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Reproductive biology in two Genisteae
(Papilionoideae) endemic of the western
Mediterranean region: Cytisus striatus and
Retama sphaerocarpa
Tomás Rodríguez-Riaño, Ana Ortega-Olivencia, and Juan A. Devesa

Abstract: We studied the reproductive biology of two leguminous shrubs endemic of the western Mediterranean region
Cytisus striatus (Hill) Rothm. and Retama sphaerocarpa (L.) Boiss. The former is polliniferous, and the latter is
nectariferous, with maximum nectar production at the earliest hours of the morning. Germination of the pollen grains
in the flowers of the two species occurs only after rupture of the stigmatic surface. It is also necessary in both cases
that pollinators (mainly Apis mellifera) visit the flowers for fruit and seed set to occur. A study of the pollen–pistil
interaction indicated that there exists prezygotic self-incompatibility in these two species, probably of the gametophytic
type, but some self-pollen tubes escape this control and self-fertilize some ovules. However, after hand self-pollination,
fruit and seed set is very low for both species. This suggests the existence of a postzygotic rejection mechanism, which
could be due either to the existence of late-acting self-incompatibility or to an early action of inbreeding depression,
although there are lines of evidence that seem to point to the second possibility. Hand cross-pollination led to an
increased number of fruit and seeds per plant relative to the control plants, indicating that reproduction is pollen
limited.

Key words: late-acting self-incompatibility, prezygotic self-incompatibility, fruit set, seed set, inbreeding depression,
Spain.

Résumé : Les auteurs ont étudié la biologie reproductive de deux légumineuses arbustives endémiques de la région
méditerranéenne occidentale, soient le Cystus striatus et le Retama sphaerocarpa. La première est pollinifère et la
deuxième nectarifère, avec un maximum de production du nectar aux premières heures du jour. La germination des
grains de pollen dans les fleurs des deux espèces ne survient qu'après la rupture de la surface des stigmates. Il est
également nécessaire, dans les deux cas, que les pollinisateurs (surtout l'Apis mellifera ) visitent les fleurs pour la
formation des graines et des fruits. Une étude sur l'interaction pollen-pistil indique qu'il existe un auto-incompatibilité
prézygotique chez ces deux espèces, probablement de type gamétophytique, mais quelques tubes auto-polliniques
échappent à cette barrière et auto-fécondent quelques ovules. Cependant, après auto-pollinisation manuelle on observe
très peu de graines et de fruits chez les deux espèces. Ceci suggère l'existence d'un mécanisme de rejet post-zygotique
qui pourrait provenir soit d'une auto-incompatibilité tardive ou soit d'une activité précoce de la dépression de
consanguinité, bien qu'il y ait quelques indications qui semblent favoriser la seconde possibilité. La pollinisation
manuelle croisées conduit à une augmentation du nombre de fruits et de graines par plant, comparativement aux plantes
témoins, ce qui indique que la reproduction est limitée par la pollinisation.

Mots clés : auto-incompatibilité tardive, auto-incompatibilité prézygotique, formation des fruits, formation des graines,
dépression de consanguinité, Espagne.

[Traduit par la rédaction]

Introduction

Self-sterility in flowering plants may be attributed to one
of two causes: (i) genetic self-incompatibility and (ii) ge-
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netic load (Charlesworth 1989; Seavey and Carter 1994). In
systems of genetic self-incompatibility (SI), the ovules are
not fertilized because of an active rejection of the male
gametophytes which carry the same S alleles of the sporo-
phyte (de Nettancourt 1977). Whereas the pollen is con-
trolled by its own genotype and is generally inhibited on the
style (occasionally in the ovary) in the homomorphic ga-
metophyte system (GSI), in the homomorphic sporophyte
system (SSI) control is by the pollen-producing plant's ge-
notype, and inhibition usually takes place on the stigmatic
surface (de Nettancour 1977; Weller et al. 1995). The latter
system appears in some 8 families of angiosperms (Weller et
al. 1995), and the former appears in 16 (Charlesworth and
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Charlesworth 1987a); outstanding amongst these is the le-
gume family. Arroyo (1981) found that only 22.1% of the
Papilionoideae studied were SI, a proportion that is very low
compared with those of Caesalpinioideae (62.3%) and
Mimosoideae (66.7%). Another poorly understood SI system
is the late-acting SI, originally described by Seavey and
Bawa (1986), in which there occur both prezygotic mecha-
nisms (ovaric inhibition, inhibition in the ovule) and postzy-
gotic rejection mechanisms. This kind of SI has sometimes
been referred to as cryptic self-compatibility or pistillate
sorting (see Gibbs and Sassaki 1998), which includes only
the mechanisms with postzygotic rejection. In all these
cases, the seed production after selfing is usually zero or
close to zero (Seavey and Bawa 1986; Weller et al. 1995).

Nevertheless, some outcrossing plants may occasionally
undergo selfing and present a marked reduction in the num-
ber of seeds per fruit, which is usually put down to an early
action of inbreeding depression. In general, while a genetic
load has been shown to be the cause of self-sterility in some
individuals, there have been no studies showing it to be the
cause for all the individuals of a population (see Seavey and
Carter 1994 and references therein). Neither are there cases
of SI species in which the action of inbreeding depression
has been studied (see Husband and Schemske 1996) because
of the difficulty of distinguishing between the effects on
female fertility of SI and those of inbreeding depression
(Seavey and Bawa 1986; Charlesworth and Charlesworth
1987a; Gibbs and Sassaki 1998). This, however, was pos-
sible for the tristylous species Eichhornia paniculata
(Manicacci and Barrett 1996).

One of the leguminous groups with the greatest represen-
tation in Mediterranean ecosystems (forest and substitution
scrub) is the tribe Genisteae (Papilionoideae). It consists of
two subtribes, Lupinineae and Genistineae, with the former
containing some 200 mainly herbaceous species and the
latter, some 273 shrubs or subshrubs (Bisby 1981). The exis-
tence of self-incompatibility has become traditionally ac-
cepted in this tribe, given that Arroyo (1981) noted that there
existed in the leguminous species overall a marked tendency
to SI in the woody groups but very little in the herbaceous
groups. In this tribe, studies aimed at determining whether
or not SI exists have centred on a few genera (Argyrolobium,
Lupines, Chamaecytisus, and Ulex; see Fryxell 1957; Arroyo
1981; Webb and Shand 1985), with that reproductive mecha-
nism being detected in only one species of the genus Ulex
(see Arroyo 1981). Not even in the case of Cytisus scoparius
(L.) Link, traditionally cited in the literature for its super-
specialized pollination mechanism, is it known for certain
whether or not the species is SI (see Fryxell 1957). The ge-
nus that has been the most thoroughly studied in this tribe is
Lupinus, whose species are mostly self-compatible (Horovitz
and Harding 1972; Schaal and Leverich 1980; Schaal 1989;
Pazy 1984; Williams 1987; Karoly 1992). The reason for the
reduced number of reproductive studies may lie in the diffi-
culty Papilionoideae flowers present in handling, since the
pollen is generally released in the bud stage to cover the
whole stigma. Furthermore, in most of the Genisteae the
stigma is usually subject to great pressure within the pieces
making up the keel, which adds to the difficulty in manipu-
lation.

