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Despite the distribution of dugongs Dugong dugon ranging across nearshore waters of the tropical 
and subtropical regions of the Indian Ocean and western Pacific Ocean, their distribution in the 
western Indian Ocean is highly fragmented and appears to be declining. The population of the Bazaruto 
Archipelago is believed to comprise the only viable population in the region. In all, 27 surveys were 
flown over the Bazaruto Bay area to define the distribution and estimate the abundance of the species 
in the area. A total of 9 052 nautical miles of survey effort was flown during the surveys, from which 
there were 355 sightings of 760 dugongs. Two core areas of distribution were apparent within the 
surveyed area; a northern core area spread within the 10 m isobath between the Save River mouth 
and Ponta Bartolomeu Dias (21°24′ S), and a southern core area aligned with the shallow sandbanks to 
the north and south of Santa Carolina Island. Group sizes recorded in the Bazaruto Archipelago were 
comparable to group sizes recorded in other regions where dugongs occur, although few large (>20) 
groups of dugongs were seen in this study. Line transect analyses of each survey showed dugong 
densities were considerably lower than densities recorded in surveys in Australian waters or in the 
Arabian Gulf, with a population estimate of 247 dugongs (CV = 34.1) when all surveys were considered, 
and 359 dugongs (CV = 38.2) when only the surveys that were carried out under adequate sighting 
conditions were included.
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Dugongs Dugong dugon have an extensive range in 
nearshore tropical and subtropical coastal and island waters 
of the Indo-Pacific from southern Mozambique in the west to 
between Vanuatu and Japan in the east (Marsh et al. 2002). 
This geographical distribution extends across an estimated 
140 000 km of coastline from approximately 27° N to 27° S, 
and may be limited by water temperatures of less than 
about 18 °C (Preen 1992, Marsh et al. 1994). The dugong is 
currently listed as Vulnerable by IUCN, although quantitative 
population estimates have been made in only three regions, 
namely Australia, the eastern Red Sea, and the Arabian Gulf 
(Bayliss and Freeland 1989, Preen 1989, Marsh and Saalfeld 
1990, Marsh et al. 1994, Preen et al. 1997, Marsh and Lawler 
2001, Marsh et al. 2002).

Marsh et al. (2002) noted that the dugong is declining or 
extinct across a third of its range but that the status of the 
species over a large proportion of its range is unknown, 
particularly within the western Indian Ocean. Historically, 
the geographical distribution of dugongs within the western 
Indian Ocean extended from Somalia in the north, through 

Kenya, Tanzania, Mozambique and farther east off the 
Comoros Islands, the Seychelles, Madagascar and Mauritius. 
Information from both the qualitative and quantitative surveys 
(Marsh et al. 2002) show that current dugong distribution 
may be summarised as patchy across the western Indian 
Ocean region, including Kenya, Tanzania, Madagascar, 
the Seychelles, Mayotte and Mozambique (Cockcroft 1993, 
1995, Muir et al. 2003). Dugongs possibly still occur in 
the Comoros (at Moheli Island) and off the Somalia coast, 
but their current status is unknown. Marsh et al. (2002) 
reported that dugongs have become extinct from Mauritius 
and the Maldives and appear to have vagrant status in the 
Seychelles, although more recently Hermans and Pistorius 
(2008) confirmed that there are resident animals at Aldabra 
atoll. According to Marsh et al. (2002), extinction of the 
dugong in the western Indian Ocean region is inevitable 
without immediate and effective conservation measures, but 
although dugongs are protected across the range of all the 
western Indian Ocean states, enforcement is currently limited 
by both capacity and resources.

Introduction
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Dugong distribution within Mozambique
Based on a survey along the Mozambican coastline in 
1969, Hughes (1971) reported that dugongs were common 
at Maputo Bay, Chidenguele, Inhambane Bay, Bazaruto 
Bay, Mozambique Island and Pemba Bay (see Figure 1). 
The author also speculated (based on the existence of 
suitable habitat) that dugongs might occur in the Quirimbas 
Archipelago, but their status in this area was unknown 
(Hughes 1971, Smithers and Lobão Tello 1976). Smithers 
and Lobão Tello (1976) observed dugongs in Maputo Bay 
(8–10 animals), Inhambane Bay (2–4 animals), Ponta 
Bartolomeu Dias (20 animals) and along the coast between 
Bazaruto Bay and Save River where they were reported to 
be common. Elsewhere, smaller groups were observed at 
Angoche, Mozambique Island, Matimbane Bay and Pemba 
where they were thought to be abundant until 1970. These 
reports suggested a hiatus in the distribution of dugongs 
between the Save River mouth and Angoche (Hughes 
and Oxley-Oxland 1971), although the lack of survey effort 
within this area (coupled with the generally high water 
turbidity resulting from river discharge in this area, and the 
consequent difficulty in visual surveys) should be noted.

