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ABSTRACT

This study provides the first systematic overview of the marine algal diversity reported from field surveys along the Hai Van
- Son Cha coastline in Central Vietnam. The updated checklist includes a total of 134 species belonging to 22 orders, 36
families, 63 genera of 4 phyla, providing an important baseline for future monitoring and research. The taxonomic adjustments
reflect the need to periodically review the nomenclature to track the changes in the classification. The differences in the species
reported in each survey indicate the need to expand the field surveys. The biodiversity models provide clues about the factors
affecting the marine algal diversity along this coastal area. The application of emerging molecular tools can significantly
enhance the inventory of the marine algal diversity of Hai Van - Son Cha in the future. The updated checklist can serve as a
useful reference for future research and conservation actions for the marine biology of Hai Van - Son Cha and other areas of

Vietnam.
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Introduction

Nestled along the central Vietnamese coast, the Hai Van - Son
Cha is a remarkable Marine Protected Area (MPA) designated
for its exceptional biodiversity and ecological significance. Hai
Van - Son Cha, strategically positioned between distinct north-
ern and southern biogeographic zones, exhibits a fascinating
overlap of species originating from differing climatic regions.
Its biogeographic position allows unique opportunities to in-
vestigate ecological and evolutionary processes shaping species
distributions, adaptations, and interactions along this biogeo-
graphic boundary. This area encompasses a mosaic of diverse
ecosystems, including lagoons, sandy shores, rocky shores, sea-
grass beds, coral reefs, and islands. The diversity of intertidal

and subtidal habitats has nurtured rich marine life with 1084
marine species belonging to 537 genera, 238 families, 31 classes,
designating Hai Van - Son Cha as one of Vietnam's first 16
marine protected areas in 2014 (Nguyen et al. 2023, Yet and
Tien 2004). This mixing of distinct biotas creates a fascinating
blend of species that support abundant. These unique envi-
ronmental and ecological characteristics of Hai Van - Son Cha
offers exceptional research value in terms of marine science.

A key component of this rich biodiversity is the marine
macroalgae. These conspicuous, multicellular algae play a pivotal
role as ecosystem engineers, shaping the ecological processes
that underpin the health and function of coastal waters (e.g.,
Corrigan et al. 2022, Cotas et al. 2023). Their diverse assemblage
directly influences primary production, the foundation of marine
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food webs, and facilitates crucial nutrient cycling processes, en-
suring the availability of essential elements for various organisms.
Additionally, their abilities of stabilizie sediments and carbon
storage are preventing coastal erosion and mitigating the detri-
mental effects of land-based activities. Furthermore, the archi-
tectural complexity of macroalgal assemblage provide a critical
structured habitat for a plethora of associated species, offering
refuge, breeding grounds, and a source of nourishment (Cotas
etal. 2023). Consequently, healthy and diverse macroalgal com-
munities contribute significantly to the overall ecosystem services
and maintaining the resilience of the coastal environment.

The significance of marine macroalgae is undeniable, re-
search efforts in Vietnam have primarily focused on taxonomic
identification basis of morphology mainly and biogeographical
distribution since the 1930s (Ho 1969), syntheses of contem-
porary data are lacking (e.g., molecular, SEM,..). While the Hai
Van - Son Cha region has been a strong point in the field of
phycological research for decades, the last comprehensive
survey was over 20 years ago (from 1970s-2004) (Yet and Tien
2004, Dam 2006). Since then, there have been no continual
advances in algal taxonomy and systematics conducted by new
field studies in Hai Van - Son Cha. Therefore, updated baseline
data on macroalgal species composition is critically needed.

Hai Van - Son Cha, there becomes even more important as
the area is a biodiversity hotspot, provides an invaluable natural
laboratory to examine complex ecological relationships and
dynamics between organisms and their environments across
multiple ecosystems (Do 2022, Long and Tuan 2014, Trung et
al. 2023). Documenting biodiversity in MPAs provides impor-
tant data for ecological, ecosystem and evolutionary research,
helps assess environmental impacts, develop management and
conservation strategies, and raise awareness of biodiversity,
education and support for sustainable development. This is not
only important for scientific purposes but also for long term
environmental and social benefits.

Therefore, the aims of this study are: (1) to systematically
review existing literature and compile an updated checklist of
marine macroalgae species reported from field studies along the
Hai Van - Son Cha coastline and (2) to highlight changes in
taxonomic nomenclature since past surveys and discuss biogeo-
graphic diversity patterns along this heterogeneous coastline.
Achieving these goals will establish a benchmark for assessing
long-term biotic changes through continued ecological moni-
toring and expanded biodiversity surveys in this vital conser-

vation area.
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Methods

Sites for investigation

The Hai Van - Son Cha Marine Protected Area (MPA) is
situated in central Vietnam, spanning from 108°04'09" to 108°
13'56" longitude and 16°1129" to 16°15'34" latitude. Encom-
passing an area of 10.265 hectares, the MPA boasts a remark-
ably diverse geography. Its northern border adjoins Thua Thien
Hue province at Lap An Lagoon, while the southern boundary
meets Da Nang City. The coastline is predominantly rugged,
with approximately 14 km of steep cliffs and rocky reefs. This
unique location at the confluence of northern and southern
biogeographic zones subjects the MPA to a temperate, humid
climate with mild winters and hot summers. The temperature,
humidity, rainfall, and semi-diurnal tidal regime all contribute
to the region's exceptional ecological diversity. The MPA en-
compasses a mosaic of ecosystems, including coral reefs, sea-
grass beds, intertidal zones, mangrove forests, rocky shores,
sandy beaches, and islands, providing habitat for a wide array of
marine life (Fig. 1).
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Fig. 1. Map showing the location of the Hai Van - Son Cha coastline.
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Data collection and treatment

