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ABSTRACT

The spatial distribution and community struc-
ture of the fishes were studied at different
depths and sites along the Jordanian coast in
seagrass habitat. A total of 37,034 fishes were
counted representing 132 species belonging to
35 families observed during visual census in
three sites (average of 4741.6 fish per transect).
Out of the 132 species encountered, 5 species of
them including Neopomacentrus miryae Lethri-
nus borbonicus, Pseudanthias squamipinnis,
Lethrinus variegatus, Siganus rivulatus ac-
counted for 57.7% of all individuals. Fishes were
most abundant and significantly higher at 12 m
depths (mean N = 2889.6) in comparison with
shallow 6 m depth (mean = 1225.3 with (p =
0.0218). This may be attributed to many plank-
tivorous fishes that inhabit this depth such as P.
squampinnis, Paracheilinus octotaenia, Chromis
pelloura, Decapterus macarellus, and Cirrhila-
brus rubriventralis probably with high abun-
dance of plankton at 12 m depth than 6 m. The
number of species was significantly higher in
Phosphate Loading Berth (PLB; mean S = 54.7)
than in Hotels area site (HA; mean S = 12.8) with
(p = 0.0002) and Tala Bay site (TB; mean S = 31)
with (p = 0.0484). This may be due to higher hard
coral cover at Phophate Loading Berth.

Keywords: Fish Assemblages; Seagrass Habitat;
Gulf of Agqaba; Red Sea

1. INTRODUCTION

Seagrass beds are presumed to have a fundamental
role in maintaining fish populations by providing one or
more of the followings: a permanent habitat, allowing
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completion of the full life cycle, a temporary nursery
area for the successful development of the juvenile
stages, a feeding area for various life stages and/or a
refuge from predation [1,2]. The seagrass beds in the Red
Sea are found from mid-tidal level, on shores receiving
regular tides, to about 70 m depth [3]. They tend to be
concentrated in shallow water areas such as lagoons,
sharms (drowned wadi mouths), and mersas (shallow
embayments) because of the soft-bottom sediments
found in these areas [4]. The seagrass, Halophila stipu-
lacea has been described as generally having a wide
ecological range, growing from intertidal to depths of
greater than 50 - 70 m [5-8]. Eleven species of all the
seven known genera of seagrass have been reported in
the Red Sea [4]. Out of the six species reported in the
Gulf of Aqaba, only Halophila stipulacea, Halophila
ovalis and Halodule uninervis were found at the extreme
northern end of the Gulf of Aqaba [9,10]. They serve as
important nursery grounds for fish larvae and hosts sea
urchins and sea cucumbers [11]. In general, the commu-
nity is structurally and functionally complex.

The Red Sea Ichtyofauna is quite well known com-
pared to other parts of the tropical Indo-Pacific Ocean.
About 507 fish species have been recorded in the Gulf of
Aqaba [12]. The number of fish species recorded in the
Red Sea is about 1300 [13]. [14] reported Novaculichthys
macrolepidotus as a new record from the Gulf of Aqaba
inhabiting a seagrass Halodule uninervis at 2 m depth.

During the last four decades, the coral reefs of Aqaba
and Eilat undergone major changes resulting from in-
creasing impacts due to human activities [15,16]. Rapid
developments in Aqaba city during the past few years
have identified the pressure on coral reefs and seagrass
habitat including phosphate loading berth, toursistic pro-
jects, ports relocation and other anthropogenic activities.

The objective of this study was to carry out a thorough
fish survey at various sections of the Jordanian Gulf of
Agqaba within an area distinguished for its seagrass. The

OPEN ACCESS


mailto:m.khalaf@ju.edu.jo

518 M. A. Khalaf et al. / Natural Science 4 (2012) 517-525

main aim of this study was to describe the fish commu-
nity structure in the area.

