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ABSTRACT

Farooqui A 2001. Micromorphology and Adaptation of leaf epidermal traits in Rhizophoraceae to
Coastal Wetland Ecosystem. Palaeobotanist S0(2 & 3) : 295-309.

The lcaf epidermal/cuticular micromorphological feature was studied in four genera vis-a-vis Rhizophora,
Kandelia, Ceriops and Bruguiera of family Rhizophoraceae. While Rhizophora has the means to exude
excess salt through their stomatal modification (cork-wart-like structure), Kandelia shows rupture in the
epithelium perhaps for the same reason. No cork-wart-like structure was found in Kandelia, Ceriops and
Bruguiera species. The epidermal cell size, stomatal length and breadth, stomatal index and diflerentiation
in the costal and intercostal cell wall pattern are the identifiable traits in all the species studied. Rhizophora
apiculata and Bruguiera caryophylloides shows increase/ decrease in the epidermal cell size and Stomatal
indices with the varying coastal ecology. During salinity related stress the cork-wart-like structure in
Rhizophora apiculata on the lower epidermis becomes rudimentary and non-functional while it is well
developed and of larger size in normal ecological conditions. Bruguiera cylindrica differs with all the species
in having undulate cell wall pattern in the costal area studded with the stomata and shows closer affinity with
B. gymnorrhiza (costal cells distinct but with sinuate anticlinal cell wall) and not with its Syn. B
caryophylloides in this respect. The stomatal index (SI) in Rhizophora apiculata shows similarity with that
of Bruguiera parviflora and B. gymnorrhiza. However, R. apiculata growing in stressed environment shows
similar Sl as in Bruguiera sexangula and other species of Rhizophora, Ceriops and Kandelia. 1t is understood
that perhaps Rhizophora apiculata and C. decandra (Syn. C. roxburghiana) and B. cylindrica (Syn. B.
caryophylloides) have SI as a non-consistent feature that tends to vary with the changing environment.
Mangrove species showing similarity in the epidermal traits and their adaptive features may thrive together
in a common coastal environment. Leal epidermal traits of Rhizophoraceae would help in the identification
of fossil cuticles at the specific level and their non-consistent features adapting to the changing coastal
environment would provide potential proxy data for interpreting palaeoecology.

Key-words—Rhizophoraceae, Leaf micromorphology, Coastal ecosystem.
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INTRODUCTION

yrs ago) that the vascular plants attempted to invade land

and acclimatized to the terrestrial environment. Since then
plants had to develop features which would help them in
adaptation to different ecosystem with special reference to
cuticle, stomata and vascular tissue and are considered to have
developed simultaneously that led to the emergence and
survival of large terrestrial plants (Chaloner, 1970). Such a
process is still going on with the number of evidences coming
up where the plants adapt to different ecological and edaphic
conditions by changing their epidermal traits in order to survive

IT was in late Silurian- early Devonian Period (400 million

(Stace, 1965a, b; Fahn, 1979; Tukey, 1971; Dilcher, 1974,
Farooqui ez al. 1995, 1997; Farooqui & Bajpai, 1999).

Coastal wetland ecosystems show different ecological
zones and each zone is demarcated distinctly by different types
of mangrove vegetation (Banerjee, 1994). Any change in the
ecology affects the specific zonation of the mangroves
depending upon the duration, direction and magnitude of sea-
level and climatic fluctuations (Ellison & Stoddart, 1991;
Ellison, 1993). It is evident that the distribution of different
species is variable along the Indian coastal region and also
world wide depending on various factors that also include the
geomorphology and geographical distribution (Muller, 1959;
Caratini ez al., 1973; Blasco, 1975; Chapman, 1977; Tomlinson,

PLATE1

(Scale given below each photoplate is equal to 10 pm unless mentioned otherwise)
Rhiizophora apiculata (Specimen Se. No. 1)

1. Upper leaf epidermis showing pentagonal irregular cells with
straight- arcuate anticlinal cell walls and underlying hypoder-
mal cells (Light Photomicrographs-LP).

