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Wood anatomy of the Rhizophoraceae

G.J.C.M. van Vliet

Rijksherbarium, Leiden, The Netherlands

Summary The wood anatomy of 127 samples of 65 species of all 18 genera of the Rhizophoraceae is

described in detail; features not observed here, but recorded in the literature are added. Wood anatomically
several groups can be recognized. Three distinct groups are very homogeneous, coinciding with the Rhizo-

phoreae (Bruguiera, Ceriops, Kandelia
,

and Rhizophora), the Anisophylleae (Anisophyllea, Combretocarpus,

Poga, and Polygonathus), and the Macarisieae (Anopyxis, Blepharistemma, Cassipourea, Comiphyton,

Macarisia
,

and Sterigmapetalum), as recognized by several taxonomists. One group, the Gynotrocheae

(Carallia, Crossostylis, Gynotroches
,

and Pellacalyx), is rather heterogeneous. The family as a whole is

wood anatomically very heterogeneous, but this diversity can be interpreted as the result of divergent

xylem specialisation in the different groups. Although the woods of the mangrove genera (Rhizophoreae)
are very different from all inland representatives of the family, there are no arguments to regard their

character complex as a special adaptation to an unusual environment. Other ecological considerations are

also discussed. A key to the woods is presented. Most of the genera can easily be identified, using xylem
characters only. Some are, however, difficult to separate wood anatomically.
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Introduction

Aims of this study

Historical

A survey of the several opinions on the affinities within the Rhizophoraceae is given

in Table 1. Almost all of the students of this family have used external morphological

characters only. Marco (1935), however, used wood anatomical characters; Geh &

Keng (1974) studied morphological and palynological as well as anatomicalcharacters.

From Table 1 it is clear that the views on the position of the mangrove genera

(Bruguiera, Ceriops, Kandelia, and Rhizophora) have almost always been unanimous.

Only Schimper (1893) did not classify them in one group. He assumed that theremark-

able structure of the fruit and the mode of germination of these mangrove trees (vivi-

parous) were mere adaptations to the tidal habitat and thus provided artificial, system-

atic characters. For this reason he mixed them with the inland genera. This was not

supported by wood anatomical characters, as has been previously pointed out by

Solereder (1899), Moll & Janssonius (1918) and Marco (1935). Schimper's classification

has never been accepted.

The Macarisieae, either as a subfamily or as a tribe, have never been subject to much

discussion. However, most studies on Rhizophoraceae have been confinedto Malesian

representatives mainly. Most of the Macarisieae inhabit Africa and S. America, and

are in Asia restricted to the mainland.

Of the remaining genera, Anisophyllea and Combretocarpus were soon found to be

different from the others. Differentiating characters are amongst others: leaves alter-

nate instead of decussate, exstipulate instead of stipulate (cf. Geh & Keng, 1974). Poga

and Polygonanthus were later assigned to this group (see Table 1). The remaining genera

of the Legnotideae (the inland genera) viz. Carallia, Crossostylis, Gynotroches, and

The last more or less comprehensive account of the wood anatomyofthe Rhizophora-

ceae was by Marco (1935). Since Marco's timemore materialhas become availableand

large parts of the family have been critically revised by taxonomists, justifying a new

wood anatomical survey on a more complete basis than Marco could afford. With 18

woody genera, of which 4 inhabit the mangrove forest, the Rhizophoraceae constitute

an interesting family from the ecological and anatomical point of view. A fully satis-

factory classification below the family level has not yet been proposed, and it is hoped

that this study of 127 samples of species belonging to all 18 genera will contributeto

our understanding of relationship patterns within the Rhizophoraceae. Theaffinities of

Rhizophoraceae with familiesconstituting theorder Myrtales have also become contro-

versial, and it is intendedto discuss this subject in a future publication, following the

wood anatomical study of several undisputed families of the Myrtales. The first paper

in this series dealt with Crypteroniaceae (van Vliet, 1975).
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Abbreviations and notes concerning Table 1

R = Rhizophoreae G = Gynotrocheae

L = Legnotideae X = unclassified

A = Anisophylleae P = Polygonanthaceae

M =
Macarisieae

'Position in other families is not mentioned here, but will be discussed in a later chapter.
2 The author regarded the several groups as separate families.

'Baillon used for the taxon of the Gynotrocheae the name Barraldeieae (Barraldeia is a synonym for

Carallia).
4 In his classification, Schimper mixed the mangrove genera with someofthe inland genera. He recognized

two groups: the Gynotrochinae containingRhizophora, Ceriops, Kandelia, Gynotrochus, and Pellacalyx, and

the Carallinae containing Bruguiera, Carallia, and Crossostylis.
'This classification is based onwood anatomical characters only.

'Corner regarded the Anisophylleae as a separate family.

'Partly based on wood anatomical characters.

TABLE 1. Historical survey
of the opinions on the

classification of the Rhizophoraceae
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Endlicher, 1840 R R R R R L X L

Blume, 1849
2)

R R R R L L L

Miquel, 1855
2)

R R R R L L L L L

Bentham, 1859;
Bentham & Hooker, 1865 R R R R L L L L A A L L L

Baillon, 1876
3)

R R R R G G G G A M M M

Schimper, 1893 4)- A A M M M

Engler, 1900,

Sprague & Boodle, 1909 M

Ridley, 1922
2)

R R R R L L L A

Kuhlman, 1925 M

Marco, 1935 R R R R G G G X G G X M M M M M

Croizat, 1943 P

Kuhlman, 1944 A

Corner, 1951 R R R R L L L A

Desch, 1954 R R R R L L L A

Melchior, 1964 R R R R G G G G A A A M M

Pires & Rodrigues, 1971 A A A A

Floret, 1974 M

Geh & Keng, 1974 R R R R G G G A A
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Pellacalyx were kept together in one group, the Gynotrocheae. Marco (1935) recognized

this group in a different circumscription than was given by other studentsof this family.

Using wood anatomical characters, Marco classified Anisophyllea, Combretocarpus,

Carallia, Gynotroches, and Crossostylis in one group, his Gynotrocheae, and he left

Poga and Pellacalyx unclassified. Desch (1954) was not inagreementwith this classifica-

tion, when he stated: 'the two unclassified genera seem to be no more distinct from

Carallia and Anisophyllea, than is Gynotroches from these genera'. Geh & Keng(1974)

also treated Pellacalyx as a member of the Gynotrocheae. Metcalfe & Chalk (1950)

largely accepted Marco's system, and mentioned that the material they examined

provided less evidence for a clear distinctionbetween the Gynotrocheae sensu Marco

and the Macarisieae.

A considerable amount of wood anatomical data has been published in the past,

mainly concerning the mangrove genera Bruguiera, Ceriops, and Rhizophora and the

inland genera Anisophyllea, Carallia, Combretocarpus, and Gynotroches. Data on the

other genera are very scanty or even absent. In the following list of publications on

the wood structure of the Rhizophoraceae 0 indicates the presence of a figure or plate

of the genus concerned. These publication, containing microscopical and/or macro-

scopical data are by Araujo & Mattos Filho, 1973(Cassipourea, Rhizophora, Sterigma-

petalum); Becking et al., 1922 (Bruguiera, Ceriops, Rhizophora); Benoist, 1931 (Cassi-

pourea); den Berger, 1926 (Bruguiera, Carallia, Rhizophora); Cooper & Record,

1931 (Anopyxis, Cassipourea, Rhizophora); Desch, 1954 (Anisophyllea, Bruguiera,

Carallia, Ceriops, Combretocarpus, Kandelia, Gynotroches, Pellacalyx, Rhizo-

phora); Geh& Keng, 1974 (Anisophyllea); Gerard, 1917(Cassipourea); Hayashiei al.,

1973(Bruguiera, Rhizophora); Hopkinson, 1912 (Rhizophora); Howard, 1948(Aniso-

phyllea, Bruguiera, Carallia, Ceriops, Rhizophora); Jentsch & Appel, 1936(Rhizophora);

Jutte, 1958 (Gynotroches); Kanehira, 1921 (Bruguiera, Ceriops, Rhizophora), 1924

(Carallia); Karlstedt, 1971 (Rhizophora); Kribs, 1950 (Carallia); Lecomte, 1925

(Carallia); Lindeman et al., 1963 (Rhizophora); Marco, 1935 (all genera except Comi-

phyton and Polygonanthus, many °); Martin, 1953 (Rhizophora); Meniaud, 1931 (Rhizo-

phora); Metcalfe, 1952 (Anisophyllea, young stem); Metcalfe & Chalk, 1950 (mainly

referring to Marco, 1935); Moll & Janssonius, 1918 (Bruguirea, Carallia, Gyno-

troches, Rhizophora); Normand, 1960(Anopyxis, Anisophyllea, Cassipourea, Rhizo-

phora); Panshin, 1932 (Bruguiera, Ceriops, Rhizophora); Pearson & Brown, 1932

(Bruguiera, Carallia, Rhizophora); Perrot, 1921 (Rhizophora); Pires & Rodrigues,

1972 (Anisophyllea, Polygonanthus); Rao & Purkayastha, 1972 (Blepharistemma,

Bruguiera, Carallia, Ceriop
s,
Kandelia, Rhizophora ); Record & Hess, 1943 (Cassi-

pourea, Rhizophora, Sterigmapetalum); Record & Mell, 1924 (Rhizophora); Reyes, 1938

(Bruguiera, Carallia, Ceriops, Rhizophora ); Riera, 1947 (Poga); Sarlin, 1954

(Bruguiera, Crossostylis); Solereder, 1899 (Bruguiera, Carallia, Cassipourea, Ceriops,

Gynotroches, Kandelia, Macarisia, Rhizophora) and Sprague & Boodle, 1909(Anopyxis,

young stem).
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Geographical distribution of the Rhizophoraceae

Representatives of the Rhizophoraceae (18 genera, ± 161 species), occur in the tropics

of all continents. Polygonanthus (2 spec.) and Sterigmapetalum (3 spec.) are restricted

to tropical S. America. Anopyxis (1 spec.), Comiphyton (1 spec.), and Poga (1 spec.)

only occur in Africa. Macarisia (±8 spec.) is restricted to Madagascar. Combreto-

carpus (1 spec.) can only be found in Malesia, Crossostylis (± 10 spec.) only in Mela-

nesia. Gynotroches ( 1 spec.), Pellacalyx (7 spec.), Kandelia (1 spec.), Carallia (± 10 spec.),

Ceriops (2 spec.), and Bruguiera (16 spec.) have their distribution in Malesiaand adjoin-

ing areas, the last three also occur in E. Africa. Anisophyllea (±25 spec.), Cassipourea

(±65 spec.), and Rhizophora (7 spec.) are pantropical.

MATERIAL AND METHODS

Wood samples were obtained from a number of institutionalwood collections. The

institutionswill be referred to using Stern's (1967) abbreviations; when no wood collec-

tion references are given, the samples are from the Rijksherbarium wood collection.

The wood collection numbers are given between brackets. Herbarium vouchers are

listed when known. Mature wood samples are listed without special indication, im-

mature samples are listed with the branch or stem diameter.

Sections and macerations for light microscopy and surfaces for scanning electron

microscopy were prepared according to standard techniques (cf. Baas, 1973).

For each sample, 25 measurements were made for the vessel member length, vessel

diameter, number of bars per perforation plate, and for fibre length. Vessel member

length was measured including the tails. Data on vessel frequencies are based on at

least 5 counts in each specimen in areas of 1 mm
2

; in specimens with a very low vessel

frequency (1-3/mm2 ) the 5 counts were made in areas of c. 7 mm
2 . Data on ray fre-

quency are based on at least 4 counts over a tangential distance of 1 mm each.

Specimens marked with an asterisk (*) were studied using macerations only, speci-

mens marked with 0
were studied using sections only. Specimens marked with + were

also used for scanning electron microscopy.

When possible, the names of the species were adjusted to revisions and studies by
Alston (1925) for Cassipourea

,
by Hou (1957, 1958, 1960) for Bruguiera, Rhizophora,

and the remaining Malesian taxa, by Hutchinson & Dalziel (1954) for Anopyxis and

Cassipourea, and by Lewis (1956) for Cassipourea.

DESCRIPTIVE PART

Explanatory notes to the descriptions

The absence of characters is not recorded unless this is important for identificationpur-

poses.
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For quantitative characters, no size classes are used except for the thickness of the

walls of the fibres, as seen in transverse section. For these, the following size classes

are used:

Very thin — Lumen wider than three times the thickness of the walls.

Thin— Lumen one to three times the thickness of the walls.

Medium thick — Lumen as wide as the thickness ofthe walls to halfthe thickness of the

walls.

Thick — Lumen as wide as half the thickness of the walls to \ of the thickness

of the walls.

Very thick — Lumen narrower than above.

This classification differs from the one proposed by Chattaway (1932) in thepresence

of a fifth class, that of the medium thick-walled fibres and in the more exact definition

of the size classes.

In the descriptions, quantitative values are recorded including extreme values and

range of means. In cases where two specimens were studied both means are given con-

nected with &.

If more than two species have been studied, the quantitative characters are given in

additional tables, specified for each sample.
Data on specimens present in the slide collections of the Jodrell Laboratory, Kew;

the Forest Products Laboratory, Princess Risborough, and the CommonwealthForest-

ry Institute, Oxford, are briefly mentioned in the notes, only when these refer to

specimens not studied here, or when striking differences were observed. Data from

literatureare also given in the notes.

Descriptions

ANISOPHYLLEA R. Br. ex Sabine

Material studied. A. beccariana Baillon: Borneo, Jacobs 5245°. —AA. boehmii Engl.: Zaire, Coget 63 ( = IF

21196, Tervuren); Malaisse4 ( = IF24226, Tervuren, diam. ±4.5 cm).—A. cinnamomoides (Gard. & Champ)
Alston: Ceylon, (MADw 33139*), (SJRw 48537)", (Hw 22435); India (,SJRw 22905).—.A. corneri Ding Hou:

Singapore, SF 25927 (= FHOw 7960).—.A. gossweileri Engl. & Brehm.: Zaire, Dechamps, Murta & Da Silva

1021° (= IF28526, Tervuren); (IF 24378, Tervuren).—A. griffithii Oliver Malaya, Kep 84001°, (= W.T.

7275).—.A. laurina R. Br. ex Sabine: Sierra Leone, Cons, ofFor. 86 (= FHOw 8164)\ (MADw 14138).—A.

manausensis Pires & Rodr: Brazil, Loureiro X-3145 (= Uw 20754).—,A. meniaudi Aubr. & Pellegr.: Liberia,

T.P. 4294-70 (ex RTIw).—A. obtusifolia Engl & Brehm.: Tanzania, Bryce 135 (= FHOw 20796). From

literature (see note): A. disticha (Jack) Baill.;A. guianense Sandwith.

Mainly large trees, up to 25(-40) m, in evergreen forests; A. disticha and A. boehmii

are small trees, up to 5(-7)m; the latter inhabits the dry Brachystegia-Isoberlinia wood-

lands.
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Growth rings usually absent, rarely faintly present (A. boehmii). Vessels diffuse, 1 or

2(-5)/mm2

,
solitary and in radial multiples of 2(-4), occasionally in clusters including

vascular tracheids, 40-95% solitary, round to oval, tangential diameter(90-) 160-270

(-350) jum, radial diameter up to 420 jitm, walls 5-10 thick. Vessel memberlength

(220-)390-960(-1200) /jm. Perforations simple in horizontal to oblique end walls.

Inter-vessel pits crowded, alternate, round to polygonal, 4-7 frequently with

coalescent apertures. Vessel-ray pits not seen, because the vessels are completely

surrounded by axial parenchyma. Vessel-parenchyma pits similar to the inter-vessel

pits, but half-bordered, 5-8 /an, sometimes more elongate, up to 11 ,um, infrequently

with coalescent apertures or unilaterally compound. Solid amorphous contentspresent

in A. cinnamomoides, A. corneri, A. meniaudi, and A. obtusifolia. Vascular tracheids,

with or without perforations fairly frequent and in clusters in A. boehmii, infrequent

and also solitary in the other species, not seen in SJRw 22905 of A. cinnamomoides,

tangential diameter 30-70/<m, (420)550-1700(-1800) / um long. Pits between vascular

tracheids and parenchyma more elongate than the vessel-parenchyma pits, up to 16

/um, occasionally unilaterally compound. Solid contents with crystal-like surface

as seen with SEM noted in vascular tracheids of A. boehmii, crystal-like structures not

visible with the light microscope. Fibres (840-)1270-2590(-3100) /um long, walls thick

to very thick, with bordered pits of 3-5 /im. Pits frequent on bothradial and tangen-

tial walls, but more frequent on radial walls in A. beccariana, A. cinnamomoides, and

A. griffithii. Fibres infrequently gelatinous. Parenchyma paratracheally banded, com-

pletely embedding the vessels, bands more or less continuous, 2—4(—7) cells wide;

infrequently in short tangential lines and scanty diffuse; abundant in most species,

least so in MADw 14138 of A. laurina where bands are mostly 2 cells wide. Strands of

(6—)7—9(— 13) cells. Rays heterogeneous II, of two distinct sizes; broad multiseriate

rays, 1-2/mm, up to 20 cells wide and up to 4—6(—11) mm high, occasionally with

sheath cells; uniseriate rays 3-7 /mm, mainly composed of square to erect cells, infre-

quent with biseriate parts, (2—)4—7(—10) cells high. Solitary crystals in axial and ray

parenchyma cells, rarely absent. Crystalliferous cells usually chambered and sometimes

with thick walls. Globular and amorphous contents in rays and axial parenchyma;

'gelatinous' contents in rays and axial parenchyma noted in A. obtusifolia, sometimes

attached to the cell walls.

