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POLLINATION ECOLOGY STUDIES IN CRATYLIA MART.
EX BENTH. (LEGUMINOSAE: PAPILIONOIDEAE) AND ITS
TAXONOMIC AND EVOLUTIONARY IMPLICATIONS

Luciano Paganucci de Queiroz’

ABSTRACT: (Pollination ecological studies in Cratvlia Mart. ex Benth. (Leguminosae:
Papilionoideac) and its taxonomic and evolutionary implications) - Pollination ecology
studies of Cratviia hvpargvrea and C. mollis have shown that these are melittophilous
species pollinated by large bees of the genera Xvlocopa and Centris. Both species show
floral adaptations, such as large flowers and a fleshy calyx, which restrict pollination
aclivity to these large bees, limiting access to nectar by other visitors. The phenological
stralegy of mass flowering adopted by these plants seems to be an adjustment to the
foraging pattern of these large bees. Pollination data helps to elucidate the evolution of
floral features in Crafvlia and related groups, such as Galactia, Camptosema and
Dioclea sect. Macrocarpon. Melittophilous ancestors, probably pollinated by different
kinds of hees, may have given rise to two evolutionary paths each of which resulted in
floral specializations restricting floral visits to large bees. One path, characterized by a
sharply hent keel and somewhat callose standard led to Dioclea sect. Macrocarpon. The
other, characterized by flower enlargement and a fleshy calyx led to the Cratylia flower
type. Omithophily may have subsequently appeared in Camptosema, derived from such a
floral structure, through a colour change to red and loss of reflectivity of the standard.
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RESUMO: (listudos de ecologia de polinizagio em Crofvfie Mari. ex Benth.
(Legmminosae: Papilionoideae) e suas implicagdes taxondmicas e evolutivas) - Estudos
de ecologia da polinizago de Cratvlia hypargyrea e C. mollis demonstraram que estas
espécies siio melitofilas, polinizadas por abelhas de grande porte dos géneros Xylocopa e
Centris. Fstas duas cspécies de Crafylia apresentam adaptagfes na estrutura floral,
como flores grandes e calice camoso, que restringem a atividade de polinizagio a estas
grandes abelhas, limitando o acesso de oulros visitantes ac néclar. A estratégia
fenoldgica de floragfio macica apresentada por estas plantas pode representar um ajuste
ao padrio de forrageamento destas grandes abethas, Os dados oriundos do estudo da
polinizagfio ajudam a compreender a evolugiio dos caracteres florais em Crafylia e em
grapos mais proximos, como Galactia, Camptosema e Dioclea sec. Macrocarpon. A
partit de ancestrais melitofilos provavelmente polinizados por diferentes grupos de
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abelhas, duas tendéncias evolutivas poderiam ter-se estabelecido, as quais resultaram em
especializagies florais as grandes abelhas como visitantes. Uma destas tendéncias,
marcada pela acentuada curvatura da carena e estandarte caloso, caracteriza Dioclea sec.
Macrocarpon. A outra, marcada pelo aumento do tamanho da flor e clice camoso levou
a flor. tipo Cratvlia e, a partir dé tal estrutura floral, a ornitofilia pode ter se
desenvolvido em Camprosema através da mudanca de coloragfo para o vermelho e perda
da capacidade de reflexfio do estandarte.

Palavras-chave: Cratylia; Polinizacéo; Evolugéo

Introduction

Pollination ecology and systematics have largely developed
independently. Examples of information being shared between these two
fields are rare, although each relies heavily upon flower morphology.
Taxonomy may thus provide pollination studies with a general vision of
the studied group, makinyg. possible the formulation of working
hypotheses. Information about poflination can, conversely, help
taxonomists clarify evoiutionary pathways.

Cratylia is a small Neotropical genus, with five species
distributed mainly in eastern Brazil (QUEIROZ, 1991), belonging 1o the
tribe Phaseoleae subtribe Diocleinae. In this subtribe the flower structure
provides important characters: for generic delimitation but, even so, the
generic boundaries are confused and unstable, this fact being first
recognized by. BENTHAM (1859) who underlined that Cratylia is
apparently intermediate between Dioclea and Camptosema. Traditional
taxonomic methods for clarifying these boundaries have been subjective,
and the classification- does not, as a result, reflect an evolutionary
analysis of the groups involved. On the other hand, these genera present
variations in floral morphology which indicate adaptation to different
pollination agents (ARROYO, 1981).

