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off  the Violaceae by all authors, e.g., de Gingins 
(1823),, Bentham (1842), Eichler (1871a), Baillon 
(1873).. Reiche and Taubcrt (1895). and Meichior 
(11 y25a, 1925b; the latter of whom made the most 
recentt generic classification of this family. He 
distinguishedd two subfamilies: the monogeneric 
subfamilyy Leonoideae, with strictly actino-
morphicc flowers, and the subfamily Violoideae, 
subdividedd into the tribe Violeae, consisting of 
herbaceouss or subligneous plants with zygomor-
phicc flowers, and the tribe Rinoreeae, consisting 
off  woody plants with more or less actinomorphic 
flowers.. The neotropical Rinoreeae were subdi-
videdd into a subtribe Rinoreinae, including Ri-
noreanorea and Gloeospermum, and a second subtribe 
Paypayrolinae,, including Amphirrhox and Pay-
payrola.payrola. The flowers of the Paypayrolinae are less 
actinomorphicc than those of the Rinoreinae, be-
causee in it a tendency to zygomorphy in the flow-
erss is expressed by the wider and bilobed shape 
off  the plate of the anterior petal. Rinoreocarpus 
wass recently included in the Rinoreinae by Hekk-
ingg (1984) because of its close relationship to 
Rinorea. Rinorea. 

Inn the Violeae zygomorphy is strongly ex-
pressed.. The anterior petal and the anterior fil-
amentss are distinctly gibbous or calcarate near 
thee base (in the filaments this is expressed by the 
shapee of their dorsal glands). Within that tribe a 
graduall  transition from a woody to a herbaceous 
habitt can be followed. The monogeneric subfam-
ilyy Leonioideae was created by Meichior (1925a, 
1925b)) for the strictly actinomorphic woody ge-
nuss Leonia, endemic to the neotropics. It differs 
fromm the genera of the subfamily Violoideae, in 
ann irregular to quincuncial aestivation of its pet-
als,, its thecae being nearly horizontally oriented 
onn the upper margin of a tube, its anthers without 
dorsall  connective scales, its ovary and fruits hav-
ingg five placentae (in one species, Leonia trian-
dra,dra, this number is reduced to three), and finally 
itss fruit being indehiscent and containing large 
mucilaginouss seeds. The globose fruits and the 
subglobosee seeds of Leonia resemble those of 
Gloeospermum,Gloeospermum, but the latter genus belongs to 
thee subfamily Violoideae because its flowers re-
semblee those of'Rinorea and not those of Leonia. 
Inn Gloeospermum the number of placentae is re-
ducedd to three, as in Leonia triandra, and as 
commonlyy found in other genera of the Viola-
ceae. . 

Itt is curious that Leonia triandra is the only 

speciess in this genus, and probably also in the 
familyy Violaceae, with a combination of a trim-
erouss nndnjeuuni and a tnmcious gynoecium. 
AA trimerous gynoecium is common in the Vio-
laceae,, whereas a reduction of the androecium 
too three stamens is exceptional. 

Anotherr genus, Fusispermum Cuatrecasas 
(1950),, also differs in essential respects from all 
generaa in both subfamilies Violoideae and Teo-
nioideaee by a convolute aestivation of its petals, 
byy anthers surmounting filaments which are ad-
natee on the inner side of a carnose tube, by the 
antherss being apically and ventrally appendaged 
byy two minute fringed scales instead of dorsally 
appendagedd by connective scales, by minute cap-
suless dehiscing into 3(-4) valves, and finally by 
twoo different kinds of seeds: a) narrow spindle 
shapedd seeds nearly without endosperm, but each 
containingg a well developed embryo and b) 
smallerr disk-like seeds, which are probably abor-
tive. . 

Becausee of these differentiating characters Fu-
sispermumsispermum has been placed by Hekking (1984) 
inn a subfamily of its own, the Fusispermoideae, 
coordinatee with the two previously established 
subfamiliess Violoideae and Leonioideae. 

