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GE:NM:RAI, IN'TEUDDUCri'DON 

The family Rhizophoraceae with 16 genera and 120 

species of trees and shrubs has a wide range of 

distribution in tropics and subtropics (Tomlinson, 

1986). Four genera of this family viz. Rhizophora L., 

Bruguiera Lam., Ceriops Arn. and Kandelia W & A., differ 

from other genera in their habitat and adaptations. 

According to Bentham and Hooker (1865) this family 

includes 17 genera and about 50 species. He divided 

these genera into three tribes namely Rhizophoreae, 

Legnotideae and Anisophylleae. The tribe -  Rhizophoreae 

which includes exclusively mangrove genera differs from 

other mangroves and tidal forest species by virtue of 

their viviparous seeds. Tomlinson (1986) depicted this 

tribe as 'mangrove Rhizophoraceae' because of their 

adaptability to mangrove ecosystems or mangals. Clough 

(1982) described mangroves as the only trees of higher 

plants that have been remarkably successful in 

colonizing the intertidal zone of the interface between 

land and sea. MacNae (1968) referred the term 

'mangrove' to the individual trees or species and the 

term mangal for its community. 



1, Role of mangroves 

The importance of mangroves to human population is 

being increasingly recognized. They are excellent 

"reservoir" refuge feeding ground and nursery for a wide 

array of useful and interesting organisms. Mangrove 

ecosystems or mangals are salt tolerant forest 

ecosystems which occupy the land between high and low 

tide levels forming a labyrinthine interface between the 

land, the river and the sea. They play an important 

role in the livelihood of people especially in Asia and 

Pacific. Mangroves help to stabilise coasts, to slow 

down currents and to check the erosion of land by the 

sea. The network of characteristic anchoring stilt 

roots of Rhizophora, pneumatophores of Avicennia and 

Sonneratia, Kneeroots of Bruguiera, trap sediment and 

help in building up of land. Scoffin (1970) reported 

that the mangroves can reduce tidal currents from 0.4 m 

per second to zero over a distance of a meter. Carter 

(1959) showed that removal of mangroves from shore 

resulted greater erosion. So a consummate study of 

mangrove ecology, morphology, anatomy, adaptations and 

modifications is necessary to drive the optimum economic 

and other benefits. 



2. 	Historical perspective and frame of existing 

knowledge 

Mangroves have attracted man's curiosity from the 

earliest times, but it was in 1970's that man began to 

understand and appreciate the role of this unique 

vegetation. The earliest known reference on mangroves 

goes back to 3580-3536 B.C. in an Egyptian inscription 

about Mangroves of Red sea. Theophrastus' (305 B.C.) 

Historia pdantarum also gives an account of mangrove 

vegetation. Van Rheede's Hortus Indus Malbaricus (1678) 

gives an illustration of Indian mangroves of Malabar 

coast. In 1898 Schimper presented a detailed 

information of the Indo Malayan mangrove vegetation and 

Prain (1903) studied the mangrove vegetation of the 

Gangetic Sunderbans. Blatter (1905, 1908, 1909) gave an 

account of the distribution pattern and biology of 

mangroves from Bombay Presidency and Gulf of Kutch. The 

anatomy of aerial roots had been described by Warming 

(1883), Karsten (1891), Liebau (1914), Bowman (1917), 

Mullan (1932, 1933 a,b) and Gill and Tomlinson (1971 a). 

Marco (1935) described the anatomy of woods of 

Rhizophoraceae species from both mangals and upland 

forests of Indo-west Pacific region. 
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The taxonomic and morphologic observations of 

Rhizophoraceae were carried out by various botanists 

like Roxburgh (1814). 	Bentham and Hooker 	(1865), 

Salvoza 	(1936), Gregory (1958), Ding Hou 	(1960), 

Breteler (1969, 1977) and Tomlinson (1978). Ding Hou 

(1960), Vu Van Cuong (1964 b), Chapman (1970), and 

Tomlinson (1986) studied the world distribution of 

Rhizophoraceae and Navalkar (1956), Blasco (1975), 

Untawale (1984) studied the distribution and status of 

mangroves from west coast of India. 

The earliest embryological observations were 

carried out by Karsten (1891), Cook (1907), Carey (1934) 

and recently by Juncosa (1982b; 1984 a & b). It is 

reported that the development of anther and pollen has 

not been investigated (Davis 1966; Johri, 1992). 

Hypocotyl anatomy of the genus Ceriops was investigated 

by Wilkinson (1981). Haberlandt (1895) examined the 

nutritional aspect of embryo. 

3. Taxonomic considerations 

The taxonomy of the family Rhizophoraceae has been 

studied extensively by a number of noted botanists: 

Brown (1814), Behtham and Hooker (1865); Schimper 
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(1898), Ridley (1922), Salvoza (1936), Ding Hou (1960), 

Melchior (1964) and Tomlinson (1986). Bessy (1915) and 

Hutchinson (1926) included Rhizophoraceae in order 

Myrtales. Subdivisions of Rhizophoraceae according to 

Hookers (1865) classifications are as follows: 

Tribe 1 : Rhizophoreae, consists of mangrove genera 

(Rhizophora, Bruguiera, Ceriops and Kandelia) 

which exhibits stipulated opposite leaves, 

inferior ovary, single style and exalbuminous 

embryo. 

Tribe 2 : Legnotideae, consists of inland genera 

(Carallia, Gynotroches and Pellacalyx) which 

exhibit stipulated opposite leaves, inferior 

or half inferior ovary, small embryo with 

fleshy albumen. 

Tribe 3 : Anisophylleae, consists of inland genera 

(Anisophyllea and Combretocarpus) which 

exhibit stipulated alternate leaves, inferior 

ovary, 3-4 styles exalbuminous macropodous 

embryo. 

Schimper (1898) rejected Bentham and Hooker's 

proposals on the ground that adaptation characters are 

5 



insufficient to designate a natural group. As a result 

of this disagreement, Schimper proposed an entirely 

different classification. Subdivisions of 

Rhizophoraceae according to Schimper (1898) are as 

follows: 

Subfamily 1: Rhizophoroideae, which exhibit perigynous 

or epigynous flowers, simple styles, 

opposite stipulate leaves. 

Tribe 1 
	

: Gynotrocheae 

Subtribe 1: Gynotrochinae (consists of Crossostylis, 

Gynotroches, 	Ceriops, 	Kandelia 	and 

Rhizophora). 

Subtribe 2 : Carallinae 
	

(consists 	of 	Carallia, 

Pellacalyx and Bruguiera). 

Tribe 2 
	

: Mecarisieae (consists of (Blepharistemma, 

Cassipourea, Dactylopetalum, Mecarisia and 

Weihea). 

Subfamily 2: Anisophylloideae, which exhibit epigynous 

flowers, 3-4 styles, estipulate alternate 

leaves: consists only two genera 

Anisophyllea and Combretocarpus (Plate 

7& 8 ) . 
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Ridley (1922) in his investigation found that the 

genera Carallia, Gynotroches and Pellacalyx (Plate 7) 

are closely related and raised the tribe Legnotideae of 

Bentham and Hooker (1865) into an independent family. 

Melchior (1964) divided the family Rhizophoraceae into 

four co -ordinated tribes: Mecarisieae, Gynotrocheae, 

Anisophylleae, and Rhizophoreae. Where as Van Vliet 

(1976) supported the inclusion of Anisophyllaceae in 

Rhizophoraceae, based on the comparative anatomy on the 

two groups. Dahlgren (1980) in his new classification 

excluded the tribe Anisophylleae from the family 

Rhizophoraceae and given it the status of a family: 

Anisophyllaceae, in order: Cornales; Super order: 

Corniflorae; and placed the family Rhizophoraceae in his 

order: Rhizophorales; Super order: Myrtiflorae. 

Recently Tobe and Raven (1987) emphasized the 

isolation of Anisophylleae from the order Myrtales and 

suggested a separate order Rhizophorales for 

Rhizophoraceae. Cronquist (1981) objected this view and 

placed Anisophyllaceae in Rosales (Rosidae) and 

Rhizophoraceae in order Rhizophorales. Behnke (1984) 

however, opposed the view of Van Vliet and suggested the 

separation of Anisophyllaceae from Rhizophoraceae based 

on the features of sieve tube plastids. 
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Tomlinson (1986) listed 6 eastern and 3 western 

species of Rhizophora L. 

Eastern species 

1) R. mucronata Lamk (Fig. 9) 

Syn. R. mangle 	(non L.) Roxburgh, 	Blume, 

Sergeant. 

R. macrorrhiza Griff. 

R. longissimia Blanco. 

R. latifolia Miq. 

R. mucronata var. typica Hochreuter, Schimper. 

2) R. stylosa Griff. (Plate 9). 

Syn. R. mucronata var. stylosa Schimper, K&V., 

Guillaumin, Salvoza. 

3) R. apiculata Blume (Fig. 9) 

Syn. R. candelaria DC., Dcne., Brown and 

Fischer, Carib, Merrill. 

R. conjugata (non L.) Arn., Henslow, Hooker, 

Schimper. 

4) R. samoensis (Hochr.) Salvoza 

Syn. R. mangle Guppy (non L.) 

R. mangle var. samoensis Hoch. 
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5) R. X lamarckii (Montr.) Salvoza, Ding Hou. 

Syn. R. conjugata var. lamarckii (Montr.) 

Guillaumin 

R. pachypoda Baillon. 

6) R. X selala (Salvoza) Tomlinson 

Syn. R. mucronata Lamk. var. selala salvoza. 

Western species 

7) R. mangle L. (Plate 9) 

Syn. R. mangle var. racemosa Hiern 

R. smoensis Salvoza 

8) R. X harrisonii Leechman 

Syn. R. brevistyla Salvoza 

B. racemosa (non Meyer) Bentham, A. chev., 

Exell., Hooker, Hutchinson & Dalzid, Oliver, 

Salvoza. 

R. mangle Hooker. 

R. mangle var. racemosa Mart. 

9) R. racemosa Meyer. 

Syn. R. mangle var. racemosa Engler 

R. harrisonii Salvoza 
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The genus Bruguiera Lamarck is segregated into two 

groups : large solitary flowered and small many flowered 

(Tomlinson„ 1986) Blume recognised these two groups as 

two different genera viz. Bruguiera and Kanilia (cf. 

Tomlinson, 1986). Where as Ding Hou (1960) considered 

these two genera as a single one because of many 

morphological similarities of flowers irrespective of 

their number and size and he recognized 6 species: 

1) B. gymnorrhiza (L.) Lamk. (Fig. 10) 

Syn. Rhizophora gymnorrhiza L. Willd. 

Rhizophora palun DC. 

Rhizophora rheedii Stend. 

Bruguiera rheedii Bl., Arn., Wight. 

2) B.sexangula (lour.) Poir 

Syn. Bruguiera eriopetala Wight and Arnold 

Bruguiera malabarica F. Vill. 

Rhizophora sexangula Lour. 

Rhizophora polyandra Blanco 

Rhizophora-eriopetala stend. 

3) B. exaristata Ding Hou 

4) B. parviflora Wight and Arnold ex Griffith.(Plate 9) 

Syn. Rhizophora parviflora Roxb. 

Rhizophora cylindrica Roxb. 
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5) B.cylindrica (L.) Bl. (Fig. 10). 

Syn. Rhizophora cylindrica L. 

Rhizophora caryophylloides Burn., Jack 

Rhizophora ceratophylloides Gml.,Raeusch. 

Bruguiera caryophylloides Arn. 

Bruguiera malabarica Arn. 

Kanilia caryophylloides Bl. 

6) B. hainesii C.G. Rogers. 

Syn.B. eriopetala Wight of Wastson. 

The genus Ceriops Arnold consists of two species. 

1) C. tagal (Perr.) C.B. Robinson (Fig. 11) 

Syn. Ceriops candolleana Arn. 

Ceriops timoriensis Domin 

Rhizophora tagal perr. 

Ceriops tagal var. tagal Mac Nae 

Ceriops tagal var australis Mac Nae 

2) C. decandra (Griff.) Ding Hou 

Syn. Ceriops roxburghiana Arn. (Plate 9) 

Bruguiera decandra Griff. 

Ceriops zippeliana Bl. 

Rhizophora decandra Roxb. W & A. 
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The genus Kandelia Wight and Arnold occupies a 

narrow niche in the mangrove communities with a single 

species. 

K. candel (L.) Druce (Fig. 11). 

Syn. Kandelia rheedii Wight and Arnold. 

Rhizophora candel Linn., DC. 

Though the knowledge of taxonomy, morphology and 

ecology of Rhizophoraceae is quite substantial, it is 

observed that a thorough knowledge of anther development 

microsporogenesis, negasporogenesis and embryogenesis is 

lacking. As reported by Davis (1966) and Johri (1992) 

so far no study was carried out in anther development 

and microsporogenesis of this family. Further no 

attempt was reported on the comparative morphological 

observations of the family Rhizophoraceae from the west 

coast of India. A comparative morphological study of 

the family along the west coast of India was, therefore, 

felt essential and hence this challenging task was 

undertaken. The main objectives of the present study 

were to give a comparative account of the general 

morphology, microsporogenesis, pollen morphology, 

megasporogenesis, embryogenesis and seedling morphology 
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of R. 	mucronata, R. 	apiculata, 	B. 	cylindrica, 

B.gymnorrhiza, C. tagal and K. candel from the west 

coast of India about which there are vast gaps in our 

knowledge. West coast has been selected as the study 

area because of the availability of six species of 

mangrove Rhizophoraceae representing all the four 

genera. 

13 
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1 - INTRODUCTION 

In this chapter an attempt has been made to out 

line various physical factors which influence the 

distribution of mangroves especially Rhizophoraceae 

along the west coast of India. According to Walsh 

(1974) there are five factors that can determine the 

occurrence of mangrove species. They are the tropical 

temperature, fine grained alluvium, shores free of 

strong wave and tidal action, salt water and large tidal 

range. Jennings and Bird (1967) depicted six factors 

such aw aridity wave energy, tidal conditions, 

sedimentations, neotectonic effects and mineralogy that 

can determine the flora and fauna of estuaries and also 

asserted that these factors have a direct effect on the 

geomorphological characteristics. According to Thome 

(1982) there are three major components to the 

environmental settings'of any locality in which mangrove 

occcur: geophysical, geomorphic and biological. The 

special patterns of mangrove development are closely 

associated with land form types and that local mangrove 

formations tends to be controlled by the constantly 

changing coastal geomorphology (Blasco, 1984). He had 

the opinion that the mangrove distribution is not a 
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fixed feature but instead undergo constant change and 

evolution in both space and time. It is stated that 

each species has its own climatic requirement for its 

establishments in a particular zone (Walter, 1971). 

Walter distinguishes three climatic divisions of the 

earth where mangrove ecosystems are found. 

(1) The equatorial zone between 10 0N and 5-100  S. 

(2) The tropical summer rainfall zone between 25 0-300N 

and S. 

(3) A warm temperate climate that do not have a cold 

weather. 

West coast of India lies between the Latitude 8015' 

N and 2306'N and Longitude 68010' - 780E. It is about 

3000 km in length with diversified habitat harbouring 

numerous fauna and flora, covering the coastal areas of 

Gujarat, Maharashtra, Goa, Karnataka and Kerala (Fig. 

1). The geomorphology and climatology of the west 

coast of India were studied by several workers like King 

(1880), Pascoe (1950), Ahmed (1972) and Wadia (1975). 

The Gulf of Kutch and the Gulf of Khambhat along the 

Gujarat coast are the two major Gulfs in the northern 

part of the west coast. Besides the major gulfs west 

coast has numerous river mouths like Zuari, Mandovi, 
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Kalinadi, Gangoli, Sharawati etc. 	Creeks, headlands, 

promontories, cliffs, lagoons, backwaters like Vembanad 

lake, islands like Vypin Island etc. (Ahmed, 1972). 

Indian coast has been classified into two types viz. 

submergent and compound type. Gujarat, Maharashtra and 

Goa coast have a dominant submergent rocky indented 

shore line, where as most of Karnataka and Kerala coast 

have compound type with remarkably straight shore line 

(Ahmed, 1972). The mangrove soils in India are coastal 

alluvium of recent or plestocene period (King, 1880; 

Pascoe 1950; and Wadia, 1975). 

Gulf of Kutch lies between Latitude 22 015' - 230N 

and Longitude- 690  - 70035'E (Fig. 1). The gulf covers 

an area of about 2000 sq. km  and most of these shore 

lines are characterised by the presence of. creeks and 

low lying marshy flats. 

Maharashtra coast lies between Latitude 15 048' - 

200N and Longitude 73020' - 730  - 50'E (Fig. 1) is about 

563 km long and is indented by cliffs, promontories, 

creeks and sandy beaches. Several islands are present 

along Bombay and Malvan. 

Goa is situated along the central west coast of 

India. It extends north south between 14 049 and 15052' 
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Latitude and 73 038' E - 74024'E. Longitude. Seven major 

rivers occur along the Goa coast. It is estimated that 

about 2000 ha. area is occupied by mangroves along the 

Goa coast (Untawale, 1984). 

Karnataka lies between Latitude 11012' - 18012'N 

and 73048' E - 78018' E Longitude. Its coast line is 

about 320 km long and is over shadowed by the western 

Ghats mountain ranges. The coast line is sandy and 

occasionally rocky. 

Kerala lies between Latitude 10 0 .00'N and Longitude 

760 .25'E Cochin backwaters (Vembanad Lake) harbours 

majority-of mangroves here. It is noted that as a part 

of developmental activities in Kerala, especially in 

Alleppy, the bank of Vembanad lake are well protected by 

concrete walls in order to check soil erosion, and hence 

no mud beds available for mangroves for their 

establishment. 

2. crE..i.m2vror...c)G-y 

It appears that climatic factors have a direct 

biological implications on mangrove plants. In order to 

study the factors influencing the distribution of 
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Rhizophoraceae a study on climatology is inevitable. 

Various climatic factors can affect the volume and 

variability of river run off, sediment discharge and 

salinity of coastal areas which are necessary for 

mangrove growth. It is true that changes in type 

magnitude and frequency of geomorphic processes in an 

area can influence climatic change and in turn the 

mangrove ecology. The present knowledge concerning 

major relationship between the distribution of mangroves 

and climatic regions has been broadly summarised by 

Pannier and Pannier (1977) and Chapman (1970). 

2.1 Rainfall 

Main seasons of the study area are postmonsoon from 

December to February, premonsoon from March to May 

followed by monsoon from June to November. Karnataka 

coast receives maximum rain fall of 3600mm followed by 

Kerala 3300 mm; Goa 3000mm; Maharashtra 2500mm; Gujarat 

1000mm and in Saurashtra and Kuchchh the rain fall is 

very scanty, about 400 to 500mm. The monthly average 

rainfall of Cochin (Kerala), Honavar (Karnataka), 

Marmagao 	(Goa), Bombay (Maharashtra) and Jamnagar 

(Gujarat) is shown in Fig. 2. (Climatological tables of 
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observatories in India (1931-1960); Technical report No. 

NIO/TR-5/86 by Ramesh Kumar and Ananthakrishnan, 1986) 

2.2 Temperature 

Probably the basic climatic factor governing the 

geographical distribution of mangrove species is air 

temperature. 	The temperature requirements of the 

various mangrove species are not the same. 	The 

observations of Walsh 1974 and Saenger et. al (1977), 

reveals that extensive mangrove development occurs only 

where the average seasonal air temperature does not 

exceed 500C and does not fall below 200C to 160C in the 

coldest month, whereas McMillan (1971) reported that 

seedlings exposed continuously for 39 0C to 400C were 

killed in experimental conditions. The average air 

temperature of the study area is given in Fig. 2. 

2.3 	Humidity 

As a general rule it is accepted that mangroves 

grow luxuriantly in humid tropical regions of the world 

(Macnae, 1968). The relative humidity of west coast 

varies from 70% to 90% throughout the year with its peak 

during the monsoon. 

21 



2.4 Wind 

The mean wind speed remain almost constant below 

13-17 km per hour throughout the years except for June 

to August. Wind can carry sand dust and thus can modify 

the environment and it also determine pollen 

dissemination pattern. No systematic studies of wind 

have been carried out in relation to mangrove biology 

(Blasco, 1984). 

3 

Mangroves are best developed along the deltaic 

coast or in estuaries where soft mud comprised of fine 

soil and clay and rich organic matter (Blasco, 1975). 

The changes in vegetational pattern and species 

composition have been related to edaphic modifications. 

Although mangroves are able to grow on peat, coral and 

sand, the most extensive mangroves are invariably 

associated with mud and muddy soil (Steers, 1977). 
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41. Eakinc GOVIMITIt 

It is evident that a number of mangroves have their 

optimal growth in the presence of some additional sodium 

chloride (Stern and Voigt, 1959; Connor, 1969; Sidhu, 

1963; Chapman, 1977) suggested that Rhizophora is 

probably an obligate halophyte, with growth being poor 

or reduced in the absence of salt. 

5.. 	CC3NCI.,T.JSICAN7 

Other than the above mentioned factors, tidal 

range, ocean current, and sheltered shallow shores can 

also determine the development of mangrove ecosystems. 