Note. Metcalfe (1952) described the secondary xylem of a twig of A. guianense Sand-

with from British Guyana and mentioneda great resemblance with theAfrican species

A. laurina. He recorded an opposite or even almost scalariform arrangement of the

vessel wall pits of the first species. Geh & Keng (1974) gave an account of the wood

ofA. disticha (Jack) baillon and A. corneri. For these species they mentionmixed simple
and scalariform perforations. Both these reports of deviations from the description

given here may be due to the fact that immature material was used. Unfortunately,
Geh & King did not mention the natureof theirmaterial, nor didthey mentionwhether
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the mixed scalariform and simple perforations were present in both species or only

in one of the two. I did not find scalariform perforations in the mature wood of A.

corneri. The growth rings of A. boehmii are probably due to the growth conditionsof

this species in the dry Brachystegia-Isoberlinia woodlands, where it is submitted to

seasonal drought.

Explanation of the figures in the tables 2—8.

1. Growth rings: + = present; + = faint; -
= absent.

2
2. Vessel frequency /mm .

3. Percentage of solitary vessels.

4. Tangential vessel diameter in

5. Maximum radial vessel diameter in

6. Vessel member length in

7. Length of vascular tracheids in

8. Percentage of vessel end walls with scalariform perforations.

9. Number of bars per scalariform perforation plate.

10. Fibre length in

11. m = mature sample (0 > 10 cm); a figure indicates the diameter of the sample in cm.

TABLE 2. Quantitative characters of Anisophyllea

Species and/or specimen 2 3 4 5 6 7 10

A. beccariana 1—2 60 140—250—300 320

A. boehmii

Coget 63 1—-3 (—-12) 70 90—160—220 245 230—390—620 420— 550— 750 840—1270—1600

Malasse 4 2—3(—-13) 65 95—170—230 250 220—440—630 630— 645— 710 950—1410—1630

A. cinnamomoides

SJRw 48537 1—2 50 180—260—330 370

MADw 33139 630—860—1070 760— 795— 855 1630—2020—2580

Hw 22435 3—4(—- 5) 70 90—190—270 310 510—700— 900 690— 760— 830 1680—1970—2130

SJRw 22905 1—2 95 200—250—300 360 580—780— 990 1950—2160—2730

A. corneri 1—2 65 110—180—240 250 510—620— 720 700— 820— 990 1130—1900—2260

A. gossweileri

IF 28526 1—2 60 120—230—280 310

IF 24378 1—2 55 110—220—270 320 320—540—710 510— 690— 840 1340—1730—2080

A. griffithii 2—3 60 190—250—320 400

A. laurina

Cons, of For. 86 1—2 60 110—250—350 420 700—960—1200 1210—1450—1760 2070—2590—3100

MADw 14138 1—3 60 120—240—310 360 540—760—870 820— 970—1210 1660—2190—2710

A. manauensis 1—2 80 90—190—300 320 500—670—940 550— 940—1340 1370—1800—2180

A. meniaudi 1—2(-- 3) 50 190—270—330 420 620—880—1070 970—1210—1420 1790—2570—2870

A. obtusifolia 1—2(-- 4) 80 120—260—320 410 450—620— 780 1320—1700—1800 1470—1890—2130
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ANOPYXIS Engl.

Material studied. A. klaineana (Pierre) Engl.: Liberia (SJRw 15743)*; Gold Coast (FHOw 843); Cote

d'lvoire, Bamps 2242 (=IF21850, Tervuren); Zaire, Corbisier-Baland 48 (= IF 711, Tervuren).

Large tree, up to 30 m. Frequent in evergreen forests.

Growth rings absent. Vessels diffuse, (4—)5—1 l(-14)/mm2

,
almost exclusively solitary,

round to oval, tangential diameter 110-160—250/im, radial diameter up to 340 pm,

walls 3-6 /um thick. Vessel member length (920-)1260-1765(-2340) Perforations

simple in oblique to almost horizontal end walls, very rarely scalariform with 8-14

bars (no scalariform perforations seen in Bamps 2242). Inter-vessel pits rarely present,

transitional where tails are in contact with succeeding vessel members. Vessel-ray

pits more or less opposite to scalariform, half-bordered to almost simple, circular

(up to 14 /zm) to elongate (up to 78 Vessel-parenchyma pits reticulate to scalari-

form, up to 53 /um long, occasionally half-borderedand unilaterally compound. Vessel-

-fibrepits in vertical rows, round, 8-10/zm, rarely paired and with coalescentapertures

on the fibre side. Thin-walled tyloses present in two specimens. Fibres (1240-)2080-

2740(-3390) /im long, with thick to very thick walls and frequent bordered pits of 8-10

fim on both radialand tangential walls. InFHOw843 a.nd SJRw 15743, with long extend-

ing apertures, frequently coalescent in the former, rarely so in the latter. Fibres with

bulging, densely pitted ends and 'short' fibres with numerous pits infrequently present.

Fibres occasionally gelatinous or with minutely branched tips. Parenchyma paratra-

cheal, mostly unilaterally aliform. Strands of (7—)9—11(—14) cells. Rays heterogeneous

I—II, (5-)6-8(-10)/mm, (1—)3—4(—5)-seriate, rays up to 1.3 mm high, tails composed
of (2-)6-7(-14)square to erect cells; uniseriate and biseriate rays infrequent, (2—)4—

—7(—11) cells high. Solitary crystals frequent or infrequent in rays and axialparenchyma.

Crystalliferous cells usually chambered and often with thick walls. Solid amorphous

or granular contents in rays and axial parenchyma.

Note. Formerly another species was recognized, A. ealaensis (de Wild.) Engl., but

Hutchinson & Dalziel (1954) reduced it to A. klaineana. Wood anatomically, no differ-

ences could be found between samples named A. klaineana and the sample namedA.

ealaensis (,SJRw 15743).

BLEPHARISTEMMA Wall, ex Benth.

Material studied. B. membranifolia (Miq.) Ding Hou: India. (SJRw 22907), (Dehra

Dun 4584).

Tree up to 30 m, in evergreen forests.
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Growth rings faint. Vessels diffuse, (23-)27-35(-41)/mm2

, solitary and in radial or

oblique multiples of 2-3 (-4), 60 & 65% solitary, round to oval, tangential diameter

(39-) 67 & 80(-105) )um radialdiameterup to 108/xm, walls thick. Vessel member

length (760-)1080 & 1175(—1690) Perforations both simple and scalariform in

oblique end walls; 2 & 7% of the perforations scalariform with (2-)6& 7(-l 1) thinbars,

infrequently with some finely reticulate ones. Inter-vessel pits opposite to transitional.

Vessel-ray pits opposite to reticulate, usually almost simple, occasionally half-bordered,

circular (up to 9 /xm) to elongate (up to 26 jim) Vessel-fibre pits in vertical rows, round,

7-9 jum infrequently elongated up to 15 /xm, rarely paired and with coalescent aper-

tures on the fibre side. Thin-walled tyloses rarely present in SJRw 22907. Fibres (960-)

1910 & 2020(-2420) /xm long, with thick walls and frequent bordered pits of 7-9 /am

on both radial and tangential walls. 'Short' fibres with numerous pits frequently present.

Fibres occasionally gelatinous and with minutely branched tips. Parenchyma predomi-

nantly apotracheally banded, infrequently in contact with some vessels, bands irregular,

1—2(—4) cells wide; also scantily diffuse or diffuse in small aggregates. Strands of(6-)7

& 9(—11) cells. Rays heterogeneous I—II, (10—) 11 & 13(-15)/mm, l-2(-3)-seriate, multi-

seriate rays with short to very long tails of 1-26 square to erect cells; uniseriate rays

infrequent, (2-)4 & 7(— 12) cells high. Solitary crystals infrequent in rays andaxial paren-

chyma.

Note: Rao & Purkayastha (1972) mentioned a vessel frequency of 16-24/mm2 .

BRUGUIERA Lamarck (Fig. 2a; Plate 1/1; Table 3)

Material studied. B. cylindrica (L.) Bl.: C. Java (SJRw 30813).—B. gymnorrhiza (L.) Savigny: N. Borneo,

SAN A 2672 (= FHOw 18300); Australia ( SFCw D 9099); Philippines (SJRw 2422)" ; E. Africa, Schlieben

Reinbek 1561 (= Uw 15521).- B. hainesiiC. G. Rogers: Malaya, KEP 45397 ( = W.T.5732)°.—,B. parviflora

(Roxb.) Arn.: British Solomon 1st, Walker 204 (= FHOw 18050); Borneo, SAN A 2628 (= FHOw 18302).—

B. sexangula (Lour.) Poir.: Burma (SJRw 13124); New Caledonia, Sarlin 180 (= CTFT 6136); N. Borneo,

SAN A 2623 (= FHOw 18298); SAN29761 (= IF 10644, Tervuren); Philippines, For. Sen. 6086 , TS (= IF

10835, Tervuren); W. New Guinea, van Royen 4614.

Trees up to 30(-40) m; mangrove forests, ascending tidal parts of rivers.

Growth rings absent. Vessels diffuse, (6-) 1 l-34(-46)/mm2

,
solitary and in radial

multiples of 2-3(-4), 25-65% solitary, round to oval, tangential diameter(38-)70-

101(-126) n m, radial diameterup to 151 (x m, walls 4- 10,u m thick. Vessel memberlength

(220—)510— 1190(-1660)/um. Perforations scalariform in oblique end walls, with(3-)6-

11(-19) thick bars. Inter-vessel pits scalariform, extending over the entire inter-vessel

walls, infrequently transitional. Vessel-ray pits almost simple and reticulate to half-

bordered and opposite, up to 32 long, long axis also vertical; half-bordered pits

frequently vertically unilaterally compound, each slender ray pit subtending 2—3(—5)

vessel pits (Fig. 2a). Vessel-parenchyma pits predominantly large and simple, uni-
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seriate, scalariform or diffuse, crowded or not, oval to elongate, up to 27 n m; infre-

quently half-bordered and unilaterally compound. Vessel-fibre pits small, round,

diameter 2-4 /u m, rarely the fibre pit subtended by a larger, elongated pit, up to 7 fi m,

in the vessel wall. Thin-walled tyloses frequently present. Solid granular contents in-

frequently present. Fibres (710-) 1015-1790(-2400) /i m long, walls thick to very thick,

with minutely bordered to almost simple pits of 1-3 /u m, frequent on the radialwalls.

Fibres septate, frequently gelatinous and often with granular contents. Parenchyma

scanty to very scanty, paratracheal, rarely vasicentric. Strands of (5—)6—8(—10) cells.

Rays heterogenous II—III, infrequently homogeneous, (5-)6-8(-9)/mm, (1—)3—5(—6)

cells wide; multiseriaterays up to 3.7 mm high, with infrequent sheath cells; uniseriate

rays very infrequent, 0-1/mm, composed of square to procumbent cells, rarely with a

small biseriate part, (2—)4—7(—12) cells high. Solitary crystals present in rays. Globular,

granular and amorohous contents freauent in ravs and axial narenchvma. In SAN

A 2623 of B. sexangulare some infrequent groups of ray cells with probably silica-

incrusted (optically isotropic) walls.

No te.Nessel frequencies, mentionedinliteratureby Kanehira( 1921),Moll& Janssonius

(1918), Panshin (1932), and Reyes (1938) are: 13-40/mm2 for B. cylindrica, 12-35/mm2

TABLE 3. Quantitative characters of Bruguiera

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 2 4 5 6 9 10

Bruguiera cylindrica 26—29—32 71— 87—105 113 520— 960—1130 6— 8—19 1025—1380—1735

B. gymnorhiza

SAN A 2672 27—34—43 71— 91—122 151 660—1110—1660 8—11—14 1290—1790—2200

SFCw 9099 6—17—21 75— 91—110 116 920—1190—1470 8—11—15 1530—1810—2160

SJRw 2422 22—27—33 63— 97—110 141

Schlieben 1561 23—33—46 63— 80— 93 97 630— 930—1210 6—11—13 740—1290—1630

B. hainesii 18—21—24 69— 84—107 121

B. parviflora

Walker 204 22—25—27 63— 89—101 121 580— 930—1110 4— 7—10 580— 930—1110

SAN A 2628 23—25—28 76— 91—105 143 450— 800— 890 5— 9—14 920—1250—1600

B. sexangula

SJRw 13124 18—21—25 76—101—126 130 390— 520— 700 6—7—9 710—1015—1315

Sarlin 180 11—16—21 58— 71— 82 113 390— 850—1100 4— 8—14 870—1370—1890

SAN 20761 8—11—15 58— 72—105 127 220— 510— 680 4—6—8 850—1090—1290

SAN A 2623 23—27—31 63— 87 —121 131 600— 960—1190 6— 8—17 1240—1640—1950

Serv. For. 6086 TS 20—23—25 55— 70—101 131 610— 860—1040 7—10—13 1160—1630—2400

Van Royen 4614 13—17—21 38— 72— 93 109 670— 880—1270 5— 8—10 1000—1430—1790
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for B. gymnorrhiza, 10-40/mm2 for B. parviflora, and 10-16/mm2 for.B. sexangulare. Rao

& Purkayastha (1972) recorded for these species together (B. cylindrica excepted) avessel

frequency of 8-25/mm2
.

No differences could be found when the vessel frequencies of

species growing in the outer fringe of the mangrove forest were compared with the

frequencies of species growing in the inner, rarely inundatedpart ofthe mangroves(see

part on ecological aspects). Marco (1935) and Metcalfe& Chalk(1950) did not mention

septate fibres nor the minutely bordered fibre pits, but recorded simple pits only.

Gonggrijp (1932) studied B. parviflora, B. caryophylloides (= B. cylindrica), and B. erio-

petala (= B. sexangula); he recorded groupsof silicious ray cells in the latterspecies only.

CARALLIA Roxb. (Plate 1/5)

Material studied. C. brachiata (Lour.) Merr.: Pakistan, Majumbar <S Islam 30 (= MADw 24544); Malaya,

F.M.S. 34021 (= FHOw 3801); Sumatra, Krukoff 4154 (= Hw 22438); Borneo, SAN A 1547 (WIBw);

New Guinea, van Royen 4557, BW 12357°; Madagascar ( SJRw 12892); Queensland (Hw 26635).—C.

eugenioidea King; Malaya, F.M.S. 4045 (= SJRw 50489).

Small trees, but C. brachiata up to 50 m; rain forests, C. branchiata rarely in savannas

and edges of swamp forests; C. eugenioidea occurs from low altitudes up to 1800 m.

Growth rings absent. Vessels diffuse, (3-)5-6(-10)/mm 2 but in SAN A 1547 and van

Royen 4557 of C. brachiata (5-)9 & 13(-18)/mm\ solitary and in radial or tangential

multiples of 2, rarely in multiples and clusters of 3 and 4, 25-60% solitary, round to

oval, tangential diameter in C. branchiata (90—) 130—210(—300), in C. eugenioidea'(75-)

115(—160) /um, radial diameter respectively up to 320 /im and up to 190 fim, walls

6-7 ,um thick. Vessel member length in C. brachiata (530-)860-1460(-1780),um, in C.

eugenioidea (420-)780(-1020) /um. Perforations simple in horizontal to slightly oblique

end walls. Inter-vessel pits crowded, alternate, round to polygonal, 5-9 Vessel-ray

pits infrequently present, because a greatpart of the vessels is completely surrounded

by axial parenchyma; diffuse to ± alternate, half-bordered and often unilaterally

compound, to almost simple, round to oval, up to 16,um. Vessel-parenchyma pits

typically large and simple, infrequently half bordered, uniseriate, biseriate, diffuse or

alternate, round (up to 14 jum) to elongate (up to 37 /im). Vessel-fibre pits infrequently

present, 5-8 Thin-walled tyloses infrequent in Majumbar & Islam 30, BW12357,

F.M.S. 3402 of C. brachiata. Fibres of C. brachiata (1600-) 1990-3020(-3480) fim long,

of C. eugenioidea (1210—) 1680(—2320) nm long, walls thick to very thick, thin to

medium thick if a fibre is in contact with a vessel, with bordered pits of 5-8 fre-

quent on both radial and tangential walls,
iParenchyma paratracheally banded, vessels

often completely embedded, but on abaxial and/or adaxial side of the vessels the

parenchyma ring sometimes interrupted and some fibres then in contact with the

vessels; bands (2-)4-6(-7) cells wide, narrower, 1—3(—4) cells wide in Majumbar &

Islam 30 and Krukojf 4154 of C. brachiata, irregularly banded, bands 2-15 cells wide
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in C. eugenioidea, parenchyma infrequently aliform, sometimes slightly confluent in

B W 12357 of C. brachiata; parenchyma also infrequently diffuse or diffuse in short

apotracheal lines in C. brachiata, more frequently so in C. eugenioidea. Strands of

(6—)7—9(—12) cells. Rays heterogeneous II, of two distinct sizes; broad multiseriate

rays, 1-2/mm, up to 26 cells wide, up to 3.1 mm high, occasionally with sheath cells; uni-

seriate rays 4-7(-9)/mm, mainly composed of square to erect cells, infrequently with a

small biseriate portion, (3-)6-10(-22) cells high. Solitary crystals frequent in rays and

axial parenchyma, abundant in F.M.S. 34021 of C. brachiata. Crystalliferous paren-

chyma cells usually chambered and sometimes with thick walls, one clusteredcrystal
observed in Hw 26635 of C. brachiata. Granular contents infrequent in rays and

parenchyma cells.

Note. Geh & Keng (1974) recorded shorter vessel members (620-)680(-l 155)

and fibres (395—)908(—1105) for C. brachiata and C. eugenioidea. The crystalliferous

fibres mentioned by Marco (1935) are parenchyma strands with crystals, scattered

among the fibres (Metcalfe & Chalk, 1950). Rao & Purkayastha (1972) reported a

vessel frequency of 3-10/mm2 for C. lucida (= C. brachiata). Kanehira( 1924) mentioned

for C. brachiata tracheids of 1500-2000/im long. Possibly he identified the infrequent

more thin-walled fibres as tracheids, or he had a sample of an Anisophyllea species,

which is wood anatomically very much alike C. caryoides Ridley, mentionedby Desch

(1954: 470) is very probably a transcription error for C. euryoides Ridley. Quantitative
data of C. brachiata, presented by Reyes (1938) are within the range of the material

studied by me.