To investigate the macroalgal diversity along the Hai Van - Son
Cha coastline, we searched Google Scholar (https://scholar.google.
com), Web of Science (https://clarivate.com/webofsciencegroup),
ScienceDirect (https://www.sciencedirect.com), Scopus (https://
www.scopus.com) and other online databases for published
studies that reported species lists and occurrence data from field
surveys in this area. We also reviewed historical taxonomic
studies. The last step was to obtain unpublished works such as
these for M. Phil. and Ph.D. and Technical Reports from uni-
versities and scientific institutions in Vietnam S&T publication
database (https://sti.vista.gov.vn). We selected the studies that
met the following criteria: (1) they were published in peer-
reviewed journals, conference proceedings, project reports, or
summary reports, (2) reported species lists from field collections
made along the Hai Van - Son Cha coastline, and (3) they fo-
cused on the Hai Van - Son Cha coastline. From the selected
studies meeting these criteria, the following data were extracted
into a database: species names, higher taxonomic classifications,
sampling locations along the coastline, years of collections, and
methodological details including habitats sampled. In total, five
studies published between 1992 and 2012 were reviewed.

Species names were updated to currently accepted names
and classifications using Guiry and Guiry (2024) and other
taxonomic databases. Synonyms and taxonomic changes were
noted. The updated checklist was summarized by higher taxa.
Unique and shared species between studies were assessed to
elucidate sampling completeness. Biogeographic patterns were
analyzed by comparing species distributions along the coastline.

The current taxonomic status and nomenclatural changes of
the taxa of interest have been considered following Algaebase
(https://www.algaebase.org/) (Guiry and Guiry 2024). Phyla,
class, orders, families, genera and species are alphabetically ar-
ranged. To classify the Hai Van - Son Cha algae flora, we have
applied Feldmann’s ratio [R/O] (number of species of Rhodo-
phyta/number of species of Ochrophyta) and Cheney’s ratio
[(R+C)/0O] in a similar manner to Feldmann’s but including
green algae (Cheney 1977, Feldmann and et Lami 1937) respec-
tively. These ratios indicate the position of macroalgae flora in
relation to tropical or subtropical.

Results

This systematic review synthesizes findings from five perti-
nent studies published between 1992 and 2006 (Yet and Tien

2004, Dam 2006), which report on the macroalgal diversity
observed during field surveys conducted specifically along the
Hai Van - Son Cha coastline. These studies encompassed 16
distinct sites along a stretch of approximately 25 km of shore-
line between Northern Hai Van and Son Cha. The methodologies
employed varied across the studies, including quadrat sampling,
line transects, and collections performed while snorkeling or
SCUBA diving, to survey intertidal and shallow subtidal habitats.
Complementing this, the assessment incorporates data from
additional studies conducted from 2012 to 2023 (Hoai et al.
2012, Cuong et al. 2015, Tran 2023), which documented research
samples of macroalgal species collected within the same marine
area. This dual approach ensures a robust and comprehensive
analysis of the region’s macroalgal diversity over an extended
period.

Across the five reviewed studies, an initial compilation yielded
the list of marine species belonging to four phyla including
Rhodophyta, Ochrophyta, Chlorophyta and Cyanobacteria re-
ported from Hai Van - Son Cha area. Based on the previous
studies, we have collected a total of 142 species from 23 orders,
38 families, 54 genera of 4 phyla. Among them, Rhodophyta has
recorded the highest species number (72 species), followed by
Ochrophyta (39 species), Chlorophyta (23 species) and Cyano-
bacteria (8 species). These data indicate the high biodiversity of
the study area, especially for red algae.

After updating the systematic classification according to the
current scientific names, the list has been revised with 134 species
from 22 orders, 36 families, 63 orders of 4 phyla. Compared to
the initial list, 9 species were removed due to duplication or
invalidity, and 10 orders were added due to being split from
other order. Rhodophyta has still the highest species number
(67 species), but there are changes in the number of families
(decreased from 20 to 19) and order (increased from 28 to 38).
The species number of Ochrophyta has changed (38 species
instead 39), has not changed their number of orders (12 orders).
In the Chlorophyta, there has been changed in order number
(decreased from 11 to 10), but the number of species remained
the same with (21 species). Cyanobacteria has not changed in
the number of species (8), families (3) and order (3). This indi-
cates that Vietnam has a high floristic affinity with the tropical
regions, as expected from its geographical location (Garbary
2001).

