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Yu. Ya. Latypov

A.V. Zhirmunsky Institute of Marine Biology FEB RAS, Vladivostok, Russia

Abstract This article deals with the history and repeated studies of reef and coral communities of the Gulf of Tonkin and
Central Vietnam of a quarter of a century ago and now, based on published and unpublished materials. The state of affairs in
the study reef-building scleractinian corals and reefs of this region is represented. Revealed high riches scleractinian includes
191 species. We researched species composition the degree of substrate coverage by hermatypic and soft corals. Clear
vertical zonation identified in the change of the various communities in macrobenthos. The dominance of massive Porites on
almost all reefs of this region is due to their ability to survive in stressful for many corals. They predominate over other
scleractinian for the productivity of organic matter, the degree of substrate coverage and species diversity. They also
constitute the reef skeleton, play a significant role of the expansion of its area in the muddy bottom oexhibit high similarity in
coral species composition to other regions of Vietnam, and form a single complex of species of the equatorial Indo-Pacific.
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1. Introduction

The Gulf of Tonkin, called Bac Bo by the Vietnamese,
cuts deep into the continent. In the west, it borders on the
eastern Indo-Chinese coast; in the east, it borders on the
western coast of Lai Chau Peninsula and Hai Nam Island.
The shallowness of the gulf and peculiarities of its bottom
relief are of special importance. The depths of the gulf and
adjacent parts of the South China Sea do not exceed 100 m.
The northern part of the gulf is a shallow-water area
confined with a 50-m isobaths in the south. The western
coast of the gulf borders on a wide water strip with a depth
below 50 m.

The bottom of the gulf is plain and is covered with soft
ground dominated by silts and silty sands with shell
fragments and organogenous matter. The central groove of
the bottom, confined with 50- to 60-m isobaths, is covered
with silty and clayey ground. Due to the shallowness of the
gulf, the water is rapidly warmed up to 29-32°C in summer
and cooled to 16°C in winter [1, 2]. A huge continental
runoff occurring via numerous rivers flowing into the gulf
plays an important role in its hydrological regime. Thus, the
Red River alone brings into the gulf as much as 137 billion
m3 of fresh water and 116 million tons of suspended matter
every year [3]. The river waters desalinate the water in the
western and northwestern parts of the gulf to 26-31%o and

* Corresponding author:

Itpv@mail.ru (Yu. Ya. Latypov)

Published online at http://journal.sapub.org/ije

Copyright © 2015 Scientific & Academic Publishing. All Rights Reserved

form a constant runoff current with a salinity of 21 - 22%o,
running along the western coast southward [1]. The daily
amount of matter accumulated in the water column
constitutes 25-60 g/m” while the daily amount of matter
settling out onto the bottom varies between 16-100 g/m’. In
typhoons, these values increase tens of times [4-6]. The
Gulf of Tonkin features regular daily tides up to 3-4 m in
height and strong tidal currents with a speed of 1.5-2, and
sometimes three, knots.

Bays along the coast and islands of the Central Vietnam
are usually open and sandy, subject to the effect of wind.
Their underwater slopes are formed by rubble-lump
breakdowns mostly of granite rocks, turning with depth into
stony deposits and further into sandy-silty platforms. A big
Bung River, bringing daily thousands of tons of fresh and
highly silted water, flows into the sea opposite the Ku Lao
Cham Islands. This continental outflow can be especially
great in the periods of heavy floods and typhoons, under the
influence of the reefs could be completely destroyed (7).
Such peculiarity of coastal geomorphology and hydrology of
this region has an effect on formation of its sparse reefs.

The first data on the fauna of the Gulf of Tonkin with a
reference to several scleractinian and gorgonian coral species
were obtained by an expedition aboard the RV "De
Lanessan" [8]. In the late 1930s, Dawydoff in Ha Long Bay
undertook some investigations. The results were included in
Dawydoff list of bottom invertebrates of Indochina [9]. The
list and general remarks on the distribution of separate
animal groups gave one a clear insight into the peculiarities
of the Vietnamese fauna. However, Dawydoff report, as well
as that by Serene, contained limited data on the corals of the
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Gulf of Tonkin, namely, as few as some 20 generic and
specific names from different cnidarian groups.

