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Three feeding trails of a large dugong with a width of 30 cm were recorded at 11 m depth at Marsa
Hermez off the Egyptian Red Sea coast (25.321� N and 34.744� E) on the 23rd January 2019.
Additionally, four other feeding trails (with widths of 6 cm, 15 cm, 20 cm and 25 cm) were also noted
within the seagrass patches. The small size of a trail beside a larger one suggests the presence of calf with
mother. Thus, the present results demonstrate indirect evidence for the existence of a large female
dugong in the Red Sea. The present study documents the presence of female dugongs with calves in a
key habitat, which is important for dugong conservation in Egypt.
� 2019 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Dugongs (Dugong dugon Müller, 1776) are herbivorous marine
mammals. They are represented by only one surviving species in
the order Sirenia, family Dugongidae (Marsh et al., 2011). They
are listed as vulnerable on the IUCN Red List of Threatened Species.
Moreover, dugongs are found in the tropical and subtropical bor-
ders of the Indo-Pacific region from the east coast of Africa to the
Red Sea and Arabian Gulf, as well, through the Indian Ocean to
the east coast of Australia and beyond that into shallow areas of
Melanesia and parts of Micronesia in the Pacific Ocean (D’ souza
and Patankar, 2013; Marsh, 2002; Nishiwaki and Marsh, 1985;
Pilcher et al., 2017). Dugongs feed on shallow coastal seagrass,
and during their feeding, they excavate long winding feeding
tracks in seagrass beds that are termed as feeding trails (Anand,
2012; Mizuno et al., 2017; Preen, 1992).

The width of the feeding trails normally ranges from 10 to
25 cm (approximately the width of a dugong’s facial disk) and
the length ranges from 30 cm to several metres (Anderson and
Birtles, 1978; Aragones, 1994; Preen, 1992). In the Egyptian Red
Sea, the average widths of feeding trails are 17.2 ± 4 cm and
17.6 ± 1.3 cm in Marsa Alam and Wadi El-Gemal National Park,
respectively (Shawky, 2018). In the Red Sea, data on dugongs are
limited; therefore, further studies are needed to confirm the status
of this species (Nasr et al., 2019).
Evidence of dugongs using a locality can be obtained from their
feeding trails. The challenge of using feeding trails is the difficulty
to determine the number of animals creating them. This technique
enables to distinguish the feeding trails of dependent young (and
therefore their mothers who feed close to them). D’Souza et al.,
(2015) studied the way by which dugongs use their habitat and
move between foraging grounds; they showed that this under-
standing has significant consequences for the management of
these mega-grazers populations in Andaman Island and Nicobar
Archipelago, India. Those authors were able to determine the char-
acteristics of seagrass meadows that dugongs use continuously and
they tracked the persistence of use (presence of feeding trails) of
these meadows over several years. Further studies regarding the
relationship between the total length and muzzle width as well
as between the muzzle width and the feeding trail width are
needed to be investigated.

Shawky et al. (2017, 2019) documented 30 identified dugongs
within 22 sites in the Egyptian Red Sea using photo identification
technique, much more information about the number of dugongs
using a site (and therefore the relative importance of the site) is
essential to be recorded. In this study, we provide a record for
the biggest feeding trail width ever recorded in the Red Sea, Egypt.
Materials and methods

The current study was performed at different sites in the Egyp-
tian Red Sea, as a part of a dugong project funded by Rufford Foun-
dation (26053-B) and entitled ’’Analysis of Feeding Trails Provides
Evidence of the Number of Dugongs Excavating Seagrass at Key
Habitats Seasonally in the Egyptian Red Sea’’. Marsa Hermez
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(25.320� N, 34.747� E) lies 30 km north of Marsa Alam city (Fig. 1)
and it was one of the main sites studied. It has a sandy bottom fac-
ing the outlet of Abou Dabbab valley that was flooded during the
winter months. The data were collected by SCUBA diving and dig-
ital photos for the seagrass and feeding trails were recorded using
HD digital camera (GoPro Hero 4 Silver Edition with a red filter and
set in 4 K mode). Water depth and sea temperature were recorded
using the diving computer. During the project, the width of the
dugong’s muzzle and its body length were measured underwater
using a laser photogrammetry technique (Rohner et al., 2015).

