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Abstract

The Persian Gulf hosts marine mega-herbivores that forage in its coastal habitats. Some areas, mainly along its southern coast,
contain abundant benthic plants; however, marine plant resources are limited throughout most of this warm sea, which pre-
sents nutritional challenges for large herbivores. We measured curved carapace length (CCL) for 102 green turtles (Chelonia
mydas) from foraging grounds with relatively limited plant resources surrounding Qeshm Island at the eastern Persian Gulf.
The mean CCL was 41.8 cm (SE= + 1.3 cm; range = 18.5-99), and 93 turtles (91%) had CCL <65 cm, indicating the area
is primarily a juvenile developmental habitat. To study feeding ecology of green turtles in the area, we analyzed esophageal
lavage samples from 36 individuals captured in muddy-bottom (n=23) and sandy/rocky-bottom (n = 13) habitats. Diet data
showed a generalist foraging population with dietary niche variation among individuals that targeted mixtures of macroalgae,
seagrasses and mangrove. Green turtles showed a slight preference for green algae (Ulva sp.) at both sites. The mean Fulton’s
body condition index for juvenile turtles was 1.14 (SE= +0.03; n="72), which is comparable to values reported elsewhere,
and indicates that these turtles were not under-nourished. This is intriguing in light of the paucity of local food resources,
and perhaps due to the absence of large sub-adults and adults with higher food demand, and/or individual dietary niche vari-
ation among resident turtles, both of which reduce competition among local green turtles for the region’s available resources.

Introduction

Green turtles, Chelonia mydas, feed almost exclusively
on benthic plants once recruiting to neritic foraging areas
along tropical and subtropical regions of the world’s oceans,
which make them the only herbivorous species among all
seven living species of marine turtles (Bjorndal 1997; Hirth
1997). Diet habits of these marine mega-herbivores are
largely associated with their ontogeny, which shifts the spe-
cies’ feeding niche as turtles grow and mature. Hatchling
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green turtles leave the nesting beach to occupy oceanic habi-
tats where their diet is primarily carnivorous (Reich et al.
2007). After several or more years living in the open ocean,
immature green turtles recruit to neritic habitats, where they
shift to a more herbivorous diet (Bjorndal 1997; Hirth 1997,
Reich et al. 2007). The ontogenic shift in the dietary niche of
green turtles significantly affects fundamental demographic
aspects such as somatic growth rate, reproductive output,
remigration interval, and survivorship (Bjorndal 1982).
Therefore, understanding the feeding ecology of foraging
green turtles is crucial to develop successful conservation
plans for green turtle populations in neritic habitats, which
host these long-lived marine reptiles during the longest part
of their lifecycle (Bjorndal 1999). The green turtle subpopu-
lation of the Northern Indian Ocean, which includes our
study area, is listed as vulnerable by the IUCN Red List
due to population decrease (Mancini et al. 2019). Therefore,
widespread conservation efforts that integrate local biologi-
cal information into management strategies can hopefully
curb further declines and help this subpopulation reach
a positive abundance trend and more optimistic population
outlook.
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In the Persian Gulf, benthic plant resources have a non-
uniform distribution. The region hosts both marine algae and
seagrass communities distributed along the shallow margins
of this warm sea (Sheppard et al. 2010). Emirati shallow
waters in the southern Persian Gulf comprise more than
80% of all seagrass beds in the sea (Erftemeijer and Shuail
2012); however, in many other parts of the Gulf, marine
plant resources are sparse and patchy, probably because of
its thermally extreme environment and lack of suitable sub-
strates (Phillips 2003; Erftemeijer and Shuail 2012). Never-
theless, the region hosts the world’s second largest dugong
(Dugong dugon) population (Al-Abdulrazzak and Pauly
2017), as well as foraging juvenile and adult green turtles
(Hasbun et al. 2000). The food shortage in many habitats
across the Persian Gulf likely presents nutritional challenges
for these resident marine mega-herbivores. These difficult
conditions are exacerbated by the fact that plant resources of
the Gulf are in decline, even in relatively food-rich habitats,
due to large-scale anthropogenic developments (Sheppard
et al. 2010). A recent study showed that the Gulf dugong
population has already lost about one-fifth of its historical
range in the sea, and individuals are now isolated to the
seagrass-rich habitats of the southern Gulf (Al-Abdulrazzak
and Pauly 2017). However, green turtles, another Gulf mega-
herbivore, are distributed throughout the sea, and together
with the hawksbill turtle (Eretmochelys imbricata) are the
dominant turtle species in the region (Gasperetti et al. 1993;
Price et al. 1993; Pilcher et al. 2015; Mobaraki et al. 2020).
There are, however, few data on green turtle diet in the area;
so far our knowledge is based only on stomach contents of
13 dead-stranded adult specimens from seagrass-rich habi-
tats of the United Arab Emirates (U.A.E.) (Hasbun et al.
2000). Therefore, it is essential to learn the feeding habits
of green turtles in the Persian Gulf, particularly in habitats
with limited food supplies, and understand how living in
food-resource limitation in this marine realm may affect
their nutritional status.