The status and distribution of dugongs along the 
Mozambique coast are believed to have altered signifi-
cantly since Hughes’s (1969) survey, with results of recent 
aerial and vessel-based surveys indicating a considerable 
decline in dugong abundance across Mozambican waters. 
In the mid-1970s, dugong herd sizes of 8–10 individuals 
were reported for Inhaca Island (Guissamulo and Cockcroft 
1997). Guissamulo and Cockcroft (1997) further assessed 
the distribution and relative abundance of dugongs in 
Maputo Bay during 1992, when dugongs were sighted in the 
eastern quarter of the bay, in the vicinity of Inhaca Island 
(Guissamulo 1993). This area was subsequently thought 
to support only 2 or 3 individuals (Cockcroft and Young 
1998). Two individuals were sighted in Maputo Bay in 2007 
(N Rabe, in litt.) and four individuals were seen (ATG pers. 
obs.) in 2008. Two (possibly three) individuals were taken 
from this isolated population by an artisanal fisher in 2010.

During a boat survey in Inhambane Bay in October 
1994, dugongs were observed throughout the bay (ATG 
unpublished data), although an aerial survey in 2001 
recorded only a single dugong observed outside the bay, 
during a low spring tide (Mackie 2001). No dugongs were 
recorded during a survey in 2007 (AGT unpublished data). 

The Bazaruto Archipelago area is reported to support 
the largest dugong population along the East African coast 
(Dutton 1994). An aerial census of this area (including 
the Bazaruto National Park [Bazaruto, Santa Carolina, 
Benguerra, Magaruque and Bangue islands]) conducted by 
WWF in May 2001 found dugongs distributed throughout the 
northern, central and south central parts of the Archipelago 
between Bazaruto Island and the mainland (Marsh et al. 
2002). Estimates based on strip-transect sightings in 1992 
suggested a local population of 130 dugongs in Bazaruto 
Bay (Guissamulo and Cockcroft 1997). However, when 
maximum counts of 21 animals per aerial survey were 
obtained during surveys in the 1990s, it was suggested 
that the population was declining (Dutton 1998). It should 
be noted that the past series of surveys carried out across 
the Bazaruto Archipelago in the 1990s and early 2000s were 

inconsistent, both in terms of effort and methodology, so that 
resulting estimates cannot provide population trend indices.

No dugongs were recorded in aerial surveys of the area 
between Pemba and Mtwara in northern Mozambique 
(Cabo Delgado Province) in 2007 (ATG unpublished data). 
A local fisher reported seeing a lone dugong in 2001 near 
Quilalea Island in the Quirimbas National Park (Motta 2001, 
in WWF 2004). Although no dugongs appear to have been 
reported from this area since an individual drowned in a net 
in the Quirimbas National Park in November 2003 (WWF 
2004), an incidental sighting of a lone individual in 2009 
was subsequently reported (KPF unpublished data). The 
intensification of large-mesh gillnetting from 1976 onwards 
(sometimes directed at dugongs), coupled with lack of law 
enforcement, is thought to have been the principal cause 
of the perceived decline of the dugong population in 
Mozambique. Such fishing pressure is further compounded 
by seine-netting, commercial trawl operations and palisade 
fish traps. WWF (2004) suggested that habitat destruc-
tion of seagrass beds (through increased levels of riverine 
sedimentation and from natural cyclone and flood events), 
and increased anthropogenic disturbance through exposure 
to vessel noise (particularly tourism vessels), are further 
threats to dugong populations in Mozambique. 

This paper reports on a series of aerial surveys carried 
out in 2006 and 2007 to define the current distribution and 
abundance of dugongs within the Bazaruto Archipelago and 
surrounding waters.

Material and methods

Study area
The Bazaruto Archipelago is a series of five islands (Bazaruto, 
Benguerra, Magaruque, Bangue and Santa Carolina) situated 
in a general north–south linear orientation in the vicinity of 
21° S on the central coastline of Mozambique, although Santa 
Carolina lies to the west of the others (Figure 1). Bazaruto 
Bay is a shallow (generally <30 m deep) protected bay of 
some 1 000 km2, lying between the four outer islands of the 
Bazaruto Archipelago and the mainland. This large bay has 
extensive seagrass beds and consequently provides suitable 
habitat for dugongs. There are two distinct basins in this bay, 
one to the north of Santa Carolina Island (maximum depth 
33 m) and one in the central section of the bay (maximum 
depth 24 m). The southern section of the bay comprises vast 
areas of tidal flats, which often dry out during spring low tides.