CASSIPOUREA Aubl.

(Plate 2/12; plate 3/17-19; Plate 4/20, 21, 25; Table4)

Material studied. C. alba (Sw.) Poir.: Dominica, Stern & Wasshausen 2479 (= MADw 24180) (see below).—

C. afzelii Alston: Liberia, Cooper 214 (= IF 26608, Tervuren)
+ .—C. calimensis Cuatr.: Colombia,

Cuatrecasas 16625 (= SJRw 43078) + .—(C. congoensis R. Br. ex DC.: Nigeria, For. Dept. 15005 (= FHOw

22039)
+

; Rwanda, G. Bouxin 1098 (= IF 24194, Tervuren).—C. elliptica Poir.: Barro Colorado 1st.,

Watmore & Abbe 161 (= Hw 161); Panama, U.S. Nat. Herb. 715714-15 (= Uw7043).—<C. euryoides.Alston:

Kenya, Wormald 13 (= FHOw 21251). —
C. firestoneana Hutch. & Dalz.: Liberia, C. P. Cooper 96 (=

FHOw 4071), Cooper L 214 a (= IF26689, Tervuren).—C. gerrardii Alston: S. Africa, For. Sen. 13487

(= IF26100, Tervuren).—C. guianense Aubl.: Surinam, Oldenburg Nord Herb. 591 (= Uw 15637), Stahel

255.—iC. gumiflua Tul. var. ugandensis Stapf.°: Angola, Dechamps, Murta & Da Silva 1010 (= IF28533,

Tervuren).—iC. gumiflua Tul. var. verticillata (R.E. Br.) J. Lewis: Mopambique (IF 19084,Tervuren) +

. —

C. kilipii Cuatr.: Colombia, Cuatrecasas 19878 (= SJRw 44377).—(C. lasiocalyx Alston: British Guyana,

For. Dept. 3058 (= FHOw 13043),Maguire 40453 (= Uw4881).—C. macrodonta Standi.: Panama,G. P. Cooper

446 (= SJRw 12064).—iC. malosana (Baker) Alston: Tanzania, Hughes 329 (= FHOw21736); Kenya, FPRL

(GB) 894 (= wood 22837b, = IF 25110, Tervuren), ( SJRw 50357).—C. peruviana Alston: Brazil, Krukoff

1023 (= Uw 19192).—(C. rotundifolia (Engl.) Alston: E. Africa, Schlieben 185 (= SJRw 27534).—(C. ruwen-

zoriensis (Engl.) Alston: Rwanda, G. Troupin 14450 (= IF14450,Tervuren); Kenya, For Dept. 868 (= FHOw

11140).
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From literature (see note): C. cooperi Hutch. & Dalz.; C. latifolia Alston; C. nialatou Aubr. & Pellegr.;

C. podantha Standley, and C. sessiliflora Alston.

The name C. alba (Sw.) Poir. is not present in the Index Kewensis. The authority is probably erroneously

cited from the label of the wood sample. The correct name is therefore probably C. alba Griseb, which is

C. elliptica Poir.

Shrubs and small trees, in evergreen forest, dry savannas, and on sandy beaches.

Growth rings absent, faint or distinct. Vessels diffuse, (6-)9-125(-138)/mm 2

,
solitary

and in radial multiples of 2-3, 65-100% of the vessels solitary, round to oval, tangential

diameter(21-)39-127(-155) /um, maximum radial diameterranging from67 to214,wm,

walls 2-5 thick. Vessel member length (400-)650-1540(-2370) immature

material of shrubs included. Perforations exclusively simple, exclusively scalariform,

and both simple and scalariform in oblique end walls. Perforationswith (1-) 2-40(-62)

line bars, infrequently finely reticulate, strongly reticulate in C. elliptica and C. kilipii,

in C. calimensis some bars perpendicular to the other ones. Inter-vessel pits opposite,

infrequently transitional, also transitional where tails are in contact with succeeding

vessel members. Vessel-ray pits opposite to reticulate, mostly almost simple, those

from the most procumbent ray cells to vessels frequently half-bordered (Plate 3/20),

circular (up to 11 /im) to elongated (up to 52 long axis usually horizontal, but also

oblique and vertical, infrequently unilaterally compound. Vessel-parenchyma pits

mainly large and simple, infrequently half-bordered, 1-2-seriate, diffuse, scalariform,

infrequently reticulate, circular (up to 15 /im) to elongated (up to 37 jum). See Fig. 1.

Vessel-fibre pits in one to several vertical rows, rounded, 7-10 3-5 pm in C. cali-

mensis, pits infrequently elongated up to 20 rarely with an elongated pit chamber

in the vessel wall only. Solid granular contents infrequently present in the vessels. Thin-

walled tyloses infrequently present in SJRw 50357 of C. malosana and C. rotundifolia,

sclerified tyloses present in C. firestoneana and C. rotundifolia. Fibres (680-) 1200-2060

(-2680) pm long, walls thick to very thick, thin to medium thick in C. verticillata, with

distinctly bordered pits of 6-9 /im, in C. calimensis 3-4 /jm with narrow borders; pits

numerous on both radial and tangential walls, in C. calimensis mainly on the radial

walls. Elongated fibre pits, up to 23 (Plate 4/25), frequently present in C. albai and

C. gumiflua var. verticillata, infrequent in theother species. 'Short' fibres with numerous

pits frequently or infrequently present; in C. gumiflua var. verticillata all fibres with

numerous pits. Intermediatetypes between fibre-tracheidsand vessels with scalariform

pits at the tips infrequently present in C. alba and C. gumiflua var. verticillata.Fibres

frequently branched, infrequently forked; partly septate in C. calimensis; frequently or

infrequently gelatinous. Granular contents present in SJRw 50357 of C. malosana.

Parenchyma very scanty paratracheal (C. calimensis) or unilaterally paratracheal, very

rarely vasicentric; aliform to confluent, sometimes forming more or less continuous

bands of 1-2 cells wide, scanty diffuse and diffusein small aggregates; in C. firestoneana

very regularly aliform to confluent, bands of 1—2(—4) cells wide.Strands of(4-)6-9(-l 1)
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TABLE 4. Quantitative characters of Cassipourea

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 1 2 3 4 5 6 8 9 10 il

C. afzelii + IS— 21— 34 100 67— 80— 92 92 550—1030—1450 - 1320—1580—2000 m

C. alba + 33— 35— 39 100 53— 73— 91 121 580—1020—1290 1 11—26—35 850—1490—1870 6.5

C. calimensis - 78— 87— 95 65 51— 57— 70 84 950—1540—2370 100 21—40—62 1240—2060—2680 m

C. congoensis

For. Dept. 15005 + 111—125—138 87 34— 46— 71 71 660— 990—1290 10 4— 8—12 1080—1380—1600 8

G. Bouxin 1098 + 95—110—122 75 38— 59—101 119 710—1000—1630 4 3—29—48 1370—1620—1920 9

C. elliptica

W. & A. 161 - 19— 22— 26 98 38— 66— 92 124 710—1340—1660 2 14—29—47 1340—2010—2580 4

US Herb. - 29— 32— 55 95 50— 71— 88 105 730—1050—1370 3 8—19—40 1660—1860—2260 m

C. euryoides + 95—112—120 92 21— 39— 50 67 490— 815—1190 2 5—6—9 1130—2470—1820 9

C. firestoneana

Coop. 96 - 17— 20— 24 92 67— 86—105 113 760—1200—1870 10 2— 9—31 1420—1770—2180 m

Coop. L 214 - 6—9—18 99 76—123—147 174 730—1050—1370 10 9—26—43 1630—2000—2420 m

C. gerrardii + 53— 62— 65 86 38— 59— 86 105 680— 860—1050 few 6 840—1460—2000 m

C. guianense

Oldenburg 591 + 3D— 36— 47 100 55— 66— 82 92 890—1220—1580 few 5 1370—1840—2420 5

Stahel 255 + 9— 13— 17 100 43— 92—126 172 1160—1420—1840 few 6— 8 1320—1840—2100 m

C. gumiflua

var. ugandensis - 11— 13— 16 88 79—102—131 167 few 27

var. verticillata + 14— 18— 21 100 76—127—155 214 870—1140—1630 - 1130—1630—2290 m

C. kilipii - 70— 73— 82 90 39— 61— 81 103 730—1130—1550 24 1—13—31 1000—1540—2000 6

C. lasiocalyx

F.D. 3058 + 13— 37— 46 100 25— 67— 78 83 870—1230—1740 26 1—20—46 1530—1710—1870 5

Maq. 40543 + 8— 16— 21 100 44— 68— 90 115 840—1300—1870 64 1— 6—25 1600—2000—2400 8

C. macrodonta + 59— 70— 86 100 46— 60— 71 84 840—1160—1630 100 4—12—49 1260—1720—2030 5

C. malosana

H. 329 - 42— 50— 53 70 50— 71— 98 142 580—1150—1580 6 4—6—7 1050—1990—2470 5

FPRL 849 - 53— 56— 71 90 39— 67— 91 140 820—1040—1450 3 1 — 2—9 1110—1860—2180 7

SJRw 50357 + 47— 60— 66 89 28— 53— 78 86 630— 880—1160 2 5—6—8 970—1510—1920 7.5

C. peruviana - 38— 44— 49 96 46— 63— 88 113 400— 820—1080 47 2— 6—11 980—1420—2130 8

C. rotundifolia - 48— 57—101 94 36— 51— 66 76 470— 820—1080 25 1— 5—11 680—1200—1680 8

C. ruwensoriensis

G.T. 14450 + 44— 56— 79 94 37— 56— 81 114 420— 650— 920 11 2—5—8 820—1250—1630 m

F.D. 868 + 81— 83— 85 83 34— 51— 66 97 500—1030—1390 21 7— 8—11 1260—1710—2160 m
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cells. Rays heterogeneous I—II, (7-)8-10(-12)/mm, (1—)2-3- or 2-4(-5)-seriate;

multiseriaterays composed of central portions of procumbent cells and uniseriate tails

of up to 36 erect cells, in C. calimensis multiseriaterays 4-5-seriate with infrequent

sheath cells, in C. gumiflua var. ugandensis multiseriate rays up to 6-seriate, and with

short, up to 6 cells high, uniseriate tails; uniseriate rays 1-4/mm, composed of erect

cells, infrequently with a small biseriate portion of square to procumbent cells,

(2-) 6-9 (-20) cells high. Solitary crystals frequent in rays. Amorphous contents frequent

in rays and axial parenchyma.

No t e. The species of this genus are eithershrubs or small trees, so they do not always

provide 'mature' wood samples (diameter at least 10 cm). For this reason all quantita-

tive data are recorded in the descriptions. In Table 4 these data are specified and the

diameter of the immaturesamples is given. Benoist (1931) studied C. guianense Aubl.

Characters he recorded are: growth rings absent, 1-5 vessels/mm 2

,
with a diameterup to

170 fim, rays uniseriate, rarely with a small biseriate portion. The specimens of this

species, studied by me do have growth rings and 2-3-seriate rays. The vessel frequency

of the specimen studied by Benoist is very low when compared with the mature samples

of this genus, studied by me. The macromorphological characters, presented by Benoist

are not in accordance with those given by Alston (1925), Williams(1932), and Jonker

(1942) for this species or for the genus Cassipourea. Very probably the wood described

by Benoist is therefore not C. guianense Aubl. or not even Cassipourea. An alternative

can, however, notbe given. Araujo & Mattos(1973) studied two samples of C. guianense,

one of which is the Stahel sample included in this study. They mention wider(diameter

(90—) 100—125(—148) |itm) and shorter ((500-)750-875(-1750) ,um) vessel members,

the other characters agree well with those presented by me. Marco (1935) recorded

sclerified tyloses for C. elliptica. Record & Hess (1943) gave a general description for

C. alba, C. elliptica, C. guianense (studied in this paper), C. latifolia Alston, and

C. podantha Standley. The quantitative characters they mentionedare withinthe total

range of this genus. Normand (1960) reported that the anatomical structure of

C. nialatou Aubr. & Pellegr. is much like that of C. firestoneana, used for this study,

with which I agree. Gerard (1917) studied C. sessiliflora Alston; wood anatomical

characters given by him are: vessels 15-29/mm2

,
solitary, diameter60-100,um fibres

1400-1600 ,um long, parenchyma rather abundant. Carlquist (1975) reported for

C. elliptica 2-5 bars per perforation plate, and an average vessel member length of

1000 ,am. C. gumiflua var. verticillata, present in the slide collection of the Jodrell

Laboratory, Kew had irregularly bandedparenchyma. The specimen described in this

paper has unilaterally paratracheal parenchyma, aliform to confluent, sometimes form-

ing a reticulate pattern. C. cooperi Hutch. & Dalz. (Liberia, Y1 3746) also present in the

Kew slide collection has few scalariform perforations, scanty, unilaterally aliform

parenchyma and strongly sclerified tyloses, vessel frequency was not determined and

macerations were not available.
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CERIOPS Arn. (Plate 4/23; Fig. 2b)

Material studied. C. tagal (Perr.) C. B. Rob.: N. Borneo, SAN A 2626 (= FHOw 18319)
+

; Sabah, Sab.

Herb. Inst. 6 (= IF21614, Tervuren); Philippines, For. Serv. 6099 (= IF 10905,Tervuren); India, For. Res.

Inst. 90015 (= IF 17715, Tervuren); E. Africa, Schlieben 1560 (= Uw 15520); Tanzania, Schlieben 2594

(diam. 7 cm) (= SJRw 23430), (MADw 20957f.
From literature (see note): C. decandra (Griff.) Ding Hou.

Small to medium-sized trees, up to 15 m; typical constituents of the inner mangrove.

Growth rings absent or faint (SAN A 2626, Schlieben 1560, Schlieben 2594). Vessels

diffuse, (14-) 19-63(-68)/mm 2

,
solitary and in radial multiples of 2—3(—5), ± 50%

solitary, 85% in SAN A 2626, round to oval, tangential diameter(34-)49-57

radial diameter up to 83 /rm, walls 4-10 /umthick. Vessel memberlength (390-) 520-720

(-890) /im. Perforations scalariform, in oblique end walls, with (3—) 5—8(— 13) thick

bars. Inter-vessel pits scalariform, extending over the entire inter-vessel walls, rarely

transitional. Vessel-ray pits half-bordered and opposite, infrequently almost simple

and more or less reticulate; frequently vertically unilaterally compound, each oval

to round ray pit subtending 2-5 (-7) vessel pits, with oval to slit-like apertures (Fig. 2b),

sometimes bilaterally compound. Vessel-parenchyma pits large and simple, in-

frequently half-bordered with slit-like apertures; uniseriate, infrequently biseriate or

scalariform and diffuse, oval to elongate, up to 31 /im, long axis also oblique, the half-

bordered pits frequently unilaterally compound. Vessel-fibre pits infrequent, round,

2-3 /um. Thin-walled tyloses and granular contents frequently present. Fibres

(760-) 1075-1410(-2130) u m long, walls thick, with minutely borderedto almost simple

pits of 2-3 mainly confined to the radial walls. Fibres frequently with granular

contents and often gelatinous. Parenchyma scanty; radially or unilaterally paratracheal

with small aliform wings and scanty diffuse and diffuse in small aggregates; in For.

Serv. 6099 abundant, frequently in irregular, more or less continuousbands of 2-4 cells

wide, part of the vessels completely or partly surrounded by axial parenchyma. Strands

of(4-)6-8(-9) cells. Rays heterogeneous II—III, (5—)6—10(—1 l)/mm, (1—)3—4 cells wide,

up to 6 cells wide in SAN A 2626\ multiseriaterays up to 3.4 mm high, with infrequent

sheath cells; uniseriate rays infrequent, 0-2/mm, composed of square to erect cells,

(4-)6-8(-l 1) cells high. Solitary crystals present in ray eels. Granular and amorphous

contents present in rays and axial parenchyma.

No te. In the description quantitative data for the immature wood sample Schlieben

2594 have been omitted. The vessel frequency is (45-)87(-146)/mm 2

,
vessel member

length is within the range given in the generic description, fibres are slightly shorter

and parenchyma is more abundant than in most specimens, but not as abundant as in

For. Serv. 6099. In qualitative characters this specimen agrees well with the others.

Panshin (1932) recorded for C. tagal a vessel frequency of 20-25/mm2. Reyes (1938)

mentioned25-35 vessels/mm2. Anatomical characters given by Panshin for C. decandra
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(Griff.) Ding Hou are: growth rings distinct; vessels in multiples of 2-5, 50-70/mm
2

,

diameter 50-60 /urn, 500-800 long, scalariform perforation plates with 6-8 bars;

parenchyma, abundant, aliform to confluent, scanty diffuse; fibres 850-1400jum long,

thick-walled; rays 1-10-seriate. From the plates Panshin gave in his paper, it appears

that the parenchyma distributionof the species he studied is very much likethatof For.

Serv. 6099 and Schlieben 2594 of C. tagal, studied by me. Rao & Purkayastha (1972)

mentionedfor C. candolleana (= C. tagal) and C. roxburghiana (= C. decandra) avessel

frequency of 20-36/mm2

.

Marco (1935) and Metcalfe& Chalk(1950) did not record the

minutely bordered fibre pits, they mentionedonly simple pits. Contrary to my observa-

tions Metcalfe & Chalk reported moderately abundant uniseriate rays composed of

both upright and procumbent cells. Ceriops is the only mangrove genus without

septate fibres.

COMBRETOCARPUS Hook. f.

Material studied. C. rotundatus (Miq.) Danser: Borneo, S 14560(= FHOw 19984), (SJRw23777)+ ; Malaya,
F.M.S. 37160)= FHOw 4172).

