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The systemic distinction between Rhizophora lamarckii and
Rhizophora annamalayana remains unclear, and their
parental species are not fully understood (Kathiresan, 1995,
1999; Lo, 2003), owing to difficulties in distinguishing
Rhizophora stylosa and Rhizophora mucronata. In India,
Rhizophora hybrids have been recorded in Pichavaram
(Tamil Nadu) and in the Andaman and Nicobar Islands.

In Pichavaram, the hybrid was initialy identified as R.
lamarckii based on morphological features and occurrence
of putative parents (Lakshmanan & Rajeswari, 1983;
Muniyandi & Natargjan, 1985). However, its parentage was
disputed in that R. stylosa does not occur in Pichavaram and
the morphological features of R. lamarckii described by
Duke and Bunt (1979) differed from those of the hybrid.
Later, the hybrid was identified as R. annamalayana, a
cross between Rhizophora apiculata and R. mucronata
(Kathiresan, 1995). Although Kathiresan (1995) assigned a
new nomenclature in an attempt to distinguish the Indian
hybrid from the Australian form, he did not provide detailed
taxonomical descriptions of the hybrid, as well as its
parents. According to Kathiresan (1995, 1999), the style
length of R annamalayana is 2.2 mm. As hybrids are
always intermediate in its morphology between its parents,
its style length cannot be 2.2 mm, because both parents (R.
apiculata and R. mucronata) have style lengths of less than
1 mm (Duke & Bunt, 1979). Moreover, the style lengths of
Rhizophora hybrids reported by various authors are very
similar (Table 1). Kathiresan (1999) mentioned that style
length of R. apiculata is 1.8 mm but according to Duke and
Bunt (1979) the mean style length of R. apiculata is 0.9
mm, varying between 0.5-1.0 mm. Although Kathiresan
(1995) compared morphological characters of R. mucronata
and Rhizophora hybrids in Pichavaram with those described
by Duke and Bunt (1979), he did not compare the
characters of R. apiculata. It is understood that Kathiresan
(1995) has assigned the new nomenclature based on the
presence of dark spots, stamens in two distinct whorls and
dark green leaves, but in the absence of R. stylosa.

In Andaman and Nicobar, a Rhizophora hybrid was first
identified by Singh et al. (1987) from Havelock. It was
named as R. lamarckii, and described as occurring with
R. apiculata and R. mucronata, found on rocky substrates,
style length 2-3 mm and stamens present in two distinct
whorls. As there was no mention of R. stylosa, its identity
was not reliable.
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To resolve the controversies in both locations, a survey was
carried out to distinguish R. mucronata and R. stylosa based
on style length with comparison with the two known
hybrids of Indo-West Pacific region (Duke, 2006a). To
distinguish R. mucronata and R. stylosa, 50 trees were
randomly selected in Havelock, and 20 flowers from
different inflorescence were collected from each tree to
measure their style length.

Among 50 trees analyzed to delimit the R. mucronata and
R. stylosa based on style length, we found three groups in
cluster analysis (Fig. 1). Clade A represents R. mucronata
(shorter style length of 0.8-1.1 mm), Clade B represents R.
stylosa (longer style length of 2.4-3.5 mm), and Clade C
represents the intermediate forms of R. mucronata and R.
stylosa (medium style length of 1.2—2.2 mm). In addition,
sub-groups were also found in each clade, indicating that
there is drift in style length between R. mucronata and R.
stylosa (Fig. 2).

Similar kind of drift was observed in R. mucronata from
Pichavaram (Fig. 3). Out of 11 trees analyzed, we found
two groups in the cluster analysis. Clade A represents R.
mucronata (style length of 0.7-1.0 mm) whereas Clade B
represents the intermediate forms (style length of 1.1-2.2
mm). This occurrence of undefined intermediate individuals
is indicative of mixed genotypes between variants of one
species rather than between genetically distinct, sibling
species (Duke, 2006a). This view is supported by the
genetic assessment of Lo (2010), showing very close but
distinct genetic characteristics between R. mucronata and
R. stylosa.

