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As the global demand for the carrageenophyte Kappaphycus is steadily increasing, its overall productivity, carrageen-
an quality, and disease resistance are gradually declining. In the face of this dilemma, wild Kappaphycus populations are
viewed as sources of new cultivars that could potentially enhance production; therefore, assessment of their diversity is
crucial. This study highlights the morphological and genetic diversity of wild Kappaphycus species obtained from two
sites in the Philippines. Nucleotide alignments of available 5’ region of the mitochondrial cytochrome c oxidase subunit
I (COI-5P) and cox2-3 spacer sequences of Kappaphycus confirmed the presence of K. alvarezii in Guiuan, Eastern Samar
and K striatus in Bolinao, Pangasinan. Based on the concatenated sequences of the COI-5P and the cox2-3 spacer, nine
novel haplotypes were observed along with other published haplotypes. However, there was no relationship between
haplotype and morphology. These newly recognized haplotypes indicate a reservoir of unutilized wild genotypes in the
Philippines, which could be taken advantage of in developing new cultivars with superior traits. DNA barcodes gener-
ated from this study effectively expand the existing databank of Kappaphycus sequences and can provide insights in
elucidating the genetic diversity of Kappaphycus species in the country.
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INTRODUCTION

The eucheumatoid seaweed of the genus Kappaphycus
Doty (Gigartinales, Rhodophyta) has been the major raw

most widely cultivated Kappaphycus species. They were
introduced to over 30 countries worldwide (Bixler and

material source for k-carrageenan production worldwide
and their farming has become an important alternative
livelihood in many coastal communities for decades (Ask
and Azanza 2002, Bixler and Porse 2011). Kappaphycus
alvarezii (Doty) L. M. Liao (‘Cottonii’) and Kappaphycus
striatus (E Schmitz) L. M. Liao (‘Sacol’) are two of the

Porse 2011, Valderrama et al. 2013) since their success-
ful cultivation was pioneered in the Philippines (Doty
1973, Parker 1974, Trono 1974). Kappaphycus farming
had spread all over the Philippines, with major farming
sites in Sulu, Tawi-Tawi, Zamboanga provinces, south-
ern Palawan, and the Bohol-Leyte Central Visayas Re-
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gion (Valderrama et al. 2013, Trono and Largo 2019). The
Philippines had been the major producer of cultivated
Kappaphycus until its production declined in 2008. This
decline can be attributed to outbreaks of ice-ice disease
and epiphyte infestation, which are exacerbated by en-
vironmental stressors, e.g., increase in sea surface tem-
perature, and destruction caused by seasonal typhoons
(Vairappan et al. 2008, Valderrama et al. 2015, Largo et al.
2017).

To enhance Kappaphycus production, several stud-
ies have been conducted to improve the quality of the
original seedstocks using micropropagation technique
(e.g., Hurtado and Cheney 2003, Hurtado and Biter 2007,
Yunque et al. 2011, Luhan and Mateo 2017) and proto-
plast culture (Salvador and Serrano 2005). Despite these
advancements, seaweed farmers still mainly rely on veg-
etative propagation (via thallus cuttings) for every crop-
ping cycle. Since the original seedstocks were sourced
from a few genotypes, their continuous vegetative propa-
gation resulted in the low genetic diversity of the cultivars
(Zuccarello et al. 2006, Halling et al. 2013). To sustain the
carrageenan industry, it is essential to generate or discov-
er new strains / seedstocks from the wild (e.g., Azanza-
Corrales and Ask 2003, Luhan and Sollesta 2010, Roleda
etal. 2017).

There has been a continuous decrease in the overall
productivity, reduction in carrageenan yield and qual-
ity, and increased susceptibility to diseases among Kap-
paphycus and other eucheumatoid cultivars, not only in
the Philippines but also elsewhere (Hayashi et al. 2017,
Valero et al. 2017). The practice of monoculture (i.e., the
farming of crops with identical genetic backgrounds) in-
creases the susceptibility of farms to disease outbreaks
since once a pathogen has evolved to attack a particu-
lar genotype, genetic homogeneity among crops leads to
no genetic resistance. Thus, the seaweed industry could
greatly benefit from increasing crop genetic diversity,
which has been shown to be a robust defense against in-
fections (Ekroth et al. 2019).

