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Types of Androecium in the Fabaceae of SW Europe
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We studied the morphology of the androecium in 168 species and subspecies of Fabaceae from SW Europe and its
relationship with nectar production. Six androecium types were recognized: monadelphous; pseudomonadelphous
without basal fenestration; pseudomonadelphous with basal fenestration; diadelphous; reduced diadelphous; and
androecium with free stamens. The monadelphous androecium appears in the tribe Genisteae, in Ononis, and in
Galega officinalis, and the pseudomonadelphous without basal fenestration only in the genus Coronilla, with both
types having the same functionality—they are linked to the absence of nectar from an intrastaminal nectary, their taxa
being mostly polliniferous. The pseudomonadelphous androecium with basal fenestration appears in around 38% of
the taxa studied and has the same functionality as the diadelphous androecium: there is nectar secretion from an
intrastaminal nectary in both. The reduced diadelphous androecium only appears in three species (Biserrula pelecinus,
Vicia pubescens and Astragalus epiglottis), and its functionality could be related to the syndrome accompanying
autogamy in Angiosperms. The free stamen androecium may imply a greater nectar production than other types.
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INTRODUCTION

The family Fabaceae s. str. includes some 440 genera and
approx. 12000 species. It has centres of diversification in
Central Brazil, Mexico, East Africa, Madagascar and the
Indomalaysian region, and it has a notable representation in
the Mediterranean region, the Cape region of South Africa
and Australia (Polhill, 1981). In Europe this family presents
some 980 species and subspecies (see Heywood and Ball,
1968) and approx. 2000 in the Mediterranean region (see
Greuter, Burdet and Long, 1989). Legume species have a
great economic importance since many of them are nitrogen
fixers, act in soil conservation, are used for the production
of timber, fuel, pesticides, forage, gums, colorants, carbo-
hydrates, proteins and oils (Polhill, Raven and Stirton,
1981), and there are also many with ornamental and}or
apicultural importance.

The flowers of Fabaceae are hermaphrodite, moderately
or markedly zygomorphic and pentamerous, with each
floral whorl alternating radially with those of the adjacent
whorls (Tucker, 1987). The calyx is mostly gamosepalous,
with a clear tendency towards zygomorphy, a character
which is regarded as being specialized (Tucker, 1987). The
corolla is dialypetalous and mostly zygomorphic (papi-
lionoid corolla), and consists of a median petal or standard,
two wings or lateral petals, and two basal pieces forming the
keel. The androecium consists of two whorls with alternating
stamens, although there may at times be a greater number
(e.g. Cyathostegia). Some taxa have dimorphic stamens
(e.g. Genista, Ononis, Psoraleae), with the two whorls
differing in size, form, union of their filaments, dilatation
and period of dehiscence. The gynoecium is mostly
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monocarpellate (multicarpellate flowers are frequent in
Swartzia ; Tucker, 1987), and it matures into a legume
whose morphological variability is of great taxonomic
importance.

There is a frequent tendency in the flowers of this family
towards the fusion of organs, especially in the androecium,
whose stamens are free in their early stages. Thus, while in
tribes such as Swartzieae, Sophoreae and Thermopsideae
the stamens are free at the end of their development,
normally the filaments join forming a tube of ten stamens
(monadelphy) or a boat-shaped structure of nine stamens
with the tenth free (diadelphy). This fusion takes place by
way of a zonal or intercalary growth underneath the bases
of the nine or ten stamens (Tucker, 1987; 1989). However,
pseudomonadelphy is also known and in this case the
androecium is diadelphous almost to the end of deve-
lopment, at which time the tenth filament attaches itself to
the adjacent filaments generally by surface fusion at the
margins, while leaving a pair of orifices or windows in the
base (Tucker, 1989).

Pseudomonadelphy was found by Tucker (1989) in 54
genera of nine tribes (e.g. Robinia, Psoralea, Onobrychis,
Lathyrus, Pisum, Vicia, Trifolium, Trigonella). She regarded
it as deriving from diadelphy, and she thought it had arisen
in parallel in the nine tribes. In most genera all species are
monadelphous or pseudomonadelphus except in Aeschy-
nomene, Desmodium and Erythrina, where there is also
diadelphy. On the other hand, diadelphy and pseudo-
monadelphy do appear in the same genus (Tucker, 1989). In
the case of Psoralea pinnata, a type of pseudomonadelphy
appears which comes from an initially diadelphous an-
droecium that develops a zonal growth underneath the ten
stamens, and is recognized by the lack of basal orifices
(Tucker, 1987: 223).
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T 1. Types of androecium and presence () or absence (®) of nectar in the Fabaceae taxa studied

Taxa Nectar Androecium Taxa Nectar Androecium

Tribe Vicieae
Vicia L.