A laser photogrammetry system with two beams of green laser
light (Moray Inc.; < 5 mW power) with calibrated 20 cm distance
was mounted on a housed GoPro camera and the lens is set in wide
view. To calculate the correction factor, a grid of 10 � 10 squares
(5 cm each) was photographed and the pixels across the diagonal
of the middle square was measured then multiplied by 2, 3, 4, 5,
6, 7, 8, 9 and 10 respectively. The observed vs. expected values
were plotted in Microsoft Excel program and a linear regression
was fitted to calculate any changes with lens curvature and the set-
ting of the camera. Photos from two meters away were taken per-
pendicular to measure the total body length and muzzle width of
the dugong body after Heinsohn (1981). All photos were analyzed
to measure the distance using Image J Software. Using this tech-
nique, a relationship between the dugong total body length, muz-
zle width and feeding trail width will be calculated, then the
estimation of the population size could be determined from the
presence of feeding trails on the seagrass bed.

Feeding ecology data were collected according to Preen (1992).
Feeding trail dimensions (width ’’cm’’; length ’’m’’) were measured
by means of a plastic tape measure. Two 20-meter line transects
were constructed in the seagrass area. Seagrass abundance was
assessed using 10 randomly located quadrats (0.25 m2) at
Fig. 1. Map of the Egyptian Red Sea shows the location of Marsa Hermez.
2-meter intervals along each transect (20 quadrats/site). The rela-
tive abundance of seagrass in each quadrat was estimated by
counting the shoots of each species. The percentage of dugong
grazing was measured using 0.1 m2 quadrat (10 cm � 10 cm) by
comparing the abundance of seagrass inside and outside the feed-
ing trails. This was carried out by haphazardly locating the quad-
rats along several feeding trails and another equivalent number
of matched quadrats were positioned immediately adjacent to
them (2–5 cm away). The amount of seagrass removed from the
feeding trails was calculated by deducting the mean abundance
of seagrass inside and outside to the feeding trails. Statistical anal-
ysis using one-way ANOVA by excel program will be conducted to
calculate the significant difference of grazing.
Results

On the 23rd of January 2019, three dugong feeding trails with a
width of 30 cmwere observed at 11 m depth and 250 m offshore at
Marsa Hermez (25.321� N and 34.744� E), Fig. 2. The mean density
of the seagrass per 1 m2 is 1225 ± 133 (Mean shoot count ± SE),
which was established for Halophila stipulacea. The feeding ecology
data for the feeding trails are presented in Table 1. The results con-
firmed the presence of a large dugong that consumed 1.55 m2 of
seagrass. The mean percentage of grazing was 97% along the three
feeding trails. A highly significant difference was found between
the feeding trail lengths and the amount of seagrass removed by
manipulation of dugong grazing (one-way ANOVA: P = < 0.05).
The water temperature was 23 �C. In addition to the current find-
ings, four other feeding trails with different widths of 6 cm,
15 cm, 20 cm and 25 cm were also observed within the same sea-
grass bed, Fig. 3. The results of laser photogrammetry are not
included in the current research and it will be published in the fur-
ther study.
Discussion

The presence of feeding trails with a width of 30 cm is consid-
ered as indirect evidence for the existence of a large dugong. Max-
imum width of the dugong’s feeding trails was reported by several
authors, it was recorded as 23.3 cm by Anderson and Birtles
(1978); 28 cm (Apte et al., 2019), 22.7 cm (Preen, 1992); 26 cm
(Shawky, 2018) and 25 cm (Thayer et al., 1984). Therefore, the pre-
sent width of 30 cm is greater than the previous records.