Tree up to 25 m; on sandy soils in peat swamps, in fresh water swamps, along the coast.

Growth rings mostly absent, faint in SJRw 23777. Vessels diffuse, 2 or 3(-4)/mm2

,

solitary and in radial or oblique multiples of 2-3, 65-80% solitary, round to oval,

tangential diameter(90-) 180-250(-330) /um, radialdiameterup to 370 /im,walls 3-7 /um

thick. Vessel memberlength Perforations simple in horizontal

to slightly oblique end walls. Inter-vessel pits crowded, alternate, round to polygonal,

6-9 fim, apertures frequently coalescent over 2-4 (-7) pits. Vessel-ray pits rarely

present, because most of the vessels are completely surroundedby axial parenchyma,

alternate to reticulate, half-bordered, rarely almost simple, round to elongate,

long axis mostly horizontally also oblique to vertical. Vessel-parenchyma pits similar to

inter-vessel pits, alternate, half-bordered, round to oval, 7-12 jum, apertures occasion-

ally coalescent, frequently unilaterally compound, up to 57 in F.M.S. 37160 some-

times only one or two large pits present in thewall ofone parenchyma cell. Vessels with

solid, granular contents. Fibres (1370—) 1620—1830(—2130) /jm long, walls thick to very

thick, but thin to very thin in SJRw 23777
,

with bordered pits of 5-7 /am, mainly

confined to the radialwalls. Fibres with granular or amorphous contents; infrequently

gelatinous, frequently so in S 14560. Parenchyma paratracheally banded, completely

embedding the vessels, bands more or less continuous, 3-6 cells wide; infrequently in

short tangential lines, and scanty diffuse. Strands of (6—)7—9(—11) cells. Rays hetero-

geneous II, of two distinct sizes; broad multiseriaterays, 1 or 2/mm, up to 16 cells wide

and up to 5 mm high, occasionally with sheath cells; uniseriate rays(3-)5-7(-9)/mm,

mainly composed of square to erect cells, infrequently with a small biseriateportion of
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procumbent cells, (1—)4—7(—10) cells high. Solitary crystals (sometimes fragmented)

frequent in rays and axial parenchyma. Crystalliferous cells usually chambered and

sometimes with thick walls, frequently present in diffuse parenchyma or in banded

parenchyma where cells are in contact with fibres. Crystals abundant in S 14560.

Globular bodies and amorphous contents present in ray and parenchyma cells.

Note. The crystalliferous fibres mentionedby Marco(1935) are crystalliferous paren-

chyma strands, scattered among the fibres (Metcalfe & Chalk, 1950). Gonggrijp(1932)

recorded silica grains in some parenchyma cells of C. motleyi (= C. rotundatus) (no.

4411). He also reported silica plugs or a thin layer of silica on the walls of many fibres

of that sample. The silica inclusions were, however, not observed by me, nor by other

students of the wood of this genus.

COMIPHYTON J.J. Floret(Plate2/7; Plate3/15; Plate 4/26-27)

Material studied. C. gabonense J. J. Floret: Zaire, C. Donis 3155 + . Secondary xylem of twigs: Zaire, C.

Donis 3155 (diam. 3.5 mm); Evrard 3232°, (diam. 6 mm); Le Testu 5918 (diam. 3.5 mm).

Tree up to 30 m. Everwet forests.

Mature wood

Growth rings faint. Vessels diffuse (5-)6(-9)/mm2

,
exclusively solitary, round to oval,

tangential diameter (71—) 139(—176) radial diameter up to 226 /um, walls 3-5 /um

thick. Vessel member length (970-)1240(-1600) Perforations both simple and

scalariform in oblique end walls; 4% of the perforations scalariform with 12-16 bars.

Inter-vessel pits transitonal, where tails are in contact with succeeding vessel members.

Vessel-ray pits reticulate to opposite, typically large and simple and infrequently half-

bordered, circular (up to 11 to elongated (up to 32 ,um), with the long axis mostly

horizontal, but also oblique or vertical. Vessel-parenchyma pits uni- or biseriate to

reticulate, large and simple, infrequently half-bordered, oval to elongated, up to 24,um,

infrequently unilaterally compound. Vessel-fibrepits frequent in vertical rows, round,

6-9 jam, on tangential walls infrequently elongated, up to 20 jum long. Vessels infre-

quently with thin-walled tyloses and solid granular contents. Fibres (1315-) 1910

(-2390) /um long, with mediumthick to thick walls and frequent borderedpits of6-8

on both radial and tangential walls, infrequently elongated up to 21 fim. 'Short' fibres

with numerous pits frequently present. Fibres infrequently gelatinous or with branched

tips. Parenchyma irregularly apotracheally banded and aliform to confluent, partly or

completely embedding the vessels; bands more or less continuous, 1, rarely up to

3 cells wide; parenchyma frequently diffuse and diffuse in small aggregates, inciden-

tally in apotracheal bands of 1 cell wide. Strands of(6-)9(-12) cells. Rays heterogeneous

I—II, (6-)7(-8)/mm, 1-3-seriate; 2-3 seriate rays up to 1.6 mm high, tails composed of
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(2—)7(—15) square to erect cells; uniseriate rays 1-3/mm, composed of (2—)6(—12)

square to erect cells, infrequently with a small biseriate portion. Amorphous contents

infrequent in rays and axial parenchyma.

Secondary xylem of twigs

As in mature wood, but with the following deviations: vessels sometimes in radial

multiples of 2, 108-135/mm2

; vessels much narrower, tangential diameter(29-)39-47

(-59) radial diameterup to 63 vessel member length (320-)555-570(-710) (um,

32 & 60% of the perforations scalariform with (2—)6 —7(— 14) thick to thin bars. Inter-

vessel pits transitional, vessel-parenchyma pits uniseriate (scalariform) up to 16 ;im.

Thin-walled tyloses infrequent in Evrard 3232. Fibres (390—)755—780(—1010) /im long,

with thin to medium thick walls. In Le Testu 5918 frequently gelatinous and infre-

quently branched. Fibres infrequently with granular contents. Parenchyma scanty,

mainly paratracheal, with infrequent aliform wings; more frequent and unilaterally ali-

form to confluent in Evrard 3232. Rays 10-12/mm, 1-2-seriate, mainly composed of

square to erect cells, infrequently with a small portion of procumbent cells; in Evrard

3232 1-3-seriateand procumbent cells frequently present.

CROSSOSTYLIS J. R. & G. Forst.

(Plate 1/6; Plate 3/16; Plate 4/24; Table 5)

Material studied. C. biflora Forst.: Tahiti, van Balgooy 1715 (branch, diam. 2-2.5 cm); New Caledonia,

N.C. 17847 (= SJRw 14175)*.—<C. grandifloraBrong. & Gris.: New Caledonia,Sarlin 133 (= CTFT6104).—
C. multiflora Brong. & Gris.: New Caledonia, Sarlin 274 (= CTFT6190).—(C. parksii (Gill.) A. C. Smith:

Fiji, (SJRw 25779) (branch, diam. ± 3.5 cm).—<C. richii (A. Gray) A. C. Smith: Fiji, A. C. Smith 4757

(branch, diam. + 3.5 cm) (= Hw 28533).

Trees, up to 15(—25) m. Evergreen forests.

Growth rings absent. Vessels diffuse, (15-)19-24(-29)/mm 2

,
solitary and in radial, in-

frequently tangential, multiples of 2-3(-4), 55% solitary, oval to rounded, tangential

diameter(71—) 100—129(—168) /im, radial diameter up to 168 ftm, walls 2-5 ftm.Vessel

member length (450-)850-1020(-1260) ftm. Perforations mainly simple in horizontalto

oblique end walls, in C. biflora, C. parksii, C. richii also infrequently scalariform with

3-24 bars; bars sometimes forked; in case of a low number of bars, these are often

restricted to the apical or basal part of the perforation plate. Inter-vessel pits crowded,

alternate, round to polygonal, 4-7 /um, infrequently elongate, up to 11 pits from

vessel tails to succeeding vessels alternate to opposite. Vessel-ray pits opposite-alter-

nate to reticulate, half-bordered, oval to elongate, up to 32 /um, frequently unilaterally

compound, long axis usually horizontal but also oblique and vertical. Vessel-paren-

chyma pits ± similar, more frequently almost simple, infrequently unilaterally com-
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pound, also uniseriate or in clusters (Plate 3/16), simple or almost simple, round(up to

12 yum) to elongate (up to 25 /im). Fibres (1390—) 1920—2250(—2710) fim long, walls

thick to very thick, with moderately frequent bordered pits of 5-7 /um, mainly confined

to the radial walls; fibres frequently gelatinous. Parenchyma aliform to confluent,

confluent bands 2-4 cells wide; frequent or infrequent with narrow apotracheal bands

of l(-2) cells wide, infrequently diffuse or diffuse in small aggregates. Strands of

(3—)4—7(—11) cells. Rays heterogeneous II, of two distinct sizes; broadmultiseriaterays,

1-2/mm, up to 21 cells wide, up to 6 mm high, frequently with sheath cells; uniseriate

rays 2-4(-6)/mm, composed of square to erect cells, rarely with a biseriate portion of

procumbent cells, (2-)4-7(-48) cells high. Exclusively solitary crystals observed in

van Balgooy 1715 of C. biflora; exclusively clustered crystals observed in C. grandiflora;
both solitary and clustered crystals observed in the rays of C. multiflora and C. richii;

crystals absent in N.C. 17847 of C. biflora and in C. parksii. Globular bodies and

amorphous contents present in the rays and axial parenchyma.

No t e. In the description, the quantitative data for the immaturewood samples ofC.
biflora {van Balgooy 1715). C. parksii, C. richii have been omitted. These are given

in Table 5.

Sarlin mentionedfor C. grandiflora 16 vessels/mm 2

,
and for C. multiflora 11/mm 2 . Some

of the species of this genus are very outstanding in the family, because they have

clustered crystals in their rays. These crystals have only been recorded once in a speci-

men of Carallia and are absent from all other generaof the Rhizophoraceae.

GYNOTROCHES Bl. (Plate 3/4)

Material studied. G. axillaris Bl.: Solomon 1st., Craven & Schodde 533*; New Guinea, van Royen 3690;

Sumatra, de Wilde & de Wilde-Duyfjes 14052+; Philippines, Jacobs 7969 (branch 3.5 cm in diameter).

TABLE 5. Quantitative characters of Crossostylis

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 2 3 4 5 6 8 9 10

C. biflora

N.C. 17847 15—19—23 55 71—100—126 143 680—1020—1260 3 % 5-11--24 1525—1950—2310

Van Balgooy 1715 16—23—30 70 71— 88—105 134 470— 770—1130 few 3—11, 1520—1790—2130

C. grandiflora 15—21—26 55 101—129—168 168 760— 970—1160 - - 1630—2250—2710

C. multiflora 17—24—29 55 97—116—134 147 450— 850—1260 - - 1390—1920—2550

C. parksii 3&—47—56 80 54— 77—105 126 580— 910—1260 few 3 & 8 1260—1820—2310

C. richii 23—26—29 80 63— 81— 97 130 390— 780—1080 few 8 & 15 1470—1990—2240
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Tree, up to 30 m; primary and secondary everwet forests.

Growth rings faint or distinct. Vessels diffuse, (7-)10-12(-16)/mm 2

,
solitary and in

radial multiples of 2-3(-4), rarely in clusters, 37-54% solitary, round to oval, tangential

diameter (110—)140—150(—180) /um, radial diameter up to 230 /urn, walls 3-5 Vessel

member length (720-)1060-1280(-1620) /um. Perforations simple or scalariform in

oblique end walls, 6-7% of the perforations scalariform with 2 (in the apical or basal

part of the perforation) to 48 (over the whole perforation) bars. Inter-vessel pits scalari-

form, extending over the entire inter-vessel wall, infrequently transitional. Vessel-ray

pits infrequent because almost all the vessels are completely surrounded by axial

parenchyma, ± similar to the vessel-parenchyma pits, but more often reticulate.

Vessel-parenchyma pits typically large and simple, occasionally half-bordered, retic-

ulate, ± scalariformor diffuse, circular (up to 13 /um) to elongate (up to 30 /xm), usually

with the long axis horizontal but sometimes oblique to almost vertical, occasionally in

vertical pairs and unilaterally or bilaterally compound. Solid amorphous contents and

thin-walled tyloses infrequently present in de Wilde & de Wilde-Duyfjes 14052, and

Jacobs 7969. Fibres (1470-) 1930-2620(-3200) /xm long, walls thick, with moderately

frequent bordered pits of 6-8 /xm, mainly confined to the radial walls. Parenchyma

aliform to confluent, almost completely embedding the vessels, and apotracheal in

narrow bands of 1 (or 2) cells wide, forming a more or less reticulate pattern, and

scantily diffuse in aggregates. Strands of (4-)6-8(-10) cells. Rays heterogenous II,
oftwo distinct sizes; broad multiseriaterays, 1-2/mm, up to 18cellswide,upto5(-7)mm

high, frequently with sheath cells; uniseriate rays 3-5/mm, mainly composed of square

to erect cells, infrequently with a small biseriate portion, (3—)5—8(—12) cells high.

Solitary ciystals frequent in rays and axial parenchyma. Irregular translucent, optically

isotropic bodies, probably silica aggregates in some ray and axial parenchyma cells, but

absent from de Wilde & de Wilde-Duyfjes 14052. Globular bodies and amorphous

contents in ray and axial parenchyma cells.

No t e. In the description, the quantitative data for the immaturewood sample Jacobs

7969 have been omitted. In woods with both scalariform and simple perforations, the

frequency of scalariform perforation plates in the immaturewood is usually higher than

in the mature wood. In this sample of immaturewood, however, 3% of the perforations

are scalarfiform, in the mature wood 6-7%. In qualitative data this specimen agrees

well with the others. Jutte(1958) gave a description of the woodof iGynotroches based on

the van Royen specimen included in this study. She recorded simple perforations only,

stating that 'the scalariform pitting on the vessel walls sometimes gives the incorrect

impression of scalariform perforation plates.' This in indeed so, but the actual perfora-

tions reported here differ widely from the the scalariform inter-vessel pits. Scurfield

et al. (1974) succeeded in isolating the silica bodies from the ray parenchyma cells.

They reported and illustrated that marks of the parenchyma pits are visible on the

silica body.
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KANDELIA W. & A. (Plate 1/2)

Material studied. K. candel (L.) Druce: Sumatra, b.b. 8884 (= RTIw 8427), b.b. 17338 (= RTIw 18248);

Malaya, KEP29229 (= W.T. 2071).

Tree up to 7 m; on banks of tidal rivers in the mangrove forest.

Growth rings absent or present (KEP 29229). Vessels diffuse, (23-)27-35(-42)/mm2

,

solitary and in radial multiples of 2-4, 22-66% solitary, round to oval, tangential

diameter(36-)52-62(-78) /um, radial diameterup to 82 ,um, walls 4-7 /urn thick. Vessel

member length (230-)470-550(-670) //m. Perforations scalariform in oblique end walls

with (4—)7(—11) thick bars. Inter-vessel pits scalariform, extending over the entire

inter-vessel walls, infrequently transitional. Vessel-ray pits half-borderedand opposite,

less often almost simple and more or less reticulate; frequently vertically unilaterally

compound, each slender to oval ray pit subtending 2 or 3(-5) vessel pits (cf. Fig. 2a).

Vessel-parenchyma pits half-borderedto almost simple, uniseriate, bisseriate, scalari-

form or diffuse, round to elongate, up to 26 /um long, frequently unilaterally compound.

Fibres (820-)1040-1080(-1230) long, walls thin to medium thick, in KEP 29229

thick-walled fibres near growth ring, with minutely bordered to almost simple pits of

2-4 //m, mainly confined to the radial walls. Fibres frequently or infrequently {KEP

29229) septate. Parenchyma irregularly banded, the vessels partly or completely sur-

rounded by axial parenchyma, bands (1—)2—4(—5) cells wide. Strands of6 or 7(— 10) cells.

Rays heterogeneous II, (6-)7-8(-10)/mm, (1—)4—6 cells wide; multiseriate rays up to

3 mm high, with infrequent sheath cells; uniseriate rays very infrequent, 0-1/mm,

composed of 2-4 erect cells. Crystals absent. Silica bodies present in ray cells. Globular

and amorphous contents present in rays and axial parenchyma.

No t e. Rao & Purkayastha (1972) mentioneda vessel frequency of 15-24/mm2. Marco

(1935) did not record septate fibres for Kandelia, nor the minutely bordered fibre pits.

Metcalfe& Chalk (1950) did observe septa in a specimen ofK. rheedii(= K. candel), but

recorded simple fibre pits only. This is the only one of the mangrove generaof this

family with thin-walled fibres. Only one inland genus, Poga, has thin-walled fibres too.

Marco (1935) did not record thin-walledfibres; he presented a photograph of a trans-

verse section of Kandelia, showing thick-walled fibres.

MACARISIA Thou. (Plate 2/9, 13)

Material studied. M. pyramidata Thou.: Madagascar ( SJRw 22758)
+.-M. spec.: Madagascar (R. 933-24).