Among updated species, a total of 50 species from the origi-
nal list were updated (37%). Rhodophyta (red algae) represent
the most taxon-rich group with 28 species from 10 order, 14
families and 22 genera. Ochrophyta (brown algae) contribute
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11 species from 4 order, 4 families and 6 genera. Chlorophyta
(green algae) account for 7 species from 3 order, 4 families and
5 genera, Cyanobacteria for 1 species from 1 order, 1 family and
1 genus. Other key results from the updated checklist include:
One species of Chlorophyta was removed from the checklist
due to the misspelled name (i.e., orthographic mistake in
AlgaeBase) “Codium tunue”, which is an invalidly published
name; one species within the Ochrophyta was excluded due to a
lack of taxonomic clarity regarding the Laminaria sp., typically
found in temperate and sub-polar regions; two potentially
misidentified species needing confirmation via new collections

Table 1. Checklist of macroalgae of the Hai Van - Son Cha

(Sargassum spp.); species assigned to three genera (i.e. Astero-
cytis, Gelidiopsis and Enteromorpha) have currently transferred
to other genera (i.e. Chroodactylon, Ceratodictyon, and Ulva,
respectively); four species names duplicated in the old list of
Yet and Tien (2004), Dam (2006) such as “Acrocystis nana,
Ceramium clarionens, Hypnea cervicornis, and Padina boryana”;
and four species names were incorrectly identified due to typing
errors in the cases of “Acrocystis ornata, Lithophyllum okamurai,
Lithophyllum thrichotomum, Grateloupia divaricatum”.

A full checklist showing previously reported names and
updated accepted names is provided in Table 1.

No. Taxa Regionally Reported As References  Herbarium
Chlorophyta
Bryopsidales
Caulerpaceae
Caulerpa chemnitzia (Esper) ].V.Lamouroux 1809 Caulerpa peltata ].V.Lamouroux 1809 a,b ND
2 Caulerpa racemosa (Forsskal) J.Agardh 1873 a,b ND
3 Caulerpa verticillata ]. Agardh 1847 ab ND
Codiaceae
4 Codium arabicum Kiitzing 1856 a,b ND
Dichotomosiphonaceae
5  Avrainvillea erecta (Berkeley) A.Gepp & E.S.Gepp 1911 a,b ND
Halimedaceae
6  Rhipidosiphon javensis Montagne 1842 Udotea javensis (Montagne) A.Gepp & E.S.Gepp 1904 a,b ND
Cladophorales
Boodleaceae
7 Cladophoropsis membranacea (Bang ex C.Agardh) Bergesen 1905 a,b ND
Cladophoraceae
8  Rhizoclonium riparium (Roth) Harvey 1849 Rhizoclonium kerneri Stockmayer 1890 a,b ND
Rhizoclonium kochianum Kiitzing 1845
9 Chaetomorpha patentiramea (Mont) Kutz a,b ND
10  Chaetomorpha aerea (Dillwyn) Kiitzing 1849 Chaetomorpha crassa (C.Agardh) Kiitzing 1845 a,b ND
11 Chaetomorpha antennina (Bory) Kiitzing 1847 a,b ND
12 Chaetomorpha spiralis Okamura 1903 a,b ND
13 Chaetomorpha tortuosa (Dillwyn) Kleen 1874 Rhizoclonium tortuosum (Dillwyn) Kiitzing 1845 a,b ND
Valoniaceae
14 Valonia macrophysa Kitzing 1843 a,b ND
15 Valonia aegagropila C.Agardh 1823 a,b ND
Dasycladales
Dasycladaceae
16 Neomeris vanbosseae M.Howe 1909 a,b ND
Ulvales
Ulvaceae
17 Ulva clathrata (Roth) C.Agardh 1811 Enteromorpha clathrata (Roth) Greville 1830 a,b ND
18  Ulva conglobata Kjellman 1897 a,b ND
19  Ulva fenestrata Postels & Ruprecht 1840 a,b ND
20 Ulva flexuosa Wulfen 1803 a,b ND
21 Ulva torta (Mertens) Trevisan 1842 Enteromorpha torta (Mertens) Reinbold 1893 a,b ND
Cyanophyta
Chroococcales
Microcystaceae
22 Aphanocapsa litoralis Hansgirg, 1892 a,b ND
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Table 1. Checklist of macroalgae of the Hai Van - Son Cha (continued)

No. Taxa Regionally Reported As References  Herbarium

Oscillatoriales

Oscillatoriaceae
23 Oscillatoria corallinae Gomont ex Gomont, 1890 a,b ND
24  Oscillatoria indica P.C.Silva 1996 Oscillatoria salina Biswas, 1926 a,b ND
25 Oscillatoria limnetica Lemmermann, 1900 a,b ND
26 Oscillatoria limosa C.Agardh ex Gomont, 1892 a,b ND
27  Lyngbya aestuarii Liebman ex Gomont, 1892 a,b ND
28 Lyngbya lutea Gomont, 1892 a,b ND
29 Lyngbya martensiana Meneghini ex Gomont, 1892 a,b ND

