun (manuscript) obtained similar dive times fora dugong tagged
with a conventional radio-transmitter; on average this dugong spent 3.2% of its time at the surface
during their (daytime) observations. The radio-tracking studies indicate that dugongs spend much
more time at the surface at night (Marsh and Rathbun, manuscript).

) e time at or near the surface, although most animals surface
%s. Anderson and Birtles (1978) timed dives in Shoalwater Bay where

Given their essentially coastal distribution and dependence on seagrass for food, it is doubtful that
dugongs dive to any considerable depth. The deepest dive that | know of is an anecdotal account of
a diver meeting a dugong in 20m of water in a bed of Halophila spinulosa in western Torres Strait (T.
Skewes in Marsh, 1988). Halophila decipens is the only seagrass recorded at depths of greater than
11m in the GBR lagoon (Coles et al., 1987) where it has been recorded at depths of 68m (P.K. Arnold
in Lanyon, 1986). During aerial surveys in the GBR region, | have observed dugongs near the surface
in water up to 37 m deep (Marsh and Saalfeld, manuscript a).

Movements

As detailed by Marsh and Rathbun (manuscript), techniques were developed during this project for
tracking individual dugongs using buoyant, tethered, conventional and satellite radio transmitters, and
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subsequently applied to six dugongs caught in the GBR region. The dugongs (one immature, one
pubertal and four mature males) were caught by bull-dogging or hoop-netting and tracked for between
one and 16 months.

All spent most of their time in the vicinity of inshore seagrass beds using overlapping home ranges of
4to 23 km?. The only dugong to undertake Iong-distance movements was the pubertal male which
journeyed between core areas in two bays about 140 km apart three times in nine weeks, completing
the journey in as little as two days. One of the adult animals made several journeys about 10 km up
the tidal reaches of a creek. The results of the two dedicated aerial surveys of the region between
Cape Bedford and Cape Melville also indicate that dugongs undergo local movements (Marsh and
Saalfeld, manuscript a).

These results support the GBRMPA's policy of conserving dugongs by giving a high level of protec-
tion to some inshore seagrass beds that support large numbers of animals. However, the results also
indicate that it is important that such areas extend to both the seaward and landward margins of the
seagrass beds. For example, the movements of dugongs monitored byatellite in the Starcke River

dugongs (Figure 1). One animal made several journeys 10 km up
creek, indicating the need for complementary zoning of the tal arcfg.i
areas zoned to protect dugongs in the GBRMP.

144 45°' . 144 55°

14 35° —
Murdoch Is.
Dugong 3
1 l Dugong 4
A
A 144 55 Q"“\/
14 40 144 45° 144 50 \\.._/V\%O —
N

Figure 1. The seaward boundaries of the Scientific Research Zone and the Preservation Zone in the Starcke
River area are too close to the coast to protect dugongs as shown by the home ranges of four
mature males whose locations were monitored by satellite in the summer of 1987-88.

Abundance

During this project, procedures were developed for the large scale aerial census of dugongs (Marsh
and Sinclair, manuscripts a and b). Correction factors for perception bias (groups of dugongs visible
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in the transect that were missed by observers) and availability bias (groups of dugongs that were un-
available to observers because of water turbidity), and their associated coefficients of variation were
calculated as outlined in Marsh and Sinclair (manuscript a). The resultant population estimates are
probably underestimates because the standard used to correct for the number of dugongs which were
not available to observers due to water turbidity is likely to be conservative (see Marsh and Sinclair,
manuscript a).

As summarized in Table 1, surveys were conducted between the coast and the outer barrier reefs from
Dunk Island (17°59°S., 146°14°E.) at the boundary of the Cairns and Central Sections of the GBRMP
to Hunter Point (11°30°S., 142°50°E.) in the Far Northern Section, and over the inshore waters to about
20 km offshore in the remainder of the GBR region (Marsh and Saalfeld 1988, manuscripts a and b).

Table 1. Details of dedicated aerial surveys for dugongs conducted in the Great Barrier Reef region

1984-87.

Survey Date Area km®
Cape Melville to Cape Bedford Novembe584 7952
Hunter Point to Campbell Point April 1 15497
Hunter Point to Cape Bedford November 19 31288
Cape Bedford-Dunk Is 11528
Dunk Is -Cape Cleveland 5480
Cape Cleveland- Repulse Bay 6298
Repulse Bay - southern boundary 16090
of the GBRMP
TOTAL 94133
These surveys were pling intensities ranging from 7.9 to 12.2% and represent more
than 250 hours of fl

When the results of the Bys are summed (Table 2), the dugong population estimate for the GBR
Region is about 11,600 + 1170 animals, more than two thirds of which occur from Cape Bedford (near
Cooktown) north.

Distribution and Habitat Usage

Consistent with the results of the tracking studies (Marsh and Rathbun, manuscript) which indicated
that dugongs spend most of their time in the vicinity of inshore seagrass beds, about 60% of dugong
sightings on the dedicated aerial surveys were associated with known seagrass beds. This figure is
probably an underestimate reflecting our incomplete knowledge of seagrass distribution away from
the coast.

Between 1984 and 1988, Dr R G Coles and his co-workers in the Queensland Department of Primary
Industries mapped the seagrass beds in the inshore waters of the Great Barrier Reef Marine Park be-
tween the tip of Cape York and Water Park Point (22°56'S, 150°47’E). Because of the huge area in-
volved, this was a broad-scale mapping exercise in which the transects were spaced at 5 nautical mile

12



(9.26 km) intervals along the coast. Some small beds of seagrass have undoubtedly been missed from
the resultant maps, and it is likely that the areas of some of the other beds have been underestimated.

Table 2: Distribution and abundance of dugongs in the Great Barrier Reef Marine Park on the basis
of aerial surveys conducted between 1985 and 1987.

Area Number of dugongs Precision
(estimate + S.E.)

Far Northern Section (northern boundary 1 sighting only2
to Hunter Point)1

Far Northern Section (Hunter Point to 8110 + 1073 0.13
southern boundary) + Cairns Section

(northern boundary to Cape Bedforcl)3

Cairns Section (Cape Bedford to 6 sightings gty?

southern boundary)*

Central Section® 15300+ 2 0.18
Capricorn Section® 1947 9 0.19
TOTAL 559+ 1167 0.10

1 surveyed in November, 1987

2 too few sightings to estim bers

8 surveyed in November, Tg5

4 surveyed in Octo 1987

s surveyed i r,

The dedicated aerial surveys conducted for dugongs in this project were also designed to obtain a
large-scale picture of their distribution and abundance, and some minor dugong areas were undoub- .
tedly missed. Some have shown up in the incidental sightings (Spencer, manuscript). Much of the
region was surveyed only once. As both the results of the surveys (Marsh and Saalfeld, manuscript a)
and the tracking studies (Marsh and Rathbun, manuscript) indicate that dugongs undergo local move-
ments, our knowledge of dugong distribution in the region is still incomplete. Nevertheless, there is
very good agreement between the dugong and seagrass distribution maps in inshore areas (Figure
2), and | believe that most of the major dugong areas which merit consideration in the preparation of
zoning plans have been identified, unless dugongs use specialized mating and calving areas away
from seagrass beds.

Far Northern Section

The Far Northern Section has the highest area of inshore seagrasses in the GBRMP (about 750 kmz)
plus significant seagrasses on some mid-shelf reefs particularly in the Princess Charlotte Bay region

13



(Hopley, 1982). This is also the most important dugong area in the Park, with more than half the
dugongs in the GBR region. Dugongs are distributed all along this coast, especially in the sheltered
bays (Figure 2a). Dugongs also use the inshore and midshelf reefs in this Section, particularly the large
platform reefs such as Corbett Reef in Princess Charlotte Bay and the mid-shelf reefs near the Howick

Islands.

The Starcke River region which straddles the Cairns and Far Northern Sections of the GBRMP is the
most important dugong area in the Park. | estimate that about 20% of the region’s dugongs occur in
this area. The estimated area of seagrass in this region (129 km2) is almost certainly seriously under-
estimated (see Figure 4 and Table 4 below), especially at its seaward margin.

Shelburne Bay, Margaret Bay & Cape Gr ille

Temple Bay ' ;g_]

Lioyd Bay

Round Point to Friend

Friendly Point to UQg

Campb

Pi arlotte Bay inshore

Bathurst Bay & Flinders Group

Cape Melville

|||| DUGONG AREAS Starcke River Area
SEAGRASS BEDS Lookout Point to Cape Flattery

Figure 2a. The distribution of known major dugong and inshore seagrass areas in the Far Northern Section
of the GBRMP and the Cairns Section north of Cape Bedford. The distribution of dugongs sug-
gests that the seaward margins of some of the seagrass beds have been underestimated. Seagras-
ses also occur on the planar reefs in Princess Charlotte Bay (Hopley, 1982).
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Cairns Section

South of Cape Bedford, the Cairns Section has little seagrass (about 34 km?), and although dugongs
occur along this coast in low densities there are probably no areas of great significance. Dugongs are
occasionally sighted on the mid-shelf reefs in the Cairns Section.

Central Section

The estimated area of seagrass in the Central Section is 357 km?, and this Section is estimated to
contain about 13% of the dugongs in the GBR. Of particular importance are the sheltered areas such
as the Hinchinbrook Island area, Cleveland Bay, Upstart Bay and Edgecumbe Bay (Figure 2b). | know
of no reports of dugongs using the mid-shelf reefs in this region, but they are seen around some of
the offshore islands such as the Whitsundays.

Trinity Inlet

Rockingham Bay

Hinchinbrook island

Halifax B

Cleve

Upstart Bay

Abbot Bay

"Edgecumbe Bay

Whitsunday Group & Channel

Figure 2b. The distribution of known major dugong and inshore seagrass areas in the Cairns Section of the
GBRMP south of Cape Bedford and the Centrl Section. The distribution of dugongs suggests that
the seaward margins of some of the seagrass beds have been underestimated.

Mackay/Capricorn Section

The pattern of dugong distribution in the Mackay/Capricorn Section (Figure 2¢) is very similar to that
in the Central Section, and the estimated dugong population is about 17% of that in the GBR region.
The area of seagrass (186 kma) is underestimated as figures are not available from Water Park Point
south. The most important dugong areas are the Port Newry area (where the distribution and abun-
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dance of dugongs suggest that the area of seagrass is probably seriously underestimated), Liewellyn
and Ince Bays, Shoalwater Bay, Port Clinton, and Rodd’s Bay. Dugongs have occasionally been
sighted around some of the offshore islands such as North West and Lady Elliott.

Port New

Llewellyn Bay & Ince Bay W

Clairview 0
- N
¢ ' i l 5 A
) M &
U _
l‘!ﬁbat} iﬁ;l PO¥t Clinton
) N
Shoalwater Bay. ‘
l Water Park Point
[lll puGONG AS -

g W

Figure 2c¢. The distribution of known major dugong and inshore seagrass areas in the Mackay/Capricorn
Sectionof the GBRMP. The distribution of dugongs suggests that the seaward margins of some
of the seagrass beds have been underestimated. To date the area south of Water Park Point has
not been surveyed for seagrasses.

Group size

Although dugongs have been observed in tightly clustered herds of up to several hundred animals
(e.g Heinsohn, et al., 1978; Spencer, manuscript; personal observations), during our dedicated aerial
surveys in the GBRMP (Marsh and Saalfeld, manuscripts a and b), the largest group sighted was of
20, and only about 13% of animals sighted were in groups of greater than five. Sixty-one percent of

animals sighted were cow/calf pairs or single dugongs, suggesting that the cow/calf pair is the only
long-lasting social unit.
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The small mean group size seen on the surveys may have been an artefact of the survey conditions.
If a herd is loosely grouped, only a small portion of the herd may be seen at once from a low flying
aircraft, even in clear water. Also the dedicated surveys were always conducted when seas were calm;
most surveys were conducted in between September and November. Thus the group sizes observed
may not be typical of other weather conditions or times of year. Larger groups of 100 or so dugongs
are routinely observed in the GBRMP by Coastal Surveillance (Spencer, manuscript).

Assessment of Threats to Dugongs in the GBR region

Traditional hunting

The Great Barrier Reef Marine Park Act (Australia, 1975) does not refer to traditional hunting and fish-
ing interests or suggest that certain areas should be set aside for traditional use. However, the regula-
tions incorporated in Zoning Plans for the various Sections of the Park make provision for traditional
hunting in all parts of the Park except Preservation Zones, subject to a permit being granted.

GBRMP. The State Government's Community Services (Aboriginesf 84 exempts members of
an Aboriginal community residing on Trust Areas (formerl v fisheries legislation
provided the take is by traditional means for consumption e community; a similar
provision is contained in the Queensland Fisheries Act

ed in the inshore (Queensland)
waters of the GBRMP where most dugong hunting occurs. example, an Aborigine could theoreti-

(Cowal Creek, New Mappoon 3 ockhart River, Hopevale, Wujal Wujal, Yarrabah, and
Palm Island. There is no le i 'Wregion south of Palm Island (Figure 3). The extent of il-
legal hunting is unknown, cdotal evidence of Aborigines and Islanders hunting in Upstart

community occasio isi tives at Lockhart River to obtain dugong meat in exchange for al-

cohol.

Smith (see S arsh, in press) monitored the dugong catches of members of the Hopevale
community fo between 1984 and 1986, and the Lockhart River community for three months
in late 1985. Cat atistics are also available for Hopevale for 1987. The total catches were 74

dugongs over four years at Hopevale and 15 over three months (the major annual hunting period) at
Lockhart River. Smith concluded that the catch is unselective and well below the sustainable yield of
the population based on aerial survey estimates (Smith and Marsh, in press).

The recommendations concerning the management of traditional hunting developed by Smith (1 987)
and outlined in Smith and Marsh (in press) are currently being evaluated. This management system
involves a hierarchical list of management options. In increasing severity, they are:

(a) community dugong hunting permits;
(b) declaring current dugong hunting areas as ‘official’, hunting areas;
(c) closed seasons;

(d) quotas.

.
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Lockhart River
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Wujal Wojal
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t. Palm lstands

ed to hunt dugongs under

Figure 3. Aboriginal communities bordering the GBRMP
i for a permit from the GBRMPA

Queensland law. The members of these comm
to hunt dugongs within the Park.

This broad management system allows each co e covered by the same scheme but per-
mits flexibility to cater for the unique si exp@lenced at each community. It also allows for ap-

due to the low numbers of d¢gongi Wareas. Hunters from Yarrabah can hunt in Mission Bay
ithout a permit as Mission Bay is not included in the GBRMP.

een drafted for the Palm Island community. All are community hunt-
he hunting areas. There is a closed season for dugong hunting at Hopevale

There are no quotas.
Commercial gill netting

There is anecdotal evidence that dugongs drown in commercial gill-nets. The number killed is un-
known. The anecdotal information and my personal experience (Heinsohn et al., 1976) confirm that
several dugongs can be drowned in a single incident. For example, the local Fisheries Patrol Officer
informed me that at least seven and possibly up to 14 dugongs drowned in one gill-net set for mack-
erel in Hervey Bay (just south of the GBR region) in August 1986. There was a similar incident in the
same area in August 1988. The second incident resulted in a change in the local fishing regulations.
However, such incidents are fairly rare and more likely to occur to fishermen who do not know an area.
Fishermen who regularly operate in high density dugong areas typically develop strategies to mini-
mize the chances of dugongs tangling in their nets because of the resultant net damage.

In January 1989, the Queensland Fish Management Authority advised me that there are 227 fisher-
men in Queensland who nominated net fishing as their principal operation. The number of fishermen
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with net entitlements is much higher than this. Of these, 531 live in areas adjacent to the GBR region.
As many fishermen operate in several Sections of the GBRMP, it is not possible to assess the number
of fishermen who are likely to have the potential to catch dugongs incidentally in various areas without
access to confidential log book information.

Gill-netting for barramundi is banned under Queensland law from November through January to
protect stocks. In addition, under the GBRMP Zoning Plans, gill-netting has been banned from areas
zoned Marine National Park *A’ or higher, including some important dugong areas, especially in the
Far Northern Section (see Table 4 below). There is currently considerable debate among commercial
gill-netters and recreational fishermen about access to barramundi stocks in tourist areas. It is likely
that commercial gill-netting will be banned from some of these areas with a concomitant relaxation of
the use of foreshore gill-nets to target other species in the mouths of creeks during the barramundi
closure.

The dugong population of the GBR region (Table 2) is much greater than | had thought prior to the
start of this project, and | now consider that | probably over-estimated the.magnitude of the likely im-
pact of commercial gill-netting on dugong stocks (Marsh, 1987). Ho gnortality is still of great

concern to Aborigines and Islanders who understandably resent t eing restricted when
the problem of incidental capture of dugongs in gill-nets is st areas

It is probabily futile to attempt to obtain a reliable estimat gnitide of this incidental take, al-
though a study of the log books would give some idea lem in various areas. Fisher-
men are understandably reluctant to admit to drownffig en they know this to be illegal. A

more profitable approach would be for the relevant manag&gent authorities to supply the fishermen
with maps of high density dugong areas, and to emto avoid them in order to minimize damage
to their nets. It would also be advantageous to easures could be advised to discourage
fishermen from fishing in unfamiliar ar,

Shark-netting for bather protecii

ted o jor recreational beaches in Queensland since the mid
pport for this practice as a swimmer has never been attacked
led by Paterson (1979), shark meshing kills other marine ver-
tebrates inciuding d in the GBRMP, the combined toll of dugongs caught in shark nets at
Yeppoon, Mackz ville 28d Cairns from 1964 to date has been 456 (Table 3, and Queensland
arine statistics). Most were taken in the first years of netting. Annual
only 23 dugong catches for the whole region since July 1983. In view of the
gs killed in the early years of netting (e.g. 81 in the Townsville shark nets in
1964, Paterson, 1979), it would be inadvisable for shark netting to be introduced to other areas which
support large numbers of dugongs.

Table 3. Details of dugong catches in shark nets in the GBR region between 1964 and 1983 (Pater-
son, 1979 and pers. comm. 1984).

Location Total dugongs caught Maximum caught in
to July 1983 one year
Yeppoon 43 12 (1973/4)
Mackay 37 22 (1969/70)
Townsville 249 81 (1964/5)
Cairns 104 20 (1968/9)
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It is unfortunate that the shark meshing contractors are not required to record more information (e.g.
sex and body length) from the dugongs that drown in their nets. Useful life history information could
be obtained if the Townsville shark contractor were required to make dugong carcasses available to
the James Cook dugong research group.

Trawling

| know of only two instances of dugongs drowning in trawls and believe it to be a rare event. The most
serious impact of trawling on dugongs is likely to be habitat damage resulting from the trawl digging
up seagrass. Seagrasses are important as prawn nursery areas (Coles et al., 1987), and there has
been considerable pressure from within the industry to ban trawling from known seagrass beds for
economic reasons. Trawling is now banned from most of the important dugong areas within the GBR
region (it is allowed only in General Use A’ areas), and | believe that the remaining anomalies will be
rectified soon. As discussed below, there certainly needs to be a check on the boundaries of the
seagrass beds in some areas eg. Starcke River and Port Newry. The impact of trawling is also reduced
by seasonal closures.

Other habitat damage

Most species decline because of destruction of their habitat (Caughle d West (1982)
list several sources of potential habitat damage to seagrass beds

(1) turbidity increase associated with dredging, industrial or gan infl and eutrophication;

(2) toxic chemicals, hot water effluent, oil spills, sewerage and ¢ es in salinity.

whnsville and Cairns, habitat damage

Except in the areas close to major cities such as Gla
to seagrass beds per se in the GBR region is probably

dedicated aerial surveys ¢
dugong numbers in thj

mined.

| have investigated thé Bhship between the estimates of the area of seagrass and dugong num-
bers for 24 sites in the GBR region where Coles estimated the area of seagrass to be 10 km?. The
dugong population estimates for some of these areas should be regarded as very approximate as
they were based on few sightings. If two estimates of dugong numbers were available for an area, |
used the larger. The results (Table 4 and Figure 4) indicate that there is significant positive linear
relationship between the corresponding estimates of dugong numbers and seagrass area in the GBR
region (Spearman Rank correlation coefficient = 0.85; n=24; p.001). The most obvious exception to
the overall trend (Figure 4) is the estimated dugong population of the Starcke River region which ap-
pears to be too large, reinforcing my view that the area of seagrass in this region has been underes-
timated.

Table 4 also suggests some other patterns which are relevant to the assessment of the status of the
dugong in the Great Barrier Reef Marine Park:
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Table 3:Estimated dugong population and marine park zoning status of areas with more than 10km?

of seagrass in the Great Barrier Reef region. Three important dugong areas in the GBR region have
been omitted from this table: large mid-shelf reef in Princess Charlotte Bay (Far Northern Section),
Rodd’s Bay (Mackay/Capricorn Section) for which no estimates of seagrass are available and Port
Newry (Mackay/Capricorn Section) for which the estimate area is less than 10km?.

Location Location Area of Estimated Dugong Major Minor
boundaries seagrass' dugong density GBRMP GBRMP
km®  population® per km? Zoning® Zoning®
seagrass
Ear ion
Shelburne Bay, Margaret Bay & ,
Cape Grenville Red Cliffs to Cape Grenville MNPB EX
Temple Bay Bolt Head to Portland Roads GUB EX/MNPB
Lioyd Bay Cape Weymouth to Round Pt. GUB GUA/MNPA
Round Pt. to Friendly Pt. Round Pt. to Friendly Pt. GuB
Friendly Pt. to Campbell Pt. Friendly Pt. to Campbell Pt. MNPB
Campbell Pt. to Port Stewart Campbell Pt. to Port Stewart GuB
Princess Chariotte Bay Port Stewart to Bathurst Heads GuB
Bathurst Bay & Flinders Group Bathurst Heads to Cape Melville GUB  EX/MNPA
Cape Melville Cape Melville to Red Pt. Pz MNPB/EX/GUA
Starcke River Area* Red Pt. to Lookout Pt. SRZ  GUA/MNPB/PZ
Cairns Section
Lookout Pt. to Cape Flattery Loockout Pt. to Ca 0.67 36 337 EX
Cairns Inlet Ellie Pt. to False Ca 11.85 0 000 EX

Central Section

Rockingham Bay
Hinchinbrook Is.

12.99 151 11.62 GUA  GUB/EX
48.17 340 7.06 GUB GUA

Halifax Bay 2220 a7 212 EX

Cleveland Bay to Cape Cleveland 86.60 375 433 GUA  EX/MNPA
Upstart Bay rdekin River to Cape Upstart 58.31 380 6.52 GUB  GUAEX
Abbot Bay e Upstart to Cape Edgecumbe  29.42 177 6.02 EX

Edgecumbe Bay pe Edgecumbe to Gloucester Is. 24.38 208 853 GuB GUAEX

Whitsunday Grofp ioneer Pt. to Cape Conway 39.49 62 157 GUB  MNPA

Liewellyn Bay & Ince Bay Freshwater Pt. to Cape Palmerston  11.24 222 1975 GUB GUA
Clairview West Hill Is. to St. Lawrence Ck. 20.32 77 3.79 EX GUA
Shoalwater Bay Broome Hd. to Cape Townshend 48.36 560 11.58 GUB GUA/MNPB
Port Clinton Port Clinton 13.93 142 1019 EX

! Seagrass areas from R. G. Coles unpublished.
2 Based on the resuits of aerial surveys (Marsh and Saalfeld, manuscript a & b).

3 EX = excluded; GUA (or B) = General Use 'A’ (or 'B'); MNPA (or B) = Marine National Park ‘A’ (or 'B'); PZ = Preserva-
tion Zone; SRZ = Scientific Research Zone. .

4 Straddles boundry of Far Northern and Cairns Sections.
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(1) The density of dugongs per area of seagrass tends to be higher in the Far Northern Section than
in the remainder of the GBR region. This is true even when corrected for the size of the seagrass
bed(s) (Figure 5).

(2) Some areas in the Far Northern Section have a high density of dugongs even though they are
subjected to traditional hunting (Starcke River area, Lioyd Bay, Temple Bay), and gill netting (Prin-
cess Charlotte Bay).

(3) Five of the six seagrass areas with the lowest density of dugongs have high boat traffic: Cairns
Inlet, Whitsunday Group and Channel, Halifax Bay, Lookout Point to Cape Flattery, Cleveland
Bay. The other such area is Clairview (Table 4). Aboriginal dugong hunters have frequently told
me the dugongs do not frequent areas with noisy boats.
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Figure 5. The density of dugongs per area of seagrass in areas of seagrass of comparable size in the Far
Northern Section and the remainder of the Park.

Evaluation of current zoning

Given the estimated slow rate of change in dugong numbers, the effects of the current differences in
marine park zoning of the 27 major dugong areas (Table 5) are unlikely to have had a significant im-
pact on dugongs as yet. However, it is very obvious from Table 5, that the level of protection afforded
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important dugong areas is unevenly distributed in the various regions of the Park. In particular, there
is no major dugong area south of the Starcke River which has been given Marine National Park status
or higher. Because it will not be possible to confirm the status of the dugong populations within the
GBR region for at least a decade (see below), | consider that it is important that at least one such area
be protected in this way. If the dugong is sensitive to boat traffic as the results in Table 4 suggest, it
will also be desirable to carefully manage tourist development adjacent to important dugong areas in
the Far Northern, Central and Mackay/Capricorn Sections of the Park, and to minimize development
adjacent to prime dugong habitats such as the Starcke River area.

Table 5. The present zoning status of the major dugong areas in the GBRMP (Figure 2). The figures
are the number of dugong areas in each Section with the relevant zoning status. When a dugong area
includes more than one zone, the zoning status of the area of highest dugong density is used. The
Starcke River area which spans the boundary of the Cairns and Far Sections is included in
the Far Northern Section.

SECTION PZ/SRZ’ MNPB MNPA B GUA EX
Far Northern 2 3 6

Cairns 2
Central 4 2 2
Mackay/Capricorn 3 3

! pZ=Preservation Zone; SRZ i o¥arch Zone; MNPA/B = Marine National Park 'A’/'B’;

GUA/B =General Use 'A’/'B’;

Future monitoring of dug num

As outlined above, d gs argiiong-lived animals with a natural rate of increase which is unlikely to
w natural mortality and no anthropogenic causes of mortality. Under

expected to be Tt

When desighing a monitoring program for a vulnerable species such as the dugong, the consequen-
ces of failing to pick up a declining trend are more serious than the consequences of deciding that a
declining trend is occurring when it is not. Thus it is particularly important to consider Type 2 statis-
tical errors. If this expected slow rate of dugong population change is to be monitored within an ac-
ceptable range of statistical error, the precision of the population estimates will have to be high. Under
a constant intensity of sampling, the precision of a population estimate improves as the size of the
survey area is increased as evidenced by Table 2 (see also Tables 4 in Marsh and Saalfeld, manuscripts
aand b). Thus future surveys for dugongs in the GBRMP should cover large areas e.g. the whole
region north or south from Cape Bedford. October-November is the only time of year when weather
conditions are likely to be optimal for a period long enough to survey such large areas adequately,
making it unrealistic to plan more than one survey of the area in any one year. (It would not be logis-
tically feasible for the same crew to survey the whole reef region in one October-November period
using the designs used in this study).
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Gerrodette (1987) outlines procedures for estimating the minimum number of samples required to
detect a trend in numbers using linear regression. His technique has been used to investigate how
long it would take to detect with acceptable levels of confidence that a dugong population which was
decreasing at 5% per year was in fact declining i.e. that the slope of the regression line was significant-
ly less than 0. The following assumptions were made:

(1) improvements in survey design would increase the precision to 11%;

(2) the coefficient of variation is inversely related to the square root of abundance as predicted for
strip transects by Seber (1982). The probabilities of a Type | error ¢ and a Type Il error g were
both set at 0.05.

It is estimated that it would take 9 years of annual surveys, i.e. ten surveys, to be able to detect such
adecline with 95% confidence. Meanwhile, a dugong population declining at 5% per year would have
been reduced to 63% of its size at the time of the first survey. A preliminary indication of such a trend
could be obtained more quickly by allowing « and/or g to assume larger values. Of course, a more
rapid decline would be detected more quickly with the same frequency of su

y of sampling
2 effective rate

eliminate sampling in areas where ugongs were sighted in the 1984-1987 and which contain no
suitable habitat). The cost eMctivenesof surveying areas of low dugong density will depend on the
value to the Authori i ig¥ obtained about the distribution and abundance of sea turtles
(Marsh and Saalfelg S@nd in prep a) and cetaceans (Marsh and Saalfeld, in prep b). ‘

Information on dugo Os obtained from the Q.NPWS monitoring program should be collated
in a data base to provid€ additional information on dugong habitat usage. However, these data will
not be suitable for documenting population trends.

Future research

The research to date suggests that the most appropriate strategy for conserving dugongs is to protect
their seagrass habitats and to minimize man-induced mortality in areas of high dugong density. The
success of this strategy will be lessened if dugongs use specialized mating and calving areas which
are not associated with seagrass beds. Long-term monitoring of adults fitted with combined conven-
tional and satellite transmitters as developed by Marsh and Rathbun (manuscript) is required to deter-
mine this. It would be profitable if this research were carried out initially in areas where dugongs occur
in clear water e.g. Moreton Bay near Brisbane. The research should then be extended to key areas in
the Far Northern Section of the Park. It would be particularly useful, if time-depth recorders could be
attached to the radio-tracked animals to document the proportion of time individual dugongs spend
at the surface so that the proportion of animals which are unavailable to observers due to water tur-
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bidity availability bias) can be estimated more accurately. This would lead to more accurate popula-
tion estimates and allow a better evaluation of the status of the dugong within the GBRMP.
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RH: Correcting Bias in Surveys- Marsh and Sinclair

CORRECTING FOR VISIBILITY BIAS IN STRIP TRANSECT AERIAL SURVEYS

OF AQUATIC FAUNA

H. MARSH, Zoology Department, James Cook University, Townsville,
Queensland 4811, Australia

D.F. SINCLAIR, Department of Statistics, Universi @ stle, New
South Wales 2308, Australia

Abstract: We develop methodology for corrglting sibility bias by

calculating and applying survey-specific corr®@gtion factors in strip

transect aerial surveys of aquatic fa incorporating their

associated errors into the pogh imate. The technique is

applicable at all densitigl o get species. Perception bias (the
proportion of groups the Qgrget species that are visible in the
transect yet missqg by oDRervers) is corrected for using a modified

Petersen estigh ed for each of 2 teams of 2 observers with 1

team on eith bf the aircraft. Within a team, each observer reports

their uncolluded observations into a separate track of a 2-track tape-
recorder, so that after the survey, each group can be characterized as
being seen by only 1 (spécified) or both members of the team. A
correction factor is also suggested to standardize for the proportion of

animals which are unavailable to observers because of water turbidity.

J. WILDL. MANAGE. 00(0):000-000
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aerial surveys, aquatic fauna, dugongs (Dugong dugon), survey-specific,

correction factors, visibility bias.

Aerial surveys have been used to éstimate population sizes of
wildlife since the late 1940’s (Caughley 1979). The technique has been

plagued by the problem of "visibility bias" resultj om animals being

missed by observers. Caughley (1977:35) presen pf data from a

wide range of wildlife surveys showing tha (Winusual for 50-60%
of animals to be missed. There are 2 ¢ ori missed animals: those

that are potentially visible to obgervers are not seen (perception

bias), and those that are not avai

concealed by other animals t il
bias).

Caughley (19794 argud§ that aerial survey estimates are most useful

observers because they are

, or turbid water (availability

as indices tracQing refNative density over time, because the bias becomes
is held constant by rigid standardization of

the transect width and the height and speed of the

aircraft, and the repeated use of the same survey crew. It is, however,
impossible to standardize many other factors that influence visibility
bias. Factors such as variable vegetation density, water turbidity, time
of day, weather conditions, group size, behavior, and distribution of the
target species have major effects on the number of animals sighted in
aerial surveys (Bayliss and Giles 1985, Hill et al. 1985, Packard et al.
1985).‘As such factors have repeatedly been shown to vary even between
repeat surveys of the same area, we believe that it is important to
develop survey-specific correction factors to correct for perception and
availability biases if absolute population estimates are required, or at
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least to standardize for these biases if trends in numbers are being
monitored.

The Petersen mark-recapture model has been used by Henney et al.
(1977), Magnusson et al. (1978), Grier et al. (1981), Caughley and Grice
(1982), Bayliss (1986), and Eberhardt and Simmons (1987) to develop a
correction factor for "visibility bias" (sensu perception bias as defined
above). In the technique used by Caughley and Grice (1982) and Bayliss

(1986), the target species was counted independently j observers

scanning the same strip transect. The first o
which then might or might not be seen by
second observer saw groups of animals in 2 caMygories: those that were
"marked" and which he "recaptured" an hat were "unmarked". As

detailed in Caughley and Gricg ese data were then used in

equations derived from t ete timate to estimate the probability

of a group being seen

the basis of a co

factor could then be applied to counts obtained in subsequent surveys of
the same target species on the assumption that the bias did not vary
between surveys. This assumption is unwarranted as discussed above.

There are 2 additional problems with the techniques described by
Caughley and Grice (1982) (Pollock and Kendall, 1987). It assumes that
all animals are equally catchable and that there is no difficulty in
deciding which animals were seen by both observers. The first assumption
is clearly violated. Animals that are unavailable to observers have a
zero probability of being caught. Bayliss (1986) dealt with this problem

by limiting his counts to groups of dugongs (Dugong dugon) on the water
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surface and assuming that all of these were equally available. He then
used a theoretical correction for submerged dugongs to yield a total
population estimate. If the only animals seen on a transect are under the
water and therefore not scored, this technique can lead to serious biases
in both relative and absolute population estimates, and in density
distribution maps. This problem is compounded by other sources of
sighting heterogeneity such as group size and glare off the surface of

the sea.

A more reasonable assumption would be th
equally catchable. There may be problems wi
as the search images of tandem observ

marking and recapturing occur at

transmitted to both observers woul
If this is so, their speci@l
will have a correlati pp

population estimat 82).

jfficulty in deciding which animals were seen by
both obserge 1y if the population is dense) means that the
technique Q Tey and Grice (1982) and Bayliss (1.986) is applicable
only at very Tow densities of the target species. These authors divided
each transect into 5-km units, separated by a 7-second pause during which
the counts for the last unit were recorded. If both observers recorded a
group of animals in the same time slot, it was assumed to be the same
group; this procedure is also likely to bias the population estimate
negatively.

We develop procedures for using this tandem observer technique to
develop survey-specific correction factors for perception bias, even in
areas of high animal density. Procedures are also outlined to standardize
for availability bias in aerial surveys of large, aquatic animals such as
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dugongs, and to incorporate the errors in the correction factors into the
standard error of the final population estimate.

We thank the Great Barrier Reef Marine Park Authority for supporting
efforts to improve dugong aerial survey technique. Earlier versions of
this manuscript benefitted from the comments of P. Bayliss, G. Caughley,

R.E. Jones, J. Kerr, and an anonymous referee.

SURVEY PROCEDURE

Our procedures were developed for large sca

northern Australia. We flew a twin-engine Pa

km/hour along predetermined transects. T ilot, ront-right survey
Teader, 2 mid-seat observers, and 2 gear-seat Wgservers comprised the

survey team. The middle and rear-seat s on the same side of the

N

Data were redyrded bR the survey leader using an Epson HX20 portable

computer (Ep na ogrammed as a data logger and timer, and
equipped wit Q er that produced an immediate hard copy of the data.

The rear-seat observers reported their sightings to the survey leader via

aircraft formed a tandem tean

he same (200-m wide) strip

transect defined by trangft attached to (artificial) wing-

struts.

a 2-way intercom system connected to 1 track of a 2-track tape recorder.
The mid-seat observers were visually screened from the rear-seat
observers with a curtain and acoustically isolated from the other crew
(apart from each other). They reported their sightings into the second
track of the tape-recorder. The arrangement and duties of the crew are
summarized in Figure 1.

A11 reports from observers were in standardized format;
e.g. dugongs: group size, number of calves, number at the surface,

position of sighting in the transect.
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The top (furthest from aircraft), middle, and bottom thirds of the
transect were color-marked on the artificial wing strut. The position of
the sighting in the transect was recorded to increase the probability of
‘distinguishing between different sightings reported simultaneously by
both members of a tandem team.

Surveys were carried out only in fine conditions and in calm seas (<
Beaufort 3). The surveys were timed to minimize glare off the surface of
the water associated with a Tow or midday sun.

After the survey, the tape record of each 4r3d s used to check
and edit the computer records, so that eachg®ig g ®ld be coded as
being made by 1 (specified) member or mem f a tandem observing
team. The reports of team members were dee to be different if they

were unambiguously distinct (usual pn) or if they were separated

by >5 seconds. Discrepancie Wn Qual sightings of the same group

were also noted.

CORRECTING FOR @&RCEP BIAS

—
]
f-’-
(95

3

il

s seen by the mid-seat observer only,

S =

and b = number of groups seen by both observers.
This fits into the framework of the Petersen mark-recapture model, in
which the (S, + b) groups seen by the mid-seat observer are "marked", and
b of these groups are "recaptured" by the rear-seat observers. The
Petersen estimate (Seber 1982) for the total number (N) of groups

available to the observers is:

A (Sy + b)(S. + b)
N = ; : (1)

For given observed numbers (S, + b) and (S. + b), b has a
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hypergeometric distributidn (Seber 1982) and the estimated variance (var)
of ﬁ is
SpS (S, + b)(S. + b)

var (N) = . : (2)

A
Chapman (1951) showed that N is biased and proposed a modified

estimate,
A (S, + b+ 1)(S. + b+ 1)
N = -1,
b+1 '
which is unbiased for (S, + S. + 2b) > N. Seber (19

A S$aS (S, + bl 1) ( + 1)
variance of this modified N as
| ( b +40)
This variance estimate is also unbiased 40r + + 2b) > N. The
results of all of our dugong surveys e 1) Yatisfy this condition,

A
and the modified N has optimal 1 properties as an estimator of

the total number of groups o 'the observers. Although slightly
biased, the estimates o
adequate for our purpo

A
The important Wgint recognise is that N is an estimate of the

that it is clear which groups are seen by both observers, the main
assumption being made is that all available groups of animals are equally
catchable. |

‘Our survey results suggest that this assumption is‘not unrealistic
fér dugongs. In an experimental evaluation of aerial survey techniques
during which 341 groups were sighted, Marsh and Sinclair (in press, Table
3) used log-Tinear models to show that the chance of an observer missing
a group of >5 dugongs was not significantly different (p > 0.43) from

the chance of missing a smaller group. Three of 4 observers missed a
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group of > 10 dugongs (1 occasion each).
The number of groups observed by the tandem team is (S, + S, + b).
It is convenient to write ﬁ as
(S, + b)(S. + b)

N=(S, +5S +b) . ,
b(S, + S. + b)

(S, + b)(S. + b)
and regard as the perception correction factor, to be
b(s, + S. + b)

app1ied‘to the number of groups observed to estimate the true number of

groups available to the observers.
Qsing the delta method (Seber 1982), thgfappro variance of the
perception correction factor can be showgPto '

S.S. (S, + b)(S, + b)(S, + S.)2

b* (S, + S, + b) '
Thus the approximate coefficj fWariation of the perception factor

(Cp) is

S.S

m-r

(3)
b(S, + b)(S, + b)

Perct @ rrection factors for the port and/or starboard teams on

various dugong surveys range from 1.02 to 1.20 (Table 1). The perception
correction factors obtained for Moreton Bay (Table 1) were compared
empirically with those that would have been obtained using the recording
technique of Caughley and Grice (1982) and Bayliss (1986) by dividing
each transect a posteriori into a series of 97-second sampling units,
each unit representing an area of 2 km® at a survey altitude of 137 m. If
each member of a tandem pair recorded a group of dugongs in the same
unit, it was assumed to be the same group regardless of the timing of the
observations. Use of sampling units rather than the 2-track tape-

recorder resulted in underestimation of the correction factors for the
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observing teams by 2.9 and 4.5%. Use of the 2-track tape-recorder clearly
reduces errors in deciding which groups have been sighted by both

observers.

CORRECTING FOR AVAILABILITY BIAS

The major source of availability bias in aquatic surveys is water
turbidity. Conditions can range from extremely turbid so that only
animals on the surface are -available to very clear w 1 animals are
potentié]]y visible.

