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Abstract

The diversity of marine algae of the eastern Caraga in the
southern Philippines has remained largely undocumented
and this presents an obstacle towards their utilization and
conservation. Published literature was surveyed extensively
and yielded 64 species and one variety classified under 42
genera, 21 families and 10 orders of marine red algae. A
number of potential economic species with food, medicinal
and industrial applications was found. However, this number
is considered low when compared with similar environments
and is likely not representative of the actual diversity there
but instead suggesting lower sampling efforts, among other
things. The baseline information may be useful in the
formulation of policies for guided economic exploitation
and contributing towards species and marine ecosystem
conservation.
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INTRODUCTION

Records of marine algae from the southern Philippine island of Mindanao are few
and scattered. The marine biodiversity of the Caraga region on the northeastern section of
Mindanao is particularly poorly known due to difficult accessibility and exposure to frequent
tropical storms coming from the Pacific Ocean (Bataan ef al., 2021). Furthermore, the large
nickel mining industry in the region, while providing some livelihood opportunities for the
human population there, has brought greater social inequality and untold environmental
damage (Holden et al., 2011). This year, marine tourism activities have resumed especially on
Siargao Island after the slump caused by the Covid-19 pandemic, and may impact on benthic
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algal communities there. There is a plan to build an international cruise ship terminal which
would necessarily impact benthic populations due to dredging and reclamation activities.
Therefore, the marine algae found in the regional waters, their mass propagation and sustainable
harvesting may represent promising yet untapped natural resources for income generation
and poverty alleviation.

As a step towards the exploitation of the marine algal resources in the Caraga region, an
exhaustive inventory of seaweed species was conducted through the compilation of records
obtained from the published literature. Bataan et al. (2021) recorded 32 species of macrobenthic
brown algae (Phaeophyceae), while Liao ef al. (2022) accounted for 62 species of marine
green algae (Ulvophyceae). The present report lists all published records of the marine red
algae (Rhodophyceae) and constitutes the third and final part of this comprehensive literature
survey of Caraga region seaweeds.

MATERIALS AND METHODS

An exhaustive survey of the published but scattered literature on the marine algae reported
from the eastern Caraga region was conducted. Names gathered from the literature were
verified following the steps described by Bataan et al. (2021) which were then validated by
referring to the AlgaeBase names database (Guiry, 2023). Remarks were provided for most
species for further clarification and information.

RESULTS AND DISCUSSION

This comprehensive survey of the literature revealed a total of 64 species and one
variety of marine red algae which can be classified under 42 genera, 21 families and ten
orders. Seven species can only be determined until the genus level. One record, Gracilaria
fastigiata J.Agardh is removed from the Philippine marine flora as it is now a name applied
to Callophyllis fastigiata (J.Agardh) J.Agardh, a sub-Antarctic species.

The list is provided below following the classification scheme of Dawes and Mathieson
(2008). The sources of the original reports are indicated inside the brackets that follow the
scientific names.

RHODOPHYTA
Class RHODOPHYCEAE

Order CORALLINALES
Family LITHOPHYLLACEAE

Amphiroa anceps (Lamarck) Decaisne [Trono, 2017b]
Remarks: Among Philippine species of Amphiroa, this species is distinctive in having
slightly compressed segments [=intergenicula] with dull and parallel marginal edges.
However, some records from northern Luzon (Trono, 2004) warrant further investiga-
tion as they are different from authentic specimens from Australia which have broader
segments with distinctly dilated and rounder apices (Harvey et al., 2013).

Amphiroa dimorpha Lemoine [Trono, 2004; 2017a]
Remarks: The occurrence of this eastern Pacific species in the Philippines should be
treated cautiously as it was discriminated solely by having “dichotomous branches with
conspicuously dark genicula” (Trono, 2004). In addition, Philippine samples represent
the only reports from the western Pacific of this otherwise widespread Eastern Pacific
species distributed from Mexico down to the temperate coast of Chile.
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Amphiroa foliacea Lamouroux [Mapatac et al., 2015; Fajardo et al., 2016; Trono, 2017b;

Orboc et al., 2022]
Remarks: This is a species widely reported from throughout the tropical Indo-Pacific
region, from East Africa to Central America, and from southernmost Korea and
Ryukyu archipelago to the northern and western coasts of Australia. Intergenicula are
polymorphic from terete to compressed, and branching is multiplanar [projecting in
different planes; Harvey et al. (2013)]. However, flattened intergenicula are prominent,
with tapered ends, margins are sometimes wavy and thinner than the prominent central
axis of the intergeniculum. A report of this species collected by Mapatac et al. (2014)
from Dinagat Island seems erroneous. Looking at their Figure 5, the species looks very
similar to a species of Acanthophora. Another species identified as Amphiroa sp. by
the same authors is similar to Gracilaria edulis (Gmelin) P.Silva. Unfortunately, the
same paper with the accompanying errors in identification pointed out above has been
republished in its entirety without corrections by Mapatac ef al. (2015).