2. Lower leaf epidermis showing sunken stomata, guard cells cov-
ered'by stomatal legdes (Scanning Electron Microscopic
Photomicrographs; SEMP).

3. Lower epidermis (LP) showing compact radially arranged epi-
dermal cells surrounding the reduced stomata that appear highly
raised in the surface view called as cork-warts.

4. SEMP of cork-warts in favourable condition.

—

5. LP of corkwarts.

6. LP of stomata on the lower epidermis.

7. SEMP of cork-warts with reduced stomatal opening in the stress
condition (Specimen Se. No. 3).

8. SEMP showing distinct gross features of stomata in the centre of
cork-warts.

9. LP of cork-warts in stress condition showing compact and
reduced cell size of the stomatal complex.

10. SEMP showing lower epidermis in stress condition with smaller

cork-warts and thick epicuticular ornamentation.
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NO. TAXA 1 I 1 v CELL SIZE (um?) 1: A=20-35;
B=50-100; C=140-150
1 Rhizophora apiculata C A C B
2 R mucronata A C C : A
3 R stylosa A B -B A STOMATAL LENGTH (um) II:
4  Kandelia candel B C ‘C A A=14-15; B=18-21; C=20-21;
S Ceriops tagal A C B A D=29
6 C. roxburghiana A TA A ‘A
7 C. decandra A B C A STOMATAL BREADTH (um)-I11
8  Bruguiera parviflora B B C B A=8; B=10-12; C=14-17
9 B. sexangula B B A A
10 B. caryophylloides B A A C STOMATAL INDEX IV
1l B. cylindrica C A B C A=7-28-9:9; B= 12-5-13-8;
12 B. gymnorrhiza B A7 A B C=219-292
Fig. 1—Affinity between members of Rhizophoraceae with reference to single parameter.

1986; Naskar & Guha Bakshi, 1987; Ellison, 1989; Dagar etal.,
1991: Untawale & Jagtap, 1991; Plaziat,1995; Upchurc, 1995,
Naskar & Mandal, 1999). Mangroves have been used as
biological sea-level indicators since Tertiary period i.e., 65
million yrs (Ellison, 1989). Besides pollen/spores, the cuticular
or epidermal microscopic fragments are also abundant in the
sedimentary sequence. Reconstruction of former vegetation,
climate and environment through palynology alone cannot
hope to answer all our questions about palacoecology and
palaeoenvironment. The leaf epidermal traits play a-vital role
in the adaptation of plants to different environmental
conditions. The gross epidermal features along with the
adaptive epidermal traits have great potential for understanding
various environmental changes (Ball & Farquhar, 1984;
Beerling & Chaloner, 1992). However, it is difficult to evaluate
the fossil cuticles unless the modern potential specimens are
thoroughly investigated in different environment and the
variability in the epidermal features is recorded. In an attempt
number of workers have evidently compared the modern
analogue with that of fossil specimens (Dilcher, 1974; Mehrotra
et al., 1998; Cleal et al., 1999). Previous work related to
epidermal features in Rhizophoraceae is limited (Metcalfe &
Chalk, 1950; Tomlinson, 1986; Das & Ghose, 1996; Naskar &
Mandal, 1999) and the understanding of differences in
epidermal traits between the genus and between the species
is meagre. So far, the data on modern analogue of mangrove
cuticle/ epidermis and its comparison with the fossil specimens

is lacking, although mangrove paiynological assemblage in
India has been reported since Tertiary Period (Ramanujam &
Reddy, 1984). With this objective the present paper puts
together the studiessrelated to micromorphology of the
epidermal characteristics/ traits in the members of
Rhizophoraceae and its adapting characters to the changing
coastal wetland ecosystem that is directly influenced by sea-
level and climatic fluctuations. The study would provide a
potential modern analogue for understanding the fossil
mangrove cuticle/épidermis inter alia dynamics of the coastal
palaeovegetation, palaeoecology and palaeoclimate.