In the 1980-2012s, intense systematic studies of the Gulf
of Tonkin and Central Vietnam coral communities were
performed in the course of joint expeditions by the Institute
of Marine Biology (Far East Branch of the Russian Academy
of Science), Haiphong Institute of Oceanology (Vietnamese
Academy of Science and Technology) and the WWF in
1992-1993. Over several years, ten expeditions were
performed in which 61 reefs in different regions of the gulf
were studied. In addition to studying, the marine flora and
fauna composition, geomorphological, ecological, and
biochemical, studies were performed addressing both the
reef ecosystem as a whole and the structure of its constituent
communities. The research efficiency was increased
considerably due to using SCUBA diving. The results of
these studies were published in a series of reports and
scientific papers [10-17].

2. Materials and Methods

Using SCUBA, we investigated the composition,
distribution of scleractinian corals and structure of
communities in reef zones at seven (four studied earlier and
two new control ones) sections in sandy and stony inlets and
near rocky coasts (Figure 1). Investigations were carried out
in accordance with the standard hydrobiological technique
using quadrats and transect [18]. Abundance of branched,
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massive, encrusted and funnel shaped scleractinian colonies,
as well as the degree of substrate cover by corals were
estimated along a 100 m transect frame divided into 100
squares with the area of 10 cm’ each. Similarity level of
different communities was determined by the Serensen’s
similarity parameters using software program STATISTICA
6.0. Photographing of reef landscapes, and their flora and
fauna was conducted. More than 500 photos by Olympus and
Canon digital cameras were made for later analysis of
species composition [19] and structure of community.

3. Results and Discussion

The data obtained allowed high diversity of reef-building
scleractinian (see Table). This is not only indicative of the
high diversity of coral species in the region studied but also
enables their faunistic comparison with the reefs of other
parts of the South China Sea. The studied reefs and those of
the other regions of Vietnam and the South China Sea have
55-65% common species. 60, 4% corals are distributed on all
reefs. The coral faunas of the Gulf of Tonkin and the Gulf of
Thailand share more than two-thirds of the species (Figure 2).
The high diversity of corals in these regions, as well as in the
most of the Indo-Pacific reefs, is mainly due to the diversity
of acroporids, comprising 28.5% of the coral species
composition and forming monospecific settlements, often
occupying a considerable proportion of the reef areas
[20, 21].

Table 1. List of species some regions of Vietnam

. Gulf Central Gulf of South
Species . . . K
of Tonkin Vietnam Siam Vietnam
Stylocoeniella quenteri Basset-Smith, 1834 + + - +
Psammocora contigua (Esper, 1797) + + + +
P. profundacella Gardiner, 1898 + + + +
P. superficialis Gardiner, 1898 + + - +
P. nierstraszi Van der Horst, 1922 + - + +
P. digitata Edwards & Haime, 1851 + + - +
Pocillopora damicornis (Linnaeus, 1758) - + + +
P. verrucosa (Ellis & Solander, 1786) - + - +
P. eydouxi Dana, 1846 - - - +
Stylophora pistillate (Esper, 1897) - + + +
Seriatopora hystrix Dana, 1846 - + + +
Madracis kirbyi Veron & Pichon, 1976 - + + +
Acropora robusta (Dana, 1846) - + - +
A. danai (Edwards & Haime, 1860) + + + +
A. nobilis (Dana, 1846) - + - +
A. formosa (Dana, 1846) + + + +
A. microphthalma (Verrill, 1869) + + + +
A. valenciennesi (Edwards & Haime, 1860) + + + +
A. glauca (Brook, 1891) + + - +
A. grandis (Brook, 1891) + + + +
A. acuminata (Verrill, 1864) + + - +
A. aspera (Dana, 1846) + + + +
A. hyacinthus (Dana, 1846) - + + +
A. cytherea (Dana, 1846) + + + +
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A. austera (Dana, 1846)

A. pulchra (Brook, 1891)

A. millepora (Ehrenberg, 1834)
selago (Studer, 1878)

yongei Veron & Wallace, 1984
bushyensis Veron & Wallace, 1984
lutkeni Crossland, 1952

humilis (Dana, 1846)

digitifera (Dana, 1846)
gemmifera (Brook, 1891)
divaricata (Dana, 1846)
samoensis (Brook, 1891)

cerealis (Dana, 1846)

nasuta (Dana, 1846)

lopires (Brook, 1891)

fiorida (Dana, 1846)

sarmentosa (Brook, 1846)

tenuis (Dana, 1846)

Astreopora ocellata Bernard, 1896
A. myriophthalma (Lamarck, 1816)
Montipora tuberculosa (Lamarck, 1816)
M. monasterina (Forskal, 1775)