Like all forest types the mangroves of West coast are 

constantly subjected to strong biotic pressures viz. 

exploitation of mangrove wood for fuel, reclamation etc. 

It can be concluded that if given suitable conditions 

for growth and establishment and if a control is kept on 

its over exploitation "mangrove Rhizophoraceae" could 

colonize and re-establish more luxuriantly along the 

west coast, since the geographical, climatological and 

other physical factors are favourable for its 

establishment and colonization. 
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MATERIALS Al∎TO METHODS 

The present study is mainly concentrated on 

morphology, anatomy, microsporogenesis, megasporogenesis 

and embryology of Rhizophoraceae. Field observations 

were carried out along the west coast of India, to study 

the distribution patterns as well as the habit and 

habitat, in different seasons during 1989-93 at selected 

stations of Maharashtra, Goa, Karnataka and Kerala. 

To study morphology of Rhizophoraceae, available-

specimens were collected with care in the field and 

preserved in 4% formaldehyde in seawater. Sample 

specimens were dried in between blotters, after 

poisoning them with absolute alcohol saturated with 

mercuric chloride, for the herbarium. The dried 

specimens were mounted on standard herbarium sheets, 

properly labelled, identified and deposited in NIO 

laboratory, Dona Paula, Goa for further reference. The 

specimens were critically studied in the field as well 

as in the Laboratory and identification was achieved by 

comparing the samples with standard herbarium sheets of 

Central National Herbarium, BSI, Howrah; herbarium 
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sheets of Biological Oceanography Division of NIO, Dona 

Paula, Goa, as well as compared with available keys. 

The characters observed were tested with characters 

mentioned in the literature. The morphological 

terminologies used in the descriptions were mostly 

adopted from Lawrence (1964) and Tomlinson (1986). 

The height of trees, bark colour, general habit, 

type of inflorescence, number of flowers per 

inflorescence, bud colour, sepal colour, petal colour 

etc. were noted down in the field itself. The 

characters selected (Table 1-3) were observed carefully 

and measurements were illustrated in Table 8-11. 

These measurements were taken by using a millimeter 

scale. The leaf petiole thickness was found out by a 

micrometer 

To study leaf structure, leaves preserved in FAA 

were used and epidermal peels were prepared by heating 

small leaf pieces in N/10 NaOH for ten minutes. The 

boiling mixture was immediately transferred to cool 

water in petri dishes. Adaxial and abaxial epidermal 

peels were removed carefully and cleared in standard HC1 

for few minutes (Sidhu, 1974) and then washed several 

times with water. Peels were stained in 1% aqueous 

safranin and mounted in 30% glycerol. The cover glasses 
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TABLE 1 

List of vegetative characters studied with specific 
descriptions 

Character 
	 Description 

5. Petiole length 

6. Petiole thickness 

7. Cork warts 

8. Height of_trees 

9. Bark 

10. Trunk base 

Shape of mature leaf selected from 
fourth node from apex. 

Blade length of mature leaf selected 
as above. 

Widest width. 

Arc of mature leaf selected as 
above. 

Ovc,rall mraight length 

Median section diameter 

Presence/absence 

Approximate average height 

Bark colour & texture 

Presence or absence of buttressed 
roots/stilt roots. 

1. Leaf shape 

2. Leaf length 

3 	Leaf width 

4. 	Leaf area 
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TABLE 2 

List of anatomical characters studied with specific 
descriptions 

Leaf anatomy 	 Description 

1. Epidermal size 

	

	Adaxial & abaxial epidermal size, 
number of layers & thickness. 

2. Stomata 	 Length and width of guard cells. 

3. Stomata! frequency Number of stomata per millimeter 
square. 

4. Stomata! index 	SI = S/(S+E) 100 

5. Cuticle 	 Adaxial 	and 	abaxial 	cuticle 
thickness 

6. Hypodermis 

	

	Adaxial and abaxial layers and 
thickness. 

Palisade tissue 	Adaxial and abaxial layers and 
thickness. 

Spongy tissue 
	

Adaxial and abaxial layers and 
thickness. 

Thickness of leaf Average leaf lamina thickness. 

7. 

8. 

9. 
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TABLE 3 

List of floral characters studied with specific 
descriptions 

Character 

1. Inflorescence 

Description 

Type, 	number 	of 	flowers 	per 
inflorescence 

2. Peduncle length Overall straight length 

3. Peduncle diameter Mid section diameter 

4. Pedicel length Overall straight length 

5. Pedicel diameter Mid section diameter 

6. Mature flower bud Bud 	colour, 	length 	and 	widest 
width 

7. Sepal Sepal 	colour, 	number, 	length, 
widest width and shape 

8. Petal Petal 	number, 	colour, 	length, 
widest width, shape & presence 	or 
absence of filament or appendages 

9. Stamen Number 	of 	developed 	stamens, 
length 	of 	filament, 	length 	of 
anther lobe 

10. Ovary Number of ovules and carpels 

11. Style Style 	length 	& type 	(hollow 	or 
solid) 

12. Fruit Fruit size 

13. Hypocotyl Length, widest width 

14. Plumule Length 	of plumule at the time 
propagule dispersal. 
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were sealed with cutex nail polish. Suitable sections 

were made to study the internal structure of leaf. 

Sections were stained in 1% aqueous safranin and made it 

semipermanent by the previous method. Measurements of 

epidermal cell size, stomatal size, stomatal frequency 

stomatal index, cuticular thickness and number of layers 

of different tissues and their thickness were recorded 

(Table 9 & 10)). All observations were based on the 

average of 10 or 20 readings. For the comparison of 

total epidermal pattern camera lucida drawings were made 

at uniform magnification. Stomatal frequency was 

measured as the average number of stomata per 

millimeter. Stomatal counts were done under the high 

power of microscope. Stomatal index was calculated 

using the formula SI = (S/S+E)100, where S, number of 

stomata in a unit area; E, number of epidermal cells in 

the same unit area (Sidhu, 1974). Leaf outline was 

drawn on a plain paper and area was determined by a 

planimeter (Planix, -  5 Japan). Petiole thickness was 

found out by a micrometer. 

To study microsporogenesis, megasporogenesis and 

embryology, flower buds, anthers and ovules at different 

stages of development were fixed on sunny days between 

3-5 pm in FAA (Formaldehyde-Alcohol-Acetic acid) as well 
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as in Allen's modified Bouins fluid for 48 hrs. and 

transferred to 70% ethanol for preservation, after 

rinsing it in 20% alcohol for several times (Johansen, 

1940; Sass, 1964). After dehydration in TBA series and 

wax embedding sections were cut at 6-12 um thickness, 

depending on the stage of development, using a rotary 

microtome. For embedding parffin wax of melting point 

580-6000 was used. The slides were stained in 0.5% 

Heidenhans Iron Alum Hematoxylin and destained in 2% 

Ferric ammonium sulphate solution for one minute. 

Safranin was used as a counter stain. The stained 

slides were kept in pure xylene for 6-8 hrs. to obtain 

clarity. Finally the slides were-mounted in DPX and 

dried at room temperature and cleaned in xylene-alcohol 

(1:1) mixture. Voucher slides have been deposited in 

BOD laboratory of NIO, Dona Paula, Goa. The embryos at 

different stages of development were dissected out under 

stereomicroscope with the help of fine needles and 

stained with cotton blue dissolved in lactophenol to 

study the three dimensional structure of embryo, in 

addition to transverse and longitudinal sections. These 

whole mounts were used to confirm the development of 

embryo. 
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To study pollen morphology pollen mounts were 

prepared by glycerin jelly method (Woodehouse, 1935). 

The observations were recorded with the help of a light 

microscope. Photomicrographs were taken at 400 

magnification (Plate 3). Mature pollen grains were 

observed for its polor diameter (P) and equatorial 

diameter (E) and shape was determined by multiplying 

polar equatorial ratio by 100 i.e. (P/E) x 100 (Nair et. 

al, 1962). 

To study the developmental morphology of seedlings 

mature propagules of all six species were collected and 

planted in _garden soil in plastic troughs and were 

observed for 90 days. 

A large number of illustrations were drawn during 

the study and were selectively reproduced. Scale is 

given for all figures. All photomicrographs were taken 

on an Olympus photomicroscope using 35 mm black and 

white film. 
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1 - INTRODUCTION 

The distribution of the various mangrove species 

are considered to be the cumulative result of complex 

interaction of biological, chemical and geophysical 

environments now and in the past (Wells, 1983). 

Mangrove swamps develop only where coastal physiography 

and energy conditions are favourable. According to 

Walsh (1974) the mangroves are extensive where there is 

a shore gradient and occupy a broader belt of shore line 

with a large tidal range. A sheltered habitat is 

essential for mangrove development and they normally 

flourish on coasts which are exposed to tides. It is 

believed that the mangrove vegetation also promotes 

sediment accretion and so one species prepare the way 

for another. Watson (1928), Rosevear (1947), 

Banijbatana (1957), Kuenzler (1974) and Linpeng and 

Weixinmen (1983) reported that salinity of seawater may 

greatly affect the morphological and physiological 

characters of mangrove plants. The mangrove flora of 

India comprises more than sixty species of plants 

belonging to 29 different families (Blasco, 1975). The 
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family Rhizophoraceae constitute one of the major 

components of mangrove swamps in India. 

In this chapter an attempt has been made to outline 

the global distribution of Rhizophoraceae with special 

reference to the west coast of India. Various aspects 

of mangroves including Rhizophoraceae received attention 

of various workers like Kulkarni (1957), Patil (1957), 

Qureshi (1957), Waheedkhan (1957), Puri (1957), Blasco 

(1975), Joshi and Shinde (1979), Bhosele (1978) and 

Untawale and Parulekar (1976). To find out the present 

status of Rhizophoraceae, several field trips in 

different seasons were conducted to 15 stations along 

the west coast during the period 1989-93. It is found 

• that members of this family are not equally distributed 

along the coastal areas. Of the six species studied 

viz. R.apiculata, R. Mucronata, B. gymnorrhiza, 

B.cylindrica, C. tagal and K. candel, it is found that 

R.AUcronata is the most dominant one and is of common 

occurrence except in Kerala and Gujarat coasts. 

B.cylindrica is not yet reported from Gujarat. 

R.apiculata and B. cylindrica occupies a second position 

in other regions while B. gymnorrhiza and Ceriops are 

restricted to very few places. 

33 



2 	4:324013731, 	SaStIE3T-TT'I0N" 

The 	distribution pattern of 	the 	family 

Rhizophoraceae is well illustrated in Tables 4-7 and 

Figures 3-8. Members of Rhizophoraceae are widely 

distributed in tropical coastal environments with very 

limited extension into the sub-tropics due to frost and 

extended periods of near freezing temperatures 

(Tomlinson, 1986). Breteler (1969, 1977) studied the 

distribution of western species while Fosberg enlisted 

(1975) the eastern species. The works of Salvoza 

(1936), Savory (1953), Keay (1953), Stearn et al (1959) 

and Jonker (1959) revealed the existence of three 

different species viz. R. mangle, R. recemosa, 

R.harrisonii on the West African, East American shores 

and Carribbean Islands. Salvoza (1936) reported various 

new species such as R.brevistyla from West coast of 

America, R. samoensis from Pacific coast of America and 

from west Pacific and R. lamarckii from New Caledonia. 

Ding Hou (1960) concluded that pacific region contains 

all species of Rhizophora except R. racemosa. 

R. mucronata is the most widely distributed species 

of Rhizophora in the old world tropics occurring from 
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Fig. 3 World distribution of Rhizophora 

a Tomlinson 1986 ) 
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the coast of East Africa throughout Malaysia and south 

eastern Asia to pacific Islands (Ding Hou, 1960). Duke 

and Bunt (1979) noted R.mucronata and R. lamarckii from 

Australian east coast. A very limited distribution of 

R. mucronata is reported from Northern Australia, 

Queensland and eastern New Guinea and Solomon Island 

(Tomlinson, 1978). In the northern hemisphere it occurs 

in the Northern Phillipines and Indo China (Fig. 3). 

R. 	stylosa, 	a species closely related to 

R.mucronata, is found from Southern India (Tomlinson, 

1986), Formosa, throughout Malaysia, New Britain, 

Solomon Islands, New Caledonia, Northern-Australia, Fiji 

and Micronesia (Guam and Marshal Islands) (Ding Hou, 

1960). 

R. apiculata, is commonly found in most mangrove 

swamps in tropical Asia, throughout Malaysia, Micronesia 

(Mariana and Cardine Islands) and Malanesia (New 

Britain, Solomon Islands, and New Herbrides (Ding Hou, 

1960). 

The distribution of R. lamarckii is restricted to 

New Caledonia, Solomon Islands, New Guinea, New Hebrides 

and isolated localities in Queensland (Fig. 3). 
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Fig. 4. World distribution of Bruguiera species (after Vu Van Cuong 1964,   Chapman 1970 84 Tomlinson 1986 ) 
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R. samoensis is reported from western pacific and 

R. selala from New Caledonia and New Hebrides. R.mangle 

a western species is reported from Western Africa and 

pacific coast of Tropical America (Tomlinson, 1986). 

R.harrisonii, an infertile hybrid between R. mangle and 

R. racemosa, occurs in West Africa as well as Atlantic 

coast of tropical America (Keay, 1953, Tomlinson, 1986). 

The distribution of R. racemosa ranges from western 

Africa to Northern South America (Fig. 3). 

Genus Bruguiera has the widest range of all the 

mangroves and is reported from East Africa, Ceylon, 

Malay Archipelago, Micronesia, Polynesia (Samoa) Ryukys 

Islands, Western Australia and Queensland (Tomlinson, 

1986, Fig. 4). 

The two species of Ceriops are widely distributed 

from East Africa, Madagascar, throughout torpical Asia, 

Queensland to Melanesia (New Caledonia and Solomon 

Island) (Tomlinson, 1986). The monotypic genus Kandelia 

occupies a narrow niche in the mangrove forest but found 

in many tropical countries of Asia including India, 

Myanmar (Burma), Thailand, Malay Peninsula, North West 

Kalimantan, Hong Kong, Taiwan and Southern Japan 

(Snedkar & Snedakar, 1977) (Fig. 5). 
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Fig. 5 World distribution of Ceriops tagal  (A) , C. decandra  ( ♦ ) and Kandelia candel  (0). After Vu Van 

Cuong 1964 , Walsh 1974 and Tomlison 1986. 
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3 . MAST COAST OF INDIA 

The Ganges-Brahmaputra delta complex houses the 

greatest halophytic formations in the world. Floristic 

researches of Gangetic delta began at a very early date 

by notable botanists like Roxburgh (1814), 	Clarke 

(1896), and Prain (1903). 	Blasco (1974) reported the 

occurrence of 9 species of Rhizophoraceae viz. 

R.mucronata, R. apiculata, B. cylindrica, B. sexangula, 

B. gymnorrhiza, B. parviflora, C. decandra, C. tagal and 

K. candel from east coast of India including Andamans 

and Nicobar Islands (Table 7). Mangroves of Cauvery 

delta has been investigated by Blasco, Caratini and 

Thanikaimoni of French Institute, Pondicherry (Tissot, 

1987). Lakshmanan and Jayalakshmi (1984) studied the 

floral biology of Ceriops sp. and reported the 

occurrence of C. tagal from the coastal areas of 

Krusadi, Rameshwaram Islands and Gulf of Mannar and 

C.decandra from Pichawaram Reserve Forest. The 

occurrence of R.mucronata, R. apiculata, and C. decandra 

were reported by Tissot (1987) from Cauvery delta. 

Sidhu (1963a) had studied the mangroves of East Godavari 

region. 
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4 . WEST CtaAST OF INID12%. 

4.1 Gujarat 

Blatter (1908, 1909) was the first to study the 

mangroves of Gujarat. The distribution of 

Rhizophoraceae is restricted to Gulf of Kuchchh, Mundra 

creek, Kandla creek and Navalakhi (Figs. 6,7 & 8; Table 

4). Untawale and Wafar (1988) had reported the presence 

of R. mucronata, R. conjugata (R. apiculata) and C.tagal 

from the islands like Nova, Banda, Chank Gandhra and 

Dhani. B.parviflora, B.gymnorrhiza, R.mucronata, and 

R.apiculata were reported from Pirotam Island and Ambla 

creek. Mathauda (1957) reported the presence of 

R.mucronata, R.conjugata, C.candolleana, C.roxburghiana, 

K.rheedi, B.gymnorrhiza, B.eriopetala, B.caryophylloides 

and B.parviflora from Gujarat coast. As a result of the 

threat from animals and the over exploitation many 

species like C.candolleana (C.tagal,) C.rozburghiana 

(C.decandra) and B.eriopetala have been wiped out from 

Gujarat coast, Untawale et a/ (1988, Figs. 6,7,8). 
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4.2 	Maharashtra 

Maharashtra coast was explored by various workers 

like Blatter (1908, 1909), Patil (1957), Sidhu (1963b), 

Untawale et al (1980) to study the pattern of 

distribution of mangrove vegetation from its estuaries 

and creeks. About 62208 ha of mangrove area have been 

reported by Sidhu (1963 b). But recently using remote 

sensing techniques, Untawale et a1(1980) revealed 18 

major estuarine systems approximately covering 17335 ha 

of mangrove vegetation. Rhizophora, Avicennia, 

Sonneratia, Bruguiera, Acanthas and Ceriops are the 

dominant species along this region. In the beginning of 

this century Bombay coast had a luxuriant mangrove 

vegetation (Blatter, 1905). Now it is available only in 

a few places like Vasi creek, Bandra creek, and Thane 

creek (See Table 4). The species like R. mucronata, 

C.tagal (C. candolleana), K.rheedi (K. cande1), B. 

gymnorrhiza, B. cylindrica (B.caryophylloides), and B. 

parviflora had been reported from Bombay Presidency by 

Blatter (1905). Later in 1957 Patil reported the 

presence of R. mucronata from versowa Creek, Bassien 

Creek, Ghodbunder and Mahim Creek; B.cylindrica from 

Versowa Creek, Bassien Creek and Mahim; C. tagal from 

Versowa and Bassien Creek. Navalkar (1956) had surveyed 



TABLE 4 

Distribution of Rhizophoraceae along Gujarat and Maharashtra coast 

Name of 

species 

Gujarat 

1 2 3 4 5 6 7 8 9 10 

Maharashtra 

11 *  12 13 14 15 16 17* 18 19 20 21 22*  23 24 25 26 27 

R.m + + + + + + + + + 	+ + 	- 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ - 	+ 	+ 	+ 	+ 	+ 	+ 

R.a + + + + + + + + + 	+ + 	- 	- 	- 	+ 	+ 	+ - 	- 	+ - 	- 	- 	+ 	+ 	+ 

B.g + 	 + + + 	+ + 	+ 	+ 	+ + 	  

B.c + 	+ 	+ 	+ 	+ 	+ + 

C.t + + + + + + - - - 	- + 	- 	+ 	+ 	+ 	+ 	- - 	- 	- - 	+ 	- 	+ 	+ 	+ 	+ 

K.c + 	  + 	  + 	  

(1) s,uchchh, (2) Nova, (3) Baida, (4) Chank, (5) Gandhra, 
(6) Dhani, (7) Pirotam Islands, (8) Pirotam swamps, (9) Chija, (10) Ambla creek, 
(11) Ratnagiri, (12) Ganapathiphule, (13) Versowa creek, (14) Bassien creek, 
(15) Vasi, (16) Sandra, (17) Thana, (18) Chodbunder, (19) Mahim, (20) Bhatya, 
(21) Deogad, (22) Terekhol, (23) Chiplun, (24) Nova Island, (25) Baida, (26) Chank, 
(27) Dham, (R.m: R. mucronata, R.a: R. apiculata, B.g: B.gymnorrhiza, 
B.C: B. cylindrica. C.t: C. tagal, K.c: K. candel.). 

1. * Locations of study area. 
2. - Source: Untawale (1984); Untawale & Wafar (1988) 
3. + : present, - : absent). 
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mangroves of Bombay and Salsette Islands and studied its 

detailed ecology. 	In Ratnagiri there is a well 

protected mangrove vegetation. Here even today there is 

luxuriant growth of R. mucronata, while R. apiculata 

is not common (Fig. 6). In 1984 Untawale reported a 

moderate distribution of R. mucronata, R. apiculata, 

C.tagal, C. decandra, B. gymnorrhiza and a very rare 

occurrence of B. cylindrica and K. candel from 

Maharashtra coast. Bhosale (1978) surveyed Ratnagiri 

coast and reported a very common occurrence of C. tagal 

and a restricted distribution of R. apiculata from 

Bhatye creek, Ratnagiri. Joshi and Shinde (1979) 

surveyed Terekhol as well as Chiplun (Vashisti) and 

reported a dense Rhizophora zone along Terekhol inlet. 

The present study could not confirm the occurrence of 

C.decandra and B. parviflora from Maharashtra coast and 

found that members of Rhizophoraceae are very few in 

number and scattered (See Table 4; Figures 6,7,8). 