2. MATERIAL AND METHODS
2.1. Site Description

The Gulf of Agaba (180 km long, 20 km wide) is a
semi-closed sea with many unique natural and physical
features. It is geographically isolated by the narrow Strait
of Tiran. While much of the Gulf is deep (>1800 m), the
northern sector has a relatively shallow shelf adjacent to
the major population centers. The Jordanian coast (27 km)
is fringed by discontinuous belt of reefs separated by
sandy bottoms that are usually covered by seagrass
meadows [17]. Three sites distributed along the Jorda-
nian coast (Figure 1) presenting seagrass meadows. The
Gulf is characterized by calm and clear water with diur-
nal tides in the range of less than one meter. Currents
specifically, and circulation generally, appear to be
largely wind-driven, with additional influence from tides,
density gradients, and evaporation [18,19].

2.2. Visual Census

All fish surveys were conducted by visual census tech-
nique with SCUBA following the basic protocol outlined
by [20]. In each site, three replicates of 50 m long
marked transect lines, were deployed parallel to the sea
shore at two different depths; one shallow (6 m) and one
deep (12 m). The replicates were laid sequentially with a
10 - 20 m distance separating them. In all cases, the ob-
server waited about 10 min before counting to allow the
fish to resume their normal behaviour. Subsequently, the

29.56

29.534

Agaba
29.54

Phosphate Loading
Berth (PLB)

= 29.47

JORDAN

N
©
N
i

Latitude (N

29.414

29.384

N
N
Y]
2935 01 2.3 ¢ Ska

3479 3482 34.85 3488 3491 3494 3497 35 3503
Longitude (E)

Figure 1. Location map of the northern tip of the Gulf of
Agaba showing fish survey transects at the three sampling sites
as follows: HA = Hotels Area, PLB = Phosphate Loading Berth,
TB = Tala Bay.
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observer swam along the transect and recorded all fishes
encountered within 2.5 m on each side of the line and 5
m above transect. The duration for the fish count on each
transect was approximately 40 - 50 min. The surveys of
benthic habitat at each visual census were conducted in
by the line-point intercept method [21,22]. Three sea
grass meadows sites distributed along the Jordanian coast
(Figure 1) and have various types of benthic habitat
were studied (Table 1).

2.3. Statistical Analysis

All statistical analyses used to examine the data were
as described by [23] and implemented via StatView
computer software. Fish abundance was described by
relative abundance (RA) and frequency of appearance
(FA), calculated as follows:

RA = Xt %100
Ya
where, Xi is the pooled average abundance of species i
from each depth and site, and Ya is the pooled average
abundance of all species from each depth and site

FA:EXlOO
Nt

where Ni is the number of transects in which species i
was present and Nt is the total number of all transects.
Species diversity (H') was calculated from the Shannon-
Weaver Diversity Index [24]:

H'=-X(pilnpi)

where pi is the proportion of all individuals counted that
were of species i. Species richness (d) was calculated
using Margslef’s index [25] as follows:
G
log(N)
where S is the total number of species, N is the total
number of individuals

3. RESULTS

3.1. Abundance and Frequency of
Appearance

A total of 37,034 fishes were counted in the present
study representing 132 species that belong to 35 families
with an average of 4741.6 fish per transect. The percent
number of species per family showed the following rank:
Labridae (19.70%), Pomacentridae (8.33%), Gobiidae
(6.06%) and Scorpaenidae, Apogonidae, Chactodontidae,
Blenniidae and Tetraodontidae (4.55%, each). These
eight families account for 56.82% of the total species. In
terms of relative abundance per family the ichthyofauna
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Table 1. Listing of study sites and abbreviations with live substrate coverage (HC = hard coral, SC = soft coral, DC and R = dead
coral and rock, S = sand, SG = sea grass, others = other items which are not listed).

Site HC sC DCand R S SG Others
Hotels Area (HA) 1.2 0.4 23 24.6 71.1 0.4
Phosphate Loading Berth (PLB) 5.8 0.7 4.5 52.5 35.7 0.8
Tala Bay (TB) 3.2 3.1 7.6 15.1 69.8 1.2

showed the following rank: Lethrinidae (30.5%), Po-
macentridae (28.7%), Serranidae (15.4%), Siganidae
(6.8%), Labridae (5.0%), Nemepteridae (2.9%) and Ca-
rangidae (2.6%). These 7 families account for 90.0% of
the total population.

