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Abstract

The genus Caulerpa (Chlorophyta), a coenocytic marine macroalgae, consists of about 75 species of tropical to
subtropical siphonous green algae. Caulerpa species inhabit the intertidal and shallow subtidal region along the
coast of Iraniansouth. The aim of this research was the taxonomic and florestic study of the genus Caulerpa in
the southern coast of Iran due to the abundance of this genus, as well as the importance of this genus in terms of
food and especially its antioxidant and anti-bacterial properties. In a survey conducted from Febriary 2015 to
January 2016, we found seven species as Caulerpa cupressoides (vahl.) C. Agardh, C. peltata (Lamouroux), C.
racemose (Forskkal) J. Agardh, C. fastigiataMontagne, C. scalpelliformis (Turner) C. Agardh, C. sertularioides
(S.G.Gemelin.) Howe;C. taxifolia (Vahl) C. Agardh. In conclusion, a little study is known about the diversity of
this genus along the coast of Iran, and this study can at least partly be attributed to the complex systematics of

the genus, which is characterized by considerable morphological plasticity.
Keywords: Caulerpa; Distribution; Iran; Taxonomy.
1. Introduction

Caulerpa (Chlorophyta, Caulerpales) or Briopsidophyceae [1] is one of the most distinctive algal genera,
identifiable solely on the basis of its habit (growth form) and internal morphology [2]. All species and
subspecies of Caulerpa live in marine temperate environments, but some can thrive in brackish lagoons [3,4].
Reports vary on the number of Caulerpa species from 70 [5] to approximately 100 [6], most of which inhabit
warm waters. Genus Caulerpa are common in intertidal and subtidal zones of tropical and subtropical warm
waters throughout the world [7,8,9,10].

* Corresponding author.
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Species among this genus are primarily classified, according to the morphological characters. Caulerpa species
has ant nociceptive and anti-inflammatory activities [11]. Iran has coastal lines about 1260 Km along the Persian
Gulf and Oman Sea. The Persian Gulf extended from the Hormoz Island in the south to Shatt Al-Arab in the
north. Persian Gulf is a shallow epi-continental sea that formed during the late Pliocene period. Information
about the marine flora of the southern coasts is very scarce in the literature. The first reports about marine algae
of the Persian Gulf by Endlicher and Deising [12] describing 6 phaeophyceae. Bgrgesen (1939) [13] described
103 species from seashores of Bushehr and Kish Island. More recent information was provided by Sohrabipour
and Rabei [14,15] describing 153 species of marine algae from coastal lines of Iranian Islands and Hormozgan
Province, and reported only 3 Caulerpa species in the Bandar-Lengeh and Qeshm Island (2004, 2005), and as
well as, Rohani and his colleagues [16] published 4 species of Caulerpa in this area. Gharanjik and Abkenar
[17] reported 5 species of Caulerpa in Sistan and Baluchestan province.The southern shores are important
because the people that live along these coastal lines are fishermen who get their income mostly from the
sea.The habit is typified by a creeping horizontal stem called a rhizome that produces tufts of colorless rhizoids
downward and photosynthetic branches or fronds (assimilators) upward [2]. These units, called metameres [18],
can potentially regenerate new ramets after a frond or stipe is cut. Gametogenesis involves migration of
cytoplasm into unspecialized gametangia where it is transformed into anisogamous gametes [19].The creeping
rhizomes typically exhibit indeterminate growth [20]. Photosynthetic assimilators assume many different forms,
often with rows or whorls of leaf-like pinnules. Most species are well defended against large grazers by a suite
of toxic compounds [21]. Yet some taxonomically perceived species exhibit rampant morphological plasticity
and ill-defined taxonomic boundaries. Variability in growth forms and in the photosynthetic performance of
Caulerpa species seem to be related to substrate, light intensity, and water motion [20,22]. Sectional division
among taxa [23,24] is predominantly supported by differences in assimilator morphology. These assimilators,
however, can be highly plastic and seem under strong control of the environment [25,26]. The purpose of this
study is to identify the diversity of Caulerpa in the Persian Gulf and Oman Sea and to provide a sound
reference, workable key for the identification of these species. The Persian Gulf is a shallow sea, which
experiences very high annual variation in seawater temperature [27,28,29]. These extreme physical conditions
impose stress on the scleractinian corals [30] which results in severe competition for space and light with
Caulerpa which seasonally overgrows the Porites-dominated reefs [27]. So far, a little study is known about the
diversity of the genus along the coast of Iran. This can at least partly be attributed to the complex systematics of
the genus, which is characterized by considerable morphological plasticity (Fig. 1).
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Figure 1: Thallus structure on the Caulerpa species.
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The aim of this research was the taxonomic and florestic study of the genus Caulerpa in the southern coast of
Iran due to the abundance of this genus, as well as the importance of this genus in terms of food and especially
its antioxidant and anti-bacterial properties. On the other hand, due to the complexity of morphology and
taxonomy of this genus, Sometimes it has a problem. The widespread distribution of this algae on the southern
coast of Iran sometimes leads to a decrease in the growth of other aquatic plants and seaweeds that can be
examined. Therefore, it is better to carry out further research for several consecutive years and complete