V. benghalensis L.  Pm()S
V. cracca subsp. tenuifolia (Roth)
Gaudin

 Pm()S

V. disperma DC.  Pm()S
V. hirsuta (L.) S. F. Gray  Pm()S
V. lutea L. subsp. lutea  Pm()S
V. lutea subsp. �estita (Boiss.) Rouy  Pm()S
V. par�iflora Cav.  Pm()S
V. peregrina L.  Pm()S
V. pubescens (DC.) Link* ® Dr
V. sati�a subsp. nigra (L.) Ehrh  Pm()S
V. sati�a L. subsp. sati�a  Pm()S
V. �icioides (Desf.) Coutinho  Pm()S
V. �illosa subsp. eriocarpa (Hausskn.)
P. W. Ball

V. �illosa subsp. �aria (Host) Corb.  Pm()S
Lathyrus L.

L. angulatus L.  Pm()S
L. annuus L.  Pm()S
L. aphaca L.  Pm()S
L. cicera L.  Pm()S
L. clymenum L.  Pm()S
L. hirsutus L.  Pm()S
L. latifolius L.  Pm()S
L. linifolius (Reichard) Ba$ sler  Pm()S
L. niger (L.) Bernh  Pm()S
L. sphaericus L.* ® Pm()S
L. tingitanus L.  Pm()S

Pisum L.
P. sati�um subsp. elatius (Bieb.)  Pm()S
Ascherlon Graebner

Tribe Loteae
Lotus L.

L. angustissimus L.  D
L. conimbricensis Brot.  D
L. corniculatus L.  D
L. glareosus Boiss. & Reuter  D
L. pedunculatus Cav.  D
L. subbiflorus subsp. castellanus  D
(Boiss. & Reuter) P. W. Ball
L. subbiflorus Lag. subsp. subbiflorus  D
L. uliginosus Schkuhr  D

Dorycnium Miller
D. pentaphyllum Scop.  D
D. rectum (L.) Ser.  D-Pm()S

Anthyllis L.
A. cytisoides L.  Pm()S
A. �ulneraria subsp. maura (Beck.) Maire  Pm()S

Dorycnopsis Boiss.
D. gerardii (L.) Boiss.* ® Pm()S

Hymenocarpos Savi
H. cornicina (L.) Lassen* ® Pm()S
H. hamosus (Desf.) Lassen  Pm()S
H. hispanicus Lassen  Pm()S

Tripodion Medik.
T. tetraphyllum (L.) Fourr.  D

Tribe Hedysareae
Hedysarum L.

H. coronarium L.  D
Onobrychis Miller

O. humilis (Loefl.) G. Lo! pez  D
O. �iciifolia Scop.  D

Ornithopus L.
O. compressus L.  D
O. perspusillus L.* ® D

O. pinnatus (Miller) Druce  D
O. sati�us L.  D

Coronilla L.
C. juncea L. ® Pm(®)
C. repanda subsp. dura (Cav.) Coutinho ® Pm(®)
C. scorpioides (L.) Koch ® Pm(®)
C. �alentina subsp. glauca (L.) Batt. ® Pm(®)

Hippocrepis L.
H. ciliata Willd.  D
H. scabra DC.  D

Scorpiurus L.
S. muricatus L.  D
S. �ermiculatus L.  D

Tribe Trifolieae
Trifolium L.