Amphiroa fragilissima (Linnaeus) Lamouroux [Trono, 2017b]
Remarks: All intergenicula in this species are cylindrical and thin, usually no more 1 mm
in diameter (Harvey et al., 2013) with dichotomous branches issued from the genicular
region. Some authors employed the angle of dichotomy to distinguish infraspecific
forms. Another species with terete intergenicula throughout is 4. gracilis Harvey which
differs from A. fragilissima in having polychotomous branching. 4. fragilissima is a
cosmopolitan species while A. gracilis appears to be limited to Australia, with a new
record from northern Madagascar noted recently by Vieira et al. (2021).

Family HYDROLITHACEAE

Hydprolithon farinosum (Lamouroux) Penrose and Chamberlain
=Fosliella farinosa (Lamouroux) Howe [Trono, 1997]
Remarks: This minute species forms circular calcareous crusts on the surfaces of large
seaweed and seagrass and is often overlooked unless it becomes very abundant. It is
the only epiphytic member of this genus and is cosmopolitan throughout the tropical
regions (Mendoza-Gonzalez et al., 2009).

Family CORALLINACEAE

Jania capillacea Harvey [Trono, 2017b]
Remarks: This species has the finest intergenicula (<1 mm in diameter) among local
species and becomes remarkably fragile in the dried state. Living samples form clumps
that are epiphytic on larger seaweed.

Jania cultrata (Harvey) J.M.Kim, Guiry and H.-G. Choi [Trono, 2017b]
Remarks: For a long time, this species was more popularly known under its older
name, Cheilosporum cultratum (Harvey) Areschoug, characterized by genicula borne
on lateral wings.

Jania ungulata var. brevior (Yendo) Cordero [ Cadano and Trono, 1987; Trono, 2004; 2017a,

erroneously as var. brevior (Yendo) Yendo]
Remarks: This taxon is reported as a variety but is currently recognized at the form level
as J. ungulata f. brevior (Yendo) Yendo.
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Mastophora rosea (C.Agardh) Setchell [Sajot, 2006 as Mastophora sp.; Trono, 2017b]
Remarks: This species is common on Philippine reefs and could be confused with an-
other superficially similar species, M. pacifica (Heydrich) Foslie. The latter is heavily
calcified and breaks easily upon handling whereas M. rosea is more flexible (Keats
et al., 2009). The two species are widespread all over the Indo-West Pacific, with M.
pacifica at times recorded as a species of Lithoporella. 1t is just a matter of time when
authentic Philippine samples of M. pacifica are reported.

Order NEMALIALES
Family LIAGORACEAE

Liagora ceranoides Lamouroux [Trono, 2017b]
Remarks: This species has been widely reported around the Philippines and indeed, in
many localities around the world. Cryptic species will likely be detected within this
species complex through molecular work, in the same way that the polyphyletic genus
had many segregate genera recognized lately (Lin et al., 2015; Suzuki et al., 2016).
Trichogloea requienii (Montagne) Kiitzing [Trono, 2017b]
Remarks: This is another cosmopolitan but rare lubricous species easily distinguished
in the field by the clear thin strip of calcification along the inner central axis.

Family LIAGOROPSIDACEAE

Liagoropsis schrammii (P.Crouan and H.Crouan) Doty and Abbott [Trono, 2017b]
Remarks: This species was first described from Guadeloupe in the Caribbean under
the name Helminthocladia schrammii P.Crouan and H.Crouan. Since then it has been
reported throughout the Caribbean reaching as far as the eastern tropical South America
and Macaronesia. Within the Indo-West Pacific basin, there have been sporadic reports
in India, Taiwan and the Philippines under the current name. Doty and Abbott (1964)
provided a very comprehensive description of vegetative and reproductive structures
based on samples from Albay to justify its transfer to Liagoropsis. Philippine samples
are comparable with those from the Caribbean except for the well-developed ramification
and thus, warrant further investigation. The generitype species of Liagoropsis, L. max-
ima Yamada first described from Taiwan is listed as a synonym of this species by Silva
et al. (1996). Lin et al. (2015) provided molecular evidence to justify the creation of a
new family to accommodate this genus.