The most abundant species (Table 2) were Neopoma-
centrus miryae (23.7%), Lethrinus borbonicus (22.7%),
Pseudanthias squamipinnis (15.3), Lethrinus variegatus
(7.8%), Siganus rivulatus (6.2%), Scolopsis ghanam
(2.9%), Decapterus macarellus (2.6%), Cirrhilabrus
rubriventralis (2.5%). These eight species made up
83.8% of the total population. Frequency of appearance
(Table 2) suggest that the most common species were
Dascyllus trimaculatus (72.2%), P. squamipinnis, Paru-
peneus forsskali and Pomacentrus trichorous (60%,
each), Coris caudimaculata and Pteragogus pelycus
(55.6%, each).

Number of species ranged from eight species per tran-
sect in HA in transect No. 3 to 61 species in transect No.
3 in PLB with an average of 29.8 species per transect
(Table 2). The number of fish individuals ranged from
83 to 5087 individuals at HA in transect No. 3 at 12 m
with an average of 2057.4 fish per transect (Table 2).
The average species richness ranged from 1.17 at St. 3 in
HA at 12 m to 7.23 in PLB at 12 m with an average of
3.9 (Table 2). Shannon-Wiener diversity index ranged
from 0.5 at St. 3; in BB at 6 m1 to 2.76 in PLB with an
average of 1.4 (Table 2).

3.2. Site Fish Distribution

At the HA the results indicated that the most abundant
species were L. borbonicus (54.9%), L. variegatus (18.67%),
S. ghanam (6.9%), D. macarelus (6.2%), and rivulated
rabbitfish S. rivulatus (3.6%), and C. rubriventralis
(3.4%). These five species made up 90.3% of the total
population within North Beach site.

N. miryae, was the most abundant species at the PLB,
representing (71.3%) of the total fish population fol-
lowed by P. squamipinnis (4.4%), P. trichourus (3.5%),
Chromis pelloura (3.1%), the coral reef species P. octo-
taenia (2.5%). These five species made up 84.8% of the
total fish population.

At the TB, the most abundant fish species were P.
squamipinnis (54.6%), S. rivulatus (18.6%), C. rubriven-
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tralis (4.4%), C. pelloura (3.1%), and Sargocentron dia-
dema 2.9%. These five species made up 82.8% of the
total population.

The number of species (S) was significantly higher in
PLB (mean S = 45.7) than in HA site (mean S = 12.8)
with (p = 0.0002) and TB site (mean S = 31.0) with (p =
0.0484). Also, the species richness was significantly
higher in PLB (mean d = 6.1) than in HA site (mean d =
1.6) with (p < 0.0001) and TB site (mean d = 4.1) with
(p = 0.0251). Whereas, number of individuals and
Shannon-Wiener diversity Index did not show any sig-
nificant differences between the three sites (Figure 2,
Table 3).

3.3. Depth Fish Distribution

The most abundant fish species at 6m deep transects
were N. miryae (38.1%), followed by P. squamipinnis
(23.5%), L. borbonicus (9.2%), S. ghanam (4.9%),
Cheilodipterus novemstriatus (3.1%), L. variegatus, and
P. trichorous (2.7%, each). These 7 species made up
84.2% of the total fish population. Whereas, the most
abundant species at 12 m deep transects were L. bor-
bonicus (28.5%), followed by N. miryae (17.6%), P.
squamipinnis (11.9%), L. variegatus (10.0%), Siganus
rivulatus (8.8%), D. macarellus (3.7%), and C. rubriven-
tralis (3.6%). These 7 species made up 84.1% of the total
fish population.

The number of individuals (N) was significantly
higher in 12 m deep transects (mean N = 2889.6) than in
6 m deep transects (mean N = 1225.3) with (p = 0.0218).
Whereas number of species, species richness and Shan-
non-Weiner Diverssity Index did not show any signifi-
cant difference (Figure 3, Table 3).