sampling of the entire southern coast of Iran.

2. Materials and Methods

Specimens of Caulerpa were collected from 11 localities between the Sistan va Baluchestan, Bandar-Lengeh
province and Qeshm Island during the month of July 2016 to January 2017 (Fig. 2).Whole thalli were collected
on reef flats at low tide from a variety of habitats down to 3 m depth. Collected samples were fixed in 4%
formaldehyde, and the remainder was dried on herbarium sheets. The morphological characters used for analysis
were lamina, stipe, stolon, rhizoid, thalli tall. The rhizoids were immersed in a 5% solution of phosphoric acid to
remove the sand. Specimens were studied using a Stemi 2000-C Zeiss stereo microscope and photographed with
a Canon Power shot G6 camera. Identification of samples were based on the following taxonomic references:
[31;13;32;33;34,35;36;38;37;39;40].

\

Figure 2: Study area and localities of collection for Sargassum along the Persian Gulf and Oman Sea seashore
of Iran. Sistan va Baluchestan province (61° 30" N, 25° 14" E); Bandar Lengeh (54° 52" N, 26° 32" E); Qeshm
Island (55° 23" N, 26° 34" E)

3. Results

Key to species of Caulerpa from Iranian southern coasts

1- Erect branches feather like and bearing short branchlets or ramuli of other form 2
1- Erect branches not feather like and bearing short branchlets or ramuli of other form 4
2- Ramuli in the form of flattened to compressed pinnules or cylindrical teeth 3
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2- Ramuli in the form of flattened, distichously arranged pinnules

3- Ramuli in the form of distichouse-pinnatly arranged/compressed teeth

3- Ramuli in the short form, upcurved, cylindrical, distichous to tristrichously

4- Ramuli peltate

4- Ramuli clavate or with spherical head or short and spinous

5- Spherical head of the ramuli not less than 2 mm in diameter

5- Spherical head of the ramuli not above

C. sertularioides

C. taxifolia

C. cupressoides

C. peltata

C. racemosa

6- Algae light green, coenocytic with prostrate rhizomes with ramuli cylindrical, incurved upwards C. fastigiata

6- Algae dark green, consisting of horizontally branched stolon, erect foliar branches with toothed edges

C. scalpelliformis

Description of Caulerpa species

Division: Chlorophyta

Class: Chlorophyceae

Order: Bryopsidales

Family: Caulerpaceae

Caulerpa fastigiata Montagne

Montagne, 1837: 353 [41]; Gilbert, 1942:9; 1961 [25] [42], 436; Reyes, 1976: 154. PI. 8. Figs. 1, 2 [43]

Thalli filiform, forming thick mats on rocks and sand, to 26 mm high, the terete, creeping stolon with laxly

branched, filiform rhizoids borne at the end of descending filaments, branches to 1 mm long with obtuse or

rounded apices (Fig. 3a).