Family YAMADAELLACEAE

Yamadaella caenomyce (Decaisne) Abbott [Trono, 2017b]
Remarks: This species is widely distributed throughout the Indo-Pacific with occasional
records from the Greater Antilles. One of the earliest genera segregated from the large
genus Liagora, it has remained monotypic until one new species was described from
Western Australia (Yamadaella australis Huisman and S.M.Lin) and another from
Bermuda (Y. grassyi Popolizio, C.W.Schneider and C.E.Lane).
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Family GALAXAURACEAE

Actinotrichia fragilis (Forsskal) Bergesen [Trono, 2017b]
Remarks: Widely distributed around the Philippines (Cordero, 1975) and throughout the
Indo-Pacific, it is easily distinguished in the field by the concentric bands of short hairs
(assimilatory filaments) on its thallus. Other recently described species of Actinotrichia
differ externally by the arrangement of assimilatory filaments, degree of calcification
and angles of branching. These species may also be discovered in the Philippines after
a thorough examination of extant collections.

Actinotrichia sp. [Sajot, 2006]
Remarks: In all likelihood this particular report represents a collection of 4. fragilis
(Forsskal) Bergesen.

Dichotomaria apiculata (Kjellman) Kurihara and Masuda [Trono, 2017b]

Dichotomaria marginata (Ellis and Solander) Lamarck [Trono, 2017b]
=Galaxaura marginata (Ellis and Solander) Lamouroux [Trono, 2004]
Remarks: Flattened species of Galaxaura in the Philippines are ‘conveniently’ placed
under Dichotomaria although there are also terete species within the latter. The name
D. marginata includes a species complex that is widespread and discriminated based on
morphological and molecular evidence by Huisman et al. (2004). Assignment of local
species under Dichotomaria should proceed with caution.

Dichotomaria obtusata (Ellis and Solander) Lamarck [Trono, 2017b]
=Galaxaura robusta Kjellman [Trono, 2017b]
Remarks: The synonymy of G. robusta with the above species was first proposed by
Papenfuss and Chiang (1969, as Galaxaura obtusata Ellis and Solander).

Dichotomaria tenera (Kjellman) Huisman, Harper and G.W.Saunders
=Galaxaura tenera Kjellman [Cordero, 1977]

Galaxaura divaricata (Linnaeus) Huisman and Townsend [Trono, 2017b]

Galaxaura filamentosa Chou [Trono, 2017b]

Galaxaura rugosa (Ellis and Solander) Lamouroux [Trono, 2004; 2017a]
=Galaxaura elongata J.Agardh [Cordero, 1977]
=Galaxaura subverticillata Kjellman [Trono, 2017b]
Remarks: The conspecificity of G. elongata with G. rugosa was first proposed by
Papenfuss ef al. (1982), while that with G. subverticillata was suggested by Huisman
and Borowitzka (1990).

Tricelocarpa cylindrica (Ellis and Solander) Huisman and Borowitzka [Trono, 2017b]

Tricleocarpa fragilis (Linnaeus) Huisman and Townsend [Wiriyadamrikul et al., 2013]
=Galaxaura oblongata (Ellis and Solander) Lamouroux [Cordero, 1977; Trono, 1997]

Order BONNEMAISONIALES
Family BONNEMAISONIACEAE

Asparagopsis taxiformis (Delile) Trevisan [Liao, 1990; Trono, 2017b]
Remarks: This distinctively heterothallic species is packed with bromoform secondary
metabolites which function mainly as anti-herbivory compounds. Studies have shown
that adding this seaweed into cow fodder reduces methanogenic emission from cattle
that can potentially cut its current share of greenhouse gas release. There is currently a
race to develop effective mass propagation techniques of this species.
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Order CERAMIALES
Family CALLITHAMNIACEAE

Crouania minutissima Yamada [Trono, 2017b]
Remarks: This bright red epiphytic species is one of the few microscopic ceramialean
entities reported from the Caraga region thus far. Conspicuously absent but likely abun-
dant and overlooked are common epiphytic representatives of Centroceras, Ceramium,
Gayliella, etc. underscoring the need for more surveys to focus on minute epiphytes.