The main feature of water circulation within the bay is the 
strong tidal currents (mean spring tidal range is approxi-
mately 3 m during normal spring tides) during the flood and 
ebb phases, and wave action is largely restricted to the 
seaward side of the islands. Such strong tidal flows maintain 
the deep channels on the landward side of the islands. The 
physical and chemical characteristics of the water masses 
of Bazaruto Bay exhibit spatial and temporal variability by 
season as rainfall is highly variable both within and between 
years. In the dry season, the bay has a marine character, 
with a uniform salinity ranging from 35 to 36. However, in 
the wet season the bay becomes more estuarine, exhibiting 
a lower overall average salinity (33–35) compared with 
the dry season. Water temperatures for the Bazaruto area 
range annually between 24 and 28 °C (McClanahan et al. 
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2000). The Bazaruto Archipelago lies within a high-risk 
region for tropical cyclones.

As a shallow tropical bay, Bazaruto Bay contains a number 
of important seagrass meadows or beds. Prior to this project, 
the information on seagrass species composition, extent 
and distribution was only known for the southern extent 
of the bay. Within the Inhassoro and Cabo São Sebastião 
areas, seagrass cover an area of approximately 88 km2 
of the shallow intertidal and subtidal waters inside the 5 m 
isobath. Nine species of seagrass were recorded there (ATG 
unpublished data), namely: Thalassondendron ciliatum, 
Cymodocea rotundata, Cymodocea serrulata, Thalassia 
hemprinchii, Halophila ovalis, Nanozostera capensis, Halodule 
uninervis, Halodule wrightii and Siringodium isoetifolium. 
Seagrass meadows also occur north of Inhassoro and off the 
Govuro River estuary and westward of the Bartolomeu Dias 

area, where it is suspected that N. capensis, H. uninvervis 
and C. rotundanta dominate the meadows. 

Two major marine protected areas occur in the vicinity 
of Bazaruto Archipelago, namely the Bazaruto Archipelago 
National Park and the total protection zone of the Cabo de 
São Sebastião. 

Aerial sighting surveys
Field methods
Aerial surveys between March 2006 and October 2007 
(Table 1) were flown over the Bazaruto Bay area from 
Cabo São Sebastião in the south to north of the Save 
River mouth, and between the coast and the 30 m isobath 
(extending seawards of the Bazaruto Archipelago islands in 
the south). Surveys were flown as a series of east to west 
or west to east transects in a progressive north to south 
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Figure 1: (a) Coast of Mozambique and (b) Bazaruto Archipelago showing positions of locations referred to in the text
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direction. All transit time en route from Vilankulos airport 
to the start of survey in the north, between transects and 
en route from the end of survey to Vilankulos airport were 
not regarded as effort. Sightings made while in transit 
were recorded as secondary sightings, whereas sightings 
made during transects were recorded as primary sightings. 
Secondary sightings were excluded from abundance estima-
tion or density analyses. Transects were flown at an altitude 
of 450 ft (137 m) and a speed of approximately 80 knots, 
in two types of aircraft; a Cessna 210 with six seats and 
high-wing configuration (ZS SPV) was used in the flight of 
18 November 2006, whereas four different single-engine 
Cessna 182 or 185 aircraft (ZS IGR, ZS EPO, D-EOVC 
and C9 JSH) were used for the remainder of the surveys. 
The number of transects flown per survey was not constant, 
being influenced by fuel capacity, available observer time or 
weather conditions. Because surveys were generally flown 
from north to south, such limitations prevented the southern 
end of the survey area from being covered on all occasions. 
However, all survey transects that were flown over this 
southern area of the bay (dark shaded area; Figure 2) were 
eventually excluded from the analyses (see Results for 
explanation).

All survey transects were flown following the aircraft’s 
Global Positioning System (GPS). Line spacing between 

transects was 2 nautical miles. The lengths of the transects 
were variable depending on the coastal orientation and 
water depth. In the northern area, between Inhassoro and 
the Save River, the eastern limit of the survey was limited 
by the 20 m isobath, whereas within the Bazaruto National 
Park, surveys were carried out between the islands and the 
mainland, although surveys extended beyond the islands in 
the southern area where shallow banks extended to the east 
of the islands. The greater part of each survey was carried 
out in passing mode. However, when large groups were 
observed or suspected, or in cases in which identification 
or group size estimation was not certain, the aircraft would 
be diverted from the survey track line for confirmation of the 
sighting. Other sightings of dugongs made during confirma-
tion were considered secondary sightings and recorded, but 
not used for estimation of dugong numbers. 

