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Comprising one of the largest families of flowering plants, amply distributed 
in both hemispheres, from humid to wet tropics and across temperate zones, 
and of yet still uncalculated economic importance, the Leguminosae occupies 
a special place among the Angiospenns. Diverse unique features of the 
biology of legumes have contributed to their ecological and evolutionary 
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success: among these, however, the importance of highly successful biotic 
pollination mechanisms and reciprocal coevolution with Hymenoptera 
reaching a culmination in papilionate flowers, has perhaps been least 
appreciated. 

The contributions of early naturalists, p]anr breeders, biosystematists 
and plant ecologists have resulted in a voluminous, yet widely scattered 
literature on the reproductive biology oflegumes, this defying ready synthesis. 
Early workers (e.g. Delphina, 1896; Darwin, 1858, 1876; MUller, 1883; 
Knuth, 1898-1905) provided detailed accounts of the floral mechanisms of 
papilionate flowers and some of the flrst records of self-incompatibility for 
the family. Plant breeders continue to provide most infonnation on breeding 
systems, although a significant number of records have appeared among 
works of biosystematists and ecologistS since Fryxell (1957) surveyed the 
distribution of self-incompatibility in flowering plants. Resource utilisation 
studies in tropical and temperate desert ecosystems have added a new 
dimension to pollination studies in general; in Leguminosae some of the most 
significant pollination data accumulated during the past ten years is a by
product of this ecologically oriented approach. 

This review emphasises the systematic distribution of different breeding 
systems and pollination mechanisms in the Leguminosae in a biogeographical 
context. Trends are established at the subfamilial, and where possible, t-ribal 
level. Towards achieving objectivity, and perhaps at the risk of concealing 
tendencies initially, exceptions a.re given as much weight as generalisations. 
Subsequently trends in breeding systems and pollination are moulded into a 
synthetic overview of tendencies in reproductive biology in the family and 
their evolutionary implications. With respect to pollination, Leppik (1966) 
assessed the relative proportions of different pollination mechanisms largely 
from floral syndromes, in what continues to remain a highly transcendental 
account of reciprocal selective forces responsible for the evolution of the 
legume flower. In the present account, records on ornithophily and 
chiropterophily have been compiled exhaustively from documented accounts 
on flower visitors. The enormous task of collating infonnation on bee
pollinated legumes has not been attempted and only major tendencies are 
discussed. For details of floral mechanisms the reader is referred to Bohart 
(1960), Free (1970), Hutton (1970), Ellis-Davies (1971}, Faegri & van der 
Pijl (I 971 ), Proctor & Yeo (1973) and tribal reviews in this volume. 

II. Self -incompatibility 

Self-incompatibility systems are homomorphic. Oear examples of 
heteromorphic systems (section VI) are unknown; although alleles for 
incompatibility are known to be linked to the colour of keel tips in Lotus 
comicularus (Bubar & Miri, 1965) and to flower colour genes generally in 
Trifolium prazense (Denward, 1963). Genetic analyses of self-incompatibility 
are restricted to Lorus (Bubar, I 958), Medicago (Duvick, 1966) and 
Trifolium (Duvick, 1966), all of which are characterised by mono-factorial 
(Hocus) systems of the gametophyric kind.* Genetic analyses of 

*For a complete discussion of self-incompatibility systems the reader ii referred to 
Nettancourt (1977). 
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self-in compatibility in Caesalpinioideae and Mimosoideae are lacking, although 
Brewbaker (1967) found binucleate pollen, typically associated with game
tophytic systems of incompatibility, in a variety of caesalpinioid and mimosoid 
genera. Heslop-Harrison & Shivanna's (1977) recent demonstration of the 
predominance of wet-type stigmas in these subfamilies is added evidence for 
the consistency of gametophytic systems in the family. 

1l1e distribution and frequency of self-incompatibility in the subfamilies 
and tribes is highly characteristic and presem information is probably sufficient 
for outlining major trends in breeding system radiation. East(l940) originally 
concluded that self-fertility is widespread in I..eguminosae and commented 
upon an apparent absence of self-sterility in Mimosoideae, but some· of the 
many species he regarded as self-compatible on the basis of natural seed set 
on single individuals growing at the Atkins Arboretum in Cuba, may possibly 
have been cross-pollinated by conspecifJC individuals growing outside the 
Garden, and thus were not necessarily self-fertile. The available information 
(Table I) unequivocally establishes self-incompatibility in the three subfamilies 
but with noteworthy and interesting differences in frequency among them. 

Table I Genera, number of species tested {x = exact number not recorded) and self
incompatible species. A list of species and references is included on microfiche at the 
end of the volume. 

CAESALPINIOIDEAE 

Caesalpiniene 
Cassieae 
Cercideae 
Detaricae 

MIMOSOIDEAE 

Mimoseae 
Acacieae 
lngeae 

PAPILIONOIDEAE 

Sophoreae 
Dipteryxeae 
Dalbergieae 
Tephrosieae 

Robinieae 
lndigofereae 
Desmodieae 

Phaseoleae 

Erythrininae 
Diocleinae 
Glycininae 
Kennediinae 
Phaseolinae 

Cajaninae 
Psoraleeae 
Sesbanieae 
Aeschynomeneae 

Caesalpinia (l-1}; Cercidium (3 -3} 
Cassia (6-J); Labichca (x-0); Petalostylis (2-0} 
Bauhinia (2-1} 
Copaifera (1-J); Hymenaca (1-1} 

Leucaena ( 1-0); Neptunia (4-0); Prosopis (4-4) 
Acacia (12-9) 
Albizia ( 1-? 1); Calliandra (2-2}; Enterolobium (1 -1); 

Pitlzecellobium (1-l) 

Bowdichia (1-0}: Sophora ( 2-1) 
Dipteryx (1-1) 
Andira (2-2); Dalbergia {1-1}; Pterocarpus (1-3} 
Dems (2-0); Lonchocarpus (2-2); Piscidia (1-1}; 

Tephrosia ( 2 -1} 
Olneya(l-1} 
Indigofera {4-2) 
Alysicarpus (5-1}; Dermodium (4-0); Kummerowia 

(2-0); LespedezJZ (17-0) 

Apios (1-? 1): Erythrina (11-5); .Mucuna (2-1); 
Oznavalia (4-0); Dioclea ( 1-1 ); Pachyrhizus (2-0) 
Amphicarpa (1-0); Glyci1ze (1-0); Neonotonia {1-0) 
Hardenbergia (1-1}: Kemzedia (8-0) 
Cenrrosema (13-0); Lablab (1-0); Macrotyloma 

{ Kemingiella) (1-0}; Macroptilium (2-0); 
Phaseolus (5-l); Psophocarpus (2-0); Vigna (8-0) 

Qzjanus ( 1-0j; Eriasema ( 1-0) 
Psoralea (1-0) 
Sesbania ( J -OJ 
Aracltis ( 8-0); Stylosanrhes ( 3 -0) 
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Galegeac 

Hedysarcae 
Loteac 
CoronilJeae 

Vicieae 
Cicereae 
Tri fo lieae 

.Mirbelieae 

Bossiaeeae 
Crotalarieae 
Genisreae 
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Astragalus (5- 1/; Caragana (4-1); Qiantlms { 1-1}; 
Swainsona (6-0) 

Hedysanm1 ( 1-n): Onobrychis ( 1-1} 
Anrhy /lis (I -OJ; Lotus ( 17 -5}; Tetragonolobus ( 1-0j 
Coronilla ( 1- 1): Hippocrepis (6-0); Ornitlwpus (3-0); 

Scorpiunts (4-0} 
Larhyms (9-1); Lens ( 1-0}; Pisum (2-0); Vicia (1 0- 0} 
Cicer ( 7- 0) 
Fac torol•skya (I -0} ; Medicago ( /3-3}; Melilorus (14-1); 

On011is (3 - 0); Trifolium (28-17) 
Cupulan rhtts ( 1 -0): Daviesia ( 3-2): Gompholobium 

( 1-0); 1sotropis ( 1 - 0) ; Jacksonia (3-0) ; Euchilopsis 
( 1 - 0); Oxylobium {2-0) 

Muellerantll!ls (1-0) 
Croralaria ( 11 -'J.); Lotononis ( 1-0) 
Argyrolobium (x-0) ; Lupinus (18-0); Ulex (1-11 

Few members of he largely tropical Caesalpinioideae and Mimosoideae 
have been tested for self-incompatibility . In Caesalpinioideae self
incompatibility appears in six out of eight genera studied to date , these 
spread over four of the currently recognised tribes. Cassia and Bauhinia 
contain self<ompatible and self-incompatible species and many of the self
compatible species of Cassia occur in Australia. Australian Petalostyles and 
Labicl! ea are also self-compatible (Keighery, pers. comm.). Self-incompatibility 
has been established for the mimosoid tribes Acacieae, Mirnoseae and Ingeae, 
and possibly also occurs in Parkieae (Baker & Harris, 1957). In Mimoseae, 
woody Prosopis has self-incompatible species, whereas four species of 
herbaceous Neptwzia and tetraploid Leucaena are self-compatible, and there 
are also indications of selfmg in Desmanlhus (I..atting, 1961). 

The Papilionoideae have been sampled more extensively for self· 
incompatibility (Table I) ; nevertheless there are several tribes for which data 
is absent or meagre. At present only two of the tribes with data fail to reveal 
some self-incompatibility. Seven annual species of acer (Cicereae) are 
autogamous (Ladizinsky & Adler, 1976); nothing, however, is known about 
the perennial species. Several species of Arachis and Stylosanthes 
(Aeschynomeneae) are self-compatible. Zornis and 01aetocalyx also appear 
adapted for autogamy and it should not be surprising if Aeschynomeneae are 

predominantly self -compatible. 
Comparing the three subfamilies, self-incompatibility is proportionately 

less frequent among Papilionoideae (Table II). However, there is an overall 
trend from a high frequency of self-incompatibility in woody groups to a 
rela tively low frequency in herbaceous groups in the family as a whole 
(Table III). This correlation applies in both tropical and temperate regions 
and it is repeated at all taxonomic levels. Thus, in Papilionoideae, all tested 
members of Dalbergieae are self-incompatible, whereas , as mentioned earlier, 
self-incompatibility has not yet been reported in the predominantly 
he rbaceous Aeschynomeneae . Highly illustrative of this phenomenon are the 
subtribes of Phaseoleae (Table I), where self-incompatibility is frequent in 
woody Erythrininae (60% species tested), less commonly encountered in 
the woody vines of Diocleinae (B%), and still less frequent in the largely 
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Table H Relauve propomons of self-incompatible species in Caesalpinioideae, 
~limoso1deae and Papilion01dene ' 

Subfamil>' No. species %species Incompatible Species 

tested tested 

No. 

CAESALPINIOIDEAE 16 10 62.25 

MIMOSOIDEA£ 27 18 66.66 

PAPILIONOIDEAE 321 2.6 71 22.!1 

Table IU Relationship between habit, origin and breeding system in Leguminosae. 
Habit and distributional ch:uacteristics taken from individual references and 
Hutchinson (I 964 ). Species for which distributional characteristics are uncertain 
not included in this analysis. 

Woody Species Herbaceous Species 

Temperate Tropical "Temperate Tropical 

Self-incompatible 30 27 45 5 

Self -compatible 10 5 179 55 

SI/SC, Woodyvs.Herbaceous.:Ji
2
., 102.51 Significant,P --:0.01 

SI/SC, Temperate vs. Tropical (Non-woody).lJ-·2.: 4.52. Significant, P < 0.05 
SI/SC, Woody vs. Herbaceous, Temperate only.l/!1 = 50.34, Significant, P <0.001 
Sl/SC, Woody vs. Herbaceous, Tropical only. 1/12= 53.27, Significant, P<O.OOl 

herbaceous subtribes Glycininae (0%), Kennedtinae (11%), Phaseolinae (2%) 
and Cajaninae (0%). Phaseolus coccineus is the only species out of 41, 

representing 8 genera of Phaseolinae, reported as self-incompatible (Abdalla 
& Hermsen,1972). This report, nevertheless, is dubious, asP. coccineus may 
be self-pollinated if pollen is forced onto the stigma (Ibrahim & Coyne, 1975) 
and the indication is that self-incompatibility might be entirely lacking in 
Phaseolinae. Accepting that herbaceous groups have been preceded by woody 
ancestors, it is evident that loss of self-incompatibility has occurred on 
numerous, independent occasions in the Leguminosae. The higher proportion 
of self-compatible species in Papilionoideae is clearly a reflection of the 
greater tendency towards the herbaceous habit in this subfamily. 