Family DELESSERIACEAE

Dasya sp. [Trono, 2017b]
Remarks: Dasya is another genus that is fairly abundant in Philippine waters but which
needs a thorough re-assessment backed by more collections. Formerly recognized under
its own family, the Dasyaceae, it has now been placed under an emended Delesseriaceae
mainly on molecular grounds (Choi et al., 2002; Diaz-Tapia et al., 2019).

Martensia flabelliformis Harvey ex J.Agardh [Trono, 2017b]
Remarks: This showy species was reported at one time as Neomartensia flabelliformis
(Harvey ex J.Agardh) Yoshida and Mikami by Kraft et al. (1999) from Sorsogon. Thus
far, reports of this species from the Philippines have not been supported by molecular
evidence and may represent another undescribed entity. A critical review of all reported
Martensia species from the country is needed. Recent molecular phylogenetic study
of Hawaiian Martensia (Sherwood et al., 2020) suggested a number of undescribed
species from the Philippines.

Family RHODOMELACEAE

Acanthophora muscoides (Linnaeus) Bory de Saint-Vincent [Trono, 2017b]
Remarks: There is confusion in trying to distinguish this species from its congener, 4.
spicifera especially when their geographical distribution is almost identical. The key
provided by de Jong ef al. (1999) indicated 4. muscoides as “densely branched and
bushy, with spine-like branchlets present all over” whereas A. spicifera is “sparingly
branched” and generally lacking the spines.

Acanthophora spicifera (Vahl) Bergesen [Cordero, 1980; Trono 1997; 2017b]
Remarks: This underappreciated species is loaded with many useful phytochemicals
(Budiyanto et al., 2022) including lambda-carrageenan that can potentially be extracted
from high biomass found in many parts of the Philippines (Trono and Buchan-Antalan,
1987).

Amansia glomerata C.Agardh [Trono, 2017b]

Chondrophycus cartilagineus (Yamada) Garbary and Harper [Trono, 2017b]
=Laurencia cartilaginea Yamada [Saito, 1969]
Remarks: Several Philippine Chondrophycus species are similar superficially despite
being assigned different names by various authors. The record of Trono (2017b) cited
above appears to be erroneous as anatomical descriptions are not representative of this
species. This will need to be further investigated.

Herposiphonia pacifica Hollenberg [Hollenberg, 1968b]

Herposiphonia secunda (C.Agardh) Ambronn
=Herposiphonia tenella f. secunda (C. Agardh) Hollenberg [Hollenberg, 1968b]

Laurencia nidifica J.Agardh [Trono, 2017b]

Laurencia sp. [Sajot, 2006]
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Melanothamnus savatieri (Hariot) Diaz-Tapia and Maggs
=Polysiphonia savatieri Hariot [Hollenberg, 1968a]
Remarks: This and many other species formerly recognized under Polysiphonia
have been placed into a segregate genus Neosiphonia by Kim and Lee (1999) on the
basis of unique vegetative and reproductive morphological characters. However, the
name Neosiphonia is a heterotypic synonym of Fernandosiphonia which in turn is
a latter synonym of Melanothamnus, necessitating the transfer of many species into
Melanothamnus (Diaz-Tapia et al., 2017).

Neurymenia fraxinifolia (Mertens ex Turner) J.Agardh [Trono, 2017b]
Remarks: This is a distinctive and widespread species distributed across the vast Indo-Pa-
cific from eastern Africa to New Caledonia and Fiji. A monotypic genus for a long time, a
second disjunct species was first described from subtropical Japan as N. nigricans Tanaka
and Itono and which was subsequently reported from subtropical Natal in South Africa
by Norris (1988). Tanaka and Itono (1969) cited vegetative and reproductive features
to differentiate the two, such as overall size (up to 30 cm tall in N. fraxinifolia, half the
size in N. nigricans) and color upon drying (purplish in N. fraxinifolia, reddish black
in N. nigricans). In addition, Norris (1988) cited ruffled margins with deeply incised
apices in N. fraxinifolia, while straight margins with tapering apices in N. nigricans.
Should M. nigricans be found in points between the type locality in Japan and in South
Africa, it will likely be collected from subtidal depths.