The survey crew consisted of a pilot, two observers and a 
data recorder. A single observer searched the entire visual 
observation area (outwards from the most vertical perspec-
tive that could be gained) from the rear seats on each side 
of the aircraft. The data recorder, seated in the forward 
starboard position, logged flight paths, altitude, survey 
effort, sighting parameters and weather conditions, and 
also directed the pilot. Positions of effort and sightings were 
recorded using a handheld GPS. On making a sighting, the 

Date
Number of 
transects

flown

Distance 
surveyed

(nautical miles)

Sightings of 
groups: 

primary/secondary

Sightings of 
animals: 

primary/secondary

Sightings of 
calves

Comment

31 March 2006 22 282.36 12 22 3
1 April 2006 22 282.36 11/2 16/2 2
2 April 2006 22 282.36 12/3 41/4 1

18 November 2006 17 225.07 8 18 4
16 December 2006 20 222.15 8/2 9/9 0

13 January 2007 25 333.85 15/3 61/4 5 Optimal sighting conditions

14 January 2007 3 5.33 2 2 0
Survey aborted due to poor 

weather conditions
28 January 2007 36 455.39 14/1 22/2 2
6 February 2007 36 424.14 31/1 53/1 4

15 February 2007 32 366.34 13/2 28/7 5
15 April 2007 26 337.75 21 30 2
26 April 2007 30 420.35 21 40 0
17 May 2007 31 432.33 28/1 52/1 5 Optimal sighting conditions
9 June 2007 32 408.41 19/6 34/8 5

19 June 2007 32 405.01 12 20 2
26 June 2007 32 410.03 15/1 19/2 0

8 July 2007 34 420.73 12 42 1
17 July 2007 32 402.39 11 30 2

4 August 2007 32 407.98 3 3 0
20 August 2007 32 408.05 14/1 68/1 5 Optimal sighting conditions

26 August 2007 0
Survey aborted due to poor 

weather conditions

17 September 2007 26 129.95 2 3 0
Survey aborted due to poor 

weather conditions
20 September 2007 30 385.65 8/1 24/1 3

6 October 2007 32 402.71 5 8 1 Optimal sighting conditions
14 October 2007 32 398.33 8 33 3 Optimal sighting conditions
29 October 2007 31 406.15 11 16 3 Twin-platform survey
29 October 2007 30 396.83 15 24 4 Twin-platform survey

Total 729 9 052.01 331/24 718/42 62

Table 1: Survey effort and sightings of dugongs made during aerial surveys carried out during the study
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observer measured the perpendicular distance from the 
survey track line to the dugong sighting using an inclinometer 
to measure the dip azimuth angle to the group (surveys after 
16 December 2006), or by assigning sightings to distance 
bins marked by tape on the aircraft wing-strut (surveys 
prior to and including 16 December 2006). All information 
on a dugong sighting (including the number of animals, 
occurrence of calves in groups, and the sighting angles) was 
immediately relayed by the observer to the data recorder, 
who operated the GPS and recorded sighting data. Data and 
associated GPS positions were immediately downloaded on 
completion of each of the surveys, and entered into spread-
sheets for initial verification analyses. 

Data analyses
Perpendicular distances of dugong groups from the track 
line were calculated for sightings as d.tan(θ), where d was 
the aircraft altitude at the time of sighting and θ was the 
horizon minus the dip azimuth angle of the sighting from 
the horizon (measured at the time of sighting abeam by 
handheld inclinometer). 

The Distance software programme (Thomas et al. 2006) 
was used to fit a hazard-rate model (Buckland 1985) to the 
perpendicular distances grouped into 0.05 nautical mile 
intervals to give the sighting probability density function f(0) 
and its variance V[f(0)]. All the perpendicular distances of 
sightings, left-truncated at 0.1 nautical miles due to the low 
detection probabilities directly under the aircraft, were used. 
This pooled sighting probability density function was initially 
applied to all surveys combined, to estimate abundance 
over the entire series of surveys. Given that the application 
of a generic effective search width will bias results of the 
individual surveys (upwards under good sighting conditions 
and downwards under poor sighting conditions), a further 
set of analyses was performed on the data collected during 
the five surveys carried out under optimal sighting conditions 
(see Table 1).

The entire area that was surveyed was calculated as the 
extent of the area between the coastline and the eastern limit 
of the survey transects, excluding the land area of islands or 
the area shaded in Figure 2 (see Results for explanation). 