4. DISCUSSION

A comprehensive description of the fish community
structure in the seagrass benthic habitats in the Jordanian
coast of the Gulf of Aqaba is presented in this study. A
comparison of differences between the fish assemblages
in relation to depth was also made. Out of 507 species of
fish present in the Jordanian coast [12], this study indi-
cate the presence of 132 fish species (26%) inhabiting
shallow water in 3 sites only.

The Hotels Area (HA) site is dominated by economi-
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Table 2. Frequency of apperance (FA) and Relative abundance (RA) values for each fish species at the three sites along the Jordanian
coast of the Gulf of Aqaba.

Fish species FA RA Fish species FA RA
Gymnothorax griseus 27.78 0.02 Teixeirichthys jordani 27.78 0.04
Gymnothorax sp.1 11.11 0.01 Anampses lineatus 11.11 0.02
Pisiodonophis cancrivorus 5.56 0.00 Anampses twistii 16.67 0.01
Saurida gracilis 16.67 0.01 Bodianus anthioides 11.11 0.01
Synodus variegatus 44.44 0.08 Cheilinus trilobatus 27.78 0.05
Trachinocephalus myops 5.56 0.00 Cheilinus diagrammus 11.11 0.02
Myripristis murdjan 5.56 0.00 Cheilinus mentalis 50.00 0.14
Neoniphon sammara 5.56 0.01 Cheilio inermis 11.11 0.01
Sargocentron diadema 33.33 0.77 Coris caudimacula 61.11 0.38
Fistularia commersonii 5.56 0.01 Coris variegata 11.11 0.01
Aeoliscus punctulatus 11.11 0.03 Cirrhilabrus rubriventralis 38.89 2.52
Corythoichthys flavofasciatus 5.56 0.00 Gomphosus caeruleus 16.67 0.05
Corythoichthys schultzi 38.89 0.10 Hemigymnus fasciatus 5.56 0.00
Trachyrhamphus bicoarctatus 16.67 0.02 Hologymnosus annulatus 5.56 0.01
Dendrochirus brachypterus 22.22 0.03 Labroides dimidiatus 55.56 0.06
Inimicus filamentosus 22.22 0.02 Larabicus quadrilineatus 27.78 0.02
Pterois miles 38.89 0.10 Macropharyngodon bipartitus 11.11 0.01
Pterois radiata 2222 0.02 Oxycheilinus orientalis 27.78 0.16
Scorpaenopsis barbata 5.56 0.00 Paracheilinus octotaenia 38.89 1.12
Scorpionopsis sp. 11.11 0.02 Pseudocheilinus evanidus 16.67 0.03
Cephalopholis hemistiktos 11.11 0.01 Pseudocheilinus hexataenia 16.67 0.01
Epinephelus fasciatus 22.22 0.02 Pteragogus cryptus 5.56 0.00
Variola louti 11.11 0.01 Pteragogus pelycus 61.11 0.25
Pseudanthias squamipinnis 66.67 15.33 Stethojulis albovittata 5.56 0.01
Pseudanthias taeniatus 11.11 0.01 Thalassoma rueppellii 22.22 0.05
Pseudochromis fridmani 2222 0.06 Thalassoma lunare 27.78 0.06
Pseudochromis olivaceus 16.67 0.01 Xyrichtys pentadactylus 5.56 0.00
Pseudochromis pesi 5.56 0.01 Calotomus viridescens 33.33 0.08
Pseudochromis springeri 22.22 0.03 Leptoscarus vaigiensis 3333 0.34
Apogon aureus 5.56 0.01 Scarus ghobban 5.56 0.01
Apogon cyanosoma 55.56 0.31 Chlorurus gibbus 5.56 0.01
Apogon exostigma 11.11 0.01 Scarus psittacus 16.67 0.13
Cheilodipterus lachneri 16.67 0.03 Parapercis hexophtalma 27.78 0.02
Cheilodipterus macrodon 16.67 0.03 Aspidontus taeniatus 5.56 0.01
Cheilodipterus novemstriatus 50.00 1.27 Ecsenius aroni 5.56 0.01
Decapterus macarellus 11.11 2.57 Ecsenius frontalis 11.11 0.02
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Continued