T. angustifolium L.  Pm()F
T. ar�ense L.  D
T. bocconei Savi wd Pm()F
T. campestre Schreber* ® Pm()F
T. cernuum Brot.  D
T. cherleri L.  D
T. dubium Sibth.  Pm()F
T. fragiferum L.* ® Pm()F
T. gemellum Pourr. ex Willd.  D
T. glomeratum L.  D
T. isthmocarpum Brot.  D
T. lappaceum L.* ® Pm()F
T. ligusticum L. wd Pm()F
T. mutabile Portensch.* ® Pm()F
T. ochroleucon Hudson  Pm()F
T. pratense L.  Pm()F
T. repens L.  D
T. resupinatum L.  D
T. scabrum L.  Pm()F
T. spumosum L.  D
T. squamosum L.* ® D
T. stellatum L.  Pm()F
T. striatum L.* ® D
T. strictum L. wd Pm()F
T. subterraneum subsp. brachycalycinum  Pm()F
Katznelson & Morley
T. suffocatum L.* ® D
T. tomentosum L.* ® D

Medicago L.
M. arabica (L.) Hudson* ® Pm()F
M. coronata (L.) Bartal.* ® Pm()F
M. doliata Carming. subsp. doliata  Pm()F
M. doliata subsp. muricata  Pm()F
(Bentham) Heyn
M. littoralis Loisel.  Pm()F
M. lupulina L.* ® Pm()F
M. minima var. recta (Desf.) Burnat  Pm()F
M. orbicularis (L.) Bartal.  Pm()F
M. polymorpha L.  Pm()F
M. rigidula (L.) All.  Pm()F
M. sati�a L.  Pm()F
M. tornata (L.) Miller  Pm()F
M. truncatula Gaertner  Pm()F

Trigonella L.
T. monspeliaca L.  D
T. polyceratia L.* ® D

Melilotus Miller
M. albus Medik.  D
M. elegans Salzm. ex Ser.  D
M. indicus (L.) All.  D
M. sulcatus Desf.* ® D
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T 1. (cont.)

Taxa Nectar Androecium Taxa Nectar Androecium

Ononis L.
O. biflora Desf. ® M
O. broterana DC. ® M
O. cintrana Brot. ® M
O. diffusa Ten. ® M
O. laxiflora Desf. ® M
O. natrix L. ® M
O. pendula subsp. boissieri (S) irj.) Devesa ® M
O. pinnata Brot. ® M
O. pubescens L. ® M
O. reclinata subsp. mollis (Savi) Be! guinot ® M
O. reclinata L. subsp. reclinata ® M
O. spinosa subsp. australis ® M

(S) irj.) Greauter & Burdet
O. �iscosa subsp. brachycarpa (DC.)
Batt.

® M

O. �iscosa subsp. crotalarioides ® M
(Cosson) S) irj.

Tribe Genisteae
Genista L.

G. anglica L. ® M
G. cinerascens Lange ® M
G. falcata Brot. ® M
G. florida L. ® M
G. hirsuta Vahl ® M
G. polyanthos subsp. hystrix (Lange)
Franco

® M

G. tournefortii Spach ® M
G. triacanthos Brot. ® M
G. tridentata L. ® M
G. umbellata (L’He! r.) Poiret ® M

Retama Rafin.
R. monosperma (L.) Boiss. wd M
R. sphaerocarpa (L.) Boiss.  M

Spartium L.
S. junceum L. ® M

Echinospartum (Spach) Rothm.
E. barnadesii subsp. dorsisericeum
G. Lo! pez

® M

Ulex L.
U. eriocladus C. Vicioso ® M
U. minor Roth ® M

Cytisus L.
C. arboreus subsp. baeticus (Webb)
Maire

® M

C. balansae subsp. europaeus ® M
(G. Lo! pez & Jarvis) Mun4 oz Garmendia
C. grandiflorus (Brot.) DC. ® M
C. multiflorus (L’He! r) Sweet ® M
C. scoparius (L.) Link ® M
C. striatus (Hill) Rothm. ® M

M, Monadelphous androecium; Pm(®), pseudomonadelphous without basal fenestration; Pm() S, pseudomonadelphous with basal
fenestration (stamen A1 superposed) ; Pm()F, pseudomonadelphous with basal fenestration (stamen A1 fused) ; D, diadelphous; Dr, reduced
diadelphous; F, free.

* Potentially nectariferous taxa; wd, without data.

Whatever the type of androecium, the fusion of the
stamens in this family confers an important adaptive
advantage (Polhill et al., 1981) by forming the staminal
column and limiting the range of pollinators that can work
the flower. Many instances of fusion are specifically
associated with pollination mechanisms, probably as the
result of coevolution, although it is not known whether they
are correlated (Tucker, 1987).