Ohelopapa flexilis (Setchell) Rousseau, Martin-Lescanne, Payri and Le Gall [Trono,

2017b]
Remarks: This species was well known as Laurencia flexilis Setchell before its
segregation into Ohelopapa largely on molecular grounds. It is widespread throughout the
Indo-Pacific. Records from the Islas Canarias and the Madeiras off the western coast of
Africa have been questioned by Machin-Sanchez et al. (2018) while a single record from
the Caribbean coast of Mexico by Ortega et al. (2001) needs further verification. This
species is easily confused in the field with another common bushy species, Gelidiella
acerosa (Forsskal) Feldmann and Hamel, but the discoid attachment in O. flexilis is
distinct from the multiple, rhizoidal organs found in G. acerosa.

Palisada perforata (Bory) K.W.Nam [Trono, 2017b]
=Laurencia papillosa (C.Agardh) Greville [Cordero, 1980; Trono, 1997; Fajardo et al.,
2016; Orboc et al., 2022]
Remarks: In the Philippines, the corn-cob shaped branches of this species are distinctive.
These often catch sand grains lodged between the small ultimate branchlets.

Polysiphonia sp. [Trono, 2017b]

Tolypiocladia glomerulata (C.Agardh) Schmitz [Trono, 2017b]
Remarks: This epiphytic species forms dark brown to black filaments on large host plants
and is easily distinguished by its four almost cuboidal periaxial cells upon microscopic
examination (Norris, 1992).

Womersleyella setacea (Hollenberg) R.E.Norris
=Polysiphonia setacea Hollenberg [Hollenberg, 1968a]
Remarks: Species placed under Womersleyella are defined by a suite of characters
summarized by Norris (1992) with indeterminate prostrate branching system devoid of
scar cells as one of the most prominent. Originally described as a species of Polysiphonia
from Hawaili, this species is widespread in the western Pacific with a report from South
Africa (Norris, 1992) as its westernmost occurrence. First discovered in Italy in 1986,
it became an invasive species that spread from the Adriatic to almost every corner of
the Mediterranean where they form dense and persistent turfs even in low light
environments (Cebrian et al., 2021).
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Order GELIDIALES
Family GELIDIELLACEAE

Gelidiella acerosa (Forsskil) Feldmann and Hamel [Cordero, 1980; Trono, 1997; 2017b;
Rollon et al., 2003; Sajot, 2006]
Remarks: This cosmopolitan species produces high quality agar but generally found
in low biomass to warrant harvesting without depleting natural stocks. Hence, its
exploitation has taken a backseat in favor of higher biomass yielding gracilarioids. It
is easily confused with another agarophyte, Ohelopapa flexilis (formerly known as
Laurencia flexilis) with which it shares a similar morphology (Rollon et al., 2003).

Order GIGARTINALES
Family CYSTOCLONIACEAE

Hypnea boergesenii Tanaka [Trono, 2017b]

Hypnea caespitosa Geraldino and S.M. Boo [Geraldino ef al., 2010]
Remarks: This species commonly forms cushions on local reefs where it mixes with
H. pannosa J.Agardh, another prominent element of the reef-associated turf-forming
seaweed community. Despite subtle morphological differences, the species was
recognized as distinct through molecular comparisons (Geraldino ef al., 2010).

Hypnea cervicornis J.Agardh [Cordero, 1980; Trono, 1997; 2017b]

Hypnea musciformis (Wulfen) Lamouroux [Trono, 2017b]
Remarks: This species was introduced to Hawaii for trial cultivation as a potential source
of kappa carrageenan where it became invasive (Russell and Balazs, 1994). Reported
from various tropical regions, it is recognized as part of a large H. musciformis-H.
pseudomusciformis species complex by Nauer et al. (2019). A related species, H. esperi
Bory de St.-Vincent was reported by Trono (2017b) and is usually regarded as a variety
of H. musciformis. The ambiguous name and status of H. esperi have been discussed
in detail by Silva et al. (1996).

Hypnea pannosa J.Agardh [Trono, 2017b]

Remarks: This and other Hypnea species are candidates for mass propagation due to their

kappa-carrageenan content.