Ecology: The algae usually grow in the middle portions of intertidal zone on rock or sand substrate. Distribution

is more or less in the Hormozgan and Bandar lengeh (Narmtanan and Sadaf Park) province.

Caulerpa peltata Lamouroux

Tseng 1984 [37], 282: pl. 140, Fig.3; Gavino and Trono, 1999 [40], 35: Fig. 21; Coppejans and his colleagues

2004 [44], 2984.
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Thalli small, spreading slender stolons sparingly provided with erect foliar branches above and rhizoidal
branches below, growing on lower intertidal coral reefs covered with sand or sandy-muddy substrate. Erect
branches about 1-2 cm in high, bearing one to several peltate branchlets consisting of a slender pedicle 1-2 mm
long (Fig. 3b).

Ecology: The algae usually grow in the middle portions of intertidal zone on rock or sand substrate. Distribution

is more or less in the Hormozgan and Sistan va Baluchestan (Pozm, Chabahar and Tang) province.

Caulerpa cupressoides (Vahl.) C. Agardh.

Tseng 1984 [37], 280: Fig. 4, pl. 139; C. Agardh, 1823 [45]:441; Reyes, 1972 [36]:142; 1976: 155, pl. 8: Fig. 7.,
Gavino and Trono, 1999 [40], 31: Fig. 18; Coppejans and his colleagues 2004 [44], 2980, Fig. 14; Keppner,
2005 [46], 15, Fig. 7.

Thalli forming extensive colons, with branching stolons several decimetes in length, forming stout descending
rhizoid-bearing branches below and erect foliar branches above, growing on sandy lagoon floor. foliar branches
simple or branched, with terete or slightly compressed rachis, to 1.5 mm in diameter in larger plants, bearing
multiseriate or occasionally pinnate, upcurved, compressed, seminaviculate, ovoid, conical, sometimes linear
branchlets, to 2 mm long, not exceeding 0.5 mm at the widest portion, with cuspidate or mucronate tips (Fig.
3c).

Ecology: The algae usually grow in the middle portions of intertidal zone on rock or sand substrate. Distribution

is more or less in the whole Bandar Lengeh and Sistan va Baluchestan province.

Caulerpa racemosa (Forsskal) W.v. Boss

Tseng 1984 [37], 282: pl. 140, Fig.4; J. Agardh, 1873 [23]:35-36.;Gilbert, 1946 [35]: 78.;Velasquez, 1953
[47]:100; Menez, 1961 [48]: 51; Taylor, 1966 [50]:350; Reyes, 1972 [36]: 142; Trono, 1972 [38]: 96; 1973:
218; Trono and Tuazon, 1978 [50]: 3; Cordero, 1978 [51]: 280., Gavino and Trono, 1999 [40], 36: Fig. 22.;
Coppejans and Meinesz 1988 [32]: 191, Figs 22, 23; Littler and Littler 2003 [52]: 226, p. 227; Coppejans and
his colleagues 2004 [44], 2985; Keppner 2005 [46], 11, Fig. 5. Thalli wide-spreading, with long, coarsely
branching stolons, becoming densely entangled in old colonies, with stout rhizoid-bearing branches below.
Consisting of few erect branches, simple or branched, bearing clavate, turbinate, spherical, hemispherical or
discoid ramelli, which are stipitate or substipitate, having obtuse or flattened tips; ramelli distichously,
multiseriately or imbricately arranged on terete rachis; creeping stolon terete, with short or long descending
branches, giving off branched rhizoids at the ends. Erect foliar branches often much crowed on the stolons,
growing on middle intertidal rocky-corally substrate. Erect branches 1-9 cm high, the branchlets on them
generally not crowded, irregularly disposed or opposite, or sometimes bilateral, generally clavate on a short

pedicl, the globular summit 1-2 mm diameter (Fig. 3d).