Similarly, the eight hybrid trees in Havelock were
categorized into three groups, based on style length (Table
2). Group A represents hybrids with longer style length
(1.9-2.5 mm), Group B represents hybrids with shorter
style (0.9-1.2 mm) and Group C represents hybrids with
medium style length (1.2-1.6 mm). The observations of al
the possible parents of Rhizophora hybrids (R. apiculata, R.
stylosa, R. mucronata, and intermediate forms of R. stylosa
and R. mucronata) and three groups of hybrids indicate that
almost all species of Rhizophora could naturally hybridize
with one another when their ranges overlap and each of
them can serve as the maternal parent in hybridization (Lo,
2010). In addition, all the three groups of hybrids have
intermediate characters of their parents. Interestingly, the
occurrence of stamens in two distinct whorls was observed
inal hybrid individuals.
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Singh et al. (1987) and Kathiresan (1995, 1999) have Based on style length, we conclude that, among the eight
described the occurrence stamens in two distinct whorlsin individual hybrids in Havelock, individuals 1 and 3 are
Rhizophora hybrids in Andaman and Nicobar, and in products of R. apiculata and R. stylosa (R. lamarckii).
Pichavaram, respectively. This suggested that the presence Individuals 4, 5 and 7 are products of R. apiculata and R.
of stamens in two distinct whorlsis characteristic of Indian mucronata (R. annamalayana). Whereas, individuals 2, 6
Rhizophora hybrids and this kind of stamen arrangement and 8 are products of R. apiculata and intermediate forms of
has not been observed in Rhizophora hybrids of other R. stylosa and R. mucronata or hybrid variants due to
regions. introgression or back-crossing with their parents. Among the
11 individual hybrids in Pichavaram, five individuals are
Based on style length it appears that Group A hybrids are products of R. apiculata and intermediate forms, and six
products of R. apiculata and R. stylosa (Fig. 4), Group B individuals are products of R. apiculata and R. mucronata.
hybrids are products of R. apiculata and R. mucronata Drift in style length and the occurrence of intermediate
(Fig. 5), and Group C hybrids are products of R. apiculata forms of R. mucronata and R. stylosa indicate that both
and intermediate forms of R. mucronata and R. stylosa species are very close morphologically but genetically
(Fig. 6). Variations in leaf dimensions of individuals 2, 6 distinct, and the presence of stamens in two distinct whorls
and 8 indicates that introgressive hybridization or back- is characteristic of Indian hybrids. Further taxonomical and
crossing between hybrids and their parental species may molecular analyses are needed for confirmation.
have occurred. Particularly, leaf dimensions of individual 6
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Table 1. Style lengths (mm) of Rhizophora hybrids by various authors

Author R. lamarckii R. annamalayana
Duke and Bunt (1979) 1.9 (1.5-2.7) -

Kathiresan (1995) - 2.2 (Pichavaram)
Parani et al. (19978,1997b) — 1.5-2.5 (Pichavaram)
Singh et al. (1987) 2-3 (Andaman & Nicobar) -

Duke (2010) 3.0-4.5 (New Caledonia) -

Duke et al. (2002) 2.7 (1.7-3.7) (NW Pacific) -

2.0(1.3-2.9) (Australia)
Duke (2006b) 2-3 -
Chan (1996) 2-3 (Mdaysia) -

Table 2. Morphological attributes of eight hybrid individuals of Rhizophora in Havelock

Character Group 1 Group 2 Group 3
Ind 1 Ind 2 Ind 3 Ind 4 Ind 5 Ind 6 Ind 7 Ind 8
Leaf length (cm) 129+04 139+04 13.0+05 124%03 13.3+0.3 153+05 13.8%0.3 174+0.8
Leaf width (cm) 64+03 80zx02 72+03 75+03 71+£02 95+03 75102 83104
Stylelength (mm) 22+01 23+0.1 22+01 11+01 11+01 15+02 14+00 15+00
No. of stamens OR=8 OR=89* OR=89 OR=8(-11) OR=8(-10) OR=8-13 OR=8(-10) OR=8-11
IR=0-7 IR=asent IR=04 IR=04 IR=4-8 IR=0-7 IR=2-6 IR=2-4°
No. of flowers 2 2-3 2 2-3(4) 2 2 2 2-3(4)
per inflorescence
Ind = individual, No. = number, OR = outer row and IR = inner row
* With 1-3 smaller stamens
* Mostly 3 stamens
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Table 3. Morphological attributes of 11 hybrid individuals of Rhizophora in Pichavaram

Individua  Stylelength Leaf length Leaf width No. of stamens

No. of flowers

(mm) (cm) (cm) per inflorescence
1 1.1+0.1 13.1+£09 69+£06 OR=8,IR=1-8 24
2 1.3+03 134+08 67105 OR=8,IR=3-8 24
3 1.3+01 146+13 78109 OR=8,IR=4-8 24
4 1.3+0.2 133+1.1 74+£06 OR=8,IR=1-8 24
5 13%0.1 157+10 85+12 OR=8,IR=2-8 2-4
6 14+01 133+09 72108 OR=8,IR=0-8 24
7 1.7+£0.2 142+09 77£07 OR=8,IR=2-8 24
8 21+02 152+18 77+11 OR=8,IR=2-8 2-4
21+01 127+09 70104 OR=8,IR=2-8 24
10 21+£0.2 149+£0.7 69+£04 OR=8,IR=4-8 24
11 24+04 13.2+£05 7.3£t05 OR=8,IR=2-8 24
No. = number, OR = outer row and IR = inner row
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Fig. 1. Cluster analysis based on style length of Rhizophora mucronata and R. stylosa in Havelock
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Fig. 2. Drift in style length between Rhizophora mucronata and R. stylosa in Havelock

Fig. 3. Drift in style length of Rhizophora mucronata in Pichavaram
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Fig. 4. Leaves and styles of Group A Rhizophora hybrids in Havelock
[a& d=individual 1; b & e=individua 2; c & f =individual 3]

Fig. 5. Leaves, stamens and styles of Group B Rhizophora hybrids in Havelock

[a, c& d=individua 4; b, e & f = individual 5]
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Fig. 6. Leaves, stamens and styles of Group C Fig. 7. Comparative leaf morphology of eight
Rhizophora hybridsin Havel ock hybrid trees of Rhizophora in Havelock

[a,b& c=individua 6;d,e& f =
individual 7; g, h& i = individua 8]

Fig. 8. Group A Rhizophora hybridsin Pichavaram Fig. 9. Group B Rhizophora hybridsin Pichavaram
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