4.3 	Goa 

Seven major rivers occur along the Goa coast. Of 

which the river Mandovi and Zuari along with Cumbarjua 

canal form the largest estuarine complex. It is 
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TABLES 

Distribution of Rhizophoraceae along Goa and Karnataka coast 

Name of 
	

Goa 	 Karnataka 

species *28 *29 	30 *31 *32 *33 *34 	35 	36 	37 	38 *39 40 	41 	42 *43 44 45 46 47 

R.m 

R.a 

B.g 

B.c 

C. t 

K.c + + + - + + + - 

(28) Chorao Island, (29) Cortalim, (30) Ambora, (31) Talpona 
river creek, (32) Zuari river creek, (33) Mandovi river creek, (34) Kali Nadi, (35) 
Hattikeri, (36) Kalivadi creek, (37) Gangavali river, (38) Agnashini, (39) Kumta river, 
(40) Sharavati (Honavar), (41) Saokadagund Hole, (42) Baindur Hole, (43) Coondapur 
(Kollur river), (44) Haladi river, (45) Sita river, (46) Kopalandi (Udipi), (47) 
Manjala Halla. (R.m: R. mucronata, R.a: R. apiculata„ B.g : B. gymnorrhiza, B.C.: 
B. cylindrica, C.t: C. tagal, K.c: K.candel, 

1. * Locations of study area. 
2. + : present, - : absent. 
3. Source: Untawale (1984), Untawale & Wafar (1988) 
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estimated that about 2000 ha area is occupied by 

mangroves along the Goa coast (Untawale et al 1980). 

The mangrove flora of Goa consists of 15 species 

belonging to 10 genera and 7 families (Untawale et al 

1980). R.mucronata is one of the dominant species. 

K.candel exists as a co-dominant species along Mandovi 

and Zuari estuaries. B. cylindrica, B. gymnorrhiza, 

R.apiculata have minimum range of distribution (Figs. 

6,7,8 and Table 5). C. tagal is uncommon throughout 

these regions except few trees at Palolem, Canacona 

(Fig. 8). 

4.4 Karnataka 

Untawale and Wafar (1986) reported about 14 species 

of mangroves belonging to 9 genera under 7 families from 

Karnataka coast. The dominant species of Rhizophoraceae 

are R. mucronata and R. apiculata. Ananda Rao (1985-86) 

reported R. mucronata as the pioneer species here. Very 

old trees of R. mucronata are reported from Karki, 

Haldipur, Dhareshwar and Honawar (Untawale & Wafar 

1986). R. mucronata and R. apiculata are found from 

Coondapur and estuaries like Sita and Kapil. A very 

scattered distribution of B. gymnorrhiza and 
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B.cylindrica was noticed from the banks of Kali river 

near the bridge at Karwar, (Table 5 and Figs. 6,7,8). 

4.5 Kerala 

Few centuries ago there were about 70000 ha of 

mangroves in Kerala (Erlanson, 1936) which is now 

reduced to isolated discrete strands of fey 

covering a few hundred hectares. From her&-_-“, 

it was clear that Quilon had housed a rich flora of 

mangrove including R. mucronata (Ramachandran, et a/, 

1985-86). Bordillon (1908) reported B. gymnorrhiza and 

two species of Rhizophora as being very 

Quilon. 	Today they all have been 

disappeared. Erlanson (1936) reported the disappearance 

of mangrove flora from Cochin by 1935 at the time of 

construction of Cochin port. Gamble (1915) had reported 

the occurrence of R. mucronata, Ceriops Kandelia and 

Bruguiera from the tidal forest of Quilon in Travancore. 

R. apiculata attains a maximum height of 10 m or more in 

Kumarakam near Kottayam and B. gymnorrhiza forms an 

important species here. At Edapally and Kannamali 

R.mucronata is very common and K. candel attains a 

maximum development near Pappinisseri and Baliapatanam 
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TABLE 6 

Distribution of Rhizophoraceae along Kerala coast 

Name of species 	 Kerala 
••■■■•■••■•■■•••••■ 

*48 *49 *50 	51 	52 53 	54 	55 	56 *57 
•■•■ •■■■■■■ •■•• ••■•■■ • •■■•*• 010N■•■ •■•■■•■•• •■•■■•• ■• 

R. mucronata 	- 	- 	- 	+ 	+ 	- 	- 	- 	- 	- 

R. apiculata 	+ 	+ 	+ 	+ 	+ 	- 	+ 	- 	+ 	+ 

B. gymnorrhiza 	+ 	+ 	+ 	+ 	- 	- 	- 	+ 	- 	- 

B. cylndrica 	- 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	+ 	- 

C. tagal 

K. candel 	 - 	- 	+ 	- 	- 	+ 	+ 	+ 

IM..••■■■•••••••••■••••■■■•■■=ly 	  

(48) Veli, (49) Quilon, (50) Kumarakom, (51) Kannamali, 
(52) Chetwai, (53) Edakkad, (54) Pappinisseri, (55) Kungimangalam, 
(56) Kotti, (57) Chileri (South of Kasargod). 

1. * Locations of study area 
2. + : present, - : absent 
3. Source: Ramachandran et al (1986) 

4 '4.? 9 

51 



TABLE 7 

Distribution of Rhizophoraceae from East Coast of India 

Species 	Tamilnadu 
Cauvery 
delta 

Andhra 	Orissa 	West Bengal 
Pradesh 	Mahanadi Gangetic 
Godavari delta 	delta 
Krishna 

Andaman 
Nicobar 
Islands 

■■•■■■■■■■■■■■■■■■■■■■■■■ 

B. cylindrica C R/AB R R/AB NC 

B. gymnorpriza R NC NC C C 

B. parviflora AB AB R R C 

B. sexangula AB AB AB NC 

C. decandra VC VC NC VC 

C. tagall AB AB AB VC RC 

K. candel R AB R R AB 

R. apiculata VC R R NC C 

R. mucronata C R R NC NC 

C - Common; NC - Not common; VC - Very common; R - Rare; 
AB- Absent; RC - Rather common 

(Source: Blasco, 1974) 
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railway bridge. 	K. candel, B. 	gymnorrhiza, 	B. 

cylindrica and R. apiculata are common at Kungimangalam, 

Ezimala, Kavvy and Kotta (Figs. 6 & 7). 

5 . CONCILUS ION 

Tables 4-7 illustrate the distribution of common 

Rhizophoraceae along the east and west coast of India. 

It can be concluded that west coast house a fringing and 

degrading population of Rhizophoraceae because of 

various factors as reclamation, pollution, deforestation 

for firewood, cultivation, cattle grazing, and other 

developmental activities. It is found that the members 

of this family are not equally distributed along the 

coastal areas. Of the six species studied, R. mucronata 

is the most dominant one and is of common occurrence in 

almost all places except in Kerala where its 

distribution is limited to certain places like Cochin 

and Kannamali. Though very scanty and scattered in 

occurrence R. apiculata and B . cylindrica occupies a 

second position in distribution. The number of trees of 

B. gymnorrhiza, C. tagal, and K. candel are restricted 

53 



to very few places. North Canara and Goa have moderate 

distribution of K. candel. A maximum distribution of 

C.tagal is noticed in Maharashtra at Tirakhol and 

Ratnagiri (Fig. 8). Kerala and Gujarat house only five 

species (Tables 4 & 6). B. cylindrica is not reported 

from Gujarat and C. tagal from Kerala coast. The 

verving distribution of Rhizophoraceae may be because of 

tidal, climatic, edaphic and human factors. 
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1.. 	IN'TEICHDT.3C'T•ICIIN7 

The 	morphological 	knowledge 	of 	family 

Rhizophoraceae is mainly based on the systematics 

described in various Floras such as Hooker's Flora of 

British India (1876-1879), The Flora of The Presidency 

of Bombay (Cooke, 1967), Flora of The Presidency of 

Madras (Gamble, 1915), and publications of Blatter 

(1905), Clarke (1869), Salvoza (1936), Ding Hou (1958, 

1960), Watson (1923), Wyatt Smith (1953 a), Graham 

(1964), Stearn and Voigt (1959) and most recent work of 

Tomlinson, Primack and Bunt (1979), Gill and Tomlinson 

(1977), Duke and Bunt (1979), and Tomlinson (1986). 

Salvoza (1936) and Ding Hou (1958, 1960) have reviewed 

Rhizophoraceae in global terms. The most recent work 

of Tomlinson (1986) on morphology of mangrove is of 

great value on a global scale, but does not cover the 

Indian species. According to Duke and Bunt (1979) even 

most recent revisions suffer to some extent from limited 

field observations. Salvoza's and Ding Hou's revisions 

were mainly based on Herbarium material and consequently 

regional inadequacies exist. Characters such as bud 

colour, bud length, leaf length, inflorescence 
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atructure, stamen number, size, style length, style 

type, peduncle length, petiole length, hypocotyl length, 

plumule length etc. are significant. Similarly there 

are many kinds of variations in the structure of 

foliage. Their internal structure and differences are 

related to taxonomic grouping of plants (Esau, 1965). 

Sidhu (1974) had made extensive studies on the structure 

of epidermis and stomatal apparatus of R. mucronata, B. 

caryophylloides and C. roxburghiana from the west coast 

of India. Rao and Tan (1984) had studied leaf structure 

and ecological significance of 16 mangrove species 

including B. cyclindrica, C. tagal, and R. apiculata 

from the north east coast of Singapore. Now epidermal 

morphology is considered as one of the most important 

tools in understanding the interrelationships of various 

families of angiosperms. Saenger (1982) had studied the 

morphological and reproductive adaptations of Australian 

mangroves. 

The present investigation provides a detailed 

comparative information on the above mentioned 

characters of Rhizophoraceae from the west coast of 

India. No detailed comparative field observations were 

carried out earlier in Rhizophoraceae on the above 
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characters from the west coast of India. 	Field 

observations carried out during 1989-93 in mangrove 

communities have been supplemented by detailed 

morphological anatomical and developmental studies of 

field preserved materials. The present study was 

undertaken to review the previous observations as well 

as to study the morphological and anatomical 

similarities and differences among the four genera of 

Rhizophoraceae from the west coast of India. 

2 	MA.MIER.223ATS 2%1•71Z) M:awrx-ions 

Various locations (Table 4,5,6) along the west 

coast have been visited over the past four years to 

measure the range of reproductive and vegetative 

characters (Tables 1,2,3). Comprehensive samples were 

taken from 15 locations visited. Ten vegetative 

characters, 14 floral characters and 9 anatomical 

characters were studied from these samples. The 

selected characters with brief descriptions are listed 

in Tables 1,2 & 3. For practical reasons, it was not 

possible to obtain complete data sets from all locations 

visited. For anatomical observations mature leaves of 

R. 	apiculata, 	R. mucronata, B. 	gymnorrhiza, 	B. 
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cylindrica, C. tagal, and K. candel were collected from 

Maharashtra, Goa and Kerala during different seasons of 

the year 1989-1990. Leaves were preserved in FAA 

(Johansen, 1940) and epidermal peels were prepared as 

explained in Chapter 3. Suitable hand sections as well 

as microtome sections were made to study the internal 

structure of leaves. Leaf area was determined by a 

plainemeter and petiole thickness was found out by a 

micrometer. 

3. CMS'S ERN721AT MON'S AND DISCUSSION 

3.1 	General features of Rhizophoraceae 

Environmental influences such as mechanical damage, 

predator attack, and availability of direct solar 

radiation can deviate the architectural model of 

Rhizophoraceae (Tomlinson, 1986). Except in 

B.gymnorrhiza all Rhizophoraceae exhibits Attims model, 

since they have continuous growth with intermittent 

branching and lateral flowers. B. gymnorrhiza confirm 

strictly to Aubreville's model (Tomlinson, 1986). The 

height of Rhizophora is very much influenced by soil 
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salinity. Rao (1988-89) has reported a maximum height of 

8 m in R. mucronata growing in shallow lagoons and their 

height is very much reduced with decreasing soil 

salinity. The height situation in respect of Kandelia 

is in contrast to Rhizophora, where increased salinity 

results in dwarf form. Nishihira and Urasaki '1976) had 

recognized three types of K. candel in re 	to 

their height. A very dwarf stocky type with lee, 

one meter height found near seawards or river 

another canky type about one meter height and a third 

bulky type growing solitary. Generally all mati, - 

of Kandelia along the west coast attain 	.,:age 

height of 3-4 meters. The studies conduct:d by Smith 

(1988) revealed that increasing salinity decreases leaf 

emergence and height of C. tagal in Australia. Floyd 

(1977) reported a height of 37 m for B. parviflora, 28 m 

for R. apiculata, 30m for B. gymnorrhiza, 12 m for C. 

tagal from Papua New Guinea forest. 

3.1a 	Root system 

Though the name Rhizophoraceae means root bearing 

(Greek, Rhiza - root and Phoros- bearing, Graham, 1964), 

the formation of an intricate network of aerial stilt 
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roots are mostly confined to Rhizophora species. In 

Rhizophora aerial stilt roots arise from stems and 

branches provide anchorage to the tree is a striking 

feature -  of the genus. Various aspects of these aerial 

roots attracted attention of Bowman (1917), Karsten 

(1891), Scholander et. al (1955) and Gill and Tomlinson 

(1969, 1977). In normal condition aerial roots branch 

only on injury or after reaching the substrate (Gill and 

Tomlinson, 1969). The stilt root formations are mostly 

confined to Rhizophora species. The main function of 

these stilt roots is to support the trees from severe 

strain by tides and winds. 

Hosokawa et al (1977) reported the presence of 

fused broomlike aerial roots in K. candel. Aerial roots 

in Kandelia was not observed during the present 

investigations along the west coast of India. Flanged 

or buttressed roots are present near trunk bases of 

Bruguiera, Kandelia, and C. tagal. Their main function 

is to increase the surface area at the base of the trunk 

for increased aeration (Rao, 1988-89) as well as *to 

reduce the wave force. 

In Bruguiera and Ceriops certain horizontal roots 

periodically reorient in loop form as they grow through 

the substrate away from the parent tree, resulting in 

60 



knee roots. These geniculate or knee roots are exposed 

kinks in the cable root system according to Rao (1988-

89). Blatter (1905) described these lenticled knee 

roots as specialized respiratory organs of the plant. 

Stilt roots are developed to a limited extent in 

Bruguiera and Ceriops in the sapling stage close to the 

stem base. Rhizophora, Ceriops, and Bruguiera can 

exclude excessive salt content through their presumably 

possessed ultra filters in their roots (Scholander, 

1968). 

3.11), Phyllotaxis 

Phyllotaxis helps to understand the internal 

vascular system in the shoots as well as photosynthetic 

plan of a plant. A decussate phyllotaxis was reported 

by Ding Hou (1958), Salvoa (1936) and Graham (1964). 

Recently Tomlinson and Wheat (1979) explained it as 

bijugate phyllotaxis since the pairs of leaves diverge 

from each other at an angle less than 90 0 . 
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3.1c Stipular and bud morphology 

Stipule morphology has valuable 	diagnostic 

characters though they occur throughout angiosperms 

(Eames, 1961; Croizat, 1960). Rhizophoraceae has 

opposite stipulate bijugate leaves. Stipule length and 

colour varies from species to species (Table 9). R. 

mucronata has an average stipule length of 63.61 mm and 

R. apiculata has 60.45 mm. The colour varies from red 

to brownish in Rhizophora with a pale yellowish border. 

The stipular colour of B. cylindrica varies from red, 

--green-and-yellowish-green in-plants growing in different 

habitat, whereas in O. gymnorrhiza it is brownish red. 

In K. candel and C. tagal, the stipules are more or less 

greenish with an average length of 29.42 mm and 9.75 mm 

respectively. In K. cndel and C. tagal stipules are 

flattened laterally with wavy margin, acute apex, and 

conduplicate as they are folded adaxially. Stipules are 

involute in Rhizophora and Bruguiera as their margins 

are rolled adaxially. 

The bud morphology in the tribe Rhizophoreae is 

distinctive and constant (Tomlinson, 1986). Buds are 

enclosed in a pair of caducous stipules. A prominent 

feature of this family is the presence of a sticky fluid 
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inside the stipular cavity which covers young bud and 

stipules (Primack and Tomlinson, 1978). This secretion 

is apparently emanating from the glandular colleters 

within each stipule base (Larsten and Curtis, 1974). In 

C. tagal the bud components are usually loosely packed 

and secretion fills the space between the components. 

3.2 Description of species 

3.2a R. apiculata (Fig. 9B) 

Habit: 	A small glabrous evergreen multitrunked tree, 

- attains a- - height of 3-8-- meters in-west_ coast, mature 

tree trunks and branches are grayish black with vertical 

fissures, common along the intertidal zones, river 

banks, mangrove swamps etc. It is also known as. "true 

mangroves" or "red mangrove". The bark character has 

been described as "crocodile skin" by Duke and Bunt 

(1979). 

Leaves (Fig. 14A): Leaves are dark green, elliptic, 

oblong, entire, coriaceous, acute apiculate at the apex, 

cuneate at base, with small cork warts on the abaxial 

surface. Dimensions : petiole 1.5 - 3.7 (1 = 2.57) cm 
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long, 3.89 mm thick; leaf lamina 9.5 - 18 (I = 14.75) cm 

long, 4.3 - 6.8 (1 = 5.85) cm wide, with an average area 

of 62.83 cm2  (Table 9). 

Inflorescence: An auxiliary cyme, which matures below 

the leafy crown, normally possess 2 flowers, rarely 3, 

due to abortion of a bud or failure of peduncle 

bifurcation, peduncle curved and grayish, with an 

average length of 6.4 mm. It is observed that after 

every four inflorescence there will be a gap of four 

empty leaf axils. 

Flowers (Fig. 121 : Bract and bractioles present. 

Immature flower buds are ellipsoidal with a dull 

greenish colour at the base, brownish at apex and show 

superficial fissures on maturity. Dimensions: buds 9-13 

(I = 10.8) mm long, 7-12 (7 = 9.9) mm diameter. Flowers 

perfect. 

Sepals (Fig. 13) : Sepals 4, valvate, acute lobes, 

corky, greenish inside and dull green out side. 

Persistent in fruits, turns to grayish on maturity. 

Sepals are longer than petals. Dimensions: 8-12 CZ = 

9.8) mm long 5-7 (2 = 6.4) mm wide. 
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TABLE 8 
Mean measurements (m) of floral characters 

Name of species 	Peduncle 	Pedicel Mature flower 	sepal 	Petal 	style 	Hypocotyl 	Plumule 
bud 

L 	D 	L 	D 	L 	D 	L 	W 
(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 	(+) 

R. mucronata 	46.55 3.6 	8 	4.63 	15.1 	8.5 	13.1 	6 	11.2 	3.9 	1.95 	486 	20.2 	24 
(7.13) (1.01) (1.09) (0.64) (1.37) (0.67) (1.3) (0.77) (2.08) (0.48) (0.35) 	(47.3) 	(4.1) 	(3.7) 

R. apiculata 	6.4 	4.2 Sessile 4.87 	10.8 	10 	9.9 	6.4 	7.8 	1.9 Sessile 297 	16 	18.33 
(2.21) (0.53) 	(1.26) (1.16) (0.77) (1.37) (0.66) (0.97) (0.43) 	(50.4) 	(3.6) 	(1.24) 

B. gymnorrhiza 	0 	0 	16 	2.8 	36.1 	11 	19.8 	2.65 	13.2 	4.55 	19 	225 	17.4 	2 
(1.48) (0.38) 	(1.3) 	(0) 	(2.7) 	(0.3) 	(2.4) 	(0.44) (1.4) (13.5) 	(1.2) 	(0) 

B. cylindrica 	9.97 	2 	1.74 	1.06 	10.55 	3 	4.61 1.37 	3.92 	2 ' 3.3 	133.3 	6.8 	1.5 
(1.47) (0.31) (0.4) (0.08) 	(0.49) (0) 	(0.56) (0.2) 	(0.55) 	(0) 	(0.97) (57.9) 	(0..65) 	(0.5) 

C. tagal 	15.44 	2 	<1 	1 	6.27 3.7 	4.65 2.71 	3.3 	1.3 	2.25 	281 	10.25 	5 
(2.54) (0) 	 (0.44) (0.45) 	(0.39) (0.5) 	(0.57) (0.24) (0.25) (16.9) 	(1.19) 	(0) 

K. candel 	46.5 	2.5 	3.1 	1.5 	15.15 4.4 	14.9 	0.79 	9.9 	1.1 10.5 	362.2 	1.19 	10.42 
(7.78) (0.5) 	(0.83) (0.44) 	(1.16) (0.66) (2.6) (0.48) 	(0.7) 	(0.2) (0.5) 	(30.5) 	(0.19) 	(0.36) 

(+) - Standard deviation; L - length; W-width; D - diameter 
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TABLE 9 

Laminar characters of the family Rhizophoraceae 

Name of the 	Petiole Petiole 	leaf blade leaf blade Leaf area 	stipule abaxial 	abaxial 	size of 	stomatal 	stomatal 
species 	length 	thickness 	length 	breadth 	cm2 	length 	epidermis 	epidermis 	stomata 	frequency 	index 

cms BIM CUB CUB (+) cm L X Wpm L 	XWium L X Wpm (±) 	(+) 
CO (+) (+) (+) (+) (+) (+) (+) 

R. mucronata 	2.39 3.45 12.46 7.00 66.60 63.61 18.20/8.26 18.59/14.24 40.18/31.26 87.58 	2.90 
(0.29) (0.55) (3) (1.08) (18.86) (18.25) (3.84)(2.96) (3.35)(2.84) (2.97)(4.96) (8.79) 	(0.98) 

R. apiculata 	2.57 3.89 14.75 5.85 62.83 60.45 18.52/11.97 14.25/10.26 43,86/27.07 124.95 	1.91 
(0.36) (0.43) (2.47) (0.85) (14.54) (12.3) (3.20)(2.36) (3.12)(3.17) (4.80)(3.87) (15.75) 	(0.25) 

B. gymnorrhiza 4.98 2.29 12.86 5.01 45.78 44.60 17.98/13.14 25.95/17.72 31.63/17.05 152.65 	4.60 
(1.16) (0.39) (1.75) (0.69) (15.69) (6.5) (5.1)(5.15) (6.19)(5.22) (5.17)(3.08) (16.31) 	(0.75) 

B. cylindrica 	2.12 2.04 8.93 3.89 24.56 31.70 25.08/13.25 21.08/16.81 29.07/16.45 183.26 	5.37 
(0.39) (0.02) (1.66) (0.39) (4.94) (1.6) (5.06)(4.42) (3.47)(2.37) (1.71)(4.54) (13.35) 	(0.86) 

C. tagal 	1.77 1.74 6.2 3.18 14.22 9.75 14.6/10.53 22.2/13.35 35.98/21.01 135.7 	2.22 
(0.48) (0.4) (0.6 5 ) (0.48) (3.35) (0.96) (3 .5)(2.23) (5.24)(1.80) (2.61)(8.14) (28.8) 	(0.53) 

K. candel 	1.99 2.34 11.05 4.07 33.8 29.42 20.44/13.19 23.65/13.98 41.38/17.23 161.16 	5.87 
(0.24) (0.44) (0.96) (0.45) (5.94) (3.52) (5.72)(3.97) (6.62)(1.99) (2.47)(3.30) (12.72) 	(0.89) 

- length 
W - width 
(+) - Standard deviation 
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Petals 	(Fig. 13): Petals 4, 	ephemeral, 	glabrous, 

delicate, lanceolate, involute, brownish at the tip and 

slightly greenish at its base, 7-10 (f = 7.8) mm long, 

1.5 - 3(i = 1.9) mm wide. 