One way to improve a domesticated crop’s genetic di-
versity is through the incorporation of genes from wild
relatives (Harlan and de Wet 1971, Maxted et al. 2006).
The transmission of genes from wild relatives can greatly
improve biotic and abiotic stress resistance of domesti-
cated land crops, as well as confer desirable traits such
as improved yield and nutritional content (Li et al. 2007,
Xie et al. 2008, Prischmann et al. 2009, Munns et al. 2012,
Zhang et al. 2017). Similar strategies can be applied to the
seaweed industry, whether via cultivation of novel wild
haplotypes, breeding programs, or genetic modification
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(Ask and Azanza 2002, Robinson et al. 2013, Roleda et al.
2017). For this purpose, biodiversity assessment of wild
populations is important to select a pool from which in-
dividuals with desirable traits could be selected.

Taxonomic surveys of wild Philippine Kappaphycus
populations had been conducted even before its first
successful cultivation in the late 1960s (Doty 1973, Parker
1974, Trono 1974). More recent studies have recognized
several wild genotypes in some areas (e.g., Eastern Samar,
Guimaras, Ilocos Norte, Sorsogon, and Tawi-Tawi) (Tan
et al. 2012, Lim et al. 2014, Dumilag et al. 20164, 2017).
Although several studies on Philippine Kappaphycus di-
versity have been published (Dumilag and Lluisma 2014,
Lim et al. 2014, Dumilag et al. 20164, 2016b, 2017), cur-
rent knowledge on wild Kappaphycus spp. diversity is
limited to a fewlocalities in the Philippines. It is therefore
of interest to examine wild Kappaphycus specimens in
other regions of the country to assess the presence of ad-
ditional novel genotypes.

In this study, the diversity of wild Kappaphycus species
in Guiuan, Eastern Samar and Bolinao, Pangasinan, sites
with known records of wild Kappaphycus (Trono and
Ohno 1992, Aguilan et al. 2003, Dumilag et al. 2016a) and
known fertile plants (Ganzon-Fortes 2016, Hinaloc 2017,
Rodrigora 2017, Roleda et al. 2017), was assessed based
on the analysis of the 5' region of the mitochondrial cyto-
chrome c oxidase subunit I gene (COI-5P) and the cox2-3
intergenic spacer sequences in tandem with phenotypic
descriptions. Comparative analysis of newly generated
sequences to existing Kappaphycus haplotypes (wild and
farmed) was also performed.

MATERIALS AND METHODS
Sample collection

A total of 71 wild Kappaphycus specimen were collect-
ed in the coastal waters of Bolinao, Pangasinan (Northern
Philippines) (Malilnep: 16°26'14.45" N, 119°56'36.72" E;
Silaki Islet reef flat: 16°26'22.20" N, 119°55'46.60" E) (Fig.
1A) and Guiuan, Eastern Samar (Central Philippines)
(10°56'41.40" N, 125°44'13.80" E) (Fig. 1B) by snorkeling
in <1 m depth during low tide. The Malilnep site is a 3
m deep reef flat with hard coralline substrate exposed to
strong surf and currents. In contrast, the subtidal area
around the coralline sandbar in Guiuan has relatively
calm waters.

The habit of each specimen was documented using
a DSLR camera and a ruler to record measurements.
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Fig. 1. Sampling locations of wild Kappaphycus specimens in Bolinao, Pangasinan (A) and Guiuan, Eastern Samar (B), Philippines.

A small portion of thallus (approximately 2-3 cm of thal-
lus apex) was excised and preserved in absolute ethanol
(95%) for DNA barcoding. Voucher specimens were kept
at the Gregorio T. Velasquez Phycological Herbarium, The
Marine Science Institute, University of the Philippines,
Diliman, Quezon City, Philippines. Summarized infor-
mation of all collected samples is listed in Supplemen-
tary Table S1.

Morphological characterization

Gross morphology of collected wild specimens was
recorded, focusing on the branching patterns, color, and
texture of the thalli. Preliminary species identification
was done based on morphological descriptions (Doty
1985, 1988).

DNA extraction and PCR amplification

Seaweed materials were homogenized in mortar and
pestle using liquid nitrogen until pulverized. About 15-20
mg of each pulverized sample was used for DNA isola-
tion. Genomic DNA was extracted using a DNeasy Plant

Mini Extraction Kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions. Extracted DNA samples
were stored at -20°C.