Small to medium-sized trees, up to 16 m; wet forests.
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Growth rings absent. Vessels diffuse, (20-)23 & 25(-27)/mm2

, solitary and in radial

multiples of 2-3, 86 & 95% solitary, tangential diameter (54-) 109 & 114(—139) pm,

radialdiameterup to 168/i m,walls 3-5 jr m thick. Vessel memberlength(550-) 1110(—1525)

in M. pyramidata, (740-)1560(-1970) in M. spec. Perforations both simple and scalari-

form in oblique end walls, 43% of the perforations in M. spec, scalariform with

(1—)8(—25) bars, 4% in M. pyramidata with(3-)5(-6) bars, infrequently with some forked

and vestigial bars. Inter-vessel pits rarely present, alternate to opposite, pits from tails

to succeeding vessel elements transitional. Vessel-ray pits opposite to reticulate, half-

bordered to almost simple, oval to elongate, up to 37 jum, long axis usually horizontal,

but also oblique or vertical, frequently unilaterally compound. Vessel-parenchyma

pits uniseriate to alternate-opposite, half-bordered, rarely almost simple, oval to

elongate, up to 16 rarely up to 21 /im, infrequently unilaterally compound. Vessel-

fibre pits in vertical rows, round, 5-8 ,um, infrequently elongated, infrequently paired,

in M. spec, rarely with a coalescent aperture on the fibreside.Fibres (970-) 1810(-2710)

/um long in M. pyramidata, (1580-)2220(-2550) pm long in M. spec., with thick to very

thick walls, some thin-walled fibres infrequently present; distinctly bordered pits fre-

quently present on radial and tangential walls. 'Short' fibres with numerous pits fre-

quently present in M. pyramidata, infrequent in M. spec. Fibres frequently branched.

Parenchyma unilaterally paratracheal, aliform to confluent, bands 1—2(—3) cells wide;

infrequently diffuse and scantily diffuse in small aggregates. Strands of (6—)7—8(—10)

cells, in M. pyramidata with infrequent branched terminal cells; frequently the terminal

cells and less frequently so some cells from the middleof strands with thick walls (more

or less of the same thickness as the 'short' fibres) and numerous bordered pits. Rays

heterogenous II, (6-)7(-8/mm, (l-)2-3-seriate; 2-3-seriate rays up to 0.9 mm high,

tails composed of(1—)2—3(—8) square to erect cells; uniseriate rays very rare, 0-2/mm,

composed of (3-)6(-8) square to erect cells, rarely with a small biseriate portion.

Solitary crystals present in rays. Solid amorphous contents present in rays and axial

parenchyma.

PELLACALYX Korth. (Plate 2/11; Table 6)

Material studied. P. axillaris Korth.: E. Indies, (= SJRw 1545I)\ Indonesia (RTIw 1569).—iP. lobbiir (Hook, f.)

Schimp.: Borneo, Kostermans 7038° ; Sumatra, Krukoff4284 (= Hw 22437).—,P. parkensonii: Fisher: Burma,

Bur. For. Dept. 2051 (= FHOw 3040)+ P. saccardianus Scort.: Malaya, Flora of Malaya 2600 (branch,

diameter ± 2 cm); Java, (? 4292) (= SJRw 22631) + .
Note. According to Hou (1958) P. saccardianus is restricted to the Malay Peninsula. Therefore, it is

possible that the SJRw 22631 sample from Java has not been correctly identified.

Trees up to 24 m high, P. lobbii up to 35(-45) m; primary and secondary forests up to

2250 m.

Growth rings absent. Vessels diffuse, (6-)8-19(-21)/mm\ solitary and in tagential to

oblique clusters or multiples of 2—3(—5), infrequently in some radial multiples, 32-50%
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of the vessels solitary, oval to round, tangential diameter (74—) 120—196(—264) /um,

radial diameterup to 302 /im, walls 3-6 /xm, in P. parkensonii up to 8/xm. Vessel member

length (630-)980-1370(-1790) /xm. Perforations in oblique to almost horizontal end

walls; simple in P. axillaris; 8% of the perforations scalariform in P. saccardianus (Fl.

of Malaya 2600) with(0.5-1) 1—16(—39) rather delicatebars, rarely more or less reticulate.

In the other specimens and species scalariform perforation plates are rarely present,

with (3—)9(—39) thin bars. Inter-vessel pits opposite, infrequently or frequently transi-

tional, almost scalariform in the narrowest vessels of JP. saccardianus• (Fl. ofMalaya 2600)

and P. parkensonii. Vessel-ray pits not common, because a great part of the vessels is

surrounded by axial parenchyma, half-bordered, opposite to reticulate, infrequently

unilaterally compound. Vessel-parenchyma pits typically large and simple, occasionally

half-bordered, reticulate, ± scalariform, biseriate or diffuse, circular (up to 12 /xm) to

elongate (up to 33 /xm), usually with the long axis horizontal, but sometimesoblique to

vertical; in P. parkensonii and P. saccardianus (SJRw 22631) more frequently half-

bordered, more often opposite or biseriate; in the latter species infrequently vertically

or obliquely unilaterally compound, the slender parenchyma pits subtending 2-3 vessel

pits. Fibres (1480-)1960-2470(-3230) /xm long, walls thick to medium thick, with

bordered pits of 5-8 /xm present on bothradialand tangential walls. Parenchyma aliform

to confluent, frequently completely embedding the vessels, confluent bands 2-5 cells

wide, infrequently with some apotracheal bands of 1-2 cells wide, also infrequently

diffuse and diffuse in small aggregates. Strands of (6—)7—9(—11) cells. Rays hetero-

geneous II, of two distinct sizes; broad multiseriaterays, 1-2/mm, up to 32 cells wide,

up to 4.5(-7) mm high, occasionally with sheath cells; uniseriate rays 1-4/mm, mainly

composed of square to erect cells, rarely with a small biseriate portion ofprocumbent

cells, (2—)5—9(—14) cells high. Granular and amorphous contents frequently present in

rays and axial parenchyma.

TABLE 6. Quantitative characters of Pellacalyx

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 2 3 4 5 6 8 9 10

P. axillaris

SJRw 15451 7— 8—10 32 164—191—231 302 610— 980—1210 - 1480—1960—2390

RTIw 1569 6—10—11 34 105—192—248 285 630— 980—1140 - 1600—2170—2580

P. lobbii 16—19—21 33 80—138—197 277 few 19—21

P. parkensonii 6—10—17 36 75—120—206 269 740—1160—1360 few 7—21 1600—2470—3230

P. saccardianus

SJRw 22631 8—10—11 57 147—196—264 274 890—1370—1790 few 18—39 2000—2440—2920

PI. of Malaya 2600 14—20—25 50 68—104—130 137 270— 570—1050 8 1—16—39 1000—1470—1790

Krukoff 4284 9—10—11 47 126—150—168 172 820—1070—1470 few 3—19 1500—2470—3020
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No t e. In the description quantitative data for the immaturewood sample of P. saccar-

dianus (Fl. ofMalaya 2600) have been omitted. These are recorded in Table6. In qualita-

tive datathis specimen agrees wellwith theothers. Marco (1935) studiedP. saccardianus

and P. axillaris, then the only two species known. He recorded predominantly scalari-

form vessel-ray pits, parenchyma in bands of 6-12 cells wide, extremely large and

conspicuous fibre-tracheid pits, commonly 30 /urn high (Marco very probably meant

the length of the apertures), apertures broad and lenticular in P. axillaris, slit-like in P.

saccardianus. These differences in the shape of the apertures were not observed by me.

Gonggrijp (1932) mentioned for P. spec, and iP. axillaris(no. 1569) glass-like silicaplugs
in the fibres and thin silica layers on the walls of the fibres. These plugs or silica layers

were not observed by me.

POGA Pierre(Plate 1/3)

Material studied. P. oleosa Pierre: Africa (SJRw 14954)° +
; Gabon, Reinbek BFA 33 (Uw 6447)\ Zaire,

Sargos 673 (= FHOw 13702).

Tree, up to 50 m, wet forests.

Growth rings absent. Vessels diffuse, 1 or 2/mm2

,
solitary, rarely in radial multiples of

2(—3), round to oval, tangential diameter(110-)200-340(-430) lum, radialdiameterup to

450 ,um, walls 4-7 thick. Vessel member length(550-)960-980(-1320)/rm. Perfora-

tions simple in horizontal to slightly oblique end walls. Inter-vessel pits crowded,

alternate, round to polygonal, 6-8,um in diameter, apertures frequently coalescent over

2-6 pits. Vessel-ray pits not seen, because all the vessels are completely surroundedby

parenchyma. Vessel-parenchyma pits similar to the inter-vessel pits, but half-bordered,

round to elongated, up to 12 /im, frequently with coalescentapertures, and unilaterally

compound. Fibres (1660-)2340-2420(-3220) /im long, walls thin to very thin, with few

bordered pits, diameter 4-6 mainly confined to the radial walls. Parenchyma ali-

form, infrequently confluent, completely embedding the vessels, infrequently with

some narrow apotracheal bands. Strands of (5—)6—8(—11) cells. Rays heterogeneous II,

of two distinct sizes; broad multiseriate rays, 1-2/mm, up to 16 cells wide and up to

5 mm high, occasionally with sheath cells; uni- orbiseriaterays 2-5/mm, (2—)6(—11) cells

high. Globular bodies present in ray and parenchyma cells.

No t e. Of all the inland genera this is the only one with thin-walled fibres. Kandelia,

one of the mangrove genera has thin-walled fibres too. Marco (1935) mentionedvery

large (27 intervascular pit-pairs (see p. 70), and widely spaced, narrow bands of

confluent paratracheal parenchyma, which is more like the parenchyma distribution

in the other genera of the Anisophylleae.
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POLYGONANTHUS Ducke (Plate 1/4)

Material studied. P. amazonicus Ducke: BRAZIL, J. M. Piles 53, diameter 6 cm

Tree up to 25 m; very wet forest.

Growth rings absent. Vessels diffuse, (3-)6(-12)/mm2

,
mainly solitary, infrequently

in radial multiples of 2-3, round to oval, tangential diameter(84-)121(-168),um, radial

diameterup to 189 ,um, walls 4-7 thick. Vessel member length (280-)460(-600)/um.

Perforations simple in horizontal to oblique end walls. Inter-vessel pits crowded, alter-

nate, round to polygonal, 5-7 /im, apertures frequently coalescent over 2-3(-4) pits.

Vessel—ray pits rarely present, because almost all the vessels are completely surrounded

by axial parenchyma, half-bordered, alternate, but sometimes elongated, 6-21 /mm.

Vessel—parenchyma pits ± similar, but rarely elongated, apertures infrequently coales-

cent, sometimes unilaterally compound, Vascular tracheitis withor withoutperforations

infrequently present in association with the vessels, tangential diameter 50-70

length 670-780 fim. Fibres (680—) 1320(—1630) /im long, medium thick to thick, with

bordered pits of 4-7 ,um; pits frequent on the radial walls.,Parenchyma paratracheally

banded, completely embedding the vessels, bands more or less continuous, 2-3 (-5) cells

wide; infrequently apotracheal in short tangential lines and scantily diffuse. Strands

of (5—) 7(—9) cells. Rays heterogeneous II, of two distinct sizes; broadmultiseriaterays,

1-2/mm, up to 20 cells wide and up to 3 mm high, occasionally with sheath cells;

uniseriate rays 3-8/mm, mainly composed of square to erect cells, rarely with a small

biseriate part, (1 —)4(— 12) cells high. Solitary crystals in axial and ray parenchyma.

Crystalliferous cells usually chambered and sometimes with thick walls. Globular

bodies and amorphous contents in axial and ray parenchyma.

No t e, Pires & Rodrigues (1971) studied a wood sample of the same collection; they

found a vessel frequency of 3-5/mm 2

.

This is one of the two genera not studied by

Marco (1935). The first publication dealing with this genus is from 1932, when it was

treated as a member of the Euphorbiaceae.Later Polygonanthus was transferred to the

Rhizophoraceae. See also the section on the taxonomic position of Comiphyton and

Polygonanthus.

RHIZOPHORA L (Table 7)

Material studied. R. apiculata Blume: Philippines (Hw 234I4)+
; Malaya (KEPw 1938).—.R. harrisonii

Leechm.: Colombia, Cuatrecasas 16016 (= MADw 17559); Venezuela, Breteler 5185 (= Uw 22426).—

R. mangle L.: Peru, J. Vargas A. 35 (= MADw 22561); Cuba, J. G. Jack 4941 (= Hw 22434); Haiti (SJRw

19583); Gabon (SJRw 12863).—.R. mucronata Lamk.: N. Borneo (FHOw 18533); India, Gamble s.n.

(= FHOw 10002).—.R. racemosa G. F. W. Mey.: Surinam, Stahel 108; Fr. W. Africa (SJRw44686); Gabon,

BFA 37 (= Uw6451).—.R. stylosa Griff.: Indonesia,b.b. 3690( = RTIw3665).
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Trees up to 25(-30) m; in coastal swamps and along tidal streams; the most widespread

of all mangrove genera.

Growth rings absent. Vessels diffuse, (9-) 12-30(-38)/mm2

,
solitary and in radial

multiples of2-3, 50-85% solitary, round to oval, tangentialdiameter(63-) 74-115(-130)

Hm, radial diameterup to 172 /im, walls 4-10 ,um thick, up to 14 /xm in KEPw 1938 of

R. apiculata. Vessel memberlength(390-)620-l 120(-1420)/im. Perforationsscalariform

in oblique end walls, with (4-) 5-11 (-15) thick bars. Inter-vessel pits scalariform,

extending over the entire inter-vessel walls, infrequently transitional, more frequently

so in R. harrisonii(Cuatrecasas 16016). Vessel—ray pits half-borderedto almost simple,

opposite to reticulate, round to elongate, 5-39 /im, long axis also oblique; opposite pits

frequently unilaterally compound in a vertical pattern, each slenderray pitsubtending

2-4(-5) vessel pits (cf. Fig. 2a). Vessel—parenchyma pits large and almost simple,

infrequently half-bordered, uniseriate, biseriate, scalariform, or diffuse, oval to

elongated, up to 31 pm, infrequently unilaterally compound. Seemingly vestured pits

infrequent in Hw 23414 ofR. apiculata. Vessel—fibrepits infrequently present, 2-3

Solid granular contents frequently present inthe vessels. Thin-walled tyloses frequently

present, some sclerified tyloses present in R. harrisonii (Cuatrecasas 16016). Fibres

TABLE 7. Quantitative characters of Rhizophora

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 2 4 5 6 9 10

R. apiculata

Hw 23414 16—17—18 101—110—122 130 660— 930—1180 4—6—7 1630—1950—2370

KEP 1938 23—30—38 72— 91—101 104

R. harrisonii

Cuatrecasas 16016 27—29—32 75— 90— 97 105 450— 800—1050 4—5—6 1020—1220—1660

Breteler 5185 13—17—18 92—115—130 142 450— 660— 900 4— 5— 6 840—1240—1440

R. mangle

Vargas A. 35 16—20—23 58— 84— 98 118 420— 760— 920 5— 6—8 1160—1380—1790

Jack 4941 18—20—21 63— 83—102 116 630— 790—1000 4—6—8 940—1370—1630

SJRw 19583 21—22—24 67— 74— 88 118 660— 800—1050 4— 5— 8 820—1370—1660

SJRw 12863 20—22—24 78— 92—118 118 660— 870—1100 4—5—6 1180—1590—1920

R. mucronata

FHOw 18533 14—15—16 63— 80— 97 113 550— 820—1160 4— 6—7 1130—1530—1840

Gamble s.n. 24—26—29 80— 94—101 126 956—1100—1420 8—11—15 1130—1650—2000

R. racemosa

Stahel 108 14—16—21 88—102—130 172 685— 800—1050 5— 6— 8 1100—1460—1870

SJRw 44686 9—14—15 94—106—119 145 810—1090—1290 5—7—8 1340—1810—2070

BFA 37 10—12—15 91—111—121 153 950—1120—1320 4—5—8 1550—1950—2230

R. stylosa 15—17—19 63— 74— 92 105 320— 620— 840 4— 6—8 1020—1450—1680
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(820-) 1220—1950(—2370) pm long, walls thick to very thick, with minutely bordered to

almost simple pits of 2-3 ,um, frequent on the radial walls. Fibres frequently septate,

but infrequently septate in R. apiculata, R. mucronata, and R. stylosa, frequently

gelatinous and with granular or amorphous contents. Parenchyma very scanty, radially

or unilaterally paratracheal, with infrequent, small, aliform wings, parenchyma more

abundant, rarely confluent in R. mucronata (Gambles.n.). Strands of (4-)5-7(—9) cells.

Rays heterogeneous III to homogeneous, (5—)6—8(—10) /mm, (l-)3-6(-7)-seriate;

multiseriaterays up to 4.3 mm high and with infrequent sheath cells; uniseriate rays very

infrequent, 0-1/mm, composed of square to procumbent cells, (3—) 5—7(—18) cells high,

rarely with a small biseriate part. Solitary crystals present in rays. Globular, granular,

and solid amorphous contents frequent in rays and axial parenchyma.

Note. Araujo & Mattos (1973) studied two samples of R. mangle, one of which

appeared to be the Stahel 108 sample, which should correctly be named R. racemosa;

they did not record septate fibres but all other characters are within therange reported

in the above description. Vessel frequencies, mentioned in the literatureby Karlstedt

(1971), Kanehira (1921), Martin (1953), Moll & Jonssonius (1918), Panshin (1932),

Pearson & Brown (1932), and Reyes (1938) are: 20-25/mm2 for R. apiculata, 18/mm2

for R. harrisonii, 18-25/mm2 for R. mangle, 14-40/mm2 for R. mucronata (Moll &

Janssonius mentioned 45-50 vessels/mm 2 in an immature wood sample of ±5 cm

diameter), 16/mm2 for R. racemosa. Karlstedt recorded crystals in sclerified tyloses of

R. spec, from Brazil. Karlstedt also found thatR. harrisonii, R. mangle, and JR. racemosa

had often 5, 3, and 1 septa per fibre respectively. Marco (1935) and Metcalfe& Chalk

(1950) did not mention septate fibres for this genus, nor did they record the minute

borders to the fibre pits. Metcalfe& Chalk also mentionedthat the rays may be up to

10 cells wide. Pearson & Brown too did not observe septate fibres.