Inn conclusion, Meichior (1925b) and the pres-
entt author consider the genera of the Violaceae 
ass having evolved from a hypothetical ancestor 
withh strictly actinomorphic flowers characterized 
byy five equal sepals and petals, five completely 
freee stamens and a pentamerous ovary (Fig. 1). 
Inn most species of Leonia (subfamily Leonioi-
deae),, most of these primitive features are still 
presentt (except for the advanced character state 
off  filaments fused to a tube, versus filaments free). 

Thiss completely pentamerous radial symme-
try77 was broken first by a reduction of a pentam-
erouss ovary (still present in most Leonia species) 
too a trimerous one (such as found in Leonia trian-
dradra and in all other Violaceae). 

Inn the course of evolution a further tendency 
too zygomorphy progressed, via a differently 
shapedd anterior petal in Amphirrhox and Pay-
payrolapayrola (subtribe Paypayrolinae), to a complete 
zygomorphyy in the tribe Violeae. expressed by a 
stilll  greater differentiation of the anterior petal(s), 
ass well as the anterior stamens. The anterior pet-
al(s)) is (are) differentiated into a distinct plate 
andd claw. In the Violeae the anterior petals as 
welll  as the dorsal glands of the anterior stamens 
havee become gibbous to calcarate at the base, a 
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terminall  character state in flower evolution in 
thee Violaceae (Fig. 1). 

Finally,, a summary' is given of aestivation types 
ass used in this monograph and in explanation of' 
Figuree 1. Aestivation of flower buds in the Vio-
laceaee is predominantly imbricate, which can be 
subdividedd as follows: 

Imbricate: : 
1.. Convolute {Fusispermum). 
2.2. Quincuncial (-2/5 spiral): 

22 tepals outside (or exterior = e); 
22 tepals inside (or interior = i); 
11 tepal half outside, half inside (e/i); 
(sepalss of all genera, petals of Leonia and some 
speciess of Gloeospermum). 

3.. Cochlear or cochleate: 
11 tepal outside (or exterior = e); 
11 tepal inside (or interior = i); 
33 tepals half outside, half inside (e/i). 
3a.. Apotact (distal cochlear or cochleate) = 

11 outer tepal separated from 1 inner te-
pal);; (petals of Rinorea, Rinoreocarpus, 
Amphirrhox,Amphirrhox, Paypayrola, and some 
speciess of Gloeospermum) (petals of Vi-
oleae). . 

3b.. Paratact (vicinal cochlear or cochleate) = 
11 outer tepal next 1 inner tepal; 
(occasionallyy also in petals of some flow-
erss of genera sub 3a). 

Inn summary, the following stages in floral dif-
ferentiationn of the Violaceae can be recognized 
(Fig.. 1. 1-8): 

1.. Hypothetical actinomorphic ancestor: sepals 
andd petals quincuncial, filaments (and dorsal 
glands)) free, gynoecium pentamerous. 

2.. Leonia: sepals and petals quincuncial, fila-
mentss and glandular tissue fused to a tube, 
thecaee horizontally planted on the apical mar-
ginn of the tube, dorsal connective scales want-
ing,, gynoecium (3-4)-5-merous. 

3.. Fusispermum: sepals quincuncial, petals con-
volute,, filaments and glandular tissue fused 
too a tube, free parts of filaments planted on 
thee tube, dorsal connective scales wanting, 

thecaee ventrally appendaged by minute fringed 
scales,, gynoecium 3(-4)-merous. 

4.. Rimireocarpus' sepals quincuncial, petals 
apotact,, filaments (with glandular tissue in-
conspicuous)) free, dorsal connective scales 
minute,, gynoecium trimerous. 

5.. Gloeospermum: sepals quincuncial, petals 
predominantlyy quincuncial, rarely apotact, 
filamentss and dorsal glands free or fused to a 
tube;; dorsal connective scales laminar, rarely 
linearr or subulate, gynoecium trimerous. 

6.. Rinorea: sepals quincuncial, petals apotact, 
filamentss and dorsal glands free or fused to a 
tube,, dorsal connective scales laminar, gy-
noeciumm trimerous. 

7.. Paypayrolinae (tending to zygomorphy): se-
palss quincuncial, petals apotact, anterior petal 
widerr and bilobed,  free {Am-
phirrhox)phirrhox) or fused to a tube {Paypayrola): dor-
sall  connective scales minute to wanting {Pay-
payrola)payrola) or elongated {Amphirrhox), 
gynoeciumm trimerous. 