The COI-5P and cox2-3 intergenic spacer were used as
markers because these are more abundant in the Gen-
Bank database compared to other markers (cox2, rbcL,
and 18S rRNA gene). The COI-5P sequence was amplified
using the primers GazF1 and GazR1 (Saunders 2005),
while the cox2-3 intergenic spacer region was amplified
using the primers cox2-for and cox3-rev (Zuccarello et
al. 1999). PCR reactions were prepared in 50 pL volumes
composed of the following: 1x Taq Master Mix reagent
(Vivantis, Selangor, Malaysia), 0.4 uM of each primer
(Zuccarello et al. 1999), and 1 puL of template DNA. Ampli-
fication was performed in Veriti 96-well (Applied Biosys-
tems, Foster City, CA, USA) with the following conditions:
94°C for 4 min; 5 cycles of 93°C for 1 min, 45°C annealing
for 1 min, 72°C extension for 1 min; followed by 30 cycles
of 93°C for 30 s, 50°C annealing for 30 s, 72°C extension
for 30 s, and followed by 72°C final extension for 5 min.
Amplicons were sent to Macrogen Inc. (Seoul, Korea) for
purification and Sanger sequencing (bidirectional).
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Phylogenetic and haplotype network analyses

Three separate datasets (COI-5P, cox2-3 spacer, and
concatenated COI-5P-cox2-3 spacer) were used for hap-
lotype network and phylogenetic analyses. Chromato-
gram sequences were checked and edited, and contigu-
ous sequences were assembled using DNABaser version
5.15 (Heracle Biosoft, Arges, Romania). Sequence align-
ments were generated using the ClustalW (Thompson et
al. 1994) using MEGA ver. 7 (Kumar et al. 2016). Additional
COI-5P and cox2-3 spacer sequences, representing both
wild and farmed specimens from NCBI were included in
the final dataset following the haplotype nomenclature
of Dumilag et al. (2016a). Sequences were trimmed to
match the lengths of the shortest sequence.

Statistical parsimony analyses of Kappaphycus hap-
lotypes were performed using TCS ver. 1.23 (Clement et
al. 2000). Gaps were set as missing characters and con-
nection limits were determined and fixed based on the
resulting networks.

For phylogenetic analyses, Kappaphycus cottonii was
included in the final alignment as an outgroup. Maxi-
mum likelihood analyses were then run in MEGA using
Tamura 3-parameter (Tamura 1992) substitution model
with 1,000 bootstrap replications. All phylograms can be
found in the supplementary material (Supplementary
Figs S1-S3).

RESULTS

Morphological characterization of wild Kappa-
phycus samples

Preliminary identifications of the wild Kappaphycus
samples based on gross morphology were ascribed to K.
alvarezii (Guiuan, Eastern Samar) or K. striatus (Bolinao,
Pangasinan). Morphological features of all specimens
barcoded in this study are described in the Supplemen-
tary Table S2. Photographs representing distinct mor-
photypes for each species are shown in Fig. 2.

Kappaphycus alvarezii

In the subtidal area around the coralline sandbar in
Guiuan, K. alvarezii were found attached to hard coral-
line substrate covered with layers of loose, fine, or coarse
sand. Overall texture of the thalli is fleshy, cartilaginous,
and pliable. Thalli surface is slightly uneven and glossy.
Color morphotypes vary from green (Fig. 2B), brown (Fig.
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20), red (Fig. 2D), and shades in between. Thirteen indi-
viduals showed multicolored pigmentation (i.e., a com-
bination of green, brown, and red colors as shown in Fig.
2A). Thalli are erect, up to 60 cm long. Branching pattern
is pinnate, irregular, and dichotomous in some. Branch-
lets are tapered towards the apex and apices are slen-
der, round, or pointed. Different life history stages were
observed: female gametophyte with cystocarp (3), male
gametophyte (10), tetrasporophyte (22), and life-history-
ambiguous vegetative plants (3).

Kappaphycus striatus

In Malilnep, the wild populations of K. striatus were
found encrusting on the coralline substrates, sometimes
camouflaged by overlying dense cover of other macroal-
gal species or found attached on coralline rubbles among
patches of seagrasses. Relative to wave exposure, Kappa-
phycus exposed to moderate water motion in Guiuan ex-
hibit upright growth forms; whereas the plants exposed
to strong water movement and heavy grazing pressure in
Malilnep exhibited prostrate growth forms (Fig. 2E, G &
H).