Assumptions of the abundance analyses
Estimates of dugong abundance across the survey area 
require a number of assumptions to be met including:

The area surveyed represents the entire range of the • 
population. The current range limits of the Bazaruto 
Archipelago dugong population are unknown. Anecdotal 
reports of individuals within the Pomene Estuary and 
published historic records of individuals in Inhambane 
Bay suggest a possibly broader range than the area 
surveyed. However, the association of these animals 
with the Bazaruto Archipelago population is unknown 
and it is assumed for the purpose of this study that such 
groups are discrete and no migration occurs in and out 
of the surveyed area. It is further assumed that the entire 
Bazaruto Archipelago population is found within the area 
surveyed. This assumption may bias the abundance 
estimate downwards if animals are present outside of the 
area surveyed (e.g. to the south of Cabo São Sebastião 
or to the north of the Save River mouth). 

The probability of detection of groups of animals on the • 
track line g(0) is assumed to be 1 (that all groups distrib-
uted on the track line will be detected with certainty) and 
the probability of detection decreases with distance from 
the survey track line. 

A number of authors (e.g. Marsh and Sinclair 1989, 
Gales et al. 2004, Preen 2004) have reported on detection 
bias of animals that are missed by observers in strip 
transect surveys. Such bias may result from (a) availa-
bility bias where animals are not near the surface and 
consequently not available to observers as potential 
sightings, and (b) perception bias that results from visible 
animals being missed by the observers. The assump-
tion that all groups on the track line will be detected with 
certainty is unlikely to be met and will bias the abundance 
estimate downwards. 

An estimate of the number of groups available as 
potential sightings may be carried out by analysis of the 
sightings from independent sighting platforms using a 
capture–recapture Petersen model. A twin-platform survey 
was carried out on 29 October 2007, when two aircraft 
surveyed the area independently. The standard survey 
aircraft (the primary aircraft) completed the survey followed 
by an independent second survey aircraft flying the same 
transects some 5–7 minutes behind the primary aircraft. 
The available groups were determined using Chapman’s 
modified Petersen model (Chapman 1951, in Seber 1982).

  N = (n1 +1) (n2+1)/(m +1) – 1  (1)

where n1 is the number of sightings made from the primary 
aircraft, n2 is the number of sightings made independently 
from the second aircraft and m is the number of sightings 
made by both aircraft. However, a number of assumptions 
are required to be met for this model to be valid including:

(a) the population of groups is closed (that no immigra-
tion or emigration of groups, or splitting or merging 
of groups occurs, between the two independent 
surveys); 

(b) all groups are equally likely to be sighted in each 
survey, and;

(c) all groups, and only groups sighted by both aircraft, 
are recognised as such.

The entire surveyed area represents dugong habitat • 
and dugongs are randomly distributed throughout this 
habitat with respect to survey transects. Two aspects of 
this assumption require consideration: (1) uneven distri-
bution of survey effort in relation to animal distribution is 
likely to bias results if density estimates from high or low 
density areas are spread across the entire survey area; 
and (2) dugong habitat within the survey area is likely to 
be fragmented by shallow sandbanks, with such fragmen-
tation varying by tidal cycle. 

Results

Aerial sighting surveys
In all, 27 surveys were flown during this study. Particulars of 
each survey are presented in Table 1 and the distribution of 
total survey effort and sightings are shown in Figure 2. No 
survey was flown between 15 February and 15 April 2007 
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due to the extensive damage received to the chartered 
aircraft (ZS IGR) during Cyclone Favio on 22 February 
2007, and delays encountered in sourcing a replacement 
aircraft. No surveys were attempted on 5 May, 25 May, 25 
July, 26 August and 5 September of 2007 due to inclement 
weather, and on 14 January, 26 August and 17 September, 
surveys were abandoned after initiation due to high winds 
and sea state and poor sighting conditions. A total of 
9 052 nautical miles of survey effort was flown during the 
27 surveys. There were 331 primary and 24 secondary 
sightings comprising 718 and 42 individuals respectively 
(Table 1).

Distribution, size and composition of dugong groups
The distribution of sighted dugong groups by depth interval is 
shown in Figure 3. Although not adjusted for survey effort or 
by tidal levels at the time of the survey, the results suggest 
that dugongs occur out to the 20 m isobath. However, the 
inshore or shallow-water distribution limit remains unknown 
and is likely to vary with the tidal cycle. No dugongs were 
sighted to the south of the line between Vilankulos and Cabo 
São Sebastião (Figure 2). This area appears to comprise a 
number of tidally inundated sandbanks and is possibly too 
shallow to be utilised by dugongs. Consequently, it was 
excluded from analyses of abundance. Within the surveyed 
area, two core areas of distribution are apparent from 
Figure 2. The northern core area of distribution was spread 
across the inshore and offshore area to approximately the 
10 m isobath between the Save River mouth and 21°24′ S. 
The southern core area, situated within Bazaruto Bay and 
inshore of Bazaruto, Benguerra and Magaruque islands, 
appeared to be aligned with the shallow sandbanks to the 
north and south of Santa Carolina Island. The prominence 
of these core areas was increased when the distribution of 
individuals rather than groups was reviewed, in that such 
core areas often contained large groups. 