With this present work, together with another carried out
recently on Cytisus multiflorus (L'Hér.) Sweet (Rodríguez-
Riaño 1997), our main goal is to palliate the near absence
of reproductive studies on the woody representatives of the
tribe Genisteae and also to infer whether SI is a common
phenomenon in that tribe. Specifically, we here study the re-
productive biology of two shrub species that are very impor-
tant in the ecosystems of the western Mediterranean region:
Cvtisus striatus (Hill) Rothm. and Retama sphaerocarpa (L.)
Boiss. In both species, the possibility of the existence of
protandry, a phenomenon that is traditionally assumed to be
present in Papilionoideae (Willemstein 1987), is ruled out,
and analysis of the pollen—pistil interaction demonstrated
the existence of GSI. The existence of postzygotic rejection
mechanisms is also demonstrated, given that hand self-
pollination leads to a reduced amount of fruit and of seeds
per fruit. This could indicate an early action of inbreeding
depression, but the possibility cannot be rejected that it
might also be due to the existence of late-acting SI, given
that with the current evidence it is difficult to distinguish the
two possibilities in these two species.

Materials and methods

The study area and the plants
The population of Cytisus striatus studied is located in the Finca

El Hito estate, belonging to the municipal district of Alburquerque
(Badajoz, southwestern Spain), on a granite substrate, between 390
and 395 m a.s.l., with a Mediterranean climate. The vegetation is
brush composed mostly of Cytisus multiflores and to a lesser de-
gree of Cytisus striatus. The R. sphaerocarpa population studied is
located in the Finca La Orden estate, belonging to the municipal
district of Guadajira (Badajoz, southwestern Spain), between 210
and 215 m a.s.l. on an acidic substrate with occasional small basic
outcrops and with a Mediterranean climate. The vegetation's physi-
ognomy is that of scrub composed mainly of R. sphaerocarpa ac-
companied by some fruticose elements such as Lavandula stoechas
ssp. sampaiana Rozeira, Cistus crispus L., Thymus °.vgis ssp.
sylvestris (Hoffmanns.. and Link) Brot., and occasional scattered
individuals of Quercus rotundifolia Lam. (for more details see
Rodríguez-Riaño et al. 1999a). The present study was carried out
during 1995 and 1996.

The two species are shrubs and present flowers of yellow colour,
bilabiate calyx, and papilionaceous corolla. The androecium is typ-
ically monadelphous with dimorphic anthers, those of the upper
whorl (henceforth UW) oblong or linear-oblong and basifixed, and
those of the lower whorl (henceforth LW) of like morphology
but with a triangular-acuminate apex and dorsifixed (López et al.
1999). Also, the biomass of the LW anthers is significantly less
than that of the UW anthers. and similarly, the pollen production
and biomass is significantly less for the LW than the UW. In
both cases, the gynoecium consists of an ovoid or subovoid ovary,
which in Cytisus striatus is pubescent and becomes prolonged in a
circinated style after pollination, with pubescence in the dorsal and
basal part. This style finishes in a tufted stigma, and presents at the
ventral level near the stigma a cavity in which the pollen destined
for pollination is collected. In R. sphaerocarpa the ovary is gla-
brous and is continued in a linear-curved style which finishes in a
stigma also of the tufted type. Cytisus striatus is polliniferous, with
the pollen presentation mechanism being very specialized, of the
explosive noto-sternotribic type: when an insect presses the keel,
the reproductive column (gynoecium and androecium), which is
maintained at great pressure beneath the keel, shoots out and
makes contact with the back of the insect, so that one portion of
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Table 1. Floral characteristics and rewards in Cvtisus striatus and Retama sphaerocarpa.

Cytisus striatus Retama sphaerocarpa

Mean±SE CVN

Flower size (mm) 20

Ovary size (mm) 20
Style size (mm) 20
Ovules/ovary 20

Anther volume (mm 3 ) 20
Biomass, UW (mm3 ) 20
Biomass, LW (mm3 ) 20
Biomass, flower (mm 3 ) 20
R 20
Pollen grain volume (gm3) 30

Pollen, UW 10
Pollen, LW 10
Pollen, flower 10
Biomass, UW (mm3 ) 30
Biomass, LW (mm3 ) 30
Biomass, flower (mm 3 ) 30

24.90±0.25 4.45 20 4.48±0.05 5.1
Gvnoecium

7.33±0.09 5.55 20 1.30±0.03 9.32
19.83±0.35 7.9 20 2.99±0.03 9.45
8.70±0.34 12.2 20 4.30±0.26 19.2

Androecium
1.02±0.02 10.4 20 0.02±0.0005 9.81
6.19±0.22a 15.9 20 0.18±0.004a 10.7
4.04±0.08b 8.69 20 0.06±0.002b 15.9
0.23±0.24 10.4 20 0.24±0.005 9.81
0.67±0.03 17.9 20 0.32±0.01 16.8
9.15±0.01 20.9 30 7.71±0.17 12.2

Pollen production
126 650.00±8012.16a 20 10 3081.90±153.12a 15.7
93 350.00±6539.64b 22.2 10 1415.90±92.00b 20.6

220 000.00±13255.40 19.1 10 4497.80±228.71 16.1
1.18±0.07 31.1 30 0.02±0.0006 12.6
0.88±0.06 35.4 30 0.01±0.0003 15.6
2.06±0.12 32.9 30 0.03±0.0008 13.3

Mean±SE CVN

Note: Means in any column followed by different letters are significantly different at P < 0.001 by one-way
ANOVA, indicating significant differences between the whorls of a given species (except in pollen production of
Cytisus striatus at P < 0.01). R. ratio between the biomass of the anthers of the lower whorl (LW) and the biomass of
the anthers of the upper whorl (UW). CV, coefficient of variation.

the pollen is applied dorsally (nototribic pollen with a pollination
function) and another portion ventrally (sternotribic pollen with a
food function). Also, the flower parts no longer return to their orig-
inal position, so that the flowers only can receive one visit of the
insect (López et al. 1999). Retama sphaerocarpa is nectariferous,
and the pollen presentation mechanism is of valvular type: when
an insect visits the flower, the reproductive column shoots out of
the keel, with a small cloud of pollen adhering to the insect ven-
trally (sternotribic pollination), with the column returning to its ini-
tial position after ending the pressure on the insect; in this case the
flower can receive various visits (López et al. 1999).