8.. Violeae (e.g., Viola) (strictly zygomorphic): 
sepalss quincuncial, petals apotact; anterior 
petall  wider, gibbous or calcarate, filaments 
free,, anterior dorsal glands gibbous or calca-
rate;; dorsal connective scales laminar, gynoe-
ciumm trimerous. 

WOODD ANATOMY OF THE 
VIOLACEAE E 

Radlkoferr (1891 ['1890']) was one of the first 
authorss to provide notes on the wood anatomy 
off  some species of Rinorea (syn. Alsodeia). He 
remarkedd that the perforations of the vessels in 
thee species studied were scalariform. Taylor 
(1938,, 1972) extended the study of wood anat-
omyy mainly with species of related genera (e.g., 
Gloeospermum,Gloeospermum, Amphirrhox, Paypayrola and 
Leonia).Leonia). Rinoreocarpus and Fusispermum were 
nott included in his comparative studies. 

Taylor'ss main conclusions were that (1), the 
Violaceaee exhibit considerable variability in the 
structuree of the secondary xylem; (2) the family 

FIG.. 1. Floral diagrams of some New World genera of Violaceae, indicating supposed evolutionary trends, 
ee = outer sepal or petal exterior, i = inner sepal or petal interior, i/e or e/i = one sepal or petal in between, with 
onee margin exterior (=outside) and with the other one interior (=inside). 
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includess genera with strikingly primitive wood, 
togetherr with others that show more advanced, 
butt not highly evolved features; (3) in spite of 
thee variation encountered in this family, the 
anatomistt is dealing with a secondary xylem that 
conformss to or varies around a single pattern; 
andd (4) the features of the vessel elements and 
thee rays in the above-mentioned genera are the 
mostt notably primitive ones in this family (i.e., 
inn comparison with other genera of the Viola-
ceae). . 

Withh few exceptions, the vessel elements con-
formm to the tracheid model. Most of the pores 
off  the violaceous genera are angular in outline, 
thinn walled and constant in diameter. 

Accordingg to Taylor (1938, 1972) the length 
off  the vessel elements varies from medium sized 
(400-7000 Mm) to very long (1200-1600 urn) while 
thee perforations are multiple, of the scalariform 
typee with many bars, or if simple, have highly 
inclinedd walls. The rays are strikingly heteroge-
neous.. Very commonly, uniseriate margins of 
considerablee height are present in the multiser-
iatee rays, while uniseriate rays are also relatively 
highh and composed (partly or completely) of cells 
unlikee the expanded portions of the multiseriate 
ones.. Crystals are commonly present in the ray 
cells.. Imperforate tracheary elements are at the 
fiber-tracheidfiber-tracheid level of development. Finally, there 
iss an uniformity in the Violaceae in the general 
featuree of scarcity of parenchyma. 

Iff  we confine ourselves to Taylor's conclusions 
concerningg neotropical genera, especially the ac-
tinomorphicc ones, then we see that those species 
off  Rinorea, Gloeospermum, Amphirrhox, Pay-
payrolapayrola and Leonia investigated by Taylor show 
aa secondary xylem that is notably primitive and 
att comparable levels of evolutionary develop-
ment. . 

Onn the other hand, the subdivision of the 
subfamilyy Violoideae into a predominantly ac-
tinomorphicc tribe Rinoreeae and into a strictly 
zygomorphicc tribe Violeae is justified also from 
thee wood anatomy features. The former tribe 
containss numerous genera with primitive fea-
turess as mentioned above, whereas the tribe Vi-
oleaee contains genera which are characterized by 
suchh more advanced features as medium-sized, 
porous-obliquee vessel elements which, in the case 
off  Hybanthus, are relatively thick walled. End 
wallss of vessel elements are considerably less 
obliquelyy inclined than those of species of the 

tribee Rinoreeae (and of Leonia, subfamily Leo-
noideae,, as well). 