Stamens (Fig. 13) : Stamens 10-12, sessile, ephemeral, 

anthers multilocellate, anther lobe 6-7 (1 = 6.5) mm 

long, 2-4 (R = 2.6) mm wide. 

Ovary : Half inferior, 2 celled, ovules 4, 2 in each 

chamber, anatropuos. 	Fertilized ovary shows 6-10 

ridges, style sessile and hollow type. Stigma bilipped. 

Fruit 	Cork shaped, calyx lobes angular and 

persistent, rough textured; hypocotyl cylindrical, dark-

brownish, apex blunt, 25 - 31.5 CZ = 29.7) cm long, 1.6 

- 1.9 ( 2 = 1.6) cm at the widest point; plumule length 

at the time of dispersal is 1-2(7 = 1.85) cms. 

Germination viviparous. 

3.2b R. mucronata (Fig. 9A) 

Habit : Evergreen glabrous trees grow to a height of 12 

m, with well developed proproots, grows in similar 

habitat of R. apiculata. Duke and Bunt (1979) reported 

its occurrence in sandy beaches. 
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Leaves (Fig. 14B) : Leaves. are bright green, obovate, 

entire, margins revolute, mucronate, coriaceous, upper 

surface smooth, glabrous and shiny, cork warts present 

on the abaxial surface. Dimensions : petiole 2 - 2.801 

= 2.39) cm long, 3.45 mm thick; leaf lamina 11.6 - 13.5 

= 12.46) cm long, 5.7 - 9.3 ( x = 7.00) cm wide, with 

an average area of 66.6 cm2 . 

Inflorescence : An axilary cyme within the leafy crown, 

possess 4-7 flowers. Abortion of flower buds and 

failure of bifurcarion of peduncles common, colour light 

green, peduncle pendulous, 46.55 mm long and 3.6 mm in 

diameter. 

Flowers (Fig. 1281 : Bract and bractioles present. 

Immature flower buds are light green, which turns to 

pale yellow on maturity; bud apex obtuse, widest near 

its base. Dimensions: flower buds 12-17 (2 = 15.1) mm 

long, 7-8(2 = 8) mm diameter. Flower perfect, 

tetramerous 

Sepals (Fig. 13) Sepals 4, valuate, acute lobes, corky, 

pale-yellow out side persistent on fruits, turns to 

green on maturity, sepals are longer than petals. 
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Dimensions : 11 - 15(1* = 13.1) mm long, 5-7 (1 = 6) mm 

wide. 

Petals 	(Fig. 13) : Petals 4, ephemeral, 	woolly, 

delicate, lanceolate, involute, with its edges rolled 

inside, pale-yellow, 	each petal encloses every 

alternating stamens. 	Dimensions : 7-13( = 11.2) mm 

long, 3-5C1 = 3.9) mm wide. 

Stamens (Fig. 13) : Stamens 8, sessile, ephemeral, scars 

prominent on the disc, anthers multilocellate, anther 

lobe 5.7 (1 = 6.1) mm long, 2-3C1 = 2.4) mm wide. 

Ovary : Half inferior, 2 celled, ovules 4, two in each 

chamber, anatropuos, style short, 1.5 - 2.5c1 = 1.95)mm 

long, solid type, with bilipped stigma. 

Fruit : Pyriform4 calyx lobes persistent, hypocotyl 

cylindrical, elongate, greenish, smooth with lenticles, 

apex pointed, 41 - 56 (I = 48.6) cm long, 1.7 - 2.9 ( 

= 2.02) cm at widest point; plumule length at the time 

of dispersal is 2 - 3 (1 = 2.4) cm long. Germination 

viviparous. 
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3.2c B. gywnorrhiza (Fig. 10A) 

Habit : Trees reaching a height of 8-10 m, mature tree 

trunks are rough, fissured, trunk base buttressed, with 

many geniculate pneumatophores (knee roots), stilt 

roots, absent, found along the creeks, river banks, 

usually preferring inundated wet soils. 

Leaves (Fig. 14 C) : Leaves are ever green, oblong, 

elliptical, entire, coriaceous, acute at apex, obtuse at 

base, glabrous, petiole reddish green cork warts absent. 

Dimensions: petiole 2.6 - 6.3 (I = 4.98) cm long, 2-3(1 

= 2.29) mm thick; leaf lamina 9.5 - 14.5 (7= 12.86) cm 

long, - 4 - 6.211 =- 5401)-cm-wide,-with-an --average leaf 

area of 45.98 cm2  (Table 9). 

Flowers (Fig. 12) : Single solitary axillary flower. 

Bract and bractioles absent, pedicel pendulous, flowers 

among the leafy crown, pedicel 14 - 18 (7 = 16) mm long, 

2-3 mm thick. Flower buds are pinkish red at base, 

light greenish at apex. Dimensions : 34 - 38 ( I = 

36.1) mm long, 11 mm diameter, flowers perfect. As the 

bud matures the calyx attains an orange red colour. 

Sepals (Fig. 13) : Sepals 11-14, valvate, slender acute 

lobes, attains an orange red colour on maturity. 
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Fig.-I0 
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Dimensions : 16-21(1= 19.8) mm long, 2.65 mm wide. 

Petals (Fig.. 13) : Petals equal to sepal number, 

bilipped with hairy bristles, white when young and 

become brown on maturity, each petal encloses a pair of 

stamens. Dimensions : 8-15(1 = 13.2) mm long, 4-

8(1=4.58) mm wide. 

Stamens (Fig. 13) : Stamens 22-28, filament with a 

characteristic twist, 2-10 OB=5.87) mm long, anther 

lobes tetrasporangiate, 3-5(1=4.11) mm long, outer 

whorls of filaments are longer than inner whorls. 

Ovary : Inferior, trilocular, with two anatropuos ovules 

in each chamber, style 15-20(1=19) mot long, hollow type, 

with three independent canals at its apex. These canals 

fuses to form a single stylar canal at its base. A 

single layered papillose glandular tissue covers the 

inner surface of the stylar canal. A thick cuticle is 

present near the base of the style. Three vascular 

traces are present in the style. Ovules are attached to 

the placenta at the stylar end. Stigma trifid. 

Fruit : Persistent calyx, hypocotyl cigar shaped, 20.1 - 

24(1=22.5) cm long, 1.5 - 1.9(1=1.74) cm wide at widest 
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point, dark-greenish with prominent ridges extending 

through out its length, blunt apically, Germination 

viviparous. 

3.2d B. cylindrica (Fig. 10 B) 

Habit : A small ever green tree of 2-3 m height with 

flaky dark-greyish bark, buttressed trunk base, common 

along river banks, creeks, and land ward tidal regions 

of marshy places. 

Leaves (Fig. 14 DI : Leaves are dark green, elliptic, 

obovate, entire, acute apex, and cuneate base, 

coriaceous, both surfaces smooth, glabrous and shiny, 

corkwarts absent. Dimensions : petiole 1.5 -

2.8(x=2.12) cm long, 2.04 mm thick; leaf lamina 7.7 - 10 

(2=8.93) cm long, 3 - 4.5(7=3.89) cm wides, with an 

average area of 24.56 cm2  (Table 9). 

Inflorescence : An axillary cyme, within the leafy 

crown, possess 3-6 flowers, colour green,peduncle 6-11 

(7=9.7) mm long, 1.5 - 2(2=2) mm in diameter. 

Flowers (Fig. 12 D) : Bract and bractiole very small, 

flower buds are light-green, erect at anthesis, bud apex 
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obtuse, widest near the apex. Dimensions : pedicel 1- 

2(1=1.74) mm long, 1-1.2(1=1.06) mm in diameter flower 

buds 10-11(1=10.55) mm long, 3 mm in diameter. 

Sepals (Fig. 13) : Sepals 7-9, valvate, lobes obtuse, 

and persistent in fruit, with a black spot inside, at 

its apex. Dimensions : 3.5 - 5(x =4.61) mm long, 1 - 

1.5(7=1.37) mm wide. 

Petals fFig. 13) 	Petals equal to sepal number, 

delicate, bilipped, white, with 5-10 bristles, 	or 

appendages of about 2 mm long, hairy at its base each 

petal encloses a pair of stamens. Dimensions : 3 - 

4.5(70.92) mm long, 2 mm wide. 

Stamens (Fig. 13) : Stamens 14-18, in bud the filaments 

are placed in a zig-zag form, 1.5 - 3(1=2.35) mm long, 

anther lobe less than 1 mm long, tetrasporangiate. 

Ovary : Ovary inferior, trilocular, two ovules in each 

chamber, ovules anatropuos, style 2 - 4.5 (7=3.3) mm 

long, hollow type, stigma bifid. 

Fruit : Fruit with persistent reflexed calyx lobes. 

Hypocotyl: slender smooth, cylindrical with a 

characteristic bend, apex blunt., Dimensions: 11.2 - 

19.5(1=13.32) cm long, 6-8 (1=6.8) mm wide at widest 
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point, Germination viviparous. 

3.2e 	C. tagal (Fig. 11 A) 

Habit : A small glabrous tree attains a height of 3-4m. 

commonly found on the landward edge of tidal regions. 

it is called the "yellow leaved spurred mangrove" 

because of its yellowish leaves and recurved calyx lobes 

which resembles spurs. The bark is flaky and the trunk 

base is buttressesd. 

Leaves (Fig. 14 B) : Leaves are yellowish-green, 

opposite, (bijugate)„_obovate, or elliptic, coriaceous, 

rounded or emarginate at apex, cuneate, at base, 

glabrous, surface smooth, corkwarts absent. Dimensions:. 

petiole 1.1 - 2.5(1=1.77) cm long, 1.74 mm thick; leaf 

lamina 5.6 - 7(1=6.2) cm long, 2.6 - 3.9(1=3.18) cm 

wide, with an average area of 14.22 cm 2  (Table 9). 

Inflorescence : An axillary cyme, within the leafy 

crown, possess 6-10 flowers, colour greenish-yellow, 

flowers erect at anthesis, peduncle 10-19(1=15.44) mm 

long and 2 mm in diameter. 

Flowers (Fig. 12 B) : Bract and bractioles present, 

flower buds are greenish yellow, mature flower buds 6- 
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Fig. II 
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Figures 12 

Illustration of flower in L.S. 

(St - style; K - sepal, P - petal; Sn - stamen; 

St - style; Br - bract; Brs - bractioles; Ov -

ovules) 

1) R. apiculata (x2). unopened flower in 1.s. 

note the prominent corky bracts, bractioles, 

sessile style with a swollen base. 

2) R. mucronata (x2) note the distinct style. 

3) B. 	gymnorrhiza (1:1) note the contorted 

filaments. 

4) B. cylindrica (x4) 

5) C. tagal (x5). 

6) K. candel (x3). 
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Fig. 12 
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Figure 13 

Illustration of sepals, petals and stamens: 

1-6 sepals, 7-12 petals, 13-18 stamens. 

R.a, R. apiculata;; R.m, R. mucronata 

B.g, B. gymnorrhiza,; B.cy, B. cylindrica; 

C.t, C. tagal; K.c, K. candel. 
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(15) R. a 	(16) 13.cy 	(17)C.t (14) R. m 

(2) R. m. (I) B.g. 

(13) B.g 

(9)R. a 	ocn e.cy ( II) c. t 

(4) flay 

(5 ) C.t 

Fig. 13 
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A 

C 

E 

 

Fig. 14. Leaf lamina (x1/2) to show the range and shape (A)R.apiculata, 

 (B) R. mucronata,(C)  B. gymnorrhiza,  (D) B. cylindrica,  (E) C.tagal 

81 (F) K. candel. 
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7(1=6.27) mm long, 3-4(1=3.7) mm in diameter. 	Flower 

perfect and pentamerous. 

Sepals (Fig. 13) : Sepals 5, 	valvate, 	leathery, 

triangular lobes, each sepal encloses two glands at its 

base. Dimensions: 4-5(1=4.65) mm long, 2-3.2(1=2.71) mm 

wide. 

Petals (Fig. 13) 	: Petal 5, white, basal part is 

tubular and encloses two anthers of different lengths. 

The petals are held together by unicellular hooked 

appendages (hairs) by its lateral sides. Three 

appendages present at its apex. Dimensions : 2-4(1=3.3) 

long, 1-1.5(1=1.3) mm wide. 

Stamens (Fig. 13) : Stamens twice as petals, normally 

10, anther lobes minute, dithecous, filament 2.72 mm 

long. 

Ovary : Half inferior, bilocular to trilocular, two 

anatropuos ovules in each chamber, style filiform and 

hollow, 2.25 mm long. 

Fruit : Fruit one seeded with persistent calyx lobes. 

hypocotyl yellowish brown, 24.5 - 30.5 (1=28.16) cm long 

at maturity with 6-8 ridges running along its ,ointed 

ends. Germination viviparous. 
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3.2f K. candel (Fig. 11 B) 

Habit : A small ever green multitrunked tree attains a 

height of 7 m, common along intertidal zones, river 

banks, and mangroves swamps. Bark reddish yellow, flaky 

and trunk base buttressed. 

Leaves (Fig. 14 F) : Leaves are bright green, oblong, 

obtuse, entire, cuneate at base, upper surface smooth, 

coriaceous, with bijugate phyllotaxis, cork warts 

absent. Dimensions : petiole 1.5 - 2.5(1=1.95) cm long 

2.34 mm in diameter, leaf lamina 9.5 - 13.3(1=11.05) cm 

long, 3,5 - 4.5(1=4.07) cwwide, with an average area of 

33.8 cm2 . 

Inflorescence : An axillary cyme, within the leafy 

crown, possess- 3-10.  white flowers, abortion of. flower 

buds and failure of bifurcation of peduncle common, 

peduncle 38-55(1=46.5) mm long, 2-3(1=2.5) mm in 

diameter. 

Flowers (Fig. 12) : Bract and bractioles present, 

immature flower buds are greenish. Dimensions : 13- 

18(1=15.15)mm long, 4-5 (x=4.4) mm in diameter, flowers 

perfect, tetramerous to pentamerous. 
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Sepals (Fig. 13) : Sepals 4-5, valvate, apex acute, 

greenish-yellow, persistent on fruit. Dimensions: 14-

16(1=14.9) mm long, 2-3(1=2.6) mm wide, reflexed at 

anthesis. 

Petals (Fig. 13) : Petals 4-5, valvate, delicate, creamy 

white, slender, petals end in filamentous appendages. 

The central filament is prominent, filaments are 

slightly greenish at the tip. Dimensions: 9-11(1=9.9) 

mm long, 1 mm wide at its base. 

Stamens (Fig. 13) :Stamens 28-40, anther lobe minute, 

filament 6-12(1=7) mmlong, inserted on the rim of the 

calyx. cup. 

Ovary. : Ovary inferior, tricarpellary, ovules 2 in each 

chamber, anatropous, style filiform, hollow type, 10-

11(1=10.5) mm long, stigma trifid. 

Fruit :Pyriform, calyx lobes persistent, occurs below 

the leafy crown, one seeded, hypocotyle: cylindrical, 

smooth, brownish green, tapering near the apex, 

hypocotyl 31-40(1=36.2) cm long, 0.8 - 1.5(1=1.19) cm at 

widest point. Plumule length at the time of propagule 

dispersal is 10-42 mm. Germination viviparous. 
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3.3 Leaf anatomy 

(a) Cuticle 

The cuticle in all the species is thick and 

tenaciously attached to the epidermis. In all the 

species studied, cuticle on adaxial surface is thicker 

than that of abaxial surface (Table 10). This 

observation is not agreeing with that of Sidhu (1975). 

A maximum cuticle thickness of 10.11 hum in C. tagal and 

minimum of 3.7 1um in R. mucronata was observed on their 

adaxial surface. Cuticle thickness on abaxial epidermis 

ranges from 1.95 ium (R. apdculata) to 6.55/um (Cr. tagal) 

(Table la). R. mucronata, has cuticl&approximately of 

equal thickness on both surface C3.7 1=0. 

(b) Epidermis 

The abaxial epidermal cells of the four genera of 

Rhizophoraceae show variation in size and shape. These 

are comparatively larger in B. cylindrica and K. candel 

(Table 10). A double layered epidermis accompanied by a 

layer of hypodermic is reported from K. candel (Metcalf 

& Chalk, 1950). The present investigation supports this 

view (Table 10). Only K. candel shows a double layered 

epidermis with an average thickness of 26.94 ,,um. In 
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Fi guru 3_5 

Transverse sections of lamina: (c, cuticle; ue, 

upper epidermis (adaxial); wst, water storage 

tissue; p, palisade tissue; s, spongy tissue; h, 

hypodermis, le, abaxial epidermis, Sc, sclereids): 

note the structural details of isobilateral leaves 

of C. tagal and K. candel; double layered adaxial 

epidermis of K. candel; multilayered adaxial 

hypodermal water storage tissue in R. apiculata and 

R. mucronata; stellate sclereids in R. apiculata 

and R. mucronata and B. gymnorrhiza. 
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Fig . 15 Transverse sections of the lamina of R. apiculata  (A) , 

R. mucronata  ( B ), B. gymnorrhiza  (C ), B. cylindrica  (D), C. tagal ( E ) 

and K. candel  (F ) 
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cells ; (ec),epidermal cells 

89 



all the species studied except C. tagal, adaxial 

epidermis is thicker than the abaxial epidermis. 

Epidermal cell shape in all the species observed is 

found to be polygonal. Cork warts are present in R. 

mucronata and R. apiculata. The presence of cork warts 

were reported from Rhizophora, Carallia, and Weihea 

(Metcalf & Chalk, 1950; Stace, 1966). Where as Duke and 

Bunt (1979) reported the absence of cork warts in R. 

apiculata and R. mucronata. Dark brown tannin glands 

are present in the epidermal cells of all the species 

studied. In R. mucronata the adaxial epidermis is 

slightly squarish. and rectangular but abaxial epidermis 

is variously sized. 

(c) Stomata 

The nature and orientation of subsidiary cells in 

stomata are of taxonomic value (Metcalf & Chalk, 1950). 

Sidhu (1974) reported ranunculacious type of stomata 

with stomatal cavity in R. mucronata, B. gymnorrhiza, B. 

parvillora, and C. candolleana. Stace (1966) reported 

a cyclocytic subsidiary cells (a specialization of 

anomocytic type) in Rhizophora species. In the present 

study all species show an anomocytic type of stomata as 

reported by Sidhu (1974) (Fig. 16; Plate 1). Stomata 
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3_ 

Surface views of abazial foliar epidermis of 

Rhizophoraceae. 

1) R. mucronata 

2) R. apiculata 

3) B. gymnorrhiza 

4) B. cylindrica 

5) C. tagal 

6) K. candel. 

7&8) An enlarged view of stomata of C. tagal and 
B. gymnorrhiza. 

Note the anomocytic stomata 
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are confined to abaxial epidermis. The size of guard 

cells show similarity in the same genera (Table 9) 

K.candel and B. cylindrica have the highest stomatal 

index (5.87 & 5.37) and R. apiculata has the lowest 

stomatal index (1.9). Maximum size of guard cells occur 

in R.apiculata, 43.86 lum long and 27.07 ium wide; 

B.cylindrica has the minimum size of guard cells 29.07 

Azm long and 16.45 ium wide. 