Let BS be the proportion of observed anigfls thé®Surface in an

R A
aerial survey over clear water and p, th opor een at the surface

in a second survey over more turbid water. Th®g assuming that the
proportion observed at the surface i dent of the observer (as
suggested by our data [Marsh r in press]), and that 35 is a
1‘ imals at the surface for all

habitats and under allyysurvé@yconditions, 3u/ﬁs would be an index of the

—

valid estimate of the pr

ime of the second survey which could be used as

A A A A

Py 1 Pl -p) P2 p(1-p)
var = . + .

A A

ps 652 Nu ps4 NS

where N, and N, are the sample sizes on which ﬁu and ﬁs are based. The

approximate coefficient of variation of the availability correction

factor is
| 1-p, 1-5,
Cs - A + : (4)
PN, PsN
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In view of its untested reliability, this correction for
availability bias is best considered as a means of standardizing
fluctuating availability bias for repeat surveys of the same area under
conditions of varying water turbidity.

Most of the dugbngs sighted in Marsh and Sinclair’s (in press)
experimental evaluation of dugong aerial survey techniques in Moreton Bay

were in extremely clear, shallow (<5 m) water over white sandbanks

recording the position in the water c of gs in larger groups.

There was, however, very good agregment be n observers in their
reports of how many dugongs in gr%S were at the surface. This

proportion (80/480 or 16.74® gnificantly different from that
obtained independentlyrom al color photographs of dugongs (68/486
or 14%) that have n ta under excellent conditions on the same

sandbanks on oiQer occ&ions.

21
0 Q

aerial survey experiment. Further, assuming that this proportion is valid

‘We teg

pose 80/480 as an unbiased estimate of the

proportio bngs at the surface in Moreton Bay at the time of our

for all habitats and at all times, it can be used as the estimate for 33
for surveys of dugongs over shallow waters when the sea is calm. These
conditions apply to most dedicated aerial sightings of dugongs in
northern Australia.

Availability correction factors for the port and/or starboard team
have been calculated for various dugong surveys using 80/480 as the
estimate for 35. The estimates range from 1.06 to 3.08 (Table 1). These
have proved a successful means of standardizing the availability bias;

population estimates obtained from repeat surveys of the same area under
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different weather conditions are within about 10% of each other (Marsh
and Saalfeld, in press). The proportion of dugongs on the surface used as
the standard for these estimates of the availability correction factor
(16.7%) is greater than the 1.9% obtained from shore-based observations
in muddy water by Anderson and Birt1es'(1978).Hence, it is Tikely that
the population estimates listed in Marsh and Saalfeld (ih'press) that are

based on the correction factors for availability bias in Table 1 are

conservative. A more accurate assessment will requir data on dugong

diving and surfacing under different environment

APPLICATION OF CORRECTION FACTORS
The following steps convert counts of gr@®gps of the target species

obtained during strip transect aeria to population estimates:

(1) Classify each group as bg Wperfed by 1 (specified) member or

both members of the ro andem team.
(2) Calculate the megg groumysize for the whole survey area at the time
of the surveygand tMy standard error of the group sizes.

(3) Calcula

specific perception correction factors (1 for
each ta ) and availability ﬁorrection factor as detailed
above.
(4) Calculate for each transect the total number of groups sighted by
the members of the port and starboard tandem teams, respectively.
(5) Obtain the corrected number of animals per transect as follows:
multiply each of the 2 values in step (4) by
(i) the appropriate perception correction factor to obtain the
Petersen estimate for the number of available groups;
(ii) the availability correction factor and
(iii1) the mean group size of the target species in the survey

area;

43



Marsh

(6)

then sum the 2 corrected values for each transect.
Use the corrected number sighted for each transect and, if
necessary, the Ratio Method (Cochran 1963, Jolly 1969, Norton-
Griffiths 1978, Caughley and Grigg 1981), toVestimate the population
size and its associated sampling variance- The ratio method allows
for transects of different sizes and is applied as follows. Let

T = total number of transects that could be fitted into

the census zone,

t = number of transects sampled,

A = area of census zone,

a = area of any 1 transect,
= total corrected numbgr of aniWals counted in that transect,

estimated size of th ion in the census zone,

= the ratio of, e@ed number of animals counted to the
area searchegf= Zy/ %

5,2

x> <> <
il

var@ance ween the corrected number of animals counted

on tranRucts

- (5y)?
t

S,%2 = variance between the areas of all the transects,

— —

1 Za? - (Sa)?
t-1 t ’
S. . = covariance between the corrected number of animals

ay
counted on a transect and the area of the transect,
1 Zay - (Za)(Zy)
= ;?I . ____;___
and $2 = sampling variance of v,
A

A
Then ¥ = A . R,
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(7)

densi

and $2 = T(I—t) . (5,2 - 2Rs,, + Res.?)

Calculate the total variance of the density or population estimate
by adding the errors due to the estimation of the mean group size
and the correction factors to that due to sampling variability in
step (6). Following Jolly and Watson (1979), thié gives an .
approximate variance of the total population estimate of

A A
S2 4V 2(C4% + Cop? + 02) + Y 2(C,2 + €2 + C,2) (5)

and starboard observing teams resp
variation (standard error/mean) e mean group size; C,, and Csp

are the respective coeffi s offvariation of the perception

correction factor for Mct for the port and starboard teams

as given by equati ; anOWC, is the coefficient of variation of
the availability ecti®h factor, equation (4). The standard error
of the popula est¥mate and associated confidence intervals are

then re W ained.

Parallel ations can be performed to estimate the population

ty, its standard error and associated confidence intervals. As Jolly

and Watson (1979) stated, implicit in equation (5) is the assumption that

the correction factors are mutually independent and also independent of

the s

urvey observations. As the correction factors are based on the total

counts for an entire survey, they would not be expected to be correlated

with

the observations from individual transects. OQur data indicate that,

at least for dugongs, the perception correction factor is not correlated

with

the availability correction factor (r = 0.264, 11 df; p > 0.20) or

the mean group size (r = 0.174, 11 df; p > 0.50). However, the
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availability correction factor is correlated with mean group size (r =
-0.864, 5 df; p < 0.01). It must be remembered that we are dealing with
approximations; we are confident that equation (5) provides a more
realistic approximation of the estimated variance of the population size
than that obtained by ignoring errors in the estimated correction factors

(i.e. simply S2).

ASSESSMENT OF PROCEDURES

The system of using 2 teams of tandem obs & track tape-

recorder and a micro-computer has advantag preWrous methodologies.
Survey-specific correction factors co ate isibility biases that

cannot be eliminated by a rigid standardizaWgon of procedures, such as

fluctuations in the biases due to S », glare, cloud cover, and
water turbidity. Survey-spg yrifection factors also reduce the need

to use the same observ f

when the population is dense. All observations of
the targef & within the transect by both'members of each tandem
team are used in the final population estimate and in the calculation of
the correction factors. This reduces the biases, especially when the
population is sparse.

The system also has some disadvantages. This procedure requires a
crew of 6 (Fig.1). Provided that trained observers are available, this is
not a disadvantage in marine surveys where 2-engine aircraft are required
for safety reasons. However, it could result in a substantial increase in
cost when a twin-engine aircraft is not mandatory. The system can be

modified for a 4-seater aircraft with a tandem team on the right side of

the aircraft only, along the lines suggested by Caughley and Grice
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(1982). However, the rear-seat observers should alternate to and from the
right side of the aircraft to form a tandem team with the observer in the
front right seat, so that the correction factors for perception bias can
be calculated separately for each rear-seat observer.

We used a tandem team on 1 side of the aircraft when training a new
observer (Marsh and Saalfeld, in press) with 1 trained observer and the
trainee on the other. During training, the intercom system was switched
so that the trainee could hear the reports of his co aart on the same
side of the aircraft. This system greatly reduce Q

train reliable observers.

required to

The major disadvantage of using our tem -seater aircraft
would be that there would be no room,for a suMgey leader as defined in
Figure 1. Many of the survey leader’ (e.g. checking the position,
height, and speed of the air uNy be unnecessary when using a
trained pilot (particula ap with scientific training) in an
aircraft equipped witfpa ra altimeter. It would not be possible,
however, to obtaifga compRter record of the sightings of the rear-seat

the pilot were acting as observers. The

observers if
computer recW replaceable as a back-up in the case of tape
recorder failure. Our computer also has an inbuilt printer that gives an
immediate hard copy of all entries, preventing undetected computer
malfunction.

Another disadvantage of our system is that all the voice tapes have
to be listened to in real time after the survey to record the sightings
of the mid-seat observers. These sightings then have to be edited on to
the computer files. In all, this involves an estimated 2 hours of work
for every hour of survey time. The resultant additional cost is

nonetheless minor in comparison to the cost of the aircraft charter.

On balance, it is considered that this methodology overcomes many of
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the problems of previous mark-recapture survey methods, especially for .
surveys of aquatic fauna. The problem of determining whether a group was
seen by 1 or both members of a tandem team has been solved by the use of
the 2-track tape recorder, and the system of recording the position of
groups on the transect. This makes the method useful even when the
density of the target species is high. Even though the problem of the
correlated search image of tandem observers has not been eliminated, its

impact is minimized by the steps taken to reduce heterogeneity

such as limiting the surveys to days when the and the weather

fine, and timing them to minimize glare o urfa®® of the water.

1 and environmental

biases, the development of technigyes to es®§mate survey-specific

correction factors to compensate %tua] and availability biases
u

should find application i @ eys of other species.
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LEGEND TO FIGURE:

Fig. 1. Diagrammatic representation of the arrangement and duties of the

crew used to aerial survey dugongs in Australia.

51






.

Table 1: The groups sighted and the perception and availability correction factors developed for various aerial surveys for

dugongs in northern Australia. Except where indicated, all counts were made from a survey height of 137 m. CP is the

coefficient of variation of the perception correction factor (eq 3), G, is the coefficient of variation of the

availability correction factor (eq &) and Cg is the ratio of the standard error to the mean of the group size.
Survey date Blocks Side of No, of groups of dugongs counted A Correction for Correction for X group
aircraft mid-seat only rear-seat only both N perception bias availability bias size
Sy [€J%) b) (Cp) (%] (Cg)
orthe ection and northern part of the Cairns Section of the Great Barrier Reef Marine Park
Apr 1985 S . 10 - 7 12 34.83 1.20 (0.069) 1.95 (0.19) .57 (0.07
Nov 1985 area 1 P 36 18 58 123.17 1.10 (0.019) 2.62 (0.12) .47 (0.04
s® 16 18 30 73.60 1.15 (0.035)
area 2 P 5 3 12 21.25 1.06 (0.028) l.44 (0.23) .53 (0.09
S 2 3 15 20.40 1.02 (0.009)
Northern-half of the Central Section of the Great Barrier Reef Marine Park
Sep 1986 P 8 6 11 5) 3.00 (0.17) .29 (0.10
S 5 2 7 057)
Mackav/Capricorn Section of the Great Barrier Reef Marine Park
Nov 1986 P 5 8 .032) 3.08 (0.15) .35 (0.13
) S 5 5 18 . . .018)
Torres Strait
Nov 1987 P 12 23 104.25 1.04 (0.009) 2.72 (0.12) .39 (0.05
s* 18 9 46 90.43 1.09 (0.019)
Moreton Bay (south east Queensland)
Jun 1985 P 17 50 92.46 1.08 (0.016) 1.06°(0.14) .08"(0.14)
s® 1 28 48 .86 1.06 (0.018)
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Abstract

Some factors which affect the aerial counts of dugongs and sea turtles were
examined experimentally. There was no significant difference in the observed density of
dugongs when survey height was doubled from 137m to 274m with an accompanying
doubling of transect width on either side of the aircraft from 200m to 400m. In contrast,
a significantly higher density of turtles was observed at the lower height/narrower
transect width. Neither the higher level of g‘iére on the exposed side of the aircraft, the
time of day, nor the time from high tide made a significant difference to the observed

densities of dugongs or turtles. The survey crew includg Npdem team of two

observers on each side of the aircraft who reported t a¥l observations into

separate tracks of a two-track tape-recording s dllowed the reports of
tandem observers to be compared in order sess rver reliability. Overall,

observers missed over 40% of dugong grogmg.and oveW80% of turtles visible within the

group of dugongs was independex

tandem observers about th nti

water column. However QbserveNydiffered markedly in their categorization of dugong

behaviour and in thé&\countsWf animals (particularly dugong calves) in larger groups.
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Introduction

The range of the dugong, (Dugong dugon), in Australia extends along about 15000
km of coastline, and beyond 58 km from the coast in some areas. Aerial survey is the
only feasible method of censusing dugongs over such remote and extensive areas.
However, the technique is inaccurate and often provides gross under—estimates of animal
numbers (Caughley et al. 1976). Consequently, Caughley (1979) has argued that aerial
survey estimates are probably most useful as indices for tracking relative density over

time. For this purpose, an important requirement is that su Qcdures be rigidly

standardized.

Aerial survey procedures for dugongs are still bei opgg. Early surveys (e.g.

Heinsohn et al. 1976; Anderson and Birtles 19 owne al. 1981; Elliott 1981;
Marsh et al. 1981; Prince et al. 1981; And e essentially qualitative, their

ugong density.

main use being to identify areas of relatjye
Because of the extemsive dis \@
quantitative surveys (Baylis 86; Wga

1) to survey kangaroos in the outback. However,

of®dugongs in Australia, the first two

1986) used a strip transect technmique,

cedures used in the dugong surveys. Mérsh (1986)

aircraft on the basis of a preliminary experiment which showed that the observed density
of animals (based on the combined sightings of dugongs, dolphins and sea turtles) was
significantly greater with the 137m/200m survey regime than with the 274m/400m
regime. Flying at the lower height/narrower transect width doubles the survey time
needed to achieve the same sampling fraction. This cost differential is substantial given
the vast areas to be covered and the high sampling intensity required to achieve a useful
index of density. (The population estimates of both Bayliss and Marsh had a precision
(standard error/mean as a %) of about 18% at a survey intensity of about 7%).

In fhis paper, the effect of survey height/transect width on the sightability of
dugéngs has been re-examined in an experiment which also tested the effects of glare off
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the surface of the sea, time of day, and tidal cycle on observed dugong density. Other
large marine vertebrates were also counted during the experiment allowing parallel
questions to be addressed with respect to sea turtles (probably green turtles, Chelonia
mydas).

The survey crew included a tandem team of two observers on each side of the
aircraft who reported their uncolluded observations into separate tracks of a two—track
tape-recording system. This allowed the reports of tandem observers to be compared in

order to assess observer reliability.

Methods'

- Design

" The experiment involved flying eig er a small part of Moreton Bay

and 8, 1985. Plans to run the efQ

to unsuitable weather on

plan was defifg

tables: .

(1) the starting transect (T1, T2, T3, T4, T5, T6, T7 or T8);

(2) the direction of travel for the starting transect (west or east) which defined the
direction of travel for all subsequent transects as each transect after the first was

flown in the opposite direction to its immediate predecessor;

(3) the direction of movement between successive (adjacent) transects (north or south);
and

(4) the height at which each transect was to be flown initially (137m or 274m). The
second time each transect was flown, it was done at the alternative height and in

the opposite direction.
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Thus each transect was flown at each height on each day, once in an easterly
direction, and once in a westerly direction. Direction of the aircraft determined the level
of the factor glare on each side of the aircraft. Operational constraints necessitated

confounding height and glare.

Survey Technique

All transects were flown at a ground speed of 185 km per hour (100 knots), the
slowest speed the aircraft (a Partenavia 68B) could safely maintain within the rangé of
acceptable wind conditions. |

The survey team comprised a commercial pilot W dugong survey

experience, a front-right survey leader, two mid- rvegs, and two rear—seat

observers (see Fig. 1 in Marsh and Sinclair, 1989 tea bers occupied the same
seats thfoughout the experiment. .The mid d rear observers on the same side of
the aircraft formed a tandem team searchi e Wme transect. All observers had

was 200m on eit a¥of the aircraft at the survey height of 137m; 400m at 274m.

Thé rc;ds wefe pbsitioned spééiﬁcally for-each rear—seat observer and checked empiriéa,lly
- prior to the survey as outlined by Norton—Griffiths (1978). During this check it was also
confirmed that the transect width scanned by both the observers in a tandem team was
similar. Tape was placed on the windows of the aircraft to ensure that each observer
kept his/her head in the correct position during flight (see Norton—Griffiths, 1978).
Within the constraints imposed by these marks, each observer adjusted his/her viewing
angle to minimize the effect of glare. All crew members wore identical polarized
sunglasses.

Data were recorded by the survey leader using an Epson HX20 portable
micro-compﬁter programmed as a data-logger and timer, and equipped with a printer
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which p_roduces an immediate hard copy of the data. The time of entry for each
observation was recorded automatically, enabling its position to be plotted on a map at a
later date for habitat analysis.

The survey leader was responsible for keeping a regular check on aircraft speed and
altitude (measured by pressure altimeter), and for recording details of weather conditions
including wind speed and direction, cloud cover (oktas), the nature of the sea surface
(Beaufort scale), the times at which each transect began and ended, and the observations
of the rear—seat observers, including the relative amounts of glare off the surface of the
water on either side of the aircraft. The start and end of egg ect were announced

by a whistle blown by the pilot.

The rear—seat observers communicated withgt vey leader via a two—way
intercom system connected to one track of a t k tap@fecorder. They reported the
following information in standardized for the tim® of first sighting:

(1) Dugongs: group size, number cal bellaviour (swimming, idling, feeding,

diving), number at the surf;
(2) Turtles: group size, pogj int er column (surface or underneath).

(3) Dolphins: group size;Qgumbe calves, species, reliability of specific identification

n in the water column.
(4) ys, sea snakes, sharks, surface plankton.

bcts the mid-seat observers were visually screened from the
reaf;see‘xt ‘obser‘w‘rers with a curtain, é,ndk aéousticéllyisolated from 'the other:crew (apaft-
from each other). They reported their sightingsrin the standard format into the second
track of the tape-recorder. Between transects the intercom channels were switched so
that all members of the crew could communicate. Daily schedules were arranged so that

the surveys were conducted between 0830 and 1300 hours. A maximum of 3.2 hours (2.5

hours survey time) was spent in the air at one time.

Post—survey Data Review

The tape record of each transect was used to check and edit the computer records,

so that each sighting could be coded as being made by one (specified) member or both
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members of a tandem observing team. The reports of team members were deemed to be
different if they were unambiguously distinct (usual situation) or if they were separated
by approximately five seconds or more. Discrepancies between dual sightings of the

same group were also noted.

Analysis

(i) Analysis of variance
Analysis of variance was used to determine the effect of the various survey variables

(survey height/transect width; tandem observing team; glare) ensity of dugong

and turtle sightings. Day and transect were treated as rgfo As the factor

glare was not orthogonal to survey height/transect tagdem observing team,
the effect of glare was analyzed separately at eac of s height/transect width.

The possible effects of time of day and tid cle werdinvestigated using analysis of

covariance. Input data were the densiti
tandem team on each transect, at & Wight/transect width on each day.. The
densities were log—transforme analyRg 4 equalize the error variances.

(ii) Log-linear models

The counts of du grotls were cross—classified in a number of 3—way arrays.

These contingeng \d nalyzed using log-linear models (Fienberg 1980) to test

various hypothe brning factors which could affect sightings. A standard
hie.rarchicé,l model-fitting procedure was adopted, wifﬁ only significant effects béing
retained in the model. The absence in the final model of an interaction term between a
pair of factors indicated that those factors were acting independently.  The

goodness—of-fit of a model was gauged by the log-likelihood x? value.

The G statistic used in the analysis of other results as indicated in the text was

calculated using Williams' correction (Sokal and Rohlf, 1981).
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Results

Summary of Sightings

A total of 341 groups of dugongs, 206 groups of turtles and 15 groups of dolphins
were sighted during the experiment. The daily cloud and sea conditions encountered are

summarized in Fig. 2.

(i) Dugongs
A group of dugongs was defined as a subjectively di

mp. The frequency
distribution of dugong group sizes is summarized in Fi ze ranged from one

to 20 with a mean of 2.08 = (S.E.) 0.139 dugong e grgups were relatively rare;

61.6% of groups consisted of a single anima % conWfted of a single animal or a

cow—calf pair. All but fifteen dugon ups (49%) were sighted on the shallow
sandbank area west of South Pas bolfled by the five metre depth contour line
(Fig.1).

(ii) Turtles

It is usually much Wgore ult to define a group of turtles than a group of

dugongs, and groupWizes ofymore than one typically represent turtles seen in quick
_succession ra a cohesive group. The frequency distribution of turtle group sizes
is summzx_rize o Figf4. The largest group comprised nine turtles; the mean group size
was 1.14. We were unable to confirm the specific identification of the turtles, althougl_l

they were almost certainly Chelonia mydas (C.J. Limpus,. personal communication).

Twenty-five percent of turtle groups were seen away from the sandbanks west of South

_ Passage, a significantly larger proportion than for dugongs (G = 39.96, 1d.f., p < 0.001).

Effects of Survey Variables

The results of the analyses of variance examining the effects of the three survey
variables (survey height/transect width referred to as survey regime, tandem observing

team, and glare) on the observed densities of dugongs and furtles are given in Table 1.



Marsh & Sinclair

The day 1 turtle sightings were excluded because the two mid-seat observers included
‘possible turtles' in their counts; more rigorous standards were applied on the other days.
Glare was always higher on the north-side of the aircraft on days 2 through 4, but
- inconsistent on days 1 and 5. Consequently, results from the latter days were also
excluded from the analysis of the effect of glare.

None of the three survey variables had a significant effect on observed dugong
density. However, for turtles a 'signiﬁcantly higher density was recorded at the
. 137m/200m survey regime and the two tandem teams differed significantly in their

observe‘d' densities. The differences were large both on and off bank area, and
were consistent for both survey regimes. @

Glare had no effect on either dugong or turtle d igclusion of time from
dawn and time from high tide as covariates had al e n the analysis, and did
not alter the results.

There were no significant differencesin o ed turtle density (P > 0.05) between
days 2-5. For dugongs, however

different (P < 0.05), day 2 beipgdRgignifi u il

the other days (Fig. 2).

c® in daily sightings were significantly

higher and day 5 significantly lower than

The differences betfWgen da in the observed density of turtles both on the banks
and over the full #fanse not statistically significant (Fig. 2). However, they do
coincide thh the dmg changes in sea state; fewer turtles were seen in rougher

~ seas (Fig. 2). In contrast, the mgmﬁcant dlfferences between days in observed dugong
density show a pattern which does not coincide with changes in sea state and cloud cover
(Fig. 2). A large aggregation of dugongs was observed adjacent to the survey area on
the seaward side of South Passage on day 5, suggesting that at least some of the
observed difference in dugong density between days was due to animals moving from the
survey area.

Comparison of Tandem Observers

Of the animals sighted during the experiment, 57% of the dugong groups and 18% of
the turtle groups were seen by both members of either team of tandem observers. This
allowed the observations of tandem team members to be compared directly as follows.
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(i) Species identification

Tandem observers differed on at most seven occasions (3% of the number of dual
sightings of all animals); three at a height of 137m, four at 274m. On two occasions, one
observer classified an animal as a dugong when his/her counterpart was unsure. A
further two animals classified as dugongs by one observer were apparently classified as a
turtle and a dolphin reépectively by the other. Other disagreements over identification

were one turtle/ray, a group of dolphins/fish and a dolphin/shark.

(ii) Dugongs

The proportion of groups sighted by one or both obgfrve port and starboard
teams at each survey regime is summarized in Fi ch ghéws that all observers
missed a substantial proportion of dugong S. log-linear model relating

frequency of sightings to sighting class ( eat obs@Wer only, rear—seat observer only,

)

or both observers), survey regime / 4m/400m) and estimated group size

(1,1-5, >5) contained no inter @ Thus, the chance of an observer missing a
group of between 6 and 2 ongsQggf not significantly different from the chance of |

Group si3 e est1mate of group size differed in 21 (11%) of the 193 groups
~sxghted by both members of a tandem observmg team. Dlscrepa.nmes were s1gmﬁcantly
more likely for groups of more than five dugongs than for smaller groups
(G=26.516, d.f.=1: p<0.001). The tandem observers obtained the same count for only .-
six of the 16 groups of more than five dugongs. The greatest discrepancy was between
corresponding group size estimates of 14 and 19 dugongs; in most instances the
discrepancy was one or two. On four occasions the difference occurred because one of the
tandem observers failed to see a calf.

When members of a tandem team disagreed about group size, the lower count was
arbitrarily used in all analyses including the estimate of mean group size (2.08). If the

estimates of the rear—seat observers only had been used, the mean group size would have
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been 2.12. The corresponding figure for the two mid;seat observers was very similar
(2.14).

The proportion of groups in which the size estimates of both tandem observers were
identical was consistent over survey regimes and observer teams (x2=1.92; d.f.=3;
p=0.59). All observers reported that they did not have time to count calves in large
groups, and the proportion of calves counted in groups of five or more dugongs (Fig. 3b)
was significantly lower than that in groups of two to four dugongs (G=33.5;
d.f.=1; p<0.001). There is no evidence to suggest that the relative frequéncy_of calves

should be less in large groups of dugongs than in smaller group

Behaviour. The two members of a tandem obs iffered in their

categorization of the behaviour of 43 (22%) of the 1 ed by both of them.
However, the proportion of behaviours which wef€ c[®ygified ¥milarly by both members
of a tandem team did not vary significant ith survty regime (x2=3.32; d.f.=2;

p=0.19).

These results indicate that o

unted the same number of dugongs. The tandem
assessment of the number of dugongs at the surface in only.
Y proportion did not vary'signiﬁcantly with survey regime and
observer team (x24——2.49; d.f.=3; p=0.49). o

Individual dugongs were often seen in the process of surfacing or diving while an
observer scanned the surface of the sea. It is therefore likely that some dugongs will be
seen at different stages “of this behaviour by different observers. Under these
circumstances, the 5% disagreement over the position of dugongs in the water column is
not surprising. The position of a dugong in the water column can thus be assessed
reliably using either survey regime.

The bottom was clearly visible when flying over the sandbanks, and so it was
theoretically possible to see all dugongs present. In contrast, the bottom was not usually

visible during the remainder of the transects which were over deeper water and not all of
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the dugongs below the surface would have been visible. The proportion of the dugongs
sighted that were classified as being on the surface varied from 18/37 (48.6%) off the
banks to 91/673 (13.5%) on the banks. The difference is significant (G=20.45;
d.f.=1; p< 0.001) and forms the basis of the 'availability correction factor' developed by
Marsh and Sinclair (1989).

Oﬁ the sandbanks, the proportion of dugongs classified as being on the surface was
significantly less for groups of more than five dugongs (11/193) than for smaller groups
(80/480) (G=16.219; d.f.=1; p<0.001), presumably because the observers did not have
time to record accurately the proportion on the surface fg igger groups. The

were recorded as

being on the surface (80/480 or 16.7%) should be a iggate of the proportion on
the surface in this area at the time of the surv is v s not significantly different

from that obtained independently from v colouMphotographs of dugongs (68/486

or 14.0%) which were taken undergxcel conlditions on the same sandbanks in

October 1984 and December 1985: .=1; p>.10).
(iii) Turtles

The numMye

observer only, -

_ summanzed in F1g 5. The pI’OpOI’thI'L of groups in each sighting class was mdependent
of survey regime (port team: G=2.74; d.f.=2; p> 0.10; starboard team: G=0.64; d.f.=2;
p>0.5).

There were no discrepancies between the reports of tandem observers regarding the
same group of turtles apart from disagreement about whether two (separate) turtles were
on the surface or not. |

The proportion of turtles classified as being on the surface was independent of
survey height/transect width (G=1.32; d.f=1; p>0.10). Overall, 38% (81/234) of turtles

were classified as being on the surface. This is undoubtedly an overestimate. Many
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bottom—dwelling turtles were not recorded by observers due to uncertainty as to whether

the animals were turtles or rays.

Discussion

Reliability of Observers

Analysis of variance indicated a significant difference between the tandem teams in
the observed density of turtles (but not dugongs) at both survey regimes. This was due
to the port mid-seat observer recording far more turtles than any of the others (Fig. 5),

suggesting that training was inadequate for spotting turtles.

valuable if such training also enabled observers to identify t
The two-track tape recorder allowed observer reli be,aSsessed in detail by
comparing the dual sightings of tandem observers ons indicate that there

was little disagreement about species identifiaéion or th&position of dugongs or turtles

in the water column. However, the level of dis about the behaviour of dugongs

(22% of dual sightings) was so high ti@ to discontinue collecting such data.

Observers had difficulties jfrec ata from dugongs in large groups. As a

return to photog P (se_e Marsh and Saalfeld, 1989) as suggested by

Norton—Griffiths he transect is then resumed. Such groups are then 'stratified
" out' of the population estimate based on the transect count, and included in a separate

'strata of large herds' (Norton—Griffiths, 1978).

We were surprised that the chance of an observer missing a group of dugongs was
independent of group size, as this is not only counter—intuitive, but differs from the
result obtained for some other species (Newsome et al., 1979; Samuel and Pollock, 1981,
Gasaway et _al., 1985; Samuel et al., 1987). Our result is probably partially due to the
relatively small range of group sizes encountered (Fig. 3), and the low number of groups
with more than five dugongs. The failure of three of the four observers to see a group of

more than 10 dugongs within the transect is unlikely to be due to edge effects as
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subsequent experiments have shown that the sightability of dugongs is constant across
the width of the transect (Marsh and Saalfeld, manuscript). We postulate that most
large groups are missed when an observer interrupts his search pattern because his eyes
linger on an animal in order to check its identification. Marsh and Sinclair (1989)
outline methods for correcting for animals which are visible in the transect but missed by

observers.

Factors Affecting Visibility

On the basis of a preliminary experiment, Ba aggested that it is

preferable to survey dugongs at an altitude of 137 rangect width of 200m rather
than an altitude of 274m and a transect of However, although-the

combined doubling of survey altitude and. sect widph reduced the observed density of

dugongs by 50%, the difference was not st significant due to the small sample

sizes in Bayliss's study (see his ¥ esults, which are based on a substantially
larger sample size, indica no significant difference in observed dugong

egimes. The experiment confirmed Bayliss' (1986)

only species of interest, the same precision should be achleved by spacing the transectsd
twice as far apart and surveying at the 274m/400m regime rather than at the 137/200m
- regime with the transects closer together, although the associated distribution maps
would be less detailed at the lower sampling intensity.

Two other factors need to be considered when deciding on the pfeferred regime. .
Caughley and Grigg (1981) point out that a high proportion of the hours in the air
reqﬁired to complete a survey are spent in relocating the aircraft rather than surveying,
especially when operating in remote areas. Thus doubling the time spent in surveying
will not necessarily double the cost of a survey. In addition, the actual numbers of

dugongs seen per unit survey time is usually very low (see Bayliss, 1986; Marsh, 1986).
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As observers are much more alert and interested when they are actually recording
sightings, it is advantageous to record other large vertebrates (mainly turﬂes) during a
dugong survey. It is suggested therefore, that dugongs should be surveyed in conjunction

with other large vertebrates using the 137m/200m survey regime.

No difference was detected in the observed density of dugongs or turtles that could
be attributed to the higher intensity of glare encountered on the north side of the aircraft
on days 2-4. However, Marsh (1986) found that counts of dugongs were depressed on

the glary side of the aircraft during an aerial survey in Torres $0°S) in which the

transects were aligned north—south rather than east—we

Cologne (1987) also found that glare depressed dolphi gs. Tite effects of glare are

perception bias i.e. animals which € Qin%he transect and missed (see Marsh and

Sinclair, 1989).

Biological Insig

ugongs observed in the survey area on June 8 (Fig. 2) and the
concorﬁitant observa,tioh of a large dggregation on the seawé.rd side of South Passage
suggest that most of the dugongs had moved from their feeding grounds into more
oceanic water. The unusually cold weather provides a plausible explanation of this
" behaviour. (The lowest daily maximum temperature for théﬁarea for seven years was
recorded on June 6). Unfortunately, sea surface temperatures in the suivey area were
not measured during this survey, but the tefnperature of the adjacent oceanic water
dropped 3°C between June 2 and 7 (data are not available for June 8) (Fig. 2). The only
June day for which surface water temperature data for both areas is available is June 9
1976 when the water temperature on the seaward side of Stradbroke Island was 3°C

higher than om the sandbanks. Anderson (1986) observed dugongs concentrating in
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tongues of warm oceanic water during the winter in Shark Bay, Western Australia,
which is at a similar latitude to Moreton Bay.
Aerial surveys designed to obtain absolute estimates or indices of dugong abundance

should be designed to cover areas large emough to accommodate movements such as

these.
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Legend to Figures

Figure 1:

Figure 2:

Figure 3a

b

Figure 4:

Figure 5:

Map of the survey area in Moreton Bay showing the locations of the
aerial survey transects.

Changes in the mean daily observed density of dugongs and turtles in
relation to the weather conditions encountered. The sea surface
temperatures were measured at Pbint Lookout on the ocean side of

North Stradbroke Island by the shark meshih actor employed
by the Queensland Department of Har

rs anSyMagfne. The limited
data available suggest that the emperatures in the
survey area would have been #'le 3°C¥older. m mean densities
of dugongs or turtles cal over the full transects, @ mean

densities of dugongs g tle§falculated over the sandbank area only.

of Variance

Frequency Mgtribut®n of group sizes of dugongs and
ber Jof dugongs in groups of various sizes and the

ding calf counts. The calf counts are likley to be negatively

Frequency distribution of group sizes of turtles. A grbup tended to

represent a number of animals seen in rapid succession rather than a

cohesive entity.

Proportion of dugong and turtle groups sighted by the mid-seat
observer, the rear—seat observer or both observers in each tandem
team. The data are presented separately for each survey regime, and

for dugong groups in different size categories
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Changes in the mean daily observed density of dugongs and turtles in
relation to the weather conditions encountered. The sea surface
temperatures were measured at Point Lookout on the ocean side of
North Stradbroke Island by the shark meshing contractor employed
by the Queensland Department of Harbours and Marine. The limited
data available suggest that the corresponding temperatures in the
survey area would have been at least 3°C colder. [} mean densities
of dugongs or turtles calculated over the full transects, @) mean
densities of dugongs or turtles calculated over the sandbank area only.

The range bars indicate the pooled standard errors from the Analysis
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Fig. 3. Frequency distributions of (a) group sizes of dugongs; (b) the number of dugongs in groups of various sizes and the corresponding

calf counts. The calf counts are likely to be biased (see text).
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Abstract

In 1984 and 1985, dugongs were censused from the air at an overall
sampling intensity of 9% over a total area of 31 288 km2 within the northern
sections of the Great Barrier Reef Marine Park. Sightings were corrected for
perception bias (the proportion of animals visible in the transect which are
missed by observers), and availability bias (the proportion of animals that
are invisible due to water turbidity) with survey-specific correction factors.
There were no significant differences between population and density estimates
obtained from repeat surveys of the same areas. The resyltant population
estimate (+ s.e.) was 8 110 + 1 073 dugongs at an overal: (+ s.e.) of

0.26 + 0.03 km™, a precision of 13%. Dugongs occugfed 8 8 km offshore

and in water up to 37 m deep. The highest degfity als was seen on
coastal seagrass beds at depths of <5 m. Maps' of sity and distribution are
given. The design and timing of future s is also discussed.
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Introduction

This paper outlines the results of aerial censuses of dugongs, Dugong
dugon, conducted over a total area of 31 288 km® in the northern sections of
the Great Barrier Reef Marine Park in 1984 and 1985.

The aims were:

(1) to estimate the size of the population in order to assess the likely-
impact of indigenous hunting;

(2) to obtain a precise index of dugong density as a basis for
monitoring population changes;

(3) to determine the pattern of regional variati

within the Great Barrier Reef lagoon and to compfffe

distribution of seagrass beds;
(4) to investigate whether the pattern'of ong density is temporally
constant;

(5) to determine the size of g ps and the incidence of calves;

(6) to evaluate and impr erial survey methodology.

Methods

The coastal of 952 km? between Cape Bedford (15°15's.,

145°21'E.), Cape (14°10'S., 144°30'E.) and the outer Barrier Reef

(Fig. 1) was survej Petween 13 and 15 November 1984 at an overall sampling
intensity of 7.6%, aﬁd again between 1 and 5 November 1985 at an overall
sampling intensity of 9.3%. The corresponding area (15 497 km?) between
Campbell Point (13°32'S., 143°35'E.) and Hunter Point (11°30’'S., 142°50'E.) was
surveyed between 21 and 26 April 1985 at a sampling inténsity of 9.0%, and

again between 7 and 8 November and 17 and 21 November 1985. The intervening

Princess Charlotte Bay area (7 839 km?) was surveyed once between 31 October
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and 7 November 1985 at a sampling intensity of 8.5%. Overall, the sampling
intensity for the entire region in the November 1985 survey was 9.0%.

All surveys were held during periods of neap tides to minimize water
turbidity. Daily schedules were arranged to avoid severe glare associated with
a low or mid-day sun. Repeatability was also increased by surveying only when
weather conditions were good; the conditions encountered are summarized in

Table 1.

Survey Design

For estimation of regional densities of dugong ea was divided

into thirteen blocks (Fig. 1) on the basis o tensity, depth

contours, and/or Aboriginal hunting activity o were estimated from
1:250 000 maps using a planimeter or a digitis tablet. The areas of major
islands were excluded from the block The areas of small (<3 km?)

islands were included in the blg

The transect lines flg rious surveys are shown in Fig. 1. In

order to improve prec¥®¥si al lines were aligned east-west 1.e.

approximately perpepdicu to e depth contours so that both coastal and

some offshore wag e #icluded in each transect. For the 1984 survey of

rteen lines spaced at intervals of 5' latitude (9.3 km
or 5 nm) extendedW®the outer Barrier Reef. Each pair of these long lines was
interspersed with two shorter lines 3.1 km (1.7 nm) apart ané extending 21.6
km from the coast. (The latter is the distance flown in seven minutes at 185
km™? [100 knots]). This survey design, which had a 13% sampling intensity
inshore and &4.7% offshore, was developed on the assumption that almost all
dugongs would be seen close to the coast. This assumption proved incorrect.

As a result, in subsequent surveys lines were flown between the coast and the

outer Barrier Reef at intervals of 2.5' latitude to give a sampling intensity
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of approximately 8% for both inshore and offshore waters, an arrangement which
also aided navigation by providing definite start and end points for each
transect. Additional-lines were flown in two areas of particular interest to
the Great Barrier Reef Marine Park Authority: block 2 (sampling intensity
13.0% in 1984 and 16.3% in 1985) and block 11l(sampling intensity 25.9% on both

surveys).

Methodology

Survey methodology, data handling and analysis technigues were similar

to those used in other surveys as outlined by Marsh and (1988) and
Marsh and Sinclair (1989).
Correction Factors

Correction factors for perceptionb ups of dugongs visible on the
transect line that were missed by ol grsW and availability bias (groups of

dugongs that were unavailable s because of water turbidity) and

their associated coefficie#€s tion were calculated as detailed in

Marsh and Sinclair (1989). group sizes and their associated coefficients
of variation were cusgted gfrom the estimates of the size of groups with
less than ten a Brained during the various surveys.

Analysis

Because transects were variable in area, the Ratio Method (Jolly 1969;
Caughley and Grigg 1981) was used to estimate density, population size and
their associated standard errors for each block for each survey. Any
statistical bias resulting from this method is considered inconsequential in
view of the high sampling rate (see Caughley and Grigg 1981). Input data were

the estimated number of dugongs (in groups of less than ten animals) for each
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tandem team per transect calculated using the corrections for perception and
availability biases. The resultant standard errors were adjusted to
incorporate the errors associated with the appropriate estimates of the
perception and availability correction factors and the mean group size (Table
2) following the method of Jolly and Watson (1979) (see Marsh and Sinclair
1989). The number of dugongs in groups of greater than ten was added to the
estimates of the population and density of the appropriate block at the end
of the analysis as outlined in Norton-Griffiths (1978).

Differences in density between years and between blocks for the Cape

Bedford - Cape Melville area (blocks 1 through 4), o1 seasons and

between the inshore and offshore zones for the Cgffipbe - Hunter Point

area (blocks 6 through 13), were tested sepa el ingfanalysis of variance
with and without measures of cloud cover (okt and/or sea state (Beaufort
Scale) as covariates. Input data for lyses were corrected densities

sizes and the estimates of the

vailability bias, each line within a

block (or zone) contribu¥in e density per survey (based on the combined

corrected counts of both t¥gdem teams). The densities were log-transformed for
or variances.
ixed factors (blocks and years) in the analysis of the
survey results Blocks 2 through 4. (Block 1 was omitted because of the
very lo& number of sightings in 1984 and the absence of sightings in 1985.)
Lines within blocks could not be used as a factor because of the differences
between years in the survey design (Fig. 1). An unweighted means analysis was
used because the number of transects varied by block.