Sincee Rinorea, Gloeospermum, Amphirrhox 
andd Paypayrola seem to have primitive second-
aryy xylem at comparable levels of evolutionary 
development,, supposed evolutionary trends in 
flowerr morphology (as mentioned above) could 
neitherr be confirmed nor contradicted by Tay-
lor'ss findings (1972). 

Theree is littl e doubt that the secondary xylem 
off  Leonia conforms to the violaceous pattern. 
Thee wood is diffuse-porous, and the cells thin 
walledd and angular. Their walls are evenly thick-
enedd and vessel elements are very long. Perfo-
rationss are scalariform with many bars. Imper-
foratee tracheary cells are fiber tracheids of the 
violaceouss type. Crystals are found in some of 
thee ray cells. Axial parenchyma is lacking. Struc-
turall  features throughout the xylem support the 
conclusionn that the genus is correctly classified 
inn the Violaceae. Furthermore, their primitive-
nesss justifies placement of Leonia by Melchior 
(1925a,, 1925b) in a separate subfamily, which 
presumablyy diverged first from the ancestral stock 
(Fig.. 1). 

Mattoss Filho and Rizzini (1968) and Matos 
Araujoo and Mattos Filho (1978, 1979, 1980) in-
vestigatedd the wood anatomy of some species of 
Rinorea,Rinorea, Paypayrola and Leonia without any 
eventuall  conclusion on evolutionary trends in 
thee wood anatomy. Such a specialized study of 
alll  species in all woody genera is needed to con-
structt a well founded hypothesis. 

DESCRIPTIONN AND SUBDIVISION 
OFF THE FAMILY VIOLACEAE 

Family:: Violaceae Batsch nom. cons.. Tab. affin. 
Regnii  Veg.: 57. May 1802 ('Violariae'): A. P. 
dee Candolle ex de Gingins in A. P. de Candolle, 
Prodr.. 1: 287. mid Jan 1824 ('Violarieae DC); 
Benthamm in Bentham & Hooker, Gen. plant. 
1(1):: 114. 1862 ('Violarieae'); Eichler in Mar-
tius,, Fl. bras. 13(1): 345. 1871; Reiche & Taub-
ertt in Engler & Prantl. Nat. Pflanzenfam. ed 
1.3(6):: 322. 1895; Melchior in Engler & Prantl, 
Nat.. Pflanzenfam. ed 2. 21: 330. 1925a; Re-
pert.. Spec. Nov. Regni Veg. Beih. 36: 114. 
1925b.. Table I. 

Trees,Trees, treeleis, shrubs or herbs. Leaves alter-
nate,, distichous or (apparently) opposite; stipules 
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subpersistentt or deciduous. Inflorescences fas-
ciculatee or solitary', varying from thyrsoid to 
(pseudo)racemosee as well as from thyrsoid to cv-
muid,, dichasial 01 niunochasiai. blowers some-
timess solitary; 'pedicels' usually articulate, some-
timess not, always provided with two bractlets; 
flowerss actinomophic to zygomorphic; sepals five, 
equall  to unequal, free or slightly connate at the 
base;; petals five, equal to unequal, free, hypo-
gynouss or indistinctly perigymms; aestivation 
rarelyy irregular imbricate, usually distinctly im-
bricatee (i.e., quincuncial or apotact, rarely con-
volute);; in zygomorphic flowers anterior petal 
andd two anterior filaments often gibbous or cal-
carate;; filaments and dorsal glands free or fused 
withh each other; anthers usually introrse, rarely 
extrorse,, usually dorsally appendaged by minute 
too distinct connective scales, rarely unappen-
dagedd or only ventrally appendaged by two mi-
nutee fringed scales; ovary free, sessile, (2-)3(—5)-
carpellate;; ovules (1-oc per carpel), anatropous; 
stylee usually filifor m and often subclavate to the 
apex,, rarely stipitiform, erect, curved or sigmoid; 
shapee of stigma variable; stigma erect or curved 
towardss the anterior petal, bruits usually cap-
sularr and dehiscent into (2-)3(—4) valves, 
rarelyy drupe-like or nut-like and indehiscent. 
SeedsSeeds uniform, rarely of two different kinds. 

Typee genus: Viola Linnaeus, Sp. pi.: 933. 1 
Mayy 1753. 