Ochrophyta

Dictyotales

Dictyotaceae
30 Canistrocarpus cervicornis (Kiitzing) De Paula & De Clerck 2006  Dictyota cervicornis Kiitzing 1859 a,b ND
31 Dictyota bartayresiana J.V.Lamouroux 1809 Dictyota patens ].Agardh 1882 a,b ND
32 Dictyota ceylanica var. anastomosans Yamada 1950 a,b ND
33 Dictyota ciliolata Sonder ex Kiitzing 1859 Dictyota ciliata ].Agardh, nom. illeg. 1841 a,b ND
34 Dictyota friabilis Setchell 1926 a,b ND
35 Dictyota implexa (Desfontaines) J.V.Lamouroux 1809 Dictyota divaricata J.V.Lamouroux 1809 a,b ND
36 Dictyota mertensii (C.Martius) Kiitzing 1859 Dictyota dentata ].V.Lamouroux, nom. illeg. 1809 a,b ND
37 Dictyota pinnatifida Kiitzing 1859 a,b ND
38 Lobophora sp.* Lobophora variegata (J.V.Lamouroux) Womersley ex a,b ND

E.C.Oliveira 1977

39  Padina australis Hauck 1887 a,b ND
40  Padina boryana Thivy 1966 Dilophus radicans Okamura 1916 a,b ND
41 Padina gymnospora (Kiitzing) Sonder 1871 Padina crassa Yamada 1931 a,b ND
42 Padina minor Yamada 1925 a,b ND
43 Padina tetrastromatica Hauck 1887 a,b ND

Ectocarpales

Chordariaceae
44  Nemacystus decipiens (Suringar) Kuckuck 1929 a,b ND

Scytosiphonaceae
45  Colpomenia sinuosa (Mertens ex Roth) Derbés & Solier 1851 a,b ND
46 Rosenvingea orientalis (J.Agardh) Borgesen 1914 a,b ND
47  Chnoospora minima (Hering) Papenfuss 1956 a,b ND
48  Pseudochnoospora implexa (J.Agardh) Santiafiez, G.Y.Cho & Chnoospora implexa J.Agardh 1848 a,b ND

Kogame 2018

Fucales

Sargassaceae
49  Sargassum aquifolium (Turner) C.Agardh 1820 Sargassum binderi Sonder ex ].Agardh 1848 a,b,c ND

Sargassum echinocarpum J.Agardh 1848

50 Sargassum carpophyllum J.Agardh 1848 a,b ND
51 Sargassum feldmannii Pham-Hoang 1967 a, ¢ ND
52 Sargassum gracillimum Reinbold 1913 a,b ND
53  Sargassum henslowianum J.Agardh 1848 d ND
54  Sargassum herklotsii Setchell 1933 a,b ND
55  Sargassum ilicifolium (Turner) C.Agardh 1820 Sargassum duplicatum Bory 1828 a,b ND
56 Sargassum mcclurei Setchell 1933 a,b ND
57  Sargassum microcystum J.Agardh 1848 a,c ND
58 Sargassum nipponicum Yendo 1907 a ND
59  Sargassum siliquosum J.Agardh 1848 a,b ND
60 Sargassum spl. b ND
61 Sargassum sp2. c ND
62 Sargassum swartzii C.Agardh 1820 a, ¢ ND
63 Sargassum vietnamense A.D.Zinova & Dinh a ND
64  Sargassum patens var. vietnamense Dai b ND
65 Turbinaria conoides (J.Agardh) Kiitzing 1860 c ND
66 Turbinaria ornata (Turner) J.Agardh 1848 a ND
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Table 1. Checklist of macroalgae of the Hai Van - Son Cha (continued)