STERIGMAPETALUM Kuhlm. Plate 2/8; Plate 4/22; Table 8)

Material studied. S. colombianum Monachina: Colombia, Espina & Giacometto A 90 (= SJRw 20865) and

A 142 (= SJRw 20917).—S. guianense Steyerm.: Surinam, Maguire 24737 (= Uw 2602) and 24780

(= Uw 2605)+ .—S. obovatum Kuhlm.: Brazil, Krukoff 7021 (= FHOw 20675), (I.N.P.A. X-3845
= Uw

18830).

Trees, up to 15—20(—25) m; in everwet forests.

Growth rings absent. Vessels diffuse (8-)9-13(-15)/mm 2

,

almost exclusively solitary,

oval, tangential diameter (67—) 107—126(—168) pm, radial diameterup to 179 «m, walls

5-7 itm thick. Vessel member length (520-) 1000-1250(—1730) fim, in S. guianense

(1230-) 1750-1780(-2210) «m. Perforations both simple and scalariform in oblique end

walls; 4-29% of the perforations scalariform with (6—) 16—31(—36) mostly delicate bars,
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infrequently forked. Inter-vessel pits rarely present, transitional where tails are in

contact with succeeding vessel members. Vessel-ray pits more or less opposite to scalar-

iform, half-bordered to almost simple, circular (up to 15 jum) to elongate (up to 69 /um)

infrequently unilaterally compound. Vessel-parenchyma pits reticulate to scalariform,

up to 51 (Um long, occasionally half-borderedand unilaterally compound. Vessel-fibre

pits in vertical rows, pit chambers in the fibre-wall rounded, 8-10 ,um, rarely elongated

up to 18 /im, pit chambers in the vessel-wall more frequently elongated. Fibres

(970-)1330-2030(-2440),um long, with thick to very thick walls with frequent bordered

pits of 8-10 jitm, rarely elongated, up to 17 frequent on both radial and tangential

walls. 'Short' fibres with numerous pits infrequently present. Fibres with a large diam-

eter up to 55 /u m and thin walls infrequently present, frequently so in S. colombianum.

Fibres occasionally gelatinous. Parenchyma paratracheal, mostly unilaterally aliform,

infrequently unilaterally confluent, wings and bands 1—2(—3) cells wide. Strands of

(6—)7—9(—13) cells. Rays heterogeneous I—II, (5-)7-8(-10)/mm, 1-3-seriate, 2-3-seriate

rays up to 1.6 mm high, tails composed of (1 —)3—5(—8) square to erect cells. Uni-

seriate rays infrequent, 0-3/mm, composed of (1—)4—6(—13) square to erect cells,

infrequently with a small biseriate portion. Solitary crystals present in rays and axial

parenchyma. Globular bodies and amorphous contents present in rays and axial

parenchyma.

Note. Araujo & Mattos (1974) studied two samples of S. obovatum, one of which is

the Krukoff sample, included in this study. Characters recorded by them are: vessels

(7—)9—1 l(-15)/mm2

,

diameter (125—) 162—187(—212) vessel member length (625-)

750-1500(-1650) /um, deposits present in the vessel elements, fibre length (1375-)

1750-2125(—2457) /um, rays (5-)7-8-10(-12)/mm, parenchyma unilaterally paratra-

cheal, aliform to confluent.

TABLE 8. Quantitative characters of Sterigmapetalum

(For explanation of the figures see table 2, Anisophyllea)

Species and/or specimen 2 4 5 6 8 9 10

S. colombianum

E. & G. A 142 &—11—13 67—108—13C 173 520—1000—1290 21 11—19—-25 970—1330—2000

E. & G. A 90 8— 9—11 67—107—155 176 870—1250—1600 14 16—22—31 970—1765—2440

S. guianense

B. & S. 24780 11—13—14 71—117—168 176 1230—1750—2210 14 22—30—36 1820—2500—3130

B. & S. 24737 10—12—14 80—126—147 172 1340—1780—2210 29 20—28—34 1630—2615—3130

S. obovatum

Krukoff 7021 12—13—15 69—109—128 167 870—1210—1630 4 23—31—34 1740—2030—2320

I.N.P.A. X-3845 9—11—14 73—116—151 171 870—1240—1730 17 6—1&—25 1180—1830—2390
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DISCUSSION OF SOME OF THE WOOD ANATOMICAL CHARACTERS

A scanning electron miscroscopical study of material representing almost all the

genera revealed that noneof thesehad vestured pits. In one of the specimens ofRhizo-

phora seemingly vestured pits were observed. However, these structures were absent in

slides with bleached sections, so these contents probably consisted of soluble proto-

plasmic remains.

In most of the genera, the vessel-parenchyma pits are typically large and simple,

infrequently half-bordered. Their distribution is described as 1-2-seriate, scalariform

or diffuse for the mangrovegenera and Blepharistemma (Fig. la-e); uniseriateto retic-

ulate for Comphyton (Fig. la-f); reticulate to scalariform for Anopyxis, Gynotroches,

Fig. 1 Camera lucida drawings of the distribution patterns of vessel-parenchyma pits. (All x 650.)—

a. uniseriate. —b. biseriate.—c. diffuse.—d. scalariform.—e. diffuse.—f. reticulate.—g. alternate-

opposite.
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Pellacalyx, and Sterigmapetalum (Fig. Id and f). These distribution types are useful

for identification purposes, but may, however, be closely related to each other. Scalar-

iform is a term used, when a parenchyma cell is crowded with one row of elongated

pits (Fig. If), but uniseriate (Fig. la), is used when these pits are round to oval. Uni-to

biseriate distributions are found only in narrow, axial parenchyma cells (mostly in

species with narrow vessels), and one can easily believe that if there had been room

for a third row, this distribution would have been described as opposite. That these

apparently different patterns are mutually related is supported by the vessel-paren-

chyma distribution within the single genus Cassipourea. In this genus these pits are

frequently arranged in a uni-biseriate pattern (e.g. C. calimensis, Plate 3/7), but a

predominantly scalariform pattern can be found as well (e.g. C. verticillata, Plate3/18);

intermediate forms are present too. Part of this range is sometimes found in a single

section. From the large group of generawith typically large and simple pits transitions

can be found to the remaining genera. In Carallia and Crossostylis the vessel-paren-

chyma pits are besides large and simple, often half-bordered, smaller, in an alternate,

alternate-opposite (Fig. lg) to reticulate pattern, a transition to the half-bordered,

alternate vessel-parenchyma pits of the genera which are listed under Anisophylleae

in Table 9. Macarisia also has alternate-opposite, half-bordered vessel-parenchyma

pits, but, as will be discussed in a later chapter, these can be regarded as a more spe-

cialized formwithin the group of the Macarisieae, rather than as a link with the Aniso-

phylleae.

The distribution patterns of the vessel-ray pits do not require such elaborate

description, and are rather constant within the several groups, Only in the Gynotro-

cheae some different patterns can be recognized, varying from alternate-opposite to

opposite and reticulate. In the Macarisieae the vessel-ray pits are frequently almost

simple, in the other groups they are often to very often half-bordered.

In the woods of the Rhizophoraceae the two main fibre types are present; fibres with

minutely bordered or simple pits (libriform fibres) in the Rhizophoreae and, in the

other genera, fibres with distinctly borderedpits (fibre-tracheids). Besides the 'common

type' of fibre-tracheids, some deviating types occur in the genera grouped in the

Macarisieae (see Table9). Relatively short fibres with numerous bordered pits in several

rows, resembling true tacheids, are infrequent to frequent (e.g. Cassipourea) in all

Macarisieae and, in the descriptions, they are referred to as 'short' fibres with numerous

pits. A portionof thesefibres have elongated pits, mostly near the tips, but, occasionally,

also in the middle part of the fibres (Plate 4/26). The most extreme case is found in

Cassipourea alba and C. verticillata, where the bulging fibre tips have scalariform pits

(Plate 4/25). In Anopyxis, a few ofthe fibres also have bulging tips, which bear numerous

pits, but these are not elongated. Although the bulging fibres should becalledtracheids,

according to the Multilingual Glossary of Terms used in Wood Anatomy (I.A.W.A.,

1964), this terminology has not been used here in view of the numerous transitions

between this type of cell and the 'common' type of fibre-tracheids found in the woods

concerned.
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(SJRw 25779).Crossostylis parksii(F.M.S. 4045).—6.Carallia eugenioidea(J. M. Pires 53).—5.

Polygonanthusamazonicus(FHOw 13702).—4.Poga oleosa(KEP 29229).—3.Kandelia candelA 2628).—2.

(SANBruguieia parvifloraPlate 1. Rhizophoraceae. Transverse sections. (Fig. 3 x 21, others x 31.) —1.
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(SJRw 22758), heterogeneous II rays and opposite-alternate vessel-parenchymapits

(left, top), x 80.

Macarisia pyramidata

heterogeneousI rays, x 47.—13.(Cuatrecasas 16625),Cassipourea calimensis

(Kostermans 7038),Pellacalyx lobbii transitional inter-

vessel pits (left), x 80.—12.

(SFCw D 9099),Bruguiera gymnorhiza scalariform inter-vessel pits (left) and

diffuse vessel-parenchyma pits (right), x 80.—11.

sp. (R 932-24), x 31.—10.

(C. Donis 3158), x 31.—8. Macarisiax 31.—9.(SJRw 20917),Sterigmapetalum colombianum

Plate 2. Rhizophoraceae. Figs. 7-9, transverse sections. Figs. 10-13 tangential sections.—7. Comiphyton

gabonense
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(IF 19084,Cassipourea gumiflua var. verticillata Tervuren).—18. scalariform, x 150.—19. scalariform (top),
biseriate (bottom), and some reticulate vessel-ray pits (arrow), x 365.

(FHOw 22039), uniseriate (black arrow) and biseriate (white arrow), x 400.
—

18 & 19.

Cassipourea

congoensis

in clusters, x 310.—17.reticulate, x 200. —16. (Sarlin 274),Crossostylis multiflora

Donis

3158),

(C.Comiphyton gabonense

(de Wilde & de Wilde-Duyfjes 14052),Gynotroches axillaris scalari-

form (top); uniseriate and uni-biseriate (bottom-arrows), x 200.—15.

Rhizophoraceae. Figs. 14-19, tangential sections, showing vessel-parenchyma pit distribution;

Figs. 17-19 SEM photographs.—14.

Plate 3.
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—26. Round and elongate fibre pits in the middle of the fibre, x 310.—27. Fibres with numerous pits, and

with elongated ones near the tip (arrow), x 200.

(C Donis 3158).Comiphyton gabonense

Tervuren),
fibre with elongated, ± scalariform pits near the tip, x 310. —26, 27.

(IF 19084,Cassipourea gumiflua var. verticillata

clustered and

solitary (arrow) crystals in ray, x 200.—25.

(A. C. Smith 4757),Crossostylis richii

(Schlieben 2594),Ceriops tagal vertically unilaterally compound vessel-ray pits with oval to

round ray pits and coalescent apertures, x 310. —24.

(UwSterigmapetalum guianense 2665).—21. Opposite totransitional vessel-ray pits, x 310.—22. Scalariform-

transitional, and opposite vessel-ray pits, on the left (arrow) some scalariform vessel-parenchyma pits,

X 150.—23.

Tervuren), vessel-ray

pits, those in the erect ray cells simple, those in the procumbent ray cells half-bordered, x 150.—21, 22.

Cassipourea gumiflua var. verticillata (IF 19084,

Rhizophoraceae. Figs. 20-24, radial sections, Fig. 25 maceration. Figs. 26, 27, tangential sections.

Figs. 20, 22, SEM photographs.—20.

Plate 4.
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In Anisophyllea and Polygonanthus the frequent or infrequent vasicentric tracheids

are not linked with the fibre tissue trough intermediates.

For the descriptions of the rays, the terms given by Kribs (1950) have been used.

This can give rise to some confusion with terms present in earlier literature, because a

number of authors have used the terms, Kribs gave in an earlierpaper(1935) and which

are, in some cases, different from the ones he presented in his 1950-paper. In the woods

of the Rhizophoraceae, most of the rays are heterogeneous I or II, or intermediate.

Only in the genera Rhizophora and Bruguiera this is different.Here, the rays are very

often heterogeneous III, in Rhizophora frequently shifting to homogeneous; this latter

type is more infrequent in Bruguiera. In the woods of the Rhizophoraceae, the uni-

seriate rays are rather frequent to infrequent, in the generaRhizophora and Bruguiera

they are very rare. Marco (1935) recorded only 1 uniseriate ray in an area of 2 cm
2 in

R. mucronata.

VARIABILITY AND DIAGNOSTIC VALUE

A number of wood anatomical characters have a good diagnostic value on the generic

or supra-generic level (cf. Table 10), and in some limited cases, on the specific level too.

However, other anatomical characters are rather variable and are not or only rarely

diagnostic.

A character like the presence (or absence) ofgrowth rings has, for a numberof genera

(Ceriops, Combretocarpus, Kandelia), no diagnostic value, since these rings were not

always present in all the samples studied. In the genus Anisophyllea, however, growth

rings were observed in the two samples studied of one species (A. boehmii) only, and in

Cassipourea, in most cases where more thanone sample per species was studied, growth

rings were constantly absent, or present, or faint. In these two cases, thepresence or

absence of growth rings might have diagnostic value on the species level.

In the woods of this family, the vessel frequencies vary from 1-2 to 129/mm2 and, in

most genera and species, these frequencies are not very constant(cf. Tables 3-8). Only

in the generawith the very lowvessel frequencies (up to 5/mm2 ) there appears to be very

little variation. The thickness of the vessel walls does not show much variation, and

mostly ranges from 3-7 ,um. Very thick walls, up to 13,am, were observed only in the

mangrove genera. Exclusively scalariform perforation plates were observed in the

mangrove genera and in some species of Cassipourea. In the latter genusthe numberof

bars varies considerably (Table 4), while in the mangrove generathere were mostly 5-8

bars per perforation, rarely up to 11. The generawhich haveboth simple and scalariform

perforations have the same variation in the number of bars as was observed for the

species of Cassipourea mentioned before. As is illustrated in Table 9, the presence of

exclusively scalariform perforations with a constant number of bars is characteristic

for the mangrove genera, while mixed perforations with a variable numberof bars is

characteristic for another group of genera. The total range of vessel member length

of a species or genus has a strong overlap with other species or genera.However, when
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comparing the ranges of the average values some genera (Table 10) or species (Table 2)

can be told apart. This is, however, hardly justified, since only a restricted number of

species was studied, and the individual specific or generic variationis hardly known. In

this family, all the main types of intervascular pitting (scalariform, opposite, and

alternate) are present, as well as the intermediates, and the type of inter-vessel pits is

a good diagnostic character on the suprageneric level. Only one individual genus

(Macarisia) can easily be recognized, because it is the only one with alternate-opposite

inter-vessel pits. The distribution patterns of the vessel-ray pits show some variation

within the species of a given genus, but these variations (e.g. opposite to alternate)

are rather constant within the genus. This character has a rather good diagnostic value

on the suprageneric level. Vertically unilaterally compound vessel-ray pits (Fig. 2)

are characteristic for the Rhizophoreae (mangrove-genera) and the shape of the ray

pit pair makes one ofthe four genera (Ceriops, Fig. 2b) easily recognizable. There is a

great variety in vessel-parenchyma pit patterns, within one species as well as withinone

specimen. As shown in Table*10, it is possible to arrangethepatterns in such a way that

groups of genera can be recognized. Only one genus (Macarisia) has such a character-

istic pattern that it can be recognized immediately. The presence (or absence) ofvessel

contents and tyloses is not constant for a species or genus. Only in Combretocarpus

vessel contents were observed in all studied specimens.

Fig. 2. Camera lucida drawings of vessel-ray pits. (All x 500.)—a. vertically unilaterally compound

vessel-ray pits with slender ray pits. Present in and

laterally compound vessel-ray pits with ± oval ray pit, characteristic for

Kandelia, Rhizophora.— b. vertically uni-Bruguiera,

Ceriops.
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For reasons, that were already mentioned above for vessel member length, fibre

length does not have a diagnostic value. The fibres have thick or very thick walls,

except in two genera (Kandelia and Poga) where the walls are usually thin. However,

these genera cannot reliably be identified by this character. Marco (1935, Plate 1)

illustrated that Kandelia can have very thick-walled fibres as well. In the previous

chapter the different fibre types were already discussed and because of the variation in

fibre type a number of groups of genera can be recognized.

Fibres with septa were observed in three of the four mangrove genera, being absent

in Ceriops. According to Karlstedt (1971) thereare some specific characteristics in the

numberof septa inthe fibresofRhizophora. He observed for R. racemosa, R. mangle, and

R. harrisonii respectively 1, 3, and 5 septa per fibre. The number of septa I observed in

R. racemosa and R. mangle was the same as the number mentioned by Karlstedt. In

R. harrisonii, however, I observed 3-5 septa per fibre, and when the other species are

taken in account (1 septum, in R. mucronata rarely 2 septa) this character holds little

specific diagnostic value.

For most of the genera the main type of parenchyma distribution (unilaterally para-

tracheal, paratracheally banded, scantily paratracheal) is rather constant, although

some species or genera are variable in this respect. The variation is rather considerable

in the genus Ceriops (from scanty to ± banded) and Cassipourea (absent to frequent,

scanty unilaterally paratracheal to unilaterally paratracheally banded). Yet it is very

well possible to recognize some groups of genera using parenchyma distribution.

The rays of the Rhizophoraceae vary from heterogeneous I to III, and are in some

cases even homogeneous (mangrove genera). Yet, the ray type is typical for certain

groups of genera, either with heterogeneous I—II (narrow) rays, heterogeneous II

(wide), or heterogeneous II—III.

Solitary crystals were observed in almost all genera, but can be absent from some

species or specimens. Therefore they have a restricted diagnostic value. Clustered

crystals were frequently observed in some species of Crossostylis, but in one specimen

of Carallia a clustered crystal was found as well. The intraspecific variability of Crosso-

stylis is moreover insufficiently known, so that the diagnostic value could not be deter-

mined. Silica is present in a number of genera.Only inKandelia itis of diagnostic value,

since silica bodies were present in the ray cells of all samples studied. In Gynotroches

siliceous inclusions were observed in the ray parenchyma, but these were not present in

all samples studied. In the other genera silica is too scantily present to be ofdiagnostic

value.