(d) BYpodermds 

Most mangrove species possess a single or several 

layered hypodermal aqueous tissue (Mullan, 1931; Stace, 

1966). A single layered upper hypodermis is reported in 

Bruguiera species and Kandelia (Metcalf & Chalk, 1950), 

while two or more layered in the species of C. tagal, R. 

apiculata. and R. mucronata. According to. Bowman (1921) 

the number of hypodermis cells in R. mangle is 

controlled by a concentration of salt in the -water in 

which the plants are growing. High salt concentration 

being associated-with an increased number of hypodermal 

cell layers. A single layered hypodermis towards the 

abaxial surface is recorded by Mullan (1931) in 

C.candolleana. The present study reveals a single 

layered abaxial hypodermis in R. mucronata, C. tagal, 
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and K.candel. However, R. mucronata and R. apiculata 

have multilayered (5 to 6 layered) upper hypodermis with 

a thickness of 230 fun to 275.93 pm. on the other hand 

K. candel, B. gymnorrhiza and B. cylindrica have a 

single upper hypodermis (Fig. 15). Multilayered abaxial 

hypodermis was not found in any of the species 

investigated. The present investigations could not 

identify the occurrence of an abaxial hypodermis in 

Bruguiera species as reported by Saenger (1982). 

(e) Palisade tissue 

Number of layers of palisade= tissue vary from one 

to four in different genera of Rhizophoraceae (Metcalf & 

Chalk, 1950). An upper palisade tissue is present in 

all the six species studied. Lower palisade is present 

only in K. candel and C. tagal (Fig. 15) with an average 

thickness of 61.84 to 67.09 fmm (Table 10). K. candel 

has one to two layered lower palisade tissue, whereas C. 

tagal has single layered abaxial palisade tissue (Fig. 

15). R. mucronata and R. apiculata have one to two 

layers of adaxial palisade tissue where as B.cylindrica, 

B. gymnorrhiza and K. candel have 3-4 layers. 
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(f) Spongy tissue 

In all four genera studied, the spongy mesophyll 

was usually with the large inter-cellular spaces and in 

much reduced form. B. cylindrica has a comparatively 

thicker spongy tissue (342.55 lam). Bowman (1921), 

Watson (1928), Metcalf & Chalk (1950), Rao et al (1978), 

Shah and Raj (1965) and Seshavatharam and Srivalli 

(1989) reported stellate sclerieds from Rhizophora 

species. Seshavatharam and Srivalli (1989) as well as 

Rao and Sharma (1968) reported stellate sclerieds from 

B. gymnorrhiza. The development of palisade-  at= - the 

expense of spongy mesophyll and increased succulence are 

important characteristics of leaf xeromorphy (Sheilds, 

1950). The presence of multilayered palisade tissue 

especially in B. gymnorrhiza, C. tagal, and K. candel 

(Table 10) can be attributed to the halophytic 

characters of these species. A collenchymatous spongy 

tissue is present in B. gymnorrhiza. Mesophyll tissue 

layers vary from 10-18 in different genera (Table 10). 
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TABLE 10 

Name of the 	adaxial 
Species 	cuticle 

Th 
(+) 

Average number of layers and thickness (um) of tissues 

adaxial 	adaxial 	adaxial 	aroagy 	abaxial 
epidermis 	hypodermis 	palisade 	tissue 	palisade 
Th 	(L) 	Th 	(L) 	Th 	(L) 	Th 	(L) 	Th 
(+) 	(+) 	 (+) 	 (+) 	 (+) 

in leaves of Ithixophoraceae 

abaxial 	abaxial 
hypodermis 	epidermis 

(L) 	Th 	(L) 	Th 	(L) 
(+) 	 (+) 

R. mucronata 	3.7 10.83 230 158.6 212.8 -- 	22.23 8.83 
(1.30) (1.14) (54.24) (25.22) (28.68) -- 	(4.37) (1.99) 

(1) (6) (1-2) (11-15) (1) (1) 

R. apiculata 	5.38 11.68 275.93 127.07 227.14 -- 9.97 
(1.58) (1.99) (48.14) (32.25) (36) -- -- (1.97) 

(1) (6) (1-2) (11-15) (1) 
B. gymnorrhisa 8.12 17.69 23.94 107.44 311.78 -- 14.45 

(2.38) (3.09) (6.88) (10.47) (86.51) -- -- (3.37) 
(1) (1) (3-4) (14-18) (1) 

B. cylindrica 	7.12 15.04 40.59 286.32 142.51 -- 12.95 
(1.42) (3.24) (6.38) (79.69) (53.79) -- (2.05) 

(1) (1) (3-4) (10-15) (1) 

C. tagal 	10.11 16.95 55.61 111.44 289.55 61.84  25.96 19.34 
(2.24) (2.73) (12.48) (21.62) (91.47) (5.41) (3.26) (3.02) 

(1) (2) (1-3) (12-18) (1) (1) (1) 

K. caadel 	6.20 26.94 53.5 138.7 264.19 67.09 27.22 24.45 
(1.18) (4.00) (7.03) (53) (37.77) (24.38) (3.28) (4.81) 

(2) (1) (4) (10-16) (1-3) (1) (1) 

Th - Thickness 
L - number of layers 
Numbers in parenthesis (+) below Th shows 	st. deviation. 

	

abaxial 	Average 
cuticle total thick-

Th 	mess of 
(+) 	lamina (+) 

3.70 	650 
(1.30) 	(63.01) 

1.95 	658.08 
(0.66) 	(59.38) 

5.54 	488.9 
(1.31) 	(106.99) 

2.99 	707.9 

	

(0.43) 	(124.56) 

6.55 	589 

	

(1.82) 	(115.54) 

1.98 	616.5 
(1.2) (100.281 
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TABLE 11 : Comparative data of some morphological characters noted in the family Rhizophoraceae 

Character 
	

R. mucronata 	R. apiculata 
	

B. gymnorrhlza 	R. cylindrica 
	

C. tagal 	K. candel 

Leaf: 
shape 
colour 
apex 
corkwarts 

elliptic obovate elliptic oblong elliptic oblong 
bright green 	dark green 	dark green 
mucronate 	 acuminate 	acute 
present 	 present 	 absent 

elliptic obovate elliptic obovate oblong 
green - yellow 	yellow-green 	green 
acute 	 emarginate 	obtuse 
absent 	 absent 	 absent 

Stipule: 
length 
	

63.61 mm 
	

60.45 mm 
	

46.6 mm 
	

37.7 mm 	 9.75 mm 
	

29.42 mm 
colour 
	

brown-red to 
	

brown red 
	

brown red 
	

red.green,yellow yellow-green 	light green 
greenish with 
	

with cream 
pale yellow 	white border 
border 

type 
	

involute 	 involute 
	

involute 	 involute 	 conduplicate 	conduplicate 
Bark 
colour 
	

dark brown 
	

black to grey 	blackish 
	

dark grey 	 grey yellow 	reddish yellow 
texture 	rough-fissured 
	

rough with 	rough 
	

flaky 
	

flaky 	 flaky 
vertical fissures 

'Tree trunk 'base: not buttressed not buttressed 	not butressed 	buttressed 	 buttressed 	buttressed 
Aerial roots : prop roots 	prop roots 	knee roots 	small stilt roots prop roots prop roots 

present 	 present 	 absent present 	present absent 
Inflorescence : cymose cymose solitary flowers cymose cymose cymose 
Number of 

flowers 	: 4- 7 	 1- 2 (3) 	 1 	 3 - 6 	 6- 10 	 7- 10 
Plower bad 
colour 	pale yellow 	Light green at 	Pinkish red 	light green 	greenish 	 green-yellow 

base and brownish 
at apex 

shape 	 slightly conical, globular,acumi- 	with ridges 	with ridges 	globular apex 	round apex 
obtuse apex 	nate apex 	 below calyx 	above calyx lobes. 

lobes,obtuse apex 	globular apex 

Sepal:number 	4 	 4 	 11 - 14 	 7- 9 	 5 	 4- 5 
colour 	yellow green 	light green 	 pinkish red 	light green 	yellow green 	light green 
Petal:number 	4 	 4 	 11 - 14 	 7- 9 	 5 

white - S  white colour 	cream-white 	green-white 	 brown 	 light brown 
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►  . C.C)D.14=LJUS MON 

Many characters studied show overlap between 

species. The tree height is influenced by various 

factors such as soil salinity, direct .sunrays, 

mechanical damage, predator attack etc. Attims model of 

growth is prominent except in B. gymnorrhiza, as they 

grow continuously. Rhizophora grows to a maximum height 

in saline soil, where as K. candel show a decreased 

height under the same environmental influence. The 

formation of an intricate network of aerial roots is 

mostly confined to,  Rhizophora species. Aerial roots in 

K. candel was not observe& during the present 

investigations along the west coast of India. Poorly 

developed short and scanty aerial roots are present in 

B. gymnorrhiza and lenticulate knee roots in Bruguiera 

and. C. tagal. The leaves of C. tagal and K. candel are 

distinct from Rhizophora and Bruguiera as they are 

isobilateral 	(Fig. 15). Dorsiventral leaves were 

reported from all these four genera (Stace, 1966). The 

observation confirms an isobilateral leaf structure in 

C. tagal and C. candel. B. gymnorrhiza has longer 
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petiole, longer leaf blade and larger leaf area than 

B.cylindrica, C. tagal shows the lowest leaf area and 

shortest petiole length (Table 9). A maximum cuticle 

thickness of 10.11 pm is present in C. tagal. Only 

K.candel shows a double layered epidermis with an 

average thickness of 26.94 pm. 

Stomata are anomocytic (ranunculacious) and sunken 

in all the species. Stomatal index and stomatal 

frequency varies from species to- species (Table 9) and 

stomata are not protected by hairs. Lower palisade 

tissue is present only in K. candel and C. tagal. 

Leavesare,  succulent -with water storage cells. Stipular 

colour and. length. varies from species to species in 

these four genera. Out of the six species studied, R. 

mucronata has the longest stipule (63.61 mm) and C. 

tagal has the shortest (9.75 mm).. Stipular and leaf 

colour variation in B. cylindrica is very prominent in 

plants growing in-different habitat. This may be due to 

environmental influences as well as genetic variations. 

Stipule ptyxis varies from conduplicate (K. candel, C. 

tagal) to involute (R. apiculata, R. mucronata, B. 

gymnorrhiza and B. cylindrica). 
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Young buds enclosed in a pair of caducous stipules 

are covered by a stickly fluid. The fluid exudate of 

Rhizophora species contains sugar and is attractive to 

birds. Of these genera studied, only B. gymnorrhiza 

shows solitary flowers and all others show a dichasial 

cyme. B. gymnorrhiza has the largest flower in this 

group having a length of 37.5 mm and C. tagal has the 

smallest flower with a length of 5.8 mm. The flower 

buds of R. apdculata is pinkish maroon, to brown; 

R.mucronata yellowish, green; B. gymnorrhiza pinkish red; 

8. cylindrica, C. tagal, and K. candel are slightly 

greenish._ -The, sepals are ref lexed: in all except in 

D. gymnorrhiza. 	Petal colour and shape also show 

variations. 	In R. apiculata- petals are involute 

brownish at the tip and slightly greenish white at its 

base;. in R. mucronata petals are woolly with a pale 

yellowish colour; in- B. gymnorrhiza petals are bilipped, 

whitish in bud stage and become brownish with seven 

appendages on maturity; in B. cylindrica petals are with 

hair, at its base and with 5-10 bristles or appendages; 

in C. tagal petals are white with 3 appendages at its 

apex and are held together by unicellular hooked 

appendages. In K. candel petals are white, very 

slender and end in filamentous appendages. 
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Stamen numbers (Table 12) and shape varies from 

species to species. Sessile stamens are present only in 

R. mucronata and R. apiculata, style length varies from 

sessile (R. apiculata) to 19 mm in B. gymnorrhiza. 	In 

R. mucronata a style length of 2-2.5 mm is noticed. 	It 

is contrary to the reported sessile style in R.mucronata 

(Tomlinson, 1986); Ding Hou, 1960). The present study 

could not reveal the occurrence of R.stylosa with a 

style length of 4-5 mm long from the west coast of 

India, as reported by Tomlinson (1986). The 

intermediate style length of 2-2.5 mm in R. mucronata 

may be due to biogeographical reasons and this species 

present along the west coast of India can be considered 

as an intermediate species between R. stylosa and 

R.mucronata. The present observations could not locate 

B. parviflora from the west coast, if at all present, it 

may be very limited and scanty in distribution and on 

the verge of extinction . The morphological variations 

within the tribe Rhizophoreae in different locations 

along the west coast are negligible. 
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Since stamen structures seems to be rather uniform, 

it's study has long been neglected: whereas pattern uf 

stamen arrangement in flowers and development of pollen 

sacs have been studied more often, for systematic 

considerations. 	Diversity of stamen structures, 

development of anthers and microsporogenesis 	in 

Rhizophoraceae have not been investigated so far (Davis, 

1966; Johri, 1992). Erdtman (1971) and Nair (1962) had 

-studied-the- pollen--morphology _o -f-several-- Indian plants. 

Thanikaimoni (1987) observed the palynology of mangrove 

plants including Rhizophoraceae. This present study is 

aimed as a small contribution to the morphology, anatomy 

and microsporogenesis of Rhizophoraceae species. The 

characters such as anther shape, size, filament length, 

stamen number, relationship between anthers and 

filament, nature of endothecium, pollen size, pollen 

shape and its development were studied in detail. 
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2 . MATE:R.221/2LS AND NIETE-IDDS 

Flower buds of all six species at different stages 

of development were collected from Chorao Island, Goa 

and fixed between 3 pm to 5 pm in Allen's (modified) 

Bouins Fluid for 48 hrs. The fixed material was rinsed 

several times in 20% alcohol and dehydrated in T.B.A. 

series as usual (Johansen, 1940; Sass, 1964). 

Infiltration, embedding, and section cutting and 

staining were done as explained in chapter 3. To study 

pollen morphology pollen mounts were prepared by 

glycerine jelly method (Wodehouse, 1935). Pollen size 

measurements were made (Nair et. al, 1962) as described 

in chapter 3. Nearly approximate values were given for 

all measurements. Photomicrographs were taken at 400 

magnification (Plate 3). 

3 . C313.SIERVATIC3NS AND DI SCLISSIC3N 

3.1 Morphology 

(a) R. mucronata and R. apiculata 

The anthers are basifixed more or less sagitate, 

introse and sessile (Fig. 17) with a filament length of 
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17 

Stamen structure and microsporogenesis 

A-E R. apiculata 

F-J R. mucronata 

A&F : Stamen of R. apiculata (A) and R. mucronata 

(F) showing their size and the line of dehiscence 

(d). 

B&C: A very young anther t.s. of R. apiculata 

showing the sporogenous tissue (a), petal t.s. (p) 

massive tannin filled connective tissue (ct). 

D&H : polysporangiate anther t.s. of R. apiculata (D) 

and R. mucronata (H), note the line of dehiscence 

(d). G: Anther l.s. of R. mucronata showing the 

longitudinal arrangement of sporangia (s). 

I: mature anther t.s. of R. mucronata showing 

amoeboid tapetum. 

E&J : Mature pollen grain of R. mucronata (J) and 

R.apiculata (E). 
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Fig. 17. 	A - E R. apiculata F-J R. mucronata  
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1.1 mm to 1.2 mm (Table 12). Anther lobe 6.1 mm - 6.5 

mm long, polysporangiate, (multilocellate) and dehiscing 

by an adaxial median valve which bifurcate near the base 

(Fig. 17). The stamen is served by a single vascular 

bundle in R. mucroata and R. apiculata. Stomata are 

absent through out. Rhizophora has an appreciably larger 

pollen/ovule ratio indicating wind pollination 

(Tomlinson, 1986). In R. mucronata the anthers dehisce 

before the flower bud opens and drawn out with the 

marginal hairs of the petals as they expand. Whereas in 

R. apiculata petals lack the marginal hairs (Fig. 13) 

and flowers point downwards to enhance pollen dispersal 

(Tomlinson, 1986). Though anemophylly is the rule in 

Rhizophora it is observed that bees visit freshly opened 

flowers to collect pollen. 

(b) B. gymnorrhiza and B. cylindrica 

In B. gymnorrhiza about 24-28 stamens are enclosed 

in pairs by every petal; filament length varies from 2-

10 mm and anther lobe length varies from 3-5 mm. 

Stamens lie in two whorls. In young buds the filaments 

are straight but later as the bud matures filaments 

elongate and become curved inside the enclosing petals 
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Microsporogenesis : B. gymnorrhiza 

(e, epidermis; en, endothecium; m, middle layer; 

t, tapetum; 	mi, microspore mother cell; 	p, 

primary parietal cell, s, sporogenous cell; 	st, 

stomium; 	tt, tetrad; ms, microspore; m, middle 

layers). 

A) A single stamen showing twist of the filament. 

B) T.s. of petal enclosing two anthers in t.s. 

C) T.s. of anther showing hypodermal archesporium 

after first division. 

D) Portion of young anther l.s. showing wall 

layers and microspore mother cells. 

E) T.s. of anther lobe showing double layered 

binucleated tapetum (t) middle layers (m) etc. 

F&G) Later stages of anther development showing 

dissolution 	of 	cells 	separating 	the 

microsporangial septum (arrow), tetrads (tt) 

etc. 

H) A mature pollen grain. 
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Fig. 18 B. gymnorrhiza 	Microsporogenesis 
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in a characteristic manner (Davy, 1975) (Fig. 12c). Due 

to elongation and folding of filaments the anthers push 

against the enfolding petal. Anthers mature just before 

the flower opens. A thick ridge runs along the margin 

of petals, which is unevenly thickened with spiny 

cuticular thickening on its surface, may facilitate the 

triggering mechanism of stamens. 

The filament length of B. cylindrica varies from 

1.5 to 3 mm and has a twist close to the base of the 

filament and its number varies from 10-16. The anther 

lobe is very minute and has a size of less than 1 mm. 

Like B. gymnorrhiza each petal encloses two stamens in 

B.cylindrica also. Anthers flattened and with a hooked 

connective tissue extending beyond the tip and they 

dehisce prior to the opening of the flower buds. The 

characteristic twist at the base of the filament promote 

the triggering mechanism of pollen release. 

(c) 	C. tagal 

Stamen number, twice as many as petals, is usually 

10 with a filament length of 2-4 mm. Anther lobe is 

very minute with a size of less than 0.5 mm. Anther 

dehiscence occurs within the bud and at anthesis the 

petals are closed still enveloping the stamens. 
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Fi_graa..x- 	19 

Stamen structure and microsporogenesis of B. cylindrica 

(A-E) and C. tagal (F-L) 

(e, epidermis; t, tapetum; m, middle layer; 	en, 

endothecium; 	mi, microspbre mother cells; 	s, 

sporogenous cells). 

A-E : B. cylindrica 

A) A single stamen 

B) Tetrasporangiate anther t.s. 

C) Young anther t.s. Note the glandular 
binucleated tapetum and disintegrating middle 
layers. 

D) Later stage in anther development, note the 
spiral endothecial thickening (en) 

E) pollen grain 

F) F-L : C. tagal 

F) 
	

Single stamen 

G) Arrangement of stamens inside petals, note 
the uneven thickening of the petals (P) 

B) 
	

Tetrasporangiate anther t.s. 

I) Anther t.s. note the bi and tri nucleated 
glandular tapetum 

J) Anther 1.s. showing endothecium and ephimeral 
epidermis 

K) Anther dehiscence 

L) Pollen grains. 
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Fig. 19 A-E. B. cylindrica F-L. C.tagal 
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Pollination is by insects and moths. 	An explosive 

pollen release is reported by Tomlinson (1986). 

(d) ' K. candel 

Stamen number varies from 28-40, filaments are 

slender with a length of 6 mm - 12 mm, which are 

inserted on the rim of the calyx cup in four whorls. 

Anthers are small with a length of 1 mm, introse, 

tetrasporangiate more or less basifixed. The filaments 

are broader at the base and narrower at the tip with an 

inward curve at its base (Fig. 20). Stamen tissues are 

richly tanniferous without any hair or stomata. The 

ventral pollen sacs are shorter than the dorsal ones and 

the anther has a deep ventral and a shallow dorsal 

furrow (Fig. 20C). The dehiscence line often extends 

upto the upper and lower shoulders of the theca. 

Pollination is presumably by fairly large tongued 

insects (Tomlinson, 1986). Present observation at 

Chorao Island confirmed the above report and noticed 

many kinds of insects including honey bees, beetles and 

butterflies visiting mangroves especially Kandelia zone. 
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Figure 20 

Microsporogenesis of K. candel 

e, epidermis; en, endothecium; m, middle layer; 

t, tapetum; mi, microspore mother cell; p , 

 parietal cell; s, sporogenous cell; tt, tetrad; 

a, archesporial cell) 

A) A single stamen, 

B) A dehisced anther. 

C) Tetrasporangiate anther t.s. 

D) A very young anther t.s. showing archesporial cells 
(a). 

E) Formation of primary parietal cell (p) and primary 
sporogenous cell (s). 