Existing data also point to possible regional differences in the frequency of 
self-incompatibility. In Papllionoideae, the northern Trifolieae, although 
predominantly herbaceous, appear to have retained self-incompatibility to a 
greater degree than most other herbaceous tribes. By contrast, many woody 
shrubs of the Australian Mirbelieae are self-compatible (Table I). This suggests 
that the selective forces detennining change from self-incompatibility to 
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self -compatibility are of a different order among northern and southern 
counterparts in the Leguminosae, and that relative to habit, self-compatibility 
has appeared more readily in southern elements. Data for the South African 
tribes Uparieae, Podalyrieae. New Zealand Carmichaelieae, and South 
American Adesmieae are of utmost importance for assessing the generality of 
such indicated trends. Tropical herbaceous legumes as a whole are less 
commonly self-incompatible than their temperate counterparts (Table III). 
Many tropical herbaceous species inhabit fire-prone savannas and open areas; 
the higher frequency of self-compatibility among these, therefore might 
reflect a higher premium placed on this kind of breeding system in such 
unstable habitats. 

Finally, insofar as individual genera are concerned, monotypic Euchilopsis, 
Voandzeia (now included in Vigna, see Verdcourt, 1978) and Cupulanrhus 
are all self-compatible, and all species of Kennedia and Pachyrhizus are 
self -compatible. If present data are projected, Phaseolus, Hippocrepis, 
Scorpiurns, Swainsona, Arachis, Stylosanthes, Desmodium, Lespedeza, 
Canavalia, Glycine, Centrosema, Doliclzos, Lens, Pisum, Cicer, Ononis, and 
Anthyllis might also turn out to be self-compatible genera. 

III. Facultative Outcrossing and Autogamy 

Lacking self-compatibility, many legumes maintain high levels of outcrossing 
in natural populations, while at the other extreme, autogamy is commonplace. 
Harding et al. (1974) and Harding & Barnes ( 1977) estimated levels of out
crossing in Lupinus by testing progeny of recessive parents. In the L. nanus 
complex outcrossing varies from 0 to approximately 100%, with species 
averages ranging from 0-66.4% (Harding et aL, 1974). Melilotus (Kita, 1965), 
Lathyrns (Brunsberg, 1977) and Hippocrepis (Dominguez & Gibbs, 1975) 
are other papilionoid genera characterised by similar arrays of outcrossing and 
autogamous taxa and such patterns may be commonplace. No attempt is 
made to assess the relative frequency of autogamous and facultatively out
crossing species as the distinction between these is evidently arbitrary, and 
secondly many species are reported in the literature as self-fertile, without 
precise indications as to whether selfmg is mechanically possible. 

Many papilionates maintain high levels of outcrossing by retention of a 
tripping device. In requiring tripping (see section VI), the plants own self
pollen is prevented from germinating on the stigma until the ani val of foreign 
pollen brought by the tripping agent, and thus the potential for some out
crossing, especially if outcrossed pollen is competitively superior to self
pollen. Hutton (1960) illustrates how tripping is necessary for efficient 
transfer of pollen from anthers to stigma in Desmodium uncinatum, without 
which seed set is minimal. Tripping, nevertheless, promotes outcrossing in 
quite a distinct manner in other papfiionates. Many authors have drawn 
attention to the release of fatty substances after the stigmatic membrane has 
been ruptured by tripping, facilitating adherence of pollen on the stigma. 
Mlyniec & Wotytowsk.i (1962) simulated tripping in Vicia villosa, which 
fails to set seed unless tripped, by squeezing the stigma. Tripping is also 
required in Vicia faba (Holden & Bond, 1960), shrubby Lespedezas (Free, 
1970), Hippocrepis salzmanii (Dominguez & Gibbs, 1975), Crotalaria ;uncea 
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(Free, 1970) and in lndigofera sumatrana (Howa'fd eta!., 1919), and signifi· 
cant increases in seed set are achieved with increased tripping in some strains 
of Jfefiloms alba (Kirk & Stevenson, 1931) and Arachis hypogaea (Girardeau 
& Leuck, 196 7). 

Autogamous papilionoid legumes are noteworthy for many interesting 
adaptations associated with the breeding system. Relative to related out
crossed species, the flowers of these are generally reduced in size. In some 
species selfmg is facilitated by automatic rupturing of the stigmatic membrane 
(e.g. Lotus omithopodioides and L. divaricams; Bubar, 1958), whereas in 
others tripping is unnecessary and eliminated. Cleistogamy occurs in some 
Papilionoideae. Cleistogamous flowers may lack petals and exhibit precocious 
pollen germination as in certain species of Lespedeza (Hanson & Cope, 1955) 
and they are frequently formed in response to cool temperatures (Erickson, 
1975; Hanson & Cope, 1955). Lespedezas produce cleistogarnous flowers 
under a combination of cool temperatures and long nights. In Ononis 
alopecurioides, chasmogamous flowers are characteristically produced in 
summer, whereas autumn flowers are cleistogamous and smaller than their 
summer counterparts (Uphof, 1938). Pollination, in fact may occur in the 
bud stage (bud-cleistogamy). Wojciechowska (1972) carefully established that 
pollen gennination occurs prior to anthesis in three autogamous species of 
Omithopus and such precocious bud-pollination has also been described in 
Hippocrepis (Dominguez & Gibbs, I975),Scorpiuros (Dominguez & Galiano, 
1974) and in Lotononis bainesii (Byth, I 964). Arnphicarpy, the ultimate 
expression of autogamy occurs in Vicia, Amphicarpa, Vigna and Trifolium 
(Rivals. 1953); Plitmann (1965) has commented upon the high incidence of 
this phenomenon among papilionoid legumes in Israel. In some papilionoid 
legumes flowers are produced above ground, yet their fruit mature under
ground. Such geocarpic fruits are known in Macrotyloma (Kerstingiella), 
Vigna (Voandzeia), Astragalus, Trigonella, Tnfolium and Arachis (Rivals, 
1953) and in Tephrosi'a and Dolichos (Polhill, pers. comrn.) As a rule geo
carpic species tend to be highly autogamous, but it is noteworthy that 
Voandzeia subterranea sets little s.eed in Ghana unless its flowers are tripped 
by ant pollinators (Doku, 1968). In passing it is worth mentioning that 
highly modified flowers common to amphicarpic and geocarpic species, 
tend to exaggerate phylogenetic distances and in doing so true relationships 
with ancestral outcrossing taxa are obscured. Marechal (quoted in Verdcourt, 
1978) has recently Shown that Kerstingiella geocarpa is a highly modified 
version of Macrotyloma, while Voandzeio. subterranea falls within the generic 
limits of Vigna. It may be profitable, therefore, to examine whether other 
small or satellite genera also exhibit cleistogamy, amphicarpy and geocarpy. 
Needless to say, breeding system characters should be weighed carefully in 
assessing relationships at higher taxonomic levels. 

IV. Apomixis 

Couderc (1971) originally described Anthyllis vulnerana as autogamous, but 
later provided evidence for pseudogamous apomixis in this species (Couderc, 
1974). Apart from this isolated report, the only thoroughly documented case 
of apomixis in the Legurninosae appears in Cassia series Subverrucosae of 
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section Psilorhegma of Australia (Randell, 1970). This series is characterised 

by widespread polyploidy and hybridisation and it has undergone substantial 
radiation in :~rid zones in Australia. Apomixis is of the adventitious embryony 
kind and is normally facultative, occurring exclusively in polyploid species. 
Few Leguminosae have been tested for apomixis and it is not clear whether 
this breeding system is as infrequent as would currently appear. 

V. Unisexuality 

Unisexuality, especially dioecy, is not common among Leguminosae. The few 

dioecious species (e.g. Tetrapterocarpon geayi, Ceratonia siliqua, Arcoa 
gonarensis, Hutchinson, 1964; Caesalpinia subgen. Guilandina, Gillis & 
ProctOr, 1974; Gymnocladus dioicus, Mitchell, 1978; Bauhinia macranthera 
and some species of Bauhinia ;mbgen. Piliostigma, Wunderlin, pers. comm.) 
are mostly members of Caesalpinioideae, although Janzen (1978a) reports 
dioecy in Ateleia herbert-smithii, a papilionate. There are some reports of 
male-sterility in the Papilionoideae; however, such plants rarely derive from 

natural populations. Of these, male-sterility is controlled by recessive genes 
in Vigna unguiculata (Rachie et al, 1975), by cytoplasmic factors in Vicia 
/aba (Thiellement, 1977) and by the interaction of genes and cytoplasmic 
factors in Crotalaria pal!ida (C. mucronata) (Edwardson, 1967) and in 
Lathyrus sativa (Chekalin, 1973 ). Allard's ( 1953) detection of 1 male-sterile 

individual per ::!0,000 plants in lima beans might be typical of the frequency 
of male-sterility in many legumes. Couderc (1974) nevertheless has discovered 

isolated male-sterile individuals in populations of Anthyllis vulnero.ria and 
Pakendorf {1970) estimates South American introductions of Lupinus 
mutabilis to contain an average of 17.5% male-sterile individuals, with a 
southern peak of 34.9% for Peruvian material. The breeding system of 
L. mutabilis thus approaches gynodioecy and a search for selective factors 
responsible for higher proportions of male-sterile individuals in southern 
extensions of this species might be profitable. 

Andromonoecy occurs in a scattering of caesalpinioid legumes (Gleditsia 
triacanthos, G. sinensis, Dialium guianense, Thompson, 1931; Bauhinia 
divan·cata, Percival, 1974; B. pauletia Heithaus et al., 1974; Caesalpinia 
pulche"ima, Cruden, 1976, and in some species of Apuleia and Arcoa, 
Hutchinson, 1964 ), and in a few papilionates (e.g. Abrus precatorius, Percival, 
19 74; Erythrina leprorhiza Hernandez & Toledo, I 979), but most impressively 

in approximately half the genera of Mimosoideae (Table N). 
Andromonoecy in some Caesalpinioideae has been interpreted as a selective 

response to pollen loss, contingent with the evolution of pollination 

mechanisms employing large animals, and secondly as a means of increasing 

pollen/ovule ratios where pollinator activity is low and where higher numbers 
of pollen grains must be transferred per pollinator visit in order to maintain 

a determined level of seed set. Following the first line of reasoning, Heithaus 
et al. (1974) point out that large quantities of pollen lost to bats in Bauhinia 
pauletia might have favoured female-sterility. Cruden (1976) on the other 
hand noted altitudinal differences in the proportion of female-sterile flowers 
in Caesalpinia pulcherrima, higher proportions of the unisexual flowers 
occurring in upland populations and coinciding with relatively lower pollinator 
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activity. As a higher number of female-sterile 'flowers increases the pollen/ 
ovule ratio, he argues that such altitudinal differences in sex expression 
probably evolved under pressure to maintain adequate seed set. 

Female-sterility in mimosoid-legumes is intimately related to inflorescence 
diversification and it may be associated with varying degrees of male-sterility, 
these when associated in the same flowers resulting in complete neutering of 
certain llorets. Although morphologically detectable female-sterility appears 
in all basic inflorescence types in Mimosoideae, andromonoecious genera are 
far more likely to possess small capitate inflorescences (Table IV). Apart 

Table IV Andromonoecy and inflorescence types in Mimosoideae {from 
Hutchinson ( 1964) and various other sources). 

Spicate Capitulate Other 

No. % No. % No. % 

Hermaphrodite 16 55.17 8 27.58 s 17.24 

Andromonaecious 7 31.18 13 59.09 2 9.09 

from morphologically expressed andromonoecy, female-sterility may be 
expressed cryptically (not detectable morphologically). Thus Maheshwari 
(1931) showed that many embryo sacs and pollen grains degenerate in 
Albizia lebbek inflorescences prior to anthesis. Solbrig & Cantina (1975) 
suspect a similar condition in Prosopis chilensis. Morphological gradients in 
the expression of female-sterility have also been described within and 
between populations. Female-sterile flowers intergrade interperceptibly with 
hermaphrodites in Acacia macracantha (Ruiz, 1976) where the proportion of 
distinctly female-sterile florets may vary from 0-100% per inflorescence. 
In Acacia karoo between 44-100% ·of the florets per inflorescence per 
population may be female-sterile (Gordon-Gray & Ward, 1975). Neuter 
flowers, frequently situated at the base of the inflorescence, are characteristic 
in Dichrostaclzys, Parkia, Neprunia, Emada, Fillaeopsis and in some Mimosas. 
In Dichrostachys basal, neuter florets are highly modified and function 
primarily as attractive devices, reminiscent of Composite ray florets. Neuter 
flowers in bat-pollinated Parkia produce the bulk of nectar. 