The same lines were flown dﬁring the two surveys of blocks 6 through 13

enabling line to be used as a (random) factor in the analysis. However, block

was not used as a factor because dugongs were seen on both surveys in three
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of the eight blocks only. Accordingly, each line was divided into an inshore
and an offshore zone at the 10 fathom (18 m) depth contour. Zone and season
were treated as fixed factors. A split-plot design (Snedecor and Cochran 1967

p.369-372) was used for the analysis.

Results and Discussion

Reliability of Observers

A total of 128 groups of dugongs were categorized as being seen by both

members of a tandem team. Observer reliability was inve
the reports of team members which were recorded i
two track tape recorder (Marsh and Sinclair 198

estimates of group size on six occasions. AlIl o hese groups contained six

or fewer dugongs and the maximum differ the count was two. In three

instances, the discrepancy was dueg bserver’'s failure to see a calf.

The level of observer disagre

Y gong group sizes on these surveys

(4.7%) was substantially lo#er n th#11l% recorded by Marsh and Sinclair (in
press) for their Moreton B experiment in which observers were required to
estimate the size_gf a¥y dugdng groups including those with more than ten
animals. The Momgkton BaW experiment showed that observers found it difficult
to count dugongs ge groups. The use of photographs to count dugongs in
groups of ten or more during these surve&s in Great Barrier Reef waters has
clearly improved the accuracy of group size estimates.

During the Barrier Reef surveys, team members apparently differed over
specific identity on six occasions (4.7%), compared with 3% in Moreton Bay.

Three of the six discrepancies occurred when one observer classified an animal

as a dolphin while the other identified it as a dugong; twice one observer
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classified‘an animal as a dugong when the other was unsure; once apparently
the same animal was called a dugong by one observer, a turtle by the other.
On eleven occasions during the Barrier Reef surveys, one team member
described a dugong as being on the surface when his counterpart reported it
as beneath the surface (8.6%). The categorization of the rear-seat observer
was then used in the analyses. The corresponding discrepancy rate for the
Moreton Bay experiment was 5% (Marsh and Sinclair in press). As dugongs are
sometimes seen to surface and dive as the aircraft passes overhead, some of

these differences are probably real.

Dugong Group Size and Composition
There was no significant difference begffee e tributions of group

size frequency observed on the various sufveySa(Fig. 2) (G = 7.5; P > 0.25;

inct clumping) seen on any of the

ontained only a single dugong. The

proportion of calves (Fig. 2 Mm 10.4% to 16.3%. Differences between

surveys were not signif€Ca (G .62; P > 0.50; 4 d4.f.). This is not

surprising. Dugongs calveNgrom Adgust-September through December in this area

and calves can h tBir mothers for at least 18 months (Marsh et al.
1984). The pr@b of calves seen overall (14.7%) is similar to that seen
during a surve he Torres Strait area in November 1983 (14.3%) (Marsh
1986a) . ‘

Population and Density Estimates

The value of the mean group sizes and correction factors used in
obtaining these estimates are summarized in Table 2. The raw data have been
listed in Marsh (1986b). Table 3 gives estimates of density and numbers of

dugongs per block on the various surveys, with their associated standard
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errors. Two standard errors have been listed for each estimate: (1) based on
the difference in corrected dugong counts between transects, (2) incorporating
the errors in estimating the appropriate correction factors and mean group
sizes as well. The resultant increase in the standard error of (2) compared
with (1) is relatively small and is mostly due to the availability correction
factor which typically has the highest coefficient of variation of the three
components of the error summarized in Table 2.

The population estimates sum (+ s.e.) to 8 110 + 1 073 dugongs for the
whole region in November 1985 at an overall density (+ s.e.) of 0.26 + 0.03
dugongs per km?, a precision (s.e./X) of 13%.

ased on the

Fig. 3 is a smoothed dugong density distrj
result; of the November 1985 surveys with map showing the
corresponding densities for the Cape Bedford to e Melville area based on
the results of the November 1984 surveys. aps should be useful when the

zoning plans of the northern sectig Great Barrier Reef Marine Park

are revised. A map of the kn beds in the region (Fig. 4) is

provided for comparison. Oveffa 2% oWdugong sightings were associated with

known seagrass beds. Fifty- per€ent of animals were sighted in depths of

less than 5 m (Fig et al. (1987) found that seagrass biomass is
greatest in 2-6 pr along this coast and recorded thirteen species of
seagrass at sites than 2 m deep. Most of the areas where the highest
density (>1 per km?) of dugongs were observed support extensive inshore beds
of seagrass species such as Halodule uninervis, Halophila ovalis and Halophila
spinulosa, and Cymodocea serrulata (Coles et al. 1987). These genera also tend
tolprgdominate in the stomachs of dugongs from north Queensland (Marsh et al.
1982). |

Dugongs were sighted up to 58 km from the coast in water of depths

ranging to 37 m (Fig. 5). The reasons for their venturing so far offshore is
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not underétood as the distribution of offshore seagrass beds is poorly known.
However, Thallasia hemprichii and Cymodocea rotundata have been recorded from
reef platforms in this region (Coles et al. 1987), and dugongs were observed
on offshore reefs especially in the Princess Charlotte Bay area (block 5).
Halophila decipens is the only seagrass recorded at depths of greater than 11
m in the Great Barrier Reef lagoon (Coles et al. 1987) where it has been
recorded from depths of up to 68 m (P. Arnold, in Lanyon 1986). All these
genera are eaten by dugongs in this region (Marsh et al. 1982).

The results of the analysis of wvariance used to investigate the

differences between the surveys of blocks 2, 3, and & yvember in both

1984 and 1985 (Table 4) indicated that densi significantly
between blocks (P < 0.001) but not betwee ea 0.18). There was a
significant interaction between years and blo (P < 0.05) indicating that

the dugongs were dispersed differently erent years. In particular, the

of dugongs between the high density

Inclusion of Beaufort sea state as a
covariate in the anal s creased the probability of there being no
difference in dugong dens between years to 0.54, indicating that the lower

observed densit cgllld be explained by the rougher seas (Table 1).

Comparigb e results of the April (post-wet season) and November

(pre-wet season eys of blocks 6 through 13 in 1985 (Table 5) indicated
that densities differed.significantly between lines and particularly between
zones, with the density significantly higher in the inshore zone than in the
offshore zone. However, there was no significant difference in density between
seasons, nor was there any significant season by zone interaction indicating
that the pattern of dispersion was similar for both surveys. The inclusion of

Beaufort sea state and cloud cover as covariates in the analyses made little

difference to the result (Table 5) and did not alter any of the conclusions.
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The 1984 and 1985 dugong population estimates obtained for blocks 1
through 4 were close, as were the April and November 1985 estimates of the
population of blocks 6 through 9 (Table 3). Such agreement, despite the
different weather conditions under which the surveys were conducted (Table 1),
suggests that the use of survey-specific correction factors to correct for

perception and availability biases was successful.

Design of Future Surveys

The population and density estimates obtained for the Cape Bedford -

Cape Melville survey in 1984, in which inshore blocks 1, ere surveyed
at an intensity of about 13% and the offshore blockgdlat an nsity of about
5% (Fig. 1), had a precision based on the stangfftd pli theory estimates

only of 15% (Table 3). This is a substantial imprWgement on the corresponding

precision of 24% obtained for the same o 1985 when blocks 1, 3 and 4

were surveyed at an intensity of ab d block 2 at an intensity of 16%.

Future surveys of the areas edford to Cape Melville should be
stratified along the lines€®f Nov@mber 1984 survey (see Fig. 1).
Significant numbers oMylugongs were observed on the large offshore reefs

in Princess Charlg ingfovember 1985 (Fig. 3). The survey design used

for this area (H seems satisfactory as it returned a precision (based

on standard sampli cory estimates only) of 16%. However, the corresponding
values achieved for the surveys of the area between Campgell Point and Hunter
Point (blocks 6-13) were 24%. Most dugongs were seen close to the coast in
this region suggesting that precision could be improved by increasing the
sampling fraction in the inshore area and reducing it in the offshore area

along the lines used for the November 1984 survey of blocks 1 through 4 (Fig.

1).
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It is estimated that if the survey designs were modified as outlined
above, the precision of the population estimate for the whole area from Cape
Melville to Hunter Point (based on standard sampling theory only) could be
improved from the 12% obtained in 1985 to about 9% without increasing survey
costs. Incorporating the errors in estimating the mean group size and

correction factors would be expected to decrease the precision to about 11%.

Timing of future surveys

Dugongs are long-lived animals with a life-span of up to 70 years, a

minimum pre-reproductive period of 9-10 years, and a ving interval
(Marsh et al.
1984; Marsh 1986a). Marsh (1986a) has calc even with the most
optimistic combination of these paramefers, schedule of natural
mortality and no anthropogenic cause ortality, the maximum rate of

increase is likely to be of the oj per year. Under the present zoning

and management regulations, an-induced mortality in the northern

sections of the Great BaWfie eef Marine Park should be low. Thus, barring

catastrophes, the annual te ol population change is also expected to be

relatively low.

When des monitoring program for a vulnerable species such as the

dugong, the conS ces of failing to pick up a declining trend are more
serious than the consequences of deciding that a declining trend is occurring
when it is not. Thus it is particularly important to consider Type 2
statisfical errors. If this expected slow rate of dugong population change is
to be mon;tored.within an acceptable range of statistical error, the precision
of the population estimat;s'will have to be high. Under a constant intensity

of sampling, the precision of a population estimate improves as the size of

the survey area is increased as evidenced by Table 3. Thus future surveys for
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cover large areas e.g. the whole region from Cape Bedford to Hunter Point.
October-November is the only time of year when weather conditions are likely
to be optimal for a period long enough to survey such large areas adequately,
making it unrealistic to plan more than one survey of the area in any one
year.

Gerrodette (1987) outlines procedures for estimating the minimum number
- of samples required to detect a trend in numbers using linear regression. His
technique has been used to investigate how long it would take to detect with
acceptable levels of confidence that a dugong population which was decreasing

at 5% per year was in fact declining i.e. that the sl regression

vere made: (1)
improvements in survey design would increase to 11%Z; (2) the
coefficient of variation is inversely related toWhe square root of abundance
as predicted for strip transects by Seb ). The probabilities of both
set at 0.05.

It is estimated that it 9 years of annual surveys i.e. ten

surveys to be able to dete sh a d¥cline with 95% confidence. Meanwhile,
a dugong population declin at J% per year would have been reduced to 63%
of its size at the_gkime thgyfirst survey. A preliminary indication of such
a trend coﬁldﬁbe b more quickly by allowing a and/or 8 to assume larger
values. Of course$ ore rapid decline would be detected more quickly with

the same frequency of surveys.

As Gerrodette (1987) points out, annual surveys are probably not the
optimum frequency of sampling for a population that is changing slowly. As the
interval between surveys increases, the effective rate of change per interval
increases, and the required number of surveys therefore decreases (see
Gerrodette 1987, Table 2). For example, two dugong surveys 10 years apart

could establish with 95% confidence that a population decreasing at 5% per
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year is declining. Such a low survey frequency would obviously provide
substantially less information than annual surveys.

Any sampling strategy will be a compromise between information and cost.
The Great Barrier Reef Marine Park Authority is required by law to revise
zoning plans every 5 years. Given the expense, time and personnel needed to
conduct large-scale surveys in remote areas, we suggest that this would alsc
be an appropriate interval between dugong surveys in the northern sections of
the Great Barrier Reef Marine Park.
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Legend to figures

Fig. 1 Survey areas, showing the survey blocks (1-13) and transect lines used
in the 1985 surveys. The transects flown in November 1984 are shown in
the adjacent map. The boundary between the inshore blocks 1, 2 and 3 and
the offshore block 4 is 21.6 km from the coast (i.e. all transects in
blocks 1, 2 and 3 are 21.6 km long). The 18 m (10 fathom) line forms the
boundary between the inshore blocks 6, 8, 10, 11 and 12 and the offshore
blocks 7, 9 and 13. (Adapted from Marsh and Saalfeld 1988.). The areas
of the survey blocks (km®) are as follows: Bloeck 1: 1 004; 2: 665; 3:
1 050; 4: 5 233; 5: 7 839; 6: 451; 7: 1 561; 8: : 4 600; 10:

- 259; 11: 396; 12: 452; 13: 6 584.
- Fig. 2 Fi'equency histograms showing details offfduf@ig p sizes on each
survey and the proportion of dugongs €eeijin grdups of various sizes

over all surveys (a) all groups (b s containing calves D groups

with one calf; . groups wit c one group with one calf,

one group with two calve ‘

Fig. 3 The distribution of C&ls in the survey area from Cape Bedford
to Hunter Point in ember¥ 1985. The corresponding figure for the
survey area f e Belford to Cape Melville in November 1984 is also
provided. G

Fig. 4 The approx distribution and density of inshore seagrass beds in
the survéy area provided for comparison with Fig. 3. The ground-truthed

seagrass data are from Coles et al. (1985) and adapted from Marsh and

Saalfeld (1988).
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Fig. 5 Frequency histograms showing the number of dugongs seen in water of
various depths on each survey and the proportion of dugongs seen in
water of various depths over all surveys. These depths were obtained
from marine charts and have not been corrected for tidal levels at the
time of the survey. In view of the paucity of information for this area,

these data must be regarded as very approximate.

Refer pages 115 -123
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Table 1 Weather conditions encountered on each survey.

November April November November

1984 1985 1985 1985

Blocks 1-7 Blocks 8-13

Wind speed <20 <30 <28 <19
(km h~1)

Cloud cover 0-2 2=7 0.5-5 —~4
(oktas)

Minimum cloud 650-1000 200-2500 4g@-15 5-610
height (m) ‘
Beaufort Sea State 1 (0-3) 2 (1-3.5) (0-4) 1 (0-3)

mode (range)
Glare @D 1 (0-2) 1 (0-2.5) 1 (0-2.5)

mode (range)

Visibility (km) 6& 8->10 8->10 >20->50

a Worse side d « S
b Scale 0 = none, 1 = <25Z of field of view affected by glare, 2 = 2.5 ¢

50%, 3>50%.
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Table 2: Details of group size estimates and correction factors used in the population estimates

Date of Blocks: lines ) Group size Number of Perceptual Correction Factor Availability
survey . mean (s.e./X) observers estimate (Cph) Correction Factor
P8 s& P8 s8 estimate (Cal)

November 1984 blocks 1-4 1.62 (0.04) 18 12 .01) 2.48 (0.14)

April 1985 blocks 6-13 1.57 (0.07) 1P 2 .07) 1.85 (0.19)
November 1985% blocks 1-4; 5: 9-23; 6 & 7; 1.47 (0.04) 2 2 .04) 2.62 (0.12)

8 & 9: 10-12

November 1985% block 5: 1-8 1.47 (0.04) 2 1¢ .04) 2.62 (0.12)
November 1985f blocks 8 & 9: 13-32; 10; 11: 39-42; 1.53 (0.09) 2 2 .01) 1.44 (0.23)

12: 43-48; 13: 33-48

November 1985f blocks 11: 50-57; 12 & 13: 49 1.53 (0. 1.42 (0.03) 1.02 (0.01) 1.44 (0.23)

2 Based on correction factor for starboard rear seat observe survey blocks 8-13 (who saw a similar number of dugong
groups to port observer on this survey), when weather to this survey.

b Port correction factor based on starboard mid-seat ey (who saw a similar number of dugong groups).

€ Training transects for starboard mid-seat observ.
for remainder of this survey.
d Training transects for port mid-seat observer

of this survey.

o

Blocks flown October 31 - November 8
f Blocks flown November 17 - 21, 1985.
8 p = port; S = starboard.

h Coefficient of variation of associated correction factor



Table 3: Estimated densities and numbers of dugongs on the various surveys. The values are *
standard error incorporating the errors resulting from sampling, and in estimating
mean group size and the correction factors. The numbers in brackets represent the

standard errors resulting from sampling only.

Block Initial Survey November 1985 Survey

Density per km2 Numbers Density per km2 Numbers
1 0.15 + 0.06 (0.06)2 149 + 81 (58)2 0 0
2 1.22 + 0.45 (0.43)@ 812 + 299 (288)% 2.47 + 0.87 (0.82) 1644 + 570 (543)
3 0.93 + 0.23 (0.21)3 974 # 244 (223)2 0.26 + 0.10 (0.10) 272 + 110 (106)
4 0.18 + 0.04 (0.04)@ 964 + 231 (208)2 0.12 + 0.05 (0.05) 626 + 256 (248)
sub - total
blocks 1 - 4 0.36 + 0.06 (0.06)3 2899 + 454 (423)2 0.32 + 0 634 (B06)
precision® 0.16 (0.15)2 .25 (0.24)
5 N/A N/A 3630 + 714 (585)
precision® 0.20 (0.16)
6 792 + 423 (414)
7 0
8 611 + 182 (131)
8 134 + 104 (89)
10 24 + 23 (22)
11 222 + 81 (71)
12 27 + 26 (25)
13 128 + 83 (76)
sub - total

blocks 6 - 13 (0.03)b 2172 + 552 (510)®  0.13 + 0.03 (0.03) 1838 + 481 (459)

precision® 0.25 (0.24)P 0.25 (0.24)
Total for November 1985 survey 0.26 + 0.03 (0.03) 8110 + 1073 (959)
precision® 0.13 (0.12)

2 November 1984
b aApril 1985
€ (s.e./%)

N/A not available
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Table 4: Summary of analysis of variance comparing observed dugong density in the Great Barrier Reef Marine Park between
Cape Bedford and Cape Melville by blocks and by years (1) without covariates (roman print) and (2) with

Beaufort sea state as a covariate?® (italics).

Sources of variation Sum of squares® d.f , F Significance of F
(L) (2) (L) (2) (2) (L) (2)

Blocks 13.696 14.176 2 18.932 19.694 0.000 0.000

Years 0.827 0.134 1 1 2.228 0.373 0.134 0.543¢

Blocks by years 2.753 2.560 3.806 3.557 0.026 0.033

Residual 30.383 29.872 3

Regression 0.5Q 1 1.418 0.237
r

a

. Assumption that regression slopes the s fo ] cells was not violated (P = 0.612).

P Data transformed using In(X + 0.33 llest'\@on-zero density).

. The probability of no significa T in dugong density between years was greatest (P = 0.543) when Beaufort

sea state was used as the only & . The corresponding proability with cloud cover as a covariate was P = 0.112
and with Beaufort sea state and cloud cover as combined as covariates P = 0.328. The assumption that regression

slopes are the same for each cell was not violated with cloud cover (P = 0.283) as a covariate, but was violated when

‘Beaufort sea state and cloud cover were both used as covariates (P = 0.044).



Table 5: Summary of analysis of variance comparing observered dugong density
in the Great Barrier Reef Marine Park between Campbell Point and

Hunter Point by blocks and by season?.

Source of wvariation Sum of d.f. F Significance
squares® of F
Lines 22.053 48 1.532 0.039

Main plot comparisons

Zones (inshore/offshore) 15.917 1 28.890 0.000
Main plot error 26.445 48

Sub-plot comparisons

Season 0.016 .0 0.817
Season by zone 0.001 2004 0.950
Sub-plot error 28.79 96

2, The probability of there bej ificant differences in dugong density

between seasons was P .957 Beaufort sea state as a covariate,
P = 0.798 with cloud er a covariate, and P = 0.731 with both Beaufort
sea state and clo covel as covariates.

P Data trans ing In(X + 0.33 smallest non-zero density).
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Hopevale o
Cape Beqford

Fig. 1 Survey areas, showing the survey blocks (1-13) and transeét lines used
in the 1985 surveys. The transects flown in November 1984 afe shown in
the adjacent map. The boundary between the inshore blocks 1, 2 and 3 and
the offshore block 4 is 21.6 km from the coast (i.e. all tramsects in
blocks 1, 2 and 3 are 21.6 km long). The 18 m (10 fathom) line forms the
boundary between the inshore blocks 6, 8, 10, 11 and 12 and the offshore
blocks 7, 9 and 13. (Adapted from Marsh and Saalfeld 1988.). The areas
of the survey blocks (kmz) are as follows: Block 1: 1 004; 2: 665; 3:
1 050; &: 5 233; 5: 7 839; 6: 451; 7: 1 561; 8: 1 194; 9: 4 600; 10:

259; 11: 396; 12: 452; 13: 6 584.

115







Number of groups

Relative frequency

(b)
(a) 47 Blocks 1-4, November 1984

40 -
0 i | m I i
Blocks 1-4, November 1984 12 -
20 A
l—" 8- Blocks 6-13, April 1985
0 T ¥ 1 U T i i 1 1 1 l/1 T 1
- 44
20 7 Blocks 6-13, April 1985
— —1
0 T T T f } T T T T T Vs 1 0 T T T T T T |
60 A 12 1
a
Blocks 1-4, November 1985 3 Blocks 1-4, November 1985
40 A 5
20 A o ]
0 T T T T 1 T T T f t ! 1 | T T I T 1
8 -
40 Block 5, November 1985
4 4
20 A
0 — |
0
40 44 Blocks 6-13, November 198¢
20 1 0 T T 1 |- T )
> 06'
o 2 .
o All surveys combined
>
0.4 - o 0.4
All surveys combined @
© ]
0.2 S 0.2
oo
— — ' :
0-O1I2|3I415I6l7(819|10l lzol 0-01 213|41516I758l
Group size Group size
Fig. 2 Frequency histograms showing details of dugong group sizes on each

survey and the proportion of dugongs seen in groups of various sizes
over all surveys (a) all groups (b) groups containing calves D groups
with one calf; . groups with two calves; B one group with one calf,
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Fig. 3 The distribution of dugong density in the survey area from Cape Bedford
to Hunter Point in November 1985. The corresponding figure for the

survey area from Cape Bedford to Cape Melville in November 1984 is also

provided.
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Fig. 4 The approximate distribution and density of inshore seagrass beds in

the survey area provided for comparison with Fig. 3. The ground-truthed

seagrass data are from Coles et al. (1985) and adapted from Marsh and

Saalfeld (1988).
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Fig. 5 Frequency histograms showing the number of dugongs seen in water of
various depths on each survey and the proportion of dugongs seen in
water of various depths over all surveys. These depths were obtained
from mérine charts and have not been corrected for tidal levels at the
time of the survey. In view of the paucity of information for this area,

these data must be regarded as very approximate.
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Abstract

In 1986 and 1987, dugongs were counted from the air at an overall
sampling intensity of 10.1% over a total area of 39,396 km? in the
inshore waters of the Great Barrier Reef region south of Cape
Bedford. The survey area included the southern portion of the
Cairns Section, the Central Section, and the Mackay/Capricorn
Section of the Great Barrier Reef Marine Park. We corrected
sightings for perception bias (the proportion of animals visible
in the transect which are missed by observerdf tandardized
them for availability bias (the proporggn of Qgigfls that are
invisible due to water turbidity) wigl s v-sgffcific correction

factors. The resultant populatioi¥ esSgguate was 3,479 + S.E. 459

dugongs at an overall densit 0.088 + S.E. 0.012 km 2, a

precision of 13%. There significant differences between

population and densi obtained from repeat surveys of

the northern half CenWral Section. Highest densities were
observed on insh seaPrass beds, and in waters less than 5m
deep. Maps sity and distribution are given, and
recomm made on the timing of future surveys.
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As part of a program to determine the distribution and

abundance of the dugong, Dugong dugon, in the Great Barrier Reef

Marine Park (GBRMP), we conducted a series of aerial surveys in
the inshore waters of the entire Great Barrier Reef region south
of Cape Bedford (15°14'S., 145°21'E.) in 1986 and 1987. The
results of these surveys are presented in this paper. Marsh and
Saalfeld (1988 and manuscript) preﬁent the results of similar

surveys of the region north of Cape Bedford including Torres

Strait.

Methods

All surveys were limited to the inshgfe wa Transects
ran east-west (except mnear Hinchinbro d ea where the
mountains made this dangerous), and ®ua extdnded 21.6 km from
the coast and/or offshore island he ldtter 1is the distance

flown in seven minutes at km ! [100 kn.]). Between Dunk

Island and Cape Bedford ontinental shelf runs closer to

the coast, most tran @own to the outer barrier reefs.
The Mackay/Cap§icorn Wection of the GBRMP was surveyed

between Octobe 8 a 25 1986; the Central Section between

MOctober 21 1987; and the Cairns Section south of
een October 12 and 16 1987. In addition, the
northern half of the Central Section between Cape Cleveland and
Dunk Island was surveyed using the same design between September
22 and 24 1986. Inshore areas in the region which have been
excluded from the GBRMP were also surveyed.

As in the other surveys (Marsh and Saalfeld, 1988, and
manuscript), the transect lines were usually spaced at intervals
of 5° latitude except in areas of known seagrass beds where the

sampling intensity was increased (Figures 1-5). For estimation of
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regional densities of dugongs, the survey areas were divided into
blocks (Figures 1-5). The area and sampling intensity of each
block is summarized in Table 1. The overall sampling intensity was
10.2%.

All surveys were held during periods of neap tides to
minimize water turbidity. Daily schedules were arranged to avoid
severe glare associated with a low or mid-day sun. Repeatability
was also increased by surveying only when weather conditions were
good; the conditions encountered are summarized in Table 2.

Survey methodology, data handling and techniques
were similar to those used in previous rveys o outlined by
Marsh and Saalfeld (1988 and manusc t d sh and Sinclair
(manuscripts a and b).

Correction factors for p ion bias (groups of dugongs

visible in the transec

at Were missed by observers) and
availability bias ugongs that were unavailable to
observers becaus turbidity), and their associated
coefficients of

Sinclair (manWacriptMa). The population and density estimates and

the dfE Mon maps were based on corrected densities. The
standard s of the population and density estimates were
adjusted to incorporate the errors associated with the appropriate
estimates of the perception and availability correction factors
and the mean group size (as outlined in Marsh and Sinclair,
manuscript a).

The significance of the difference in density between surveys
for the northern part of the Central Section, which was surveyed

in both 1986 and 1987, was tested using a two factor randomized

block design with transect as the blocking factor. The analysis
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was carried out with and without measures of cloud cover (oktas)
and/or sea state (Beaufort scale) as covariates. Input data for
the analysis were corrected densities per square kilometre based
on mean group sizes and the estimates of the correction factors
for perception and availability bias, each transect contributing
one density per survey based on the combined corrected counts of
both tandem teams. The densities were log transformed for
analysis to equalize the error variances.
Results and Discussion

Effective transect width

There were no significant differences ortion of

dugongs sighted in the upper middle irds of the

transect for either survey (X? Goodnds Fit:9X2=0.341, n=41, 2

d.f., p=0.843, 1986 northern Cée SectTon Survey; X2?=1.077,

n=39, 2 d.f., p=0.586, Section Survey; X?=5.831,
n=59, 2 d4.f., a /Capricorn Section Survey),
indicating that th dth is sufficiently narrow for
there to be no dec iMpsightability for groups further from
the aircraft. Mackay/Capricorn Section, where the
probabilifi ere being a difference approached significance at
the 0.05 ¥ he proportion of animals sighted was lowest in
the middle of the transect (19%) suggesting that any variation was
caused by the observers’ having difficulty deciding in which third
of the transect each group was sighted rather than by any
reduction in sightability per se.

Group Size and Composition

Only six dugongs including one cow/calf pair were sighted in

the Cairns Section between Dunk Island and Cape Bedford. The size

and composition of the groups sighted on the other surveys are
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summarized in Figure 6 and Table 3. The largest group sighted was
10 in the Port Newry area (Figure 4b). Sixty-two percent of
animals sighted were single dugongs or cow/calf pairs. The
proportion of calves was 14.8% in the northern Central Section
survey in September 1986; 13.4% in the Central Section survey in
1987; 7.7% in the Mackay/Capricorn Section survey in 1987%.
Differences between surveys were not significant (X2=2.071;
d.f.=2; p= 0.3551). The proportions of calves sighted in these
surveys of the southern Great Barrier Reef Region are not

significantly different (X2=5.058; d.f.=9; from those

recorded during similar surveys of the no Barrier Reef
(Marsh and Saalfeld, manuscript), es rait (Marsh and
Saalfeld, 1988). Two very small 1v proDably newborn, were
sighted separately in Shoalwa Figure 5b) on November 18.
This 1is consistent with ot information on the timing of

.t opical Queensland (Marsh et al.,

calving on the east
1984). &
Population DensMy Estimates

The val of Jthe mean group sizes and correction factors

ing these estimates are summarized in Table 3. The
raw dat3 positions of actual sightings have been listed in
Marsh (1989). Table 4 gives estimates of the density and numbers
of dugongs per block on the various surveys together with the
standard errors of these estimates. We consider that these are
likely to be underestimates because the standard used to correct
for the number of dugongs which were not available to observers
due to water turbidity is likely to be conservative (see Marsh and

Sinclair, manuscript a).
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a) Cairns Section

Too ‘few dugongs (Figure la) were sighted to estimate the
dugong population for this area. This is not surprising as the
total area of inshore seagrass in this section has been
subsequently estimated to be only about 34 km? (Figure 1b; R G
Coles, unpublished data). All but two animals were sighted close
to inshore seagrass beds (Figure 1). A cow calf pair was seen at
Bat Reef, 40 km from the mainland.

b) Central Section

There is an estimated 358 km? of insh
Central Section (Figures 2d and 3¢, R G C
The dugong population of the whole ion

estimated to be 1532 + 273 dugongs_at an ovgall density of 0.13 +

S.E. 0.02 dugongs per km? surveyed ision of 18% (Table 4).
The results of the ag . ariance used to investigate
the differences betwe the QL s of the northern half of the
Central Section c ied in 1986 and 1987 (Table 5) indicated
that there w no Wignificant difference between observed
densities s (p=0.177), even fhough the population

estimate + S.E. 170 in 1986, 644 + S.E. 160 in 1987).

The addition Beaufort sea state and/or cloud cover for each
transect as covariates made little difference to the probability
their being a significant difference in density between surveys
(Table 5).

Figures 2b,c and 3b contain smoothed density distribution
maps based on the results of the surveys. More detailed maps are
provided in Marsh (1989). Seventy-nine percent of animals were

seen close to inshore seagrass beds, 64% in depths of 5m or less

(Figure 7).
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¢) Mackay/Capricorn Section

R G Coles (unpublished see Figures 4c and 5c) estimates that
there are 186 km? of inshore seagrass in the inshore waters of
this section, north of Water Park Point. The dugong population
estimates sum to 1947 + S.E. 369 for the region surveyed in
November 1986.

Figures 4b and 5b contain smoothed density distribution maps
based on the results of this survey. Seventy-seven percent of
sightings from Port Clinton north were in the vicinity of known
seagrass beds; 67% of animals were sighted s of 5m or
less.

Evaluation of the areas surveyed

The estimated dugong populati®n oMythe ihshore waters of the
Great Barrier Reef region south e Bedford, an area of 39,396

km? is 3,479 + S.E. 459 t an overall density of 0.088 +

S.E. 0.012 km™2. stantially less than the dugong

population (8110 at an overall density of 0.26 +

S.E.0.03 km'z) i he n®thern reef waters between Cape Bedford

and Hunte .t M1°30'S., 142950'E), an area of 31,288 km?

nalfeld, manuscript): The difference is probably
attributt o the availability of seagrass: approximately 860
km? in the inshore waters of the Great Barrier Reef between Cape
Bedford and Hunter Point as against 580 km? in the inshore
southern region (R G Coles, unpublished data). The estimate of the
seagrass available to dugongs in the northern Great Barrier Reef
does not include the large areas on the northern reefs, especially
those in the Princess Charlotte Bay area (Hopley, 1982) which
support a significant proportion of the dugongs in the northern

Great Barrier Reef region (Marsh and Saalfeld, manuscript). In
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contrast, anecdotal evidence and the results of a previous survey
of the reefs in the Whitsunday area (Marsh 1986), suggest that
dugongs are rarely sighted on reefs in the southern Great Barrier
Reef region, which tend to be a greater distance from the coast
than those further north. We do, however, have records of
sightings of single dugongs at Lady Elliott Island (24°07'S,
152043’E; 80 km from the coast) in July, 1985, and at North-West
Island (23°18’'S, 151°42'E; 55 km from the coast) in 1988.

Very significant numbers of dugongs are present in the

in eastern Cleveland Bay, in view of th

the Townsville/Magnetic Island bef#cheSgwhere’ there have been
significant numbers of dugongs ki in shark and mackerel gill-
nets since 1968 (Marsh, in

Future surveys

Despite a relatj high'§$&mpling fraction of about 10%, the

coefficients of vaMjationWfor the population estimates of the
Central and M y/Calricorn Section were high (18 % and 19%
respecti M contrast, the precision was much better (13%)
when both s were considered together. In future, we suggest
that both sections should be surveyed in a single season in order
to increase the precision, and hence the capacity of the surveys
to detect long-term trends. On the basis of a power analysis using
the precision of the surveys carried out to date and the estimated
rate of change of a harvested dugong population, Marsh and
Saalfeld (manuscript) recommended that the northern half of the

Great Barrier Reef region be surveyed every five years, in order

to monitor trends in dugong numbers. We suggest that this pattern
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should also be followed in the inshore waters of the Central and
Mackay/Capricorn Sections of the GBRMP. In view of the small area
of seagrass in the Cairns Section south of Cape Bedford, it is
doubtful whether an aerial survey of this area along the lines
illustrated in Figure 1 can be justified for dugongs per se.
However, such a survey may prove cost-effective in view of the
concomitant information obtained on sea turtles (Marsh and
Saalfeld, in press) and cetaceans.
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LEGEND TO FIGURES

Fig. la Cairns survey area, showing the transect lines for
the October 1987 survey. Dugong sightings (§) made
during the survey are also shown as the sighting rate
for this survey was too low to allow the

determination of dugong density in the survey area.

Fig. 1b The distribution and density of inshore seagrass beds

in the Cairns Section survey areg pund-truthed

seagrass data are from Coles al. script).

Fig. 2a Northern Central Sec®lio urveY area, showing the
survey blocks ( and Cransect lines for the
September 19 d ober 1987 sdrveys.

Fig. 2b The &tl of dugong density in the northern
Cent¥gl SecWkon survey area in September 1986.

-

= iMdividual sightings.

Fi e distribution of dugong density in the northern
Central Section survey area in September - October
1987.

Fig. 2d The distribution and density of inshore seagrass beds
in the northern Central Section survey area. The
ground-truthed seagrass data are from Coles et al.,

(manuscript).
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Fig.

Fig.

Fig.

Fig.

Fig.

3a

3b

3c

4a

b4e

Southern Central Section éurvey area, showing the
survey blocks (1-7) and transect 1lines for the
September - October 1987 survey. The uneven sampling
intensity in Block 3 was the result of logistical

problems; no dugongs were seen in this block.

The distribution of dugong density in the southern

Central Section survey area in September - October
1987.

The distribution and density o sho rass beds
in the southern Central c suygPey area. The

ground-truthed seagrass®la are om Coles et al.,

(manuscript) for th north'of Bowen and Coles et

e
al., (1987) for a south of Bowen.
Northe acka pricorn Section survey area,

showin@ the ey blocks (6-8) and transect lines

foMythe Sgbtember 1986 survey.

distribution of dugong density in the northern
Mackay/Capricorn Section survey area in September

1986.

The distribution and density of inshore seagrass beds
in the northern Mackay/Capricorn Section survey area.
The ground-truthed seagrass data are from Coles et

al., (1987).
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Fig. 5a Southern Mackay/Capricorn Section survey area,
showing the survey blocks (1-5) and transect lines

for the September 1986 survey.

Fig. 5b The distribution of dugong density in the southern
Mackay/Capricorn Section survey area in September

1986.

Fig. 5c The distribution and density of inshore seagrass beds
in the southern Mackay/Capricorng® N\ survey area

north of Water Park Pol ound-truthed

seagrass data are from C (1987).

Fig. 6 Frequency histogr owing details of dugong group

size and cop for (a) the Northern Central
Section j 986, (b) the Central Section in
Sept Yer 1987 and (c) the Mackay/Capricorn

Sectq@n in $eptember 1986.

F equency histograms showing the depths of water in
ich dugongs were sighted in (a) the Northern

Central Section in September 1986, (b) the Central

Section in September - October 1987 and (c) the
Mackay/Capricorn Section in September 1986. These

depths were obtained from marine charts and have not

been corrected for tidal levels at the times of the

surveys.
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TABLE 1: Areas of survey blocks and sampling intensities.

(a) Northern Central Section

Block Area (km?) Sampling %
Sept. 1986 Oct. 1987
8 611.8 16.6 17.2%
9 3845.3 8.4 8.5%
10 309.6 18.3
11 713.6 16.1
5480.2 10.9
8 differences in sampling f i between surveys due to
differences in the 1 Yeight at which transects
flown on each surge
(b) Southern Ce&Sec , September - October, 1987
Block Area (km?) Sampling %
297.0 20.0
2 644.0 9.6
3 1901.0 13.1
4 448.0 17.8
5 2230.0 7.9
6 218.0 18.1
7 560.0 18.2
6298.0 12.2
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TABLE 1: continued.

(c) Mackay/Capricorn Section, November, 1986

Block Area (km?) Sampling %
1 1391.0 9.0
2 895.0 9.1
3 1022.0 16.2
4 3274.0 8.5
5 1105.0 9
6 6016.0 70
7 1612.0 8.8
8 775.0 9.3
10.0
(d) Cairns S , Oc r 1987
Block Area (km?) Sampling %
es 11528.0 8.7
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TABLE 2: Weather conditions encountered on each survey.

Survey Blocks Wind Cloud Cloud Sea State Glarea’b Visibility

Speed (km/hr) Cover (oktas) Minimum he mode (range) mode (range) (km)

(a) Northern Central Section, September 1986

1-4 <20 0-2 0 1.0(0.0-3.0) 1.0-2.0(0.0-3.0) 10-20
(b) Central Section, September — October 1987

1-11 0-<10 0 450 1.0(0.0-3.0) 1.0-2.0(0.0-3.0) >20
(c)‘Mackay/Capricorn Section, November 1986

1-8 0-20 0-4 600 1.0(0.0-3.0) 1.0-2.0(0.0-2.0) >20
(d) Cairns Section, October 1987

5-15 0-4 450 1.0(0.0-3.0) 0.0-1.0(0.0-2.0) <20

a . .
worse side of aircraft

b Scale: 0 = none, 1 = < 25% of field of view affected by glare, 2 = 25 < 50%, 3 = > 50%
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TABLE 3: Details of group size estimates and correction factors used in the population estimates.

Blocks : lines Group size Number of Perception Correction Factor  Availability
mean (C.V.) observers estimate (C.V.) Correction Factor
Port Starboard Port Starboard estimate (C.V.)

(a) Northern Central Section, September 1986

1; 2: 38; 4: 16, 31-38 1.2857(0.1038) 1 2 1. 0.0651) 1.1020(0.0575) 3.0000(0.1701)
2: 51-58, 61, 64; 3; 4: 1-5, 1.2857(0.1038) 2 1745(0.0651) 1.1020(0.0575) 3.0000(0.1701)
17-30, 59, 60, 62, 65-67

(b) Central Section, September -~ October 1987

All blocks and lines 1.6667(0.1336) 2 ©1.0556(0.0092) 1.0549(0.0079) 3.5143(0.1433)
(c) Mackay/Capricorn Section, November 1986

5: 64-74; 6: 89 1.3559(0,1274) 2 lb 1.0862(0.0316) 1.2778(0.0183) 3.0750(0.1494)
1; 2; 3; 4; 5: 50-63, 75 & :

138-144; 6: 76, 81-88 & 1. R7 2 2 1.0862(0.0316) 1.0496(0.0183) 3.0750(0.1494)
90-106; 7; 8

a

training transects for port mid-seat observer. Port correction factor based on correction factor of the port rear-—
seat observer for the remainder of this survey.
training transects for starboard mid-seat observer. Starboard correction factor based on correction factor of the

starboard rear—-seat observer for the remainder of this survey.



TABLE 4: Estimated densities and numbers of dugongs for the
surveys. The values are + standard error incorporating
the errors resulting from sampling and in estimating
mean group size and correction factors.