F) Concentric layers of parietal cells (p) surrounding 
sporogenous cells (s). 

G) L.s. of anther primordium showing dividing 
archesporial cells (a) in a single row. Note the 
periclinal division. 

H&I) L.s. and t.s. of anther lobe showing wall layers 
and sporogenous tissue. Note the binucleated 
tapetum (t). 

J) A view of mature anther lobe showing spiral 
endothecium (en), ephimeral middle layers (m) and 
glandular tapetum and tetrads (tt) 

K) Mature pollen grain. 
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Fig. 20 K. candel  , Microsporogenesis 
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T41114. 12 

grbryolooc#1 slat, ; anther and microsporogenesis 

Characters 

1. Stamen number 

2. Filament 	length 

3. Anther 	lobe 	length 

4. Anthers 

R. mucronata 

0.8 

1.1 	mm 

6.5 mm 

basifixed 

R. ap404 4 t4 

10 	- 	1; 

1.2 Mr 

6:1 p 

basifixed 

B. gymnorrbiza 

22 - 28 

5.8 mm 

3 - 5 mm 

dorsifixed 

	

B. 	cylindrica 

	

10 	- 	16 

	

1.5 	- 	3 	mm 

< 	1 	mm 

dorsifixed 

C. 	fatal 

10 

24 mm 

<0.5 	mm 

dorsifixed 

K. 	candel 

28 	- 40 

6 - 	12 mm 

1.2 	mm 

basifixed 

5. No. 	of sporangia in T.S. 19 	- 24 16 - 70 04 04 04 04 

6. Middle 	layers 1- 	2 1- 7 1- 	2 1- 	2 1- 	2 2- 	3 

7. Tapetum amoeboid $0011)014 . 	glandular glandular glandular glandular 

8. No. 	of 	laYsrs  of 
tapetum 

single layered simile layered 2-3 	layered 2-3 	layered single layered single 	layered 

9. No.of nucleus in tapetum• single nucleated 11114411 	Imelesited binucleated thinucleattd 2-3 	nucleated binucleated 

10. Endotheciu■ fibrous(spiral) Cibros(alplral) fibrous(spiral) fibrous(spirel) fibrous(spiral) fibrous(spiral) 

11. Cytokinesis simultaneous simultaneous simultaneous aiuultaneous -simultaneous simultaneous 

12. Shape of 	microspore tetrahedral tetrahedral tetrahedral tetrahedral tetrahedral tetrahedral 
tetrads 

13. Pollengrain size 	 17.92x15.68 pm 	20.16x18.761um 	20.16x16.8 /um 	15.68x14jom 	14x12.32 um 	19.6x16.24pm 

14. Pollen shape 	 prolate spheroidal prolate spheroidal sub-prolate prolate spheroidal prolate spheroidal 	prolate 

15. Chromosome number* 
	

2n - 36 	 2n 	36 
	

2n 	36 	 2n - 36 

* Sidhu. S.S. (1962) 	 114 



3.2 Microsporogenesis. 

Microsporogenesis of K. candel is studied in detail 

as a representative type. A very young anther shows a 

mass of homogenous meristematic cells without any lobes. 

Gradually archesporial cells differentiate at four 

corners of the anther lobes with conspicuous nucleus 

(Plate 2.1). The archesporial cell is hypodermal and it 

divides periclinally to form a primary parietal cell 

towards the out side and a primary sporogenous cell 

towards inside. The primary sporogenous cell divides 

two to three times to form about four to eight rows of 

microspore mother cells (Fig. 20). Subsequent 

anticlinal and periclinal divisions of parietal cells 

leads to three to four wall layers namely tapetum, 

middle layers and endothecium. At maturity the 

epidermis stretches and lose contact with each other and 

only their withering remains can be seen (Fig. 20 J).. 

At its maximum development the single layered 

endothecium become radially elongated with spiral 

thickenings (Plate 2.4). 

The microspore mother cells measure about 9.9 stun x 

8.3 um and attains a size of 13.8 pin X 9.1 tun at the 

time of division. The single layered tapetum is 
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P1 at 2 

Some stages in microsporogenesis. t, tapetum; m, middle 

layer; en, endothecium; e, epidermis; s, septum. 

1- 4) K. candel 

1) An enlarged view of a portion of young anther T.S. 
showing a sporogenous cell (arrow). Note the 
abundant tannin deposit in epidermis (black 
portion). 

2) Stamen at spore mother cell stage. 

3) Mature anther T.S. showing binucleated tapetal 
cells (arrow) 

4) A portion of the anther L.S. enlarged. 

5 -6) B. gymnorrhiza 

5) A mature anther T.S. Arrow shows the region of 
dehiscence. Note the complete disappearance of 
septum (s). 

6) A portion of mature anther lobe. Note the double 
layered uninucleated tapetum (t) and ephimeral 
epidermis (arrow). 
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binucleated and glandular in nature (Fig. 20 I; Plate 

2). The two to three layered thick middle layer is 

ephemeral and becomes flattened and crushed at the time 

of meiotic division of microspore mother cell (Fig. 20, 

J). The inner middle layer degenerates soon. The 

reduction division in the microspore mother cell is 

followed by simultaneous cytokinesis resulting in the 

formation of tetrahedral tetrads. 

In four genera studied anthers are basif ixed in 

R.apiculata and R. mucronata; dorsifixed in 

B.gymnorrhiza, B. cylindrica, C. tagal and K. candel 

(Figs. 17, 18,19, & 20). The ventral pollen sacs are 

shorter in K. candel and C. tagal. Whereas pollen sacs 

are of the same size in other genera. Tetrasporangiate 

anther occurs in all genera except in R. mucronata and 

R.apiculata, where it is polysporangiate. Pollen sacs 

are separated by a prominent septum in K. candel and the 

line of dehiscence extends up to the shoulders of the 

theca. Where as in R. apiculata the line of dehiscence 

is like an inverted "Y" with a median dehiscence line 

starting from the apex of the anther lobe reaching below 

the lower half and bifurcates into two, reaching both 

sides of the anther lobe. The only difference in anther 

dehiscence in R. mucronata is the median dehiscence line 
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is longer and its bifurcation starts near the base of 

the anther lobe (Fig. 17 A&F). In both species the 

broken endothecial conical flap remain attached to the 

lower part of the anther. In all the species studied 

epidermis is ephimeral and endothecial thicknening is 

spiral. A 2-3 layered spiral endothecium is observed 

in R. apiculata and R. mucronata, however, a single 

layered endothecium in all other species was observed. 

Middle layers are two to three layered in Kandelia and 

one to two layered in other species studied. 

Tapetum is single layered, binucleated and 

glandular in Kandelia; Plate 2; single layered, 

multinucleated and glandular in C. tagal; double layered 

double nucleated in B. gymnorrhiza and B. cylindrica; 

amoeboid and triglochin (i.e. it begins it's activity 

while the microspore mother cells undergo meiotic 

division) in R.mucronata and R. apiculata. It is 

contrary to the observations of Lakshmanan (1985) where 

he reported single layered glandular tapetum in all 

Rhizophoraceae species. The present observation reveals 

a double layered tapetum in B. gymnorrhiza and B. 

cylindrica (Plates 2,6; Fig. 18 E). 

The origin of archesporium is hypodermal in all 

species except in R. apiculata and R. mucronata where it 
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is deep seated. In all species except in Rhizophora 

species studied, the primary archesporium divides 

periclinally to form an outer parietal cell and an inner 

sporogenous cell in each of the four anther lobes. The 

parietal cell in turn divides periclinally to form 2,3- 

celled thick middle layers. The primary sporogenous 

cell divides 2-3 times resulting 4-8 rows of microspore 

mother cells in K. candel whereas in C.tagal the 

sporogenous cell divides only twice and only four rows 

of cells are seen. 

In R. mucronata 3-4 layers of adaxial subepidermal 

thin walled minute cello with-abundant protoplasm devoid_ 

of tannins differentiate- into primodial archesporial 

cells (Fig. 17C). Of these some deep seated 

archesporial mother cells divide and form the 

sporogenous cells. The actively dividing sporogenous 

cells are scattered through out the adaxial surface and 

its number exceeds more than 225 in each stamen and each 

group of cells transform to become microsporangia. 

Anther wall comprises of one common layer of tannin 

filled and flattened small celled epidermis, followed by 

a common endothecium. 
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Endothecium, which is one to two celled in 

thickness in different locations, is followed by one to 

two layered radially elongated thin walled middle layers 

and an inner most amoeboid tapetum (Fig. 17). A 2-4 

layered sterile cells separate each sporangia from all 

sides. In both the Rhizophora species studied, the 

central connective tissue of stamen is composed of 

tannin filled comparatively large cells (Fig. 17 D & H). 

During dehiscence the sterile septum breaks off from the 

endothecial layer forming a common chamber inside and 

finally the endothecium breaks open by an inverted "Y" 

shaped slit (Fig. 17 A & F). 

3.3 Pollen morphology 

Pollen grains are characterised by the varying 

morphological features embodied in their exine, 

constituting important criteria for morphological 

comparison as well as in taxonomic considerations in 

flowering plants (Nair et al, 1962). Erdtman (1971) had 

studied several Indian plants in his exhaustive account 

of pollen morphology of angiosperms. The facts of 

morphological evolution of pollen and spores have 

provided a new base to the study of plant phylogeny at 

micro and macro taxa level. Thanikaimoni (1967) .  
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observed the palynology of mangrove plants including 

Rhizophoraceae. 

In all species studied, pollen grains are 

tricolporate with wide endoaperture (opening in 

endexine) and uneven lateral ends and its shape appears 

differently in different views (Plate 3). They are 

radiosymmetric with convex sides (Plate 3) and apertures 

are situated at the angles. Prolate spheroidal pollens 

are observed in R. apiculata, R. mucronata, B. 

cylindrica, and C. tagal; subprolate in B. gymnorrhiza 

and prolate in K. candel. In 1985 Lakshmanan and 

Narmsths Bai reported isobilateral and tetrahedral 

microspores arrangements of tetrads in B.cylindrica and 

C. tagal. Chaubal and Rotmire (1985) reported 

tricolporate pollens in B. gymnorrhiza and R.mucronata, 

3-4 colporate pollens in R. apiculata and C.tagal. 

Thanikaimoni (1987) reported tricolporate pollens with 

finely reticulate exine ornamentation in all four genera 

viz. Bruguiera, Ceriopa, Kandelia and Rhizophora. He 

stated that sometimes pollens are even tetracolporate or 

dicolporate. Chaubal and Rotmire (1985) 

however,reported subprolate pollen grain shape in 

B.gymnorrhiza, oblate spheroidal in C. tagal, spheroidal 

in R. apiculata and subprolate in R. mucronata. These 
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Late 3 

Photomicrographs of pollen grains. 

1-3) R. mucronata 

4-5) R. apiculata 

6-7) B. gymnorrhiza 

8-11) B. cylindrica 

12-13) C. tagal 

14-16) K. candel 
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Rhizophoraceae. 
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Endothecium, which is one to two celled in 

thickness in different locations, is followed by one to 

two layered radially elongated thin walled middle layers 

and 	an inner most amoeboid tapetum (Fig. 17). 	A 2-4 

layered sterile cells separate each sporangia from all 

sides. In 	both the Rhizophora 	species studied, the 

central connective 	tissue 	of stamen 	is composed of 

tannin filled comparatively large cells (Fig. 17 D & H). 

During dehiscence the sterile septum breaks off from the 

endothecial layer forming a common chamber inside and 

finally the endothecium breaks open by an inverted "Y" 

shaped slit (Fig. 17 A & F). 

3.3 Pollen morphology 

Pollen grains are characterised by the varying 

morphological features embodied in their exine, 

constituting important criteria for morphological 

comparison as well as in taxonomic considerations in 

flowering plants (Nair et al, 1962). Erdtman (1971) had 

studied several Indian plants in his exhaustive account 

of pollen morphology of angiosperms. The facts of 

morphological evolution of pollen and spores have 

provided a new base to the study of plant phylogeny at 

micro and macro taxa level. Thanikaimoni (1987) .  
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is deep seated. In all species except in Rhizophora 

species studied, the primary archesporium divides 

periclinally to form an outer parietal cell and an inner 

sporogenous cell in each of the four anther lobes. The 

parietal cell in turn divides periclinally to form 2,3-

celled thick middle layers. The primary sporogenous 

cell divides 2-3 times resulting 4-8 rows of microspore 

mother cells in K. candel whereas in C.tagal the 

sporogenous cell divides only twice and only four rows 

of cells are seen. 

In R. mucronata 3-4 layers of adaxial subepidermal 

thin walled minute cells with abundant protoplasm devoid. 

of tannins differentiate into primodial archesporial 

cells (Fig. 17C). Of these some deep seated 

archesporial mother cells divide and form the 

sporogenous cells. The actively dividing sporogenous 

cells are scattered through out the adaxial surface and 

its number exceeds more than 225 in each stamen and each 

group of cells transform to become microsporangia. 

Anther wall comprises of one common layer of tannin 

filled and flattened small celled epidermis, followed by 

a common endothecium. 
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observations of Chaubal and Kotmire (1985) are not in 

accordance with the present study except in 

B.gymnorrhiza (see Table 12). 

4 	CONC=CAT-TS C)1■7 

Stamen morphology and microsporogenesis of all six 

species have been studied with special emphasis on 

K.candel and B.gymnorrhiza. Anthers are basifixed 4 - 

R.mucronata, R. apiculata, and K. candel, where as 

dorsifixed in B. gymnorrhiza, B. cylindrica and C.tagal. 

Filament length varies?,  from 1.1 Mato 12 min species 

observed (Table 12). Multilbcellate anthers with 

uninucleated amoeboid tapetum are found only in 

R.mucronata and R. apiculata, whereas tetrasporangiate 

anthers with binucleated glandular tapetum are found in 

other species studied. B. gymnorrhiza and B. cylindrica 

show a 2-3 layered tapetum. Endothecium is spiral and 

cytokinesis is simultaneous in all species studied. 

Pollen grains are tricolporate with wide endoaperture, 

prolate - spheroidal in R. apiculata, R. mucronata, B. 

B.cylindrica and C. tagal where as subprolate in 

B.gymnorrhiza and prolate in K. candel. 
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INTRODUCTION 

Recently Juncosa studied the embryogenesis and 

developmental morphology of seedlings of three species 

of Rhizophoraceae viz. Rhizophora mangle L. (1982 h 

Bruguiera exaristata Ding Hou (1984 b) Cassipourea 

elliptica (SW). Poir (1984 a) to establish 	inter- 

relationships. Tobe and Raven (1987) also investig: -  4 

the embryology of Anisophyllea, Combretocarpus, Poga 

Polygonanthes (few inland genera of Rhizophoraceae, se, 

plate 7&8) to establish its relat 	.Ps 	with 

-mangrove Rhizophoreae'. Karsten (1891) had st 	d the 

embryology of all known species of mangroves inc1L. ng 

Rhizophoraceae. Later Haberlandt (1895) examined 

embryo of several genera of viviparous mangroves from 

the point of view of nutrition. 	Cook (1907) 

investigated the embryology of R. mangle, Carey (1934) 

of R. mucronata and C. tagal, while Patil and Sidhu 

(1961) studied the seedling anatomy of B. parviflora. 

Lakshmanan and Narmatha Bai (1985) had given a brief 

report of the embryology of mangroves including C. 

tagal, C. decandra, B. cylindrica, R. apiculata, R. 

mucronata, and R.stylosa from the peninsular India. The 

main objective of the present study was to test the 
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morphological and emobryological relationships among the 

species of the tribe Rhizophoreae. The second objective 

was to have a detailed information regarding the 

megasporogenesis and embryogenesis of K. candel and B. 

gymnorrhiza. 

2. rukfrE:EzzAr_•s AND 33'HOIDS 

Flower buds and fruits were obtained from mangrove 

swamps of Chorao Island, Goa and Terakhol river 

-- estuaries,- MaharashtraJFig. 1). Materials at various 

stages of development were collected and dissected 

before fixation in FAA and the fixed materials were 

dehydrated, embedded and sections were cut at 6-12 dun 

thickness and stained in Heidenhains iron alum 

hematoxylin as explained in chapter 3. Observations, 

photographs and camera lucida drawings were made with an 

Olympus microscope. 

3 . C>EISERVATICYNS 

Flower buds, ovaries and ovules of all six species 

viz. R. apiculata, R. mucronata, B. gymnorrhiza, B. 
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cylindrica, C. tagal and K. candel, were observed to 

study the morphological variations between them. 

Megasporogenesis, gametogenesis and embryogenesis of 

only B. gymnorrhiza and K. candel were studied in 

detail. 

3.1 Ovary 

The ovary is inferior and ayncarpous in all six 

species observed. K. candel and B. gymnorrhiza have 

tricarpellary ovaries with two ovules in each locules; 

R. mucronata, R. apiculata have a bicarpellate ovary 

with -two ovules in each locules; C. tagal shows both 

bicarpellate and tricarpellate ovaries with two ovules 

in each carpel. The ovules are anatropous, bitegmic and 

crassinucellate and the ovary wall is well protected by 

many layered aerenchyma tissue which gradually merges 

with more compact tissue at the base of the style (Fig. 

21 A). At the junction of style and ovary three regions 

can be located, an outer tannin filled 5-6 layers of 

small cells followed by highly stained meristematic thin 

walled parenchymatous cells with prominent nucleus, 

which divide perpendicular to the ovary style axis. The 

inner most zone is composed of heavily tannin filled 
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Figure 21 

Development of embryo sac in-K. candel 

A) L.s. of ovary (s, style; Sc, stylar canal; 	v, 

vascular bundle; 	a, aerenchyma; 	x,y,z, 	three 

different lavers of parenchyma; o, bitegmic ovule) 

B) Development of ovule (nc, nucellus; 	ii, inner 

integument; oi, outer integument). 

C-G) Stages in megasporogenesis and megagametogenesis 

(note the disintegrating nucellus (nc) during 

megasporogenesis; 'T' shaped tetrad in 'E', single 

parietal cell (p), megaspore mother cell (m), 

micropyle (mi) and inner integument( ii), 

antipodals (a), polar nuclei (pn), egg cell (ec) 

and synergids (s). 
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cells with two vascular traces in K. candel (Fig. 21 A). 

The ovary wall is covered with a thick cuticle and is 

fused with the receptacle in all the species observed. 

Branched sclereids were present in the parenchymatous 

ovary wall of R. apiculata, R. mucronata, B. cylindrica 

and B.gymnorrhiza and were absent in K. candel. Stone 

cells were observed in ovary wall and calyx of C. tagal. 

	

3.2 	Placenta 

It is observed that ovules are attached to the 

placenta at the stylar end. The origin of placenta is 

parietal and later shows an appearance of axile 

placentation. The placenta divides the cavity of the 

ovary into three loculi with two ovules in each (Plate 

6.1). 

	

3.3 	The style 

The style is open type with a central hollow space, 

except in R. mucronata. The stylar canal starts its 

origin at the junction of the funicle and placenta in 

K.candel and B. gymnorrhiza, and is lined up by club 
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Ovule development in K. candel. 

(n, 	nucellus; 	ii, inner integument; 	oi, 	outer 
integument; p, parietal cell; eg, egg cell; s, 
synergids; pn, polar nuclei; fm, functional megaspore; 
tan, tannin; a, antipodal). 

1) Young ovule 

2) Ovule during megasporogenesis. Note the micropyle 
(m) is formed of only inner integument before 
fertilization. 

3) Next stage in megasporogenesis (Linear tetrad). 

4) 'T' shaped tetrad. Note the disintegrating nucleus 
(arrow). 

5) Embryo sac. 

6) Embryo sac with egg cell (eg), synergids (s) and 
polar nuclei (pn). 

7) Fertilization. Fusion of egg nuclei and sperm cell 
(arrow). 	Note the deposition of tannin (tan) 
around embryo sac. 
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5 

Embryogenesis 

(em, embryo; s 

m, micropyle; 

vb, vascular 

suspensor). 

of K. candel. 

synergid; es, embryosac; en, endosperm; 

oi, outer integument; elm, endothelium; 

bundle; p1, plumule; co, cotyledon; sr, 

1) Two celled proembryo. Note the longitudinal first 

division and disintegrating synergid (s). 

2) Embryo at four celled stage. 

3&4) Multicellular embryo. 

5) A poriton of the mature embryo enlarged to show 

plumule initials (p1). 
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shaped papillose tissue to provide nutrition to the 

pollen tube. 

3.4 	Integuments 

The emerging nucellus is surrounded by two 

integuments which starts its origin from the basal 

region of the ovary (Fig. 21 B). In all the four genera 

observed the outer integument is more massive than the 

inner one. In K. candel just before fertilization the 

inner integument grows rapidly and endostome is narrowed 

by this secondary growth. Probably soon after 

fertilization of the ovule, the massive outer integument 

grows over the endostome and gives the micropyle a zig-

zag form (plate 6.2). The micropyle of unfertilized 

ovary consists of inner integuments only. The cells of 

the cup shaped integuments are strikingly smaller and 

shows different staining property. The inner integument 

stains lighter than the outer integument. In K. candel 

at the time of archesporial development, the outer 

integument comprises of 6-7 layers of highly stained 

parenchymatous cells, and inner integument comprises of 

4 layers of cells. Later the cells of outer integument 

divide further to form 12-14 cells thick at the 

micropylar end and the inner integument fails to 

increase in their thickness, and is gradually absorbed 
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rolave.. 	6 

Megasporogenesis and embryogenesis of B. gymnorrhiza 

(m, 	micropyle; 	oi, outer integument, 	ii, 	inner 

integument; n, nucellus, p, parietal cell, em, embryo; 

es, embryo sac; en, endosperm.) 