Although andromonoecy is generally considered along with breeding 
systems, it would be quite erroneous to assume that this condition regulates 
outcrossing in mimosoid legumes. Calliandra laxa and Acacia macracantha, 

are andromonoecious, yet both are self-incompatible (Ruiz & Arroyo, 1978), 
and as self-incompatibility evidently pre-dates unisexuality in the Leguminosae, 
the latter is clearly superfluous in terms of increasing levels of outcrossing 
per se. Current hypotheses accounting for the origin of andromonoecy in 
Mimosoideae involve reproductive energetics. Sol brig & Cantina (I 975) and 
Ruiz & Arroyo (1978) independently point out that while individual female
sterile flowers in mimosoid legumes play an important role in pollinator 
attraction, such inflorescences are physiologically incapable of maturing 



732 Kalin Arroyo 

fruits equivalent in number to total flower number. Indeed in Acacia 
macracantha and Calliandra laxa, the final fruiting capacity ofan inflorescence 
is even less than the number of hermaphrodite flowers per inflorescence 
{Ruiz & Arroyo, 1 978), and as Solbrig & Cantina ( 1975) indicate, maturation 
of fruits corresponding to the large number of individual flowers in Prosopis 
inflorescences is inconceivable. Female-sterility reduces the investment of 
reproductive energy into many fruits that could never achieve complete 
maturity. It may be seen as a means of streamlining the use of reproductive 
energy, without diminishing the attractiveness of inflorescences. As an 
alternative, some mimosoid female-sterility might have evolved as a response 
to selection for pollen loss as indicated for some caesalpinioids; here, however, 
pollen loss might often be due to removal of large quantities of pollen by 
pollen-collecting bees. Simpson (1977) stresses how the generalised flowers 
of Prosopis invite many non-specialist insects taking advantage of open 
pollen and nectar sources, along with regular pollen collecting effective 
pollinators. Both reliance for pollination on pollen-collecting bees, and loss 
of pollen to non-specialists would select for higher pollen production, and 
female-sterility is one way of achieving this end. This argument, nevertheless, 
must assume that past ancestors of Prosopis were pollinated by less-pollen 
demanding vectors, and as a general pathway to andromonoecy it is more 
applicable to changes from bee to bird-pollination and bird to bat-pollina
tion, where in each case the derived pollination system demands higher 
pollen production. It is likely that both of the selective processes outlined 
here, and perhaps many others (e.g. change from many small fruits to few 
large fruits per inflorescence) have moulded the mimosoid inflorescence in 
different instances, and a synergistic effect of various factors should not be 
ruled out. Progressions from female-sterility to complete neutering of florets 
provide, perhaps, the most useful clue for determining the selective basis for 
the origin of female-sterility. Where female-sterility has been selected for in 
relation to increasing the pollen/ovule ratio, neutering of florets should not 
be expected, since this condition cancels the initial gain in pollen/ovule ratio 
afforded through female-sterility. Needless to say careful documentation of 
mimosoid sex expression by systematists would provide a useful basis for a 
better understanding of this problem. 

VI. Heterostyly 

Dimorphic heterostyly seems to be characteristic of all four species of 
Bauhinia subgen. Tylosema in southern Africa (Vogel, 1955; Coetzer & Ross, 
1977). This report needs further investigation as a trend to dioecism is noted 
in B. burkeana of the subgenus (Vogel, 1955). 

Vll. Legume Flowers as Functional Pollination Units 

Floral evolution in Leguminosae is characterised by clear-cut trends towards 
maximising pollen and nectar economy. These trends, in turn have resulted 
in a gradual selective development of increasingly sophisticated pollinators 
and the elimination of non-specialised vectors. Each of the three subfamilies 
has achieved a characteristic grade of advancement, the highest expression 
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of \vhich is found among papilionate flowers with explosive pollen delivery 
and perhaps pollinator attraction based on intoxicating effects. 

In an ecological context, Caesalpinioideae flowers are less specialised than 
mimosoid and papilionoid counterparts. Such flowers are open, usually with 
exposed pollen and nectar available to both specialised and non-specialised 
pollen vectors. It is only in some of the advanced genera that resource 
conservation and pollinator selection is evident. In Cassia s.l., usually readily 
available nectar has been eliminated and only pollen is offered as a floral 
resource. The porose anthers of Cassia., differentiated into two categories, 
feeding and pollinating, requiring special pollen extraction techniques such as 
vibrating (Michener, 1962~ Buchmann, 1974) and milking (Michener, 1962), 
and workable only by bees of a certain size category, may be seen as one of 
the more advanced expressions of pollen economy among Caesalpinioideae. 
Apart from this, anthers may be protected in primordial keel-like arrange
ments in some genera (e.g. Cercis and Peltophontm). 

The unit of attraction in Caesalpinioideae may be the individual flower 
(e.g. Amherstia, Delont.:r:), a loosely organised inflorescence with small, 
individual flowers (e.g. Tachigalia, Sclero/obium, Copaifera), or more rarely 
an entire, compact inflorescence (e.g. Brownea, Browneopsis). Intrafloral 
differentiation is poorly to highly developed. The individual flowers are 
weakly (e.g. Copaifera) to highly zygomorphic {e.g. Caesalpinia, Cercidium, 
Parkinsonia); however, the similar halves are never true mirror images. 
Enantiomorphy is well developed (e.g. Cassia, Copaifera). This phenomenon 
produces a true zygomorphic effect based on opposite pairs of flowers on 

. the inflorescence axis, and it may be seen as the caesalpinioid alternative to 
intrafloral zygomorphy. It goes without saying of course, that at close range, 
pollinator attraction in such enantiomorphic genera will be based on the 
effect of two, and not individual flowers. For fine-tuning, primitive 
caesalpinioids appear to rely on colour contrasts between anthers and petals. 
In advanced genera (e.g. Cercidium, Parkinsonia, Sclerolobium, Caesalpinia) 
clearly demarcated nectar guides are evident, which as has been recently 
shown in the yellow-flowered Cercidium (Simpson, 1977), Parkinsonia and 
Caesalpinia (Jones & Buchmann, 1974) may incorporate UV-light reflectance
absorbance patterns. In Parkinsonia, the upper petal and stamens for their 
entire length are UV-absorbant, whereas in Caesalpinia the upper petal and 
anthers, but not the fllaments are. absorbant. The importance of UV-light 
patterns as orientation clues was clearly demonstrated in manipulated flowers 
of Parkinsonia and Cercidium; in inverted flowers, small bees reorientated in 
mid-air to the new position of the nectar guide, whereas larger bees landed 
and turned their heads {Jones & Buchmann, 1974 ). The presence of UV-light 
patterns should be investigated in primitive caesalpinoids, especially those 
with yellow flowers. While these may lack visible nectar guides, it is conceiv
able that pollen and anthers reflect or absorb UV-light differentially. 

As the mimosoid legume line differentiated from basal caesalpinioid stock, 
a clear-cut trend toward reduction in flower size was established, paralleled 
by the appearance of narrower, radially symmetric flowers with more erect 
petals. Reduction in flower size was eventually compensated for by inflores
cence compaction and the transference of attraction now to the entire 
inflorescence rather than to individual flowers. Female-, male-sterility and 
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neutering of florets (see section V) played· an integral part in this trend, 
culminating in genera such as Dichrostachys and Parkia where heads are 

differentiated into fertile and sterile portions. In some ornithophilous 
Mimosoide::te (e.g. Calliandra) neo-zygomorphy has appeared in individual 
florets. As mimosoid legumes base their attraction on the sum effect of the 
inflorescence, it is not surprising that little intrafloral differentiation occurs. 
In generaL conspicuous nectar guides are lacking and the corollas tend to be 
uniformly pigmented. Colour contrasts are established between stamens and 
corollas, between anthers, filaments and corollas or between sterile and fertile 
portions. In ornithophilous species of Calliandra the white f:tlaments amply 
contrast against the red corollas. In Mimosa contrast is established between 
yellow anthers and usually pirtk corollas. UV-light patterns are also incorpo
rated as visual cues in M.imosoideae. Thus Simpson et al. (1977) shows that 
pollen of the dull yellowish-green flowers of Prosopis is reflective, the dehisced 

anthers standing out like bright dots on the dull; yellow-green background. 
Both the narrowing of individual florets and compaction of inflorescences 

irt Mimosoideae have lead to greater concealment of nectar relative to the 
situation irt Caesalpinioideae; pollen, however, as in Caesalpinioideae, remains 
exposed and available to all kinds of vectors. The pollen in Mimosoideae, 
nevertheless. may be shed as polyads, and the number of pollen grains per 
polyad tends to bear a close relationship with ovule number (Elias, this 
volume). The evolution of polyads is therefore thought to be associated with 
efficiency of pollen transfer. Whether the size of larger polyads has exerted 
the effect of selecting for pollinators with specialised pollen collectirtg 
techniques is unknown, but of great interest for future investigation. 
Curiously, poly ads of mimosoid legumes are thought to have played a role 
in the evolution of rust fungi spores. Sa vile (1976) shows that septate spores 
of the rust fungus genus Ravenelia, principally associated with Acacia spp. 
mimic compound pollen grairts in size pigmentation and shape. He speculates 
that such spores might be dispersed by the pollinators of the mimosoid host 
plants. 

The truly zygomorphic, bilateral papilionoid flower represents an 
ecological advancement relative to Caesalpinioideae and Mimosoideae. Where
as these last two subfamilies have achieved some degree of nectar protection, 
both pollen and nectar are concealed in the papilionoid flower and become 
available only after tripping. As Leppik (1966) points out, the tripping 
requirement has not only led to greater pollen and nectar economy, but it 
has also precipitated the development of relationships with increasingly 
specialised pollinators capable of working the successively more complex 
mechanisms. 

The functional pollination unit in Papilionoideae is generally the individual 
flower. All degrees of irtflorescence compaction occur, however: the inflores
cences of some Trifoliums, Trigonellas, and some Arnorpheae have converged 
secondarily on those in Mimosoideae. Just as in many mimosoid legumes, 
the long, narrow flowers of Trifolium afford nectar reservoirs, and corolla 
length is known to be directly correlated with the frequency of bee visits in 
this genus (Bond & Fyfe, 1968). In contrast with Mimosoideae and 
Caesalpinioideae, the functions of individual petals of the papilionoid flower 
are more clearly defined. Thus in a typical flower the standard (banner) is 
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associated with attraction only; the keel serves to protect the stamina} 
column; and the wings, together with the keel acting as a landing platfonn for 
pollinators. These functions, nevertheless, may be interchanged; thus in 
resupinate flowers pollinated by large bees (e.g. Centrosemtl and Periandrti), 
the standard becomes the landing platform, and protection is afforded by the 
inverted keel. The resupinate standards of some bird-pollinated papilionates 
(e.g. Mucuna crista·galli) also appear to provide landing platforms (Baker, 
1970). 

Nectar guides in Papilionoideae are mostly located at the base of the 
standard. Visible colour combinations are frequently reinforced with W-light 
reflectance patterns, the basal part of the standard and sometimes the nerves 
being absorptive and some species also having absorbant patches on the wings 
and keels (Kugler, 1963). The UV-light absorbant patches were found to 
exceed the area of the visible nectar guides in Lupinus nanus (Jones & 
Buchmann, 1974). Such nectar guides may undergo colour changes following 
pollination. Wainwright (1978) in investigating colour changes in Lupinus 
arizonicus and L. sparsiflorns from yellow-white to deep purple-red provides 
evidence that poBen removal alone is sufficient to stimulate the newly 
acquired colour. Such colour changes increase pollination efficiency by 
preventing non-productive visits of bees to flowers, and they may be seen as 
an ultimate expression of perfection in the papilionoid flower. 

As already expressed, the single most important functional feature of the 
papilionoid flower is the tripping mechanism. From joined stamens, affording 
greater precision in tripping, to a markedly bilabiate calyx providing greater 
support of the keel as it is tripped, few characteristics of the papilionoid 
flower are not directly associated with tripping, and it goes without saying 
that this feature has dominated the architecture of the flower. In its simplest 
form, tripping occurs as the stamina! column is released under pressure of the 

poUinating vector as it alights on the wing-petals and forages on the 
intrastaminal nectary at the base of the ovary. With such valvular mechanisms 
(see Knuth, 1898-1905) the wing and keel petals may be entirely free to 
moderately interconnected. With the more elaborate kinds of tripping 
described below, however, the wing and keel petals tend to become 
interconnected by means of auricles, corresponding sockets or by the 
intervenal puckering of the wing petals mirroring ridges on the keel petals 
(Stirton, this volume). Valvular mechanisms have paved the way for more 
elaborate pump mechanisms in which pollen is extruded through an opening 
at the tip of the keel by the pump-like action of the stigma as the style comes 
under pressure, and brush mechanisms in which the pollen is transported out 
of the keel by the aid of stylar hairs. 