This work is the first of a series focusing the evolutionary
retationships into this generic compiex; aiming to investigate the possible
relation between flower structure and evolutionary divergence as a result
of changes in pollen vector, and its impact on the taxonomy of the group.

Pollination . of species of Cralylia are described here for the first
time and the reiationship between floral morphology, mass flowering and
visitor behaviour discussed. Alsc oullined are possible evolutionary
relationships between the genera Dioclea, Camptosema and Galactia
with Cratylia based upon floral morphology and pollination data:
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Material and methods

Cratylia hHypargyrea Mail: ex Benth. was studied:in the Atlantic
forest reserve of the Companhia VVale do Rio Doce (Linhares, ES, ca:
190 24' S, 407 28' W) from 23 - 27 April 1990, for a total of 50 hours of
observation. Cratylia mollis Mart. ex Benth: was studied-in open shrubby
caatinga within the reserve of the Centro de Pesquisas do Tropico Semi-

Arido (CPATSA/EMBRAPA) in Petrolina, PE (ca. 09° 04' S, 400 18' W)
from 03 - 05 May 1990 (32 hours). Botanical vouchers (L.P.de Queiroz
2480 for C. hypargyrea and-J.L.Lima 450 for C. mollis) are housed in the
HUEFS herbarium, while collected insects, investigated for presence and
distribution of pollen, are housed- in the collection of Entomology
laboratory of the Universidade Estadual de Feira de Santana.

Resulits and discussion

Pollination ecology

C. hypargyrea is a liana of the forest edge in Mata Atlantica,
while C. moliis is a shrub of caatinga. Both species have papilionoid
flowers. This floral architecture (Fig. 1) is an adaptation to pollination by.
bees (LEPPIK, 1966, FAEGRI & van der PIJL, 1979) and shows little
variation among species of Cratylia (1). The calyx is fleshy, tubular and
overlaps the petals claws. The standard is membranaceous and lacks a
callus. The wings have lunate-lamellate sculptured areas in their basal
region (in Stirton's terminology; STIRTON, 1981), which makes the
epidermis rough in this region. The wings are loosely connected to the
keel by longitudinal folds. The keel is open in its upper margin and has
no beak at its apex. The androecium and the gynoecium are both-held
within the keel, The staminal sheath has two openings at its base (Fig.
1B) through which insecls may access o neclar. The gynoecium is
stipitate and the stigma is at the saine level as the anthers. The nectary
surrounds the base of the stipe (Fig. 1C), and is overlapped by the
staminal sheath, the base of which plays a role as a nectaripherous
chamber.

The flowers are pinkish in C. hypargyrea and magenta in C.
moliis. Both standards have a yellowish cream target that probably act as
a nectar guide. Anthesis occurs from 07:00 to 09:30 h in both species,

Sitientibus, Feira de Santana, n. 15, p.119-131, 1996,



122

and is characterized by the unfolding and bending backwards of the
standard. At the same time the flowers release a lightly sweet odour, the
nectar becomes available, the anthers open and the stigma
receptive.The flowers last one day. The day following anthesis, the
petals change colour, becoming whitish, and the standard bends onto the
wings.

The floral architecture found in these melittophilous species, in
which the nectar is concelaled by the tubular fleshy calyx, petals claws
and staminal sheath may represent a specialization to restrict visits to
bees which are strong enough to work the flower mechanismy and access
the nectar legitimately, as is the case with large polyletic Anthophoridae
bees (van der PIJL, 1954). The pollinators of C. hypargyrea and C. moilis
are large species of genera Xylocopa and Centris, which match the size
of the flower (Table 1).