(a) Central Section

Block Density per km2 Numbers

(a) Northern Central Section, September 1986

8” 0.61 + 0.19 375 + 118

9 0.04 + 0.02 158 + 68

10% 1.10 + 0.24 340 + 74

11 0.21 + 0.10 151 + 70
Total 0.19 + 0.03 1024 + 170
precision

(b) Northern Central Section, October 1987

8 0.59 + 0.15

9 0.00 + 0.00

10 0.59 + 0.35

11 0.14 + 0.10 100 + 71
Total 644 + 160
precision 0.25

(¢) Southern Central r - October 1987

1 31 + 35

2 65 + 69

3 .00 + 0.00 0+ ©

4 0.39 + 0.17 173 + 77

0.14 + 0.05 312 + 122

0.79 + 0.40 171 + 87

0.24 + 0.21 .136 + 120

1 0.14 + 0.04 888 + 221

precision 0.25
Central Section, September - October 1987

Total 0.13 + 0.02 1532 + 273

precision 0.18
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TABLE 4: continued

(b) Mackay/Capricorn Section, November 1986

Block Density per kmz Numbers
1 0.03 + 0.03 48 + 46
2 0 0
3 0.29 + 0.09 301 + 95
4 0.02 + 0.01 51 + 48
5 0.69 + 0.15 765 + 161
6 0.09 + 0.05 542 + 293
7 0 0
8 0.31 + 0.13 240 + 00
Total 0.12 + 0.02 194
precision 03
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TABLE 5: Summary of the analysis of wvariance comparing dugong
density in the northern Central Section in September
1986 and October 1987 using a randomized block design
with transect line as the blocking factor. The analysis
has been performed with and without Beaufort sea state

and cloud cover as covariates.

Covariate Factors

Lines (d.f. = 39) Ye

F
none 0.39210
Beaufort sea state 0.40860
cloud cover 0.367 91 1.68580 0.207
Beaufort sea state +  Oa 06 0Y989  2.00706 0.171

cloud cover
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EXECUTIVE SUMMARY

In November 1987, dugongs were counted from the air at an
overall sampling intensity of 7.4% over a total area of 30,533
km? in the Torres Strait region and adjacent waters of the Great
Barrier Reef Marine Park. About half the survey was repeated in

March 1988; persistently bad weather prevented its completion.

We corrected for perception bias (the proportion of animals

visible in the transect which are missed by observers), and

standardized for availability bias (the of animals

that are invisible due to water turbi ey-specific
correction factors. The resultant tion estimate in
November 1987 was 12,522 + S.F. 44 ddgongs at an overall

density of 0.41 + S.E. 0.05 recision of 13%.

Although the e significant differences between
population and Qs flates obtained from the repeat surveys
of the same are relMively more dugongs were sighted close to
the major wétern Jslands in the March survey.

ta suggest that if the dugong population were
increasing maximally, this region could support an unselective
man-induced mortality of 700 dugongs per year at most. If the
current rate of increase is similar to that estimated from the
Daru dugong catch between 1978 and 1982, the maximum unselective
harvest will be of the order of 300 dugongs. If significantly
more females than males are being caught, these figures are

overestimates.
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In the absence of adequate catch statistics and current
life history information, it is impossible to confirm whether the
current dugong harvest in Torres Strait is likely to be below the
sustainable yield. A high priority should therefore be placed on

public education in an attempt to pre-empt any increase in catch.

The resultant maps of distribution and density suggest that,
if the Torres Strait dugong sanctuary area is to be effective,
its boundaries should be renegotiated or an additional protected

area established around Buru (Turnagain) Isla

The low number of dugongs seen g t watglls of the Great
Barrier Reef Marine park adjacent t® ToMges Strait do not warrant
special protection when the zon n for this area is revised.

However, the Islanders neg formation on the restrictions

on their hunting withi Barrier Reef Marine Park.
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RECOMMENDATIONS

1. That the collection of further dugong catch statistics from
Torres Strait communities in both Australia and Papua New
Guinea be given high priority. At the very least, the
harvest of dugongs from Boigu Island should continue to be
monitored as an index of hunting activity in the Western
Islands. The Islanders should be encouraged to continue

sending dugong tusks to James Cook Univergity so that the

age-sex composition of the catch can bé

2. That the dugong public educati P am continued in the
Australian communities and® ext®gded 1n collaboration with
Papua New Guinea to t an communities. The program

should emphasize rability of the dugong to over-

®otiations be commenced with the Islanders to either
the boundaries of the present dugong sanctuary to
include some high density areas or to establish an
additional ©protected area in the vicinity of Buru
(Turnagain) Island. The concept of the Buru Island Sanctuary

should be included in the public education program.

4, That the Papua new Guinea Government be encouraged to

establish a similar sanctuary in a high density dugong area

in Papuan waters.
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That in order to monitor numbers, this survey be repeated in
November 1992 and at five yearly intervals thereafter.
(November is the month when favorable weather conditions are
most likely and in view of the high cost of tranmsporting a
suitable aircraft and survey crew to Torres Strait, it is
likely to be a waste of money to attempt a survey at another

time of the year).

That a copy of this report be made available to each

Community Council in. Torres Strait,
distributed in association with a p
part of the public educatio nd should be

accompanied by a summary writt®n non-Scientists.

X

185



Introduction

The dugong, Dugong dugon, listed as vulnerable to extinction
by the International Union for the Conservation of Nature (IUCN,
1986), has traditionally been important in the culture and diet
of the peoples of Torres Strait (see Johannes and MacFarlane,
manuscript). In recent years, both some local people (see
Johannes and MacFarlane, manuscript) and scientists (e.g. Hudson,
1986; Marsh, 1986) have been concerned by an apparent decline of

dugong numbers in the area.

This concern was fueled by the 4 e number of

dugongs passing through the local (9° 05'S, 143°
22'E) on the Papuan side of Torr€s it ffom 208 in 1979 to 81
in 1981, despite an increas he availability of motorized
craft, an extension o hifting grounds, and an apparently
sustained hunting arsh, 1986). The statistics of
Johannes and Ma@fa¥gane press) suggest a parallel slump in
the dugong catcMpof th® Western Islanders; fewer than one fifth

s wgle caught in the Western Islands during their

M-84 as were caught during the same months in 1976-78

1982). In addition, a dugong hunter based on
Thursday Island who kept records indicating that he had caught 41
dugongs between October 1975 and June 1976, claimed in November
1983 that he had not been able to catch a dugong for four to five
years despite that fact that his catch effort remained the same

and he continued to catch turtles (Marsh et al., 1984a).

A dedicated aerial survey of the major dugong hunting
grounds in Torres Strait in November 1983 produced a minimum

population estimate of 1,455 + S.E. 276 dugongs (Marsh, 1986). It
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was appreciated that this was 'an underestimate, probably a gross
underestimate of the Torres Strait dugong population’ because the
proportion of dugongs that were sighted under aerial survey
conditions had not been calibrated. However, the difference
between this estimate and the estimate of 22,000 required to
support an annual unselective harvest of 500 dugongs, the lower
limit of the estimated annual catch for at least some years
between 1975 and 1982 (see Tables 1 and 2) was huge. In view of
the decline in catch rates, this discrepancy led to serious
doubts about there being enough dugongs i Strait to
sustain the level of hunting that had Hken place,

especially as the estimate of a requi of 22,000 was

based on population parameters Yob{Qined rom the animals

harvested by the hunters from D rsh, 1986).

Some Islanders claig oWwgver, that more dugongs would

have been sighted if ey had been carried out during

(rather than imm O0re) the wet season, and that a
substantial prop animals occurred west of the 1983

survey area.

recent improvements in aerial survey methodology,
to conduct further surveys in 1987-88 to determine
the distribution and abundance of dugongs in Torres Strait. These
surveys were designed to take account of the Islanders’

criticisms of the design of the previous survey.

Methods

The western and central waters of Torres Strait north of

11°S and the adjacent eastern coastal waters of Cape York south
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to Hunter Point (11°30’'S., 142°50'E.) were surveyed between
November 10 and 21 1987 (Fig. 1). About half this region was
resurveyed between March 4 and 11 1988 (Fig. 2), before
persistently rough weather forced this second survey to be
terminated prematurely.

As far as possible, both surveys were held during periods of
neap tides to minimize water turbidity. Daily schedules were
arranged to avoid severe glare associated with a low or mid-day
sun. Repeatability was also increased by surveying only when
weather conditions were good (sea state Bea less). The
weather conditions encountered are s ized W -peﬁdix Table
1; details of weather conditionsgfor ch ansect for each
survey are summarized in Appendix’ Ta 2 (see Volume 4).

Survey Design

For estimation of ! densities of dugongs, the area
was divided into ig. 1) on the basis of sampling
intensity and c8ment oW transects . Block areas (Table 3)
were estimated om M 250,000 maps wusing a planimeter or a

digitizips let A The areas of major islands were excluded from

the eas. The areas of small (<3 km?) islands were
includ® the block areas.

The Partenavia 68B aircraft was flown at a groundspeed of
185 km h™! (100 kn.) and at an altitude of 137 m (450 feet) ASL.
The pressure altimeter was calibrated at each takeoff and
landing. Transect width (200 m on each side of the aircraft at
survey altitude) was demarcated by fibre glass rods attached to
artificial wing struts. The actual width of each transect was

estimated by calculating the mean survey height for that transect

(taking into account the altimeter correction at each landing
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using appropriate interpolations), assuming a combined transect
width of 400 m at an altitude of 137 m.

The transect lines flown in November 1987 are shown in Fig.
1; those flown in March 1988 are shown in Fig. 2. 1In order to
increase precision, all lines were aligned approximately across
the ecological axes of the area i.e. east-west south of Buru
(Turnagain) Island ¢9° 34’S, 142° 18'E,) and north-south along
the Papua New Guinea coast. Lines were generally spaced at

intervals of 5' latitude (9.3 km or 5 nm) in most of Block 3 and

in Block 4; and at intervals of 2.5’ latitud remaining

blocks. Additional lines were flown in Bay area
(Block 5). Some 1lines in the nort Block 3 were
aligned so that their end points c®ncMgd with islands or reefs
in order to aid navigation. Th caused by this non-random

placement is considered ing ial in view of the very small

size of these islands
Counting Procedure
The crew comMised pilot navigator, a front right survey

leader/recordeWy and Bwo tandem observing teams, who occupied the

middle seats on opposite sides of the aircraft. Only

two oper3 observers were available during the first day of
each survey while the other observers were being trained. The
observers reported their observations of dugongs, turtles
(usually not identified to species), cetaceans, sharks, rays, sea
snakes and surface plankton blooms in standard format into an
intercom connected to a two track tape recorder. We recorded
whether each sighting occurred in the top (furthest from

aircraft), middle, or bottom third of the transect in order to

increase the probability of distinguishing between different
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observations reported simultaneously by both members of’a tandem
team. Operational mid seat observers were visually screened from
the rear seat observers and acoustically isolated from the
remainder of the crew apart from each other.The rear seat
observers and the mid seat observers reported their (independent)
observations into separate tracks of the tape recorder. Trainee
mid seat observers could hear the reports of the rear seat
observers.

Data including aircraft height and position, locations of

presumed seagrass beds, weather conditio tarting and

finishing times for each transect, and of the rear
seat observers were recorded by thegdBu r using a micro
computer programmed as a data logfer

More details on metho are ' provided by Marsh and

Sinclair (manuscripts a /4

Post Survey Da

The tape r of ed transect was used to check and edit
the computer reQyrds, that each sighting could be classified
as being ma by e (specified) observer or both members of a

Records of the time of each observation and of the
starti finishing times for each transect enabled the
position of each observation to be plotted on a map as a basis
for the preparation of the smoothed density distribution maps.

Correction Factors

Correction factors were calculated for each survey for
perception bias (groups of dugongs visible on the transect line
that were missed by observers) and availability bias (groups of
dugongs that were unavailable to observers because of water

turbidity) and their associated coefficients of wvariation as
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outlined in Marsh and Sinclair (manuscript a). The corrections
for perception bias were calculated on the basis of the
proportion of sightings seen by one (specified) member or both
members of each tandem team using the Petersen mark-recapture
model; those for availability bias were based on the proportion
of dugongs sighted during each survey that were on the surface in
comparison to the proportion on the surface in a clear water area
where all dugongs were potentially available.

Analysis

Because transects were wvariable in area io Method

(Jolly 1969; Caughley and Grigg 1981) estimate
density, population size and their ass ard errors for
each block for each survey. Any s isQical bilas resulting from
this method is considered inc ntial in view of the high

sampling rate (Table 3) ley and Grigg 1981). Input

data were the estimat £ dugbngs for each tandem team

per tramsect calc he corrections for perception and
availability biase The ®esultant standard errors were adjusted

to incorpora the Merrors associated with the appropriate

estimat@s perception and availability correction factors

and the foup size (Table 4) following the method of Jolly
and Watson (1979) (as outlined in Marsh and Sinclair, manuscript
a).

The significance of the differences in density between
surveys for the areas which were surveyed twice were tested using
a two factor randomized block design with transect as the
blocking factor. The analysis was carried out with and without

measures of cloud cover (oktas) and/or sea state (Beaufort scale)

as covariates. Input data for both analyses were corrected
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densities per square kilometre based on mean group sizes and the
estimates  of the correction factors for perception and
availability bias, each line contributing one density per survey
based on the combined corrected counts of both tandem teams. The
densities were log transformed for analysis to equalize the error

variances.

Results and Discussion

Dugong group size and composition

The distribution of dugong grou s rved on the

November 1987 survey did not difger antly from that
observed in March 1988 (Fig. 3)¥(G With Wrlliam’s Correction =
4.04, P> 0.25, 3 d.f.). The group (subjectively distinct

clumping) seen in Novemj ve, in March six. These results

are comparable wit ber 1983 survey where the largest

group seen was o ( h, 1986). In all three surveys, more

sighted were alone or in a group of two

Wortion of calves seen was also similar in the three
survey?! % in November 1983; 13.6% in November, 1987; 14.3%
in March 1988. This is not surprising. Calving is diffusely
seasonal in northern Australia ahd the calves stay with their
mothers for at least 18 months (Marsh et al.., 1984b) . On all
three surveys (Fig. 3; Marsh, 1986) more than 70% of the cow-
calf pairs identified were unaccompanied by any other dugongs.
Population and density estimates |
The values of the mean group sizes and correction factors

used in obtaining these estimates are summarized in Table 4. The
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raw data have been listed in the Appendix. Table 5 gives
estimates of the density and numbers of dugongs per block for
each survey together with the standard errors of these estimates.
The population estimates sum to 12,522 + S.E. 1,644 dugongs
for the whole region in November 1987 at an overall density of
0.41 + S.E. 0.05 dugongs per km?, a precision of 13%. This
indicates that Torres Strait is a very important area for dugongs
with a population comparable to that of the entire Great Barrier
Reef Marine Park (Marsh and Saalfeld, unpublished data).
than the

This estimate 1is, of course, substantia

minimum estimates obtained for part of by Marsh

(1986). The difference is due to the igffro surgffy methodology;
Marsh’s (1986) estimate was uncorr®cteQufor e biases inherent
in the survey technique.

We consider that the Ren stimate is more likely to be

an underestimate th estimate. The correction for

availability bias each ey (Table 4), is based on the
ratio of the profgrtionWof dugongs sighted that are at the

surface duringQthe s@rvey to the proportion sighted in a clear

all dugongs present were potentially available,

gt the proportion of dugongs at the surface is the
same for all habitats and at all times (Marsh and Sinclair,
manuscript a). This assumption may not be valid in Torres Strait,
where in contrast to the east coast of Australia where our other
dugong surveys have been carried out, significant numbers of
animals are seen in relatively deep water (see Fig. 7 and text
below). Anderson’s (manuscript) observations suggest a trend for
dugongs to remain submerged longer in deeper water. A more

accurate correction for availability bias in Torres Strait will
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Figure 6: The distribution of presumed seagrass sightings from
the air in the survey area. Sightings from the November
1987 and March 1988 surveys have been combined on a

single map, with the boundaries of the survey area
indicated.
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Figure 7: Frequency histograms showing the depths of water in
which dugongs were sighted in (a) November 1987 and (b)
March 1988. Estimates for depth of water are biased as
they were made only for the less than 50% of sightings
that occured in charted waters: Most of the uncharted
waters are likely to be less than 10m deep.
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require further investigation of dugong diving behaviour in this
area.

Distribution of Dugongs

Figures 4 and 5 are smoothed density distribution maps based
on the resuits of the November 1987 and March 1988 surveys
respectively. Maps of actual sightings are provided in the
Appendix. In November 1987, dugong density was highest on the
seagrass beds (see Fig.6) around Badu and extending north across

Orman Reef around Buru Island and east to Gabba_lIsland ( 9°46'S,

142°37'E). The mnext highest density was over the

Warrior Reef complex. Densities were ve low a the coasts of
Papua New Guinea and Cape York inc in e thernmost waters
of the Great Barrier Reef Marine Park$

Differences between surv

There was no signif d¥ ference in the number of dugongs

observed in the are y both surveys (Table 6). Addition

of Beaufort sea®st andPor cloud cover for each transect as
covariates did chan¥e this result and made little difference
to the sy ]

the March survey was not completed, it is not
possib determine if there had been a major change in the
distribution of dugongs in Torres Strait between the two surveys.
However, a significantly higher proportion of the dugongs sighted
in the areas surveyed both in November and March, was close
(<10km) to the major western islands in March (47/160 or 29%)
than in November (26/251 or 10%) (G with William’'s correction

=23.46, d.f.= 1, p<0.001). This is consistent with the Islander’s

perceptions that dugongs are more abundant in the area from Cape
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York to Mabuiag during the North-West monsoon (Johannes and
MacFarlane, manuscript).

High densities of dugongs were observed in the Buru Island/
Orman Reef area in both November 1987 and March 1988. This was
also the area supporting the highest densities of dugongs in
November 1983 (Marsh, 1986). Large numbers of dugongs were also
sighted in this area on a Coastwatch flight on June 17 1988 (M.
McCarthy, pers. comm). It seems likely that the extensive

seagrass beds in this area (Fig. 6) are consisteptly important

dugong habitat, despite the essentially seasd
dugong catch from this area by Boigu andersQY#Phannes and

MacFarlane, manuscript).

As much of the Orman Reef area“is harted, we were able to
estimate the depth of water in only about 45% of dugongs
were sighted in the Novemjg survey (Fig. 7). The figures

from March 1988 are, even less representative. The

surveys indicate ant numbers of animals are sighted

in relatively deeMjwater® (>10m), in contrast to the northern
waters of the at rier Reef Marine park where 56% of dugongs

are sig water less than 5m deep (Marsh and Saalfeld,

manuscrip gnificant numbers of dugongs are seen more than
10km from land in Torres Strait, in contrast to their essentially
inshore distribution in most other areas. Dugong distribution in
Torres Strait undoubtedly reflects the extensive beds of both
intertidal and subtidal seagrass beds in this area (Fig. 6).
Sustainable annual catch
On the basis of experience in Torres Strait in the late

1970’s, Nietschmann (1984), 'guesstimated’ an average annual

dugong catch in Torres Strait of about 750 animals. We do not
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know whether this estimate was restricted to the Australian
Islands or whether it included dugongs caught by Islanders who
operate crayboats. From the limited statistics available (see
Tables 1 and 2), Marsh (1986) estimated that the total annual
dugong catch for the Torres Strait area for at least some years
between 1975 and 1982 was at least 500 to 1000 animals. She then
estimated the minimum populations required to support an annual
unselective harvest of 500 and 1000 dugongs assuming a population

sex ratio of 1:1 on the basis of a simple population model which

was constructed to determine the annual increase of

stable dugong populations with wvario cogbi ons of life-
history parameters in the range obs ed @r s ral populations.

Marsh (1986) calculated that, e with the most optimistic
combination of life history rs, a dugong population was
unlikely to increase

an about 5% per year. If the

parameters calculat dugongs passing through the Daru

market in 1978-1482 Qe ope¥able, the maximum rate of increase is

likely to be onIYgabout¥2%. It is likely, however, that the rate
of incre

3se thgWTorres Strait dugong population is currently

this latter figure which was obtained soon after
Vidence suggests there was a period of extensive
seagrass dieback in Torres Strait (Johannes and MacFarlane,
manuscript). The mean calving interval (the parameter to which
the dugong population model 1is most sensitive) decreased
significantly from nine years in 1978-79 to three years in 1981-
82, coincident with the reported recovery of the Torres Strait
seagrass beds (Marsh and Hudson, unpublished data).

Marsh's (1986) population model indicates that 12,500

dugongs are likely to be able to sustain an unselective harvest
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of only 700 animals per year when dugongs are breeding optimally.
If the population parameters calculated on the basis of the
dugong specimens obtained from the Daru harvest in 1978-82 are
currently valid, the maximum sustainable harvest is of the order
of 300 per year. Johannes énd MacFarlane (in press) reported that
adult females outnumbered adult males in the 'unselective’ catch
of the Boigu Islanders recorded by Mrs Pabai from Boigu by a
ratio of 5:2. Dugong tusks are sexually dimorphic and the small

sample which has been forwarded to us by Mrs Pabai_indicate that

her records are correct. Nonetheless, we fifl sex ratio

surprising, as the (much larger) catches Badu and

Kubin (Nietschmann, 1984), and m udson, 1986)

indicated a ratio close to parity. Howe , 1f the Torres Strait
dugong catch as a whole is curre iased in favour of females,
the sustainable harvest £j between 300 and 700 dugongs

are substantial overespim

It is impossi eval®te whether the dugong is currently
being over-exploi in Worres Strait without reliable catch
figures from thgl major hunting communities in the region,

plus an ¥ of the number of dugongs killed for illegal sale

All the € e available suggests that the number caught is now
much lower than for the period between 1975 and 1983 as
summarized in Tables 1 and 2. Johannes and MacFarlane
(manuscript) estimate that the total legal harvest of dugongs by
members of the Australian communities in Torres Strait in the mid
1980's was of the order of 120-140 animals per year. (In 1985-87,
the annual average catch from Boigu, a major hunting community,

averaged about 45 animals per year (Johannes and MacFarlane,

manuscript)). Johannes and MacFarlane also consider that the

201



illegal harvest of dugongs for cash in the course of crayfishing
activities has declined substantially from the 1983 level (Table
2). We have no information about the current dugong catch by the
people of the Western Province of Papua New Guinea except that it
is believed to have declined substantially since the sale of
dugong meat was banned in 1984 (Hudson, 1986).

We believe that there is no cause for complacency about the
dugong situation in Torres Strait, despite the apparent decline

in catches and the substantially higher population estimate

resulting from the November 1987 survey.
potential to deteriorate rapidly if tc
clearly important to continue with dffie icgfducation campaign

in an attempt to pre-empt such an in®yease, and to encourage the

Government of Papua New Guin o likewise. It would also be

desirable to continue the legal catch by communities

on both sides of thgpbd ¥ven the logistical difficulties of

doing this i AuSCralian communities (Johannes and
MacFarlane, manMgript)¥ we suggest that at the very least, the

monitoripne oWathe Fatch at Boigu should be continued as an index

tivity in the Western Islands.
eness of the present sanctuary area

The surveys indicate that dugong density in much of the
present sanctuary area is very low (Fig. 4 and 5). We were unable
to survey the remainder of the sanctuary because of our
inability to hire a suitable survey aircraft with an Omega
navigation system, however, the bathymetry of the unsurveyed area
suggests that it is unlikely to be good dugong habitat. Our
observations suggest that banning dugong hunting from this area

(which was not heavily hunted) is likely to have a limited effect

202



on dugong conservation in Torres Strait, except as a means of
emphasising the danger of over-exploitation and the need for
rational management.

If dugong management in Torres Strait is to be effective, it
will be important to protect animals in at least some of the high
density areas. To change the boundaries of the present sanctuary
so soon after it has been established would be psychologically
unsound. We suggest that it would be more appropriate to

negotiate with the 1Islanders about establishing a second

sanctuary area in the region of Buru Island, ar
consistently high dugong numbers. Such a s

meet most opposition from hunters fr

However, the records of Johannes¥an acFarlane (manuscript)
indicate that only about 10% of tch from Boigu is obtained

from the Buru area and thaj ch is seasonally limited. The

proportion of the catc from Badu and Mabuiag which is

o)

Py

obtained from the ty oWBuru is unknown; both communities
are known to hunt Orm Reef between their hoﬁe islands and
Buru (Johanne and MMacFarlane, manuscript). Even if it is
impossik Atain agreement about such a sanctuary in the near
future, gest that the idea should be canvassed as part of
the public education programme. It would also be timely to
suggest to the P;pua New Guinea Government that a dugong
sanctuary should be established in their waters, perhaps within
the Maza Wildlife Management Area (Hudson, 1986).

Timing of future surveys

As discussed above, the dugong’'s rate of maximum annual

population increase is limited by its biology to about 5% a year

or less. A rate of decline would be determined by numerous



factors including the harvest regime. Given the evidence of
declining catches in Torres Strait, the annual rate of change of
the population is expected to be relatively low.

When designing a monitoring program for a vulnerable species
such as the dugong, the consequences of failing to pick up a
declining trend are more serious than the consequences of
deciding that a declining trend is occurring when it is not.
Thus it is particularly important to consider Type 2 statistical

errors. If this expected low rate of dugong population change 1is

to be monitored within an acceptable range tical error,

the precision of the population estimgyfs wgll e to be high.
Under a constant intensity of pli precision of a
population estimate improves as the Wize of the survey area is

increased as evidenced by Thus future surveys for

dugongs in Torres Stra over the whole area of important

November i time¥ of year when weather conditions are

most likely to optimal for a period long enough to survey such
a large

e de tely, making it unrealistic to plan more than

one any one year.

Ette (1987) outlines procedures for estimating the
minimum number of samples required to detect a trend in numbers
using linear regression. His technique has been used to
investigate how long it would take to detect with acceptable
levels of confidence that a dugong population which was
decreasing at say 5% or 10% per year was in fact declining i.e.

that the slope of the regression line was significantly less than

0. The following assumptions were made:
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(1) that the population estimate would have a precision
of 13% (as for the November 1987 survey);
(2) that the coefficient of wvariation 1is inversely
related to the square root of abundance as predicted
for strip transects by Seber (1982).

The probability of both a Type I error a« and a Type II B

error was set at 0.05.
It is estimated that if surveys were held every year, it

would take 9 years i.e. ten surveys to be able detect a 5%

decline with 95% confidence; six years to det decline.

After nine years a dugong population de per year

would have been reduced to 63% of i si e time of the

first survey, whereas a populatio ining at 10% per year

would have been reduced to 53 its initial level after six

years. A preliminary indi g o such trends could be obtained

more quickly by allowigg B to assume larger values. Of
course, a decline o rapid¥than these would be detected more
quickly with the s freqlency of surveys.

As Gerrod&gte ( 7) points out, annual surveys are probably

not the frequency of sampling for a population that is

changing vely slowly. As the interval between surveys
increases, the effective rate of change per interval increases,
and the required number of surveys therefore decreases (see
Gerrodette, Table 2). For example, we have calculated that two
dugong surveys 10 years apart could establish with 95% confidence
that a population decreasing at 5% per year is declining. Such a

low survey frequency would obviously provide substantially less

information than annual surveys.
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Any sampling strategy will be a compromise between
information and cost. The Great Barrier Reef Marine Park
Authority is required by law to revise zoning plans every five
years, and we have recommended that dugong surveys be repeated in
the Park at five-yearly intervals. Given the expense, time and
personnel needed to conduct large-scale surveys in remote areas,
we suggest that this would also be an appropriate interval

between dugong surveys in Torres Strait.
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TABLE 1: Dugong catch
communities 1975-82.

statistics

five Torres Strait

Collection Location
period

Number caught
Total Average
per month

Source

October 1975 Thursday
- June 1976 1Island

Sept 1976 Mabuiag
- August 1978

January 1977 Kubin
- December 1977

October 1976 Badu
- 1979

July 1978 Daru
- March 1982

41
227
50

227

454

4.6

9.5

4.2

7.8

107

Personal records
kept by one hunter
for Dr G.E. Heinsohn

Records collected by
Nietschmann during

ecords of dugongs
sold in the Daru
market collected by
PNG Division of
Wildlife (Hudson,
1986)

, &QV
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TABLE 2: Estimates of the dugong catch of Islanders on crayboats
in 1983 on the basis of interviews conducted in late
1983 by Marsh et al., (1984) and MacFarlane (see
Johannes and MacFarlane, manuscript).

Informant - Interviewer Estimate Basis of estimate
Island leader Marsh >100 discussions with
not involved other Islanders

with fishery

Islanders who Marsh ~5002 30 taken one week
owned and
operated crayboats

Crayboat crews MacFarlane ~24 AsSumed 2 dugongs /
+ personal per week per boat,
involvement with 4 boats, 30 week
cray industry 1980-81 season®

2 Probably an overestifate; slanders wished to emphasise

their prowess as h

® This is probabl
crayfishing

an restimate of the length of the
d of the weekly catch. Peter Channells
(pers. comm. orts that the average number of days per
year wo €0 eezer boat in 1981-86 was 109 and that
vesselsfid ork continuously in areas where dugongs occur.
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TABLE 3: Areas of survey blocks and sampling intensities.

Block Area (km?) Sampling %

(a) November 1987

0 2202.0 9.1
1 6420.0 9.5
2 7148.0 9.1
3 9287.0 4.2
4 3108.0 1
5 1221.0 .2
6 1167.0 7.9

3053 7.4

(b) March 1988

22 .0 9.5
32 5904.0 4.9
4 3108.0 5.1
829.0 10.0

1070.0 8.5

16388.0 7.0

2 these blocks were incompletely sampled in the March 1988
survey (see Figure 2 for details of transects not

flown) .
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1 AY4

TABLE 4: Details of group size estimates and correction factors used in the population estimates.

Blocks : lines Group size Number of Perception Correction Factor Availability
mean (C.V.) observers estim ) Correction Factor
Port Starboard Por Starboard estimate (C.V.)

(a) November 1987

5: 9-13 1.3863(0.0470) 12 1.3913(0.0188) 2.7203(0.1196)
2: 1-8; 3: 13-16 1.3863(0.0470) 2 lb 1.0425(0.0087) 1.3913(0.0188) 2.7203(0.1196)
0; 1; 2: 9-28; 3: 1-12; 4; 1.3863(0.0470) 2 1.0425(0.0087) 1.0896(0.0188) 2.7203(0.1196)

5: 1-8, 14-16; 6

(b) March 1988

2: 1-5 1 1.5238(0.0422) 1.5000(0.0568) 2.5714(0.1367)
2: 6-8 1b 1.1513(0.0422) 1.5000(0.0568) 2.5714(0.1367)
2: 9-28; 3: 3-13; 4; 5: 1-4, 2 2 1.1513(0.0422) 1.1538(0.0568) 2.5714(0.1367)

9-13; 6: 2-11

a training transects fo observer. Port correction factor based on correction factor of the port mid-

seat observer for the! of this survey.

b training transects for ste®0ard mid-seat observer. Starboard correction factor based on correction factor of the

starboard rear-seat observer for the remainder of this survey.



TABLE 5: Estimated densities and numbers of dugongs for the
surveys. The values are + standard error Incorporating
the errors resulting from sampling and in estimating

mean group size and correction factors.

Block Density per km? Numbers

(a) November 1987

0 ~0.00 + 0.00 0o+ 0
1 0.18 + 0.04 280
2 1.11 + 0.17 1204
3 0.29 + 0.11 73 + 1041
4 0.23 + 0.1 717 + 300
5 0.06 + 67 + 27
6 0 0
Total 5 12522 + 1644
precision 0.13
(b) March 1988
28 0.84 + 0.15 4596 + 839
0.31 + 0.14 1832 + 840
& 0.03 + 0.03 8 + 85
52 0 0
62 0 0
Total | 0.40 + 0.07 6511 + 1190
precision 0.18

2 these blocks incompletely surveyed due to bad weather

preventing completion of survey.
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TABLE 6: Summary of the analysis of variance comparing dugong
density in Torres Strait in November 1987 and March 1988
using a randomized block design with transect line as
the blocking factor. The analysis has been performed

with and without Beaufort sea state and cloud cover as

covariates.
Covariate Factors
Lines (d.f. = 39) Yeads 1)
F P

none 1.90169 0.292
Beaufort sea state 1.77641 .03702 0.315
cloud cover 1.839 31 1.00269 0.323
Beaufort sea state + 0.050  0.93619 0.340

cloud cover
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Figure 1: Survey area, showing the survey blocks (0-6) and
transect lines for the November 1987 survey.
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Abstract

In 1984 and 1985, sea turtles were counted from the air at an overall
sampling intensity of 9% over a total area of 31,288 km® within the
northern sections of the Great Barrier Reef Marine Park during surveys
designed primarily to census dugongs. The sea turtles were not

identified to species. We attempted to correct sightings for perception

bias (the proportion of animals visible in the tragsect which are missed
by observers), and to standardize for availabi Q
of animals that are invisible due to er gtut

specific correction factors. The resyftant™NQiniglim population estimate

(thekproportion

ty) with survey-

in November 1985 was 32,300 + S.E. 27@B3 sea turtles at aﬁ overall
density of 1.03 + S.E. 0.09 km 2, ision of 9%. 'Ne consider this to

be a gross underestimate rs actually present. Significant

differences between po density estimates obtained from repeat

surveys of the same®ar wer® accounted for by differences in Beaufort
sea state and cloud Wgver USing analysis of covariance suggesting that we
had not beep

uCqessfuy in standardizing all biases. Turtles were widely

distribufe ughout the Great Barrier Reef lagoon from inshore

seagrass .DW o mid- and outer-shelf reefs. Highest densities were
observed on inshore seagrass beds and on mid-shelf reefs, particularly
between Murdoch Island and Cape Me1v§11e, and in Princess Charlotte Bay.
Maps of density and digtribution are given. The value and limitations of

this survey regime for censusing sea turtles are discussed.
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Introduction

Sea species of sea tuft]es occur in the Great Barrier Reef Region:
loggerhead (Caretta caretta), green (Chelonia mydas), hawksbill
(Eretmochelys imbricata), flatback (Natattor (Chelonia) depressa),
Pacific Ridley (Lepidochelys olivacae), and Tleatherback (Dermochelys
coriacea) (Cogger, 1984). Green and hhwksbﬁ11 turtles are the most
common species found on the reefs of the northern Great Barrier Reef

(Limpus, 1978); green turtles are also common on inshams seagrass beds in

this region. The flatback turtle is encounter® arely in reef

situations and yet, Tlike the Pacific Ridl¥, be abundant in
coastal areas inshore from the main corg re in the vicinity of

continental islands (Limpus, 1978). he tback is the species most

commonly caught in trawls in nor

catherback is an oceanic species

eat Barrier Reef waters (Y.

Beuteaux, unpublished data)
rather than a resident fs, but 1is occasionally sighted in
this region (see Limpu® a an, 1979).

Sea turtles (esp®yjally" large animals) can often be seen clearly

loyylevel surveys particularly in calm seas and in

from the air _duri
clear wate w
difficult. fo

Admitting the limitations of this method in the absence of specific

er, with the exception of the leatherback, they are

on-specialist observer to identify to species.

identifications, this paper aims to generate distribution maps for sea
turtles in the northern Great Barrier Reef Marine Park and to provide a
minimum estimate for sea turtles in the area on the basis of sightings
recorded during aerial censuses of dugongs, Dugong dugon, in 1984 and

1985.
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Methods

The coastal zone between Cape Bedford (15°15’S., 145°21'E.), Cape
Melville (14°10’S., 144°30’E.) and the outer barrier reef was surveyed
between November 13 and 15 1984, and again between November 1 and 5 1985.
The corresponding area between Campbell Point (13°32’S., 143°35'E.) and
Hunter Point (11°30’S., 142°50’E.) was surveyed between April 21 and 26
1985, and again between November 7 and 8 and November 17 and 21 1985.
The intervening Princess Charlotte Bay area was veyed once between
October 31 and November 7 1985.

A1l surveys were held during periods to minimize water

turbidity. Daily schedules were avoid severe glare

associated with a low or mid-day sun. eatability was also increased

by surveying only when weather itions were good; the conditions
encountered are summari zeOe .
egioMal

Survey Design
For estimation® o densities of turtles, the area was
divided into 13 blo (Figt 1) on the basis of sampling intensity, depth

contours, ag oridinal hunting activity. Block areas (Table 2) were

The areas. § or islands were excluded from the block areas. The areas

estimated 250,000 maps using a planimeter or a digitizing tablet.

of small (<3 km®) islands were included in the block areas.

The Partenavia 68B aircraft was-fiown at a groundspeed of 185 km h™'
(100 kn.) at a altitude of 137 m (450 feet) ASL. The pressure altimeter
was calibrated at each takeoff and landing. Transect width (200 m on
each side of the aircraft at survey altitude) was demarcated by fibre
glass rods attached to artificial wing struts. The actual yidth of each
transect was estimated by calculating the mean survey height for that

transect (taking into account the altimeter correction at each Tanding
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using appropriate interpolations), assuming a combined transect width of
400 m at an altitude of 137 m.

The transect lines flown on the various surveys are shown in Figure
1. In order to increase precision, all lines were aligned east west i.e.
approximately perpendicular to the depth contours. For the 1984 survey
of blocks 1 through 4, 14 Tlines spaced at intervals of 5’ latitude (9.3
km or 5 nm) extended to the outer Barrier Reef. Each pair of these Tong

lines was interspersed with two shorter lines 3.1 k nm) apart and

extending 21.6 km from the coast. (The latter i tance flown in

seven minutes at 185 km h-' [100 kn.]). Thisgfrv was developed
on the assumption that almost all dugo wOLd seen close to the

coast. This assumption proved incorrct.QAs a result, in subsequent

surveys lines were flown between th and the outer Barrier Reef at

intervals of 2.5’ latitude, a pogdient which also aided navigation by

providing definite start < @ints for each transect. -Additional

lines were flown in twgfaMgas of Warticular interest to the Great Barrier
Reef Marine Park Auth®§jty (B®ocks 2 and 11). The intensity with which

each block was sa d is¥summarized in Table 2.

comprised a pilot navigator, a front right survey
leader/recorder, and two tandem observing teams who occupied the middle
and rear seats on opposite sides 6f the aircraft. Four operational
observers were not always available especially during the first two
surveys. During the November 1984 survey, the crew included one
operational (rear seat) observer on each side of the aircraft and a
trainee observer in the port mid-seat. On the April 1985 survey and .when
training a second mid-seat observer in the November 1985 surveys, only

one tandem team and the rear-seat observer on the other side of the
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aircraft were operational as the trainee observer'did not report his
sight%ngs. A complete crew was available at other times.

The observers reported their observations of dugongs, turtles
(usually not identified to species), cetaceans, sharks, rays, seasnakes
and surface plankton blooms in standard format into an intercom connected
to a two track tape recorder. We recorded whether each sighting occurred
in the top (furthest from aircraft), middle, or bottom third of the
transect in order to increase the probability of distinguishing between

different observations reported simultaneousl] h members of a

tandem team. Operational mid seat observeg¥ we 411y screened from
the rear seat observers with a curtain gfid stigdlly isolated from the

remainder of the crew (apart from edch er).” The rear seat observers

and the mid seat observers repor ir (independent) observations into

separate tracks of the tapg r. Trainee mid seat observers could
hear the reports of th observers.
Data includingdaiNgraft Weight and position, locations of presumed

seagrass beds, weal®gr comlitions, the starting and finishing times for

each transe thg¥sightings of the rear seat observers were recorded
by the §

and timer. a

More details on methodology are provided by Marsh and Sinclair

ader using a micro computer programmed as a data logger

(manuscripts a & b).

Post Survey Data Editing

The tape record of each transect was used to check and edit the
computer records, so that each sighting could be classified as being made
by one (specified) observer or both members of a tandem team. Records of
the time of each observation and of the starting and finish%ng times for

each transect enabled the position of each observation to be plotted on a
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map as a basis for the preparation of the smoothed density distribution
maps. |

Correction Factors

Correction factors for perception bias (groups of turtles visible on
the transect fine that were missed by observers) and their associated
coefficients of varjation were calculated as outlined in Marsh and
Sinclair (manuscript a). It was not possible to correct for availability
bias (groups of turtles that were unavailable to ohservers because of
water turbidity) because of the lack of data frd

turtles in clear water (when all animals are engia '

as a standard. Instead, we used the datgffroM@he Jfovember 1985 survey

ial survey of

isible) to use

of blocks 8 to 13 as. the standard¥as is survey had the Tlowest
proportion of turtles sighted at the e. We corrected all the other

surveys against this (see Ta order to calculate the various

correction factors for ity bias and their associated

coefficients of variatdon$§see M&Fsh and Sinclair, manuscript a). Thus
this paper provides stdgardiZ®d minimum population estimates only.