Explosive tripping mechanisms, nevertheless, are the most advanced. Here 
the stamina! column and stigma emerge from the keel eruptively when 
the latter is depressed, and pollen is sprayed over a large part of the vector's 
body. Pump mechanisms are often associated with dimorphic anthers, the 
longer anthers dehiscing, and the smaller acting as pistons moving pollen out 
of the keel. Papilionoid flowers with explosive dehiscence sometimes secrete 
large amounts of nectar. Such explosive tripping clearly could only have 
evolved in flowers in which the primary floral resource is nectar and not 
pollen, as the liberation of pollen over a large part of the pollen vector's 
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body is not conducive to ready pollen collecting on the part of the vector. 

Curiously, however. explosive pollen release is associated with loss of nectar 
secretion in Genisteae, and although nectar is not offered, bees have been 
observed to linger in Genisreae t1owers (Bisby, pers. comrn.). If these flowers 
shoulu contain osmophores, as such observations would suggest, the legume 
family provide~ another example of pollination based on compounds with 
intoxicating effects. 

Tl1e development of these tripping mechanisms and their many variants 

would appear to be by convergence in different tribes. Brush mechanisms 
occur in Galegeae, Robinieae, Tephrosieae, Phaseoleae, Crotalarieae and 

Vicieae (Polhill, pers. comm.), but these tribes are not all closely related to 
one another. Pump mechanisms are common in Uparieae, and they also 
appear in Crotalarieae and Genisteae (Polhill, 1976). Explosive pollen delivery 

is highly characteristic of Brongniartieae (Arroyo, 1976) and also of :mtr~e 

Genisteae, Indigofereae and Desmodieae. 

Vlll. Melittophily 

The legume family, as borne out by Leppik's (1966) statistical survey of 

floral syndrome types, is principally a bee-pollinated family, and in 
constituting one of the largest of angiosperm families, is a major food source 
for bees. Bees and legumes have been intimately associated with one another 
throughout their evolutionary histories and this association reaches its climax 
in the Papilionoideae. The very success of the Leguminosae is reflected in the 
utilisation of bees as pollinators, and the evolution of the highly complex 
papilionoid flower has in tum exerted a profound effect on the sensory 
development and tropheclectic activities of bees themselves. Melittophilous 
legumes as a whole may be classed as 'generalist', in that a wide range of bees 
are used and dependence on a limited number of bees is uncommon. Within 
the broad category of generalist, relationships between bees and legumes are 
diverse and complex, and the legume family cuts across the entire taxonomic 

spectrum of bees. 
Mimosoideae and Caesalpinoideae, with open flowers usually not requiring 

special manipulation, are relatively less dependent on bees than are 
Papilionoideae, in which tripping tends to exclude all but bees. In these 
subfamilies complex interactions between taxonomically mixed spectra of 
insects is often the basis for outcrossing, while dependence on specialised 
flower techniques and flight patterns is less evident. 

The genus Prosopis (Mimosoideae) is visited by numerous species of bees, 
numbering some 64 species in P. velutilla (Simpson et al., 1977), and also by 

wasps and butterflies~ all taking advantage of relatively readily obtainable 
nectar and pollen. In North America, oligolectic Co/letes and Perdita and in 
South America Colletes. Eremapsis, Isomalopsis, Bicolletes and Oediscelis 
(Simpson et al., 1977; Moldenke, pers. comm.) visit and often exhibit 
specialist feeding relationships with Prosopis. Most cross-pollination, however, 

is effected not by these smaller bees with limited flight ranges, but by larger 
polylectic species of Megachile, Centris and Xylocopa. 

The pollination system of the caesalpinoid Copaifera pubijlora of 
northern South American savannas is highly illustrative of the generalist-non-
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specialist visiting pa ttern typically found among· many Caesalpinioideae, with 
their open flowers. Opening .towards the end of the wet season and providing 
the only major · nectar and pollen source available during that period, the 
small , white. highly fragrant flowers of Copaifera pubif/ora produce copious 
quantities of nec tar Jround the gynophore. They are vis cLed by numerous 
species of insects, including bees, wasps , flies and butterflies. Of the 
many insects visitin g Copai[era flowers, three bees and a number of closely 
rei a ted wasps are the principal pollen vectors . Cross-pollination between 
the large self-incompatible trees of this species is dependent upon a series 
of hierarchical arrangements set up between foraging groups of bees, and non
groupe d bees and wasps of varying sizes (Arroyo, in preparation). As the 
foragin g groups of bees arrive at the trees, they rapidly compete for sites 

and oust medium-sized, non-grouped bees. Such medium-sized bees compete 
with smaller stingless bees , causing the latter to move to other trees seeking 
alternate nectar and pollen sources. Wasps and other non-specialised insects 
visit the trees in the early morning, before the arrival of the bees, and again in 
the late afternoon, as pollen and nectar supplies dwindle and bee activity 
ceases. Although Copaifera devotes a considerable proportion of its floral 
resource to non-specialist ins~c ts and to bees that exhibit a low level of 
inter-tree movement , the elaborate hierarchical arrangement between visiting 
insects is clearly strategically successful in terms of promoting outcrossing. 
The success of the hierarchical system is further enhanced by periodic 
gregarious flowering (Arroyo, in preparation), in which short bursts of 
an thesis (I -2 days) , synchronised over entire populations, alternate with 
periods of 9-18 days of floral inactivity . This pattern of flowering 
concentrates bee activity on trees over very short periods of time, and has 
the effect of maximising interactions between bees and consequent levels of 
outcros.sing. 

The complements of bees visiting papilionoid flowers may be as varied as 
those visiting caesalpinioid and mimosoid legumes. These 'bees, nevertheless, 
are more rarely accompanied by members of other groups of insects. In tree 
papiliona tes, highly complex interactions based on bee territoriality and 
group-foraging are frequently encountered. The Neotropical genera Andira, 
Bowdichia, Dalbergia. Machaerium , Myrospemzum, Pisddia and Pterocarpus 
(Frankie et al ., 1976; Arroyo, unpubl .) are all visited by large numbers of bee 
species representing many different genera; thus Frankie et al. ( 1976) record 
some 70 species visiting the flowers of Andira inennis in Costa Rica. All of 
these legume genera, however, are regularly visited by large numbers of 
individuals of the group-foraging bees Gaesischia exul and species of the 
genus Centris. In them, cross-pollination is dependent upon interactions set 
up between the group-foraging bees and the numerous other assorted species 
visiting the trees, in combination with the territorial behaviour of male 
individuals of the genus Centris. In Andira the males of Centris set up 
territories of up to 4 m diameter and defend them by making frequent 
landings on prominent branches. This activity, along with the general stir 
caused by foraging aggregations containing up to 3000 bees, displaces other 
foraging bees to alternate nectar and pollen sources, with consequent cross
pollination occurring if new trees are sought out. 

Interestingly , some advanced CaesalpinioideaP. have reached a similar 
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grade of pollination advancement as the papilionates under discussion. 
Cercidium (Frankie et al., 1976; Jones, 1978) is pollinated as a result of 
interactions involving Cenrris spp. and Gaesischia exul; Caesalpinia and 
Parkinsonia rely heavily on Centris species for pollination (Jones & 
Buchmann, 1974). 

Temperate papilionates, like their tropical counterparts, are also visited by 
numerous species of bees. Differences in the diversity of bees visiting the 
flowers of legumes generally reflect variation in the overall diversity of bee 
faunas. Such regional differences in bee diversity have led to different kinds 
of relationships between bees and papilionates. Northern temperate 
papilionates in desert regions in general appear to be visited by more diverse 
bee complements than those from southern hemisphere non-desert regions 
and boreal and austral regions. Darwin (I 876) records a range of 3-28 bee 
species on 23 species of herbaceous European legumes. In Texas, Green & 
Bohart (1975) collected 23 species on Astragalus utahensis and A. cibarius, of 
which 14 bore pollen, while Williams (1977) recorded 17 different bees 
representing 7 genera on cultivated Cajanus caj'an in India, and equally 
heterogeneous groups of bees are associated with Crotalaria juncea, Cicer 
arierinum, Trifolium hybridum, and Melilotus indica in Ludhiana, India 
(Batra, 1967). By way of contrast, the principal bee pollinators of Medicago 
media in Poland number 4 (Anasiewiez, 1975), and at latitude 61° N in 
Finland red clover relies on 5 species of Bombus (Teras, 1976). Comparative 
data for the South African and Australasian regions are few and can hardly be 
taken as representative. Nevertheless Scott-Elliot's (1890-1891) notes for 
Madagascar and South Africa rarely mention more than 2-3 species of bees 
on papilionoid legumes. In New Zealand, Donovan (pers. comm.) indicates 
that only two species of Leioproctus take pollen from Carmichaelill and 
related genera. Rayment (1935) lists two bees on the genus Hardenbergia and 
Daviesia u/icina, one each on Hovea longifolia and Daviesill corymbosa and 
Swainsona galegifolia, with a maximum of three reported on Dillwynia. 
Clearly more data is needed in order to assess the real situation in Australia 
and South Africa, especially in view of the relative abundance of bees in the 
former area. 

The bees that collect pollen and nectar from papilionates are variable as to 
their dependence relationships. Some papilionates are visited ahnost 
exclusively by large polylectic bees (e.g. species of Xylocopa, Api~. Centris. 
and Bombus), which possess a wide range ofhost plants. The flowers of such 
papilionates often diverge from the typical papilionate ground-plan in one 
feamre or another, to the exclusion of other, smaller bees even if they are 
present locally. Bees of the high-energy requiring genus Bombus, important in 
the pollination of northern hemisphere papilionates, appear to have been 
responsible for the selective development oflong, narrow flowers in Trifolium 
and other genera. Tropical Centrosema, Canavalia and Harpalyce, and 
according to Watmough (1974) many South African papilionates, are 
principally pollinated by Xylocopa species. The large, heavy, frequently 
resupinate flowers of such Xylocopa flowers are only manipulated with 
difficulty by smaller bees. Although such papilionates rely on polylectic 
species, they have come to depend on a reduced segment of the local bee 
fauna for pollination. The same syndrome of characteristics has also evidently 
appeared in more specialised Caesalpinioideae. Thus the genus Xylocopa is 
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extremely important in the pollination of the open flowers of Cassiti, which 
require special techniques for pollen extraction (Delgado & Sousa, 1978); 
several Cassias have clearly resupinate flowers. Indeed, Hurd (1978) lists 318 
genera of angiosperms visited by Xylocopa species 15% of these are 
legumes, principally papilionoid and caesalpinioid, and legumes constitute 
21% of the species visited (Table V). 

Table V Legumes recorded as visited by species of the genus Xylocopa 

Numbers without citations are from Hurd (1978). 