The present study investigates the feeding ecology of
juvenile green turtles in coastal waters surrounding Qeshm
Island in the eastern Persian Gulf, a site with relatively
limited marine plant resources. This work used a graphi-
cal method for analyzing diet data (Amundsen et al. 1996),
which provided insights into the food preference, feeding
strategy and niche width of local green turtles. In a broader
context, the findings of this study can be used for under-
standing the responses of foraging green turtles to habitat
degradation and climate change. These data will also serve
as a baseline with which to compare future studies of green
turtle diet in warm seas.

@ Springer

Material and methods
Study area

Qeshm Island is known as the largest island in the Persian
Gulf with an area of ~ 1490 km?, located at the Strait of Hor-
muz in the eastern part of the sea (Fig. 1). Capture efforts
occurred in two different foraging habitats surrounding
Qeshm Island as shown in Fig. 1. The first site was Doko-
hak Bird’s Wetland (DW; area~21 km?; 26°59' N, 56°12"
E), a muddy-bottom habitat with some small patches of
restored gray mangrove, Avicennia marina (Vierh.), lying
in the narrow channel between northern Qeshm Island and
the Iranian mainland (Fig. 1). The second site was Dolphins’
Bay (DB; area~97 km?; 26°43' N, 55°50' E), a rocky and
sandy-bottom habitat located at the south end of the island.

Turtle capture

Green turtles were collected from arrowhead-fixed fishing
traps during 9 days between October 2013 and May 2015.
The traps are a type of pound net (locally called moshtah
on Qeshm Island) that consists of a fence leader set per-
pendicular to the shore that acts as a partition to prevent
fish from swimming past and thus directing them into an
enclosed trap or “pound”. We assumed that all turtles were
entrapped on the day of recovery because the local fisher-
men check the traps daily and release any trapped turtles
by removing the seaward wall of the trap. All captured tur-
tles were carried to the nearby beach and kept in a shaded
area until processing, and then were returned to the sea
nearest their capture sites within 2 h of initial recovery.

Turtle measurement

All captured turtles were measured for curved carapace
length (CCL;+0.1 cm). To characterize putative matu-
rity status of captured turtles, we used the mean CCL of
ca. 99 cm for green turtles nesting in the Persian Gulf
(based on the mean CCL of nesting individuals measured
in previous studies; e.g., Miller 1989, Al-Merghani et al.
2000, Rees et al. 2013, and Al-Mohanna et al. 2014). All
turtles with a notable elongated tail were assumed male,
whereas turtles with CCL >99 cm and lacking a differenti-
ated tail were classified as putative adult females. Green
turtles lacking a differentiated tail with CCL <99 cm were
considered undetermined sex and categorized into two
groups: juveniles (CCL < 65 cm) and putative sub-adults
(CCL=65-99 cm). Turtles were also weighed to the near-
est to 0.1 kg using a spring scale.
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Fig. 1 Map showing the location of the two study sites: Dokohak Birds’ Wetland (DW) at the northeast, and Dolphins’ Bay (DB) at the south of

Qeshm Island, eastern Persian Gulf

Diet sample collection

Recently ingested food items were recovered using the
esophageal lavage technique (Forbes and Limpus 1993), and
were placed in vials with 70% ethanol and stored at~3 °C
until laboratory analysis. In the laboratory, each esophageal
lavage sample was spread in a Petri dish, and contents were
viewed through a stereoscope. Food items were separated
and weighed to the nearest to 0.001 g (wet weight) after
being identified to the lowest possible taxonomic level
using a combination of available keys for Indian Ocean flora
(Bgrgesen 1939, 1952; Gavino and Trono 1997).