The Cytisus striatus population studied has a very high pol-
len/ovule ratio (25 482.6 ± 5206.7), considerably greater than that
of R. sphaerocarpa (1104.4 ± 373.2). The former species presents
winter—spring flowering, while the latter possesses clearly spring
flowering (Rodríguez-Riaño et al. 1999a). The two species are
similar with respect to the productivity of reproductive structures,
since they produce a great number of flowers per plant that, how-
ever, are not transformed into many fruits (Rodríguez-Riaño et al.
1999a). The two species are also differentiated in the type of le-
gumes that they form, since these are dehiscent in the former
containing several seeds, and indehiscent in the latter containing
generally a single seed per fruit (Rodríguez-Riaño et al. 1999a).
The quantitative aspects of the size of the different parts of the
flower and the pollen and ovule production in the populations stud-
ied of the two species are summarized in Table 1.

Floral biology
For each species 100 flowers from 10 plants were selected at

random and oven-dried at 40°C for 48 h, followed by weighing the
whole flower and each of its parts separately. Given the small mass
of R. sphaerocarpa flowers, however, the different floral parts were
weighed in groups of 10. The costs of the male, female, and attrac-
tive structure functions were estimated according to the formulae
proposed by Charlesworth and Charlesworth (1987b).

The degree of protandry was studied by determining the period
of stigmatic receptivity (percentage of cross pollen germinated on
the stigma) and the period of pollen grain ripening (percentage of
"in vitro" pollen germination) in a given flower (or flower bud). In
the case of Cvtisus striatus, flower-bearing branches were cut in
the field and transported to the laboratory in jars with water and
acetylsalysilic acid. Open flowers and flower buds of different
sizes were selected (five batches for each flower size). The buds
and flowers were hand pollinated with pollen grains from donors
situated at a distance of ca. 100 m. In the case of R. sphaerocarpa
the flower buds suffered serious damage on being handled because
of their small size, so that we only chose flowers in two stages:
(i) flower buds that, after ca. 24 h, had unfurled their standard, and
(ii) flowers with the standard recently unfurled. Since in many
Papilionoideae, rupture of the stigmatic surface is an indispensable
prerequisite for pollen grain germination (Shivanna and Owens
1989) each flower or flower bud was subjected to one of the fol-
lowing types of pollination.
(1) Hand cross-pollination without rupture of the stigmatic sur-

face. In R. sphaerocarpa, the staminal column and the gy-
noecium were gently drawn out through the upper part of the
keel, taking care that they suffered no damage and that the
stigma was not scraped at all; the hand pollination was per-
formed later. If the anthers had still not dehisced in the flower
buds, we used a sufficient quantity of grains of pollen to com-
pletely cover the stigma, taking care not to scrape it and pro-
voke tripping. If dehiscence had already occurred, however,
the stigma was cleaned carefully so as not to damage it. fol-
lowed by the pollination. In Cytisus striatus the method was
somewhat different since in its flowers the reproductive col-
umn is subject to great pressure in the interior of the keel, so
that the stigma strikes the internal part of the staminal column
and thus could provoke tripping. To avoid this explosive re-
lease, a slicing cut was made on the underpart of the keel
with a sheathed needle, and the final half of the style—stigma
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Table 2. Dry weight (mean ± SE, N = 10) of the different parts of the flowers in Cytisus striatus and Retama sphaerocarpa.

Flower (mg)
Cytisus striatus 32.27±1.20 (16.03)
Investment
Retama sphaerocarpa 1.61±0.02 (10.97)
Investment

Perianth

Corolla (mg) Calyx (mg)

20.54±0.98 (19.49) 2.14±0.07 (21.73)
0.70±0.01 (7.71)
0.82±0.02 (8.83) 0.47±0.01 (4.87)
0.80±0.01 (3.49)

Gynoecium (mg) Androecium (mg)
6.28±0.47 (30.26) 3.30±0.23 (32.10)
0.20±0.02 (30.23) 0.10±0.01*** (25.23)
0.15±0.004 (8.32) 0.17±0.01 (18.01)
0.09±0.003 (10.36) 0.10±0.01ns (19.12)

Note: The coefficient of variation is given in parentheses. Investment is the ratio between the dry weight of the perianth (calyx + corolla), gynoecium,
or androecium and the dry weight of the whole flower. Differences in investment in gynoecium and androecium were assessed with the Mann—Whitney U
test. ns, not significant (P > 0.05); ***, P < 0.001.

was extracted through this cut, followed by hand pollination
as in the previous case.

(2) Hand cross-pollination with rupture of the stigmatic surface.
The method used was the same as in the previous trial, except
that now the stigma was rubbed with a fine brush.

In both trials, the stigma's receptivity was studied 4 h after pollina-
tion in Cytisus striatus and after 24 and 48 h in R. sphaerocarpa
(in this species there was no pollen germination 4 h after pollina-
tion). In this latter species, too, the pollination was performed di-
rectly in the field, since its flowers underwent much desiccation in
the laboratory.

The study of the pollen ripening was carried out on the same
flower buds or flowers used in the above trials. A small amount of
pollen was extracted from each manipulated flower (362.7 ± 62.2
grains in Cytisus striatus and 237.7 ± 62.7 grains in R. sphaero-
carpa) and placed on a culture medium composed of two drops of
saccharose (30–40 mg/100 mL in C. striatus and 10 mg/100 mL in
R. sphaerocarpa) and one of boric acid (0.001%). It had previously
been found that these were the most suitable culture media for
these two species.

To detect the possible existence of pollen sterility, several sam-
ples of pollen were taken from different flowers of each species
(N = 16 plants in Cytisus striatus; N = 10 plants in R. sphaero-
carpa), staining some with lactophenol blue and others with fluo-
rescein diacetate (Kearns and Inouye 1993), and the results were
contrasted with those obtained after in vitro germination.

Nectar production
The following method refers exclusively to R. sphaerocarpa

since Cytisus striatus is not nectariferous (López et al. 1999). To
determine at which point of a flower's life the greatest amount of
nectar is secreted, four stages were distinguished: (1) flower with
the standard about to be unfurled (bud flower); (2) flower com-
pletely opened, with the upper part of the keel united (opened I);
(3) opened flower with the upper part of the keel separated (opened
II); and (4) flower in a state of senescence (with the standard curl-
ing up). Flowering branches from four different plants were bagged
"in situ," and on the following day the nectar production was quan-
tified every four hours (from 06:00 to 18:00 solar time) in 30 flow-
ers per plant (total 120 flowers), recording the stage (1–4) of the
flowers. The volume of nectar secreted was quantified using 5-µL
Pasteur micropipettes, and the concentration by means of manual
refractometers adapted to small volumes (Bellingham and Stanley,
0–50% and 40–85%).

After determining which was the most nectariferous stage, the
pattern of nectar secretion was studied, both over the course of the
day (each 4 h as in the above case) and at 24 h after bagging, quan-
tifying the nectar volume, the concentration and the weight of
sugar of 25 flowers per plant (total 100 flowers) and per treatment.

Pollinators and breeding systems
Insect censuses were performed at intervals of ca. 3 h/day, using

10 min/observation. The duration of each visit was recorded. to-

gether with the type of pollinator and its behaviour on the flower.
We considered only those insects to be pollinators which made
contact with the flower's sexual organs.