MATERIAL AND METHODS

Four genera and ten species belonging to Rhizophoraceae
were studied for their leaf epidermal/ cuticular
micromorphology. These are: Rhizophora apiculata Bl.. R.
mucronataLamk., R. stylosa Griff., Kandelia candel (L) Druce,
Ceriops tagal (Perottet) C.B. Robinson, C. decandra (Griff.)
Ding Hou (Syn. C. roxburghiana Arn.), Bruguiera parviflora
(Roxb) Wt. & Amn. Ex Griff., B. sexangula (Lour.) Poiret. Bl., B.
cylindrica (L.) Bl. (Syn. B. caryophylloides Burm.f.) and B.
gymnorrhiza (L.) Lamk.

The middle portion from margin to the midrib part of the
leaf blade was selected for epiderma! micromorphological
studies in order to minimize variability (Poole ez al., 1996). The
samples were soaked in 50 per cent (v:v) glycerine overnight

PLATE?2

S

(Scale given below each photoplate is equal to 10 pm unless mentioned otherwise)

. mucronata (Specimen Se. No. 7)

LP of lower leaf epidermis.

LP of upper leaf epidermis.

SEMP of cork-wart filled with particulate encrustations in the sto-

matal cavity similar to in R. apiculata.

5. SEMP showing stomatal ledges and flaky to granular epicuticular
wax.

BN -

R. stylosa (Specimen Se. No. 8).

3. LP of upper leaf epidermis.

6. LP of lower leaf epidermis.

7. SEMP of the lower leaf epidermis.



2 Hag: 1.88 K X
Phota Na. =489 — Detector= SE1

PLATE 2




300 THE PALAEOBOTANIST

Se No Taxa Herbarium Specimen No., Name (Collector), Year & Area of Collection
1 Rhizophora apiculata Blume. HIFP 311, Pascal 1974, Pichavaram
2 R. apiculata NBRI 88395, Saran & Party 1961, Long Island, Andaman
3 R. apiculata BSIP 11940, Farooqui 1998, Pichavaram
4 R. mucronata Lamk. HIFP 312, Pascal 1974, Pichavaram
5 R. mucronata Pichavaram HIFP 904, Thanikaimoni 1982
6 R. mucronata Pichavaram NBRI 2652, Ramalingam 1945
7 R. mucronata BSIP 11941, Farooqui 1998, Pichavaram
8 R. stylosa Griff. Marakkanam HIFP 494, Thanikaimoni 1979
9. Kandelia candel (L.) Druce HIFP UT 1154, Thanikaimoni 1979, Mahanadi estuary
10. Ceriops decandra (Griff.) Ding Hou

(Syn. C. roxburghiana Arn.) HIFP 1002, Thanikaimoni 1973, Pichavaram
11. Ceriops roxburghiana NBR167212, Srivastava 1960, Sunderbans
12. C. roxburghiana NBRI 79622, Saran and Party 1961, Long Island, Andaman
13. C. roxburghiana NBRI 67212, Srivastava 1960, Mahanadi estuary
14. C. decandra BSIP 4527, Takhtajan & Lakhanpal 1966, Sunderbans
15. C. tagal (Perottet) C.B. Robinson NBRI 38895, Srivastava 1960, Sunderbans
16. Bruguiera caryophylloides (Burm. F.) Bl.

(growing in fish pond) NBRI 38, Backer 1913, Java
17. B. caryophylloides NBRI 2653, Swaminathan 1945, Pichavaram
18. B. caryophylloides NBRI79463, Saran & Party 1961, Long Island Andaman
19. B. gymnorrhiza (L.) Lamk. HIFP 493, Ramesh 1984, Pichavaram
20. B. gymnorrhiza NBRI 86721, Kaul & Party 1965, Cuttack, Orissa
21. B. gymnorrhiza BSIP 4549, Lakhanpal & Takhtajan 1966, Sunderbans
22. B. parviflora (Roxb.) Wt. & Arn. HIFP VKB 12, Legris 1957, Mahanadi estuary

Ex Gniff.