Analysis

&ts were variable in area, the Ratio Method (Jolly
Grigg 1981) was used to estimate density, population
size and their associated standard errors for each block for each survey.
Any statistical bias resulting %rom this method is considered
inconsequential in view of the high sampling rate (Table 2) (see Caughley
and Grigg 1981). Input data were the estimated number of turtles for
each tandem team per transect calculated using the corrections for
perception and avai]abi1fty biases. The resultant standarq errors were
adjusted to incorporate the errors associated with the appropriate

estimates of the perception and availability correction factors and the
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_mean group size (Table 3) following the method of Jolly and Watson (1979)
as outlined in Marsh and Sinclair (manuscript a).

The significance of differences in density between years and between
blocks for the Cape Bedford-Cape Melville area (blocks 1 through 4), were
tested using analysis of variance with and without measures of cloud
cover (oktas) and/or sea state (Beaufort scale) as covariates. Input
data for both analyses were corrected densities per square kilometer

based on mean group sizes and the estimates of the correction factors for

perception and availability bias, each line block (or zone)

contributing one density per survey bas ombined corrected
counts of both tandem teams. The d log transformed for
analysis to equalize the error varialices?

There were two fixed facto ks and years) in the analysis of
the survey results for b]o

An Whweighted means analysis was used because

h®Bugh 4. Lines within blocks could not

be used as a factor the differences between years in the
survey design (Fig
the number of trans®gts va™ed by block.

The sape 1

s w@re flown during the two surveys of blocks 6 through
13 enabl to be used as a (random) factor in the analysis. Each

line was ¥d into an inshore and an offshore zone at the 10 fathom

(18m) depth contour. Zone and season were treated as fixed factors. A
split plot design (Snedecor and Cocﬁran 1967 p.369 - 372) was used for
the analysis which was performea with and without measures of cloud cover
and/or sea state as covariates.

Distribution maps

Prior to the preparation of the smoothed density distr?bution maps,

the entire survey area was divided into the following habitats without

reference to the turtle data:
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(1) Inshore waters to the 10m Tline. (This region was further
subdivided on the basis of the presence/absence of seagrass
beds; see Figure 3).

(2) Mid-shelf reef complexes with associated shoals.

(3) Outer-shelf reefs and associated shoals. (When habitats (2)
and (3) were continuous they were combined i.e. between Murdoch
Point (i4°37'$., 144°55'E.) and Cape Melville).

(4) Continental island complexes and associated reefs e.g. Lizard
Island (14°42’S., 145°30'E.), Flind (14°11'S.,
144°15'E.).

(5) The shallow coastal plane betyRe e m and 20m depth
contours between Cape FTétter (TN§38’S.Y 145°21'E.) ahd Barrow
Point (14°20’S., 144°40'E

1 e deep channels.

(6) The remaining areas, N

The distribution maps were a3 @
Results
Reliability of 0 vers

prrected densities.

There was very little disagreement between tandem observers. Team

members differed over specific identfty on 18 occasions (2.3%) compared
with 4.7% for dugongs on the same surveys. The difference is not
significant (G with William’s correction = 1.877; 1 d.f.; P>0.1). Twelve
of the discrepancies occurred when one observer classified an animal as a
turtle while the other was unsure; on four occasions one observer
classified apparently the same animal as a ray when the other thought it

was a turtle; once apparently the same animal was called a turtle by one
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10
observer, a dugong by the other; on another occasion there was
disagreement as to whether an animal was a dolphin or a turtle.

Animals are often seen in the process of surfacing or diving as an
observer scans the sea surface, so it is possible for one observer to see
an animal at the surface while it is below the surface when sighted by
the other observer. Not surprisingly, one team member described a turtle
as being on the surface when his counterpart reported it as beneath the

surface on 16 occasions (2.1%). This compares with 8.6% for dugongs on

the same surveys (Marsh and Saalfeld, manusc e difference is

1]

significant (G with William’s correction .3 P<0.001).
Minimum Population and Density Estimat

The values of the mean group sizesQgnd correction factoré used in
obtaining these estimates are su in Table 3. The raw data have
4 gives estimates of the density and

numbers of turtles pe the various surveys together with the

standard errors of Wes®Mestim®res. Two standard errors have been listed

for each estimate: based on the difference in corrected turtle counts

o
(o]
ct
x
(1]
(1]
=
‘—t.
3

(2) incorporating the errors in estimating the
appropri ction factors and mean group size as well.
The population estimates sum to 32,300 + S.E. 2,753 turtles
for the whole region in November 1985 at an overall density of 1.03 +
S.E. 0.09 turtles per km?, a precision of 9%. This is likely to be a
gross underestimate of the number of turtles present as we attempted
merely to standardize availability bias rather than to correct for it in
absolute terms.
foference between surveys

The results of the analysis of variance used to investigate the

differences between the surveys of blocks 1 through 4 held in November in

both 1984 and 1985 (Table 5) indicated that densities differed
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significantly between blocks (P<0.001).. There was no significant
interaction between years and blocks (p=0.6) indicating that the turtles
were dispersed similarly on both surveys. Although the difference
between years in the minimum population estimate was substantial (13,875
+ S.E. 2,235 in 1984, 7,918 + 1,318 in 1985), the probability of
rejecting the null hypothesis was only 0.062 when the analysis was
performed without using weather conditions as covariates. When Beaufort
sea state for each transect was used as a covariate_the probability of
the observed turtle density being the same for

0.755, indicating that the lower observed nsjt a

explained by the rougher seas (Table 1).

increased to

1985 could be

Comparison of the results of e ril {post wet sedson) and

November (pre wet season) surveys ks 6 through 13 in 1985 without

o+

using weather conditions as (Table 6) indicated that observed

densities differed significa een lines and between seasons, with

the observed density icantTW higher in November than in April 1985.
However, there was sign¥ficant difference in density between the
inshore and the shorgd zone, nor was there any significant season by

zone inter; Q dicating that the pattern of dispersion was similar
for both . suWyge

When Beaufort Sea State and cloud cover for each
transect were used as covariates the difference in observed density
between seasons was no longer signiffcant (P=0.422) indicating that this
difference could also Se explained by changes in the sighting conditions
due to weather.

These results suggest that our attempts to standardize the biases
had had only Timited success. '
Distribution of Sea Turtles

Figure 2 consists of smoothed density distribution maps based on the

results of the November 1984 and November 1985 surveys. More detailed
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‘maps are provided in Marsh (1987). Turtle densities were highest in the
following habitats: |
(1) inshore seagrass beds (Fig. 3), particylarly in Bathurst Bay
and in the area between Claremont Point and the mouth of the
Chester River in Princess Charlotte Bay;
(2) mid-shelf reef complexes, particularly the large planar reefs
in Princess Cha}1otte Bay which are believed to support

significant stands of the sea grass Thalassia hemprichii (see

Hopley, 1982);
(3) the large mid-shelf/outer-shelf 40mplex een Murdoch Point
and Cape Melville and extendigf upNgo 144%5'S.

Overall, Princess Charlotte Bdy d oUt as an area shpporting
particularly high densities of s. Throughout the survey area,
densities tended to be 1 inWthe deep channels and on some outer

shelf reefs.
A Tlarge nesti regadon of turtles was observed in the area
_immediately surroun®pg Rathe Island on November 17 1985. The density of

animals wa eatdto estimate using visual counting techniques. The

sighted was in the channel just west of Martha Ridgway
reef (12°¢ 43°47'E.) on 20 November 1985.
Discussion

The results of this survey need‘to be interpreted in the context of
the complex 1ife history of sea turtles which typically live in widely
dispersed feeding grounds from which they travel often long distances to
aggregate to breed in a small number of traditional rookeries (Limpus and
Nicholls, 1988). The green'turt1e rookeries on Raine Island - Pandora
Cay are the only major sea turtle rookeries in the surveyiarea. Small

rookeries also occur at No.7/No.8 Sandbanks (13°27’S.,

143°59’E./13°22’S., 143°28'E.) (Limpus 1982a). The nesting aggregation
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observed in the Raine Island area was not included in the smoothed
dengity map as it was off the transect (Fig. 2); and the density in the
region of No.7/No.8 Sandbanks was not exceptional (Fig. 2). We saw no
courting aggregations. We conclude that most of the turtles sighted on
these surveys were on their feeding grounds.

Previous observations (Limpus 1978, 1982b; Limpus and Reed, 1985a;
Limpus personal communication) indicate that most of the turtles seen on

reefs and inshore seagrass beds (the areas of highest density see Fig. 2)

are green turtles. It is therefore Tlikely tha the turtles

sighted belonged to this species. Unlike thedOther es, the annual
numbers of nesting green turtles fluctyfte amayfcally (Limpus and
Nicholls, 1988). The nesting season®wh peaked in December 1984-
- January 1985 was much better than year later. Sea turtles are

believed to return to their ounds at the end of the nesting

el

season. On this basis, w hat there should have been more sea

turtles on the feedin nds

(1) November 1985 than November 1984
(2) April 1985 than NoWggber W85.
This is the vers@ of what was observed (Tables 4,5,6;). The

popuiation 3 & for the Cape Bedford - Cape Melville area (blocks 1-

4) was nearl 2 as high in November 1984 (13,875 + S.E. 2,235) than
in November 1985 (7,918 + S.E. 1,318) (Tables 4 and 5). Similarly, the
population estimate for blocks 6-13 Qas significantly higher in November
1985 (11,778 + S.E. 1,047) than in April 1985 (7,192 + S.E. 920) (Tables
4 and 6). We believe that these results are unlikely to reflect the true
situation.
Problems with the Survey Technique

Aerial censuses of turtles present a number of major difficulties.

As a result, this survey technique is much less satisfactory for turtles

than for dugongs (see Marsh and Saalfeld, manuscript).
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In contrast to the major and unexpected differences between surveys
in the population estimates for turtles (Tables 4,5,6), fhere were no
significant differences between the population estimates for dugongs
obtained as a result of the 1984 and 1985 surveys of blocks 1 to 4, and
the April and November 1985 surveys of blocks 6 through 13 even when
weather conditions were not used as covariates (Marsh and Saalfeld,
manuscript). As discussed above, the observed differences in turtle

densities are unlikely to be real. As shown in Tables 5 and 6, they can

be explained by differences in sighting condit
‘the surveys on which the higher densities
Beaufort 1; maximum cloud cover 4 ok
(modal sea state Beaufort 2; maximum
Marsh and Sinclair (manuscript d that, even over a relatively

small range of conditions, ved density of turtles depended on

the sea state; fewer seen in rougher seas. In contrast,

dugong sightings wer® m l1es¥ affected by changes in sea state, making
it is easijer to cor for¥perception and availability biases.

Specifige id@gtififfation of turtles is clearly another major problem
which cably be at Tleast partially overcome by additional
training 0 ervers‘(C J Limpus, pers comm). A much more difficult
problem is the unknown proportion of turtles which are too small to be
seen from the air. For example, Heron Island Reef (Capricorn Group,
southern Great Barrier Reef) supports green turtles as small as 36cm
curved carapace length (Limpus and Reed, 1985b). It is difficult to
correct for such turtles as they comprise a different (and usually
unknown) proportion of the population in different habi?ats. Green
turtles which live in the deep water off-the reef front at'Heron Island

are mainly immature while more than half those in the lagoons are adults

(Limpus, 1978). We also lack the data to correct for the proportion of
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large turtles which are unavailable to observers due to water turbidity.
Thus the population estimates presented here although precise (e.g. C.V.
9%) are gross underestimates.

Value of the Surveys

The chief value of these aerial surveys for sea turtles is their
ability to provide data for use as a basis for preparing large scale
relative density distribution maps as an aid to preparing and revising
zoning plans for the Great Barrier Reef Marine Par (The pattern of
dispersion remained constant in our Timited repe @ of the same
areas (Tables 5 and 6)). The minimum popydfati S ates, although
undoubtedly gross underestimates also seryf/toW@it th#” Aboriginal harvest
of turtles in some perspective. For €xa , the data of Smifh (1987)

indicate that the people of Hopev ght approximately 125 turtles

(mostly greens) over a 17 mgggpeNfod between in 1984-1985 when the
minimum population estima @ s 1 and 2 in November 1984 was 1,984
+ S.E. 317, while the&j gckhart River community caught at least
31 turtles (30 gree in®three months in 1985 when the minimum
population estima or b¥ock 8 in November 1985 was 1,040 + S.E. 171.
ab]e that the areas close to Hopevale and Lockhart
River CommunWgie Fig. 2) have a comparatively low density of turtles

compared with other inshore seagrass areas. This is not surprising as

green turtles, the major target species, tend to be resident on their
feeding ground (Limpus and Reed, 1985b), and thus, over a period of
years, are susceptible to over-hunting at a local level. This supports
the recommendation of Smith (1987) (see also Smith and Marsh, in press)
for Timiting Aboriginal hunting to defined hunting areas.

We conclude that aﬁthough dedicated aerial surveys for sea turtles
in Great Barrier Reef waters would probably not be cost-effective, the

data obtained are a useful by-product of dugong surveys.
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LEGEND TO FIGURES

Fig. 1.

Fig. 2.

Fig. 3.

Survey areas, showing the survey blocks (1-13) and transect
lines used in the 1985 surveys. The transects flown in
November 1984 are shown in the adjacent map. The boundary
between the inshore blocks 1,2, and 3 and the offshore block
4 is 21.6 km from the coast i.e. all transects in blocks

1,2, and 3 are 21.6 km long. The
forms the boundary between the ins @
and 12 and the offshore blocksgl, 94 a 5.

The distribution of turtle§gnsity in the survey érea from

8 m (10 fathom) 1line

s 6, 8, 10, 11,

Cape Bedford to H oint in November 1985. The

The tribu¥ion and density of inshore seagrass beds in

distribution edford to Cape Melville in November

1984 is shgpn djacent map.

eQurvey area provided for comparison with Fig. 2. The

d-truthed seagrass data are from Coles et al., (1985).
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Table 1 Weather conditions encountered on each survey.

November April November November
1984 1985 1985 1985

Blocks 1-7 Blocks 8-13

Wind speed <20 <30 <28 <19

(km h~1)

Cloud cover 0-2 2-7 0.5-5 0-4
(oktas)

Minimum cloud 650-1000 200-2500 -1395 05-610
height (m)

Beaufort Sea State 1 (0-3) 2 (1-3.5)QS5 (0-4) 1 (0-3)

mode (range)

Glare @,b 1 (0-2) (&3) 1 (0-2.5) 1 (0-2.5)
mode (range)

Visibility (km) 8->10. 8->10 >20->50
a Worse side raft

b Scale O = none, 1 = <25% of field of view affected by glare, 2 = 2.5 <

50%, 3>50%.
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TABLE 2: Areas of the survey blocks and sampling intensities

Block Area (km2) Sampling Z Block Area (km2) Sampling %
1 1004.0 13.83 5 7839.0 8.5b,¢
8.3¢ 6 45 8.1b,¢
2 665.0 13.02 7 56 2 7.9b,c
16.3¢ 8 3 7.9b,c¢
3 1050.0 13.02 9 4600.4 g8.2b,c¢
7.8b ) 258.7 9.5b,¢
4 5233.0 4.72 1 396.4 25.9b,¢
8.9b 0 451.9 8.2b,c
13 6583.6 9.1b:C
8 November 1984 rea surveyed 7952 km? Sampling % 7.6
b April 1985 Area surveyed 15497 km? Sampling Z 9.0
c November 1985 Area surveyed 31288 km2 Sampling X 9.0
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Table 3: Details of group size esticzates and correction factors used {n the population estimates.

Availabilicy
Correction Factor

estimate (c.v.)

Dace of survey Blocks:lines Group size Runber of Perception Correction Pactor
aean observers estimate (c.v.) -
(c.v.) - Starboard Pore Starboard
November 1984 blocks 1-4 1.17 (0.03) 12 18 1 1.28 (0.03)

April 1985 blocks 6-13 1.39 (0.09) 1® 1.58 £0.06)

November 1985% blocks 1-4; 5:9-23; 6; 7; 1.56 (0.06) 2 .18 (0.02)

8 and 9:10-12

Boveaber 198%° block S5:1-8 1.56_(0.06) 1< 1.18 (0.02)
November 1985f blocks 8 & 9:13-32; 10; 11:39-42; ’ 2 1.07 (0.01)
12:43-48; 13:33-48

November 1985f blocks 11:50-57; 12 & 13:

~

(0.03) 1d 2 1.40 (0.03)

1.20 (0.04)

1.25 (0.02)

2.07 (0.05)

1.07 (0.01)

1.07 (0.01)

2.18 (0.09)

1.58 (0.11)

1.32 (0.07)

1.32 (0.07)

1.00 (0.00)

1.00 (0.00)

& Based on correctd otr observer B.B.-H. on ¥Xov. 1985 survey Blocks 6-13,
when westher conditions similar o this survey. B.3.~H. (starboard resr-sest
observer both surveys) saw similar aumber of dugong groups to port observer on
this survey. R
b. Port correction factor based on correction factor starboard mid-seat observer
this eurvey (vho sav similar number of dugoag groups).
Co Training transects for starboard mid-seat observer. Starboard correction factor
based on correction factor starboard resr-sest observer for remalnder this survey.
de Training transects for port mid-seat observer. Port correction factor based on
correction factor port rear-seat observer for remainder this survey.

e. Blocks flown October 31 - November 8, 198S.

£f. Blocks flown November 17 - 21, 198S.

253



TABLE 4: Estimated densities and numbers of turtles on the various surveys. The values are + standard
error incorporating the errors resulting from sampling, and in estimating mean group size and
the correction factors. The numbers in brackets represent the standard errors resulting from

sampling only.

Block Inicial Survey November 1985 Survey

Density per xm2 Numbers Density per km? Numbers
1 0.56 + 0.18 (0.17)2 565 + 177 (168)a 0.39 + 0.11 (0.10) 390 + 108 (1o1)
2 2.09 + 0.40 (0.34)3 1 389 + 263 (226)2 1.21 + 0.25 803 + 167 (147)
3 2.79 + 0.60 (0.53)2 2 929 + 630 (s61)8 1.66 + 0.37 42 + 393 (353)

4 1.72 + 0.41 (0.37)3 8 992 + 2 121 (1 931)2 83 + 1 242 (1 140)

sub—-total

blocks 1-64 1.74 + 0.28 (0.26)8 13 875 + 2 235 (2 030)8 918 + 1 318 (1 206)
coefficient of variation 0.16 (0. a 0.17 (0.15)
5 N/A N/A 1.61 + 0.28 (0.23) 12 604 + 2 179 (1 775)
coefficient of variation 0.17 (0.14)
6 3.19 + 1.08 (0.97)b 40 + b 1.92 + 0.71 (0.68) 865 + 319 (307)
7 0.91 + 0.33 (0.30)b 1 + 508 X464)P  0.96 + 0.33 (0.31) 1 495 + 509 (487)
8 1.05 + 0.26 (0.21)b 1 254 P12 (254)P 0.87 + 0.14 (0.14) 1 040 + 171 (166)
9 0.17 + 0.04 ( )b 84 :.194 (157)®  0.52 + 0.09 (0.09) 2 389 + 408 (398)
10 0 0 b 0.90 + 0.12 (0.12) 234 + 31 ( 30)
1l 1.09 431 + 241 (233)b 1.05 + 0.26 (0.26) 417 + 104 (103)
12 0.57 + 258 + 147 (142)b 0.64 + 0.23 (0.23) 287 + 106 (106)
13 < 0.264 1 601 + 372 (290)®  0.77 + 0.11 (0.11) 5 051 + 720 (701)
sub-total

blocks 6-13 0.46 + 0.06 (0.05)P 7 192 + 920 (809)P 0.76 + 0.07 (0.07) 11 778 + 1 047 (1 016)
precision® 0.13 (0.11)b 0.09 (0.09)
Total for November 1985 survey 1.03 + 0.09 (0.08) 32 300 + 2753 (2 374)
precision® 0.09 (0.07)

2 November 1984
b April 1985
¢ (standard error/mean)Z

N/A not available
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Table 5. Summary of analysis of variance comparing observed turtle density in the Great Barrier Reef Marine Park between
Cape Bedford and Cape Melville by blocks and by years (l) without covariates (roman print) (2) with Beaufort sea state as a

covariatel (italics).

Sources of variation Sum of squaree2 D.F. _EL Significance of F
(1) (2) (1) (2) (1) (2) (1) (2)

Blocks 7.855 7.573 3 3 9.385 9,335 0.000 0.000

Years 0.996 0.027 1 3. 569 0.098 0.062 0.765%

Block by years 0.524 0. 519Q 3 0.626 0.639 0. 600 0.592

Residual 29.851 2 106 -

Regresqion g7 1 4. 390 0.039

1. Assumption that regression slopes for all cells was not violated (p=0.25)

2. Ddta transformed using In( X + 0.33 % est non-zero density)

3. Probability of no significant difference in turtle density between years was greatest (P=0.755) when Beaufort sea state used
as the only covariate. Corresponding probability for cloud cover alone was P=0.448, and for Beaufort sea state and cloud

cover combined P=0.069. Assumption that regression slopes are the same for each cell was violated for cloud cover (P=0.000)

and for Beaufort sea state and cloud cover (P=0.031).
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Table 6. Summary of analysis of variance comparing observed turtle density in the Great Barrier Reef Marine Park between

Campbell Point and Hunter Point by zones and by seasons. (1) without covariates (roman print) (2) with cloud cover and Beaufort

sea state as covariates! (italics).

Sources of variation Sum of squares? D.F. Significance of F
(1) (2) (1) (2) Q1 (1) (2)
Lines 41.964 46,936 48 48 62 .509 0.000 0.000

Main plot comparisons

Zones (inshore/offshore) 0.154 . 0.295 1 1 0.267 0.517 0.608 0.476
3

Main plot error 27.687 26,835 48 47

Regression o 0.862 1811 0.225

Sub-plot comparisons

Season 1 M2 0.651 0000 0.422?
Season by zone 1 0.049 0.095 0.826 0.759
Sub-plot error 96 94

Regression 2 10.221 0.000

1

.

2.

3

£

Assumption that regressio ame for all cells is not violated for covariates cloud cover in oktas (P=0.625)

or Beaufort sea state (PW each 18 considered separately. However, there is a suggestion that this may not be
valid when they are taken ¢
Data transformed using ln( X + 0.33 smallest non-zero density)

1 degree of freedom returned to main plot error term as covariate cloud cover linearly dependent on year.

The probability of there being no significant difference in turtle density between seasons was greatest (P=0.422) when

cloud cover and Beaufort sea state were both used as covariates. The corresponding probability for cloud cover cover alone

was P=0.14112 and for Beaufort sea state alone P=0,002.



— 14 00'S

Fig. 1.

Lockhart

.
rCapc Bedford :‘

Survey éreas, showing the survey blocks (1-13) and transect
lines used in the 1985 surveys. The transects flown in
November 1984 are shown in the adjacent map. The boundary
between the inshore blocks 1,2, and 3 and the offshore block
4 is 21.6 km from the coast i.e. all transects in blocks
1,2, and 3 are 21.6 km long. The 18 m (10 fathom) line
forms the boundary between the inshore blocks 6,'8, 10, 11,
and 12 and the offshore blocks 7, 9, and 13.
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Fig. 2. The distribution of turtle density in the survey area from
Cape Bedford to Hunter Point in November 1985. The
distribution from Cape Bedford to Cape Melville in November

1984 is shown in the adjacent map.
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Fig. 3. The distribution and density of inshore seagrass beds in
the survey area provided for comparison with Fig. 2. The

ground-truthed seagrass data are from Coles et al., (1985).
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Abstract

Techniques have been developed for tracking individual dugongs
using buoyant, tethered, conventional and satellite radio
transmitters, and applied to six dugongs caught off the North
Queensland coast. The dugongs (one immature, one pubertal and four
mature males) were caught by bull-dogging or hoop-netting and

tracked for between one and 16 months. All spent most of their

time in the vicinity of inshore seagrass beds g overlapping

home ranges (MAP 0.95) of &4 to 23 km®. dugong to

undertake long-distance movements was e beX male which
journeyed between core areas in two s ut 0 km apart three

times in nine weeks, completing the j ney in as little as two

days. One of the adult animals everal journeys about 10 km

up the tidal reaches of These results support the Great

Barrier Reef Marine JMrk yty's poiicy of conserving dugongs

by giving a high ®eve f prdtection to some inshore seagrass beds

that support lar numbers of animals. The relative merits of
conventig ellite telemetry for tracking dugongs are
discusik
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Introduction

The large numbers of dugongs (Dugong dugon) within the Great
Barrier Reef Marine Park was one of the features of "outstanding
universal value" that enabled the region to obtain World Heritage
Listing (GBRMPA, 1981). Although dugongs are protected in
Australia except for traditional hunting by some Aboriginal
peoples, animals are thought to be at risk in some parts of the
Park from Aboriginal hunting and from accidental d ing in gill

nets (Marsh, in press).

The Great Barrier Reef Marine Park RMPA) has

ty
given very high levels of protection rtant inshore
seagrass areas where large numbers of d¥gngs feed (see GBRMPA,
1983, 1985). This method of zon ement relies on dugongs

spending a high proportiog ir time in these protected

inshore areas, an ass was questioned as a result of

an aerial survey of €ar® of ti® Cairns and Far Northern sections

of the Park in Nov er 1984. It was estimated that about one

quarter of the ongsdin the area were more than 20 km from the
coast du survey (Marsh and Saalfeld, in review). As the
establishme protected areas is very unpopular with fisherman

because of the resultant reduction in their fishing grounds, it is
important to obtain information on the movements and habitat
usage of individual dugongs in order to assess the likely
effectiveness of a zonal nmanagement strategy for dugong
conservation.

The only information on movements of individual dugongs is
from P.K. Anderson (1982), who observed dugongs in Shark Bay,

Western Australia. On the basis of photographs and sketches, 15
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dugongs were recognised more than once by divers. The time between
resightings ranged from less than one hour to 15 days; the maximum
distance between resightings was 19 km. Another dugong was marked
with a paint stick and resighted 4.8 km away the following day.
Because of the impracticality of using natural or artificial
marks to identify dugongs visually in the extensive, remote and
often turbid waters that characterize their habitats in the Great
Barrier Reef Region, it was decided to fit some with radio-

transmitters in order to obtain information on t movements and

habitat wusage. This was a considerab stical and
technological challenge as new equipment d Ni#les had to be
developed. In this paper, we presentg¥he ultglof a pilot study
using conventional and satellite teleme to study dugongs.

Equipment Q;

Harness atta&

Mang ri chus manatus) in Florida have been radio-

eral years using an attachment composed of a belt

fudal peduncle, a semi-rigid tether, and a floating
transmitter housing (Rathbun et al., in press). This assembly
overcomes the problem caused by radio signals attenuating in salt
water (which has a high electrolyte content). The floating
transmitter housing is at the surface for substantial amounts of
time except when the animal is swimming or diving to depths
greater than the length of the tether. Because dugong movements
and behaviours are thought to be grossly similar to those of

manatees, we decided to develop an attachment assembly for dugongs

270



based on the successful manatee model (Rathbun, et al., 1987). The
principal challenge was to redesign the peduncle belt for the much
smaller tail stock and more delicate skin of the dugong. This was
done using a cast of a dugong tail.

In June 1986, we spent three weeks at the Jaya Ancol
Oceanarium in Jakarta, Indonesia, testing a prototype attachment
assembly on two captive dugongs, a 2.05 m-long immature male
weighing 147 kg, and a 1.86 m immature female weighing 114 kg.

Each was fitted with a belt, tether and dummy transgatter housing

assembly (Figure 1), and closely monitored pys. The

original belts caused some minor skin abr on problems
were overcome by design modifications ( bu et ., 1987).
Each peduncle belt incorporated a co dible link (Figure 1)

made of either brass nuts and nor 1 bolts with an expected

life of 3-6 months, or of M0 eel nuts and bolts with an

expected life of 24 K , et al., 1987).
Conventioz@trac ing

Each &y high frequency (VHF) transmitter (Telonics,
Mesa, Arizo battery and magnetic on-off switch were enclosed
in a housing made of 3.8 cm diameter PVC pipe. One end was capped
with a 7 cm long PVC nose cone and the other with a PVC plate that
included a 0.25 wavelength whip antenna. An assembled unit weighed
approximately 530 g and was 42 cm, long excluding the antenna
which was 39.5 cm long. The radio frequency was in the 151.5-
151.8 MHz range with a pulse duration in the 11.7 - 14 msec range,
and a pulse interval of about 1 sec. The expected battery life was

one year. Transmissions were received using a Telonies TR-2
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receiver and a 4-element Yagi beam antenna or a Telonics RS-2AK
"H" antenna (land or boat tracking), or a pair of Telonics H
antennae (aircraft tracking).

During trials in September 1986, signals from these
transmitters were detected over a line-of-sight range of at least
24 km from an altitude of 286 m with both the H or the 4-element
Yagi antennae. Thus a transmitter at the surface of most of
Cleveland Bay (Figure 9) was detectable from elevated locations in

suburban Townsville.

Satellite telemetry

Each satellite-monitored platform ansmitter terminal (PTT)
(Telonics), its three lithium batteries and a magnetic
switch, were enclosed

ing constructed from 7.6 cm

diameter PVC pipe c end with a 9 cm long PVC nose

cone. The other d s capPped with a PVC plate through which

protruded a yhip aMgenna which was 15.5 cm long. An assembled unit

weighed O t 2.4 kg and was 50 cm long excluding the
antenna PTT transmitted a 401.650 MHz signal at regular
interval sec, PTIT 5517; or 60 sec, PTT's 5534, 5535, 5536)

throughout its duty cycle. Duty cycles turned the PTT’'s on and off
on a schedule corresponding to the optimal satellite passes,
thereby conserving battery life. PTT 5517 operated between 0100
and 0900 hours, and between 1300 and 2000 hours each day for an
expected operational life of 4 months; the other PTT's operated
between 0100 and 0900 hours, and between 1300 and 2100 hours on
every second day, and had an expected operational life of eight

months. Motion and temperature sensors were incorporated in the
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PTT. Sensor data were encoded as 16 bits following the individual
PTT identifier signal. The motion data related to mercury switch
closures when the housing tipped more than 90° from the normal
vertical position. Transmissions from PTT 5517 included summaries
of the number of seconds in the previous minute and in the
previous 24 hours that the switches closed; those from the other
three PTT's accumulated the number of minutes in which the PTT
had tipped through more than 90° in the previous hour, and the

number of actual tips (to a maximum of 1023) in previous 12

hours. We hoped to relate the motion senso dugong
activity.
Methods

Capture and deployment

The first dugon® weQgaptur&€d (D-1, Table 1) was located using
a Cessna 172 aircra herded into shallow water using a 4.3 m

aluminum bg ipp with a 40-HP outboard motor, and then

deo technique developed for catching sea turtles
The animal was supported by an inflatable
stretcher (Figure 2) while being fitted with a PTT assembly. The
other five animals (Table 1) were caught using a hoop-netting
technique similar to that used by oceanaria to catch dolphins and
small whales from a 5.5 m aluminum boat with two 60-H.P. outboard
motors (Marsh, 1987). The only animal tagged with a conventional
transmitter (D-2) was recaptured 29 weeks after initial capture,
after being located by homingﬁonto the transmitter from a boat

(see below). A rope connected to a 20-cm diameter torpedo buoy was
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then attached to the tether under the transmitter using a pole
with a detachable hook. The float enabled us to follow and to
hoop-net the dugong. The transmitter, tether and peduncle belt
were then repléced with a new assembly. Four attempts between
September 1987 and January 1988 to capture this animal a third

time using this technique were unsuccessful.

Conventional radio-tracking

Triangulation from land and outboard-powé (5.5 m and

4.3 m long) was used to estimate the posigifon dugong tagged
with the VHF-radio. Weather permittjffg, traffked D-2 from the
land during each high and low tide perWgd (usually two tides per
day) between 14 and 31 October once per day (1 November-12

December 1986), three timgE P k (13 December-3 May 1987), and

twice per week (5 M

ary 1988). From 1 November 1986,

most tracking was®do in tMe evening (usually between 2000 and
2400 hours). The tion' of D-2 was estimated on 214 occasions by
triangulg ition over a 2 to 3-hour period from three

elevat@ ons in suburban Townsville (Figure 9). The three
sites we sited sequentially by a single éerson. In a blind
trial to evaluate this technique, two independent observers
estimated the positions of two VHF transmitters that were
anchored at known sites in the area frequented by D-2 in the
southeastern corner of Cleveland Bay (Figure 9). This indicated
that the position of a floating transmitter estimated by
triangulating from 1land could be up to 4 km from its true

position.

Every three hours for 48 hours from 10 to 12 December 1987,
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we estimated D-2's position by triangulating sequentially from
three fixed buoys in the southeastern corner of Cleveland Bay from
a 4.3 m boat. This procedure also proved rather inaccurate because
of the difficulty in determining directions in‘a pitching boat,
especially at night. It is also likely that the dugong moved
during the time taken by one person to obtain three sequential
fixes from either land or boat. Thus when compared to the data
from the satellite-monitiored dugongs, the results of such
triangulations provided only crude quantitative egidence of the

dugong’s whereabouts.

More accurate positions were obtained ch, 1983)
from either the 4.3 m or the 5.5 m out rd- aluminum boat
(12 days) or from a Cessna 172 aircraft days). However, homing

required considerably more effort ermine each location than

land-based triangulation. W& dugong was sighted from a
boat, its position w #d by triangulation on three °

terrestrial landmarkd®. ite ®he extremely turbid water, we also

made limited observaions On the animal’'s behaviour, and timed
surfacing and ervals using two digital stopwatches.

We he time that the antenna of the VHF transmitter
was above rface (i.e. the signal was audible) as an index of
the activity of D-2, by timing the cumulative duration of the

signal for 30 min (14-31 October 1986) or 15 min (from 1 November

1986) using a stopwatch.

Satellite telemetry

Service Argos (Toulouse, France) calculated the locations for

each PTT by measuring the Doppler effect on the carrier frequency
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transmitted by the PTT on the basis of messages received by either
one or two polar orbiting NOAA Tiros-N weather satellites (Nos. 9
and 10) travelling 820 km above the earth at 28,000 km/hour, as
detailed in Fancy et al. (1988). Prior to February 1987, Service
Argos required a minimum of five Doppler measurements for a
particular PTT to calculate a location from a single overpass with
at least a 420-sec interval between the first and last
measurement.

We tested the accuracy of Argos-determipggy locations by

anchoring a PTT at the surface of a swimming Townsville

for 4.5 days. Twenty-three locations w cagpcu d by Service
Argos during this period. The estimgi¥d me 1 tion was 200 m +
s.e. 100 m from the location determin from a 1:25,000 parish
map. The 35 concurrent tempera ords were within the range
of a maximum and minimum r in the pool.

In February 1 Argos upgraded their location

algorithms, and e lowiflg categories of location estimation

became available:

Qualit W=ssages over 240 < 420 sec interval or only 1 test
to detern the correct solution; good internal consistency (1.5
Hz); geometric conditions 1.5° < distance from ground track <'24°;
Argos claims 68% of results within 1 km radius circle of true
latitude and longitude;

Quality 2: > 4 messages ; good internal consistency (1.5 Hz);
geometric conditions 1.5° < distance from ground track < 24°;
quality control on oscillator drift and unambiguous solution;
Argos claims 68% of results within a 350 m radius circle of true

latitude and longitude;
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Quality 3: > 5 messages over > 420 sec; very good internal
consistency (<0.15 Hz) and favorable geometric conditions (5° <
distance from ground track < 18°; quality control on oscillator
drift and unambiguous solution; Argos claims 68% of results within

a 150 m radius circle of true latitude and longitude.

Temperature and activity sensor information were received by
the satellite(s) on some passes when insufficient signals were
received to calculate a location. We refer to su essages as
non-location messages.

During the period that each transmitte ssegbl attached
to a dugong (Table 1), data were accegfed pe#fonal computer
linked to the Service Argos computer in Qgulouse via one of the
main frame computers at James Co pzersity and the Midas and

Transpac Telecommunication The Lotus 1,2,3 spreadsheet

and the Statistix packa to pfocess the data.

Home range esti es

Home@ranges Wuring the monitoring periods were calculated for
using D.J. Anderson’s (1982) mnon-parametric
method, which describes home range in a probabilistic sense. The
home range is then the smallest area which accounts for 95% (or
some other percentage) of the animal’s space utilization. We
calculated and mapped the areas in which each satellite-tagged
dugong spent 95% (MAP 0.95) and 50% (MAP 0.50) of his time on the
basis of (1) guaranteed locations only (all locations for D-1;

locations of Quality 2 and 3 only for D-3, D-4, D-5, and D-6), and

(2) all locations. Similarly, estimates of the home range of D-2
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were calculated based on (1) visual sightings only and (2)
triangulated.positions which were not on land and for which the
error triangle was less than 2km?. In view of the errors
associated with these triangulated fixes (see above), the
resultant home range estimate for D-2 should be regarded as
approximate. All home ranges were mapped using the Golden Graphics

package.
Results
Effectiveness of the attachment asseglly

Removal of the VHF transmitter a bly from D-2 allowed us

to assess the condition of hi peduncle and the assembly

itself 29 weeks after in sapWire and deployment. Apart from a
slight bend in th hich may have occurred during
recapture, and so e apex of the wishbone from the ring
attached to _ the ximal joiner (Figure 1), the peduncle belt,

tether apg mitger were in good condition. Some electrolysis

rrmal steel corrodible link had occurred, however,
we estim® that the link would have lasted several more weeks,
substantially more than the anticipated 3-6 months. The
transmitter bore a heavy coating of algae, but was still
functioning normally. Large acorn barnacles had grown on the
exposed surfaces of the peduncle belt, and on the tether just
distal to the proximal end.

The belt was not causing any obvious damage to the dugong at

the time of recapture. Superficial pressure marks, similar to

those left by a ring on a human finger, were visible on the skin
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on both the sides and the ventral ridge of the peduncle. However,
there was a deeper (several mm deep) indentation associated with a
healed white scar on the dorsal ridge, presumably from a former
wound caused by abrasion from the apex of the belt where the
tether was attached.

Forty weeks after the recapture, the replacement attachment
assembly on D-2 was recovered from a Townsville beach. The
peduncle belt had come undone at the buckle, the belt was frayed,

and the latex cover was missing. The brass/normal stgel corrodible

link was more corroded than the one which wad
weeks, but was not in imminent danger offfco
wishbone was worn at the apex as in t ass ly #ecovered after
29 weeks. The nylon rod of the tethér wig bent and tapered near
the distal end. The transmit still functioning. The

shoreline adjacent to D-2° ge is lined with mangroves,

and if the tether becameggta ound a mangrove trunk, the belt

may have pulled throth e bud®le due to the frayed state of the

webbing as D-2 fough®yto get” free.

PTT 55 chedyfrom D-1 after 63 days due to a mechanical
failure tether/peduncle belt connection, and ceased
functioning 14 hours later. It was found on the beach in

Upstart Bay (Figure 7) by a local amateur fisherman and returned

to James Cook University. This PIT was returned to Telonics for

repair, and redeployed on D-6 in November 1987 (Table 1). It
ceased to function 32 days later and has not been recovered.

The absence of tips on the activity counters and/or the
pattern of their movements as determined by the PIT locations,
indicated that PIT's 5534, 5535 and 5536 detached from Dugongs 3,

4 and 5, respectively, between 47 and 94 days after these animals
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were tagged in the Starcke River area (;Iable 1). All three PTT's
were washed up on beaches between 65 and 200 km to the north after
up to 67 days at sea, and recovered on the basis of locations
obtained from Service Argos. PTT 5534 was recovered with its
housing intact, but without the belt or tether. The chain
connector joining the housing to the tether was missing. As
undoing this connector requires a shifting spanner, we suspect
human interference. In contrast, PTIT's 5535 and 5536 were

attached to their respective tethers when recovergd although each

peduncle belt was missing. This suggests mechd Mlure of the

peduncle belt. On the basis of the wear se the wishbone
of each of the belts recovered from , wagsuspfct that the nylon

wishbone was not strong enough to susta the wear caused by a PIT
(which is substantially heavie a VHF transmitter). We now
make wishbones from sta@e rather than nylon.