M. turtlensis Veron & Wallace, 1984
M. spongodes Bernard, 1897

M. undata Bernard, 1897

M. venosa (Ehrenberg, 1834)

M. danae (Edwards & Haime, 1860)
M. turgescens Bernard, 1897

M. caliculata (Dana, 1846)

M. hispida (Dana, 1846)

M. australiensis Bernard, 1897

M. informis Bernard, 1897

M. aequituberculata Bernard, 1897
M. digitata (Dana, 1846)

M. nodosa (Dana, 1846)

M. viethamensis
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Povona cactus (Forskal, 1775)

P. clavus (Dana, 1846)

P. decussata (Dana, 1846)

P. explanulata (Lamarck, 1816)
Leptoseris mycetoseroides Wells, 1954
L. hawaiiensis Vaughan, 1918
Pachyseris rugosa (Lamarck, 1851)

P. speciosa (Dana, 1846)
Pseudosiderastrea tayamaiYabe & Sug., 1936
Coscinarea columna (Dana, 1846)
Fungia fungites (Linnaeus, 1758)

F. corona Doderlein, 1901

F. granulosa Klunzinger, 1879

F. danai Edwards & Haime, 1851

F. valida Verrill, 1864

Halomitra pileus (Linnaeus, 1758)
Herpolita Umax (Houttuyn, 1772)
Sandalolitha robusta (Quelch, 1884)
S. dentata Quelch, 1884

Polyphyllia talpina (Lamarck, 1801)
Lithophyllon undulatum Rehberg, 1892
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L. mokai Hoeksema, 1989

L. bistomatum Latypov, 1995
Podobacia Crustacea (Pallas, 1766)
Porites lobata Dana, 1846

P. solida (Forskal, 1775)

.P murrayensis Vaughan, 1918

P. australiensis Vaughan, 1918

P. lutea Edwards & Haime, 1858

P. stephensoni Crossland, 1952

P. densa Vaughan, 1918

P. rus (Forskal, 1775)

P. mayeri Vaughan, 1918

P. limosa Dana, 1846

P. lichen Dana, 1846

P. mordax Dana, 1846

Goniopora stokesi Edwards & Haime, 1851
G. lobata Edwards & Haime, 1860

G. columna Dana, 1846

G. djiboutiensis Vaughan, 1907

G. stutchburyi Wells, 1955

G. tenuidens Quelch, 1886

Alveopora allingi Hoifmeister, 1925
Barabattouia mirabilis Yabe & Sugiyama, 1941
Favia stelligera (Dana, 1846)

F. favus (Forskal, 1755)

F. speciosa (Dana, 1846)

F. pallid (Dana, 1846)

F. amicorum (Edwards & Haime, 1850)
F. matthai Vaughan, 1907

F. rotumana (Gardiner, 1899)

F. laxa (Klunzinger, 1879)

F. maxima Veron & Pichon, 1977

F. lizardensis Veron & Pichon, 1977

F. maritima (Nemenzo, 1971)

Favites chinensis (Verrill, 1866)

F. abdita (Ellis & Solander, 1786)

F. flexuosa Dana, 1846

F. complanata (Ehrenberg, 1834)

F. pentagona (Esper, 1795)

F. halicora (Ehrenberg, 1834)
Goniastrea favulus (Dana, 1846)

G. retiformis (Lamarck, 1816)

G. aspera (Verrill, 1865)

G. pectinata (Ehrenberg, 1834)

G. palauensis (Yabe, Sugiyama & Eguchi, 1936)
Platygyra daedalia (Ellis & Solander, 1786)
P. lamellina (Ehrenberg, 1834)

P. sinensis (Edward & Haime, 1849)

P. pini Chevalier, 1975

Austmlogyra zelli (Veron, Pichon & Best, 1977)
Oulophyllia crispa (Lamarck, 1816)
Hydnophora exesa (Pallas, 1766)

H. microconos (Lamarck, 1816)
Oulastreacrispata (Lamarck, 1816)

O. alta Nemenzo, 1959

Leptastrea purpurea (Dana, 1846)

L. transversa Klunzinger, 1879
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L. pruniosa Crossland, 1952

L. bottae (Edwards & Haime, 1849)

L. bewickensis Veron, Pichon & Best, 1977
L. inaequalis Klunzinger, 1879
Plesiastrea versipora (Lamarck, 1816)
Cyphastrea serailia (Forskal, 1775)