Family DUMONTIACEAE
Rhodopeltis borealis Yamada [Trono, 2017b]
Family SOLIERIACEAE

Eucheuma denticulatum (N.L.Burman) Collins and Hervey [Fajardo et al., 2016; Orboc

etal., 2022]

Kappaphycopsis cottonii (Weber Bosse) Dumilag and Zuccarello
=Kappaphycus cottonii (Weber Bosse) Doty ex H.D.Nguyen and Q.N.Huynh [Trono,
2017b]
Remarks: Originally described as a species of Eucheuma, it was transferred into
Kappaphycus owing to the presence of kappa-carrageenan on its cell wall. Recent
phylogenetic analysis using DNA sequences coupled with a distinctively anaxiferous
medullary core structure provided justification for its placement in the segregate genus,
Kappaphycopsis (Dumilag and Zuccarello, 2022).
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Kappaphycus alvarezii (Doty) L.M.Liao [Dumilag et al., 2016; Fajardo ef al., 2016; Orboc

et al., 2022; Pastor and Magdugo, 2024]
Remarks: The presence of this and other eucheumatoid species suggests the feasibility
for their mass commercial cultivation in this area. In a study of samples obtained from
Butuan Bay, Pastor and Magdugo (2024) found greater cytotoxic activity of this
species compared to another congener, K. striatus (Schmitz) L.M.Liao. This observation
suggests that this species shows potentials for biomedical applications (Nunes et al.,
2024) including anti-viral properties against common mosquito-borne diseases in the
tropics (Barros et al. 2024).

Kappaphycus striatus (Schmitz) L.M.Liao [Dumilag, ef al. 2016; Trono, 2017b; Pastor and

Magdugo, 2024]

Order GRACILARIALES
Family GRACILARIACEAE

Gracilaria arcuata Zanardini [ Trono, 2017b]

Gracilaria edulis (Gmelin) P.Silva [Trono, 2017b]
=Polycavernosa fastigiata Chang and Xia [Xia and Abbott, 1987]
=Hydropuntia edulis (Gmelin) Gurgel and Fredericq [Ferrer ef al., 2020]
Remarks: This and the next listed species were previously recognized as species of Hy-
dropuntia owing to the presence of multicavitied spermatangial conceptacles in them and
the recognition of distinct molecular data that supported firmer generic circumscription
within the Gracilariaceae (Gurgel ef al., 2018). However, Lyra ef al. (2015) found that
cystocarpic and spermatangial features do not delineate genera. This view was furthered
reinforced with historical biogeographic evidence presented by Vieira ef al. (2025).

Gracilaria eucheumatoides Harvey [Trono, 2017b]
Remarks: This is easily identified in the field as it is a creeping greenish-purplish species,
semi-terete or slightly compressed with coarse marginal teeth.

Gracilaria fastigiata J.Agardh [Trono, 2017b]
Remarks: This name was used twice by J.Agardh on two different species, the first time
in 1852, and the second time in 1901, rendering the second one as a later homonym,
and therefore, illegitimate. The first name is now regarded as Callophyllis fastigiata
(J.Agardh) J.Agardh, originally from the Falkland Islands (Silva et al., 1996) and
apparently a temperate South American species, obviously not expected to occur in the
Philippines, although there is a doubtful record from the Islas Canarias (Guiry, 2023).
Should the type of the second entity be determined to represent a distinct species, it
would need a new name. Referring to Figure 71 in Trono (2017b), the sample looks like
a representative of the common species Gracilartia edulis (Gmelin) P.Silva. Among
the many synonyms ascribed to G. edulis is Polycavernosa fastigiata Chang and Xia,
the type of Polycavernosa. Trono (2017b) may have erred using the current name (G.
fastigiata) due to the similar species epithet used here. The current record of G. fastigiata
from eastern Caraga region should therefore be excluded and treated as G. edulis.

Gracilaria firma Chang and Xia [Trono, 2017b]
Remarks: Together with Gracilaria changii Xia and Abbott, these taxa represent widely
cultivated species around Southeast Asia showing branches with deeply constricted bases
that taper into acute apices. Any gracilarioid species with deeply constricted branch
bases are given either one of these two names. However, Ng et al. (2017) provided
evidence to recognize these two taxa as synonymous with G. firma as the correct name.
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Gracilaria gigas Harvey [Trono, 2017b]
Remarks: Trono et al. (1983) first reported this species from Sorsogon which is
characterized as robust and up to 20 cm tall. The lectotype deposited at the Trinity
College in Dublin, Ireland (TCD) has been shown to be a large plant of up to 48 cm
tall by Masuda et al. (1995, Figure 16).