Efficiency o&"s

The Ziga and@l0 satellites made an average total of about

pAr day over the north-east Queensland coast during
the time the PTT's were operational. On average, a satellite
was above the horizon for sufficient time to receive a location
record during seven passes per day in 1986 (when the minimum
interval required between the first and last of a series of
messages was 420 sec) and eight passes per day in 1987-1988
(minimum interval 240 sec). Each dugong was located between zero
and seven times per day that the PTT's were operational (Table 2).
There was a significant difference between all PTT's in the mean

number of locations per day (l-way ANOVA; 4/178 .d.f; p=0.005).
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The means ranged from 2.5 locations per day for PTT 5517 in 1987
to 3.9 for PTT 5534 (Table 2) indicating that the change in the
transmission interval from 45 sec in PTIT 5517 to 60 sec in the
others did not reduce the number of locations per day. In
addition, non-location messages were received on between zero and
eight passes per PTT per day (Table 2).

The motion sensors yielded little substantive information.
The 24- hour activity sensor in PTIT 5517 reflected the distance

travelled by D-1 in the corresponding period -way ANOVA,

F=8.699; 2/59 d.f.,p<0.001). The highest mean obtained

on days when the dugong was journeying tw veland and

Upstart Bays (Figure 5); the next when e on as travelling

between one of the two parts of its ho range in Upstart Bay

(Figure 7); and the lowest when imals apparently remained

within one part of its hg in Upstart Bay. The other

dugongs tagged with a @k local movements only, so we

were unable to car simi¥ar analyses on the results from
their long-term t couriters. However, there were marked
fluctuations_j cognts of the 24 hour activity sensor in PTT

pur and 12 hour sensors in the other PTT's, when
the locatid ords indicated that the animals were moving very
little. In the absence of concomitant observations on the animals,
these results were virtually impossible to interpret, particularl?
for PTT's 5534, 5535 and 5536 which operated only every second day
(but see below for PIT 5517). The most useful function of the long
term activity sensors was to indicate when the PTT's had detached;
the tip counters in detached PTT’'s usually consistently registered

zero. The short-term sensor in PTT 5517, which measured the number

of seconds in the previous minute that the PTT had tipped through
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90°, yielded no useful information as the modal number of tips for
all but two records was zero. This is presumably because locations
were generally>obtained when the animal was relati?ely inactive at
the surface.

The temperatures recorded by the PTT's (Table 2) suggest that
the temperature sensor in PIT 5517 was reading significantly
higher than those in the other PTT’'s when they were deployed in

the Starcke River area.

Behaviour

We spent up to two hours in an oa oyffed boat within a
few metres of D-2 on 10 occasions ween December 1986 and
January 1988. The animal showe verse behaviour due to the

attachment assembly. however, become increasingly

difficult to approa g recaptured on May 2 1987. By

January 1988, it Wad Wgcome impossible to approach the dugong in

either a motprize rowed boat. Consequently, our four attempts
to recap ) al a second time failed because we could not
approadi ely enough.

The Msmitter was usually pulled under water when D-2 swam
fast or moved to surface. The housing was at the surface when D-2
was resting or possibly feeding in shallow water.

The surfacing and diving times obtained for D-2 are
summarized in Table 3. There was no significant difference between
days in surfacing (l-way ANOVA F=0.011, 1/130 d.f; p>0.25) or dive
times (l-way ANOVA F=2.626; 2/197 d.f.; p=0.075). Overall, D-2

spent only 3.2% of its time at the surface during our (daytime)

observations. The daily mean diving times of 1.2 to 1.5 min are
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within the range reported by Anderson and Birtles (1978) for
individuals grubbing rhizomes of Zostera. However, the mean time
of approximately 2.6 sec taken by D-2 to break the surface,
exhale, inhale and submerge was much higher than the mean of 1.4
sec reported by Anderson and Birtles (1978).

During the first three weeks when D-2 was being tracked from
land at all high and low tides, the proportion of time the
transmitter was at the surface was significantly greater at night

than in the daytime (defined on the basis of publjgbed times of

sunrise and sunset) (F=23.85; 1, 49 d.f.; W portions
transformed to arc-sines). However, it w i ifnt of the
tidal cycle (F=0.177; 1, 49 d4.f.; p=0.
into four categories: high and low (one ur on either side of
high and low tides respective d flood and ebb (the

intervening four hours, iate)). There was also a

significant time/tide F=5.964; 1, 49 d4.f.; p=0.018);

the proportion of t e trafismitter was at the surface being

greater at high ti during the day and at low tide at night.

Based on the d weglecided to land-track in the evenings only

to reduce @ber of triangulation failures due to poor and

intermittent¥ als. Analysis of the tracking data obtained at
night from the land stations between November 1986 and February
1988 confirmed that the duration of the signal (time the antenna
was above the surface) was independent of the tidal cycle
(Kruskal Wallis statistie=3.86; n=62 (30 ties)); p=0.277).

It takes several hours from the time a signal is received by
a satellite before the location is available from Service Argos.

Because of this delay and our inability to locate PIT signals from

the ground, we were unable to find and observe D-1, D-3, D-4, D-5,
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or D-6. However, a local resident reported bbserving D-1 in
Upstart Bay on November 11 1986 within ’skin-touching distance of
another dugong'; Two others were close by. All were in water about
1.25 m deep. D-1 had been located by Service Argos about 1 km away
1.25 hours earlier. During the period between October 12 and
November 22 1986, when this dugong was resident in Upstart Bay,
activity levels as measured by the long-term tip counter
fluctuated widely (Figure 3). The activity levels on consecutive

days were serially correlated (non-parametricggruns test for

serial randomness of measurements; Zar, 1984 p =37, N, =

5; u= 9.8, s =0.23; p < 0.05), but app Endent of the

lunar cycle. Given the observed agdbcia D-1 with other

animals in Upstart Bay, it is likely t these results reflect

oot unlike the cavorting that
1979). Manatees fitted with

PTT's show incre nter activity when intensely

interacting with eMpanatdes (Rathbun, unpublished data).
Like the VH ansmitters on D-2, most of the PTIT’s spent
more timg sygface at night. A log-linear model was used to

invest® effects of PTT (the data for PTT 5517 were

analyzed forately for 1986 (D-1) and 1987 (D-6)), and time
(day/night) on the number of locations as a proportion of suitable
satellite passes. There was a significant three-way interaction
(Log Likelihood Chi-square =23.94, 4 d.f., p < 0.001). The
proportion of passes for which locations were obtained was higher
at night than in the day for all PIT's except 5536 (Figure 4). In
addition, the mean number of tips for the one-hour activity

sensors in PTT's 5534, 5535, and 5536, were all significantly

lower at mnight than in the day time (2-way ANOVA, 1/396
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d.f.,p=0.006). These results suggest that dugongs spend more time

resting at or near the surface at night than during the day.

Movements and habitat usage

The only animal to undertake large scale movements was D-1,
which was classified as pubertal on the basis of his body length
of 2.3 m (male dugongs tend to become sexually mature when they

are between 2.2 and 2.5 m long; Marsh et al., 1984 and the fact

that he had not yet acquired the secondary sexd teristic

of erupted tusks. D-1 was located by Servi A the first

time three days after being tagged. He d ed Bowling Green
Bay, one bay south of the capture site Cleveland Bay. He was
next located in Upstart Bay, a m distance by sea of 143 km

south of where he was tagg e 5 and Table 4). D-1 then

spent six weeks in Ups wo days after an unseasonable

cold snap, when ins ace temperatures measured by the
PTT fell nearly 2° igur® 6), D-1 travelled back to the area
where he had _be caught (Figure 5 and Table 4), completing the
journey i Ws at an average speed of at least 3 km per hour.
After two & Cleveland Bay, the dugong journeyed back to its
former haunts in Upstart Bay where it remained until the PIT came
off eight days later.

The other dugongs (the immature male (D-2) and the four adult
males (D-3, D-4, D-5, D-6)) did not undertake any long journeys.
The furthest that any of them moved from their respective capture
sites was 22 km (D-6) (Figure 8); the other animals remained

within 10 km. D-5 made several journeys to tidal pools about 10 km

upstream from the mouth of Dead Dog Creek, adjacent to the area
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where he spent most of his time.

None of the dugongs was detected more than 7 km from the
mainland (Table 1); or 4 km from the nearest 1island.
Unfortunately, we do not know whether D-1 journeyed around the
coast on his trips between Cleveland and Upstart bays. There was
no significant difference (F=1.47,2/284 d.f., p=0.23) between the
temperatures recorded on these journeys (when locations were not
available) and those recorded when D-1 was resident in the inshore
waters of Cleveland and Upstart Bays. This s sts that D-1
travelled in inshore waters.

D-1 demonstrated a detailed Lkygledge its local
environment in Cleveland, Bowling een @nd start bays and
" tended to use the same areas on each j ney (Figure 5). His home

range was estimated for Upstart\Qpay . Like the home ranges of

the other dugongs, 1t wa iQingly small. When the estimated

home ranges were bas teed locations only, they showed

that each dugon e 95% his time in an area of between 4.3

and 11.4 km?; 50% his® time in an area of between 1.1 and 2.9
km? (Tab Qi s 7 to 9). Including Quality 1 locationms
dugongs maximum of 18 km? (MAP 0.95) and 5 km? (MAP 0.50).
Similarly, including the triangulated positions in the home range
calculations for D-2 increased the MAP (0.95) to 23 km?, the MAP
(0.50) to 7.0 km?. Given the inaccuracy of the triangulated
positions, these last two values should be regarded only as very
approximate. There was considerable overlap between the home
ranges of D-1 and D-2 in Cleveland Bay (Figure 9), and between
those of D-3 and D-4 on the Murdoch Island Reef flat (Figure 8b).

Thirty-eight percent of the MAP (0.50) for D-3 was within the MAP
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(0.50) of D-4; the corresponding overlap for their MAP (0.95) home
ranges was 43%.

The home ranges of all the dugongs overlapped known seagrass
beds (Figures 7 to 9). The seagrasses recorded from these areas
include Haloduie uninervis (all locations), H. pinifolia
(Cleveland Bay only), Halophila ovalis (all locations), H. ovata
(Cleveland‘ Bay), H.spinulosa (all locations), H. decipiens
(Starcke River region only), H. tricostata (Upstart Bay only),

Cymodocea serrulata (all 1locations), Syringodiumggeisoetofilium

(Starcke River region only) and Zostera capri M tart Bay

only) (Coles et al., 1987 and unpublished) /Al genera are

known to be eaten by dugongs (Marsh et
When D-1 was resident in Upstart Bay,Qis distance from shore
was Iinversely related to tidal Although the correlation

between tidal height and dj om shore was higher at night

(r=-0.505) than duri (r=-0.301), there was no

significant differed€e tweer® the resultant regression lines,

either in slope (t=02, 130"d.f., p>0.5) or intercept (t=1.45,130
nalyses were not possible for the dugongs

arcke River region as reliable information on

bathymetry is not available.

Costs of conventional and satellite telemetry of dugongs

The capital «costs of both conventional and satellite
tracking, the recurrent costs of satellite tracking, and the
personnel and vehicle requirements of conventional tracking are
summarized in Table 5. The costs of land-tracking are based on

simultaneous fixed station triangulation from three stations, a
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much more accurate technique than the one employed in this study

due to personnel and equipment limitations.

Discussion

Evaluation of techniques

A floating, tethered radio transmitter effectively

circumvents the problem of radio signals attenuat in salt water

and provides an effective method of studyin§
habitat usage of individual dugongs. Despgfe ens we have
had in keeping PTT's attached to ong or #ore than two to
three months, a similar attachment asSymbly with a conventional

transmitter remained attached t r 10 months. We are hopeful

that a more robust versig ssembly will last for at least

nine months, the esti &y life of a PIT with a duty cycle
similar to that to 5536. Mate et al.,(1988) state

that "manatees arcQgerhaps the most ideally suited marine mammals

for sateldgbte ackihg because they are relatively inactive and
inhabi water allowing a floating transmitter to remain at
the surr¥ much of the time." The results of this project

demonstrate that this statement should be widened to include
dugongs.

These preliminary results suggest that conventional radio
transmitters are superior to PTT's if the objective is to relocate
dugongs repeatedly in order to obtain behavioral observations.
Under these circumstances, it would be necessary to tag dugongs in
clear water areas such as Shark Bay in Western Australia or

Moreton Bay in Queensland. Our experience suggests that there may
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be two major hindrances to reliance on this methodology to
relocate dugongs in a behavioral study. The transmitters attached
to five of the six dugongs studied spent significantly more time
at the surface at night, so the radio signal was most reliably
received when direct observation was impossible. A further
obstacle to direct observation was D-2's learned wariness of
power-boats. Both these behavioufs have been reported by

traditional hunters. They frequently complain that dugongs become

very wary of power boats (Marsh, personal observatigp and Davis

(1985) notes that the Yolngu people of northern ind state
that dugongs sleep at the sea surface at ni

When the objective is to track mo en erdfe the PIT may
offer substantial advantages, includingWincreased accuracy and
number of locations. Although a embly for a dugong costs

about 14 times as much as a conventional transmitter

(Table 5), the recur are much less. Conventional

telemetry from land,@bo and ¥ircraft requires a receiving sub-
system, personnel tralfsport as detailed in Table 5. The

relative cos tivghess of the two methods will depend on the

location graphy of the study site, the availability of

personnel, es, boats, aircraft, and computers, and the
number and behaviour of the study animals. However, in the remote
areas that characterize most of the dugong’s range in northern
Australia, a PIT is the only logistically feasible method od
tracking them. The incorporation of a short-range VHF transmitter

into the PTT housing has the potential to combine some of the

advantages of both systems.
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Movements and habitat usage

The results of this study have to be interpreted with
caution. We have obtained information on the movements of only six
dugyongs, all male, for periods of from one to 16 months. All were
caught in shallow waters close to shore, as this is the only place
that it is feasible to catch dugongs by the methods used. Thus it
is inappropriate to generalize at this stage. It is also likely

that the estimated home ranges are underestimgted because the

location fixes were biased to periods whe imals were

stationary or moving slowly. Also the on tracked for
only a small proportion of the year.

Accepting these limitations, the sults indicate that all
the radio-tagged dugongs spent their time in the vicinity

of wvery 1localised areag iNghore intertidal and subtidal

seagrass beds 9). The home ranges of some

individuals, i i ales, overlapped (Figures 8 and 9).

drop 1 surface temperature, even though the temperature

(>27° Q) still well within the known range of the thermal
tolerance of dugongs. In Shark Bay, the southern limit of their
range in Western Australia, individuals do not abandon feeding
areas until temperatures drop below 19°C (Anderson,1986). It is
also possible that the long range movements of D-1 occurred
because he was patrolling for oestrous females much like adult
male manatees in Florida (Bengston, 1981). D-1's behaviour in

Upstart Bay and the motion sensor activity of his PTIT (Figure 3)

suggest that he was involved in intense social interactions at
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that time. None of the four adult males in the Starcke River
region (where dugong numbers are exceptionally high; Marsh and
Saalfeld, in review) undertook long range movements, even though a
female dugong killed by Aborigines in this area in January 1984
was in very early pregnancy (Smith, 1987), indicating'that mating
does occur at the time of year when the dugongs were monitored by
the satellite.

The pattern of dugong movements observed in this study is

remarkably similar to that revealed for manatees in _Florida using

similar techniques. Some manatees spend prol
localised areas; others undertake journeys
between areas of preferred habitat; segfona nts occur in
response to low water temperatures; 'an ome males cover large
ranges as they patrol for oestru es (Bengston, 1981, Mate
et al., , 1988; Rathbun n press). We find this

similarity surprising ed that dugongs would be much

more mobile than magft . Th assumption, based on their more
streamlined shapeQuobvidisly is incorrect, and requires
reassessment.

Impli for management

Despite their limitations, these data support the =zonal
management policy of the Great Barrier Reef Marine Park Authority
which imposes a high level of protection on some inshore seagrass
areas that support large numbers of dugongs. The radio-tagged
dugongs seemed to spend most of their time in such areas. However,
the data indicate that the effectiveness of the protected areas in

the Stracke River region would be enhanced if their seaward

291



margins were extended to the 10 fathom (18m) depth contour, if
there landward margins were extended to include the intertidal
area, and if gill-netting were banned from the tidal reaches of

the adjacent rivers and creeks.
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Legend to Figures

Figure 1. Assembly used to attach a radio-transmitter to a dugong.
There is a weak link in the nylon wishbone beneath the acetal
bushing which is designed to break if the tether becomes
tangled. The buckle contains a claw that permits the nylon
webbing to be tightened and locked in place.

Figure 2. A dugong being supported at the ace by the

inflatable stretcher while being fitted
stretcher is tendered by an inflatable e
Figure 3. Daily fluctuations in the ac ity while he was
resident in Upstart Bay between Qct®8er 12 and November 22
1986. The activity is based umber of minutes in each

24-hour period that ipped through >90° at least

once. The peaks may represent times when the

dugong was invo intdhse social behaviour.
Figure 4. The dayti and mnight-time satellite passes on which

locatiop esdWere received as a proportion of possible

pass¢s Wd separately for each PIT at each location (PIT
Possible passes were those for which the
satellite(s) was above the horizon for the minimum interval
between the first and last messages required to calculate a
location (see text for details).

Figure 5. The long distance movements undertaken by D-1 along the
North Queensland coast between October 5 and December 7 1986
(see Table 4).@October 5 - October 12; [l November 22 - 23;

¢ November 26-29.

Figure 6. Mean daytime and night-time seawater temperatures in
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Cleveland and Upstart Bays as measured by PTT 5517 between
November 16 and December 6 1986. The dotted lines mark the
times when the dugong was travelling between the two bays.
Figure 7. Locations where D-1 was detected in Upstart Bay in
relation to the known seagrass beds mapped by Coles et al
(unpublished). The size of each black circle represents the
number of location records per 0.25 km?® (see scale). The 95%
and 50% isopleths of the two portions of D-1's home range in
the Bay are also shown. @ PIT probably off ong. % PIT

found on beach.

Figure 8. The 95% and 50% isopleths of ho s of D-3, D-
4, D-5, and D-6 in the Sta e er egion based on
satellite-captured locations in ation to seagrass beds
mapped by diving from a b oles et al (1985), or from

eld (in review). (a) The home

blation to the number of location

records of & per 0.25 km? (see scale). (b) The
spacing, of estimated home ranges of the four dugongs
alop he Qgas

Figure ®ations of D-2 in Cleveland Bay detected by
com Ponal telemetry in relation to the known seagrass beds
mapped by Coles et al. (unpublished) and depth contours
(measured in metres). The seagrass beds certainly extend
further inshore than this (Marsh personal observation).(a)
The 95% and 50% isopleths of the home range of D-2 based on
(1) locations obtained when homing from an aircraft or (2)
actual sightings when homing from a boat in relation to the

satellite tracked positions of D-1. (b) The actual locations

on which the home range of D-2 in (a) is based in relation to
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the 95% and 50% isopleths of his home range based on
locations obtained when triangulating sequentially from the
three fixed stations marked by on the map. The three stars
close together south-east of Mt Matthew represent three
alternative sites used as the third fixed station during the

study.
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Table 1: Movement and habitat usage of the six male dugongs caught in the inshore waters of the Great Barrier reef lagoon in the

summers of 1986/87 and 1987/88 and tracked using conventional and satellite telemetry.

Dugong Number

D=1 D~-2 D-3 D4 D=5 D=6
Body length (m) 2.30 1.83 2.52 2.53 2.73 2,42
Reproductive status pubertal immature mature mature mature mature
Date of initial capture S Oct. 86 12 Oct. 86 23 Nov. 87 24 Nov. 87 26 Nov. 27 Nov. 87
Location of capture <Cleveland Bay 19.25°S 146.80°E> < Starcke River area 14.50°S 144.80°F
Traunsmitter PTT 5517 VHF PTT 5534 PTT 5535 PTIT 5536 PTT 5517
Tagged period (days) 63 483 47 94 64 32
Number of locations:
guaranteed’ 142 23 56 104 35 67
non-guau:a\'n:eed2 45 32 66 52 25
Home range (kmz):
k-h’\l’(O.QS)3 guaranteed locations only 8.04 6.6 4.3 1.1.6
guaranteed & non~guaranteed locations 23.15 5.2 18.0
MAP(0.50)3 guaranteed locations only 1.94 2.2 1.1 2.9
guaranteed & non-guaranteed locations 7.0s 1.3 3.3
Maximum distance from capture site (km):
guaranteed locations only 1836 3 22
guaranteed & non-guaranteced locations 6 5 7 10 22
Maximum distance from coast (km):
guaranteed locations only 5 3 4 3 3
guaranteed & non-guaranteed locations 4 5 4 7
Maximum distance flom islands (km):
guaranteed locations only 2 2 2
guaranteed & non-guaranteed locati 1 4 2 2
L pTT location quality 2 or 3 (see text); al sight VHF.
2 PTT location quality 1 (see te la on VHF error triangle <2km2.
3

D. J. Anderson (1982).
4 Hiome range calculated for Ups

3 approximate only due to errors a

with locations.

assuming that dugong travelled along the coast.
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Table 2: Summary of information received from the various PTT's. Data for the days immediately
after each transmitter was deployed or before it detached wer ed from the

analyses. The data for PTT 5517 in 1986 was for Upstart Ba

Transmitter No. of locations per day No. of non-location Temperature

(%)

Mean s.e. Mode Range Mean See. Range

5517/86 2.8 0.163 3 0-5 29.15 0.069 27.30-33.42
5517/87 2.5 0.359 0,4 0-6 30.93 0.095 28.97-35.00
5534 3.9 0.472 5 1-7 28.47 0.122 24.52-32.81
5535 3.6 0.231 3,4 0.201 2,3,4 0-5 28.83 0.079 23.24-37.46

5536 2.7 0.290 2 2.7 0.365 2 0-8 28.46 0.085 22.93-31.64




Table 3: Diving and surfacing times for D-2.

Date Dive times (min) Surfacing times (sec)

N X S.D. Range N X S.D. Range

12 Dec 49 1.49 0.67 0.36-3.08
8 Jan 77 1.37 0.48 0.17-3.18 68 2.66 0.65 0.90-3.70
12 Feb 74 1.21 0.58 0.11-2.30 64 2.57 0.84 0.50-3.75

Overall 200 1.34 0.34 0.11-3.18 132 2.62 .56 0.50-3.75
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Table 4: Details of the journeys of D-1 between Cleveland and Upstart

bays in 1986.

Location Date Time Maximum transit Apparent speed
of first/last time km/hr
location (hr) coastal direct

Cleveland Bay 5 Oct 1100

to
Bowling Green Bay 8 Oct 1909 79 1.2
to
Upstart Bay 11 Oct 0401 8 1.1 0.9
Upstart Bay 22 Nov 0329
to
Bowling Green Bay 23 v 24 3.6
to
Cleveland Bay Nov = 0629 27 3.6 2.8
Cleveland B 26 Nov 0721
to
Bowling Green Bay 28 Nov 0217 43 2.3
to
Upstart Bay . 29 Nov 1844 40.5 2.1 1.7

Distances: Cleveland Bay to Cape Bowling Green (coastal) 96km

Cape Bowling Green to Upstart Bay (coastal) 87km

Cleveland Bay to Upstart Bay (direct) 143km
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Table 5: Equipment and personnel required to track dugongs
using conventional and satellite telemetry.
Telemetry prices are in $A and assume the use of
Telonics equipment and a conversion rate of US 80

cents to the AS.

CONVENTIONAL TELEMETRY COST

Capital equipment

(1) Basic equipment

Transmitter 150-152 MHz 315
Housing 94
Peduncle belt 250

Basic receiving subsyfle tivers, 2 yagi antennae 4500
2 Yheadphones, cables.
(2) Additional equ¥ment ror aircraft tracking

nmogflting brackets, 2 H antennae, 650

unit

1

equipment for land tracking using three stations
1 receiver, 1 headphones, 3 twin Yagi precision antennae, 3800

cables

Recurrent costs

(1) Boat tracking

Personnel 2 researchers

Transport Boat e.g. 4.3 aluminum dinghy

with 40 HP outboard
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Table 5: continued

(2) Aircraft tracking

Personnel 1 researcher, 1 pilot

Transport 1 light aircraft e.g. Cessna 182
(3) Land tracking using three stations

Personnel 3 researchers

Transport Up to 3 vehicles

SATELLITE TELEMETRY

Capital costs

PTT 4375
Housing Q 94
Peduncle belt & 250

JAessing charges per PTT per day 16

Service Argt Ministrative charges per fortnight > 38
International computer charges per access ~2
Additional equipment Access to a personal computer

! If the land bordering the study site is flat, it would be necessary
to erect towers on which to mount the antennae for the tracking

stations to achieve an adequate working range.
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Floating
transmitter

tether, 3m long

ASSEMBLED VIEW

EXPLODED VIEW:

Acetal bushing

Stainless
steel pin

Corrodible link =]

Stalnless steel
buckle

Latex tubing

Figure 1. Assembly used to attach a radio-transmitter to a dugong.
There is a weak link in the nylon wishbone beneath the acetal
bushing which is designed to break if the tether becomes tangled.
The buckle contains a claw that permits the nylon webbing to be

tightened and locked in place.
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Figure 2. A dugong bein at the surface by the inflatable

stretcher while ith a PIT. The stretcher is tendered

by an inflatable each®side.
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DATE

Figure 3. Daily flu tion the activity of D-1 while he was

resident in U between October 12 and November 22 1986.

ed on the number of minutes in each 24-hour
perio T tipped through >90° at least once. The peaks

in ad ay represent times when the dugong was involved in

intense social behaviour.
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the Bay are also shown. PTT probably off dugong. PTT

found on beach.
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Figure 9. Locations of D-2 in Cleveland Bay detected by conventional
telemetry in relation to the known seagrass beds mapped by Coles
et al. (unpublished). The seagrass beds certainly extend further
inshore than this (Marsh personal observation).(a) The 95% and 50%
isopleths of the home range of D-2 based on (1) locations obtained
when homing from an aircraft or (2) actual sightings when homing

from a boat in relation to the satellite tracked itions of D-1.

based on locations obtained when angu sequentially from

the three fixed stations marked by the map. The three stars

close together south-east Matthew represent three
alternative sites used heWthird fixed station during the
e &
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ABSTRACT.

Some of the largest concentrations of dugongs (Dugong dugon)
occur in the coastal waters of eastern Cape York Peninsula,
Queensland. Designation of the Great Barrier Reef Marine Park has
prompted the development of a program for management of dugong
hunting by the Aboriginal communities of the region. Assessment of
the population by aerial surveys combined with monitoring of the
Aboriginal hunters’ harvest suggests that the take is well below

the sustainable yield. However, the reproductive e of dugongs

is so low that it will be a decade before Mus of the

population can be established. Thergfor onservative
management policy for dugongs is re en wile acknowledging

the rights of traditional hunters. Gredgr participation of the

Aboriginal communities in the t program is sought to
overcome initial misunder s\and hostility.
Key words: traditjohal ong harvest, Australia

)

234



INTRODUCTION
The Targest known populations of dugongs or sea-cows (Dugong
dugon (Muller, 1776)) occur in northern Australia (Nishiwaki and
Marsh, 1985). The seagrass beds of the east coast of Cape York
Peninsula (Figure 1) have been identified as a major region for
dugongs, especially the Starcke River area (Nishiwaki and Marsh,
1985).

Although dugongs are listed as vulnerable to extinction in the

IUCN Red Data Book (Thornback and Jenkins, 1982), th are still
important in the diet and play an important role Q  ture of
coastal Aborigines in many parts of northerngMistgpli#€ee Chase,

1981). Dugongs are long-lived animals wifgl a v reproductive

rate (Marsh and others, 1984c); factorsthat reinforce their

vulnerable status.
The region considered Qp er is from Cape Bedford to
redi

Hunter Point (Figure tern Cape York Peninsula,

S
v i on is now included within the

Queensland, Australid

Cairns and Far ections of the Great Barrier Reef Marine

Park (GBRMP
problems (see“™®'sh, 1986a) and will not be discussed here.

Two Aboriginal communities are located adjacent to the study
area (Figure 1). Aborigines from both of these communities have
traditionally hunted dugongs. Hopevale, with a population of about
670, is situated approximately 50km north of Cooktown, and 26km by
road from the coast. Hopevale residents have beach camps on the
coast Jjust north and south of Cape Bedford. The Lockhart River
community, with a population of about 350, is situated inside

LToyd Bay, approximately 2km from the beach.
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Aboriginal hunting is not the only factor affecting dugong
population levels in this region. There is anecdotal evidence that
dugongs drown in gill-nets. Although the number killed is unknown,
this mortality is of great concern to Aborigines living in this
area. However, there are currently only about 30 commercial
fishermen operating in the area north of Cooktown (Figure 1), and
gill-netting is banned under Queensland Taw from November through
January to protect fish stocks. In addition, under the GBRMP

Zoning Plans (GBRMPA, 1983, 1985) gill-netting been banned

}from many important dugong habitats along t @ including
much of the important Starcke River areagfHabjtatNggStruction in

this region is minimal. Prawn (shri#p) Wl are currently

prohibited from operating in the coastd¥yseagrass beds inhabited
by dugongs (GBRMPA, 1983, 1985).

This paper consider nt level of Aboriginal dugong
hunting on the east S e York Peninsula in relation to
recent dugong pofula®gn eStimates. The recent and present
management sygtems dugong hunting are also discussed.
LEGISLATION

roblems associated with Aboriginal marine hunting

and the ré™®ed Tegislation were reviewed by the Australian Law
Reform Commission (1986}163—195). The situation is complicated as
the Commonwealth (Federal) and State Governments share the
constitutional authority over fisheries in Australian waters and
in the management of the Great Barrier Reef Marine Park.

The Great Barrier Reef Marine Park Act (1975) does not refer
to traditional hunting and fishing .interests or suggest that

certain areas should be set aside for traditional use. However,

the regulations incorporated in Zoning Plans for the various
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Sections of the Park make provision for traditional hunting in all
parts of the Park, except Preservation Zones, subject to a permit
being granted.

Queensland legislation applies to waters above low water and
those inshore waters excluded from the GBRMP. The State
Government’s Community Services (Aborigines) Act (1984) exempts
members of an Aboriginal community residing on Trust Areas
(formerly Reserves) from fisheries legislation provided the take

hers of the

community; a similar provision is contained i @
Fisheries Act (1976).

The interrelationship of the Commopffeal andgstate Acts is

is by traditional means for consumption by meq

censland

complicated in the inshore (Queensland) waWars of the GBRMP where

most dugong hunting occurs. For e, an Aborigine could

! >

theoretically be given a per hURt dugongs within a specified

Zone within the GBRMP, svented from doing so in the

Queensland waters wit#in at ZOne because he was not a resident

of a Trust Area (Austy®jian Law Reform Commission, 1986).

THE EST THE GREAT BARRIER REEF MARINE PARK:
CAUSES FOR CONCERN
As part e GBRMP zoning process, the GBRMPA invites the

public to participate in the preparation of the dréft zoning
plans, and to comment on the draft plan when it was developed.
Submissions received for the zoning of the Cairns Section of the
Park (Figure 1) expressed concern bver the possible
overexploitation of dugongs in the Hopevale region for the
following reasons.

(a) There was a paucity of the necessary biological and

ecological information on dugongs: there was no indication of
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whether the population(s) of dugongs in the region was increasing,
decreasing or stable (Marsh and Heinsohn, 1982); how many
populations were involved; detailed movement patterns; or what
might be a safe level of exploitation.

(b) The Starcke River region (Figure 1) was known to be one
of the most significant dugong areas in the world and there was
concern for their conservation in this area (Marsh and Heinsohn,
1982).

(c) The ability of Hopevale residents to_gurchase larger

D

(d) The improved road access facilWgated hunting during the

speedboats and four-wheel-drive vehitles had
preceding five or so years, permitting#ea

Starcke River region.

dry season.

(e) There were verba sWthat the annual take of dugongs

by the community had 4 recent years.
(f) There wag 'a 1 of knowledge among community members of
the dugong’s &ife hgory and vulnerable status. In addition, they

operated b e Aboriginal Mission), this impact could be repeated

believed numbers of dugongs had been killed for oil

between d 1932 (the period of the dugong oil industry

without serious effect. Before and after the oil industry period

there was an extremely low level of hunting, which would have

permitted the dugong population in the area to recover.

GBRMPA ACTIONS PRIOR TO THE IMPLEMENTATION OF THE ZONING PLAN

Zoning requirements: The information contained in the

submissions stimulated the Marine Park Authority’s concern about

the status of the dugong within the Park for two reasons. Firstly,

the GBRMP Act (1975) gives the Authority specific responsibility
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for endangered species and secondly, the large numbers of dugongs
in the Park were listed as a reason for the region being given
World Heritage Listing.

In allowing traditional fishing and hunting within a
designated zone in the Cairns Section (Figure 1) of the GBRMP
(GBRMPA, 1983), the Authority is required to give particular
regard to:

(a) the need for conservation of endangered species;
(b) the means to be employed in traditional _fishing or
hunting;
(c) the number of animals to be ta
In addition, in permitting traditigfal ntij in the Far

Northern Section (GBRMPA, 1985; Figure 1)W&the Authority has to

consider:
(d) the particular
(e) whether th se of the area will be in
accordar®e iginal tradition;
(f) evidenceNghat the person is a traditional
an
ormal place of residence of the person.
In deveT®G a management strategy, the Authority needed to

assess  its likely impact on (a) dugong numbers; (b) the
relationship between the management agencies and the community;
and (c) the socio-political situation within the community. They
also required.information on the Aboriginal perception of dugongs,
and the potential for over-harvesting through Aboriginal hunting.
Management decisions: Staff of the GBRMPA met with the
Hopevale Aboriginal Council on a number of occasions between

December 1982 and November 1983 when the Zoning Plan for the
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Cairns Section of the Park with its requirements for permits for
traditional hunting became operational. Despite a Tevel of
consultation over and above the general statutory requirements,
there were a number of aspects relating to communicating with
Aborigines/Aboriginal groups which militated against a successful
permit system being negotiated. Some of these problems were: the
general lack of communication between the Aboriginal Council and
the community; the inherent problems of public meetings in
Aboriginal communities; a lack of understanding gfgthe community
dynamics; and the general ‘acceptance’ igines of
authorities regulating their Tlives. All segfacy meant that
~'most of the Aboriginal hunters ‘wergf re1®tans’ to voice their
concerns. This resulted in most of Qhe negotiations being

conducted between GBRMPA staf embers of the Hopevale

Community Council who t all conversant with or

representative of the

The dugong it Qustem which evolved from the meetings was
implemented ig DeceMger 1983. As a result, 20 individual permits
were 1iss le day prior to a four-week open season in

January. it conditions were: one dugong per hunter (i.e. a

quota of 20" tor the community for the season); no female dugongs
with attendant calves to be taken; ﬁo firearms to be used; catch
data sheets to be completed and returned; the permits to be
available for inspection within the Park; the permits to be valid
north of the Endeavour River (Figure 1) only, The permits were
allocated on a ‘first come, first served’ basis.

Research: Concomitant with the introduction of the dugong

permit system, two research projects supported by the GBRMPA were

begun. Marsh conducted a series of aerial surveys to estimate the
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dugong population of the Cape Bedford to Hunter Pojnt region and
to form the basis for monitoring future trends in numbers. Smith
recorded the numbers of dugongs killed by Aborigines at Hopevale
and Lockhart River communities as part of a study of the usage of
the marine environment by members of those communities.

REACTION TO THE PERMIT SYSTEM

The introduction of the dugong hunting permit system at
Hopevale caused several problems as detailed by Marsh and others
(1984d). The major problems area outlined below.

(a) There was widespread apprehension, on and
misconception in the community regarding thgexigtera# function
and regulation of the GBRMP.

(b) The Hopevale people felt victimis®§ as GBRMP regulations
on dugong hunting were applied to t not to other east coast

Aboriginal communities such h&t River (where the relevant

Zoning Plan had not yet ted) or Yarrabah (near Cairns

16955’S; 145%46'E; whdfe rigimes hunt outside the boundaries of

the GBRMP).

(c) fusion and discontent among Hopevale
residents he dugong hunting permit system and its
operation; regarded it as an infringement of their

traditional hunting rights.

- (d) There was dissatisfaction with the number of dugongs
allowed per permit and the permit allocation arrangements. Some
non-hunters received permits while known hunters missed out.

(e) There was general dissatisfaction with the manner  in
which the management officers dealt with people.
The dugong permit system at Hopevale produced a negative

community attitude towards the management agencies. The relatively
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sudden and selective (as perceived by the Hopevale community)
impositioh of the restrictive dugong permit system resulted in an
‘us and them’, rather than a cooperative situation developing. The
dugong permit system also exacerbated existing socio-political
tensions within the community, especially as some members
considered the ‘right’ to obtain a dugong permit more important
than the actual ‘need’ for a permit.

Minor alterations were made in the method of distributing the

permits for the 1985 and 1986 hunting seasons. helped reduce

some of the il1-feeling, but the general

Although these management developments s
Hopevale residents to the Government gFconC{gn the management
and conservation of dugongs, the also resulted in a

disproportionate amount of att eing focussed on dugong

hunting, so that the quotafbeCEge
The zoning pla
ea .

target.

Far Northern Section was not

implemented unti 1986. As a result of the problems
encountered dugong hunting permits at Hopevale, GBRMPA
decided - paration of the draft zoning plan to delay

app1yin- mtions on dugong hunting at Lockhart River until

more biolad information and catch data were obtained.
ESTIMATING THE SIZE OF THE DUGONG POPULATION
Aerial survey techniques: The dugong census was carried out
with an overall sampling intensity of 9% over a total area of
31,288 km?. The .coastal .zone between _Cape"Bedford (15915’S;
145921'E), Cape Melville (14°10’S; 144930’E) and the outer Barrier
Reef was surveyed in November 1984, and again in November 1985.

The corresponding area between Campbell Point (13°32'S; 143°35'E)
and Hunter Point (11930’S; 142050'E) was surveyed in April 1985,
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and again in November 1985. The intervening Princess Charlotte Bay
area was surveyed once in October/November 1985. The survey
design, counting procedure and analysis are detailed in Marsh and
Saalfeld (in press) and Marsh and Sinclair (1989). Sightings were
corrected for perception bias (the proportion of aniha]s visible
in the transect which were missed by observers), and standardized
for availability bias (the proportion of animals that were
invisible due to water turbidity) using survey-specific correction

factors. The errors inherent in estimating the correghion factors

were included in the variance of the population e

Aerial survey results: Thg results of a
detailed 1in Marsh and Saalfeld (in res re were no
significant differences between population d density estimates

obtained from repeat surveys of th eas despite variations

in the survey conditions. g@ested that the attempts to

standardize the biases successful. The resultant

population estimate + 1073 (S.E.) dugongs for the whole

region in November 1 at an overall density of 0.26 + 0.04

(S.E.) dugong a precision of 13%. Most dugongs were
associated ore seagrass beds. Comparison of the data from
the two survey the Starcke River region indicated that dugongs
were dispersed qﬁite differently for each survey. There were
almost twice as many dugongs in the hunting grounds of the
Hopevale Aborigines in November 1985 than in the same month in
1984.
ABORIGINAL DUGONG HUNTING

Methods: Field work was carried out at Hopevale and Lockhart

River Aboriginal communities. Four periods of field work were

undertaken by Smith: January to March 1984 (Hopevale); May 1984 to
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March 1985 (Hopevale); September to December 1985 (Lockhart
River); and January to Febrﬁary'1986 (Hopevale). A total of 16
months were spent at Hopevale, and three months at Lockhart River.

Whenever possible, data and specimen material were obtained
from dugongs caught, in order to determine their size, age,
reproductive status and diet as described in Marsh (1980), Marsh
and others (1984a) and Marsh and others (1984b). The reproductive

specimens were analyzed using the techniques detailed in Marsh and

others (1984a and b). For age determination, onehusk from each
animal was prepared and analyzed as per Marsh @ formation
was obtained on Aboriginal knowledge of d gsgandfong hunting

through both formal and informal interg¥ews Wgthgfecognised dugong

hunters, and by participant observation.

and techniques: The

(16°36'S; 139°21° i arsh’ and others (1980-81). All dugong
hunting occurg fromgém to 5m aluminum or fiberglass dinghies,
hp (usually 25hp to 40hp) outboard motors.

jetachable heads are used for taking dugongs.

Another me of capture, ‘lassoing’, although not common, is
gaining popularity amongst the younger hunters at Lockhart River.
The dugong is chased and tired out, then one person jumps
overboard and places a lasso over the dugong’s head. The rope is
then pulled tight by another person on the boat. Dugongs are
butchered immediately after they are taken ashore.