C. chalcidicum (Forskal, 1775)

C. microphthalma (Lamarck, 1816)
Montastrea curta (Dana, 1846)

M. valensiennesi Edward & Haime, 1849
Echinopora lamellosa (Esper, 1795)

E. gemmacea (Lamarck, 1816)

Galaxea astreata (Lamarck, 1816)

G. fascicularis (Linnaeus, 1797)
Lobophyllia hemprichii (Ehrenberg, 1834)
L. corymbosa (Forskal, 1775)

L costata (Dana, 1846)

L. hattai Yabe, Sugiyama & Eguchi, 1936
Lobophyllia sp. 1

Symphyllia recta (Dana, 1846)

S. radians Edward & Haime, 1849

S. valenciennessi Edward & Haime, 1849
5. agaricia Edward & Haime, 1849

S. hassi Pillai & Scheer, 1976
Echinophyllia aspera (Ellis & Solander, 1786)
E. echinata (Saville-Kent, 1871)

E. orphensis Veron & Pichon, 1979
Oxypora lacera (Verill, 1864)

Merulina ampliata (Ellis & Solander, 1786)
Mpycedium elephantotus (Pallas, 1766)
Pectinia lactuca (Pallas, 1766)

P. paeonia (Dana, 1846)

Cynarina lacrymalis (Edward & Haime, 1848)
Turbinana peltata (Esper, 1794)

T. frondens (Dana, 1846)

T. reniformis Bernard, 1896

T. mesenterina (Lamarck, 1816)

T. crater (Pallas, 1766)

T. radicalis Bernard, 1896

T. stellulata (Lamarck, 1816)

T. bifrons Bruggemann, 1877
Dendrophyllia japonica Rehberg, 1892
sphaerica Nemenzo, 1981

cornigera (Lamarck, 1816)

aculeata Latypov, 1990

gracilis Edward & Haime, 1848

horsti Gardiner & Vaughan, 1939
arbuscula Van der Horst, 1922
laboreli Zibrowius & Brilo, 1984
Tubastrea aurea (Quoy & Gaimard, 1833)
T. coccinea (Ehrenberg, 1834)

T. micranthus (Ehrenberg, 1834)

T. diaphana (Dana, 1846)

Balanophyllia cummingii M.-E. & H., 1848
B. stimpsoni Verrill, 1865

Culicia stellata Dana, 1846
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Explanation and figures legend
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Figure 1. Schematized map of the Gulf of Tonkin and Ku Lao Cham Islands (Central Vietnam), the areas surveyed triangles and 1-6 - location of transects
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Figure 2. Dendorgam resulting from clasterin similalarity coefficient between species composition of corals in different reefs of the some areas Vietnam
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Figure 3. Major reef profiles and the distribution of common species of macrobenthos. I — enclosed bay of island, Il — mainland and island capes. 4 + C —
algal-coral community, 4. ct. Acropora cytherea facies, M. aq —facies, S. d + S. tr — Sinularia dura and Sarcophyton trochelioforum soft coral community

These waters are cooled to 16-18°C, silted to 100 g/m’ per
day, and freshened to 28%o. The reefs in the Gulf of Tonkin
are thus exposed to conditions far from optimum for reef
formation. However, the continuously arriving suspended
matter does not settle out directly onto the coral settlements
because of the huge integral water exchange and intense
roiling [4, 5]. Water silting and eutrophication resulted in
changes in the structure and composition of reef
communities via the reduction or elimination of certain coral
species [22]. As a result, instead of acroporids, typical for the
majority of other reefs, the communities of the reefs of the
Gulf of Tonkin are dominated by poritids and faviids, which
form the framework of the reefs. These peculiarities make
the reefs of the Gulf of Tonkin unique.

One of the peculiarities of the Gulf of Tonkin and Central
Vietnam reefs is the major role massive colonies play in the
formation of the reef framework. These colonies are mainly
formed of Porites species, occurring throughout the littoral
to reef slope zones. Different Porites species form large
colonies up to 2.5 m in diameter and over 1 m in height or
groups of colonies of different sizes with a coral density of
18-25 spec/m” and projective coverage of up to 80%. As a
rule, Porites species predominate in the reef flat, especially
in its inner part, and in the reef slope, where they often form
microatolls [23-27]. Massive Porites are observed to
predominate and form continuous settlements under similar
conditions off Singapore and in the Gulf of Thailand, the
Great Barrier Reef (Australia), and the eastern coast of
Africa [28-32].