Gracilaria salicornia (C.Agardh) Dawson ex H.Ohmi [Cordero, 1980; Trono, 1997; 2017b;

Yang et al., 2013; Fajardo et al., 2016; Ferrer et al., 2019; Orboc et al., 2022]
Remarks: In proposing the newly combined name G. salicornia, Dawson (1954) did
not provide a full and direct reference to the place of publication and pagination, even if
the intended basionym was listed within the species account, thus failing to satisfy Art.
41.5 of the International Code of Nomenclature for Algae, Fungi, and Plants (Turland
et al., 2018). However, for the sake of nomenclatural stability and to keep the name
of this widespread and common species, no new combination is suggested herein but
instead, the current name should be ascribed to the first author who used the new name
and cited the basionym with full reference to its place of valid publication, pagination
and illustration. That author appears to be Hikoei Ohmi (1958). Although for the last
half century the combining author was cited as E.Y.Dawson, the correct authorship must
hereinafter be cited as E.Y.Dawson ex H.Ohmi or simply H.Ohmi in accordance with
Art. 46.5 of the Code (Turland et al., 2018).

Gracilaria sp. [Sajot, 2006; Fajardo ef al., 2016; Orboc et al., 2022]

Order HALYMENIALES
Family HALYMENIACEAE

Halymenia dilatata Zanardini [De Smedt ef al., 2001; Trono, 2017b]

Remarks: Many foliose species have been described recently that compare well with
this species and which may be easily confused with it. H. dilatata is shown to have a
short stipe with discoid holdfast as one its distinguishing characters (Tan et al., 2015).

Halymenia durvillei Bory de Saint-Vincent [Trono, 2017b]

Remarks: This is perhaps the most widespread among Halymenia species in the
Philippines (De Smedt et al., 2001) with variations in its proliferous laterals leading
to the recognition of a number of forms and varieties. There are suggestions that such
variations are induced by the environment but these plants were shown to be genetically
similar (Kawaguchi et al., 2006). Lately, extracts from H. durvillei have been tested for
its anticancer (Sangpairoj ef al., 2022), anti SARS-Cov-2 (Tassakka et al., 2021) and
biofuel potentials (Roslee and Munajat, 2018).

Halymenia malaysiana P.-L.Tan, P.-E.Lim, S.-M.Lin and S.-M.Phang [Tan et al., 2015]
Remarks: Long recognized as the superficially similar H. porphyraeformis Parkinson
and H. dilatata (De Smedt et al., 2001), its distinctiveness was established based on
morphological and molecular grounds by Tan ef al. (2015).

Halymenia sp. [Sajot, 2006]

Order GIGARTINALES
Family RHIZOPHYLLIDACEAE

Portieria hornemannii (Lyngbye) P.Silva [Sajot, 2006; Trono, 2017b]
Remarks: This species has been the subject of much biomedical interest when cytotoxic
compounds against human tumor cells were extracted from it (Fuller ez a/., 1992). However,
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studies have shown that Philippine populations of Portieria may represent many cryptic
species (Payo et al., 2013) that may have evolved in different microhabitats and which
in turn influenced secondary metabolite chemical diversity (Yang and Kim, 2018).

Order NEMASTOMATALES
Family SCHIZYMENIACEAE

Titanophora weberae Borgesen [Trono, 2017b]
Remarks: This lightly calcified species with a pliable frond seems rare in the Caraga
region and other localities around the Philippines although it is widely reported from
throughout the tropics.

Order RHODYMENIALES
Family LOMENTARIACEAE

Ceratodictyon spongiosum Zanardini [Fajardo et al., 2016; Trono, 2017b; Orboc et al.,

2022; Buyog et al., 2024]
Remarks: This unique species is one of the few examples of an obligate algal-sponge
symbiotic unit (Price and Kraft, 1990). The algal component was first cultured in vitro
without the sponge but showed only protracted vegetative development and did not
survive field transplantation (Price ef al., 1984). Its vegetative similarity with species
of Gelidiopsis was the basis for merging the two genera by Norris (1987). Subsequent
authors like Price and Kraft (1990) maintained the two genera as distinct pending the
study of G. variabilis (J.Agardh) Schmitz, the type species of Gelidiopsis. A number of
bioactive secondary metabolites have been isolated from C. spongiosum which merit
further bioprospecting (Bugni et al., 2002). Samples obtained from Butuan Bay showed
promising biochemical profiles with bioactive functions (Buyog et al., 2024).