The question of which methods or technologies are to be

regarded as ‘traditional’ is, for most purposes, a subordinate

one. The Australian Law Reform Commission (1986) believes that in
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determining whether an activity is 'traditiona]’, attention should
focus on the purpose of the activity rather fhan the method. The
actual methods of capture are usually part of a highly complex
system of knowledge, beliefs and attitudes, and hence the
adaptation of modern technologies does not necessarily mean the
system has lost its impetus, nor that a vresource will
automatically be exploited at a level greater then occurred before
European influence (Chase, 1981).

Significance and uses: Dugongs are currently t for the
meat they provide, and secondarily for the oil w tracted
by boiling the parts of the dugong not used #0r fpod,Qflch as the
head. Dugong 0il is used as a panacea fopfalmoS§angfache, pain or
illness. In addition to its commodity val dugong hunting also
has a cultural significance which Wye it is impossible for

a person who is not an Aboy appreciate. Some community

members have told us thas ¥ ider dugong huntjng to be an
important expression Aboriginality.
Areas used_ for ong hunting: Hopevale Aborigines hunt

dugongs from 0

Podit north to the Jeannie River (Figure 1),
in approxi ) to 3m depth of water (i.e. usually within a
couple of kiToM®ers of the coast). Dugong hunting from the beach
camps at Cape Bedford in January (wet season), typically involves
a coastal voyage of about 90km (50nm) to the Starcke River area.

At Lockhart River most dugongs are caught between First and
‘Second Red Rocky Points.(Figure 1). They are also taken inside
: Cape Direction, in Lloyd Bay and off Cape Direction. With suitable
weather, dugongs are also hunted between the Pascoe River and
Temple Bay (Figure 1).

Catch data: Between January 1984 and February 1987, a total
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of 74 dugongs (38 females; 33 males; 3 of undetermined sex) were
taken by Hopevale ﬁunters (Table 1). In a favorable three month
period (late September to 1late December, 1985) 15 dugongs (4
females; 11 males) were caught by Lockhart River hunters (Table
1). In addition to this, there was an unconfirmed report of two
dugongs (one a pregnant female) being caught just prior to that
period, and at least four dugongs being taken in the Pascoe River
area by Aborigines visiting from the western sfde of Cape York

Peninsula. Estimates of annual catches at Lockhart_Rjver cannot be

extrapolated from these data due to the seas®§a ability of

hunting,_ and the unpredictable availabilglly The data
collected indicated that dugongsglof 11 4Fages including
reproductive1y-active females were hunte

From our observations we a ident that Hopevale hunters
were not hunting selecjiV xcept perhaps in very rare
circumstances by oldgs, Q perienced hunters. Most hunting
occurred in extre &d ater, and since animals could not be

followed an

obs@ued underwater, hunters opportunistically
harpooned e animal. At Lockhart River, there was the
potentia ection during hunting as the clarity of the water
allowed th®®Gnimals to be observed for a few minutes before
harpooning. However, from observations, and the catch data, it was
apparent that an attempt was made to catch any dugong encountered.

Most trips to the hunting area of the Hopevale Aborigines are
_by boat and involve a 90km voyage. As a result, the number of
hunting trips is limited by fuel costs, tides and weather. The
small number of dugongs caught per boat per trip is also limited
by the small size of most boats used. Dugong hunting is presently

limited by weather and the Tow number of serviceable boats at
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Lockhart River.
MANAGEMENT OF DUGONG HUNTING IN THIS AREA

Sustainable yield: As outlined above, the estimate of the
dugong population of the Great Barrier Reef lagoon between Cape
Bedford and Hunter Point of 8110 + 1073 (S.E.) animals is Tikely
to be low. Results of the aerial surveys (Marsh and Saalfeld, in
press) and satellite telemetry of individual dugongs (Marsh and
Rathbun, manuscript) indicate that they undergo local movements .

Thus the population(s) from which the Aboriginal_hunters are

harvesting are unlikely to be restricted to the @ eas per
se.

Dugong Tife history data (Marsh 9 gest that a
conservative estimate of the sustainable rvest of the dugong

population of the whole region s is of the order of two

the available data),

harvest of approxima
Lockhart River commM§ities? Using the Tlower bounds of the

confidence it SQaf e population estimate, the sustainable

these are 1iR

harvest 1é d be 70 females per year. A outlined above, -
o be underestimates of the sustainable yield.
The catch statistics.indicate that the combined annual dugong
harvest by Aboriginal hunters from Hopevale and Lockhart River
communities is substantially Tless than the estimated sustainable
yield. Therefore, the present Aboriginal take alone is unlikely to
be damaging the dugong population of the GBRMP in the eastern Cape
York Peninsula region surveyed. However, given that the number of

dugongs incidentally drowned in gill-nets 1is unknown, it is

_ possible (but we consider it unlikely) that the combination of
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traditional and dincidental man-induced mortality is reducing
dugong stocks in this region.

The status of the dugong population: Dugongs are long-lived
animals with a 1life-span of up to 70 years, a minimum
pre-reproductive period of 9 to 10 years, and a mean calving
interval which has been estimated as 3 to 7 years for various
populations (Marsh and others, 1984c; Marsh, 1986a). Marsh (1986a)
has calculated that even with the most optimistic combination of

these parameters, a Tlow schedule of natural mgetality and no

1ikely to be of the order of 5% per year. heQgfesent zoning
and management regulations, the level i ed mortality in
the northern sections of the GBRMP sho be low. Thus, barring

catastrophes, the annual rate“a’,~--u1ation change 1is also

expected to be relatively g®
In a hypothetic e Marsh and Saalfeld (in press)
calculate that it woul ake Y0 annual aerial surveys to detect a

5% per yeargdecli in the population with 95% confidence.

Alternati eys 10 years apart could establish with 95%
confide @ a population decreasing at 5% per year is
declining. ™®a compromise between information and cost, Marsh and

Saalfeld (in press) suggest that large-scale surveys Shou]d be
conducted every 5 years in the northern sections of the GBRMP, so
as to coincide with the required revision of the zoning plans.
Thus it will probab]y be at least a decade before the status of
the dugong population is detéfmined'in this region. Meanwhile a
conservative management policy needs to be adopted.

Proposed management system: Based on the population estimates

and traditional catch data, a modified system to manage the
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traditional hunting of dugongs was recommended to GBRMPA (Marsh,
1986b; Smith, 1987), and is currently being tested. This
management system involves a hierarchical 1ist of management
options. In increasing severity, they are:

(a) community dugong hunting permits;

(b) declaring current dugong hunting areas as ‘official’,

hunting areas;

(c) closed seasons;

(d) quotas.

This broad management system allows each
covered by the same scheme, but permits f1
the unique situation experienced at eachgfomm

for applying different options as circumstdges change.

The dugong hunting permit sy rently being tested at
Hopevale and Lockhart River j@” aSqtoQows.

(a) Dugong hunting s ed via a dugong hunting

permit issued a@)minﬂ Councils for the whole

community. The it Stresses that the whole carcass

should d that hunting should not utilise

ezer boats.

(b) The"®®s presently used for dugong hunting by each
community have been declared ‘hunting areas’. This
declaration serves two functions: (1) the recognition of
Aboriginal dugong hunting rights for the area, and (2)
prevention of expansion of hunting into other areas
(should the means become available) until the status of
the dugong population is determined.

(c) There is no quota applied to the communities.

(d) The closed season at Hopevale has been retained
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because of the potential for overharvesting provided by
the easy road access to the hunting grounds in the dry
season, given the large number of vehicles in this
community. The details of its duration and timing are
determined through discussions with the Council. There
is provision fof tﬁe Council to apply for a special
permit(s) to take dugong(s) for special community
occasions (e.g. dance festivals). There is no closed

season at Lockhart River because dugong hu is not

the same potential for overharves
there are few boats available.
(e) The management agency is respon$gble for maintaining
catch records for the commu

(f) Provision has b the collection of dugong

skulls, or at le s, and any available capture
information.

(g) Theq manad@gent plan for dugong hunting will be

time of the reviews of the Cairns and

cﬁrrentWy being tested has not yet been formally articulated.
However, the response of the Hopevale community was foreshadowed
in verbal presentations at the 57th Congress of the Australian and
New Zealand Association for the Advancement of Science. in
Townsville in August 1987. The delegates from Hopevale represented
the strong feeling that the community should play an important
role in determining management structures and in administering

those structures. They suggested the use of Community By-laws as a
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way of controlling local hunting practices. In principle, this
approach was welcomed by the staff of the GBRMPA at the meeting.
We hope that the management of dugong hunting within the GBRMPA
will dincreasingly become the responsibility of the traditional
hunters themselves.
CONCLUSIONS: IMPLICATIONS FOR OTHER AREAS

The events outlined above represent one of the only attempts

to manage a traditional (i.e. non-commercial) dugong fishery by

other than a complete closure. The Division of Wil in Papua

New Guinea attempted to manage the dugong fis
Torres Strait between 1978 and 1982, but isg i tive was
halted prematurely due to lack of fundsgfHuds 6). A number
of lessons can be learned from the experien®y, in the Great Barrier
Reef Marine Park.

information on which the

The anecdotal and/or

original planning and decisions were based was

obviously inadequate, Yor QffectTve management. Shoreline surveys
(see Heinsohn, 81) acceptable for identifying major dugong

habitat aregg a unsuitable for estimating numbers or

monitoring If the decision to 1imit (rather than ban)

hunting is De made, data ‘are required on the number of
populations involved, population sizé and dynamics, and catch
statistics. Although these data are technically difficult,
expensive and time-consuming to obtain, we believe that they are
bessentia] to effective manqgement‘ of a 'population subject to
traditional harvest. Of coufse, as in this case, it may be
impossible to postpone management initiatives until the research

is completed. Management regulations must therefore have the

capacity to be flexible in order to incorporate new research
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findings.

It is also vital to attempt to obtain statistics on any
non-traditional causes of mortality, e.g. incidental catch, even
though this is generally much more difficult to document than the
traditional catch. Despite the Tow density of fishermen and the
remoteness of the waters on the eastern side of Cape York
Peninsula, local Aborigines regard the absence of attempts to
obtain data on the incidental catch of dugongs as a serious
neglect of a fundamental issue in dugong manageme

Western styles of environmental manage 1d not be

jmposed on traditional hunters and fi should be

involved in making the initial managgg€ent s. However, the
Hopevale experience shows that legisla®e requirements may not
allow sufficient Tead-time to he cross-cultural rapport
rily. In such situations, the

initial attempts at ust be accompanied by culturally

appropriate educgtion d extension programmes, especially when
the initiatiyes areQgomplex, such as in the GBRMP zoning. It is
inapproprgiiig t to considerable effort to make management
@ Hy>appropr1’ate if they are not adequately

explained

systems
the user groups. The relevant management agency
should also have the capacity to respond to escalating demands
from traditional hunters who want to assume a more active role in
both developing and administering management policies.
Superficially, one might expect that the problem of managing
dugong hunting at Lockhart River would be similar to Hopevale.
However, we believe that the socio-economic and logistical
differences between the +two communities could lead to

overharvesting at Hopevale but not at Lockhart River, and hence

342



have recommended a closed season at Hopevale only. There are no
global solutions to the management of traditional fishing; rather
management must be customised to each community. If this can be
done within a common framework as in the GBRMP, it is likely to be
more acceptable to the communities concerned and be easier to
administer as well.

As outlined above, it will probably be at least a decade
before the status of any dugong population is established. In the
meantime, we believe that management needs to b servative

while acknowledging the rights of traditional hyn
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LEGEND TO FIGURE
Figure 1: The distribution of dugongs between Cape Bedford and
Hunter Point in November 1985 as revealed by aerial survey in
relation to the Hopevale and Lockhart River dugong hunting

areas.
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TABLE 1: Number of dugongs caught at Hopevale from January 1984
to February 1987; and at Lockhart River from late
September to late December 1985.

NO.OF DUGONGS CAUGHT
YEAR FEMALES MALES UNDETERMINED TOTAL

HOPEVALE :
1984 3 10 2
1985 14 5 Q
1986 6 6 1
1987 15 12 27
TOTAL 38 33 3 74

LOCKHART RIVER:

Sept-Dec.
1985 15
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INTRODUCTION

As part of the program to establish a sound ecological basis for
managing dugongs in the Great Barrier Reef Marine Park, dedicated,
systematic, aerial surveys were carried out throughout the inshore
waters of the Park and in some offshore waters between November 1984
and March 1988 (Marsh and Saalfeld, 1988, manuscripts a and b). All
such areas were surveyed at least once during this period; some were
surveyed twice.

These surveys were usually performed by a a comprising a

pilot/navigator,a survey leader, and f observers in a
Partenavia 68B high winged aircraft at alt?l f 450’ (137m) and a

speed of 100 knots (185 km hr'l) (Marsh a Sinclair, manuscript). In

order to standardize the bias as m ssible, surveys were carried
out only in fine, calm nsW(sea state Beaufort 3 or less).
Consequently, most su s ried out between late September and
early December in oxder aximize the chance of suitable weather.

Thus each areg was rveyed within a very restricted time-frame to

give a 's ure of dugong distribution and abundance. In

order to he information about the temporal distribution of

dugongs witl the Park, incidental sightings made between 1973 and
1988 have been summarized below. Most of this information has come from
observers in aircrafp flying under less rigid conditions than those
required for the dedicated systematic surveys. The remainder has come

from observers on the shore, in boats, and occasionally swimming or

diving.
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METHODS

The sightings resulted from several sources which have been

categorized as follows:

1. Heinsohn, J.C.U. survey

Sightings of dugongs made during dedicated aerial surveys
conducted by George Heinsohn and his co-worker the Great Barrier

Reef region between 1973 and 1979 inclusive n 1976a, 1976b,

1976¢c, 1977) (Heinsohn and Marsh 1979, arsh and Heinsohn

1979). These surveys were typically g@nduc ng three observers in
a high wing aircraft flying at_a heigh f 900’ (274 m) and 90 knots

(167 km hr‘l). A single transe efined width was usually flown

about 500 m from, o, the shore. Sometimes additional

transects were flo ve areas of seagrass.
2.

reported by observers on Coastal Surveillance

within the Great Barrier Reef Marine Park. Most

flights were conducted in Shrike Aerocommander high wing aircraft which
typically carried two professional observers, one of which also acted
as a recorder. The aircraft flew at variable heights usually between
500’ (150 m) and 1500’ (455 m) and at an airspeed of about 140 knots (260
km hr'l). The observers were instructed to report significant sightings
of wildlife such of dugongs. However, such sightings were a low
priority for the Coastwatch Teams, and the experience of members of the

James Cook Dugong Research Group who went on some flights was that the
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observers were often too busy to sight dugongs, and even when animals
were seen, they were often not reported. Under these circumstances
negative sightings have no significance. Recorded sightings were
telexed to the Coastal Surveillance Centre in Canberra in the standard
post-flight reports which were subsequently despatched to users such as

the Great Barrier Reef Marine Park Authority.

3. Sightings by members of the public

These sightings have been classified rence to the
platform from which the sighting was made . er YPat, small power
boat (<5 m), helicopter, light commercj pl , cht, in water (ie.
diving), research vessel. Such sightings arded were by members of

the public through the Marine M ichting Program conducted at
James Cook University. Obse
completing a standard sj (see Appendix 1). Dugong sightings

from partially incogpletéQgighting sheets were classified as unknown.

RESULTS AND 0

The sI ngs are summarized in Figures 1 through 8 and in
Appendix 2: Tables 1 through 7, correct to the nearest 2.5 nm.

These incidental sightings of dugongs have added to our knowledge
of dugong distribution in a large proportion of the Great Barrier Reef.
Combined with those from the more rigorously controlled aerial surveys,
they extend the time-frame of our knowledge of dugong distribution.

These incidental sightings generally confirmed the dugong
areas identified during the dedicated, systematic, aerial surveys of

the Far Northern, Cairns, Central and Mackay/Capricorn Sections of the

355



Great Barrier Reef Marine Park (Marsh and Saalfeld 1988 and manuscripts
a, b). Dugongs were also sighted in the following areas where they were
not seen in the dedicated surveys: Orford Ness (11°18’S; 142°49'E) in
the Far Northern Section; Cairns Reef (15942'S; 135°34'E), and between
Port Douglas and the mouth of the Daintree River (16°29'S; 145°28'E) in
the Cairns Section; Palm Island in the Central Section (18°40’S;
146°33'E), and between Gladstone and Curtis Island (23°51'S; 151°16'E)
in the Mackay/Capricorn Section.

Groups sizes (see Tables 1 -7) were often er than sighted on

the dedicated aerial surveys (Marsh and Saalfé and manuscripts

a and b) with groups of the order o 00 being sighted by

observers on Coastwatch aircraft.
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LEGEND TO FIGURES

Figure 1. Incidental dugong sightings between the northern tip of Cape
York Peninsula and Shelburne Bay in relation to the areas

protected by Marine National Park A or higher zoning.

Figure 2. Incidental dugong sightings between Cape Grenville and
Bathurst Head in relation to the areas protected by Marine

National Park A or higher zoning.

Figure 3. Incidental dugong sightings betyfen e ville and Weary
Bay in relation to the areas pro ted ine National Park A

or higher zoning.

Figure 4. Incidental dugongg®

Island in relatio o
A or higher zgnTng.

Figure 5.

gW between Cape Tribulation and Dunk

is protected by Marine National Park

ugong sightings between Dunk Island and Cape
Clevi@ relation to the areas protected by Marine National

Park A™® igher zoning.

Figure 6. Incidental dugong sightings between Cape Cleveland and Abbot
Point in relation to the areas protected by Marine National Park A

or higher zoning.

Figure 7. Incidental dugong sightings between Bowen and Flaggy Rock in

relation to the areas protected by Marine National Park A or

higher zoning.
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Figure 8. Incidental dugong sightings between Townshend Island and
Curtis Island in relation to the areas protected by Marine
National Park A or higher zoning. Sightings from North West
Island and Lady Elliott Island have not been included in this

figure.

360



11°00" ——

12°00" ——

142°00° 143°00"

[2Y

Cape Y P
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Figure 1. Incidental dugong sightings between the northern tip of
Cape York Peninsula and Cape Grenville in relation to the

areas protected by Marine National Park A or higher zoning.

® One to five dugongs sighted on one date only

’ One 'to five dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 2. Incidental dugong sightings between Cape Grenville and
Cape Melville in relation to the areas protected by Marine

National Park A or higher zoning.

® One to five dugongs sighted on one date only

‘ One to five dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 3. Incidental dugong sightings between Cape Melville and
Cape Tribulation in relation to the areas protected by Marine

National Park A or higher zoning.

® One to five dugongs sighted on one date only

‘ One to five dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 4. Incidental dugong sightings between Cape Tribulation and

Dunk Island in relation to the areas protected by Marine

National Park A or higher zoning.

® One to five dugongs sighted on one date only

0 One to five dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 5. Incidental dugong sightings between Dunk Island and Cape
Cleveland in relation to the areas protected by Marine

National Park A or higher zoning.

® One to five dugongs sighted on one date only

’ One to five dugongs seen on more than one occasion or
between 5ix and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 6. Incidental dydong gs between Cape Cleveland and
Bowen in relatgon toQghe areas protected by Marine National

Park A or RQigher ing.

® B0 e dugongs sighted on one date only
’ O g ve dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at feast once
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Figure 7. Incidental dugong sightings between Bowen and Townshend
Island in relation to the areas protected by Marine National

Park A or higher zoning.

® One to five dugongs sighted on one date only

’ One to five dugongs seen on more than one occasion or
between six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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Figure 8. al dugong sightings between Townshend Island and

Curtis Island in relation to the areas protected by Marine

National Park A or higher zoning.

® One to five dugongs sighted on one date only

’ One to five dugongs seen on more than one occasion or
petween six and twenty dugongs seen on at least one occasion

% More than twenty dugongs sighted at least once
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APPENDIX 2

Summary tables of sightings.

Table 1.
Incidental dugong sightings between Hunter Point (11°31',142°50')
and Campbell Point (13933’, 143°35') in the Far Northern Section.

No.Dugongs Latitude Longitude Date of Observer

/calves sighting
D/M/Y
2 11927'  142°4'  18/11/78 Heinsohn, J.C.U. survey
1 1127 142°49 15/11/76 Heinsohn, J.C.U. survey
4 11032 143909’ 19/03/86 Coastal Surveillance
10 11943 142956 21/12/86 1 lance
5 11949 142051 27/01/87 ance
1 11°51° 142954 15/11/76 survey
20 2 11951 142054 15/10/84
25 11°52° 1420557 05/01/88 3 eillance
30 11°53" 142956 01/09/85 eillance
10 11954 142°53" 17/11/8 C durveillance
12 11°54' 142054 Surveillance
10 11954  142954' 23/ tal Surveillance
30 11954  142°57' 09 Coastal Surveillance
20 11954’  142°57' 06/ oastal Surveillance
5 11954 143°00° 5 Coastal Surveillance
1 11954 Heinsohn, J.C.U. survey
72 11954 Heinsohn, J.C.U. survey
50 11954 y Coastal Surveillance
1 11°54" P/11/76  Heinsohn, J.C.U. survey
10 11°54" 04/11/86  Coastal Surveillance
40 11956 02/09/85 Coastal Surveillance
5 112 12/07/85 Coastal Surveillance
50 21/12/87 Coastal Surveillance
10 05/09/85 Coastal Surveillance
6 143914’  18/11/78 Heinsohn, J.C.U. survey
3 142°58’  21/09/85 Coastal Surveillance
60 143°00' 26/08/85 Coastal Surveillance
70 Y57 143°00" 20/12/87 Coastal Surveillance
4 11°57'  143°11' 30/06/85 Coastal Surveillance
1 11057 143°11° 06/12/87 Coastal Surveillance
3 11957 143°11’' 17/09/85 Coastal Surveillance
40 12°01° 142°11'  30/12/85 Coastal Surveillance
3 1 12°14 143°08" 01,/08/85 power boat
40 12019 143053 Unknown
1 12020' 143906’ 15/11/76 Heinsohn, J.C.U. survey
6 12027 143°15'  15/11/87 Heinsohn, J.C.U. survey
6 12027 143923 15/11/76  Heinsohn, J.C.U. survey
1 12033 143947 05/03/86 small power boat (<5 m)
26 12034 143022 18/11/78 Heinsohn, J.C.U. survey
2 12936 143027’ 05/03/86 small power boat (<5 m)
2 1 12%46° 143924 05/03/86 small power boat (<5 m)
1 12°50"  143°23"  15/11/76 Heinsohn, J.C.U. survey
20 12051 143023 18/11/78 Heinsohn, J.C.U. survey
4 12955’ 143932’  30/09/86 Coastal Surveillance
15 12056’  143°32'  10/02/87 Coastal Surveillance
20 12056 143032 30/09/86  Coastal Surveillance
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13°04'
13909’
13009
13011’
13915’
13022
13022
13022

143031’
143931
143031
143031
143°31’
143933
143034’
143934

15/11/76
15/11/76
15/11/76
15/11/76
15/11/76
15/11/76
19/01/87
18/11/78
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Heinsohn, J.C.U. survey
Heinsohn, J.C.U. survey
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Heinsohn, J.C.U. survey
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Heinsohn, J.C.U. survey
Coastal Surveillance
Heinsohn, J.C.U.



Table 2.
Incidental dugong

sightings

between Campbell Point

(13°337,143°35') and Princess Charlotte Bay (14°05',144°25') in

the Far Northern Section.

No.Dugongs Latitude Longitude Date of Observer
/calves sighting
D/M/Y
5 139337 143°%2' 18/11/78 Heinsohn, J.C.U. survey
12 13951 143934 21/02/84 = Coastal Surveillance
2 13951' 143935’  26/03/84 Coastal Surveillance
1 13952* 143937 15/11/76 Heinsohn, J.C.U. survey
20 13954 144°01" 02/08/85 Coastal Surveillance
8 13958"  143°37'  03/06/85 Coastal Surveillance
8 13958’  143°1’'  03/06/85 light comgercial plane
10 14°00' 144904 02/12/87 3@l lance
4 14°01° 143058 16/11/85 llance
1 14°01° 144°07° 06/01/86 (<5 m)
1 14°02' 1430941 15/11/76 . survey
2 1 14°02° 144015 15/04/85 cial plane
1 14004 143%41 19/06/78 C.U. survey
1 14°04'  144°03'  06/01/ urveillance
10 14°04 144904 11/12/85 astal Surveillance
16 14904 144°13° 24 t commercial plane
15 2 14°04’ 144°14" 27 Coastal Surveillance
2 14904’ 144°15' 20/ oastal Surveillance
8 14°05° Coastal Surveillance
1 14°06' Heinsohn, J.C.U. survey
2 14°06" Coastal Surveillance
3 14°09° Coastal Surveillance
20 14°09' Coastal Surveillance
12 14°09’ 15/01/83 small power boat (<5 m)
4 1 14°11° 12/06/84  light commercial plane
6 14 15/04/76  Heinsohn, J.C.U. survey
1 15/04/76 Heinsohn, J.C.U. survey
1 : 15/11/76  Heinsohn, J.C.U. survey
5 144°14'  11/04/74  Heinsohn, J.C.U. survey
2 144°11" 15/11/76  Heinsohn, J.C.U. survey
1 * 144°13"  15/04/76 Heinsohn, J.C.U. survey
6 14°15'  144°16'  25/02/85 Coastal Surveillance
10 14°15’ 144916’ 07/06/85 Coastal Surveillance
20 14°15° 144°20°' 15/04/85 Coastal Surveillance
20 14°16’'  144°11' 31/01/87 Coastal Surveillance
12 14°16’'  144°11' 19/06/78 Heinsohn, J.C.U. survey
3 14916’  144°14' 19/06/78 Heinsohn, J.C.U. survey
21 14916’  144°16' 15/11/76 Heinsohn, J.C.U. survey
1 14°17'  144°10"  15/04/76 Heinsohn, J.C.U. survey
2 14°17*  144°18'  15/04/76 Heinsohn, J.C.U. survey
25 14°19' 144°11" 19/01/85  Coastal Surve llance
4 14°19'  144°12'  18/11/78 Heinsohn, J.C.U. survey
2 14°23'  144°09' 01/07/85 Coastal Surveillance
1 14923 144°09' 19/06/78  Heinsohn, J.C.U. survey
2 14924 143946 19/06/78  Heinsohn, J.C.U. survey
60 14925 144°03" 17/12/85 Coastal Surveillance
40 14025 144°07° 08/01/86 Coastal Surveillance
30 : 149257 144°24'  08/01/86  Coastal Surveillance
2 14°26*  144°06'  19/06/78 Heinsohn, J.C.U. survey
12 14028 1430953 10/04/86  Coastal Surveillance
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30
40
50
50
50
20
50
20

14928
14028
14028
14028
14928’
14928
14928’
14028’
14028
14928’
14029
14°29'

143956
143956
144°00'
144°00'
144°00°
144°00'
144°00°"
144°00°
144°01'
144003’
143956
144°02'

15/11/76
15/06/84
17/11/85
11,/01/87
13/12/86
12/01/87
20/01/87
18,02/85
20/01/87
28/12/86
19/06/78
02/12/86
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Unknown

light commercial plane

Coastal
Coastal
Coastal
Coastal
Coastal
Coastal
Coastal
Coastal

Heinsohn, J.C.U.

Coastal

Surveillance
Surveillance
Surveillance
Surveillance
Surveillance
Surveillance
Surveillance
Surveillance

Surveillance

survey



Table 3.
Incidental dugong sightings between Cape Melville (14°05',144°25') and
Cape Bedford (15°15', 144°21’) in the Far Northern and Cairns Sections.

No.Dugongs Latitude Longitude Date of Observer

/calves sighting
D/M/Y
10 14°06'  144°31'  25/01/83 Coastal Surveillance
10 14°06'  144°31'  21/02/83 Coastal Surveillance
30 1407 144931’ %/ %% /%%  power boat
20 14°08' 144°32'  03/02/86 Coastal Surveillance
2 14°09'  144°28'  19/06/78 Heinsohn, J.C.U. survey
1 14°09"  144°34'  15/11/76  Heinsohn, J.C.U. survey
30 14°10"  144°29'  31/03/87 light commercial plane
20 14910’ 144930’ 21/04/85 Coastal S aillance
30 14°10' 144030’ 31/03/87 N\l ance
30 14°10°' 1440930’ 31/03/87 Wance
20 14°10° 144031 30/01/87 Y ance
15 14°10°’ 144032 11/04/74 . survey
60 14°10’ 144°33 13/06/87 eillance
30 14°10°’ 144033 05/10/87 rveillance
2 14°10"  144°34'  15/07/ urveillance
1 14°11’ 144931’  19/06/78 i .C.U. survey
20 14°11"  144°32' 13 tal Surveillance
20 14°11" 144933 14/ oastal Surveillance
2 1 14°13¢ 143°43" oastal Surveillance
2 1 14°13" 143943/ D8WB6  Coastal Surveillance
8 14914 Heinsohn, J.C.U. survey
60 14013 /87  Coastal Surveillance
1 14012 1/76  Heinsohn, J.C.U. survey
20 14012 /01/87  Coastal Surveillance
90 14°30° 18/12/86  Coastal Surveillance
90 08/03/87  Coastal Surveillance
20 14/04/84  Coastal Surveillance
20 02/04/85  Coastal Surveillance
25 28/02/84  Coastal Surveillance
20 31/03/87  light commercial plane
20 144936’ 01/03/84  Coastal Surveillance
20 il 144936 18/01/88 Coastal Surveillance
9 14°16’  144°36'  15/11/76 Heinsohn, J.C.U. survey
5 14017 144°35" 11/04/74 Heinsohn, J.C.U. survey
40 14°17' 144936’ 21/05/83 Coastal Surveillance
11 14°19 144°37'  04/12/75 Heinsohn, J.C.U. survey
5 14°21'  144°40'  11/04/74  Heinsohn, J.C.U. survey
2 14922’ 144°38'  19/06/78 Heinsohn, J.C.U. survey
15 14°27'  144°39'  15/04/76 Heinsohn, J.C.U. survey
40 14031 144°40' 15/12/85 Coastal Surveillance
7 14°31"  144°41' 19/06/78 Heinsohn, J.C.U. survey
21 14031 145°48 15/11/76  Heinsohn, J.C.U. survey
30 14°32° 144°43'  02/12/85 Coastal Surveillance
50 14032 1440457 24/11/87 Coastal Surveillance
1 14°32"  144°46'  11/11/85 Coastal Surveillance
70 20 14932 144%46" 10/03/86 Coastal Surveillance
1 14932'  144°48'  04/12/75 Heinsohn, J.C.U. survey
100 14933’ 144042 18/10/87 Coastal Surveillance
1 149337 144%44'  11/11/85  Coastal Surveillance
25 14933 144°46" 17/11/85 Coastal Surveillance
20 14°33"  144%46'  01/12/85 Coastal Surveillance
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14034
14034
149347
14034
14035
14936
14036
14936
14936
14036
14036
14936
14936
14°36
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14936
14936
14037
14037
14037
14037
14037
14937
14037
14037
14038
14039
14°40°
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14°41"

14945
14946
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14946
14%46"
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14947
14947
14947
14°47
14%47
14947
14947
14947
14947
14048
14948

144°40'
144045
144947
144°54"
144953
144935
144935
144°39'
144941
144944
144952
144952
144954
144954
144954
144954
144957
144955
144951
144053
144954
144955
144956
144°56"
144957
145917
144956
145°06/

144°59"
145°05°'
145°07
145°13"
145°00'
145°09'
145°12°'
145°04'
145°06°
145°06"
145°11’
145914
145°01"
145°01'
145°01'
145902
145°02'
145°10"
145°14'
145°14'
145922
145°10'
145°14°

11/04/74
19/10/82
08,/01/85
24,/12/86
13/07/85
20,/01/87
28/10/85
18/09/86
19/06/78
18,/09/86
13/11/85
24,/07/83
17/11/85
20/11/85
01,/08/86
23/11/84
29/07,/83
27/10/84
09/12/83
29/11/85
15/11/76

26,/09/85
19/12/85
15/12/85
16/10/85
22/09/84
25/02/85
20/01/85
16/10/85
16/10/85
07,/06/85
12/12/84
16/10/85
05/01/85
29/10/86
21/06/85
21,/06/85
30,/06/85
14/07/85
16/11/85
20/06/85
10/05/85
11,/01/86
23/06/85
01,/08/86
05,/09/85
16/10/85
11/04/74
09,/06/85
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Heinsohn, J.C.U. survey
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Heinsohn, J.C.U. survey
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance
Coastal Surveillance

1 Surveillance
light commercial plane
ight commercial plane
yacht

Heinsohn, J.C.U. survey
Heinsohn, J.C.U. survey
Heinsohn, J.C.U. survey
Heinsohn, J.C.U. survey
Coastal Surveillance
light commercial plane
Coastal Surveillance
Coastal Surveillance
Unknown

Coastal Surveillance
Coastal Surveillance
light commercial plane
small power boat (<5 m)
small power boat (<5 m)
light commercial plane
Coastal Surveillance
Unknown

light commercial plane
small power boat (<5 m)
light commercial plane
Unknown

Coastal Surveillance
light commercial plane
light commercial plane
Coastal Surveillance
light commercial plane
light commercial plane
light commercial plane
Coastal Surveillance
Coastal Surveillance
Unknown

Heinsohn, J.GC.U. survey
Coastal Surveillance
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14°50°
14950
14950’
14051
14053
14954
14956
14957’
14058
15°07’
15°07°
15908

145°00'
145°07"
145°08°
145908
145911
145°12'
145°12°
145913
145913
145°13"
145°14'
145914
145°14’
145914
145021
14514
145914
145°14"
145917
145°17'
145917
145°17'
145928
145°16°
1450929
142959
145922
144941
145926

30/10/85 Coastal Surveillance
15/11/76 Heinsohn, J.C.U. survey
11/04/74  Heinsohn, J.C.U. survey
15/11/76  Heinsohn, J.C.U. survey
08/11/85 light commercial plane
16/06/86 Coastal Surveillance
19/06/78 Heinsohn, J.C.U. survey
09/06/85 light commercial plane
05/09/85 Coastal Surveillance
24/02/86 light commercial plane
13/11/85  Unknown

05/12/86  light commercial plane
13/11/85 small power boat (<5m)
15/11/76  Heinsohn, J.C.U. survey
16/10/85 small power boat (<5m)
19/07/85 Coastal Surveillance
01/09/85 i
30/10/85
20/01/85
26/01/85
30/06/85
21/06/85
04/03/85

18/11/

31/03/87

20/80487

03/ small power boat (<5m)
16/1 oastal Surveillance

08W8 5 Coastal Surveillance
3 Coastal Surveillance
3/85 Coastal Surveillance
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Table 4.
Incidental dugong sightings between Cape Bedford (15°15',144°21")
and Dunk Island (17°57',146°10') in the Cairns Section.

No.Dugongs Latitude Longitude Date of Observer

/calves sighting
D/M/Y
1 15921 145°19' 15/11/76  Heinsohn, J.C.U. survey
1 15°41'  145°29' 01/01/85 Coastal Surveillance
1 15°942' 145933’ 01/01/86  Coastal Surveillance
1 16°20'  145%44' 17/04/85  light commercial plane
1 16°22' 145932 22/11/84  Coastal Surveillance
1 16924 145936 11/04/74 Heinsohn, J.C.U. survey
1 16°25'  145°46' 08/02/86  Coasta eillance
2 16954’  145°49'  20/03/88  Coastgl cillance
3 17°47° 146°06' 23/10/85 smal¥ bat (<5 m)
1 1 1747’ 146°06° 15/01/87 i shore

X
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Table 5.
Incidental dugong sightings between Dunk Island (17°57',146°10')
and Cape Cleveland (19°11’,147°01') in the Central Section.

No.Dugongs Latitude Longitude Date of Observer

/calves sighting
D/M/Y

2 18°09'  146°09' %% /%x%/*%  Unknown
31 18°13*  146°10' 11/04/74  Heinsohn, J.C.U. survey
30 15 18913 146°14' 12/11/87 Unknown

1 18°16’'  146°03' 28/02/87 small power boat (<5m)
1 18°16’'  146°03' 31/03/86 sighting from shore

2 18°16" 146°04' 18/12/86 power boat

1 18°16'  146°06’' 17/06/75 Heinsohn, survey
1 18°24'  146°11'  04/12/75 Heinsohp . survey
2 180327 146O4BY ik kk fwk

1 18%47'  146°39'  09/06/86 com ghore

1 18°51'  148°10'  18/04/85 i offa] plane
1 19909’  146°16'  15/06/85 Sugveillance

1 19°09'  146°54'  08/05/79 i .C.U. survey
1 19°10"  146°46'  08/05/ J.C.U. survey
1 19°10' 146°47 31/05/86

2 1 19°13"  146%6' 07/ inWater (ie. diving)
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Table 6. :
Incidental dugong sightings between Cape Cleveland
(19°11’,147°01’) and Repulse Bay (20°30',148°50’) in the Central
Section.

No.Dugongs Latitude Longitude Date of  Observer

/calves sighting
' D/M/Y
20 19°13'  147°00' 08/05/79 Heinsohn, J.C.U. survey
8 19914’  146°19' % /%% /%%  Unknown
1 19°15°’ 146950 08/11/86  sighting from shore
1 19°15’  146°54' 08/05/79 Heinsohn, J.C.U. survey
2 1 19°16" 146947 09/11/86 sighting from shore
6 19°16'  146°52' 08/05/79 Heinsohg .C.U. survey
9 19°16° 146955 08/05/79 .U. survey
27 19°16’ 146°56' 08/05/79 .U. survey
3 19022’ 147024 09,/07/78 $.U. survey
2 19°38’ 147°40' 23/03/75 .C.U. survey
1 19941’  147%43" J.C.U. survey
2 1 19°43 147%44" r boat (<5 m)
1 19%44  147°44¢ J.C.U. survey
1 1997’ 147941 J.C.U. survey
1 19°48’ 147°40" J.C.U. survey
1 1948’ 147%42' Heinsohn, J.C.U. survey
11 19948 Heinsohn, J.C.U. survey
1 19°49' Heinsohn, J.C.U. survey
1 19°49' Heinsohn, J.C.U. survey
1 19°49’ Heinsohn, J.C.U. survey
1 19°49’ Heinsohn, J.C.U. survey
3 15/05/87  research vessel
1 09/07/78 Heinsohn, J.C.U. survey
2 1 20/07/85 Unknown
8 09/07/78  Heinsohn, J.C.U. survey
1 28/09/87 yacht
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Table 7.
Incidental dugong sightings between Repulse Bay (20°30',148°50')
and Bustard Head (24°02',151°46) in the Southern Section of the
Great Barrier Reef Marine Park.

No.Dugongs Latitude Longitude Date of Observer

/calves sighting
D/M/Y
2 20927 148%48" 21/08/84  sighting from shore
6 20936’  148°39’ 18/11/84 sighting from shore
2 20936’ 148939’  24/11/84  sighting from shore
3 20951’  148°58' 09/07/78 Heinsohn, J.C.U. survey
4 21925 149°21° 09/07/78 Heinsohn, J.C.U. survey
3 21°25'  149°22' 09/07/78 Heinsohn, .U. survey
1 21927’ 149°31'  09/07/78 Heinsohg . survey
15 21°53° 149°50’ 21/05/87
2 21°59° 149°31° 09/07/78 Hei survey
1 22002'  149°32'  09/07/78 0. survey
3 22913 150°29'  07/11/79 .C.U. survey
1 22°15¢ 150°10' 01/10/75 .C.U. survey
1 22°20'  150°17'  01/10/ J.C.U. survey
3 22°20° 150943 17/11/84
1 22°21'  150°12'  19/8&<75 , J.C.U. survey
11 220921’ 150°15' 19/ Heinsohn, J.C.U. survey
2 22022’ 150°11' 07/1 einsohn, J.C.U. survey
1 22022'  150°14! 5 Heinsohn, J.C.U. survey
63 22022 . Heinsohn, J.C.U. survey
11 22023 D/75 Heinsohn, J.C.U. survey
1 22024 0g06/75 Heinsohn, J.C.U. survey
42 22924 9/06/75 Heinsohn, J.C.U. survey
1 22024 19/06/75 Heinsohn, J.C.U. survey
1 01/10/75 Heinsohn, J.C.U. survey
1 01/10/75 Heinsohn, J.C.U. survey
8 07/11/79  Heinsohn, J.C.U. survey
17 08/08/79  Heinsohn, J.C.U. survey
6 150921’  07/11/79 Heinsohn, J.C.U. survey
1 150032 01/10/75 Heinsohn, J.C.U. survey
1 §' 150°23* 19/06/75 Heinsohn, J.C.U. survey
58 22028 150°31" 08/08/79  Heinsohn, J.C.U. survey
1 22028’ 150933 01/10/75 Heinsohn, J.C.U. survey
7 22929’  150°36’ 07/11/79 Heinsohn, J.C.U. survey
1 22°30° 150925 01/10/75 Heinsohn, J.C.U. survey
60 22930’ 150930’ 01/10/75 Heinsohn, J.C.U. survey
60 22931’ 150°29' 01/10/75 Heinsohn, J.C.U. survey
1 22032 150926 19/06/75 Heinsohn, J.C.U. survey
11 22°32'  150°29' 19/06/75 Heinsohn, J.C.U. survey
15 22°32'  150°31' 07/11/79 Heinsohn, J.C.U. survey
15 22032’ 150°40' 07/11/79 Heinsohn, J.C.U. survey
80 22933 150°44'  08/08/79 Heinsohn, J.C.U. survey
1 22934’ 150%44'  19/06/75 Heinsohn, J.C.U. survey
19 22034 15044 07/11/79  Heinsohn, J.C.U. survey
3 22°36'  150°36' 01/10/75 Heinsohn, J.C.U. survey
8 22036 150043 14/11/84 small power boat (<5 m)
14 22037 150943 08/08/79 Heinsohn, J.C.U. survey
3 23%6'  151°09' 08/01/79 Heinsohn, J.C.U. survey
20 23%47'  151°16' 08/11/79 Heinsohn, J.C.U. survey
17 23959’ 151°29' 08/08/79 Heinsohn, J.C.U. survey
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Section 1: Raw data tables for dugongs in the survey area from the tip

Table

Table

Table

Table

Table

of Cape York south to Cape Bedford.