No. Taxa Regionally Reported As References  Herbarium
Sphacelariales
Sphacelariaceae
67 Sphacelaria rigidula Kutzing 1843 Sphacelaria furcigera Kiitzing 1855 a,b ND
Sphacelaria variabilis Sauvageau 1901
Rhodophyta
Bangiales
Bangiaceae
68 Pyropia suborbiculata (Kjellman) J.E.Sutherland, H.G.Choi, Porphyra suborbiculata Kjellman 1897 a,b ND
M.S.Hwang & W.A Nelson 2011
Bonnemaisoniales
Bonnemaisoniaceae
69  Asparagopsis taxiformis (Delile) Trevisan 1845 a,b ND
Ceramiales
Ceramiaceae
70  Centroceras clavulatum (C.Agardh) Montagne 1846 a,b ND
71  Ceramium clarionense Setchell & N.L.Gardner 1930 duplicate DDT2006 ab ND
72 Ceramium maryae Weber Bosse 1923 a,b ND
Rhodomelaceae
73 Acanthophora muscoides (Linnaeus) Bory 1828 a,b ND
74 Acanthophora spicifera (M.Vahl) Bergesen 1910 a,b ND
75 Acrocystis nana Zanardini 1872 Acrocystis ornata (C.Ag.) Hamel 1872 a ND
76  Chondrophycus articulatus (C.K.Tseng) K.W.Nam 1999 Laurencia articulata CK.Tseng 1943 a,b ND
77  Chondrophycus parvipapillatus (C.K.Tseng) Garbary & J.T.Harper Laurencia parvipapillata C.K.Tseng 1946 a,b ND
1998
78  Chondrophycus undulatus (Yamada) Garbary & Harper 1998 Laurencia undulata Yamada 1931 a,b ND
79  Herposiphonia caespitosa C.K.Tseng 1943 a,b ND
80 Laurencia brachyclados Pilger 1920 a,b ND
81 Laurencia obtusa (Hudson) J.V.Lamouroux 1813 a,b ND
82 Leveillea jungermannioides (Hering & G.Martens) Harvey 1855 a,b ND
83 Melanothamnus sphaerocarpus (Bergesen) Diaz-Tapia & Maggs  Polysiphonia sphaerocarpa Borgesen 1918 a,b ND
2017
84  Melanothamnus tongatensis (Harvey ex Kiitzing) Diaz-Tapia &  Polysiphonia tongatensis Harvey ex Kiitzing 1864 a,b ND
Maggs 2017
85 Palisada perforata (Bory) K.W.Nam 2007 Laurencia papillosa (C.Agardh) Greville 1830 a,b ND
86 Polysiphonia coacta CK.Tseng 1944 a,b ND
87  Polysiphonia nhatrangense Pham-Hoang H6 1969 a,b ND
88  Polysiphonia sertularioides (Grateloup) J.Agardh 1863 a,b ND
89  Polysiphonia subtilissima Montagne 1840 a,b ND
Wrangeliaceae
90  Griffithsia japonica Okamura 1930 a,b ND
91 Wrangelia argus (Montagne) Montagne 1856 a,b ND
Corallinales
Corallinaceae
92 Corallina officinalis Linnaeus 1758 ab ND
93 Corallina pilulifera Postels & Ruprecht 1840 a ND
94 Jania capillacea Harvey 1853 a,b ND
95 Jania longiarthra E.Y.Dawson 1953 a,b ND
96 Jania rubens (Linnaeus) J.V.Lamouroux 1816 a,b ND
Lithophyllaceae
97  Lithophyllum okamurae Foslie 1900 a,b ND
98  Neogoniolithon trichotomum (Heydrich) Setchell & L.R.Mason Lithophyllum trichotomum (Heydrich) Me.Lemoine a,b ND
1943 1929
Gelidiales
Gelidiaceae
99  Gelidium corneum (Hudson) J.V.Lamouroux 1813 a ND
100 Gelidium crinale (Hare ex Turner) Gaillon 1828 a,b ND
101 Gelidium divaricatum G.Martens 1866 a ND
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Table 1. Checklist of macroalgae of the Hai Van - Son Cha (continued)

No. Taxa Regionally Reported As References  Herbarium
102 Gelidium pusillum (Stackhouse) Le Jolis 1863 a,b ND
Gelidiellaceae
103 Gelidiella acerosa (Forsskal) Feldmann & Hamel 1934 a,b ND
104 Millerella myrioclada (Borgesen) G.H.Boo 2016 Gelidiella myrioclada (Borgesen) Feldmann & Hamel, a,b ND
1934
Gigartinales
Cystocloniaceae
105 Hypnea cervicornis ].Agardh 1851 Hypnea boergesenii T.Tanaka 1941 a,b ND
106 Hypnea esperi Bory, nom. illeg. 1828 a,b ND
107 Hypnea flagelliformis Greville ex J.Agardh 1851 a,b ND
108 Hypnea hamulosa (Esper) J.V.Lamouroux 1813 a,b ND
109 Hpypnea japonica Tanaka 1941 a,b ND
110 Hypnea nidulans Setchell 1924 a,b ND
111 Hpypnea valentiae (Turner) Montagne 1841 a,b ND
Gigartinaceae
112 Chondracanthus intermedius (Suringar) Hommersand 1993 Gigartina intermedia Suringar 1867 b ND
113 Chondracanthus tenellus (Harvey) Hommersand 1993 Gigartina tenella Harvey 1860 a,b ND
Phyllophoraceae
114 Ahnfeltiopsis densa (J.Agardh) P.C.Silva & DeCew 1992 Gymnogongrus densus J.Agardh 1851 a,b ND
115 Ahnfeltiopsis pygmaea (J.Agardh) P.C.Silva & DeCew 1992 Gymnogongrus pygmaeus J.Agardh 1851 a,b ND
116 Gymnogongrus griffithsiae (Turner) C.Martius 1833 a,b ND
Gracilariales
Gracilariaceae
117 Gracilaria arcuata Zanardini 1858 a,b ND
118 Gracilaria canaliculata Sonder 1871 Gracilaria crassa Harvey ex J.Agardh 1876 a ND
119 Gracilaria edulis (S.G.Gmelin) P.C.Silva 1952 a,b ND
120 Hydropuntia eucheumatoides (Harvey) Gurgel & Fredericq 2004  Gracilaria eucheumatoides Harvey 1860 a,b ND
Halymeniales
Grateloupiaceae
121 Dermocorynus dichotomus (J.Agardh) Gargiulo, Morabito & Grateloupia dichotoma J.Agardh 1842 a,b ND
Manghisi 2013
122 Grateloupia divaricata Okamura 1895 Grateloupia divaricata Okamura 1895 a ND
123 Grateloupia lithophila Borgesen 1938 a,b ND
124 Grateloupia livida (Harvey) Yamada 1931 a,b ND
125 Grateloupia porracea Kiitzing 1843 Grateloupia filicina var. porracea (Kutzing) M.Howe 1924 a,b ND
Nemaliales
Galaxauraceae
126 Dichotomaria obtusata (J.Ellis & Solander) Lamarck 1816 Galaxaura obtusata (J.Ellis & Solander) J.V.Lamouroux a,b ND
1816
127 Tricleocarpa fastigiata (Decaisne) Huisman, G.H.Boo & S.M.Boo 2018 Galaxaura fastigiata Decaisne 1842 a,b ND
Liagoraceae
128 Neoizziella divaricata (C.K.Tseng) S.-M.Lin, S.-Y.Yang & Huisman Liagora divaricata C.K.Tseng 1941 a,b ND
2011
Peyssonneliales
Peyssonneliaceae
129 Peyssonnelia rubra (Greville) J.Agardh 1851 a,b ND
130 Ramicrusta calcea (Heydrich) K.R.Dixon & G.W.Saunders 2013 Peyssonnelia calcea Heydrich 1897 a,b ND
131 Sonderopelta capensis (Montagne) Krayesky 2009 Peyssonnelia gunniana J.Agardh 1876 a,b ND
Rhodymeniales
Lomentariaceae
132 Ceratodictyon spongiosum Zanardini 1878 a,b ND
133 Ceratodictyon variabile (J.Agardh) R.E.Norris 1987 Gelidiopsis gracilis (Kiitzing) Feldmann 1931 a,b ND
Stylonematales
Stylonemataceae
134 Chroodactylon ornatum (C.Agardh) Basson 1979 Asterocytis ornata (C.Agardh) Hamel 1924 a ND