Thalli surface is rough, uneven, and mostly covered
with dense protrusions (Fig. 2E-H). Color does not vary as
much as in K alvarezii from Guiuan. Thalli color ranges
from shades of yellowish green (Fig. 2F), yellowish brown
(Fig. 2G & H), to dark brown (Fig. 2E). Habit is decumbent
forming clumps measuring 10-30 cm. Holdfasts are in-
conspicuous ventral haptera. Branching is irregular and
indeterminate with blunt to conical apices. Different life
history stages observed were: female gametophyte with
cystocarp (5), male gametophyte (1), and life-history-
ambiguous vegetative plants (24).

Molecular confirmation and haplotype analysis

The phylograms constructed from three datasets
(COI-5P, cox2-3 spacer, and concatenated COI-5P-cox2-3
spacer) were found to be congruent with previous stud-
ies (Tan et al. 2013, Lim et al. 2014, Dumilag et al. 2016a)
and confirmed the genetic identities of our Kappaphycus
samples. All samples from Guiuan, Eastern Samar were
genetically identified as K. alvarezii (n = 41), whereas
those from Bolinao, Pangasinan were all identified as K.
striatus (n = 30).

The sampled wild K. alvarezii and K. striatus were
distributed into five and three COI-5P haplotypes, re-
spectively (Supplementary Fig. S4). Three K. alvarezii se-
quences were identical to KALV-C, which was also report-
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Fig. 2. Representative specimens of wild Kappaphycus used in this study. K. alvarezii specimens from Guiuan, Eastern Samar: (A) SamW-004,
(B) SamW-023, (C) SamW-034, and (D) SamW-013. K. striatus specimens from Bolinao, Pangasinan: (E) MAL7, (F) SIL17, (G) MAL27, and (H) MAL19.
Scale bars represent: 5 cm.
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ed from the same site (Dumilag et al. 2016a). The majority
of our K. alvarezii samples belonged to the previously re-
ported KALV-D haplotype (Dumilag et al. 2016b). Aside
from these, we identified three novel haplotypes from K.
alvarezii—KALV-E (n = 1), KALV-F (n = 1), and KALV-G (n
= 1), which are different from the Southeast Asian farmed
haplotype KALV-A (Indonesia, Malaysia, Philippines, and
Vietnam) (Lim et al. 2014, Dumilag et al. 2016a) by three,
four and two bp, respectively. Meanwhile, four of our
K striatus were identified as a known haplotype KSTR-
H (Dumilag et al. 2016a, 2016b). The majority of our K.
striatus samples represent a new haplotype KSTR-J (n =
25), which has a single base pair difference from KSTR-H,
and a 2-bp difference from KSTR-A, a commercial haplo-
type from Southeast Asia (Lim et al. 2014, Dumilag et al.
2016a). Another novel haplotype, KSTR-K, was identified
from one K. striatus sequence with a single base pair dif-
ference from KSTR-J.

Based on the cox2-3 spacer dataset, our K. alvarezii
and K. striatus samples were distributed into four and
two haplotypes, respectively (Supplementary Fig. S5).
Thirty-six K alvarezii sequences were found to be identi-
cal to previously known haplotype KALV-3 whereas one
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sequence matched haplotype KALV-4, both of which were
previously identified from the wild K. alvarezii from Gui-
uan, Eastern Samar (Dumilag et al. 2016a). Two new K.
alvarezii haplotypes were also recognized: KALV-5 (n=1)
and KALV-6 (n = 3). These haplotypes were 1-bp different
from KALV-3 and 2-bp different from KALV-4 haplotypes
and the widely cultivated K. alvarezii haplotype 3 (Zuc-
carello et al. 2006, De Barros-Barreto et al. 2013, Halling
et al. 2013, Lim et al. 2014, Dumilag et al. 2016a). Haplo-
types KALV-3, KALV-4, KALV-5, and KALV-6, appeared to
be biogeographically localized in Guiuan, Eastern Samar
as they form a moderately supported subclade. On the
other hand, four newly generated K striatus sequences
were shown to be identical to haplotype 89, which is a
widely distributed commercial K. striatus haplotype, re-
ported from Southeast Asia (Zuccarello et al. 2006, Lim
etal. 2014, Dumilag et al. 20164, 2016b). A new haplotype
denoted as KSTR-1 (n = 26) was observed for most of the
sequences, which has a single base pair difference from
haplotype 89.