To determine the breeding system, a series of plants were se-
lected and subjected to the following pollination treatments:
(i) natural pollination (control); (ii) spontaneous self-pollination
(bagged plants); (iii) hand self-pollination (autogamy and (or)
geitonogamy); (iv) hand cross-pollination; and (v) agamospermy,
according to methodology of Rodríguez-Riaño (1997). All treat-
ments were carried out during 1995 and 1996, except for treatment
v which was only carried out in 1995.

The fruit set percentage (the fruit/flower ratio; Fr/Fl), and the
seed set percentage (the seed/ovule ratio, S/O) were determined for
each treatment. For each species we obtained the SI index in func-
tion of the fruit set (SI fruit; Becerra and Lloyd 1992; Lloyd and
Schoen 1992) and seed set (SI seeds; Zapata and Arroyo 1978),
and the self-fertility index (SF; Lloyd and Schoen 1992) for both
of the reproductive parameters (SF fruit; SF seeds). Finally, we de-
termined fruit size (weight in R. sphaerocarpa) and seed weight in
both the control and the hand cross-pollination treatments.

Pollen–pistil interaction
Virgin flowers (49 flowers from 10 plants in Cytisus striatus and

25 flowers from 5 plants in R. sphaerocarpa) were hand-pollinated
(cross-pollination and self-pollination), bagged, fixed in a Carnoy
solution (ethanol – acetic acid, 3:1 v/v) after 5 days, and stored in
vials in ethanol (70%) until study. The gynoecium was subse-
quently extracted from each flower, softened in 8 M NaOH, and
dissected by separating the stigma–style to one side and the ovary
to the other, from which the ovules were extracted and both parts
mounted on microscope slides with a drop of aniline blue (Martin
1959). Observation of the growth of the pollen tubes and the pene-
tration of the ovules was performed under fluorescence microscopy
(Zeiss) using 390- to 420-nm filters.

Statistical analysis
We used the statistical program packages SYSTAT for Windows

(version 5: SYSTAT, Inc. 1992) and STATGRAPHICS for Win-
dows (version 1.0; Statistical Graphics Corp. 1994), performing
one-way analysis of variance (one-way ANOVA) for normalized
independent variables and the Kruskal–Wallis test or the Mann–
Whitney test when the variables could not be normalized (Sokal
and Rohlf 1979). Comparison of the fruit set and S/0 in the differ-
ent treatments of 1996 was analyzed by means of two-factor con-
tingency tables, using the Pearson chi-squared test for R x C
tables, and the Yates corrected chi-squared test for 2 x 2 tables.
The exact Fisher test was used in cases in which the Yates cor-
rected test did not satisfy the minimum conditions for acceptance
as valid. With respect to the S/0 analysis, a fruit was regarded as
being successful when its S/0 ratio was greater than or equal to the
mean of that ratio in the control treatment.
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Fig. 1. Stigmatic receptivity (evaluated as cross pollen germination on the stigma) and "in vitro" pollen germination (chequered
patterns) at different flower stages of Cytisus striates, without rupture of the stigmatic surface (diagonal hatching) and after erosion of
this surface (black). The start of the anthesis is shown with an asterisk.
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Fig. 2. Stigmatic receptivity (evaluated as cross pollen germination on the stigma) in two flower stages: closed preanthesic flower
(PreA) and recently opened anthesic flower (A) in Retama sphaerocarpa, without rupture of the stigmatic surface (diagonal hatching)
and after erosion of this surface (black), at 24 and 48 h after hand cross-pollination.

PreA (24 h) PreA (48 h) A (24 h)

Flower age (germination time)

A (48 h)

Results

Floral biology
In both species, the flowers invest more resources in the

perianth than in the reproductive parts (Table 2). In these
latter parts, there is significantly greater investment in the fe-
male function for the case of Cytisus striatus ( Mann–Whit-
ney U test = 155.0, P < 0.001) and in the male function for
the case of R. sphaerocarpa, although the difference is not
statistically significant (one-way ANOVA, F = 2.05, P >
0.05; Table 2).

In both species, germination of the pollen grains on the
stigma occurs only after rupture of the stigmatic surface via
tripping (the small proportion of germination that was found
in the trial without rupture of the stigmatic surface could
have been due to accidental rupture during handling; Fig. 1).

In the case of Cytisus striatus, the stigma is receptive after
rupture of the stigmatic surface at a very early stage (the
more so the greater is the degree of development of the
flower bud), while the plant's own pollen grains on flower
buds have a very low germination in vitro that only reaches
its optimum near anthesis and once the flower has com-
pletely opened. It was also observed that, in flowers that had
just entered anthesis, there were usually none of their own
pollen grains germinated because the stigmatic surface was
still intact. This seems to suggest the existence of morpho-
logical protandry (the anthers undergo dehiscence in very
young flower buds) and of potential protogyny (the stigma
is receptive before the pollen is ripe). Protogyny, however,
would only function after the accidental rupture of the stig-
matic surface, but in reality, that rupture is provoked by the
pollinators only when the flower is open.
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Fig. 3. Evolution of nectar production (volume) over the course of the day in the different flower stages of R. sphaerocarpa: bud
flower (black), opened I (white). opened II (chequered patterns). and senescent (diagonal hatching).
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In the case of R. sphaerocarpa, without rupture of the
stigmatic surface, there was no germination of the pollen on
the stigma in preanthesic flowers, and either none or almost
none in anthesic flowers. After rupture of the stigmatic sur-
face, there was pollen germination on the stigma in both
types of flower, above all in the open flowers (Fig. 2). Also
the self pollen grains of the two flower types showed very
similar germination in vitro (ca. 80–90%, not shown in the
figure). Therefore, this seems to suggest the existence of
homogamy.

Pollen sterility in Cytisus striatus as evaluated with lacto-
phenol blue (74 ± 2.50% fertility) did not differ significantly
from the value obtained with fluorescein diacetate (72.5 ±
2.89% fertility; Mann–Whitney U test = 142.0, P > 0.05).
In both cases, the values were significantly greater (Mann–
Whitney U test = 49.0, P < 0.05 and U = 58.0, P < 0.05, re-
spectively) than those obtained after in vitro germination
(66.8 ± 2.26%). In R. sphaerocarpa, however, the values ob-
tained with fluorescein diacetate (91.1 ± 1.66% fertility) and
after in vitro germination (88.8 ± 2.81%) were significantly
lower than those obtained using lactophenol blue (98.6 ±
0.29; Mann–Whitney U test = 94.0, P < 0.001 and U = 4.0,
P < 0.001, respectively), with there being no differences be-
tween the two themselves (Mann–Whitney U test = 47.0,
P > 0.05). While this would indicate that the fluorescein
method is more accurate, it has the drawback that it can only
be used to test live material.

Nectar production
In R. sphaerocarpa, nectar is secreted from an extrasta-

minal nectary situated between the base of the calyx and the
staminal column. The greatest nectar secretion was mea-
sured in the flower stages opened I and II, with the greatest
production at the first hours of the morning. In the flower
bud stage no nectar secretion was observed, and in the "se-
nescent" stage, only a few of the flowers produced a mini-
mal amount at the earliest hours of the morning (Fig. 3). The
fact that the upper part of the keel is separated does not nec-
essarily imply that the flower has been visited by a pollin -

Solar time

ator, since other factors (a scrape, for instance) may provoke
that effect.