Note: a - Yet and Tien (2004), b - Dam (2006), ¢ - Hoai et al. (2012), d - Cuong et al. (2015), ND - No data
*Need to reconsider distribution in Vietnam
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Table 2. Number of species and percentages of each algae group in the Hai Van - Son Cha, including Cheney’s ratio and Feldmann’s ratio

Study Rh Och Chl Cya Total Cheney’s ratio Feldmann’s ratio
Yet and Tien (2004) 68 35 24 8 135 2.63 1.94
Dam (2006) 50 26 16 5 97 2.54 1.92
This study 67 38 21 8 134 2.32 1.76
Overall Vietnam updates up to 2023 439 166 196 87 888 183 264

(Dam et al. 2023, Nguyen et al. 2023)

Note: Rh-Rhodophyta, Och-Ochrophyta, Chl-Chlorophyta, Cya-Cyanobacteria

The data presented in Table 2 suggests a temporal decline in
both Cheney’s and Feldmann’s ratios within the Hai Van - Son
Cha region, with Cheney’s ratio decreasing from 2.63 in 2004 to
2.32 in 2024, and Feldmann’s ratio dropping from 1.94 to 1.76
over the same period. This trend could be indicative of an
increase in Chlorophyta diversity or a decrease in Rhodophyta
diversity. Alternatively, it may reflect changes in the method-
ologies or criteria employed in these studies over time. Notably,
the marine flora of Hai Van - Son Cha is characterized by a
predominance of red algae (Rhodophyta), which underscores
the richness and diversity of this group in tropical marine envi-
ronments. The observed changes in Cheney’s and Feldmann’s
ratios warrant further investigation to elucidate the underlying
ecological dynamics and methodological influences in this
biodiverse region.

Discussion

This systematic review has yielded a comprehensive and
taxonomically updated checklist of 134 marine macroalgal
species from the Hai Van-Son Cha coastline in central Vietnam.
The updated checklist, containing 134 species from 22 orders,
36 families, and 63 genera of 4 phyla, provides an important
baseline for future monitoring and research. Representing a
significant contribution to the existing knowledge of Vietnam's
marine biodiversity, this number constitutes approximately
15% of the total macroalgal species reported in Vietnam to date
(Dam et al. 2023, Nguyen et al. 2023). The importance of this
finding is further amplified when considering the surface area
involved. The Hai Van-Son Cha coastline encompasses only
10.265 ha, which represents a mere 0.011% of Vietnam's total
surface area (approximately 100,000,000 ha). That such a small
region harbors such a disproportionately high diversity of
macroalgae (over 15% of the national total) highlights its status
as a critical biodiversity hotspot and emphasizes the need for its

conservation and sustainable management.
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Comparisons between the studies revealed several species
found across all surveys, indicating widespread and common
species along this coastline. However, there was variation in the
specific species reported from each site and habitat type. Ap-
proximately 10.4% (14 species) of species were unique to single
studies, highlighting the value of expanded sampling effort to
approach a more complete inventory. The compiled updated
checklist provides an important baseline understanding of
marine macroalgal diversity across Hai Van-Son Cha. The
taxonomic revisions demonstrate the need for periodic reviews
to track nomenclature changes. Additional collections and
surveys are still needed to build upon this synthesis.