23. B. sexangula (Lour.) Poir HIFP 1769, Blasco & Thanikaimoni 1974, Sunderbans
24, B. sexangula BSIP 3224, Lakhanpal 1966, Ceylon
25. B. cylindrica (L.) Blume. HIFP VKB 1, Legris 1957, Pichavaram
26. B. c¢ylindrica HIFP 314, Pascal 1974, Pichavaram
27. B. cylindrica BSIP 4540, Takhtajan & Lakhanpal 1966, Sunderbans

Fig. 2—List of Herbarium specimens studied (HIFP—Herbarium French Institute, Pondicherry; NBRI—National Botanical Research lostitute and

BSIP—Birbal Sahni Institute of Palaeobotany, Lucknow).

and the leaf epidermis was separated following Ahmad (1974)
and Dilcher (1974). The micromorphological description of
epidermal features has been followed after Dilcher (1974). The
percentage of stomatal index (SI)= Number of stomata (per sq
mm leaf area)/ Number of stomata+ No. of non-stomatal
epidermal cells per sq mm leaf area x 100 was calculated
following Salisbury (1927). The Scanning Electron
Microscopic study was carried out after processing the

samples through ethanol series and gold-palladium alloy
coating before examining in LEO — 430 Scanning Electron
Microscope (SEM).

The herbarium samples were obtained from Institut
Francais, Pondicherry, National Botanical Research Institute
and Birbal Sahni Institute of Palaeobotany, Lucknow. The
names of the species with their Synonyms documented in the
respective herbarium sheets have been retained in order to

PLATE3
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(Scale given below each photoplate is equal to 10 pm unless mentioned otherwise)

Ceriops dec,andra (Specimen Se. No. 14) )
1. LP of upper leaf epidermis; lower leaf surface.

2. SEMP showing finely lamellated to granular epicuticular omamen-
tation.
3. As seen under light microscope

C. roxburghiana (Specimen Se. No. 13 )

4. LP of upper leaf surface.

5. LP of lower leaf surface; C. tagal (Specimen Se. No. 15).

6 LP of upper leaf surface.

7 LP of lower leaf surface.

8 SEMP showing lower leaf surface with typical rhomboid sto-
matal complex. Finely striated—granular cuticular ornamenta-
tion.
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study the variation. The list of herbarium specimens is given
inFig. 2.

RESULT AND DISCUSSION

As a barrier to excessive and uncontrollable water loss,
the leaf epidermal cells are the most numerous and usually
they show considerable variation in size and shape along with
number of consistent and non-consistent characteristics
(Willmer & Fricker, 1996: Mc¢ Elwain & Chaloner, 1996;
Farooqui et al., 1995, 1997, Chaloner & Mc Elwain, 1997,
Farooqui & Bajpai, 1999).

Rhizophoraceae (Dahlgren, 1980; Tomlinson, 1986;
Naskar & Guha Bakshi, 1987), a pantropical family consists
of 16 genera and 120 species. It is in a separate order
Rhizophorales; Tribe Rhizophoreae and comprises of four true
mangrove genera i.e., Rhizophora L., Ceriops Arn., Kandelia
Wt. & Am. and Bruguiera Lamk. These are generally confined
to the intertidal zone. Although these thrive well in fresh water
ecology but sooner its growth is overpowered by fresh water
plant taxa (Camilleri & Ribi, 1983).