Acacia {S};Adesmia (Patagonium) (2);Astragalu.r(1);Bauhinia (1); Caesalpinia (2); 

Cajanus (1; 1 Vesey-Fitzgerald, 1939); Calliandm (1); Calopogonium (l); Canavaliil (1; 
1- Scott-Elliot, 1890; 1 Stirton, 1977); Cassia (14; 8- Delgado & Sousa,l978; 1- van 
der Pijl, 1954; 1- Percival, 1965); Centrosema (2); Cercidium (3); Cercis (2); Cicer 
(1- Batra, 1967); Crotalaria (9);Dalbergia (2); J)efonix (l);Dioclea (2);Dipllysa (1); 
Dipteryx (l ); Eysenhardtia (l ); Galac/ia (1 ); Geoffroea (l ); Gliricidiil (2); Glycine (I); 

Hoffmannseggia (l);Humboldtieila (2 Anoyo,unpubl.);/nga (l);Lathynts {1); 

Lespedeza 0); Leucaena (1}; Liparia (1 -Scott-Elliot, 1890); Lotus (l); Lupinus (8); 
Meclicago (l);Melilonts (]);Mimosa (2);Mucuna(l);Parkinsonia (l);Phaseolus (3); 

Pisum (l);Podalyria (1- Scott-EUiot, 1 890);Prosopis (l);Psoralea (1- Scott-Elliot, 
1890); Pterocarpus U, 2. Arroyo, unpubl.); Rhrnchosia ( 1 ); Robinia (2); Sesbania (I); 
Tepl!rosia (I); Trifolium (2); Vicia (1); Vigna (l); Virgilia (1 Scott-Elliot, 1890} 

Many bees collect pollen and nectar principally on legumes, and from a 
restricted number of other families. Michener (pers. comm.) cites Osmia, 
Hoplitis and Amhidium as typical visitors to small-flowered legumes in the 
genera Medicago and Trifolium in the USA, yet these genera of bees also 
collect pollen on such plants as Phacefio. and Penstemon. It is becoming 
increasingly evident, nevertheless, that many bees exhibit specialist feeding 
arrangements with legumes, although such legumes themselves may be 
pollinated by a wide range of bees. Moldenke (pers. comm.) indicates that 
specialist feeding is most commonly developed in warm desert regions where 
competitive relations between bees are maximised owing to their local 
diversity. As examples he cites dependence of the primitive bee genus 
Eulonchopria in North America on Acacia. Certain species of Colletes, 
Bicolletes and Oediscelis are dependent upon Prosopis in South America, 
whereas other species of Colletes and Perdita are restricted to visiting the 
flowers of Prosopis in North America. Adesmia is thought to be the only 
host-plant of four different genera of bees in Chile (Moldenke, pers. comm.). 
In Australia, species of Trichocolletes appear to be strongly tied to Daviesia, 
Pultenaea and Aorus (Michener, pers. comm.; Rayment, 1935). 

Melittophilous legumes must often share the same bee species and details 
of these sharing arrangements are of particular interest. Windler (1973) 
indicates that bees pollinating sympatric species of Crotalaria fail to 
distinguish between species, Wainwright (1978) recently showed that bees 
readily moved between the flowers of Lupinus arizonicus and those of 
L. sparsijloms where these plant species were sympatric in Southern 
California. Jones (1978), however, elegantly demonstrated 94-97% trip 
constancy by bees visiting two sympatric species of Caesalpinia, and related 
their constancy to the recognition of specific colour patterns, particularly 
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UV-light pattern differences. Trip constancy of thls nature may be common 

in Leguminosae , bu t few cases have been documented. An alternate strategy 
for utilising shared pollinator complements is seen in legume tree species 

p ollinated by Cemris species and Gaesischia exul in Venezuela {Ai-royo, 
unpubl.), where pollinators are shared becau~e of phenological differences in 
flowering time. In Venezuela Gaesischia exul and Centris spp. pollinate 
Andira surinamensis during its flowering period in October and November. In 
December the bees transfer to Pterocarpus podocarpus and also forage on 
the non-leguminous Brysonima crassifolia (Malpighiaceae). In Januazy 

principal food plants are Bowdichia virgilioides and Securidaca (Polygalaceae ). 
Finally towards the end of the dry season in February-March two 
Plarynziscium species and a species of /tlachaerium begin flowering. Individual 
bees of the genera Centris and Gaesischia appear, however, to exhibit trip 
constancy. 

IX. Ornithophily 

Legumes in each subfamily have adapted to all major nectar-feeding bird 
groups including African and Asian Nectariniidae (sun-birds), Australian and 
Indo-Asian Meliphagidae (nectar-eaters), Hawaiian Drepanididae 
(honeycreepers), American Troch.ilidae (hummingbirds), American 
Coerebidae (sugar-birds) and Australasian Zosteropidae. Miscellaneous parro(s 
are also known to pollinate legumes in the Australasian region. 
Ornithophilous legumes are heavily concentrated in the tropics and seem to 
be most abundantly Fepresented in the New World tropics where the principal 
bird pollinators are Trochilidae. This statement, nevertheless, should b.e 
interpreted cautiously, since information is generally more readily available 
on pollinators of New World groups. Ornithophily is also well represented 
among Australasian and South African legumes, but is poorly represented 
among temperate New World legumes, although hummingbirds abound 
seasonally in these regions. No legumes appear to be pollinated by a single 
bird species. Mimosoid legumes appear to attract a greater number of 
different bird species than do Caesalpinioideae and Papilionoideae (Table VI). 

Ornithophilous Caesalpinioideae are widely scattered througll the 

subfamily. Amherstia nobilis and Delonix regia are classic ornithophilous 
species of the Old World, and the structure of their flowers leads to the 
suggestion that these species might have acquired ornithophily through 
butterfly-pollinated intennediaries. There are few documented cases of 
ornithophily among New World Caesalpinioideae. Bauhinia macranthera 
(Wunderlin, pers. corrun.) is considered to be pollinated by hurruningbirds. 
The genus Brownea is exceptional in that most of its species are probably 
hummingbird pollinated. The flowers of Brownea are clustered into large 
pincushion-like inflorescences and the bracteoles are fused into long tubes. 
Some species - e.g. B. bolivarensis - are cauliflorous. Other caesalpinioid 
genera likely to possess omithophilous species are Ozidlowia and Acrocarpus 
of the Old World and Phyllocarpus of the New World. 

Definite records of omithophily in Mimosoideae are mostly confined to 
the New World and concentrated in the Ingeae. The Old World Albizia lebbek 
and A . julibrissin are frequently visited by hummingbirds when grown in the 



Table VI Documented records or bird pollination in Leguminosac 

Spcdc~ 

CAESALPINIOIDEAE 

Caesalpinieae 

Caesalpinia pulchcrrima 

Cerddium praecox 
Delo11ix regia 

Cercideae 

Bauhiuia purpurea 

Bauhinio racemosa 

Griffonia rpeciosa 

Bird Visitors 

Leptocoma asiatica 
Leptocoma zcylrmica 
A mazilia I'll til a 
A mazilia sauccrottei 
Arcltiloclws col11bris 
Chluroslilhon ca11h•etii 
Jleliumaster constantii 
Chlorostilbon aureoventris 
sun birds 
Leptocoma asiatica 
Lepwcoma zcylunica 

LeptoconUl asiatica 
Leptocoma zeylmzica 
Leptocoma asiatica 
Leptocoma zelonica 
sunbirds 

Local ion 

India* 

Costa Ric~ 

Argentina 
Java• 
India* 

India 

India 

S. Arrica"' 

Aulhmity 

Ali, 1932 

Sliks, pc1s. collliU. 

Orians ct a!, 1977 
v;UJ dcr l'ijl, 1934 
Ali, 1932 

Ali, 1932 

Ali, 1932 

Vogel, 1954 

~ 
r, 
r, 
~ 

rr~ 

til 

~ 
r.. 

r;; 

s 
~ 

'-;:; 
c;. 
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Table VI (continued) .._, 
..... 
!.) 

Detaricae 

8rownea coccinea hummingbirds Venezuela Arroyo, unpuhl. 

Brow11ea grandiccps hummingbirds Venezuela Arruyo, unpuhl. 

Brmmea Iatifolia Glaucir hirsma Trinidad Snow & SnDw, 1972 
l'haethomis guy 
J'haethomis lo11gimarew; 

H/izabetlra durissima hummingbirds Brazil V('lgcl, 1968 

Scllotia brachypetala sunbirds S. Africa Vogel, 1954 

Schotia speciosa Cinnyris chalbea S. Arrica Scot!·Uliol, I 890 

Am herstieae 

Amherstia nobilis sunbirds Java* van dcr Pijl, 1937 

MIMOSOIDEAE 

Acacieae 

Acacia arabica Leptocoma asiatica India Ali,l932 
Leptocoma zeyl01rica 
Diaceum erythrirbynchum 

Acacia celastri{olia Zosterops latera/is Australia Sargent, 1928 
Acacia pycnantha Melithreptus lmmilis Australia Ford & f'orde, 1976 

LichenostomWI chrysops ?:: 
"" Lichenostomw; penicillatus s: 

Phylidonyrus pyrrhoptcra ~ 
Acacia tortilis Nectarinia ptlfchella Africa llagerup, 1932 ..., 

0 
'< 
0 



Tahle VI (continued) 
t;:;l 

lngcae 
~ 

'" 
Albizia J.ruachapele hummingbirds, passerine birds Venezuela Arroyo, unpubL 5-

u:; 

Calliaudra gui/di11gii Saucerotlia tobaci Trinidad Snow & Snow, 1972 U) ._.. 
C:laucis hirsuta ~ 

Phaetlromis guy 
<"".> 

~ 

Phaetlromis longimareus "' 
""' Antlrracothorax ni"gricol/is ;:: 
c. 

Chlorestes notatus '"tl 

A mazilia chionopectw; c 

Saucerottia tobaci 
t::• 
p 

Cal/iandra laxa hummingbirds Ven~zuela Arroyo, unpuhl. c. 
Calliandra sdmltzei hummingbirds Venezuela Arroyo, unpulll. 

c 
;:: 

G.illialldra tll"cedii hummingbirds Paraguay Schrollky, 1908 o::l c;· 
lnga brencsii Amazilia tzacatl Costa Rica J:cinsingcr, 1976 0 

Amazilia sauccrottia o::. 
'-:: 

Lampomis calolaema 
Clrlorostilbon canivetii 

/11ga ingoides Florisuga mellivora Trinidad Snow & Snow, 1972 
Cllrysolampis mosquitus 
Amazilia cllionopectus 
Saucerottia tobaci 

lnga l't?ltoSa Glaucis lri"rsllla Trinidad Snow & Snow, 1912 
Clllorestes notatus 
A t~u1 zilia cllionopectus 
Saucerottia tobaci 
Amazilfa nigrlcollis 

lnga 11cra var. sp11ria Amazilia candida Mexico Toledo, 1975 
A mazilia tzacatl 
A mazilia yucatanensi:r -.l 

~ 

Anthracothorax perostii w 



Table VI {continued) -J 
~ 
+> 

l'ithecellobium juptmba Chrysolampis mosquiws Trinidad Snow & Snow, 1972 
Chlorestes nntatlts 
A mazilia chionopectus 

Pitliecellobium samo11 Florisuga mellil'ora Trinidad Snow & Suow, 1972 
A mazilia nigricollis 
Chrysolampis mosquims 
Chlorcstes 110tatw: 

Amazilia chionopectus 
Sauccro ttia to baci 

PAPILIONOIDEAE 

Sophoreae 

Castanospemmm australe Honey eaters and parrots Australia Cribb, !969 
Sophora cltrysopltylla h oncy creepers Hawaii Godley, 1975 
Sophora micropllylla hummingbirds Chile Godky, I'J75 
Sophora macrocarpa Patagona gigas Chile Arroyo, unpuhl. 

Soplwra tetraptcra Nestor meridonalis New Zealand Hamilton, 1916 
Prosthemadera noJ•aeseelatldiae Godley, 1975 
Antllomis mela11ura 

Clathrotropis bracflypetala A mazilia c/,j_iorwpectus Trinidad Snow & Snt!w, 1972 

Tephrosieae 
7' 

Piscidia piscipula Cocreba jlaveola 
tl> 

Jamaica l'crcival, 1974 ;::;: 
:::l 

Mcl/isuga lwmilis ?: Trochilis poly 1 oms .... 
c ...... 
< 



Table VI (o.:ontinucd) l;l:j .., 
(";, 
r. 

l'hascolcac E:: 
'""' q-:. 

Harbieria pi1111a1a hummingbirds Brazil Arruyo, unpubl. VJ 
·--:: 
</; 

;; 
~ 

'""' "' 
!:: 

!Jutca frondo!ia Cort•us macrochynchos India Ali, 1932 c:.. 
Corl'!ls sp/endens ~ 

Camptoscma na/Jilc hummingbird~ New World Faegri & van dcr l'iJI, 1971 
C'!1111plmcma Sflc•ctabile hummingbirds Brazil Arro)'o, unpuhl oh~erv. '"" '"' 
IJioclca ,J:IIiall£'11ois h umminf,hirds Venezuela Arrnyn, unpuhl. ohs.:rv. §' 
l:'n·thrilla {23 spp). ** hummingbirds, sun birds Australia, Asia 

white eyes, passerine Africa, New World Tuh:do, 1974; Raven, 1974 
l;l:j 

c: 
birds c 

K emtedia 11 igricam u nspcclflcd Australia Satl!cnt, 191H 
fJC 
'< 

Mucuna prurims Lcptocoma asiatica India Ali, 1932 
Leptocoma zeylonica 

Jlfuci/IUJ rostra/a hummingbirds C. America Baker, 1970 
Mucwra sta11S sunbirds S. Africa Vogel, 1954 
MliCIIIIQ IITCIIS h unnningbirds Brazil Vogel, t'96R 
l'haseolur sp. hummingbirds Mexico Crudcn & Toledo, 1977 
Strongylodon sp. u nspccified Asia, Pacific Vogel, 1954 

Sesbanieae 

Sesbania grandijlora Corvus splendens India Ali, 1932 
l.eprocoma spp. 
Molpastes ca(cr -.1 

""" v. 