Although there does not seem to exist a uniform pattern of
secretion throughout the course of the day, one must be cau-
tious in this respect because of the small number of plants
studied (N = 4). Nectar secretion is markedly influenced by
environmental conditions (temperature, rainfall, relative hu-
midity, etc.). The wind in particular is a very important fac-
tor in this respect, since its action provokes reabsorption or
evaporation of the nectar, causing the volume secreted to fall
from 0.09 ± 0.1 ltL on a calm day to 0.03 ± 0.003 p.L, with
the sugar concentration rising from 53.4 ± 1.52 to 73 ±
0.93%. The average sugar concentration of nectar over the
course of the day was fairly high (greater than 60%), espe-
cially after 10:00 (ca. 80%). This indicates the existence of a
negative relationship between the volume of nectar secreted
and its concentration throughout the day, although the small
sample size (N = 4) does not allow us to state whether or
not there exists a significant correlation. The sugar content
(by weight) of the nectar had a average value of 0.15 ±
0.11 mg/flower, depending not only on the volume of nectar
secreted but also on the individual plant being quantified.
Finally, it should be noted that, while the nectar production
per flower is very small, the production per plant is fairly
high (ca. 17.2 mL) because of the great number of flowers
produced per individual plant (mean 185 000; range 2000 –
562 500).

Pollinators and breeding systems
The times spent in observing insect activity on the flowers

were 12 h (10 h on clear sunny days and 2 h on days with
adverse weather conditions) spread out over 15 days for
Cvtisus striatus and 13 h (12 and 1 h, respectively) over
12 days for R. sphaerocarpa. In Cytisus striatus, the total
number of insects counted around the plants was 120, of
which only 75 behaved as flower visitors, while 80 of 100
insects counted around R. sphaerocarpa were flower visi-
tors. For both species, most visitors were Apis mellifera. In
the case of Cvtisus striatus, there was a minority presence
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Table 3. Production of flowers (Fl). fruits (Fr). fruit set percentage (Fr/Fl). seed number/fruit (S). ovule
number/ovary (0). and seed/ovule percentage (S/0) in Cytisus striatus in the years 1995 and 1996.

Control SSP HSP HCP A

1995 1996 1995 1996 1995 1996 1995 1996 1995
N 14 2 17 3 10 2 10 3 4
F1 6771 790 4872 860 331 308 303 379 100
Fr 859 162 0 0 14 8 108 183 0
Fr/Fl 13.14±2.12 21.56±2.44 0 0 3.51±1.19 2.43±0.57 36.43±3.94 51.13±6.39 0
S 2.68±0.16 2.99±0.29 1.42±0.13 1.83±0.67 3.74±0.43 5.24±0.31
0 8.69±0.26 8.79±0.01 9.97±1.11 8.42=0.58 8.50±0.33 8.93±0.49 —
S/0 31.12±1.62 33.37±3.08 14.39±0.96 19.98±5.34 44.01±4.96 58.40±0.84

Note: Values are means ± SE. Control, natural pollination: SSP, spontaneous self-pollination: HSP, hand self-pollination: HCP,
hand cross-pollination: A, agamospermv: N. number of plants.

Table 4. Significance levels for fruit set (Fr/Fl) and seed set (S/O) for Cytisus striatus shown in Table 3.

Fr/Fl S/O

1995 1996 P 1995 1996 P
Control 13.14a 21.56a <0.001 31.12a 33.37a >0.05
SSP
HSP

Ob

3.51c
Ob

2.43c >0.05 14.39b 19.98a >0.05
HCP 36.43d 51.13d <0.001 44.01c 58.40b <0.001

H = 42.896*** x' = 533.95*** H = 16.37*** x'- = 83.08***
Note: The P values were calculated using either Yates' corrected test or Fisher's exact test. The differences between

treatments for each year are given in the last row: Kruskal—Wallis test (H) and Pearson x'. *** P < 0.001. Means in each
column followed by different letters are significantly different at P < 0.001. For abbreviations, see Table 3.

Table 5. Production of flowers (FI), fruits (Fr). fruit set percentage (Fr/Fl), seed number/fruit (S), ovule number/ovary (0),
and seed/ovule percentage (S/O) in Retatna sphaerocarpa in 1995 and 1996.

Control SSP HSP HCP A

1995 1996 1995 1996 1995 1996 1995 1996 1995
N 21 3 21 3 6 4 6 3 4
F1 36 150 1100 40 950 960 322 200 312 150 100
Fr 1873 69 0 0 15 7 63 38 0
Fr/Fl 5.33±0.59 6.75±1.30 0 0 4.33±1.96 3.50±2.06 20.27±3.53 25.33±2.67 0
S 1.01±0.01 1.01±0.01 1.00±0.00 1.00±0.00 1.04±0.02 1.02±0.02 —
0 4.81±0.12 4.43±0.10 5.08=0.14 5.08±0.42 4.66±0.14 3.52=0.06
S/O 21.19±0.50 23.20±0.61 19.70±0.57 20.32±1.34 22.30±0.63 29.76±0.34

815

Note: Values are means ± SE. For abbreviations, see Table 3.

of another (unidentified) bee of smaller size (Andrenidae)
and of a beetle (Tropinota hirta, Coleoptera), and in
R. sphaerocarpa, a beetle of the genus Heliotaurus. The
honeybees made an average of 5–8 visits each 2 min on
Cytisus striatus and 14 visits each 2 min on R. sphaero-
carpa, mostly to flowers of the same or nearby plants. The
honeybees took from 5 to 25 s to pollinate the former spe-
cies and from 4 to 9 s for the latter species.

In Cytisus striatus, contrary to the case in R. sphaero-
carpa, pollinated flowers were not revisited. When the hon-
eybee landed on the flowers, it posed initially on the wing
petals and the keel and positioned its head near the standard.
It then exerted pressure with its hind legs on these pieces un-
til the keel gave way and flexed downwards. At this point,
the response of the flower differed between the two species.
In Cytisus striatus, there was a sudden release of the repro-
ductive column, which struck the insect dorsally (nototribic
presentation), and then the bee proceeded to harvest the poi-

len from the anthers in contact with its ventral zone (sterno-
tribic presentation), storing the pollen in its hind-leg sacs
(corbiculae). In R. sphaerocarpa, all of the pollen was pre-
sented sternotribically, with the bee dedicating itself to gath-
ering both pollen and nectar.