Data analyses

We excluded sub-adult and adult turtles from the body con-
dition and diet analyses, because of their small sample size,
and to eliminate the potential effects of adult-specific bio-
logical features that affect the body condition and diet (e.g.,
reproduction and migration).

Fulton’s body condition index was calculated as
Cl= (Weight/CCL3) % 10,000 (Koch et al. 2007; Labrada-
Martagén et al. 2010). Fulton’s CI was also calculated using
straight carapace length (SCL, cm) to provide comparability
with other studies around the world. For this purpose, SCL

was estimated by converting CCL to SCL using a regres-
sion equation (SCL=1.186+0.918 CCL) derived from the
Persian Gulf green turtles (see Miller 1989).

A graphical analysis, described by Amundsen et al.
(1996), was used to define food item importance and feed-
ing strategy. Frequency of occurrence (FO,) for food item
i was estimated as the number of esophageal samples in
which item i was observed out of all samples. Prey-specific
abundance (PA,) for item i was estimated as sample content
(wet weight) comprising of item i among all turtles, relative
to total sample content among all turtles that had item i.
PA,was plotted against FO,on a two-dimensional scatter plot
known as a feeding strategy diagram.

Statistical and graphical analyses were performed using
Microsoft Office 2007. All data in this study were presented
as mean = standard error (SE).

Results
Turtle size
The mean CCL for 102 examined turtles was 41.8+ 1.3 cm

(range = 18.5-99 cm), of which 93 turtles (91%) were juve-
niles with CCL <65 cm. There were also seven putative
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sub-adults (CCL =65-95 cm), one adult male, and one
putative adult female. Details of turtle size by site and life
stage are shown in Table 1. Size class distribution is shown
in Fig. 2.

Juvenile weight and body condition index

Mean juvenile body weight was 6.2 +0.4 kg
(range =3-26 kg; n="72). Site-specific mean weights were
6.4+0.5 kg (range=3-26 kg; n=51) at DB and 5.7+ 0.4 kg
(range =4-10 kg; n=21) at DW. Details of weight and Ful-
ton’s body condition index by site are shown in Table 1. The
mean of Fulton’s CI for juveniles from both habitats together
(n="72) was 1.14 based on CCL size data, and 1.33 based
on SCL size data.

Juvenile diet composition and feeding strategy

In total, 36 esophageal lavage samples were collected from
58 juveniles. The mean wet weight of the lavage samples
was 0.2 g (range=0.01-1.58 g). In total, 20 food items were
found in the diet of juvenile turtles from the both habitats, all
of which were vegetative materials (Table 2): 7 green algae
(phylum Chlorophyta), 7 red algae (phylum Rhodophyta),
3 brown algae (phylum Ochrophyta), 2 seagrasses (phylum
Tracheophyta), and cotyledons of the gray mangrove (Avi-
cennia marina). There were 17 food items identified in DB
(green algae =6, red algae =6, brown algae=3, and sea-
grass =2), compared to 7 items in DW (green algae =1, red
algae =2, brown algae =1, seagrass =2, and mangrove coty-
ledon=1). Diet items found in turtles at both sites (Table 2)
included the seagrasses H. ovalis and H. uninervis, one red
alga (Hypnea sp.), and one brown alga (Dictyota sp.).

The prey-specific abundance (PAi) and frequency of
occurrence (FOi) of food items are plotted in Fig. 3, and

Table1 Size (CCL, cm) and Fulton’s condition index of forging
green turtles collected from coastal waters surrounding Qeshm Island
at the eastern Persian Gulf. Data are presented by the habitat type

No. of turtles
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Fig.2 Curved carapace length (CCL, cm) distribution of 102 green
turtles collected from coastal waters surrounding Qeshm Island at the
eastern Persian Gulf (October 2013-March 2016)

depict a generalist community with a dietary niche variation
among the individuals. There was no apparent domination
in the diet by any single prey item, although a slight prefer-
ence occurred for the green algae Ulva spp. At DB, there was
a slight preference for the green alga U. compressa. Other
preferred food items in DB were the seagrasses H. uninervis

(Dolphins’ Bay, a sandy-rocky-bottom habitat; and Dokohak Birds’
Wetland, a muddy-bottom habitat), and life stage (juvenile, sub-adult,
and adult)