For the concatenated COI-5P-cox2-3 spacer dataset,
our K. alvarezii and K. striatus samples were grouped into
eight and three haplotypes, respectively (Fig. 3). Three K.



alvarezii sequences were identical to KALV-C3, which
was previously reported from the same locality in Gui-
uan, Eastern Samar (Dumilag et al. 2016a). The majority
of our K. alvarezii samples clustered together, forming a
novel haplotype KALV-D3 (n = 27), which is 5 bp differ-
ent from KALV-A5, the most widely cultivated haplotype
in Southeast Asia (Lim et al. 2014, Dumilag et al. 2016a).
Five other new haplotypes: KALV-D4 (n = 1), KALV-D6 (n
= 1), KALV-D7 (n = 3), KALV-E3 (n = 1), and KAIV-G3 (n =
1) were a single bp different from KALV-D3. Additionally,
a seventh novel haplotype, KALV-F3 (n = 1), was 2-bp dif-
ferent from KALV-D3. For K. striatus, four of our samples
were identical to the previously reported KSTR-H1 hap-
lotype (Dumilag et al. 2016a, 2016b). Most K. striatus (n
= 25) samples formed a novel haplotype, KSTR-J2, 3-bp
different from the farmed haplotype KSA (Lim et al. 2014,
Dumilag et al. 2016a). Lastly, one sequence was distinct
from KSTR-J2 by 1 bp, forming a separate haplotype
KSTR-K2.

DISCUSSION

The present study confirms the presence of K. striatus
in Bolinao, as reported by Trono and Ohno (1992). Cur-
rently, there is only one wild Kappaphycus sequence from
the area thatis deposited in the database—rbcL gene from
a presumptive K. cottonii (Aguilan et al. 2003), which is
most likely a K. striatus as it is identical to the Malaysian
farmed K. striatus variety ‘Yellow Flower’ (Tan et al. 2012).
Thus, this study confirms that the native species found
in Bolinao is K. striatus. The occurrence of other Kappa-
phycus species is yet to be reported. This study is the first
report on the haplotypes of wild K striatus in the area.
Most of our K. striatus samples belonged to two novel
haplotypes distinct from the commercial haplotype KSA
(Lim et al. 2014, Dumilag et al. 20164, 2016b). However,
several of our samples were identified as KSTR-H1, which
was first reported from a variety (‘Vanguard’) farmed in
Sitangkai, Tawi-Tawi, in the southern part of the Philip-
pines (Dumilag et al. 2016a), and later identified in both
farmed and wild-collected samples from Tagana-an, Su-
rigao del Norte (Dumilag et al. 2016b). It is important to
note that test planting of various eucheumatoid variet-
ies, including ‘Sacol’ (K. striatus), was recently conducted
in 2012 in Bolinao (Ganzon-Fortes 2016). Unfortunately,
the report did not specify which specific strains were
outplanted; thus, we cannot ascertain whether the wild-
collected samples of haplotype KSTR-H1 are native to the
area. However, the test farm site in 2012 was situated 500
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m west of Silaqui Island while our collection sites are 1.5
km (Silaki Islet reef flat) and 2 km (Malilnep) east of Sila-
qui Island. Furthermore, the two sites are separated by a
channel with strong current. Thus, the validity of all sam-
ples being wild is possible. However, this argument needs
further investigation considering that remnants or frag-
ments of cultivated specimens could be displaced from
farms and have the potential to grow and establish them-
selves in the wild (Halling et al. 2013, Tano et al. 2015).

The present study also expands our knowledge on the
diversity of wild K. alvarezii with the identification of
seven novel haplotypes. These haplotypes are genetically
dissimilar to the commercially farmed K. alvarezii haplo-
type KALV-A5 (Lim et al. 2014, Dumilag et al. 2016a). Nab-
alikad Reef, where the wild K alvarezii samples from Gui-
uan, Eastern Samar were collected, is 7.5 km away from
the closest farming sites, and no prior farming activities
were recorded proximate to the reef area. These novel K
alvarezii haplotypes, along with the previously reported
KALV-A4 and KALV-C3 (Dumilag et al. 2016a), seem to be
biogeographically localized in Guiuan, Eastern Samar
and are most closely related to KALV-D1, a haplotype
previously reported from wild individuals in Tagana-an,
Surigao del Norte (Dumilag et al. 2016b), which is about
150 km south of our collection site.