Visits by Xylocopa frontalis to flowers of C. hypargyrea and by
X. grisescens, X. cf. grisescens, X. carbonaria and X. cearensis to
flowers of C. mollis are similar. In all Xylocopa species, the visit starts
with the bee flying over the inflorescences before selecting one flower.
The bee alights on the flower and grasps the sculptured region of the
wings with its claws (Fig. 3). It positions its head against the target of the
standard and pushes it back while pushing down the wings and keel. The
bee then sticks its tongue between the standard and the staminal sheath
and through the openings in the base of the staminal sheath to gather the
nectar. When the keel is lowered, the anthers and the stigma are
exposed and touch the ventral region of the abdomen. When the bee
leaves the flower, the petals return to their original position. A visit to one
fiower last from two to five seconds. Due to their larger size, X. frontalis,
X. grisescens, and X. cf. grisescens receive polien in the middie of their
ahdominal region and thus act s true pollinators, The smaller X,
carbonaria and X. cearensis bees, on the other hand, receive pollen in
the terminal region of their abdomen, many times visit to take nectar
without having expose the reproductive organs. They are thus
considered occasional pollinators.

Centris longimana makes very fast flights over C. hypargyrea
plants, suddenly changing direction, before going to a flower. Its visiting
behaviour is similar to that described for the Xylocopa species. Due to its
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Figure 1. A: Schematic longitudinal section of a generealized Cratyfia flower,
highlighting the structures related to pollination (scale bar = 5 mm); B: Base of
the staminal sheath showing the opening by which insects can take nectar (scale
ba- = 2 mmy); C: Floral nectary at base of the stipe (scale bar = 1 mm). Legend:
a: anthers: b staminal sheath; c: calyx; e stigma; f. opening of the base of
stamninal sheath; k: keel petal; n: nectary; s: standard petal, w: wing petal.

Sitientibus, Feira de Santana, n. 15, p.119-131, 1966,



124

size, this bee receives pollen in the distal region of its abdomen (Fig. 3).
The visit last about three seconds.

Only large, strong Anthophoridae bees can work the flower
mechanism of C. hypargyrea and C. mollis to take nectar, promoting
pollination of the flower. van der PIJL (1954) classified relatively large
melittophilous flowers with the nectar protected and hidden at the bottom
of the calyx in a separate “Xylocopa pollinated flowers' syndrome”. The
morphology of the Cratylia species matches this syndrome except that
inCratylia the pollination is sternotribic while van der PIJL (1954) noted a
tendency to nototriby in Xylocopa flowers. In Cratylia, characteristics that
may contibute to limiting pollination to xylocopid bees are flower length
(more than 2 ¢m) and the fleshy tubular calyx. Papilionoideae species
with smaller flowers generally have a greater diversity of bee pollinators,
as occurs in species of Astragalus (GREEN & BOHART, 1975), Lupinus
(WAINWRIGHT, 1978), Stylosanthes (PEREIRA-NORONHA et al,
1982) and Galactia (QUEIROZ, unpubl. obs.1). ARROYO (1981) pointed
out thal flowers of some Papilionoideae diverge from the general pattern
to exclude small bees, and specializing in pollination by larger bees,
including Xylocopa and Centris. The tubular resistant fleshy calyx of
species of Cratylia should aiso plays an important role. It is well known
that several species of Xylocrpa pierce flowers to rob nectar
illegitimately (van der PIJL, 1954). The shape and texture of the calyx
hide nectar inside a hard-walled conlainer forcing the bees to take nectar
in a legitimate fashion, from the front, alighting on the wings and working
the floral mechanism to get at the nectar, making pollination more
efficient.

Nevertheless, some insects do manage to get round the nectar
protection mechanisms. Three different approaches were taken by
different visitors to C. hypargyrea and C. mollis flowers. (i) Euglossa cf.
cordata and Centris sp.2 (C. hypargyrea) and Centris nitens, Centris sp.1
and Melipona asilvai (C. mofiis) behave similarly to Xylocopa species but,
because of their smaller size, do not expose the reproductive organs of
the flower and thus do not pollinate the flowers; (ii) Trigona spinipes
visits flowers of C. moliis for pollen and nectar in large groups cutting the

! Unpublished observations made on a population of Galactia jussiaeana
al Feira de Santana, BA, shown that different groups of bees as small as
Apis mellifera and Euglossa cordata and as large as Bombus atratus and
Cenlris sp. act as pollinators.
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Table 1. Flower visitors of Cratylia hypargyrea and Cratylia mollis