With regard to the other insects observed on the Cytisus
striatus flowers, Tropinota hirta visited both pollinated and
virgin flowers but especially the former. The duration of the
visits was much longer than that of the honeybees, at times
reaching 20 min on one flower. This insect's behaviour is,
however, basically pollinivorous, so that any pollination it
performs is accidental when it passes from one flower to an-
other with its body smothered in pollen. Also, we observed
no specific behaviour on the flower in this case. In
R. sphaerocarpa, Heliotaurus sp. positioned itself on the
flower in a similar way to the honeybee, placing its head
near the standard, but with the difference of taking much
longer in each visit, since, as with Tropinota hirta, its behav-
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Table 6. Significance levels for fruit set (Fr/Fl) and seed set (S/O) for Retama sphaerocarpa
shown in Table 5.

Fr/Fl S/O

1995 1996 P 1995 1996 P

Control
SSP

5.33a
Ob

6.75a
Ob

>0.05 21.19 23.20a >0.05

HSP 4.33a 3.50a >0.05 19.7 20.32ab >0.05
HCP 20.27c 25.33c >0.05 22.3 29.76b <0.001

H = 40.39*** x' = 171.78*** x' = 1.05ns x' = 13.65***

Note: The P values were calculated using either Yates' corrected test or Fisher's exact test. The differences
between treatments for each year are given in the last row: Kruskal—Wallis test (H) and Pearson x'. ns. not
significant (P > 0.05); ***, P < 0.001. Means in each column followed by different letters are significantly
different at P < 0.001. For abbreviations, see Table 3.

Table 7. Quantitative characteristics (mean ± SE) of fruits and seeds after the control and the hand cross-pollination (HCP) treatments
in Cytisus striatus and Retama sphaerocarpa.

Cytisus striatus Retama sphaerocarpa

N Fruit size (mm) Seed weight (mg) Seed no. N Pod weight (mg) Seed weight (mg) Seed no.

Control 60 18.37±2.22 11.57±1.50 2.82±1.70 69 88.45±26.59 57.47±21.92 1.02±0.12
HCP 100 19.91±2.48 10.83±1.07 5.51±2.07 38 144.25±22.63 84.33±14.73 1.03±0.16

F = 15.68*** F = 13.23** U = 49.95*** F = 119.52*** F = 60.08*** U = 0.19ns

Note: Values were analyzed with a one-way ANOVA (F) and the Mann—Whitney test (U). ns, not significant (P > 0.05); **, P < 0.01; ***, P < 0.001.

iour is basically pollinivorous. Nectar thieves were also ob-
served: certain ants (Camponotus haroi, Hymenoptera) and
an unidentified species of Lepidoptera.

In the experimental trials, fruit set in the Cytisus striatus
control plants was 13.1% for 1995 and 21.6% for 1996
(Table 3), the difference being statistically significant (P <
0.001; Table 4); in R. sphaerocarpa the control fruit set was
only 5.3% in 1995 and 6.8% in 1996 (Table 5), the differ-
ence not being statistically significant (P > 0.05; Table 6).
The Cytisus striatus results suggest that the lower values
measured in the first year of the study might have been in-
fluenced by biotic (e.g., lower pollinator rate, or the pres-
ence of other competing species) or abiotic (more severe
conditions of drought in 1995) factors. However, the forma-
tion of seeds per fruit in 1995 did not differ significantly
with respect to that in the following year for that species
(P > 0.05; Table 4). Neither in R. sphaerocarpa were there
significant differences between the years in seed set; in this
case one always found ca. 1 seed/fruit (Table 5), as is quite
normally the case in this species with indehiscent fruit.

In both species, the spontaneous self-pollination treatment
did not give rise to the formation of any ripe fruit at the end
of the fruit set period, and obviously therefore, there was no
seed set (Table 3 for Cytisus striatus; Table 5 for R. sphaero-
carpa). This would indicate the necessity of insect visits in
the pollination of both species. In R. sphaerocarpa, however,
it would have to be remarked that some initiated fruit were
observed and that this could well have been due to the nylon
mesh of the bags scraping the flowers as a consequence of
the wind, although in these cases the fruit did not reach ma-
turity.

In Cytisus striatus, hand self-pollination yielded 3.5%
fruit set in the first year and 2.4% in the second (Table 3),
with no statistically significant difference between the values
(P > 0.05; Table 4). In R. sphaerocarpa, the values were
4.3% in 1995 and 3.5% in 1996 (Table 5), with no statisti-
cally significant difference (P > 0.05; Table 6). In both

cases, however, a great number of fruit were initiated (up
to 60% in R. sphaerocarpa), which underwent progressive
abscission. In Cytisus striatus the seed set in that test (gener-
ally 1 seed/fruit) was 14.4% in the first year and 19.9% in
the second (Table 3), with no statistically significant differ-
ence (P > 0.05; Table 4). In this species, aborted ovules or
developing seeds with the presence of an aril were visible in
the fruits. In R. sphaerocarpa the fruit which reached matu-
rity also presented 1 seed/fruit in the 2 years (S/O = 19.7 in
1995 and 20.3 in 1996; P > 0.05; Tables 5 and 6), but in this
case it is possibly a predetermined fact (see below). For
both species, therefore, the formation of fruits and seeds, al-
though very small, might in principle indicate the existence
of either a weakened SI or a pseudocompatibility mecha-
nism.

After hand cross-pollination and in the case of Cytisus
striatus, fruit set was 36.4% in 1995 and 51.3% in 1996 (Ta-
ble 3), with the difference being statistically significant (P <
0.001; Table 4). In R. sphaerocarpa, however, the corre-
sponding values were 20.3% in 1995 and 25.3% in 1996
(Table 5) with no statistically significant difference between
them (P > 0.05; Table 6). There were also differences be-
tween the 2 years for both species at the level of seed set per
fruit: Cytisus striatus, 44.0% in 1995 and 58.4% in 1996
(P < 0.001; Tables 3 and 4); R. sphaerocarpa, 22.3% in
1995 and 29.8% in 1996 (P < 0.001; Tables 5 and 6).

In R. sphaerocarpa the differences found in the S/O ratios
among all the treatments of 1996 (P < 0.001) are due to the
variation in the number of ovules per ovary (the coefficient
of variation ranged between 14.2 and 20.8%), since the num-
ber of seeds per fruit obtained in all of them was usually 1.
This might indicate that there exists a predetermined abor-
tion of the ovules in this species aimed at regulating the
number of seeds per fruit (generally one).

If the results obtained after hand cross-pollination are
compared with those from the control, one finds that in the
case of Cytisus striatus: (i) there is a significant increase in
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Table 8. Total numbers of ovules/ovary and ovules penetrated by pollen tubes (mean ± SE) after hand cross-pollination (HCP) and
hand self-pollination (HSP) in Cytisus striatus and Retama sphaerocarpa.