Study site Number of turtles Number of turtles (mean
(mean CCL + SE, cm) [range, cm] Fulton’s CI of juveniles + SE)
; [range]
Total Juvenile Sub-adult Adult
Dolphins’ Bay 71 637 1M 51
(42.3+1.6) (38.3+£0.9) (71.4+2.7) (86) (1.1£0.04)
[18.5-86] [18.5 - 64] [65 - 85] [NA] [0.53 —2.29]
Dokohak Birds’ Wetland 31 300 IF 21
(40.9+2.4) (383+1.2) 99) (1.25+0.03)
[31.5-99] [31.5-55] [NA] [0.96 — 1.58]
Total 102 93 7 2 72
(41.8+1.3) (38.4+0.6) (71.4+2.7) 92.5) (1.14+0.03)
[18.5-99] [18.5 - 64] [65 - 85] [86 —99] [0.53 —2.29]

Abbreviations: CI condition index, F female, M male, NA not available, and SE standard error
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Table 2 Diet of juvenile green

. : Dolphins’ Bay Dokohak Birds’ Wetland

turtles in Dolphins’ Bay, a

sandy-rocky-bottom habitat Food item n FO, PA; n FO, PA;

(n=23) at the south, and

Dokohak Birds” Wetland, a Green algae (Chlorophyta)

muddy-bottom habitat (n=13) Ulva lactuca - - - 4 0.31 93.82

;‘ilgﬁi “g;f;jfitp"efr S;fh({]f:ﬂf Ulva compressa 10 0.44 88.20 - -

(Octot;er 2013 to May 2015) Ulva clathrata 3 0.13 04.08 - - -
Chaetomorpha gracilis 2 0.09 64.71 - -
Dictyosphaeria sp. 2 0.09 01.18 - - -
Bryopsis pennatula 1 0.04 00.61 - -
Cladophora aokii 1 0.04 08.83 - - -
Total samples with Chlorophyta 14 0.61 80.65 4 0.31 93.82
Red algae (Rhodophyta)
Hypnea sp. 5 0.22 59.93 5 0.39 48.27
Ceramium tenerrimum - 0.08 05.00
Gelidium sp. 1 0.04 00.23 - - -
Actinotrichia fragilis 2 0.09 00.43 - - -
Laurencia sp. 3 0.13 36.23 - -
Acanthophora spicifera 3 0.13 00.20 - - -
Leveillea jungermannioides 7 0.30 06.53 - -
Total samples with Rhodophyta 12 0.57 25.03 5 0.39 48.26
Brown Algae (Ochrophyta)
Dictyota sp. 1 0.04 80.00 4 0.31 48.00
Padina sp. 1 0.04 47.57 - - -
Feldmania sp. 2 0.09 27.35 - - -
Total samples with Ochrophyta 3 0.13 52.65 4 0.31 48.00
Seagrass (Tracheophyta)
Halophila ovalis 5 0.22 33.46 3 0.23 74.63
Halodule uninervis 15 0.65 31.61 1 0.08 32.95
Total samples with Tracheophyta 16 0.70 41.85 3 0.23 94.57
Terrestrial Plant
Avicennia marina - - - 2 0.15 100.0
Total samples with terrestrial plants - - - 2 0.15 100.0

FOi frequency of occurrence, PAi prey-specific abundance (%), and n number of lavage samples in which
the diet item was found. Note that each sample may have contained more than two different food species

within any particular food group

and H. ovalis, the red algae Hypnea sp. and Laurencia sp.,
and the green alga Chaetomorpha gracilis. At DW, turtles
showed a slight preference for the green alga U. lactuca.
Other preferred food items at DW were the seagrass H. ova-
lis, the red alga Hypnea sp., cotyledons of A. marina, and
the brown alga Dictyota sp.

Discussion
Food resources of the area
Seaweeds, the primary dietary constituents for the juvenile

green turtles (Fig. 3; Table 2), are not permanently abun-
dant around Qeshm Island (Fig. 1), as they exhibit marked

seasonality (Fatemi et al. 2012; Kokabi et al. 2016), which is
common for seaweed stocks within the wide-ranging temper-
atures of the Gulf (see John and George 2003). Seagrasses,
another preferred food for green turtles (Fig. 3; Table 2),
are present in both DB and DW (UNEP-WCMC and Short
2018), but are sparse and patchily distributed. Studies evalu-
ating marine plant resources of the area recorded no abun-
dant seagrass community at any of the sites (e.g., Behzadi
et al. 2011 and Yaghubzadeh et al. 2014). A similar pattern
occurs among seagrass communities in many other parts of
the Persian Gulf, generally because of the environmental
extremes (i.e., high salinities and wide-ranging and high
temperatures). However, in many parts of the Iranian coast-
line (Fig. 1), the paucity of seagrass is because shallow bot-
toms lack suitable substrate (Phillips 2003; Erftemeijer and