Adenocarpus DC.
A. complicatus subsp. anisochilus ® M
(Boiss.) Franco
A. complicatus (L.) Gay subsp.
complicatus

® M

A. hispanicus subsp. argyrophyllus ® M
Rivas Goday
A. hispanicus subsp. gredensis ® M
Rivas Martı!nez & Belmonte
A. telonensis Loisel. ® M

Argyrolobium Ecklon & Zeyher
A. zanonii (Turra) P. W. Ball ® M

Lupinus L.
L. albus L. ® M
L. angustifolius L. ® M
L. hispanicus subsp. bicolor Merino ® M
L. hispanicus Boiss. & Reuter ® M
subsp. hispanicus
L. luteus L. ® M
L. micranthus Guss. ® M

Tribe Galegeae
Galega L.

G. officinalis L. ® M
Biserrula L.

B. pelecinus L.* ® Dr
Colutea L.

C. atlantica Browicz  D
Astragalus L.

A. cymbicarpos Brot.  D
A. echinatus Murray  D
A. epiglottis L. subsp. epiglottis* ® Dr
A. glaux L.  D
A. glyciphyllos L.  D
A. hamosus L.* ® D
A. lusitanicus Lam.  D
A. nitidiflorus Jime!nez & Pau  D
A. stella Gouan* ® D

Tribe Psoraleae
Cullen Medik.

C. americanum (L.) Rydb.  Pm()F
Bituminaria Fabr.

B. bituminosa (L.) Stirton  Pm()F

Tribe Thermopsideae
Anagyris L.

A. foetida L.  F

Tribe Robinieae
Robinia L.

R. pseudacacia L.  Pm()F

Also of interest in flower biology is the type of reward
offered to pollen vectors. Many members of this family offer
nectar which is secreted in the innermost parts of the base of
the staminal filaments and accumulates in the space created
between the stamens and the pistil (Bonnier, 1879; Mu$ ller,
1883). Access to the nectar is by way of the space created by
one of the ten stamens which originates two entrances at its
base, so that in principle one might think that only species
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F. 1. Floral diagram of a diadelphous androecium. The large ovals
represent the outer whorl (stamens B1-B5) and the small ovals the inner

whorl (A1-A5). A1, Vexillary stamen.

with a diadelphous androecium would be nectariferous. But
this is not always so. Although there are not many studies
of the Fabaceae nectaries, those analysed to date are
discoidal (¯ annular), appearing around the base of the
carpel, usually associated with the staminal tube, in most
cases possessing stomata and interpreted as an excrescence
of the receptacle rather than as a reduced additional
staminal whorl (Bonnier, 1879; Waddle and Lersten, 1973;
Teuber et al., 1980). In content, the nectar of most legumes
is sucrose-rich (Furgala, Gochnauer and Holdaway, 1958;
Southwick, Loper and Sadwick, 1981) and therefore very
much appreciated by honeybees and bumblebees. These
are the commonest pollinators, which also visit non-
nectariferous species, attracted by the high protein quality
of their pollen (Leppik, 1966; Day et al., 1990).

The principal objectives of the present work were: (1) to
study the degree of fusion of the staminal filaments in the
Fabaceae of SW Europe; and (2) to investigate whether
there is a functional relationship between the type of
androecium and nectar production. The authority for each
species or subspecies studied is listed in Table 1.

MATERIALS AND METHODS

A total of 168 taxa (158 species and ten subspecies) were
collected in 428 natural populations, analysing a minimum
of three populations per taxon (except in a few cases where
only one or two populations were available) and some ten
flowers per population. The study area is located in SW
Spain (region of Extremadura), bounded by the Sistema

Central to the north (maximum altitude 2401 m) and the
Sierra Morena (maximum altitude 1104 m) to the south,
with a broad peneplain between them with scattered ranges
of hills. This extensive region is crossed by two of the most
important rivers in Spain, the Tagus and the Guadiana. The
climate is Mediterranean, being markedly seasonal. The
vegetation consists of woodland formations of holm oak
(Quercus ilex subsp. ballota¯Q. rotundifolia), cork oak (Q.
suber) and deciduous oak (Q. pyrenaica), and above all of
dehesas of these same species—these are grazing}cropland
systems maintained traditionally throughout the west of the
Iberian Peninsula. There is an abundance of riparian
woodland, and extensive scrublands with many species,
foremost being the Fabaceae shrubs of the tribe Genisteae.
There are also large areas of basophile or acidophile
pastures, with a major component of their floristic com-
position being Fabaceae herbs (Devesa, 1995).