Another peculiarity of the studied reefs is the uniqueness
of their morphological zonality and the way of the formation
of the organogenous reef framework. The vertical zonality of
the composition and structure of a reef community is
strongly pronounced; however, typical reef zones such as
lagoon, reef front, and reef flat are occasionally difficult to
distinguish.  Reefs  featuring  certain  classifiable
geomorphological elements are called structural [33], as
distinct from developing reefs, that lacking special structural
features and are called coral communities, specialized
settlements or unstructured reef [30].

The abundance of poritids was accounted for by their
ability to secrete a firm mucous covering and start

reproduction 1-2 months earlier than other coral species.
These peculiarities favor their better adaptation to water
eutrophication, overheating, and desalination under stressful
conditions of silted shallow water [34-39]. Massive colonies
of poritids and faviids-one of major bioproducents under the
local conditions-not only form the reef framework but also
play a considerable role in the expansion of the reef area.
Both biotic and abiotic factors cause the erosion of coral
colonies, resulting in the passive colonization of vacant
bottom areas by colony fragments. In zone of the reef slope
base, a new, now organogenesis, substrate is formed, which
is subsequently inhabited by both corals and other phyto- and
zoo benthos species.

These factors are important for the Gulf of Tonkin and
partly for Central Vietnam, a shallow-water gulf with the
predominance of soft ground and a limited availability of
solid substrate off shore. As compared to other reefs of
Vietnam and many reefs of the Indo-Pacific, the reefs of the
Gulf of Tonkin are characterized by a peculiar composition
and structure of the reef communities. These reefs develop
under complex hydrobiological conditions. In addition, they
are situated in a populous area and constitute constant food
and, because of increasing tourism, financial sources for the
local people. Thus, they may be and must be used as a model
in the research on the conservation and recovery of reefs
subject to stressful conditions and anthropogenic
contamination.

The distinctive feature of Central Vietnam reefs is forming
communities of soft corals in a large part of the reef (Figure
3). A community of soft corals Sinularia dura +
Sarcophyton trochelioforum was formed at a depth of 4 - 15
m with the width of 20 - 80 m. It was typical for open capes
and inlets with rocky and large-lump substrate. Dominating
alcyonarian S. dura occupied up to 40% - 75% of substrate
surface. Patches of combined colonies of the corals
Acropora cytherea and Montipora aequituberculata with
plate troche colonies up to 3 m diameter were met in shallow
parts of the community. Despite domination of soft corals in
substrate cover, species diversity was ensured by
scleractinian distributed in all part of the community.
Acroporidae and branched Poritidae were the most frequent
in its shallow part.
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In 2010, it was established that the reefs of these islands
were lost after the Sangshen typhoon and a heavy flood,
which happened in 2006. As a result of these natural
phenomena a significant part of coral populations was
physically destroyed, and a powerful ex-port of clay
substances from the nearest Vietnamese coast and from the
Bung River, flowing into the sea opposite the Islands,
causing abundant sedimentation and death of almost all the
remaining scleractinian corals (Figure 4). Replacement of
the former scleractinian-alcyonarian community by a mono-
dominant alcyonarian has occurred. Patches of alcyonarian
settlements with the area up to several tens of square meters
are distributed on all hydrobiological sections. At some
transects they form compact settlements with 100% substrate
cover for hundreds of square meters (Figure 5).

Figure 4. Physical destruction and covering Acropora mono-colony with
sediments

Figure 5.
trocheliophorum

A mono-colony of the

alcyonarian  Sarcophytum

4. Conclusions

The general pattern of formation of benthic communities

in the investigated area is largely predictable. As a rule, these
are coral populations separating into several biocoenoses
(zones, facies) dominated by individual species or groups of
species of alcyonacean and more rarely scleractinian. The
degree of species similarity of communities is 40-70%, and it
somewhat decreases in algal-coral communities. The species
composition of corals from different communities shows the
smallest range of values for the degree of similarity (from 60
to 76% of species in common). The greatest differences in
the degree of similarity were found for macrophytes (from
13.2 to 58.7%), which were due to different habitat
conditions in a calm, shallow lagoon with the richest algal
community and on the reef slope with an increased wave
regime. The fore-reef platform and the lagoon are
characterized by a many-fold difference in depth.
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