Ecology: The algae usually grow in the middle portions of intertidal zone on rock or sand substrate. Distribution

is more or less in the Bandar Lengeh and Sistan va Baluchestan (Pozm, Tang and Chabahar) province.
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Caulerpa scalpelliformis (Turner) C. Agardh.

C. Agardh, 1823 [45]:443 ; Keppner 2005 [46], 16, Fig.8

Recognized forms and varieties (as listed in Guiryand Dhonncha 2004)

Caulerpa scalpelliformis var. denticulata (Decaisne) Weber-van Bosse

Caulerpa scalpelliformis var. intermedia Weber-vanBosse

Caulerpa scalpelliformis f. dwarkensis Bgrgesen

Caulerpa scalpelliformis f. denticulata (Decaisne)Svedelius

Caulerpa scalpelliformis f. intermedia (Weber-vanBosse) Svedelius

Thalli dark green in color, consisting of horizontally branched stolon. The erect branches simple, flat and long.
Erect foliar branches generally with toothed edges tapering toward the tip. Main branches 10-15 cm in high and
1-1.5 cm in width (Fig. 3e). It closely resembles C. taxifolia but can be distinguished by the form of its
branches, which are curved towards the interior in the latter and straight in the former. The rachis of the fround

is quite dominant and thicker than the pinnules

Ecology: The algae usually grow in the middle portions of intertidal zone on rock/sand or soft mud substrate.

Distribution is in the whole Sistan va Baluchestan province.

Caulerpa sertularioides (S.G.Gmelin.) Howe

Tseng,1984 [37], 284: pl. 141, Fig.2; Gilbert, 1946 [35]:78; 1961 [25]:441; Menez, 1961 [48]: 52; Taylor, 1966
[49]: 351; Reyes, 1972 [36]:143; Trono, 1972 [38]: 96; Cordero, 1978 [51]: 280; Coppejans and Meinesz, 1988
[32]: 192, Figs 29; Coppejans and Beeckman 1990 [53], 120, Figs. 26, 27; Littler and Littler 2003 [52]: 232, p.
233; Coppejans and his colleagues 2004 [44], 2987, Fig. 16; Keppner 2005 [46], 18, Fig. 11.

Recognized forms (as listed in Guiry and Dhonncha 2004)

Caulerpa sertularioides f. longipes (J. Agardh) Collins

Caulerpa sertularioides f. brevipes (J. Agardh) Svedelius

Caulerpa sertularioides f. longiseta (Bory de Saint-Vincent) Svedelius

Caulerpa sertularioides f. corymbosa W. R. Taylor

Caulerpa sertularioides f. farlowii (Weber-van Bosse) Bgrgesen
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Caulerpa sertularioides f. flagellata (Weber-van Bosse) Weber-van Bosse

Caulerpa sertularioides f. umbellata (Weber-van Bosse) Svedelius

Thalli wide-spreading with coarse, naked, branching stolons, forming erect foliar branches above and stout
rhizoid-bearing branches below, creeping on middle to lower intertidal coral reefs covered with sand. Stolon
elongation length for C. sertularoides growing in deep water ranging from 0.93 to 1.92 cm Erect foliar branches
flat, simple, rarely proliferous, to 4 cm high, stalk to 3 mm long; and bearing regularly placed, long, linear-
cylindrical pinnules, to 5 mm (Fig. 3f). Ecology: The algae usually grow in the middle portions of intertidal
zone on rock/sand or soft mud substrate. Distribution is more or less in the whole Bandar Lengeh and Sistan va

Baluchestan province and Qeshm lIsland.