: Details of weather conditions encountered during the surveys.

Beaufort Sea State and glare (for the north/east and

south/west side of the aircraft) for each transect.

: Raw data for the surveys: dugong sightings.
: Logistics of flight time for each survey.

: Raw data used to calculate correction factors for each survey

or sub-section of survey.
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TABLE 1l: Details of weather conditions encountered during the surveys.

Date  Session Wind Cloud Beaufort Sea State Glare Tide Time
Speed Direction Cover Height Inshore Of fshore North
(knots) (oktas) (ft) mode(range) mode(range) mode(range) mode(range)
Blocks 1 - 4, November 1984
13/11/84 1 7 E 1 3000 1.0 1.0(0.5-1.0) 1.0 Low 0425:
2 10 ESE 0 - 3.0(2.0-3.0) 3.0(1.5-3.0) 1.0(0.0-2.0) High 1201
14/11/84 1 <5 NW 2 2000 1.0(0.0~1.0) 0.5~1.0 1.0(0.0-1.0) Low 0521:
2 7 ESE 0 - 2.5(1.5-3.0) 1.0(0.0-2.0) High 1450
15/11/84 1 13 ESE 1 2500 2.0(1.0-3.0) 1.0(1.0-2.0) Low 07102
2 13 SE 0 - 2.5(0.0-3.0) 1.0(0.0-2.0) High 1544°
Blocks 6 - 13, April 1985
21/04/85 1 10 E 3,7 1500,3000 1.5(1.0-2.5) 1.5(0.0-3.0) 0.0(0.0-1.0) High 0943:
2 10-15 E 5,5 1500,30000 2.0(1.0-2.0) 1.0(0.0-2.0) 0.0(0.0-1.0) Low 1558
22/04/85 1 5 E 2,4 1500,2000 2.0(0.0-3.0) 0.0 High 0956§
2 10 ENE 4 1000 1.0(0.0~2.0) 0.5(0.0-1.0) Low 1617
23/04/85 1 10 ESE 5,4 700,20000 1.5(1.0-2.5) 2,0(1.0-3.0) 0.5(0.0-1.0) High 1001;b
24 /04 /85 1 10 SE 6 1000 3.0(2.0-3.5) 2.0(0.0-3.5) 1.0(0.0-1.0) High 08492
2 12 ESE 5 1400 2.5(1.0-3.0) 2.0(1.0-3.0) 1.0(0.0-1.0) Low 1649
25/04/85 1 5 E 3 1000, 2.0(1.5-3.0) 2.0(1.0-3.0) 0.0(0.0-1,0) High 08062
2 10 E 2 10 2.0(1.0~3.0) 2.0(2.0-3.0) 0.5(0.0~1.0) Low 1551
26/04/85 1 10 E 7 .0(2.0-2.5) 1.0(1.0-3.0) 2.0(1.0-3.0) 0.5(0.0~1.0) High 0426E
2 10 ESE 4 15 .5(1.0-2.0) 1.0(1.0-2.0) 2.0(1.0-3.0) 2.0(0.0-2.0) Low 1519
Blocks 1 - 7, November 1985
31/10/85 1 10 S 3.0(0.0-4.0) 1.0(0.0-2.0) 1.0(0.0-2.5) High 09312
2 20 5000 3.0(1.0-4.0) 1.0 1.0(0.0~1.0) Low 1605
01/11/85 1 10 ' 1500 3.0(1.0-3.0) 3.0(2.0-3.0) 2.0(0.0-2.0) 1.0(1.0-2.0) High 103Sa
02/11/85 1 10 E 1000 2.5(2.0-3.0) 3.0(2.0-3.0) 2.0(0.0-2.0) 1.0(0.0-2.0) High 11202
03/11/85 1 10 E 1-6 1500 2.5(1.0-3.0) 2.5(1.0-3.0) 2.0(0.0-2.5) 2.0(0.0-2.0) Low 0416:
2 10 E 3,5 1000,5000 2.5(2.0-3.0) 2,5(2.0-3.0) 2.0(0.0-2.0) 1.0(0.0-2.0) High 1522
05/11/85 1 10 E 2,2 1500,12000 2.0(1.0-2.5) 2.0(1.0-2.5) 0.0(0.0-2.5) 2.0(0.0-2.0) Low 0846:
2 15 E 1 1000 2.5(0.0-3.0) 1.0(0.0-2.0) 1.0(0.0-2.0) High 1629
06/11/85 1 10 E 5 1500 2.0(1.0-2.5) 1.0(0.0-2.0) 1.0(0.0-2.0) Low 09572
2 15 E 1 1500 2.0(1.0-3.0) 2.0(0.0-2.5)

1.0(0.0-2.0)

High 1659°
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TABLE 1: continued.
Date Session Wind Cloud Beaufort Sea State Glare Tide Time
Speed Direction Cover Height Inshore Of fshore North South
(knots) (oktas) (ft) mode(range) mode(range) mode(range) mode(range)
Blocks 1 - 7, November 1985
07/11/85 10 E 2-6 2000 1.0(0.0~-2.5) (M0-2.0) 0.0(0.0—2.0)' Low 10462
15 E 4,3 1500,9000 2.0(2.0~-2.5) 0-2.5) 1.0(0.0-2.0) High 1729
08/11/85 10 E 2-6 1000 2.5(1.0-2.5) 0(0.0-2.0) 1.0(0.0-2.5) Low 1133%
Blocks 8 -~ 13, November 1985
17/11/85 5 NE 2 1500 0.5(0.0-1.0) 0(0.0-2.5) 0.0(0.0-1.0) Low 07002
10 E 1 1500 2.0 0(0.0-2.0) 1.0(0.0-2.0) High 1517
18/11/85 o - 2 2000 0(-.0-1.0) 0.0(0.0-1.0) Low 09007
0 - 1 1500 1.0(0.0~-1.0) 0.0(0.0-1.0) High 1625
19/11/87 0 - 3 1000 1.0(0.0-2.0) 1.0(0.0-1.0) Low 1025b
10 ENE - - 2.0(0.0-2.0) 0.0(0.0-2.0) High 1717
20/11/85 5 E 1,4 1500,12 1.0(0.0-2.5) 1.0(0.0-2.0) Low 1026:
8 N 1,4 1500, 1.0(0.0-2.5) 0.5(0.0~1.0) High 1800
21/11/85 0 - 1 1 0.5(0.0-0.5) 1.0(0.0-2.0) 0.5(0.0-1.0) Low 1219b
2 Neap tides. Times are for Cape ttery ai@equal Cairns =10 mins.

Tide times are for Cape Gr

e equ

Cairns +40 mins.



TABLE 2: Beaufort Sea State and glare (for the north/east and south/west sides of the
aircraft) for each tranmsect.
Scale : 0 no glare
0 < 25% field of view glare affected
25 £ 50% field of view glare affected
> 50% field of view glare affected

1
2
3

Transect Beaufort Sea State Glare
No. Inshore Offshore North South
mode(range) mode(range) mode(range) Mode(range)

Blocks 1 - 4, November 1984

1 1.0 1.0 detailed glare data not
2 1.0 1.0(0.5-1.0) recorded for this survey
3 1.0 1.0

4 - 1.0

5 2.5(2.0~-3.0) 2.5(2.0-2.5)
6 - 1.5-3.0

7 3.0 2.5-3.0

8 3.0 3.0(2.0-3.0)
9 - 3.0

10 1.0 0.5(0.5-1.0)
11 0.5 0.5(0.5-1.0)
12 0.0-1.0 1.0

13 0.5 1.0

14 - 0.5

15 2.0

16 2.5(2.0-2.5)

17 2.0(2.0-2.5)

18 2.0(0.0~-2.5)

19 2.0(2.0-2.5)

20 2.0

21 2.5

22 2.0(2.0-2.5)

23 2.5

24 2.5-3.0

25 1.5(1.0-2.0)

26 1.0-2.0

27 1.0-2.0

28 2.5(2.0-3.0

29 2.5

30 2.5(2 3.0)

31 3.0

32 3.4

33

34

35

36

37 .5)

38

39 2.0

40 2.0(2.0-2.5)
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continued.

Table 2:

Glare

Beaufort Sea State

Transect

North South
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Of fshore
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continued.

Table 2:

Glare

Beaufort Sea State
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Table 2: continued.

Glare

Beaufort Sea State

Inshore
mode(range)

Transect

South
Mode(range)

North

mode(range)

Offshore
mode(range)

No.

Blocks 5, November 1985
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TABLE 3: Raw data for the surveys: dugong sightings.

(a) Blocks 1 - 4, November 1984

Transect No. of observers No. of groups of turtles
No. Port  Starboard Port Starboard
Rear Rear

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
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030
031
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033
034
035
036
037
038
039
040
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TABLE 3: continued.

(b) Blocks 6 - 13, April 1985

Transect No. of observers No. of groups of dugongs
No. Port  Starboard Port Starboard
~ Rear Mid Rear Tandem

053 1 2 2 0 1 1
054 1 2 2 0 1 0
055 1 2 0 0 0 1
056 1 2 0 0 0 0
057 1 2 0 0 1 1

21 10 7 12
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continued.

TABLE 3:

(¢) Blocks 1 - 4, November 1985

No.
Port

of observers

Transect No.

of groups of dugongs

Starboard

Starboard

Port

No.

Rear Tandem Mid Rear Tandem

Mid
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TABLE 3: continued.

(d) Block 5, November 1985

Transect No. of observers No. of groups of dugongs
No. Port Starboard Port . Starboard
Mid Rear Tandenm Mid Rear Tandem
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continued.

TABLE 3:

(e) Blocks 6 - 13, April 1985

of groups of dugongs
Starboard

No.
Port

of observers
Port Starboard

Transect No.
No.

Rear Tandem

Mid

Rear
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TABLE 3: continued.

(e) Blocks 6 - 13, April 1985

Transect No. of observers No. of groups of dugongs
No. Port  Starboard Port Starboard
Rear Mid Rear Tandem

053 1 2 3 0 2 2
054 1 2 5 0 2 2
055 1 2 0 0 0 0
056 1 2 0 0 0 1
057 1 2 0 0 1 2

12 12 17 3 3 20
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TABLE 4: Logistics of flight time for each survey

Survey Transit Time Survey Time Dead Time
(hrs) (hrs) (hrs)
Blocks 1 to 4, November 19842 2.5 10.0 6.1
Blocks 6 to 13, April 1985 7.6 19.7 11.1
Blocks 1 to 7 and blocks 8 and 9 5.1 23.5 6.1
transects 10 to 12, November 1985
Blocks 8 and 9, transects 13
to 32 and blocks 10 to 13, 6.8 16.6 11.6

November 1985

2 Extra expenses: $286 for fuel relocation
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TABLE 5: Raw data used to calculate correction factors for each survey or sub-section of survey.

(a) Correction for perception bias

Survey date Blocks Transects No. of groups of dugongs

Port Starboard
mid-seat rear—seat tandem mid-seat rear-seat tandem

November 1984 1 to 4 1 to 40 correction factor based on starp

seat observer, November
1985 survey, blocks 8 - 13, tra

57.

April 1985 6 to13 1 to 57 21 7 12
November 1985 lato 4 1 to 34
5 1 to 23 36 18 16 18 - 30
6 and 7 1 to?9
8 and 9 10 to 12
November 1985 8 and 9 b 13 to 32 5 2 3 15
10 to 13 33 to 57
@ starboard perception correction factor for & IWo 8, block 5 is based on starboard rear-seat
observer correction factor for all transe ng W to 8, block 5.
port perception correction factor fo : o 57, block 11 and transect 49, blocks 12 and 13 is
based on port rear—seat observer ¢ for all transects excluding these.
(b) Correction for availability bia
Survey date Blg ransects No. of dugongs in groups < 8
Surface Underwater Total
November 1984 1 to 40 71 101 172
April 1985 6 to 13 1 to 57 26 54 80
November 1985 1 to 4 1 to 34
5 1 to 23 78 192 270
6 and 7 1 to9
8 and 9 10 to 12
November 1985 8 and 9 13 to 32 18 57 75

10 to 13 . 33 to 57
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Section 2: Raw data table for dugongs in the survey area from Cape
Bedford south to Bustard Head.

Table 1: Details of weather conditions encountered during the surveys.
Table 2: Beaufort Sea State and glare (for the north/east and
south/west side of the aircraft) for each transect.

Table 3: Raw data for the surveys: dugong sightings.
Table 4: Raw data used to calculate correction factors for the
surveys.

Table 5: Logistics of flight time for each survey.
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TABLE 1: Details of weather conditions encountered during the surveys.

Date Session Wind Cloud Beaufort Sea Glare* Tide Time
Speed Direction Cover Height State North/East South/West
(knots) (oktas) (ft) mode(range) mode( range) mode(range)
(a) Northern Central Section, September 1986
22/09/86 1 0 - 2 1000 1.0(0.0-3.0) 1.0(0.0-2.0) 0.0(0.0-2.0) High 11312
2 6 SE 0 - 1.0(1.0-2.0) 2.0(1.0-2.0) 0.0(0.0-1.0) Low 16222
23/09/86 1 <S5 v 0 - 1.0¢0.0-2.5) 1.0(0.0-2.0) 0.0(0.0-1.0) Low 03582
2 10 E 1 3000 1.0(0.0-2.0) 1.0(0.0-2.0) 0.0 High 1525
24/09/86 1 2 N 1 2500 1.0(1.0-2.0) 1.0¢0.0-3.0) 0.0(0.0-3.0) Low 08112
2 7 NE 2,2 3000,4000 1.0(1.0-2.0) 2.0(1.0-3.0) 0.0 High 1733
(b) Central Section, September - October 1987
29/09/87 1 10 ESE 2 2000 2.0(0.0-3.0) Low 06572
2 8 E 0 - 1.0(1.0-3.0) High 1548
3 0 - 0 - 3.0(1.0-3.0)
30/09/87 1 0 - 1 1500 0.5(0.0-1.0) High 0413]
2 0 - 3 3000 1.0(0.0-2.0) Low 1008h
3 5 %) 0 - 2.0(0.0-3.0) 0.0(0.0-1.0) High 1708
1/10/87 1 0 - 1,1 2500,20000 0.0(0.0~1.0) 0.0 Low 04305
2 0 - 1 2500 1.0(0.0-3.0) 0.0(0.0~1.0) High 1030
5/10/87 1 0 - 3 1500 1.0(1.0-3 0.0(0.0-2.0) High 0723b
6/10/87 1 0 - 0o - 0.0(0.0-1. 0.0 High 0804
2 o] - 0 - 2.0(0.0-3.0) 0.0 Low 1413
3 8 SE 0 - 2.0(1.0-2.5) 0.0(0.0-1.0)
7/10/87 1 0 - 2 1000 0.0(0.0-1.0) 0.0 High 08442
2 8 E 2 1500 3.0(1.0-3.0) 0.0(0.0~1.0) Low 1453
21/10/87k 1 0 - o] - 1.0(0.0-2.0) 1.0(0.0-1.0) High 0753b
(c) Mackay/Capricorn Section, November 1
18/11/86 1 10 N 2500 2.0¢0.0-3.0) 1.0(0.0-2.0) 1.0(0.0-2.0) High 1139d
21/11/86 1 5 . 1.0-3.0 1.5(0.0-2.0) 1.5(0.0-2.0) Low 06483
2 10 2.0(0.0-3.0) 1.0(1.0-2.0) 1.0(0.0-2.0) High 1317
22/11/86 1 5 1.0(0.0-1.0) 1.0(0.0~2.0) 1.0(0.0-2.0) Low 0552:
2 0 2.0(1.0-3.0) 2.0(1.0~2.5) 2.0(1.0-2.0) High 1252
23/11/86 1 5 0.0-1.0 0.0(0.0-2.0) 1.0(0.0-2.0) Low 0658f
2 5 2.0(0.0-3.0) 2.0(1.0-2.0) 2.0(1.0-2.0) High 13388
24/11/86 1 0 - 1 2000 0.0(0.0~1.0) 0.0(0.0-1.0) 0.0(0.0-1.0) Low 10062
2 10 NE 0 - 1.0(0.0-3.0) 2.0(1.0-2.0) 2.0(1.0-2.0) High 1623
5/11/86 1 5-10 E 3 3500 1.0(0.0-2.0) 0.0-2.0 Low 1209i
26/11/86 1 15 ESE 4 2500 3.0(3.0-4.0) 2.0 1.0-2.0 High 0650h
27/11/86 1 5 SE 0 - 0.0-1.0 0.0(0.0-1.0) 1.0(0.0-2.0) High 0747h
(d) Cairms Section, October 1987
12/10/87 1 o - . 0 - 1.0(0.0-2.5) 1.0(0.0-2.0) 1.0(0.0-2.0) High 0854§
2 10~-15 E 0 - 0.0(0.0~-1.0) 0.0(0.0-2.0) 0.0(0.0-1.0) Low 1513
13/10/87 1 0 - 0 - 0.0(0.0-2.0) 0.0(0.0-1.0) 0.0(0.0-1.0) High 09404
2 5 N 3 3500 0.0(0.0-2.0) 0.0¢(0.0~1.0) 0.0 Low 15587
3 10-15 E 2 3500 1.0(0.0-1.0) 0.0(0.0~1.0) 0.0
14/10/87 1 5 N 2 2500 1.0(0.0-2.0) 1.0(0.0-3.0) 0.0(0.0-2.0) High 1032?
2 10 ENE 1 2000 1.0(1.0-2.5) 2.0(0.0-2.5) 1.0(0.0-2.0) Low 16483
15/10/87 1 8-10 E 3 1500 1.0(1.0-3.0) 1.0(0.0-2.0) 1.0(0.0-2.0) Low 0637§
2 12 E 4 1500 3.0(1.0-3.0) 2.0(0.0-3.0) 2.0(0.0-2.0) High 1134
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TABLE 1: continued.

Date Session Wind Cloud Beaufort Sea ) Glare Tide Time
Speed Direction Cover Height State North/East South/West
(knots) (oktas) (ft) mode(range) mode(range) mode(range)

(d) Cairns Section, October 1987

16/10/87 1 10 SE 1 6000 1.5(0.0-2.0) 1.0(0.0-2.0) 1.0(0.0-2.0) Low 0806j

Scale: 0 = no glare, 1 = 0 < 25% field of view glare affected, 2 = 25 £50%, 3 = > 507
Lucinda

Townsville

Missionary Bay (Lucinda +40 mins on high and low waters)

Shoalwater Bay (Mackay Outer Harbour -12 mins on high and low waters)

Gladstone Harbour

The Narrows (Gladstone Harbour +45 miﬁs on high water; +55 mins ogffiow r)

8 Great Kepple Island (Gladstone Harbour +5 mins on high water; on lo ter)
Mackay Outer Harbour
Flock Pigeon Island (Mackay Outer Harbour +25 mins on hig

Cairns.

transects flown on 21/10/87 are replicates of ¢ffansects
weather conditions.
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TABLE 2:

Beaufort Sea State and glare (for the north/east and
south/west sides of the aircraft) for each transect.

Scale : 0 = no glare
1 =0 < 25% field of view glare affected
2

= 25 < 50% field of view glare affected

(a) Central Section

Transect
No.

3 = > 50% field of view glare affected
Beaufort Sea Glare
State North/East South/West
mode (range) mode (range) mode (range)

(a) Northern Central Section, September 1986
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TABLE 2: continued.

(a) Central Section

Transect Beaufort Sea
No. State
mode (range)

North/East
mode(range)

Glare

South/West
mode (range)

(a) Northern Central Section, September 1986

047 0.0(0.0-1.0)
048 1.0(0.0-1.0)
049 1.0
050 1.0
0512 1.0(0.0-1.0)
0522 1.0(0.0-2.0)
0532 1.0
0542 1.0
0553 1.0
0562 1.0
0572 1.0
058% 1.0
059 1.0(1.0-2.0)
060 1.0
061 1.0(0.0-1.0)
062 1.0
063 2.0(0.0-2.0)
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TABLE 2: continued.

(a) Central Section

Transect Beaufort Sea Glare
No. State North/East South/West
mode(range) mode (range) mode (range)

(b) Northern Central Section, October 1987

1522 0.0¢0.0-1.0) 1.0(1.0-2.0) 0.0
1532 1.0 1.0 0.0
1542 0.5 1.0-2.0 0.0
1552 0.0-1.0 1.0 0.0
1562 no data recorded 1.0-2.0 0.0
1572 0.0 1.0 0.0
1582 0.0 2.0 0.0
159 no data recorded 0.0 0.0
160 1.5(1.0-2.0) 1.0 1.
161 0.0-1.0 0.0
162 0.0 0.0
163 0.5(0.0-1.0) 1.0-2.0

2 These transects flown north/south, he gla for east/west

sides of the aircraft.

X
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South/West
mode (range)

Glare
mode (range)

North/East

Beaufort Sea
State
mode (range)

continued.

No.

(¢c) Southern Central Section, September - October 1987
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TABLE 2: continued.

(a) Central Section

Transect Beaufort Sea Glare .
No. State North/East South/West
mode(range) mode(range) - mode (range)

(c¢) Southern Central Section, September - October 1987
052 .0(2.0-3.0)
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continued.

TABLE 2:

(b) Mackay/Capricorn Section, November 1986
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continued.

TABLE 2:

(b) Mackay/Capricorn Section, November 1986
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continued.

TABLE 2:

(b) Mackay/Capricorn Section, November 1986
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TABLE 2:

continued.

(¢) Cairns Section, October 1987

Transect  Beaufort Sea

No. State North/East South/West
mode (range) mode (range) mode (range)

253 1.0(1.0-2.5) 0.0-1.0 1.0(0.0-2.0)

254 2.0(1.0-3.0) 0.0-2.0 1.0(0.0-2.0)

255 1.5(1.0-3.0) 1.0(0.0-1.0) 1.0(1.0-2.0)

256 1.0(1.0-2.5) 2.0(0.0-2.0) 0.0(0.0-2.0)

257 1.0-2.0(1.0-3.0) 1.0(0.0-1.0) 1.0(0.0-1.0)

258 2.0(2.0-3.0) 1.0(0.0-3.0) 2.0(0.0-2.0)

259 3.0(2.0-3.0) 2.0 2.0

260 2.0-3.0 3.0(2.0-3.0) 2.0

261 1.0(1.0-3.0) 2.

262 3.0(2.0-3.0) 2.

263 3.0(2.5-3.0) 2.

264 3.0(2.0-3.0) 2.

265 1.0 0.

266 2.0 1.

267 2.0 0.

268 2.0 2.

269 2.0(2.0-2.5) 2.

270 2.0 2.

271 3.0 2.

272 2.0

273 2.0-3.0

274 1.0(1.0-2.0

275 1.0

276 1.0 &

277 no dat@yrecor U

U direction oNyflightWunknown
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TABLE 3: Raw data for each survey: dugong sightings.

(a) Central Section

Transect No. of observers No. of groups of dugongs
No. Port  Starboard Port Starboard
Mid Rear Tandem Mid Rear Tandem

(a) Northern Central Section, September 1986

001 2 2 0 0 1 0 0 0
002 2 2 2 0 2 0 0 0
003 2 2 1 1 0 1 0 1
004 2 2 0 0 3 0 1 0
005 2 2 0 0 0 0 0 0
006 2 2 0 0 0 0 0 0
007 2 2 0 0 0 0 0 0
008 2 2 0 0 0 0 0
009 2 2 0 0 0 0 0
010 2 2 0 0 0 0 0
011 2 2 0 1 0 0 0
012 2 2 0 0 : 0 0
013 2 2 0 0 0 0 0
014 2 2 0 0 0 0 0 0
015 2 2 0 0 0 0 0
016 1 2 0 0 0 0
017 2 2 0 0 0 0
018 2 2 0 0 0 0 0
019 2 2 0 0 0 0
020 2 2 0 0 0 0
021 2 2 0 0 0 0
022 2 2 ) 0 0 0 1 0
023 2 0 0 0 0 0 0
024 2 0 0 0 0 0 0
025 2 0 0 0 0 0 0
026 2 2 0 0 0 0 0. 0
027 2 2 0 0 0 0 0 0
028 0 0 0 0 0 0
029 2 0 0 0 0 0 0
"030 2 0 0 0 0 0 0
031 2 0 0 0 0
032 1 2 0 0 0 0
033 1 2 0 0 0 0
034 1 2 0 0 0 0
035 1 2 0 0 0 0
036 1 2 0 0 0 0
037 1 2 0 0 0 0
038 1 2 0 1 0 2
039 1 2 0 0 0 0
040 1 2 0 0 0 0
041 1 2 2 0 0 0
042 1 2 0 0 0 0
043 1 2 0 0 0 0
044 1 2 0 0 0 0
045 1 2 1 0 0 0
046 1 2 0 0 0 0
047 1 2 0 0 0o o0
0438 1 2 0 0 0 1
049 1 2 0 0 0 0
050 1 2 0 0 0 0
051 2 2 0 0 1 0 0 0
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TABLE 3: continued.

(a) Central Section

Transect No. of observers No. of groups of dugongs
No. Port Starboard Port Starboard
Mid Rear Tandem Mid Rear Tandem

(a) Northern Central Section, September 1986

052 2 2 1 0 0 0 0 1
053 2 2 1 0 0 0 0 0
054 2 2 0 0 1 0 0 0
055 2 2 0 0 1 0 0 0
056 2 2 - 0 0 0 0 0 0
057 2 2 0 0 0 1 0 0
058 2 2 0 0 0 0 0 0
059 2 2 0 0 0 0 0 1
060 2 2 0 0 0 0 0
061 2 2 0 1 0 0
062 2 2 0 0 0 0 0
063 1 2 0 0 0 0

5 5 7

2
%,
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continued.

TABLE 3:

(a) Central Section

of groups of dugongs

No.
Port

of observers

Transect No.

Starboard

Starboard

Port

No.

Rear Tandem Mid Rear Tandem

Mid

(b) Northern Central Section, October 1987
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TABLE 3: continued.

(a) Central Section

Transect No. of observers No.
No. Port Starboard Port
Mid Rear

of groups of dugongs

Tandem

Mid

Starboard

Rear Tandenm

(b) Northern Central Section, October 1987
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continued.

TABLE 3:

(a) Central Section

No. of groups of dugongs
Port
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TABLE 3:

continued.

(a) Central Section
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No.

Port

of observers
Starboard

Mid

No.

Port

Rear Tandem

of groups of dugongs

Mid

Starboard

Rear Tandem

(¢) Southern Central Section, September - October 1987

052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084

DN NDRDRDNDNDNDNDRDNDNNNDNDNDDN

NN

RN DNDN

NN

NN

e sRoReoReReReReNoltNoNoNoNeoNeNeoNolloeoRe)

eNoNoNoNoNeoNeN i e Ne)

O O O OHOOO0OOOOOO0OO0Oo

cReoReoNeoNeoloNoNoNoNoNeoNeNoNo o]

[oNoRoNoNeReRo R i o

o

OCO0OO0OO0OO0ODOOOHOOOOOOOO OO

[cNeoNoNoNeNeoNeNo

cReoReoReReReoNeNoNoNeoNeNoNeNeNoNeNoRolojoie o)

COO00O00O0O0O0O0OO0OOHOOOODODO0DODODOOODDODOODODOOOOO

COOCO0OO0OO0O0OO0OHOODODODODODOOOODOCOONODOODOOOOOHOO

w

|

N

N

-

~

434




continued.

TABLE 3:

(b) Mackay/Capricorn Section, November 1987
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TABLE 3:

continued.

(b) Mackay/Capricorn Section, November 1987
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continued.

TABLE 3:

(b) Mackay/Capricorn Section, November 1987

No. of groups of dugongs
Port

of observers

Transect No.

Starboard

Starboard

Port

No.

Rear Tandem

Rear Tandem Mid

Mid
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continued.

TABLE 3:

(¢) Cairns Section, October 1987

No. of groups of dugongs
Port

of observers

Transect No.

Starboard

Starboard

Port

No.

Rear Tandem Mid Rear Tandem

Mid
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TABLE 3: continued.

(¢) Cairns Section, October 1987

Transect No. of observers No. of groups of dugongs
No. Port Starboard Port Starboard
Mid Rear Tandem Mid Rear Tanden
253 2 2 0 0 0 -0 0 0
254 2 2 0 0 0 0 0 0
255 2 2 0 0 0 0 0 0
256 2 2 0 0 0 0 0 0
257 2 2 0 0 0 0 0 0
258 2 2 0 0 0 0 0 0
259 2 2 0 0] 0 0 0 0
260 2 2 0] 0] 0 1 0 0
261 2 2 0 0 0 0 1
262 2 2 0 0 0 0 0
263 2 2 0 0 0 0 0
264 2 2 0 0 0 0
265 2 2 0 0 0 0 0
266 2 2 0 1 0 0 0
267 2 2 0 0 0 0 0
268 2 2 0 0 0 0 0
269 2 2 0 0 0 0 0
270 2 2 0 0 0 0
271 2 2 0 ; 0 0 0 0
272 2 2 0 0 0 0 0
273 2 2 0 0 0 0
274 2 2 o - 0 0 0 0
275 2 2 \ 0 0 0 0 0
276 2 0 0 0 0 0 0
277 2 0 0 0 0 0 0
0d 14 0d 14 24 14

ituted to few observations for any correction

d these sig
i airns Section to be calculated.

factors
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TABLE 4: Raw data used to calculate correction factors for the
surveys.

(a) Correction for perception bias

Blocks : lines No. of groups of dugongs
Port Starboard
Mid Rear Tandem Mid Rear Tandem

(a) Northern Central Section, September 1986
9: 16, 31-38; 2: 38; 11 82 92 112 5 2 7

8; 9: 11-14 & 17-30; 8 6 11 5 2 7
10: 51-58, 61, 64

(b) Central Section, September - October 1987

All blocks and lines 7 2 12 13
(c) Mackay/Capricorn Section, November 19

5:.64—74; 3: 89 5 8 b 8P 18®

1; 2; 3; 4; 5: 50-63, 75 &

138-144; 6: 76, 81-88 & 5 5 18
90-106; 7; 8
a2 port perception corra sc@®r based on port rear-seat

observer for rest
training transects

b gstarboard percefyion cHgection factor based on starboard rear-
seat observer for Qest of the survey while mid-seat observer on
training tr

(b) Corrg ailability bias

Blocks : No. of dugongs in groups of less than 10
Surface Under Total

(a) northern Central Section, September 1986

All blocks and lines 27 27 54
(b) Central Section, September - October 1987

All blocks and lines 41 29 70
(c) Mackay/Capricorn Section, November 1986

All blocks and lines 41 39 80




TABLE 5: Logistics of flight time for each survey.

Date Transit Time Survey Time Dead Time
(hrs) (hrs) (hrs)
(a) Northern Central Section, September 1986
22/09/86 1.6 2.7 0.7
23/09/86 1.2 2.9 1.2
24/09/86 0.9 2.9 0.8
3.7 8.5 2.7

(b) Central Section, September - October 1987

29/09/87 1.11 3.37
30/09/87 2.83 3.44
1/10/87 1.34 9.49
5/10/87 0.69 3.03
6/10/87 1.42 2.52
7/10/87 1.55 2.
21/10/872 0.38 1944
9.32 9.13
(c) Mackay/Capricorn Sg oWpmber 1986
18/11/86 1.9 0.5
21/11/86 3.9 1.2
22/11/86 4.2 1.0
23/11/86 4.0 1.2
24/11/86 4.1 0.9
25/11/86 2.6 0.6
26/11/ 0.2 0.0
27/11 2.6 0.3
11.1 23.5 5.7
(c) Cairnms Section, October 1987
12/10/87 1.36 3.09 0.55
13/10/87 1.78 3.58 0.49
14/10/87 0.70 2.44 0.52
15/10/87 2.53 2.64 0.64
16/10/87 0.71 1.88 0.73
aircraft ferry 2.47 0.00 0.00
9.55 13.63 2.93
® transect numbers 101-110,159,160,162 which were originally

flown on the 5/10/87 and abandoned due to very poor weather
were reflown on the 21/10/87.
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Section 3: Raw data tables for dugongs in the survey area in Torres
Strait.

Table 1: Details of weather conditions encountered during the surveys.
Table 2: Beaufort Sea State and glare (for the north/east and
south/west side of the aircraft) for each transect.

Table 3: Raw data for the surveys: dugong sightings.
Table 4: Raw data used to calculate correction factors for each
survey.

Table 5: Logistics of flight time for each survey.
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TABLE 1: Details of weather conditions encountered

during the surveys.

Date Session Wind Cloud Beaufort Sea Tide Time
Speed Direction Cover Height State North/East South/West
(knots) (oktas) (ft) mode(range) mode( range) mode( range)
(a) November 1987
10/11/87 1 10 E 1 5000 2.0(1.0-3.0) 1.0(0.0-1.0) 2.0(0.0-2.5) Low 0232
2 12-15 E 2 1000 2.0(1.0-4.0) 0.5-1.0(0.0-1.0) .5(0.0~1.0) High 1750
11/11/87 1 5 E 6 12000 1.0(0.5-1.0) 0.0(0.0-1.0) 0.0(0.0-1.0) Low 0258
2 10 ° E 8 10000 2.5(1.0-3.0) 0.0(0.0-0.5) 0.0-1.0 High 1142
12/11/87 1 0 - 1,5 800,20000 0.5(0.0-1.0) Low 0324
2 5 NE 4 20000 0.0(0.0-1.5) High 1127
13/11/87 1 <5 v 3,3 1000,20000 0.5(0.0-1.0) Low 0349
2 5 N 3 1500 0.0(0.0-2.0) High 1126
14/11/87 1 10 NE 4,3 1000,20000 0.0(0.0-1.0) Low 0411
2 8 NE 3,4 1200,12000 2.0(0.0-3.0) High 1132
16/11/87 1 10 NE 3,2 1000,18000 2.0(1.0-3.0) Low 0442
2 12 NE 2,2 1500,18000  2.0-3.0(0.0-3.0, High 1142
18/11/87 1 10 E 3,5 1000,20000 2.0(0.0-4.0 Low 0451
2 15 NE 2,4 1500,20000 High 1135
19/11/87 1 8 E 3,1 1500,20000 . .0-3.0) 0.0 Low 0452
2 10 NE - - 2.0(0.0-3.0) 0.5(0.0-3.0) High 1138
20/11/87 1 10 E - 3.0(0.0-3.0) 0.0(0.0-3.0) Low 0453
2 10 E 3,2 2.5(0.0-2.5) 2.0(0.0-2.0) High 1156
21/11/87 1 8 NE 3,2 2.0(0.0-3.0) 0.0 Low 0454
2 8 E 3,2 2.0(0.0-3.0) 0.0(0.0-3.0) High 1226
22/11/87 1 10 E 2,4 0.0(0.0-2.0) 1.0(0.5-2.0) Low 0444
(b) March 1988
4/03/88 1 10 W 0 1.0(0.5-2.0) 1.0(1.0-1.5) 1.0(0.5-1.5) Low 0348
2 10 W 1 1.0(0.5-2.0) 1.0(0.0-2.0) 0.5(0.0-1.0) High 1238
5/03/88 1 <5 W 000,15000  0.5(0.0-1.5) 0.0(0.0-0.5) 0.0(0.0-0.5) Low 0404
2 5-10 W 000,15000 2.0(0.0-3.0) 1.0(0.0~2.0) 1.0(0.0-1.5) High 1149
6/03/88 1 10 W ¥ 2000,15000 2.5(1.0-3.0) 1.0(0.5~2.0) 1.0(0.0~2.0) Low 0426
2 10 W 3,2 2200,15000  2.5(1.0-3.0) .0(0.5~2.0) 0(0.0-2.0) High 1216
7/03/88 1 10 W 6 15000 2.5(1.0-3.0) 1.0(0.0-2.0) 2.0(0.0-2.0) Low 0438
2 1.0(0.0-1.0) 1.0(0.0-1.5) 0.0(0.0~-1.0)
3 10 WNW 5,6 1500,15000 2.0(1.0-3.0) 0.0(0.0-2.0) 0.0(¢0.0-1.0) High 1156
11/03/88 1 5 NE 1,8 1000,10000 2.0(0.0-2.5) 0.0-1.0(0.0-1.5) 0.0-1.0(0.0-1.5) Low 0256
2 8 E 3,8 1500,10000 1.0(0.0-2.5) 1.0(0.0-2.5) 0.5(0.0~2.0) High 0923
Low 1643
1 0 = no glare
1 =0 £ 25% field of view glare affected
2 = 25 £ 50% field of view glare affected
3 = > 50% field of view glare affected
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TABLE 2: Beaufort Sea State and glare (for the north/east and
south/west sides of the aircraft) for each transect.

N N FanN ~~ ~
o ~ n O n wn o
o o P . e .
[N S] v bd O N ™~ o ~N
P oY [ORK =] [ 1 t 1
[S I VR /] Na O OO o o o o o
QWP - . . * .
H iy o L~ QO m o o o — (12}
Y4 o @ )} ~ N ~—r ~ ] ~ '
aeﬁ w.w 505000O0005005000000000000000
mﬂa wn # 00000000002220000002100000000
dr— O [}
- b0 M -
b0 0 (]
R —
2 O bd (&)
Q o NN AN AN NN A ~ o~ ~ ~ A~ ~ o~ ~
:.V._VW t\nﬁ NN OOOoOO0o O OO o O 's] (e B o] n O (@]
U o n oo N NN o NN [sa 18] ~N 33 23 ~N
4 o p o o ' [ I T N o "] ' )
Odf mm o Qa2 O O O O O O OO o o o OO o 05000 o
Y- O L~ o o OO Om ol e N o o 333 (o] 00301 o
- @ B )] [} 1 [ B ] N N N N~ N N N N N N ~ R N I N N ~—
mﬂm M.M OMNINONOOOOOOIN !s0000505000005000550005000
Eflmm z g NANNNANNNHAA - NO 23202221123332002223302321
N v
- > O W
G n N ~
~ N 2 n
B VIO .
Vi [T} o~
o] " « NGNS L NN AN NN N ~ ~ N~ NN AN AN A~ SN
goO N A %w \o.v/ M NN O 1N VNN oOwm o 000 [« IRTaRTs M e] n O o
[ b0 NANNHNNNO O o~ 222 /4212 O
P o g [ B e T S R R [ L [ |
.. o0 U4 4 e AN A~ OO OO L) 01121210 OO OO
o) 3 w0n o N N N N N N N N N ~ R N S I S e NN s N
h.p — % .N NNOOONOOOO oM WO O OOONOONOOONOO N
m Avc.. M (=] NN NNANNNDODOOOO NANANHNAANNAAAOAAO
2] £
=]
[ I L) i
> 3] o —
O v - A NN GINO~N0NO N TH NN GOSN NOANNFNOMNOOANO - ANM G N WO N0
z 0w o NOOOOOOOOOO MOOOOOOQOOOmMmMmrdmmemrrddNNNNNNNNNC
~
@ - — —
e [ [=a] [=a]

447



continued

TABLE 2:

(a) November 1987

Glare

Beaufort Sea

Transect

South/West
mode (range)
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