This study reveals the presence of invasive species such as
Asparagopsis taxiformis (Delile) Trevisan 1845 originating from
Australia (Andreakis et al. 2016) and Acanthophora spicifera
(M.Vahl) Bergesen originating from the Indian Ocean and
detected the first in Guam (Weijerman et al. 2008).

When compared with the studies in the neighboring regions,
the marine flora of Hai Van - Son Cha is similar to the marine
flora of Con Co (Dam et al. 2021), Co To - Thanh Lan (Dam et
al. 2020), Phu Yen (Hang et al. 2021) and Nam Du (Do et al. 2019).
This could suggest that these regions share similar geographical,
environmental and historical factors that shape the marine
flora.

Intriguingly, our investigation sheds light on potential un-
derestimations of specific taxa. While various studies have doc-
umented the remarkable diversity of marine macroalgae in
Vietnam, the true extent of this richness may be significantly
underappreciated. This is exemplified by the genus Lobophora,
which has been the subject of recent studies in areas neigh-
boring our research site. These studies identified a staggering
nine new records and two new species of Lobophora in Con Co
island, a stark contrast to the single species previously reported
in Vietnam. This significant discrepancy suggests widespread
underestimation of Lobophora’s distribution and diversity
across the country. Our findings mirror this underestimation,

as we documented only one Lobophora species. Similarly, recent
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research focusing on other taxa, like Ulva (Tran et al. 2022a,
Tran et al. 2022b), Dictyota (Nguyen et al. 2019), Phycocalidia
(Zhao et al. 2021) and Graterloupia and Phyllymenia (Nguyen
et al. 2024), has revealed numerous new records and species,
further highlighting the potential for underrepresentation across
various macroalgal groups by molecular re-assessment (an ad-
vanced molecular biology tool, necessary in current taxonomy
in the world).

These observations point towards the need for a paradigm
shift in our understanding of Vietnam's marine macroalgal
diversity. Our study, along with recent findings from neigh-
boring regions, suggests that the current knowledge base likely
underestimates the true richness and complexity of these com-
munities.

This necessitates continued research efforts, including: (i)
Continue to update modifications and classification meanings;
(ii) Comprehensive surveys; (iii) Refined taxonomic scrutiny;
(iv) Targeted studies by biogeographic patterns and diversity
drivers.

By addressing these knowledge gaps, we can gain a more
comprehensive understanding of the remarkable biodiversity
harbored within Vietnam's coastal ecosystems and their vital
roles in the global ecological landscape. This knowledge will
pave the way for the development of effective conservation
strategies and sustainable management practices, ensuring the
long-term health and resilience of these critical marine environ-

ments.

Taxonomic Revisions and Implications

Algal taxonomy and nomenclature are dynamic fields that
are constantly evolving due to the advances in molecular and
morphological methods, as well as the discovery of new taxa
and the revision of existing ones. The International Code of
Nomenclature for algae, fungi, and plants is the set of rules and
recommendations that govern the scientific naming of algae,
fungi, and plants, and it is periodically updated to reflect the
changes in taxonomic knowledge and practice (Turland, et al.
2018).

The taxonomic revisions made through this review are based
on the latest literature and databases, such as AlgaeBase (Guiry
and Guiry 2024), WoRMS (Ahyong et al. 2024), and they in-
volve changes in taxon concepts, reclassifications of taxa, and
paradigm shifts reflected in naming conventions. Many mac-
roalgal taxa have complex taxonomic and nomenclatural his-
tories, for example, the genera names Pachymeniopsis Yamada

and Prionitis ]. Agardh had been merged into Grateloupia C.

Agardh (Kawaguchi 1997, Wang et al. 2001), and then rein-
stated via recent taxonomic reassessment (Gargiulo et al. 2013),
Dilophus ].Agardh, 1882 synonymized with Dictyota ].V.
Lamouroux, 1809 (Bogaert et al. 2020), Enteromorpha Link,
1820 with Ulva Linnaeus, 1753 (Hayden et al. 2003, Mantri et al.
2020), Asterocytis (Hansgirg) Gobi ex F.Schmitz with Chrood-
actylon Hansgirg (Guiry and Guiry 2024), and Gelidiopsis
F.Schmitz with Ceratodictyon Zanardini (Schneider and Wynne
2007).