Gelidiopsis intricata (C.Agardh) Vickers [Trono, 2017b]

Family RHODYMENIACEAE

Rhodymenia sp. [Trono, 2017b]
Remarks: The dichotomously branched, flattened plant with numerous proliferous nodal
outgrowths as illustrated (Trono, 2017b: Figure 84) resembles species of Yonagunia
which are thicker. It is unfortunate that no information is available about its internal
anatomy.

GENERAL DISCUSSION

The current survey of marine red algae in the eastern Caraga region has revealed several
species that show potential for human food, fodder and industrial applications. In the absence
of seaweed biomass and seasonality data from the region however, it will be difficult to fully
appreciate the value of these seaweed resources. Mass propagation of these economic species
in sea-based farms could be suggested using technology already developed in other localities.
However, the operation of these offshore maricultural facilities will likely be affected by
the frequent weather disturbances typical of the Caraga region, resulting in shorter growing
seasons. A more ambitious and capital-intensive approach would be land-based tanks fitted
with seawater circulating systems which would be less affected by typhoons and monsoon
winds and whose culture conditions may be more manageable. These land-based tanks have
higher productivity than most terrestrial vegetation (Liining and Pang, 2003). Integrating
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fish and molluscan species with seaweeds can boost productivity and economic returns
while serving to minimize the impact of animal wastes on the environment. Such an Inte-
grated Multi-Trophic Aquaculture (IMTA) system was tested in the Philippines with limited
success (Largo ef al., 2016). Expectedly, many more challenges will be encountered in de-
veloping countries like the Philippines. Moreover, providing desirable culture conditions in
land-based tanks may be a species-specific task (Lawton ez al., 202 1) that will need more research
particularly for less popular species.

The culture of economically important eucheumatoids (Solieriaceae) for carrageenan
extraction has a long history in some parts of the Philippines like the Sulu archipelago, northern
Bohol and Palawan. The main factors for their successful mariculture include the presence
of large shallow reef flats and their location away from the typhoon belt. In the absence of
shallow reef flats that restricts setting up monolines on the bottom, these culture lines may
be suspended by floating bamboo frames used over deeper waters. The latter can probably be
used in eastern Caraga which is characterized by narrow intertidal areas due to its proximity
to the deep Mindanao Trench a few kilometers to the east. Nevertheless, the occurrence of
species such as Kappaphycus alvarezii, K. striatum, Kappaphycopsis cottonii and Eucheuma
denticulatum presents much promise (Dumilag et al., 2016). Other carrageenan-bearing
species have also been reported like Halymenia durvillei, H. malaysiana, Acanthophora
spicifera, and various species of Hypnea. Agar-bearing species from eastern Caraga may
also be candidates for mass propagation in the future including Gelidiella acerosa, various
species of Gracilaria and Laurencia (Rollon et al., 2003; Ng et al.,2017; Ferrer et al., 2020).
Many species of Gracilaria tolerant of habitats with lower salinity, of which there are many
around the region, can be tested for mass cultivation.

One noteworthy feature of the red algae in eastern Caraga is its low diversity. In a
tropical country like the Philippines, the number of marine red algae is usually double that
of the green algae and about triple that of the brown algae (Silva et al., 1987, Ang et al.,
2013, Lastimoso and Santiafiez, 2020). The low number of marine red algae documented in
this study, comparable to previous studies in Romblon (Clemente ef al., 2017) and Negros
Oriental (Reyes, 1970) may be partly attributed to many microscopic forms being overlooked
as many red algae are minute epiphytes and small turf-forming species. In addition, many
non-geniculate coralline red algae are often sidelined because they are difficult to identify.

CONCLUSION

This 3-part regional listing of the marine algae in eastern Caraga demonstrated the rich
marine biodiversity of the Philippines, and specifically of the poorly explored Caraga region.
It also showed the importance of compiling species inventories to identify potential economic
species and others of special interest. To support the latter, it is imperative to maintain a corps
of researchers with at least parataxonomic competence. This study also revealed research gaps
that may have restricted the optimal exploitation of available marine resources especially in
areas like eastern Caraga which are dependent on unsustainable industries such as mining
and seasonal activities like tourism. Some economic species of marine algae have been
identified in this study and more species will likely be found by additional comprehensive
studies in the future.
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