The number of plant species growing in mangal is small.
But, the nomenclature is still a confusing chapter. Most early
systematic work was done entirely on the basis of herbarium
specimens, so number of descriptions of the same species under
different names came into being. Elementary synonymy has
been extensively used in the literature (Rollet, 198 1; Tomlinson,
1986). During the present study the synonyms of Ceriops
decandrai.e., C. roxburghiana and Bruguiera cylindricai.e.,
B. caryophylloides have been dealt in separately for their
significant identifiable difference in leaf micromorphological
features in different specimens.

In all the species studied the leaves are dorsiventral and
stomata are present on the lower leaf surface. The sunken
stomata described by Metcalfe and Chalk (1950) is a mixture of
ranunculaceous, cruciferous and rubiaceous type. It consists
of guard cells covered by stomatal ledges which are plain and
conspicuous. There is no specific subsidiary cell and the
epidermal cells surrounding the stomata are arranged radially
to form stomatal complex. These are elongated and distinct
from other epidermal cells. The size, number, position, its
obscurity or distinction from other areas are the identifiable
features which vary from species to species.

The upper leaf surface in members of Rhizophoraceae
show irregular epidermal cells with insignificant difference in
cell wall thickness. The anticlinal cell wall pattern is straight to

arcuate in all the species. The costal and intercostal area is
well differentiated in B. cylindrica (Syn. Bruguiera
caryophylloides). Other species do not show well defined
costal or intercostal areas. The cell size shows a wide range
(54-145 mm?) of variability within species. Larger cell size
(80-145 mm?) was found in Rhizophora (Pl. 1.1;pl. 2.2-3) closely
related with Kandelia (Pl. 4.1-3). However, Bruguiera spp.
(PL.5.1,5,P1. 6.2, 4, P1. 7.1) differs in having well demarcated
costal and intercostal cells that have sinuate anticlinal cell
walls. The smallest cell size (50-60 mm?) was found in Ceriops
spp- (PL. 3.1, 4, 7) with a slight thickened anticlinal cell wall.
The multilayered epidermis is prominent in the surface view
only in Rhizophora apiculata and Kandelia candel.

Fig. | shows the characteristic features of the lower leaf
surface. The cell size in Group A (20-35 um?) comprises
Rhizophora mucronata, R. stylosa, Ceriops tagal and Ceriops
decandra (C. roxburghiana). The Group B (50-100 pm?)
includes Kandelia candel, Bruguiera parviflora, B.
sexangula, B. caryophylloides and Bruguiera gymnorrhiza.
The largest cell size (140-150 pm?) was found in Rhizophora
apiculata and Bruguiera cylindrica. The cell size in Bruguiera
caryophylloides growing in the coastal waters (77+2.5 um?)
and in the fresh water fish pond (48 1.3 um?) show significant
variation with 50 % reduction in the latter. Thus, the cell size
varies in different ecology. However, the cell size in B.
cylindrica was found to be 140+£4.9 um?. As B. caryophylloides
is Synonym of B. cylindrica it may be that either the cell size
is the non-consistent epidermal trait or it should be kept
separately while identifying the micromorphological features.
Similar feature has also been recorded in R. apiculata
(Farooqui, 2000) where the cell size reduces in salinity related
stress. Thus, Bruguiera caryophylloides shows affinity with
the R&izophora apiculata. Previously, B. caryophylloides
Blume was also named as Rhizophora caryophylloides Jack
Mal. or R. cylindrica Linn. (Hooker, 1879).

Affinity between different species with respect to
stomatal length and breadth and stomatal index is shown in
Fig. 1. It was found that Rhizophora apiculata has the longest
stomatal length followed by R. mucronata, Kandelia candel
and Ceriops tagal (20-21 mm). However, stomatal length in
Rhizophora stylosa, Ceriops decandra, Bruguiera parviflora,
and Bruguiera sexangula is 18-21 mm. Bruguiera cylindrica
(Syn. B. caryophylloides) and B. gymnorrhiza show only 14-
15 mm stomatal length. With respect to stomatal length and
breadth Ceriops decandra (Specimen No. 10 & 14) and its
Syn. C. roxburghiana (Specimen No. 1 1-13) show considerable

g PLATE4

(Scale given below each photoplate is equal to 10 pm unless mentioned otherwise)

Kandelia candel (Specimen Se. No. 9)

1-3. LP of upper leaf epidermis showing dark patches of thickened
epidermal cells distinct from the surrounding cells; Lower leaf
epidermis.