The maximum length of dugongs that has been consistently
measured is 3.31 m (Nishiwaki and Marsh, 1985), whereas females
are slightly greater in length than males (Marsh, 1980). Further,
dugongs weigh greater than 420 kg (Spain and Heinsohn, 1975).
On the 30th of July 1959, the biggest dugong with a body length
of 4.06 m and around 1000 kg weight was stranded at Bedi Bunder,
Gulf of Kutch, India (Mani, 1960). On the other hand, in the Egyp-
tian Red Sea, 16 dugongs were recorded around Hurghada, and the
biggest dugong recorded was a female with a body length of
288 cm and a muzzle width of 27 cm (Gohar, 1957). In the current
study, the dugong with a feeding trail of 30 cmwidth is a result of a
large female that may be close to 4 m in total length. If the further
results by the laser photogrammetry regarding the relationship
between the muzzle width and the body length are confirmed,
then this finding will be considered the evidence for the existence
of the largest dugong in the Red Sea to date.

In the present study, five different sizes of feeding trails were
recorded (i.e. with a width of 6 cm, 15 cm, 20 cm, 25 cm and
30 cm). In Marsa Hermez, Shawky et al. (2017; 2019) reported five
different dugongs (i.e., three males, one female and one calf) using
a photo identification technique. In addition, a feeding trail of a
7 cm width was recorded in Wadi El-Gemal National Park, located



Fig. 2. Dugong feeding trails with a width of 30 cm at Marsa Hermez.

Table 1
Summary of the seagrass abundance for the three feeding trails (30 cm width).

Trail No. Trail Length (m) Seagrass abundance (Shoot density/m2) Seagrass Reduction (% grazing)

Outside the feeding trail Inside the feeding trail n

1 0.9 2529 57 7 98
2 1.95 1330 40 10 97
3 2.3 830 30 20 96
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50 km south of Marsa Alam (Shawky et al., 2016). Therefore, our
results confirm the presence of at least one large female dugong
with her calf. In a previous study, 30 dugongs were reported with
a male–female ratio of 7:1 at the Marsa Alam region (Shawky et al.,
2017, 2019). Otherwise, the females tend to visit the feeding areas
in undisturbed periods of the day (i.e. late night or early morning)
to avoid human disruptions. In this study, the consumption of
1.5 m2 of seagrass during foraging is requiring energy and this sug-
gests seasonal movements. This behaviour was recorded for the
dugongs during their temporal migration and seasonal movements
(Cleguer, 2015; Sheppard, 2008). The same behaviour is reported
for Florida manatees as they migrate in the winter season to war-
mer water in the south (Deutsch et al., 2003).
Our conclusionmay omit the fact that females of dugongs are not
as common as males (Shawky et al. 2017; Shawky et al. 2019), by
indirect evidence recorded through measuring the large widths of
the feeding trails instead of direct encounters. Also, laser pho-
togrammetry is an accurate and valuable tool for dugong measure-
ments that can be used for estimating the body length from
measuring the trail width. Using this technique will detect the spa-
tial and temporal variation of dugongs with different size, mainly
themotherwith calf that range bymeasuring growth rates over dec-
ades. Thus, it is considered a challenge to successfully re-sighting
themigratory dugongs over years and such findingwill be pertinent
to the understanding of their life-history to improve management
and conservation for this threatened species worldwide.



Fig. 3. Widths and numbers of the feeding trails in the study site.
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The predicted habitat using Maxent (Phillips et al., 2006) will be
used as an input to a simulated annealing algorithm (MARXAN)
(Ball et al., 2009). This will be helpful to optimize the area selected
for the conservation of the species with the specified targets and
along with other factors including cost and other conservation fea-
tures. The data are used to produce layers of predicted suitable
habitat, suitable calving habitat and a predicted density surface
of the species over the study region in the Egyptian coast of the
Red Sea. The product of the prioritization is assessed against the
current marine protected areas (MPAs) system as for the comple-
tion of conservation objectives and improved score. Finally, conser-
vation recommendations are formulated for species management.
These results will be useful for dugong conservation in the Egyp-
tian Red Sea by identifying key habitats of the female and calf with
the goal of declaring them as a dugong protected areas (DPAs)
(Marsh, 2002).
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