Thee Violaceae has ca. 800 species in ca. 25 
generaa belonging to three subfamilies: Violoideae 
(world-wide),, Leonioideae (neotropical) and Fu-
sispermoideaee (neotropical). Most of the genera 
andd species belong to the subfamily Violoideae; 
thee subfamilies Leonioideae and Fusispermoi-
deaee are both monogeneric, with ca. five and 
threee species respectively. Diagnoses of the three 
subfamiliess are given below. 

Subfamilyy I. Violoideae 

Trees,Trees, treelets, shrubs or herbs, blowers acti-
nomorphicc or zygomorphic; aestivation of petals 
apotact,, sometimes quincuncial; filaments free 
orr fused with each other; anthers introrse. dor-
sallyy scarcely to distinctly appendaged by con-
nectivee scales; carpels 3; ovules 1-oc per carpel. 
bruitsbruits usually capsular and dehiscent, rarely 
drupe-likee and indehiscent. Seeds uniform, usu-
allyy (sub)globose to pyriform, sometimes flat-

Tablee I 
Classificationn of actinomorphic Violaceae in the 

neolmpics s 

Family:: Violaceae Batsch. 
Subfamily:: Violoideae. 

Tribe:: Rinoreeae Reiche & Taubert. 
Subtribe:: Rinoreinae Melchior. 

RinoreaRinorea Aublet. 
RinoreocarpusRinoreocarpus Ducke. 
GloeospermumGloeospermum Triana & Flanchon. 

Subtribe:: Paypayrolinae Melchior. 
PaypayrolaPaypayrola Aublet. 
AmphirrhoxAmphirrhox Sprengel. 

Subfamily;; Leonioideae Melchior. 
LeoniaLeonia Ruiz & Pa von. 

Subfamily:: Fusispermoideae Hekking. 
FusispermumFusispermum Cuatrecasas. 

tenedd and winged in woody lianas, usually co-
piouslyy endospermous (except in some lianas). 

Thee subfamily Violoideae can be subdivided 
intoo two tribes: Violeae (world-wide) and Ri-
noreeaee (circumtropical). 

Tribee 1. Violeae 

Trees,Trees, treelets, shrubs or herbs, blowers dis-
tinctlyy zygomorphic; aestivation of petals apo-
tact;; petals usually unequal; anterior petal and 
twoo anterior filaments usually gibbous or calca-
rate;; style and stigma usually defiexed towards 
thee anterior petal. 

Thiss tribe contains ca. 525 species of which 
ca.. 400 belong to Viola, ca. 100 to Hybanthus 
andd ca. 25 distributed amongst Agatea, Anchie-
tea,tea, Orthion, Mayanaea, Noisettia, Corynostylis 
andd Schweiggena. All the smaller genera are re-
strictedd to the neotropics, except Agatea which 
iss an oceanic genus. Viola is world-wide, pre-
ferringg cool climatic conditions of moderate 
andd arctic regions as well as of montane to al-
pinee zones. Hybanthus is predominantly a 
(sub)tropicall  genus with ca. 75 species in the New 
World,, ca. ten in Africa and Madagascar, ca. five 
inn southern Asia and ca. ten in Australia. 

Tribee 2. Rinoreeae Reiche & Taubert in Engler 
&&  Prantl, Nat. Pflanzenfam. ed. 1. 3(6): 328. 
1895. . 

Trees,Trees, treelets or shrubs, blowers actinomor-
phicc to slightly zygomorphic by reason of a dif-
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ferenttyy shaped and bilobed petal; anterior petal 
andd the two anterior filaments never gibbous or 
calcarate. . 

Typee genus: Rinorea Aublet, Hist. pi. Guiane 
I:: 235. 1775. nom. cons. prop. Hekking. 

Thiss tribe includes four subtribes: a. Rino-
reinaee (pantropical), b. Paypayrolinae (neotrop-
ical),, c. Hymenantherinae (Australia-New Zea-
land-Oceanic,, with Melicytis and Hymenanthera, 
eachh with ca. five species) and d. Isodendriinae 
(Oceanic,, Isodendrion, with ca. five species). 

Subtribee 2a. Rinoreinae Melchior in Engler & 
Prantl,, Nat. Pflanzenfam. ed. 2. 21: 349. 1925. 