4-5. LP showing dark areas of thickened cells.

—>
6. LP showing the dark areas with epidermal rupture in the centre.
7. SEMP showing fine granular ornamentation with flakes of

epicuticular wax.
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variation with significant smaller stomatal length and breadth
and larger cell size at 5 per cent error probability in the latter
case. This trend is similar to as in B. cylindrica (Specimen Se.
No.25-27) and its Syn B. caryophylloides (Specimen Se. No.
17 & 18). Therefore, both the species differ with their synonyms
with respect to leaf epidermal micromorphological features.
Number of stomata increased in B. caryopliylloides (Specimen.
Se. No. 16) while growing in fresh water fish pond than in
coastal water (Pl. 5.2-4).

In all the species stomata are sunken covered by the
plain and conspicuous stomatal ledges as in Rhizophora
apiculata (Pl. 1.2), that indicates the xerohalophytic nature of
the plants to avoid excess transpiration when the available
water becomes physiologically inactive in highly saline
ecosystem. There are no salt glands in Rhizophoraceae. Being
the salt excluders (Scholander, 1968) they have high sodium
and chloride in the xylem sap (Dagar ez. al, 1991). The excess
salt that enters into the plant system has to be excreted by the
plants. As studied earlier in Rhizophora mucronata by
Tomlinson (1986) and Metcalfe and Chalk (1950) Rhizophora
has cork-wart-like structure to function as hydathodes and
help in salt excretion through the leaves. However, the present
leaf epidermal studies in R. apiculata shows that the cork
warts (Pl. 1.3, 4) are the modifications in the stomatal complex
(Farooqui & Bajpai, 1999) and these shed off the excess salts
excreted by plants during rainy season (Farooqui, 2000). Earlier
it was reported (Mullan, 1931) that the excreted salts through
cork-warts being hygroscopic absorbs moisture from the
atmosphere and supplements the water need of the plant during
stress condition. As previously recorded by Stace (1965b)
and Fahn (1979) these are either an enlarged stoma or the
epidermal rupture. However, our study shows that these are
the modifications in the stomatal complex where the stoma
reduces to a pore like structure (Pl 1.6, 7, 8) with a stomatal
cavity filled with particulate/salty encrustations surrounded
by compact, smaller, elongated and radially arranged epidermal
cells around the stomata. These appear as circular, distinct
structures placed haphazardly on the lower leaf surface which
are highly raised when observed in the surface view (Pl. 1.5). It
was also observed that in the exponential phase of the leaf
growth, the size and frequency of these cork-warts varies even
within a single leaf and different stages of the development in
cork-warts is evident (Farooqui & Bajpai, 1999). In Rhizophora
apiculata these are more active during normal ecological
system (strong tidal and fresh water influx) and becomes

rudimentary type with small size and low frequency in
hypersaline conditions (P1. 1.9, 10) which in the case of R.
mucronata was functional. This is perhaps that the Na : K
ratio in R. apiculata is low and high in R. mucronata.
According to Kinraide (1999) low levels of K relieved Na
toxicity in plants, but low levels of Na enhanced K toxicity.
My observations show a high Na:K ratio (4 to 8 ) in R.
mucronata which would have probably lowered the toxic
effects of high Na in leaves (Farooqui, 2000) and thus tolerant
to a wide range of saline coastal ecology.