Table VI (continued) ~.1 

~· :::;., 

Galegeae 

Aura~:altts coccineus hummingbirds WN. America Grant & Grant, 1968 
Clianthus puniccus Nestor mcridonalis Australia Thomson, 1881;Sargcnt,l918; 
(C. dampicriJ l'rosthemadera IIOI'aeseelandiae Primack, pers. co milL 

A12thomis melanura 
Su therfandia fnt tescens Nectaril/ia famosa S. Africa Vogel, 1954 

Vicieae 

Lathyrur splendens hummingbirds WN. America Raven, pcrs. comm. 

Mirbelieae 

Bracllysema aphyllum honeyentcrs Australia Morcombc, 1968 
Braclzysema clwmbersii unspecified Australia Macunochic, pcrs. cumm. 

Bossiaeeae 

Templetonia retu!i'a Zosterops gou/de Australia Sargent, 1918 

Loteae 

Lotus pefiorhyncl!us sunbirds S. Africa* Vogel, 1954 ;:>:; 
Lotus rigidus Nectarinia pulchella Sierra Leone* Vogel, 1954 ~ 

Hedydipna platura !:) 

Lotus rigidus hummingbirds WN.America Grant & Grant, 1968 :> ..., ..., 
0 
'< 
0 



Table VI (continued) 

· Crotalarieae 

Crotalaria aga tij1ora 
Crotalaria cwmiughamii 

* lntrodUI.:ed 

Notiocitmyris 
unspecified 

**For detailed reports on this genus see Raven, 1974; Toledo, 1974; Raven, 1977 

S. Africa* 
Australia 

Vogel, 1954 
llamillon, 1916 

Vi 
'< 
"' ;:;; 
::::1 
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AmericJS. but precise records of ornithophily in their native ranges are 

lacking. New World omithophilous Mimosoideae are pollinated by passerine 
birds. straight-billed territorial hummingbirds and non-territorial hermit 
hummingbirds with decurved beaks. Among Mimosoideae in general, 
Calliandra is mostly closely adapted for ornithophily, whereas lnga, 
Pitlu:cellobium, Enterolobium and Albizia are also frequently ornithophilous. 
In Ca!liandra, the inflorescences are frequently red or a combination of red 
and white, and some of the florets are often modified as nectar recipients. 
The peripheral florets of the Calliandra schult:;:ei inflorescence are 
zygomorphic and clearly adapted for hummingbird visits. Albizia guachapele 
in Venezuela is visited by passerine birds and hurruningbirds. Perching bird 
stations are interspersed among a mosaic of hummingbird territories and 
activity is most intense during the early morning hours, as hummers defend 
their territories against outsiders. According to Janzen (pers. com.) Albizia 
guachepele is visited by hawkmoths in Costa Rica, thus this species 
apparently exhibits geographical variation ·in pollinating agents. A similar 
mixed system occurs in lnga. Hummingbirds forage on the inflorescences of 
lnga vera var. spuria and l brenesii in Costa Rica during early morning hours. 
Feinsinger (1976) points out, however, that nectar secretion in these species 
is nocturnal, and that the real pollinators are probably bats and not birds. 

Outside Ingeae, omithophily is reported in one species of Acacia. Ford 
and Forde (1976) believe Acacia pycnantha of Australia might be pollinated 
by Meliphagidae in search of nectar secreted by extra-floral phyllodal 
nectaries in close proximity to the inflorescences. As 20-odd phyllodes 
secrete 2-3 calories worth of nectar only, these authors wisely do not rule 
out the possibility that pollination is perhaps effected out of interest in 
insects feeding on nectar, rather than in the nectar itself. In this respect 
Hagerup (1932) notes that Nectarinina pulchella incidently effects pollination 
in Acacia tortilis in the southern Sahara while foraging for insects. Acacia 
torti/is, nevertheless, is abundantly visited by insects. The Australian Acacia 
celastri[olia is also reported to be visited by birds (Zosteropidae; Sargent, 
1928). 

Although Papilionoideae are predominantly a bee-pollinated group, 
omithophily is far more corrunon than usually appreciated. Bird-pollination is 
scattered throughout the subfamily, reaching maximum concentrations in 
Sophoreae and Phaseoleae (Table VI). Although details of bird vectors are 
lacking in many cases, almost all genera of the Erythrininae are probably 
bird-pollinated. Exceptions are Aptos and Coch/iantlius, species of which are 
mostly bee-pollinated. 

Camptosema, judging from a predominance of red, tubular flowers, might 
be entirely ornithophllous, as are nearly all of the 108 species of Erythrina 
(Raven, 1974, 1977; Toledo, 1974), a second genus of largely tropical 
distribution. Remaining omithophilous Papilionoideae are heavily centred in 
Australia, New Zealand, South Africa and Madagascar. There are relatively 
few omithophilous papi!ionates in western North America (e.g. Astragalus 
coccbreus, Lotus rigidus, Grant & Grant, 1968; Lathyrus splendens, Raven, 
pers. comm.). Many omithophilous Papilionoideae belong to monotypic 
genua or genera with few species. Sutherlandia, Barbieria, Rlzodopis and 
Neontdolphia are monotypic and evidendy ornithophilous, while Cymbosema 



Breeding Systems and Pollin:nion Biology 749 

and Casranospemwm have 2-3 species depending upon authority. As 
omithophily exaggerates taxonomic gaps (Arroyo, 1976) it would be 
interesting to know exactly how many of these small genera have been 
recognised on the basis of peculiar floral characteristics. 

New Zealand species of Sophora and Qiamlms pollinated by heavy birds 
have evolved interesting floral adaptations. The pedicels are versatile. The 
birds, perching above the flowers bend th.eir heads down and, using the 
standard as a lever. swivel the flowers upward into an appropriate position for 
nectar extraction (McCann, 1952). Interestingly nectar of the ornithophilous 
Sophora microphylla causes bee death (Oinch et al., 1972), thought to be 
due to alkaloids, the concentration of which in the nectar, nevertheless is 
apparently not hannful to birds. 

Keel shape is another feature of papillonoid legumes pollinated by non
hovering birds worthy of mention. Such keels are greatly enlarged, unlike the 
slender keel of hummingbird pollinated species, and these sezve as drinking 
vessels for the perched birds. 

Until recently, non-hovering birds had been largely overlooked as 
pollinators in the New World. Cruden & Toledo (1977) recently outlined how 
passerine birds and orioles pollinate Erythrina brel1iflora in Mexico, and 
E. poeppigiana of Venezuela is also visited by passerine birds, which as in 
Albizia compete actively for sites with the more agile hummingbirds. Notable 
features of E. brevif/ora and£. poeppigiana are the horizontal orientation of 
the inflorescence branches, which provide perches, the orientation of the 
individual flowers toward the upper side of the branch, and the conspicuously 
reduced wings, which have no obvious connection with omithophily. 

The New World Erythrina crista·galli has pendent inflorescences, with 
resupinate flowers. Baker (pers. com.) found a low sucrose-hexose sugar 
ratio in cultivated material of E. cn'sta-galli, consistent with that obtained in 
E. brevif/ora pollinated by perching birds, and suggests that this might be 
another species of Erythrina pollinated by perching birds. Schrottky {1908), 
reports hummingbird visits at this species in Paraguay and the resupinate 
position may be alternatively viewed as a different strategy to a straightened 
keel, allo\ving hummingbirds easy access to the nectar. 

Most omithophilous papilionoid legumes undoubtedly have evolved 
directly from melittophilous species. Xylocopa-pollinated species seem to be 
preadapted to this type of change in their relatively massive flowers. The 
small genus Pen·andra from the Planalto of Brazil appears to be entirely 
adapted for Xylocopa pollination, with the exception of the one species, 
P. heterophylla, which has developed ornithophily. Xylocopa pollination is 
extremely common in the Phaseoleae, and many omithophilous genera of 
this tribe might have evolved omithophily from such antecedents. 

X. Chiropterophlly 

Leguminosae constitute a significant proportion of known chiropterophilous 
plants. Carvalho (1961) lists twenty bat-pollinated species for Amazonas, 
Brazil, and of these .25% are Leguminosae. Bat-pollinated legnmes occur in 
tropical regions (Plate I). Although they occur in both the New World and 
Old World tropics, they are far more prominent in the former. 
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Plate I A - Epomophorus gambianus P<Jllinating Park:ia clappertoniana, Achlmota, 
Ghana. B - Phyllostomatid bat taking nectar from Mucuna andreana, Santa Ana, Costa 
Rica. Photos: H.G. Baker. 
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Chiropterophily appears in all three subfamilies, but the contribution of the . 
Caesalpinioideae, standing at present at approximately 50%, far outweighs 
that of the other two subfamilies (Table VII). All known chiropterophilous 
Caesalpinioideae are from the New World. 

Chiropterophilous Caesalpinioideae are taxonomically scattered 
throughout New World members of the subfamily. The only genus exclusively 
chiropterophilous is Jacqueshuberia (Carv:illlo, 1961) with 2 species. The 
flowers of chiropterophilous Caesalpinioideae are relatively small, and often 
not specially modified. Those of Hymenaea, Jacqueshuberia and Elizabetha 
are perhaps the simplest of all known bat-flowers. As an example, the 
individual greenish-white to cream flowers of Hymenaea courbaril are borne 
in flat-topped racemes, slightly projecting above the subtending foliage, 
and the individual flowers opening around 6-7 p.m. The ten stamens make 
direct contact with the bat as it forages for nectar secreted at the base of the 
gynophore. These features place the flowers of Hymenaea courbaril in .the 
category of a small shaving brush type. The flowers of chiropt~rophilous 
Eperua shomburkiana and £. leucantha are more specialised, approaching the 
campanulate syndrome. In Eperua the single petal has been modified into a 
hood-like structure which partially encloses the stamens. As the bat plunges 
its head into a flower in search of nectar, pollen is deposited on a localised 
area of the head and back. The flagelliflorous inflorescences in Eperua, with 
elongate, pendent peduncles, are a further adaptation to chiropterophily. 

Graham (this volume) shows that the tectum of Eperua pollen grains is 
coarse and warty as is that of Elizabetha. He also demonstrates viscin threads 
in the pollen of Jacqueshuberia. It is suggested that these features of the 
pollen of Elizabetha, Eperua and Jacqueshuberia might relate directly to their 
chiropterophilous habits, in which sticky pollen would be highly adaptive. 

In Mimosoideae, bat pollination has been unequivocally established in 
only two genera, lnga of the New World and in both Old and New World 
species of Parkia. Both Parkia and Jnga are characteristically shaving-brush 
chiropterophils; the inflorescences in Parkia have been dramatically modified 
for the feeding habits of bats. The inflorescences of West African 
P. clappertoniana {Plate IB) are globose (Baker & Harris, 1957), whereas 
those of P. gigantocarpa of the New World are obovate and globose (CaiYalho, 
1961; Vogel, 1968). In Parkia clappertoniana up to 200 flowers comprise 
each inflorescence and the individual inflorescences are borne on stout 
peduncles which are projected away from the foliage. The inflorescence 
comprises a globose section bearing sexually fertile flowers, capped by a 
cylinder of basal female-sterile flowers with irregular anther dehiscence. The 
latter secrete nectar into a small depression located between the two 
categories of flowers. In the New World P. auricula to the basal portion of the 
inflorescence is more complex (Vogel, 1968). Here the basal flowers are 
sterile staminodal flowers, however, these inter-grade from non-nectariferous 
with exaggerated staminodal fllaments, through nectariferous starninodal 
flowers, to a third type which lose their stamina! portions shortly after 
anthesis. Nectar collects around the staminodes and is maintained there by 
capillary action. 