@ Springer
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Fig.3 Graphical representation of feeding habits of juvenile green
turtles in the eastern Persian Gulf. Food items are indicated by
squares (Filled square) for turtles from Dolphins’ Bay (DB, the open
sandy-rocky bottomed habitat; n=23) and by triangles (Filled tri-
angle) for turtles from Dokohak Birds’ Wetland (DW, the sheltered
muddy-bottomed habitat; n=13). All food items are identified with
a two-letter label: AF Actinotrichia fragilis; AM Avicennia marina;
AS Acanthophora spicifera; BP Bryopsis pennatula; CA Cladophora
aokii; CG Chaetomorpha gracilis; CT Ceramium tenerrimum; DSI
Dictyota sp.; DS2 Dictyosphaeria sp.; FS Feldmania sp.; GS Gelid-
ium sp.; HO Halophila ovalis; HS Hypnea sp.; HU Halodule unin-
ervis; LJ Leveillea jungermannioides; LS Laurencia sp.; PS Padina
sp.; UC1 Ulva compressa; UC2 U. clathrata, and UL U. lactuca. The
axes of the explanatory diagram (upper right corner): (1) prey impor-
tance (preference), (2) feeding strategy, and (3) the phenotype con-
tribution to the niche width (high between-phenotype component or
high within-phenotype component). Isolines represent different food
abundance values. Dominant food items are indicated by larger font
size

Shuail 2012), and abundant seagrass meadows are limited
to few isolated, soft-bottomed shallow areas like Nayband
Bay (CHM 2017). In contrast, there are vast shallow areas
with soft sediments along the southern and western Arabian
coasts of the Persian Gulf, where abundant seagrass mead-
ows can be found (Phillips 2003; Erftemeijer and Shuail
2012). For example, shallow waters of U. A. E. (Fig. 1) host
roughly 5660 km? of seagrass beds, which amounts to more
than 80% of all seagrass beds of the Persian Gulf (Erftemei-
jer and Shuail 2012).

The mangrove A. marina was also among the preferred
diet items of green turtles from the muddy-bottom site,
DW, where, although no natural mangrove habitat is pre-
sent, there are a few small patches of A. marina planted
by the local government. However, there are vast mangrove
stands along Iranian coastline of the Persian Gulf, of which

@ Springer

the largest is Hara Biosphere Reserve (area ~824 km?) lying
near DW at the north of Qeshm Island (Zahed et al. 2010). It
would be interesting to conduct similar studies in these areas
to compare diet strategies between turtles with and without
access to significant mangrove resources.

Remarks on the lavage technique

Although the lavage technique is a rapid procedure that can
be completed within 10 min for each turtle (Forbes and Lim-
pus 1993), this approach has logistical hurdles (e.g., suf-
ficient time, infrastructure, and personnel) that can limit its
application, particularly in rustic field conditions. In the pre-
sent study, limited time allotments for lavage efforts allowed
us to carry out the procedure for an average of five to six
turtles per day (a total of 58 juveniles in the 9 days of field
working). Additional turtles were captured, yet because we
gained access to all entrapped turtles almost at the same time
each field day (during spring low tide), it was not possible to
conduct measurements and lavage on all turtles within the
2-h time limit prior to release.

Another aspect affecting the utility of lavage is the depth
at which water flushing occurs. Both gastric (deeper) and
esophageal (shallower) lavage have been applied to the
study of wildlife (Silvy 2020); however, sea turtle research-
ers often prefer esophageal lavage, as this is less invasive
(e.g., Seminoff et al. 2002; Lépez-Mendilaharsu et al. 2005,
2008, and Amorocho and Reina 2007). Yet, because con-
sumed foods only remain in the esophagus for a limited
time, this approach typically results in smaller sample vol-
umes (Arthur and Balazs 2008) or sometimes no sample, if
all food has passed to the stomach. In this study, only the
esophagus was flushed, which like other similar studies (e.g.,
Amorocho and Reina 2007 and Nagaoka et al. 2012) yielded
small volumes of diet samples (mean wet weight=0.2 g).
We also conducted lavage on an additional 22 turtles, but
did not recover any foods, likely due to the reasons described
above. Nevertheless, our results yielded novel diet items and
provided important information about the types and rela-
tive amounts of prey consumed by local green turtles. We
encourage the application of esophageal lavage for future
study of green turtle diet, although we urge that such tech-
niques are performed as soon as possible after turtle capture.

