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A B S T R A C T

Flowers and fruit of the seagrass Halophila ovalis subsp. bullosa (Setchell) Hartog are reported from the Nasese
intertidal flats, Laucala Bay, Fiji Islands, and described for the first time. The observation of pistillate and sta-
minate flowers completes the flowering event reporting of this endemic Fijian taxon, and also resolves its
taxonomic identity. Lack of prior descriptions of H. ovalis subsp. bullosa flower and fruit may be a consequence of
the small size of the flower and fruit structures, which may be easily overlooked during field studies. Our
descriptions confirm that H. ovalis subsp. bullosa in Fiji is a dioecious seagrass, and that its reproductive features
are identical to those of H. ovalis. The reproductive features observed, therefore, provide no evidence for sub-
species designation of H. ovalis subsp. bullosa. Description of the sexual reproductive structures of H. ovalis subsp.
bullosa is important in species discrimination, field identification, and to provide further precision in seagrass
ecological investigations.

1. Introduction

Seagrass species identification is often challenging, because flow-
ering, which is an important diagnostic morphological trait, frequently
remains unobserved during field studies (Papenbrock, 2012). The pre-
sence of flowers and seeds is important in the taxonomic description of
many plant species (Phillips, 1960), and sexual reproduction has a
substantial influence on our understanding of both the dispersal and
genetic potentials of seagrass populations (Chiquillo et al., 2018). The
genus Halophila, within the family Hydrocharitaceae, is comprised of
small, monoecious or dioecious, rhizomatous seagrasses. It contains
approximately 21 species, within five sections, which are widespread
within the Indo-Pacific region (den Hartog and Kuo, 2006). Taxonomic
categorization of the genus, and species identification within the genus,
is based primarily on leaf morphology (den Hartog, 1970; den Hartog
and Kuo, 2006). Despite the predominant use of reproductive structures
to classify flowering plants, in seagrasses these reproductive structures
are not often collected, and identification of species and genera relies
mainly on vegetative characters (Kuo and den Hartog, 2001). This is the
basis of some taxonomic controversy, because the separation of taxa
within the genus Halophila is currently based on morphological

similarity and subtle irregularities at the species/sub-species levels (den
Hartog and Kuo, 2006; Kuo et al., 2006; Short et al., 2011; Kim et al.,
2017), such as differences is in the size, shape and venation of leaves
(McMillan and Willams, 1980).

Den Hartog (1970) treated Halophila ovalis as a collective species
with broad variation in leaf characteristics, and suggested four sub-
species, all similar in having short erect shoots bearing one pair of
leaves (McMillan and Willams, 1980). Given this complexity, he sug-
gested using local populations for reference to aid in unraveling the
taxonomic confusion surrounding the group (McMillan and Willams,
1980). One of the four sub-species described was Halophila ovalis subsp.
bullosa Setchell (den Hartog), which is endemic to the Fiji Islands,
Tonga and Samoa (Tuiwawa et al., 2014). Halophila ovalis subsp. bullosa
has been observed to form both monospecific and mixed meadows with
H. ovalis, together with other local seagrass taxa and macroalgae species
in Fiji. McMillan and Bridges (1982) pointed out that Halophila ovalis
and the endemic subspecies Halophila ovalis bullosa vary only on the
basis of leaf texture, which is smooth for the former and bullate (blis-
tered) for the latter.

At the time that H. ovalis subsp. bullosa was described, no staminate
or pistillate flowers had been reported nor observed. However, flowers
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of Halophila ovalis have been described from various locations within its
geographical distribution, such as western Australia (Kuo and Kirkman,
1992), Malaysia (Bujang et al., 2006) and northern Vietnam (Huong
et al., 2003). Within the genus Halophila, irrespective of whether a
species is monoecious or dioecious, a staminate flower comprises a
pedicel, three tepals and stamen comprising three anthers. Similarly, a
pistillate flower comprises an ovary, hypanthium and three styles that
lack stigma (Bujang et al., 2006). This has been reported for H. beccarrii,
H. minor, H. ovalis, H. spinulosa, H. stipulacea, H. hawaiina, H. engelmanni
and H. nipponica (Bujang et al., 2006; Chiquillo et al., 2018; Herbert,
1986; McMillan and Jewett-Smith, 1988; den Hartog, 1970; Kuo et al.,
2006). Since these descriptions, there have been no similar reports for
the flowers of Halophila ovalis subsp. bullosa. Although Tuiwawa et al.
(2014) mentioned that flowering occurs from September through to
March for this subspecies, these authors neither collected nor docu-
mented flowering and/or fruiting plant specimens. Despite McMillan
and Bridges (1982) inducing and observing flowering on both bullate
and smooth leaved Halophila ovalis and H. ovalis subsp. bullosa plants
simultaneously, they did not describe them. The discovery and assess-
ment of flowering and fruit production in the latter taxon is important
for determining whether there is sexual reproduction and to establish
the sex of the flowers.