The taxonomic revisions and implications for the marine
algae of Hai Van - Son Cha are important for biodiversity
cataloguing, as they provide an updated and accurate checklist
of the algal species and their current names and classifications.
This checklist can serve as a useful reference for future studies
and conservation actions on the marine flora of Hai Van - Son
Cha and other regions of Vietnam. The checklist can also help
to identify native, alien, endemic, rare, threatened, and endan-
gered marine algal species in Hai Van - Son Cha. The name
changes documented here are critical for comparing past and
present surveys and avoiding misleading conclusions about
species losses or gains due to taxonomy alone. By using the
current names and classifications of the algal species, the com-
parison of the surveys can be more reliable and consistent, and
the changes in the species diversity and distribution can be
more accurately attributed to the environmental and anthro-
pogenic factors, rather than the taxonomic ones. For example,
by using the current name of Sphacelaria rigidula Kiitzin,
instead of the old name of Sphacelaria furcigera Kiitzing or
Sphacelaria variabilis Sauvageau, the comparison of the surveys
can avoid the false impression that Sphacelaria furcigera and
Sphacelaria furcigera have disappeared from Hai Van - Son
Cha, when in fact it is still present under a different name.

Need for Expanded Field Surveys

The need for expanded field surveys is evident due to the
varying species reported in different studies, indicating that
there is a lack of comprehensive understanding of the macroal-
gae diversity along the Hai Van - Son Cha coastline. On average,
10.4% of the species were unique to each study, suggesting that
the total diversity has not been fully captured. To achieve a
more complete inventory, it is necessary to conduct additional
collections in unsurveyed sites, habitats, and seasons. Further-
more, there is a need to verify the identification of two uniden-
tified species (Sargassum spp.) and re-examine the distribution
of Lobophora vieigarta in the Indo-Pacific Ocean (Dam et al.
2023, Vieira et al. 2016). The purported presence of Laminaria
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sp. along the Hai Van - Son Cha stretch, as mentioned in Tran's
(2023) Ph.D thesis, lacks empirical evidence and requires veri-
fication. A more detailed study of Grateloupia and its rela-
tionship with Phyllymenia is also recommended (De Clerck et
al. 2005, Kim et al. 2021). The species accumulation trends from
the collective studies suggest that diversity is approaching
saturation, but further sampling is likely to reveal additional
rare or patchily distributed species. It is also worth noting that
certain taxa, such as Rhodophyta and Cyanobacteria, may be
underrepresented and require more extensive collection efforts.

Biogeographic Patterns and Diversity Drivers

The biogeographic patterns offer valuable insights into the
underlying factors that drive biodiversity, particularly in
marine macroalgae. The intricate ecosystems along coastlines
serve as a microcosm for observing these patterns and under-
standing their implications. In the Hai Van - Son Cha area, the
presence of complex rocky reef habitats has been associated
with higher species richness and the formation of unique species
assemblages. This contrasts sharply with the more uniform soft-
bottom sandy habitats, which tend to support fewer species.
Such observations underscore the importance of habitat heter-
ogeneity as a critical driver of algal diversity. This principle is
not unique to this region; it resonates with findings from other
coastal systems across the globe, as also evidenced in other
coastal systems worldwide (Mulders et al. 2022, Pearman et al.
2023). Understanding these diversity-environment relationships
can help target additional sampling and guide management.
Recognizing the role of habitat complexity in fostering biodi-
versity is crucial for conservation efforts. It can inform targeted
sampling strategies, ensuring that areas of high diversity and
ecological significance are identified and studied in greater
detail. Moreover, this understanding can guide effective
management practices, aiming to preserve the intricate balance
of these ecosystems and the diversity they support (Anderson et
al. 2009). By delving into the relationship between environ-
mental variables and biodiversity, researchers can predict po-
tential changes in ecosystems resulting from natural or anthro-
pogenic disturbances (Jung and Choi 2022). This predictive
power is essential for developing proactive conservation strate-
gies that can mitigate the impacts of such disturbances and

maintain the resilience of marine macroalgal communities.
Applications of Molecular Biology

Emerging molecular biology tools can significantly advance
future cataloguing of Hai Van - Son Cha algal diversity. DNA
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barcoding using standardized gene markers allows species
delimitation and identification where traditional taxonomy is
difficult (Bartolo et al. 2020, Gary et al. 2010, McDevit and
Saunders 2009). According to the latest Guiry 2024 publication
in which molecular methods have led to an expansion of the
number of genera in Cyanobacteria, including 47 new species
described on average each year over the past 10 years. In
contrast, brown algae (Ochrophyta) and red algae have 16 and
77 species, respectively, described (Guiry 2024). Comparative
phylogenetics can elucidate evolutionary relationships and bio-
geographic affinities (Andreakis et al. 2016, Bringloe et al. 2020,
Vieira et al. 2021, Zhao et al. 2021). The application of these
molecular approaches will overcome the inherent limitations of
morphology-based classification and accelerate the discovery of
the full diversity of marine algae species along the Hai Van - Son
Cha coast. Drawing a parallel with higher flowering plants, the
APG 1V system represents the fourth version of the modern,
largely molecular-based plant classification system. It builds on
the APG III system by only introducing changes when there is a
“well-supported need.” This led to the recognition of five new
orders: Boraginales, Dilleniales, Icacinales, Metteniusales, and
Vahliales and several new families, culminating in a total of 64
angiosperm orders and 416 families (Chase et al. 2016). In light
of these advances, future research on modern algal taxonomy
must also incorporate both morphological anatomical and
molecular data. This dual approach will ensure a more com-
prehensive and accurate classification, reflecting the true di-

versity and complexity of algal species.
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