Caesio suevica 5.56 0.12 Ecsenius gravieri 11.11 0.01
Scolopsis ghanam 61.11 2.92 Meiacanthus nigrolineatus 44.44 0.24
Gerres oyena 27.78 1.07 Plagiotremus rhinorhynchos 5.56 0.00
Diagramma pictum 5.56 0.01 Amblyeleotris steinitzi 5.56 0.01
Lethrinus borbonicus 33.33 22.72 Amblygobius albimaculatus 50.00 0.07
Lethrinus variegatus 27.78 7.81 Asterropteryx semipunctatus 22.22 0.02
Lethrinus sp. 5.56 0.01 Bryaninops natans 5.56 0.08
Mulloidichthys flavolineatus 11.11 0.06 Gnatholepis anjerensis 33.33 0.17
Parupeneuscy clostomus 11.11 0.01 Gobiodon citrinus 5.56 0.02
Parupeneus forsskali 66.67 0.27 Istigobius decoratus 16.67 0.04
Parupeneus macronema 50.00 0.72 Vanderhorstia sp. 5.56 0.00
Upeneus tragula 27.78 0.42 Acanthurus nigrofuscus 38.89 0.11
Chaetodon auriga 5.56 0.00 Ctenochaetus striatus 27.78 0.04
Chaetodon austriacus 2222 0.03 Zebrasoma veliferum 5.56 0.01
Chaetodon fasciatus 5.56 0.01 Zebrasoma xanthurum 5.56 0.01
Chaetodon paucifasciatus 38.89 0.06 Siganus luridus 27.78 0.59
Heniochus diphreutes 22.22 0.05 Siganus rivulatus 16.67 6.21
Heniochus intermedius 22.22 0.03 Bothus pantherinus 16.67 0.01
Apolemichthys xanthotis 11.11 0.01 Pardachirus marmoratus 5.56 0.00
Centropyge multispinis 11.11 0.01 Sufflamen albicaudatum 38.89 0.05
Amblyglyphidodon flavilatus 5.56 0.03 Paramonacanthus pusillus 2222 0.02
Amphiprion bicinctus 50.00 0.11 Pervagor randalli 11.11 0.01
Chromis dimidiata 38.89 0.12 Ostracion cubicus 27.78 0.02
Chromis pelloura 27.78 1.84 Arothron hispidus 22.22 0.02
Chromis ternatensis 16.67 0.12 Arothron stellatus 5.56 0.00
Chromis weberi 16.67 0.04 Canthigaster coronata 55.56 0.09
Dascyllus marginatus 50.00 0.74 Canthigaster margaritata 50.00 0.11
Dascyllus trimaculatus 72.22 0.51 Canthigaster pygmaea 5.56 0.00
Neopomacentrus miryae 3333 23.68 Torquigener flavimaculosus 3333 0.38
Pomacentrus trichourus 66.67 1.50 Cyclichthys spilostylus 27.78 0.02

Table 3. P-values of number of species (S), number of individuals (N), species richness (d) and Shannon-Wiener diversity (H') be-
tween two depths 6 and 12 m and between sites (TB = Tala Bay, HA = Hotels Area, PLB = Phosphate Loading Berth).

6mvs12m HA vs PLB TB vs PLB TB vs HA
S 0.1159 0.0002 0.0484 0.0178
0.0218 0.6029 0.6207 0.3163
D 0.1908 <0.0001 0.0251 0.0102
H' 0.3540 0.3229 0.3013 0.9620
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Figure 3. Average number of species, average number of individuals, average species
richness and average Shannon Wiener Diversity Index at 6m and 12 depths in the

studies sea grass sites.