The study was performed on flowers and flower buds
preserved in 70% alcohol. For each population, flower buds
of different ages and anthesic flowers were dissected under
a stereomicroscope, and the perianth parts eliminated. The
morphology of the androecium was then observed, noting
the type of fusion of the staminal filaments and whether or
not basal fenestration was present. It was also studied on
dry material deposited in the UNEX herbarium, but in this
case the pseudomonadelphous condition was more difficult
to distinguish, which might explain its lack of recognition in
taxonomic descriptions. Throughout the remainder of the
text, A1 will refer to the vexillary stamen (Fig. 1). In
previous studies (Ortega-Olivencia et al., 1997; Lo! pez et al.,
1998; Rodrı!guez-Rian4 o, Ortega-Olivencia and Devesa,
1999) on these same populations and species, nectar
production was quantified; those results are considered here
in relation to the type of androecium.

The taxa sampled belong to eight native tribes in the
territory (nine if Robinia pseudacacia is included). This latter
is a foreign element which is very frequent in urban and
rural landscapes as it has acclimatized to the environmental
conditions of this territory. Relative to the flora of Europe,
our sample represents around 17% of the species (and
subspecies) and 56±3% of the tribes. The taxonomic criterion
followed at the tribe level is that of Domı!nguez (1987).

Statistical analysis

As it was not possible to normalize the data corresponding
to the production of nectar in groups with different types of
androecium, non-parametric tests were used (Sokal and
Rohlf, 1979).

RESULTS

The following types of androecium were distinguished in the
study sample according to the degree of fusion of the
filaments : (a) monadelphous (Fig. 2A). It is present in the
tribe Genisteae, the genus Ononis, and Galega officinalis ; (b)
pseudomonadelphous, without basal fenestration: with nine
fused stamens and one free stamen (A1) covering the gap
left by the union of the rest of the filaments, but with no
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F. 2. Types of androecium: A, monadelphous (Cytisus grandiflorus) ; B, unfenestrated pseudomonadelphous (Coronilla �alentina subsp. glauca) ;
C, basally fenestrated pseudomonadelphous (Vicia benghalensis) ; D, diadelphous (Astragalus lusitanicus) ; E, reduced diadelphous (Biserrula

pelecinus) ; F, free (Anagyris foetida). Bars¯ 1 mm except B and E where bar¯ 0±5 mm.

formation of fenestration at the base (Fig. 2B). This appears
only in the genus Coronilla ; (c) pseudomonadelphous, with
basal fenestration: as the preceding case, but with the free
stamen (A1) presenting a curvature at its base permitting
the formation of two basal orifices (Fig. 2C). The coupling
of this stamen to the staminal tube varies from a simple
superposition (e.g. Lathyrus) to a complete fusion along the
length of the tube (e.g. Medicago) except at the basal part. It
is also represented in Vicia (except V. pubescens), Pisum,
some species of Trifolium, Robinia, Dorycnopsis, Dorycnium
rectum, Anthyllis, Hymenocarpos, Cullen and Bituminaria ;
(d ) diadelphous (Fig. 2D). It appears in some species of
Trifolium, Melilotus, Trigonella, Astragalus (except A.
epiglottis subsp. epiglottis), Hedysarum, Hippocrepis, Onob-

rychis (at times the free stamen is fused to the rest),
Ornithopus, Scorpiurus, Lotus, Tripodion, Dorycnium penta-
phyllum and one population of D. rectum, and Colutea
atlantica ; (e) reduced diadelphous: similar to the previous
case but with the disappearance of all the anthers of the
lower whorl with only vestiges persisting in which it is at
times possible to observe occasional pollen grains (Fig. 2E).
This type is presented by Biserrula pelecinus, Vicia pubescens
and Astragalus epiglottis ; (f ) free : all the stamens remain
free (Fig. 2F). It only appears in Anagyris foetida.