The mean group size (primary sightings made during full 
survey effort) was 2.22 (SE 0.191) (Figure 4). No seasonal 
pattern in group size was evident (single-factor ANOVA; F = 
0.4895, p = 0.6897, df = 354). A total of 62 (8.1%) of the 760 
sighted dugongs in the Bazaruto Archipelago were calves 
(Figure 2). The proportion of calves per survey ranged 
between 0 (December, April, June and August) and 22.2% 
(November) (Table 1). Despite higher proportions of calves 
being observed in spring (September–November), no signifi-
cant difference in the proportion of calves in the population 
were observed between seasons (single-factor ANOVA; F = 
2.11634, p = 0.128597, df = 24). As with the distribution of 
all groups, that of calves appears to be centred on the two 
core areas. 

Abundance estimation
Data from 23 survey flights were used for dugong abund-
ance estimation. The three aborted flights on 14 January 
2007, 26 August 2007 and 17 September 2007 were 
excluded due to incomplete survey coverage, and the 
survey carried out on 16 December 2006 was excluded due 
to uncertainty in the recorded positions of the track lines 
(which were recorded to the aircraft GPS and appeared to 
be in error). All of the remaining flights were assumed to be 
of equal-sighting probability with respect to environmental 

conditions. A total of 8 824 nautical miles of survey effort 
were flown during the remaining 23 survey flights, during 
which 319 primary sightings were made (see Table 1). 
Nine sightings had no associated distance data and were 
excluded from analyses. 

The total survey area defined by the limits of each of the 
surveys was calculated at 1 211 square nautical miles. This 
area was defined by the coast in the west and the outer 
limits of the transect lines in the east, with the shallow 
sandbank area to the south-east of Vilankulos excluded 
(Figure 2). Dugong distribution across the total surveyed 
area is shown in Figure 2. In order to increase the available 
sample size, the estimation of the sighting probability 
density function f(0) was carried out using distance data 
pooled from all surveys. The distribution of sightings 
by perpendicular distance from the track line is shown in 
Figure 5. The inability of observers to detect dugong 
groups below the aircraft is clearly apparent in these data. 
Consequently, two analyses of sighting probability density 
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function were carried out: the first using all sightings to 
define the sighting probability density function, and the 
second using a left truncation at 0.1 nautical miles so that 
only sightings seen outside of a distance of 0.1 nautical 
miles were used. Figure 6 shows the hazard rate modelled 
f(0) to each of these options respectively. Given the paucity 
of sightings below the aircraft, the truncated distance model 
was selected as the most robust. Table 2 lists parameters 
of the sighting probability density functions calculated using 
the hazard rate model in the Distance analysis. No signifi-
cant correlation was found between sighting distance and 
group size (r2 < 0.001, p = 0.93), which suggests detection 
was independent of group size. The abundance estimated 
from all 23 surveys (Table 2) was 247 dugongs (CV = 34.1).

The density of dugongs recorded from the aerial surveys 
across the Bazaruto Archipelago, using the effective strip 
width calculated with the truncated distance data, was 
0.058 per km2 for all surveys, and 0.123 per km2 when 
only the five optimal surveys were considered. During the 
only twin-platform survey that was carried out, the primary 
aircraft (D-EOVC) made 11 primary sightings of dugongs, 
whereas the secondary aircraft (ZS EPO) made 15 primary 
sightings (Table 3). Six sightings were considered as 
common to both platforms on the basis of their positions 
and their time of sighting. The capture–recapture Petersen 
model estimated a total ‘population’ of 31 groups available 
for sighting within the search width during this survey. 
Sightings of 11 groups by the primary observation platform 
and 15 groups by the secondary observation platform 
suggest that 35.5% and 48.4% of dugong groups were 
sighted by these platforms respectively. The high propor-
tions of missed sightings during the twin-platform survey are 
presumed to have resulted from the poor sighting conditions 
under which it was conducted. This suggests that surveys 
conducted under suboptimal conditions will underestimate 
abundance. The estimate pooled across the five optimal 
sighting condition surveys of 359 (CV = 38.2) is therefore 
considered to be the most robust estimate of dugong 
abundance from this study.