C. hypargyrea C. moliis

Hymenoptera
Anthophoridae
Centris. (Centris) nitens Lepeletier, 1841 +
C. (Ptilotopus) sp. 1
C. {Trachina) Jongimana Fabricius, 1804
Centris sp. 2
Xylocopa (Megaxylocopa) frontalis (Olivier,
1789

X (Neoxy}ocopa) carbonaria Smith, 1854

X {Neoxylocopa) cearensis Ducke, 1910
X -{Neoxylocopa) grisescens Lepeletier, 1841

X (Neoxylocopa) cf. grisescens Lepeletier,
1841

4+ o+

* * * *

Apidae
Apis meliifera Linneu, 1758 +
Euglossa {Euglossa) cf. cordata Linneu, 1758 +
Melipona asiivai Moure, 1971 +
Trigona spinipes (Fabricius, 1793) -

Lepidoptera
Hesperidae
Chicides cattilus.(Cramer, 1779) +

Cymaenes tripuncta theogenes (Capronnier, +
1874)
Veltius diversus (Hern.-Sch., 1868) +

Kind of visitor. -« pollinator; + nectar thief, - nectar.and polien thief.

flower bud petals to gather pollen and the base of the calyx of the flowers
in anthesis 1o 1ake nectar. Apis melfifera can also use these holes 1o take
nectar. The foraging behaviour of T. spinipes have a negative effect on
the reproductive capacily of C. mollis. Besides physical mutitation of
flowers, this-bee has an aggressive behavior, attacking other bee speties
that come near the flowers; (iii) Species of Hesperidae (Lepidoptera)
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were seen visiting flowers of both Cratlylia species, landing on the wings,
from which they stick the proboscis to take nectar. Because of their long,
thin tongues these butterflies can access nectar through the narrow
space between the petal claws without working the floral mechanism and
do nof make contact with the reproductive organs of the flowers.

The inflorescence structure appears to play an important role in
the pollination strategy of species of Crafylia. In both species the flowers
are clustered in long pseudoracems and display mass flowering. There
are 8 to 10 pseudoracemes per branch and each individual inflorescence
has many brachyblasts (contracted floral shoots) along its length (20 - 24
brachyblasts per inflorescence in C. moflis and 31 - 39 in C. hypargyrea).
Each brachyblast has 6 to & floweis in different development states and
in sequential anthesis. The presence of many inflorescences per plant
and of many brachyblasts per inflorescence ensures the occurrence of
many flowers simultaneously in anthesis, while the occurrence of flower
buds of different ages in each brachyblast ensures a more or less
constant number of flowers opening each day, new flowers replacing the
aged flowers at almost the same position without any increase in the
inflorescence size. This mass flowering over a relatively long period
{(more than three weeks) was described by GENTRY (1974) as the
“cornucopia” flowering phenological pattem, into which Cratylia species
may fil. This flowering strategy may represent, in Cratylia, an adjustment
to the foraging routes (traplines; JANZEN, 1971} of the large xylocopid
bees, The mass flowering, although energetically expensive is a strategy
used by many plants to attract more visitors in situations when there is
competition for pollinators despite the disadvantage that it favours
territoritality among them and thus increases the rate of geitonogamic
crosses (ARROYQ, 1976; FRANKIE et al., 1976). Although territoritality
has been very well documented for species of Ceniris (FRANKIE et al.,
1978, FISCHER & GORDO, 1993) and Xylocopa (VELTHIUS &
CAMARGO, 1975; GOTTSBERGER ef al., 1988), no territorial behaviour
had been observed between pollinators of Cratylia species since bees
remain at the plant only during the flower visit. Even so it is possible to
infer that the rate of self crosses must be relatively high compared to
outcrosses since the bees tend to visit various flowers in the same
inflorescence (3 to 8) before moving to another plant or inflorescence.
Nevertheless, even with a low rale of interplant movements in relation to
the within inflorescence movements seems to maintain a desirable level
of outcrossing as described by FRANKIE et al. (1976} for Andira inermis,
another tropical legume. Many species of large solitary bees have some
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Flgure 2 Xylocopa frontalis in visit to a flower of Cralyffe hypargyrea.; Figure 3.
Visi{ of Ceniris longimane to a Sower of Cralylia hypargyres, showing the contact
of the reproductive floral organs (o the dista! abdomen of the bee,
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capacity to’'fearmn and memorize and there is evidence that they establish
more or less fixed daily traplines.:|n this context, the presentation of new
flowers each day in the same position encourages fidelity- by pollinators
and may help 1o include and maintain that individual plant within a
pollinator's trapline (GENTRY, 1874), thereby ensuring some
outcrossing.