The type of androecium of each taxon is listed in Table 1,
together with an indication of whether it is nectariferous or
not. The nectar is secreted by an annular nectary which is
most often intrastaminal, i.e. situated between the andro-
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ecium and the gynoecium, and whose presence or absence in
this case is closely associated with the type of androecium
possessed by the taxa.

Taxa with a monadelphous or pseudomonadelphous type
of androecium without basal fenestration do not produce
nectar since they have no intrastaminal nectary, except for
Retama sphaerocarpa in which nectar is produced by an
extrastaminal nectary (Lo! pez et al., 1998). The remaining
taxa with other types of androecium may be regarded as
potentially nectariferous, even though it has not been
possible to quantify the nectar in some populations either
because of the methodology (storage in bags for 24 h with
possible evaporation or crystallization of nectar) or because
it was too inconspicuous to be measured.

The species that produced most nectar was Anagyris
foetida (x- ¯ 26³12 µl). This production was significantly
greater (Mann-Whitney U test¯ 65±5, P! 0±001) than that
of the species next in importance – Pisum sati�um (x- ¯
9±7³6±7 µl), Lathyrus latifolius (x- ¯ 9³5±3 µl) and Colutea
atlantica (x- ¯ 8±1³6±7 µl ; Rodrı!guez-Rian4 o et al., 1999).
Moreover, Anagyris foetida is the only species of those
studied with free stamens. No significant differences were
found (Mann-Whitney U test¯ 1099±0, P" 0±05) between
the nectar production of taxa with diadelphous androecia (x-
¯ 0±72 µl, n¯ 39) and that of taxa with a basally fenestrated
pseudomonadelphous type of androecium (x- ¯ 0±91 µl,
n¯ 50).

We now list androecium types and nectar production by
tribe (see Table 1).

Tribe Vicieae

All the species studied possessed a basally fenestrated
pseudomonadelphous type of androecium (Fig. 2C). The
only exception to this type of androecium appeared in V.
pubescens, which possessed the reduced diadelphous type.
All the species studied produced nectar (mean value for the
tribe 0±8³2±2 µl), and while the amount could not be
quantified in Lathyrus sphaericus, intuitively we felt this to
be a potentially nectariferous taxon.

Tribe Loteae

Two types of androecium were observed: (1) basally
fenestrated pseudomonadelphous (Hymenocarpos, Anthyl-
lis, Dorycnopsis) ; and (2) diadelphous (Lotus, Tripodion and
Dorycnium pentaphyllum). Dorycnium rectum, however, is in
an intermediate situation, since one of the populations
studied had a diadelphous androecium and the other
pseudomonadelphous which even had no apparent basal
fenestration. All the species of the tribe that were studied
were potentially nectariferous. The mean value of nectar
production for the tribe is 0±3³0±6 µl, although in Doryc-
nopsis gerardii and Hymenocarpos cornicina, which
are potentially nectariferous, the amount could not be
quantified.

Tribe Hedysareae

Two types of androecium were observed: (1) pseudo-
monadelphous without basal fenestration, with the A1

stamen wholly occupying the gap left by the filament tube
and very lightly fused to it, present only in Coronilla (Fig.
2B); and (2) diadelphous (the remaining taxa). In the case of
the genus Onobrychis, there is a slight superposition of the
free stamen (which is somewhat flattened from the basal
part, with the flattening disappearing gradually towards the
apex). All the species are nectariferous or at least potentially
so, with a mean value for the tribe of 0±2³0±4 µl. In the
genus Coronilla, however, no nectar production was
observed.

Tribe Trifolieae

The following types of androecium were recognized: (1)
monadelphous (Ononis) ; (2) basally fenestrated pseudo-
monadelphous with the A1 stamen practically fused along
the entire length of the tube except at the basal zone
(Medicago) or only at a small upper portion of the
androecium (some species of Trifolium) ; and (3) diadelphous
(some species of Trifolium and Trigonella). All the genera
are nectariferous or potentially nectariferous, except for
Ononis which is polliniferous. The mean value of the volume
of nectar produced by the tribe is 0±03³0±1 µl.

Tribe Genisteae

The androecium is always monadelphous (Fig. 2A),
which means the absence of an intrastaminal nectary.
Nectar is only secreted when the nectary is extrastaminal, as
is the case in Retama sphaerocarpa in which the mean
production per flower was observed to be 0±09³0±1 µl.