Discussion

The aerial surveys identified that dugongs occur throughout 
the shallow area inshore of the 20 m isobath from the Save 
River mouth to Cabo São Sebastião of the Bazaruto Bay 
area. Two distinct core areas of distributional abundance 
were apparent from the sighting records, a northern core 
area offshore of the Govuro River mouth and the Bartolomeu 
Dias spit, and a core area in the vicinity of Santa Carolina 
Island, where a number of large dugong groups were 
recorded. The fact that the second core area has little 
seagrass cover suggests that animals utilise this area for 
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reasons other than feeding. Dugongs use distinct habitats 
for various activities, and shallow waters such as tidal 
sandbanks and estuaries have been reported as sites for 
calving (Hughes and Oxley-Oxland 1971, Marsh et al. 1984). 
The use of these areas may be a strategy to minimise the 
risk of shark predation to calves (Anderson 1981) and more 
time might be allocated to safe but lower-quality feeding 
microhabitats when the likelihood of encountering sharks is 
increased (Wirsing et al. 2007).

The group sizes recorded in the Bazaruto Archipelago 
were comparable to group sizes recorded in other regions 
of dugong abundance, although few very large groups of 
dugongs (of >20 individuals) were seen in the Bazaruto 
Archipelago compared to other regions. For example, Preen 
(2004) recorded a maximum group size of 674 dugongs in 
the Arabian Gulf. The proportion of groups with calves was 
also lower within the Bazaruto Bay region. Preen (2004) 
reported proportions of dugong calves in the western and 
southern Arabian Gulf in 1986 as 14.5%, compared with 
18.7% in the southern Gulf in 1999, and noted that these 
figures were typical of the proportions recorded on other 
surveys (Marsh et al. 1994).

Of the two core areas of calf distribution, the high density 
within Bazaruto Bay is expected in terms of water clarity, 
decreased exposure to predation and water movement. 
However, the high density of calf sightings in the northern 
core area is unexpected given the poor water clarity often 
encountered in this area. The reason for the hiatus in calf 
distribution between these two areas is unknown, but 
may be related to water movement in and out of the bay, 
the distribution of suitable calf habitat or to anthropogenic 
influences of seine-net fishing in the region (and the impact 
this may have on habitat). Surprisingly, two calf groups were 
sighted offshore of the islands, where both wave action and 
exposure to potential shark predation could be high.

The population numbers of dugongs in the Bazaruto 
Archipelago estimated in this study is probably the 
most robust population estimate of this population to 
date. Abundance estimates from previous surveys have 
suggested a smaller population than that recorded in this 
study, although it should be noted that the different estimates 
are not directly comparable on account of different survey 
methods and survey area limits. Guissamulo and Cockcroft 
(1997) estimated a local population of 130 dugongs in 
the bay based on strip transect sightings, although their 
survey area was smaller than that covered in our study 
and consequently a smaller proportion of the local popula-
tion was likely to be surveyed. Whereas Dutton (1998) 
suggested that the population was declining because no 
more than 21 animals were counted per survey during aerial 
counts conducted during the 1990s, these count data were 
not subjected to abundance analyses and were most likely 
underestimates of abundance. Furthermore, the extent of the 
survey area covered by Dutton (1998) is unknown. An aerial 
census in May 2001 found dugongs distributed throughout 
the northern, central and south central areas of the 
Archipelago between Bazaruto Island and the mainland and 
based on aerial counts (of between 25 and 130 individuals) 
between 1990 and 2002, WWF (2004) suggested that this 
population was declining. In 1990, a single survey revealed 
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a count of 92 dugongs in the area between Bazaruto, 
Benguerra and Magaruque islands and the mainland, from 
the northern tip of Bazaruto to Vilankulos (VGC and ATG, 
unpublished data). Although these data have not been 
analysed and the extent of the survey areas may not be 
directly comparable, the high raw counts recorded on the 
1990 survey suggest higher densities than those recorded 
during the current surveys.

Little is known about the human-induced changes in the 
habitat of dugongs in the Bazaruto Archipelago over the past 
40 years, although increased human pressure, including 
increased vessel traffic and associated noise and potential 
vessel-strike effects, increased beach seine-net fishing which 
may heavily alter seagrass structure through disturbance, 
and increased pollution loading, suggest that habitat quality 
may have declined over this period. The greatest current 
impact on adult survivorship appears to be the commer-
cial fishery for shark fins in the Bazaruto Archipelago. This 
fishery uses 40 cm stretch size gillnets set for extended 
periods (unattended overnight) in known dugong habitats 
and has resulted in many dugong mortalities (Cockcroft et al. 
1994, Dutton 1994, Guissamulo and Cockcroft 1997). There 
is also evidence that the catch of dugongs has developed 
into a directed fishery in Bazaruto Bay (Guissamulo and 
Cockcroft 1997, Cockcroft and Young 1998), where nets are 
set at night. Fishers do not openly admit to taking dugongs; 
however, its meat is prized (Cockcroft et al. 1994). Due to 
the illegal nature of the activity, the extent of mortality to 
the Bazaruto Archipelago dugong population from hunting 
remains unknown. However, it is believed to be in the order 
of 4–6 individuals per year (VGC pers. obs.). Other anthropo-
genic and natural stressors to the population include vessel 
activity (including potential strikes and vessel noise). Such 
stressors are of particular concern due to both the inherently 
low reproductive rates of dugongs and the role played by 
stochastic or episodic events such as the impacts of tropical 
cyclones or floods on seagrass bed habitat (Heinsohn and 
Spain 1974). 