1) Formation of parietal placenta. 

2) Ovule during megasporogenesis, showing archesporial 

initial (arrow), massive integuments and zig-zag 

micropyle (m). 

3) Formation of dyad cells. 

4) Four nucleate embryo sac. 

5) Proembryo (em) showing oblique first division. 

Note the fragments of inner integument (ii) near 

the micropylar region (m). 

6) An enlarged view of another proembryo showing 

oblique first division. Arrow indicates the 

position of micropyle. 
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by the developing embryo sac except at micropylar end 

(Plate 5.3). Perhaps this glandular inner integument 

has important function of nourishing the embryo sac for 

its development. The outer integument is vascularisesd 

by several branching vascular bundles. 

3.5 	Endothelium (Plate 5.4) 

An endothelium or integumentary tapetum is well 

developed in all the six species investigated (Fig. 

22,24). In the present observation it is found that the 

origin of the endothelium in Rhizophoraceae is not from 

the inner most layer of inner integument as reported 

earlier (Karsten, 1891), but is from the inner layer of 

outer integument as the inner integument is completely 

absorbed by the endosperm haustoria during 

embryogenesis. 

3.6 	Pftvasporogenesis 

As the bud opens the young ovules emerge out into 

the locales as small projections of nucellus and 

increases in size. Archesporium is one celled 

and subepidermal in origin. 	The archesporial cell 
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Fj_grta_L- 22 

Embryogenesis in K. candel 

A) T.s. 	of an ovary showing apparent axile 

placentation and six fertilized ovules. 

B) T.s. of style showing 1 stylar canal at its 

proximal end. 

C-H) Stages in early embryogeny 

I) T.s. of a very young seed showing endosperm 

haustorium (eh); endothelium (elm); embryo (emb); 

vascular bundle (vb); outer integument 	(oi); 

disintegrating ovule (dov); tannin filled cells 

(tn): suspensor (s) 

J) A later stage of germinating seed showing 

cotyledonary groove 	(arrow); 	cotyledon 	(c); 

hypocotyl (h); extrusion of endosperm (en) through 

micropyle; endothelium (elm); plumule initials (p); 

tannin filled seed coat (sc) and disintegrating 

ovule (dov). 

K) A detailed examination of a portion of binucleated 

endothelial cells (elm); endosperm (e); portion of 

disintegrating inner integument (ii) near micropyle 

(mi) and tanniferous cells (tn) and embryo (emb) 
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Fig.-22 
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divides to form a primary parietal cell towards outside 

and a primary sporogenous cell towards inside. The 

primary parietal cell does not undergo any further 

division in K. candel (Fig. 21 C&D), whereas in B. 

gymnorrhiza parietal cell divides further to form two to 

four layers (Plate 6.4). Occasional cases of 

tenuinucellate ovules are also observed in K. candel 

(Plate 4). The nucellus is narrow and composed of 

longitudinally elongated cells in K.candel and B. 

gymnorrhiza. By the end of megasporogenesis almost all 

of the nucellus except at the basal portion degenerates 

(Fig. 21 F). The archesporial cell undergoes meiosis 

and divide periclinally into two cells and the cell 

facing the micropyle divides anticlinally into two and 

gradually disintegrate. The cell facing chalaza undergo 

periclinal division and produces two unequal cells an 

inner prominent functional megaspore and outer 

disintegrating small cell, thus forming a -T' shaped 

tetrad in K. candel (Plate 4,4, Fig. 21 E). The 

chalazal cell develops into functional megaspore and 

undergoes normal mitotic division. The embryo sac 

development is -polygonum type' in K. candel and 

B.gymnorrhiza with an egg, two synergids, central cells 

and three antipodals (Plate, 4,5,6). 
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3.7 	Fertilization 

In K. candel and B. gymnorrhiza fertilization takes 

place almost in all six ovules (Fig. 22 A) and embryo 

formation also takes place in all. But after attaining 

a multicellular proembryonic stage one or rarely two 

embryos per ovary grow further and others diminish 

during growth causing its abortion. 

3.8 	Post fertilization changes 

Only cross fertilization--takes---glace.- due to 

protandry. Soon after fertilization the parenchymatous 

cells at the base of the style divide rapidly to form a 

conical mass of tissue (Fig. 25 Q). The fleshy conical 

mass of tissue is more prominent in K. candel than in 

B.gymnorrhiza (Fig. 25). An inter -cellular spade 

develops in the median region of the parenchymatous 

cells of the conical mass and endosperm advances into 

it. The primary endosperm nucleus divides earlier than 

the zygote. The endosperm development is nuclear type 

at the beginning and become cellular later in both 

K.candel and B. gymnorrhiza. The cell wall formation 

starts from the peripheral region and is incomplete in 
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Figures 23 

Development of embryosac in B. umnorrhiza 

A-E) Megasporogenesis 	(a, 	archesporial 	cell; 	P. 

parietal cell; 	m, megaspore mother cell; 	fm, 

functional megaspore; nc, nucellus) 	see the 

disintegrating nucellus and parietal cells in E. 

F) 	Embryo sac (ec, egg cell; s, synergid; pn, polar 

nuclei; an, antipodal). 
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Fir 24 

Embryogenesis in B. gymnorrhiza 

A) 	L.s. of ovule (emb, pro embryo; eh, endosperm 

haustorium; elm, endothelium). 

B-J) Embryogenesis. See the oblique first division of 

the zygote; (s) suspensor. 

K) 
	

L.s• 	of germinating seed (e, 	endosperm; 	h, 

hypocotyl; 	dov, disintegrating 	ovule; 	c, 

cotyledonary lobe; oi, outer integument). 
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Fig. 24 
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Figure 25 

Germinating embryo in various stages of development. 

(ao, aborted ovule; s, style; a, aerenchyma; oi, 
outer integument; c, cotyledon; e, endosperm; h, 
hypocotyl; p, plumule; c.s; cotyledonary sheath; 
mi, micropyle; sc, seed coat) 

A-G) R. apiculata 

A) L.S. of fruit, note the extrusion of endosperm 

B) Embryo with fruit wall removed 

C) Fruit 1.s. showing growth of hypocotyl through 
aerenchyma. 

D) Young embryo with seed coat removed, note the 
cotyledonary notch showing the region of fusion of 
two-cotyledons (arrow)- 

E&F) Next stage of development 

G) A mature fruit 1.s. with mature propagule ready for 
dispersal. Note the cotyledonary sheath 	(cs) 
covering plumule (p). 

H-K) R. mucronata. 

H) Fruit in which the endosperm is passing through the 
enlarged micropyle (mi). 

I) An young embryo surrounded by endosperm (e). 

J) A fruit from which hypocotyl is emerging out 

K) Upper part of a fully matured embryo. The plumule 
(p) is partly separated from the cotyledonary 
sheath (cs). 
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L-P) C. tagal. 

L) An young embryo with hypocotyl (h), cotyledon (c) 
and endosperm (e) 

M) Fruit l.s. 

N) The same embryo with fruit wall and seed coat 
removed. Note the characteristic globular head 
without any apparent fusion of cotyledons as in R. 
apiculata and R. mucronata. 

O&P) Upper part of fully matured embryo with well 
developed cotyledonary sheath (c.$) and seed coat 
(sc). 

Q-S) K. candel. Fruit l.s. with developing embryo. 

T-V) B. gymnorrhiza. Fruit 1.s. Note the tetracotylar 
condition. 

W-Y) B. cylindrica. Note the tetracotylar condition. 

144 



Fig. 25 
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both species investigated. 	In 	K.candel and 

B.gymnorrhiza the endosperm, by the division of the 

outer most layer of cells, emerges out through the 

micropylar opening to the locules of the ovary (Fig. 22 

J, 24 H,G). The union between the endosperm cells and 

integument is very close (Fig. 22 K). 

3.9 Etabryogenesis 

In K. candel the embryo development resembles 

'piperad type'. The first division of zygote is 

longitudinal (Plate 5.1) followed by a transverse 

division resulting in two tiers of four unequal cells 

(Fig. 22 D). 	The smaller basal cell divides again 

transversely. 	Further divisions in basal cell results 

in a multiseriate suspensor (Fig. 22 F,G,I). Subsequent 

divisions result in the formation of an elongated 

tadpole shaped embryo. 

Whereas in B. gymnorrhiza the first division is 

oblique (Plate 6) and subsequent divisions resemble 

'asterad type' of embryo formation. The embryo attains 

pear shape in the beginning and terminal cells develop 
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into four cotyledonary lobes (Fig. 24 F-K). 	The 

suspensor is firmly attached to the integument. During 

the initial development of the embryo the embryo sac 

expands at the expense of the disintegrating inner 

integument. Inner zone of the outer integument become 

nutritive and transform to integumentary tapetum or 

endothecium (Fig. 22 I, J, K;, 24 A). In both the 

species the endosperm absorbs the inner integuments and 

only frangments of it remains at the micropylar end 

(Plate 6,5). The cells of the inner zone of the outer 

integument elongate radially and become double nucleated 

and function as integumentary tapetum (Plate 5.4). 

Extensive growth of cotyledons pushes the hypocotyl 

through the micropyle into the ovary wall. Gradually 

some actively dividing cells at the middle of the 

embryonic axis which lies away from the hypocotyl end 

differentiates from the surrounding cells with more 

protoplasmic content become the plumule initials (Plate 

5.5). These plumule initials show more affinity to 

hematoxylin stain. The hypocotyl grows into the 

aerenchyma region of the conical mass of the ovary (Fig. 

25) without any seed dormancy. The hypocotyl growth is 

accompanied by a second phase of slower growth of 

cotyledons. 
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The two cotyledons in K. candel are fused 

throughout the greater part of their length and can be 

distinguished at the proximal end as two unequal lobes-

separated by a notch (Fig. 22). This notch represents 

the region of division between two fused cotyledons. 

Where as in B. gymnorrhiza and B. cylindrica the 

cotyledons develop into four distinct lobes which arise 

from the terminal cells of zygote. Here plumule 

develops from base of the cotyledonary lobes. The 

growing cotyledons absorb nutrients from the surrounding 

endosperm (Fig. 22J, 24E, K). The growth of the 

cotyledonary' part of the embryo pushes out plumule and 

hypocotyl through micropyle (Fig. 25) to ovary wall. 

There is a considerable elongation of the peripheral 

cells of the cotyledons during this stage and they 

become more prominent and appear to contain more 

protoplasm. The elongation of the cotyledonary sheath 

(Fig. 25 G,K) is the final stage in the development of 

the embryo. All species observed showed a true 

viviparous germination since there is no interruption 

between embryo growth and seed germination. 
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Ficatax- 26 

The external morphology of developing seedlings (in 

experimental conditions) 

1 - 4 	R. mucronata 

5 -6 	R. apiculata 

7 -10 	B. gymnorrhiza 

11 -13 B. cylindrica 

14 -16 	K. candel 

17 -20 	C. tagal 
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Fig. 26 
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3.10 Seedling development 

The pattern of propagule dropping vary from species 

to species. In R. mucronata, R. apiculata and C. tagal 

only hypocotyl and plumule drops, leaving fruit wall 

cotyledons and integuments hanging on the tree. In B. 

gymnorrhiza, B. cylindrica and K. candel the whole unit 

of fruit, cotyledon, plumule and radicle is dropped from 

the tree. Germination is cryptocotylar (hypogeal) in 

which cotyledon do not emerge from the seed. A well 

developed tap root is absent in R. mucronata, 

R.apiculata, C. tagal and K. candel. Here in these 

species only lateral branches grow deeply into the soil. 

Where as in B. gymnorrhiza and B. cylindrica the radicle 

end grows as a distinct taproot. In C. tagal, it is 

observed that, even decapitated propagule developed 

lateral roots as usual and root initiation takes place 

even if the radicle end is removed by an inch from the 

tip. The external morphology of developing seedlings is 

well illustrated in Fig. 26. 

4 	DISCUSSION 

Members of the family Rhizophoraceae differ in 

morphological structure of the mature embryo. The 
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ovules of all species studied are anatropous, bitegmic 

and crassinucellate with a polygonum type of embryo sac. 

Similar observations were Made in C. tagal (Carey, 1934 

Lakshmanan, 1985), in R. mucronata (Carey, 1934). In 

K.candel few ovules observed showed a tenuinucellate 

condition (Plate 4) without well developed parietal 

tissue. Where as in B. gymnorrhiza well developed 

parietal tissue is observed in all samples (Plate 6). 

The single undivided parietal tissue in some samples of 

K. candel may be an indication of its evolutionary 

advancement. The complete disappearance of nucellus 

—during the embryo sac development, even before 

fertilization is an indication of affinity of the K. 

candel's towards tenuinucellate condition. Carey (1934) 

reported the disappearance of nucellus by the opening of 

the flower bud in R. mucronata. Where as the nucellus 

continue to remain even after the opening of the flower 

buds in K. candel. Emphemeral nucellus which disappear 

completely by the time of fertilization is reported from 

this family (Karsten, 1891) in Rhizophora, Ceriops, 

Bruguiera and Carallia, Cook (1907) in Rhizophora; 

Mauritzon, (1939) in Gynotroches; Juncosa, (1984b, 1984 

a) in Bruguiera sp.and Cassipourea sp. 
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Character 

TA#L8 	13 
Interrelationships of Rhizophoraceae, 	Aniaophylleaceae 

and combretaceae 

Rhizophoraceae 	 Aniaophyllaceae* 	 Combretaceae** 

Leaves opposite, 	stipulate alternate, 	estipulate opposite or alternate 
estipulate 

Anther 

a) wall 	middle 
layers 

tetrasporangiate to 
polyaporangiate 

1-3 	layers 	thick 

tetrasporangiate 

1 - 2 	layers 	thick 

tetrasporangiate 

1-6 	layrs 	thick 
b) wall 	dehiscence by 	longitudinal 	alit by 	longitudinal 	slit by 	longitudinal slit 
c) tapetum glandular/amoeboid glandOar 
d) tapetum; 	nuclei binucleated binucleated 
e) epidermis ephimeral persistant 
f) Karyokinesis simult,s-ieous simultaneous 

Ovary 	(a) ovule inferior; 	anatropous; 
pendulous from the apex 
of the 	locule 

half,inferior; 	anatropous 
pend4lous from the apex 
of the 	locule 

inferior; 	anatropous; 
pendulous from the apex 
of the locule 

b) locule 
c) archesporial 

cell 

one - three 

-single/two 

one 

single 

one 

single to multicellular 
d) tetrad -T . 	shaped linear linear or - T 1 	shaped 
e) parietal 	cell one to four three to four massive parietal 	tissue 
f) embryo sac polygonum type polygonum type polygonum type 
g) nucellar cap no nucellar cap above nucellar cap present nucellar cap present 

embryo sac above embryo sac above embryo sac 
h) nucellus nucellus degenerate 

before fertilization 
nucellus persistent 
even,after fertilization 

i) endothelium present absent 
J) 	integuments bitegmic unitegmic 	to bitegmic bitegmic 
k) 	endosperm type nuclear nuclear nuclear 

Fruit well 	adapted for 
water dispersal 

.r? well 	adapted 	for 
water dispersal 

Embryo large and straight large and straight large and straight 
germination viviparous non r viviparous crypto viviparous 
embryogenesis Piperad/Asterad Asterad-erodium variation 
Plastids p-type plastids *  a-type plastids * 

(containing protein) 
aluminium accumulators 

(containing starch) 
not aluminium accumulators 

* 	Tobe and Raven (1987) 
** 	John' (1992); Graham (1964) 
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TABLE 14 
Number of layers of cells in integuments of ovule 

Name of species 

R. mucronata 

Number of layers of cells 

Outer 	 Inner 
integument 	 integument 

30-40 	 10 

R. apiculata 26-28 12 

B. gymnorrhiza 21-41 6-12 

B. cylindrica 14-21 4-7 

C. tagal 36-42 6-8 

K. candel 11-13 3-4 



TABLE 15 
Embryological data : ovule and megasporogenesis 

Character 	 B. gymnorrhiza 	K. candel 

Ovule: curvature 	anatropous 	anatropous 

integument bitegmic 	 bitegmic 

integument V.B. 	present 	 • present 

Number of cell 

layers: in o.int. 	22-41 	 11-13 

in i.int. 	4-7 	 4 

Archesporium 	one celled 	one celled/rarely 
two celled 

Nucellus 

parietal cells 

crassinucellate 	crassinucellate with 
a tendency towards 
tenuinucellate 
condition 

3-4 celled 	single celled/absent 

Megaspore tetrad 
shape 	 -11 ' shaped/linear -T' shaped 

Embryosac 	 polygonum type 	polygonum type 

Endosperm type 	nuclear 	 nuclear 

Endothelium 	present 	 present 

Micropyle 	 by both integuments by both integuments 

Embryogenesis 	Asterad type 	Piperad type 

Number of cotyledons 	4 	 unlobed single mass 
with a notch at the 
distal end 

V.B. - vascular bundle, 
i.int: inner integument 
o.int: outer integument 
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A polygonum type of embryo sac development is 

reported from C. tagal, C. decandra (Lakshmanan and 

Jayalakshmi, 1984 a), Cassipourea elliptica, (Juncosa, 

1984 b), Polygonanthes amazonicus (Tobe and Raven, 1988 

a). Karsten (1891) reported that the first division of 

embryo sac nucleus occurred after the resorption of 

nucellus in Rhizophora. The present study supports the 

view of Karsten. 

A massive integument is characteristic of this 

family. A very thick outer integument with 20-50 cells 

layers with several vascular bundles and tanniferous 

cells is reported in B. exaristata (Juncosa, 1984 b) and 

25-30 cell thick in Cassipourea elliptica (SW) poir 

(Juncosa, 1984 a). The inner integument is initially 

about 10 cells thick, non tanniferous in B. exaristata 

and 5-8 cells thick in C. elliptica (Juncosa, 1984 a). 

An inner integument with four to eight cell layer had 

been reported by Karsten (1891) in Bruguiera, Ceriops 

and Carallia; by Carey (1934) in Rhizophora; Mauritzon 

(1939) in Bruguiera and Gynotroches. The present 

observations confirm a more massive outer integument and 

a comparatively thinner inner integument in all six 

species studied (Table 14). 
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Growing megagametophyte digests the nucellus and 

inner integument. Absorption of inner integument is a 

significant character noticed in this family. 

Specialization of the inner layers of inner integument 

into endothelium has been reported in some inland genera 

of Rhizophoraceae including Carallia (Karsten, 1897), 

Gynotroches (Mauritzon, 1939) and Cassipourea (Juncosa, 

1984 a). The nutritive function of inner integument is 

reported in R. mucronata and C. tagal (Carey, 1934). 

Misra (1964) reported that in Flavaria rependa the 

endothelial cells in the event of failure of 

fertilization elongate radially and divide periclinally 

forming a multilayered structure. This absorbs the 

surrounding integumentary cells and facilitates the 

enlargement of the embryo sac which finally become 

reduced to a narrow streak and collapses. Similar 

condition is not uncommon in K. candel and B.gymnorrhiza 

and this may be the reason for the failure to locate 

embryos in many developed ovules with endothelium, in 

the present investigation. 

A zig-zag micropyle is reported in R. mucronata 

(Carey, 1934). The zig-zag appearance of micropyle is 

due to the secondary growth of the outer integument over 

endostome, after fertilization. In K. candel the 

157 



micropyle (endostome) is formed of only inner integument 

at the time of fertilization. The endostome and 

exostome are very short and not alinged in B. exaristata 

(Juncosa, 1984 b). Immediately after fertilization many 

apparent tannin bodies deposit around the 

megagametophyte in K. candel (Plate 4.7) and obstruct 

the clear view of embryo development. Presence of 

similar tannin bodies were reported in the micropylar 

region of the embryo sac immediately after fertilization 

in B. exaristata (Juncosa, 1984 b). Jucosa (1984 b) 

reported that the embryogenesis in B. exaristata was not 

agreeing with any of the types described by Schnarf, 

Soueges or Johansen and it showed a penaea variation of 

the piperad type embryo formation. He reported the 

occurrence of three types of zygote division viz. 

transverse, oblique and longitudinal in Cassipourea 

elliptica. Embryogenesis in K. candel resembles piperad 

type with a longitudinal division of the zygote (Plate 

4). Whereas in B. gymnorrhiza the first division of the 

zygote is oblique and further divisions resemble astered 

type of embryo formation. A multiseriate massive 

suspensor is present in both the species investigated 

(Figs. 22 F & 24 F). Carey (1934) reported a massive 

suspensor in R. mucronata. 
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Development of more than one ovule from one fruit 

is not uncommon in K. candel, whereas such condition is 

not observed in B. gymnorrhiza. Development of more 

than one embryo is reported by Juncosa (1982 b, 1984 b) 

in R. mangle and B. exaristata. Development of more 

than one radicle from a fruit was considered 

polyembryony by earlier workers (Kumar and Joshi, 1942; 

Rajagopalan and Natarajan, 1951). But now it is clear 

that this phenomenon is due to the functioning of more 

than one ovule in an ovary. Present observations reveal 

that nearly all ovules fertilize and embryo development 

commences in all ovules in a fruit; but only one or 

rarely two mature. 