The purpose of this investigation was to describe the flower mor-
phology of H. ovalis subsp. bullosa in Fiji, to update and compare these
observations with field collections and literature accounts of H. ovalis,
and also to address the taxonomic identity of H. ovalis subsp. bullosa. A
detailed description of the staminate and pistillate flowers of H. ovalis
subsp. bullosa is reported here for the first time, along with notes on the
flowering ecology of this species. This information could resolve the
taxonomic confusion relating to the relationship between H. ovalis and
H. ovalis subsp. bullosa based on the presence of a flower description.

2. Materials and methods

A mixed Halophila ovalis and H. ovalis subsp. bullosa meadow in
Nasese, Suva, Fiji Islands (18° 9’ 28” S, 178° 26’ 47” E) was surveyed in
2018, to observe flowering and fruiting events in this species. The re-
productive structures of H. ovalis subsp. bullosa were compared with
descriptions for H. ovalis, and the presence of flowers and fruits eval-
uated. Ten sites were randomly selected from areas on muddy substrata
where seagrass shoot densities (42–73 shoots/cm2) were approximately
uniform. Six replicate plots (10 cm2) were surveyed at each site. Sample
collection was executed in a randomised fashion, by collecting scoops of
sediment with intact H. ovalis subsp. bullosa leaves, shoots, rhizomes
and roots. Individual shoots were then examined in the field for the
presence of reproductive structures (i.e. flowers and fruits). All flowers
observed were collected, identified as either pistillate or staminate, and
individually photographed, after which voucher specimens were stored
at the University of the South Pacific Marine Collection (Ref. #12235;
12234). Both staminate and pistillate flowers, fruits and seeds were
observed in the 10 sampling sites during field collections from mid-July
2018 to September 2018 (Fig. 1, Table 3).

3. Results and discussion

An average of 31.17 ± 0.50 staminate flowers were found across
the six replicate plots at one of the ten study sites at Nasese. At another
site no flowers were found, while at other sites only pistillate flowers
and fruit were observed. An average of 4.90 ± 0.17 pistillate flowers
and 8.54 ± 0.26 fruits, were recorded on Halophila ovalis subsp. bullosa
specimens collected at eight of the ten sites, representing the first de-
scription of staminate and pistillate flowers and fruits for this species in
the Fiji Islands. As reported by Ackerman (2006) for H. ovalis, immature
staminate flowers were solitary, highly-reduced and naked structures
on short pedicels, located close to the base of the plant. Similarly, Kuo
and den Hartog (2006) described mature H. ovalis staminate flowers

consisting of 3 tepals; 4 mm long and up to 2−3mm in width, being
yellow in color with a dark strip in the middle. The pedicel is whitish in
color and 10−25mm long. Three anthers are present and are 3mm
long and up to 0.3mm in width, sessile, with translucent and yellow to
light brown coloration. Flowers of Fijian H. ovalis subsp. bullosa largely
conformed to this description (Fig. 1, Table 1 and 2).

A total of 120 pistillate flowers and 187 staminate flowers were
observed, and 410 developed fruits were recovered from the 10 study
sites, with means (± SE) of 4.90 ± 0.17, 31.17 ± 0.50 and
8.54 ± 0.26, respectively, across the sites (Table 2). This indicates that
the Fijian populations of Halophila ovalis subsp. bullosa produce both
staminate and pistillate flowers. Pistillate flowers had a white ovoid
ovary. Den Hartog (1970) reported that Halophila ovalis female flowers
possessed 3 styles, each 10−20mm long, and contained an ovoid ovary
1−1.5mm long, and a hypanthium of 3−5mm length (Table 2). After
anthesis (flowering) in H. ovalis, the styles detached, but the hy-
panthium persisted, and this was also found to occur for H. ovalis subsp.
bullosa in this study (Table 1 and Fig. 2F3). The flowers of Fijian H.
ovalis subsp. bullosa overall were found to be largely consistent with the
description of den Hartog (1970) (Fig. 2 and Table 1).