cally important fish species such as L. borbonicus, L.
variegatus, D. macarellus and S. rivulatus. Those species
are known to live in such habitat [26]. The fish observed
during the study were mostly juvenile which support the
assumption that seagrass beds can serve as a nursery area
for the successful development of the juvenile stages [1].
Seagrass beds play significant role in harboring juveniles
of various commercial fish (e.g. Lethrinids, Siganids and
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Mullids) and many of these critically important to local
fisheries. Similar results were also reported in the Waka-
tobi Marine National Park, Indonesia by [27]. Availabi-
lity of food, shelter and protection from predators within
the seagrass lattice contribute to the nursery functions of
these habitats. Hence, understand well the contribution of
seagrass beds to coastal fisheries in terms of fish distri-
bution, species composition and spawning seasons. This
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site can support the fishery stock along the Jordanian
coast. In light of future developments in the area and the
consequences of the constructing various sea based fa-
cilities including the Red Sea canal project. This site
should be taken into consideration as high valuable habi-
tat for the fish community in the Gulf of Aqaba including
the commercial fish species and its consequences on the
fishermen community in the city of Aqaba. Teixeirichthys
jordani, Jordan’s damselfish is of considerable impor-
tance in term of conservation. This species is reported
only at the northern site and not present elsewhere along
the Jordanian coast [12].

The coral reef fishes along the Jordanian coast are
dominated by Pomacentridae, followed by Anthininae
(subfamily of Serranidae) and Labridae [28]. Visual cen-
suses of fish assemblages in this study revealed the
dominance of Lethrinidae, followed by Pomacentridae,
Serranidae, Siganidae and Labridae.

The number of species was significantly higher in sea
grass sites that has more coral cover than in seagrass site
with lower coral cover, which indicate close relationship
between the two habitats and that they might exchange

fish species among each others [29] with low coral cover.

This could be attributed to a higher abundance of shel-
ter and food resources present in coral reef habitats. A
review of literature describing fish habitat correlation
from various regions of the world presents a convincing
positive relationship between structural complexity and
reef fish diversity in the Caribbean [30,31] and in the
Great Barrier Reef [32]. Reef associated fishes, due to
their behavior are extremely affected by the character-
istics of the reef habitat. Several studies have shown
that the species diversity, abundance and biomass of the
fish community are positively correlated with the struc-
tural complexity of the substrate and the live benthic
cover, which influence the fish community structure via
feeding inter-action [33]. In this study, there was an
evidence of the habitat characteristics effect on the
number of species and species richness in the various
types of habitat along the Jordanian coast of the Gulf of
Agqaba.

The number of individuals in the HA site was higher
than the other two sites. This is probably due to the
closeness of the northern site to the site of the fish cages
in the neighboring Israeli border, where plenty of nutrient
support the food chain in the area [34].

The 12 m deep transects in the seagrass habitat had the
highest fish abundance compared with the shallow
depths at 6m within the same habitat. Similar results
were found by [35] when he examined differences in fish
assemblages in deep and shallow margins of the seagrass
Posidonia oceanica beds and reported significantly more
fishes in deep seagrass than shallow. [36] found high
correlation of the fish community with depth in the
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northern tip of the Red Sea. Many planktivorous fishes
are abundant at this depth such as, P. squampinnis, P.
octotaenia, C. Pelloura, D. macarellus, and C. rubriven-
tralis probably in relation with a high abundance of
plankton at this depth. Depth influences the composition
and distribution of fish communities within tropical reefs
[37,38]. At 12 m depth, the most abundant species in
seagrass habitat were L. borbonius, L. variegatus, a typi-
cal generalist that feeds on a variable diet on crustaceans,
echinoids, mollusks as well as small fishes [26]. A group
of 11 species of herbivorous grazing fish belonging to the
families Acanthuridae, Scaridae and Siganidae was stud-
ies in the area. Some of those were more abundant in
12 m deep such as: S. rivulatus and S. luridus. The T.
jordani is restricted to the Northern Beach site. Although,
C. pelloura was mentioned to be present at depths
greater than 30 m [39], in this study it was found at 12 m
depths. This research stresses the major role of the habi-
tat and depth in shaping the community structure.
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