Chiropterophily is of infrequent occurrence in Papilionoideae. Alexa has 



Table VII Documented records of bat-pollination in Leguminosae 
-J 
VI 
tJ 

Species Bat Visitors (where known) Location Authority 

CAESALPINIOIDEAE 

Haul!inia megalamlra New World Hurt, 1897 
/Jaultinia t>aulctia Artibeus jamaicensi~ Costa Hica llci1ham ct al, 1974 

Glossophaga soricina 
l'hyllostomus discolor 
Swmira !ilium 

Baulti11ia cf. rufa Pltyllostomus discolor Sazima & Sazima (1977) 
Hau/ti11ia sp. l'hyllostomus discolor Sazinw & Sazi111a (I 'J 77) 
Baulti11ia sp. Glossophaga sorfcina Mexico Alvarez & Gonzalez ()uinlcro, I !J69 
Couzal/ia sp. Glossoplwga soricina Mexico Alvarez & GnnZ;Jicz Ouiutero, 1969 
lJicymbt• t:orymbwa Brazil \arvnlhn, 1961 
Hizalwtlta bicol11r G/ossophaga rorlcilra Brazil Carvalho, 1961 
Hizabl'llta duckei Gfossophaga sorici11a Brazil Carvalho, 1961 
J:'lizabctlta macrostachya Glossophaga sorlcina Brazil Carvalho, 1961 
l:lizabctl1a paraensis Ulossophaga soricina Brazil Carv;1\ho, 1961 
Uizabcllla princeps Glossoplwga sorici!la Brazil Carvalho, 1961 
Eperua falcata Glossoplwga so1kina Brazil Carvalho, 1961; Vogel, 1968 

Anoura geoffrayi Trinidad Ca.rvalhn, 1961 
l:.penta leuca11tluz Glossoplwga soricina Brazil Carvalho, 1.961 
l:'pcma schomburkiana Glossopllaga soricina Brazil Carvalho, 1961 
II)'IIU'IIa£'a coubaril Pllyl/ostomus discolor Brazil Carvalho, 1960, 1961; Vogel, 1968 
/lymenaea coubaril Artibcus phaeotis Costa Rica llcithaus ct al., 1975 ~ 
llynumaea coubaril Carollia perspicillotae Costa Rica llcithausct ;d., 1975 e. s· 1/ymenaea coubaril Glossophaga sorici11a Costa Rica llcithaus ct a!., 1975 

~ 1/ymenaca coubaril Stumira /ilium Costa Rica llcithaus ct al., 1975 ..., 
llymenaea sp. Artibeus jamaicensis Costa Rica I lowell & llurch, 1974 c 

'< 0 



Table VII (continued) 

1/ymenaea sp. Glossophaga soricina Costa Rica I lowell & Hurch, 1<;174 
1/y menaea sp. Phyllostomus discolor Costa IHca I lowell & Burch, 197·1 

V') 
Jacqueslmberia purpurea Brazil Vogel, 1968 '< 

V> 

Jacqueslzuberia quinquangulata Brazil Vogel, 1 '.168 
,... 
Q 

~ 

V> 

MIMOSOIDEAE :: 
~ 

Acacia sp. Glossophaga soricina Mexico Alvarez & Gnnz.ulcz Quinlcru, 1969 ? 
lnga sessilis Lonclwglossa camlifera 13razil Vogd, 196H ~ 
Inga sp. Glossophaga soricina Costa Rica llnwdl& 1\urch, 1974 ~ 
Parkia auriculata Phyllosromus llastatus Brazil Vogel, 1968 g· 

Phyllostomus hastatus llraz:il Vugcl, 196!:! 
Parkia clappertoniana tpomoplwrus gambianus W.Africa Baker & llarris, 1957 

Nanonycterls veldkampii 
Parkia gigarrtocarpa Phyllostomus discolor Brazil Carvalho, 1960, 1961 

Phyllostom11s hastatus 
Park ia ;avatrica Eonycteris spelaea W. Malaysia Start & Marshall, 1976 
Parkia pendula Phyllostomus hastatlls Brazil Carvalho, 1961 

Ph)1llostomus discolor Brazil Ca rvalhn, 19 61 
Parkia roxburghii Cynopteris brachiotus Java Van llcurn, 1929 

Ecmycleri! spelaea Java Do..:tcn van Lccwcn, 1933 
Parkfll singularis Eonycteris spelaea W. Malaysia Start & Marshall, 1976 
Parkia speciosa Eonycteris spelaea W. Malaysia Start & Marshall, 19 76 

P APILIONOIDEAE 

Alex grandijlora Glossophaga soricina Brazil Carvalho, 1961, Alvarez & Gonzalez 
Quintero, 1969 -.! 

Mucuna andreana Glossophaga sp. Costa Rica Baker, I 970 V1 
w 



Table VII (continued) 

Jllucumz gigan tea 
Mucuna junghulmiana 
A IUCIIIIQ 1110/IOSpcrma 
Mucwza pmrieus 
Mucwta reticulata 
Mucuna sp. 
Mucuna sp. 
Alucrma sp. 
Erythrino fusca 

Eonycteris sp. 
Eollycteris sp. 
Glossophaga commissarlsi 
Glossophaga soricilla 
Glossophaga concava 
Glossophaga sp. 

Java 
Java 
Java 
Java 
Java 
Costa Rica 
Costa Rica 
Costa Rica 
Colombia 

van der Pijl, I 94 I 
van der l'ijl, 194 I 
van dcr l'ijl, 194 I 
van dcr l'ijl, 194 I 
van dcr l'ij I, 194 I 
Howell & Burch, 1974 
I lowell & Durch, 1974 
!lowell & Uurch, 1974 
Raven, 1977 

-.) 
Vl 
~ 

7:: e. s· 
;;-..., 
c 
'< 
0 
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one chiropterophilous species in the ~ew World, and Mucuna has 
chiroptcrophilous species in hoth the Old and New World (Baker, 1970; van 
der Pijl. 1941). The pantropical Erythrina fusca, mainly visited by passerine 
birds, is :tlso locally visited by bats (Raven, 1977). Erythri11a l•elutina of 
Venezuela. with salmon-orange flowers in a shaving-brush-like inflorescence, 
should be watched for bat-pollination. Outside Eryrllrina, some species of 
Strongylodon are obviously adapted for bat-pollination, although this appears 
nor to have been documented. The same is true for the West Indian 
monotypic genera Rlwdopis and Neoro:dolphia. 

1l1e bat-pollinated flowers of New World Mucuna andreana (Plate IA) are 
worthy of attention in that they illustrate the closest case of adaptation to 
pollination by bats in Papilionoideae. The individual flowers are resupinate, 
and this has the effect of correcting invertion due to the pendent disposition 
of the inflorescences. Mucuna flowers have an explosive pollen delivery. 

XI. Other Pollination Mechanisms 

Few legumes are adapted for pollination by Lepidopterans. Clear-cut cases of 
psychophily (butterfly pollination) occur in tropical African Berlinia 
grandijlora (Ern, pers. comm.), Bauhinia galpinii in Africa (Vogel. 1954) and 
in Caesalpinia pulcherrima in both the New World (Cruden, I 976) and in 
Africa (Vogel, I 954), where it is introduced. All of these are Caesalpinioideae. 
Sphingophily has been documented in Calliandra anomala in Mexico (Cruden, 
1976), in African Bauhinia macrantha (Vogel, 1954) and in west African 
Camoensia 1naxima (Vogel, 1954). Many other species of Bauhinia are 
probably sphingophilous and this pollination mechanism is probably also 
present in many genera of Ingeae. Janzen (pers. conun.) feels that Albizia 
guachapele in Costa Rica is predominantly pollinated by hawkmoths. 

Flies are often recorded on legume flowers, but they are unimportant 
pollinators. Two species of ants (Pheidole megacephala and Monomorium 
palaonis) are important pollinators in Voandzeia subte"anea in Ghana 
(Doku, 1968). Armstrong (pers. conun.) has observed a variety of beetles 
seeking nectar in flowers of Aotus lanigera. Dillwynia retorta and Jacksonia 
scoparia in Australia. Whether these are effective pollinators is not entirely 
clear. · 

Some Australian Acacias might be :memophilous, at least facultatively. 
Apart from these isolated cases, anemophily apparently has not been 
recorded in Leguminosae. 

XII. Concluding Remarks 

The two woody subfamilies Caesalpinioideae and Mimosoideae and primitive 
woody tribes of the PapiJionoideae have mostly maintained self· 
incompatibility, whereas self·incompatibility has been lost on numerous 
occasions in herbaceous legumes, this culminating in repeated differentiation 
of autogamous and cleistogamous taxa, especially among annuals. Present 
data indicate that several genera of the Pap:ilionoideae and perhaps some of the 
advanced peripheral tribes of this subfamily might be entirely self-eompatible, 
and this naturally leads to the question as to what selective factors have lead 
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to the loss of self-incompatibility. 
Self-incompatibility might have been selected for on numerous occasions 

in the Lcguminosne as part of the over:lll syndrome of characteristics 
associated with colonising strategies. It is also conceivable, however, that its 
loss occurred as a consequence of the peculiarities of tripping. As outlined 
earlier. tripping permits the maintenance of high levels of outcrossing in many 
self-compatible legumes: in these groups, it is only by virtue of the eventual 
breakdown of tripping that autogamy becomes possible. It is possible to view 
tripping in self-compatible papilionoid legumes as a relic character, which, 
because of its complex morphological basis, would only disappear with time 
following loss of self·incompatibility. Given the widespread occurrence and 
necessity of tripping in self-compatible species, however, it is not 
unreasonable to suggest that perhaps selection, in fact, operates to retain 
tripping and that tripping has been responsible for the build-up of self
compatibility in the Papilionoideae. In self-incompatible populations without 
tripping, those mutations conferring self-compatibility must often be 
removed through selection against inbreeding. With tripping, the level of 
outcrossing occurring in a self-<:ompatible mutant need not differ from that in 
a self-incompatible genotype. The actual level of outcrossing will be governed 
primarily by plant size and the possibilities for geitonogamous selfmg. In large 
plants (trees and shrubs), much seifing will result from inter-flower 
transference of pollen, but in small plants with few flowers opening 
simultaneously, much pollen transfer will ensue between different genotypes 
in the population, and the chances for outcrossing will be much higher. In 
effect, the tripping mechanisms, which allow fairly controlled levels of 
outcrossing, might be viewed as shields under which self-compatible 
genotypes arise and remain protected in the absence of inbreeding. 

While tripping and associated maintenance of outcrossing in the absence of 
self-incompatibility might be seen as causal factors for loss of genetically 
inherited self·incompatibility in Papilionoideae~ it is also evident that the 
same accumulation of self -<:ompatibility has preadapted papilionates for rapid 
segregation of autogamous lineages in those situations in which selection 
favours selfing. Selfing, thus. perhaps arises more readily in Leguminosae than 
in many families, in which the change is directly from an obligate outcrossing 
system. This feature might also partially explain the success of papilionoid 
legumes as early pioneer species, weeds, and desert and savanna dwellers living 
in highly unstable habitats where either pollinators are unreliable, or where 
rapid population turnover is desirable. The real evolutionary effect of the 
tendency towards self-compatibility in the Leguminosae will only become 
evident upon sophisticated analyses of speciation rates, niche diversity and 
levels of heterozygosity. Finally the accumulation of self-compatibility and 
eventually autogamy in peripheral tribes of the Papilionoideae might provide 
explanation for several interesting features of pollen morphology, described 
by Ferguson (this volume). 

The Leguminosae originated towards the end of the Cretaceous, 
approximately 70 million years ago (Raven, 1974). Descent of the family was 
paralleled by that of bees, but it long predated the appearance of 
nectarivorous birds and bats, which are usually considered to have gained 
prominence around Miocene time (Sussman & Raven, 1978). The major 
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phylogenetic tendency in tloral biology of Leguminosae has been economy of 
pollen ami nectar, each of the three subfamilies representing a different grade 
of advancement in this trend. TI1e three subfamilies were differentiated 
before the Miocene, and adaptation to birds and bats as pollinators occurred 
in each subfamily independently. Bat- and bird-pollination consequently have 
formed the basis for many, taxonomically, scattered, minor adaptative 
radiations. which with few exceptions fail to transcend the level of genus. 