TreesTrees or treelets. Flowers predominantly ac-
tinomorphic;; petals without plate; filaments and 
dorsall  glands free or fused with each other. Fruits 
capsularr and dehiscent or rarely globose and in-
dehiscent. . 

Thiss subtribe contains ca. 300 species in four 
genera:: Rinorea with ca. 160 species, of which 
488 are in the neotropics, ca. 100 in Africa-Mad-
agascar,, ca. 12 in India-SE Asia and ca. two in 
thee Australian-Pacific area; Decorsella with one 
speciess in Africa; Rinoreocarpus with one species 
inn tropical S America; Gloeospermum with 14 
speciess in the neotropics and Allexis with three 
speciess in tropical W Africa. The closely related 
generaa Rinorea and Rinoreocarpus are treated in 
thiss monograph (Part I). 

Subtribee 2b. Paypayrolinae Melchior in Engler 
&&  Prantl, Nat. Pflanzenfam. ed. 2. 21: 356. 
1925. . 

TreesTrees or treelets. Flowers slightly zygomorphic 
byy reason of a differently shaped and bilobed 
petal;; other petals (sub)equal; filaments nearly 
freee or fused to a tube; glandular tissue appar-
entlyy wanting. Fruits capsular and dehiscent. 

Typee genus: Paypayrola Aublet, Hist. pi. Gui-
anee 1: 249. June 1775. 

Thiss subtribe contains two genera restricted to 
tropicall  South America: Amphirrhox with ca. 

threee species and Paypayrola with ca. eight species 
(too be treated in Part II) . 

Subfamilyy II . Leonioideae Melchior in Engler & 
Prantl,, Nat. Pflanzenfam. ed. 2. 21: 376. 1925. 

Trees.Trees. Flowers actinomorphic; aestivation of 
petalss irregularly imbricate or quincuncial; fila-
mentss fused to a tube; thecae nearly horizontally 
orientedd on the upper margin of the tube, de-
hiscingg apparently apically; dorsal connective 
scaless wanting, not replaced by ventral append-
ages;; carpels 3-5; ovules oo per carpel. Fruits 
globosee and indehiscent; seeds uniform, sub-
globose,, with copious endosperm. 

Typee genus: Leonia Ruiz & Pavon, Fl. peruv. 
2:69.. Sep 1799. 

Onlyy one genus Leonia with ca. five species in 
tropicall  South America (to be treated in Part II) . 

Subfamilyy III . Fusispermoideae Hekking, Proc. 
Kon.. Ned. Akad. Wetensch. C 87: 128.18 Jun 
1984. . 

Trees.Trees. Flowers actinomorphic; aestivation of 
petalss convolute; anthers introrse, dehiscing lat-
erally;; dorsal connective scales wanting, ven-
trallyy replaced by two minute fringed scales; car-
pelss 3(-4); ovules 0 per carpel. Fruits 
minute,, capsular. Two different kind of seeds, 
nearlyy without endosperm; fertile seeds spindle 
shaped;; abortive seeds discoid. 

Typee genus: Fusispermum Cuatrecasas, Field-
ïanaBot.. 27: 94. 1950. 

Onlyy one genus, with three species distributed 
overr Panama, Colombia and Peru. To be treated 
inn Part II . 

AA survey of the classification of actinomorphic 
neotropicall  Violaceae is given in Table I. The 
totall  number of species in all actinomorphic gen-
eraa in the neotropics amounts to , as follows: 
RinoreaRinorea (48 spp.), Rinoreocarpus (1 sp.), Gloeo-
spermumspermum 15 spp.), Paypayrola 8 spp.), Am-
phirroxphirrox 3 spp.), Leonia 5 spp.), Fusisper-
mummum (3 spp.). 

Keyy to the Subfamilies of the Violaceae and to the 
Act inomorphicc Genera in the Neotropics 

Aestivationn of petals convolute: dorsal connective scales wanting, replaced by 2 minute ventral scales; 
twoo different kinds of seeds: fertilized spindle shaped and abortive disk-like seeds. Subfamily Fusi-
spermoideae.. Fusispermum (to be treated in Part II). 