Diet composition

In the feeding strategy diagram (Fig. 3), prey importance
increases along a positive-slope diagonal line (Amund-
sen et al. 1996), which means the items with higher PAi
and FOi values are more preferred (Table 2). The primary
dietary constituents for juvenile green turtles at both of
our study sites were green algae of the genus Ulva (Fig. 3;
Table 2), which is not surprising considering that Ulvaceae



Marine Biology (2021) 168:4

Page70f11 4

is the most abundant family of green algae along coastal
waters of Qeshm Island (Kokabi et al. 2016). Prior to
this study, consumption of Ulva sp. by green turtles in
the western Indian Ocean had only been reported from
an Arabian Sea feeding ground (Ross 1985). Outside the
region, Ulva sp. consumption by green turtles is wide-
spread, occurring in areas such as the western Atlantic
(Guebert-Bartholo et al. 2011; Coyne 1994) and eastern
Pacific (Seminoff et al. 2002; Carrion-Cortez et al. 2010).

Two seagrass species, Halodule uninervis and Haloph-
ila ovalis, were also among the preferred food items for the
turtles (Fig. 3). In the only previous report on green turtle
diet in the Persian Gulf, Hasbin et al. (2000) examined 13
dead-stranded adult green turtles (CCL > 89 cm) recovered
at a seagrass meadow in Ras Al Khaimah of U.A.E., which
is very close to our study region, but on the other side of
the Strait of Hormuz. The authors found a specialized for-
aging strategy with H. uninervis and H. ovalis comprising
99% of stomach contents. Both of these, along with Hal-
ophila stipulacea, are the only seagrass species that can
tolerate environmental (i.e., water temperature) extremes
of the Persian Gulf (Erftemeijer and Shuail 2012). How-
ever, H. stipulacea is a rare seagrass in the area (Erftemei-
jer and Shuail 2012), which may explain its absence in the
dietary regime of Gulf green turtles (e.g., Hasbin et al.
2000; this study). Seagrass plays an important role in the
diet of green turtles in the Western Indian Ocean, and all
accessible reports have recorded seagrass as part of their
diet, as either the main food item (i.e., Yemen: Hirth et al.
1973; Seychelles: Frazier 1984, Stokes et al. 2019; and
Comoro Archipelago: Frazier 1985, Ballorain et al. 2010)
or among preferred food items (i.e., Oman: Ross 1985;
Ferreira et al. 2006. and Iran: this study).

The red alga Hypnea sp., which was also a preferred
food item at both sites (Fig. 3; Table 2), had previously
been reported in the diet of green turtles from the Western
Indian Ocean (Oman: Ross 1985; Seychelles: Stokes et al.
2019), although in trace amounts only. Hypnea spp. have
been reported as primary food for green turtles at several
Pacific foraging habitats (e.g., Lopez-Mendilaharsu et al.
2005; Arthur and Balazs 2008; Arthur et al. 2009; and
Carrion-Cortez et al. 2010).

Three preferred food items in this study have not previ-
ously been reported in the diet of green turtles in the West-
ern Indian Ocean, including the brown alga Dictyota sp.
and cotyledons of the mangrove A. marina in DW, and the
red alga Laurencia sp. in DB (Fig. 3; Table 2). However,
outside the region, all these three have been reported as
primary food items for foraging green turtles (Laurencia
spp. [Garnett et al. 1985], Dictyota spp. [Carriéon-Cortez
et al. 2010; Sampson et al. 2017], and A. marina [Limpus
and Limpus 2000]).