The densities of sightings recorded in the Bazaruto 
Archipelago area, although high compared with the rest of 
East Africa, are low compared with populations in Australia 
and the Arabian Gulf, where densities observed from aerial 
strip surveys ranged from 0.21 km–2 (SE 0.05) in 1986 in the 
southern Arabian Gulf, 0.08 km–2 in the eastern Red Sea 
(Preen 1989) to 0.71 km–2 in Shark Bay, Australia (Preen et 
al. 1997). Given that the local Bazaruto Archipelago dugong 
population might be viewed as the only viable population 
within the western Indian Ocean metapopulation (which 

has clearly declined over the past 30–40 years), it should 
be afforded the highest possible conservation efforts. 
Preen (2004) has suggested that the long-term survival of 
the dugong in the western Indian Ocean will depend on the 
establishment of an adequate network of protected areas 
where the impacts of human activities can be minimised. 

Furthermore, the Bazaruto Archipelago dugong population 
must be viewed in the context of a seed or source population 
for the western Indian Ocean metapopulation. Whereas daily 
movements of dugongs are dependent on tidal amplitude, 
dugongs may move considerable distances, as detected 
during tracking studies using VHF and satellite telemetry 
equipment in Australian waters (Marsh and Rathbun 1990, 
Gales et al. 2004, Sheppard et al. 2006). Several studies 
have shown that dugongs appear to move seasonally (or at 
least during winter) in response to water temperature thresh-
olds of 17–19 °C (Anderson 1986, Preen 1992, 2004, Marsh 
et al. 1994, Sheppard et al. 2006). Movements of dugongs 
into or out of the Bazaruto area are largely unknown. North 
of the Chiloane Islands, the water visibility is often extremely 
poor, even in the ‘dry’ season when river discharge is 
reduced. This poor visibility extends out to at least 15 nautical 
miles offshore, as far as the aircraft used in our study was 
permitted to fly. Although areas north of Sofala were not 
explored, a preliminary examination of satellite photographs 
suggests that there is little dugong habitat between the 
Chiloane Islands and about 600 km to the north, which may 
provide a natural barrier to northward dispersion by Bazaruto 
dugongs. South of Cabo São Sebastião, the continental shelf 
is narrow and probably does not provide adequate habitat 
for dugongs, other than for transient movements. Inhambane, 
which about 10 years ago was known to accommodate at 
least 16 dugongs, now appears to have suffered from human 
activity. Dugongs were not seen during an exploratory 
survey in 2007 and the density of fishing boats and fish traps 
observed during this survey suggests that dugongs may well 
have been all but extirpated from the area. 

Despite the reported decline in dugongs in the Bazaruto 
Bay area (Dutton 1994), the importance of this area to 
dugongs is particularly evident in the context of the limited 
dugong populations within the western Indian Ocean. The 
Bazaruto population probably represents the most viable (and 
possibly the only viable) population of dugongs in the western 
Indian Ocean south of the Arabian Gulf. The long-term 
conservation and recovery of this species within the western 
Indian Ocean may well be dependent on the ‘seeding’ of 
the region by individuals from the Bazaruto population (and 
their subsequent survival after ‘reseeding’ within areas that 
have shown recent population declines). Consequently, it is 
recommended that the dugongs of the Bazaruto Archipelago 
area be afforded the strongest conservation priorities and 
that a dedicated and integrated management plan for dugong 
conservation in the area is implemented immediately. Such a 
management plan should address dugong bycatch concerns 
as a matter of priority.
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Platform Model parameter Value
D-EOVC Capture (n1) 11
ZS EPO Recapture (n2) 15
D-EOVC and ZS EPO Common sightings (m) 5

N 31
D-EOVC Proportion sighted 35.4%
ZS EPO Proportion sighted 48.4%

Table 3: Results of the independent twin-platform aerial survey 
carried out on 29 October 2007 as per the modified Petersen model 
(Equation 1)
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