Tribe Galegeae

Three types of androecium were observed: (1) mona-
delphous (Galega officinalis) ; (2) diadelphous (Colutea
atlantica and Astragalus—except A. epiglottis ; Fig. 2D);
and (3) reduced diadelphous (Astragalus epiglottis and
Biserrula pelecinus ; Fig. 2E). All the species were found to
be nectariferous except for Galega officinalis which is
polliniferous. However, in the taxa with reduced dia-
delphous androecia, which are potentially nectariferous, no
nectar was observed to be present. It had evaporated or
been reabsorbed, as seems to have occurred in many other
taxa with small flowers. In this tribe the mean nectar
production per flower was 2±2³4±6 µl.

Tribe Psoraleae

The two species studied possessed a pseudomonadelphous
androecium with basal fenestration. The mean production
of nectar per flower in the tribe was 0±7³0±5 µl.

The other two tribes, Thermopsidaea and Robinieae are
each represented by a single species in Spain (see Table 1).

DISCUSSION

The type of androecium is one of the most important floral
characters of the family with regard to its systematics and
reproductive biology. In this respect, in the modern as in the
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older flora (e.g. Heywood and Ball, 1968; Davis, 1970;
Pignatti, 1982; Guinochet and Vilmorin, 1984; Clapham,
Tutin and Moore, 1987; Domı!nguez, 1987) only three types
have been recognized in the family (free stamens, mona-
delphous and diadelphous). More recently, Tucker (1987,
1989) described the existence of the pseudomonadelphous
androecium. The present study documents the occurrence
of these androecial types in 165 Spanish species (and
subspecies), as well as the reduced diadelphous androecium
in another three species.

According to Tucker (1989), the androecium with free
stamens has derived on the one hand to monadelphy and on
the other to diadelphy. Diadelphy in its turn has given rise
to pseudomonadelphy. Tucker describes both monadelphy
and pseudomonadelphy as probable examples of convergent
evolution and she poses the question as to whether the two
conditions are functionally equivalent (Tucker, 1989:
63–65). Originally, Tucker (1987) recognized two subtypes
within pseudomonadelphy: (I) with and (II) without basal
fenestrations. In the present study, subtype I appears in
around 38% of the taxa studied. Contrary to Tucker (1989),
this subtype probably has the same functionality as the
diadelphous androecium since there is nectar secretion in
both, allowing insects access to the nectar secreted by an
intrastaminal nectary. The second subtype, described ini-
tially by Tucker (1987) in Psoralea pinnata (but not
commented on in her 1989 review), was found in the present
work in the genus Coronilla, where it functions practically as
a monadelphous androecium. In this case, unless there are
extrastaminal nectaries (which did not appear in our
sample), it is linked to the absence of nectar (see also
Herrera, 1988).

The idea that the pseudomonadelphous androecium with
fenestration and the diadelphous androecium are func-
tionally equivalent is reinforced by the fact that the volume
of secreted nectar is equivalent in the two cases (the values
were slightly higher in the first type, but the differences were
not significant). It seems evident that this subtype of
pseudomonadelphy allows nectar to be available to a
narrow range of pollinators, but at the same time provides
solid protection to both ovary and nectary.

In the present work, neither species with a monadelphous
androecium (Ononis, Galega officinalis and the tribe Geni-
steae) nor those showing pseudomonadelphy without basal
fenestration (Coronilla) possess an intrastaminal nectary,
and have to be regarded as polliniferous rather than
nectariferous taxa. These taxa produce a great amount of
pollen—more than 20000 grains per flower except for
Ononis, which has a mean of 1021±4 (Rodrı!guez-Rian4 o et
al., 1999), possibly because some species in this genus
are cleistogamous. According to the literature we have
consulted, the existence of nectaries is infrequent in these
taxa, and when they do exist they are usually extrastaminal
(Chamaecytisus, Polhill, 1976; Polhill et al., 1981; Webb
and Shand, 1985; Erinacea, Polhill, 1976; Laburnum,
Bonnier, 1879; Mu$ ller, 1883; Petteria, Polhill, 1976; Retama
sphaerocarpa, Lo! pez et al., 1998). Also, nectar secretion has
not been observed in Cytisus species with campanulate calyx
(an exception is Cytisus �illosus : Talavera, pers. comm.),
and neither have there been recent descriptions of it in any