Cytisus striatus Retama sphaerocarpa

N Ovules/ovary Ovules penetrated % Ovules penetrated N Ovules/ovary Ovules penetrated % Ovules penetrated

HCP 10 8.08±0.20 7.32±0.20 90.63±1.40 5 4.92±0.14 3.44±0.24 69.67±3.79
HSP 10 8.87±0.23 6.43±0.37 72.53±3.27 5 5.09±0.25 2.78±0.42 53.13±6.16

U = 98.00*** U = 22.00*

Note: The percentages of ovules penetrated were analyzed with the Mann—Whitney test (U). N. number of plants; P < 0.05; ***, P < 0.001.

fruit size; (ii) there is also a significant rise in the number of
seeds per fruit; and (iii) there is a significant decrease in the
weight of each seed contained in the fruit (Table 7). In the
case of R. sphaerocarpa, hand cross-pollination results in
(i) significant increases in the weights of both fruit and
seeds; and (ii) no significant increase in the number of
seeds/fruit (Table 7).

The agamospermy treatment did not give rise to fruit set
(Tables 3 and 5). The SI fruit indices in Cytisus striatus
were 0.10 in 1995 and 0.05 in 1996, and the SI seed indices
were 0.03 and 0.02, respectively, which indicates the exis-
tence of SI in the species. In R. sphaerocarpa the SI fruit in-
dices were 0.21 in 1995 and 0.14 in 1996, and the values
corresponding to the SI seed index were 0.20 in the first year
and 0.14 in the second. These data indicate the existence of
pseudoincompatibility or partial SI in 1995, and SI in 1996.
The SF indices for both species and for both years were zero
both at the level of fruit and of seeds.

Pollen–pistil interaction
The analysis of 49 hand cross-pollinated Cytisus striatus

flowers showed 90.6% of the ovules to have been penetrated
by pollen tubes. This percentage was also high in self-
pollinated flowers (72.5%), although it was significantly
lower than the former value (P < 0.001; Table 8). The effi-
cacy of the hand self-pollination treatments indicates that
there is self-fertilization in this species and that its rejection
mechanism is also manifest postzygotically, thus affecting
the embryos. In R. sphaerocarpa the analysis of 25 hand
cross-pollinated flowers showed that 69.7% of the ovules
had been penetrated by pollen tubes; in the case of the self-
pollinated flowers this percentage was 53.1%, with the dif-
ference being statistically significant (P < 0.05; Table 8).
These results, together with the fact that fruit are formed
with clearly enlarged ovules relative to the virgin ovules af-
ter the hand self-pollination treatments, indicate that self-
fertilization occurs in this species also. The abortion of fruit
that takes place after self-fertilization (as noted in the pre-
vious section) also points to the existence of some self-
recognition mechanism that acts at a postzygotic level.

Discussion

Floral biology
The two species of the present study possess zygomorphic

papilionaceous flowers, which are attractive in their yellow
colour, their scent, their large size in the case of Cytisus
striatus and massive production per branch in both species,
and for the major rewards that they offer (pollen and (or)
nectar). Yellow flowers are characteristic of most Genisteae
(Polhill 1976; López et al. 1999), yellow being a colour

which their main pollinators, the bees, find particularly at-
tractive. With respect to the investment of resources in the
flowers, there is greater investment in the perianth than in
the reproductive structures. This is logical in flowers, which
must attract insects for their pollination. In the reproductive
structures, significantly more is invested in the female than
in the male function in Cytisus striatus. This also occurs in
Cytisus multiflorus (Rodríguez-Riaño 1997).

In the flowers of both species, as is the case with other
Papilionoideae (Asmussen 1993; López et al. 1999; Rodet et
al. 1998; Rodríguez-Riaño 1997), pollen is usually released
while the flower is in the bud stage. This may suggest the
existence of protandry. However, our experiments show that,
in both species, the stigma, although receptive in the preant-
hesic stage, is inoperative until the stigmatic surface has
been ruptured, which generally occurs by tripping due to
pollinator action during anthesis. The flower's own pollen
can cover the stigma in the bud stage, but it does not germi-
nate while the stigmatic surface is intact. One can therefore
state that, in both these species of Genisteae, there exists
morphological protandry (the pollen is released during the
flower bud stage) but anthesic functional homogamy (an
overlap exists between the pollen grains' viability and the
stigma's receptivity). Dichogamy has long been assigned a
major role in the reduction of autogamy (Darwin 1876), but
in our case that role could be assigned to the presence of
a stigmatic surface, especially in the preanthesic state. It
is likely that this character would be widespread in the
Genisteae, since it was also found in Cytisus multiflorus
(Rodríguez-Riaño 1997).

The species studied are polliniferous (Polhill 1976; López
et al. 1999), and R. sphaerocarpa is nectariferous as well. In
this species, the nectar production occurs in flowers with the
petals open (flower stages opened I and II), and the greatest
secretion in the open flowers occurs early in the morning
and at midday. In general, the species' nectar concentration
is high, as is characteristic of bee-pollinated flowers (Corbet
1978; Navarro et al. 1993), with the highest concentration
being observed particularly after 10:00 and especially on hot
or windy days, when its evaluation is practically impossible.
Some studies have shown nectar production to be a function
not only of the season and the time of day but also of the
age of the flower, its location on the plant, the size of the
plant, and the climatic conditions affecting the population
(Zimmermann 1988).

Although the secretion of nectar per flower is minuscule
in volume terms compared with that in other Papilionoideae
(e.g., Anagyris foetida L.; Rodríguez-Riaño et al. 1999b),
it is potentially high in terms of production per plant (ca.
17.2 mL) because of the great number of flowers that can be
produced (Rodríguez-Riaño et al. 1999a). The low nectar
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production per flower could be imputed to the smallness in
flower size, since the correlation between the two variables
is well known in this family (Rodriguez-Riaño et al. 1999b):
however, it might also represent an adaptive trait; the plant
might increase the rate of flower visits by secreting only
small amounts of nectar continuously (Pflumm 1985: Ortiz
et al. 1996), so that the pollinators would never be satiated
with this reward and would be obliged to visit a greater
number of flowers. Some studies also indicate that plants
with low nectar production usually transfer their pollen
grains farther away than more productive plants (Zimmer-
mann 1988), so that that strategy (low nectar production)
could be advantageous, since the flight distances of the pol-
linators are usually shorter than would be optimal from the
plant's perspective.

Pollinators and breeding system
There have been very few breeding system studies on

Genisteae shrubs. Exceptions are those on Chamaecytisus
palmensis (Christ) Bisby et K. Nicholls (Webb and Shand
1985), a species endemic in the Canary Islands, and on
Cytisus multiflorus (Rodriguez-Riaño 1997), endemic in the
western Iberian Peninsula. The former species is self-
compatible in the naturalized populations of New Zealand,
since it does not require tripping for the stigma to become
receptive, although it does present a very low fruit set rate
(Webb and Shand 1985). The latter is SI, with very low per-
centages of fruit set in natural conditions (Rodriguez-Riaño
1997), as has also been observed in some other Spanish
Genisteae (Herrera 1987): Ulex minor Roth (5%), Ulex aus-
tralis Clemente (16%), Cytisus grandiflorus (Brot.) DC.
(12%), and Stauracanthus genistoides (Brot.) Samp. (40%).