SYSTEMATIC VALUE OF THE CHARACTERS

From the previous chapter it is clear, that a great numberofwoodanatomical characters

are very useful for identification purposes. Their systematic value is, however, much

more difficult to evaluate. The best method to establish the relationships between the
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several genera of this family is to search for good overall similarities. However, not

all wood anatomical characters are suitable for such a comparison. The presence or

absence of growth rings and the length of vessel elements and fibres are in this family

of no use for this purpose. Vessel frequency and vessel diameterare characters which

must be used with appropriate care, because the genera involved may grow under

different ecological conditions. The subject of ecological correlations will bediscussed

at greater length in another chapter. The different patterns of vessel-parenchyma

pitting are of important diagnostic value, but as has already been discussed in aprevious

chapter, most types of pitting are linked by the presence of numerous intermediate

types. The vertically unilaterally compound vessel-ray pits can be used to support the

close, mutual relationship of the genera growing in the mangroves, because this typical

structure is restricted to these four genera alone, and not known to be common in

any other family. Other characters which are useful to establish the relationship

between the several genera are: the type of vessel perforation, the type of inter-vessel

pits, the type of fibres and the ray type. The last character must, however, beused with

caution, because the ray type can change during the ontogenetic development of the

secondary xylem (Barghoorn, 1940, 1941). Because of their restricted diagnostic value

and the distribution over the generathe type of crystals and thepresence or absence of

siliceous inclusions cannot be used in the discussion of the relationships within the

family.

Quantitative characters must also be treated carefully, since apparent differences or

similarities may be caused by different ecological conditions or by the fact that mature

samples were compared with immature ones.

Another point that should be kept in mind is that characters may differ and yet do

not exclude close affinity. The type of inter-vessel pit arrangement may serve as an

example. In the specialization series scalariform-transitional-opposite-alternate, the

occurrence of scalariform pits in one genus may well indicate affinity with another

genus, showing transitional to opposite inter-vessel pits. Such speculations are, how-

ever, valid only if a number of other characters, also indicate a relationship between

these genera.

ECOLOGICAL CONSIDERATIONS

The presence or absence of growth rings may or may not be related to climatic condi-

tions in the tropical and subtropical regions (cf. Tomlinson & Craighead, 1972). For

those few species or specimens in which growth rings were observed, ecological data

were insufficient to allow an analysis of ecological influences.For the mangrove species,

varying salinity, due to seasonal rainfall, may be a controlling factor according to

Holterman (1907). Growth rings in Anisophyllea boehmii-'—absent fromother Anisophyl-

lea species studied—may be due to the seasonally dry climate of the Brachystegia-

Isoberlinia woodlands in which it grows, as opposed to the mesic forest conditions of

most other species.
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Comparison of the wood anatomical characters of the four mangrove-inhabiting

genera with those of the other genera, gives interesting results (cf. Table 10), although

it is self-evident that not all characters of the Rhizophoreae can be explained in terms

of adaptations to the mangrove environment. In this paper, only explanations for the

wood anatomical differences between the mangrove and non-mangrovegenera of the

Rhizophoraceae as suggested in literature will be discussed. In a future paper it is

intendedto discuss this subject for mangroveinhabitants and non-mangrovesof several

other families.

In his study on Philippine mangrove species, Panshin (1932) already mentionedthat

the extreme and specialized site of the mangrove has failed to produce identical struc-

tural convergence in the inhabiting genera. Yet, he critically studied the anatomical

data he obtained, in order to determinewhich anatomical changes could be interpreted

as adaptations to the saline, and hence physiologically dry, habitat. He observed that

most species showed a highto very high vessel frequency (30-200/mm 2 ), with adiameter

rarely exceeding 150 /xm, mostly smaller than 100 The data on vessel diameters as

given in the present paper correspond very well (49-115 /um), as do the vessel frequen-

Fig. 3. Relation between the average vessel diameter and the average vessel frequency of the mature wood

samples ofthe Rhizophoraceae.
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cies of Ceriops and Kandelia. The vessel frequency values for Bruguiera and Rhizophora,

however, (an average of 11-34/mm2 ), are partly outside the range given by Panshin.

Quantitative characters which Panshin himself gave for the Rhizophoraceae species

studied by him also fall partly beyond that range.

Janssonius (1950) used the data from his 'Mikrographie des Holzes etc.' (1906-1936)

to compare mangrove and non-mangrove representatives of several families. He con-

cluded that the mangroves had a much higher vessel-frequency and narrower vessels

that their non-mangroveallies. Fig. 3 represents therelation between the averagevessel

frequencies and their average diameters for the Rhizophoraceae, studied by me. Only

mature wood samples are included, the mangrove specimens indicated by *, the non-

mangroves by •. The tendency for the mangroves to have narrow vessels in high fre-

quencies is clear, but there is an overlap with the inland genera, in particular with the

genera of the Macarisieae ( Belpharistemma, Cassipourea, Macarisia, and Sterigma-

petalum). Most of these are shrubs or small trees, up to 12 m. The other inland species

are mostly larger trees, up to 40-45 m. So, for the inland representatives, there is a

trend running from large trees with few vessels/mm
2 to small trees or shrubs with

high vessel frequencies. Bruguiera and Rhizophora are usually rather large trees up to

25(-40) m, Ceriops is a rather small tree,and in this genusthe highest vessel frequencies

are present (19-68/mm 2). Unfortunately, the size of the tree from which the wood

samples were taken is not known. However, regarding their size, one can say that there

is a tendency for the mangrove generato have higher vessel frequencies withnarrower

vessels than their comparable inland relatives.

Janssonius also discussed a correlationbetween vessel frequency and vessel diameter

in relation to the position of the mangrove species in the tidal forest. He concluded

that the species growing in the outer fringe of the mangrove forest have higher vessel

frequencies than those growing in the more inward parts, where the trees are less often

inundated. In Table 9, vessel frequencies and inundation frequencies of the zones

1) immature sample

TABLE 9

Species

Frequency of

monthly
inundation

Vessels /mm

according to

Janssonius

1950

2

Vessels /mm
from this

study

Vessels /mm
from

literature

BRUGUIERA

B. parviflora 10—20( —40)

times

o1
o 21—25 10—40

B. gymnorhiza c. 10 times 25 17 —34 12—35

B. cylindrica rarely 25 29 13—40

B. sexangula rarely
11—27 12—16

RHIZOPHORA

R. mucronata 20—40 times 40—50
1)

15—26 9—30

R. apiculata 2 —20 times 20—25 17 20—25
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where the species commonly grow are given; the latter values were taken from van

Steenis in Hou (1958). From Table 9, it is clear that there is no tendency for the fre-

quently inundated species to have more vessels/mm2 than the species that are less

frequently inundated.

Carlquist (1975) suggested that the mangrove generaof the Rhizophoraceae have

retained their scalariform perforation plates as a support to prevent their vessels from

collapsing when they are submitted to high negative pressure. It is hard to accept this

functional explanation. I know of no other mangrove generawith scalariformperfora-

tion plates (cf. Panshin, 1932) and, from the purely physical point of view, one would

not expect bars of a perforation plate to play an important role in the prevention of

collapse of vessel members in such a coherent and thick walled tissue as that of the

wood of the mangrove Rhizophoraceae.

Panshin (1932) mentioned that the vessel member length of mangrove inhabitants

does not differ considerably from the inland representatives. In the Rhizophoraceae,

the mangroves have an average vessel member length of 470-1140 ,um, and this is

withintherange of vessel memberlengths ofthe whole family, thus supporting Panshin's

observations.

Correlations of vessel member length with latitude(Baas, 1973) could not be estab-

lished. Practically all representatives of this family occur between 10°N and 10° S. Only

few samples outside this region were studied. Comparison of element length with alti-

tude could not be made because of lack of sufficient data.

RELATIONSHIPS WITHIN THE RHIZOPHORACEAE

Subdivision of the family

A complete classification of all the generaof the Rhizophoraceae in its present delimita-

tion, based on external morphological characters has never beenproposed. In reviewing

the taxonomic literature(cf. Table 1) there is, however, a strong tendency for the group-

ing of generaas given below. The names used for the suprageneric taxa follow Melchior

(1964).

Rhizophoreae: Bruguiera, Ceriops, Kandelia, Rhizophora.

Gynotrocheae: Carallia, Crossostylis, Gynotroches, Pellacalyx.

Anisophylleae: Anisophyllea, Combretocarpus, Poga, Polygonanthus.

Macarisieae: Anopyxis, Blepharistemma, Cassipourea, Comiphyton, Macarisia,

Sterigmapetalum.

Schimper's completely different classification (1893) hardly needs comment, since

earlierwood anatomists and taxonomists have already criticized his sytem, which wood

anatomically definitely does not make sense.

Using wood anatomical characters only, it is possible to recognize differentgroups

(see Table 10). The mangrove genera, assembled in the Rhizophoreae, differ in many
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alt = alternate opp = opposite ser = seriate

diff - diffuse ret = reticulate sol = solitary
nult = multiples seal

=
scalar iform trans= transitioned

x = character present
in the

genus,

o = character present in part of the species only.

( ) - character infrequently present.

= character absent.

1) Crdy the range
of the

average
vessel frequencies is given.

2) Also reticulate.

3) In Ceriops with an oval to rounded ray pit, in the other
generawith a slender ray pit.

4) According to Kribs (1950).

TABLE 10. Some wood anatomical characters of Rhizophoraceae

— RHIZOPHOREAE— —
GYNOTROCHEAE — ANISOPHYLLEAE

to
D to

s

a

BRUGUIERA CERIOPS KANDELIA RHIZOPHORA GYNOTROCHES PELLACALYX CROSSOSTYLI
<

J

<
u

ANISOPHYLLE COMBRETOCAR
POGA

B
5
z

8
>J
J
o
£

to

X

p.
o

s
BLEPHARI
STE

CASSIPOUREA COMIPHYTON MACARISIA
u

1
o
H

s
M
S

to

VeeseIs:

sol - - - - - - - " - X -ox "

sol and. In mult X X X X XXX X XXX X - x o - x X

frequency 11-34 19-63 27-35 12-30 10-12 8-20 19-24 5-13 1-3 1-3 1-2 6 5-11 27-35 13-87 6 23-87 9-13

Perforations:

excl. scad. X X X X

excl. simple -
- o o X XXX X - - o - -

mixed - X o o X X O X X X

no. of bars 6-11 5-8 7 5-11 2-48 1-39 3-24 - - - 7-8 6-7 1-62 12-16 1-25 18-30

Inter-vesselpits:

seal X X X X x - -

opp-trans
- - x - - -

- X XXX " X

alt-opp - - - - -
- _ x "

alt - X XXX X -

Ve88el —parenchyma pits:

alt; half-bordered X XXX x - _ ~ "

alt-opp; half-bordered -

- X
2'

X

- -
- - - - - x -

simple; 1-2-ser, diff, seal X X X X X x o - - ~

simple; ret, seal, diff - x - - - - - X -ox - X

Vessel—ray nits:

half-bordered; alt X (X) (X) (X) X

half-bordered; alt-ret - (X) (X) - - - - -
-

,,
(simple); opp-ret x x x x -

-

almost simple (half-

bordered) opp-scal-ret - (X) - - - X - X X

simple; opp-ret
XXX " -

vertically unilaterally

ccnpound. 3) X X X X -

vascular tracheitis - - - - - - - (X) (X) - - - -

fibre tracheitis - - - XXX X XXX X X XXX X X

intermediatesbetween tra-

cheitis and fibre tracheitis X XXX X X

libriform fibres X X X X - - - - - - -
_ - -

septate
fibres X

1
X X

Parenchyma:

scanty paratracheal x o - X

unilaterallyparatracheal X (x) O X X X

aliform-confluent (o) - - -
- X - X -ox X X

paratrachea1ly banded - - X - XXX X xx- X - _ ~ ~

apotracheally banded

4)

Raye:

.
- - . X (o) X

heterogeneousI-II(narrcw) X X o X ~
~

heterogeneous II ,,
- - - - - _

- - - o - X X

heterogeneous II (wide) - - - - XXX X XXX X - _ ~
-

heterogeneous II-III X X X X - -
_ - - _ ~ ~

hcnogeneous (X) - - X



G. J. C. M. VAN VLIET

64

respects from the other members of the family, and stand out through the following
combination of characters: Perforation plates exclusively scalariform with thick bars,

inter-vessel pits scalariform, vessel-parenchyma pits simple, vessel-ray pits frequently

vertically unilaterally compound, fibres with minutely bordered to simple pits, and

rays heterogeneous II—III, mostly 3-5-seriate with scanty uniseriates. According to

Marco (1935) this character-complex distinguishes the Rhizophoreae from any other

dicotyledonous family, which may well be true. The genera of the Macarisieae also

form a homogeneous group. Their distinctive characters are: perforation plates both

simple and scalariform (in Cassipourea some species have either exclusively simple or

exclusively scalariform perforation plates, cf. Table 4), fibres with distinctly bordered

pits, part of the fibres with very frequent pits (tracheid-like), typically unilaterally

paratracheal parenchyma, eitheraliform, confluent, or banded, and rays heterogeneous

I—II, mostly 2-3(-5)-seriate with infrequent uniseriates. The vessel-parenchyma pits

are large and simple and their distribution pattern varies within fairly narrow limits

(see p. 50); the inter-vessel pits, ifpresent, are opposite to transitional. Only Macarisia

stands out slightly fromthis homogeneous group because of its vessel wall pitting (see

Table 10).
TheRhizophoraceae and theMacarisieaearethus easily recognizable wood anatomic-

ally and correspond exactly with the groups adopted by most taxonomists. The eight

remaining genera have some wood anatomical features in common, viz.: broad (up to

30 cells wide) heterogeneous II rays with frequent uniseriates, fibres with large bordered

pits and aliform to confluent or banded parenchyma, almost always completely em-

bedding the vessels. Within this group, Anisophyllea, Combretocarpus, Poga, and Poly-

gonanthus are outstanding because of theiralternate, half-bordered vessel-parenchyma

pits, and alternate inter-vessel pits with coalescent apertures. They also tend to have

large vessels (the smaller vessels in Polygonanthus are probably dueto the sample being

from a young branch or stem). Wood anatomically, one can therefore support the

recognition of a suprageneric taxon, the Anisophylleae, consisting of these four genera.

Carallia, Crossostylis, Gynotroches, and Pellacalyx bear much resemblance to the

Anisophylleae but are distinguished by mostly large and simple vessel-parenchyma

pits in a diffuse, uni- or biseriate, scalariform or reticulate arrangement. Their inter-

vessel pits if alternate, do not have coalescent apertures. However, in some other wood

anatomical characters, these four genera do not constitute a very homogeneous group.

Carallia and Crossostylis have alternate inter-vessel pits, whilst in Pellacalyx they are

opposite, and in Gynotroches scalariform. Vessel-ray contacts are frequent in Crosso-

stylis, but infrequent in the other genera. In Carallia the vessels are not completely

embedded in axial parenchyma, which is the case in the other threegenera. InPellacalyx

the vessel arrangement stands out because of the frequent occurrence of radial

multiples. Minor patterns of diversity are moreover evidenced in the sporadic occur-

rence of scalariform perforation plates in Gynotroches, Crossostylis p.p., and Pellacalyx

p.p., and in the presence of clustered, as well as solitary crystals in some species of

Crossostylis.
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Wood anatomically, the distinction of the Gynotrocheae from the Anisophylleae is

not firmly based. In view of the macromorphological evidence (/� aisophylleae with

alternate, ex-stipulate leaves; Gynotrocheae and other Rhizophoreae with stipulate,

decussate leaves), the distinction must be upheld and the wood anatomical hetero-

geneity in the small group Gynotrocheae has to be accepted.

It appears to be possible to arrange most of the wood anatomical diversity of the

Gynotrocheae in a morphological series, in accordance with the major trends ofxylem

evolution as established by I. W. Bailey and his students (cf. Tippo, 1946; Carlquist,

1961). Diversity in perforation plates and inter-vessel pits can thus be explained. Carallia

appears to have the most specialized (exclusively simple) vessel perforations; the other

genera have simple and scalariform perforations, but the latter are rare and may be

absent in some species or specimens. The inter-vessel pits range from scalariform to

alternate; Gynotroches is most primitive in this respect with scalariform pits; Carallia

and Crossostylis are most specialized with alternate pits; Pellacalyx is intermediatewith

opposite pits. Other characters in which the Gynotrocheae show wood anatomical

diversity, such as vessel-parenchyma pitting and mineral inclusions, cannot be inter-

preted according to the major trends, but it seems justified on the basis of vessel

perforation and inter-vessel pit arrangement to place the generaof the Gynotrocheae

in a series reflecting progressive specialization, as follows: Gynotroches; —.Pellacalyx-

Crossostylis: — Carallia. This possibility of constructing a more or less continuous mor-

phological series does support the validity of the suprageneric taxon Gynotrocheae.

Outside the Rhizophoreae, Gynotroches is the only genus with scalariform inter-vessel

pits in the family of the Rhizophoraceae. It is tempting to interprete this resemblance

in one important character as evidence of mutual relationship between Gynotroches and

the mangrove genera, and hence of the mangrove genera and the other inland genera

of the Gynotrocheae. Kandelia would seem to be closest to Gynotroches because of the

abundant parenchyma. However, these similarities are outweighed by many important

differences in the wood, so that more evidence from other structures (flowers, pollen,

leaves) would be required to evaluate this suggestion.