Caulerpa taxifolia (Vahl.) C. Agardh

Tseng, 1984 [37], 284: pl. 141, Fig.3, Gavino and Trono, 1999 [40], 42: Fig. 25; Coppejans and his colleagues
2004 [44], 2988.; Keppner, 2005 [46], 7, Fig.3. Thalli with wide-spreading naked stolons, forming erect foliar
branches above and rhizoid-bearing branches below, growing on lower intertidal sand or sandy rocks. Erect
branches often closely together, with stalks 1-2.5 cm long, simple or sparingly branched. The branchlets sickle-
shaped, about 5 mm long and 1 mm broad, flat linear-oblong to linear, regularly oppositely pinnate, usually
markedly upwards, strongly compressed, contracted at the base, tapering toward the tip and mucronate (Fig. 3g).
Ecology: The algae usually grow in the middle portions of intertidal zone on rock/sand or soft mud substrate.
Distribution is more or less in the Sistan va Baluchestan (Jood and Gowatr) province, Bandar Lengeh and

Qeshm Island.

Caulerpa pelfara

Canlerpa sertnlariodes
Canlerpa scalpelliformis -

L f”/_ .

- Camierpa raxifoiia

Figure 3: The habitate and morphology of Caulerpa species of Iranian seashores.
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4, Discussion

Persian Gulf and Oman Sea are richness from seaweeds especially green algae. This study will provide the
baseline data for future studies on economic importance of Caulerpa species diversity in the southern coasts of
Iran. The most of observed Caulerpa species in Iran were reported in the neighbor country as Pakistan, India,
Bahrain, Kuwait and Saudi Arabia. Among of determined species, C. sertularioides; C.racemose, C.
cupressoides and C. taxifolia showed the highest frequency and density in the most stations. These field
observations indicated that assignment of some specimens to one of the forms is difficult, especially when two
growth forms occur on the same stolon or branchlets. It is unclear which environmental factor induces the
development of one of these morphologies.C. taxifolia has been cultivated in aquariums of Europe since the late
1960s [5]. A particularly cold tolerant strain of C. taxifolia, the Mediterranean strain, was first noticed in the
wild, off the Mediterranean coast, in 1984 [5], and this species was also found growing off the southern
Australia coast [54].

Taylor [55] states about Caulerpa racemose; this famous, ubiquitous tropical species is among the most variable
in its variable genus. This variability has been confirmed by many studying this genus in any part of the world.
Weber-van Bossc [24] describes a huge number of varieties and forms, but most of the authors also mention
intermediate growth forms. In spite of the morphological plasticity of C. racemosa, fieldwork proves that the
present of a certain “variety” is linked to a kind of habitat [56]. Growth of C. racemosa has been shown to
increase as density increases, but to a lesser degree than with C. taxifolia that these results was resemble to
Piazzi and Ceccherelli 2002. In general, C. taxifolia and C. racemosa occur together, C. racemosa will be the
favored species as observation of Piazzi and Ceccherelli 2002. C. cupressoideshas demonstrated the ability to

grow rapidly under tolerable conditions [57].

5. Conclusion

This study concluded that seven species of Caulerpa identified which it provide the baseline data for future
studies on economic importance of Caulerpa species diversity in the southern coasts of Iran. Also,
morphological variability might be due to environmental factors. More experiment about the influence of
salinity, hydro dynamism, emersion time, on the habit of C. racemosa might prove even more relationships
between ecological factors and morphology of this species. So, taxonomic study of Caulerpa specices can be
contribute to the species richness of the country and maintain the country's genetic reserve. Therefore, it is
better to carry out further research (phylogeography, phylogeny and molecular reserch) for several consecutive
years and complete sampling of the entire southern coast of Iran.

6. Recommendations

-Performing molecular and phylogenic studies to complete the algal flora of this genus.

-Performing ecological studies to optimize the growth condition of algae.

-Performing phytochemical and pharmaceutical studies on this genus.
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