The main pollinator of the species studied here was the
honeybee, an insect that operates the pollination system of
the flowers it visits perfectly. While in R. sphaerocarpa the
flowers may be visited on more than one occasion, as they
have a valvular pollination system (López et al. 1999), in
Cytisus striatus the flowers can only receive one visit from
the insects since they have an explosive pollination system.
The time the bees take to visit the flowers of Cytisus striatus
is somewhat longer than in R. sphaerocarpa, which could be
explained by the greater complication and size of the first's
flowers, requiring a greater effort on the part of the bees.

Both species require the visits of pollinators for fruit and
seeds to be produced, which is not surprising given the char-
acteristics of their flowers (papilionaceous) and with pollina-
tion mechanisms that are closely coordinated with bees
(Leppik 1966; Faegri and Van der Pijl 1979). In both spe-
cies, as also was the case in Cytisus multiflorus (Rodríguez-
Riaño 1997), agamospermy seems to be absent; however this
test is inconclusive since in some cases of apomixis a re-
course to pollination is needed (e.g., pseudogamy; Heslop-
Harrison 1972).

The hand self-pollination trials gave low levels of fruit
set in both 1995 (3.5% in Cytisus striatus and 4.3% in
R. sphaerocarpa) and 1996 (2.4% and 3.5%, respectively).
In the case of Cytisus striatus, the values for both years were
significantly less than the controls and generally with only 1
seed/fruit. The SI indices obtained for both fruit and seeds
indicate, in accordance with Zapata and Arroyo (1978) and
Becerra and Lloyd (1992), the existence of some degree of

SI: this is probably of gametophytic type, which has been re-
ported in leguminous species (Arroyo 1981; Shivanna and
Owens 1989: Weller et al. 1995; Newbigin 1996), since the
self pollen grains do not collapse on the stigma but along the
style and the ovary. However, after hand self-pollination the
level of penetration of the ovules by their self pollen tubes
was observed to be fairly high (72.5% in Cytisus striatus
and 53.1% in R. sphaerocarpa), which as in Cytisus multi-
florus (Rodriguez-Riaño 1997), indicates the existence of a
great degree of self-fertilization. This was corroborated in
Cytisus striatus by dissection of the initiated fruit after self-
pollination, which clearly showed several ovules and devel-
oping seed showing the typical aril characterizing viable
seeds. In R. sphaerocarpa, the initiated fruit possessed
aborted ovules and developing seed that were much larger
than the virgin ovules. Similar phenomena of SI have been
reported in other species (Bawa and Beach 1983; Owens
1985; Seavey and Bawa 1986; Padrutt et al. 1992) and were
called late-acting SI by Seavey and Bawa (1986), which is
usually associated with species of perennial habit, as in our
case.

These results might also indicate the existence of inbreed-
ing depression, but experimental evidence of inbreeding
depression in these species is lacking. High levels of in-
breeding depression during seed maturation have been found
in many predominantly outcrossing species (Mahy and
Jacquemart 1998; reviewed in Husband and Schemske
1996). But as Husband and Schemske (1996) observe, there
is almost no information on inbreeding depression in SI spe-
cies because of the difficulty of self-fertilizing them on large
scale. The presence of genetic self-incompatibility may lead
to an overestimate of early inbreeding depression, particu-
larly in species in which relative seed-set upon selfing is ex-
tremely low, as in our case.

Distinguishing between late-acting SI and inbreeding de-
pression caused by lethal or deleterious recessive genes is
extremely difficult (Seavey and Bawa 1986; Gibbs and
Sassaki 1998; Husband and Sckemske 1996; Mahy and
Jacquemart 1998). Nevertheless, various lines of evidence
indicate the existence of an early action of inbreeding de-
pression in the species under study: (i) flower and young
fruit abscission after self-pollination occurs progressively
over time; (ii) there was no uniformity of behaviour with re-
spect to selfing in the individuals studied, since some pro-
duced a few fruit and other produced none; (iii) inside each
selfed fruit, there appear various types of ovules or potential
seeds at different stages of development, all aborted, sug-
gesting that the paucity of seed set may be due to the action
of deleterious recessive alleles acting at different stages of
embryonic development. The sample size of the study, how-
ever, is not large enough to have any surety as to which phe-
nomenon is acting.

With the available data we can only conclude that both
species present a relatively ineffective prezygotic control or
self-recognition which is complemented by another, possibly
more effective postzygotic control. The latter, however, can
vary from one species to another. Thus, in Cytisus multi-
florus (Rodriguez-Riaño 1997), the postzygotic mechanism
seems to be more effective than in Cytisus striatus, because
in the latter, some fruit are formed, while in the former there
are none. In R. sphaerocarpa too, one can speak of pseudo-
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incompatibility or partial SI, since in this species there are
major levels of self-fertilization (up to 60% of fruit are initi-
ated), although only a small number of fruit ripen. However,
as it has been indicated in many cases (Seavey and Bawa.
1986; Gibbs 1990; Mahy and Jacquemart 1998), monitoring
of embryo evolution is needed to shed more light on the na-
ture of the action of the late-acting SI or confirm the role
of inbreeding depression. The postzygotic rejection (or pis-
tillate sorting according to others authors; see Gibbs and
Sassaki 1998) has also been reported in other papilionoid
legumes (reviewed in Seavey and Bawa 1986; Gibbs and
Sassaki 1998).

Finally, we should note that the significant increase in the
reproductive parameters after hand cross-pollination relative
to the control might indicate a limitation in natural pollina-
tion, as has been demonstrated in numerous plants (reviews
in Stephenson 1981 and Burd 1994) and even in Cytises
(e.g., Cytises scoparius, Parker 1997). This limit in pollina-
tion might not only be due to a possible lack of pollinators
but also to the observed frequency of pollination between
flowers of a given individual (geitonogamy) mediated by
the bees. However, these parameters stay low after cross-
pollination, so that other causes that are not mutually exclu-
sive might also have an influence. It is possible that resource
limitation is one of the most important factors (Stephenson
1981), especially taking into account that both species pro-
duce thousands of flowers per individual. In Cytisus sco-
parius, however, which is also a great flower producer, there
was no resource limitation, since in this species the individ-
ual branches seem to operate independently, supplying their
own carbon requirements (Parker 1997). The existence of
significant differences between years in Cytises striatus
might be indicative of environmental conditions influencing
its reproductive success, since 1995 was a year of extreme
drought, while 1996 was more benign.

In Cytises striatus an improvement in pollination condi-
tions (hand cross-pollination) led to a significant increase in
fruit size and number of seeds per fruit but significantly
reduced the size of these seeds. In the case of R. sphaero-
carpa, that treatment increased the size of both fruit and
seeds, but not the number of seeds per fruit even when there
would have been the opportunity of producing more than
one seed (the ovary possesses several ovules). Hence, while
the strategies followed by the two species are different, both
cases probably reflect competition for space and (or) re-
sources in the fruit: the negative balance between size and
number of progeny is well known (Harper et al. 1970;
Primack 1987). In reality, any increase in the number of
seeds per fruit is associated with a decrease in seed size, or
if the number of seeds remains constant, their size will be
greater if the size of the fruit becomes larger.
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