As reported by Kuo and Kirkman (1992) for H. ovalis, fruits were (1)
globose in shape and protected by a pair of bracts; (2) a long (ca
5.5 mm) stylar beak is attached to the apical end of the fruit; (3) the
surface of the fruit appears smooth and is yellowish to light brown in
color; (4) a single fruit developed on each node within a total rhizome
length of 5 cm; and (5) fruits on the same rhizome may be at different
development stages. In our observations of H. ovalis subsp. bullosa, the
immature floral buds remain enclosed within the spathal bracts before
anthesis. At this time, the pedicel increases in length, extending up-
wards and the tepals become distinctly swollen and bright yellow, and
pushes the floral bud out of the spathe, raising it above the sediment
(Fig. 3M2 scale bar= 4mm). Then the tepals open to release pollen
from the anthers (Fig. 3M3 and M4), as described by Kuo and den
Hartog (2006) for H. ovalis. Field observations have revealed both im-
mature and mature staminate flowers of H. ovalis subsp. bullosa, and the

Fig. 1. Graph showing mean (± SE) numbers of staminate and pistillate
flowers collected from Halophila ovalis subsp. bullosa at the 10 sampling sites.

Table 1
Halophila ovalis subsp. bullosa male and female flower stages from Nasese,
Suva, Fiji Islands.

Stage Description

M1 Anthesis of the staminate flowers.
M2 Pre-anthesis bud before pedicel elongation; pedicel 10−25mm long,

whitish in color.
M3 Anthesis and release of pollen.
M4

F1
F2
F3

Post anthesis, stamen (3mm long) clearly visible. Entire flower detaches
from plant immediately after anthesis.
Pre-anthesis of pistillate flowers; ovary is covered by two overlapping
spathes, hypanthium extended into three styles.
Anthesis, styles detach, hypanthium persists.
Seeds inside fruit.
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pedicel with three yellow tepals still attached has been found. The
entire flower detaches from the plant after anthesis.

Kowalski and DeYoe (2016) emphasized the importance of sexual
reproductive structure descriptions for taxonomic purposes. The floral
and fruit descriptions presented here align with those described for H.
ovalis by several authors, including den Hartog (1970); Kuo and
Kirkman (1992); Ackerman (2006), and Kuo and den Hartog (2006),
and they further demonstrate that the subspecies status of H. ovalis

subsp. bullosa is questionable. Results of this study support the notion
that there is no evidence for subspecies designation of H. ovalis subsp.
bullosa. Recent phylogenetic analyses of H. ovalis subsp. bullosa have
also confirmed a common identity with H. ovalis from the Fiji Islands as
described by Singh et al. (2019).

The presence of flower and fruit of H. ovalis subsp. bullosa described
here indicate that flowering and seed dispersal could play a significant
role in the establishment and maintenance of populations in Fiji.
Flowering was highly localized to small areas usually 1−2m across
within the sampled patches (Shalini Singh., pers. obs.). Beyond these
localized areas only vegetative material was found. Similar observa-
tions have also been reported for H. hawaiiana (Herbert, 1986). It is also
noteworthy that the staminate flower observed in the field for H. ovalis
subsp. bullosa is short lived, as has been reported for H. stipulacea
(Lipkin, 1975), H. engelmanni (Short and Cambridge, 1984) and H.
hawaiiana (Herbert, 1986). Anthesis was observed to occur only at
night, leaving the stamen clearly visible.

McMillan and Bridges (1982) reported that laboratory cultured Fi-
jian H. ovalis and H. ovalis subsp. bullosa showed a synchronous phe-
nological timing, with flowering and fruit production occurring from
mid-July to mid-October. These observations are supported by the re-
sults of this study, as pistillate and staminate flowers were produced
seasonally at nearly each node of the rhizome from July to September,
and not throughout the year. Further research should focus on the
potential for cross fertilization and the success of hybrids among H.
ovalis and H. ovalis subsp. bullosa.