In addition to cotyledons, other mangrove plant parts have
also been found in green turtle diets, including leaves (Naga-
oka et al. 2012; Pendoley and Fitzpatrick 1999; Limpus and
Limpus 2000), roots/shoots (Pritchard 1971; Carrién-Cortez
et al. 2010), and fruits (Amorocho and Reina 2007). How-
ever, here only mangrove cotyledons were encountered. Had
more turtles been subjected to esophageal lavage technique,
or had lavage efforts occurred more rapidly upon turtle cap-
ture, it is possible that other mangrove parts would have
been encountered. Nevertheless, our results further under-
score the value of mangrove plants as a dietary resource
for green turtles, and provide the first example of mangrove
consumption in the Western Indian Ocean.

Feeding habits

In the feeding strategy diagram (Fig. 3), a negative-slope
diagonal line shows the between- and within-phenotype con-
tributions to niche width: a community with a high between-
phenotype component is comprised of different individuals
that are specialized on different resource types, whereas a
community with a high within-phenotype component con-
tains individuals that mostly utilize many resource types
simultaneously (Amundsen et al. 1996). High prey-specific
abundance (PA;) and low frequency of occurrence (FO,) of
most food items located at the upper left of feeding strategy
diagram (Fig. 3) indicate a juvenile green turtle community
with a high between-phenotype component. It suggests an
individual-level niche variation, meaning that juvenile green
turtles have a broad trophic niche (a generalist community)
with little or no overlap in resource use among individuals
(individual-level niche variation). Although this generalist
community adheres to a largely herbivorous diet, our results
indicate a greater dietary diversity than previously described
for the region (Fig. 3; Table 2). Prior to this study, two other
studies also reported diverse diets for foraging green tur-
tles from the western Indian Ocean: Ferreira et al. (2006)
reported a mixture of gastropods, seagrass and seaweeds in
stomachs of ten dead-stranded adult green turtles from the
entrance of the Gulf of Oman; and Ross (1985) reported a
mixture of seagrass and seaweeds in stomachs of individu-
als from an Arabian sea feeding ground. All other studies
that examined diet of green turtles from the Western Indian
Ocean reported specialized diets dominated by seagrass
(e.g., Hirth et al. 1973; Hasbun et al. 2000; and Stokes et al.
2019).

Overcoming nutritional challenges
A well-nourished animal with higher energy reserves, which
presumably enhances survival, successful migration, and

reproduction, is assumed to be healthy, which is reflected
in good body condition (Stevenson and Woods 2006). Our
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results demonstrate that body condition of juvenile green
turtles residing in relatively food-poor habitats surround-
ing Qeshm Island is generally the same as green turtles of
similar size around the world (Table 3). This suggests local
turtles are not under-nourished despite the apparent food
shortage in the area. Similarly, at a Qatari coastal area at the
western Persian Gulf, where previously abundant seagrass
meadows had become degraded due to intense anthropogenic
coastal development, Pilcher et al. (2015) carried out laparo-
scopic examinations for juvenile green turtles and reported
that the animals were mostly healthy and well-nourished.
Data presented here, and by Pilcher et al. (2015), indicate
that Gulf juvenile green turtles can somehow overcome the
nutritional challenges of limited food resources. We believe
their ability to survive and flourish under these adverse con-
ditions might be led by two previously documented ecologi-
cal features of foraging green turtles.

The first is size-based habitat segregation led by differen-
tiation in food resources between the habitats; this happens
when large sub-adult and adult green turtles with higher
demand for food avoid food-limited habitats and aggregate
in areas with abundant vegetative resources (seeLOpez-
Mendilaharsu et al. 2005; Amorocho and Reina 2007; Koch
et al. 2007; Ballorain et al. 2010). Available data confirm
this pattern for Persian Gulf green turtles as well. For exam-
ple, in the shallow waters of U.A.E. with plentiful marine
plant resources, about 95% (135 out of 142) of all green
turtles collected by Hasbiin et al. (2000), and about 93%
(13 of 14) of those collected by Al-Ghais et al. (1998) were
large sub-adults and adults (CCL > 60 cm CCL). Further, in
one of the few isolated abundant seagrass meadows along
the Iranian coast of the Persian Gulf (CHM 2017), 17 green
turtles collected by Mobaraki et al. (2020) had a CCL mean
of about 70 cm. On the other hand, about 91% (93 of 102;
Fig. 2) of all foraging green turtles collected in our rela-
tively food-limited study area, and about 97% (73 of 75) of
all individuals collected by Pilcher et al. (2015) from the
degraded seagrass meadows of Qatar, were small juveniles
(CCL <60 cm). Moreover, 108 green turtles collected by
Mobaraki et al (2020) from Islands located at the strait of
Hormuz, the deepest part of the Persian Gulf, with lack of

shallow areas and abundant seagrasses (UNEP-WCMC and
Short 2018), had a mean CCL smaller than 60 cm, sug-
gesting they too were juveniles. These habitats, with many
smaller turtles and only a few sub-adults and putative adults,
are considered juvenile development foraging grounds. The
absence of the large turtles probably gives juvenile turtles
access to greater food resources.