The stomatal index (SI) recorded (Fig. 1) remains same in
Rhizophora species except in R. apiculata (12.5) showing
higher values comparable to B. parviflora and B. gymnorrhiza
(13.8). Rhizophora apiculata (Specimen Se. No. 3) growing
in the stress condition has similar Sl i.e., 8.27 as compared to
R. mucronata (8.03) and R. stylosa (8.97). Ceriops tagal,
Kandelia candel and Ceriops decandra have lowest values as
7.28, 7.30 and 7.69, respectively. However, in Ceriops
roxburghiana the SI was found to be 10.66 which is quite
high as in other specimens of C. decandra (Syn. C .
roxburghiana). It may be that the SI is the non-consistent
feature of this species and should be considered while
identifying the species through the leaf epidermal
micromorphology. Of all the species, SI in Bruguiera
cylindrica (Specimen Se. No. 25-27) and its Syn. B.
caryophylloides (Specimen Se. No. 17 & 18) was highesti.e.,
29.2 and 21.9, respectively. However, in B. caryophylloides
(Specimen Se. No.16) growing in the fish pond the SI was
found to be 26.6. Rhizophora, Ceriops and Kandelia have
closer affinity with respect to stomatal indices that also shows
affinity with B. sexangula. But, only R. apiculata shows affinity
with B. parviflora and B. gymnorrhiza. However, R. apiculata
growing in stressed environment shows ST similar to as in other
species of Rhizophora, Ceriops and Kandelia.

Earlier the ST has served as proxy data for the analysis of
past atmospheric changes (Chaloner & McElwain, 1997;
Beerling & Woodward, 1997). Palaeoecological
interpretations through fossil and modern epidermis has been
successfully explained earlier (Palmer, 1976; Upchurch et al.,
1985; Upchurch, 1995). Both the atmospheric and
palaeoecological changes are generally controlled by modified
epidermal cells which surround the stomata (Willmer &
Fricker, 1996) with the result plants show varying Stomatal
indices (Spackman ez al., 1966, Ball & Farquhar, 1984; McElwain
& Chaloner, 1996; Poole et al., 1996;). The comparison of past

PLATES

(Scale given below each photoplate is equal to 10 um unless mentioned otherwise)

Bruguiera ("aryopltylloide,\' (Specimen No. 17)

1 LP of upper leaf epidermis showing sinuate anticlinal cell wall in
the costal area and straight —arcuate in inter costal areas. Lower
leaf epidermis.

2. LP showing 4-5 epidermal cells out of which those with 4 surround-
ing cells 2 are lateral 10 the guard cells and the other 2 on the
poles of the guard cells.

— >

B. caryophylloides (Specimen Se. No.106).

3. LP growing in fresh water fish pond showing increase in sto-
matal frequency.

4. SEMP showing smooth cuticular ornamentation.

B. parviflora (Specimen Se. No. 22)

5. LP of upper leaf surface.

6. LP of lower leaf surface.
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PLATE7

(Scale given below each photoplate is equal to 10 um unless mentioned otherwise)
B. cylindrica (Specimen Se. No. 25)

1 LP of upper leaf epidermis showing costal area (sinuate) and 4. SEMP upper leaf epidermis showing costal and intercostal

intercostal (straight) areas. Lower leaf epidermis.

cuticular ornamentation.

2. LP showing costal (undulate anticlinal cell wall studded with sto- S. SEMP of lower leaf surface showing stomata and finely striated
mata). ornamentation and flaky epicuticular wax.
3. LP showing the intercostal areas with the stomata.

and present cuticles/epidermis have been studied from Tertiary
(Burgh et al., 1993; Kurschner er al., 1996, Mehrotra et al.,
1998), Mesozoic (McElwain & Chaloner, 1996; Cleal et al., 1999)
Palacozoic (McElwain & Chaloner, 1995 etc.). The present study

<

1

shows identifiable variation in the SI of Rhizophoraceae
species that would help in the identification of fossil cuticles
at the specific level. Adaptive epidermal traits in species would
help in the interpretation of palacoecology.