Because previous studies of H. ovalis subsp. bullosa have not re-
ported nor provided descriptions of staminate and pistillate flowers, or
fruits from the Fiji Islands, it had been assumed that these seagrass
populations could reproduce exclusively asexually. The results of this
study, however, indicate that this species could reproduce sexually.
During field sampling of seagrasses, the short span of flowering in many
taxa, and particularly the tiny flowers and fruits produced, are often
overlooked (Sidik et al., 2010). Our field sampling however permitted
observation of the phenological cycle. The numerous fruits collected
contained seeds which were similar to those of H. ovalis: 1 mm in dia-
meter and globose in shape (Jewett-Smith et al., 1997). Unfortunately,
no seeds were found in any of the sediments collected under H. ovalis
and H. ovalis subsp. bullosa beds. Targeted studies of seed banks will
further demonstrate the ecological role of flowering in H. ovalis sub-
species bullosa, over vegetative ramification from rhizomes (Hovey
et al., 2015). Additionally, testing of seed viability and germinability in
these taxa would be useful further steps towards improved under-
standing of the role of sexual reproduction.

During this study, we easily identified, separated, and followed the
phenological development of both staminate and pistillate plants, and
determined that H. ovalis subsp. bullosa produces flowers and

Table 2
Comparison of the reproductive characters (measurement given as mean ± SE
and range in parentheses) of Halophila ovalis and H. ovalis subsp. bullosa from
Fiji. Table modified from Singh et al. (2019). N is the number of samples.

Reproductive characters H. ovalis subsp. bullosa H. ovalis

Flowering spathe hairs Absent Absenta

Staminate Flower (N=8)
Pedicel length (mm) 17.03 ± 1.04 (9.8−24.6) 10−25b

Number of Tepals 3 3b

Tepal length (mm) 3.86 ± 0.22 (3.5−4) 4b

Tepal width (mm) 2.57 ± 0.32 (2.5−3) 2−3b

Number of Anthers 3 3b

Anther length (mm) 2.94 ± 0.02 (2.8−3.1) 3b

Anther width (mm) 0.27 ± 0.01 (0.2−0.3) 0.3b

Pistillate flower (N=20)
Ovary length (mm) 1.29 ± 0.04 (1−1.5) 1−1.5a

Hypanthium length (mm) 5.20 ± 0.67 (1−9) 3−5a

Number of styles 3 3a

Style length (mm) 13.58 ± 0.75 (10−20) 10−40b

Fruit (N= 4)
Fruit diameter (mm)

2.75 ± 1.5 (2−3) 3−6b

Seeds (numbers per fruit) 9 ± 2.23 (7−12) 20−30a

Seed diameter (mm) 1 ± 0.0 (0.9−1.1) 1a

a based on den Hartog, 1970.
b based on Kuo and den Hartog, 2006.

Table 3
Number of sampling site per sex per date of Halophilaovalis subsp. bullosa col-
lections from Nasese, Suva, Fiji Islands.

Dates Sex Collection site (1−10)

25 July Immature staminate flowers 1
4 August Immature staminate flower 1
8 August Staminate; Pistillate flower 1; 2−9
13 August Staminate; Pistillate flower 1; 2−9
15 August Staminate; Pistillate flower 1; 2−9
22 August Staminate; Pistillate flower 1; 2−9
26 August Staminate; Pistillate flower 1; 2−9
10 September Staminate; Pistillate flower and fruit 1; 2−9
19 September Staminate; Pistillate flower and fruit 1; 2−9
11 October No flowers or fruit 1−10

Fig. 2. Pistillate flower, fruit and seeds of H.
ovalis subsp. bullosa from Nasese, Fiji Islands.
Clockwise from left: F1- Pistillate flower com-
prising an ovoid ovary, a hypanthium, and
three styles. F2 – An ovoid fruit attached to a
rhizome containing globose seeds enclosed by
a testa, with a small peg-like projection called
a hypanthium. F3 – Seeds released from fruit.
Scale bar: 1 cm. Photographs: S. Singh.
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propagates by both vegetative and reproductive means. Many Halophila
species are considered pioneer plants, with fast growing rhizomes that
colonize bare areas or disturbed seagrass beds (Hemminga and Duarte,
2000; Kilminster et al., 2015). The similarities described in the fruiting
and flowering of H. ovalis subsp. bullosa here with H. ovalis, challenge
their taxonomic differentiation, and highlight the opportunistic nature
of this species that may contribute to its ability to successfully establish
in new habitats.

Accurate classification of seagrasses based on conventional mor-
phological assessment is a major challenge for many seagrass species
and subspecies. However, combination of molecular techniques with
traditional morphological features is allowing more accurate dis-
crimination between taxa and is advancing our knowledge of seagrass
taxonomy. Future studies could employ advanced molecular tools such
as DNA barcoding coupling with high resolution melting analysis
(called Bar-HRM), microsatellite markers, nuclear and chloroplast
markers to further advance this field and to rectify seagrass mis-
identification.
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