Before discussing the mutual relationships of the Rhizophoreae, Macarisieae, Ani-

sophylleae, and Gynotrocheae, it should be pointed out that, from the foregoing, one

may conclude, that wood anatomy strongly supports the classification of genera as

advocated by most students of the Rhizophoraceae. This is partly thanks to the influ-

ence of Marco's wood anatomical work (1935) on subsequent classifications, but, in

part, these are based on independently reached conclusions. As will be discussed later

in this chapter, some of Marco's suggestions considerably deviated from my conclu-

sions.

The taxonomicposition of Comiphyton andPolygonanthus

Comiphyton has very recently been described by Floret (1974) as a member of the

Rhizophoraceae-Macarisieae, intermediate between Macarisia and Cassipourea. The
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genus shares allof its woodanatomicalcharacters with Anopyxis, Cassipourea, Sterigma-

petalum, and Blepharistemma (see Table 10). From Macarisia it differs in thearrange-

ment of the inter-vessel and vessel-parenchyma pits. Wood anatomically, no position

in this family can be favoured other than in the Macarisieae, and this is supported by

nodal anatomy. The node of Comiphyton is characterised by two common gaps from

which split laterals enter the opposite leaves together with one median trace for each

leaf(for terminology see van Vliet& Baas, 1975). This nodal type has also been recorded

for three species of Cassipourea (Howard, 1970). The common gaps with split laterals

and extra traces between these lateralsand the median trace are characteristic for the

other Rhizophoraceae species studied by Howard.

The taxonomic position ofPolygonanthus has been the subject ofseveral publications,

in which a number of families were proposed to accomodate this genus. Croizat(1943)

regarded it distinct enough to forma family ofits own, thePolygonanthaceae. Families,

suggested for Polygonanthus are: Euphorbiaceae, Olacaceae, Saxifragaceae (cf. Pires

& Rodrigues, 1971), Escalloniaceae (Hutchinson, 1973), and Rhizophoraceae. All

authors who linked Polygonanthus with the Rhizophoraceae, placed the genus in one

group with Anisophyllea, giving this group the rank of either family (Anisophylleaceae,

Airy Shaw, 1973; Takhtajan, 1969), subfamily (Anisophylleoideae, Kuhlman, 1944), or

a section (Anisophylleae, Pires & Rodrigues, 1971). In allofthe above circumscriptions

the Anisophyllea group comprises Combretocarpus and Poga as well. Erdtmann(1952)

placed Polygonanthus in the Saxifragaceae, and later (in Pires & Rodrigues, 1971) he

stated that: 'According to the pollen morphological data it is quite impossible to refer

Polygonanthus to the Olacaceae and Proteaceae. Nor is there any similarity to the

Rhizophoraceae. On the other hand, pollen morphology does not contradict the

reference of this genus to the Euphorbiaceae or the Saxifragaceae'.

The wood anatomy of Polygonanthus is very unlike that of the woody representatives

of the Saxifragaceae-complex (Cunoniaceae, Escaloniaceae, Eucryphiaceae, and

Hydrangeaceae) nor is there any resemblance with the wood of the Euphorbiaceae

(cf. Metcalfe& Chalk, 1950). Resemblance with the wood of the Proteaceae is present,

but pollen morphological as well as macromorphological characters are strongly con-

flicting with such a position. Wood anatomically Polygonanthus perfectly resembles the

genera of the Anisophylleae, and its wood is very difficult to tell apart from that of

Anisophyllea (see the descriptions and the key). A position in this groupis also in agree-

ment with macromorphological characters (cf. Pires & Rodrigues, 1971). The pollen

morphological objections of Erdtman against affinities with Rhizophoraceae seem

invalid if one compares his description (Erdtman, 1952) of Polygonanthus pollen with

the pollen type of the Rhizophoraceae (J. Muller, personal communication).

Phylogenetic considerations

As was done above for the Gynotrocheae, one can approach the wood anatomical

diversity of the whole family fromthe angle ofprogressive xylem evolution. Perforation
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plate characters, inter-vessel pit arrangement, vessel grouping and arrangement, type

of fibres, parenchyma distribution, and ray type lend themselves well to such an

approach within this family. Vessel memberlength, and vessel-parenchyma and vessel-

ray pits are less suitable, because the variability is either too small, or the different

patterns are difficult to interprete unambiguously in a unidirectional specialization

series.

Considering the variation in the above mentionedcharacters relevant for the deter-

mination ofthe specialization level of each genus or group of genera, one can establish

the most primitive conditionof each individualcharacterpresent in the family. Accept-

ing the Rhizophoraceae as a natural monophyletic taxon it is possible to picture the

most important characteristics of the wood of the hypothetical 'Protorhizophoraceae'

Vessels diffuse and solitary with scalariform perforation plates and scalariform

inter-vessel pits. Fibre-tracheids with frequent bordered pits. Parenchyma at least

partly paratracheal, probably scanty. Rays heterogeneous, of two distinct sizes.

Not surprisingly, the resulting picture is thatof a primitive type of secondary xylem,

still occurring in extant representatives of a numberof quite unrelated dicotyledonous

families. It provides us, however, with a useful starting point to discuss the position

of the different groups within the Rhizophoraceae. It appears, that one must assume

independent diverging phylogenetic specialization for the different groups, because it

is impossible to juxtapose all groups according to an increasingly high level of xylem

specialization.

In Rhizophoreae the perforation plates remained scalariform, but the low numberof

widely spaced bars is suggestive of some degree of specialization here. The inter-vessel

pits conform to the ancestral scalariform type. The fibre tissue, on the other hand is

highly specialized with few minutely bordered to simple pits. The paucity ofuniseriate

rays may be interpreted as a reduction (cf. Barghoorn, 1941), and the heterogeneous

II—III multiseriate rays constitute an example of specialization in themselves. Within

the Rhizophoreae some of the genera show signs offurther specialization; e.g. Kandelia

has abundant parenchyma; the occurrence of septate fibres in 3 genera, but not in

Ceriops also suggests further specialization of the former genera.

The Macarisieae also show a mixture of advanced and primitive characters, but

specialization has gone a different direction here. Of the 'ancestral' characters they

retained the fibre-tracheids and the heterogeneous rays. The perforation plates are

partly simple, thus reflecting specialization. The same applies to the transitional to

opposite inter-vessel pits. The low frequency of uniseriate rays may be interpreted as

a reduction. Some of the genera or species ( Cassipourea p.p.) have retained the

'ancestral' feature of exclusively solitary vessels and there are some differences amongst

and within the genera with regard to the perforation plate specialization: scalariform

plates are rare in Anopyxis, Comiphyton, and Sterigmapetalum in Cassipourea they are

occasionally the only type present, yet, in other species, they are completely lacking.
The Anisophylleae are more specialized than the two previous groups if all wood

anatomical characters are considered. Yet, they represent another diverging line with
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as 'ancestral' characters: fibre-tracheids and heterogeneous rays oftwo distinct sizes,

and as specialized characters: exclusively simple perforations, alternate inter-vessel

pits and abundant parenchyma.

The Gynotrocheae share the 'ancestral' characters of the Anisophylleae, with in

addition the occurrence of the sporadic scalariform perforations in Crossostylis, Gyno-

troches, and Pellacalyx. They also share the specialized parenchyma but the inter-vessel

pits show the diversity from scalariform to alternate discussed before.

In attempting to reconstruct a phylogenetic tree for the Rhizophoraceae, it seems

therefore plausible to view the Gynotrocheae as an offshoot from the line leading to

the Anisophylleae. The genus of the Gynotrocheae with the most primitive xylem,

Gynotroches, should be placed in the most basal position (see Fig. 4). Carallia with the

most specialized xylem of the Gynotrocheae resembles the Anisophylleae very closely
in its secondary xylem (differences are in vessel-parenchyma pits and apertures of the

inter-vessel pits only) but must be viewed as a memberofthe Gynotrocheae on grounds

of macromorphological considerations (leaf arrangement, stipules). Fig. 4 illustrates

the phylogenetic conclusions reached above. In a two dimensionaldiagram, one cannot

avoid creating the false impression that the Macarisieaeare closer to the Anisophylleae

than to the Rhizophoreae. It should, however, be pointed out that the three major

lines must be thought to be at about equal distance to each other. Gynotroches is

intentionally drawn close to the Rhizophoreae, because of the shared inter-vessel pits,

as discussed above. Depending on the differences between the individualgenerawithin

the major groups, some genera are presented as conspicuous or inconspicuous bulges

of the branches of the phylogenetic tree. Fig. 4 and the above phylogenetic considera-

tions are of course fully hypothetical and entirely based on the assumption ofirreversi-

bility of the major trends of xylem specialization as claimed by Bailey and many of

his students. Baas (1973) and van derGraaff& Baas (1974) have, however, challenged
this belief, and although these authors were mainly concerned with vessel member

length, a character which has not been used here, I do not exclude the possibility of

reversibility. The suggestions made from the wood anatomical point of view should

therefore be tested by future workers on other aspects of diversity and evolution in

the Rhizophoraceae.

Discussion of suggestions by previous authors

Marco's conclusion (1935) with regard to the wood anatomical homogeneity of the

Rhizophoreae and the Macarisieae is supported by the analysis presented here. How-

ever, the Gynotrocheae were differently delimitedby Marco and includedAnisophyllea,

Combretocarpus, Carallia, Crossostylis, and Gynotroches (cf. Table 1). Moreover, Poga,

and Pellacalyx were left unclassified because they 'are two distinct genera that have

been included with the Rhizophoraceae, although they appear decidedly out of place

in this family' (p. 13). Metcalfe& Chalk(1950), Desch(1954), and Geh & Keng(1974)

have already discussed this curious conclusion of Marco. These authors pointed out
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the high degree of similarity of Poga and Pellacalyx with various representatives of

the Gynotrocheae sensu Marco. My own results fully support this. Marco himselfdid

not substantiate his decision to leave the two generaunclassified and, fromhis descrip-

tion, the only reason to keep Poga from his Gynotrocheae seems to be the large inter-

vessel pits of 27 fim he recorded. This size is, however, obviously wrong: in the three

samples studied by me, these pits measure m. Perhaps Marco measured the length

of the coalescent apertures instead of the diameter of the pit chambers. In the case

of Pellacalyx Marco must have overweighed the taxonomic value of the tangential

vessel pattern in this genus. Rejecting these weaknesses in Marco's classification, one

is faced with his inclusion of representatives of Anisophylleae and Gynotrocheae in

one group. Arguments I have given above, and which are based on wood anatomygive

evidence for the affinities of these two groups, but also support their distinction. The

macromorphological differences are, however, most decisive in this respect.
In the past several authors have suggested a family status for groups of genera (see

Table 1). These suggestions were mainly based on macromorphological characters,

such as the viviparous fruits of the mangrove genera or the different leafarrangement

of the Anisophylleae. Moll & Janssonius (1914-8) were the first to introduce wood

anatomical arguments into this discussion. Commenting on the differences between

the Javanese species of the mangrove genera, Bruguiera and Rhizophora, and of the

inland genera, Carallia and Gynotroches, they noted that these two groups are not only

more distinct than is usual between genera of one family, but that the differences are

greater than those that often occur between two separate families. Marco (1935) sug-

gested a family status for the Rhizophoreae because of their distinctive macromor-

phological and wood anatomical characters. The macromorphological characters are,

however, not so different from those of the inland groups as was suggested by Marco

(Geh & Keng, 1974; Hou, 1958).

Some authors favour the recognition of the family Anisophylleaceae, because of

theiralternate exstipulate leaves (e.g. Takhtajan, 1964). Wood anatomically this group

fits in well with the Rhizophoraceae through resemblancewith the Gynotrocheae which

no student of the family wants to remove from it.

In my opinion, the very diverse pattern of wood anatomical variation cannot be

used to advocate the exclusion of some groups of genera to form separate families.

The strongly divergent evolution of the woodanatomical characters is perhaps unusual

for natural families. There are, however, indications of mutual affinities of all groups,

if one considers the macromorphological similarities and the wood anatomical links

between Anisophylleae and Gynotrocheae on the one hand, and the suggestion of

affinity between Gynotroches and the Rhizophoreae through their shared scalariform

inter-vessel pits on the other.

Position of the family

The position of the Rhizophoraceae in the natural system for Dicotyledons will not be

elaborately discussed here. Their traditionalplacement in the Myrtaleswill be assessed
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after more families of this order have been examined. Preliminary comparisons, how-

ever, suggest that Rhizophoraceae do not belong to this order, because they lack

vestured pits and internalphloem. The 'reconstruction' of the ancestral type of Rhizo-

phoraceous woods seems to support Thome's classification(1968) of this family in the

Cornales.

CONCLUSIONS

The wood anatomical heterogeneity of the Rhizophoraceae (Table 10) is clearly illus-

trated by the fact that thereare no wood anatomical characters common to all genera

of the family. On the basis of wood anatomical characters, three distinct groups of

genera can be recognized: the Rhizophoreae with the four mangrovegeneraBruguiera,

Ceriops, Kandelia
,

and Rhizophora; the Anisophylleae with the inland generaAnisophyl-

lea, Combretocarpus, Poga, and Polygonanthus, and the Macarisieae with the inland

genera Anopyxis, Blepharistemma, Cassipourea, Comiphyton, Macarisia, and Sterigma-

petalum. A fourth group, the Gynotrocheae with the inland genera Carallia, Crosso-

stylis, Pellacalyx, and Gynotroches is wood anatomically more heterogeneous, but this

wood anatomical variation, as well as that of the whole family, can be arranged in a

phylogenetic sequence in accordance with the major trendsofwood anatomicalspecial-

ization.

The recently described genus Comiphyton (Floret, 1974) belongs wood anatomical-

ly to the Macarisieae. The genus Polygonanthus has been placed in several families,
but belongs also to this family, as was recently suggested by Pires & Rodrigues

(1971).

Although the family in its present delimitationhas never received a complete taxo-

nomic treatment, a classification can more or less be deduced from the suggestions of

several taxonomists. The wood anatomical classification into four groups is completely

in accordance with such a classificationon macromorphological characters. This classi-

fication is, however, partly not in accordance with the one given by Marco (1935) who

also studied this family using wood anatomical characters only. Partofthis discrepancy

can be explained because since Marco's time more material has become available, and

large parts of the family have been taxonomically revised, thus providing a better

working base for the anatomist. However, a part of the discrepancy in the conclusions

is caused by the fact, thatMarco—in my opinion—did not always correctly interprete

the wood anatomical evidence.

In the literature, some suggestions have been given to explain the wood anatomical

differences between the genera growing in the mangroves and those growing in the

inland forests. Although some distinctwood anatomical differences are correlatedwith

the difference in habitat, there is no reason to assume that these differencesare caused

by that difference in habitat. Hopefully, the results of intended future studies on

families with both inland and mangrove representatives (Combretaceae, Sonneratia-

ceae), will offer the opportunity to deal with this subject more extensively.
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KEY TO THE WOODS OF THE RHIZOPHORACEAE

1 a. Fibres with minutely bordered or simple pits; perforations exclusively scalariform

(Rhizophoreae) 2

b. Fibres with distinctly bordered pits; perforations simple or mixed, very rarely

exclusively scalariform 4

2a. Silica bodies present in ray cells Kandelia

b. Silica bodies absent, but ray cells with silicified walls sometimes present . 3

3a. Fibres not septate; vertically unilaterally compound vessel-ray pit pairs with oval

to rounded ray pit (Fig. 2b) Ceriops

b. Fibres septate; vertically unilaterally compound vessel-ray pit pairs with slender

ray pit (Fig. 2a): Pantropical Rhizophora

Malesia, E. Africa Bruguiera

4a. Multiseriate rays very broad (6-30 cells wide); uniseriate rays frequent . 5

b. Multiseriate rays 2-5(-6) cells wide; uniseriate rays infrequent (Macarisieae)

10

5a. Inter-vessel pits alternate 6

b. Inter-vessel pits scalariform or opposite (Gynotrocheae p.p.) 9

6a. Vessel-parenchyma pits typically simple, or only partly half-bordered, simple pits

uni- to biseriate,diffuse, scalariform or reticulate(Gynotrocheae p.p.) . . 8

b. Vessel-parenchyma pits half-bordered, always alternate (Anisophylleae) 7

7a. Parenchyma aliform to confluent, never forming continuous bands; fibres thin-

walled Poga

b. Parenchyma forming continuous bands; fibres thick-walled:

Pantropical Anisophyllea

Malesia Combretocarpus

S. America Polygonanthus

8a. Parenchyma paratracheally banded; vessel-ray pits infrequent, alternate or dif-

fuse; perforations exclusively simple Carallia

b. Parenchyma aliform to confluent in a reticulate pattern; vessel-ray pits frequent,

opposite-alternate to reticulate; scalariform perforations infrequent in some

species Crossostylis
9a. Inter-vessel pits opposite to transitional, in first formed secondary xylem some-

times scalariform; vessels frequently in tangential multiples .... Pellacaiyx
b. Inter-vessel pits always scalariform; vessels partly in radial multiples

Gynotroches

10a. Inter-vessel pits alternate-opposite; vessel-parenchyma pits half-bordered, alter-

nate to opposite Macarisia

b. Inter-vessel pits or pits in tails to succeeding vessel elementsopposite to transi-

tional; vessel-parenchyma pits typically almost simple 11

11a. Average vessel frequency 5-7/mm2

; vessels exclusively solitary 12

b. Average vessel frequency 8 or more/mm2
; vessels exclusively solitary or solitary

and in radial multiples 13



WOOD ANATOMY OF RHIZOPHORACEAE

73

12a. Parenchyma unilaterally aliform Anopyxis

b. Parenchyma irregularly banded Comiphyton

13a. Vessels large, average tangential vessel diameter 160-220 rays mostly 4-5-

seriate Anopyxis

b. Vessels smaller, average tangential diameter up to 130 /im, maximum tangential

diameter rarely exceeding 150 /im; rays mostly 2-3-seriate, rarely 4-5-seriate:

India Blepharistemma

Ceylon, Africa, S. America Cassipourea

S. America Sterigmapetalum
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