species of Adenocarpus, Calicotome, Echinospartum, Genista,
Spartium, Stauracanthus or Ulex (Polhill, 1976; see also
Herrera, 1985, 1987, 1988; Rodrı!guez-Rian4 o et al., 1999).
Bonnier (1879), however, cites the existence of minute
drops of nectar on the outer face of the stamen-filament
tube in Ulex europaeus, Genista sagittalis, G. anglica,
Calicotome spinosa, Cytisus scoparius and Spartium junceum.

The advantages of the two subtypes of pseudo-
monadelphy over monadelphy or diadelphy are as yet
unknown. With regard to the monadelphous androecium,
Polhill (1976) indicated that perhaps the main selective
factor for this type of androecium might be increased
protection for ovules against insect attack. This same
adaptive advantage would have to be attributed to both
subtypes of pseudomonadelphous androecium, although in
the basally fenestrated case one would have to add to this
advantage the protection of the intrastaminal nectary
against opportunist pollinators and herbivores, as well as
the prevention of desiccation or dilution of the nectar (by
wind, rain or solar radiation; Schrire, 1989).

Pseudomonadelphy with basal fenestration is more
widespread than the type without fenestration, appearing in
all the tribes except Genisteae, which is completely mona-
delphous. Also, as indicated by Tucker (1989), it is not
frequent for this type of androecium to coexist with
monadelphy in any given genus, while it does so with
diadelphy. This idea was corroborated in the present work
at the genus and tribe levels, with the exception of the
Trifolieae, where three types appeared. It must be said that
in some taxa the evolution of the diadelphous androecium
towards pseudomonadelphy is probably only in its first
stages, since both types may still be found in the same taxon
(e.g. Dorycnium rectum).

The androecium of ten free stamens, which is probably
more primitive as it appears with a majority representation
in tribes regarded as basal in the Papilionoideae (e.g.
Swartziae, Sophoreae ; Polhill et al., 1981), is represented
only in one species of the material studied—Anagyris foetida
(tribe Thermopsideae). This species was also the species that
produced significantly more nectar than any of the rest of
the family. It is likely that, in the Fabaceae, the species that
have an androecium with free stamens are also more
nectariferous, but it has not been possible to check this
hypothesis since this kind of androecium is poorly repre-
sented in the Fabaceae of Europe (only 0±51% of the taxa;
see Heywood and Ball, 1968).

The reduced diadelphous type of androecium was only
detected in three species : Biserrula pelecinus, Vicia pubescens
and Astragalus epiglottis. This is probably, as yet, an
incomplete reduction of the androecium since there are still
usually vestiges of the anthers which are in the process of
being lost (lower whorl), and in some cases (e.g. B. pelecinus)
even pollen grains (though few) on these vestigial anthers
(Rodrı!guez-Rian4 o, 1997). It is worth mentioning too that
these three species have small flowers (! 5 mm), low pollen
production, little nectar production, and a low pollen:ovule
ratio (Rodrı!guez-Rian4 o et al., 1999)—characteristics typical
of autogamous plants (Ornduff, 1969). The functionality of
this type of androecium is possibly related to the syndrome
that characterizes autogamy in Angiosperms.
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In conclusion, and relative to the fusion of the staminal
filaments, it is postulated that : (1) the monadelphous
androecium does not seem to be linked to the presence of an
intrastaminal nectary; it occurs above all in pollen-reward
flowers, or if there is nectar it is extrastaminal in origin; (2)
the diadelphous androecium is linked to the presence of an
intrastaminal nectary; (3) a pseudomonadelphous andro-
ecium without fenestration has a functionality that is similar
to that of monadelphy; (4) the fenestrated pseudo-
monadelphous androecium has the same functionality as
the diadelphous androecium, and is therefore linked to
nectar production; (5) the reduced diadelphous androecium
is yet another syndrome of those accompanying the
acquisition of autogamy; and (6) the free-stamen an-
droecium might be linked to a greater production of nectar,
although as only one species was involved this is a hypothesis
which is open for testing with a greater sample size.
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