PLATE6

(Scale given below each photoplate is equal to 10 pm unless mentioned otherwise)

SEMP of lower leaf surface in B. parviflora showing granulated

B. gymnorrhiza (Specimen Se. No. 21)

cuticular ornamentation. 4. LP of lower leaf surface with costal (sinuate—arcuate) and in-
B. sexangula (Specimen Se. No. 24) tercostal straight to arcuate anticlinal cell walls.
2. LP of upper leaf surface with costal (sinuate) and inter costal straight 5. LP of lower leaf surface showing distinct costal (sinuate) and inter
to arcuate anticlinal cell wall. costal (straight-arcuate) anticlinal cell walls.
3. LP showing lower leaf surface 6. SEMP of lower leaf surface showing finely striated ornamentation

and flaky epicuticular wax.
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The size of the stomatal complex is the largest in
Rhizophora apiculata while it is comparatively smaller and
equal in R. mucronata and R. stylosa. The anticlinal cell walls
of the surrounding epidermal cells are arcuate and elongate,
quite distinguishable from rest of the epidermal cells lined
parallel to the guard cells with 3 cells each on either side (PI.
1.6). The poles of the guard cells are slightly occluded (Pl.
1.2) which is not in R. mucronata and R. stylosa (Pl. 2.1, 6).
The surrounding epidermal cells radial to the stomata are 5 in
number in R. stylosa. The anticlinal cell walls adjacent to the
guard cells are straight and not arcuate as in R. apiculata.
Therefore, 2 cells lie parallel on either sides of the guard cells
and one cell covers one of the poles to form a pentagon, which
is a distinct identifiable feature (PI. 2.6).

In C. decandra (Pl. 3.3) the stomatal complex resembles
R. stylosa. The surrounding epidermal cells radial to stomata
are not distinguishable in Rhizophora stylosa, Ceriops tagal
and Kandelia candel (P1. 4.4). In Kandelia candel the patches
of thickened small epidermal cells are observed on both the
leaf surfaces that appear ruptured in the later stages (Pl. 4.1,
2, 3, 5). Initially a single cell wall is thickened which is
gradually surrounded by number of radially arranged cells to
appear as a dark patch of small-thickened cells (Pl. 4.6).
Although, this is the normal feature of the plant, these become
much more active during the stress condition and probably
behave like hydathodes through which the salts are exuded.
The present study shows that while in Kandelia this feature
is an epithelium rupture, it is the stomatal modification in
Rhizophora through which the excess salts are shed off.

The stomatal complex in Bruguiera caryophylloides
show only 4-5 surrounding cells. Out of which 2 lie parallel
and 2 on either side of the poles of the guard cells (PI. 5.2) in
case of 4 cells surrounding the stomata. The anticlinal cell
walls are straight to arcuate. Similarly as in Pl. 5.3 B.
caryophylloides growing in fresh water pond show increase
in stomatal frequency. The costal and intercostal cells are not
well distinguishable with only few cells showing slightly
sinuate anticlinal cell walls. These features resemble to that in
B. parviflora (Pl. 5.6) and B. sexangula (Pl. 6.3). However, in
B. gymnorrhiza (Pl. 6.5) the costal cells are well demarcated
by sinuate anticlinal cell walls on the lower leaf surface. The
stomata are lined along on either sides of the costal area.
However, the stomata in B. cylindrica are lined in the costal
area (Pl. 7.2) and also in the intercostal areas (Pl. 7.3). The
cellsin the costal area show undulate anticlinal cell wall pattern
and appears distinct and quite raised in the surface view (Pl.
7.4) which is completely different micromorphological feature
when compared with its synonym B. caryophylloides (P1.5.2-
3) or other species in Rhizophoraceae. Fine cuticular striations
on the lower leaf epidermis are observed in B. gymnorrhiza
and B. cylindrica. Therefore, with respect to leaf epidermal
micromorphological features these two species are closely
related and perhaps may show similar pattern of leaf adaptivity
to changing coastal ecosystem.
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