1l1e ecological reasons governing changes for bee to bat and bird 
pollination in a I·amily of plants obviously very well adapted for bee 
pollination are especially interesting. High-energy pollination systems such as 
ornithophily and chiropterophily are energetically costly on the part of the 
plant. and it must be assumed that these kinds of pollination systems only 
gain selective value when ecological conditions are unfavourabL ;or the lower
energy demanding vectors (in this case, bees). These condit:.~ns may arise 
when, because of interspecific competition among plant users, pollination by 
the lower energy-demanding vectors is inefficient, or when the higher-energy 
vectors greatly enhl?-nce levels of outcrossing beyond those attributable to the 
lower-energy demanding vectors. Probably both of these reasons have played 
a role in the evolution of ornithophily and chiropterophily, but in the 
New World, the first stands out as predominant. In the New World 
ornithophilous species have probably evolved most commonly from 
melittophily (most bird-pollinated Papilionoideae and Caesalpinioideae) or via 
sphingophilous intermediates (some ornithophilous Mimosoideae). Moreover, 
it is noteworthy that most ornithophilous legumes are either vines (e.g. 
Neonulolphia); small, flat -topped tree!ets (e.g. Calliandra); or understorey 
shrubs (e.g. Camptosema) inhabiting cool or humid forest understoreys, 
where bee activity is reduced, either because oflow temperatures, or because 
of high humidity, respectively. In contrast, in dry, seasonal, neotropical 
vegetation, where bee diversity is higher and conditions for bee activity are 
optimal, ornithophilous legumes are relatively poorly represented. Erythrina 
species pollinated by passerine birds, indeed, are large trees- these however 
are most characteristic of cool, upland forests, where relative to lowland 
seasonal vegetation, bee diversity is certainly lower. In the Australasian region 
omithophily might have gained prominence among Leguminosae for reasons 
similar to those expressed above, added to the fact that bee diversity in such 
habitats is possibly lower than in northern temperate regions, where legumes 
have experienced their greatest radiation, and under which environmental 
conditions, the melittophilous flower has evolved and diversified. Judging 
from floral morphology, the Old World Deloni.r: regia and Amherstia nobilis 
perhaps had psychophilous ancestors. Indeed, in Caesalpinioideae. the 
boundary between this pollination syndrome and ornithophily is frequently 
unclear. Caesa/pinia pulcherrima, with reddish-yellow petals, is pollinated 
principally by butterflies in Mexico (Cruden, 1976) and in Africa (Vogel, 
1954), where it is introduced, but by hummingbirds in Costa Rica {Stiles, 
pers. comm.). The boundary between sphingophily and ornithophily is also 
unclear in several fl..fimosoid genera (e.g. Albizia, In go). 

The principles determining the appearance of bat-pollination in 
Leguminosae are similar to those associated with the appearance of 
ornithophlly, except that chiropterophily may be assumed to be even more 
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recent in ongrn (Sussman & Raven, 1978). As with birds, modem-day 
members of each subfamily have adapted to flower-visiting bats as they 
bec::une frequent in the Miocene. Many such bat-pollinated legumes have 
undoubtedly had bird-pollinated ancestries. Baker & Hurd (1968) drew 
attention to the combination of bat· and bird-pollinated species in Old and 
New World Mucuna, and lnga (Mimosoideae), Elizabetha (Caesalpinioideae) 
Ery thrina (Papilionoideae) and Strongylodon (Papilionoideae) are other 
examples of this dual situation. Chiropterophily, must have evolved directly 
from entomophily in other genera nevertheless; in Mimosoideae from 
sphingophily and in some Caesalpinioideae (e.g. Hymenaea) presumably 
directly from a melittophilous background. 

Chiropterophilous Caesalpinioideae are abundant in the New World 
tropics, yet to date are unknown in the Old World tropics. In contrast the 
Papilionoideae and Mimosoideae have evolved chiropterophily in both regions 
of the tropics, and in some instances in the same genus in each region. A 
partial explanation for this puzzling state of affairs might lie in the 
contrasting characteristics of Old and New World nectarivorous bats. 
Paleotropical nectarivorous bats all belong to the suborder Megachiroptera 
(Baker, 1973) a relatively primitive group, and are predominantly vegetarian. 
In the New World nectarivorous bats belong to the more advanced order 
Microchiroptera, · consisting of small, more agile species. The larger 
Megachiroptera have high energy demands and are most suited to shaving
brush type inflorescences, or to large campanulate flowers. In contrast, the 
smaller Microchiroptera are able to enter smaller flowers and demand a lower 
output of nectar. As illustrated by the genus Parkia, capitate inflorescences of 
the Mimosoideae are ideally preadapted to Megachiropteran needs, whereas 
the smaller, individual flowers of the Caesalpinioideae are better suited to 
Microchiroptera. Indeed the relationship between bat size and inflorescence 
type is well illustrated in the selection of food plants by Microchiropterans 
of different sizes in the New World. Carvalho (1961) notes that Neotropical 
species of Parkia in Brazil are mostly visited by bats in the 60-100 gm weight 
category. In contrast Caesalpinioideae pollinated by bats in Brazil are mostly 
visited by bats weighing around I 0 gm. 

In addition to the reasons just outlined, it should not be forgotten that 
bat-pollination is more readily evolved through ornithophilous intennediates, 
which provide the high production of nectar prerequisite for this pollination 
mechanism. This would be all the more true for Old World bats, whose energy 
requirements greatly exceed those of the New World species. Ornithophilous 
caesalpinioid legumes are few in both the Old and New World; in the New 
World, however, the smaller bat·pollinated flowers with lower nectar output 
could easily be derived from large, bee-pollinated flowers. In contrast, given 
the high energy requirement of Old World bats, it is evident that bat
pollination would be less easily evolved without ornithophilous intermediates. 
The lack of chiropterophilous Caesalpinioideae in the Old World, thus might 
be partially a reflection of paucity there of bird-pollination in this subfamily. 

As ornithophily, chiropterophily, and, to a limited extent, sphingophily 
appeared in mid-Tertiary times, the first in tropical and temperate southern 
regions, and chiropterophily and sphlngophily more nearly restricted to 
tropical regions, northern hemisphere and southern hemisphere legumes, 
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especially from warm deserts in the later case retained and diversified their 
relationships with bees. The high bee diversity of desert regions probably 
developed relatively recently in the late Tertiary in response to spreading 
aridity. Such specialist feeding relationships as those found among some 
desert legumes must therefore be viewed as relatively recent developments 
within the overall diversification patterns in Leguminosae. In boreal regions 
where bee diversity diminishes again, and where alternate, sophisticated 
pollinators are lacking, legumes have maintained mixed pollination systems 
involving both oligolectic and polylectic bees, and at higher latitudes they 
have been forced into depending upon the few polylectic species rhat 
characterise these latitudes. Accepting Leppik's general idea that the highly 
advanced tropheclectic characteristics of modern bees appeared as a 
coevolutionary result of association with the papilionate flower ground plan, 
it stands. to reason that the flowers of Caesalpinioideae and Mirnosoideae, 
generally considered to be older groups in a geological sense, must have 
evolved under pressure of vectors considerably less sophisticated than 
modem.day bees. Notwithstanding this, many modern Mimosoideae and 
Caesalpinioideae have adapted to such modem bees whose characteristics 
derive principally from associction with the Papilionoideae and other families 
of plants with floral syndromes of a similar grade of advancement. These 
modern Mimosoideae and Caesalpinioideae, evidently, have evolved subtle 
pollination strategies and floral inovations characterising the generic orlower 
taxonomic levels, allowing them to compete with Papilionoideae and other 
families of flowering plants, even though their subfamilies as taxonomic 
groups lack the highly precise, functional flowers of the Papilionoideae. Thus 
while the subfamilies Mimosoideae and Caesalpinioideae are less sophisticated 
relative to the subfamily Papilionoideae, individual species and genera within 
each of the first two subfamilies have achieved a similar grade of 
specialisation to that of Papilionoideae. Mimosoideae in being clearly 
preadapted for high·nectar<lemanding pollinators, apparently, have more 
frequently taken the alternate routes to sphlngophily, ornithophily and 
eventually chiropterophily. 

It is clear that Leguminosae, a principally bee:pollinated family. has 
occupied almost all pollination niches, with the exception of anemophily and 
some of the more primitive systems such as beetle-pollination. Knowledge of 
directional changes in pollination and breeding systems can provide valuable 
clues for reconstructing phylogenies, which are of vital importance for 
arriving at sound systematic judgements at all taxonomic levels. The situation 
in Leguminosae, however, also exemplifies the grave dangers of using over· 
generalisations, and how taxonomists, in accepting such generalisations easily 
can be readily led to false conclusions concerning the relationships of 
taxa. In many plant families bat·pollination is preceded by bird·pollination 
and this sequence can be used for ordering lower taxa on an evolutionary 
scale. In Leguminosae, however, this is probably only generally true for 
Papilionoideae and some Mimosoideae, but possibly very infrequently so in 
the Caesalpinioideae. In Mirnosoideae, as pointed out earlier, both 
sphingophily and ornithophlly seem to have paved the way to chiropterophily. 
Without adequate knowledge of how bee·pollination systems have diversified 
in the Leguminosae in both time and in space, systematists could also be lead 
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to false conclusions regarding the composition of higher taxa. Titus, as has 
been explained, certain taxa in the Mimosoideae and Caesalpinioideae have 
adapted to modem-uay bees to a greater extent than others. TI1e overall 
similarity resulting from such a similar grade of advancement might be taken 
as evitlence of phylogenetic rei a tionship of the particular taxa involved, but 
knowledge of the eco-historical panorama under which such adaptations have 
appeared tells us that such lineages, more than often will have achieved their 
similarity because of convergence, rather than common descent. Viewed in 
correct perspective breeding systems and pollination biology add an 
important dimension to legume systematics: likewise systematics, a 
never-ending synthesis, will always constitute the catalyst for discerning trends 
in reproductive biology, the latter which, when incorporated into new 
systematic treatments, will lead biologists closer to understanding the 
phylogenetic histories of the groups they study. 

XIII. Needs and Ideas for Future Research 

l11e relative importance of pollen and nectar as floral rewards should be 

studied from a phylogenetic viewpoint. It is not clear, as yet. whether the 
primitive Caesalpinoideae offered only pollen as a floral resource, and 
whether nectar only appeared as a later innovation. This point bears strongly 
on interpretations of the adaptive value of the papilionoid flower. I..eppik 
( 1966) outlined how the tripping mechanisms of the Papilionoideae appear to 
have evolved reciprocally with increasingly sophisticated pollinators and 
considered tripping to be the major success feature of the papilionoid flower. 
Nevertheless as pointed out (I..eppik, 1966), the papilionoid flower plan also 
leads to greater pollen economy, and judging by the enormous pollen losses 
suffered by many Caesalpinoideae and Mimosoideae, thls factor may have 
been of great importance in the initial differentiation of Papilionoideae. As 
some indication of this, the flowers of Bowdichia virgilioides of the primitive 
papilionoid tribe Sophoreae lack a tripping mechanism, but the anthers are 
protected in a primitive keel-like arrangement. Indeed trends towards 'keel' 
fom1ation are evident in some Caesalpinoideae, as for example in 
Pelwphonmz and Cercis where the anthers may be protected by a pair of 
folded petals. In the aberrant papilionoid genusDalea,the sequence from free, 
imbricate petals to fused keel petals, but the !lowers without evident wing 
formation, and finally the appearance of !lowers with clearly demarcated 
keels and wings (Barneby, 1978} is highly illustrative of the type of sequence 
of events that must have characterised early differentiation of the 
Papilionoideae from Caesalpinoideae. Should pollen economy have been a 
major feature of papilionoid evolution, this trend might be continued on into 
the advanced tribes of the Papilionoideae. Surveys of pollen/ovule ratios 
would be useful for detecting such possible trends. 

Four basic tripping mechanisms are outlined for Papilionoideae, but it is 
clear that many intermediate situations must exist. Viewing explosive 
mechanisms as most advanced, information on the systematic distribution of 
different tripping mechanisms is badly needed as part of the picture of 
overall floral evolution in the Papilionoideae. How often has loss of nectar 
appeared with explosive pollen delivery, and what methods of attraction are 
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employed in such l1owers? Have some Papilionoideae evolved intoxicating 
seems as in Orchidaceae? Are pollen/ovule ratios lower in explosive flowers? 

Legumes and bees appear to have evolved on a reciprocal basis, and, 
differences in bee diversity and specialisation on legumes have been noted. 
Entomological records are useful for establishing specialist feeding patterns in 
bees, but such data are insufficient for determining levels of dependence 
between legumes and individual bee species, and levels of bee diversity of 
individual legume species. Controlled observations of bees at the flowers of 
legumes over precise and specified time intervals is indispensable if major 
trends are to be outlined. and the relationships are to be understood with 
more precision. 

Finally, given its sheer size and the diversity of pollination mechanisms, 
the legume family provides an excellent opportunity for studying patterns of 
convergence in pollen morphology as related to pollination systems. The 
possible effects that changes in breeding systems might have on pollen wall 
structure might also be profitably investigated here. 
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