Evolutionary relationships

Cratylia is taxonomically related to Campfosema, Dioclea sect.
 Macrocarpon and Galactia but there is instability in the intergeneric limits
with species being moved between genera by different authors. It has
also been proposed to merge Cralylia e Dioclea in a single genus
(examples of such instability may be found in MACBRIDE, 1943;
BURKART, 1670; MAXWELL, 1978, FORTUNATO, 1994). Such
proposals result ‘from giving more weight to vegetative, fruit or seeds
characters than to floral characters.

Floral taxonomic characters make evolutionary sense when
analysed in the light of their possible role in pollination. if it were possible
to reveal the evolutionary pathways which led to the different floral
morphologies anfl pollination sirategies, taxonomic hypotheses ahout the
intergeneric {imits coutd be rejected or supported. In the case of this
group of legumes this possibility has not been explored and the ghserved
differences in ftoral morphology have not been evaluated “for their
adaptative role.

The probable ancestors, from which those taxa may have arisen,
would have had relatively small fiowers (ca. 1 - 1.5 cm) with a straight,
open keel, a valvular mechanism of pollen display and -possibly
pollination by bees of variable size. Such non-specialized floral features
may -still be found in groups of Galactia (sect. Odonia and 'Collearia;
BURKART, 1871; QUEIROZ, -unpubl. obs.}.. From such:floral structures
species of Cratylia and'Dioclea sect. Macrocarpon, despite showing very
different floral characteristics, may have acquired adaptations 1o: prevent
smaller bees from visiting flower, their poilination depending on the large
xylocopid bees. In-Cratylia this was -achieved by an increase in flower
size and by a narrowing of the calyx. In ‘Dijoclea sect. Macrocarpon a
different floral architecture led to a similar result. ‘In these plants:the
flower is smailler:than in-Cratylia and.has a fleshy, wider calyx,.a sharp
curved keel and-a somewhat callose target area on the standard-making
it more rigid down to the base of the claw. As a whole, the petals are
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somewhat fleshier and more resistant than those of Cratylia flowers. In
this case the major resistance offered by the flower to restrict access to
the nectar is in the fleshy base of the petals, especially the standard and
its callose area and not in a narrow fleshy calyx as in Cratylia. These
adaptations, although taking a divergent path from that of Cratylia, also
seemns to have resulted in specialization to big strong bees that are able
to work the floral mechanism (i.e. xylocopid bees).

Camptasema, as defined by BURKART (1970) possibly
represents an artificial amalgamation resulting from achievement of
ornithophiply by parallels lineages. Some species (e.g. C. spectabife and
C. coriaceumn alliance) are very similar to Crafylia, their main divergence
relying on floral characters directly related io pollination, mainly
mudification of colour pattern from lilac-magenta to red, and loss of
reflection capacity of the standard, the anthetic flower becoming
functionally tubular, reaching ornithopily. Field observations shows that
species of this alliance are pollinated by hummingbirds (ARROYO, 1881;
FAEGRI & van der PIJL, 1979). By another hand, other species (e.g. C.
eflipticun and C. scarlatinum) seem 1o be more closely related to
Galactia sect. Collearia but unfortunately there is no information about its
pollinators.

Data from pollination biology of these groups point to future
developments that may improve the taxenomy of this complex, providing
working hypothesis as the possibilty that ornithoply may had arisen
indepentely in different lineages of Galactia beside Cratlylia, the possible
polyphyletism of Campfosema and Dioclea (also supporied by polien
data, KAVANAGH & FERGUSON, 1981) and the independent
aquirement of ‘Xylocopa-flowers’. Unfortunately, the taxonomy in
Galactia and Campfosema is in need of a complete revision, without
wich, the use of advanced methods, such cladistic analyses, lack a base
to be developed.
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