Endosperm is nuclear type in all the six species 

observed. Lakshmanan and Jayalakshmi (1984) reported 

nuclear type endosperm in C. tagal while Juncosa (1982, 

1984 a&b) described in R. mangle, C. elliptica, and B. 

exaristata. Endosperm haustoria which show secondary 

meristematic activity, extrude through the widening 

micropyle in R.mucronata and C. tagal (Lakshmanan and 

Narmatha Bai„ 1985; Carey, 1934). The inner zone of 

the outer integument become nutritive in all the six 

species observed. The endothelial cells thus formed is 

radially elongated and double nucleated in K.candel, B. 
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gymnorrhiza and B. cylindrica. The cells of the 

endothelial zone is uninucleated polygonal and 

comparatively very small 	in R. apiculata and 

R.mucronata, whereas this zone is not well 

differentiated in C. tagal and the cells are oval in 

shape in contrast to the radially elongated cells of K. 

candel. Disappearance of inner integument except at the 

micropylar region is characteristic of all the six 

species studied. The proembryo is firmly fixed to the 

integument except in C. tagal, where it is suspended in 

the cellular endosperm. Cell wall formation is almost 

complete in C. tagal whereas it is incomplete in all 

other species observed, viz. R. apiculata, R. mucronata, 

B. gymnorrhiza, B. cylindrica and K. candel. Cytoplasm 

is highly granular in R. apiculata and C. tagal. 

The formation and early development of cotyledons 

in Rhizophoraceae is unlike that of other angiosperms 

(Juncosa, 1982). According to Cooke (1907) the growth 

of cotyledons occurs in two different phases in 

R.mangle. To Karsten (1891) the fully formed cotyledons 

of R. mucronata resembles a 'phyrygian cap'. In the 

present study it is found that the cotyledons of 

R.apiculata, R. mucronata, C. tagal and K. candel are 

fused completely to form a single mass surrounded by 
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endosperm (Fig. 25 R,S). Formation of pseudomonocotylar 

embryos are reported in Eugenia, Nelumbo and Rhizophora 

as a result of conferruminate (gamocotylar) condition or 

as a result of reduction of one cotyledon as in species 

of Aboromia, Pepromia, etc. (Duke,1969). 

Pseudomonocotylar condition is observed in K. candel, as 

in R. mucronata and R. apiculata. Lobed cotyledons are 

characteristic of conifers and crucifers. Here in 

B.gymnorrhiza and B. cylindrica cotyledons are deeply 

lobed, to give an appearance of tetracotylar condition. 

Tetracotylar condition in B. gymnorrhiza and 

B.cylindrica shows its primitive affinities. In 

angiosperms such lobing of cotyledons are common in some 

taxa such as Bursera, Dacryodes, Lepidium, and Palmate 

in Tilia. Cotyledons are deeply bif id in Amsinikia, 

Eschscholzia, Eucalyptus, Hematoxylin, Ipomoea, 

Pittosporum, Pterocarya and Schizopetalum (Duke, 1969).. 

Mangroves are the best known naturally occurring 

viviparous plants where the seed germination occurs, 

while the fruits are still attached to the tree (Sussex, 

1975). Viviparous germination of Capparis, Aura and 

Inga have been reported by Duke (1969). According to 

Pannier and Rodriguez ((1967) the low concentration of 

inhibitor 8  in the fruit is responsible for precocious 
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germination of seeds. 	Water content of the 

Embryo remains high during the late embryogeny and post 

embryonic seedling development. This is contrary to 

other plants which shows seed dormancy. According to 

Sussex (1975) the high water content in seed is the 

reason for vivipary. 

5 . 	coNcr_s.3s ic3N 

The morphological and embryological relationships 

of K. candel and B. gymnorrhiza have been studied in 

detail. The ovary is inferior, syncarpous; ovule 

anatropous, bitegmic with massive outer and inner 

integuments, with vascular bundles. The parietal 

placenta later shows an appearance of 	axile 

placentation. 	The style is open type except in 

R.mucronata. The zig-zag micropyle is formed of both 

integuments. A well developed endothelium and endosperm 

haustoria are present in all the six species studied. 

Nucellus is crassinucellate with 3-4 parietal cells in 

B. gymnorrhiza whereas K. candel shows a tendency 

towards tenuinucellate condition with a reduced number 

of parietal cells. The embryo sac development is 
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'Polygonum' type. Though fertilization and embryo 

development takes place in many ovules in an ovary, 

generally only one embryo attains maturity. 

Embryogenesis is 'Asterad' type in B. gymnorrhiza and 

piperad type in K. candel. Cotyledons are tetracotylar 

in B. gymnorrhiza and B. cylindrica whereas it is 

unlobed and shows pseudomonocotylar condition in 

K.candel. Germination is hypogeal. 

Although the present observations are fragmentary, 

it could add some aspects of the process of 

megasporogenesis- and- embryogenesis of B. gymnorrhiza and 

K. candel. 
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C7-1APPIST2 - VIII 

INTEZEZEUMEA, 23TICILSMHIPS 

AND 

.EVIDLE7T'IC1INTARY" TEZIEN3D.S 



. IN'TIRCADUCrl'ICRC 

There is no consensus between botanists on the 

subdivision of the family Rhizophoraceae. The 

subdivision of this family has been a subject of 

controversy eversince it was established. 

Traditionally, this family consists of one mangrove 

tribe Rhizophoreae (4 genera) and three inland tribes: 

Macarisieae (6 genera), Gynotrocheae (4 genera), and 

Anisophylleae (4 genera) (Tobe and Raven, 1988 a). 

Though few authors like VanVliet (1976) supported the 

broad traditional classification of Bentham and Hooker 

(1865), recent workers like Dahlgren (1980), Behnke 

(1984), and Tobe and Raven (1987, 1988 a &" b) suggested 

the separation of the tribe Anisophylleae from 

Rhizophoraceae. In this chapter an attempt has been 

made to study the interrelationships and evolutionary 

trends of Rhizophoraceae. It is observed that except 

for few characters there seems to be no significant 

similarity between the tribes Rhizophoreae and 

Anisophylleae. Further it is noted that monotypic genus 

Kandelia is more specialized than other genera of 

Rhizophoreae. 
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2 . COMPARISON WITH OTHER GENERA 

Plate 7 & 8 illustrates the external morphology of 

some inland Rhizophoraceae (Bentham and Hooker, 1865) 

referred in the text. Out of the three tribes 

recognised by Bentham and Hooker, the tribe Rhizophoreae 

are found only in littoral habitat and are distinct from 

inland tribes: Legnotideae and Aniaophylleae. Many 

anatomical, morphological and ecological attributes such 

as scalariform vascular pitting, heavy barred 

scalarifona perforation- plates-, scanty vasicentric 

parenchyma, multiseriate raye, libriformi fibers. (Marco, 

1935), vivipary, xerophytic leaves, knee roots, single 

style and scanty endosperm, separate this tribe from 

their inland genera. Stipulated opposite leaves are 

characteristic of the tribe Gynotrocheae and 

Rhizophoreae where as Aniaophylleae posses& alternate 

leaves (Plate 7). Mangrove Rhizophoraceae exhibits 

cymose arrangement of flowers, whereas. inland 

Rhizophoraceae exhibit axillary racemose inflorescence 

(Plate 7 & 8). Aestivation of floral parts are valvate 

in both inland and mangrove species (Geh and Keng, 

',974). The petals of B. gymnorrhiza and K. candel 
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7 

External morphology of some inland Rhizophoraceae I. 

1. Anisophyllea disticha Baill. 

2. Gynotrochus olivaceus Merr. 

3. Pellacalyx saccardianus Scort. 

4. Carallia scortechinii King. 

Source : Central National Herbarium, BSI, Howrah. 
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possess -appendages (Fig. 13). 	Similarly petals of 

Gynotrochea, Carallia and-PeIlaca/yx are fringed in 
. 

various degrees (Geh and Keng, 1974). 	In amlamAl 

Rhizophoraceae, stamens are twice the number of petals 

and usually unequal in length (Geh and Keng, 1974) where 

as in mangrove tribes stamen numbers are not twice the 

number of petals, as a rule (eg. K. candel and R. 

apiculata (See Table 12). The number of sepals and 

petals vary in number from 3-4 in Anisophyllea and 

Combretocarpus (Tobe and Raven, 1988 a) and 4-14 in 

Rhizophora and Bruguiera (Table 12). Multilocellate 

anthers with amoeboid type of tapetal cells present in 

R.apiculata - and R mucronats Which are unique-astong--ather 

genera (Fig. 17). 

There is no substantial difference in pollen 

morphology and pollen structure of Rhizophoraceae in 

general (Erdtman, 1971). Pollen grains are 3(-4) 

colporate, prolate spheroidal to subprolate with finely 

reticulate exine (Plate 3). There is a general trend 

from parietal to axile placentation in Rhizophoraceae. 

The apparent axile placentation with pendulous ovule is 

derived from 	a 	parietal 	condition 	(Plate 6). The 

present study 	reveals a hollow style in all the five 

.pecies observed except in R. mucronata. 	In 1974 Geh 
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External morphology of some inland Rhizophoraceae II 

1. Combretocarpus morttegi. 

2. Cassipourea elliptica. Poir. 

3. Weihea ceylanica Bail. 

4. Blepharistemma corymbosa wall. 

Source : Central National Herbarium, BSI, Howrah. 
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and Keng reported hollow styles in inland genera such as 

Gynotroches, Carallia, and Pellacalyx. 

Ovules are--bitegm-ic--in-a-LL_thegenesa though the 

number of cell layers varies. A very massive outer 

integument (15-42 cells thick) and an inner integument 

(4-12 cells thick) is characteristic of Rhizophoraceae 

(Table 14) whereas in inland genera gynotroches, 

Carallia and Pellacalyx, an outer integument of 3-4 

cells thick and a membraneous (1-2 cells thick) inner 

integument is reported (Geh and Keng, 1974). However, 

in Combretocarpus rotundatus the outer integument is 

_composed --  of 3-4 cells- and-  inner integument - is- single 

layered (Tobe and Raven, 1988 a). The embryos- of 

Rhizophoraceae resembles to that of Anisophyllaceae in 

being macropodous. 

Kandelia agrees with R. apiculata and R. mucronata 

in having fused cotyledons, ephemeral anther epidermis, 

fibrous endothecium, simultaneous cytokinesia in 

microsporogenesis and tetrahedral spores. K. candel 

differs from other genera in all the characters 

mentioned in Table 11 except in number of locules, and 

number of ovules. In number of ovules and locules it 

resembles B.gymnorrhiza and B. cylindrica and to some 

extent to C. tagal, where the number of locules and 
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External morphology of some mangrove Rhizophoraceae. 

1. Rhizophora mangle L. 

2. Rhizophora stylosa Griff. 

3. Bruguiera parviflora Wight and Arnold. 

4. Ceriops roxburghiana Arn. 

Source : Central National Herbarium, BSI, Howrah. 
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ovules vary from 2-3 and 4-6 respectively. Table 15 

clearly depicts the affinities of K. candel to . B. 

gymnorrhiza. It differs from B. gymnorrhiza. in the 

number of parietal cells, number of cotyledoni and type 

of embryogenesis. Anisophyllaceae differ from 

Rhizophoraceae in having persistent nucellus tissue 

until the early stages of- embryo development Mahe and-

Raven, 1987). Except for few characters there seems to 

be significant similarity between the tribe 

Rhizophoreae and Anisophylleae. In view of the above 

observations, the exclusion of the tribe Anisophylleae 

by Schimper (1898); Dahlgren 

en (1987), and Behnke' (1984) is 

Table 13 delineate the result of the present 

observations on Rhizophoraceae together with some 

published data on the embryology of Anisophyllaceae 

(Tobe and Raven, 1987) and Combretaceae (Graham, 1964; 

Johri, 1992) to summarise the inter-relationships of the 

three families. Graham considered that the family 

Rhizophoraceae is closely related to Combretaceae on the 
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basis of the unilocular ovary and single seeded fruit. 

The white mangrove (Laguncularia racemosa (L.) Gaertn.f. 

of combretaceae shows much affinities to Rhizophoraceae 

in their coastal habitat, evergreen opposite leathery 

glabrous leaves with twice number of stamens as petals, 

suspended ovules on a very short funiculus and 

cryptovivipary (Graham, 1964). 

A critical examination of Tables 7,8 & 9 reveals 

the following primitive ,characteristics in the family 

Rhizophoraceae such as tetrasporangiate anthers, many 

layered anther wall, glandular tapetum, simultaneous 

---binucleate anatropousr, bitegmic, 

crassinucel late ovules with. massive integuments; 

polygonum type of embryo sac and dicotyledonous- mature 

embryo. The presence of integumentary bundles are 

sometimes, considered a primitive character (Esau, 1965). 

Branched- integumentary Mandl** are present in all six 

species of Rhizophoraceae studied. Multilayered massive 

integuments are more prominent in the tribe Rhizophoreae 

than in inland tribes, These two characteristics 

emphasize the premitive status of the family. 

According to Juncosa 11982 a, 1984 131 Bruguiera is 

clearly primitive among the Rhizophoraceae in its embryo 
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and seedling morphology and it exhibits an intermediate 

stage in the evolution of viviparous seedlings. The 

present Observations on B. gymnorrhiza confirms 

Juncosa's view because of the following characteristics: 

1. Presence of solitary flowers in B. gymnorrhiza 

2. Presence of polymerous flowers (sepals and petals 

upto 14 and stamens upto 28). 

3. Presence of tap root system in seedling stage. 

4. Fleshy polycotyledonous embryo (Fig. 24). 

5. Crassinucellate embryo sac (Plate 6). 

Among the tribe Ethizophoreae K. aandel is . more 

advanced than other genera in the following characters: 

1. Absence of a well developed tap root system. 

2. Adaptation to survive both in littoral and inland 

areas near river banks. 

3. A tendency to reduce-the number of petals and sepals 

to 4 in many flowers in a plant. 

4. Adaptation for insect or bee pollination. 

5. An increased number of flowers (Upto 10) per 

inflorescence (Table 11). 

6. Comparatively less thickened integuments (11-13 

cells thick outer integument and 3-4 cells thick 

inner integument (Table 14, Plate 4). 
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7. A tendency towards teneuinucellate embryo sac 

formation with a reduction of parietal cells to one 

or even absence of parietal cells (Plate 4). 

8.. A well developed endothelium. 

9. Fusion or reduction in number of cotyledons (Fig. 

26). 

10. Non photosynthetic acotyledons. 

4 . acktqcx_.-us taw 

From these evidences it is clear that the monotypic 

'WU& Kandetf&-iwismririmeciirtimmtilumrothar-generw of 

Rhizophoreae. According to Juncosa (1982 b) R. mangle 

L. (Plate 9) is highly specialized in comparison with 

non-viviparous inland species Canaipourea elliptica 

(SW). Poir (Plate 8). Tomlinson (1986) is of the 

opinion that Rhizophoraceae is most likely evolved 

directly from an ancestor with epigeal germination, 

since this is the usual condition in terrestial 

Rhizophoraceae. From the observations cited in the text 

it can be concluded that 'mangrove Rhizophoreae' were 

derived from inland ancestors and Bruguiera is the most 

primitive and Kandelia is the most advanced genera in 

the tribe Rhizophoreae. 
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The family Rhizophoraceae comprises the best known 

naturally occurring viviparous plants. Out of the 16 

genera, 4 genera of the family differ from other genera 

in their habitat and adaptations. They are. Rhizophora, 

Bruguiera, Ceriops, and Kandelia. These salt tolerant 

plants occupy tidal forests ecosystems and they help to 

stabilise coasts by checking erosion of land by sea. 

The present study was an attempt to compare the 

morphological variations, leaf anatomy and embryology of 

the six species of the tribe 'mangrove Rhizophoreae' 

viz. R. apiculata, R. mucronata, B. gymnorrhiza, 

B.cylindrica, C. tagal and K. candel from the west coast 

of India. 

Various factors such as land forms, soil type, wave 

action salt concentration, of seawater, rainfall, 

temperature, frost, deforestation and developmental 

activities can influence the colonization of 

Rhizophoraceae. It has been observed that, if a control 

is kept on its over exploitation these species can 

thrive along the west coast of India, since the climatic 

and edaphic factors are conducive for its establishment. 

The distribution of. K. candel is maximum at central west 

coast region especially in estuaries of Mandovi and 
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Zuari. The present study could reveal the occurrence of 

C. tagal at Palolem, Canacona in Goa. Its occurrence in 

Goa was not reported yet. C. tagal has its maximum 

distribution at Terekhol and Ratnagiri. Of the 6 

species studied R. mucronata is the dominant one and is 

of common occurrence except in Kerala. B. cylindrica 

has not been reported from Gujarat coast and C. tagal 

from Kerala. The present study could not reveal the 

occurrence of R. stylosa from the west coast of India as 

reported by Tomlinson (1986). 

Ten vegetative characters, 14 floral characters and 

9 anatomical characters were studied critically for the 

comparison. Many characters studied show overlap 

between species. Aerial roots were observed only in R. 

apiculata and R. mucronata. The leaves of C. tagal and 

K. candel are distinct from species of Rhizophora and 

Bruguiera as they are isobilateral. C.tagal has the 

maximum abaxial and adaxial cuticle thickness and R. 

mucronata has the largest leaf area. A double layered 

abaxial epidermis is observed only in K.candel. Stomata 

are anomocytic and sunken in all the species observed. 

R. mucronata has the longest stipule (63.61 mm) and C. 

tagal has the shortest (9.75 mm). A conduplicate 
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stipular ptyxis is observed in C. tagal and K. candel; 

an involute stipular ptyxis in Bruguiera and Rhizophora. 

The flowers of B. gymnorrhiza are solitary where as 

a cymose inflorescence is the pattern in others. The 

sepals are reflexed in all except in B. gymnorrhiza. 

Sepal colour, shape, and length also show variation from 

species to species. Stamens are sessile and 

polysporangiate in R. apiculata and R. mucronata. The 

west coast species of R. mucronata shows a distinct 

style length of 2-2.5 mm. This is contrary to the 

reported sessile style in R. mucronata Lamk. Because of 

this distinct style and comparatively shorter hypocotyl 

(47.3 cm) this species can be considered as an 

intermediate species between R. stylosa (Plate 9.2) and 

R.mucronata (Fig.9). 

• 

Anther structure and microsporogenesis of all the 

six species were studied in detail. It is observed that 

in both R. apiculata and R. mucronata the anthers 

dehisce before the flower bud opens and flowers point 

down wards to enhance pollen dispersal. In the young 

buds of B.gymnorrhiza nad B. cylindrica, the filaments 

are straight and become curved inside the enclosing 

petals as they grow longer. In C. tagal the anthers are 

very minute and dehiscence occur within the bud. 
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Stamens are introse, tetrasporangiate and more or less 

basifixed in K.candel. Tapetum is single layered 

glandular and binucleated in K. candel. A. double 

layered tapetum is observed in B. gymnorrhiza and B. 

cylindrica. Middle layers are ephimeral and cytokinesia 

was simultaneous in all the species studied. Anthers 

are polysporangiate in Rapiculata and R. mucronata; 

tetrasporangiate in other species. Pollen grains are 

tricolporate with wide endoaperture: prolate spheroidal 

pollens were observed in R. apiculata, R. mucronata, B. 

cylindrica and C.taga/;subprolate in B. gymnorrhiza and 

K. candel. 

Megasporogenesis, gametogeneeis, embryogenesis and 

general morphology of ovary were studied with special 

reference to K. candel and B. gymnorrhiza. Ovules are 

anatropous bitegmic with massive outer and inner 

integument. R. apiculata and R. mucronata have 

bicarpellate ovaries and B. gymnorrhiza and B.cylindrica 

have tricarpellate ovaries; C. tagal shows both 

bicarpellate and tricarpellate ovaries. The origin of 

plancenta is parietal and later become axile. The style 

is hollow type except in R. mucronata. The endothelium 

or integumentary tapetum is characteristic of this 
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family. The origin of the endothelium is from the inner 

zone of outer integument. The embryo sac is polygonum 

type. As a rule the ovule is crassinucellate, whereas 

the genus Kandelia shows a tendency towards 

teneuinucellate condition. The development of embryo is 

'Piperad' type in K. candel and 'Asterad' type in 

B.gymnorrhiza. K. candel exhibits protandry to 

facilitate cross fertilization. 

In R.mucronata, R. apiculata, C. tagal and K.candel 

cotyledons are fused together to form a single mass 

(pseudomonocotylar condition), where as in B.gymnorrhiza 

and B. cylindrica cotyledons are deeply lobed and 

exhibits tetracotylar condition. Endosperm is nuclear 

type and become cellular later. From the morphological 

observations it can be concluded that Bruguiera is the 

most premitive genus and Kandelia is the most advanced. 
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