Based on the concatenated COI-5P-cox2-3 spacer se-
quences, there are now 19 K. alvarezii and 12 K striatus
haplotypes identified (Lim et al. 2014, Dumilag et al.
2016a, 2016b). Despite the abundance of reported Kap-
paphycus haplotypes, only 14 of these (including the K
malesianus haplotype MY216 from Lim et al. 2014) rep-
resent cultivated varieties worldwide, with haplotypes
KALV-A5 (haplotype 3 for cox2-3 spacer of K. alvarezii)
and KSA (haplotype 89 for cox2-3 spacer of K. striatus)
comprising the bulk of farmed haplotypes (Zuccarello et
al. 2006, De Barros-Barreto et al. 2013, Halling et al. 2013,
Lim et al. 2014, Dumilag et al. 20164, 2016b) (Supplemen-
tary Fig. S5). This is not surprising since the majority of
the globally farmed Kappaphycus originated from seed
stocks sourced from the Philippines and vegetatively
reproduced in farms, resulting in almost uniform geno-
typic composition of farmed varieties (at least based on
commonly used markers). This could present increased
risks of farm-wide infection and infestation, which could
potentially spread on a global scale since most of the
world’s farmed Kappaphycus are clones.

The susceptibility of crops to diseases and mass infes-
tations can be mitigated by increasing their genetic di-
versity (Storkey et al. 2018). A recent meta-analysis shows
that cultivar mixtures had higher resistance to both biotic
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and abiotic stressors, resulting to higher yields compared
to their monoculture counterparts (Reiss and Drinkwa-
ter 2018). The same was observed in agricultural systems
where the host’s genetic diversity prevented the spread
of parasites in a meta-analysis of a diverse range of hosts
and parasites interaction (Ekroth et al. 2019). This em-
phasizes the need to tap into the underutilized potential
of the Kappaphycus gene pool for crop improvement.

Variation in the mitochondrial markers used in this
study was unable to establish a link between genetics and
morphology (Zuccarello et al. 2006, Milstein et al. 2008,
Teasdale and Klein 2010, Ratnawati et al. 2020). Plastic-
ity in response to abiotic and biotic factors produces a
wide range of gross morphologies within a species (Doty
1988, Leliaert et al. 2014) and from our observations, this
seemed to obscure the relationship between genotype
and phenotype in our samples. For example, the high
grazing pressure and challenging environmental condi-
tions most likely contributed to the encrusting growth
form of the wild K. striatus collected from Bolinao, Pan-
gasinan, which upon cultivation in mesocosm tanks
changed its morphology and growth form to that of typi-
cal of cultivated strains (Roleda personal observation).
While these markers may be suitable for species identi-
fication and resolving interspecific relationship within
Kappaphycus, employing genome-based assessments
(e.g., microsatellites, single nucloetides, and genome-
wide association study) (Tablizo and Lluisma 2014, Li et
al. 2018, Liu et al. 2019, Jia et al. 2020), in tandem with
comprehensive morpho-phenotype analysis and cross-
transplantation experiments is needed to resolve the
drivers of variation in gross morphologies.

Interestingly, only K. striatus was collected from Bo-
linao, Pangasinan while only K. alvarezii was collected
from Guiuan, Eastern Samar. Previous collection of wild
Kappaphycus from Guiuan, Eastern Samar also reported
only K. alvarezii from the area (Dumilag et al. 2016a). The
reason behind this observation requires further investi-
gation. We also found that our K. alvarezii collection is
more genetically and morphologically diverse than our
K. striatus collection. The small genetic variation ob-
served in our K. striatus collection may have been caused
by their less divergent cox2-3 spacer sequences, from
which only six haplotypes were reported thus far (Lim et
al. 2014, Dumilag et al. 20164, 2016b). It is also possible
that the low Kappaphycus diversity observed in Bolinao
is caused by introduced strains from previous test plant-
ings (Dawes et al. 1993, 1994, Ganzon-Fortes 2016) as
there has been some evidence showing that introduced
seaweeds can dominate a community, which may have
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an impact on the diversity of native species (Schaffelke
and Hewitt 2007, Conklin et al. 2009, Halling et al. 2013).

Although the present study evaluated the genetic di-
versity of wild Kappaphycus strains in just two sites in the
Philippines (Pangasinan and Eastern Samar), and with a
relatively small dataset, the discovery of nine novel hap-
lotypes suggests that wild populations of Kappaphycus
in the Philippines still harbor unutilized strains. Con-
sidering the significant potentials of these new strains to
help improve farm production, extensive efforts to char-
acterize the genotypes of wild Kappaphycus strains are,
therefore, warranted. The potentials of these wild strains
to replace deteriorating farmed cultivars require further
examination.
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