The second noteworthy ecological feature of green turtles
is the ability of post-pelagic individuals to occupy a vari-
ety of dietary niches while recruiting from offshore pelagic
habitats to neritic juvenile development habitats (Bjorndal
1980). The variability in green turtle diet once recruiting
to near shore areas is probably possible because their gut
microflora, which aid in digesting vegetative foods (Bjorndal
1980), adapt to vegetative resources they encounter in the
new neritic habitats (Price et al. 2017). Such dietary niche
variation has been widely reported among foraging green
turtle communities (e.g., Bjorndal 1980; Brand-Gardner
et al. 1999; L6pez-Mendilaharsu et al. 2008; Reisser et al.
2013; Nagaoka et al. 2012; Thomson et al. 2018; and Mar-
tins et al. 2020). However, data from animal-borne video and
stable isotope analysis revealed that dietary niche may vary
not only at the population-level, but also at the individual
level (Burkholder et al. 2011; Vander Zanden et al. 2013;
Thomson et al. 2018), which is also demonstrated by the
graphical analyses of diet data in this study (Fig. 3). In addi-
tion to segregation from adults, the dietary niche variation
observed among juvenile green turtles in this study likely
increases feeding efficiency by reducing the number of tur-
tles sharing or competing for the same resources.

Conclusions and conservation implications

We found that coastal waters surrounding Qeshm Island at
the eastern Persian Gulf is primarily a developmental habitat
for juvenile green turtles, where individuals occupy vari-
ous dietary niches and collectively forage on different plant
resources, including seagrass, seaweeds and mangrove parts.
Despite perspectives that suggest the area has relatively lim-
ited benthic plant resources, body condition data demon-
strate that the juvenile turtles are healthy and well nourished.

Table 3 Fulton’s condition

. . . Mean Range Location Source
index values for juvenile
green tqrtl;es fromltilopi'cal and 1.33 0.62-2.57  Eastern Persian Gulf, northwestern Indian Ocean  This study
subtropical coastal habitats 1.42 1.03-2.19 A large bay in the Eastern Pacific Seminoff et al. 2003
around the world. All values are
estimated based on SCL 1.35 1.03-1.74 A mangrove channel in the Eastern Pacific Koch et al. 2007
1.38-1.49 0.80-3.16  Two reef habitats in the Eastern Pacific Sampson et al. 2014
1.3 0.77-1.71 Gulf of Mexico, western Atlantic Ocean Reintsma 2015
1.66 1.19-2.02 A bay in the northern Chile, Eastern Pacific Alvarez-Varas et al. 2017

For this study, the mean of the index was estimated as 1.14 based on CCL data, and 1.33 based on SCL

data

@ Springer



Marine Biology (2021) 168:4

Page9of11 4

This food sufficiency may be related to the absence of large
sub-adult and adult turtles in the area, as well as diet varia-
tion among juvenile individuals, which allows the popula-
tion to more evenly distribute foraging pressure on available
foods in the area. Even so, the fact that green turtles are able
to persist and thrive in putative low-quality habitats indicates
their resiliency to suboptimal environmental conditions. The
intrinsic ability of green turtles to adjust dietary intake based
on food availability has been reported elsewhere (Russell
and Balazs 2009; Gama et al. 2016) and likely facilitates
their ability to live in conditions such as those present in
the Persian Gulf. Furthermore, the encounters with juvenile
green turtles with good body condition in our study high-
lights the fact that in the Persian Gulf, even habitats with
lower amounts of benthic primary producers play a vital
role in the lifecycle of green turtles, and should, therefore,
be considered as critical habitats for conservation programs.
Hence, we suggest that before conducting any proposed
coastal development project in the Persian Gulf, Environ-
mental Impact Assessments (EIA) clearly address how the
projects will limit and mitigate impacts to benthic commu-
nities, including seagrasses and seaweeds, to preserve food
resources for marine mega-herbivores.
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